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Excnepumenmannu oeo oge dokmopcke oucepmayuje ypahen je y Jlabopamopuju 3a I'enemuxy u
Mmoaexynapny ¢usuonocujy na Uncmumymy 3a 6uonozujy u exonoeujy Ilpupoono-mamemamuuxoe
gaxynmema y Kpaeyjesyy, Jlabopamopuju 3a Monexyrapny oOuonoeujy ua Hucmumymy 3a
ouonowxa ucmpanxcusarna "Cunuwa Cmanxosuh" y beoepady u y Jlabopamopuju 3a buoxemujy na
Hucmumymy 3a  xemujy Ilpupoono-mamemamuuxoe ¢axyimema y Kpaeyjesyy, y oxeupy
peanuzayuje npojexama Munucmapcmea 3a HAYKY U MeXHOIOWKU pazeoj op. 143008 u
Munucmapcmea npoceeme, Hayke u mexnonoukoe pazeoja Penyonuxe Cpouje op. 43004.

Ilyooky 3axeannocm oyeyjem ceom mewmopy npog. Op Cuexcanu Cmanuh, Ha npysiceHoj
NpURUYU 0a YYUM U PAOUM OHO UWIMO BOJUM, OPA2OYEHUM, /bYOCKUM U CMPYYHUM cagemuma u
nomohu mokom cmyoupara u paoa. 3axeamyjem ce npog. op Cnasuyu Conyjuh 3a c8y noopuwky u
unmepecosarve 3a moj pao. Iloceony zaxeanrnocm oyeyjem op Mupjanu Muxaunosuh na ceecponoj
nomohu, OpojHum uoejama u cysecmujama y niaHupary, usseherby excnepumMeHmaninoz oena u
nucary mesze, a U3HAO c6e2a HA UCKPEHOM HNpujamenmcmey. 3axeamyjem ce Koneeama y
Jlabopamopuju 3a buoxemujy na Uncmumymy 3a xemujy [lpupoono-mamemamuurkoe axynmema y
Kpazcyjesyy 3a ceaxoomesny nomoh u eenuxy noopwiky mokom pada. Benuko xeana ceum
s3anocienuma y Hayuno-ucmpadcusauxoj uncmumyyuju "Cunuwa Cmankosuh" ca Odemwerwa 3a
MONeKYIapHY OUON02UJY HA 8ETUKOM NPUjamebCcme)y moKoM paod u Ha NOMORU U KoJle2ujarHocmu.

Ha xpajy, nocebny saxeannocm oyeyjem mojoj nopoouyu, mojum pooumesuma u Hebojuu, Ha

Y0asu u nOOpuYU MOKOM OOKMOPCKUX CMYouja u uspaoe 00OKmopcke oucepmauyuje.



n3BoJg

BpojHa ucrpaxkuBama y TEHETHUKOj TOKCHKOJIOTHJH YKa3yjy Jla BEIUKU OpOj areHca mpupoTHOT
MopeKJIa MoKa3zyje TeHOTOKCHYHU eeKaT Ha pa3IMYUTHM TUTOBHMA henmja W eKcriepuMEeHTaTHIM
Mozen opranm3MuMa. Ol BeNHMKE je BAKHOCTH YKJbBYUYHMBAKE TEHOTOKCHMYHOT TIPUCTYMA Yy
TOKCHKOJIONIKY eBallyalnjy OMJBHUX eKCTpaKaTa KOju U MOpe MOBOJFHIX CBOJCTaBa MOTY Jia CajpiKe
XEMHUjCKE KOMIIOHEHTE Ca MYTareHWM, TEpaTOTeHUM W/WIM KaHIEpOTeHHM aKTHBHOCTHMA.
[TpumeHOM TecTa 3a JETEeKIH]y TOJHO BE3aHUX PEIECHBHO JICTATHUX MyTalHja KOJ €yKapHOTCKOT
mozen opranuszma Drosophila melanogaster na HuBoy repmunarusaux henuja u Komer tecra ko D.
melanogaster u namosa coja Wistar Ha HUBOY coMaTckux henuja y in VIVO yciaoBuMa yTBpheHa je
AHTUTCHOTOKCHYHA aKTHBHOCT METaHOJICKOT eKCTpakta OwsbHe Bpcte Cotinus coggygria Scop.
AHTUMHUKpOOHA aKTUBHOCT YTBpl)eHa je MPUMEHOM CTaHAapAHUX METOJa, TUCK JU(y3HOHE U arap
aunyiroHe. [IporieHa aHTHOKCHIATHBHE aKTUBHOCTH CIIPOBENICHA je Ha OCHOBY mpahema in vitro
CHOCOOHOCTH HeyTpanu3auuje cinobonnux pagukaia (DPPH-), peaykuumoHor mnoTeHmMjana u
XeJalMoOHe AaKTHBHOCTH METaHOJICKOT eKCTpakTa. [IpuMeHOM CHeKTpopOTOMETPUJCKHUX METOoa
oapehen je caapxkaj, a npumeHom HPLC texnuke n naeHTrdukamnmja GeHOTHIX KOMIOHEHTH. OcuM
HaBEJICHOT, 10 WCTpaKuBama je TMocBeheH yTBphuUBamy MeXaHHW3aMa XeMmaTONpPOTEKTUBHE
AKTUBHOCTH METAHOJICKOT E€KCTpaKTa Ha OCHOBY: IpOlleHEe OMOXEMHUJCKUX MapaMmerapa y cepymy
MaloBa; pelaTHBHE KOHIEGHTpAIlMje W EeKCIpecHje akyTHO (a3HUX MPOTEHHA Y CEpyMy H JeTpH
naroBa; in VivOo WHXHOHIIMjE JHUIUAHE MEPOKCHIAINje ¥ aKTUBHOCTH aHTHOKCHUIATHBHHUX CH3HMMA,;

Ka0 U YTHIIa] METaHOJICKOT €KCTPaKTa Ha €KCIPECH]y TPAHCKPUIIIIMOHUX (pakTopa.



SUMMARY

Numerous studies in genetic toxicology indicate that a large number of natural agents showed
genotoxic effects in different cell types and experimental model organisms. Plant extracts that appear
to have favorable properties, may contain chemical compounds with mutagenic, teratogenic and/or
carcinogenic activity, and it is of great importance to the inclusion of genotoxic approaches to
toxicological evaluation of plant extracts. Applying a test for the detection of sex linked recessive
lethal mutations in eukaryotic model organism Drosophila melanogaster, at the level of germ cells,
and the Comet assay in D. melanogaster and Wistar rats, at the level of somatic cells, potential
antigenotoxic activity of the methanol extract of plant Cotinus coggygria Scop. was determined.
Antimicrobial activity was determined by standard disk diffusion and agar dilution methods.
Evaluation of antioxidant activity was carried out by monitoring the in vitro ability to neutralize free
radicals (DPPHe¢), the reduction potential and chelation activities of the methanol extract. Applying
spectrophotometric methods and HPLC technique the content of phenolic compounds was
determined. In addition, part of the survey examines the mechanisms of hepatoprotective activities of
the methanol extract on the basis of: assessment of biochemical parameters in rats, relative
concentration and expression of acute phase proteins in serum and liver of rats, in vivo inhibition of
lipid peroxidation, activities of antioxidant enzymes, and the effect of methanol extract on the

expression of transcription factors.
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TecToBu 3a JeTeKINjy TEeHOTOKCHYHOCTH areHaca NpUpoIHOT U BEIITAYKOT MOpEeKya
Canpxaj ykynmHux (eHosa, ¢raBoHOWIA U TAHWHA Y METAHOJICKOM EKCTPAKTy OMIbKE
Cotinus coggygria

KBanuTaTuBHU W KBaHTHTATHBHH CacTaB METAHOJICKOT eKcTpakta Owmbke Cotinus
coggygria

VYdecTanocT NMOJHO Be3aHMX PEIECHBHO JICTATHUX MyTallfja HAaKOH TpeTMaHa MyJKjaka
Bpcre Drosophila melanogaster ca wmeranonckum ekcrpakrom Owmsbke Cotinus
coggygria

VY4ecTanocT NOJHO BE3aHUX PELECUBHO JIETAIHUX MYTalllja HAKOH TpPETMaHa MYXKjaka
Bpcre Drosophila melanogaster ca erun wmeraHocyahoHATOM ¥ METAHOJICKAM
ekctpakrom Omsbke Cotinus coggygria

VYyecranocT NOJHO BE3aHUX PELECUBHO JIETAIHUX MYTalllja HaKOH TpeTMaHa MYXKjaka
Bpcre Drosophila melanogaster ca mupuriernsaom

VYyecranocT NOJHO BE3aHUX PELECUBHO JIETAIHUX MYyTalllja HAaKOH TpeTMaHa MYyXKjaka
Bpcre Drosophila melanogaster ca kBepueruHoM

VYyecTanocT MOJHO BE3aHUX PELECUBHO JICTAIHUX MYTalllja HAaKOH TpeTMaHa MYXjaka
Bpcre Drosophila melanogaster ca pysmMapuHCKOM KHCEITHHOM

I'enoTokcnuHM ehekaT METAHOJICKOT eKcTpakrta Omsbke Cotinus coggygria mpumeHOM
KBQJINTaTUBHUX [apameTapa

I'eHOTOKCHYHHU edeKaT METaHOJCKOT ekcTpakta Ousbke Cotinus coggygria mpuMeHoM
KBaHTUTATUBHUX IapameTapa

['eHOTOKCHYHOCT METAaHOJICKOT eKkcTpakTa Ousbke Cotinus coggygria npumerHom Komer
eceja Ha maroBuMa coja Wistar

Pennu momenat 24 u 72 cata HakOH TpeTMaHa anOuHO mamoBa coja Wistar ca
METAaHOJICKMM eKCTpakToM Omibke Cotinus coggygria

I'eHoToKCcHYHM edekaT MeTaHOJICKOr eKcTpakra Omsbke Cotinus coggygria y jetpu
narioBa coja Wistar 24 u 72 cata HaKOH TpeTMaHa

I'eHoTOKCHYHHU e(eKaT METaHOJICKOT ekcTpakta Omsbke Cotinus coggygria y KoITaHoj
cpoku matoBa coja Wistar 24 u 72 caTa HaKOH TpeTMaHa

AHTHUTEHOTOKCHYHH edeKaT METaHOJICKOT ekcTpakta Omsbke Cotinus coggygria u
MUpHIIeTHHA 2 Uiy 12 caTh HaKOH TpeTMaHa ca MUPOTajioyioM MPUMEHOM alKaiaHe
Bep3uje Komer Tecra y in Vivo ycnoBuma

Edekar muporaiosa ¥ mpeTpeTMaHa ca METAHOJICKMM eKcTpakrom Ousbke Cotinus

coggygria na crenen /IHK omrehema y jerpu maroa coja Wistar
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AHTHMUKpPOOHA aKTHUBHOCT METAHOJICKOT eKcTpakTa Ousbke Cotinus coggygria
Munumanue waxubOutopHe kouuentpammje (MIC, pg/ml) meranosckor ekcrpakra
ouspke Cotinus coggygria y in vitro ycimosuma

YkynHo u ¢epo rBoxhe y cepyMmy mamoBa TPETHPaHUX €KCTpakToMm Ousbke Cotinus
coggygria u muporaaoaom

AST, ALT, ALP u ykynHu OunupyOuH y cepyMmy HamoBa TPETUPAHUX EKCTPAKTOM
ouspke Cotinus coggygria ¥ MUPHIIETHHOM

Edexkar excrpakra 6mspke Cotinus coggygria na TBARS y cepymy u jetpu narosa coja
Wistar

Edexkar excrpakra 6mspke Cotinus coggygria Ha akTHBHOCT aHTHOKCHUIATHBHUX €H3UMa

y jeTpu maroBa coja Wistar



Cxema 1. buocuHTe3a IMKUMCKE KUCEINHE
Cxema 2. [Ipumepu nHaKTHBaIMje CIIO00AHUX paaUKaa

Cxema 3. Anxmnammja JJHK cexsere EMC-om, popmuparmse O°-etiiryannsa n O*-ernntamusa



Camka 1.
Canka 2.
Cauka 3.
Cauka 4.

Ciauxka 5.

Cauka 6.

Cauka 7.

Cauka 8.

Cauka 9.

Ciauka 10.

Ciauka 11.

Ciauka 12.

Ciuka 13.

Ciuka 14.

Ciuka 15.

Ciuka 16.

Ciauka 17.

Ciuka 18.

Cotinus coggygria Scop.

XeMHjcKa CTPYKTYpa XHIPOKCUIIUMETHUX KHUCEINHA

XemujcKa CTPYKTYpa XHJIPOKCHOCH30€BUX KUCEINHA

OcHoBHa cTpyKTypa (praBoHOMAA

denoTHIICKE pa3nuke y 0oju oumjy Koa Myxjaka "muBiber tuma" (A) m Basc myxjaka
(B), pasnukoBame JKEHKE OJ MyXKjaka (IOCTOjarbe IMOJIHOT dYell/ba Ha MPEIbHM
ekcrpemuteruma Myxjaka (B u I')

Pa3Bojuu nykiyc Bpcre Drosophila melanogaster

Huctpubynuja "komera" y pa3MyuTe Kilace Ha OCHOBY cTeneHa outehema HaKoOH
6ojema ca erunujym opomuaom. Kiaca 0 — neomrehena /IHK; xnaca 1, 2 u 3 - mame,
cpenmwe u nyre JIHK murpanuje u kinaca 4 - makcumainuo omrehewe JJHK
HMuctpubynuja "komera" y pa3dyuTe Kilace Ha OCHOBY cTeneHa omtehema HaKoH
6ojema ca SYBR GREEN I. Knaca 0 — neomrehena JIHK; kmaca 1, 2 u 3 - mame,
cpenmwe u ayre JIHK murpanuje u kinaca 4 - makcumainuo omreheme JJHK
HPLC-xpoMaTorpam MeTaHOJCKOT eKcTpakTa ousbke Cotinus coggygria

[Ipouenar penykuuje (%P) [JAHK omrehewma HakoH TpeTMaHa ca METaHOJCKUM
excTpakToM Omspke Cotinus coggygria u mupuiernHoMm 2 U 12 caTu mpe TpeTMaHa ca
MTUPOTAJTI0IOM

Herexumja JIHK omrehewa y jeTpu mamoBa NPUMEHOM PEIMHOT MOMEHTAa HAKOH
npeTpeT™MaHa ca METAaHOJICKUM eKcTpakToM Ousbke Cotinus coggygria u MUPHIIETHHOM 2
u 12 catu npe TpeTMaHa ca IMUPOraioioM

Vrunaj meranosckor ekcrpakra omibke Cotinus coggygria ma tpancdopmanujy DPPH’
panukana

XenarnuoHa akTUBHOCT METAHOJICKOT eKcTpakTa ouspke Cotinus coggygria

PenykTHBHA aKTHBHOCT METAHOJICKOT eKcTpakTa ousbke Cotinus coggygria

PenatuBHa xoHueHTpanuja xanrornoduna (Hp) u ao-makporioOynuna (02M) y cepymy
maroBa TPETUTPAHUX Ca METAHOJICKUM eKCTpakToM Ousbke Cotinus coggygria
Excnpecuja xanTorsiobuHa M 0-MakporyioOyianHa y jeTpu MaioBa TPETUTPAHHUX ca
METaHOJICKMM eKcTpakToM Ousbke Cotinus coggygria

Edekar meranounckor ekcrpakTa Ousbke Cotinus coggygria mpe arumkanuje muporanosia
Ha penatuBuu HUBO mpoterHa NF-kB (p65) (A) u Akt (B).

Edekar MeraHosckor ekcrpakra Ouwsbke CoOtinus coggygria © MUpHIETHHA Tpe

aIIMKaluje MIporaioja Ha peJaTUBHA HUBO npoTenHa AKt
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[Topen HeocmopHor 3Hayaja 3a (apMmaleyTCKy HWHAYCTPHU]Jy, MPHUPOIHH IPOU3BOIU OuIbaka
Haja3e MUPOKY MPUMEHY Yy MPOU3BOMBU TUJETCKUX CymiieMeHaTta U (pyHKimoHaiHe xpane. Ocum
3aJ10BOJbaBajyhnX HYTPUTHUBHUX CBOjCTaBa MPOU3BOJAM OMJBHOT TIOPEKJIA HCIIOJbaBajy W ojpeheHe
dapmakosomke U (U3HOJIONIKE ePEeKTe Ha JbYACKO 3JpaBJbe, IITO j€ OJ BEIMKOT 3Ha4aja y
NPEBEHIIMjH HACTaHKa OOJIECTH CaBPEMEHOI 4YOBeKa. 300r Tora Cy HCIUTHBAaKkA OUOJIOUIKUX
aKTHBHOCTH M XEMHjCKa KapakTepu3aluja I0 caJ] HEHCIIUTAaHUX OMJBHHUX BpCTa OJ HM3y3€THOT
HAaY4YHOT W MPAKTUYHOT MHTECpPCECA, Jep BOJC Ka HOBUM H3BOpUMAa OMOJIOIIKK aKTUBHUX MMpUPOAHUX
MIPOM3BO/IA.

[Mopen MMPOKO pacHpoCTparmeHE TPAIUIMOHAIHE MPUMEHE Kao MeJIMKaMeHATa WM J0jaTaka
ucxpanu, BehnHa Bpcta dhamunuje Anacardiaceae Huje AeTa/bHO OKapaKTEpUCaHa U y JIUTEpaTypu
MIOCTOJU BPJIO Maji0 MOJAATaka O OMOJIOIIKO] aKTMBHOCTU M XEMHJCKOM CAacTaBy KakKO €KCTpakara,

TAaKO U €TAPCKUX YyJba.

1.1. Pox Cotinus (Anacardiaceae) u 1-eroB TAKCOHOMCKH TOJI0KAj

Anacardiaceae je (hamMuiija IPBEHACTUX TUKOTUIICTOHUX CKPUBEHOCEMEHHIIA KOja 00yXBaTa OKO
800 BpcTa y 82 pona. Y dbammimju ce GUIOTEHETCKN Pa3iuKyjy JABE TPYyIME pOJI0Ba, OPraHN30BAHHUX Y
notdammje Anacardioideae u Spondoideae.

[Mpunagaunm damrmmje Anacardiaceae cy pacmpocCTpame€HE IMUPOM CBETa, YIJIaBHOM Ha
paBHHYAPCKUM CTAaHMINTHMA, IIPE CBEra y TPOIKMMa M CyOTpOIMMA ajli 'y yMEpeHoj 30Hu. Mory ce
Hahu Ha 3anaaHoj XeMuchepu, y Adpuiu, jy>kHoj EBporn, ymepeHoj u Tporickoj A3uju, TPOIICKO] U
cynTpornckoj Aycrpanuju ¥ Ha Behunn Ilanmduukux octpBa. Anacardiaceae cy oJICyTHE U3 CEBEpHE
EBpone u ymepene u cymue Ayctpanuje, ca Hosor 3emanma, ['amanarockux ocTpBa, ca MyCcTHbA U
CTAaHUIIITA HA BEJIMKUM BUCHHAMA.

Cotinus je manu poja JHCTONMAIHUX IPBEHACTHX OMsbaka y okBupy (damminje Anacardiaceae ca
1Be BpcTe: eBpoasujcka, Cotinus coggygria Scop. (cunonuMm Rhus cotinus L.) u ceBepHOamMepuyKa,
Cotinus obovatus Raf. ®mopa Cpbuje nedunume nsa Bapujereta Bpcre Cotinus coggygria: Bap.
laevis u Bap. arenaria (1). o 1965. romure oBa BpcTa je KiacHpUKOBaHAa YHYTap CPOJHOT poja
Rhus, kana je Barkley (2) moxenno Rhus sensu lato y neser pogoBa o kojux je jenan u poxa Cotinus.

busbke pona Cotinus cy skuBotHe hopme apBera wiH xKOyHa, BUCHHE 10 7 m (eBPOasHjCKH pyj),
wi 12 m (amepuuku pyj). JIuctoBu cy nenu, okpyrior objamka, ca paBHUM 00010M, Ty>KUHE 0J1 3 10
13 cm. LBeToBU Cy CHTHH, BEeIMYMHE JJO 3 mm, NeTowiaHy, xkyhkacre 60je, CaKylJbeHU y BpIIHE
MeTinyacTe 1Bactu BennuuHe 10 30 cm. busbke cy jenHonome, moHekasa asoaome. Ilnon je cysa,

CHTHa KOIITYHHMIIAa KOja CaJpKU jeJHO ceMe, a Ha KO0joj ce 3ajapikaBajy damuyHu juctuhu (3). Y
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CpOuju nokanHu Ha3uB 3a Ousbky C. coggygria je "pyj" wim "pyjeBuna’ jep suiihe y jeceH mpoduja
PYXKHYACTy WM TaMHOIPBEHO-JbYOMUACTy, PYjHY 00jy ycien oxcumanuje TanwHa (Cmmka 1).
Pacmipoctpamena je y jyxxnoj EBporm, nearpannoj Kuau m Ha Xumanajuma, rie pacTe Ha CyBUM
CTCHOBUTHM OOpOHIIMMA U y cacTaBy JIMCTOMAJHUX IIyMa, Hajuemhe Ha 0001y, MOHEKa [ JOMUHUPA

U y cripary KOyma 00MYHO Ha KPEUbaKY.

Cauka 1. Cotinus coggygria Scop.

(http://www.sciencephoto.com/media/95341/view, anpur 2011)

1.1.1. Buiomke kapakTepucruke ¢pamuiauje Anacardiaceae u Bpcre Cotinus coggygria

busbke u3 ¢damumnuje Anacardiaceae umajy Iyry HUCTOpH]y yHoTpeOe y HMCXpaHU: MaHIO
(Mangifera indica L.), nucrahu (Pistacia vera L.), unaujcku opax (Anacardium occidentale L.) u
posu 6ubep (Schinus terebinthifolia L.), Bpcte koje ce nmpuMemyjy MUPOM CBETa, © BPCTE KAo IITO
cy Spondias L., Sclerocarya birrea (A. Rich.) Hochst. u Tapirira Aubl, ca orpaHuueHOM,
JIOKaJIM30BAHOM KYJITHBAIMjOM U TIOTPOIIEHOM.

VY TpaguuMOHANHO] MEIUIMHHU, 300r cBOjUX (apmakojomKuX edekata, MPUIIATHULU OBE
bamuje ce KOpUCTe 3a Jieuerme pa3InIuTHx obosbeba. Rhus glabra ce TpaauironanHo kopuctu y
Jeuewy OaKTEepHjCKHX 000JbeHa Kao IITO €y CU(MINC, TOHOpEja, AW3EHTEpUja M raHrpeHa. R.
coriaria ce 0OMYHO KOPHUCTH Ka0 3a4dH Ik U Kao JIEKOBUTA OMJbKaA MOCEOHO 3a 3apacTame paHa (4).
Bpcre poma Toxicodendron ce kopucre y jedemy xepreca W akyTHOr peymarusma (5); pona

Anacardium, kopa 3a 3ybo0osby M au3eHTepHjy, a jumthe 3a mujapejy; Antrocarion, Bohe 3a
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cToMauHe Terode, a kopa 3a dosiectu jerpe; Buchanania Spreng. 3a rpo3Huily, Ko)kHa 000JbeHba, yjeIT
3MHja U MHCEKaTa, MOJIHUX 0O0JIeCTH; KOPEeH BpcTa pojaa Heeria Meissn. ce KOpecTH 3a JUIECTUBHE
Terobe; KOpeH BpcTa M3 poja Lannea ce KOpUCTH KOJ BEHEPHUUHUX OOJIECTH, KOpa 3a CTOMAadHe
tero0e, a numrhe 3a 3apacrame paHa W Kao JIAKCaTHB; KOpeH BpcTa u3 poga Ozoroa ce KOpHCTH KOJ
MUTpEHe, Tu3eHTepHje, 0ona y cromaky W jiehuma, manmapuje, a numhe KoJX KOXHHX 000JbeHba;
nuirhe BpcTa U3 poja Sorindeia ce KOPUCTH Kao JJaKCaTUB U TUYPETHK; Bohe Bpcra poaa Spondias ce
KOPHCTH Kao JUYpPETHK, KOpa 3a KallaJb U JISYCHhE paHa JO0K ce Juiihe KOPUCTH 3a CTOMayHe Terooe,
pox Trichoscipha, kopa ce kopucTH 3a BelUMKe OOTHEbE, KOHCTHIANHU]y KOJ OJ0j9agdl M KOJI
KpBapewe y Tpyaaohu (6).

VY HapoaHoj Menuian Ousbka C. coggygria SCOp. ce KOPUCTH Kao aHTHUCEINTHK, 33 3apacTame
paHa, IPOTHUB yIajia U MPOTUB KpBapewa (7). OBa OMJbKa C€ YECTO KOPHCTH 3a JICUCHE Pa3HUX
OostecTH, Kao mITO Cy adjapeja u mapaaonto3a (8). [TokasaHo je qa cupyr oBe OMIJbKE IITHTH JETPY O
xemujckux omrehema (9). Pyj ce ymoTpeOsbaBa kao ajCcTpPUTEHC (3a Jicueme 3alabeha KOXKE U
ciy30Ko0ske), mpotuB rpo3uuile (10), kao koarynaaHt, 3a MOBHUIIEHY TEMIIEPATypy M Kao TPETMaH KO
oosiectu oka (11). CeBepHoamepruku MHaMjaHIU Cy yoTpeObaBasiy IIIOI0OBE Pyja y CBEKEM CTamby
WIH Cy Ta KOPUCTHIIM YMECTO CHpheTa ¥ 3a MpUIpeMame HAITMTKA CIMYHOT JIMMYHAIU. Y KOXKapCKO]
WHIIYCTPHJU KOPHUCTH CE 3a ITaBJhCHE U 00jeHhe KOXKEe M ByHE. 3axBasbyjyhu PBEHHM JHCTOBHUMA

CITy’KH | Kao JekopatuBHa Bpcra (12).

1.1.2. ®duToxeMHjCKH cacTaB M OHoJIOMIKA aKTHBHOCT BpcTe Cotinus coggygria

Bpcre damunmje Anacardiaceae 6mie cy mpeaMeT OpOjHHX HCTpaXkKMBamba, OMIIO Ja Ce Paad O
(DUTOXEMHUJCKUM HCIUTHBAKUMA, OHOJIOIIKUM, OHOXEMHCKUM, (U3HUOJIONIKUM W EKOJOIIKUM
CTyaujama.

Pesyarar ¢uroxeMujckux HcCnuTHBama Owibke C. coggygria je wm3onainmja ¥ CTPYKTYpHA
UACHTU(HKAIM]a HEKOJIUKO (DEHOJIHUX jeIMbCHha, YIIIAaBHOM aypoHa, XallkoHa, AUXHIPO(IaBoOHA U
muxuapodiaBoHona. Mehy ®BHMa, Haj3acTyIJb€HUJU CYy CyadypeTtuH, cyiadypeuH, OuaypoH
nucyndypeTHH 2,2'-[1,2-6uc(3,4-ouxuopoxcugpenun)-1,2-emanounuden]-ouc| 6-xuoporxcu-3(2H)-
benzopypanon], 1,3 4'-mpuxuopoxcu-ouxuopognason,  5,7,4'-mpuxudporcu-ouxudpughuason,
4,2' &'-mpuxuopoxcuxanxon, 3,7,3"4'-mempaxudpoxcu-ouxuopognason, 3,5,7,3",4'-nenmaxuopoxcu-
ouxuopoghnaeon, GUCETHH, TajlHa KHUCETUHA U HEeHU JAePUBATH, METHII rajare U MeHTaraio riiyko3a
(13, 14).

VcnutrBameM XEeMHUJCKOT cacTaBa METaHOJICKOT eKCTpakTa JAo0ujeHor M3 crabiia oBe OUJbHE

Bpcre  yrBpheHo je  mpucyctBo: 34’ 6-mpuxudpoxcuaypona  (cyndyperun),  3,4'7-
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mpuxuopoxcugpnasononra  (bucerun), 3'4'7-mpupuopoxcugprasanona  (pycrun), 3'4'5,7-
mempaxuopokcughrasonona (ksepuetun), 34" 5, 7-mempaxuopoxcugnrasanona (takcudonaun), 4',7-
ouxuopoxcugpnasanona, 34", 7-mpuxudpokcughraéanona (0yrtun), 4’ 7-ouxuopokcughrasanona
(JTMKBUPHUTUTCHUH), mpanc-2',3,4,4"-mempaxudpoxcuxaikona (Oyreun), 4'5,7-
mpuxuopoxcugpnasanona, mpanc-2',4,4"-mpuxuoporxcuxarkona (15), karexuHa, €pHOAUKTHONA H
kBepueTrHa (16).

Simi¢ u capaguunu (17) Cy HCIUTHBAIM XEMHJCKH CacTaB BOJCHOT, CTHJI-allETATHOT W
xsopodopmMckor ekcTpakta orsbke C. COggygria u ykasajiu Ha HajBHIIHM CajapKaj TOTATHUX (eHosa
(92.9%), Tanuna (83.4%) u dnaBoHouna (3.5%) y ermn-aneratHoj dpakuuju. [Ipumenom HPLC
(eur. high-pressure liquid chromatography) merome y oBOM eKCTpakTy je yTBpHEHO HPHUCYCTBO
rajiHe KHCEJIMHE, alluTeHUHA U JITEOJINHA.

3a pasnuKy O] eKCTpaKTa, 3HATHO BUIIIE IMOJaTaka MOCTOjH O CAaCTaBy €CEHIHMjATHUX yJba OBE
BPCTE Ca Pa3iMUUTHX JIOKAIHTETa. VICNIUTHBameM cacTaBa €TEpUYHHX yJba JOOHMjEeHUX W3 IBETOBA,
numha u crabsprka ousbke C. coggygria ca jyra Cpo6uje (mokanurer Pyjuinte, Ha ceBepy Kocora)
yTBph)€HO je MpHCYCTBO KOMIIOHEHTH U3 Ipylieé MOHOTEpPIIEHAa W CECKBUTEpIEHA ca JOMMHALNJOM
MoOHOTepricHa auMoHeH u o-nuHeH (18). Ecennujanna yiba mo0ujeHa u3 rpana u jawumnrha ousbke C.
coggygria ca aBa jokanureTa, Jlenubnarcka memrdapa M 3eMyH, Moka3aja Cy CIHMYaH XEMHjCKU
cacraB ca JOMHHAIMjOM JUMOHEHa, (Z)-fB-ouumena, o-nuHeHa, (E)-pf-omumena u tepriuHoicHa (19).
VY ecennmjamaom yiby u3 Typcke ytBpheHO je mpucycTBo numoneHa, (Z)-p-ormmena u (E)-B-
ouumena (7). YV eceHuMjaHOM yiby U3 byrapcke nacHTH()UKOBAHH CYy O-ITHHEH, TUMOHEH U B-ITHHEH
(20). Y erepuunom yiby u3 Mahapcke yTBpheHO je MPUCYCTBO JIMMOHEHA, O-IMHCHA, B-nrHeHa, A3-
KapeHa ¥ o-TepruHoyieHa (21). YV ymy u3 ['puke TjaBHe KOMIIOHEHTE Cy OWJIE pasjinduTe Y
Pa3IMYUTHM Y30PIMMA: y jeTHOM Y30pPKY I'IaBHE KOMIIOHEHTE Cy JIMMOHEH, O-TMHEH U TEPIUHOJICH,;
y APYroM MHPIICH, CAOUHEH M O-TTHHEH; a y TpeheM cabuHeH, MUpIIEH, TMMOHEH U TeprnuH-4-011 (22).

Buonomika ucrmtuBama Bpcte C. COggygria mokasanga Cy jJa eKCTPaKTH, eCEHIMjalHa yba W
M30JI0BaHE KOMIIOHEHTE TOCENyjy OMOJIONIKE aKTUBHOCTH, IITO TIOTBPhyje U MIMPOKY MPUMEHY caMe
BPCTE y TPAJAUIIMOHATHO] METUIIHHY.

Meuore aktuBHOCTH Bpcte C. coggygria cy u excnepuMmenTanHo motBphene. IToceban 3Hauaj
npuaaje ce UCTpaKMBambiMa aHTHOKCHIATHBHE aKTHMBHOCTH ekcTpakara Bpcre C. coggygria (8, 13,
17, 23) xao u MHXHOHWIMjA AlETHI-XOJMHECTEpace eKCTPAKTOM J00HjeHHM u3 crabiia oBe OHIbHE
Bpcre (24).

HcnuTtuBan je u aHTU-UH(pIAMaTOPHU edeKaT eKcTpakaTa JOOMjeHUX U3 MIIAJANX U3JJaHaKa BPCTE

C. coggygria Ha ezeM Iamna mamoBa u3a3BaH kapareHuHoM (17).
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Jloka3aH je HIMTOTOKCHYaH edekar eKcTpakra 1BeTa u yuirha npema LS174 henujama xymaHor
KaHIlepa [peBa u npema henujama xymaHor kapiuuHoma rpiaunha marepune Hela (23).

Exctpaktu nuctoBa u nBeroBa Bpcte C. coggygria mokasaiu Cy aHTUMHKPOOHY aKTUBHOCT Ha
BEJHMKH Opoj OaKkTepujCcKUX cojeBa, Kako Ha ['pam Mo3WTHBHE Tako W Ha I'pam HeratuBHe OakTepHje
(25). Ecennujanna yiba oBe OMJbHE BPCTE MOKa3ala Cy 3Ha4YajHy aHTHOAKTEPHCKY UM aHTU(YyraiHy

aKTUBHOCT npema ['pam mo3uTuBHUM OakTepHjama y oHoCy Ha ctanmaps (19).
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1.2. CekynaapHu MeTa0oIuTH OM/baKa - MOJH(EHOTHA jeIubeba

3axBasbyjyhu HaydHWM ca3HamHMa JaHAC je MO3HATO Ja j€ MEIUIMHCKUA 3Hayaj JIEKOBUTHX
Omwbaka y yCKOj BE3W ca caapikajeM CEeKyHIapHHUX OMOMOJICKYNa, OJ] KOJUX HEKH HWCII0JbaBajy
u3pasuto cHaxHe (apmakosnomke edekre. CekyHAapHU OWOMOJCKYIM OWJbaka, TJEIaHO ca
€KOJIOIIKE CTPaHEe, HACTAJIH Cy €BOJIYIIMjOM Kao KOMIIOHEHTE XeMHjCKe 0/10paHe OMJbaka O] IPYrux
OMJBHHX BPCTa, MHCEKATA M KUBOTHHA (26).

Benuku O6poj apoMarcKor M 3a4MHCKOT OWsba CapkKu (PEHOJIHA JeAUbEHha. Y IMIHUPEM CMUCTY
Ha3MBajy ce NoJu(eHoInMa, a YKJbydy]Jy CI0jeBe Pa3IMuUTE XEMHU]JCKE CTPYKTYpE O] JeTHOCTaBHUX
XUJIPOKCUIIMMETHUX KHUCEJIMHA, aHTOILMJaHWHA, 0 CJIOKEHUJUX (DIIaBOHOMJA M TaHWHA. 3alITUTHA
yinora (EHOJHUX jeIUmbEeHha y OMOJOMIKUM CHCTEMUMa IPHUINCYjEe C€ HHUXOBO] CIIOCOOHOCTH
capuBama ("'xBarama') eIeKTpoHa cloOomHUX pamukama (27, 28), XemaTHOr Be3WBama joHA
MpEeNasHuX MeTaja (Fe2+, cu®, zn** wu Mg2+), aKTHBUpamba AHTUOKCHJIATUBHMX €H3UMa U
WHXHUOMpama OKCUIasa. 3aTo ce (peHOTHNM jeNbeHhUMa MTPUITHCY]Y U MHOTA TepaImjcKa IeyioBama,
Kao IITO Cy aHTHOAKTEpPHjCKO, MPOTHUBYNAIHO, aHTHAJIEPTUJCKO, AHTUMYTareHO, aHTUBUPAIHO U
aHTHKaHIeporeHo (29).

deHoJIHA jeIMbeha TIPENICTaBIhajy MHUPOKO PACIPOCTPAEHY TPYMy OMJBHMX METa0oIHTa Koja
MOTy OWTH BPJIO J€IHOCTABHE CTPYKTYpE, Kao IMTO Cy (PEHOJIHE KHUCEJIWHE, WIH BPJO CIOXKCHE
CTPYKTYpE, Kao IITO Cy MPOAHTOIMjaHUAO0IU. 3ajeITHUUKA KapaKTePUCTHKA (EHOTHUX JeUICHhA je
J1a cajpKe apoMaTHyaH MPCTEH ca jeTHOM HIIH Bullle XuapokcuwiHux rpymna (30).

[Ipuponna peHoaHA jenubemha HACTajy TOKOM JIBa OMOCHHTETHUYKA ITyTa:

3 myreM OMOCHHTE3€ apOMAaTHMYHUX aMHUHOKHCENIMHA MPEKO IIUKUMCKE KUCEIMHE Kao
HUHTEpMeujepa u
3 myreMm OMocuHTe3e OEH3EHOBOT MPCTEHA U3 aleTara (alleTOreHHHCKH IIYT).

MeTtabonuuku MyT MUKUMCKE KHUCEIMHE MPEe/CTaB/ba IJIaBHU XeMH3aM OuocHHTe3e (heHOTHHX
jemumema y Omibkama. Ilyrem OumocHHTE3€ NIMKUMCKE KHCEIMHE HacTajy JAepuBaTH OeH30eBe
KucenuHe (TajHa W TMPOTOKATEXMHCKA KHCENMHA), a M3 apOMATUYHHX aMHUHOKHCEIMHA HacTajy
nepuBatu numertHe kucenuHe (Cxema 1). [lumerHa KucenuHa ce Jajbe TPAHC(HOPMHUIIE I0 OCTATUX
Ce—Cs (denumnmponanona, KymapuHcke, kKadeHe, ¢epyaHe M CHHANHUHCKE KHUCEIWHE U HUXOBUX

nepusara (31).
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Cxema 1. buocuHTEe3a NIMKUMCKE KHUCEINHE

OcuM MeTaboIMUKOT IMyTa IIMKUMCKE KUCEIUHE, (PeHOJIHA jeIbeha Yy OMibKkaMa MOy HacTaTu
U aleTOreHMHCKMM myreM. OBHM OHOCHMHTETCKMM IIyT€M apOMaTHYHM IPCTEH HacTaje
KOH/IEH3allMjoM cupheTHe KuCenuHe y JIMHEapHU HU3 CACTaBJbeH OJl HAU3MEHUYHUX KETOHCKUX M
METHJICHCKHX Tpyla Koje Jajbe MoKy HUKIM3alMjUu Mo MexaHuzMy anjnoiHe wiu Claisen-oBe
KoHAeH3anyje. [Ipcren A ¢unaBoHOMAA MOTHYE O MOJMALIETHIIHOT HU3a, a NMpCcTeH b U3 yribeHux
XHJIpaTa MPEeKO MHUKUMCKE KHUCEIINHE.

deHosiHE KHcenWHE W (DIaBOHOMIM Cy OJ CBUX moiudeHona Hajuemhe mnpeaMeT HAyYHHUX
ucTpaxuBama. MEHOJIHEe KHUCEIHHE Ce cacToje 0 (eHOJTHOr je3rpa M OOYHOT HM3a KOjU CaIpKH

je;[aH (,[[epI/IBaTI/I OcH30€eBe KI/ICCJ'II/IHe) HJIU TpU (IlepI/IBaTI/I TUMCTHE KI/ICGJII/IHC) YIJbCHUKOBA aTOMa.
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deHoJIHE KUCENTUHE 3aCTYIJbeHE Y OMJBHOM CBETY JIelie CE Ha!

3 xuapokcunumetHe kuceaune (Cg-Cs), (Crnuka 2):

3 @epyJMHCKA KUCEITMHA Ri=R,=H
Rs=0OH
R4=0OCHjs
3 p - KyMapHHCKa KHCEJINHA Ri=R>=Rs=H
Rs=0OH
5 Kadeuncka kucenvna Ri=R,=H
Rs=R,=0OH
3 CrHanMHCKa KHCEJINHA Ri=H
Rs=0OH
R2=R4=0CHj3
R,
H
Rs “\. _COOH
C
H
R, R,

Cauka 2. XeMujcka CTpyKTypa XUAPOKCULIMMETHUX KHCEINHA
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3 u xuapokcudensoese kucenune (Ce-Cy), (Crnuika 3):

3 T'anHa kucenuHa R:=R,=R3=0OH
3 IIpoTrokarexmHCKa KUCeIruHa Ri=H
R2:R3:OH
3 BanmnmHcka KHucennHa Ri=H
R2:OH
R3:OCH3
3 CuUpuHTHHCKA KHCEIHA R,=0OH
R1:R3:OCH3
R 1
R; COOH
R 3

Cimka 3. Xemujcka CTPYKTypa XHAPOKCUOECH30€BUX KHCEIIMHA

Pa3nuka y cTpykrypu usmel)y mojemMHUX XUAPOKCUIIMMETHUX U XUAPOKCHOEH30€BUX KHCEIHHA
MOCIIEAUIA Cy CTYIEba XUAPOKCHUIANK]E ¥ METHIIAIM]e apoMaTCKor rmpcreHa (32).

dnaBoHOMAM Cy BEOMa pAaCHpPOCTPA-CHA OPraHCKa jeUiberha OWJBHOT IMOpEKIa. XEMHjCKH
¢aBoHOUM Cy MONM(EHOIHA jeUbeHha Majle MOJEKYJICKe Mace. Y Ipyiy (IaBOHOMIA Y yKEM
cMuciy yopajajy ce duaBonu, n3odiaBonu, hiaaBoHoIH, GpraBaHOHH, (raBaHOHOIH, (IaBaHONIH, A Y
IIMPEM CMHUCITYy ¥ HeKa OMOT€HETCKH CPOJHA NOIM(EHOIIHA jeIUbEha, Ka0 IITO CY aHTOLUjaHUIMHH,
KATeXUHH, JICYKOAHTOLMjAHUINHU, XaJKOHH, AMXUApoxankoHn u ayponu (33). IlpucyctBo
XUJPOKCWIIHUX TIpyna (raBoHOUIEC YMHM eQUKacHUjUM Yy Tepanuju. Haj3acTymibeHuju cy
¢daBoHOMIM ca JBa OeH3eHoBa npcreHa (A u b) nose3ana nupuHckuM npcteHoM (B) koju caapxu

kuceoHuk (Cnuka 4).
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Cauxka 4. OcHOBHa CTpyKTypa (iaBOHOUAA

@®aBOHOWIM TOKa3yjy IMIUPOK CIHEKTap OWOJOIIKE AaKTHBHOCTH W YECTO C€ KOPHCTE Y
¢durorepanuju. Hexn dbmaBoHOMIM Nemyjy Kao KOPOHAPHHU Ba30IUJIaTaTOPH, APYTH C€ KOPUCTE Kao
aHTH-UHGIAMATOPHA areHcH, AWypeTHind W xematomnporekTuBH (34, 35), 10K HEKH IOKa3yjy
Mmo3uTHBaH edeKkar Ha KapauoBacKyiaapHa oOosbema (36, 37) W KaHIEpOTreHe U MyTareHe MpoOMeEHe
(38, 39).

TanuHu cy clio)KeHa MpUpoHa MOJMPEHOTHA JeIUbEemha, 3a KOje je 3ajeJHMYKO Ja CTBapajy
KOMIUIEKCE Ca MPOTEHMHHMA, MYKOIIOJIHMCAaXapuauMa, HYKJICHHCKHM KHCEIMHAMa W aJIKaJOUIHMa
(40). VY BesuBamy yduecTBYjy (peHOIHE, OJHOCHO KETO(DYHKIIMOHATIHE IPYII€ TAHHHA, XHIPOKCHIHE
MENTHIHE TPYyIe TPOTEHHA.

[IpemMa XeMHjCKO] CTPYKTYpH, Kao W IpeMa PEakKlUju ca CojJuMa TBoxha, TaHMHU CE MOTY
MOJICIIUTH Ha:

3 xuAponusyjyhe TaHUHE (TAJIOTAHUHY U MAPOTAIHU TAHUHH) U
3 KaTexuHCKe (KOHJCH30BaHE) TaHUHE.

Jlocanaiibe CTyauje Cy yKa3ajie Ha aHTUBHUPYCHY M IIMTOTOKCHYHY aKTMBHOCT TaHuHa (41, 42).
ITotBphena je u kopenanuja u3Mmely CTPyKType TaHMHA M IUTOTOKCHYHE aKTUBHOCTH Y in Vitro
ycioBMMa Ha henMjama KapuMHOMa yTepyca U KapiuHoma Hazogapunrcea (43). [Ipernocrasiba ce na
je MexaHH3aM JejcTBa TaHMHA Ha BHpyc Herpes Simplex tum 1 3acHoBaH Ha peakiiju TaHWUHA ca
NPOTEHMHUMA BHpYca IIPU YeMy IpoLeC HHTEepaKIyje 3aBUCH 01 pH BpeaHOCTH CpearHe U TpUpoe

npotenHa (43, 44).
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1.3. lerexuuja u eBajiyanija reHOTOKCHYHUX epekaTa arenca NpupoIHOr MopeKJia

3a Benuku Opoj OMIJBHUX BPCTa, KOje Cy OJJIMYAaH HM3BOP OWOJIONIKM aKTUBHHUX [EAHCHA,
YIJIaBHOM HHje TIO3HAT YTUIA] Ha JbYACKO 3[paBJbe WIIM TEHETHYKH MaTepujai. Ymorpebda OHIBbHOT
EKCTPAKTa y JICUCHY Pa3IMIuTHX O0JIECTH je BPJIO YecTa Y HApOJAHO] METUIIUHU. BUJBHU SKCTPaKTH,
KOJU OYMIJICTHO MMAajy ITOBOJbHA CBOJCTBA, MOTY JIa CaJIPKE XEMHUJCKE KOMIIOHEHTE Ca MyTarcHUM,
TEPaTOTEHUM W/WIM KaHIEPOTEHNUM aKTHBHOCTUMA. [IpHUCyTHE T€HOTOKCHYHE KOMIIOHEHTE MOTY Ja
unteparyjy ca JIHK monexkynom Bonehu no renerckux omrehewa. O u3y3eTHE j€ BaXXHOCTH
VKJbYyYMBakhe T€HOTOKCHYHOT TPUCTYMAa Y TOKCHKOJIOUIKY €Balyallljy FHHXOBOT THOTEHIMjAITHOT
MYTareHoT WJIA TeHOTOKCHYHOT e(eKTa.

OcHOBHM 1IIMJb OpOJHMX METO/Ia KOJ€ C€ KOPUCTE Y T'€HETUYKO] TOKCHUKOJIOTHJU j€ OTKPUBAHE
areHaca Koju M3a3uBajy '€HEeTHYKe NMPOMEHE y FepMUHATUBHUM W/WJIM COMATCKUM henujama, Kao u
MPOICHUBAake, HA OCHOBY CKCIIEPHUMEHTAIHMX IMOJaTaKa, CTENeHa OIMAacHOCTH W3jarama THM
areHcuMa.

Jenan o1 OCHOBHHX KBaJUTETa KOJU MOpa Jla UCIyHaBa TECT Y TeHETUYKO] TOKCUKOJIOTHJU jecTe
MIPUMEHBHUBOCT JOOMJEHUX pe3ysiatata Ha YoBeka. Pesynrartu Tpeba ma aajy npenusny nHpopManmjy
O CTENeHy pU3HKa 3a YoBeKa y ojpeheHruM okonHocTuMa. TecToBU MOpajy UCIOJbUTH OCETIHUBOCT,
MOTyYhHOCT JIeTeKIMjeé TE€HOTOKCHYHOr edeKTa 3a CBAKM areHC KOJju Ta TMOTEHIMJATHO MOXKE
nocenoBaTH, 0e3 0031upa Ha UHTEH3UTET HEroBe aKTUBHOCTH WM CTeTeH MpUcyTHOCTU. O BeTuKor
je 3Hayaja W TIOHOBJBMBOCT TeCTa KoOja ce ToCTiwke YyHU(opMHOIINY TecT-opraHu3ama u
CTaHJap/IM3allijOM eKCIIepUMEHTaTHuX mpouenypa. I[loxespHo je nma Tect Oyzae morogaH 3a
HCIIUTHBAK-E ITO Beher Opoja areHaca kao M Jja MOCTOJM MOTYRHOCT CTaTUCTHYKE 00paje pe3yiaTarTa.

[Ipu onmabupy merona 3a yrBphUBame I'€HOTOKCHYHOI eeKTa HEKOT areHca KOPHUCTE Ce JIBe

TJIaBHEC CTpaTCFI/IjCZ

3 xujepapxujcku (dha3Hu) OPUCTYI U

3 MaTPUKCHH MPUCTYN (0aTepuja TECTOBA).

Xujepapxujcku MPHUCTYN HCIHUTHBaKY T'€HOTOKCUYHOCTH CAacTOju ce Yy KopHIhewy cuctema
TeCTHpama y Tpu HHUBOA (Kopaka). CymncTaHlle Yuju T€éHOTOKCHUYHU edekaT Tpeba yTBPAUTH MOPajy
npohu MpBUM HUBO TECTHpama. Te€CTOBM KOjU CE€ Ha TOM HUBOY NPHUMEBY]y MoOpajy OuTu Op3u
(KpaTKOTpajHM), TOY3aHU M ca pelaTMBHO HHCKOM IIeHOM KomTama. OBa ¢aza TecTupama y
XUjEepapXHjCKOM TPHUCTYIy NpeAcTaB/ba T3B. €HI. 'screening” dasy. [Ipyru HHMBO TecTHpama

00e30ehyje IeTeKIrjy eBeHTYATHOT TeHOTOKCHYHOT edekTa KoJ Buiehenujckux eykapuota. Y Ty
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CBpXY MpHUMEBYjy ce TectoBu ca Drosophila melanogaster u kynrypama cucapckux henuja, koju
omoryhaBajy AeTekuujy reHCKMX U XpoMO30MCKUX MyTanuja. Tpeha ¢aza Tectupama uma 3a1aTak
1a KBaHTU(UKYje CTBAPHU MYTAIMOHU PU3HK 3a YoBeka. CTora je Ba)HO JIa Cy TeCT-OPTaHU3MH KOjU
ce KOpHCTe OMOJIONIKH, a Mpe cBera (U3HOJIONIKK U OMOXEMH)CKH, IIITO CIIMYHHUJH YOBEKY. Y OBOj
Gbazu, TecTUpame Ce UCKIbYYMBO BPIIH Y IN VIVO YCIOBMMA Ha CHCapPCKOM MOJICT OPraHU3MY.

JIpyrul CTpaTerujcKu MPUCTYI TECTHpamhy areHaca Ha TeHOTOKCHYHOCT je Kopuliheme Oarepuje
TecToBa (MaTPUKCHU TPHUCTYI). bartepuja TecroBa Koja ce y Ty CBPXY KOPHUCTH CacTOjU C€ O]
HEKOJIMKO TECTOBA Ca PAa3IMYMTHUM HUBOOM JeTeKIuje. Pamu yrBphuBama reHOTOKCHYHOT edekra,
WCTIIUTHBAHU areHC NpoJia3d KpO3 CBE TECTOBE KOjU C€ TPYNHUIIYy y KOHKpeTHy Oarepwujy. Ilporena
TeHOTOKCHYHOT TOTEHIMjajla MCIIUTUBAHOT areHca W eBallyallfja puU3WKa 3a YOBEKa BPIIM Ce Ha
OCHOBY pe3ynrata J0OWjeHHMX NPHUMEHOM CBHUX OJa0paHUX EKCIIEPUMEHTAIHUX Mpoleaypa.
[Mpunnun dopmupama 6aTepuje TecToBa je Bpio nenukaran. C o63upom 1a je moTpeOHO TOOUTH
IITO TOY3JaHH]e MOJaTKe, 3a MTO Kpahe BpeMe W y3 MITO HUXKY IIEHY TEeCTHpama, HEOMXOJHO je
omabpaTtu Haj00OJby KOMOMHAIIHM]Y TECTOBA KOja 3a/10BOJbaBa MOCTaBJbeHE ycioBe. [IpeoBnalyyje craB
na je HajuenucxoaHuje (opmupatd TakBy Oarepujy TectoBa Kkoja he omoryhutm wmepeme
CIIOCOOHOCTH CYICTaHIIE J]a M3a30B€ F€HOTOKCUYHM e(eKaT U JaTu pe3yaTare 3a MpOolEeHYy pHU3HUKa.
MaTpukcHM TPHUCTYN j€ TMOTOJaH 3a €KCTCH3WBHO TECTHpame 3a ITO Kpahe Bpeme, anu je IieHa
TeCTUpama M0 UCIHUTUBAHOM Yy30pKy Beha. OBaj MPUCTYI je TOCEOHO IMOTOJIaH MPHU Pa3BOjy HOBUX
CYIICTaHIIM jep, 3a PEJIAaTUBHO KPaTKO BpeMe, IMpyka JAOBOJbHY KOJMYUHY IMOJaTaka MOTPEOHUX 3a
JIOHOIICHE MOY3/IaHUX 3aKJby4aKa.

PenatuBHa BpeqHOCT TECTOBA 3aBHCH OJ MHOTHX (pakTopa KOjU MPOUCTUYY U3 OMOJIOTHjE TECT-
OopraHu3Ma, OJJHOCHO TecT-cucTeMa. BpenHocT Tecta je yTonuko Beha YKOJIMKO TECT-CUCTEM BUILE
MMUTHUPA YCIOBE JbYJCKOT OpraHu3Ma, Tj. leroBor merabonusma. Crora je Beha "texxuna" tecroBa
KOjU ce u3BojIe Y iN VIVO, 0J1 TECTOBA KOjH ce M3BOJIE y IN Vitro ycioBuma. TecToBU Ha €yKapHOTCKUM
MOJIeNl OpraHu3MHUMa UMajy MPEeJHOCT Y OJHOCY Ha TECTOBE ca MPOKAPUOTCKUM OpPraHu3MHUMa, Kao
IITO U CHCAPCKU CUCTEMH UMajy MPEAHOCT Y OJIHOCY Ha HECHUCApPCKE.

On Benuke BaXXHOCTU 3a NpeaBul)ambe TeHOTOKCUYHOTr e(deKkTa MCIUTHUBAHOT areHca je THI
henuja. IlojennHu areHcu MOKa3yjy T€HOTOKCHYaH edekaT KOoJI jeJHEe BpcTe OpraHusama Wid y
onpehenom Tumy henmja, 1ok TakaB edekaT HE MCIIOJbaBAjy KOJ JIPYTHX OpraHmszaMa wiM hemnuja.
TecroBu koju naeTekTyjy edekarT Ha TepMHUHATUBHUM henMjama uMajy Behy NpUMEHHBOCT U
MOY3JaHOCT 3a MpeABHhambe MyTareHor eexra y 0JHOCY Ha TECTOBE KOJ KOJUX C€ T€HOTOKCHYHU
MOTEHIMjal TpoIiekhyje Ha HUBOY coMmaTckux hemuja (45). ['eHeTHUKe MPOMEHE Yy COMATCKUM U
repMHUHATUBHUM henMjama Ccy ToBe3aHe ca O30MJbHMM 3JpAaBCTBEHHUM IpOOJIEeMHMa, KOJU Ce Y

MNPpUHOUITY MOTY HOjaBI/ITI/I U IpHU HUCKUM HUBOHWMaA U3JIOKCHOCTHU.
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Myranuje y comaTckuM hesrjamMa MOTy U3a3BaTH KaHIEP YKOJIHUKO C€ jaBe y MPOTO-OHKOTEHUMA,
TYMOp Cympecop rennMma w/wim reauma oaroopuuM 3a JIHK omrehema (46). Akymynanuja JTHK
omtehema y comarckum henmjama urpa BaskHy YJIOTY KOJ JIET€HEPATUBHUX CTamba Kao IITO Cy
uMyHe IuCYHKIMje, KapAuOBacKyjlapHe M HeypojercHepatuBHe Oosectu (47, 48, 49, 50).
Myranuje y TepMHHATUBHMM henvjaMa W3a3WBajy TOTCHIMjAIHE TeHETCKe OoJyiecTH y Oymayhum
reHepaiyjamMa jep ce oBakBe MyTamuje npeHoce Ha motomcTBo (51). Pesynratu KoMmapaTHBHUX
UCTpOXHMBaWka Cy IMOKa3alW /Ja, y KBAIMTATHBHOM CMHCITy, BehWHa MyTareHa Ha HUBOY
repMUHATUBHUX henuja yjeqHo Mokaszyje ¥ T€HOTOKCHYaH edekar y coMarckuM henujama, Tako Aa
HETaTUBHH PE3yaATaTH y iN VIVO TeCTOBMMA ca COMAaTCKUM helrjama reHepaaHo yKa3yjy Ha 0JCYCTBO
TeHOTOKCHYHOT epekta u 'y repMuHaTuBHUM henujama (52).

[IpunrkoM n360pa aeKBaTHOT TecTa 3a yIBphHBame NreHOTOKCUYHOCTU Tpeba MMaTH y BUIY Ja
HU jelaH o] MocTojehnx TecToBa HE MOXKE y MOTIYHOCTH Jla MCITYHH CBE HaBEJCHE KBAJIMTATHBHE
ycnose. Onmte je mpuxBaheH CTaB Jia JOHOMIEHE 3aKJbydaKka ca BUCOKUM CTEIIEHOM CHUTYPHOCTH O
MOCTOjalby WJIM HEMOCTOjamy CIOCOOHOCTHM HEKOT areHca Ja u3a3oBe omrtehema W MPOMEHE Ha
TEeHETUYKOM MaTepHjaly, He MOXKe ce 0a3upaTth camo Ha pe3yaTaThMa jeIHOT TecTa, WIH Tpyle
TECTOBa Ha UCTOM WJIM CIMYHOM MOJeN opraHu3My. Jla O ce ITOHeo 3aKkibydak O MOCTOjaly WIH
HETIOCTOjarhy TEHOTOKCHYHOT e(ekTa MOTpeOHO je TeCTUpaTH areHc MPUMEHOM cepHje oaadbpaHux
TECTOBA.

VY muspy OTKpHBamka areHaca Koju MOTY Jla H3a30By T€HETHYKE IPOMEHE Yy TepMUHATHBHUM HITH
coMaTckuM henmujama KOJ pa3jiMuUTHX MOJE] OpraHu3ama MOTY C€ KOPHCTUTH Pa3jIMYUTH TECTOBU

3a JIETEKIM]y MyTallija KOju ce TreHepayiHo aeie y Tpu rpyne (Tabema 1).
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Ta6esa 1. TecToBH 3a JETEKIN]y TCHOTOKCUYHOCTH areHaca MpUPOJHOT U BEIITAYKOT MOPEKIIa

Tecr peBep3nnx myranuja kox Salmonella typhiurium
Tecr peBep3nux myranuja ko Escherichia coli
Tect reHckuX MyTalmja y KyJITypu cucapckux henmja

TecroBu 3a neTeknujy i
TecT MOJMHO BE3aHUX PEIECHBHO JICTATHHX MYTalHja KOJ

TE€HCKHUX MyTallnja ]
Drosophila melanogaster
Tect renckux Myraiuja Ko Saccharomyces cervisiae

COooT TecT KO MHUIIA

In vivo u in Vitro HUTOreHeTCKHu TECT

) MukpoHykieyc Tect
TecToBM 3a IeTEKIU]Y
. Tect tToMMHAHTHO JIeTAJIHUX MYyTallHja
XpOMO30MCKHX MyTaIuja

TecT HacHeTHUX TpaHCIOKAIHja

[{uTOoreHeTCKM TeCT Ha CUcapcKuM henrjama

Tect u3MeHe CECTPUHCKHUX XpomaTua in Vitro
TecToBu 3a neTEKIN]Y Tect MUTOTCKE pekOMOHMHALIH]jE Ha KBACIY
edekara Ha HuBoy JIHK  He mumanupana cunresa JIHK in vitro

Kowmer tecrt (53)

In VivO wucnuTHBama TE€HOTOKCHYHOCTH HA BHUIIEM HHUBOY OHOJIOIIKE opraﬁnsaunje ca

eyKapuOTCKUM hesrjama Uiy OpraHu3MHuMa Cy 3HaTHO peJieBaHTHH]a 3a MPOLIEHY PU3UKa 110 YOBEKa.

1.3.1. TecT MOJIHO Be3aHUX PeleCMBHO JieTaJIHUX MyTanuja ko Drosophila melanogaster

Tect 3a meTekiyjy MOJHO BE3aHUX PELIECHUBHO JIETAIHMX MyTauuja (eHr. Sex-linked recessive
lethal test for mutagenicity, SLRL) je kpaTkoTpajaH TecT 3a JETEKIHjy MYTareHOCTH KOJI
eykapuoTckor opranuzma Drosophila melanogaster y in vivo ycioBuma u jeman on
HajCEH3UTHBHUJUX TECTOBA KOjH CE U3BOJM HAa OBOM MojeN opranmsMy. Bpcre pona Drosophila cy
jemaH oJ HajmoroAHUjuX oOjexata 3a JabOpaTOpHjcKa HCTpaXkMBamka y TEHETUIM jep je THI

MHTEpLeNyIapHe aKTUBAIMje CIMYaH Kao M KoJ cucapa. Mukpozomu Drosophila cy cnoco6nu 3a
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HCTE SH3UMCKE peakiiije Koje ce oaurpanajy y jerpu cucapa (54), ma ce pe3ynraTtd MOTy IPUMEHUTH
Y Ha CUCApCKU OpraHU3aM.

SLRL Ttectom ce MoXe YTBpAUTH (pPEKBEHIIa TEHCKUX MyTalfja W Malux Jaeleuuja y
repmuHaTHBHUM henujama myxjaka D. melanogaster. IIpumenom oBor Tecra noOuja ce CTBapHH
HacleHu edekaT jep ce HacjeaHe MpoMeHe Mepe Ha HerperupanoM mnotomctBy. SLRL Ttect
MOKpHUBa pelieckBHe JertanHe myrtanuje Ha oko 800 rena (55) cmemrenux Ha X-xpomosomy D.
melanogaster, mpu yemy X-XpoM0O30M MpeCTaB/ba APOKCUMATUBHO 1/5 reHOMa IOMEHYTE BpPCTE.

Bucox crenen kopenanuje (u3mehy 85 u 91%) yrBphen je m3mely kaHieporene u MyrareHe
aktuBHOCTH Yy SLRL Tecty 300r uera ce oBaj TECT YeCTO YMOTpeOshaBa Y T€HOTOKCHKOJIOIIKHM
UCTpaXKHBAKBUMA.

[TpuHIIMT TecTa 3acHUBA ce Ha cienehem:

3 pelecHBHE JieTallHE MyTalldje J0BOJE A0 yruHyha jeIMHKH Kaga Cy y XOMO3HUTOTHOM

CTamYy,

]

IITETHU YTHIIA] PELIECUBHE JIETAIHE MYyTalMje "'MacKupaHe' NOMHUHAHTHMM ajieJloM Ha

oaronapajyhem XxoMoJIoroM XpoMO30MYy C€ HE UCII0JbaBa,;

L

aKo ce pelecHBHA JIeTallHa MyTallija Hala3u Ha X-XpOMO30MY Taja KOJ MYXjaka Hema
oaroBapajyher reHckor Jiokyca Ha Y XpoMO30MYy (XEMHU3UTOTHO CTamke€) U HE IMOCTOJH
MOTYhHOCT XeTepOo3UroTHe KOMOMHAIM]E ca JOMUHAHTHUM ajenoM. Myskjamu Koju Hoce

pelecuBHE JIeTaTHe MyTalldje YruHyhe npe 3aBpireTka mocreMOpruoHaIHOT pa3Buha,

2

KEHKE MOTy MMaTH Ha jeqHOM X XpOMO30MY PEIECHBHH JICTAJIHU ajiell, a Ha APYroM
HeseTajgaH JOMHMHAHTHU ajnen. OBa XeTepo3uroTHa KoMOHWHalMja oMoTryhaBa HOpMaIHO
MIPEKUBJbABAbE JKEHKW U MPEHOLICHE pElecHBHE JieTalHe MyTanuje y cueaehy
re’epanujy, rae he ce UCOJbUTH KOJ [TOJIOBUHE MYXKjaKa Y IOTOMCTBY T€ JKEHKE.

Tect momHO Be3aHMX pELECHUBHO JIETAIHUX MyTalfja C€ MOXE€ KOPHUCTHTHU 3a JETEKIHjY

I€HOTOKCHYHOCTH Kako CHHTeTHYkux arcHaca (56, 57, 58, 59, 60, 61), Tako u areHaca IpHUPOIHOT

nopekia (62, 63).

1.3.2. Komer Tect

Kowmer Ttect (enr. single cell gel electrophoresis, SCGE, niu Comet assay) je jeaad o1 BHCOKO
OCETJbUBHX TECTOBA 3a TECTUPAmEe T€HOTOKCHYHOCTH KOJU C€ KOPUCTH 3a JETEKIU]y HIHPOKOT
crnekrpa omtehemwa JJHK (64, 65). YV nocnenmsux HeKOIHMKO roguHa KoMeT TecT je cTekao MIMpPOKY
Maxmwy jep je pelaTMBHO jeIHOCTaBaH 3a PYKOBAakE€ M MOXKE c€ NpPUMEHUTH Ha hennjama

H30JIOBAHUX U3 PA3JIMUUTHUX OpraHui3amMa U TKHBA. In vivo Komer Tect npeacTraBjba KOPHUCTAH TCCT
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WHIUKATOp y TIOTJIENy CBOje OCETJHbMBOCTH Ha CYIICTAHIE KOje M3a3uBajy MyTalldje I'eHa W/WiH
CTPYKTypHE XpoMo30Mcke abeparuje (66).

Jlanac ce HajBuie Koprcre aBe Bep3uje Komer tecra, jeany cy npemioxmmm Olive u capaanuim
(67), a mpyry Singh u capamuumu (68). IIpBa Bep3uja Tecta ce OBHja Yy HEYTPAIHUM YCIOBHMA M
omoryhyje crnenuduyHO OTKpHBame ABOJaHYaHUX mpekuma y moiekyny JIHK. [pyra Bep3uja
Kowmer tecra je y ankanaum ycioBuma (pH 13), omoryhyje oTkpuBame BeIMKOT Opoja pa3induTHX
omrehema TEHOMa, W yjeTHO C€ OBa Bep3Wja CMarpa ONTHMAIHOM 33 OTKpHUBame edekara
Pa3IUUUTHX TEHOTOKCUYHUX Marepuja. TokoM mocieqmbux eleHuja, ajikaaHa sep3uja Komer Tecta
y In VivO ycioBMMa, MOpea HIMPOKE YMOTpeOy Yy pa3iuduTUM 00JacTHMa, KOPHCTH Ce M Kao
CTaHJApIHO CPEACTBO Y dapMaleyTCKOj UHIYCTPUJH 3a TIPOLIEHY 0e30€JHOCTH HOBUX JIEKOBA U, CBE
BHUIIIE, Ka0 CPEJICTBO 3a €Ballyallljy T'€éHOTOKCHYHOCTH areHaca MPHPOTHOT U BEIITAYKOT IMOpEeKia
(69, 70, 71).

KomMmer meTo/1a je jenHa o peTKUX MeToj1a Koja oMoryhaBa aHanu3y MojeiMHaYHuX HHTepha3zHUX
henmja Ha BpJO MajoM y30pKy, ca pe3yiaTaThuMa JOCTYITHHM 33 HEKOJMKO CaTH HAaKOH H3Jlarama

TOKCHUYHOM areHcy.

1.3.3. Metoae 3a yrephuBame npucycTBa M IeTeKIUjy MyTauuja

TexHONOMKY Hampeaak y MOJICKyJapaHoj TEHETHUIIN I0BEO je 10 pa3Boja Op3uUX M JeTHOCTABHUX
METO/1a 32 JIAKO M MPEIM3HO JeTEKTOBAE MyTaluja.

MonekynapHO-TeHEeTHYKE METO/IE 3a aHAJIM3Y MYTallija Ce MOTY IOJCIUTH Y JBE IpyIe:

1. Merone 3a yrBphuBame NMpucycTBa (CKpUHUHT) MyTalldja MoApa3zyMeBajy na ce (pparMeHt
JJHK mo3Hare cekBeHIle TecTHpa Ha TMPHCYCTBO OWIO Koje pasiuke (HEHNO3HATH
nonmuMopduzaM KOju MOKE IMPEICTaB/baTH MOTEHIUjaHy MYyTalHjy) y OJIHOCY Ha
pedepentny Wt JIHK cexBeny.

Mertone 3a yrBphHBame MpucycTBa MyTalrja ce 3aCHUBajy Ha:

3 mpoMeHH KoH(opMmaluje, ma caMHM TUM H enekTpodopercke mokperspuBoctd, JTHK
(bparmMeHTa Koju caJp>Ku CeKBeHIy pa3nnuuTy o1 Wt cexkBeHIe:
Iren enekrpodopesa ca rpaaujeHToM neHarypuinyher arexca (edr. Denaturing
Gradient Gel Electrophoresis — DGGE).
I ren enekTpodopesa y TemneparypHoM rpaaujenty (enr. Temperature Gradient Gel
Electrophoresis — TGGE) u
3 ren enekTpodopesa ca KOHCTAHTHOM KOHIICHTpAIMjoM aeHarypumyher arenca (eHr.

Constant Denaturant Gel Electrophoresis — CDGE);
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Ha TIPOMEHHU eNeKTpodopeTcKe MOKpeTIbUBOCTU XerepoaymiekcHux JJTHK monexyma, Tj.

Y]

nBonandanux xubpunaux JJHK monekyna y xojuma jenan naHai mHOoTH4e O]l MyTHPAHOT
anena, a 1pyru ox Wt anena:
J XeTepOAYIJICKC aHAJIN3a

Ha MPETNO03HaBakY /WA XEeMHUJCKO] MITH €H3UMCKO] pa3rpa by MOTPEIIHO CIIapeHuX 0a3a

L2

y xerepoayrmiekcHoM JIHK monekyiy:
3 XeMHU]JCKO M €H3UMCKO Ceueihe MmorpenHo crapenux 6asza (enr. Chemical Cleavage
of Mismatches — CCM)
3 CKpMHHHT Ta4KaCTHX MyTaluja Kopuiihemem mismatch-repair mporenna
Mertona cexBennmpama JJHK monekyna ce yOpaja y MeTosie 3a CKpUHHUHT jep HE Topa3zymMeBa a
priori mpeTnocTaBKy O MO3UIIMjH U THITY TPAKCHE MYTaIlHje.
2. Metonie 3a JeTeknWjy W HASHTU(UKAIM]y MyTalHja IMojapasymeBajy na ce y3opak JIHK
TeCTHpa Ha MPUCYCTBO/OACYCTBO TayHO ojapehere (cnenupudHe) MyTaiuje.
VY oBy rpymy cnanajy:
2.1. Metoae 3a aHaM3y MOIUMOP(PU3MA HYKICOTHIHE CEKBEHIIE !
3 pecrpuknnona qurectuja PCR (enr. Polymerase Chain Reaction) mpoaykra,
3 xubpunmzaruja PCR npoaykara ca anen-cnenuduaauM mpodama,
I 10T 00T,
3 cnot 6ot mim Southertn 6iroT xubpuaHM3anmja,
3 anen cnerupuunu PCR.
2.2. Metoae 3a aHayM3y moauMopdusMa qTyKUHE CEKBEHIIE:
3 PCR
3 Southertn 610T.
Tectupame JIHK y30pka Ha mpucycTBO/OJACYCTBO ojapeheHe myraiuje je jeAHOCTAaBHUjE HETO
ckpunuHT JIHK y30pka 3a Hemo3HaTy MyTalujy, ajid HUje yBek Moryhe.
OntuManHa MeTo/Ia 3a aHAJIU3y MyTallja Tpebdasio Ou J1a 3a710B0JbaBa ojipeheHe Kpurepujyme:
3 1a Oyze noyszaHa,
3 na Oyne Op3a,
3 aa je jedpruna,
3 Aa Aaje TauHy HHGOpMaIH]jy O MO3ULUJU U IPUPOIM AETEKTOBaHE MyTalllje,
3 Ja HUje MyHO 3aXTeBHA Y CMUCIY pajia U BpeMeHa,
3 Ja He 3axTeBa KopHIIheme OMacHUX peareHaca u

3 1a TIOCTOjU HAYUH 33 HEHY ayToMaTH3aldjy Kako O JIako WILIa y PYTUHCKY ymoTpeoy.
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1.4. AHTUMHUKPOOHM NOTEHIHjaJI

300r Pe3UCTECHTHOCTH OaKTepuja Ha BEIUKHA OpOj aHTHOMOTHKA, alli U CIIOCOOHOCTH OMJhbaka Ja
CHHTETHINY OMOJIOIIKM aKTUBHE MaTepuje, MPUMeHa Impernapara OMJBHOT Mmopekia aobuja cBe Behn
3Ha4aj y KOHTPOJIH U Cy30ujamy OakTepuja.

AHTUMUKPOOHU JIEKOBH e(UKACHO Jeyjy Ha OpojHe y3pouHuke HH(peKmuja, MehyTum uma u
OHMX KOJU HHCY JIOBOJHHO e(pHKaCHH, KOju ce ciabuje pecopOyjy, Ha KOje ce pa3BUia PE3UCTCHIIN]A
KOJ OakTepHja, WK MMaK OHUX KOjU M3a3UBajy BeoMa 030MJbHA HexeJbeHa jaejcTBa (72). [Mocnenmux
roguHa cy uHQEeKIMje y3poKOoBaHE IIpe CBera pe3uCTeHTHOoIIhy MHMKpoopraHuzama Ha
KOHBEHLIMOHAJIHY T€panujy, U caMi TUM PE3YATY]y AYKUM TpajambeM 0osecTd U BehuM pU3HKOM 01
cmpTHOT ucxona (73). Crora je HEONMXOMHO Pa3BUTH NPUPOJAH H Oe30edaH HAUYMH KOHTpPOJIC U
3aILTUTE JbYAU U KUBOTHIA 01 HH(EKIIN]a.

Y uupy mnpoHalaxema HOBUX CpeAcTaBa y Oopbu mnpoTuB HHOEKIHja H3a3BaHUX
MYJITUPE3UCTEHTHUM COjeBMMa OakTepuja, Yy CBETy Cy CBE akTyeJlHHja HCIHUTHUBaHbA
AHTHOAKTEPHUJCKOT JIeJIOBaba HEAHTHOMOTCKHX CYICTAHIM YKJbY4yjyhu u OWJbHE EeKCTpaKTe,
eTepuyYHa y/ba WJM M30JI0BaHA jJeIUEHEHA Kao IITO Cy AJKAJOWIU, (DIaBOHOWIM, JIAKTOHH M
mureprenu (74, 75, 76, 77).

OpnaBHO je mo3HATO Aa OWJBPHM EKCTPAKTH IOKa3yjy 3HavyajaH HETraTHBaH YTHIA] HAa pacT U
pa3MHOKaBame OaKkTepHja M J1a je ’BUX0Ba MPUMEHA Y TPAIUIIMOHAITHO] MEAUIIUHH, TIPU TPETUPAHY
OakTepHjCKUX MH(]EKIM]ja, BUIIECTPYKA.

AHTUMUKPOOHHM MOTEHLIMjall MPUPOJHUX MPOU3BOJA O0jalllkbaBa c€ YMEEHUIIOM J1a IIPOU3BOIU
OBOT THIIA HapyIlllaBajy CTPYKTYypy JUIHUIA KOjU yJia3e y cacTaB MeMOpaHa OakTepuja, unHehn ux Ha
Taj HAYMH TOPO3HUM M JIAKO MPOIYCT/BMBHM 3a pasiauuute Mojekyrie (78, 79), mro moBoau 10
uHXHOUIK]je pacta U, y Behunu cinydajea, cmptu (80).

I'maBHa pasnuka u3Mmel)y Oakrepuja u henuja cucapa je y NPUCYTHOCTH PUTHIHOT 3UJa U3BaH
henujcke memOpane Gakrepuja. CTpykTypa Koja Jaje uBpcrohy henujckoM 3uay U pe3ucTeHLU]y Ha
OCMOTCKY JM3y KOJ TIpaM-IIO3UTUBHUX OakTepuja je nentuioriukad. Koa rpam-no3uTUBHHX
OakTepHja MENTUAOITIMKAH IPeJICTaBba CIOJbAllllbU Clloj henaujcke MeMmOpaHe, JOK KOJ Tpam-
HEraTUBHUX OaKTepHja MOCTOJU M CIOJballllha MEMOpaHa M3BaH TaHKOI MENTUAOTIMKAHCKOT cJioja.
Beha ocetsbuBOCT rpaM-NO3UTMBHUX OakTepHja Ha J€JCTBO TECT CYICTaHIle o0jalImaBa ce
YUBEHUIIOM J1a je MJIa3MaiHa MeMOpaHa OBUX OakTepuja JakIle JOCTYIHA, IITO 3a MOCIEeIUIly UMa
nosehambe NPOMyCTILUBOCTH MeMOpaHe 3a joHe, €KCKpelM]y HHTpalenylapHUX KOMIIOHEHTH Yy

CTOJhAIIY CPEUHY U olnTeheme eH3uMckor cucrema Oakrepuja (81, 82, 83).
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[Ipu ucnuTHBamky aHTUMUKPOOHOT MOTEHIMjaja OMJPHUX eKCTpakaTa Mopes] TUCK Iudy3HoHe
MeToJe, Hajuenrhe ce KOPHCTH arap AWIYIHMOHA METOJa, Kao M IWIYIIMOHA METOJAa y ernpyBeTama
WJIM MUKpOTHTap wioyama (84, 85).

AHTUMUKpOOHA jeHbCHa MOTY Jla MMajy OaKTepUOCTATCKH edeKaT, Tj. CIpPedaBajy CHUHTE3Y
nojeaquHuX (hakTopa OMTHHX 3a )KMBOT, PACT U pa3MHOKaBame hennje, 1 OaKTEpULIUIHO JIEjCTBO Tj.
na youjajy Oakrepujcky hemujy. AHTHOHOTpaMoM ce neduHUIe OaKTEpHOCTAaTCKa aHTUMUKPOOHA
aKTUBHOCT. AHTHOHMOTrpaM TMpeICTaB/hba MEPHIO OCETJHPUBOCTH KYIType Ha aHTHOMOTHK H, Y
3aBUCHOCTH Ja i ce oapehyje nmudy3rnoHOM WM IUTYIIMOHOM METOJOM, MOXE C€ IMPEACTaBUTH
MPEKO MPEYHNKA 30HE MHUOUIM]E Y KOjO] aHTUOMOTHK CIIpedyaBa pacT KyJAType, OJHOCHO MUHUMAJTHE

MHXHOUTOPCKE KOHIIEHTpAIlKje MPH KOjOj CIpedaBa pacT u pa3Boj hemuja mukpoopranusama (86).
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1.5. AHTHOKCUIAHTH U AHTHOKCUAATHBHM MOTEHLMjaJ

MHuorob6pojHe cTyauje, Koje mpoydaBajy OMOJIONIKE aKTUBHOCTH XEMH]CKHX CYICTAaHIU OUIJEHOT
nopekia, MOTBphyjy na cy HEeKe OJ HHX MPUPOJHH AHTHOKCHIAHTH KOjU MOTYy HUMaTh H
antureHoTokcuyny (87, 88, 89) u antukanneporeny (90) crocOOHOCT WM Ja MHAYKY]Y aronTo3y
KOja MOXKE OMTH Ba)KHA Y JICUCHY Pa3InIuTUX 000sbema (91).

3a CHHTETCKE aHTHOKCHIAHTE, Kao ITo cy oymunupanu xuopoxcumonyern (bXT) u 6ymunupanu
xuopokcuanuzon (bXA), Koju Cy MO3HATH TI0 CBOjOj CIIOCOOHOCTH JIa 3ayCTaBJhajy JIAHUAHY PEaKInjy
JTUTIHAIHE TIEPOKCHIAlIN]e, J€ I0Ka3aHo J1a TIoKa3yjy KaHIeporeHu edexar u Ja u3a3upajy omreheme
jerpe (92). TlpupoaHu aHTHOKCHIAHTH, Y BEIMKOM OpOjy ciiydajeBa, ce J00ujajy U3 Ouibaka, Te ce
0e3yclIOBHO cMmartpajy 0e30emHum 3a ymotpedy. Yiora Owsbaka, Ka0 U CUPOBUX M MPEUUITNCHHUX
eKCTpakaTa OWJPHOT MaTepHujayia, y TPEBEHIMJU W JIeUeHy OOJIECTH MPHUIHCYje CE€ ISITUMUYIHO
AQHTUOKCHUJIATUBHUM CBOJCTBMMAa (PUTOXEMHUKAIIM]a aJld U BEIUKOM Opojy MOJU(PEHOTHUX JeTUCHA.
3HavajHa Tpyna MPUPOJTHUX aHTHOKCHIAHATA Cy OMJbHU CEKYHJIapHU METa00IUTH KOje YnHE OMIHbHU
¢enosm  (peHomHe  kucenmHe,  GuaBoHHM, W30(UIaBOHM,  (IaBaH-3-0JIM,  AHTOIMjaHH,
MPOAHTOLMjaHUIMHU, TAHWHH...), TEPIICHOUIN, TOKO(EpOoH, TIIyKO3HHOJIATH, Ka0 U jeANmbCmha Koja
caip)ke CyMIIOp, KOjU TOpeJ] aHTUOKCHAATUBHUX IOCEAYJy M aHTUMYTareHa, aHTHKaHIIEpOTEeHa,
aHTU-UH(}IaMaTOpHa, aHTHYJIKYCHAa ¥ aHTUMHUKPOOHa cBojcTBa. [lommdeHonHa jenumema mocenyjy
MHOTa Ouosiomka u ¢apMakosonika JejCTBa, IITO YyKa3yje /a OHM y 3HA4ajHO] MEpPH YyTHYy Ha
ocHOoBHe hemmjcke QyHKIMje Kao INTO Cy pact, jAeoda w/wimm cMpT hemmje (amomTosa).
AHTHOKCU/IaTUBHA AaKTUBHOCT TNOJIM(EHOIHUX jeIUI-EHha 3aCHHBA CE€ Ha HHUXOBOM PEIOKC
MOTEHIMjaTy, Ma CTOra OHM MOTY Ja AeNyjy Kao peaykyjyhu areHcu, "KBEHUYEpH' CHHIJICTHOT
KHCEOHHMKA, J1a OTIYIITa]y BOAOHUK U Xenupajy metaie (8).

AHTHOKCH/IaHTH Cy CYIICTAHIIE KOje MPUCYTHE y MaJlUM KOJIMYMHAMa y OJTHOCY Ha CyICTpaT KOju
je moANoXKaH OKcuAauuju (JIMuau, npoTenHu, yribeuu xuapatu, JIHK) 3nauajao unxubupajy wim
MOTIIYHO CIIpeYaBajy mUxoBy okcuaanujy (93). Y mmpem cMmucily, aHTHOKCHIAHT je 3alpaBO arcHc
Koju oHeMoryhaBa, cripeyaBa WK YKJIama OKCHAaTHBHA ommTehema mubHOr MoJiekyia (94).

JlenoBame aHTHOKCHJIaHATa Ce 3aCHUBA Ha BUXOBO]j CIIOCOOHOCTH J1a:

3 jmenyjy kao "ckeBuHUepu" clI0OOJHUX pajavKaia, OJHOCHO JOHOPHU elekTpoHa wuiau H-
aToMma;

I KOMIUIEKCUPAjJy JOHE MeTaja, crpedyaBajyhu BUXOBY KaTATUTHUKY (QYHKIU]Y y MIpOLeCUMa
pasrpame JIUMUTHUX XUIPO-TIEPOKCH A M HACTAHKY CI000HHUX pajfKaa;

I pasrpalyjy Xuapo-nepokcuae JMnuaa, TpanchopMuiryh ux y Hepaaukauacke BpcTe (HIp.

aJIKOXO0JIe);
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I crhpedaBajy JIejCTBO CHHIJIETHUX O0JIMKA KHCEOHUKA;
I uHXUOUpPaAjy HEKE EH3UME;

I TOKa3yjy CHHEPrUCTHYKe eeKTe Hiu

¢

¢

I penykyjy Heka jenumema (95).
AHTHOKCHIATUBHU CUCTEM 00je/IMbyje BUIIIE HUBOA 3aIITUTE KOJU CE MOTY TIOJICJIUTH Ha!
3 IpUMapHU

3 eH3MMCKE KOMIIOHEHTe: cynepokcui-nusmyrasa (SOD), karanaza (CAT), eH3umu
IyTaTHOH pelokc nukimyca (riyratuoH-nepokcunaza (GSHPx), rimyratnon-
penyktaza (GR), rayratuon-C-tpancdepaza (GST) wu apyru), 3atum
MUTOXPOM-OKCHIa3e, Ka0 W THOPENOKCHH W (amMuirja TEePOKCHPETOKCHH
MPOTEHHA KOju (YHKIIMOHUIIY Kao CaKyllJbayd CYNEpOKCHUI-aHjOH paguKaia
(O2) u Bogonuk-nepoxcua (96, 97).

3 HeeH3uMcke koMroHeHTe: riayTatuoH (GSH), ackopOuncka kucenuna (Butamul C),
a-tokodepon (ButamuH E), B-kapoten (mpoButamun A), xoensum Q (CoQ,
yOuxuHoH), metanotnoHens (MT).

3 CeKyHJIapHU - IPOTEHH crienupuIHe OKCUAOpeayKTa3e (Tuos-rpancdepasa, nporena-ADP-
pubo3un-tpanchepaza u ATP u Ca’*- HesaBucHa tpancdepasa) (98, 99).

VY moriexy OHOJIONIKHX CHCTeMa, IO3HATO je a PeaKTUBHE BpCTE KHceoHHWKa (eHr. reactive
oxygen species, ROS) mory nma "mamamajy" nunuge henujckux mMemOpaHa, MPOTCHHE TKHBA WA
eHsuMme, yripene xuapare u JIHK, na y3pokyjy okcupanujy u Tume n3a3oBy omtehema mMeMOpaHa,
JTHK u momudukaujy nporeuna (100).

AHTHOKCHJATUBHM CHUCTEM HMMa 3HA4ajHy yJOTY y 3amITHTH npu henujckuM omrehemnma.
[TpumapHM aHTHOKCHAAHTH CHpEYaBajy CTBapame PEaKTHBHHUX BPCTa KMCCOHUKA M IPE/ICTABIbAjY
NpBYy JUHUJy onOpanHe henuja oJ OKCHUAATUBHOT cTpeca. HaBeneHW aHTHOKCHIAHTH OJIOKHPAjy
JaHYaHy peaklujy clOOOJHUX paauKaia W, caMUM TUM, oHeMoryhaBajy mpaTtehy mepokcuaanujy
munuga (96), jep cBaku O/ HBHX JETOKCHKYje HEKOT MPHIIAJHUKA PEAKTHBHHX BpPCTA KHCEOHHKA
(101). Jeman onm mpuMepa je copera Koja MOCTOju u3Mel)y CyNMEepOKCHI-IM3MyTa3e, Karaiase |
rayraTnoH-niepokcuaase (Cxema 2). CynepokcuI-au3MyTa3a je METaJOCH3UM Ca TPH M30CH3UMCKE
¢dopme (102): muroconna (Cu,Zn-SOD), muroxonapujanHa (Mn-SOD) u excrpauenynapna (EC-
SOD), koje yd4ecTByjy y MAU3MyTalliju cyrnepokcua-aHjoH pamukama (O ) mo O, u HyO;
(kaTanmuTnuky ykiaamajy O, ). Ha ®BHXOBO JenoBambe Ce HACTaBJ/ha aKTHBHOCT CH3MMa Karaaase
(103) u ryratuon-nepokcugase. Karamaza (CAT) pasnaxke BogoHuk-niepokcun 10 Boje (H20) u
Mosekyickor kuceoHuka (Oz), Aok ra riayratuoH-nepokcuaaze (GSH-Px; GPX), ca uzyserkom

xenarouutHe riyratuoH-C-tpancdepase (GST), mpeBoae y H,O u okcupoBanu riyratuon (96, 97).
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Ocum TOTa, TIyTaTHOH-TIEPOKCHIAa3€ YKIIAbha]y U OPraHCKe XHIPOIIEPOKCHUIC U JIUMHUIHE TICPOKCHUIE,
y3 OKCHJIalK]y TIyTaTuoHa kao kocymncrpara (2GSH + ROOH — GSSG + ROH + H,0). Llutoxpom-

OKCHJIa3e cripedaBajy ociobahame akTHBHUX KUCEOHUYHHX BpcTa ToKkoM peaykiuje Oy y HoOo.

Fe®* Fei*
Cymnepokcna
aMaMyTasa
20:2- < —
) _ ¥ Hmo: <
2H” il 4 - 2
i o / '\ 2065H _3 NADP®
T'nyration
SrepoRAss T'nyraron
H202 \ A penykraza
/ Karanaza TR GssG g e NADPH
v 4
2H20-02 2H20 H”

Cxema 2. [IpuMepn HHAKTHBAIIH]je CIIO00IHUX pajuKalia

300r BenMKOT Opoja peakKTMBHUX BpPCTa KOj& HapyllaBajy XxoMeocTasy hemwje u pa3HOIMKOCTH
MexaHu3aMa BHXOBOT  JIeJloBama, Hemoryhe je  geduHHCATH  JSAMHCTBEHO  MEPHIIO
AHTHOKCUJIATUBHOT TOTEHIMjaia. Y TIpolecy eBallyalldje aHTHOKCHAATHBHOT IOTCHIMjaja
MOTPEOHO je n3abpaTu KOMOWHAIIN]Y BUIIIE TECTOBA KOJU CE€ 3aCHUBA]y Ha PA3IMUYUTUM MPUHITUITAMA
U MO0Ka3yjy aHTHOKCHIATHBHY MOTEHIIMja]l UCIIMTUBAHE CYIICTAHIIC IIyTEM Pa3IMYMTUX MEXaHU3ama
JIeTIOBambA.

Mertoze koje ce KopHucTe 3a oJpeluBame aHTHOKCHUIATHBHOT NOTEHIMjala areHca MpHpPOJJIHOT
WIM BEIITAYKOT TOpEKJa 3aCHUBAjy €€ Ha pa3IMUYUTHM MEXaHU3MuMa oA0paMOCHOr cucTeMa
AHTHOKCHUJIaHACA MOTIYT:

~

3 CIIOCOOHOCTH XBaTarmba CJIo 60,I[HI/IX paaukala,

‘

3 TpaHcdepa eIeKTpoHa U
3 MHXUOWIIM]E JTUMHUIHE EPOKCHIAIH]E.
AHTHOKCHJIATHBHU TOTEHIMjal ce yTBphyje cepujoM in Vitr0 (aHTHOKCHIATUBHU KaIalHTeT,
Heyrpanuzanrja DPPH, mepoKcHIHOT M XUIPOKCHUIIHOT pajauKaia, XelaTallMOHH KallaluTerT...), a

3aTHM H iN Vivo (KaTaJ'II/ITI/I‘-IKa AKTUBHOCT €H3MMa OKCHUJAIIMOHOT CTpeCEl) TCCTOBA.
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1.6. XenaTonpoTeKTUBHH MOTEHIIUjaJ

Wmajyhu y Buay 030MibHE HEKEIbCHE HYCIOjaBe cuHTeTHUKMX areHaca (104) cse je Beha Texma
Ka HMCTpaXHUBambHMa Yy IUJbY IpPOLEHE HAYYHHX OCHOBA 3a TPaIUIMOHATHE OWJbHE JIEKOBE ca
xenaTonporekTuBHUM moteHIjaioM (105). IIpobiaem ymorpebe OMIBHUX JIEKOBA WIIM HHHXOBHUX
eKCTpakaTa y CaBpEMEHO] MEIUIMHH j€ Yy YMICHUIM Jla HAy4yHHW JoKazW, y BehwHm ciydajeBa,
Hegocrajy. OrpanndaBajyhul pakTopy KOju JTOTIPUHOCE OBOj CUTYAIIH]U CY:

3 HemocTaTak CTaHJapu3aluje,

3 HedocTarak uieHTU(HUKAIHM]e OMOIOIIKY akTHBHUX KommoHeHTH (106),
3 MexaHu3aM JIeJ0Bama HHje TOBOJHHO MO3HAT,

3 HemocTojame KIMHUYKUX CTyIHja U

3 HemocraTak TOKCHKOJOIIKUX eBanyarmja (107).

YnpaBo u3 0BUX pasiiora, CTyauje ca OMJBHUM EKCTpaKTHUMa Cy KOpUCHE Kako Ou ce nolusie
nH(popmalrje o BUX0BOj 6€30eTHOCTH, e(PUKACHOCTH U MEXaHU3MHUMa JIeJI0Baba.

JlenoBame pa3IMUMTHX XENAaTOTPOIMHMX M XEMAaTOTOKCHMYHUX CYNCTAaHIM (JIEKOBA, TOKCUYHHUX
Marepuja, BHUpPYCA...) IOBOJU JIO MHKPOMOP(OJIOMIKUX, YITPACTPYKTYPHUX U (PYHKIIMOHATHUX
nmpoMeHa u mopemehaja jerpe. Jerpa mma BaKHY JCTOKCHUKAIIMOHY YJIOTY, KaKO OJf TOKCHYHHX
MarepHja Koje ce CTBapajy y TOKY HOPMAJTHOT €HJIOTEHOT MeTabo0JIM3Ma, TaKO M OJ1 OHUX KOjH J10J1a3e
y OpraHm3am u3 croJbarrme cpeaune (108).

[IpuponHu 5eKOBH, KOju ce J00HWjajy W3 JIGKOBUTUX OWIbaka, cMarpajy ce ePuKacHUM U
0e30eHUM  aJTEepHATMBHMM TPETMAHOM 32 XEMAaTOTOKCUYHOCT. buipke koje mokxasyjy
XEMaTONPOTEKTUBHY AKTUBHOCT CaJpXKeE PA3JIMUYUTE XEMHUJCKE KOMIIOHEHTE Kao IITO cy (EeHOH,
KyMapUHM, JHUTHAaHW, €TepUYHa yJba, MOHOTEPIIEHU, KapOTEHOMIH, IJIMKO3UIH, (raBaHOUIH,
OpraHCKe KUCEJIHHE, JINMUAM, akanouau u kcantexu (109).

Jetpa je opraH Koju TreHepulle peakTHBHE BPCTE KHCEOHMKAa KOJU HMHJIYKY]y OKCHIAaTHBHA
omrehewa TkuBa. OBM pagukaiu pearyjy ca hemujckum MmemOpaHama M HMHIYKY]y JIUIOUAHY
nepokcugannjy (110, 111) wim wm3asuBajy uHGIAMAIMjy, Ka0 BaKaH MATOJOIIKU IMOCPEAHHK Y
MHOTUM KJIMHHYKEM nopemehajuma (112). Penmykimja oBuUX pajuKaia aHTHOKCHIAHTHMA j€ OJ
KJbYYHOT 3Hauaja 3a 3alITHTy heluja mpoTHUB pa3HHX OoniecTH kao mTo je mopemehaj jerpe (113,
114).

3a UCHUTHBAKE XENATONPOTEKTUBHOT MOTEHIMjala OMJbHUX €KCTpaKaTa Kao MOJET TOKCUYHOT
omtehewma jeTpe Hajuemrhe ce KOPHCTE jeaUI-elha Koja JOBOJAE A0 omTehema Xemaronura

MEXaHU3MOM Y KOjU Cy YKJbYYECHU CIOOOJIHH paavKaid HOMmyT yribeH Terpaxiopuna (115) wu
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nuporainoia (116, 117). OBaksa jeumerma ce MIPUMEHY]y 3a MPOLCHY XeaTOMPOTEKTUBHOT JICjCTBA
yIpaBo OMJBPHHUX EKCTpaKaTa 3a KOje Ce 3Ha WM CE MPETIOCTaBIba Ja JeNy]y aHTHOKCHIAHTHO.

C 003upoM Ha pPa3HOBPCHOCT M CJIOXKEHOCT (QYHKIIHjE JeTpe, HE MOXKE Ce MPUMEHOM CaMo je/IHE
METO/ie MPOICHUTH cTerneH omTehewa Beh je moTpedHo mpumenutH "Garepujy" Tectosa (118, 119).
I'enepanno 3a yrBphuBame cremeHa omrehema jeTpe Mepu ce HHBO acrapraT-aMUHOTpaHc(epase
(AST), ananun-amunotpanchepase (ALT), ankanue pocdaraze (ALP), Ounupyonna u andymuHa.

Onmre nmpuxBaheHa kiacudukanuja TECTOBa 3a WCHUTHBaWmE (QYHKIHMje jeTpe oOyxBara TpH
rpymne (120):

3 TECTOBW 3a yTBphHUBambe KamaluTeTa JeTpe 3a TPAHCIOPT OPTaHCKUX aHJoHA M MeTaboau3aM

nexoBa (oapehuBame OnnpyOrHa y cepyMy U YpUHY),

3 TECTOBM 3a OTKpUBame omrehema xematouurta (TECTOBU 3a ojpehuBame HOBOA €H3UMA Y

cepyMy MomyT aMHHOTpaHchepasa, aakanHe Gocdarase...) u

Y]

TECTOBH 3a YTBphUBame KamalnuTera OMOCHHTE3e jeTpe (CepyMCKH MPOTEHHHU, aJOyMUH,

npeasoyMuH, EPYIOIIa3MUH, 1-aHTUTPUTICHH, IPOTPOMOUHCKO BpEME...).
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[Tonazehu ox mpermnocTaBke jJa OWM 10 cajga HEUCTpakeHa OusbHa Bpcte poma Cotinus, ca
tepuropuje penyonuke CpOuje, Moria OUTH MOTEHIMjAIHW W3BOP HOBUX OHMOJOIIKH AKTUBHUX
jeImbeha, 0Ba JOKTOPCKA JAUCEPTAIlHja UMala je 3a IiJb CpoBoheme NeTabHUX (PUTOXEMU]CKUX U
OMOJIOIIKKMX MCITUTHBAaka METAHOJICKOT eKcTpakTa ouibHe Bpere Cotinus coggygria Scop.

[up (puTOXEeMHjCKUX UCIHTHBama Owmia je MACHTU(UKAIHMja M KBaHTU(UKAIUja (HEHOTHHX
jenumema y ekcTpakTy OusbHe Bpcte C. coggygria mpuMeHOM CHeKTpo(OTOMETPUJCKUX METO/a U
HPLC ananuse.

MynTUAMCUMIUIMHAPDHA TIPUCTYNT je TPUMEHEeH ca [WJbeM Ja ce OO0jelMHH HEKOJIHMKO
OMOJIOIIKMX aKTMBHOCTH METAHOJICKOT eKcTpakta omsbke C. coggygria: mpuMapHH IuJb je Ouo aa
ce yTBIU e(deKkaT METaHOJICKOT eKCTpakTa Ha (PYHKIHMJy T€HEeTHUKOI MaTepujana KOJA pazIuduTHX
MOJeNl  OopraHu3ama, a 3aTuM M  eBajyalldja aHTUMUKpPOOHE, aHTHOKCHJATUBHE W
XEMaTONMPOTEKTUBHE aKTUBHOCTH €KCTPAKTA PaJl YTBpHHUBamka TEPAIEeyTCKOT MOTEHIHjaa.

Edekar metanosckor ekcrpakra Ha (PYHKIM]Y T€HETHUKOT MaTepHjajia KoJl pa3lIudUTUX MOJEI
opranu3zama YyTBph)EH je NMPHMEHOM TecTa 3a JETEKIH]y IOJHO BE3aHWUX PEIECHBHO JICTATHHX
MyTalyja KOJ eyKapuoTCKor Mojen opranu3ma Drosophila melanogaster wa HuBOY
repmuHatuBaux hemuja u Komer tecta xomx D. melanogaster u marmoBa coja Wistar Ha HHUBOY
coMatckux henuja y in Vivo ycioBuma.

AHTUMHKpPOOHA aKTUBHOCT YTBphEHa je MPUMEHOM CTaHJAPJAHMX METOJa, TUCK AU(y3uoHA U
arap JTUIyIMOHA, HA cepujy OaKTepHja U TJbHBA, KOje CY Y3POK MHOTHX WH(EKIIHja.

[TpoiieHa aHTHOKCHIATUBHE aKTMBHOCTH BPIIICHA je Ha OCHOBY mpahema in Vitro crmocoOHoCTH
HeyTpanuzanuje ciaobomaux pamukana (DPPH-), pemyknuoHor mnoTeHIMjala M XEJIAIMOHE
aKTMBHOCTH METAHOJICKOT eKcTpakTa ousbke C. coggygria.

Y mwby yrBphHBama MeXaHW3aMa XEHaTONPOTEKTHBHE aKTUBHOCTH METAHOJICKOT EKCTpaKTa
oumpke C. coggygria mpuMemeHe Cy METOJe 3a MPOICHY OMOXEMHjCKHX IMapamerapa y CepyMmy
naroBa; ojpeheHa je penaruBHa KOHIICHTpalKja U €KCIIPecHja akyTHO (ha3HUX MPOTEHUHA y CEPYMY
U jeTpu maroBa; iN VIVO WHXUOUWIMja JUIHIHE NEPOKCUIAIMje ¥ AaKTHBHOCT aHTHOKCHIATHBHUX

CH3HUMa, Kao U YTI/II_Iaj MCTAHOJICKOT' CKCTPAKTa Ha CKCHpCCI/ij TPAaHCKPHUIIIMHOHUX Q)aKTopa.
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3.1. Marepujan kopumheH y ucTpakuBamuMa

3.1.1. bu/bHM MaTepujaj

busbka C. coggygria je cakynspbana Ha Teputopuju jyxuae Cpouje (y ceny Pyjurnty, rmiaHuHa
Porosna, Ha ceBepy Kocosa), y Toky Maja u jyna 2007. Bpcra je maeHTudukoBana u nmpuMepak je
nenonoBad (16178, BEOY) na Karenpu 3a 6otanuky buonomkor gaxynarera, YHuBepsurera y

beorpany.

3.1.2. Xemukanuje u peareHcu

CBH peareHCHM U XEMHUKalHje YIOTpPeOJbeHE Y EKCHEepUMEHTAIHOM pajy Cy aHaJIUuTH4Ke
guctohe.

[Muporanon (karamomku Opoj: 254002-50), SYBR GREEN | (katamomku Opoj: C 9430),
tnobapourypua kucenuna (TBA), mumeruncyndokeun (DMSO), 1,1-ougpenun-2-nukpunxuopaszun
(karanomku 6poj: D9132), mupunerun (karanomku O6poj: M 6760), Hunarud (Katagomku Opoj:
111 H5501) Sigma-Aldrich (St Louis, Mo., USA); uaxubutopu nporease (Mix G, Serva), PVDF
membpane (Hybond-P, Amersham Pharmacia Biotechnology); momuknonanua antutena (NF-xB
p65, dochopunucan NF-kB p65 (Ser311) (pNF-«xB), Akt 1/2/3, dochopmmcan Akt 1/2/3 (Ser 473)
(pAkt), ax-makpornmooynuH (oM ), TyOynun (Santa Cruz Biotechnology, Santa Cruz, Calif.,, USA)
u xantornooud (Hp) (Sigma Aldrich Inc, Milwaykee, Wis., USA); antu-xymana antutena 3a Hp u

azM (Sigma Aldrich Inc, Milwaukee, Wis., USA).

3.1.3. EkcnepuMeHTAJIHU MOJ1eJl OPraHu3MH

3a u3Boheme Tecta 3a AETEKIHUjy MOJIHO BE3aHUX PELECHMBHO JICTATHUX MyTanuja y in Vivo
yCIOBMMa KOpHUCTE ce JBe JabopaTopHjcKe JHMHHjE €YKapHOTCKOr Mojesl opranusma D.
melanogaster: jemna nuHMja je ca HOpMmanHuUM (eHoTHrnoM ("auBibM THUO") W 0O€3 JETATHUX
peniecuBHUX MyTanyja y renotuny ("Canton S") u npyra ca reHcKUM MyTanujama Ha X XpoMO30My
("Basc" ili "Muller — 5"). 3a usBohewe Komer tecra kopucte ce jeaunke "mussper tuma" ("Canton
S"). Jemuuke D. melanogaster (Umea Stock Centre, Sweden) ce uyBajy y Teriumama ca XpambUBUM
CYIICTpaTOM Ha KOHCTAHTHOj TeMnepaTypu o4 25°C u npu penaTuBHOj BiaxHOCTH 01 60%.

TokoM ekcnepuMEHTaTHOT paja KopuinheHH Cy M anOuHO manoBu coja Wistar, amynTHu

MyJXKjalll CTapocTH 2-2.5 Mecena 4yMja je TejaecHa maca Bapupaia usmely 220-250 g. Ilpe u Toxom
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EKCTIIEpUMEHTA KUBOTUIHE Cy JpKaHE IM0J KOHTPOJIMCAHUM YyCIOBMMa Ha Temmeparypu ox 20 1o
22°C, ca nmHeBHO-HOhHUM puTMoM Ha 12 catu. [lpumemeHna je HOpMalHa HMCXpaHa >KUBOTHHHA
KOMEPLHjaJTHO JOCTYITHOM XpaHoM. JKHBOTHIbE Cy TpPETHpaHE MO MPOTOKOJMMa OJOOPEHUM O]
crpane ETHukor kommTeTa 3a pax ca eKCIepuMEHTATHUM KUBOTHama, MHcTuTyTa 3a OHojomka
uctpaxuBama y beorpany, mybmmukoBanum ox ctpane Hammonamuor MuctutyTta 32 3apaBise CAJ]

(mybnukanmja 6poj 85/23, peuanpana 1986. roaune).

3.2. Metone kopuihene y HcTpaskuBambUMAa

3.2.1. IlocTynak TepMUYKOT TPeTMaHa OUJLHOI MaTepHjajia u eKcTpaKIuja ca

MeTaHoJoM nmo Soxhlet-y

Ocymene rpane 6mibke C. coggygria (1.2 Kg) ycutmeHe cy Ha Mame Komanme (2-6 mm)
MPUMEHOM LMJIMHAPUYHE JpoOWIMIIE U ecTpaxoBaHe ca MeTaHojoMm Kopuctehum Soxhlet-oBy
amapatrypy. JloOujeHn ekctpakT je mpodunarpupan kpo3 ¢uirep mammpa (Whatman, 6poj 1) u
KOHIICHTPOBAH Ha POTAI[HIOHOM BaKyyM YIIapuBady JI0 CyBa Kako OW ce yKIOHHO pactBapad. CyBu

octaTak (32 g) je 4yBaH y TAMHHUM CTaKJICHUM OOUYHUIIaMa JI0 1aJbe MPUMEHE.

3.2.2. HcnuTuBame XEMHjCKOI CacTaBa METAHOJICKOI eKCTpakTa Omsbke Cotinus

coggygria

3.2.2.1. Cuektpodoromerpujcka ™meroga ca Folin-Ciocalteu pearencom 3a

onpehuBame ykynHe koanunHe geHosa y ekcTpakTy omsbke Cotinus coggygria

Merona no Folin-Ciocalteu je 3acHoBana Ha Mepemy peaykyjyher kamaiurera noaudeHOTHUX
jenumbemha, YMjoM AMCOLUjAlljOM HacTaje MPOTOH M (eHOKcHIHU aHjoH. Hacranu denoxcuanu

anjon penykyje Folin-Ciocalteu pearesc 10 miaBo o6ojeHor joHa.

PacrBopu u pearencu:
1. 7.5% pactBop NaHCO3
2. Folin-Ciocalteu pearenc

3. CranzmapH1 pacTBOp rajiHe KUCEIHHE
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Cnexrpodoromerpujcko onpehuame

Peakinona cMmerira npunpemibeHa je memmamwem 0.5 mL meranosckor excrpakra, 2.5 mL Folin-
Ciocalteu pearenca u 2 mL 7.5% NaHCO; (121). Ynopeno je npunpeMibeHa u ciena npoda. Hakon
15 munyra Ha 45°C usmepene cy amcopbaniie Ha A = 765 nm Ha cnekrpodoromerpy (ISKRA,
MA9523-SPEKOL 211). Ha ocHOBy wu3MepeHHX arcopOaHIi, ca KaauOpalnuoHEe KpHBE
CTaH/IapJIHOT PAacTBOpA rajiHEe KUCEJIHMHE, OYMTaHA je KOHICHTpalja MoJM(CHOIHUX jeUbECHha, a
3aTUM je caapka] MOJU(PEHONHUX JeIUIbEHha Yy EKCTPaKTy H3PAKEH KAao CKBUBAJCHT TallHE

KHCeNnHe (Mg TajHe KUCEeIMHe/g CyBOT OMJBHOT MaTepHjaia).

3.2.2.2. CunekTpo)oTOMeTPHjCKa MeTOAAa ca AJYMHHHjyM-XJOpPUAOM 3a oapehuBame

YKyIHe KoJinuuHe (p1aBoHOUAa y eKcTpakTy omibke Cotinus coggygria

OppehuBame yKynmHUX (praBOHOMIa 3aCHOBAHO j€ Ha HUXOBO] OCOOMHU Ja ca METaluMa Jajy

oarosapajyhe Merasno - KOMIUIEKCe.

PacTBopu u pearencu
1. 2% pactup AlCl;

2. CrangapiH1 pacTBOpP pyTHHA

CnexkrTpodoroMeTpujcko oapehuBame

Y 0.5 mL 2% pactBopa AICl; nomara je ucta 3ampeMHHa €KCTpakTa, MapajesHo je
npurpemibeHa u ciena npoda (121). Ancopbanna je ountana Ha A = 415 nm HakoH 1 cara.

Ha ocHoBY m3MepeHHX arncopOaHIM, ca KaIMOpalMoHe KPUBE CTAaHIAPIHOT pacTBOpa pyTHHA,
OUMTaHa je KOHLEHTpalMja yKyMHUX (IIaBOHOHWJA, a 3aTHUM je caApkaj YKYMHUX (uaBoHOHAA y

EKCTPAKTY U3PaKEH Kao €KBUBAJICHT pyTHHA (Mg pyTHHA/g CyBOT OMJBHOT MaTepHjaja).

3.2.2.3. Cnekrpodoromerpujcka Meroaa 3a oapehuBame yKynHe KOJIUYMHE TAHHHA Y

ekcrpakTy 6uibke Cotinus coggygria

Mertona 3a onpehuBame KOHIEH30BAaHMX TaHMHA W3 OMJBHOT MaTepHjaja ce 3acHUBa Ha
Tanoxemwy mnpoaHTouujanuaa dopmannexugom (122). Hajupe ce oxpebhyje canpxkaj yKymHUX
¢denona momohy Folin-Ciocalteu-oBor pearenca, kao mTo je OMUCAHO paHUje. 3aTUM Ce y eKCTPAKTY

Ha CBaKM CKBHUBAJICHT TaJlHC KHUCCINHC z[o;[aje mo 0.5 mMoa exBUBajcHATa (I).HOpOl"J'IY]_II/IHOJ'Ia.
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Komnunna tanmHa y ekcrtpakty oxapehyje ce m3 2 mL OwsbHor ekcrpakra kopucrehu Folin-
Ciocalteu-oBy meromy. Tanor caapxu IPOAHTOILMAHUIMHE U TO3HATH U3HOC (JIOPOTITYIIMHOJIA.
lanotaHMHM Cy XHIPOCONUCAOWIHM TaHMHU KOjU CaAp)Ke OCTAaTKe TallHe KHCEIUHe
ecrepuukoBaHe 10 MOJMUOJA. ['alOTaHWHU MOTY OWTHM KBaHTHTATUBHO onpeheHH MeTomoM ca
KanujymM-jogarom. OBa MeTo1a ce 3aCHUBA Ha peakiju Kanujym-joaara (KIO3) ca ramoun ectpom
(122), nmakon dyera ce QopMupa LPBEHO 000jemE KOje Mpeniazd y KyTo 000jeHH KOMILICKC.
KoHnenTpanuja mpBeHOT MHTEpMEIMjepa MOXE CE€ OJPEIUTH CIEKTPO(GOTOMETPHjCKH MepemeM
ancopOaniie pactBopa Ha 550 nm. Peaxnuja je u3Bpiiena nogaBamem 1.5 mL 3acuheHor pactBopa
KanujyM jomara y 3.5 mL exkcrtpakra Ha Ttemmeparypu usHaja 40°C no moctuszama MaKCHUMallHE
arncopOaniie y3opka (6e3 o03upa Ha Bpeme). Caapikaj rajoTanuHa ojpeheH je kopuctehu TaHUHCKY

KHCCJIIMHY KaOo CTaHaapId.

3.2.2.4. HPLC meTona 3a yrBphuBame KBaJUTATHBHOT H KBAHTHTATHUBHOT CacTaBa

MEeTaHOJICKOT eKkcTpakTa 6uibke Cotinus coggygria

Kantudukamuja mojenuHux (HEHONHUX jequea ypaleHa je TNPUMEHOM  TEYHE
xpomarorpaduje Bucoke pesonyuuje (enr. high-pressure liquid chromatography, HPLC) ca
peBep3HoM dazoM. Y3opuu cy yopusraBanm y Waters HPLC cucrem koju ce cacroju om 1525
OumHapHMX TyMIH, TepMocTata W 717 ayrocemruiepa moBezanux ca Waters 2996 nuomom 3a
nerexiujy 3pauectba (Waters, Milford, MA, USA). Pa3aBajame denosa je u3BpiieHo Ha Symmetry
C-18 RP xosonm BenuuuHe 125 x 4 mm u npeunukom yectuiia og 5 um (Waters, Milford, MA,
USA), moBe3anoj ca oaropapajyhoM 3amTuTHOM KoJyioHOM. IIpe yOpusraBama, CBU Y30pLU Cy
bunTpupann Kpo3 HajmoHCKH GuaTep ca BenuuuHoM mopa ox 0.22 um (Phenomenex, Torrrance,
CA, USA). JIse mobumnne daze, A (0.1% dochopna xkucenuna) u b (aueronurpui) cy kopurrherne
pu IpoToky o4 1 ML/min ca cneaehum rpagujent npodunom: npsux 20 munyra ca 10 Ha 22% b,
3atuMm 20 MuHyTa nuHeapHu pact 10 40% b, a 3atum 5 munyra yHazan no 10% b u nomatHux 5
MUHYyTa JoBohema y paBHOTEX)HO BpeMe. [Ipukyrbame mojaraka M CIEKTpalHa eBallyaluja 3a

MOTBPly MUKa crpoBefeHa je mpumeHoMm Waters Empower 2 codtBepa (Waters, Milford, MA,
USA).
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3.2.3. Edexar meraHosickor ekcrpakra Ombke Cotinus coggygria Ha ¢QyHKIHUjy

IFeHETHYKOI MaTeij ajla KOJ pa3/iIM4uTHuX MOJ€JI Opranuiama

3.2.3.1. Tect 3a JgeTeKNHjy MOJHO Be3aHHUX PelleCHBHO JETAJIHUX MYTalHUja KoJ

eykapuotckor monea opranusma Drosophila melanogaster y in vivo yciaoBuma

Jenan ox HajnoroJHMUjUX OOjekaTa 3a JTabOpaTOPHjCKa UCTPAKKMBAKa Y OMOJIOTHjH, a TIpe CBera
Ha MOJbY MpOyUYaBarma mpodiieMa Be3aHuX 3a MyTallMOHe Tpoliece, jecy mymuie poga Drosophila.
Tun unHTepuenynapHe akTHBauuWje mpucytan koj Drosophila mpencraBiba BakHy MOTOJHOCT 3a
BUXOBO Kopumiheme Kao MOJEN OpraHu3Me jep Cy HHUXOBH MHKPO30OMH CIIOCOOHHM 3a HCTE
€H3MMCKE peakiiije Koje ce OJUrpaBajy y jeTpu cucapa.

3a u3Boleme TecTa KOPUCTE ce aBe JTabopaTopujcKe JUHHU]E, jeAHa ca HOPMATHUM (PEHOTHIIOM
(amp. "Oregon", "Canton S"..) m ngpyra ca TEHCKMM MyTanWjamMa Ha X XpPOMO30MYy KoOje
yCIoBJbaBajy Mopgoiomike mpomene y ogxocy Ha "mussen tumn" ("Basc” ili "Muller - 5") xoja Hocu
TPU TCHETCKE MyTallije Ha JIOKycMMa X XpOMO30Ma: ceMuIoMHHaHTHa Bar myrarmmja (B) —
MOop¢oJIOIIKe MpoMeHe 00JIMKa CI0KEHOT OKa aayiiTa Koje ce orjiefiajy y GeHOTHITy TTO3HATOM Kao
6ap-oko; Ipyra Myranuja je apricot (W) mma (peHOTUIICKH e(eKaT Ha OKO Y BHJy IIpoMeHe 60je oka
(XOMO3UIOTHA MJIM XETEePO3UTOTHA KOMOMHAIM]a pelecHBHOr anena W' ycIoBJbaBa CBETIO-OpPaHK
00jy oumjy) u Tpeha myrammja SCute (SC) yciaoBJbaBa pPa3IUYMTy AYKHHY U OpOj TOpaKaTHHX
YCKHbHA.

Kon Basc nunuje Ha X XpoMO30My ce Hala3u jeJHa MHBEP3HUja Koja cripedaBa KPOCHHT-OBEpP U
MOryhHOCT &1a JieTajHe MyTalluje HacTalle yciel TpeTMaHa MyXjaka Oyny MHKopropupaHe y X
XpOMO30M KOjU TIOTHYE OJ KeHKe. JleramHa Myrtamuja, HacTajga yclie] u3jarama X XpoMOo30Ma
MYIIKOT POJIUTEIba HEKOM (haKTOPY CIOJballlbe cpeuHe, he OUTH mpeHeTa MyIIKOM MOTOMCTBY Fa
resepanyje koje Hocu aatu X xpomo3oM. OacycTBo Myxjaka ca "nuBibuM (enorunom" y Fr

reHepaquH WHAWKATHUBHO je 3a HaCJ'IebI/IBaH)e IIOJIHO BE€3aHUX PCUCCHUBHO JICTAITHHUX MYTaHHja.

IIpunpemuu nocrynuu

ExcriepiMeHTy HCIUTHBamba yTHIIaja METaHOJCKOT ekcTpakra Owibke C. coggygria Ha
¢byHkuMjy reHeTHukor matepujana koa D. melanogaster kao mopnen opraHu3Ma, MPETXOAW HH3
MPUIIPEMHHUX MOCTYIaKa Kao IITO je pa3jiMBame CyNCTpara u npedayBame U 0/[Bajarmbe MYIINULA Y
UJbY 100Mjamba HEOTIOheHUX KEHKH M MyXjaka ojpeleHe ctapocTu.

[Toctymak 3a nmpumnpemMy CyrncTparta Ha KojuMa ce npedailyjy Mymuie npukasas je y [lpumory 1.
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[MocTynak npebarBama 1 0J[Bajamba MYKjaka 0J1 )KEHKHU Ipuka3ad je y [Ipumory 2.

Tperman

Myxjaru crapoctd 3-4 j1aHa ce 4yBajy y TerymiaMa 0e3 XpamUBOT CYICTpaTa 5 caTH, a 3aTUM
ce mpebailyjy y TErjuile ca METaHOJICKUM eKcTpakrom Omsbke C. coggygria (Ha aHO Terjuie ce
noctaBu Quitep manup ca 2 ML excrpakra). Mctu mocTynak ce moHaBjba W 3a HEraTuBHY, 1%
BOJICHH PAcTBOP caxapo3se, M 3a MO3UTHUBHY KoHTpoiy, 0.75 ppm erun meranocyndonar (EMC)
(123). Tlo ucreky 24 cata Myxjaiu ce mpebaiyjy y TETJIHUIE ca XpambUBUM CYIICTPATOM y KOjuMa
O0opaBe HapeaHa 24 caTa (T3B. IEPHO]I PEJIaKcaIlje).

3a UCHUTUBAKE aHTUTCHOTOKCUYHOCTH MYXjallu ce Apxke 24 cara y Terjauiama y Kojuma ce
Haja3u ¢GuiaTep nanup Ha Koju je Haneto 2 mL EMC-a, a 3atum 24 carta ca 2 ml 2% pacTtBopom
METaHOJICKOT ekcTpakta Oousbke C. coggygria (mocr-tperman). McTu mocTymak ce moHaB/ba U 3a
yTBphUBamke aHTHUT€HOTOKCHYHE AKTUBHOCTH MHPHUIICTHHA, TJABHE KOMIIOHEHTE METAHOJICKOT
excrpakra ousbke C. COggygria, kao U KBepleTHHA U Py3MapHUHCKE KUCEITUHE, Y KOHIICHTPAIU]U O]T

100 ppm.

IMocTynak

Ilo jenan TpeTupaH MyXjak ce YKpILTa ca [0 TpU HeoIlllol)eHe, HeTpeTUpaHe U TPH JaHa cTape
xenke Basc muauje (I erno). Tokom aBa gaHa )KEHKE OCTajy y TErVIMIaMa ca MyXXjaluma, a 3aTuM
ce MyxXjanu mpebaiyjy y HoBe Teriuie ca mo Tpu HoBe skeHke (II mermo). Hakon Tpu naHa,
MYyXjary ce mpebairyjy y HOBe Terjuie ca HoBuM Heoruiohenum xenkama (I nermo), HakoH Tpu
JlaHa MYXKjalu ce u30ailyjy, a )KeHKe 0CTajy y TerJIMIlaMa joIll MeT JIaHa, pajy MoJjarama jaja.

Haxon n3nerama jequnku Fi renepanuje cayeka ce Tpu JAaHa Kako OM ce 00aBUIIO YKPIITamke MO
npuHLuUIy "Opar-cecTpa’, a 3aTUM ce M0 NPUHIMITY CIy4ajHOCTH U3 CBaKe TEIJIMLE y3uMa IO JeCeT
napoBa M MojeJMHayHo ce cTaBe y guakoHe. HakoH cenam jaHa M HAKOH IoJjiarama jaja MyLImie ce
yKIamajy, a u3Jerje jeAuHKe mnpeacrasibajy F, renepauujy. I'eHOTOKCHYaH/aHTMI€HOTOKCHYAH
edexar ce yrBplyje Ha HUBOY OBE IeHepaluje. JeIuHKe ce MPUKYIJbajy CBaKOT ApPYror JaHa y
Nepuo/y o] JAeceT JlaHa, a 3aTUM ce MpedpojaBajy U perucTpyjy GpeHOTUNOBH (KOJUKO UMa "AUBIbET
Ttuna", a koauko BasCc myxkjaka). Ako UMa MyKjaka "IMBJbEr TUHA" TO 3HAYU Ja Ha X XpOMO30MY
HUje JIOIIUIO J0 PELECUBHUX JIETATHUX MyTalfja. YKOJIMKO HeMa MyxXjaka "auBJber Tuma" To 3Ha4u

na X XxpoMo30M MMa JieTanny myranujy (Crnuka 5).
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Camka 5. denoturicke paznuke y 60ju 0unjy Ko Myxjaka "musseer Tumna" (A) u Basc
Myxjaka (B), paznmukoBame JKeHKE 0J1 My)Kjaka (TIOCTOjame MOTHOT YellJba Ha
npeamuM ekcTpeMuTeTnMa Mykjaka (B u I')
(http://www.hoxfylmonsters.com/2009/01/novel-gateway-cloning-system-with-
molecylar-tags-in-drosophila/)

V¥ F, rerepanuju ’KeHKE Cy XOMO3UTOTHE WJIM XETEPO3UTOTHE 3a Basc myranujy, a Myxjamu cy
XeMHM3UTOTHU 3a Basc Myraumjy w/mnmu cy "auBsber tuma", ako TECTHPaHU areHc Huje
TeHOTOKCHUYaH.

P: Basc/Basc x XY
Fi: Basc/X X Basc/Y
F,: Basc/Basc; BascY; Basc/X; X/Y

Nmajyhu y Buay Aa CBU CTaJMjyMH CIIEPMAaTOreHe3€e HHCY IMO/jeIHAKO OCETJbUBH, TPETUPAHU
MyJKjalll ce TPH IyTa CyKLECUBHO YKpLITajy ca HoBuM Basc sxenkama (I, II u III nerno), u nobuja
ce MOTOMCTBO KOje C€ pas3liMKyje MO CTaJAujyMy cliepMaToreHe3e Ha KOM je Omila repMHHaTHBHA
henuja npu TperMany TecT cyncraHioM. [IpBo serso Jaje MOTOMKe KOjU Cy Ce€ pa3BMIIM U3 3UrOTa
KOJU Cy HacTajM cHajambeM jajHe henuje HeTpeTHUpaHUX >KEHKH M CIepMaTO30MAa TpeTHpaHHUX
MyJXjaka KOju Cy Ha TOM CTaJMjyMy OWJIM y KOHTAKTy ca €KCTpakToM. [[pyro jerno naje mnoTomMke
KOJU Cy C€ Pa3BHJIM W3 3UT0Ta KOjU Cy HACTalld CliajambeM jajHe henuje HeTpeTUPAaHUX JKEHKU U
CIepMaTo30M/ia TPETUPAHUX MYKjaka KOJU Cy Ha CTaAMjyMy clepMaTHaa OWIM y KOHTaKTy ca

CKCTPAKTOM, a Tpehe JICTII0 z[aje IIOTOMKCEC KOjI/I Cy CC pa3BUJIKM U3 3UT'0OTa KOjI/I CYy HacTaJin cnaja}LeM
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jajHe henmuje HeTpeTUPAaHUX >KEHKU M CIIEPMATO30UJa TPETUPAHUX MYXKjaKa KOjU Cy Ha CTalujyMy
criepMaToLTa O Y KOHTAKTy ca METaHOJICKMM ekcTpakToM Omsbke C. coggygria (124).
VYkymnan 6poj TpeTupaHux X XpoMO30Ma jelHaK je 30Mpy JEeTATHUX U HEeJNETAHUX KYJITypa, a

(dpeKBeHIIa TIOJTHO BE3aHMX PEIIECUBHUX JieTalla u3padyHana ce u3 gopmyse (1):

% JleTama= BPOJ ferana (l)

bpoj nerana+bpoj Henerana

pu uemy ce % yerana yreplyje y cBakoj eKCIIepuMEHTAIHO] TPYIIH.

3.2.3.2. Anxanna Bep3uja Komer tecra kox Drosophila melanogaster y in vivo

yciaoBHUMA

VY TI'eHeTHYKO] TOKCHKOJIOTH]H Hajuenthe ce Kao MOoJeN OPraHu3MU KOPUCTE MAIlOBH U MUIIICBH,
MelyyTuM, ToCIeIbUX HEKOJIMKO TOIMHA, jeJlaH 0J] OCHOBHUX Mpo0JieMa, U 3a HAyKy U 3a €THKY, je
CMameme Opoja eKCIEepUMEHTATHUX OpraHh3ama. Y OBOM KOHTEKCTY, Harjiacak je JaarT Ha
Kopuiihemy anTepHATHBHUX MOJE] opraHm3ama kao mro je D. melanogaster, umjy ymotpeby
npenopydyje u EBporncku 1meHTap 3a BaduAanujy antepHaTHBHUX MeTona (eHr. European Centre
for the Validation of Alternative Methods).

Komer metona (enr. Single cell gel electrophoresis wiu Comet assay) je jemHocraBHa, Op3a u
OCeTJbMBA TEXHHMKA 3a aHaMM3y M kBaHTH(uKoBame [IHK omrehema Ha HHMBOY MHIUBHIyaHE
henuje. Metona je HasBana Komer merona jep JIHK monceha Ha xomety - mntaktHa JIHK unHm
rinaBy, a omrehena JIHK pen "komere".

[Mpuamun Komer MeTone cacToju ce y XOPU3OHTAIHO] eNeKTpodope3n WHIMBHIYaTHHX,
nojeIMHaYHUX henuja y arapo3HOM reiy. henuje ce mpeTXoqHO JTU3Upajy Kako Ou ce OTKIOHUIIH
hemujcku mporennn npu demy je JJHK monekynmy omoryheno oamoTaBame IMOJ ajJKalHUM WM
HeyTpamHUM yciaoBuMma, a 3arum ce JIHK mpomymra kpo3 enekrpudHo mojbe ©u  0Ooju
¢nyopecueHTHUM O0jama. Tokom enekrpodopese nokunanu nenoBu JJHK (omrehena JIHK)
murpupajy on jesrpa (unraktHe JHK). dyxuna JIHK koja je "oTmymteHa" on riaBe kKomere
mupekTHo je mponouumoHanHa JJHK omrehewy. HajjennocraBuuju tunoBu JIHK omrehewa cy
nBoctpyku mpenomu JIHK manuma (enr. "double strand breaks"). Takeu mperomu ce mory
nerekroBatu Komer MetonoM y HeyTpadHuM ycioBuMa jep pesynrupajy JHK dparmentuma.
Jennoctpyku npenomu JIHK nanna (enr. "single strand breaks") creapajy JIHK ¢parmente camo

axo cy asa sanna JIHK onBojena nnm nenarypucana (ogmotaBamwe /IHK ce Bpmm npu pH ox 12.1).
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Kontpommcamem ycimoBa y kKojuma ce onaBuja nu3za u oamoraBame JIHK moryhe je mparutu
pasnuuuta omrehema JJHK monekyna.

36o0r BenmmumnHe hemuja, mporokon KoMer Tecta y koMe ce Kao Mojen opranuzam kopuctu D.
melanogaster ce pasimkyje o ommrter mporokona. KoHIeHTpaluja arapo3e ca HUCKOM Ta4KOM
Torubemwa je 1.5% nacympor 0.75% koja ce yrmaBHOM KOPUCTH U ipeniopydyje (69). Moauduxanuje
MOCTOje W y cacTaBy Iydepa 3a ju3upame hennja (He moaaje ce AUMETWICYI()OKCHT) U Tpajamy

enekrpodopese (enekrpodopesa Tpaje 15 MuHyTa).
Tperman

3a yTBphUBame TeHOTOKCUYHOT e(heKTa METaHOJICKOT ekcTpakta ouibke C. coggygria KopucTu

ce MPebHU JIeo 3a/IhEer MpeBa JIApBU Ha TpeheM cTynmy pa3Buha jgadoparopujcke yuaHje 'Canton
S" (Cnuxa 6).

[TocTynak AuceKIje u MpUIpeMe y3opaka rpukasas je y [puory 3.

male

09
e
Y

. Y,
prepupa 2 5 e

2nd instar larva

e .\;;w.gij?’@"'
3rd instar larva

Cumka 6. Pa3Bojuu mykinyc Bpere Drosophila melanogaster
(http://www.hoxfulmonsters.com/2008/05/drosophila/)
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Jenna rpyna napsu (10 mapBu mo rpynu) crapoctu 72 + 2 cara (24 + 1°C) npebamyje ce Ha
cyncrpar ca EMC-om (1 ml, 1 mM), npyra rpyma y cyncrpar ca METaHOJICKHM €KCTPaKTOM OHJbKe
C. coggygria (1%), Tpeha camo Ha xpamuBH cyncTpaT. Hakon 24 cara ucnupajy ce ca 50 mM PSS
(119.0 NaCl, 25 NaHCOs3, 11.1 rayko3a, 4.7 KCI, 1.6 CaCl,, 1.2 MgSO,, 1.2 KH,PO., pH 7.4).
Oxcrpanu ce Mmpeamu JIeo 3aamer peBa u npedarnu y eneaaopd ca 50 mM PSS u npunpemu ce
hennjcka cycnensuja mo wmerogn Howell u Taylor-a (125) moaudukoBano] oa crpaHe
Mykhopadhyay u capaguuka (126). 3atum ce 50 mM PSS 3amenu ca komnarenaszom (300 pl 0.5
mg/mL y PBS-y, pH 7.4, 15 munyra Ha 24 + 1°C). henujcka CycneH3Wja ce MPOLEAA KPO3
HajJIoOHCKY Mpexy (60 um), a KonareHasa ce ykiIoHH ucnupamem ca PBS-om, 3 myra o 5 munyra

y3 Oaro memame, 1 Ha Kpajy ce noaa 80 pl PBS.

IHocrynak

CrakiieHe IUIOYHIIE Ce OTepy JeTEePIEeHTOM, ocymie U obpumry 70% ertaHosoMm. 3a IJIOYHIIE CE
kopuctd 1% "Hopmanua" araposa (enr. normal melting agarosa - NMA) y PbS-y (20 mM
Na;HPO4, 10 mM KCI, 70 mM KH,PQO4, 340 mM NaCl, pH 7.4), a 3atum ce miountie cymie y Easy
breeze gel dryer-y wiu Ha coOHOj TemmepaTypu TokoM Hohu. 3a y3opke ce kopuctu 1.5% araposa
ca HECKOM Ta4yKkoM ToIubera (eHr. low melting point agarose - LMPA) y PbS-y.

Y 80 ul y3zopka gomaje ce 80 ul LMPA, a 3atrum ce oamunetwpa 75 ul m HaHOCH ce Ha
MPETXOJHO TPUIPEMIbCHE IUIOYHIIE, OJMaX C€ IMPEKpHje ca MOKPOBHUM CTAaKIOM KakKo O ce
henujcka cycnensuja 3ajenno ca LMPA pacnopenuia y TaHKOM CIIOjy TO IPEIMETHOM CTaKIy
(126).

Hakon 10 MuHyTa nma>kJbuBO ce yKJIOHE MOKpPOBHA cTakia u HaHece ce 75 pl 1% LMPA. Hakon
10 munyTa muouune ce nopehajy y mnacruysne nocyze ca nygpepom 3a auzy (2.5 M NaCl, 100 mM
EDTA, 10 mM Tris, 1% Triton X-100, pH 10.0). ITo ucreky 2 cata Ha 4°C, mio4uiie ce npedairyjy
y IiacTuyHe nocyzae ca mydepom 3a enekrpodopesy (300 mM NaOH, 1 mM EDTA, pH 13.0) 10
MUHYTa mpe xopusoHTtanHe enekTpodopese Ha 0.7 V/em (300 mA/25 V, 15 munyra). [1nouune ce
U3BaJIe U3 KaauLe 3a enekTpodopesy, oOpuily ce u nopehajy y niacTuyae nocyje ca nmydepom 3a
Heyrpanmuzauujy (0.4 M Tris-HCI, pH 7.4; Ha co6HOj TemnepaTypu 3 myTa no 5 MUHyTa).

[Ipe ananu3upama HEOMXOIHO j€ Jla c€ TUIOUHUIIE OCYIIe, a 3aTUM ce 00je eTUIUjyM OpOMHUIOM
(75 pl) u nokpujy nokpoBHuM crakioMm. IIpumeHnom ¢uyopectenTror mukpockoma Nikon (Ti-
Eclipse) ananusupajy ce u cnukajy henuje, 3a cBaku y3opak 3 mepema no 100 henwmja.

Crenen omrehewa /IHK yTrBphyje ce momohy nBe KOMIIJIEeMEHTapHE METOIe, KBAaHTUTATHUBHE U

KBaJIUTaTUBHE Meroje aucTpuOynuje omrehema. "Komere" cy Bu3yanHO aHalu3upaHe u
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knacudukoBane y mer kareropwja (127), nepunmcanux kao 0, 1, 2, 3 u 4, rme 0 ykazyje Ha
oncyctBo JIHK omrehema; 1, 2 u 3 Ha mame, cpeamwe u ayre JJHK murpanuje; u 4 Ha HajBUIIN

CTelleH Jierpajaaiyje, "komere" ca BpJio MajuM riiaBama u ayrum penom (Ciuka 7).

1

Camka 7. luctpubymuja "komeTa" y pa3nuduTe Kiace Ha OCHOBY CTeNeHa omrehema HaKOH

6ojema ca etunujym opomusiom. Knaca 0 — neomrrehena JIHK; knaca 1, 2 u 3 - mame, cpeame u

nyre JIHK murparnuje u kinaca 4 - makcumainso omreheme JJHK

VYkynaH ckop ce u3padyHaBa npuMeHoM Gopmyrie (2) Manoharan u Banerjee (128):

VYxynan ckop = (% henuja y xinacu 0 x 0) + (% henuja y kinacu 1 x 1) + (% henuja y kinacu 2 x 2) +

(% henuje y xnacu 3 x 3) + (% henuja y kiacu 4 x 4)

(2)

Hakon  BusyanHe ananusze henmje ¢y  KBaHTHU(HUKOBaHE TNpPUMEHOM  codTBepa
TriTekCometScore™ Freeware vl.5 JIOCTYIIaH Ha web CTpaHMIIH
http://www.aytocomet.com/main_home.php. Hdyxuna pena u % JIHA y peny uzabpanu cy kao

rapameTpH 3a IpolieHy creneHa omrehema JJHK.

3.2.3.3. Aakanna Bep3uja Komer Tecta ko anéuno mamosa coja Wistar y in vivo

yCJIOBHMA

Tperman

3a mpoleHy yTHIlaja METAHOJICKOT ekcTpakTa Ousbke C. coggygria Ha (yHKIHjy T€HETHYKOT
MaTepHjaja Ha CHCApCKOM MOJIeN OpraHu3My, ManoBH coja Wistar cy mojieJbeHu y 4eTUpH TpyIme ca
M0 TEeT XUBOTUKA. [pH Tpyle KUBOTUIA CY TPETUpPAHE WHTPANEPUTOHEATHO JEAHOM JI030M
exkcTpakta y koHuentpauuju ox 500, 1000 u 2000 mg/kg Ttenecrne mace. Konmentpamwuje cy

34CHOBAaHC Ha pacCTBOPJBUBOCTU MCTAHOJICKOI' CKCTpaKTa Yy (bH3HOHOMKOM pacTBoOpyYy. I’IGTBpTEl

Carwwa Mamuh 39


http://www.autocomet.com/main_home.php

Hoxmopcka oucepmayuja Mamepujan u memoode

rpyma je TperupaHa ca ¢usnonomkuMm pactBopoM (0.9% NaCl) um mpencraBiba HETaTUBHY
KOHTposy. Tpu ofBOjeHa eKclepuMeHTa Cy crpoBeaeHa. JKHBOTHEAMa KOje Cy >KPTBOBaHE
nekanutanujoM 2, 12, 24, 48 u 72 cara HaKOH TpeTMaHa YKJIOWEHE cy u oOpaheHe jerpe, J0K je
KUBOTHIbAMA KPTBOBAaHUM HAaKOH 24 m 72 cara oOpaljeHa W KolTaHa cpke Kako O ce joOmia
cycnieHsuja henuja.

VY umspy yTBphHBama yTuiiaja METaHOJCKOT ekcTpakra Oousbke C. coggygria y KOHLEHTpauuju
ox 500 mg/kg TenmecHe mMace manoBa ¥ MUPHUIIETHHA, Y KOHIICHTPAIUjH KOja OArOBapa TECTHPAHO]
JI03M €KCTPAKTa, TIeJIECET KUBOTHHHA j€ TIOJICJbEHO Yy JIECET EKCIIEPUMEHTATHUX TpyIa, ca Mo IMeT
KUBOTUHA y cBako] rpynu. [IpBa rpyna >XMBOTHMH-a, HEraTMBHA KOHTpOJa, TpeTHpaHa je ca
(GU3NONIOMKUM pacTBOpOM. Jlpyra ekcriepuMeHTa Ha Tpyla TPEeTUpaHa je MHTPANEPUTOHEATHO ca
nuporanosioM, 100 mg/kg TenecHe mace, MPETXOJHO PACTBOPEHOT Yy (DHU3HOJIOIIKOM PACTBOPY.
Tpeha excriepuMeHTanHa rpyna je TpeTHpaHa HWHTpANEpUTOHEATHO jemHoM ao3om oa 500 mg/kg
ekctpakra Ousbke C. coggygria 2 carta mpe TpeTMaHa ca MUPOTrajiojoM, a YeTBpTa rpyma je
TpeTHpaHa ca METaHOJICKMM ekcTpakTom Omibke C. coggygria (500 mg/kg temecue mace) 12 catu
npe TpeTMaHa ca muporaioioM. [lera u mecra rpymna cy TpeTupaHe ca jeTHOM JI030M MHUPHIIETHHA,
KOja OJIroBapa KOHIIEHTPAIlUju TIPUCYTHO] Y TECTUPAHO] 103U eKcTpakTa. HakoH 2 cara, meTa rpyma,
W HaKoH 12 caTH, necra eKCIepruMEeHTaIHA TPYIa, Cy TPETUPaHE ca MHUPOTAIOJIOM Y KOHIICHTPAIIHj!
onx 100 mg/kg. Cenma U ocMa E€KCIIEpUMEHTAIHA T'pyla WHTPANCPUTOHEATHO je TPETHpaHa ca
jeIHOM J030M MHUpHIIECTHHA, a JeBeTa M jJecera ca ekcrpaktoM ousbke C. coggygria (500 mg/kg
TenecHe mace). HakoH TpeTMaHa JKMBOTHEGE CY JKPTBOBAHE, jeTpe Cy YKIOHkEeHe U oOpalheHe kako

ou ce noowie cycrnieHsuje henwuja.

MMocTynak

CrakieHe IIOYHIIE Ce Omepy AETEPIIeHTOM, ocylie U oopuiry 70% etanonom. 3a nmpunpeMame
wiounia kopuct ce 1.5% "HopmanHa" araposza y PbS-y (20 mM Nay;HPO4, 10 mM KCI, 70 mM
KH,PO,4, 340 mM NaCl, pH 7.4). 3a npunpemMarme y3opaka KopucTH ce 1% araposa ca HHCKOM
Ta4yKOM TOIJbeHa y PbS-y.

VY y30pKy jeTpe uiu KocHe cpxu Jojaje ce mo 1 mL cBexxe mpumnpemsbeHor u oxnahenor HBSS
nydepa (0.14 g/l CaCly, 0.4 g/l KCI, 0.06 g/l KH2POy4, 0.1 g/l MgCl,x6H,0, 0.1 g/l MgSO4x7H,0,
8.0 g/l NaCl, 0.35 g/l NaHCO3, 0.09 g/l Na;HPO4x7H,0, 1.0 g/l D-rnyko3a, 20 mM EDTA u 10%
DMSOQO), ycutHu ce y3opak u mporuenu. [loctynak ce moHaBiba TpU MyTa M KOHAyHa CYCIIEH3Hja

henuja ce mpukymnspa.
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N3 cmemre koja ce cacroju ox 10 pl hemmjcke cycnensuje u 75 pul 1% LMPA oanumnerupa ce 85
ul, HaHOCH ce Ha MPETXOIHO MPUNPEMIBCHE TUIOUHUIIE  OJJMAX CE MPEKPHUje ca MOKPOBHUM CTAKIIOM
Kako Ou ce henmjcka cycnensuja 3ajeqno ca LMPA pacnopeansia y TAaHKOM CJIOjy IO IPEIMETHOM
CTaKITy.

Hakon 10 mMuHyTa mMakJbMBO ce YKJIOHE NMOKpoBHa crakina u Hanece ce 100 ul 1% LMPA.
Hakon 10 munyTa 1utounie ce nopehajy y mmactuude mocyge ca mydepom 3a mu3y (2.5 M NacCl,
100 mM EDTA, 10 mM Tris, 1% Triton X-100, 10% DMSO, pH 10.0). Hakon 1 cara u 30 MunyTa
Ha 4°C, miounne ce npebaiyjy y IacTH4HE mocyae ca mydepom 3a enekrpodopesy (300 mM
NaOH, 1 mM EDTA, pH 13.0), 30 munayra npe xopusoHTaimHe enekrpodopese (2 kV u 139 mA
tokoM 30 munyTa). [lnounie ce u3Baae u3 Kaguile 3a enexTpodopesy, oopuily ce u nopehajy y
IIacTU4He mocyse ca mydepom 3a neyrpanuzanujy (0.4 Tris-HCL pH 7.4, Ha cobHOj TeMnepaTypu
3 myrta o 5 munHyTa), a 3atuM y 97% eranoiry 20 munyTa (68).

[Ipe anamu3upama HEOMXOIHO je Ja ce ruouniie ocyiie y Easy breeze gel dryer-y 30 munyra
WM TOKOM HOhM Ha coOHOj Temmeparypu, a 3atuM ce 06oje SYBR GREEN I (90 ul) u moxpwujy
MOKpOBHUM cTakioM. [IpumeHom ¢uryopecuentHor Mukpockona Leica DMLB ca CCD kamepom

aHAIM3UpPajy ce U caukajy hemuje, 3a cBaku y3opak 3 mepema no 100 henuja.

.

Cauka 8. Jluctpulynuja "komera" y pa3inuuTe Kiiace Ha OCHOBY cTerneHa omrehema HakOH
6ojema ca SYBR GREEN I. Knaca 0 — neomrehena JIHK; knaca 1, 2 u 3 - Mame, cpeame u ayre

JHK murpanmje u kiaca 4 - makcumaiso omrehewe JJHK

Crenen omrehema JIHK Mepen je momohy aBe KoMIUIEMEHTapHE METOJE, KBAaHTUTATUBHE W
KBAIUTATHBHE MeToje AuCTpuOynuje omrehema, kao U koa mozen opranmsma D. melanogaster.
Komere cy mpBo BU3yalHO aHanu3upaHe U KiacupukoBaHe y net kareropuja (127), nepunucanux
kao 0, 1, 2, 3 u 4 (Cnuka 8). Ykynan ckop je uspauyHat npumeHoMm dopmyne (2). Ilporenar

penykuuje (%P) y yKymHOM CKOpY HAaKOH TpeTMaHa ca METaHOJICKHMM eKCTpakToM Omibke C.
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coggygria, a y muiby yrBphuBama aHTUTCHOTOKCHYHOT eekTa, padyHa ce mpumeHoMm dopmyiie (3)
(128, 129):

gpp OB YEYIHOT CKOpa A—C.B. yKyIHOT' CKOpa BxlOO @A)
C.B. YKYIIHOI CKOopa A—C.B.yKyInHOr ckopa B

r7ie C.B. YKYIHOT CKOpa A TMpEeICTaBJba Cpeliby BPETHOCT YKYITHOT CKOpa Yy TO3UTHBHO]
KOHTpPOJIM (IUpOrajgoa TPEeTHpPaHO] IPyIu); C.B. YKYHOI ckopa b mpexacraBiba cpenmy BpeIHOCT
YKYITHOT CKOpa y TpylH TPETHpPaHOj METaHOJCKUM ekcrpaktom Owibke C. coggygria (wim
MUPHIIETUHOM) IIpe TpeTMaHa ca NHPOTajojoM M C.B. YKyHMHOr ckopa B mpencraBiba cpenmy
BPEAHOCT YKYITHOT CKOpPa y HEraTUBHO] KOHTPOJIU.

Hakon Busyenne anamuse, henwje cy kBaHTU(HUKOBaHE TpUMEHOM  codTBepa
TriTekCometScore™ Freeware v1.5. Iyxuna pena, % JIHA y pery u permHr MOMEHAT H3aGpaHu

Cy Kao mapaMeTpHu 3a npoiieHy crenena omrehema JJHK.

3.2.4. AHTUMHKPOOHA aKTHBHOCT MeETaHOJICKOI eKkcTpakra O0mibke Cotinus coggygria

NPUMEHOM CTAHAAPIAHUX MUKPOOUJIOIIKHX MeTO1a

Excnepumenty oxapehuBama aHTUMHUKPOOHE AaKTUBHOCTH TMPETXOJW HHU3 MPHUIPEMHHUX
MOCTyIMaKa KOMILIETHO ypal)eHUX MpemMa MpeaBUEeHOM MPOTOKOJY MYyOJUKOBAHOM OJI CTpaHe
Harmponantor komurera 3a KiuHUYKe Jabopatopujcke crangapae CAJl (enr. National Committee
for Clinical Laboratory Standards) (130).

HpI/IHpeMHI/I MOCTYIIIU 3a YBPCTC OAJIOrE, HA KOjI/IMa CC BpHIH 3acejaBa}Le KYJITypa, U TCUHC
nojjore, y kojuM ce oapelyje antubuorpam, npukaszanu cy y [pumory 4.

VY excriepuMeHT cy ykibyhene cienehe KynType:

Staphylococcus aureus (IPH), Bacillus subtilis (IPH), Klebsiella pneumoniae (B26),
Escherichia coli (ATCC 25923), Staphylocossus aureus (ATCC 25923), Micrococcus lysodeikticus
(ATCC 4698), Candida albicans (ATCC 10259), Pseudomonas fluorescens (B28), Pseudomonas
glycinea (B40), Bacillus mycoides (B1), Erwinia carotovora (B31), Agrobacterium tumefaciens
(B11), Azotobacter chroococcum (B14), Enterobacter cloaceae (B22), Trichoderma viride (SB11),
Trichoderma harzianum (SB12), Penicillium chrysogenum (SB 22), Penicillium cyclopium (SB 23),

Aspergillus glaucus (SB 32) u Fusarium oxysporum (SB 91).
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Cse kopumhene kyntype Oakrepuja mobujeHe cy on MHcTuTyra 3a 3alUTHTY 31paBiba Y

KparyjeBuy u [IpuponHo-matematnukor ¢akynarera, YHuBep3urera y beorpamy.

3.2.4.1. In vitro ogpehuBame aHTHMUKPOOHE AKTHBHOCTH METAHOJICKOI €KCTPaKTa

omsbke Cotinus coggygria mndy3moHoM MeToI0M

VY nperxoano crepunucane [lerpu nocyne ognunerupa ce no 1 mL cycnensuje criopa oapehene
kyarype (6.5 x 10° CFU/mL 3a Gakrepuje u 3 X 10° CFU/mL 3a rspuse; enr. Colony forming unit,
CFU), a 3atum ce pasznuBa o 10 mL nmomore (xpawusu u Myller-Hinton-oB arap 3a Gakrepuje u
Sabourand nekctpo3uu arap 3a ribuse). Hakon ouBpithaBama u unkyoaiuje 20 munyra va 37°C Ha
nojyiorama ce 0aKTepHUOJIOMIKOM MEeT/hoM (GopMuUpajy NUIMHIAPH npeunrnka 7 mm (131), y kojuma
ce MUIETOM yKalaBa METaHOJICKH ekcTpakt Oomsbke C. coggygria (150, 300, 500 u 1000 pg)
omHocHo ctaHmapnx (AmparuH, 100 pg 3a Oakrepuje m Hwumcratwn, 100 pg 3a rieuBe). Kao
KOHTpoJHU pacTtBop KopuitheH je 5% DMSO. Hakon wunkybauuja ox 24 cara Ha 37°C 3a
Oaxtepuje, u 48 catu Ha 28°C 3a rJpUBE, MepeHE Cy 30He nHxuoOunuje. [Ipeunnk 30He HHXUOUITH]ES

MEpEH je y MM, /1Ba myTa 3a CBaKy KOHIICHTPAIIH]y.

3.2.4.2. In vitro oapehuBame aAHTUMHUKPOOHE AKTHBHOCTH METAHOJICKOI €KCTPAKTa

omsbke Cotinus coggygria AMJIyIHOHOM METO10M

MunnManna naxuouropHa konuenrpaiuja (MIC) meranosckor ekcrpakra omibke C. coggygria
oapehena je wmakpommrynmoHom wmetomom (132, 133). IlpumpemMu ce cepuja pazOnakema
WCIIUTUBAHOT E€KCTPAKTa y XpamUBOj MOAJO3U. Y empyBeTe ce CTEPUIHOM IHUIIETOM oaMmepu 1o 1
mL Teune moasore. Y mpBy enpyseTy ce nonaje 1 mL pacTBopa eKCTpakTa, OJJHOCHO CTaHAApHOT
aHTHOMOTHKA ojapeheHe KOHIEHTpauuje. PacTBopu Tmomuiore W Cymncrpara ce Memiajy Jio
xomoreHu3ammje. [Torom ce mumerom y3uma 1 mL noOuBeHOr pacTBOpa W3 IpBE CHpPYBETE U
npeHoce y apyry. CyKIeCUBHUM JBOCTPYKUM pa30aXUBAamkEM II0JIA3HOT pacTBOpa CyICTpara,
nobuja ce cepwja pacTBopa ekcTpakta y omcery oa 7.8 pg/mL mo 500 pg/mL, omHOcHO
CTaHJApJHUX jelubemha. 3aTUM ce y cBe enpysere foaaje no 0.1 mL npunpemibeHe cycrneHsuje
criopa (5.4 x 10° CFU/mL 3a Gakrepuje u 3 x 10° CFU/mL 3a rsuse). Ilo ucrexy 24 cara 3a
Oaktepuje u 72 caTa 3a TJbHMBE, Ha Temreparypu o 38°C, ounTaBajy ce BPEIHOCTH MHUHHUMAJHE

MHXUOUTOpPHE KOHIeHTpanuuje. To je HajMama KOHLEHTpAIMja eKCTpaKTa Koja HHXUOUpa BUJBUBH
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pact Mukpoopranuzma. Kao cranpmapaum kopumiheHu cy Awmpanud, 5 pg/mL 3a Gakrepuje u

Hucrarun, 5 pg/mL 3a ripuse.

3.2.5. OnpehuBame aHTHOKCHAATHBHE AKTHBHOCTH METAHOJICKOI €KCTPaKTa Ou/bKe

Cotinus coggygria

In vitro anTHOKCHIaTHBHA aKTUBHOCT METAHOJICKOT eKcTpakTa ousbke C. COggygria ucnuTuBaHa
je mpumerom DPPH metose, oapeler je xenmannoHu KanauTeT U peyKTHBHA aKTUBHOCT. Y N VIVO
yclioBUMa yTBpheHa je KOHLEHTpauMja JUOUAHUX mepokcuna npumeHoMm TBARS eceja u

aKTHBHOCT aHTHOKCcHaaTUBHUX eH3uma (SOD, MnSOD, CuZnSOD, CAT u GST).

3.2.5.1. OapehuBame "ckeBunuep' akruBHoctu Ha DPPH™ pagnkasne meTraHoJsickor

excrpakTa 6usbke Cotinus coggygria y in vitro ycjoBuma

Moryhraoct HeyTpanm3anuje ctabumnor DPPH™ panukana metanosickum exctpaktom omsbke C.
coggygria wucnutuBana je upumeHom DPPH (1,1-oughenun-2-nuxpun-xuopaszun) paamkaga ca
MakcuMaiaHoMm armcopOaniiom Ha 517 nm (134). Merona Heyrpanmsanuje DPPH'™ panukama ce
IIUPOKO TIpUMEEYje Tpu onpehuBamy aHTHOKCHAATHBHE aKTUBHOCTH Ha IyroxuBehum
pamukanuMa M TpeACTaB/ba CTaHAApPAHY METOQy YTBphUBama OMNIITe aHTHOKCHIAATUBHE

AKTHBHOCTH HCIIMTHBAHOT jeaumbemba (135).

MocTynak

On MetaHoJICKOT ekcTpakTa ouibke C. coggygria mouetHe KoHueHTpaudje 1 mg/mL npunpemu
ce cepuja o] IIecT pacTBopa KoHueHTpamuje 5, 10, 25, 50, 125 u 250 pg/mL y eranony. Kao
pedepeHTHa cylncTaHIla y OBOM TeCTy KopHIIheH je KOMepLHjalHU aHTHOKCHIAHT, aCKOpOMHCKa
kucenuHa (Asc). Cex pactBop 1,1-ougpenun-2-nuxpun-xuopasuna ce 1o ynorpebe uyBa y
bprxuaepy, y HOpMaIHOM Cy1y 3alITHNEHOM ca aTyMHUHH]YMCKOM (DOJIHjOM.

V craknene enpysete ce oamepu o 1 mL 0.3 mM DPPH pactBopenor y eranony u o 2.5 mL
eKCTpaKTa pa3NU4UTUX KoHLeHTpanuja. Hakon 30 MuHyra Ha cOOHOj TemmepaTypu MeEpH ce
yMameme ancopbaHile pacTBOpa Ha TallaCHOj Ty>KMHHU of 517 nm y oaHocy Ha OJIaHKO MpoOy.

[Iponenar nHxuOUIMje ce u3pauyHana mo Gopmymnu (4):
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0 . _ AGnaHK _Ayaopax 4
YoUnxubnmmje =———"x100 (4)

6aHk
rae je Agmnc aricopbania DPPH 6e3 meranosickor excrpakra Oousbke C. coggygria u Aysepax

aricop6aniia DPPH ca meranonckum excrpakrom ousbke C. coggygria.

2+
3.2.5.2. OnpehuBame Fe”  xeannmoHe aKTHBHOCTH METAHOJICKOT €KCTPaKTa OHIbKe

Cotinus coggygria y in vitro ycjioBuma

CrocoOHOCTH METAHOJICKOT eKcTpakTa Omsbke C. coggygria ma BpIIM MHXUOUWIM]Y CTBapama

kommexca Fe?*- (deposun onpehena je merogom o Decker u Welch (136).
IHocrynak

[Mpunpemu ce cepuja pacTBOpa METAaHOJCKOT €KCTpaKTa M CTaHAapla €THJICH TUaMHH TeTpa
ariernuHe kucenuue (edr. ethylenediaminetetraacetic acid, EDTA) y metanoy.

Y 1 mL ekcrpakTta paznmuuuTor pasdnmaxkema momaje ce 3.7 mL meranona, 0.1 mL 2 mM
pactBopa FeCl, u 0.2 mL 5 mM pactBopa ¢eposuna. Cmemia ce octaBu jaa ojactoju 10 MuHyTa Ha
cOoOHO] TeMIlepaTypu HAKOH yera ce mepe arcopOanie Ha 562 nm (y OJHOCY Ha METAHOJ Kao
O0manko TmpoOy, Tj. craHmapa). CHoCOOHOCT METAHOJICKOT EKCTpakTa Ja y HaBEICHHM

€KCIIEpUMEHTAJTHUM YCIIOBHMA XeIaTu3yje (epo-joH pauyHa ce npemMa jeHauuHu (5):

Xenamporn edekat(%)=——2"=x100 (5)

GmaHk

3.2.5.3. OnpehuBame penyKTHBHE AKTHBHOCTH METAHOJICKOI E€KCTPaKTa OUWJbKe

Cotinus coggygria y in vitro ycaiosuma

PenykTrBHA CIIOCOOHOCT METAHOJICKOT eKcTpakTa ousbke C. coggygria oapeljeHa je mpuMeHOM

mertoe o Oyaizu (137).
IHocrynmak
Y 0.3 mL ekctpakra noxaaje ce 0.3 mL 1% xkammjym ¢epunmjanuga u 0.3 mL 200 mM

¢docharnor mydepa (pH 6.6). Hakon mukybupamwa 20 mmuuyra Ha 50°C u xmahewa Ha coOHOj

temrneparypu, goaaje ce 0.3 mL 10% tpuxnopcupherne kucenune u neHtpudyrupa ce 10 munyra
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Ha 1000 x g. AnukBoTtupa ce 0.6 mL cynepraranta u momenia ce ca 0.12 mL 0.1% depu-xnopuna
u 0.6 mL nejonnsoBane Bojae. CMemia ce octaBu Aa oactoju 10 MuHyTa Ha cOOHOj TeMIepaTypH H

Mepu ce arcopbanna Ha 700 nm. PeqgykTuBHA aKTUBHOCT LMCTEWHA je KopulrheHa Kao cTanaap/l.

3.2.6. OnpehuBama GMOXEeMHjCKHX MapaMeTapa y cepyMy nanosa y in vVivo ycjioBuMa

VY cepymy cy oapeljeHe KOHIIEHTpalldje eH3uMa acrmaprat amuHoTpachepaze (AST), amaHuH
amuHoTpancdepaze (ALT) u ankamne ¢ocdaraze (ALP), xonuuumHa YKyMHOT OHIMpYOMHA |
reokha. CBu mapameTpu cy ojpeheHH mnpeMa KIMHUYKUM MpoToKoianuMa HTepHanumoHanHe

denepanuje 3a Knuanuky Xemujy (enr. International Federation of Clinical Chemistry, IFCC).

Tperman

VY oBOM ekcnepuMeHTy cy KopuirheHu mnanoBu coja Wistar koju cy 2 unu 12 catu mpe
armmrkanuje 100 mg/kg nuporaona, pacTBOPEHOT y (PU3HOJIOIIKOM PacTBOPY, HHTPATICPUTOHEATTHO
TPETHPAHU ca METaHOJCKUM ekcTpakToM Oomibke C. coggygria (500 mg/kg), niau ca eKBUBaJCHTHOM
J030M MHUPHUIIETHHA, JOK Cy KOHTPOJIHE XUBOTHEC TPETHPaHE ca (PU3HUOJIOIIKUM PACTBOPOM HITU
nuporaioioM. HakoH TpeTMaHa )XKUBOTHEE Cy )KPTBOBAHE, MPUKYIJbCHA je KPB, IICHTPUPYrHpaHa
Ha 3000 x g (Sorval menrpudyra, porop SS-34, DJB Labace Ltd.,, Newport Pagnell,
Buckinghamshire, YK), 10 munyra Ha 4°C. CepyM y BHIy CylepHaTaHTa M3HAJ Tajlora KPBHUX

henuja je anukBoTHUpaH U yyBaH Ha -20°C.

3.2.6.1. OnpehuBame KoHUEeHTpaNKje acnapTaT-amuHoTpacdepase (AST)

Karanutnuka KOHIIEHTpalMja acrapTaT-aMUHOTpaHc(hepa3e MepH ce Ha OCHOBY peakiuje

TpaHCaMHHalIM]je aricapTaTa U peAyKlrje HacTalnor okcan-amerata (138).

IHocrynmak

Pearenc A (mydep/en3um peareHc):
Tris-HCl mycep 100 mmol/L, pH 7.8,
L-Aspartate 300 mmol/L,

JakTaT aexuaporeHasa > 900 V/L,
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Manar aexuaporenasza > 600 Y/L;

Pearenc b (cyncrpar):

a-ketorimyrapat 60 mmol/L u
NADH 0.9 mmol/L u

Pannu pearenc:

AmukBoT on1 1 mL pearenca b ce momemraca 1 mL peareHca A u XOMOreHU3Yje Y3 MaXIBUBO
MeIIamke.

VY nperxonHo Tepmocratupany kueTy Ha 37°C oxamumnerupa ce 100 pL cepyma u 1000 pL
pamHOTr peareHca. PacTBop ce MakJ/bHMBO Ipomelia U HakoH |1 muHyTa ce yHece y Perkin-Elmer
Lambda 25 UV/Vis cniekpodoremerap u ounrta ancopbaniia Ha 340 nm. AncopbaHiia ce MOHOBO
ounTaBa HakoH 1, 2 m 3 MuHyTa. HakoH ounTaBama arncopOaHIy U3padyHaBa ce pa3iinka uzMehy
Y3aCTONHUX Mepema U Oelexu MpoceyHa pasiuka y ancopbaHuama no MHUHYTH (AA/MHH).
Karanutnuka aktuBHocT AST-a pauyHa ce mo ¢opmynu (6):

AA “ V. x10°®

MUH exIxV,

=U/L (6)

rae je V., yKymHa 3ampeMHHa pacTBopa, V. 3allpeMHHA aHAJIM3UPAHOT Y30pKa, € MOJIapHA
ancop6aniia NADH na 340 nm (enapn=06300), I ne6spuna kuBere oa 1 cm, 1 U/L uznocu 0.0166

LLKaT.

3.2.6.2. OnpehuBame KOHIEHTPaNKMje aJaHMH-aMHuHOTpaHcpepa3se (ALT)

Karanutuuka KOHIIEHTpalMja allaHWH-aMUHOTpaHc(epaze Mepu ce Ha OCHOBY peakluje

TpaHcamuHanuje L-ananuna u peaykiuje Hactanor nupysara (139).

ocTrynak

Pearenc A (my¢ep/eH3um pearexc):
Tris-HCl mydep 150 mmol/L pH 7.5,
L-Ala 750 mmol/L,

JaKTaT aexuaporeHasa > 1200 V/L;

Pearenc b (cyncrpar):
a-kerorayrapatr 90 mmol/L u

NADH 0.9 mmol/L u
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Pannu pearenc:

AmukBoT on 1 mL pearenca b ce momema ca 1 mL peareaca A U XOMOTeHHU3Yyje Y3
MaKJbUBO MEUIamke.

VY mperxonHo TepmocTtatupany kueTy Ha 37°C oanuneruparu 100 pL cepyma m 1000 pL
pagHor peareHca. PacTBop ce makJpMBO mpomemnia U HakoH | muHyTta ce yHece y Perkin-Elmer
Lambda 25 UV/Vis cniekpodoremerap u ounta arncopbanima Ha 340 nm. AmncoOpaHiia ce IOHOBO
ounTaBa HakoH 1, 2 n 3 muHyTa. HakoH ounTaBama ancopOaHIM M3padyHaBa ce pasziuka umelhy
y3aCTOMHHUX Mepewma MU Oelexu MpoceyHa pasziauka y ancopOaHuama no MHUHYTH (AA/MHH).

Karanutnuka aktuBHoct ALT pauyna ce mo gopmynu (6).

3.2.6.3. OnpehuBame koHuenTpanuje ankaane gocdarase (ALP)

Karanutnuka akTuBHOCT ankamHe QocdaTaze MEpU Ce Ha OCHOBY pEaKIHje XUIAPOTUTHYKE

nedochopmranuje p-uutpodenosdocdara (140).

MocTynak

OcHoBHHU peareHcH 3a oapehuBame KataauTUike akTUBHOCTH ALP mpumpemajy ce memramem
cienehux peareHaca:
Pearenc A:
AMP 420 mmol/L,
Maruesmjym-arerar 2.4 mmol/L,
ZnS04 1.2 mmol/L,
HEDTA 2.4 mmol/L, (pH=10.7),
Pearenc b (cymcrpar):
4-uutpodenundocdar (4-NPP) 16.3 mmol/L,
Panuu pearenc:
Amuksot o1 1 ml pearenca b ce nomema ca 1 mL pearenca A u XxoMoreHusyje y3 naxsbHBO
MEIIabe.
VY nperxogHo TepMoctarupany kusery Ha 37°C oamuneruparu 20 pL cepyma m 1000 pL
pagHOr peareHca. PacTBop ce makspMBO mpomemia W HakoH | muHyTa ce yHece y Perkin-Elmer
Lambda 25 UV/Vis cnekpodoTtemerap u ounta arncopbanua Ha 340 nm. AncoOpaHia ce MoHOBO

O4yuTaBa HAKOH 1, 2u3 MHHYTA. HakoH ouuTaBama ancop6aHuH n3padyHaBa C€ pa3jinka I/I3Mehy
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y3aCTOTIHMX MeEpema W OeNeXd MpoceuHa pasiuka y arcopOanmamMa no MuHyTH (4A/MuUH).

Karanutnuka aktuBHocT ALP padyna ce mo ¢popmynu (7):

AA 2757 =U/L (7)
MHUH

3.2.6.4. OnpehuBame KOHIEHTPaNMje YKYITHOT OMIMPYyOUHA

bunupybun pearyje ca auaszo-jeaumemuma rpajaehu npeHo o6ojeHu komiuiekc. Peakuuja ce
MpeKuia JOJaTKOM acKOpOWMHCKE KHCEIWHE Koja pa3apa mpeoctainy nuazo 00jy. Konmentpanwmja
yKynHoOr OmnupyOouHa y cepymy onapehyje ce nomatkom ®enunroBor pactBopa II mpu uemy

KOMILJIEKC MeHa 00jy u3 1pBeHe y miasy (141).
IHocrynak

Pearenc A:
kodeunn-o6enzoar (260 mmol/L kodewna, 964 mmol/L HaTpujym-anerara, 520 mmol/L
HaTpujymM-0en3oara u 2.69 mmol/L Na,EDTA);
Pearenc b:
muazo peareHe [ (29 mmol/L cyndanmnnae kucenune, 175 mmol/L HCI),
muaso pearenc I (72 mmol/L HaTpujyM-HUTPHTA);
10 mL pearenca I nmomemia ce ca 0.25 mL pearenca II;
Pearenc B:
ackopOuHCKa kucenuna 227 mmol/L u
Pearenc I' (®enunr 11):
K,Na-taprapar 1.24 mmol/L, NaOH 2.5 mol/L.

PactBop 3a ogpehuBame ykynHor OunupyounHa npumnpema ce memamem 2.0 mL pearenca A, 1.0
mL cepyma u 0.5 mL pearenca b. PactBop ce 100po u3zmeria u octasu 1a octoju 10 MUHyTa HAKOH
yera ce nonaje 0.1 mL peraenca B u 1.4 mL pearenca I'. Cnena npo0a npunpema ce memameM 2.0
mL pearenca A, 0.1 mL pearenca B u 0.5 mL pearenca b. PactBop ce 1o0po u3mena u octaBu jia
croju 10 MuHyTa HakoH uera ce nonaje 1.4 mL pearenca I'. Ykynuu ounnpy6us oapelyje ce nmpema
¢dopmynu (8):

(AyG—Acn)x73,5:um0|/L (8)
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3.2.6.5. OnpehuBame koHueHTpanuje reoxkha y cepymy manosa coja \Wistar

Hupo reoxha y cepymy Mepena je npumenoM Ferrimat kuta (bioMerieyx SA, Marcy-1"Etoile,
France), koju omoryhaBa kosopumerpujcko onpehuBame rBoxha y cepymy W mmnasmMu 0e3
JenpoTenHM3aIyje. Merosa je 3aCHOBaHA HA IMCOIM]aIlMjH TPOBAJICHTHOT TBOXKNa 0J1 CBOT HOcada
TpaHceprHa y KHCEIO0j CPeIMHU U PEIyKIHjH y IBOBAICHTHY (Gopmy. J[BoBaieHTHO TBOXhe ca
xenaropoM ((pepo3uHOM) Tpajau MmIaBo 00ojeHn Komiuiekc. Marensuter 60je, meper Ha 590 nm, je
JTUPEKTHO MPONOpLUOHANaH KOHIIeHTpaluju reoxkha y yzopky. Konuenrpanuja reoxha y y30pky je
onpehena nmopehewmem ontuuke rycture Ha 590 nm ca cranmapaHom kpuBoMm. C 003upom na ce
TPOBAJICHTHO TBOXkNE peayKyje y NBOBAJICHTHO, MEpPEHA je YKYyIHa KOHIeHTpaiuja reoxha. [la ou
ce yTBpAWJa KOHIIGHTpallWja CIOOO0JHOT IBOBAJICHTHOT T'BOXha y cepyMmy (HacCympoT yKYITHOM
rBOXkly), CIIpoBelieHA je MCTa MpoIeaypa kKao U 3a oapehuBame ykymHOT TBokha ocum mTo je

PEAYKTaHT (XUAPOKCHIIAMIH) UCKJbYUEH U3 TIOCTYIIKA.

IHocrynak

Pearenc 1:
Crannmapa reoxha,
Pearenc 2:
I'yanuaun xunpoxiaopun 4.5 mol/L,
xuapokcuiamud 230 mmol/L,
aneratHu mydep 44.4 mmol/L pH 5.0,
Pearenc 3:
®eposuH u areratHu mydep 44.4 mmol/L pH 5.0.
bianko mpo6a mpumnpema ce memameMm 1.5 mL pearenca 3, 150 uL pearenca 2 u 0.5 mL
JIECTUIIOBAHE BOJIE KOja He calpku reoxkhe. Y3opak 3a aHanusy npumpema ce memamem 1.5 mL
pearenca 3, 150 pL pearenca 2 u 0.5 mL cepyma. CtanaapaHu pacTBOpP MPUIIPEMA CE€ MELIAKHEM
1.5 mL pearenca 3, 150 pL pearenca 2 u 0.5 mL pearenca 1. Hakon unky6anuje 40 MuHyTa Ha

co0HOj TeMIepaTypH 04nTajy ce ancopdaniie Ha 590 nm.
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3.2.7. KBaHTUTAaTMBHA aHAJIM3a aKYTHO ¢a3Hux nporenHa Hp n a;M

3.2.7.1. PeqaTuBHa KOHUEHTpPanmuja akyTHo (pasHux nmporemna Hp m oM y

cepymy namosa coja \Wistar

3a aHamu3y MPOTEHHA cepyMa MaioBa KopuiiheHa je meronaa jeqHoaumensuonante (""Rocket”)
umyHoenekTpodopese no momuduxoBaHoj meroau Laurell-a (142). Merona ce 3acHuBa Ha
MMYHOTIPEIUITATAIIMOHO] PEaKIUji aHTUTeH - aHTHTEIO y arapo3HOM Tely Ha MECTY ONTHMAIHOT
OJTHOCA aHTUTeHa W aHTHTENa. AHTUTEH, OJTHOCHO TIPOTEHH M3 cepyMa, MPEUUIUTHPA y arapo3HOM
rely KOju CaJp>KM MOHOCIHEUM(PUYHO aHTHUTENI0 HMCKJbYYMBO Ha Taj mpoTenH. KoHieHTparuja
AaHTUTeHAa y Y30pKY MPOMOPIMOHATHA j€ BUCHHM MPEUUIHUTAMOHOT JyKa W KOPHCTH C€ 3a

KBaHTUTATUBHO oJpehBame aHTUTENA.

Tperman

3a Mepeme HIBOa aKyTHO (a3Hux npoTenHa Hp (xanrormo6un) u oM (0z-MakporiioOyivH) y
cepymy, 30 maroBa coja Wistar je moieJbeHO y ImecT rpyma ca 1o IeT maroBa y CBakoj rpymnu. JemHa
rpyla mnanoBa, TpeTHpaHa WHTPANEPUTOHEATHO ca (U3HOJOUIKAM pPacTBOPOM, IMpeICTaBlba
HEraTuBHY KOHTpOJIY. Je[Ha rpyna je TpeTupaHa ca TepIeHTUHCKUM yibeM, 1 pl mo rpamy TenecHe
TeXHUHE MaIoBa, Y IMJbY UHAYKOBaWka aKyTHO (pasHor oarosopa. [Ipeocrane yetupu rpyme namosa
jenHokpaTHO cy Tperupane ca C. coggygria MeTaHOJICKUM EKCTPAKTOM y KoHIleHTpauuju oa 500
mg/kg TtenecHe Mmace. JXMBOTHIE Cy JXKPTBOBaHE Y pa3IMUUTHM BPEMEHCKMM HHTEPBaIMMA!
KOHTpPOJIHA Tpyla U TEPHEHTHHOM TpPETUpPAaHE XKUBOTUIE 24 caTa HAaKOH TPEeTMaHa, a MpeocTaje
YEeTHUPH IpyIie TPETHPaHE ca METAaHOJCKUM ekcTpakrom Omibke C. coggygria 12, 24, 48 u 72 cata
HAKOH TpeTMaHa. HakoH JexanuTanumje mamoBa y3eTa KpB je nenrpudyrupana a 3000 x g (Sorval
uentpudyra, porop SS-34, DJIB Labace Ltd., Newport Pagnell, Buckinghamshire, UK), 10 Mmunyta
Ha 4°C. CepyM y By CyIEpHAaTaHTa M3HAJ Tajora KpBHUX henuja je alTMKBOTHpAH M YyBaH Ha -

20°C go ynoTtpebe.
IHocrynmak
Ha craknene minounne ce Hanocu 1% arapo3sa y Tris-6apourannom nydepy (70 mM Tris-HCI

pH 8.6, 20 mM 6apbutan, 3 mMM Na-azun, 0.4 mM Ca-makrar) y Kojy je MpPEeTXOAHO JojaTa

onrosapajyha konmmumHa MoHocnenm@uuHor antutena Ha Hp u oM. HakoH nonmmepusanmje
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arapo3HOT Tejla HaHOIIeHHU ¢y y3opuu cepyma (10 pg) mperxoano pa3dmakeHHn Ha afieKBaTaH HAuWH
(1:15 B/B) y Tris-6apouramaom nydepy. Enexrpodopesa je Tekna y ucrom mydepy mnpeko Hohw,
mpu cTasiHoj Bontaxku oA 100 V y3 HenpekuaHo Xnalheme amnaparype HupKyaIunryhoM 9ecMeHCKOM
BoZioM. Ha MecTy onTumaliHOT OfJHOCA aHTHUT€HA U aHTUTeNa (POPMUPAHU Cy KOMIUIEKCH y OOJIUKY
nykoBa. [lo 3aBpuiHOj enexTpodope3n I'efIoBH Cy UCIHPAHH JBa caTa ca KOHIeHTpoBaHUM PBS
nydepom (340 mM NaCl, 10 mM KCI, 20 mM Na;HPO4, 70 mM KH,PO4, pH 7.2) pamu
VKJIamamba HEMPEeUUITUTOBAHUX NPOTEHHA, a 3aTUM Y BOJM paJd yKIamama colu. [enoBu cy
(bUKCHpaHN Ha CTakKJICHE MOBPIIWHE, OCYIICHH YKJIAHkambeM BOJE MOMOhy BHIIECTPYKHX CIIOjeBa
¢untep nmanupa u cymenud Ha 60°C. I'enoBu cy 60jenn 6ojom Coomassie iaBo R (0.25% 60ja,
40% metanon u 7% cupheTHa KucenanHa) U 0100jeHu y oxoojuauy (40% meranon u 7% cuphetna
kucenuHa). KBantudukoBame npoTerHa je BPIIEHO MPECIMKAaBalkbEM JIYKOBAa Ha MUIMMETapCKOM
nanvpy U MepemeM 3axBaheHe TOBPIIMHE UCIIO MPEIUIUTAIMOHOT JyKa. PenarnBHa mpomena y
KOHIICHTPAIMj! MCIMTUBAHOT TIPOTEHHA y CEPpyMYy je M3pa)keHa Kao ojaHoc m3Mmely BpemHOCTH 32

koHTpostHE (100%) 1 TpeTupane namose.

3.2.8. OnpehuBame KOHIIEeHTpaLMje JUNMIHUX Nepokcuaa npumenom TBARS eceja

y jeTpH u cepyMy mamoBa y in Vivo ycJioBuMa

TBARS (enr. thiobarbituric acid reactive substances) ecej ce 3acHMBa Ha peakiUju
MajloHananaexuaa ca tnobapourypuom kucenunoM (TBA) ua 95°C. Huso TBARS-a je oapehen y
jerpu u cepymy no metoau Ohkawa u capagnuka (143).

Tperman

JlBanecer mer mamoBa coja Wistar je MojesbeHO y NEeT eKCHePUMEHTAIHHUX TIpyla, ca IO IeT
nmaroBa y cBakoj rpynu. [IpBa rpyna >XKMBOTHME-Q, HEraTMBHA KOHTPOJA, TpPETHpaHa je ca
¢buznosnomkuM pactBopom. [pyra rpyna kuBOoTHIA je TpeTupaHa ca nuporaioiom (100 mg/kg).
Tpeha excnepumeHTanHa rpyna je TpeTupaHa HHTPANEPUTOHEATHO ca jeqHoM Jo3oM o1 500 mg/kg
TeNIeCHE Mace METaHOJICKOT ekcTpakra Ousbke C. coggygria 2 cara mpe TpeTMaHa ca MHPOTAIOJIOM,
a 4eTBpPTa Irpyna ca METAHOJCKHM eKcTpakToMm Ousbke C. coggygria 12 catu mpe TpeTMmaHa ca
nuporaionomM. [lera ekcnepuMeHTaaHa rpyma je TpeTUpaHa MHTPANEPUTOHEATHO Ca METAHOJICKUM
exctpaktom Omibke C. coggygria (500 mg/kg tenecHe mace). HakoH TpeTMaHa >KUBOTHESE CY
xpTtBoBaHe, 500 mg jerpe ce uzomyje, ucrepe ca 0.9% NaCl u xomorenusyje ca 4.5 mL 0.15 mol/L

KCL. Tlpuxynseena kpB ce nentpudyrupa Ha 3000 x g (Sorval nenrpudyra, porop SS-34, DIB
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Labace Ltd., Newport Pagnell, Buckinghamshire, UK), 10 munyra na 4°C. Cepym™m, y BHILY

CylepHaTaHTa M3HaJl Tajora KpBHUX henuja, je amukBoTHpaH U yyBaH Ha -20°C.

IHocrynak

VY 0.1 mL anukBoTa XoMoreHata jerpe wim cepyma noaaje ce 0.2 mL 8.1% SDS-a, 1.5 mL 20%
cuphetne kucenune (pH 3.5), 1.5 mL 0.8% TBA, 0.7 mL Boae u unkybOupa 60 munyra na 95°C.
Hakon xnahewa Ha cobHOj Temneparypu, nonaje ce 1 mL Boge u 5 mL n-Oyranon-nupununa (y
3anmpeMuHCKOM onHocy 15:1), a 3atum ce nentpudyrupa 10 munyra Ha 3000 X g. Ancopbaniie
L[PBEHO 000jeHOr cyrnepHaTaHTa ce Mepe Ha 532 nm. KammuOpanmona xkpuBa je NmpuIpemMJbeHa Y3
MaJIOHUAIIEXU]T Kao cTaHaap ] (KOHIIEHTpalja MaJOHAUAIAeXUaa je y omncery oa 25 nmol/mL o

1 umol/mL).

3.2.9. OnpehuBame aKTHBHOCTH AHTHOKCHJIATHBHUX €H3MMAa Y jeTpH mamoBa y in

VIVO ycaoBuMA

AHTHOKCHIATUBHU CHUCTEM HWMa 3HAYajHy YJIOTY Y 3allITUTA TpHU henmujckum oimnrehemnma.
[MpumapHu aHTHOKCHIAHCH CIIpevaBajy CTBapame PEaKTUBHHX BpCTa KHCeOHHKa (eHr. reactive
oxygen species, ROS) u npezcrassbajy npBy JUHH]Y oa0paHe henmdja oJ OKCHAIATHBHOT CTpeca.
[Toce6HO cy 3HAauYajHH T3B. AHTHOKCHJIATHBHHM €H3UMHU WM EHXOBA yJOra y peryiaiuju u oa0paHu
OpraHusMa O] He)KeJbEHHUX JICjCTaBa CIIOO0IHUX paauKaia. [ TaBHU aHTHOKCHIATHBHHU €H3UMHU CY:
cynepokcua ausmyrasa (er. superoxide dismutases, SOD) ca Tpu u30€H3MMa; HHTpALECTyIapHU:
Oakap-IIMHK CYyIEepoOKCH au3Myraza (eHr. copper—zinc superoxide dismutases, CuZn-SOD),
MUTOXOHJPHJCKU: MaHTaH CYNEPOKCU[ AU3MYyTasza (EHr. manganese superoxide dismutases, Mn-
SOD) u ekcrpanenynapuu: EC-SOD; karanasa (eur. catalase, CAT) u riyratroH-C-TpaHcdepasa

(enr. glutathione S-transferase, GST).

Tperman

ExcniepumeHT je 00yXBaTHO ABaJIECET U IET KUBOTHUIHA MOJIEJHEHUX Y MET €KCIEePUMEHTATHUX
rpyna, ca IO NeT >KUBOTHWA y cBakoj rpynu. IlpBa rpyma je TpetupaHa ca (U3HMOJOLIKAM
pacTtBOopoMm, Apyra ca nuporanonom (100 mg/kg), a Tpeha u yeTBpTa ca METAaHOJCKUM E€KCTPAKTOM
oumpke C. coggygria (500 mg/kg) 2 wm 12 carm mnpe TpermMaHa ca mnmporamosioM. Ilera

CKCIICpUMCHTAJIHA I'pyla je TPETHUPAaHA HUHTPAINCPUTOHCAIHO CaMO Ca MCTAHOJICKMM CKCTPAKTOM
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oubke C. coggygria (500 mg/kg). HakoH TpeTMaHa »XKHUBOTHEE Cy JKPTBOBaHE, OJICTPAIEHE CY
jerpe u o 300 g ox cBake jerpe je xomorenuszoBano y 0.25 mol/L caxapo3se, 0.1 mol/L EDTA u
0.05 mol/L Tris-HCI, pH 7.4. ¥ Toky XoMoreHu3aiuje nocyua 3a XoMOreHu3anujy je xiaheHa Ha
+4°C, a IMn ¥ mocyna Cy MOCHe CBaKe jeTpe HWCHUpaHU (HU3HOJOMIKMM pacTBopoM. Hakon
conndukanuje (Tpu myra mo 15 cekynmu ca may3ama ox 10 cexymmu, 20 kHz), yzopmu cy
uentpudyrupann 90 munyra va 100 000 x g y Beckmann Ti 50 uenrpudyru (Beckman Coulter,

Inc., Miami, Fla., USA). JloOuBeHu cyrepHaTaHT je alMKBOTUpPaH U 4yBaH Ha -80°C.

IHocrynak

Jla Ou ce m3paswia aKTHBHOCT aHTHOKCHJIATHBHHUX €H3MMa II0 Mg MPOTEWHA, KOHIIEHTpAIHje
MpoTenHa cy KojopuMmeTpujcku onpehene mpema metonu Lowry u capaanuka (144). Merona ce
3acHMBa Ha OMYPETCKOj peaKklyju MEeNTUIHUX Be3a MPOTEeHHA U KyNpHU jOHA y aJIKAIIHOj CPEANHU U
peakumju  pochomonubaeHcKo-hochoBoIPpaMOBOr peareHca ca THPO3UHOM U TPUNTO(HaHOM
caJp>XaHUM Yy MCIUTHBAHUM TMPOTEMHUMA. Y30pak 3ampemMune 2 pl. paz0nakeH je ca BOJOM 0
¢unanmue 3anpemune ox 200 pL m momeman ca 1 mL cBexe mpuUmpeMIbEHOT pacTBOpa KOju ce
nobuja memamem 1 mL 1% CuSO4-5H,0, 1 mL 2% K-Na-taprapara nu 98 mL 2% Na;CO3; y 0.1 N
NaOH. Hakon 10 muHyra Ha COOHO] TemmepaTypu y3zopiuMma je aomat DdonmHOB peareHC
pasbnaxeH y ogHocy 1:2 (B/B) ca nmectunoBanoMm BoaoM. Ilocne 10 MuHyTa, KOJIUKO je TOTPEOHO 1a
ce pasBuje 00ja, MepeHe cy armcopruuje y3opaka Ha 750 nm Hacmpam "cieme" mpoOe Ha
cnekrpodortomeTpy (Shimatzu UV-160).

AxtuBHoCcT ykynmHe SOD, 3acHoBana Ha cnocoOHoctn SOD nga mHXMOMpa ayTOOKCHIAIU]Y
enuHeppuHa 10 agpeHoxpoma (u3pakena kao U/mg npoTenHa), je MepeHa METOJ0M OMUCAHOM O/
ctpane Misra u Fridovich (145). AxrtuBHoct Manran-SOD (MnSOD) je onpehena nakon
npeunkyoarmje ca 8 mmol/L KCN, nok je aktuBHOCT Oakap-uuHk-SOD (CuZnSOD) u3pauyHara
u3 paznuke uzmehy ykynae SOD u MnSOD aktuBHoctu. AxtuBHocT katanasze (CAT) je onpehena
npahemeM Op3MHE NEKOMIIO3UIUjEe BOJOHHUK MEpOKCHIa u m3paxeHa je kao umol HyO./min/mg
nporterHa (146). AxkruBHoct ensuma GST y xomoreHaty jerpe je onpehena meronom Habig u
capannuka (147), kopumthewem 1-xropo-2,4-ounumpobenzena (CDNB) kao cyncrpara, a u3paxeHa

je y nmol GSH/min/mg npoTteuna.
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3.2.10. KBaHTHTATHBHA aHAJIU3a eKCIIpecuje MPoTenHa

Western 610t ananm3a nojipazymeBa TpaHcdep OMOIOMIKUX y30paka ca reja Ha MeMOpaHy, Kao
U BUXOBY JETEKIMjy Ha MOBPIIMHM MeMOpaHe y3 mpuMeHy aHTtutena. Crnennu(uIHOCT aHTHUIeH-

aHTUTEJIO peakKiiyje oMoryhasa 1a ce y CMEIu pa3IuIuTUX IPOTEHHA ICTEKTYje UIJbHH MMPOTEHH.

Tperman

Uerpnecer mamoBa coja Wistar je Moae/b€HO y OcaM €KCIIEPUMEHTATHUX Tpyma, ca Mo TeT
maroBa y cBakoj rpynu. lIpBa Tpynma JKMBOTHI-A, HETaTHBHA KOHTPOJA, TpETHpaHa je ca
¢usmonomkum pacteopoMm (0.9% NaCl). XuBoTume y Apyroj €KCIEpUMEHTATHO] TPYMH CY
WHTpanepuTOHeaTHo Tpetupane ca mnuporaigoigom (100 mgkg Ttemecne wmace). Tpeha
eKCIIEpUMEHTAJIHA TPyIla je TpEeTHpaHa caMo ca METaHOJCKUM ekcTpaktoM Omibke C. coggygria y
koHUeHTpauuju oa 500 mg/kg TenecHe mace, 4eTBpTa ca €KCTPAKTOM 2 caTa Mpe TpeTMaHa ca
MTUPOTAJIOJIOM, a IeTa TPyIa ca METaHOJICKAM €KCTPAaKTOM 12 caTw mpe TpeTMaHa ca IHPOTaI0NIOM.
[lecTa ekcriepuMeHTaNHa rpyla je TpeTUpaHa UHTPANEPUTOHEATHO CaMO Ca MUPULIETUHOM, ceaMa
ca MHPHIIETHHOM 2 cara, a ocMa 12 caTu mnpe ammduupama nuporainona. HakoH TpermaHna
YKUBOTHIHE CY )KPTBOBAHE U JETPE Cy YKIOHEHE U oOpahene kako 6u ce JoOUIM XOMOTeHATH.

Oxko 300 mg jerpe maroBa je xomorennzoaHo Ha 4°C y 2 mL npetxoaHo oxmahenor mydepa 3a
m3oganyjy (10 mmol/L Tris, pH 7.6, 1 mmol/L EDTA, 250 mmol/L caxapo3e) Koju caapku CMENIy
naxuouTopa npotease (Protease inhibitor, Mix G; SERVA Electrophoresis GmbH, Heidelberg,
Germany). Y3opuu cy nentpudyrupanu 20 munyta Ha 9700 x g, Ha 4°C y Eppendorf nentpudyru.
CynepHaTaHT je AIMKBOTHPaH y eneHaopde u moABPrHYT AyOOoKoM 3amp3aBamy Ha -80°C y TeuHOM

a3oTy.

3.2.10.1. EnexTpodopercko pa3iBajame NpoTeHHA

3a pazaBajame M KapakTepu3aldjy NpoTenHa KopuilheHa je TeXHHMKa jeJIHOAMMEH3UOHAIHE
enlekTpoopese Ha MOJUAKPUIAMUIHOM Tely y IMPUCYCTBY coauyM-nozenmicyidara (SDS). OBy
METOJy, KOja C€ 3acHMBAa Ha pa3J/(Bajalby NPOTEMHAa Ha OCHOBY HHUXOBHMX MOJEKYJICKHX Maca,
noctaBuo je Laemmli (148).

SDS-nonuakpuiamuHa ren  enekrpodopes3a je CUCTEM ca BeTMKOM MohM pasjiBajamba
MPOTEMHCKUX (paklrja 3axBajbyjyhu YMEHEHUIM 12 MOJMAKPUIAMUIHU Tell CIY)KM Ka0 MHEPTHU
MaTpPUKC KpO3 KOjU Cce€ MPOTEMHHU Kpehy MoJ yTHIajeM eJIeKTPUYHOT 10Jba, MPU YeMy BeTUYHMHA

Iopa reja 3aBuCH O l€TrOBOT' ITPOILICHTA, TAKO Ha CC IMMOpE MOTY HpI/IHaTObaBaTI/I MacCu MIpoOTCHHA.
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Camu mpoTeMHHM Cy pECYCIEHIOBaHM y pacTBOpy y kKome ce Hamasu SDS koju ce Besyje 3a
xuJpodoOHEe peruoHe MPOTEHMHCKUX MOJEeKyla oaBHjajyhm ux y jmanuactu oOnmk. Kako cBaku
MOJIEKYJI MPOTEHHA Be3yje BENHMKH Opoj mMosiekyna SDS-a, yuTaB MOJEKyNd TOCTaje HETaTUBHO
HaeJleKTpucaH M Kpehe ce y eJIeKTPUYHOM T0Jby Ka MO3UTHBHOM NOJY. Y MOJIMAKPHIAMHIHOM
reny, KOju CIyXH Kao MOJIEKYJICKO CHUTO, KOMIUIEKCHA MEIIaBHHA MPOTEHHA CEe pa3/Baja y HHU3
JMCKPETHHUX TpaKa Koje MOCTajy BUIJbUBE HAKOH 00jerba.

Tokom ekcriepuMeHTa KOpHIINeH je MOJIMaKpUiIaMHIHHU Tesl Koju caapxu 12% axpuimammuna,
0.3% w™eruen-ouc-akpuwiamuaa, 375 mM Tris-HCI pH 8.8, 0.1% SDS u 4 M ypey. I'en je
nomumepu3oBad  y3 gomatak 0.05% TEMED-a u 0.02% amonmym mnepcyndara. I'enm 3a
CKOHIIEHTpHUCaBame y3opaka je 4% u caapxu 0.125 M Tris-HCIL, pH 6.8, 0.1% SDS, 0.05% APS u
0.1% TEMED. Ha ren je nanouieno no 20 p1g XxomoreHaTa jeTpe, pacCTBOPEHUX Yy ydepy 3a y30pak
koju canpxu 5% SDS, 5 mM Tris-HCI pH 7.0, 200 mM DTT u 20% rmunepona. Kao mydep 3a
enextpodopesy kopurihen je Tris-rmumuacku mydep pH 8.8 (0.192 M rmurus, 25 mM Tris-HCI,
0.1% SDS). Enextpodope3a je Tpajana 1 catr Ha 0.12 kV kpo3 Ten 3a CKOHIIEHTPHCABAKkE, OTHOCHO
Ha 0.15 kV kpo3 ren 3a paszapajame npotenHa u paljeHa je y buoPan cucremy (Mini-Protein 11,

Elektrophoresis Cell).

3.2.10.2. bojeme npoTenHa HA MOJIUAKPUJIAMHUIHOM rej1y

[To 3aBpIiIeHO] MOTMAKPUIAMHUIHO] €IEKTPO(Ope3n, MPOTCUHH U3 KOHTPOJHUX JeTPU U JeTpHU
TpeTHpaHUX MaroBa cy 0ojenu y cmenrn koja caapxku 0.1% 6ojy Coomassie-plavo (Coomassie
brilliant blye R-250), meTanoi, Boay U riiandjanny CUpheTHy KHCEIHHY Y 3alIPEMUHCKOM OJIHOCY
2.5:2.5:1. Hakon Gojema, mpeko HOhM, BPIICHO je 0700jaBame refla y MeIIaBHHU METaHOoJIa, BOJIC U

rianujaiHe cupheTHe KUCEeINHE y 3alIpeMMHCKOM oAHocy 5:5:1.

3.2.10.3. IIpenoc nporenna Ha PVDF memOpane

Hakon pa3aBajama Ha jeIHOAMMEH3HOHATHO] eleKTpodope3n MPOTEUHH Cy MPEHOIIEHU Ha
nomuBunmIuaAeH-Giaopun  (PVDF) wmemopane (Hybond-P, Amersham Pharmacia Biotech,
Schenectady, N.Y., USA). OBaj TpancBep nMpoTerHa ca rejia Ha MeMOpaHe 00aBJbeH je y amapary 3a
tpancdep buoPan (Mini Trans-Blot Electophoretic Transfer Cell). Hakon enexktpodopese ren u
MeMOpane cy nHKyoupanu 90 munyta y nydepy 3a tpancgep (0.3% Tris baze, 1.4% raunun, 20%
metaHoln). Enextpo-npenoc je Bpmen Ha 0.03 kV mpeko nohu. Ilo 3aBpmieHom TpaHCchepy

MeMOpane cy Oojene Oojom Ponceau-S (1% Ponceau-S y 5% cupheTrHoj KuCENWHH), a Tel
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Coomassie-rraBuM pajy IpoBEpe MCIPABHOCTH TOKa TpaHcdepa u enekTpodopese. MemOpane cy

gyBaHe Ha 4°C 10 ynoTpebe y UMyHO-0JIOT aHaJIH3H.

3.2.10.4. Western uMyHO-0/10T aHAJIM3a 32 Pa3JIMYUTA AaHTUTeNIA

KBanTuTaTnBHA aHanM3a eKclpecuje nporenHa pahena je mo moanpukoBanoj meroan Towbin u
capanauka (149). CymTuHa oBe METOJIE je J1a Ce, HAKOH eICKTPO(OPETCKOT pa3jBajama MPOTCHHA U
BUXOBOT TpedanrBama Ha MeMOpaHe, MPUMAapHO aHTUTENO Be3yje 3a MPOTEHHE, a CEeKyHIapHO
AHTUTEJIO TPETIO3HA AHTUTEHE JIETEPMUHAHTE Ha IPUMAPHOM aHTHTEIY.

Memb6pane cy nakyoupane 30 mun y 0.05% Tween 20 u 3% nemacHom muieky y TBS nydepy
(50 mM Tris-HCI, pH 7.6, 150 mM NaCl), a 3atum ca nonucnenuduaaum antutesom 3a NF-kB
p65, dbochopmwmcanum NF-kB p65 (Ser311) (pNF-kB), Akt 1/2/3, ¢ochopunucanum Akt 1/2/3
(Ser 473) (pAkt), ax-makpornodynuaom (aoM), Tydynunom (Santa Cruz Biotechnology, Santa Cruz,
Calif., USA), u xanrrornooynuaom (Hp) (Sigma—Aldrich Inc., Milwaukee, Wis., USA) y pactBopy
TBS-Tween aBa cata Ha coOHOj TemmiepaTypu. [1o 3aBpiieHoj HHKYOAIMju, MeMOpaHe Cy HCIpaHe
HEKOJIUKO TyTa 1mo 5 MuH y pactBopy TBS-Tween u nuakyOupaHne ca oarosapajyhum cexyHaapHUM
aHTHUTEIOM KomyroBanoMm rmepokcumazom (IgG-HRP, sc-2379, Santa Cruz Biotechnology).
CexyHnapHO aHTHTENO KopuliheHo je y pazonaxemy 1:1000 (B/B) y pactBopy TBS-Tween, Tokom
WHKyOamuje oJ jeaHor caTa Ha coOHOj Temmeparypu. HeBezaHa cexkyHaapHa aHTUTEIA CYy IMOTOM
OJICTpar-CHAa UCIHPAhEM HEKOJIMKO IyTa 1o 5 MuH y pactBopy TBS-Tween u nBa nmyra y camoM
TBS-y. Busyanu3anuja curaana je nmocturuyra JymuHos pearencom (Santa Cruz Biotechnology), a
kBanTu(dukauja ca TotalLab (Phoretik) codrBepom (Bep3mja 1.10) y omHOCy Ha TYOyJIWH WM

AKTHH.

3.2.11. CrarucTuuka o6pajaa nogaraxka

Mely AecKpUNTHBHMM CTaTUCTHYKHM IIapaMeTprMa 3a HHMBO aHAJM3MPaHUX o0enexja,
u3pauyHaTa je apuUTMeTHuYKa cpeluHa ca cranjgapaHoM neBujauujom (C) wmiam crangapaHoMm
rpemkoM (CME), ca 95% unrtepBaiom nosepema. CTaTUCTUUKHM 3Ha4YajHa pas3jiiKa yTBpheHa je Ha
HHBOY rpemike o1 5% (p < 0.05). 3a Tectupame craricTiuke 3HauajHocTH KopuiiheH je CTyaeHTOB
T TECT 3a 3aBUCHE y30pKe, TecTupame pazimke u3Mel)y mpomopuuja - pasiuka usmely BeTUKux
He3aBUCHUX y3opaka (150) u ananm3za Bapujance (ANOVA tect). 3a cTaTUCTHUKY 00pajay rmojaraka
kopuiheH je kommjyrepcku codrepcku nmporpam SPSS Bep3uja 13.0 (SPSS Inc., Chicago, Illinois,
USA).
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4.1. XeMHjCKH cacTaB MeTaHOJICKOI eKcTpakTa ouibke Cotinus coggygria

4.1.1. Cnexkrodoromerpujcko oapehnBame noaudeHOTHUX jeIHIbemha Yy eKCTPaKTy

omsbke Cotinus coggygria

VY Tabenu 2 mpukazaHu Cy pe3yiTaTd CIEKTPOPOTOMETPH]CKOT ojapehuBama MOIU(PEHOTHUX
jerbema Y METaHOJICKOM eKcTpakTy omibke C. coggygria.
Canpxaj ykymHUX (eHona u3Hocu 3.78 mg mo g 6mibke, ykynHuX (uraBoHonaa 8.29 mg mo g

OWJbKe, JIOK je caJpikaj KOHJCH30BaHUX TaHWHA W TamotanmHa 1.24 w 0.53 mg mo g Ousbke,

PECIIEKTUBHO.

Ta6eaa 2. Canpikaj yKymmHUX QeHoJa, (PJIABOHOU/A ¥ TAHWHA Y METAHOJICKOM €KCTPaKTy OMIbKE

Cotinus coggygria
Cotinus YkynHu YkynHu KonpaenzoBanu lNanoranuuu
coggygria henonm dbraBoHOMIH TaHUHH

meranonckn  (mg I'K/g 6mbke)” (mg PY/g 6I/IJ'LK6)6 (mg T'K/g 6uibke)” (mg TK/g ouibke)
eKCTPAKT 3.78+£0.19 8.29 £0.37 1.24 +0.35 0.53 + 0.03

Pesynratu npencraBibajy cpeby BpeIHOCT U CTaHIApIHY J€BUjAllU]y U3 TPU HE3aBHUCHA

CKCIICpUMCHTA.

 Munurpamu expuBanenara rajae kuceause (I'K) mo rpamy cyBor OMJbHOT MaTepujajia;
MUWJIMTPAaMH eKBUBasieHaTa pyruHa (PY) mo rpamy cyBor OuspHOT MaTepujaia;
® Mmunmrpamu ekBuBaiienara rande kucenune (I'K) mo rpamy cyBor GuibHOT MaTepHjaia;

" Muurpamu exBuBasieHara tanuHcke kucenaune (TK) mo rpamy cyBor OMsBHOT MaTepujaia.

4.1.2. HPLC anajiu3a MeTaHOJICKOT eKcTpakTa ousbke Cotinus coggygria
KBanutaTiBHa ¥ KBaHTHTATHBHA aHaJIM3a METAHOJCKOT eKkcTpakta Owibke C. coggygria

HU3BpHICHA je MMPUMCHOM IIOCTYIIKA TCUHEC XpOMaTOI‘pa(l)I/IjC Mo BUCOKUM ITPUTHUCKOM.
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Tabena 3. KBauraTuBHY U KBAaHTUTATUBHU CACTaB METAHOJICKOT €KCTPaKTa

ouseke Cotinus coggygria

Excrpakt ousske Cotinus Canpixaj
coggygria (Ug/g exctpaxra)®
Py3mapuHcka KucenmHa 18.55 =+ 0.50
KymapuHncka kucenuna 1.75+ 051
XJ0poreHcka KuceiarHa 1.55+0.04
®depynHa KUCeIHa 1.15+0.36
Kadena kucenuna 0.75+0.32
Mupunernx 511.50 £ 0.50
Ksepuerun 69.80 + 0.44
Kemnepomn 8.90 £0.15
PesBeparpon 2.65+0.11
Pyrun 0.25+1.05

®PesynTaTd  NpPEACTaB/bajy  CPEaEy  BPEOHOCT M
CTaHIApJIHy  JEBHjallMijy W3  TPH  HE3aBHUCHA

eKCTIepUMEHTA

Ksanuratusaom HPLC aHanmm3om MeTaHOJICKOT €KCTpakTa OWJbKE JCTEKTOBAHO j€ MPHCYCTBO
¢dbnaBonouaa u ¢enomuux kucenuna (Tabenma 3). ¥V mopehemy ca ocraauM KBaHTH(PUKOBAHUM
jenumemuMa, CBOJUM caipykajeM ce u3aBajajy daaBoHonan mupunetis ca 511.50 pg/g u kBeprieTun
ca 69.80 pg/g. Ox ykymnHO mer neTeKToBaHUX (EHOIHHX KHcelnnHa ca 18.55 Ug/g Haj3acTyibeHuja
je beHoskapOOHCKa py3MapUHCKa KHCEIHHA.

W3 mpukazanor xpomatorpama (Cimka 9) Moxke ce BHAETH Ja je, MPH HaBEJICHUM YCIOBHUMA,

HUCIIMTUBAHU CKCTPAKT pa3z[B0jeH Ha BHUIIIC KOMIIOHCHATA, Mel')y KOjI/IMa je U MUPULICTHH.
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Cimka 9. HPLC-xpomarorpam MeTaHOJICKOT eKcTpakTa ousbke Cotinus coggygria

4.2. Edexar MeraHoJCKOr eKkcTpakTta Om/bke Cotinus coggygria Ha QyHKuujy

reHeTHYKOI MaTepujajia Ko pa3iu4uTHX Mo/eJl OpraHu3ama

Ca ¢uTroOMEeIMIIMHCKE TauKe TJICAUIITA POIeHA T€HOTOKCHYHOCTH j€ OJf HAapOYHTOT 3Hadaja jep
TCHOTOKCUYHU e(eKaT XeMHUKAaJIHja WA KOMIUIEKCHE MEIIaBHHE MOXe OUTH O] KJbYYHE BaKHOCTH.

VY TpaguuMOHAIHO] MEIULMHHU IieJe OMJbKEe WIM MHUKCType Ouibaka umajy Behy NpHMEHYy Yy
OJTHOCY Ha M30JI0BaHE KOMIIOHCHTE. BHJbHU €KCTPAKTH YeCTO MOKa3yjy 3HadajHujy in Vitro wiu/u in
VIVO aKTHBHOCT Y OJIHOCY Ha U30JI0BaHE KOMIIOHEHTE y CKBUBAJICHTHO] KOHIICHTPAIIH]H.

Nmajyhu y Buay aa je kBamuratuBHoM HPLC aHann3omM MeTaHOJICKOT €KCTpakTa AETEKTOBaHO
Ja ce MHUpHIETUH Yy mopehemy ca OCTaliuM KBaHTH(HMKOBAHUM jeMI-EHUMa H37Baja CBOJUM
caapkajeM, ocuM e(eKTa METaHOJICKOT eKcTpakTa Omsbke C. coggygria Ha (YHKIHM]Y T€HETHYKOT
Marepyjana KoJ pa3lHYMTUX MOJEN OpraHM3aMa WCIHTaH je W YTHIa] MHpHIETHHA y IN ViVo
ycnoBuma mpumeHom SLRL merone u Komer tecra kopucrehu D. melanogaster u mamose coja

Wistar ka0 Mo/ieTT OpraHu3Me.
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4.2.1. Tect 3a fAeTeKUHjy MOJHO Be3aHHUX peUECHBHO JETAJIHUX MYTaUHja KOJ

eyKkapHoTcKor Mojen opranuzma Drosophila melanogaster y in vivo ycioBuma

®dpekBeHIa FePMUHATUBHUX MYyTallyja H3a3BaHUX STHII METAaHOCYI()OHATOM Yy KOHIICHTPAIH]U OJT
0.75 ppm 3HaTHO je BUIIA OJ (PEKBEHIIC MyTalHja WHIYKOBAHUX Caxapo3oM, Ka0 HETaTHBHOM
KOHTPOJIOM. Y OJIHOCY Ha TPETMaH ca caxapo3oM, eKcTpakT Omsbke C. COggygria mHIyKOBao je
peliecuBHe JieTaliHe X-Be3aHe MyTallije y JBe TepMHUHATUBHE hennjcke NMHuje, y CriepMaTo30uIuma
U criepMaTolmTamMa, JIOK Cy ce crepMaruje nokasane kao ornopuuje (Tabena 4). ¥ mopehemy ca
EMC-oM, ka0 MO3UTHBHOM KOHTPOJIOM, eKcTpakT Omibke C. coggygria je MHIyKOBao MyTanuje y
CIiepMarolTaMa, JOK Cy C€ CIIepMaTO30MIM M CHEepMaTHuIe MoKaszaje Kao oTmnopHuje Ha 5%

MeTaHOJICKU eKcTpakT (Tabemna 4).

Tabesa 4. YdectanocT NoJHO BE3aHUX PELIECUBHO JIETATHUX MyTallija HAKOH TpeTMaHa MyXjaka

Bpcre Drosophila melanogaster ca meranosickum ekctpakToM 6msbke Cotinus coggygria

C3X3p03aa EMC6 Cc eKCTpaKTB tcaxapma/EMC tC&X&pOSa/CC eKCTPaKT tEMC/CC eKCTPaKT

| merno X 300 221 269 9.51 5.45 5.26
Bpoj nerana 5 73 34 P <0.001*** p<0.001*** p<0.001***

% nerana 1.67 33.03 12.64

Il terno X 269 161 284 8.38 2.57 7.04
Bpoj nerana 5 54 17 p<0.001***  p<0.05% p<0.001***

% nerana 1.86 33.54 5.99

Il nermo X 252 117 252 5.85 5.72 1.92
Bpoj setana 6 30 43 p<0.001*** p<0.001***  p>05

% nerana 2.38 25.64 17.06

[HIHIT X 821 499 805 13.81 8.15 7.92
bpoj nerana 16 157 94 p <0.001*** p<0.001*** p<0.001***

% nerana 1.95 31.46 11.67

* Caxapo3a; HeraTUBHA KOHTpoIa, 1%;
®EMC; etun MeTaHoCyN(OHAT, TO3UTUBHA KOHTpoda, 0.75 ppm;
* CC exerpaxr; METAHOJICKH eKCTpakT Oubke Cotinus coggygria, 5%.

Craructuuku 3Ha4yajHe pasiuke: p < 0.05%; p < 0.001***
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ITocT-TpeT™Man ca MeTaHOJICKMM ekcTpakToM Oumsbke C. coggygria y koHueHtpamuju on 2%

yTUIIA0 je Ha cMameme TeHoTokcnyHoctn EMC-a y 1Be repmuHartuBHE henujcke JHMHU]jE

(criepMaTo30uaM U CIepMaTHIC) Y OJJHOCY Ha MO3UTHBHY KOHTpOIHY rpymy (Tabena 5).

Ta6ena 5. YdectanocT NoJHO B€3aHUX PELECHBHO JICTATHUX MyTalllja HAKOH TpeTMaHa

myxjaka Bpcre Drosophila melanogaster ca et MmeTanocyaoHATOM U METAHOJICKUM €KCTPAKTOM

ouspke Cotinus coggygria

Tperman I nerno Il nerno X I meryo X [HIIHII =
bpoj nerana  bpojnerana  bpoj nerana bpoj nerana
% nerana % nerana % nerana % nerana
Caxaposa® 300 269 252 821
HEeTraTUBHA KOHTPOJIA 5 5 6 16
(1%) 1.67 1.86 2.38 1.95
EMC® 276 201 146 623
MMO3UTHBHA KOHTpPOJIa 91 67 37 195
(0.75 ppm) 32.97 33.33 25.34 31.30
EMC (0.75 ppm) 214 123 107 444
+ C. coggygria (2%) 52 16 29 90
NOCT-TpeTMaH 24.30 13.01 20.56 20.27
10.79 9.10 6.11 14.50
teaxaposa/EMC p <0.001*** p<0.001*** p<0.001*** p<0.001***
7.53 3.55 4.52 9.23
Leaxaposal nocr-perman < 0.001%** p < 0.001*** p<0.001***  p<0.001%**
2.17 4.45 0.84 4.15
tEMC/nocr-tpervan p<0.05* p<0.001*** p>0.5 p < 0.001***

* Caxapo3a; HeraTUBHA KOHTpoIa, 1%;

®EMC; etun MeTaHoCyN(OHAT, HO3UTUBHA KOHTpoda, 0.75 ppm;

Craructuuku 3HavyajHa pasznuka: p < 0.05*; p < 0.001***

Naxo je Tperman ca EMC-om n1oBeo 10 3HavajHor noBehama y ydecTanocTH MyTalija y cBa TpU

Jieriia, mocT-TpeT™Man ca mupuieruHoM (Tabena 6) ApacTHUHO je peayKoBao (PPEeKBEHILY PEIIECHBHO
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neTaqHuX X-BE3aHUX MyTallfja, KaKo Yy MPEMEjOTHUYKHUM, TaKO U y MOCTMEJOTUYKHM FepMUHATUBHUM
henujckum nuHMjamMa. Y OJHOCY Ha HETaTHBHY KOHTPOJY, IMOCT-TPETMAaH Cca MHPHUIIETHHOM
CTaTUCTHYKHU 3HAYAJHO je YTHIIA0 Ha CMameme TeHOTOKcnYHOCTH EMC-a y cBe Tpu repMuHaTHBHE

henmujcke nuHMjE: CIIEpMATO30UIU, CIIEPMATHJIC U CIIEPMATOIIUTE.

Ta6ena 6. YuectanocT NOJTHO BE3aHUX PEIECHBHO JICTATHUX MyTallja HAKOH TPeTMaHa My»Kjaka

Bpcre Drosophila melanogaster ca mupurnieruaom

Caxapo3za® EMC° Y teaxaposa/EMC  teaxaposaiEMC + M TEMC/EMC + M
| nermo X 150 110 92 6.9 0.13 6.72
Bpoj nerana 3 37 2 p <0.001*** p > 0.05 p < 0.001***
% nerana 2.0 33.03 2.17
Il mermo X 135 81 61 6.20 0.23 5.81
Bpojmerana 3 27 1 p<000l*** p>005 p<0.001%**
% nerana 2.22 33.33 1.64
1l nermo X 126 59 49 4.03 0.16 3.8
Bpojmerana 3 15 1 p<000l*** p>005 p<0.001%**
% nerana 2.38 25.42 2.04
[+HII+IIT X 411 250 202 9.9 0.17 9.87
Bpojmerara 9 79 4 p<0001*** p>005 p<0.001***
% merana 2.19 31.6 1.98

* Caxapo3a; HeraTuBHa KOHTpona, 1%;
6EMC; eTHJI MeTaHoCcyNn(OHAT, MO3UTHBHA KOHTpona, 0.75 ppm;
* M; mupunerus, 100 ppm.

Cratuctuuku 3HadajHe pasznuke: p < 0.001***

ITocT-TpeTMaH ca KBepUETHMHOM Yy KoHIeHTpauuju on 100 ppm craTHCTHYKM 3Ha4yajHO je
penykoBao (peKBEHIly PelleCUBHO JIETATHUX X-Be3aHUX MYTallija MHIYKOBAaHUX HaKOH TpPETMaHa ca

EMC-om y nopehemy ca HeratusHOM KoHTposioM (TaGena 7).
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Tabena 7. YdecTanocT NOJHO BE3aHUX PELECUBHO JICTATHUX MyTalllja HAKOH TpeTMaHa My»XKjaka

Bpcre Drosophila melanogaster ca kBepuerinaom

CaXElpO?,aa EMC6 K tcaxapo3a/EMC tcaxaposa/EMC +k  lemcEMC +K

| terso 150 110 89 6.9 1.52 5.2
Bbpoj neraa 3 37 6 p <0.001*** p>0.05 p <0.001***

% nerana 2.0 33.03 6.7

Il nermo X 135 81 72 6.2 0.8 5.1
Bpoj nerana 3 27 3 p <0.001*** p>0.05 p<0.001***

% nerana 2.22 33.33 4.2

Il nermo X 126 59 72 4.03 0.6 3.5
Bpoj nerama 3 15 3 p <0.001*** p>0.05 p<0.001***

% nerana 2.38 25.42 4.2

[+HI+HII = 411 250 233 9.9 1.5 10.0
Bpoj nerana 9 79 12 p <0.001*** p>0.05 p <0.001***

% nerana 2.19 31.6 5.2

* Caxapo3a; HeraTuBHa KOHTpoa, 1%;
®EMC; etun MeTaHoCya(oHaT, MO3UTUBHA KOHTpoa, 0.75 ppm;
*K; xBepuerun, 100 ppm.

Craructuuku 3Ha4ajHe paziuke: p < 0.001%**

Tperman ca py3smMapuHCKOM KHCEeIMHOM 24 cata HakoH TpermaHa ca EMC-om penykoBao je
(peKBeHIly TOJIHO BE3aHUX PELECHBHO JICTATHUX MYTallMja ca BUCOKOM CHrHH(UMKaHTHOImhy (P <
0.001***) y cBa Tpu jerna. Y mopehemy ca HEraTHBHOM KOHTPOJIOM OBa (DEHOJHA KHCEIHHA je
nokazana crnocobHoct 3amtute JHK on omrehewma u3a3zBaHOr TpeTMaHOM ca ainkuiupajyhum

arercom (Tabena 8).
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Tabena 8. YuectanocT NOJHO BE3aHUX PELECUBHO JICTATHUX MyTalllja HAKOH TpeTMaHa My»XKjaka

Bpcte Drosophila melanogaster ca py3smapuHCKOM KHCEIHHOM

Caxaposa® EMC(C® PK* teaxaposa/EMC  Leaxaposa/EMC + Pk TEMC/EMC + PK
| nermo 150 110 80 6.9 0.24 6.6
Bpoj nerama 3 37 2 p <0.001*** p > 0.05 p < 0.001***
% nerana 2.0 33.03 2.5
Il rerio X 135 81 91 6.2 0.65 6.4
Bpoj nerana 3 27 1 p <0.001*** p > 0.05 p <0.001***
% nerana 2.22 33.33 1.1
[l nermno 126 59 73 4.03 0.25 3.7
Bpoj nerama 3 15 2 p <0.001*** p > 0.05 p < 0.001***
% nerana 2.38 25.42 2.7
[HIHIT X 411 250 244 9.9 0.17 9.7
bpoj nerana 9 79 5 p < 0.001*** p>0.05 p < 0.001***
% nerana 2.19 31.6 2.1

* Caxapo3a; HeraTuBHa KOHTpoa, 1%;
®EMC; etun MeTaHoCya(oHaT, MO3UTUBHA KOHTpoa, 0.75 ppm;
" PK; py3mapuncka kucenuna, 100 ppm.

Craructuuku 3Ha4ajHe paziuke: p < 0.001%**

4.2.2. Aaxanna Bep3uja Komer Ttecta kox Drosophila melanogaster y in vivo

yCJIOBHMA

[Ipumenom ankanHe Bep3uje Komer eceja ytBphen je cremen omrtehema JIHK Ha ocHOBY
KBAJIMTATUBHE aHAJIM3e Iy)XHHE pena M KBaHTUTaTUBHUX mapamerapa (% JIHK y peny m nyxuna
pemna) y comatckuMm henujamu napsu Bpcte D. melanogaster.

Pacnonena koMeT Kiaca HaKOH TpeTMaHa ca METaHOJICKMM ekcTpakTom Omibke C. coggygria
npukazaHa je y Tabemu 9. ¥V ogHOCy Ha HeratuBHY KOHTpOJy, JapBe Tperupane ca EMC-om
MOKa3yjy BUCOK HMBO M€HOTOKCHYHOCTHM Ca JOMMHAIMjOM Kiaca 2, 3 u 4 (MakcuMyM olutehema).
Amnanmusupajyhu pacrnoseny KOMET Kjaca HaKOH TpeTMaHa Ca METaHOJCKHUM EKCTPaKTOM Yy

KoHIeHTpauuju oA 1%, eBuneHTHO je na cy "komere" ca omrtehemeM Koje ce Moxe Kinacu(ukoBaTu
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y kiace O u 1 (Bpno Hu3ak u HU3aK creneH omrehema JIHK) HajpacnpocTpamenuje u aa cy "komere"

ca cpemuM creneHoM omrehema (kiaca 2) peTke.

Tabena 9. ['eHoTOKCHYHHU epekaT METaHOJICKOT eKcTpakTa ousbke Cotinus coggygria npuMeHoM

KBaJIMTaTUBHUX TapaMeTapa

Tperman Hugo /IHK omrehema
Vkymnan ckop”

0 1 2 3 4

HeratuHa kontpona  92.1+0.72 7.9+0.40 0.00+0.3 0.00+0.00 0.00+0.00 7.9+1.8
EMC* 5.63+0.31 20.0£0.90 32.1+0.33 27.12+0.50 15.15+1.02 226.16+0.41"

C. coggygria excrpakt’ 85.6+0.20 12.2+1.35 2.2+0.42 0.00+0.00 0.00+0.00 16.6+1.04"

*EMC; et MeTaHOCYI(OHAT, TIO3UTHBHA KOHTpOJIa, | mM;

°C. coggygria excrpakr, Cotinus coggygria excrpaxr, 1%;

" PesyaTaTy peacTaBibajy CpEabY BPEAHOCT M CTAHAAPAHY JCBHjalijy TPH HE3aBHCHA
eKCIIepPUMEHTA.

*p < 0.05 y mopehemy ca HeraTUBHOM KOHTPOJIOM,

**p < 0.05 y mopehemy ca EMC-om.

VY Tabemu 10 mpukasan je edexaT MeTaHOJICKOI ekcTpakTa Ousbke C. coggygria Ha OCHOBY
KBaHTUTaTUBHUX napamerapa: % JIHK y peny u ayxwuna pena, y heawjama koje cy nobujeHe
M30JI0BalkeM IpeImber Jena 3aamer Hpesa JapBu Bpcre D. melanogaster. Cratictiuky 3Ha4yajHe
pasnuke y oJabpaHiM KBAaHTUTATUBHHUM IapaMeTpPHMa, Y OJHOCY Ha HEraTHBHY KOHTPOJY, C€ MOTY
yountd HakoH TpermaHa ca EMC-om. In VivOo TpermaH ca MeTaHOJCKHM ekcTpaktom Ouibke C.
coggygria y koHueHtpaiuju o1 1% HuUje y3poKOBao CTATHCTHYKH 3HAuYajHE MPOMEHE y OJHOCY Ha

HETAaTUBHY KOHTPOJIY.
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Tao6ena 10. ['eHOoTOKCHYHY eeKaT METaHOJICKOT eKcTpakTa Ousbke Cotinus coggygria npuMeHom

KBaHTHUTAaTUBHUX IapamMeTapa

Herarupma ~ EMC® C. coggygria
KOHTpOJIa eKCTpaKT6
% JHK y penry 9.42+0.70 17.3#1.33° 10.17+0.51"
Jlyxuna pema 4.2120.99  23.1+0.32°  5.04+0.217

Pesynrtatu npeacrasibajy cpeamny BPEAHOCT U CTaHAAPIHY JACBUJAIIN]Y
Y3 TPU HE3aBUCHA EKCIIEPUMEHTA.

*EMC; etnn Metanocy/1(poHaT, MO3UTHBHA KOHTpoa, | mM;

°C. coggygria excrpakr, Cotinus coggygria excrpaxt 1%.

“p < 0.05 y opeljersy ca HeraTHBHOM KOHTPOJIOM,

“p < 0.05 y mopehersy ca EMC-om.

4.2.3. Aaxaiana Bep3uja Komer TecTta koa anomHo mamoBa coja Wistar y in Vivo

yciaoBUMA

Edekar meranosckor ekcrpakra ousbke C. coggygria y koumentpamuju ox 500, 1000 u 2000

mg/Kg TerecHe TexxuHe mamoBa, 2, 12, 24, 48 u 72 cata HaKOH TpeTMaHa, prkaszaH je y Tabemu 11.

Tabesaa 11. ['eHOTOKCHYHOCT METAHOJICKOT eKcTpakTa Omsbke Cotinus coggygria npumenom Komer

eceja Ha maroBumMa coja Wistar

Permnu momeHar

Tperman
2 12 24 48 72

Heratnbha ontpona 3714292  3.67+0.91 2.62+0.25 3.33+1.74 2.75+154

C. coggygria ekcTpakT

500 mg/kg 3.98+2.44 3.3241.94 3.13+0.11 3.02+2.36 2.84+0.16
1000 mg/kg 17.32+1.16" 15.43+6.03" 11.72+0.13" 8.23+1.14" 6.73+0.15
2000 mg/kg 23.51+1.08" 19.65+2.61" 17.14+0.38" 13.31+1.2279.71+0.32"

Pesynratu npencrasibajy cpeliby BPeTHOCT U CTaHIapAHY JIeBUjallljy TPH HE3aBHCHA

CKCIICPUMCHTA.

“p < 0.05 y 0/IHOCY Ha HEraTHBHY KOHTPOIY.
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CraTHCTHYKH 3HAYajHE PA3JIMKE Y PEMHOM MOMEHTY y OJHOCY Ha HETaTUBHY KOHTPOIIYy CE MOTY
YOUHUTH HAKOH TpETMaHa ca MCIIMTUBAHOM J1030M ekctpakra Ousbke C. coggygria ox 2000 mg/kg
TellecHe TexuHe U ca mo3oM oa 1000 mg/kg. Hacympor ToMe, cTaTUCTHYKK 3Ha4ajHO moBehame y
pEeIHOM MOMEHTY HHje nmpuMmeheHo HakoH TpeTMaHa ca HajHwKkoM no3oM on 500 mg/kg tenecHe
Mace y CBMM BPEMEHCKHM HHTEpBaJMMa y OIJHOCY Ha HETaTHBHY KOHTPOJHY rpymy. Moxke ce
npuMetuTH 1a je omreheme JJHK 72 cara makon tpermana ca 500, 1000 u 2000 mg/kg teneche
TeXHHE 3HATHO Mame Hero 2 cata HaKOH TPETMaHa.

Cpenme BpeTHOCTH PEMHOT MOMEHTAa Yy y30pIlUMa jeTpe U KoluTaHe cpxku 24 u 72 caTa HaKOH
TpeTMaHa ca METaHOJICKHM eKcTpakToMm Omibke C. coggygria y konnentparuju oa 500, 1000 u 2000
mg/kg TtenecHe wMace mpukazane cy y Tabenm 12. YV rpynM KHBOTHE,A TpPETHPAHHX
HHTPANICPUTOHEATHO ca eKCTpakToM y KoHmeHTparuju oa 500 mg/kg tenecHe mace Huje youeHa
CTaTUCTHYKH 3HaYajHa pas3lIiKa y PEITHOM MOMEHTY Yy OJHOCY Ha KOHTpOJIHY Tpyiry. Y OJHOCY Ha
HEraTUBHY KOHTpPOJy, 3HaTHO MoBehawme Yy pernHOM MOMEHTY youeHo je 24 u 72 cara HaKkoH
TpeTMaHa ca ekcTpakToMm y koHreHTpamuju oa 1000 u 2000 mg/kg Tenecne mace. Tpeba ucrahu ga
ce 72 cara HaKOH TpeTMaHa yo4aBa OJard maj y BpeIHOCTUMA PEITHOT MOMEHTA, KaKO Y jJeTpH, TaKO

U y KOIITaHO] CPXKH, Y OJTHOCY Ha pEITHU MOMEHAT 24 caTta HaKOH TpeTMaHa.

Ta6ena 12. Pertau MmoMenar 24 u 72 caTa HaKOH TpeTMaHa allOMHO maroBa coja Wistar ca

METaHOJICKMM eKCTpakToM Omsbke Cotinus coggygria

Pennnu MmomMmeHar

Tperman Jetpa Komrana cpix

24 72 24 72
HeratuBHa koHTpOIA 2.7£0.2 2.7+0.2 5.4+0.25 5.4+0.25

C. coggygria ekcTpakt

500 mg/kg 3.1+0.11  2.84#0.16  5.80+0.17 5.6+0.12
1000 mg/kg 11.7#0.13"° 6.7#0.15  16.55+0.43°  13.8+0.40
2000 mg/kg 17.1#0.38" 9.6+0.32° 20.80+0.63"  17.5+0.36

Pe3ynrtatu mpeacrasibajy cpelilby BPeIHOCT U CTaHAApIHY JAE€BHjallijy TPU HE3aBUCHA
€KCIIEPUMEHTA.

“p < 0.05 y 01HOCY Ha HEeraTHBHY KOHTPOJTY.
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VY y3opimMa jeTpe )KUBOTHHbA TPETHPAHUX ca eKcTpakToM Ousbke C. COggygria y KOHICHTpaIju
ox 500 mg/kg TenecHe mMace, HUje YOUCHA CTATHCTUYKH 3HAYajHA pa3jivKa y YKYITHOM CKOpy u3mMely
TPETHPAHUX JKUBOTUHa M HerathBHe KoHTpoiie (Tabema 13). Behuna "komera" je Heomrehena
(xmaca 0), ca camo Hekosmko henuja ca MunumanHuM (kinaca 1) u cpeamum omtehemeMm (kitaca 2).
VY y3opuuMma jerpe xuBoTHa Tpetupanux ca 1000 u 2000 mg/kg koncraroBano je omreheme JJHK.
VY Tpynu KUBOTHEA TPETUPAHUX ca EKCTpakToM y KoHIieHtpaimju ox 1000 mg/kg TenecHe mace,
BU3YEJIHO C€ MOXE YOUUTH MPUCYCTBO "KomeTa" ca 3HaTHUM oluTehemem (kiace 3 u 4) y oiHOCY Ha
KoHTposiHYy Tpymy. Hajpumm HuBo omrehema JJHK 3abenexen je y rpynu XMBOTHEA KOje CYy

tperupane ca 2000 mg/kg TenecHe TexuHEe HAKOH 00a BpeMEHCKa HHTEpBAIa.

Taodena 13. ['eHOTOKCHYHH edeKaT METAaHOJICKOT ekcTpakTa ouibke Cotinus coggygria y jetpu

naroBa coja Wistar 24 u 72 cata HakKOH TpeTMaHa

Tperman Hugo JJHK omrehema Yxynan ckop

0 1 2 3 4

Heratusna kontposna 84.1+1.32 10.6+£0.40 6.30+0.3 0.00+0.000.00+0.00 23.20+1.10

C. coggygria exctpakT 24 cata HaKOH TpeTMaHa

500 mg/kg 78.8+0.42 15.6+0.44 5.60+0.16 0.00+0.00 0.00+0.00 26.80+2.30
1000 mg/kg 43.8+0.33 32.8+0.20 17.7+0.40 4.70+0.40 1.0020.21 86.30+0.83"

2000 mg/kg 27.2+0.26 38.8+0.34 25.7+0.39 6.10+0.19 2.01+0.21 116.50+1.14"
C. coggygria ekcrpakt 72 carta HaKOH TpeTMaHa

500 mg/kg 81.0+0.84 13.4+0.16 5.70+0.84 0.00+0.00 0.00+0.00 24.80+0.45
1000 mg/kg 41.6+0.26 45.0+0.42 10.1£0.18 3.10+0.24 0.00£0.00 74.50%1.14"

2000 mg/kg 30.4+0.32 47.2+0.35 16.6+0.37 2.90+0.24 1.03+0.25 92.10+1.22"

*Pe3ynTaTd MPEACTaBIbajy CPE/iEbY BPEIHOCT M CTaHAAP/HY JIE€BHjallljy TPU HE3aBUCHA
€KCIIEPUMEHTA.

“p < 0.05 y 01HOCY Ha HEeraTHBHY KOHTPOJTY.
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[Mpouenar "xomera" pacmopehenux y kmace, kKoje mpencTtaBibajy cremeH omrehema JJHK y
y30pIMMa KOIITaHe CpxKH, 24 u 72 cara HaKoH IN VIVO TpeTMaHa ca METAHOJCKHM CKCTPAKTOM
ousbke C. coggygria, mpeacrasibeH je y Tabenu 14. Ca nomunarmjom "komera" y kinacu 0 ¥ TOTOBO
0e3 mpucycTtBa KoMeTa y kiacama | u 2, MOXKe ce KOHCTaTOBAaTH Ja HE IMOCTOjU CTATUCTUYKU
3Ha4ajHa pas3iuka u3Mel)y KUBOTHEA TPETHPAHUX CA METAHOJCKUM EKCTPAKTOM Y KOHIIEHTPAIUjH
ox 500 mg/kg u HerpeTMpaHUX >KHUBOTHIA. [0 HMCTUM OKOJIHOCTHMA, Y TPYIH >KHBOTHIbA
tperupanux ca 1000 u 2000 mg/kg TenecHe TexKMHE, YOUCHO je CTATUCTUYKH 3HA4ajHO rmoBehame y

omrehewy /IHK y oqHOCY Ha KOHTpOIHY Tpyy.

Ta6ena 14. I'enoTokcuuHH eheKaT METAHOJICKOT eKcTpakTa ousbke COtinus coggygria y KomraHoj

cpxu naroa coja Wistar 24 u 72 cata HaKOH TpeTMaHa

Huso JJHK omrrehema Ykynan ckop’

Tperman
0 1 2 3 4

HerarnsHa xonTpoma 79.8+0.41 20.2+0.35 0.00+0.00 0.00+0.00 0.00+0.00  21.0+1.60

C. coggygria exctpakT 24 cata HaKOH TpeTMaHa
500 mg/kg 76.4+0.48 20.4+0.43 3.20+1.51 0.00+£0.00 0.00+0.00  26.8+0.24
1000 mg/kg 31.140.41 40.2+0.28 19.8+0.38 7.40+0.36 1.50+0.47 108.0+0.65
2000 mg/kg 27.4+0.48 32.1+0.27 30.2#0.33 6.60£0.20 3.80£0.42 127.5+0.43"
C. coggygria ekctpakt 72 cara HAKOH TpeTMaHa
500 mg/kg 72.2+0.58 27.7+0.47 0.00+0.00 0.00+£0.00 0.00+0.00  25.2+1.90
1000 mg/kg 42.3+0.42 47.3x0.43 8.70+0.40 1.90%0.42 0.00+0.00  70.4%+1.50"
2000 mg/kg 27.240.40 49.5+0.45 19.10+0.2 3.20£0.23 1.0120.26 101.3+3.60°

*Pe3ynTaTd MPEACTaBIbajy CPEe/iibY BPEIHOCT M CTAHIApAHY JCBUjaIi]y TPH HE3aBHCHA
€KCIIEPUMEHTA.

“p < 0.05 y 0HOCY Ha HEeraTHBHY KOHTPOJTY.

AHTUTEHOTOKCHYHA aKTHBHOCT METAHOJICKOT eKcTpakra Omipke C. COggygria m MupHIETHHA,
IJIaBHE KOMIIOHEHTE €KCTpaKTa, HCIUTHUBaHA je Ha TNalloBUMa TPETUPAHUM MHUPOTaiIosioM,
MHIYKTOpOM akyTHOT omtehema jetpe, y koHuentpamuju ox 100 mg/kg tenecne texxune. Mmajyhn
e —
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y Buay Ja je npuMeHoMm Komert Tecta yrBpheno na mo3a ox 500 mg/kg tenecHe TexxuHe He TOKaszyje
TCHOTOKCUYHY aKTHBHOCT, METAHOJICKH eKCTpakT Omibke C. cOggygria, y moMeHyTOj KOHLIEHTPALIUjH,
aruIupad je 2 u 12 caTu mpe TpeTMaHa ca MUPOTaioiaoM. MUpPHIETHH, Y KOHLEHTpAIUju Koja
0JIrOBapa KOHIIEHTPALUjU Y IOMEHYTO] JIO3H SKCTPAKTa, alUTUIMpaH je 2 win 12 caTu mpe TpeTMaHa
ca MUPOTAaJIOJIOM. JenaH caT HaKOH aIuTUIMpama MUPOTaioia, )KUBOTHILE CY )KPTBOBAHE.

Pacrioziena koMeT kiaca HaKOH TpEeTMaHa ca METaHOJCKHM ekcTpakroMm Omibke C. coggygria u
MUPHIICTHHOM 2 WK 12 caTu mpe TpeTMaHa ca MUpoTajoiioM npukasaHa je y Tabemu 15. ¥V omgHOCy
Ha HETaTUBHY KOHTPOJY, Y TPYIH >KHBOTHEA TPETHPAHUX Ca MUPOTAJIOJIOM YOUYEH je BUCOK HUBO
T€HOTOKCUYHOCTH ca JIOMUHAIUjoM kiace 3 u 4 (MmakcumyM omrtehewma). AHanu3upajyhu pacrnoaeny
KOMET KJIaca HaKOH TPeTMaHa ca METaHOJICKUM eKCTpakToM y KoHueHTpauju o1 500 mg/kg renecue
TeKHHE W MUPHUIETHHOM, 3ace0HO, 2 caTa Mpe TpeTMaHa ca MUPOTaJojoM, €BHAEHTHO je Ja Cy
"komere" ca omrehemeM Koje ce Moxke cBpcTaTH y kiace 0, 1 u 2 (BpJio HU3aK, HU3aK U CPEIAHU
creren omrehema JIHK, pecniekTBHO) HajpacmpocTpameHuje u 1a cy "KoMeTe" ca MaKCHMaTHUM
omrrehemeM (kinace 3 u 4) perke. HakoH TpeTMaHa ca HCTOM JI030M METAHOJICKOT €KCTPaKTa WM ca
MUPHIETHHOM 12 caTu mpe TpeTMaHa ca MUPOrajojioM BehmHa KomeTa ce MOKe CBPCTAaTH Y JBE
kinace: 0 (meomrehene "komere") m 1 (MuHumanmno omrehewe JIHK). Vikyman ckop y rpymm
KUBOTHIA KOj€ Cy TPETUpPAHE CaMO ca €KCTPAKTOM WJIM CaMO Ca MUPHILIETUHOM CTaTHUCTUYKU CE€ HE

pa3iuKyje oJ] YKyIHOT CKOpa HEeraTUBHE KOHTpOJIE.
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Ta6ena 15. AHTUTEHOTOKCHYHH epekaT METaHOJICKOT eKcTpakTa Ousbke Cotinus coggygria u

MupuLeTHHa 2 U 12 caTh HaKOH TpeTMaHa ca MUPOrajojioM MIPUMEHOM ankanHe Bep3uje Komer

Tecrta y in Vivo ycioBuma

Crenen JJHK omrehema YKynaH ckop
Tperman
0 1 2 3 4
HeraTuBHa KOHTpONa 73 53+40.02 26.50+0.12 0.00+0.00 0.00+0.00 0.00+0.00 26.50+0.14~
Tuporasnon 0.00+0.00 3.44+0.40 4.62+0.43 44.53+0.43 47.53+0.62 336.40+4.71"
C.coggygria 2 cata  14.00+0.72 57.64+1.11 21.04+0.72 4.28+0.82 2.16+0.43 121.20+2.65"
Ipe NUporauoJia
C. coggygria 12 catn 42 22+0.87 47.72+0.87 8.66+0.44 1.48+0.71 0.00+0.00 69.50+1.22"
Ipe NUporauoJia
Mupunerns 2 cata 12 90+1.02 58.10+1.04 25.81+0.51 3.22+40.04 0.00+0.00 119.40+0.02°
Ipe NUporauoJia
Mupunerus 12 catn 66.70+0.32 33.33+0.27 0.00£0.00 0.00+0.00 0.00+0.00 33.33+1.23"
Mpe MUpOorasoia
Mupuners 2 cara 78:05£1.21 27.96£0.60 0.00+0.00  0.00£0.00 0.00+0.00 27.96+1.02™
Mupuueris 12 carn  74.50£0.05 25.53%1.32  0.00+0.00 ~ 0.00+0.00 0.00+0.00 25.53+0.12™"
C. coggygria 2 cara 73-300.21 24.40+1.04 2.32+0.00 0.00£0.00 ~0.00+0.00 29.04+1.20™
26.70+0.00 1.11+0.14 0.00+0.00 0.00+0.00 28.90+0.61"

C. coggygria 12 caru 2.2%0.43

*Pe3ynTaTu MPEACTaBIbajy CPEIbY BPEAHOCT M CTAHIapAHYy JEBUjallM]y TPH HE3ABHCHA

CKCIICpUMCHTA.

*
p <0.05 y nopehemy ca HEraTUBHOM KOHTPOJHOM T'PYIIOM >KHMBOTHbA,

p <0.05 y nopehemy ca rpyrnom KUBOTHIA TPETHPAHUM Ca TUPOTATIOIIOM.

IMpouenar penykimje (%P) y yKymHOM CKOpY je 3HAaTHO eKchpecuBHHjer Kapakrtepa (86.1 u

97.8%) y rpynu XUBOTHHA H3JI0KEHUX MUpOrajgony 12 caTM HAKOH TpeTMaHa ca METaHOJCKHM

eKCTPAKTOM WJIH MHUPHIIETHHOM M Mambe ekcripecuBHOr (69.3 u 70.1%) 3a excrniepuMeHTaIHE TpyIie

TpeTHpaHe MUPOTaojoM 2 caTa HaKOH alUIMIMpama METAHOJICKOT eKcTpakTa Ouibke C. coggygria

i mupuiietuHa (Crnuka 10).
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OC coggyeria 2 u12 cati npe TpeTMaHa ca MHPOTATOIOM

pMupimeTiH 2 112 caTi Ope TpeTMaHa ca IIMPOoTaToIonM

120
100
%P 80
60
40
20
0

2 cata 12 catm
Tpetman

Cauxka 10. ITpouenar penykuuje (%P) JHK omrehema HakoH TpeTMaHa ca METAHOJICKHM
excTpakTom Omibke Cotinus coggygria u mupuiieTiHoM 2 ul2 catu npe TpeTMaHa ca

UPOTaIoIOM

[Ipumenom ankanHe Bep3uje KomeT eceja m KBaHTHTAaTHBHUX Iapamerapa YTBpHEHO je 1a Jin
IpeTpeTMaH ca METaHOJICKMM eKcTpakToMm Omibke C. coggygria moxe moBectu a0 penykiuje y JJHK
omTehery HaKOH aIuTIMPamba MTUPOTANIoIa.

VY Tabenu 16 npukasaH je ehekaT METaHOJICKOT ekcTpakTa omsbke C. COggygria HaKOH TpeTMaHa
ca 500 mg/kg TtenecHe TexuHEe 2 WiIM 12 caTH Mpe TPETMaHa ca IMUPOTAIOJIOM Ha OCHOBY
KBaHTUTATUBHUX nmapameTtapa: % JIHK y peny u nyxuna pena y henujama jerpe mamosa coja Wistar.
Ammuiupame nuporanona y kouueHtpanuju ox 100 mg/kg TemecHe TeXHHE YCIOBHIA je
CTaTUCTHYKU 3Ha4YajHO moBehame y KBAaHTHUTATUBHUM IlapaMeTpUMa y OJHOCY Ha HETaTHBHY
KOHTpOJIy. 3HauyajHO CMameme je mnpuMeheHO KO JKMBOTHEbA TPETHPAHUX Ca METaHOJICKUM
excrpakToM Omibke C. coggygria 2 miam 12 catu mpe ammmnupama nuporaioia. In vivo tpermad ca
METaHOJICKMM ekcTpakTtoM Ousbke C. coggygria y xonuentpauuju og 500 mg/kg Huje y3poKoBao

CTaTUCTHYKHU 3HaqajHe IMPOMCHC Y OAHOCY Ha HCTATUBHY KOHTPOJIY.
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Ta6ena 16. Edexar nuporaiosyia u mpeTpeTMana ca METaHOJICKAM eKcTpakToM Ousbke Cotinus

coggygria na crenex /IHK omrehema y jerpu maroa coja Wistar

Herarusna ITuporanon C. coggygria C. coggygria C. coggygria

koHtpoma 100 mg/kg  ekcrpakr 2  ekcrpakt 12 excrpakt 500
TEJIECHE cara mpe caru ipe  Mg/Kg Tenecue
TEKMHE  TpPETMaHa ca TPETMAaHa ca  TEKHHE

MMUPOTaAJI0JIOM IIHUPOTaJI0JIOM

% JIHK y penry*  7.43+0.26 51.3+1.01° 26.8+0.66  12.9+0.54 8.67+0.26
Jyxuna pema  12.820.25 105.242.01° 46.4+0.337 22.2#1.42"7 13.4+0.32"

*PesynraTd TpeNCTaBibajy CPEAbY BPEAHOCT W CTaHAAPAHY IEBUjAlUjy U3 TPH
HE3aBHCHA €KCTICPUMEHTA.
“p < 0.05 y opeljersy ca HeraTHBHOM KOHTPOIIOM,

p < 0.05 y mopehemy ca rpynom KUBOTHE»A TPETHPAHUX Ca TTUPOTATIOIOM.

[IpuMeHoM joml jeTHOT KBAaHTUTATHBHOT TapaMeTpa, PErmHOT MOMEHTa, YTBpheHo je ma mpe-
TPETMaH ca METAHOJICKMM eKkcTpakToM Ousbke C. coggygria u mpe-TpeTMaH ca MUPUIICTUHOM MOXE

na samruta JJHK o omrrehema HakoH arumiparma nuporainoia (Ciuka 11).
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Cauka 11. [lerexuuja IHK omrehemwa y jeTpu maioBa npuMEHOM PETTHOT

MOMEHTa HaKOH TPETMaHa ca METaHOJICKUM eKCTpakToM Ousbke Cotinus

coggygria u mupureTaHoM 2 U 12 caTu Iipe TpeTMaHa ca IMUPOTraIooM

*p < 0.05 craTucTUYKK 3HAYajHA pa3iivKa y OJJHOCY Ha HETaTUBHY KOHTPOJTY.

Tperman ca nuporanoaoM UHAYKYje CTATUCTUYKU 3Ha4YajaH MopacT BPEAHOCTU PEITHOT MOMEHTA
y OQHOCY Ha HEraTUBHY KOHTPOJy. 3HAYajHO CMameme |6 MpUMeheHO y eKCIepUMEHTATHUM
rpyrnaMa TpeTHpaHHUX ca METaHOJICKUM eKcTpakToM Omsbke C. coggygria u MupuieTuHoM, 2 win 12

caTu IIpe annHKaque ImruporajioJa. In vivo TpE€TMaH Ca MUPHULICTUHOM HI/Ije Y3POKOBAO CTATUCTUYKHU

3HaLIajHC MMPOMCHC y OJHOCY HAa HETATUBHY KOHTPOJY.
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4.3. AHTHMHUKPOOHA aKTHBHOCT METAHOJICKOT eKcTpakTa ouibke Cotinus coggygria

300T pe3uCTEeHTHOCTH OaKTepHja Ha BEJIHKH OpOj aHTUOMOTHKA, alli U CIIOCOOHOCTH OMJbaka Jia
CUHTCTHINTY OMOJIOIIKM aKTUBHE MaTepuje, cBe Behm 3Hauaj no0uja mpuMeHa mperapara OWJbHOT
MOPEKJIa y KOHTPOJIH U Cy30ujamy OakTepuja.

AHTUMUKpPOOHA AaKTHBHOCT METAHOJICKOT eKcTpakra Omsbke C. coggygria, mpuMEeHOM METOjie
mdy3rje ca MIIHHAPUMA U Makpo JUIYIIMOHE METOJe Ha m3abpaHe KyaType OakTepuja W TJbHUBA,

npukaszana je y Tabemama 17 u 18.

4.3.1. AHTHMHKPOOHA aAaKTHBHOCT eKcTpakTa 6mibke CoOtinus coggygria mpumeHom

audy3none meroae

Mertanosicku excTpakt omsbke C. coggygria y konmenTapiuju oa 500 pg mokasao je akTHBAaHOCT
npemMa CBMM HCIHMTHBAHUM TAaTOTCHUM M (uTOmaToreHuM Oakrtepujama u ribuBama A. glaucus, F.

oxysporum, P. cyclopium u T. viride ca 30H0OM HHXHOHIIMjE Y HHTEpBaAITY 07 8 10 18 mm.
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Ta6ena 17. AHTUMUKPOOHA aKTUBHOCT METAaHOJICKOT eKcTpakTa ousbke Cotinus coggygria

MuxkpoopranuzmMu 3one nuxuGHImje (mm)™>*

Konnenrpanuja ekcrpakra (Mg)  Crammapa (Ug)

150 300 500 1000 100
Bbakrepuje
S. aureus (IHP) 1410 605 9405 26.0+1
B. subtilis (IHP) 0 8+1 9405 30.0+1
K. pneumoniae (B 26) 0 0 10+0.5 31+0.5
E. coli (ATCC 25923) 29+1.0 15+0.5 17+0.5 36+0.1
S. aureus (ATCC 25923) 15+0.5 19+0.5 10%0.5 32+1.0
M. lysodeikticus (ATCC 4698) 20+0.5 8+0.5 18+0.5 40+0.5
P. fluorescens (B 28) 0 9+1.0 10+1.0 14+1.0 20+0.5
P. glycinea (B 40) 0 8+0.5 9+0.5 11+0.5 24+0.5
B. mycoides (B 1) 0 8+0.1 10+0.1 15+0.2 25+0.1
E. carotovora (B 31) 0 8+0.2 9+0.2 14#0.1 22+0.1
A. tumefaciens (B 11) 0 8+0.5 10+£0.5 13+0.5 26+0.1
A. chlorococcum (B 14) 0 9+1.0 9+0.5 13+0.5 20£0.5
E. cloaceae (B 22) 0 8+0.2 11+0.1 13#0.1 23+0.1
I'sbuBe
C. albicans (ATCC 10259) 0 0 0
T. viride (SB11) 0 0 16+0.2 0 32+0.5
T. harzianum (SB12) 0 0 0 14+0.5 26+0.1
P. chrysogenum (SB22) 0 0 0 9+0.5 20+0.5
P. cyclopium (SB23) 0 0 9+0.5 14+0.5 28+0.5
A. glaucus (SB32) 0 0 8+0.4 10+0.4 27+0.5
F. oxysporum (SB91) 0 9+0.5 12+0.5 13+0.5 29+0.5

*Pe3ynTaTH MpeicTaBsbajy Cpeiiby BPEIHOCT TPH MEPEHA;
Sugr 0JICYCTBO aHTUMHUKPOOHE aKTUBHOCTH;

" Heratusna xoutona (5% DMSO);

"Cranmapa: Amparun, 100 pg 3a 6akrepuje 1 Hucratun 100 g 3a ribuse.
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3HavajHy OCET/BMBOCT IIpeMa JIjCTBY METAHOJICKOT EKCTpakTa Imokasaia je ['pamM HeratuBHa
0aktepuja E. coli (mpu koHueHTpanuju excrpakra oa 150 u 500 pg 30He HHXUOUIIKjE Cy U3HOCHIIC
29 u 17 mm, pecriektuBHo) U M. lysodeikticus (mpu xonuenTparuju excrpakra o 150 u 500 pg 3oHe
naxubummje cy uznocwie 20 u 18 mm, pecnektuBHO). CBe huromarorene GakTepuje Cy OCETIHUBE
Ha TPHCYCTBO eKcTpakra y KoHmeHTpanmuju ox 300 mo 1000 pg. Hajpeha konmenTpamnmja
MeTaHoJickor ekcrpakTa (1000 pg) mokaszana je 300y nHXHOUIMje y mHTepBany oa 11 mo 15 mm.

Mertanosicku exctpakt Omsbke C. coggygria y konmentpamuju ox 500 pg mokaszao je
aHTH(yHTaJIHYy aKTHBHOCT Cca 30HaMa MHXHOHUIMje y nHTepBaay oA 8 mm (3a A. glaucus) mo 16 mm
(3a T. viride). ITpu xouteHTparmju excrpakta o 1000 pg 30He HHXUOUIH]E Cy OWIIe y HHTEPBAITY OJ1
9 mm (3a P. chrysogenum) mo 14 mm (3a T. harzianum u P. cyclopium). C. albicans je y

MOTITYHOCTH OTIOpaHa Ha TPHCYCTBO CBUX HCIIMTHUBAHMX KOHIIGHTpaIMja ekcrpakra Omipke C.

coggygria.

4.3.2. AHTHMHKPOOHA aKTHBHOCT eKcTpakTa omibke CoOtinus coggygria mpumeHom

AUJTYIHHOHE METOI€

Munumanne wHxuOutopHe xkoHneHtpanuje (MIC) oxapehene cy 3a cemam omaOpaHuUx
WHINKATOPCKUX COjeBa KOje Cy TMOKa3ajie OCETJBUBOCT Yy MPETXOJHOM HCIUTHBamWmYy. M3 pesynrara
npukazanux y Tabemun 18 youaBa ce ja MeTaHOJCKH ekcTpakt Ousbke C. coggygria mokasyje
AHTUMHUKPOOHY aKTUBHOCT Yy OTICETy KoHIeHTpanuja ox 125 mo 250 ug/mL. Hajsehy ocersbuBocT
IpeMa METaHOJICKOM eKcTpakTy Omibke C. coggygria mokasana je 6axrepuja B. subtilis u risusa T.
viride (MIC = 125 ug/mL), nok cy HajMamy OCET/BHMBOCT IOKa3zaie Oakrepuje S. aureus, K.
pneumonia, E. coli u M. lysodeikticus (MIC = 250 pg/mL).
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Tadena 18. Munumanne uaxudutopue konuentpauuje (MIC, pg/ml) meranosckor excrpakra

ouspke Cotinus coggygria y in vitro yciosuma

MuKpoOopranu3mMu MIC* (ug/ml)

C. coggygria Cranmapa’

E€KCTPaKT
bakrepuje
S. aureus (IHP) 250 2.5
B. subtilis (IHP) 125 1.25
K. pneumonia (B 26) 250 0.625
E. coli (ATCC 25923) 250 0.625
S .aureus (ATCC 25923) 250 1.25
M. lysodeikticus (ATCC 4698) 250 1.25
I'seuBa
T. viride (SB 11) 125 5

*MIC - MuHKMMaTHa HHXUOUTOPHA KOHIIEHTpALH]a,

® Cranmapy - AMpanuH 3a 6akrepuje 1 Hucrarus 3a ropuse, 5 pg/mL.

4.4, AHTHOKCHIATHBHA aKTHBHOCT METaHOJICKOT eKcTpakTa ouibke Cotinus coggygria

4.4.1. AHTHOKCHIATHBHA AaKTHBHOCT METAHOJICKOI eKCcTpakTa Ombke Cotinus

coggygria mpumenom DPPH metoze in vitro

AHTHOKCHIaTHBHA aKTHBHOCT METAHOJCKOT ekcTpakta Owsbke C. cOggygria wcmuTHBaHa je

MetogoM Heyrpanuzauuje DPPH paaukana. OnpehuBame kanmanurera Heyrpanuzanuje DPPH'

panukana je Meroja Koja 300T cBOje Ta4HOCTH, Op3MHE M KomeplujanHe noctynHoctu DPPH

pcarcica MMa MHUPOKY MNPUMCHY Yy HUCIUTHUBAIbUMA AHTHOKCUIATHUBHOT HOTGHHI/IjaHa IMPUPOAHUX

IIPOU3BOJIA.
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Cauka 12. YTuiaj meTaHOJICKOT eKcTpakTa ousbke Cotinus coggygria na

tpancdopmanujy DPPH’ pagukana

Makcumanan edekar MHXHOWIMje METaHOJCKOT ekcrpakra Omibke C. coggygria ma DPPH

paaukaie je oko 95%, oK je MaKCMMaJIHa KOHICHTpaIija nHXxuouuje oko 125 pg/ml (Cnuka 12).

4.4.2. In vitro xejgamuMoHa AKTHBHOCT METAHOJICKOI eKcTpakTa Ombke Cotinus

coggygria

Joun Fe** Mory na MHHUEpajy peakuujy JMIHAHE MepokcHuamuje MEHTOHOBOM PEaKIHjoM
(H,0, + Fe** — Fe** + OH™ + OH"), ka0 u 1a yop3ajy pasrparsy JTHIHIHAX EPOKCHIA, Y IIPABILY
CTBapama MEePOKCH M aIKOKCH pajdKalia Koju Aajbe Bpiie nponaranujy (151). Crora ce cmatpa na je
Xenaiyja jemaH oJf 3HAYajHUX MexXaHW3amMa aHTHOKcHaaTHBHe aktuBHOCTH (152). V  muiby
yTBphuBama MOTEHIMjaJIHE CIIOCOOHOCTH CaKyIbamkba CIO00JHUX pajuKala HCIUTUBaHA je
XeNalMoHa AaKTHBHOCT METaHOJICKOr ekcTpakTa Omibke C. coggygria. XemampoHa aKTHBHOCT
METaHOJICKOT ekcTpakTa ousbke C. coggygria ce mosehasa ca mopactom koHuenrtparuje g0 20 ng/ml,

NP OBOj KOHILICHTPAIM)H XENAIlMOHA aKTHBHOCT eKcTpakTa u3Hocu 78% (Cruika 13).
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Cauka 13. Xenainona akTHBHOCT METaHOJICKOT eKcTpakTa ousbke Cotinus coggygria

4.4.3. In Vitro penyKTHBHA AaKTHBHOCT METAHOJICKOT eKCTpakTa Omsbke Cotinus

coggygria

PeaykTuBHA CIIOCOOHOCT METAHOJICKOT eKcTpakTa Omibke C. COggygria je o BEITUKOr 3Havaja 3a
AHTHOKCUJIATUBHO (PYHKIIMOHHUCAME Y IN VIVO yciaoBuMa. CIIOCOOHOCT eKCTpakTa Ja TpaHC(hOpMHUILE
Fe?* y Fe®* y nopehemy ca NUCTEeHMHOM, KOJU TOCenyje 3HadyajHy aHTHOKCHIATHBHY aKTHBHOCT,
npukazana je Ha Cnunu 14. Ca mopactoM KoHIEHTpalije nmopehaBa ce  pelyKTHBHA aKTHBHOCT
eKcTpakTta y mopehemy ca mucTeMHOM, Kao cranaapiom. I[lpu kourentpamuju ox 60 ug/ml,
METaHOJICKH eKCTpakT Omsbke C. coggygria mokasyje ckopo aymio Behy peayKIMOHY aKTHUBHOCT Y

OJHOCY Ha HUCTCHUH.
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Cauka 14. PeaykTHBHA aKTHBHOCT METAHOJICKOT eKcTpakTa Ousbke Cotinus coggygria

4.5. MexaHU3MH XeNnaTONPOTEKTHBHE AKTHUBHOCTH METAHOJICKOI EKCTPaKTa OW/bKe

Cotinus coggygria

Y 1mwby yrBphHBama MOTCHIUWjaTHUX MEXaHMW3aMa XCMaTONPOTEKTUBHE aKTHBHOCTH
METaHOJICKOT ekcTpakta Ousbke C. coggygria, HakoH omTehema jeTpe HacTalor TPETMAaHOM ca
MUPOTAJI0JIOM, MEpPEHa je AaKTUBHOCT €H3MMa MapKepa XeMaTOTOKCHYHOCTH; KOHIICHTpAaIlHja
OmnupyouHa U reoxkha y KpBHOM CepyMy; HHTEH3UTET OKCHUIATUBHOT cTpeca (MEpeHOT KpPO3 HUBO
JIMIHHE TIEPOKCHIAIIN]E U AHTHOKCHUIATUBHUX €H3MMa) M eKCIpecuja akyTHO (a3uux nmporeuna (Hp

1 o2M) u Tpanckpunuuonux ¢gakropa NFxB u Akt.
4.5.1. BUOXeMHUjCKH MapaMeTpH y cepyMy manosa in vivo

VY nuspy carnenaBama omtehema henuja jerpe HaKOH TpeTMaHa ca MUporajiosoM, npaheHa je
aKTUBHOCT  XEeMAaTWYHUX  €H3MMa  (acmaprarT  aMmMHHOTpaHcamuHaze —  AST,  amaHuH
amuHOTpaHcamuHaze — ALT u ankanne ¢docdaraze - ALP) u koHIeHTpaija yKymHOT U ¢epo
rBoxkha, 10K je xematoOwidjapHa (yHKIMja jeTpe npaheHa Npexko MpOMEHa y KOHLEHTpAIUju
YKYIHUX OUIHpPYOHHA y CEpyMy.

3HavajHO NoBehame y KOHIIEHTpaIMju YKymHOT U (epo roxkha y cepymy mamnosa (1.58 u 1.52
MyTa, PeCIEeKTUBHO) YOUEHO j€ HAKOH aJJMMHHUCTpAIlHje nmuporajoia y koHuentpauuju ox 100 mg/kg
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(Tabena 19). MuTpanepuToHeanHa aruidKaluja METaHOJCKOT ekcTpakTa Omibke C. coggygria mpe
TpeTMaHa ca MHUPOTaJOJOM CTAaTUCTHYKU 3HAYAjHO j€ pEAyKoBajla BPEAHOCTH CEPyMCKOT rBoxbha:
KOHIIEHTpalMje YKymHor u ¢epo rBoxha y cepymy cy, pecnektuBHo, 1.07- u 1.33- myra (mpe-
TpeTMaH 2 cara npe TperMaHa ca nuporanoiom) u 1.05- u 1.15- nyra (npe-tpetman 12 catu mpe
TpeTMaHa ca MUPOTaJojOM) W3HAJ KOHTPOJHE BPETHOCTH. AIMHUHHCTpAlHja caMO METaHOJCKOT
excrpakra Ousbke C. COQggygria He JOBOAM JO 3HAYAjHHX MPOMEHA y KOHLUEHTPALUjH YKYITHOT WM

depo rBoxkha y cepyMy y 0JIHOCY Ha HETAaTUBHY KOHTPOITY.

Tadena 19. VkynHo u depo rBoxxhe y cepyMmy manoBa TpeTUPaHUX eKcTpakToM Oousbke Cotinus

coggygria u muporaaoioMm

VYkynHo reoxhe Fe*
(Hg/dl) (Hg/dl)
HerarusHa KoHTpOJIa 172.65+0.50 52.33+0.23
Tuporano 273.40+1.08" 79.70+0.30"
C. coggygria 2 cara pe muporaola 184.80+0.437  68.90+0.16
C. coggygria 12 catu npe muporanoia 181.10+0.40°  60.20+0.53"
C. coggygria ekcTpaxT 173.60+1.70°  53.60+0.73"

Pesynratu npencrasibajy cpeliiby BPEIHOCT U CTAHIAPIHY JICBUJAIN]Y U3 TPU
HE3aBHCHA EKCIIEPUMEHTA.
“p < 0.05 y 0HOCY Ha HEraTHBHY KOHTPOILY,

“p < 0.05 y 01HOCY Ha IUPOTANOI.

XenaronpoTeKTHBHA aKTHBHOCT METAHOJICKOT ekctpakra Owsbke C. coggygria v MHpHIETHHA
npukasana je y Tabenu 20. Ananuza OMOXeMHjCKUX MapameTapa y CepyMy KOJ €KCIIepUMEHTAIIHE
rpyme ManoBa TPETHPAaHUX MHUPOTAIOJIOM IOKa3yje CTaTUCTUYKH 3HauyajHEe MOBMIIEHE BPEIHOCTU
AST, ALT, ALP u ykynHor ounupy6una 3a 1.53-, 2.4-, 1.9- u 3.2-nyra uzHaj 6a3ajiHe BpeIHOCTU
UCTUX Mapamerapa Kol KoHTposHe rpyme mnamosa (p < 0.05). V cepymy mamoBa TpeTHpaHHX ca
METAHOJICKUM €KCTpakToM 2 wiu 12 caTtu mpe TpeTMaHa ca MHpOrajojioM, YOUYEHO j€ 3HayajHo
CMamelke y BpEIHOCTHMA TpaHCAMHUHAa3a, alkainHe ¢ocdaTase U ykynHor ownmpyouna 1.2-, 1.61-,
1.60- u 1.71-nyra (y rpynu TpeTupaHoj 2 cara mpe TpeTMaHa ca nuporaioiom) u 1.04-, 1.06-, 1.48-

u 1.01-nyra (y rpynu Tperupanoj 12 catu mpe TpeTMaHa ca MUPOTalOIOM) M3HAJI KOHTPOJIHHUX
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BpenHOCTU. TperMaH caMo ca €KCTPaKTOM HHje JOBEO Ja 3HAYajHUX NPOMEHa y BpEIHOCTUMA
CEepyMCKHUX eH3UMa. TpeTMaH ca MUPUIIETUHOM IIpe aruTuKaIKje MUporanoia CTATUCTUYKU 3HAYajHO
je cmamuo Bpeauoctu AST, ALT, ALP u ykynuux ounupy6una: 1.08-, 1.48-, 1.41- u 1.08-nyra (y
TpyIU TPETHPAHO] 2 caTa Mpe TpeTMaHa ca nuporainosiom) u 1.05-, 1.25-, 1.32- u 1.04-nyra (y rpymnu
TpeTtupanoj 12 caTu mpe TpeTMaHa ca MUPOTaJIoIoOM) y OJHOCY Ha KOHTPOJIHE BPEIHOCTH. AHamu3a
OMOXEMHJCKHX IapaMerapa y cepymMy KOJA TpyIle ManoBa TPETUPAHHUX CaMO Ca MHUPHIIETUHOM
nokasyje Bpeqaocti AST, ALT, ALP u ykymHor OunnpyOrHA KOje c€ CTAaTUCTHYKU HE Pas3NIuKYjy Ol

HETaTUBHEC KOHTPOJIC.
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Ta6ena 20. AST, ALT, ALP u ykynuu OnnupyOuH y cepyMy HaroBa TPETUPAHUX EKCTPAKTOM

ouspke Cotinus coggygria 1 MUPUIIETUHOM

AST ALT ALP UB
(U/L)? (U/L)° (U/L)® (umol/1)"
Herarusua kontpona 164.9+44.207 39.4+0.917 233.2+0.86~  2.18+0.24™

Tuporason 252.2+46.74°  93.6+0.86°  442.0+0.65  6.91+1.05"

C.coggygria 2 cara 192 5+4141™ 63.9+0.62" 373.3+0.53" 3.74+0.33"
IIpe Uporazoia

C. coggygria 12 catn 171 64551 41.9+0.817 347.1+1.217 2.20+0.47"
Ipe nuporaiaoia

Mupunerun 2 cata  178.240.65~ 58.2+1.027 327.9+1.25" 2.37+0.24"
Ipe nuporasoia

Mupuuernn 12 catn 173 74344  49.1+0.54™ 307.1+0.79” 2.26+1.02"
Ipe NUporauoJia

Mupuuerns 2 cata  169.3+0.537  50.2+0.237  241.2+0.48"  2.08+1.57"
Mupuuerns 12 catn 165.4+0.797  41.0+1.507 251.941.40°  2.24+0.64"
C.coggygria 2 cara 171.5+1.02" 51.2+1.27 261.0+0.26 3.01+1.12"

C. coggygria 12 catn 170.6+1.26°  37.842.47  269.9+0.66 2.40+0.28"

Pesynratu npencraBibajy cpeliiby BPEIHOCT U CTAHIAP/IHY JICBUjAIN]Y U3 TPU HE3aBHCHA
EKCTIEpUMCHTA.

* AST; aciaprar amuHOTpacdepasa;

® ALT; ananus amuHOTpaHcepasa;

® ALP; ankanne ¢ocdarasa;

"UB; ykymHu OunpyOuHH.

“p < 0.05 y oHOCY Ha HEraTHBHY KOHTPOIY,

“p < 0.05 y 01HOCY Ha THPOTATIOI.

4.5.2. PeJaTUBHA KOHLIEHTPALMja U eKCIpecHja aKyTHO (pa3HUX MPOTenHAa y cepymy

U jeTpH nmamnosa

VY oaroBopy Ha HH(pIamanujy, Kao cacTaBHH Je0 oJ0paMOeHMX MeXaHHW3aMa y OpraHu3my,
nokpehe ce cres norahaja mo3HaT Kao aKyTHO-(a3HH OJrOBOP Y OKBUPY KOTa C€ Y jeTpU CHHTETHIIEe
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rpyma mpoTerHa O3Ha4eHa Kao akyTHO ¢a3Hu mpoTewHH. CTynuje MoKazyjy Ja ce CBE MPOMEHE Y
XEMaTOLUUTHMa, TOKOM aKyTHO (ha3HOT OJroBOpa, OJHOCE HA MPOMEHE HHBOA CHHTE3€ MPOTEHHA, Ca
jeaHe cTpaHe, OK ce ca Apyre, Memajy HUBOU MPOTEHHA KOjU Cy, MHa4Ye, HOPMAJIHO MPHUCYTHU Y
OBOM Opraty, Kao CTpyKTypHO-(pYHKIIMOHAJIHE KOMIIOHEHTE XETaTOLNTA.

[IpumeHOM jeAHOAMMEH3MOHATHE HMYHOENEKTpodope3e Ha CcepymMy IManoBa JETEKTOBAH je
HajBehn mopact Ba BaxkHa aKyTHO (pa3Ha peakTaHTa, XanTOIJIOOWHA M 0o-MaKporiao0ynuHa, 24 cara
HAKOH TPETMaHa ca METaHOJCKUM ekcTpakToM Omibke C. coggygria (Cinuka 15), mto KopecrnoHaupa
ca HajBMIIOM BpeaHoiihy XanTorioOuHa u op-MakporioOymuHa y jerpu (Cnmka 16). HwuBo
HCIUTUBAHUX aKyTHO (ha3HMX MPOTEHWHA CE€ BpaTHO Ha 0a3ajiHM HUBO 72 caTa HAKOH TpeTMaHa ca
eKCTPaKTOM. BpemHocTH XanTorio0nHa U 0p-MaKporiioOyIuHa Ouiie Cy HIKE O] BpEAHOCTH HaKOH

TpeTMaHa ca TePIEeHTUHOM, CTaHIapAHUM UHIYKTOPOM aKyTHO (pa3HOT OJroBOpa.
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Cauka 15. PenatuBHa KoHLeHTpanyja xantoraoouna (Hp) u op-
MakpornoOynuHa (02M) y cepyMy maioBa TPETUTPAHUX Ca METAHOJICKUM
excTpakToM Ormibke Cotinus coggygria
Rocket umyHoenekrpodopesa ca aHTH-XaNTOTJIOOMH U aHTHU-0-MaKPOTJIO0YIHH
antutenuma. Kosnona 1: HeraTuBHa KOHTpoJa; KojoHe 2, 3,4 u 5: 12, 24,48 u 72
cara HaKOH TpeTMaHa ca METAaHOJCKMM eKcTpakToM Omibke C. coggygria,

PECTIIEKTUBHO; KOJIOHA 6: 24 caTa HAKOH arjIuKalije TepIeHTHHA.

*p < 0.05 cTaTuCTUYKU 3HAYajHA PA3JIMKa y OJTHOCY HA HETaTUBHY KOHTPOJLY.

I/IMYHO6J'IOT aHaju3a jeTpe ca aHTH-XaIllTOTJIO0UH U aHTI/I-(X.z-MaKpOFJIO6y.HI/IH AHTUTCIINMA, HAKOH

TpeTMaHa ca METaHOJICKMM eKcTpakToM Omibke C. coggygria, npukasana je Ha Coumu 16. Tperman
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ca METaHOJICKUM eKcTpakToMm Omsbke C. coggygria moBeo je o mopacTta y HUBOy 00a akyTHO-(a3Ha
npotenHa. Hajeuiia BpeaHOCT je JeTeKToBaHa 24 caTa HAaKOH TpEeTMaHa Ca METaHOJICKHM
excrpakrom Omibke C. coggygria (nuuuja 3, pen Hp u 0oM, pecnekruBHO). Hakon Tpermana ca
METaHOJICKMM eKkcTpakToMm Owmsbke C. coggygria 2 wiu 12 caTu mpe TpeTMaHa ca MHpOTalioiioM,
MOpacT y HUBOY XaNTOTJIO0WHA U 0-MaKporyioOyirHa je 3a0ee)KeH HAaKOH TPETMaHa ca eKCTPAKTOM

12 catu npe TpeTMana ca nuporainosiom (uauja 9, pen Hp 1 0oM, pecrieKTHBHO).
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Cauka 16. Excripecrja XanToriioOMHa U 0-MaKpOTJIOOYJIMHA Y jeTPH MaloBa TPETUTPAHUX
ca MeTaHOJICKMM eKkcTpakToMm ouspke Cotinus coggygria

Western 6510T aHanuza xoMoreHaTa jeTpe maioBa ca aHTH-02-MaKpOTrJIo0yivH,
AHTHU-XaNTOTJIOONH U aHTH-TYOYJIMH aHTHTEIINMA.

Jlunuja 1 - HeratuBaHa KoHTpoJa; JuHUja 2, 3, 4 u 5: 12, 24, 48 u 72 cara
HAaKOH TpeTMaHa ca METaHOJIICKMM eKcTpaktom Owsbke C. coggygria,
PECIIeKTUBHO; JUHMja 6: 24 caTa HaKOH aIuIMKallMje TEepIEeHTHHA; JHUHuja 7:
TpPeTMaH MUPOTajojoM; JIMHHUja §: TPEeTMaH ca METAaHOJCKUM EKCTPAKTOM
owpke C. coggygria 2 cara mpe TpeTMaHa ca MUpOrajioiioM; IHHUja 9: TpeTMaH
ca METaHOJICKMM ekcTpakTtoM Omsbke C. coggygria 12 catu mpe TpermaHa ca
nuporaionoM. TyOynuH je kopumrheH Kao WHTepHa KOHTpoja. Western OG0T
aHanu3a je kBantu(ukoBaHa nmpumeHom TotalLab (Phoretix) codrsepa (Bep.
1.10) y omHocy Ha TyOy/luMH W IpHKa3aHa je Ha rpadpukoHuma. PesynraTtu
MIPEJCTaBbajy CPEby BPEIHOCT U CTaHIApAHY JEBHUjallljy U3 TPU HE3aBUCHA
eKCIIEpUMEHTA.

*p < 0.05 craTrcTHUKK 3HaYajHA pa3jivKa y OJHOCY Ha HETaTUBHY KOHTPOJTY.
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4.5.3. KoHnenTpanuja JHNUIHAX MEPOKCHAA Yy CepyMy H jeTpH mamoBa y in Vivo

ycJIOBHMA

JlunuaHa mepokcuaanvja He3acMNeHWX MAacHUX KHCENHA, JEeNIOBAambeM CI000JHHMX paauKaia,
HETOBOJbAH je M HEraTuBaH Ipolec Koju je mpaheH MacuBHUM omTehemeM JMNUAHUX MeMOpaHa
henuja. Edekar agMuHHMCTpalije METaHOJCKOr ekcTpakTa Omsbke C. coggygria mpolemeH je
MepemeM HuBO TBARS-a, onmtuM MHIMKaTopoM okcuaatuBHor crpeca (153).

Jeman cat HakOH TpeTMaHa ca MUPOTAJOJIOM, HUBO JIMIIUHE MEPOKCHUIAIIN]E Yy CepyMy OHO je
1.81-myra m3Haa BpEeIHOCTH M3MEpEeHE y HeraTMBHOj KOHTposm. HakoH 12 catm mperpermana ca
METAHOJICKIM €KCTPAKTOM, HHBO JIUMHIHE nepokcuaanwje je 1.19-myra u3Ham oCHOBHE BPEJHOCTH.
TpeTrman ca METaHOJICKMM EKCTPakTOM 12 caTW mpe TpeTMaHa ca MHPOTAIOJIOM je OHO HEemTo
eUKacHHjU OJ1 TpeTMaHa 2 carta mnpe TpeTMana ca nuporaiosiom (1.43-myra) y 0JJHOCY Ha HETATUBHY
koHTposty (Tabenma 21). AaMuHHCTpalMja METaHOJCKOT ekcTpakta Omibke C. coggygria Huje

M3a3Balia 3HauyajaH mopact BpenHoctu 1 BARS-a.

Ta6ena 21. Edekar exctpakra 6usbke Cotinus coggygria na TBARS y cepymy u jeTpu maroBa

coja Wistar
TBARS TBARS
(nmol/ml)* (nmol/mg)°
HeratuBna koHTpONa 2.54+0.26 1.35+0.12
[uporano 4.61+0.07 4.37+1.04

C. coggygria 2 cara npe nuporanoja 3.63+0.12" 1.70+2.06™
C. coggygria 12 catu npe muporanona  3.02+0.05" 1.36+0.03"
C. coggygria ekcTpaxT 2.61+1.03" 1.31+0.01"

Pesynrartu npezcraBibajy Cpeary BPEIHOCT U CTaHJapAHY JAEBUjallU]y U3 TPH
HE3aBHCHA EKCIICPUMEHTA.

*TBARS y cepymy;

°TBARS y jerpn.

“p < 0.05 y 0/1HOCY Ha HEeraTHBHY KOHTPOIY,

“p < 0.05 y 01HOCY Ha THPOTATIOI.

3nayajuo nosehawe y HuBoy TBARS-a y jerpu youeHo je HaKOH TpeTMaHa ca MUPOTaiojioM,

3.23-myTa y OIHOCY Ha HETaTUBHY KOHTPOJIY, U OTIYHO clabjbemhe OBOT epeKTa HAaKOH TPeTMaHa ca
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METAaHOJICKUM €KCTpakToM 2 wiu 12 catu mpe TpeTMaHa ca MUpOrajosioM. TpermMaH camo ca

EKCTPAKTOM HHje YCI0BHO nopact y HuBoy TBARS-a y jerpu namosa (Tabemna 21).

4.5.4. AKTHBHOCT aHTHOKCHIATHBHUX €H3MMa Y jeTpH nmamosa y in vivo ycjioBumMa

[TopacT peakTHBHHX BpCTa KMCEOHHKA JWPEKTHO je MOBe3aHa ca MHAyKuujom mpekuma JTHK
moJiekyina (154). AHTHOKCUAATUBHH €H3UMH MPEACTaBIbajy MPBY JIMHHU]Y 0J0paHe 0J] OKCUIATHBHOT
omrehema u UMajy BaKHY yJIoTy y ouyBamy uHTerpuTera JIHK, a ®rUXxoBa akTHBHOCT Mpe/ICTaBIba
Ba)KaH MapKep OKCHUIATUBHOT CTaTyca OpraHu3Ma.

Pesynrary ucnuTHBama akTHBHOCTH aHTHOKCHJIATUBHUX CH3MMa y jeTPH IMal0Ba MPUKa3aHu Cy y
Tabenmu 22. HakoH TpeTMaHa ca muporajiojoM akTuBHOCT ykynmHe SOD owuna je 71.38% on 6azanHe
BpeaHOCTH (y OJIHOCY Ha HETaTWUBHY KOHTPOJIHY Tpymy, Koja mpeactaBiba 100%). Kox xuBoTHma
npeTpeTHpaHux ca ekcTpaktom Owmibke C. coggygria 2 cata mpe TpeTMaHa ca IHPOTAIOJIOM,
aktuBHOCT yKymmHe SOD Omina je 88.62% o1 KoHTpoJiHE BpeTHOCTH. TpeTMaH ca ekcTpakroMm 12 catu
npe TpeTMaHa ca MHPOTAJONOM, HHUje YCIOBHO CTAaTHCTHYKH 3HAYajHE NMPOMEHE y aKTUBHOCTH
ykynae SOD (96.51% onx ocHoBHe BpemHocTH). HakoH arumuimpama MHPOTanojia aKTHBHOCT
MnSOD je uznocuna 49.15% on Ga3zamHOr HHMBOAQ, JIOK je KOJ MaloBa KOJU CY MPETpPEeTHpaHU ca
eKCTpakToM 2 uiu 12 catu mpe TpeTMaHa ca muporanosioM, aktTuBHOocT MnSOD oOunma 81.81 u
92.73% ox 6azamHOTr HHMBOA, pecneKTUBHO. AKTUBHOCT CuZnSOD HakoH TpeTMaHa ca MUPOTajIoIoM
u3Hocuina je 62.53% on Ga3anHe BPEIHOCTH JIOK j€ HAKOH IMpEeTpeTMaHa ca eKCTPAKTOM YOUYEHO
mo6oJplIake y €H3UMCKO] akTUBHOCTH, 87.5 um 95.32% ox 0a3anHe BPEIHOCTH, PECHEKTUBHO.
Tperman ca ekcrpakrom Ouspke C. coggygria Huje m0Be€O 10 CHTHUGHKAHTHE IPOMEHE Y
aKTHBHOCTH aHTHOKcHaaTuBHUX eH3mMa SOD, MnSOD u CuZnSOD (98.72, 98.79 u 98.62%,

PECIIEKTHBHO).
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Tabdena 22. Edekat ekcrpakra 6usbke Cotinus coggygria Ha akTHBHOCT aHTHOKCHIATUBHUX

€H3MMa Yy jeTpH maioBa coja Wistar

Herarusna ITuporamon C. coggygria C. coggygria C .coggygria
KOHTpoJ1a eKCTPaKT 2 eKCTPakT 12  eKCTpakT

cara 1npe caTu 1pe

nuporajiojia muporajioja
sop*® 54.5+0.31 38.9+0.32° 48.3+0.31  52.6+0.33" 53.8+1.35
MnSOD®  16.5+0.24 8.11+0.07° 13.5+0.16" 15.3+0.22" 16.3+1.25"
CuZnSOD*® 36.3+0.24 22.7+#0.60° 31.6+0.33" 34.6+0.23" 35.8+0.27
CAT" 30.5+0.68 9.70+0.42° 14.5+0.27" 24.9+0.25  27.7+0.27"
GST” 533.4+2.21 429.1+2.90" 488.4+3.73" 526.5+0.84" 528.5+2.92"

Pesyntatu mpencraBibajy cpeamy BPEIHOCT U CTaHAAPIHY JIEBHjaIU]y U3 TPH
HEe3aBHCHA eKCIIEpUMEHTA.

*SOD; cynepokcua-musmyrasa, U/mg npoTenna;

® MNnSOD; maHraH-cymepokcn-au3MyTasa, U/mg NpoTeHHa;

"CuZnSOD; Gakap-IIMHK- CyIIepOKCHI-an3MyTasza, U/mg npoTenHa;

"CAT; xaranaza, umol H,O, mun/mg/nporenna;

" GST; riyratnon-C-tpancdepasa, nmol/mun/mg nporeunna.

“p < 0.05 y 0HOCY Ha HEraTHBHY KOHTPOILY,

“p < 0.05 y 01HOCY Ha IUPOTANOI.

HuTpanepuToHeanHo amMiIMpamke MUporajoia JIoBela je 0 CMamelha aKTUBHOCTH EH3UMa
CAT 3a 31.80% on GazamHor HuBoa. HakoH TpeTMaHa ca €KCTpakToM 2 caTa Mpe TpeTMaHa ca
MUPOTaJIoNIOM, €H3UMCKa aKTUBHOCT je Ouia penatuBHO Hucka, 47.54% ox 0Ga3anHOr HUBOA.
Tperman ca exctpaktom 12 catu mpe TpeTMaHa ca muporanojiom usHocuo je 1.64% on Ga3zanne
aktuBHOCTH eH3uMa CAT. TpermMaH ca METaHOJCKMM €KCTPAaKTOM H3a3Bao je Omaru maj y
aktuBHOCTH eH3numa CAT 3a 90.82%.

UcnutuBame axtuBHOCcTH eH3uMa GST mokasanmo je na muporanoll WHIYKYyje Maj €H3UMCKe
akTUBHOCTH 3a 80.45%, NOK je TpeTMaH ca eKCTpakToM 2, a moce6Ho 12 caTu mpe TpeTMaHa ca
MUPOTAJIONIOM YOJIakuo OBO cMameme 3a 91.56 u 98.71%, pecneKkTuBHO, y OJHOCY Ha Oa3aiHy
€H3UMCKY aKTUBHOCT. TpeTMaH ca METaHOJICKUM eKcTpakToMm Omsbke C. coggygria u3asBao je 6yaro

cMmameme aktuBHOCTH eH3uma GST (99.08%) y oqHOCY Ha 6a3aiHy BPEIHOCT.
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4.5.6. KBanTuTAaTHBHA aHAIM3a eKcnpecuje TpaHcKkpunuuoHux pakropa NF-kB n Akt

[Mpumenom ankamHe Bep3uje Komer eceja yTBpheHO je na je muporanoli, MHIYKTOpP aKyTHOT
omrtehema jerpe, y kourenrpanuju ox 100 mg/kg TtemecHe TexuHE, YCIOBHO BHCOK HHBO
TeHOTOKCHYHOCTH. MMajyhm y BHIy aHTHOKCHJATHBHY AaKTUBHOCT METAHOJICKOT EKCTpakTa M Ja
NpeTpeT™MaH ca METaHOJCKMM ekctpakTtoM Omibke C. coggygria mrutu JJHK on omrehema HakoH
aluTMIMpamka MUPOrajoja, WUCIHTUBAHE Cy JBE BAa)XKHE KOMIIOHEHTE KOMIUIEKCHOT IETyJapHOT
0JIroBopa Ha (hakTope cTpeca.

Cro0oiHY pajMKaid CTUMYIHUINY eKcrpecujy TpaHckpumuonor dakropa NF-kB (enr. Nuclear
factor-«B), koju koHTpoIHIIIE MHOTE T€HE KOjU Yy4YeCTBYjy y MH(pIaMaTopHOM oaroopy. Hacymnpor
TOME, aHTHOKCHJAHTH Ca aHTU-WH(IAMAaTOPHOM AaKTHBHOIINY TE€HEPaTHO CIIpeyaBajy eKCIpecHjy
NF-kB (155).

Tpaunckpunuuonu ¢dakrop NF-xB je perynatopHu mNpoTeMH KOjU KOHTPOJIUIIE EKCIPECH]Y
MHOTHUX MHAYIMOWJIHMX M TKUBHO CHEIU(UYHUX IeHa, y4ecTBYjyhnm Ha Taj Ha4MH Yy peryianuju
nponHIaMaTOPHUX U UMYHUX oAroBopa hemmje, henmjcke mponudepannje u arnonrTose.

KBanTutatnBHa aHanm3a ekcrnpecuje TpaHckpunimoHux ¢akropa NF-kB u Akt usBpmiena je
npuMeHoM Western 610t aHaiu3e XOMOTreHaTa jeTpe y3 MpUMEHY Clielu(pUIHNX aHTUTEIA.

[Muporasomn, y no3u ox 100 mg/kg TenecHe Te)KUHE )KUBOTHHA, j€ HHAYKOBAO ekcripecujy NF-kB
(muamja 2, pen NF-xB, Crnuka 17A) u cTaTUCTHUKK 3Ha4ajHy aktuBaijy (nmuauja 2, pea pNF-«B,
Cnuka 17A) 1.40- u 3.72-myra, peCHEKTHBHO, Y OJHOCY Ha KOHTPOJIHY BPEIHOCT. MeETaHOJICKH
exctpakT Omspke C. coggygria 2 wiuu 12 catu mpe TpeTMaHa ca muporaiojoMm (auHHja 3 u 4,
pecriektuBHO, Cirka 17A) cTaTHCTHYKKM 3HAYAJHO je CMambUO eKchpecHjy u akTuBanujy NF-kB y

nopehemy ca MUporaioaoM.
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Cauka 17. Edexat MmetaHoJICKOT ekcTpakTa ousbke Cotinus coggygria npe
aruTMKaIMje muporajoia Ha penatuBau HuBO mpotentna NF-kB (p65) (A) u Akt (B).
Western 610t ananu3a xomoreHara jerpe mamona je ypahena ca antu-NF-xB
p65, antr-pochopumrcanum NF-kB p65 (pNF-kB) antutenuma (A), ca aHTH-
Akt u antu-pochopummcanum Akt (pAkt) anturenuma (B). TyOymun je
KopuiiheH Kao MHTEpHA KOHTPOJIA.
Jlunuja 1: HeraTMBHA KOHTPOJIA; JIMHU]JA 2: TPETMaH ca MUPOTraIoJIOM; JIMHU]jA
3: TpeTMaH ca METAaHOJICKUM eKcTpakroMm Omibke C. coggygria 2 cara mpe
TpeTMaHa ca MUPOTaJooM; JIMHUja 4: TPETMaH ca METAaHOJCKHUM EKCTPaKTOM
ompke C. coggygria 12 catu npe TpeTMaHa ca IHUPOTaIOIOM.
Western Gior ananusa je kBanTu(ukoBaHa mpumeHom TotalLab (Phoretix)
codrepa (Bep. 1.10) y onHOCy Ha TyOyNnuH, U NIpHKa3aHa je Ha rpadMKOHUMA.
Pesynratu npencTaBibajy cpelmby BPEAHOCT U CTAHIApAHY JAEBUjalUjy U3 TPH
HE3aBHCHA EKCIICPUMEHTA.

*p < 0.05 craTUCTUYKY 3HaYajHA Pa3IUKa y OJHOCY Ha HEraTUBHY KOHTPOJTY.

Cepun-TpeonnH kuHa3a AKt (mo3Harta M kao MPOTeWH KuWHa3a b) je o1 Beluke BaXHOCTH 3a
koHTpoay henujckor tmkiayca. Akt curnamau nyt y henuju perynumie 6pojHe kputHuHe henumjcke

nyTeBe, yKJby4dyjyhu oHe Koje Boje Ka mposudeparuju 1 uuxuouiuju amonrose (156, 157).
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Kpantudukamnuja HuBoa ekcrpecuje u aktupanuje (Gpocdopuiiaiiyje) HHTpaIETYIapHOT MPOTCHHA
Akt npahena je mpumenom Western umyno-010t meroze.

Western 60T aHanm3a XoMOreHaTa jeTpe mokas3aia je Aa TPETMaH ca MUPOTraioiOM yCIOBJhaBa
Onaro cMameme Akt aKTHBHOCTH, TIOCMaTpaHO Kao cMameme y HuBoy pAkt (Cnuka 17 B, nunuja 2,
pen pAkt). V y3opruma jerpe noOMjeHUX HAKOH JKPTBOBama JKUBOTHEA KOjE Cy TpPETHpaHE ca
METaHOJICKMM eKcTpakToM Oumspke C. coggygria 2 wim 12 catu mpe TpeTMaHa ca MUPOTajIoyioM
(Cnuka 17 B, nunuje 3 u 4, pecriektuBHO), HUBO akTuBHE AKt kHa3e je moBehaH.

Nmajyhu y Buay na je ksanuratuBHOM HPLC aHanu3oM METaHOJICKOT €KCTPaKTa JE€TEKTOBAHO
a ce MUPHIETHH, y mopehemy ca octamuM KBaHTH(UKOBAHUM jeIUI-EHbUMA, H37Baja CBOJUM
cajpkajeM, ucnuTuBaH je Akt craTyc y XomoreHatuma JeTpe >KUBOTHHA INpEe-TPETUPAHUX ca
METaHOJICKMM eKcTpakToM Ouibke C. COggygria U MUPHUIIETHHOM MIPHUMEHOM UMYHOOJIOT aHaJn3e.

TperMaH ca mUPOTATIOIOM Y3pOKYje HE3HATHY peAyKIHjy y ekcnpecuju Akt mporenna, oxo 1.01-
MyTa W3HaJ 0a3allHe BPETHOCTH U3MepeHe Yy HeraTuBHOj kKoHTpou (Ciuka 18, muauja 2, pen Akt).

WHTpanepuToHeaHO HWHUIUPAk€ METAHOJICKOT €KCTpakTa y3poKyje He3HaTHo moBehame Akt
BpeAHOCT, oko 1.03-myra u3Han HeratuBHe BpenHocTH (uHMja 3, pea Akt). Tperman ca ekcTpakTom
2 wim 12 catu mpe TpeTMaHa ca MUpOTaIojIoM, Y3poKyje mopact Bpennoct Akt kunaze (uHuje 4 u S,
MmojeAMHavHo). TpeTMaH ca MHPUIIETUHOM H3a3uBa HecUTHU(UKaHTHO moBehame BpemHoctu Akt
kuHaze, oko 1.03-myra (nmuHUMja 6, pen Akt) wu3Ham Oa3zamHe BpeaHOCTH. Y  y30pIKMMa
eKCIEPUMEHTATHUX JKUBOTHI-A TPETHUPAHUX ca MHUPULETHHOM 2 wiM 12 catu mpe TpeTMaHa ca

nuporajoyioM (JiuHHje 7 U 8), yOoUeH je mopacT BpeAHOCTH akTHBHE Akt KnHa3e.
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Cauka 18. Edekar MetaHosickor ekctpakra ousbke Cotinus coggygria u
MUPHIIETHHA TP aruTHKaIHje TTHPOTaioia Ha PeJIaTUBHU HUBO TIPOTEHHA
Akt

Western 610t aHamnM3a XoMOIreHata jeTpe mamoBa ypahena je ca antu-Akt u anrtu-
dbochopumucanum Akt (pAkt) anturenumma. AKTHH je KopumiheH Kao HHTEpHA
KOHTpOJIA.
Jlunuja 1: HeraTMBHA KOHTPOJIA; JIMHHUja 2: TPETMaH ca IMHPOTAJIOJIOM; JIMHHUja 3:
TpEeTMaH ca METaHOJCKMM ekcTpakToM Omsbke C. coggygria; nuHuja 4: TpeTMaH ca
METaHOJICKMM ekcTpakToM Ouspke C. coggygria 2 cara mnpe TpeTrMaHa ca
MUPOTAJI0JIOM; JIMHUja 5: TpeTMaH ca METAHOJICKMM eKcTpaktoM Ousbke C.
coggygria 12 catu mnpe TpeTMaHa ca NHPOTaaojoM; JIMHHja 6: TpeTMaH ca
MUPHULIETUHOM; JIMHHUja 7: TpeTMaH ca MMPHUIETMHOM 2 caTa Npe TpeTMaHa ca
MUPOTAJI0NIOM; JHHMjAa §: TpeTMaH ca MHUPHUIETHHOM 12 caTu Ipe TpeTMaHa ca
nuporanonom. Western 6ot ananusza je kBanTH(uKoBaHa npumeHom TotalLab
(Phoretix) codtBepa (Bep. 1.10) y onHOCY Ha aKTHH U MPHUKa3aHa je Ha rpaduKOHY.
Pesynratu mpenctaBibajy Cpelmby BPEAHOCT M CTaHAApIHY JEBUjAllU]y U3 TPH
HEe3aBUCHA €KCIIEpUMEHTA.

*p < 0.05 craTrcTHUKK 3HaYajHA pa3jivKa y OJHOCY Ha HETraTUBHY KOHTPOJTY.
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5.1. XeMHjCcKH cacTaB MeTaHOJICKOT eKcTpakTa ouibke Cotinus coggygria

JlekoBuTe OMJbKE ce 300T CBOje OJArOTBOPHOCTH M €(PHUKACHOCTH BEKOBHMAa MNpPUMEHY]Y VY
npoduiIakcy U Jieuely MHOTUX OosiecTd. 3axBasbyjyhu pa3Bojy eKcriepuMeHTalHe (hapMaKoTHO3H]E,
mpernapaTy Ha 0a3u JICKOBUTHX OnJbaka qo0Oujajy HaydHY IMOTBPAY O CBOjOj JCITOTBOPHOCTH.

Brosomka akTHBHOCT OMJbaka M OMJPHUX €KCTpaKaTa MPEeBAaCXOIHO 3aBHUCH O] 3aCTYIMJbEHOCTH
pPa3IMYATUX CEKyHIapHUX Merabonuta. llommdeHonHa jenumema, OCHM IITO  IMOKa3yjy
aHTHUKAHIEpPOTeHN edekaT, MOry ce MNPUMEHHTH W Yy TMPEBEHIHUJH KapAUOBACKYJIAPHUX H
uepeOpoBackynapHux Oosiectu. OIaBOHOMIM NOKa3y]y MHUPOK CHEKTap OMOJOIKUX aKTUBHOCTH Kao
mTo je aHTukaHieporena (158), antuokcunatuBHa (159), TUTONPOTEKTUBHA U aHTU-UH(pIaMaToOpHa
(160). Fedeli u capagaumu (161) cy mokaszanu jga TaHUHU UMajy CHOCOOHOCT Ja MPU HUCKUM
koHneHTpamjama mrtute JIHK onx omrehema, mox mpu BHCOKMM KOHIIEHTpam#jamMa MOTY ja
MO0Ka3yjy TeHOTOKCHYaH edekar.

Nmajyhu y Buay aa cy heHosHa jeanmhemna, TOCeOHO (IIaBOHOUIH, TPYIa MPUPOTHUX TTPOU3BOAA
KOjH Cy W3Y3€THO TIOTEHTHH arcHCH, JICTEPMUHHUCAH j€ FHHXOB YKYIHH CaJpXaj y UCIHHUTHBAHOM
METaHOJICKOM eKcTpakTy ouspke C. coggygria.

Canprkaj ykynmHUX (heHoJa u3HOCHO je 3.78 My eKBUBaJieHATa TaJlHEe KUCEIWHE 0 TpaMy CYBOT
OWJBHOT MaTepHjaia, YKynHux (¢iaaBoHouaa 8.29 Mg ekBUBajeHaTa pyTHHA 110 TpaMy CyBOT OUJBHOT
Marepujana, 0K je caapkaj KOHIACH30BaHMX TaHWHA W rajoTaHuHa 1.24 M@ exkBUBajeHATa TajlHE
KHCEJIMHE TI0 TpaMy CcyBOT OmbHOT Matepujasa u (0.53 MQ exkBUBaJieHaTa TAHMHCKE KUCEIHHE IO
rpaMy cyBor OwspHOT Martepujaia. JloOujeHm pe3yaTaTd cy y CKIaay ca cTyadjoM Simi¢ u
capannuka (17) 3a campkaj ToTaHEX (eHoJsa, TaHWHA U (IaBOHOWIA, ©Majyhul y BUay /a je oBa
rpyma ayropa oMeHyTe KOMIIOHEHTE JIeTEKTOBaja y eTHI-aleTaTHoj ¢hpakuuju omibke C. coggygria.

CKpHHHUHT 071abpaHuX MOJU(PEHOTHIX KOMIIOHEHTH eKcTpakTa Bpcte C. coggygria mokasao je ia
Ce MO KOJMYHHHU jeJIMHO M3[Baja MupHieTHH ca 511.5 Ug/g ekcTpakTa, ¥ y 3HATHO MambOj MEpU
KBepIieTuH ca 69.8 Ug/g.

[Ipersien mocrymHe TuTepaType Nokasyje Aa o (EeHOJHOM cacTaBy OBE OWMJbHE BPCTE IMOCTOjE
HaBoau (13, 14). Valianou u capamguunu (15) m Antal u capaguunu (16) cy y MeTaHOJICKOM
eKCTpaKkTy J00ujeHOr M3 cTalyia oBe OWMJbHE BPCTE YTBPIWJIM MPHUCYCTBO KBepueTruHa. Ca apyre
cTpaHe, pesyntatu Westenburg u capagauka (13) u Stathopoulou u capagnuka (14) Hucy y cxiany
ca noOujeHuM pe3ynTaTiMa 3a MPUCYCTBO MHUpHIIETHHA, Oynyhu ma oBa rpyma ayropa MOMEHYTU
(1aBOHOU/] HUjEe HU JETEKTOBaJIA.

UumeHnIa aa ce caapkaj GEeHOIHUX jeIUbeHha MCTe BPCTE Ca PA3IMYUTHX JIOKATUTETa MOXKE

3Ha‘{ajHO Pa3JIMKOBATHU U Yy KBAJIUTATUBHOM U Y KBAHTUTATUBHOM CMUCITY, MOKC OUTH IMOKa3aTesb Ja
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(deHoHN TPO(WIT HUjE Yy TOTITYHOCTH KOHTPOJIMCAH HAa HUBOY I'€HA, HETO J1a JSTMMUYHO 3aBHCH U O]T
JPYruXx, a MoOCeOHO EKOJIOMKUX (haKTopa.

YomureHo, 10OMjeHH pe3yiaTaTd (EHOJIHOT CKPHHUHTA MOTY Ja Oyay OJl BEIUKE KOPHCTH Y
npoteHu JekoButocT Bpere C. coggygria, umajyhu y Buay MIMPOKY MPUMEHY Y TPAAUIHOHAITHO]
meauumHU. OBa OMJBpHA BpCTa Ce MOXKE CMaTpaTH MOTEHIWjATHUM H3BOPOM oipeheHunx (eHOoTHnX

jenumema 1 MOKe OUTH HCKOpUITheHa Kao CUPOBHHA 32 BbUXOBO JOOH]jambe.
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5.2. Edexat MeTaHoJIcKOr ekcTpakTa 0mbke Cotinus coggygria Ha GyHKIMjy reHeTHYKOr

MaTeij aJ1a KOJX Pa3/IMYUuTHX MOJEJ OpraHu3sama

Edexar excrpakra 6mipke C. coggygria yrephen je mpumenom SLRL u Komer tecra kopucrehn
kao Mmojen opranusme D. melanogaster u namoBe coja Wistar y in vivo ycioBuma.

PaznuuuTi MexaHu3MH Cy YKJbYYEHHU Y OBa JIBa BHJIa TEHOTOKCHYHOT TecTrpame. SLRL Tect ce
KOPHCTH 32 JIETEKIHM]y T€HCKHX MyTalfja, KaKo TauyKacTHX MyTalHja Tako W MalWX Jelenuja, y
repmuHaTHBHUM henujama. Mytanuje Ha X xpomoszomy koj D. melanogaster cy ¢enotumncku
n3paxkeHe KoJ My)Kjaka KOju HOCEe MYTHpaHU TeH. TecT 3a JEeTEeKIH]y MOJHO BE3aHUX PELECHUBHO
neranHux myraimja kon D. melanogaster ce moka3zao kao oyTMYaH TECT 32 OTKPHBAHE MPHPOTHHUX
OnspHUX MyTareHa (62).

Hacympor SLRL Ttecty, Komer Tect ce He KOpHUCTH 3a OTKpUBame MyTaluja, Beh reHOMCKUX
ne3rja Koje 6u mMorie na aoseny a0 mytaruja (162). Tokom mocieamux JereHrja alkaaHa Bep3uja
Komer Tecta y in Vivo ycioBuMa, TOpeA IMUPOKE MPUMEHE y pa3HUM o0JiacThMa, TMPEICTaB/ba U
CTaHIApIHY METOAY y (dapMarieyTcKkoj HHIAYCTPUJH 3a MPOIeHY 0€30€THOCTH HOBUX JIEKOBA U, CBE
BHUIIIE, KA0 CPEJCTBO 3a YTBPHUBamE I'€HOTOKCUYHOr e€(peKkTa KaKo MPUPOJHHMX TaKO M BEIITAYKHX
arenaca (69, 70, 71).

[Ipumenom SLRL Tecra yTBpheHO je ma je ydecTajiocT TeépMHHATHBHHX MYyTallfja W3a3BaHHUX
METaHOJICKMM ekcTpakToM Omsbke C. coggygria, y xoHueHTpauuju on 5%, Beha o ydectaniocTu
MyTalyja H3a3BaHMX C€axapo30M Kao HEraTMBHOM KOHTPOJIOM Yy CIE€pPMaro3ouauma u
crepMaronuraMa, J0K Cy ce crepMmaTHulie Iokasajne kao ornopHuje. ETmin Meranocyndonart, y
KoHIeHTpanuju ox 0.75 ppm, HHIYKOBAO je pelieCUBHE JIeTaTHE MyTalldje y CBa TPH JIerJa, IITO je
yjelHO U jacaH I0Ka3aTesb HErOBOI MyTareHor edekra. Y OJHOCY Ha Ipyly MyXKjaka TPEeTHpaHUX
camo ca EMC-oM, mocr-TpeTMaH ca METaHOJICKMM ekcTpaktom Owsbke C. coggygria vy
KOHIIeHTpauuju o1 2% HakoH TperMaHa ca EMC-om, 10Beo je 10 CTaTUCTUYKH 3HAYajHOI CMambEembha
y (ppekBeHIMju MyTallja y ABE repMUHATUBHE henujcke TUHUJE, KOJI CIEPMAaTO301Aa U CIIepMAaTU/Ia.
MupHIEeTHH, Ka0 Haj3acTYIJbeHH]a KOMIIOHEHTAa €KCTPAKTa, KBEPLUETHH U Py3MapUHCKa KHCEIHHA Y
KoHIeHTpauuju o 100 ppm cTaTUCTUUKU 3HAYAjHO CYy PEAYKOBAJIM CTOIy MyTalija MHIYKOBAaHUX
HakoH Tpermana ca EMC-om.

IIpema Hung u capannuiiuma (163) u Kuroda u capagaunuma (164) nocroje nBe riaBHe Tpyme
JIHK 3amTuTHUX MexaHu3aMma. Je3MyTareHH, y KOMe TeCTHpaHe CYICTaHLE JeNyjy JUPEKTHO Ha
MyTareH WM I'a WHaKTHBHpaAjy cnpedaBajyhu nacranak JHK omrehewa, u Ouoantumyrarenu, y
KOME TeCTUpaHe CYICTaHLle WIM JIeNyjy Ha Ipoliec MyrareHese wiu nonpassbajy IHK omrehema

cMmamyjyhu ¢pekBeHily MyTanuja. /leamyrareHu Mory Jia ce AeTeKTYjy HaKOH Mpe-TpeTMaHa, 0K ce
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OnoaHTUMyTareHu AETEKTYjy HaKoH mocT-Tpermana (165). Mmajyhu y Buay aa cy jeaunke Bpere D.
melanogaster tperupane ca EMC-oM mpe TpeTMaHa ca €KCTPaKTOM, aHTUMYTareHW HPUCYTHU Y
eKCTpaKTy ce 'moHamajy" kKao OMOaHTUMYTareHW, OJHOCHO yTUYYy Ha penapanujy MPeTXOTHO
unaykoBanux JIHK omrehema.

Ankwimpajyhu areHcu pearyjy ca HykiIeoTHauMa Haranajyhu muxosa Hykieodmina mecta (N u
O aroMm yHyTap CTPYKType), ycloBJbaBajyhu koBajeHTHO noBe3uBame ca JIHK moinekymom. OnHu
Mory aa m3azoBy mmpok cnektap JHK anmykara, yxpywyjyhu N-amkunoane: N7-MeTI/IJIFyaHI/IH
(N'MeG), N3-mermnagernn (N*°MeA) n N3-merunryanns (N*MeG); u O-anxmnosane anykre: O°-
mermryarns (O°MeG) u O'-mermnravun (O*MeT). N-ankunoany amykTd unHe Buime ox 80%
QIIKWJIOBaHUX 0a3a W MOKa3yjy pa3iuduTy CTaOMJIHOCT, AOK O-aJKWJIOBAaHU aJyKTH IPEACTaBbajy
Mamwe of 10% ox yKymHMX alkuioBaHuUX Oa3za. Y mnpuHiuny, O-aJkuaoBame j€é MYTareHo H
TE€HOTOKCHYHO, JIOK je N-aIKniioBame MUTOTOKCHYHO, alld Mame MyTtareHo (166, 167).

JlurepaTypHH MOJaIy yKa3yjy Ja je MyTareHa aKTHBHOCT alKWinpajyhnx areHaca y Be3W ca
BUXoBoM crocobromhy na  dopmupajy O°-mermnryann (O°MeG) (168). Iporemn O°-
mermiryarns JIHK mermnrpancdepasa (MGMT) (169) mompasba O°MeG mpeHOIICHeM eTHI
rpyrne o OCHOBHE JIe3Mje Ha ITMCTEMHCKH ocTarak, oOHaBsbajyhu maTerpurer JJHK, 6e3 crBapama
nonatuor omireheme (170).

EMC je MoHOGYHKITMOHATHY aJIKWIUpajyhn areHc KOju yriaBHOM HM3a3MBa TayKacTe MYTallHje
(m3menHa camo jemHe 6asze) koje pemeTe (GpyHKIM]y reHa U3a3uBajyhu MyTtaruje mpoMeHhEeHOT CMHCIIA
("mucenc") wmm Gecmmcaene wmyramnmje (“"momcenc") (171). OBaj ankunupajyhm arenc ce He
nakopropupa y JIHK mosnekyn, Beh 3amemyje nocrojehy 6a3y m3zaszuBajyhu morpemHo crapuBame.
EMC nomaje erun rpymy Ha O° atom ryanuna, dopmupajyhin aGHOpManHy Ga3y 06-eTI/IJIFyaHI/IH
(172). Toxom pemmukanuje JHK, JTHK moammepasa demnihe mocraBd THMHH, YMECTO IMTO3WHA,
HACYIIPOT 06-eT1/IJ1ryaHI/IH (Cxema 3). Hakon napenne perukanuje, opuruHanau G:C 06azHu map
Moke noctati A:T map (C_G:T_A tpanzuumja). EMC nonaje et rpyny U Ha MO3UIUjU 4 THMUHA
ctBapajyhin O'-eTunTHMEE KOji ce crapyje ca ryaHuHOM, ycioBibaBajyhun T_A:C_G TpaH3HIHOHY

myrauujy (173).
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Cxema 3. Anxunanuja JIHK cexBennie EMC-om, popmupame 06-eTI/IJIryaHHHa u O*-

CTUITUMHHA

Excrpakr Grubke C. COggygria MMa crocoGHOCT aHTH-aNKHIOBaba U yTHYe Ha akTHBHOCT O°-
metuiaryannn JITHK metuntpancdepase. Y carigacHOCTH ca OBOM YHELEHHUIIOM je U cTyauja De Flora
u Ferguson-a (174), y K0joj cy ayropu JIOIUTH A0 3aKJbydKa Ja OMOAHTUMYyTareH!u areHCH JIenyjy Ha
¢dusunosomke Mmexanusme 3amture u nonpaske JJHK, na "ono3uBajy" myrareHe edekre u cripedyanajy
¢bukcaiujy MyTanmja.

Henasna ctynuja Mladenovi¢ u capaanuka (175) npyxuia je MOTIYHO HOBU MPUCTYI U YBUI Y
MEXaHM3aM aHTUICHOTOKCHMYHE AaKTHMBHOCTH TMPHUPOJHUX apOMAaTUYHUX jelumema. Kako ce
T€HOTOKCUYHOCT KapaKTepuIle Kao XEMHJCKM U3a3BaHO omreheme ¢u3nogomkux Gopmu
HYKJICOTUA, OJHOCHO HBUXOBO AJIKUJIIOBaI-E, CTYAMjOM C€ HaBOJU Ja MOCTOJU KacKaJHU MeXaHH3aM
JIeTI0Bakba TEHOTOKCUYHUX U aHTUT€HOTOKCHYHMX areHaca, a Jia COpery y MeXaHu3My YHMHU cama
neankwianja omreheHnx Hykieotuna. Mexanuzam npotekuuje JJHK ucnutuBanuMm jenumuma
neuHuCcaH je METOJOM MOJIEKYJICKOT J0KOBama. HakoH ankuianuje, Koja YAHH NPBH KOpPAK Y
KACKa[HOM MexaHusMmy, emsum OP-amkunryanun-/{HK-ankunTpancepasa BpIM  penaparjy

6 6 .
omrecheHnx HYKJICOTH A, 0 -CTUJI'yaHWHa U 0, -CTUJITUMHHA, IIPUXBATAKHLEM €THUJI TPYIIC Ca JIC3H]A.
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[lo peankunanuju KOHCTaTOBaHA Cy JBA Pa3UYMTa MEXaHM3Ma aHTUTCHOTOKCHUYHE aKTUBHOCTH 32
¢duaBoHOMIE (MUPHUIICTUH M KBEPLUETHH) W 3a (CHOJNHY KUCEIUHY (py3MapHHCKa KHCEIHHA).
MupHUIIETHH W KBEPLETUH BpIIe MPOTEKIH]y HYKICOTHIa OJ MOHOBHOT omrtehema (hopMupamem
jake BozoHmuHe Bese ca O° aromMoM ryHanmHa oxHocHo O aToMoM THMEHA, KOji Cy M peaKIHOHH
LEHTPH U aKIENTOpH eTHJI Tpyne ankuwiupajyher arenca. J[oHOp BOJOHHUYHE Be3€ je€ XHUIPOKCHIIHA
rpyna ca b npcrena ¢maBononna. Kako je jaunna ¢popmMupaHux BOJOHHYHUX BE3a BEJIHKA U MOXKE Ce
TIOPEIUTH Ca jAYMHOM KOBAJCHTHE BE3€, 0O3MPOM Ha TO Ja je AykhHa Bese Mama ox 2.5 A (A -
AHrcTpeM), y HOpMaTHUM (DU3HOJIOIIKAM YCIOBUMA HE MOCTOjH MOTYNHOCT HapyliaBama UCTe, U
TUME je CIpedyeHa MOHOBHA aylkuiamuja Hykiaeotuma. Ca apyre crpaHe, py3MapuWHCKa KHCEIWHA
IITUTA HYKJICOTHJAE OJNOKMpameM NpHUCTyNa ajmkwiupajyhem areHcy, 3ay3umajyhu mpocTtop OKo
HYKJICOTH/Ia KOJU HOPMAJIHO OKyNUpa ajJKuinpajyhu areHc HEemocpeaHo Ipe ankwianuje. Taksa
CTPYKTypa je cTabmim3oBaHa OCTBapHBameM XuJpohoOHUX MHTEpakiuja udmelhy GpeHmn ocraTaka
pY3MapHHCKE KUCEIIMHE | je3rpa HYKICOTH/IA.

Crenen omrehema JIHK HakoH TpeTmaHa ca METaHOJICKMM ekcTpakToM Omsbke C. coggygria
onpeheH je W KBaIUTATUBHOM aHAIU30M JUCTpuOynuje "Komera" W NPUMEHOM 0Ja0paHuX
KBaHTUTATHBHHUX Mapamerapa ko D. melanogaster u marosa coja Wistar.

Ananmusupajyhu pacrmogeny komer kimaca y rpymu japBu D. melanogaster tperupanux ca
METaHOJICKMM EKCTPaKTOM €BUCHTHO je 0JICYCTBO KOMeTa ca MakcuMaiHuM ortehemem (kimace 3 u
4), u na cy "koMete" ca HUCKUM crernieHoM omrehema (kmace 0 u 1) HajpacnpocTpamenuje. In vivo
TpEeTMaH ca EKCTPAaKTOM HHUje Y3POKOBAaO CTAaTHUCTUYKM 3HayajHe NpOMeHe Yy ojabpaHum
KBaHTUTATUBHUM MapaMeTPUMa, Y OJJTHOCY Ha HETaTUBHY KOHTPOJLY.

[TpoiieHa TeHOTOKCHYHOCTH METaHOJICKOT ekcTpakTa Ousbke C. coggygria mpumenom Komer
TecTa MoKasaja je Ja je eKCTpakT u3a3Bao ymepeno omreheme JIHK ko mamosa coja Wistar. Hakon
TpeTMaHa ca ekcTpakToM y KoHueHTpauuju o1 1000 u 2000 mg/kg TenecHe mace KUBOTHHA YOUEH
j€ HU3aK HUBO T€HOTOKCHMYHOCTH, JIOK TPETMaH ca eKCTpakToM y koHueHtpanuju on 500 mgkg
TeJeCHEe TEeXHMHE HE I0Ka3yje TeHOTOKCHYHU MOTEHLHWjall. Y Y30pKYy jeTpe U KOIITaHE CPXKU
XKUBOTHIA TpeTupanux ca 500 mg/kg TenecHe Mace, HHje yOUeHa CTATUCTUYKHU 3HAaYajHa pa3jivka y
YKYITHOM CKOPY Y OJIHOCY Ha KOHTpPOJIHY I'pyny. Behuna "komera" je HeomreheHa, a caMO HEKOJIMKO
"komeTa" je ca MUHUMaHUM (Kiaca 1) u cpeamum omtehemem (kiaca 2).

WNmajyhm y BuOy na TpeTMaH ca METAaHOJICKMM ekcTpaktomM Owsbke C. coggygria y
koHnentpanuju o1 500 mg/kg uuje moseo no JTHK ormurehema u na je kBamuratmBaom HPLC
aHAJIM30M EKCTpaKTa JIETEKTOBAHO Jla C€ MUPHUIETHH, y nopehemy ca oCcTaauM KBAaHTH(PHUKOBAHUM
jeIMIbemuMa, U37Baja CBOJUM CaJpkajeM, NMPUMEHOM MHpOorajiojia UCHUTHBAaHA je MOTEHIIMjalHa

AHTUIT'CHOTOKCUYHA AKTUBHOCT CKCTpaKTa W MHUPHULICTHHA. Haxkon TpE€TMaHa Ca IHUPOTraJIoJIOM
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yTBpheH je mopacTt y (peKBeHLIM pEMHOT MOMEHTa, Ayxune pena u % JJHK y komer peny y ogHocy
Ha HEraTUBHY KOHTpoJy. TpeTMaH ca METaHOJICKUM ekcTpakTtoM Omibke C. coggygria 2 wim 12 catu
Ipe TpeTMaHa ca MUPOTATI0JIOM y3POKOBAO jé CTATUCTUYKH 3HAYajHO cMameme y omrehemy JTHK,
uckazaHor npeko nporenrta peaykuuje (%P) JHK omrehema. Tpeba ncrahm ma ce tperman ca
METaHOJICKMM eKcTpakToM Omsbke C. coggygria 12 catu mpe TpeTMaHa ca MHPOrajojioM I0Ka3ao
epUKacHUjUM Yy OJHOCY Ha TpeTMaH 2 caTra Mpe TpeTMaHa ca MNUporajojoM. TpermMaH ca
MUPHLIETHHOM y KOHIIEHTPAIMjU KOja je eKBUBAJICHTHA KOHIIEHTPAIMjU MUPHIIETHHA Y UCTIUTHBAHO]
J03M EKCTpaKTa, MOKa3ao je MCTHU edeKkar Kao M TPeTMaH ca eKCTpakToMm 2 wiu 12 catm mpe
aruTMKaIyje nuporaigoia. Moxe ce 3aKJbYYHTH Jia je 32 aHTUTCHOTOKCHYHH MOTEHIMjall eKCTPaKTa
OJITOBOpaH CEKyHJApHU METa0OJIMT MUPUIETHH KOjU ce y mopehemy ca octanuM KOMIIOHEHTama

€KCTPAKTa MU3/iBaja CBOJUM CaJpiKajeM.
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5.3. AHTHMHKPOOHA aKTHBHOCT METAHOJICKOT eKcTpakTa ousbke Cotinus coggygria

OOuMHA MOTpPOIIHa AaHTUOMOTHKA, KOja je JOBelia 0 PE3UCTeHIMje OaKTepuja Ha BEIHKHU OpOj
JIeKOBa, TOJACTAKIa je WCIUTHBAama aHTHOAKTEPH]CKOT JIENOBamka CYINCTaHIHU, KOje HHCY
AHTUOMOTHUIH, YKIJbYUyjyhn U OMIbHE eKCTpakTe. Y LUJbY MPOHATAXKEHa HOBUX CpeAcTaBa y 60pou
NpOTHB MHGEKIHja U3a3BaHNX MYATHPE3UCTCHTHUM COjeBUMa OaKkTepHja, eTapcka yJba U eKCTPAKTH
JICKOBUTUX W 3aYMHCKUX OMIbaKa Cy MpeAMET UCIIUTUBAKbA aHTHOAKTEPUjCKE aKTUBHOCTH.

Mertanosicku exkctpakt Ousbke C. coggygria je moka3ao 3HavajaH CTElEeH AaHTHMHKpPOOHE
aKTUBHOCTH Ha TECTHpPaHE MHUKPOOpPTaHW3ME IPUMEHOM IHUCK au(y3nOHE METoJe ca 30HaMma
nHXxuOuIMje Koje cy ce kperaie o 6 1o 29 mm. MakcuMallHy aKTUBHOCT €KCTPAaKT j€é HCIOJBHO
npema ['pam HeratuBHOj Oaktepuju E. coli u I'pam-no3utuBnoj 6aktepuju M. lysodeikticus, mok je
YMEpeHY aKTHBHOCT UCIIOJBHO TipeMa [ paM-To3uTHBHO]j OakTepuju S. aureus. MeTaHoJICKH eKCTPaKT
ompke C. coggygria je mokaszao Hajjauy aHTH(yrajlHy aKTHBHOCT y KOHIeHTparuju o1 500 pug u to
npema T. viride. CiuvHo pe3ynraTMMa WCIHMTHBamba JAUCK-TU(PY3HOHOM METOJOM, HajBehy
AKTHBHOCT €KCTPAKT je M0Ka3ao nmpema ribuBu T. Viride u Ha ocaoBy MIC BpeHOCTH.

Nmajyhu y By pEe3UCTEHTHOCT OakTepHja Ha CHHTETHMYKA aHTHUOMOTCKA CPENICTBA, M YECTE
nH(peKIMje, MomyT ypuHapHUX HH(EKIMja, n3a3BaHuX OakTepujama kao 1mro je E. coli, jaBiba ce cBe
Beha moTpeba 3a mpupoIHUM TIpenapaTuMa Kojuma Tpeba JAaTH MPEeTHOCT Y OJHOCY Ha CHHTETUYKE
KOji MOTY Jla UMajy U HeratuBHe eexre. Ha ocHOBY n00MjeHUX pe3ysTaTa MOXKE C€ 3aKJbYUYHTH Ja
Ce METaHOJICKH eKkcTpakT Ousbke C. coggygria Mojke MPUMEHUTH Y Jeuehy HH(PEKIMja n3a3BaHux E.
coli, M. lysodeikticus, S. aureus u T. viride.

Borchardt u capaguunu (176) cy yrBpawin Aa eKCTpakT a00HjeH M3 juiiha oBe OMJbHE BPCTE
nmokasyje 30Hy uHxuOumje oq 13 mo 10 mm npema S. aureus u Pseudomonas aeruginosa, amu aa
npema C. albicans se nokasyje akTHBHOCT.

Meranoscku ekctpakt Ousbke C. coggygria mokasao je 3HaYajHUjU aHTUMHUKPOOHHU MOTEHIHjaIT
nmpema cojeBuMa ['pamM-mo3uTUBHMX OakTepHuja, y OJHOCY Ha ['paMm-HeraTuBHE, ITO CE MOXKE
00jacCHUTH MPUCYCTBOM CIOJbAIIHE U IIa3MallHe MeMOpaHe kol ['pam-HeraTuBHUX OakTepuja Koje
IpeJCcTaBbajy Oapujepy 3a UCHOJbABAKE AHTUMUKPOOHOT €()eKTa UCITUTUBAHOT €KCTPAKTA.

Mako je aKTHBHOCT METaHOJICKOT ekcTpakra Omsbke C. coggygria cmabuja y mopehemy ca
CTaHJapAMMa, AaHTHOMOTUIMMA, He Tpeba 3a00paBUTH Ja je y MNUTaky cMela ca Moryhum
caJip>kajeM MUKPOOHOJIOIIKY MHAKTUBHUX CYIICTAHIM, Ka0 M YMIbEHHIIA J1a CY UCIIMTHBAaba BpIIECHA
y in vitro yciosuma.

Kpamuratusnom HPLC ananu3om ekcrpakTta yTBpeheHO je ha ce MHUpHUIETHH, y nopehemy ca

OCTAIMM KBaHTU(UKOBAHUM jelMI-EHMMa, M3/Baja CBOJUM caipxajeM. llperien poctymHe
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JUTEepaType Mokasyje Aa 0 aHTUMHUKPOOHO] aKTHBHOCTH MHpHICTHHA moctoje HaBoau (177, 178).
JlBe Bpcte poaa Bacillus, B. subtilis u B. cereus nokasaie cy npuOIHKHO HCTY OCETJBUBOCT IpeMa
MUPHIICTUHY, JIOK je BpcTa B. poylymxa moka3zasia 3Ha4ajHy OTIIOPHOCT TOKOM IEpUO/Ia HHKYyOaluje
(178). Hakon tpermana cojeBa Listeria (LM1, LM2 u LM3) ca mupuineruHoMm yrBpheH je BHCOK
CTCIICH aHTHMHUKPOOHE PEe3UCTEHTHOCTH TOKOM Tieproa uHKyOaruje oa 60 gacosa (179). Hacympor
OBUM pe3yatatuma, Yao u capamuuim (180) cy ykasanu ja MUPUIETHH €CTPaxOBaH M3 OWIbKE
Myrica rubra nokasyje aHTUMUKPOOHY aKTUBHOCT IpeMa HEKUM cojeBuMa BpcTe L. monocytogenes.
Demetzos u capapguuuu (181) ucnuryjyhu aHTUMUKPOOHY aKTMBHOCT MHUPHIIETHMHA U HETOBHUX
JepuBara JOLUUIM Cy JO 3ak/bydyka Ja MHUpUUETHMH ca Behom 3HawajHourhy unxubupa ['pam-

nmo3uTuBHE y nopehemwy ca ['pam-HeratuBHUM OakTepujama.
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5.4. AHTHOKCHIATHBHA aKTHBHOCT METAHOJICKOI eKcTpaKkTa omsbke Cotinus coggygria

MHore JIeKoBUTE OMJbKE Ca/piKe BEIHKE KOJMYMHE aHTHOKCHIAHATa, Kao LITO Cy CEKyHIapHU
MeTabOJUTH, KOJU MOTY Jla UTpajy BaXHY YJOTY Yy aicopOlHju W HEyTpaIu3alujud CI000THUX
panukana (182).

Crioco0OHOCT cakyIJbama CII000THUX panukana oapehena je mpumeHom DPPH eceja, jenqaom on
HajepUKACHUJUX, TIOY3AaHUX U jeIHOCTABaHUX IN VItr0 MeToaa 3a MpOICHY OBE BaKHE aKTHMBHOCTH
(183, 184). Metona na DPPH’ pamukane ce mupoko mpuMmemyje mnpu ojapehuBamy "ckeBuHLEp"
aKTUBHOCTH Tpema Jayrokupehum pagukanuma. AHTHOKCHIAHTH pearyjy ca ctabumaum DPPH’
pamukanuma u TpaHchopmumny ux y 1,1-ougpenun-2-(2,4,6-mpunumpogpenun)-xuopazun. Huso
nekosnopanuje pactBopa DPPH™ paaukana ykasyje Ha "ckeBuHUEp" MOTEHIMjal aHTHOKCHIAHTHHUX
jenumema (185).

CnobGoauu DPPH paauxanu ce Hajuenrthe ynoTpeOsbaBajy y aHTHOKCHJATUBHUM TECTOBHMA 3a
onpehuBame CHOCOOHOCTH TPUPOIHHUX CEKYHJAPHUX METa0OoJUTa, TMPHCYTHUX Y OHJBHUM
eKCTpaKTUMa, Ja Ipeaajy nabuiaaH BOIOHHUKOB aTtoM cioboaHuM paaukamuma. HMako je DPPH’
a30TOB paJMKaj, IITO 3HAYM Ja Ce HECHMapeHHW EJICKTPOH Hayla3d Ha a30TOBOM aTOMY, KOHCTaHTE
Op3uHE peakija aHTHOKCHIaHATa Ca OBUM PAJMKAJIOM CE€ MOTY alipOKCHMHpATH ca KOHCTaHTama 3a
peaknuje ca JMIUAHUM Tepokcua paaukanuma (186, 187, 188). To 3Haum ga pesyaratu JOOHjeHH
MPUMEHOM OBOT' AHTHUPAAMKAICKOT TecTa Jajy wuWHPOpMAIUj)y W O 3alllTUTHOM e(eKTy
AHTHOKCHUIaHATa TOKOM OKCHUJIAIINje JIUTH/IA.

Pesynratn noOujeHn NPUMEHOM OBE METOJE YKa3yjy Ja METaHOJICKM eKcTpakT Omsbke C.
coggygria ucrospaBa 3Ha4ajHy COCOOHOCT CaKyIJbarbha CII000HUX pauKaia U MOTY Ce YIOPESIUTH
ca BpeaHoctuMa Westenburg u capagauka (13) u Savikin u capagauka (23). OBakBH pe3yiTaTH
yKa3yjy Ja O ce METaHOJICKU eKCTpakT omibke C. coggygria Morao mpuMEHUTH Ka0 HHXHOUTOP WK
CaKynsbad CJIOOOIHUX pajluKaa.

AxrtuBHocT HeyTpanuzanuje DPPH panukana je no6po kopenucana ca caap:xkajeM noiaudeHomna y
WCIUTUBAHOM Y30pKY. 3HadajHa CHOCOOHOCT CaKyIlJbakba CIOOOJHUX pajJuKalla METaHOJCKOT
ekcTpakra Omsbke C. coggygria Moxe ce MpUIHCATH MPUCYCTBY MOJU(PEHOTHUX KOMIOHEHTH. OBH
pesyntatd Cy y carjacHoctd ca crymdjama Katalinic u capaagnuka (183), Mahakunakorn wu
capanauka (189) u Opoku u capannuka (190) y kojuMma je youeHo j1a ce OpojHa (eHOIHA jeUbErba,
IIUPOKO pacmpocTpameHa Yy OWJBHOM CBETYy, [IOHAIIajy Kao peaykyjyhu areHcu ca
AHTHOKCHIaTUBHOM aKTHBHOIINY ¥ criocoOHoIhy cakymibama cI000JHUX paiKaia.

AKko ce mMa y Buy ia joHnm Fe?* Mory na wHHIEMpajy peakiujy JHIHAHE MEpOKCHIALE,
Xenaryja je jelaH oJ 3HauajHMX MeXaHW3aMa aHTUOKCHUJATHBHE aKTHBHOCTU. XENAIMOHH areHCH

Jenyjy Kao CeKyHJAapHH aHTHOKCHIAHTH, jJep CMamyjy peaoKC MOTeHIWjanl cTaduinzyjyhu
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okcumaTuBHy (hopMmy MmetanHor joHa (191). Meranoscku exctpakt Omsbke C. coggygria mokasyje
3Ha4ajHy IN VItro xeaanuoHy u peayKIHOHY CIIOCOOHOCT IipeMa Gepo jOHUMA.

Hekonuko cryauja je mokazaio na Fe-xenammoHa akTUBHOCT 3aBHCH O] CTPYKTYpe (pJIaBOHOHIA;
camo (TaBOHOUIM KOJH MOCENyjy KaTeXol rpyny Ha b-nipcreny u 3-xuapokcun rpyny Ha C-ipcTeny
nmajy Fe**-penykyjyly akruBHOCT M Tama ce Besyjy 3a rBoxhe (192). Mupunernn (3,3',4',5,5',7-
Xexkcaxuopoxcugnaeon), je GIaBOHOU IO HABEJACHOM MPUHIUITY. HEKOJIHMKO cTymuja je oKa3ano aa
MUPHUIICTAH MMa PAa3HOJHMK TEPareyTCKU IOTEHIMjaJl Kao IITO je aHTH-OKCHIATHWBaH, aHTH-
KaHmeporeH W aHTH-uH(mamatopan (193, 194). Abalea u capagammm (195) cy mokasamm na
MUPHIIETHH MTUTH 01 omTeheha HHIYKOBAHOT TBOK)EM y MPUMapHUM KyJITypaMa XernaToluTa Ko

mamoBa.
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5.5. Mexanu3smu XCNATONMPOTEKTUBHE AaKTHBHOCTU METAHOJICKOI' EKCTPAKTa omsbke Cotinus

coggygria

Tperman nmaroBa coja Wistar ca METaHOJICKUM eKcTpakToM Ousbke C. COggygria y KOHICHTpaIju
on 500 mg/kg mmje moeo mo JHK omrehema. Ilpumenom Komer eceja yrBphena je wu
AQHTUTCHOTOKCUYHA aKTUBHOCT METAHOJICKOT €KCTpakTa ucTe KoHueHTpanuje. Ca musbeMm na ce
YIBpAE MOTCHLHUjAIIHA MEXaHH3MH XENaTONMpPOTEKTHBHE aKTUBHOCTU JI03€ KOja HHje IOKa3aia
TeHOTOKCHYaH e(eKaT, marnoBu coja Wistar Cy TpeTUpaHU ca METaHOJICKUM eKcTpakToMm oOmsbke C.
coggygria 2 wiu 12 catu mpe armuipama nuporanona y konunentpanuju ox 100 mg/kg tenecue
TexxnHe maroBa. CIpOBENEHO je TeCTUpame aKTUBHOCTH €H3MMa MapKepa XemaTOTOKCHYHOCTH,
KOHLIEHTpauyje OminpyOuHa u rBokha y KpBHOM cepyMmMy; MHTEH3UTETa OKCHJIATUBHOT cTpeca U
ekcrpecuje akyTHO (a3uux npotenHa (Hp u a;M) u tpanckpumnimonux dakropa (NFkB u Akt).

Hajuemrhe xopumhenn OHOXEeMHMjCKH TMapamMeTpu 3a JeTeKTOoBame olurehema jeTpe cy
aMuHOTpaHcdepase: acmaprat amuHOTpachepasza (AST) u amanmH amuHOTpaHcdepasa (ALT) u
ankanHa Qocdaraza (ALT) kao xenmaTomemymapHM MapKepu, W YKYIHH OWIMPYOHWH, Kao
xenaToounujapau Mapkepu (196). Cratyc jeTpe Takohe ce MOKe MPATUTH U MPEKO KOHIICHTPAIIHje
cepymckor reoxha (197).

ALT, AST u ALP cy oceTsbuBH MOKa3aTe/bu aKyTHOT omTehema jeTpe U aHalii3a OBUX €H3MMa
y mopemehajuma Koju HHUCY Be3aHH 3a omreherme jetpe je HeyobuuajeHa (198). V xenaronoruju ce
Hajuemthe oxapel)yjy BpemHOCTH TpaHCaMHHAa3a, M HHUXOBA MoBehaHa aKTHBHOCT IPEICTaBJba BPIIO
OCeTJbUB IMoKa3aresb omrehema xematouuta. ALT je OuinokynapHH €H3UM MPHCYTaH y HUTOIUIA3MHU
U MHUTOXOHJpHjaMa Xemaronura, MoK je AST yHWIOKyTapHH €H3MM W Haja3h ce Yy LUTO30Iy
xemaronuta (199). Ilopact y mmBoy AST-a m ALT-a y cepymy ce mpunucyje omrehemy
CTPYKTYPAJIHOT MHTETPUTETA jeTpe, jep Cy OBH CH3MMH JIOKAJIM30BaHHU Y LUTOIUIa3MH M ociobahajy
ce y kpB HakoH omtehema henuja (200). AktuHoct ALT je HajBeha y XemaTronuTHMa T€ C& MOXKE
CMaTpaTH CIEUU(PUYHUM ITapaMEeTPOM XeNaTOLENylIapHOT omTehema, JOK ce M3paKEeHUjH MOpacT
AST-a jaBjpa koA Texxkux U AyOspux omtehewa xematouurta. Hemro Behu mopact ALT-a ce
o0jammaBa ynmeHUNOM aa je ALT cnenuduunuju eH3uM jerpe, jep ra y ocTajJuM OpraHuMa uma
penaTUBHO Mano, 3a pa3iuky ox AST-a. ALT je uuTo30omapHM €H3MM XemaTolMTa, KOjU U KOA
Mamux omtehema jeTpe u3nasu y HupKymianujy, 1ok je AST npucyran y mutoxonapujama (60-70%)
u 1uro3oity (30-40%) xemaTouuTa M noTpebHO je Behe omreheme xemaTouuTa j1a Ou ce UCMOJBHO
nopact oor ensuMma y miasmu (201). Omrehema jerpe u xydHux kaHajga npaheHa cy mopacTtoM
KaTaJIMTHYKE aKTUBHOCTHU ankaiHe ¢ocdaraze (197). Ko cBUX MaToNOMIKKUX Mpolieca KOju JT0BOJIE

70 CMETHH Yy NPOTOKY >KY4H, JOJa3H JI0 H3paxaja COJXYOMIapHO JI€JCTBO JKYYHHUX COJH KOjU
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n3a3uBajy ocnobahame ALP ca cnosmpamme ctpane henmjcke memOpane. bunmpyOuH je jeman on
HAJKOPUCHUJUX KIMHUYKHX HWHIUIMja Ha O30MJBPHOCT HEKpPO3€ W HEroBa aKymylaiuja je Mepa
KOBbYTallije U eKCKpEeTOpHOT KanaruTera xernaronuta (202). Merabouuiiie ce y jeTpu U U3Iydyje y
Ky4dd, aKyMyJldpa ce€ y KpBU KaJa MOCTOju omrTeheme jeTpe | 3amyllemhe KyJdHUX IyTeBa.
[ToBumeHa KoHIEHTpanuja OWIMpyOrHa y cepyMy je jemaH OJ KIMHUYKHX IOoKa3aresba omrehema
Ky4H, a Takole ykazyje u Ha u3MemeHy QyHkiujy jerpe (197).

[loBumieHe BpemHOCTHM TpaHCaMHMHA3a M ajkaiHe QocdaTaze Kao M BPEAHOCTH YKYITHOT
OnnupyOMHa y cepyMmMy eKCIIEpUMEHTalHEe TpyIe >XUBOTHEA TPETUPAHUX Ca IMHPOTAIONIOM Cy
CTaTUCTHYKM CUTHU(UKAHTHE Yy OJHOCY Ha BPEIHOCTHM KOHTPOJHE TpyNe IamoBa, W YjeqHO
npeAcTaBbajy Mepy omrehema henuja jerpe Kox oBe ekcnepuMmeHTanHe rpyne. [loBuieHe
BPEHOCTH HABEJIEHUX OMOXEMHU]CKUX TapaMmeTapa yka3yjy Ha (yHKIuoHaiHO omTeheme jerpe
MaroBa, W3a3BaHO WHTPANCPUTOHEATHWM aIUMIHAPAkEeM MHporajiojia, Koje je KOJ OBe
eKCTIepUMEHTAIHE TPyIle eBHIeHTHO. [luporamoin, ycien crBapama CI000THUX paauKkana, N3a3uBa
3HauyajHo omTehewe MemMOpaHa xernaronuTa u ociobdahame nurozonne ALT u AST y nupkynanujy,
mTo je y Kopenamuju ca cryaujom Gupta m capamuuka (116, 117). YV ekcrnepumeHTaIHO] Tpynu
KHBOTHEbA TPETUPAHUX Ca METAHOJICKHM eKcTpakToM Omibke C. coggygria y xkoHmentpanuju o1 500
mg/kg TermecHe Mace mpe TpeTMaHa ca MUPOTaJOJIOM YOUYCHO j€ CTATUCTHYKH 3HAYajHO CMAbEHE
BPEIHOCTH TpaHCaMHWHa3a U ajkaiHe ¢ocdaTase, Kao U BPEIHOCTH YKYITHOT OMIMpYyOHHA, Y OJTHOCY
Ha rpyny >KMBOTHH-a TPETUPAHUX caMo ca nuporanojom. Cmamwene Bpennoctu ALT, AST, ALP u
YKYITHOT OMJIMpYOHHA, Ka0 pe3yJiTaT alulMIupamka METaHOJICKOT eKcTpakTa ouibke C. coggygria mpe
TpeTMaHa ca MUPOTaJIOIOM, MOKE OUTH MOCIEIUIIa IPUCYCTBA CTPYKTYPHO PA3TUUUTUX (PEHOTHUX
jearmema, Kao mTo ¢y penonne kucenune, Gaapononau u tanunau (203, 204, 205). Umajyhu y Bugy
na je HPLC anamm3zom ekcrpakta yTrBpheHo na ce MupuueTruH, y mnopehemy ca ocTtaium
KBaHTH(PHKOBAHUM jeIUIbCIbMMA, M3/IBaja CBOJUM CaJipikKajeM, MPUMEHOM IHUpPOTaliofia UCIUTUBAHA
je yJiora MUpHLIETHHA, Kao IJIaBHE KOMIIOHEHTE €KCTpaKTa, y peaykunju BpenHoctu ALT, AST, ALP
U yKymHOT OwnupyOuHa. VHTpanepuToHeaqHO arMiupame MHUPUIETHHA 3HA4ajHO je CMAambUIIo
nuporaionoM uHaykoBaHo nosehawe Bpeanoctu ALT, AST, ALP u ykynHor OunupyOuHa y
cepymy.

HHTpanepuToHealHO aluIMLIKpPamkbe MUPOTraiosia y3poKoBalo je opacT HUBOa I'Boxkha y cepymy
naoBa. Akymynianuja TBoxkha je IITETHa jep IPOMOBHIIE CaKyllJbakh€ BHCOKO PEAKTHBHUX
XUJPOKCH pajiiKana KOju Cy CIOCOOHM Ja YKJIOHE aTOM BOJIOHMKA OJ NOJHHE3acuheHUX MacHUX
KHACEJIMHA U THUME WHUIMPAJy JUOUAHY nepokcupauujy (206). Agrawal u capaguumm (207) cy
ykazanu Ja rBoxkhe ocinoOoheHo oa (epuTHMHAa HAKOH TpeTMaHa ca MHUPOrajojoM KaTalu3upa

HepOKCI/I,[[aI_II/ij heJlI/IjCKI/IX MCM6paHa. FeHepHcaHI/I JIMMUIHU XUOPOICPOKCUN MOTY H3a3BaTU
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3HAauYajHe MPOMEHE y CTPYKTypH U (PyHKuHMju memOpane. TpeTMaH ca METAaHOJCKHUM EKCTPAKTOM
ouspke C. coggygria y xonuenrpauuju ox 500 mg/kg tenecne mace 2 win 12 caTu npe TpeTMaHa ca
MUPOTAJTOJIOM YTHIIA0 jé HAa CTAaTUCTUYKH 3HAYajHO CMambEeHhe HMBOA IBOXKNa y OJHOCY Ha TpPETMaH
caMmo ca MUpPOTaIo0JIOM.

OxroBop opranu3Ma Ha TpayMmy je MOJIMTEHO JIETEPMUHHUCAH, aJli BEPOBATHO HEKU T€H HIIU IpyIia
reHa JIONPUHOCE BUILE HETO JIpYyru, y cMuciy Behe ormopHocTH opranu3ma Ha Tpayma. Pazmmuunte
BpCTE Tpayma, Kao ITO Cy HHGUaManuje W HWH(EKIHje, u3a3uBajy akyTHO (a3HU OJIroBOD,
HecTenn(UIHy, CHCTEMCKY pPeaKIlnjy Koja IMa BaKHY 3amITUTHY yiory (208, 209, 210, 211). Yrnora
aKyTHO (pa3HOT OArOBOpa je Ja CHpedH Aajbe olTeheme TKHBA KOje je HacTallo ycies 3anabema, 1a
M30JTyje ¥ YHUIITH WHPEKTHBHE MUKPOOPTaHU3ME U J]a aKTUBUPA MPOIIece OJIrOBOPHE 3a perapanujy
omrreheHOr TKHMBA, OJJHOCHO BPaTH OpraHM3aM y HOPMAalHO CTame - XxoMeocTasy (212). AkyTHO
¢a3Hu onaroBop obOyxBara crneuM@UUHE MPOMEHE Y KapAMOBACKYIAPHOM, HEYPOEHIOKPHUHOM U
MmeTabomuukom cucremy (208). ¥V mpoTerHCKOM cHCTeMy J0ja3u g0 0e NOVO CHHTe3e TaKO3BaHUX
npoTenHa akyTHe (ase, cnenuuuHUX 3a akyTHO (aszuu oxroBop (213, 214). OBu mpoTEeUHH Ce
yOpajajy y KoMmmoHeHTe ypolheHor (HecmenuduyHOT) UMYHHTETA YKJBYYEHOT Yy YCIOCTaBJbAHE
XOMEOCTa3e W OrpaHNYaBambEe Pa3MHOXKaBaka MUKPOOPraHu3ama Ipe HEero IITO Ce pa3BHje CTEYEHU
(cnerupuuHN) UMYHHTET.

[IpoTennu akytHe (haze MoTy Ja ce mojesne Ha "Mmo3uTuBHE" ¥ "HeraTuBHE" y OJJHOCY Ha TO J1a JIn
UM ce KOHIIeHTpaluja nosehaBa mim cMamyje TOKOM OATOBOpa OpraHW3Ma Ha HEKH CTUMYIYC. Y
MO3UTHBHE aKyTHO (ha3HEe MPOTEHHE yOpajajy ce MpOTEHHU 4YHja ce KOHIEeHTpaiuja yBehaBa u no
HEKOJIMKO CTOTHHA IyTa Y TOKY aKyTHO (ha3HOT OATOBOpa Kao IITO je TO CIIydaj ca XalTorI0O0nHOM,
C-peakTUBHUM NpPOTEMHHMMA, CEPyM aMWIOWA A, LepyJoria3MuHOM, (uOpuHOTEeHOM, ol-aruy
TIUKONIPOTeMnHOM UTA. OBe TJMKONPOTEMHE CHHTETHIIY XElaTOUUTe HAaKOH CTHUMYJaluje
npouH(pIaMaTOpHUM LMTOKMHUMA, a 3aTUM WX ocinobahajy y kpB. Y HeraTuBHE akyTHO (a3He
npotenHe yoOpajajy ce anOymMuH U TpaHcepuH KOjU ce Takohe CHUHTETHINY Yy jeTpH, alh Y MambeM
0o0MMY y TUM yCIIOBHMA HETO Kaja je y cTamy xomeoctase (215). [IpomeHe y KOHIIEHTpAIMji OBUX
NpOTEMHAa JOBOJE M 1O NpPOMEHa Yy LEeJIOM IPOTEHMHCKOM CHCTEMYy Tj. OJpaxkaBajy ce Ha
KOHIICHTpAallM]y YKYITHUX MPOTENHa.

Tperman ca MeTaHOJICKUM ekcTpakToM Owsbke C. coggygria uHIyKyje akyTHO (a3HH OJrOBOP y
cMmucy noBehama KOHIEHTpalMje JBa UCIIMTHBAaHA aKyTHO (a3Ha mpoTenHa, xanrtornoouna (Hp) u
op-MakporaoOynuHa (0M).

OcHOBHa yiora xamnTorjoOMHa je Ja Be3yje cI00OJHM XEeMOIJIOOMH KOju j€ TOKCHYaH |
Mmeaujatop je uHpraamanuje (216, 217). Ilopen OuonomKuX (QyHKIMja XaNTOrIOOMHA Kao IITO Cy

cTuMynanuja anruorenese (218), ynora y merabonusmy mactu (219), uMyHOMOIyIaTOpHU edeKar
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(220), naxubuLIKja HArOMKUIaBamka HEYTPO U y peciupaTopHoM Tpakty (221), mpuMapHa yiora je
Ja cripedd TyouTtak rBoxkha GpopMupameM CTa0MIHOT KOMILIEKCa ca cI000JHUM XEMOTJIOOMHOM Y
kpBu (222). CmaTtpa ce na XanTorioOMH MMa M OakTepuocTaTcku edekar orpaHuvaBajyhu
JTOCTYITHOCT TBOkh)a y KPBH KOje je HEOIXO0IHO 3a pacT bakTepuja (222).

02M je TeTpaMepHU TIUKOTPOTCHH KOju (DYHKIMOHUIIEC Ka0 HECEJICKTHBHU WHXHOUTOP
Pa3NMYUTHX BpCTa HECHENU(PHUHMX MPOTEa3a ca BAXKHOM YJIOTOM Y YCIOCTaBJbamky HapyLICHE
XOMeOcCTa3e oOJiakiaBajyhu TpaHCIOPT IMTOKWHA W xopMmoHa (223). PaHuja ucTpakuBama Cy
MoKasayia Jia aruiMiupame MpeduInTneHor MaroBCKOT 0pM eKCIepUMEHTAHUM SKHBOTHIAMa Y
Tpaymama, THIIa ONEKOTHHA WM 03pauylBama IeJIOT OpraHu3Ma, 3HauajHo noBehaBa BUXOBY CTOITY
npexuBIbaBama (224).

Haxo je meTaHosicku ekcTpakT Oousbke C. COggygria wHIyKoBao MopacT HMUBOA JBa aKyTHO (pa3Ha
MPOTENHA, BPETHOCTH Cy OWJIe CTAaTHCTUYKH HUXKE y OJHOCY Ha aKyTHO (a3Hy peakiujy HaKOH
aruTMIMpama TePIeHTHHA, WHIYKTOpa aKyTHO (a3HOT OATrOBOpA. JacHO je Ja je OBaj MpoIec MMao
3HAYajHY YJIOTy y ciabipemy edexTa nuporaioia, ¢ 003UpoMm Ja je TpeTMaH HaKoH 12 catu, Koju je
omoryhuno pas3Boj akyTHO (azHe peakiyje, OMo epUKacHHjU OJ] TpeTMaHa HAKOH 2 cara, Kaja je
akyTHO (a3Ha peakiyja Omia y cB0joj paHoj ¢ga3u. AKYTHH OJTrOBOpP OPTraHM3Ma, OJTHOCHO HETOBH
MEIMjaToOpH, MOTY Jla ce I0OKa)Xy HEKOJIMKO JlaHa OJ1 CTUMYJyca, ajli KHHETHKa OJAT0BOpA 3aBUCH O]
BpcTe M 0] cTeneHa omrehema TkuBa (225). MakcuManHa KOHIIEHTpaIyja MpoTenHa akyTHe ¢asze y
CEpyMy C€ YIJaBHOM TIOCTIKE HaKOH 24 1o 48 uwacoBa oj cTuMyiyca. Moe ce 3aKJby4uTH Ja je
TPETMaH ca METaHOJCKUM eKkcTpakToM Ousbke C. coggygria 12 catu mpe amiviupama MUporaiosia
eduKacHO 3alITUTHO JeTPy MaI0Ba OJ1 HAKHAIHOT, IMUPOTalI0IOM HHAYKOBAHOT MIPEKUIa XOMEOCTa3e.
CamMuM THM pe3yiITaTH [MOKa3yjy 3HauajHu IMPEBEHTHBHH MMOTEHIM]al ekcTpakTa omibke C. coggygria

IpeMa aKYTHOj XEMMaTOTOKCUYHOCTH.

Hacranak cno60oaHMX pajuKaia je y CTaJlHOj paBHOTEXH Ca aHTUOKCHJATHBHUM 0J0paMOeHUM
cucreMoM. Mako cno00JHM pajuKand KMMajy 3HayajHy yJaory y HuU3y (HU3UOJIOLIKUX Ipolieca,
nopemehaj Oananca n3Mel)y 0BUX peakKTMBHMX BPCTa M aHTUOKCHJIATUBHOI' CHCTEMa MOXeE J1a I0Be/Ie
70 O030MJBHOI HapyllaBalkba HOpMaliHe XomeocTase hemuje. HapymaBame OKCHAO-pelyKTHBHE
PaBHOTEXE ycJe]l MOBUILIEHOT HUBOA CII000HUX pajliKaa, y3 BUCOK CTENEH HHXOBE HECEIIEKTUBHE
PEaKTUBHOCTH W HECTaOWIHOCTH, JOBOJM JIO CTamka OKCHJIATHBHOI cTpeca. Kao mnocneauna
OKCHJIaATMBHOT CTpeca jaBJbajy Ce T3B. OKCHJIAaTHBHA olITehema, Koja ce n3pakaBajy Kpo3 pa3inyura
MaTOJIOIIKa CTama. YOIIITEHO, OKCHIATHBHU CTpeC Moxke Ja OyJe NMpOoy3pOKOBaH MOBUIIEHUM
HUBOOM CJIOOOJHUX paguKala Kao IOoCIeIulla H3Jlaramkba KHCEOHUKY, IPHUCYCTBAa TOKCHHA,

uH(IaMaTOPHUX Tpolieca U CIUYHO, UM MHXHOUpaHe (yHKLHUje aHTHOKCHJAHTHOI CHCTEMa, KOjU
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ce jaBJba MPHU CMAmCHY aKTUBHOCTH €H3MMa aHTHOKCHUIATUBHE 3aIITUTE (CYHNEpOKCHIl TU3MYTa3e,
KaTajase, TIIyTaTHOH TIePOKCHIase. ..).

Nwmajyhu y Buay 1a Cy aHTHOKCHIAHCH CHHTETHYKOT MOpekia (OyTHIUpaHU XUIPOKCUTOIYEH U
OyTHIIMpaHW XHIPOKCHAHU30JI), Ca jelHE CTpPaHE IMO3HATH 10 CBOjOj CIIOCOOHOCTH Ja 3ayCTaBJbajy
JAHYaHy pPEaKIujy JUMUIAHE TEepOKCHUIaIuje, JOK je ca Ipyre JoKa3aHa HHXOBa KaHIEpOreHa
aKTUBHOCT M CHOcoOHOCT m3asmBama omTtehema jerpe (92), cBe je Beha Texma y NpUMEHH
AHTHOKCHUIaHAca MPUPOIHOT TOpEKIa. 3a MPOIeHy HapylleHe MPOOKCHIATHBHO-aHTUOKCHIATHBHE
PaBHOTEXE KOJ EKCIEPUMEHTATHHUX JKUBOTHIbA TPETHPAHHUX Ca MUPOTAIONOM M Ca METaHOJICKHM
ekctpakrom Omibke C. coggygria o moceOHOT 3Havaja je HCITUTUBAE JTMITUIHUX MTEPOKCHIA.

JlununHa nepokcuaanmja, kao Hajuenthu peHoMeH enoBama ca1000IHUX paauKalla, IpeacTaBba
OKCHJATHBHO omTeheme Koje 3axBara henmjcke MmeMOpaHe, JMIONPOTEUHE U JPYre MOJIEKYJIe KOjU
caJp>xe JUIHUIE, y YCIOBMMAa IIOCTOjaba OKCHUIATHBHOT cTpeca. Hajuemmhe ce oapehyje
KOHIIeTpalHja MaJOHAJIEXUAa KOju HacTaje W3 JHIUIHUX IEePOKCHAA Y TPOIeCy JIHITHIHE
nepokcuaanyje. JlumuaHa nmepokcuaanuja U NpOAYKTH CIMYHH MaJOHIUAIICXUY WCIIUTUBAHU CY
Ka0 WMHAUKATOPU OKCHJIATUBHOT CTpeca, jep CJIOOOJHM paguKaad W/WIU PEAKTUBHH OKCHTCHH
MeTa0OJIUTH IUPEKTHO MOTY Y3pPOKOBAaTH OKCHAATUBHO oIluTeheme, a WUXOB CEPYMCKH HUBO
HCKa3yje MoCTojame OKCHIATHBHOT cTpeca (226, 227).

Kpajpu npoayktr jaumnmuaHe MEpOKCHAANM]je HAKOH TPETMaHa ca MHUPOTAJ0JIOM JCTEKTOBAH j€
WHIUPEKTHUM IyTeM — MmepemeM TBARS-a y cepyMy W jeTpu €KCIIEpUMEHTATHUX J>KHBOTHIHA.
[TopacTt xonuentpamuje TBARS-a, nHmekca JunuaHe MepoKCcHIalnje, Y CEPyMy W JeTpH IaloBa
TPETUPAHUX Ca MUPOTATIOJIOM yKa3yje Ha MPUCYCTBO OKCHIATHBHOT crpeca. [loBehan HUBO nmumuaHe
MEPOKCUIAIN]e Y JeTPU JKUBOTHIbA TPETUPAHUX Ca MUPOTAIOJIOM yKazyje Ha 3Ha4ajHy JIUIUAHY
MIEPOKCUIAITH]Y.

Agrawal u capanguunu (207) y cB0joj cTyAuju cy ykazanu Ja reoxhe ocinobolheHo u3 deputruna
HAKOH TpPETMaHa ca MUPOTAJ0JOM Karaiusyje Hepokcuaanujy hemujckux memOpana. JlumumHu
XUJPOTICPOKCH]I W3a3MBajy 3HAUAJHY IITETY Y CTPYKTYpH U (QyHKIUjU MeMOpane. OBH Haja3M Cy y
CarJIaCHOCTH Ca YHIHCHHUIIOM Ja aJMHUHHCTpAllMja METaHOJICKOT ekcTpakta Oumsbke C. coggygria
JOBOJM JI0 CMamema MUporajgojoM wu3a3BaHor moBehama HuBoa TBARS-a cxopo mo 6azamnor
HUBOA. UnmeHMIIa 1a IPeTPETMaH ca eKCTPAKTOM CIIpedaBa JTUMUAHY MEPOKCUAANN]Y UHAYKOBaHY
MUPOTAIOIOM yKa3yje Ja METaHOJICKHA eKCTpakT Omsbke C. cOggygria uMa BakHY YJIOTY y 3aIlITUTH

MeMOpaHa o1 omrehema.

OKCI/I,Z[aTI/IBHI/I CTpEC MpcaAcCTaBjba ILI/IC6aJIaHC 1/13Meljy IMPOOKCHJaHaca (CJ'I060I[HI/IX pazuzncana) )51

CUCTCMAa AHTHUOKCHAATUBHEC 3allITUTC Y KOPHUCT HNPOOKCHAAaHAacCa, KOjI/I l'IOTeHI_II/IjaJ'IHO BOJIM Ka
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omTtehermy. AHTHOCKMJATHUBHA 3alITUTa KAa0 (M3HOJIOMIKH Tpouec (YHKIMOHHIIE HEMpPECTaHO Y
3/IpaBOM OpraHU3My M MMa 32 IWJb Ja CIPEYH IITETHO JICIOBAhE MPOOKCHIATUBHUX (PAKTOPA.

EH3MMU aHTHOKCHJIATUBHE 3allITUTE WMAjy TJIaBHY YIOTY Y CHJOTCHO] 3alITUTH henmuja on
OKCHJIAaTMBHOT oInTehema myTeM yTHmaja Ha mHXuOunuMjy hemumjcke mponmdepanuje, MyTranuje u
reHOMCKe HecTaOmtHoCcTH (228).

[MperpeTmMan ca MeETaHOJCKMM eKcTpakToM Omipke C. coggygria yciioBjbaBa CTaTUCTHYKH
3Ha4yajHO moBehame akTUBHOCTH aHTHOKcuaatuBHUX eH3uma (SOD, CAT u GST) y jerpu
EKCTIEPUMEHTATHUAX KUBOTHHA. AKTUBHOCT aHTHOKCHIATHBHHUX €H3MMa y jeTPH MaIl0Ba TPETUPAH X
caMo ca MUPOTAJIOJIOM je 3HATHO MCIOJ 0a3aJHOT HUBOA aKTHBHOCTH €H3MMa y KOHTPOJIHOj TPYIH
KHUBOTHIba. OBaKBH PE3yJITaTH jaCHO yKa3yjy Ha e(UKacHy 3alITHTY eKkcTpakTa Ousbke C. coggygria
0J1 MHUPOTAJIOJIOM H3a3BaHOT mpeonTepehema crobogHuM paaukanuma. Kako cy Hyc-TIpOM3BOIU
JUNUAHE TepoKcuaanuje y3pok koBaleHTHHX Mmonudukauuja GST (229), cmameme aKTHBHOCTH
GST HaKOH M3J0XKEHOCTH >KUBOTHH-@ MUPOTANIONY j€ BEPOBATHO MOCHEUIa MoBehaHe NUMUIHE
MEePOKCUIAI]e, TOK je KOJ MaroBa TPETHPAHUX Ca METAHOJICKUM eKcTpakToMm Omsbke C. coggygria
npe TperMaHa ca nuporanosioM GST aktuBHOCT menmMMUYHO ToBehaHa Kao pe3ynTar COCOOHOCTH

eKCTpaKTa Jia Cy30uje IepOKCUAAIN]Y JTUITHIA.

Curnanom uHAYKOBaHa (Qocdopumaiuja je o1 HeOOMYHE BAKHOCTH 32 MOIYJAIN]y aKTUBHOCTHU
MHOTHX TpPaHCKPUNIIMOHUX (akTtopa. Hajuzpazutuju mpumep OBaKBOT MEXaHHM3Ma AaKTHBAIIH]e
TpaHcKpunuoHux ¢akropa je akruBainuja NF-xB Tpanckpunimonor ¢akropa. TpaHCKpUIIIIMOHU
daktop NF-kB (enr. Nuclear Factor-kappa B) je perymaTopHd OpOTEHH KOjH KOHTPOJIHILE
€KCIIPeCHjy MHOTUX WHAYIUOWIIHMX W TKUBHO cliemM(UUHUX TeHa, ydecTBYjyhu Ha Taj HauMH y
perynanuju npouHdiaMaTopHUX U IMYHUX oaroBopa henuje, hemujcke mposmdepannje u anonTose.
OBaj TpaHCKpUMIIMOHU (DAaKTOp KOOPAMHUPA W aKTUBUpA OAOpaHy OpraHu3Ma WIA JUPEKTHUM
OJIFOBOPOM Ha TATOTEHE U CTPECOTeHE CTUMYITYCe, WM WHIMPEKTHUM OJIrOBOPOM Ha CHUTHAJIHE
MoJIeKyIe ociobohene U3 apyrux HHQHUIMpaHuX win omtehenux henuja u TKuBa.

Mely OpojHuM curHaIHUM MoJieKynuMa koju aktuBuiry NF-kB criagajy u arencu koju y3pokyjy
okcunanuonu crpec (230). PeakTHBHM KHCCOHHYKH METAOOJHMTH, KOjU HACTA]y y PECIHPATOPHOM
JaHIly MUTOXOHJpHja Yy YJIO3M CEKyHIapHUX TJIacHMKa, mocpenyjy y axktuBauuju NF-kB. [la
aktuBHOCT NF-kB nupexkTHO 3aBHCH OJ1 peloKC cTama henMja mokasyjy pe3yinTaTH IMO3UTHBHE
perynanmje akTUBHOCTH OBOT (paKTopa MpU HUCKO] KOHIIEHTPALUjU THOJTHUX jeANbemba (TIyTaTHOH)
W MHXUOMIMje HEroBe AakTUBAIMjeé IpH BHCOKUM KOHIIEHTpalujaMa HCTUX. Perynamnuja

uHTpahenujcKor TiyTaTHOHA AMPEKTO peryiulle ekcrpecujy reHa koju nocenyjy NF-kB-sesyjyhe
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Mmecto y npomoTopy (231). U 1ok, ca jenHe ctpaHe, peakTHBHE BpCTe KrceoHUKa aktuBrpajy NF-«kB,
pa3iinunTa aHTUOKCUIATHBHA jeIUbCHha MHXHUOUPAjy BeroBy aktusanmjy (232, 233).

Benuku Opoj areHaca mpHpOJHOT M CHHTETHUYKOT MOPEKIa Cy TeCTUPaHa Y MHJbY YTBphUBama
MOTEHIIMjaJTHe MHXHOMTOPHE aKTUBHOCTH TpaHcKpumiuoHor ¢akropa NF-kB (234, 235, 236).

VY muporanon TpeTUpaHoj TpynH KUBOTHEA HUBO ekcripecrje NF-kB je u3Han 6a3zanHor HUBOA,
JIOK je KOJI TaIoBa MpeTPEeTUPAHUX ca METAHOJICKUM eKcTpakToM Ouibke C. COggygria youeH 3HaTHO
Hwkn HUBO ekcrpecuje NF-kB. Ouurienno je nga mperperMaH ca METAHOJCKHUM EKCTPAKTOM
epUKacHO YKJIama PEaKTHBHE BPCTE KHCEOHHKA, yONla)kaBa TOCJEIUIe OKCHAATHBHOT CTpeca H

yKJIama CTUMYJTyCe aKTUBalMje TpaHcKpunuuoHor gpakropa NF-kB.

Jlo cIWYHOT 3aKJbydKa Ce€ JI0Jla3d M HakoH mpahema ekcrpecuje CepuH-TPEOHHWH KuHaze b
no3Hate u kao AKt. Akt QyHKIIHOHUIIIE Ka0 IIEHTPATHNA HHTETPUCAHU MOYI (hochamuoununocumor
3-kunaze — Akt curHamHOT TyTa y henwju u perynumie OpojHe KpUTHYHE ITyTeBa, YKIbydyjyhu u oHe
KOju JoBOJie /0 henmujcke mposmdepannje n uHXuOUnMje amomntose (156, 157). Akt urpa BaxknHy
yIIOTY y ojpXkaBamy hemujckor omcranka (237, 238, 239). Jlox aaMuHHCTpandja MTHPOTAIoIa
pesyntupa cmameny Akt dochopunanujy u akTHBHOCT, IPETPETMAHU Ca METAHOJICKUM €KCTPAKTOM
ompke C. coggygria mnm ca MHPUICTHHOM OYHMIIeaHO 00e30elyje mapamerap KOju J103BOJbaBa

dbyakunonucame Akt, HEOXOIHOT 3a MPaBWIHO (YHKIIMOHUCAWkE henrja.
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Hoxmopcka oucepmayuja 3axmwyuyu

Nako pocanamma MCOUTHBAaMka OMOJOUIKMX aKTUBHOCTU €KCTpakaTra OpojHMX OWMJBHUX BpCTa
yKa3yjy Ha HUXOBY AaHTHMUKpPOOHY, aHTH-MH(IAMAaTOpHY, aHTHOKCHIATHBHY, AHTUMYTareHy M
AHTHKAHIIEPOTCHY aKTUBHOCT, Majlu Opoj cTyauja o0jeiumyje CBE OBE OHMOJONMIKE aKTHBHOCTH.
MyATHANCIUTUIMHAPHU TIPUCTYIT jé PUMEHEH Ca IMHJBEM Jia ¢c€ 00jeIMHU HEKOJIUKO OMOJIOIIKUX
aKTMBHOCTH METAHOJICKOT eKcTpakTa Ombke C. coggygria, paaum yrBphHBama TeparneyTrcKkor

MOTCHIIHjaa.

Ha temespy no0ujeHnX pe3ynTaTta MOTY € U3BECTH ciieiehh 3aKJbYy4Ilu:

1. V norneay KBaHTUTAaTUBHOI cajJpikaja yKyNHUX ¢eHoJsa, (praBoHOWJA, KOHJIEH30BaHUX
TaHWHA U TaJIOTAHWHA y E€KCTPAKTy je JETeKTOBaHA 3HauyajHa KOJUYMHA (JIaBOHOMJA M YKYHMHUX

(denona.

2. KBaHTHTAaTHBHOM aHaJM30M cacTaBa (EHOIHUX jeIUFHCHa METAHOJHOT EKCTpakTa OWMIbKe
yTBplheHo je mpucycTBo KadeHe KUCEINHE, XJIOPOTEHCKE KUCEINHE, KyMapHUHCKE KUCENIHE, (hepyiHe
KHCEJIMHE, py3MapuHCKEe KHCeTuHe U (UIaBOHOMIA MHPUIETHHA, KBEpLETHHa, KeMmIdepora,

pe3Beparpoia U pyTuHa.

3. Y morneny uneHTH(UKANNje KOHCTUTYEHATa, HA OCHOBY PETCHIIMOHUX BPEMEHA U HbUXOBUM
nopehewmem ca crangapauMa W kBaHTuTaTtuBHe aHanm3ze HPLC meromom, yrBpheHo je nma cy
Haj3acTyIubeHUju (aBonouan mupuietu ca 511.50 ug/g excrpakra u kBepuetud ca 69.80 Ug/g
eKcTpakTa. Y mopehemy ca oCTamuM JIETEKTOBaHUM jeMbCHUMA M3 Trpyle (EHOJHUX KHUCEINHA

CBOjUM caJpiKajeM ce UCTHYE pPy3MapHHCKa KucenuHa ca 18.55 Ug/g ekcrpakra.

4. TlpumeHoMm TecTa 3a JAETEKIHMjy IIOJHO BE3aHMX PELECHBHO JICTATHUX MYyTallja KOJ
eykapruoTcKor Mojen opranusma D. melanogaster yrepheno je ma je excrpakt ousbke C. coggygria
IIPU KOHIIEHTpaLUj1 01 5% MHIYKOBAO pEeLIECUBHE JIETaIHE X-Be3aHe MyTalllje y ABe FepMUHATUBHE
henujcke nMHMjE, HA HUBOY CIEPMaTO30M1a U CIEPMATOLMTA, JIOK Cy C€ CIiepMaTHjIe MoKa3ale Kao
ornopHuje. Mako ekcTpakT mokasyje oapeheH HHBO M€HOTOKCHYHOT MOTEHIMjaja, OH je joIl yBEeK
JaJIeKo OJ] MYTAareHOCTH J00ujeHe 3a MO3UTHUBHY KOHTpoiy. [locT-TpeTmMaH ca METaHOJICKUM
eKCTPAaKTOM Yy KOHLEHTpauuju oj 2% YTHIAo je Ha cMameme reHoTokcuyHoctd EMC-a y nBe
repMHHaTHBHE henujcke nuHUje (crepMaro30oMAM M CHepMaTujie) Yy OJHOCY Ha IO3UTHBHY
KOHTpOJIHY Trpymy. IlocT-TpeTMaHu ca MHPHUIIETHHOM, KOjU ce Yy Tnopehemy ca ocranum

KBaHTU(HUKOBAHUM jeIUI-CHUMA U3JBaja CBOJUM CaJAp)KajeM, KBEPLUETHMHOM U PY3MapHHCKOM
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KHCEITMHOM, KOjU C€ IO CaApKajy M3/IBajajy y OJHOCY Ha OcCTalie WIACHTH(HUKOBaHE (PIIaBOHOHIIE U
(eHOTHE KUCETHHE Y €KCTPAKTY, APACTUYHO CYy PEeIyKOBalu (DPEKBEHIYy PELIECHBHO JICTATHUX X-
BE3aHMX MYTallMja, KaAKO Y MPEMEHJOTCKHM, TaKO U Y MOCTMEJUOTCKAM IepPMUHATUBHUM heIHjcKuM

JTMHHAjAMA.

5. Ilpumenom ankaiaHe Bep3uje Komer eceja Ha Mmomen opranusmy D. melanogaster nwuje
yIBpeHa CTAaTUCTUYKH 3HAYajHa pa3jivKa y TPETMaHy Ca METAaHOJICKUM eKCTpakTtoM Omibke C.
coggygria y kouteHTparuju o1 1% y 0JHOCY Ha HeraTUBHY KOHTPOJTy. Ha 0CHOBY pacmojena KoMeT
Kjaca U oJabpaHuX KBAaHTUTATHBHHX IapaMeTrapa MOXe ce 3aKJbyYHTH Ja METAHOJICKH EKCTPaKT
nobujen u3 crabma O6wsbke C. coggygria y kowieHTpanuju ojx 1% He mokasyje TeHOTOKCHYHY

AKTUBHOCT.

6. Ilpumenom Komer Tecta kom mamoBa coja Wistar y INn VIVO ycloBHMa HCIHTaHa je
MOTEHIMjaTHA TEHOTOKCUYHA aKTUBHOCT METAHOJICKOT eKCTpakTa y KoHueHTpanuju ox 500, 1000 u
2000 mg/kg TenecHe TexuHe mnamoBa. CTAaTHCTUYKK 3HAYajHEe pa3iMKe y KBAIMTATUBHUM W
KBaHTUTATUBHUM MapaMeTpuMa y OJJHOCY Ha HETaTUBHY KOHTPOJY C€ MOTY YOUUTH HAKOH TpeTMaHa
ca HajBUIIIOM HCIMTHBAHOM J030M eKkcTpakTa Ousbke C. coggygria omx 2000 mg/kg u ca mo3om o
1000 mg/kg Tteneche TexuHe. Y y30pIHMMa jeTpe W KOIITAHE CPXKH KHBOTHEA TPETHPAHUX Ca
eKcTpakToM y KouueHTpamuju ox 500 mg/kg TemecHe Mace, HHje youeHa CTATHCTHYKH 3HAYajHa
pasnukKa y KBAIUTATUBHUM M KBAHTUTATUBHUM MapaMeTpuMa y OJHOCY Ha HEraTUBHY KOHTPOIY.
HNako ekctpakT npu koHueHtpamyjama oa 1000 u 2000 mg/kg TenecHe TEeKWHE MaloBa IMOKazyje
oapeheH HUBO I€HOTOKCHYHOT TOTEHIIMjaJla, OH j€ JOIII YBEK JAJICKO OJ MYTareHOCTH JoOHujeHe 3a
no3utuBHY KoHTpoy. Konnenrpamuja og 500 mg/kg tenecune mace (Min HIXKa) Cce MOXE CMaTpaTu

66366,[[HOM KOHI_IeHTpaHI/IjOM y noriueny nmpoaykoBama reHOTOKCHYHOT e(beKTa.

7. AHTHUT€HOTOKCHYHA aKTUBHOCT METAHOJICKOT eKcTpakTa ousbke C. COQQygria u MUpHUICTHHA,
rJIlaBHE KOMIIOHEHTE €KCTpaKkTa, HCIUTHBAaHA j€ Ha MAlloBUMa TPETHPAHUM MUPOTaJojIoM, Y
konuentpauuju og 100 mg/kg TenecHe Texune. Ha ocHOBY pacmozienie KOMET Kiiaca U 0Ja0paHux
KBAaHTUTATUBHUX TapameTapa MoXe ce youuTu 3HaraH creneH peaykuuje JHK omrehema Hakon
IpeTpeTMaHa ca eKCTpaKTOM U ca MUpULIETHHOM 2 1 12 catu npe nuporainona. [IpoueHar penykuuje
Y YKYITHOM CKOpPY 3HAaTHO je €KCIIPECUBHUJET KapaKkTepa y TPy )KMBOTHEA U3JI0KEHHUX MHUPOTaony

12 catm HaKOH Tp€TMaHa Cca MCTAaHOJICKUM CKCTPAKTOM UJIKM MUPUTICTUHOM.
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8. Meranosicku ekctpakT Owsbke C. coggygria y xonmeHrapuuju ox 500 pg mokazao je
aKTHBHOCT IPeMa CBUM HWCIIMTHBAHUM NATOTEHUM W (PUTONATOTEHMM OakTepHjama U IJbHBama ca
30HOM MHXHOUIIH]je y UHTepBally o1 8 10 18 mm. 3Ha4yajHy 0CEeTIHUBOCT IpeMa JIejCTBY METaHOJ CKOT
eKCTpaKTa 1okasaie cy ['pam-HeraruBHa Oakrepuja E. COli (mpu kKoHUIEHTpauuju ekcTpakTa oa 150 u
500 pg 3one muHXxuMOMmHMje cy u3Hocwie 29 u 17 mm, pecnexktuBHo) U M. lysodeikticus (mpu
KOHIIeHTpanuju ekcTpakra on 150 m 500 pg 3oHe mHxuOuUnUje cy us3Hocwie 20 m 18 mm,
pecriekTuBHO). Pe3ynaratm aHTUMUKPOOHOT MOTEHIMjajla METAaHOJCKOT EKCTpakTa Cy y OIICeTy
koHIeHTpanyja on 125 pug/ml mo 250 pg/ml, mro mpencraBba Beoma J0OpPYy AHTHMHKPOOHY
aKTHBHOCT. EKCTpaKT je moka3zao Hajjady oceTJbUBOCT Ha Oakrepujy B. subtilis u reuBy T. viride ca
MIC = 125 nug/ml, a HajMamy OCETJHUBOCT ITpeMa OakTepujama S. aureus, K. pneumonia, E. coli u M.
lysodeikticus (MIC = 250 pg/mL).

9. Meranosncku ekcrpakt Ouspke C. coggygria mocemayje 3HavajHy aAHTHOKCHIATHBHY
aKTHBHOCT. Pesynratu mobujenu npumenom DPPH mertone In vitro ykasyjy a eKCTpakT HCIOJbaBa
3HaYajHy CIOCOOHOCT CaKyIJbakbha CIOOOMHUX paavKalia, W Ja O ce MOrao NPUMEHHUTH Kao
HHXHOUTOp CIOOOMHMX paauKaiga. Pesyaratd ykasyjy Ha 3HadajHy IN VItro XxemanuoHy u
PEOYKIIMOHY CIOCOOHOCT METAHOJICKOT eKcTpakta mpema (epo jonuma. Ca mopacTom
KOHIICHTpalyje moBehaBa ce W pPEAyKTHBHA M XEJAIMOHA aKTHBHOCT €KCTpakTa y mopehemy ca

CTaHJapIuMa.

10. Ca uuspeM 1a ce yTBpHE MOTCHIHUjATHU MEXaHU3MHU XCMAaTONPOTEKTUBHE aKTUBHOCTHU JI03€
KOja HHje IOKa3aja reHOTOKcHYaH edekar, mamoBu coja Wistar cy TpeTupaHU ca METaHOJCKUM
ekctpakrom Ousbke C. coggygria 2 wiu 12 catu npe amiuiupama TUporagoia y KOHICHTPAUjU 01
100 mg/kg. ¥V umspy carnenaBama omrehema henuja jeTpe HaAKOH TpeTMaHa ca MUPOTAOJIoM,
npahena je aktuBHOCT xenatuuHux eHzuma (AST, ALT u ALP) u xoHueHTpanuja yKymHor u ¢epo
reoxkha, ok je xemaroOunujapHa (yHKIHMja jeTpe mpaheHa Mpeko NpoMeHa y KOHIEHTpaIuju
YKyNMHOT OmnupyOuHa y cepymy. CTaTHCTUYKU 3HA4YajHA PeAYKIMja Y KOHILIEHTpAlMjU YKYIHOT U
¢epo reoxha, U y BpeqHOCTUMA TpaHCAMUHA3a, ajikajiHe gocaTase U YKyImHOT OMiIMpyOrHa youeHa
je cepymy MaioBa TPeTHUPAHUX Ca METAHOJCKUM €KCTPAKTOM WM ca MUPHIIETUHOM 2 wiH 12 catu
Ipe TpeTMaHa ca nmuporaiojoM. Pe3ynratu mokasyjy 3HauajHU MPEBEHTUBHU MOTEHIIMjAT EKCTPAKTa

ouspke C. coggygria mpema akyTHOj XeaTOTOKCHYHOCTH.

11. Tperman narnoBa coja Wistar ca MmetaHoJICKMM ekcTpakToMm Ousbke C. COQgygria WHIyKOBao

je akyTHO ¢a3HM OAroBOp y BHMAy noBehama KOHIIEHTpalMje /ABa HCIHUTHUBAaHA aKyTHO (a3Ha
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nporenHa, Hp u oM. Mako je eKCTpakT y3poKOBao pacT HHMBOA JIBa aKyTHO (a3Ha MPOTEHHA,
BPEIHOCTH Cy OWJIE CTAaTUCTUYKH HWXKE y OJHOCY Ha aKyTHO (a3Hy peakilfjy HaKOH arTuIupamba
TEPIIEHTHHA, MHAYKTOpa aKyTHO (ha3HOT OJroBopa. JacHoO je Ja je 0Baj mpolec MMao 3Ha4ajHy yJIory
y cnabspey eekra muporaioia, ¢ 003upoMm Jia je TpeTMaH HakoH 12 catu, koju je omoryhuo pa3Boj
akyTHO (a3He peakuuje, OMo euKacHUjU OJ TpeTMaHa HAKOH 2 caTa, Kaga je aKkyTHO (a3Ha
peakiuja Ouna y cB0joj paHoj ¢a3u. Moxe ce 3aK/bydyuTH Jla je TPEeTMaH ca METaHOJICKUM
ekctpakrom Omipke C. coggygria 12 catu mpe amminupama muporanoia epuKacHO 3alITUTHO JeTPY

mamoBa 0 HAKHAJHOT, IMMAPOTaI0JIOM MHAYKOBAHOT IMPEKHUIa XOMCOCTAa3e.

12. Jlunuara mepokcHanuja, kKao Hajuemhu (eHoOMEeH JieloBama CI000JHUX pajauKana,
Ipe/icTaB/ba OKCUIATHBHO olTeheme Koje 3axBara henujcke mMemMOpaHe, JUIONPOTEMHE U Jpyre
MOJIEKyJIe KOjU Caap)Ke JHIUAC, Yy YCIOBHMa TMOCTOjarba OKCHAATUBHOT cTpeca. Tperma ca
METaHOJICKMM eKCcTpakToM Omsbke C. COQgygria IOBOAM 0 CMamema IMHPOTajoioM H3a3BaHOT
noBehama NUMUAHE TEPOKCHAANM]e CKOpO a0 Oa3anmHOr HuBA. UWIbEHHIIA Ja TPETPETMaH ca
EKCTPAKTOM CITIpeYaBa JIMIUIHY TEPOKCHIAIN]Y WHIYKOBAHY IMAPOTAIIONIOM yKa3yje a METaHOJICKU

excTpakT ouspke C. Coggygria mMa BaxkHy yJIOTY y 3aIITUTH MeMOpaHa o1 orrehermba.

13. EH3uMH aHTHOKCHUJIATUBHE 3allITUTE MMAajy TJIaBHY YJOTY y €HIOTEHO] 3amTHTH henmja of
okcumaTuBHOT omrtehema myTeM yTuiiaja Ha uHXHOUNMjy henujcke mponudepanuje, Myraiuje u
reHoMcKe HecTaOmiIHOCTH. [IperpeTMan ca METaHOJCKUM E€KCTPaKTOM JOBOJM /O CTaTHCTUYKU
3HAYajHOT IOpacTa y akTUBHOCTH aHTHOKcuaatuBHUX eH3uMma (SOD, CAT u GST) y jerpum
EKCIIEPUMEHTAIHUX XUBOTHIbA. Pe3ynraTé jacHO yKaszyjy Ha e(pHUKacHy 3alliTUTy €KCTpakTa OJ

IMAPOTraJI0JIOM U3a3BAHOT npeonTepehe}La CJ'IO60,I[HI/IM paanKainMma.

14,V rpynu >XMBOTHHA TPETUPAHUX ca mnuporanonoM HuBO ekcnpecuje NF-kB je wusnan
0azalHOT HUBOAQ, JIOK je KOJ TaloBa MPETPETUPAHUX Ca METAHOJCKHM E€KCTPAKTOM YOYEH 3HATHO
Hku HUBO ekcrpecuje NF-kB. Ouurnenno je na mpeTperMaH ca METaHOJICKMM EKCTPaKTOM
epUKacHO YKJIama PEaKTUBHE BPCTE KHCEOHMKa, yONakaBa MOCJIEIUIle OKCHAATHUBHOI cTpeca M
yKJlaka CTUMYyJyce akTuBanuje TpaHckpuniuoHor ¢akropa NF-kB. Jlo cianuHor 3akibyuka ce
Jo7a3u W HakoH npahema ekcnpecuje TpaHCKpunuuoHor ¢akropa Akt. Jlok TpermMaH ca
MUPOTAJI0JIOM YyclloBJbaBa cMameHy Akt ocdopunannjy u akTHBHOCT, IPETPETMaH ca METAaHOJICKUM
eKCTPAaKTOM WJIM Cca MHPHUIETUHOM ouurjenHo o0e30ehyje mapamerap Koju J03BoJbaBa
(GyHKIMOHMCAKE TPAaHCKpUNIMOHOT akTopa AKt, HEONXOJHOI 3a MPaBWIHO (HYHKIIMOHHUCAHE

henwuja.
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3Hayaj OBE JOKTOPCKE IHCEpTalldje OrJiefa Ce y OTKpUBAamY, TECTUpamy U MPEHopynu 3a
NOTEHIMjaIHYy TPUMEHY eKCTpakTa Ooraror (EeHOJHUM jeIumbelhbUMa KOjH IOKaszyjy 3HauyajHy
OnoNOIIKY M (PapMaKoJIOIIKy aKTUBHOCT Y XE€MHUjU XpaHE, MEIUIMHH, KO3METHIU U (dapMaiuju.
Pesynratu cy nedunmcanu ¢papMakoJIOMIKy aKTUBHOCT HCIMTHBaHE OWJbKE M jaCHO YKa3ald Ja
METaHOJICKH eKcTpakT Ombke C. coggygria nma cBe mpeayciioBe 3a IPUMEHyY y (apMarieyTcKe CBpXe

1 3a JaJba UCIIUTUBAbLA Y IUJBY Ile(i)I/IHI/ICZlH)a Ha4YrHa 1 JO3HC IMMPHUMCHC.
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Jlokmopcka oucepmayuja llpunosu

Mpuaor 1. CactaB W MOCTymak mOpUIIpeMe CyICTpara 3a ojpxaBame JuHuja Drosophila

melanogaster

PaznmmuuT THIIOBH cyricTpaTa 3a oJpkaBame JuHHUja Drosophila ce kopucTe y 3aBUCHOCTH O
excriepuMenTa, BehuHa capku KBacall kao (haktop HeonxoiaH 3a HopMaiHo pa3Buhe. Hajuenrhe ce
KOPHUCTH CyICTpaT ca Kykypy3Hum rpuszom: 400 ml Bome, 40 g Kykypy3HOT Tpusa, 4 g arapa, 5 g

kBacna, 50 g mehepa u 2 g HuMaruHa.

IIpunpema cyncrpara

Bona ce nmomema ca Kykypy3HUM OpalllHOM, arapoM M KBaclloM M KyBa y mocyau ona 2 L Ha
yYMEPEHO] BaTpH U y3 CTaHO Memame 15 MuayTa. 3aTum ce noaaje mehep u KyBa ce jour 5 MUHYTA.
[Tocyna ce ckuma ca BaTpe W Jojaje ce, y3 CTaJHO MEIIamke, pacTBOp HUMArWHa (2 g HUIArHHA ce
pactBopu y 10 ml 96% etanosa). Humarus ce gonaje na 6u ce cnpedrmio paspuhe miecHu. Cyrmcrpar
Ce 3aTUM pasliuBa y CTEpUJIHE TETJIHIE, 0OMYHO 10 BHCHHE 0 OKkO 1.5 cm. Ymm ce mojiora oxiaan
ca 3WJI0Ba TETJIMIIa ce OOpHUITY KOH/IEH30BaHEe KarUbHIIE BOJIEC U TETJIUIIE Ce 3aTBapajy ca Tyndepuma
HampaB/beHUM o] BaTe. OBako NpUIPEMIbEHE TErJHUIEe ca CYINCTPaTOM Ce€ MOTy 4YyBaTH Yy
bpwxuaepy, a MOTY c€ U 0JIMaX KOPUCTHUTH.

YKOIMKO ce Mojjiora O]l KyKypy3HOT OpaiiHa mpurpeMa 0e3 KBaclia, HEOIXOHO je Jla ¢e Tpe
YVHOILIEKa MYLIUIA y TErJIMle Ha MOBPIIMHY XpambHUBE MOAJore craBe 1-2 Kamu ryCcTOr BOJEHOT

pacTBOpPaA ICKAPCKOI' KBACIIA.
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IMpunor 2. Tloctynak npebanuBama 1 0/1Bajamba MyKjaka oj xenku Drosophila melanogaster

IHocTynak npedanuBama

[IpebanyBame MymuIa U3 jegHe TErJUIE Yy IPYry BPIIM C€ TaKO IITO C€ TErJIUIOM, Y KOjoj Cy
MYIINIIE, JIyTd HEKOJIMKO MUTAa MO TOJJIO3H Ja OW ce MYIIUIe NOTHUCHYJIE Ha JTHO. 3aThM ce o0e
TErJuIe NMPUbYOe OTBOPHMA W MYIIHMIIE C€ MCTPECY y HOBY TEIJIMIy Ca CBEXE MPHUIIPEMJbEHUM
cyncrparoM. [IpebanuBeme MOXe Ja ce BpIIM M acIUpaTOpOM KOjU c€ Tpe CBera KOPHCTH 3a
0/IBajarh€ MYXKjaKa 0J1 HEOTUIOHeHHUX JKEHKHU. ACIIUPATOP je CTakJeHa LeBUMIla JyKuHe oko 20 cm u
YHYTpalllbUM TpeYHHKOM Ooko 3 mm. Ha oko 5 cm on jemHor kpaja ce Hajasu TpOYIIAcTo
UCIIyTYeHEe Y KOje ce Kpo3 OTBOp lieBumile ybaiyjy komamuhu cynhepa. Ha kpaj xoju je Omku
HCIyIYeHhy HaBJauu ce TYMEHO LpeBo AyxuHe oko 40 cm. [IpebanuBame ce BpIIM Tako LITO CE€ y
4yen o] CyHhepa, KOjiuM ce 3aTBOPH TETJIUIIA, YBIAYH BPX acHPaTOpa U YCHCABAKHEM C€ MPUKYTLIHA]Y

MYILIHULE y aCIUPaTOp, a U3yBaBakbeM ce U30allyjy U3 acmupaTopa y HOBY TETJIHUILY.

IMocTynak oaBajama

OnBajame MyXjaka Ol KEHKH Tpeda ypaauTu y mpBux 12 g0 15 dacoBa mo wuzieramwy u3
CTaarjyMa JIyTKe. Y CyMpOTHOM, CaMo jeTHO Tapeme je JOBOJHHO J1a ce BehuHa jaja >KEHKU OTLIOAHN U
Taja ce He MOTY BPIIUTH HaMEHCKa YKpIuTama. [IpuimkoMm pas3iBajama Tpebda MMaTth y BHIY
pasnuky u3Mel)y mojioBa: MyXjalld Cy CUTHHJH M KOJ HBHUX je Kpaj abmoMeHa 3a00JbeH JO0K je KOJI
KCHKH IIWJbAT, y a0JOMUHAITHOM PETHOHY KOJI JKEHKH C€ MOTY YOUUTH Tpyre, a KOJ MyKjaka
3aTaMJb€H BPX jep CY 3alibu a0JOMHHAIHHM CTEPHUTH IPHO O0O0jCHH; MYXjalld, 3a Pa3jIUKy O
KCHKH, Ha MPBOM I1apy HOTY MMajy y HHU3 IOCTaBJbECHE I[PHE XUTHUHCKE JJIAYHUIle, KOje Tpajie T3B.

IIO0JIHHU 4ClIaJb.
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Mpunor 3. [locrynak npurpeme y3opaka 3a Komer tect ca Drosophila melanogaster

3a yrBphHBame reHOTOKCHYHOT e(hekTa METaHOJICKOT eKcTpakTa Ousbke C. coggygria kopucTu ce
MIPEIbU 10 3a/IkET [peBa JIapBu Ha Tpehem cTynmy paszsuha maboparopujcke nuamje "Canton S". V
Wby A00Mjama IITO KPYIMHUJUX JIAPBU KYJIType CE€ raje Ha HEIITO HIKAM TeMIieparypama u y

HEKOMIIETAaTUBHUM YCIIOBUMA (Ca JJOBOJHHO XPaHE U MPOCTOPA).

IMocTynak qucexkumje

Huceknnja ce obaBiba y3 moMoh OMHOKYJIApHOT CTEPEOMHUKPOCKONA y Kam (HU3UOJIOUIKOT
pactBopa (0.67% NaCl) wiu 13B. PunrepoBor pactBopa, koju caapxu 0.65 g NaCl, 0.025 g KCI u
JCCTUIIOBAHY BOJIY.

[Tomohy nBe aHaTOMCKe WTIJIE JlapBa C€ CTaB/ba Ha MHKPOCKOIICKY TUIOYHITY Y KaIl pacTBOpa H
pasBiavyemeM urajia (jemHa ce MOCTaB/ba Ha TJIaBEHW PETHOH, a JPYroM ce TPHJIpKaBa 3ajmbha
TpehuHa mapBe) Teno JapBe ce MpeKuaa y MpeIeiny 3a/Iber [PeBa, U U3BJIAYHN CE HHETOB MPEIHH JIC0.
Hakon oactpamuBama mpenmu 1e0 3admer IpeBa ce npedamu y eneHaopd ca 50 mM PSS u

npumnpemu ce henmjcka cycneHsuja.
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IIpuaor 4. Bpcre, cactaB 1 OCTyIak MpUIPEME XpPaHIbUBUX MOJI0Ta

XpaHJbUBH arap y npaxy ce KOpPUCTH 3a 3acejaBame OaKTepHja JOK Ce KPOMIMP-TIYKO3HU arap
KOPHUCTH 3a 3acejaBame TJbHMBA. Y (a3W HCIUTHUBAKA IMOTCHIM]ATHOT aHTHOMOTHKA, Ka0 TCYHE
MoJyIore 'y JWIIYIIMOHO] TEXHUIM ce Kopucte: Mmiep-XunroH-oBa (Mieller-Hinton) mommora 3a
Oakrepuje u cabopa (Saboraud) teuna mommora 3a ripuBe (MHCTUTYT 3a HMMYHOJOTH)Y |

Bupycosiorujy Topiak, beorpan).

IIpunpema xpan/buBOI arapa

Cycniennyje ce 43.1 g mpaxa cacrapa: 15 g nenton-1 "Topmak"; 3 g mecHu ekctpakt "Toprnak"; 5
g Hatpujym-xaopug; 0.3 g kanujym-docdar; 18 g arap; pH 7.3; pactBopu y 1000 mL xnaane Boae u
octaBu Ja ctoju 15 munyra. Hajehu Opoj mukpoopranunszama ce 100po pa3MHOXKaBa y oOnactu
ontumanHor pH m3mely 6.5 u 7.5. Tlotom ce pacTBOp Ma)kJbUBO 3arpeBa J0 KJby4dama, Y3 CTAIHO
Mellame CTaKiIeHUM ITanuhem, ga 6 ce mpax y MOTIYHOCTH PacTBOPHUO. Y3 MHTEH3UBHO MEILIamke
TOKOM KJbydama, 00ja pacTBOopa Tpeba 1a MOCTaHE CBETJIO KyTa W OUCTpa, IITO C€ TMOCTHUXKE Y
nepuoay oa 5 mo 15 munyra. PacTtBOop ce motom mpebairyje y epiaeHMajep, 3aTBapa u crepuiuiie 20
munayTa Ha 120°C. Hakon xmalhema ce mpumnpeMJbeHH arap pasjiiBa y emnpyBere u (GopMupa Kocu

arap, enpyBeTe ce 3aTBOpE M OCTaBe Ja ce oxiazne. [IpecejaBame ce Bpim HaKOH 24 daca.

IMpunpema Musiep-XuHToH-0BOT OyjoHa (I129)-Teuna moaJiora

Onmepu ce 17.5 ¢ kazewmH-Xuapojusara, 3 ( MECHOr eKcTpakta u 1.5 ¢ ckpoba (mosiora
WuctutyTa 3a umyHosorujy u Bupycosiorujy Topnak, beorpan) u pactBopu y 1000 mL nectunoBane
xnagHe Bojie. HakoH pacTBapama ce mojjora 3arpeBa /10 Kjby4arma, y3 CTallHO MEIIame, 10 M0jaBe

ouctpe 0oje pacTBopa, a MoToM Ipedaiu y epaeHmajep u crepuiuiie 20 munyrta Ha 120°C.

I[Ipunpema KpoMIUP-TJIIYKO3HOT arapa

Ounnrthenn kpomnup ucede ce Ha cutHe komaauhe u 250 g cuna y 1 L Boge. Kpommup ce kyBa
JIOK He OMEKIa, 3aTUM ce MpoLEeaH, a BoJa oJ lehema ce TOMyHH CBEKOM KOJIMYMHOM BOJE, /10
sanpemune oxa 1 L. [To momatky Boze, nomaje ce 17 g arapa (15-20%), a xaga ce arap otornu u 20 g
riyko3ze. Hakon kopekuuje pH no 6.5 momanora ce crepunume 20 munyta Ha 120°C u pasnuBa y

enpysere ¢popmupajyhu kocu arap.
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IIpunpema Saboraud Teune noaJore

PactBopu ce 30 g mpaxa Saboraud teune moanore (Topnak, beorpan), cactaa 10 g mentoHa u
20 g mekcrpose, y 1000 mL nectmnoBane Bojie W MaXJHbHBO 3arpeBa /0 KJbydarma M MOTIYHOT

pactBapama. [lo mpebanmBamy y oArosapajyhm cym, BpIIM ce cTepuin3amndja y ayTokiaBy 20

Munyta Ha 120°C.
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Ipuaor 5. [TybnukoBane pedepeHiie y KojuMa ¢y 00jaB/beHH Pe3yJITaTh JOKTOPCKE TUCepTaI]e
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Buorpadguja ca noganuma o gocagammeM paay

Cama Matuh pohena je 09.07.1981. rommne y Kparyjesny, Penmybnmka CpOwuja, raoe je
3aBpIIMJa OCHOBHY W CpEImby IIKONY ca omnudHuM ycrexom. Ha IlpupomHo-mMaTtemarndxom
dakynrery YHuBepsurera y Kparyjesiy, cryamjcka rpymna-0uoioraja, CMep-eKoJIoruja, yimcaa ce
mkosicke 2000/01. rogune. dumnomupana je 2006. ronuHe ca MOCTUTHYTOM IMPOCEYHOM OLIEHOM
9.17, onOpanuia je TUIUIOMCKH paj ca oneHoM 10 M THMe cTeKia 3Bambe NUIUIOMHpAHH OHOJIOT -
exosor. Jlokropcke crynuje Ouosoruje Ha [Ipuponno-maremarnukoMm Qaxkynrery, cMep ['eHeTnka,
ynucana je mkosicke 2007/2008. roaumne Ha WHCTHUTYTY 3a OHOJIOTH]y W €KOJOTH]y, TOJ
MeHtopcTBoM Tmipod. nap Cuexane Cranuh, Baupemnor mnpodecopa I[IpupoaHo-MaTemaTHyKoOr
dakynrera y Kparyjesiy.

[To ymucy Ha AOKTOpCKe cTyauje, y nepuoay oa ¢gebdpyapa 2008. romune no jamyapa 2011.
roJMHe OWiia je aHTakOBaHAa Kao CTHIEHAWCTa MWHHUCTApCTBa 32 HAYKy W TEXHOJIOIIKH Pa3BOj
Penyonmke CpOumje 3a oGmact buosoruja, Opoj yroBopa 231, Ha TpOjeKTy €BHICHIIMOHH OpOj
143008. Omrykom HacraBHo-HayuHor Beha [TpupoaHo-maremarnakor dakynrera y Kparyjesiy o
13.05.2009. ronunae n3zabpanHa je y UCTPaKUBAYKO 3BaF-€ UCTPAKUBAU-TIPUIIPABHUK 32 YKy HAYUIHY
obnact bruonoruja y UHCTHTYTY 32 OHOJIOTH]Y U €KOJIOTH]Y .

On 01.01.2011. roguae Cama Matuh je 3acHOBasia pagHu ogHOC ca [IpupogHO-MaTeMaTHIKUM
dakynrerom y Kparyjesily kao UCTpaknBa4-IPUNPABHUK Ha MPOjeKTY MUHHUCTApCTBa MPOCBETE,
HayKe M TEXHOJIOMIKOT pa3Boja Pemybmuke Cpbuje, eBunenuuonu 6poj MNN43004. Ha cennumm
HacraBHo-nayunor Beha [IpupomHo-matemaruukor ¢akynrera y KparyjeBiy —oapkaHoj
13.04.2011. rogune n3zabpaHa je y HAy4YHO 3Bamke MCTPaXKHUBAa4Y-CapaJHUK 3a Y)KY HAydyHy 00JacT
buonoruja y UHCTUTYTY 32 OHOJIOTH]Y U €KOJIOTH]Y.

AHraxoBaHa je Ha M3BOleHY NMpaKTHYHE HACTaBe HA mpeaMeTuMma. EBomyrroHa Ouosioruja 3a
CTyzieHTe TpBe roguHe JMIutoMckux akageMckux cryauja buonoruje m Exonoruje - macrep u
I'enernka 3a crynenre tpehe romune OCHOBHHMX akaleMCKHX cTyauja buonoruje y MHcTHTyTYy 32
6uonorujy u exosorujy IIpuponno maremarudkor gaxkynreta y Kparyjesuy.

Cama Maruh je y ToKy nocajaimmux CTyQja U paja mokasajga U3pa3uTh CMHUCA0 3a 0aBIbEHE

HAaYYHO-HUCTPAXKUBAUYKUM paJIOM U3 obnactu I'enetuke.
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The present study was undertaken to investigate the hepatoprotective effect of the methanol extract
of Cotinus coggygria Scop. in rats exposed to the hepatotoxic compound pyrogallol. Assessed with the
alkaline version of the comet assay, 1000 and 2000 mg/kg body weight (bw) of the extract showed a low
level of genotoxicity, while 500 mg/kg bw of the extract showed no genotoxic potential. Quantitative HPLC
analysis of phenolic acids and flavonoids in the methanol extract of C. coggygria showed that myricetin was
a major component. To test the hepatoprotective effect, a non-genotoxic dose of the C. coggygria extract

g{;;rg:gggygm extract and an equivalent amount of synthetic myricetin, as present in the extract, were applied either 2 or 12h
Myricetin prior to administration of 100 mg/kg bw of pyrogallol. The extract and myricetin promoted restoration of
Pyrogallol hepatic function by significantly reducing pyrogallol-induced elevation in the serum enzymes AST, ALT,

Hepatoprotection ALP and in total bilirubin. As measured by the decrease in total score and tail moment, the DNA damage in
Akt liver was also reduced by the extract and by myricetin. Our results suggest that pro-surviving Akt activity
STAT3 and STAT3 protein expression play important roles in decreasing DNA damage and in mediating hepatic
protection by the extract. These results suggest that myricetin, as a major component in the extract, is
responsible for the antigenotoxic and hepatoprotective properties of the methanol extract of C. coggygria

against pyrogallol-induced toxicity.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The search for medical treatments based on alternative
medicine has increased significantly, making knowledge of the
plants commonly used as folk medicines extremely important.
Some substances produced by plants have been studied and
characterized [1], but insufficient toxicological and genotoxicolog-
ical studies have been done. However, there has recently been
growing interest in the possible toxic, genotoxic and mutagenic
effects of those plant metabolites that are used therapeutically
[2].

The family of the Anacardiaceae includes approximately 800
species in 82 genera. Members of the family are cultivated
throughout the world for their edible fruits and seeds, medici-
nal compounds, valuable timber and landscape appeal. The plant

* Corresponding author. Tel.: +381 34 336 223; fax: +381 34 335 040.
E-mail address: sanjamatic@kg.ac.rs (S. Matic).

1383-5718/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.mrgentox.2013.03.011

Cotinus coggygria Scop. is a small genus of the family Anacardiaceae
with two species: C. coggygria Scop. and Cotinus obovatus Raf. The
flora of Serbia defines two varieties of C. coggygria: var. laevis and
var. arenaria [3]. Plants in the family Anacardiaceae have a long his-
tory of use by peoples in traditional medicine for the treatment
of various illnesses due to their reputed pharmacological effects.
Rhus glabra is traditionally used in the treatment of bacterial dis-
eases such as syphilis, gonoerrhoea, dysentery and gangrene. Rhus
coriaria is commonly used as a spice by grinding the dried fruits
with salt and is also widely used as a medicinal herb particularly
for wound healing [4]. Toxicodendron species have been used in
the treatment of herpes eruptions, acute rheumatism and articu-
lar stiffness and in various forms of chronic and abstinate eruptive
diseases [5].

Published information indicates that C. coggygria has anti-
haemorrhagic and wound-healing effects, anti-inflammatory and
antimicrobial activity [6]. This plant is frequently used for the treat-
ment of various illnesses such as diarrhoea, paradontosis, gastric
and duodenal ulcer [7]. It has been previously shown that the
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C. coggygria syrup has the effect of protecting the liver from chem-
ical damage [8].

Previous phytochemical investigations on C. coggygria heart-
wood resulted in the isolatation of several phenolic com-
pounds, mainly aurones, chalcones, dihydroflavones and dihy-
droflavonols. Among them, the most abundant were sul-
phuretin and 7,3',4’-trihydroxy-dihydroflavone, 5,7,4'-trihydroxy-
dihydroflavone, 4,2’,4’-trihydroxychalcone, 3,7,3',4’-tetrahydroxy-
dihydroflavone, 3,5,7,3',4’-pentahydroxy-dihydroflavone, fisetin
and methyl galate [9]. Westenburg et al. [10] isolated aurones, gal-
lic acid and its derivatives from the whole plant of C. coggygria,
while gallic acid and its derivatives were found to be dominant
compounds in the leaves and flowers of this species [11].

In an increasing number of studies, many naturally occurring
phytochemicals have been recommended as potential hepatopro-
tective agents [12], but the search for novel natural agents and
the determination of novel targets for hepatoprotection is chal-
lenging. Flavonoids are plant polyphenolic compounds that can
protect against oxidative stress by scavenging free radicals [13,14]
and by chelating iron [15]. Several studies have shown that the
iron-chelating ability is dependent on the flavonoid structures;
only flavonoids that have the catechol group in the B-ring and
the 3-hydroxyl group in the C-ring have Fe3*-reducing activity and
then bind iron [16]. Myricetin (3,3,4',5,5',7-hexahydroxyflavone),
a naturally occurring phytochemical, is one of such flavonoids.
Some studies have shown that myricetin have diverse therapeutic
potential such as anti-oxidant, anti-tumour, and anti-inflammatory
[17,18]. Myricetin has been suggested to inhibit cellular prolifer-
ation and to induce apoptosis in tumour cells [18]. It has been
reported that myricetin protects against iron-induced damage in
primary rat hepatocyte cultures [19].

Extract of the stem of C. coggygria was evaluated against
pyrogallol-induced hepatic damage in rats with the aim of devel-
oping a natural hepatoprotective drug [20]. Pyrogallol showed
mutagenic effect, and its cytotoxicity and mutagenicity seem
to be attributable to formation of reactive oxygen species [21].
According to Gupta et al. [22,23] and Upadhyay et al. [24,25],
pyrogallol induced hepatotoxicity in experimental animals through
generation of free radicals and, therefore, pyrogallol-induced hep-
atotoxicity could be used as an appropriate model to evaluate
hepatoprotective agents that have free radical-scavenging prop-
erties.

In traditional medicine, whole plants or mixtures of plants are
used rather than isolated compounds. Also, crude plant extracts
often have greater in vitro or/and in vivo activity than isolated con-
stituents at an equivalent dose [26]. The objective of this study was
to evaluate the antigenotoxic potential of a methanolic extract of
C. coggygria and its main flavonoid compound, myricetin, and their
possible hepatoprotective effects on Wistar rats exposed to pyro-
gallol. Biochemical parameters of hepatic damage such as serum
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP) and total bilirubin concentration were
determined. A further attempt has been made to study the potential
effects of C. coggygria extract on signal transduction and activa-
tion of the transcription 3 (STAT3) signalling pathway, as well as
the activation of the Akt signalling pathway that mediates cellular
survival signals.

2. Materials and methods
2.1. Chemicals

SYBR® GREEN I (CAS no.S9430), 1,1-diphenyl-2-picrylhydrazyl (CAS no.D 9132)
and myricetin (CAS no. M 6760) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Pyrogallol (Sigma-Aldrich, CAS no. 254002-50) was diluted in saline solu-
tion and used as a positive control and as the damage-inducing agent in the tests
concerning possible protective effects.

2.2. Plant material and extraction procedure

C. coggygria plants were collected in southern Serbia (in the village of Rujiste,
Mt. Rogozna), in May-June 2007. The species was identified and the voucher speci-
men was deposited (16178, BEOU) at the Department of Botany, Faculty of Biology,
University of Belgrade.

The air-dried sample of C. coggygria stem (1.2 kg) was broken into small pieces
2-6 mm with a cylindrical crusher and extracted with methanol in a Soxhlet appara-
tus. The extract was filtered through paper filter (Whatman, No. 1) and evaporated
to dryness under vacuum to remove the solvent (methanol). The residue (32 g) was
stored in a dark glass bottle for further processing.

2.3. Phytochemical analysis of the methanol extract from C. coggygria

2.3.1. Total phenolic content

Total soluble phenolic compound in the methanol extract of C. coggygria was
determined with the Folin-Ciocalteu reagent [27] and with gallic acid as a standard.
The extract was diluted to a concentration of 500 pg/ml and 0.5 ml of the diluted
extract was mixed with 2.5 ml of Folin-Ciocalteu reagent (previously diluted 10-fold
with distilled water) and 2 ml of NaHCOs (7.5%). After 15 min of incubation at 45 °C,
the absorbance was measured at 765 nm vs a blank sample with a spectrophotome-
ter (ISKRA, MA9523-SPEKOL 211).

2.3.2. Total flavonoid content

The total flavonoid compound in the extract was determined spectrophotomet-
rically according to Bringhente et al. [27]. Briefly, 0.5 ml of 2% solution of AICl; in
ethanol was mixed with the same volume of extract (500 j.g/ml). Absorption read-
ings at 415 nm were taken after 1h against a blank (ethanol). The total flavonoid
content was determined by use of a standard curve with rutin (0-50 mg/1).

All the values were uniformly expressed as the corresponding dry weight of
plant (1g). All measures were repeated three times.

2.3.3. HPLC of the C. coggygria methanolic extract

Quantification of individual phenolic compounds was done by reversed-phase
HPLC analysis. Samples were injected onto a Waters HPLC system consisting of a
1525 binary pumps, a thermostat and a 717+ autosampler connected to a Waters
2996 diode-array detector (Waters, Milford, MA, USA). Separation of phenolics was
achieved on a Symmetry C-18 RP column of 125 mm x 4 mm size with 5-pum particle
diameter (Waters, Milford, MA, USA) connected to an appropriate guard column.
Prior to injection, all samples were filtered through 0.22-wm pore size nylon syringe
filters (Phenomenex, Torrrance, CA, USA). Two mobile phases, A (0.1% phosphoric
acid) and B (acetonitrile) were used at a flow rate of 1 ml/min with the following
gradient profile: the first 20 min from 10 to 22% B; next 20 min of linear increase up to
40% B, followed by 5 min decrease to 10% B, and an additional 5 min of equilibration
time. The data acquisition and spectral evaluation for peak confirmation were done
by use of the Waters Empower 2 Software (Waters, Milford, MA, USA).

2.4. DPPH radical-scavenging assay

The free radical-scavenging activity of the C. coggygria methanolic extract was
determined by use of DPPH (1,1-diphenyl-2-picrylhydrazyl), which is a stable free
radical with a maximal absorbance at 517 nm [28]; it has been widely used as a
substrate to evaluate the antioxidative activity of samples [29-31]. Sample stock
solutions (1.0 mg/ml) were diluted to final concentrations of 5, 10, 25, 50, 125 and
250 pg/ml, in ethanol. One milliliter of a 0.3 mM DPPH ethanolic solution was added
to 2.5 ml of sample solutions of different concentrations and allowed to react at room
temperature. After 30 min the absorbance values were measured spectrophotomet-
rically at 517 nm. Ascorbic acid was used as a standard. All tests were performed
in triplicate. The inhibitory percentage of DPPH was calculated according to the
following formula:

s A —A
% Inhibition = —2anc — ~test 100
blanc
where Apjanc is the absorbance of the DPPH in solution without the test sample and
Atest is the absorbance of DPPH in the solution with the test sample.

2.5. Animals

Male albino Wistar rats (2-2.5 months old and weighing 220-250 g) were used
in the experiments. All rats were caged at 24°C, with a 12-h light-dark cycle, and
allowed free access to food and water. Animal studies were approved by the Commit-
tee for Ethical Animal Care and Use of the Institute for Biological Research, Belgrade,
which acts in accordance with the Guide for the Care and Use of Laboratory Animals,
published by the US National Institutes of Health (NIH Publication No. 85/23, revised
in 1986).

2.6. Experimental design

To evaluate the genotoxicity by use of the comet assay, the methanolic extract
of C. coggygria was tested at three different doses, i.e. 500, 1000, and 2000 mg/kg
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Table 1
Phytochemical constituents of the Cotinus coggygria methanol extract.

Total phenolics (mg GA/g)?

Total flavonoids (mg RU/g)®

Cotinus coggygria methanol extract 3.78+£0.19

8.29+0.37

Data are presented as means + SD; all measures were repeated three times.
2 Expressed as milligrams of gallic acid (GA) per gram of dry plant material.
b Expressed as milligrams of rutin (RU) per gram of dry plant material.

bw. These concentrations were based on the solubility limit of the extract in saline
solution. The rats were divided into four main groups. The first group served as
the negative control group and received an intraperitoneal (ip) injection of saline
solution (0.9% NaCl). The other three groups of animals received a single ip dose of
500, 1000, or 2000 mg/kg bw, respectively, of the C. coggygria extract. The animals
(25 in each group; 5 for each time point) were sacrificed by decapitation at 2, 12,
24, 48 or 72 h after treatment, and liver tissue was obtained from each group of
animals for analysis in the comet assay. Three totally independent experiments were
performed.

To assess the antigenotoxic activity of the methanolic extract of C. coggygria,
only one dose, i.e. 500 mg/kg bw, which was found to display no genotoxic activity,
was evaluated. Fifty rats were divided into ten equal experimental groups. The first
group, referred as the negative control, received only saline (0.9% NaCl; ip). The
second group received (ip) 100 mg/kg bw of pyrogallol dissolved in saline. The third
group received a single ip dose of 500 mg/kg bw of the C. coggygria extract at 2h
before the pyrogallol injection. The fourth group received a single ip dose of the
C. coggygria extract at 12 h before the pyrogallol injection. The fifth and the sixth
groups of five male Wistar rats received a single ip dose of myricetin, in equivalent
concentration as that present in the extract. After 2 h, the fifth group, and after 12 h,
the sixth group of rats, received in a single intraperitoneally dose 100 mg/kg bw
of pyrogallol dissolved in saline solution. One hour after pyrogallol administration
animals were sacrificed by decapitation. The seventh and the eighth groups of five
male Wistar rats received a single ip dose of myricetin dissolved in saline. The ninth
and the tenth groups received a single ip dose (500 mg/kg bw) of the C. coggygria
extract dissolved in saline. Three separate experiments were performed. The animals
were killed by decapitation, and the livers from both controls and test animals were
quickly removed and separated into 2 parts. One part was used for the comet assay
and another part was frozen in liquid nitrogen and subsequently used for protein
immunoblotting. Blood samples were collected to obtain serum for analysis of blood
chemistry.

2.7. Determination of DNA damage by the comet assay

The alkaline version of the comet assay was carried out by the standard proce-
dure originally described by Singh et al. [32]. Slides were stained with 90 ! of SYBR
GREEN I just before the analysis. Comets were visualized and captured with the 40x
objective lens of the fluorescence microscope Leica DMLB (Meyer Instruments, Inc.,
Langham Creek, Houston, TX, USA) attached to CCD camera. One hundred comet
images per slide were randomly captured and only cells that did not overlap and
had a clear margin around them were scored.

The extent of DNA damage was measured by means of two complementary
methods, a tail moment quantitative method and a qualitative method of damage
distribution.

The comets were analyzed by a visual scoring method as described by Collins
[33] and classified into five categories, defined as types 0, 1, 2, 3 and 4, where 0
indicated no or very low damage; 1, 2 and 3 indicate low, medium and high DNA
migration, respectively, and 4 indicated highest level of degradation, i.e. comets
with a very small head and a long tail. The total comet score was calculated by
the following equation modified of Manoharan and Banerjee [34]: (% of cells in
class 0 x 0)+(% of cells in class 1 x 1)+ (% of cells in class 2 x 2)+ (% of cells in class
3 x 3)+(% of cells in class 4 x 4). Consequently, the total score was in the range from
0 (all undamaged) to 400 (all maximally damaged).

The percentage reduction (%R) in the comet score in the treatments with C.
coggygria extract showing antigenotoxicity was calculated according to the formula
of Manoharan and Banerjee [34] and Waters et al. [35] with the following formula:

mean total score in A — mean total score in B

%) R= - . x 100
( 0) mean total score in A — mean total score in C

where A is the positive control (pyrogallol), B is pretreatment with C. coggygria
extract plus pyrogallol or pretreatment with myricetin prior to pyrogallol, and C
is the negative control.

2.8. Blood chemistry

After decapitation of the animals, whole blood was collected and allowed to
clot for 45 min at room temperature and centrifuged at 2000 x g for 10 min at 4°C
in a Sorval SS-34 rotor (DJB Labace Ltd., Newport Pagnell, Buckinghamshire, UK) to
obtain serum. Serum was separated from clot into sterile-serum sample tubes for

the measurement of serum hepatospecific markers such as aspartate transaminase
(AST), alanine transaminase (ALT), alkaline phosphatase (ALP) and total bilirubin,
by use of BioSystems commercially available test Kits (S.A., Barcelona, Spain) and a
Roche/Cobas Mira automated analyzer.

2.9. Western immunoblot analysis

About 200-400 mg of frozen rat liver tissue was homogenized at 4°Cin 2 mlice-
cold homogenization buffer (10 mmol/L Tris (pH 7.6), 1 mmol/L EDTA, 250 mmol/L
sucrose) containing a mixture of protease inhibitors (Protease inhibitor, Mix G;
SERVA Electrophoresis GmbH, Heidelberg, Germany). Samples were centrifuged at
9700 x g for 20 min at 4°C in an Eppendorf centrifuge. Supernatants were aliquoted,
snap-frozen in liquid nitrogen, and stored at —80 °C. A 20-p.g sample of whole-liver
homogenate was loaded onto 4% stacking —12% separating slab gels as described
by Laemmli [36]. After electrophoresis, proteins were transferred to PVDF mem-
branes (Hybond-P, Amersham Pharmacia Biotech, Schenectady, NY, USA). Western
immunoblot analysis was performed according to the procedure of Towbin et al.
[37] with polyclonal antibodies to rat STAT3, pSTAT3 (Tyr 705), Akt 1/2/3, phospho-
rylated Akt 1/2/3 (Ser 473) (pAkt) (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
After incubation with blocking solution (0.05% Tween 20, 50 mmol/L Tris-HCl (pH
7.6), 150 mmol/L NaCl, 3% nonfat condensed milk), the membranes were incubated
with antibody for 2 h at room temperature. After rinsing, the blots were incubated
with horseradish peroxidase-conjugated secondary antibody for 1 h. Immunoreac-
tive bands were identified by an enhanced chemiluminescence detection system
(Santa Cruz Biotechnology) according to the manufacturer’s instructions. The bands
were visualized and quantified with TotalLab (Phoretix) electrophoresis software (v
1.10) relative to tubulin.

2.10. Statistical analysis

The experimental results were expressed as mean+SEM (standard error of
the mean) and statistical evaluation of data was performed with one-way analy-
sis (ANOVA). Variance homogeneity and data distribution was determined with the
Levene and Kolmogorov-Smirnov tests, respectively. Post hoc comparison between
control and treated groups was performed with the T3 Dunnett test or with the
Bonferroni test when the variance was not homogeneous. Statistical analysis was
performed with the SPSS statistical software package, version 13.0 for Windows.
The results were considered to be statistically significant at p <0.05.

3. Results

3.1. Phytochemical analysis of the methanolic extract of C.
coggygria

The total phenolics in the C. coggygria extract were determined
as gallic acid-equivalents by use of Folin-Ciocalteau’s reagent,
while the spectrophotometric method with aluminium chloride
was used for the determination of total flavonoids. According to
these analyses (Table 1) the methanolic extract of C. coggygria con-
tained 3.78 mg gallic acid per gram of dry plant material in total
phenolics, while the content of flavonoids was 8.29 mg rutin per
gram of dry plant material.

Based on these results, HPLC analysis was used to define - qual-
itatively and quantitatively — the contents of phenolic acids and
flavonoids in the C. coggygria methanolic extract. The results of
quantitative HPLC analysis (Table 2) showed that myricetin was
a major component in the extract (511.5 ug/g). Also, hydroxyl
derivatives of cinnamic acids (chlorogenic, caffeic, coumaric, fer-
ulic and rosmaric acid) were identified in the extract in various
amounts. Rosmaric acid (18.55 pg/g) was the major phenolic acid
in the extract, while the other phenolic acids were present in lower
amounts.
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Fig. 1. The free-radical-scavenging activity of the Cotinus coggygria methanolic
extract.

3.2. The free radical-scavenging activity of the methanolic extract
of C. coggygria

Proton-radical scavenging capacity is an important attribute of
antioxidants. The free-radical-scavenging activity of the methano-
lic extract of C. coggygria was quantitatively determined with the
DPPH radical-scavenging assay. According to Fig. 1, the maximum
inhibiting effect of the C. coggygria extract on DPPH radicals was
about 95%, while the maximum inhibitory concentration is approx-
imately 125 pg/ml.

3.3. Genotoxic activity of the methanolic extract of C. coggygria

Scientific information regarding plants used in folk medicine,
and their effects on human health or on the genetic material have
been the subject of many different types of investigation. The geno-
toxic activity was studied of C. coggygria, rich in compounds of the

Table 2
Quantitative analysis of phenolic acids and flavonoids in Cotinus coggygria methano-
lic extract.

Cotinus coggygria methanol extract Content (ug/g
of extract)?
Rosmaric acid 18.55 + 0.50
Coumaric acid 1.75 £ 0.51
Chlorogenic acid 1.55 + 0.04
Ferulic acid 1.15 + 0.36
Caffeic acid 0.75 + 0.32
Myricetin 511.50 + 0.50
Quercetine 69.80 + 0.44
Kaempferol 8.90 + 0.15
Resveratrol 2.65 +0.11
Rutine 0.25 + 1.05

2 Each value represents the mean £ SD of three experiments.

Table 3

group of flavonoids and phenolics and frequently employed in folk
medicine.

Table 3 shows the comet assay results obtained after exposure of
rats to 500, 1000 and 2000 mg/kg bw of the methanolic extract of C.
coggygria, at 2,12, 24,48 and 72 h after ip injection. Statistically sig-
nificant differences in tail moment were seen in groups of animals
at all time intervals after treatment with highest dose (2000 mg/kg
bw, ip). At all time points, the groups of animals treated with
1000 mg/kg bw of the extract also showed a statistically significant
enhancement in tail moment. In contrast, no significant increase
was observed after treatment with 500 mg/kg bw of the extract
sampled at all time intervals compared with the negative control
group. It should be noted that the DNA damage at 72 h was less than
that at 2 h after treatment.

3.4. Hepatoprotective effect of the methanolic extract of C.
coggygria

Based on the results mentioned above, we evaluated the ability
of the C. coggygria methanolic extract to counteract the toxic effects
of pyrogallol. The hepatoprotective effect of the C. coggygria extract
and of myricetin, a major constituent of the extract, was studied on
rats treated with an inducer of acute liver damage, i.e. pyrogallol
(100 mg/kg bw). The methanolic extract at a dose of 500 mg/kg bw,
which displays no genotoxic activity, and myricetin in an equivalent
concentration as that present in the extract, were administered at 2
or 12 h before pyrogallol. One hour after treatment with pyrogallol
the rats were sacrificed.

The measurement of the activities of marker enzymes or
diagnostic enzymes plays a significant and well-known role in diag-
nosis, disease investigation and assessment of drug or plant extracts
with respect to safety/toxicity risk. The enzymes considered in this
study are useful markers of liver cytolysis and damage to the plasma
membrane of liver cells [38]. The changes of serum AST, ALT, ALP
and total bilirubin levels in the various groups of rats are shown
in Table 4. The administration of pyrogallol produced a significant
increase in the serum AST, ALT, ALP levels and in total bilirubin
(1.5-, 2.4-, 1.9-, and 3.2-fold, respectively) above the basal value
measured in the negative control. The C. coggygria extract signif-
icantly reversed the pyrogallol-induced rise in the levels of AST,
ALT, ALP and total bilirubin when compared with rats treated with
pyrogallol alone. The levels of AST, ALT, ALP and total bilirubin in
the serum were, respectively, 1.2-, 1.6-, 1.6-, and 1.7-fold (in rats
pretreated 2 before) and 1.0-, 1.1-, 1.5-, and 1.0-fold (in rats pre-
treated 12 h before) above the control values. Administration of the
extract alone did not produce significant alterations in the serum
enzymes. In comparison, administration of the myricetin before the
pyrogallol treatment prevented the increase in serum AST, ALT, ALP
levels and total bilirubin: 1.1-, 1.5-, 1.4-, and 1.1-fold (in rats pre-
treated 2 h before), respectively, and 1.1-, 1.3-, 1.3-, and 1.0-fold (in
12 h pretreated rats), respectively, above the control values. In vivo
exposure to myricetin did not induce significant increases in serum

Evaluation of genotoxicity by the tail moment in the comet assay for Wistar rats treated with three different concentrations of Cotinus coggygria methanol extract.

Treatments Tail moment at different sampling times

2h 12h 24h 48 h 72h
Negative control 3.71 £ 2.92 3.67 £ 0.91 2.62 + 0.25 333 +1.74 2.75 + 1.54
C. coggygria
500 mg/kg 3.98 +2.44 332+ 194 3.13 £ 0.11 3.02 + 2.36 2.84 + 0.16
1000 mg/kg 17.32 £ 1.162 15.43 + 6.03? 11.72 £ 0.13? 8.23 + 1.142 6.73 + 0.152
2000 mg/kg 23.51 + 1.082 19.65 + 2.612 17.14 + 0.382 13.31 +£ 1.222 9.71 £ 0.322

Data are presented as the means + SEM from three independent experiments.
n=20 rats per group, of which 5 rats for each time point.

a Values with the same superscripts represent means that are significantly different from the negative control (p <0.05).
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Table 4

Effect of Cotinus coggygria methanol extract on serum AST, ALT, ALP and total bilirubin of pyrogallol induced hepatotoxicity in Wistar rats.

AST (U/L) ALT (U/L) ALP (U/L) Total bilirubin
(pemol/l)
Negative control 164.9 + 4.20° 39.4 + 091° 233.2 + 0.86° 2.18 + 0.24
Pyrogallol 2522 + 6.74° 93.6 + 0.86° 442.0 + 0.65° 6.91 + 1.05°
C. coggygria 2 h prior to pyrogallol 192.5 + 1.41° 63.9 + 0.62° 373.3 £ 053 3.74 + 033
C. coggygria 12 h prior to pyrogallol 171.6 + 5.51° 419 + 0.81° 347.1 £ 1.21° 2.20 + 0.47°
Myricetin 2 h prior to pyrogallol 178.2 + 0.65P 58.2 + 1.02b 327.9 + 1.25Y 2.37 £+ 0.24b
Myricetin 12 h prior to pyrogallol 173.7 + 3.44° 49.1 + 0.54° 307.1 + 0.79" 2.26 + 1.02°
Myricetin 2 h 169.3 + 0.53P 50.2 + 0.23P 241.2 + 0.48P 2.08 + 1.57°
Myricetin 12 h 165.4 + 0.79P 41.0 + 150 251.9 + 1.40 224 + 0.64°
C. coggygria 2h 171.5 + 1.02° 51.2 £ 1.27° 261.0 + 0.26 3.01 + 1.12°
C. coggygria 12h 170.6 + 1.26 37.8 +2.47° 269.9 + 0.66° 2.40 + 0.28P

Values represented mean + SEM from three independent experiments.
n=>5 rats per group.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase.

2 p<0.05 when compared with the negative control group.
b p<0.05 when compared with the pyrogallol control group.

Table 5

Evaluation of antigenotoxicity by use of the comet assay, based on the percentage of comets assigned to damage categories and total comet score, induced by the Cotinus

coggygria methanol extract and myricetin, at 2 or 12 h prior to pyrogallol.

Treatments Levels of damage Total score
(mean 4+ SEM)
0 1 2 3 4

Negative control 73.53 + 0.02 26.50 + 0.12 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 26.50 + 0.14°
Pyrogallol 0.00 + 0.00 3.44 + 040 4.62 +0.43 44.53 + 043 47.53 + 0.62 336.40 + 4.712
C. coggygria 2 h prior to pyrogallol 14.09 + 0.72 57.64 + 1.11 21.04 +£ 0.72 428 + 0.82 2.16 £ 043 121.20 + 2.65°
C. coggygria 12 h prior to pyrogallol 42.22 + 0.87 47.72 + 0.87 8.66 + 0.44 1.48 £ 0.71 0.00 + 0.00 69.50 + 1.22°
Myricetin 2 h prior to pyrogallol 12.90 + 1.02 58.10 + 1.04 25.81 + 0.51 3.22 £ 0.04 0.00 + 0.00 119.40 + 0.02°
Myricetin 12 h prior to pyrogallol 66.70 £+ 0.32 33.33 £ 0.27 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 33.33 £ 1.23
Myricetin 2 h 78.05 + 1.21 27.96 + 0.60 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 27.96 + 1.02°
Myricetin 12h 74.50 + 0.05 25.53 + 1.32 0.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 25.53 £ 0.12°
C. coggygria 2h 73.30 + 0.21 2440 + 1.04 2.32 + 0.00 0.00 + 0.00 0.00 + 0.00 29.04 + 1.20°
C. coggygria 12h 72.2 +£ 043 26.70 + 0.00 1.11 £ 0.14 0.00 + 0.00 0.00 + 0.00 28.90 + 0.61°

Values represented mean & SEM from three independent experiments.
n=>5 rats per group.

2 p<0.05 when compared with the negative control group.

b p<0.05 when compared with the pyrogallol control group.

AST, ALT and ALP levels and total bilirubin compared with those of
the negative control.

The extract of C. coggygria and myricetin were evaluated sepa-
rately for protection against DNA damage induced by pyrogallol.
The comet class-distribution is shown in Table 5. In contrast to
the negative control group, the pyrogallol-treated group showed
high levels of genotoxicity according to the comet classes detected,
with a predominance of damage classes 3 and 4 (maximum dam-
age). Analyzing the comet class-distribution for the pretreatments
with 500 mg/kg bw of the C. coggygria methanolic extract and with
myricetin, respectively, administered 2 h before pyrogallol, it is evi-
dent that comets with damage classes 0, 1 and 2 (very low, low
and medium damage, respectively) were most prevalent and that
comets with damage classes 3 and 4 (maximum damage) were
rare. Moreover, after treatment with the same doses of C. coggygria
extract and of myricetin at 12 h prior to pyrogallol, respectively,
most of the comets were in classes 0 (undamaged) and 1 (mini-
mum damage). In vivo exposure to the C. coggygria extract itself
did not induce DNA damage. The levels of DNA damage in the liver
in the control group did not differ from those observed in animals
treated with myricetin alone.

Fig. 2 shows the percentage reduction (%R) in the comet score
obtained in the comet assay after pretreatments with the C. cog-
gygria methanol extract and with myricetin, respectively, at 2 or
12 h before pyrogallol. The percentage reduction in the total comet
score was more pronounced in the group of rats exposed to pyrogal-
lol 12 h after treatment with 500 mg/kg bw of C. coggygria extract
and myricetin (86.1 and 97.8%, respectively) and less strong for the

groups of rats exposed to pyrogallol 2 h after pretreatment with
the C. coggygria extract and myricetin (69.4 and 70.1%, respec-
tively).

Fig. 3 shows the effects of 2-h or 12-h treatments with 500 mg/kg
bw of the methanolic extract of C. coggygria and of myricetin,
respectively, prior to treatment with pyrogallol on the comet tail
moment in liver cells from Wistar rats. As expected, 100 mg/kg
bw of pyrogallol led to a significant increase in tail moment com-
pared with the negative control. A significant reduction of the tail
moment was observed in rats pretreated with 500 mg/kg bw C. cog-
gygria extract and myricetin, respectively, either 2 or 12 h before
pyrogallol.

OC. coggygria 2 or 12 h prior to pyrogallol
BMyricetin 2 or 12 h prior to pyrogallol

2h  Treatments 12h

Fig. 2. Percentage of damage reduction (%R) promoted by the Cotinus coggygria
methanolic extract and by myricetin at 2 h or 12 h prior to treatment with pyrogallol.
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Fig. 3. Detection of DNA damage in rat liver by use of the comet tail moment after
pretreatments with Cotinus coggygria methanolic extract and myricetinat2hor12h
before exposure to pyrogallol; *p <0.05: statistically significant difference compared
with pyrogallol.

3.5. Relative changes in Akt and STAT3 activities in the liver

Phosphoinositide 3-kinases (PI3Ks) have been linked to a
diverse group of cellular functions that relate to their ability to
activate Akt or protein kinase B, the general mediator of cellular
survival signals. Activation of the PI3K/Akt signalling pathway is
critical for hepatic regeneration [39]. Since myricetin is a major
constituent of the C. coggygria methanolic extract, we examined
the status of Aktin whole-liver homogenates of rats pretreated with
C. coggygria extract and with myricetin by means of immunoblot
analysis. As can be seen from Fig. 4A, pyrogallol treatment induced
a slight reduction of Akt protein expression (Fig. 4A, lane 2, row
Akt). Administration of the C. coggygria extract alone caused a slight
increase in level of Akt (lane 3, row Akt).

Administration of the C. coggygria methanolic extract, either
2h or 12 h before the pyrogallol treatment, causes a pronounced
increase in the levels of active Akt kinase (lanes 4 and 5, respec-
tively). These findings are in agreement with our previous work
and with the observation that administration of the C. coggygria
extract clearly provided a setting that allowed for the function-
ing of Akt, which is essential for proper cell functioning [20].

A
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Administration of the myricetin alone caused no increase in the
level of active Akt kinase (about 1.03-fold change; lane 6, row Akt).
In samples obtained from rats given myricetin either 2 or 12h
before the pyrogallol treatment (lanes 7 and 8, respectively), the
levels of active Akt kinase were increased.

The JAK-STAT signalling pathway is a major cascade associated
with signal transduction during hepatic injury [40]. To examine
the level of STAT3 protein, we performed Western blot analysis of
whole-liver homogenates with antibodies raised against transcrip-
tion factor STAT3 and the activated, phosphorylated protein STAT3
at Tyr705 (designated as pSTAT3). As can be seen from Fig. 4B, pyro-
gallol administration induced a slight reduction of STAT3 activity
(lane 2, row STAT3). In samples obtained from rats that were given
the C. coggygria extract or myricetin either 2 or 12 h before the
pyrogallol treatment (lanes 4, 5, 7, and 8, respectively), the levels
of STAT3 were increased. As can be seen from Fig. 4B, the C. cog-
gygria methanol extract or myricetin alone induced STAT3 protein
expression (lanes 3 and 6, respectively, row STAT3) and activation
(lanes 3 and 6, respectively, row pSTAT3).

4. Discussion

The growing interest in herbal medicine demands information
on toxicity risk-assessment of the various plant preparations used
in the management of diseases. Numerous plants and their con-
stituents have been shown to possess beneficial therapeutic effects
for various diseases [41]. In view of this, the present study was set
out to provide information on the safety of the methanol extract of
the C. coggygria stem and of myricetin, one of the most abundant
secondary metabolites in the extract, tested on the liver of Wistar
albino rats.

Antimutagenic activities have been correlated with the pres-
ence of certain phytochemical substances, such as compounds of
the flavonoid group [42-45]. A relationship has been reported
between structure and activity, both for mutagenic activity [44]
and for protection of the genetic material [42]. Flavonoids have
numerous physiological health benefits, covering protection from
cardiovascular disease and cancer. Most of these health-beneficial
effects are thought to derive from effective anti-oxidant and
free-radical-scavenging properties, as well as the ability to regu-
late many cellular enzymic functions [46]. In fact, many flavonoids

“ STAT3
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Fig. 4. The effects of the Cotinus coggygria methanolic extract and myricetin prior to pyrogallol administration on the relative protein levels of Akt (A) and STAT3 (B).
Western-blot analysis of the rat-liver homogenate was performed with anti-Akt and anti-phosphorylated Akt (pAkt) antibodies (A) and with anti-STAT3 and anti-pSTAT3
antibodies (B). Actin was used as the internal control. Lane 1: negative control; lane 2: treatment with pyrogallol; lane 3: treatment with C. coggygria extract; lane 4:
pretreated with the C. coggygria extract 2 h before pyrogallol administration; lane 5: pretreated with the C. coggygria extract 12 h before pyrogallol administration; lane 6:
treatment with myricetin; lane 7: pretreated with myricetin 2 h before pyrogallol administration; lane 8: pretreated with myricetin 12 h before pyrogallol administration.
Western-immunoblot analysis was performed by use of TotalLab (Phoretix) electrophoresis software (version 1.10) to quantify protein levels relative to actin levels and is

presented in the graphs. The values are means + SEM from three separate experiments.
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act directly as anti-oxidants, compensating the toxic reactive
oxygen species by donation of hydrogen ions, or by modula-
tion of cell-signalling pathways [47]. Also, a number of scientific
reports indicated that flavonoids have protective effect on liver
due to their antioxidant properties [48,49]. Myricetin has impor-
tant pharmacological properties. In early studies anti-oxidant [50]
and antigenotoxic [51] properties have been described for this
type of compound. The results of HPLC analysis showed that the
methanolic extract of C. coggygria is a rich source of the important
biologically active flavonoid, myricetin. Myricetin (511.5 pg/g) was
shown to be the major component in the C. coggygria extract, while
the phenolic acids were present in lower amounts. Rosmaric acid
(18.55 pg/g) was present in substantial quantities whereas caffeic
acid was found in trace amounts (Table 2).

The composition of plant extracts that apparently exhibit only
beneficial properties may nonetheless include chemical compo-
nents with mutagenic, teratogenic and/or carcinogenic activity. If
a genotoxic compound is present it can interact with DNA, leading
to genetic damage. Thus, it is very important to include a genotoxic
approach in toxicological evaluation of these plant extracts and
their major constituent(s). In the present study, the antigenotoxic
potential of the C. coggygria methanol extract and of myricetin were
observed in vivo via the alkaline version of the comet assay. The
results obtained in relation to genotoxicity of the methanol extracts
of C. coggygria in the comet assay demonstrated that these extracts
cause moderate damage, since the tail moment obtained after the
treatments with 1000 and 2000 mg/kg bw of the extract showed
a low level of genotoxicity and treatment with 500 mg/kg bw of
the C. coggygria methanol extract revealed no genotoxic poten-
tial. Pretreatment with C. coggygria methanol extract either 2 h or
12 h before treatment with 100 mg/kg bw of pyrogallol revealed a
significant protective effect, as was evident from the percentage
reduction in comet score (%R). This result led us to evaluate hep-
atoprotection of the abovementioned effective dose (500 mg/kg)
of the plant extract, and of myricetin in an equivalent amount as
present in the extract, against pyrogallol-induced hepatotoxicity.
Pyrogallol, as a free-radical generator, induces hepatotoxicity in
experimental animals [22,24]. Gupta et al. [23] tested New Livfit®
(a polyherbal formulation containing the extracts of 11 medicinal
plants; Courtesy, Dabur India Ltd.) administered 1h before pyro-
gallol injection, similar to the experimental design in our study.
Pyrogallol caused hepatic damage due to free radicals that pro-
duced significant liver damage as indicated by a marked increase in
serum AST and ALT levels in the study of Gupta et al. [22,23]. In the
present study, the most commonly used biochemical parameters
to detect liver damage, ALT, AST and ALP as hepatocellular mark-
ers, and bilirubin as hepatobiliary marker [52], were measured. ALT
and AST are sensitive indicators of acute liver damage, and ele-
vation of these enzymes in non-hepatic diseases is unusual [53].
The rise in serum levels of AST and ALT has been attributed to the
damaged structural integrity of the liver, since these enzymes are
cytoplasmically located and released into the blood after cell dam-
age [54]. ALP, a marker of obstructive jaundice and intrahepatic
cholestasis, is produced by osteoblasts in the bone, by the intestinal
mucosa and by epithelial cells of the biliary canaliculi. Obstruc-
tion of bile with consequent irritation of epithelial cells leads to
secretion of ALP into serum. It is often employed to assess the
integrity of the plasma membrane [55], since it is localized pre-
dominantly in the microvilli of the bile canaliculi, located in the
plasma membrane [56]. Bilirubin is one of the most useful clini-
cal clues to assess the severity of necrosis, and its accumulation is
a measure of binding, conjugation and excretory capacity of hep-
atocytes [57]. Serum AST, ALT and ALP levels and total bilirubin
content were markedly elevated in the group of animals treated
with pyrogallol alone. Treatment with the methanol extract of
C. coggygria significantly altered these changes to almost normal

values. Intraperitoneal administration of myricetin provided sig-
nificant protection from pyrogallol-induced elevation in AST, ALT,
ALP and bilirubin in serum. Rats receiving myricetin or extract
alone showed less elevation of AST, ALT and total bilirubin than
rats receiving pyrogallol alone.

Antioxidants constitute a range of substances that play a role
in protecting biological systems against the deleterious effects of
oxidative processes on macromolecules, such as proteins, lipids,
carbohydrates, and DNA [58]. Many of those substances are
plant-derived natural molecules that contribute to the prevention
and treatment of diseases in which reactive oxygen species are
involved. This protection can be explained by antioxidant capac-
ity of the plants to scavenge free radicals [59,60]. In this study
the effect on the free-radical-scavenging ability was determined
by means of the DPPH assay as one of the most effective, reactive,
reliable, simple and reproducible in vitro methods for evaluat-
ing this important activity of single compounds as well as plant
extracts[61,62]. The result obtained with the C. coggygria methano-
lic extract revealed relatively strong radical-scavenging activity,
which is comparable with the values reported by Westenburg
et al. [10] and Savikin et al. [11]. Taken together, these results
indicate that the C. coggygria methanolic extracts could serve as
free-radical inhibitors or scavengers, acting possibly as primary
antioxidants.

One of the most actively studied kinase pathways in basic
research and drug development includes the serine-threonine
kinase Akt, also known as protein kinase B. The phosphatidyl-
inositol-3-kinase (PI3-K)/Akt signalling pathway has been iden-
tified as having a key role in mediating signals for cell growth,
cell survival [63,64], cell-cycle progression, differentiation, tran-
scription, translation, glucose metabolism [65], and hepatic
regeneration [39]. Whereas administration of pyrogallol resulted
in decreased Akt activity and phosphorylation, we report here that
the separate pretreatments with the C. coggygria extract and with
myricetin clearly provided a setting that allowed for the functioning
of Akt, which is essential for proper cell functioning.

The signal transducer and activator of transcription 3 (STAT3),
initially named acute-phase response factor, belongs to the family
of STAT transcription factors that consists of at least seven members
in mammals [66], which mediate the cellular response to a vari-
ety of cytokines and growth factors [67]. STAT3 is one of the most
important transcription factors involved in the initiation of liver
development and regeneration [68]. In the liver, activation of STAT3
by IL-6, its related cytokines, and IL-22, plays an important role in
acute-phase response and hepatoprotection [69-71]. The physio-
logical functions of STAT3 have been extensively studied, and it
is known to play an essential role in the development of various
organs and in cell proliferation [72], survival, and differentiation
[73]. Activated STAT3 is phosphorylated at Tyr705 (designated as
pPSTAT3) and was decreased to above the basal level after treat-
ment with pyrogallol. Since activation of hepatocyte STAT3 protects
against hepatocellular damage, we observed increased STAT3 phos-
phorylation in rats pretreated either with C. coggygria extract or
myricetin at 2 h or 12 h prior to administration of pyrogallol.

5. Conclusions

The antigenotoxic and hepatoprotective properties elucidated
in this study suggest that the methanolic extract of C. coggygria
shows medicinal potential as an antigenotoxic and antihepatotoxic
natural agent, modulating the genotoxicity and hepatotoxicity
caused by pyrogallol, in a mammalian model. The secondary
metabolite myricetin, its main flavonoid constituent, could be
responsible for their antigenotoxic, antihepatotoxic and free-
radical-scavenging activity.
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Considering the controversial results concerning the antimutagenicity of some phenolic compounds
recorded in the literature, the antigenotoxic effects of four selected phenolic compounds, myricetin,
quercetin, rutin, and rosmarinic acid, against DNA damage induced by alkylation with ethyl
methanesulfonate (EMS), were evaluated in Drosophila melanogaster males using the sex-linked
recessive lethal (SLRL) test. To assess the protective effects against DNA damage, D. melanogaster males
were exposed to a monofunctional alkylating agent EMS in concentration of 0.75 ppm, 24 h prior to one
of the selected phenolic compounds in the concentration of 100 ppm. The possible differences in
mechanisms of protection by selected compounds were determined by molecular docking, after which
structure-based 3-D pharmacophore models were generated. EMS induced considerable DNA damage as
shown by significant increase in the frequency of germinative mutations. The frequency decreased with
high significance (p < 0.001***) after post-treatments with all selected phenolic compounds. Further,
docking analysis revealed EMS pre-bond conformations against guanine and thymine as a necessary
condition for alkylation, after which resulting 0%-ethylguanine and O*-ethylthimine were docked into
the active site of 0%-alkylguanine-DNA alkyltransferase to confirm that particular lesions are going to be
repaired. Finally, myricetin and quercetin protected dealkylated nucleotides from further EMS alkylation
by forming the strong hydrogen bonds with 0%-guanine and O*-thymine via B ring hydroxyl group (bond
lengths lower than 2.5 A). On the other side, rutin and rosmarinic acid encircled nucleotides and by
fulfilling the EMS binding space they made an impermeable barrier for the EMS molecule and prevented
further alkylation.

Keywords:
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1. Introduction

The search for effective and non-toxic bioactive products in the
interest of prevention and/or treatment of diseases is an important
research line. Available epidemiologic evidence is exceptionally
strong and consistent that the consumption of high amounts of
fruits and vegetables reduces the risk of human diseases [1].
Therefore, efforts were directed towards the determination of
antigenotoxic effects of fruits, vegetables, and natural compounds
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from dietary plants, including mechanisms of action [2]. Many of
the known protective effects have been attributed to plant
secondary metabolites, i.e. natural aromatic compounds, terpenes,
and alkaloids [1].

Aromatic compounds constitute one of the most numerous and
ubiquitous group of plants secondary metabolites. Within the
class, flavonoids are the most common and widely distributed sub-
group [3]. In addition to known activity [4], they have been tested
extensively under in vitro and in vivo experimental conditions in
order to assess their mutagenic and genotoxic potential. Never-
theless, the data on antigenotoxicity and genotoxicity of flavonoids
are incomplete and contradictory. Complementary studies of
cytotoxicity, genotoxicity and mutagenicity indicated that the
majority of flavonoids like catechins, genistein, daizein, and rutin,
among others, are not genotoxic but instead provide considerable
protection against mutagens [5,6]. Furthermore, genistein [7],
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catechin, epicatechin [8], and luteolin [9] showed antigenotoxic
effects against oxidative DNA damage in several cell models.
However, other investigations have demonstrated that some
flavonoids possess toxic and genotoxic effects [10,11], and some
have been shown to be mutagenic in bacteria and mammalian test
systems [12-14].

The protective effects of myricetin and quercetin on hydrogen
peroxide-mediated DNA damage in human lymphocytes were
determined using the comet assay [15]. In contrast, myricetin and
quercetin showed no protection against DNA strand breaks in
human hepatoma cells induced by heterocyclic amines (HCAs)
[16].

Early studies documented the mutagenicity of quercetin and its
capacity to induce chromosomal aberrations and sister chromatid
exchanges in CHO cells [13], but opposite results were obtained by
using the micronucleus test [17]. The in vitro protection against
DNA damage in human lymphocytes after quercetin pre-treatment
in Caco-2 and HepG2 cells has been also described [18,19].

The protective activity of quercetin and rutin presented in
human hepatoma HepG2 cells against the genotoxicity induced by
Aflatoxin B1, methyl methanesulfonate or doxorubicin [20] was
confirmed by comet assay. Rutin shows various beneficial
properties for human health and there are few studies on its
cytotoxic and genotoxic potential in which conflicting results are
reported depending on the utilized test system [17,21]. According
to Marcarini et al. [22] rutin exhibited the protective effect against
benzo[a]pyrene in HTC cells using the MNCtB assay. The in vivo
study by Silva et al. [10] demonstrated the lack of micronucleus
induction in mouse bone marrow upon the rutin consumption.

On the other hand, phenolic acids have also attracted
considerable interest owing to their potential health benefits
reflected in antiallergenic, anti-inflammatory, antioxidant, cardi-
oprotective, and vasodilatory effects [23,24]. Based on the
literature reported so far, the results concerning the genotoxic
effect of phenolic acids are however contradictory. Maistro et al.
[25] reported the genotoxic potential of caffeic, cinnamic and
ferulic acids using the in vitro micronucleus assays in drug-
metabolizing rat hepatoma tissue cells (HTCs). Similar, an adverse
effect has been reported for gallic acid by El Hajjouji et al. [26].
Among well documented activity of rosmarinic acid [27,28], as a
class representative, Vattem et al. [29] demonstrated that
compound inhibited the mutagenic potential of sodium azide
and N-methyl-N'-nitro-N-nitrosoguanidine in the Ames test. Alike
results [30,31] showed that rosmarinic acid reduced the frequency
of micronuclei, induced by gamma irradiation of human lympho-
cytes. Furthermore, rosmarinic acid decreased the level of DNA
damage induced by ethanol in mice peripheral blood and brain
cells [32]. Rosmarinic acid reduced the frequency of micronuclei
and the extent of DNA damage induced by doxorubicin in V79 cells
[33]. Pereira et al. [34] also found no DNA damage induced by
rosmarinic acid in Wistar rat brain tissue or peripheral blood using
the comet assay.

Due to the inconsistent results regarding the adverse properties
of flavonoids and phenolic acids, studies on the level of safety are of
extreme importance. Against this background, the present paper
summarizes the effort to evaluate the capacity of myricetin,
quercetin, rutin, and rosmarinic acid to prevent the DNA damage
induced by the alkylation with ethyl methanesulfonate (EMS)
using the sex-linked recessive lethal (SLRL) test. In addition,
molecular docking studies enclosed diverse mechanisms of
antigenotoxic behaviour of tested compounds, while 3-D phar-
macophore generation confirmed their crucial interactions
with DNA. Since EMS alkylation results with the formation of
06-ethylguanine and O*-ethylthymine and consequent mispairing
[35] that induces mutations, docking assessment elucidated
protective mode of tested compounds upon 0%-alkylguanine-DNA

alkyltransferase catalyzed dealkylation of lesions. The binding of
examined compounds into DNA prevents further DNA damage
brought on by EMS. To the best of our knowledge, no study so far
employed molecular docking and generation of structure-based
pharmacophores to regard the in vivo antigenotoxic potential of
selected naturally occurring phenolic compounds.

2. Materials and methods
2.1. Chemicals

Myricetin (CAS No. M6760, >96%), rutin (CAS No. 207671,
>94%, HPLC grade), sucrose (CAS No. 57-50-1), and nipagin (CAS
No. H5501) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Quercetin hydrate (CAS 849061-97-8, >95% HPLC grade) was
obtained from TCI Europe N.V., Zwijndrecht, Belgium. Rosmarinic
acid (CAS No. 20283-92-5) was supplied by ChromaDex™, Irvine,
CA, USA. The particular compounds were chosen as test substances
due to their wide availability and to extend the list of their known
health benefits.

The ethyl methanesulfonate (EMS, CAS No. 62-50-0, Sigma-
Aldrich, St. Louis, MO, USA) was diluted in sucrose (1%) and used as
a positive control, i.e. the DNA damage-inducing agent, in final
concentration of 0.75 ppm. The particular EMS concentration was
considered as an optimal since any increase in the dosage would be
lethal for this model of organism [36]. The choice of using EMS as
the positive control is related with the fact that alkylating agents
are widely used in chemistry since the alkyl group is probably the
most common group encountered in organic molecules. Many
biological target molecules or their synthetic precursors are
composed of an alkyl chain with specific functional groups in a
specific order. Selective alkylation, or adding parts to the chain
with the desired functional groups, is used especially if there is no
commonly available biological precursor [37]. In medicine,
alkylation of DNA is used in chemotherapy to damage the DNA
of cancer cells [38].

Test substances (Fig. 1) were each dissolved in 1% sucrose at
room temperature and solutions in concentration of 100 ppm were
used immediately in the treatments. The higher dose of tested
compounds was applied according to requirements that the
concentration of antigenetoxic agent must be significantly higher
than the concentration of genotoxic one [39].

2.2. Treatments

The SLRL test was conducted on stock of Drosophila melano-
gaster (obtained from Bloomington Stock Centre, IN, USA). Males of
well-defined Canton S stock and appropriately marked balancer
females of Basc stock, with multiple inverted X-chromosomes,
were used for the experiment. The stocks were maintained and all
experiments were performed under the optimal conditions
(t=25°C, relative humidity = 60%, 12/12 h of light/dark regime)
on a standard nutritive medium for Drosophila (corn flour, yeast,
agar, sugar, and nipagin to prevent mold and infection).

In order to evaluate the antigenotoxicity of four selected
phenolic compounds, three days old Canton S males were divided
into six groups, each consisted of fifteen males, and starved in
empty bottles for 5 h prior to treatments. For the first group of
males, treatment was performed by exposing them to acute 24 h
feeding in bottles containing the filter paper soaked with 1%
sucrose solution, and that group was referred as the negative
control [36]. The second experimental group was treated for 24 h
with 0.75 ppm of EMS, strong mutagen used as the positive control.
For the remaining four groups (one group for each phenolic
compound), post-treatment was performed by feeding Drosophila
males with EMS in concentration of 0.75 ppm 24 h prior to a single
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Fig. 1. Chemical structures of myricetin, quercetin, rutin, rosmarinic acid, and EMS.

dose of one of the four compounds in concentration of 100 ppm
dissolved in 1% sucrose.

2.3. Test procedure

The standard procedure for the detection of sex linked recessive
lethal mutations on D. melanogaster was applied [40]. After 24 h,
the treated males were individually crossed with virgin females
from Basc stock, after which the brood I was created and further
used to test all germ-cell stages for the presence of mutations. Two
days after, the males were transferred to new vials containing
three virgins of Basc line, which resulted in the genesis of brood II.
After another three days the males were transferred into fresh vials
with three Basc virgins and thus formed the brood IIl. These males
stayed with females for three days and were removed afterwards.
Females were left alone for five days to lay eggs and then removed.

When flies emerged in the first generation (F;) in all test groups,
brother-sister mating was allowed for several days, whereupon
ten pairs from each vial were individually placed together into new
vials. Each vial would give the progeny of one treated X-
chromosome.

The frequency of sex linked recessive lethal mutations was
detected by examining males in the second generation (F;).
Phenotypes were scored according to the eye colour and shape. All
wild type males in the second generation possessed the same
treated X-chromosome in a hemizygous condition (males have
only one X chromosome and thus only one copy of each X-linked
gene - in contrast to females, who carry two copies of the X
chromosome [41]). The outcome of the experiment is that any
recessive lethal mutation is expressed before the adult stage. Thus,
the absence of wild type males in the second generation indicates
the occurrence of such mutations.

2.4. Statistical evaluations

The frequency of sex-linked recessive lethal cultures was
calculated according to the ratio between the number of lethal
cultures and the total number of treated X-chromosomes. The total
number of treated X-chromosomes is equal to the sum of lethal
and non-lethal cultures. The significance of percentage differences
in lethal cultures was achieved by testing for large or small

independent samples, and then by testing the difference between
proportions [42].

2.5. Computational procedures

Since EMS mutagenic behaviour is related with the alkylation of
guanine and thymine as DNA constituents, antigenotoxic activity
of tested natural aromatic compounds is expressed after the
dealkylation of nucleotides and must be a consequence of non-
covalent interactions with particular nucleotides. The ultimate
task of the present work was to enclose those interactions and to
find the correlation between the antigenotoxic activity of
myricetin, quercetin, rutin, and rosmarinic acid, and their DNA-
bounded conformations, which will confer structure-based anti-
genotoxic mechanism of action. Therefore, we considered the
alkylation of nucleotides by positioning of EMS narrow to 0° or 0*
oxygen atoms [35] of guanine and thymine, respectively, using the
molecular docking simulations. The repair of guanine and thymine
was examined by docking of alkylated lesions into the active site of
06-alkylguanine-DNA alkyltransferase (AGT). Finally, the docking
of naturally occurring compounds, myricetin, quercetin, rutin, and
rosmarinic acid on repaired nucleotides was performed to outline
the mechanism of GO® or TO* oxygen atoms protection. The crucial
interactions within the proposed mechanism were confirmed by
the generation of structure-based 3-D pharmacophore models.

2.5.1. Molecular docking and energy minimization of EMS-DNA
complex

The O%-alkylguanine and O*-alkylthymine lesions in DNA,
which result from the endogenous source like EMS, are carcino-
genic and mutagenic and cause unnatural GT and TG transition
mutations [35]. Since those lesions arise after the direct transfer of
EMS ethyl group towards 0° and 0* atoms of guanine and thymine
(Scheme 1), respectively, we were interested at the beginning of
molecular modelling studies to determine the most conceivable
conformations of EMS in which the ethyl group transfer occurs
easily. Hence, following procedure was utilized.

The EMS-DNA complex generated in an environment without
solvent was obtained from the experimental part of our previous
article [39]. The DNA structure (PDB: 1DSC), as a molecular target
for docking simulations was initially obtained by cleaning the
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Scheme 1. The alkylation of random DNA sequence with EMS, formation of 0°-ethylguanine and O*-ethylthymine, and consequent mispairing of guanine and thymine.

macromolecule from Actinomycin D as inhibitor [43]. The EMS-
DNA complex was loaded into UCSF Chimera software [44] and
further improved by adding hydrogen atoms using the leap module
of Amber 12 suite [45], upon which the correct protonation at pH
7.4 was assigned to each nucleic acid residue by means of
Antechamber module of Amber 12 suite. The complex was then
solvated (SOLVATEOCT command) in a box entering 5 A with water
molecules (TIP3 model) and neutralized with Na*™ and Cl~ ions.
Since water molecules at the surface of DNA are critical to its
equilibrium structure, DNA-protein function, and DNA-ligand
recognition [46], the exact purpose of solvation was to provide the
environment for as much as possible realistic docking into the
DNA, which is described further in the text. Afterwards, the
solvated complex was refined by a single point minimization using
the Sander module of AMBER suite. As a final step, both EMS and
solvated DNA were saved separately and imported in AutoDock-
Tools [47] for docking experiment.

The rigid root and rotable bonds were defined using Auto-
DockTools. The 3-D structure of DNA was further manipulated by
removing nonpolar hydrogen atoms, while Gasteiger charges and
solvent parameters were assigned by default. The docking was
performed with AutoDock 4.2 [47]. To explore the binding of EMS
to both guanine and thymine, two region-focused molecular
docking analyses were conducted. For binding to arbitrarily
selected guanine the dimension of the grid was 18 A x 18 A x 24 A,
A, with a spacing of 0.375 A between the grid points while the
centre grid box coordinates were x = 10.647, y = 1.848, z=0.714.
Binding to arbitrarily chosen thymine required following setup:
the dimension of the grid was 18 A x 12 A x 24 A, 0.375 A spacing

between the grid points, centre grid box coordinates equal to
x=13.117, y=7.155, z=—-2.819. The Lamarckian Genetic Algo-
rithm was used to generate conformations of ligands within the
binding site. The global optimization started with a population of
200 randomly positioned individuals, a maximum of 1.0 x 10°
energy evaluations and a maximum of 27,000 generations. A total
of 100 runs were performed with RMS Cluster Tolerance of 0.5 A.

Finally, a molecular mechanics approach was applied to refine
the Autodock output. The computational protocol consisted the
application of 10,000 steps of the steepest descent algorithm until
the derivative convergence was 0.01 kcal/A mol. The AMBER force
field with the continuum GB/SA salvation model (water as solvent)
implemented in MacroModel [48], via graphical interface Maestro
9.0, was used during minimization.

2.5.2. Covalent molecular docking and energy minimization of EMS-
DNA complex

The alkylated guanine and thymine residues were further
subjected to the flexible molecular docking protocol. The aim of
this procedure was to obtain the lowest energy poses of 0°-
ethylguanine and 0*-ethylthymine residues upon the alkylation.

To the best of our knowledge, no docking programme is able to
simulate the direct transfer of particular functional group towards
the molecular target residues. Therefore, we decided to manually
build alkylated guanine and thymine residues. Thus, 0%-ethylgua-
nine and O%*-ethylthymine were formed by the extension of
original residues using the Build Structure function implemented
in UCSF Chimera. Double bonds connecting the 0° and 0* atoms of
guanine and thymine, respectively, were converted into single
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ones by changing the hybridization from sp? to sp> of carbon and
oxygen atoms involved in the formation of target bonds. Following,
sp> 0% and 0% atoms were substituted with ethyl groups, to simulate
the EMS induced alkylation. Newly formed O®-ethylguanine-DNA
and 0*-ethylthymine-DNA macromolecules were protonated at pH
7.4, solvated and neutralized, by respecting the above described
procedure, after which the complexes were refined.

Finally, alkylated macromolecules were imported in Auto-
DockTools where OS-ethylguanine and O*-ethylthymine were
treated as flexible residues, thus allowing as much as possible free
rotation within the corresponding macromolecule. Still, the most
important step in this procedure was the selection of ligand.
Therefore, as all calculations were performed in water, one
arbitrarily selected water molecule proximal to alkylated residues
was saved and prepared as the ligand. The outcome of such

procedure was actually not docking of 0%-ethylguanine and 0%*-
ethylthymine residues but in fact the docking of particular water
molecule, during which the free rotation of alkylated residues and
their exploration of binding space was allowed. Generated flexible
docking poses were further prepared for interaction with O°-
alkylguanine-DNA alkyltransferase.

At the end of this stage, previously described molecular
mechanics approach was applied to refine the Autodock output.

2.5.3. Docking of alkylated DNA macromolecules into active site of
AGT

Upon the alkylation, AGT repairs alkyl lesions in modified
oligodeoxynucleotides by transferring the 0%-alkyl and 0*-alkyl
group towards the active site cysteine (Cys145) in an irreversible
and stoichiometric reaction [49]. Prior to dealkylation reaction,

o)
o) B 0 H o B
F GIu172/’\//< H': :H 7
H ? T H 0® ,|4 H ? TH
=N
0=P—0 =y HN/\ S 0=P—0
I N == (0] Naw |
0 ~ = [~ N °
o N Cys145 6 N o)
NH HTH His146 HN,
N= —_— =N, H H
Ho Rt "
NH H2N ‘H |
| _ 2 | oO=—P—
O=P—0O 0 '
: o
o) B
i H
H H
Tyr114 ? H
o=||=—o
..
: -
o) B o 5 B
A GIu172/\/<O i J KH ?(H
H H 0 H H
? H Oe . \S o H
O:I|°—O /=N’ k o=F|>—o
N o HN N |
— S
0 ~ = Cys145 = 0
0 N 6 HTH 6 N 0
NH His146 O N, 5 H
H H N=— IS >-/N H H
o H H O
| NH, HoN H o
0=P—0 | O0=P—0
: (0] E
o o
0 B 0 B
H H H H
H H H H
? Tyr114 ? "
o=||>—o- O:IT—O‘
O..

Scheme 2. The proposed mechanism for helix-turn-helix mediated dealkylation of O®-ethylguanine within the active site of 0°-alkylguanine-DNA alkyltransferase.

Pharmacol (2013), http://dx.doi.org/10.1016/j.bcp.2013.08.018

Please cite this article in press as: Mladenovic M, et al. Combining molecular docking and 3-D pharmacophore generation to enclose the
in vivo antigenotoxic activity of naturally occurring aromatic compounds: Myricetin, quercetin, rutin, and rosmarinic acid. Biochem



http://dx.doi.org/10.1016/j.bcp.2013.08.018

G Model
BCP-11739; No. of Pages 21

6 M. Mladenovic et al./Biochemical Pharmacology xxx (2013) XxX—xXx

flipping of damaged nucleotide, facilitated by and arginine finger
within the helix-turn-helix (HTH) motif, is required to stabilize the
extrahelical 0%-alkylguanine and O*-ethylthymine into the reac-
tive cysteine environment without the protein conformational
change [49]. In that sense, the aim of the next docking experiment
was to explore how the ethyl derivatives of guanine (Scheme 2)
and thymine (Scheme 3) are going to be recognized by AGT, after
which the enzyme will catalyze dealkylation.

The molecular docking of 0%-ethylguanine-DNA and O%*-
ethylthymine-DNA macromolecules into the active site of AGT
was the most challenging step in the presented computational
procedure. Ability of AGT to catalyze dealkylation of methyl [50]
and benzyl [51] derivatives was confirmed by crystallography data.

O GIu172/\”/<

HTH

H
/\v’/<o S} /C|) xSJ
HN — K
= Cys145
HTH His146

It is a general opinion that O°-ethylguanine is repaired by AGT
[52,53] but there is a lack of knowledge whether or not 0*-
ethylthymine is a convenient substrate for dealkylation reaction. The
necessary step in the planed procedure was the manual emulation
of HTH conformational change [49] within the structure of best-
docked 0°-ethylguanine-DNA and O*-ethylthymine-DNA macro-
molecules. Macromolecules were thus loaded into UCSF Chimera
after which 0°-ethylguanine and O*-ethylthymine were selected
and flipped out of DNA using Structure Editing/Adjust Torsions tool.

The docking setup is further presented. Since there is no
available tridimensional structure of D. melanogaster 0%-alkylgua-
nine-DNA alkyltransferase, non-alkylated human 0°%-alkylgua-
nine-DNA alkyltransferase (PDB: 1EH6) was chosen as a

H
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Scheme 3. The proposed mechanism for helix-turn-helix mediated dealkylation of O*-ethylthymine within the active site of 0S-alkylguanine-DNA alkyltransferase.
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receptor, due to the high similarity between the sequences [51].
The receptor was further prepared by adding hydrogen atoms. All
amino acids in the protein were additionally individually inspected
and correct protonation states at pH 7.4 were considered: i.e.
lysines, arginines, aspartates and glutamates were assumed to be
in the ionized form. Complex was further solvated in a box entering
10 A with water molecules, neutralized with Na* and CI~ ions, and
refined. Considering the fact that planned experiment was
macromolecule-macromolecule docking, additional effort was
conducted to obtain the correct starting coordinates for docking
experiment for both receptor and ligand. The crystal structure of
human O°%-alkylguanine-DNA alkyltransferase in complex with
DNA containing 0°-methylguanine (PDB: 1T38)[50] was chosen as
a template for the preparation of correct coordinates for the
docking of 0%-ethylguanine. Similarly, the crystal structure of 0°-
alkylguanine-DNA alkyltransferase in complex with O*-methylcy-
tosine (PDB: 1YFH) [54] was chosen as template for preparing the
correct coordinates for the docking of 0%-ethylthymine. Therefore,
the receptor structure was prepared by superimposition of
templates to protein part by utilizing the MatchMaker. The correct
orientation of flipped alkylated DNA macromolecules was
obtained by the alignment to crystal DNA. The final step was to
insert the generated complexes into AutoDockTools and to set up
properties for Lamarckian Genetic Algorithm guided docking. For
ligands, i.e. alkylated nucleotides, maximum number of torsions
was allowed. Grid box was manually centred on active site of AGT,
using 40A x 40 A x 40 A grid dimensions and 0.375A space
between the grid points, with centre grid box coordinates
x=13.246,y=7.224,z= -2.532.

2.5.4. The preparation of structures of antigenotoxic agents

When endogenous alkylation is directly reversed by AGT, HTH
motif returns DNA molecule into its native state [49]. Afterwards,
natural aromatic compounds, myricetin, quercetin, rutin, and
rosmarinic acid, express antigenotoxic activity trough the inter-
actions with 0°-guanine and O*-thymine residues and thus they
protect residues of renewed exposure to EMS. In the following lines
there is a detailed description of protocols used to reveal those
interactions, after which possible mechanisms of action were
proposed.

The crystal structures of chosen natural occurring compounds
were downloaded from the Brookhaven Protein Data Bank, as all
compounds were co-crystallized as inhibitors of corresponding
enzymes. In such manner, all of the compounds were obtained in
their physiological state by which any geometric inaccuracy
caused by manual drawing was avoided. The compounds were
extracted using the UCSF Chimera and the maintenance of
coordinates was used as obtained for the generation of geometries
in experimental environment of performed antigenotoxic assay.
Therefore, the structure of myricetin was extracted as inhibitor of
phosphoinositide 3-kinase (PDB: 1E90) [55], quercetin was saved
from transcriptional regulator TtgR complex (PDB: 2UXH, chain B)
[56], rutin was collected from prostaglandin F synthase complex
(PDB: 1RY8, chain B) [57], while rosmarinic acid was kept from
complex with a Bothropic Myotoxin (PDB: 3QNL) [58]. Hydrogen
atoms were added afterwards to all saved PDB structures, upon
which all molecules were additionally individually inspected and
protonated correctly at pH 7.4 by means of Antechamber module
of Amber suite.

2.5.5. Monte Carlo molecular modelling simulations of ligands
After the initial preparation, all tested compounds were
subjected to molecular modelling protocol to determine con-
formations in experimental environment prior to DNA binding. The
structures were imported into MacroModel 9.5 [48] via graphical
interface Maestro 9.0. The conformations were obtained by using

Monte Carlo simulated annealing molecular dynamics procedure
implemented in MacroModel [59]. Each structure was energy
minimized to a low gradient. The non-bonded cutoff distances
for van der Waals interactions were set to 8 A while distances for
the electrostatic ones were set to 20 A. An initial random velocity
to all atoms corresponding to 310.15 K was applied. Molecular
dynamics was carried out for 10 ps with a 1.5 fs time-step and
simulation time of 10.0 ps, at a constant temperature of 310.15 K
for equilibration purposes. The minimizations and molecular
dynamics were performed by implicit salvation in simulated
water solution (&=80.3) using GB/SA (Generalized Born
solvent accessible surface area) keyword and the OPLS2005
force field.

2.5.6. Molecular docking and energy minimization of ligand-DNA
complexes

Modelled flavonoid and fenolic compounds were further
subjected to the same docking protocol as described for EMS.
The lowest energy conformations were obtained in both regions
occupied by arbitrarily chosen guanine and thymine residues.
Revealed docking poses provided insight into the mechanism of
antigenotoxic behaviour of tested compounds.

2.5.7. The generation 3-D pharmacophore models

The best docked structures of examined natural occurring
compounds in complex with DNA were used as starting structures
for the generation of 3-D pharmacophore models in the present
study. The software LigandScout 3.1 [60] was applied for the
detection and interpretation of crucial interaction patterns
between DNA and ligands. LigandScout extracts and interprets
the ligand and the macromolecular environment from PDB file,
then automatically creates and visualizes an advanced pharma-
cophore model. The pharmacophores were exported as hypoedit
scripts and converted into Discovery Studio 2.1 [61] format with
Hypoedit tool. The bound ligands were converted to shape query
and was merged with the pharmacophore model to give a
combined feature-shape query.

3. Results
3.1. Antigenotoxic activity of tested natural aromatic compounds

The assay for induction of sex-linked recessive lethal mutations
in germ cells of male D. melanogaster detects chemicals that are
capable of inducing heritable lethal mutations, which may range
from changes in only one base of the DNA, that is point mutation, to
small deletions or chromosome aberrations, which are lethal in
hemizygous and homozygous conditions before the adult stage
[40]. This test is a forward mutation assay capable of screening for
mutations at about 800 loci on the X-chromosome; this represents
about 80% of all X-chromosomal loci.

In this study we evaluated the antigenotoxic effects of natural
aromatic compounds common in fruits and vegetables, myricetin,
quercetin, and rutin, as structurally related flavonoids, as well as
the rosmarinic acid, a phenolic acid representative, against the
DNA damage induced by EMS, a well-established chemical
mutagen. The protection against EMS-induced DNA damage,
conferred by a 24 h of post-treatment with selected phenolic
compounds, is shown in Tables 1-4.

The frequency of germinative mutations induced by EMS is
significantly higher (p < 0.001) than the one induced by sucrose (S)
as the negative control (Tables 1-4), serving as a clear indicator of
its mutagenic effect. Compared with the sucrose, myricetin
decreased (p > 0.05) the genotoxicity of EMS in postmeiotic
germinative cell line - at spermatozoids and spermatids, and in
premeiotic line — spermatocytes (Table 1).
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Table 1
Frequencies of sex linked recessive lethal mutations in the Drosophila melanogaster after the treatment with EMS and the post-treatment with myricetin.
Broods Treatments
s? EMS® EMS +M*® ts/Ems ts/Ems + M tEMS/EMS + M
I No of crosses 150 110 92 6.9 0.13 6.7
No of lethal 3 37 2 p<0.001*** p>0.05 p<0.001***
% of lethal 2.0 33.03 2.2
Il No of crosses 135 81 61 6.2 0.23 5.8
No of lethal 3 27 1 p<0.001*** p>0.05 p<0.001***
% of lethal 2.2 333 1.64
11 No of crosses 126 59 49 4.03 0.16 3.8
No of lethal 3 15 1 p<0.001*** p>0.05 p<0.001***
% of lethal 24 254 2.04
[+11+111 No of crosses 411 250 202 9.9 0.17 9.9
No of lethal 9 79 4 p<0.001*** p>0.05 p<0.001***
% of lethal 2.2 31.6 1.98

The results are analysed by the test for difference in proportions, by simultaneous comparison with the positive and negative controls. Triple asterix indicates significantly
higher frequency compared to EMS as positive control or to sucrose as negative control.

2 S; sucrose; negative control, 1%.

b EMS; ethyl methanesulfonate, positive control, 0.75 ppm.

¢ M; myricetin, 100 ppm.

Table 2
Frequencies of sex linked recessive lethal mutations in the Drosophila melanogaster after the treatment with and EMS and the post-treatment with quercein.
Broods Treatments
s? EMS® EMS +Q° ts/Ems ts/EMs +Q tems/EMS + Q
I No of crosses 150 110 89 6.9 1.52 5.2
No of lethal 3 37 6 p<0.001*** p>0.05 p<0.001***
% of lethal 2.0 33.03 6.7
Il No of crosses 135 81 72 6.2 0.8 5.1
No of lethal 3 27 3 p<0.001*** p>0.05 p<0.001***
% of lethal 2.2 333 4.2
11 No of crosses 126 59 72 4.03 0.6 3.5
No of lethal 3 15 3 p<0.001*** p>0.05 p<0.001***
% of lethal 24 25.4 4.2
[+11+111 No of crosses 411 250 233 9.9 1.5 10.0
No of lethal 9 79 12 p<0.001*** p>0.05 p<0.001***
% of lethal 2.2 31.6 52

The results are analysed by the test for difference in proportions, by simultaneous comparison with the positive and negative controls. Triple asterix indicates significantly
higher frequency compared to EMS as positive control or to sucrose as negative control.

4 S; sucrose; negative control, 1%.

b EMS; ethyl methanesulfonate, positive control, 0.75 ppm.

€ Q; quercetin, 100 ppm.

Table 3
Frequencies of sex linked recessive lethal mutations in the Drosophila melanogaster after the treatment with EMS and the post-treatment with rutin.
Broods Treatments
st EMSP EMS+R® ts/Ems ts/EMs + R tEMS/EMS +R
I No of crosses 150 110 91 6.9 0.62 5.4
No of lethal 3 37 3 p<0.001*** p>0.05 p<0.001***
% of lethal 2.0 33.03 33
Il No of crosses 135 81 92 6.2 0.11 5.7
No of lethal 3 27 2 p<0.001*** p>0.05 p<0.001***
% of lethal 22 333 2.2
11 No of crosses 126 59 59 4.03 0.84 33
No of lethal 3 15 3 p<0.001*** p>0.05 p<0.001***
% of lethal 24 254 5.1
[+11+111 No of crosses 411 250 242 9.9 0.62 9.7
No of lethal 9 79 8 p<0.001*** p>0.05 p<0.001***
% of lethal 22 31.6 33

The results are analysed by the test for difference in proportions, by simultaneous comparison with the positive and negative controls. Triple asterix indicates significantly
higher frequency compared to EMS as positive control or to sucrose as negative control.

2 S; sucrose; negative control, 1%.

b EMS; ethyl methanesulfonate, positive control, 0.75 ppm.

¢ R; rutin, 100 ppm.
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Table 4
Frequencies of sex linked recessive lethal mutations in the Drosophila melanogaster after the treatment with EMS and the post-treatment with rosmarinic acid.
Broods Treatments
s? EMSP EMS +RA® ts/Ems tS/EMS + RA tEMS/EMS + RA
I No of crosses 150 110 80 6.9 0.24 6.6
No of lethal 3 37 2 p<0.001*** p>0.05 p<0.001***
% of lethal 2.0 33.03 2.5
Il No of crosses 135 81 91 6.2 0.65 6.4
No of lethal 3 27 1 p<0.001*** p>0.05 p<0.001***
% of lethal 2.2 333 1.1
11 No of crosses 126 59 73 4.03 0.25 3.7
No of lethal 3 15 2 p<0.001*** p>0.05 p<0.001***
% of lethal 24 254 2.7
[+11+111 No of crosses 411 250 244 9.9 0.17 9.7
No of lethal 9 79 5 p<0.001*** p>0.05 p<0.001***
% of lethal 2.2 31.6 2.1

The results are analysed by the test for difference in proportions, by simultaneous comparison with the positive and negative controls; Triple asterix indicates significantly
higher frequency compared to EMS as positive control or to sucrose as negative control.

2 Sucrose; negative control, 1%.
b EMS; ethyl methanesulfonate, positive control, 0.75 ppm.
¢ RA; rosmarinic acid, 100 ppm.

The post-treatments with quercetin in concentration of
100 ppm drastically reduced the frequency of sex linked recessive
lethal mutations induced by EMS in comparison with the negative
control value (Table 2).

As shown in Table 3, post-treatment with rutin caused a
statistically significant reduction in frequency (p < 0.001***) of sex
linked recessive lethal mutations in all three broods, related to the
EMS, as a positive control (p < 0.001).

As can be seen from Table 4, the treatment with rosmarinic acid,
24 h after the application of EMS, revealed that phenolic acid
decreased the frequency of sex-linked recessive lethal mutations of
EMS with high significance in all broods (p < 0.001***). Compared
with the sucrose, rosmarinic acid decreased (p > 0.05) the
genotoxicity of EMS in postmeiotic and in premeiotic germinative
cell lines.

The average values of frequencies of germinative mutations for
all three broods indicate that all selected phenolic compounds in
concentration of 100 ppm exhibit antigenotoxic effect, as they
significantly reduce the rate of mutation induced by a proven
mutagen EMS, thus revealing a potential antigenotoxic activity.

Results obtained from the negative control and selected phenolic
compounds inbroods|, Il andIII, did not differ from each other. These
data suggest that the protection of DNA damaging is stirred up in
haploid and in diploid stages of the gametogenesis. By taking into
account the fact that some flavonoids show genotoxic potential on
bacteria [14], we still think that all tested compounds can be
successfully applied as human antigenotoxic agents according to the
results of this experiment since the assays performed on D.
melanogaster can be considered as relevant due to the similarity
of metabolic pathways between Drosophila and mammals [62].

The rate of 0%-ethylguanine reparation by AGT in vivo is already
known [52,53], but to the best of our knowledge there are no assays
developed to outline the reparation of 0*-ethylthimine. Moreover,
there are no crystallography studies dealing with the mechanism
of reparation of neither corresponding ethyl lesions, 0%-ethylgua-
nine or O*-ethylthimine. Therefore, to explain the exceptional
activity of all examined compounds, consideration of results was
transposed on the molecular level, seeking for mechanisms of
actions that provide DNA protection.

3.2. Insight into EMS interactions with DNA

The harmful effect of EMS against fly DNA (Tables 1-4) is seen
upon the electrophilic alkylation of 0° atom of guanine and 0* atom

of thymine (Scheme 1) [35]. The consequence of such alkylation is
the formation of 0°-ethylguanine and 0*-ethylthymine, adducts
that are unable to form physiologically normal nucleotide pairs,
but instead can produce unnatural G=T and T=G hydrogen
bonding associated to mutagenic, toxic and carcinogenic effects
[35]. Using the Lamarckian Genetic Algorithm we were able to
propose EMS physiological conformations during EMS-DNA
counteract, immediately before the alkylation of guanine and
thymine residues.

To the best of our knowledge there is no available co-
crystallized structure of EMS-DNA complex. In our previous study
some docking experiments were conducted with the aim to outline
the EMS binding to DNA in solventless environment [39].
Significant improvement in the accuracy of the procedure was
achieved during this experiment, as water molecules that naturally
encircle DNA macromolecule were included in modelling proce-
dures. Although the crystallographic orientation of water is
unknown, docking simulation in water environment was directed
towards the prediction of the lowest energy pose of EMS in
physiological conditions, i.e. the conformation of the molecule in
which it acts as an electrophilic alkylation agent. AutoDock
algorithm does not have the ability to simulate the alkylation of
guanine and thymine but it can predict the best possible
orientation of EMS towards the 0° oxygen atom of guanine or
0* oxygen atom of thymine.

Therefore, as presented by Fig. 2A, EMS molecule is fitted bellow
the GO® and occupies the region around guanine residue in such
manner that EMS ethyl group (carbon atoms are coloured in grey)
is within the C-0 covalent bond distance (d = 1.397 A) from the O°
of guanine (carbon atoms are depicted in purple). This suggests
that, in such orientation of EMS towards DNA, alkylation occurs
easy and results with the formation of 0%-ethylguanine. The low
value of EMS binding energy to DNA (AG = —7.34 kcal/mol)
confirmed that the docked conformation is in fact the bioactive
one. The inspection of EMS binding mode in the proximity of
thymine (Fig. 2B), revealed that EMS is placed above the TO* and
that the ethyl group is within the C-O covalent bond distance
(d =1.567 A) from the 0% of thymine. Still, the binding of EMS to
thymine is more energetically expensive (AG = —6.24 kcal/mol).
By matching two EMS geometries, it was determined that the EMS
bonded to thymine is flipped horizontally in comparison with EMS
narrowed to guanine, but the relative orientations of the ethyl
groups are quite similar indicating that the transfer of ethyl group
towards nucleotides occurs in the same manner.
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Fig. 2. The EMS conformation that is about to release ethyl group towards (A) guanine and (B) thymine. Target nucleotide cores are depicted by medium purple while EMS
ethyl residues are coloured by slate grey (for interpretation of the references to color in this figure legend, the reader is referred to the web version of the article).

3.3. Effect of EMS alkylation on nucleotide mispairing

Molecular docking simulations provided significant insight how
ethyl group, originating from EMS, may influence the future
incorporation of base pairs during the mispairing stage. Therefore,
0%-ethylguanine and O*-ethylthymine are nucleotide analogues
that have pairing properties unlike those of the normal bases. Since
they cannot form regular hydrogen bonds with complementary
nucleotides, mutations are produced as they stipulate incorrect
nucleotides to be inserted opposite to them in the replication. As
they exist only in a single DNA strand, they can cause a nucleotide-
pair substitution that is replicated in all DNA copies descended
from the original strand [35]. The addition of EMS ethyl group to
guanine leads to direct mispairing with thymine, and vice versa
(Scheme 1), and would result in GC — AT transitions at the next
round of replication [35]. As expected, determinations of
mutagenic specificity for EMS show a strong preference for
GC — AT transitions.

What was unseen and uncontemplated so far is readily
expected conformational change of OS-ethylguanine and 0*-
ethylthymine in comparison with the unchanged guanine and
thymine, which must occur due to the steric hindrance between
alkylated bases and opposite corresponding nucleotides, caused by
voluminous ethyl group. Those conformational changes may occur
just before the beginning of replication phase. Indeed, altered
guanine ring is slightly rotated out-of-plane for —12° related to the
unchanged guanine, determined by measuring the angle formed
between the N° atom of guanine core as root atom and both amino
groups at position C-2 (Fig. 3A). The distance between two amino
groups is 1.236 A, with root mean square deviation (rmsd)
between normal and altered guanine ring of 1.743 A. Also, there
is a conformational clash between the ethyl group and amino
group of complementary cytosine at position C-4 of pyrimidine
core. This particular conformational twist is the reason why the
formation of O%-ethylguanine is energetically less favourable

(AG=—-1.72 kcal/mol) than actual positioning of EMS before the
alkylation (AG = —7.34 kcal/mol). The corresponding steric effect
of ethyl group was also determined for conformation of 0%
ethylthymine (Fig. 3B). Hence, O*-ethylthymine is even more
rotated, for —26°, referring to unaltered base. For two considered
conformations, the carbonyl group at position C-2 of pyrimidine
core was used as a reference functional group, where the distance
between two carbonyl oxygen atoms is 1.674 A and consequent
rmsd value between two rings amounts 1.978 A. In addition, ethyl
group pressures the amino group at position C-6 of purine core of
complementary adenine. As described for guanine, the formation
of 0*ethylthymine is energetically more unfavourable process
(AG=-1.87 kcal/mol) than EMS pre-bond interaction with the
base (AG = —6.24 kcal/mol).

3.4. The O%-ethylguanine and O*-ethylthymine dealkylation

To be recognized as targets for dealkylation catalyzed by AGT
both 0%-ethylguanine and 0*-ethylthymine must be aligned in the
active site of AGT in the same region as 0°-methylguanine [50] and
0*-methylthymine [54,63], after which similar interactions must
be established between the lesions and the active site residues. The
08-ethylguanine can be catalyzed in vivo [64] but there are still no
available crystallographic data to describe the reaction. For the 0*-
ethylthymine, there is lack of experimental evidence that this
lesion is a substrate for AGT, but recent docking study that
described binding of O%*methylthymine into AGT [63] assured
immediate breakthrough in the fortune of O*-ethylthymine.
Guided by the fact that there is no crystallographic structure of
D. melanogaster AGT, molecular docking of 0°-ethylguanine and
0*-ethylthymine into human AGT was a reasonable decision since
AGT contains a highly conserved sequence of -(I/V)PCHR(V/I)-
within the active site [49,65] across numerous species, with
Cys145 as an exclusive catalytic amino acid available to receive
alkyl group in suicide reaction without inducing DNA stand breaks
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Fig. 3. The best docked poses of (A) 0%-ethylguanine and (B) O*-ethylthymine. Alkylated nucleotide cores are depicted by medium purple, ethyl residues by slate grey, while
docked water molecules are especially marked (for interpretation of the references to color in this figure legend, the reader is referred to the web version of the article).

[49]. Due to the high sequence similarity [51,65], it is assumed that
D. melanogaster AGT is of the very similar tertiary structure to
human enzyme, i.e. it is consisted of non-catalytically N-terminal
domain and C-terminal domain that bears catalytic activity. The N-
terminal seems to provide proper orientation of C-terminal for
dealkylation [65].

The topology of the C-terminal domain is absolutely conserved
for all known AGT structures, and it is consisted of the active site
cysteine motif (PCHR), the 0%-alkylguanine binding channel, and
an Arg128 mediated HTH DNA-binding motif that actually inverts
lesion towards the active site by forcing a mechanism of 3’-
phosphate rotation [50]. To repair DNA, AGT must first bind to DNA
to detect the alkyl lesion. According to the accepted mechanism
[66], EMS induced lesions can be detected during AGT migration
along the DNA, after which they are going to be flipped into the
active site. Due to the great structural similarities with O°-
methylguanine and 0*-methylthymine, 0%-ethylguanine (Scheme
2) and O*-ethylthymine (Scheme 3) are most likely favourable
lesions for flipping. Docking experiments that lead towards O°-
ethylguanine and 0*-ethylthymine recognition by AGT active site
were conducted by respecting above described reaction rules.

When alkyl groups of both 0%-ethylguanine and 0*-ethylthy-
mine are placed in close proximity to the Cys145 acceptor site, a
Glu172-His146-water-Cys145 hydrogen bond network increases
the reactivity of Cys145 in AGT [49]. It is thought that the low pK,
and high reactivity of Cys145 is due to generation of thiolate anion
via proton transfer through the network. According to well
accepted mechanism of the dealkylation reaction, His146 acts as
a water-mediated base while Cys145 acts as the nucleophile.

The Cys145 and Val148 carbonyls accept hydrogen bonds from
guanine’s exocyclic amine of 0°-benzylguanine [51] and O°-
methylguanine [49,50] whereas the Tyr114 hydroxyl oxygen and
Ser159 backbone nitrogen donate hydrogen bonds to guanine N°
and 0° atoms, respectively. Reactivity may also be promoted by the

reduction of negative charge on the repaired guanine through the
donation of a hydrogen bond by Tyr114 to N° of guanine core [49].

Molecular interactions in the generated 0°-ethylguanine-DNA
complex (Fig. 4A) position the lesion nearly ideally for the ethyl
transfer reaction (Fig. 4B) [49]. The O%-ethylguanine centres itself
in the 8 A groove defined by the backbone of Asn147/Tyr158 and
recognition helix, and is packed between the main chain of Asn157,
Tyr158, Glu131, and the side chain of Met134. This arrangement
brings the guanine N* within the hydrogen-bond distance of the
Tyr114 and positions the exocyclic amino group for hydrogen
bonding (d = 1.784 A) with the peptide bond carbonyl of Val148.
The Tyr114 hydroxyl donates moderate hydrogen bond
(d=2.691 A) to N° of 0%-ethylguanine. The ethoxyl group oxygen
is narrow to weak hydrogen bond (d = 3.796 A) with the Ser159
backbone nitrogen. Described structure-based alignment of O°-
ethylguanine in the active site of AGT assures that the damaged
nucleotide is recognized by catalytic amino acid Cys145 as a target
for dealkylation. The Cys145 side chain lies 1.556 A away from the
ethyl lesion. The conformation and slightly longer carbon-sulfur
bond length of Cys145 in the native structure are consisted with a
distance lower than 3 A between the sulfur nucleofile and ethyl
lesion in the reactive complex that is required for the transfer of
alkyl group to occur easily [49-54]. Additionally, the conformation
of Cys145 places the thiolate nearly opposite to the 0°~CH,-CHj;
bond for in-line displacement. Upon the transfer, the S-CH,-CHs
adduct of Cys145 is stabilized with Pro140 in hydrophobic
interaction [49-54].

AGTs are also known to be able to repair methyl adduct at the
0*-position of thymine (m*T), although the rate of reaction is much
lower in comparison with guanine dealkylation. The mT* is more
potent inducer of mutations than 0°-methylguanine (m®G) [67].
The ability of AGT to repair mT* varies widely. The in vitro
efficiency is low and can be increased using mutant AGTs [63], but
human AGT expressed from D. melanogaster or rat is able to reduce
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Fig. 4. (A) The predicted interaction between the AGT and 0°-ethylguanine-DNA macromolecule. AGT ribbon is coloured in orange while first helix and second (recognition)
helix in helix-turn-helix motif are depicted by dark grey and dark red, respectively; (B) The binding of 0°-ethylguanine into AGT active site. For the clarity of presentation only
catalytic amino acids are conserved and they are coloured in white. Only important hydrogen atoms were preserved (for interpretation of the references to color in this figure

legend, the reader is referred to the web version of the article).

the amount of mT* and incidence of T:A to G:G transition
mutations [68]. However, it remains unclear whether those base
lesions are actually repaired inside living cells.

To determine how AGT might repair thymine lesion formed
upon the EMS alkylation, the 0*-ethylthymine-DNA macromole-
cule was docked into the active site of the enzyme (Fig. 5A). The
close examination of docked conformation reveals that the
extrahelical thymine is not fully inserted [63] into the active site
and is far from the Cys145 (Fig. 5B). But, the elongation of
nucleotide by the ethyl group brings the lesion close enough to
Cys145 in a way that the Cys145 side chain is 1.584 A away from
the ethyl lesion. More, the ethoxyl group oxygen is narrow to weak
hydrogen bond (d = 3.026 A) with the Ser159 backbone nitrogen.
The distance between the Cys145 and thymine O*-ethyl scaffold
implies that 0*-ethylthymine can be recognized as a lesion for AGT
and that the dealkylation can occur. In the active site, the Tyr114
forms a very weak hydrogen bond to O? of the thymine. Since
Tyr114 bonds with the guanine lesion via N*> atom, the establish-
ment of hydrogen bond with oxygen atom suggests that this
particular amino acid cannot play the stabilization role in the same
manner because it is too far from thymine N [63]. This might be
one of the reasons why 0*-ethylthymine is repaired less efficiently
than guanine lesion. The damaged nucleotide is indeed stabilized
within the active site (AG = —3.46 kcal/mol) but in much lower
rate than the guanine lesion (AG = —4.76 kcal/mol). The 5-methyl
group of the thymine base packs with the side chain portion of
Ser159 side chain.

3.5. Antigenotoxic activity of natural aromatic compounds

The inspection of binding modes of myricetin (Fig. 6A),
quercetin (Fig. 6B), rutin (Fig. 6C), and rosmarinic acid (Fig. 6D),
in the guanine region revealed several positive interactions and
provided insight into the most favourable mechanism of com-
pounds action. Therefore, it was concluded that compounds can be
separated into two sub-groups due to their mode of DNA
protection. Structure-activity relationships by which myricetin
and quercetin are placed into first group while rutin and
rosmarinic acid are constituents of the second group are described
further in the text.

Guided by the understanding of docking results, the conclusion
is that myricetin (M, Fig. 6A) and quercetin (Q, Fig. 6B) both express
the antigenotoxic activity by forming the hydrogen bond with
guanine 0° atom. Both molecules occupy the region that is filled up
with EMS in the stage before the alkylation, and therefore the
second level of DNA defence is demonstrated trough the blocking
of EMS approach near the target guanine residue. The myricetin
and quercetin flavonoid cores are placed in almost parallel
orientation relative to the guanine residue. As a consequence of
such positioning, the hydroxyl group of the B ring of flavonoid core
of both compounds is within hydrogen-bonding distance with 0°
of guanine. Myricetin itself forms stronger hydrogen bond
(d = 2.307 A) than quercetin (d = 2.437 A). Therefore, the formation
of those particular hydrogen bonds is crucial for the protection of
guanine 0° by myricetin and quercetin. By the establishment of
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Fig. 5. (A) The predicted interaction between AGT X-ray and O*-ethylthymine-DNA macromolecule. AGT ribbon is coloured in orange while first helix and second
(recognition) helix in helix-turn-helix motif are depicted by dark grey and dark red, respectively; (B) The binding of 0*-ethylthymine into AGT active site. For the clarity of
presentation only catalytic amino acids are conserved and they are coloured in white. Only important hydrogen atoms were preserved (for interpretation of the references to

color in this figure legend, the reader is referred to the web version of the article).

this interaction 0° is no longer available to receive the ethyl group
from EMS. Flavonoid molecules are additionally stabilized near
guanine by forming the hydrophobic and electrostatic interactions.
In resulting geometry, the B rings are placed in nonplanar
orientation by the formation of hydrophobic interactions with
carbon atoms that constitute the pyrimidine ring, integral part of
purine core. The ring-ring bonding provides proper myricetin
geometry for the formation of electrostatic interactions between
the amino group at position 1 of guanine core on one side and the
carbonyl group of ring B and vicinal hydroxyl group of ring A on the
other. Quercetin does not form the corresponding interaction
between guanine amino and flavonoid hydroxyl group. The ring C
of both compounds is displaced from double helix plane. The
binding energies of myricetin and quercetin amount
E=-10.74 kcal/mol and E = -9.81 kcal/mol, respectively, which
suggests that DNA protection occurs easily. The lower values of
binding energy of myricetin and quercetin in comparison with EMS
are additional contribution to the protective role of compounds,
making their substitution by EMS and new alkylation reaction
energetically less favourable.

The consideration of rutin docking results opened the great
interest in the activity of the compound. Since rutin is quercetin
analogue, i.e. quercetin-3-O-rutinoside, it was expected to express
the activity in similar manner as myricetin and quercetin. Instead,
the presence of disaccharide rutinose, a-L-rhamnopyranosyl-
(1—6)-B-p-glucopyranose, within the structure, causes completely

different mechanism of antigenotoxic activity. Therefore, rutin
(Fig. 6C) interacts with DNA in comprehensively different way in
comparison with muyricetin and quercetin. The lowest energy
docked conformation is oriented in the way that molecule encircles
the guanine moiety by filling up the large region in space around the
nucleotide. The structure of rutin itself determines its mechanism of
action. Hence, hydroxyl group of myricetin and quercetin that forms
hydrogen bond with GO® is in the structure of rutin substituted with
rutinose and, therefore, rutin does not possess the potential to
protect DNA likewise myricetin and quercetin. In other words, there
is no plausibility for rutin to form hydrogen bond with guanine 0°
which further means that antigenotoxic activity of rutin is only
reflected by the prevention of EMS binding. This is supported by
thorough analysis of rutin binding mode. The flavonoid part of
molecule conquers the region bellow guanine that is in precedence
of alkylation taken by EMS. The flavonoid core is no longer parallel
with the guanine; it is slightly rotated for —15° in comparison with
myricetin and quercetin and displaced (rmsd = 2.6 A) towards the
aqueous region. The glycoside bond determines the rutin binding
geometry. The rutinose moiety is positioned in almost right angle
withrespect to flavonoid core, which is the consequence of glycoside
bond conformation (Caavonoid—O—Crutinose angle = 81.90°). Hence,
rutinose residue is blocking the EMS entering pathway and prevents
any interaction between the alkylating agent and nucleotide. In
more detail, rutinose is placed in front of the imidazole part of
guanine moiety, where a-L-rhamnopyranose faces outer DNA region
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Fig. 6. The bioactive conformations of (A) myricetin, (B) quercetin, (C) rutin, and (D) rosmarinic acid during prevention of guanine alkylation. (for interpretation of the
references to color in this figure legend, the reader is referred to the web version of the article).

while two hydroxyl groups at position C-4 and C-5 of B-p-
glucopyranose establish electrostatic interactions with guanine
0% The binding energy of rutin amounts E = —10.96 kcal/mol thus
assuring compound’s high efficiency as antigenotoxic agent.
Similarly to rutin, rosmarinic acid (Fig. 6D) also expresses
protection of DNA molecule by the obstruction of EMS interaction
with macromolecule. Both caffeic acid and 3,4-dihydroxyphenyl
lactic acid, as integral constituents of rosmarinic acid, have
significant role in the antigenotoxic activity. Thus, the complete
3,4-dyhydroxy-trans-cinamate scaffold is directed perpendicularly
related to guanine and makes a spatial barrier for entering of EMS
molecule. The phenyl ring of caffeic acid (the first ring) is in almost
parallel orientation with the guanine core but does not interfere

with it by means of hydrophobic interactions. Hydroxyl groups at
positions 3 and 4 interact with water molecules. Nevertheless,
hydroxyl group at position 3 is involved in the electrostatic
interaction with hydroxyl group at position 4 of 3,4-dihydrox-
yphenyl lactic acid moiety. The coupling of two hydroxyl groups
determines the orientation of phenyl group that originates from
3,4-dihydroxyphenyl lactic acid (the second ring), and therefore,
two phenyl residues are positioned against each other by the angle
of ~120°. Consequently, the hydroxyl group at position 3 of 3,4-
dihydroxyphenyl lactic acid forms strong repulsing electrostatic
interaction with guanine 0% oxygen. In addition, the second ring
traverses trough the EMS binding area, thus making the guanine
residue inaccessible for any interaction with alkylating agent. The
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Fig. 7. The 3-D pharmacophore models aligned against bioactive conformations of (A) myricetin, (B) quercetin, (C) rutin, and (D) rosmarinic acid as inhibitors of guanine
alkylation. The farmacophore features are colour coded; green: hydrogen-bond acceptor, magenta: hydrogen-bond donor, blue: hydrophobic aromatic, yellow: positive
charge, red: negative charge (for interpretation of the references to color in this figure legend, the reader is referred to the web version of the article).

role of carboxyl group from 3,4-dihydroxyphenyl lactic is also
remarkable. The carboxyl group is placed behind the guanine and
forms electrostatic bonds with the amino group at position 1 of
guanine core. In that sense, the whole alkyl residue of caffeic acid is
the backbone for a sort of a chair conformation of the molecule
which rounds the guanine. The binding energy of such tight
conformation amounts E = —8.43 kcal/mol thus confirming anti-
genotoxic potential of compound.

The generated structure-based pharmacophore models used to
further describe the guanine protection by natural compounds
(Fig. 7) confirmed all significant interactions established in the
compound-guanine interaction modes. The best pharmacophore
hypothesis emphasizes a series of excluded volumes in the model
related to hydrophobic aromatic (HA) interactions near the
guanine moiety. Those HA interactions (blue spheres) are common
pharmacophore features for all compounds and are the conse-
quence of stabilizations provided by aromatic scaffolds during the
interaction with the guanine ring. More, myricetin (Fig. 7A) and
quercetin (Fig. 7B) modes of action are characterized by mutual
hydrogen-bond donor (HBD, magenta spheres) features placed on
hydroxyl group of the B ring. The prediction of those properties
highlights the extreme importance of formation of hydrogen bond
between the flavonoid and GO®, especially following the fact that
GO® oxygen is specified as hydrogen-bond acceptor (HBA, green
spheres). The interactions of rutin and rosmarinic acid are
additionally explained by the recognition of corresponding
electrostatic features. Thus, regarding the rutin, the pharmaco-
phore model describes electrostatic interaction (NC, red spheres)
between two hydroxyl groups at positions C-4 and C-5 of [3-p-
glucopyranose and guanine 0% oxygen. In the case of rosmarinic
acid, electrostatic interaction between the hydroxyl group at
position 3 of 3,4-dihydroxyphenyl lactic acid and guanine 0°
oxygen is described by the negative charge features (NC), while the

attraction between the 3,4-dihydroxyphenyl lactic acid carboxyl
group and guanine amino group at position 1 is seen through the
corresponding negative (NC) and positive charge (PC, yellow
sphere) features, respectively.

In general, analogous mechanism of antigenotoxic activity as
described for guanine is concluded upon the inquest of docked
conformations of myricetin (Fig. 8A), quercetin (Fig. 8B), rutin
(Fig. 8C), and rosmarinic acid (Fig. 8D) within the thymine region.

In bound conformations of myricetin (Fig. 8A) and quercetin
(Fig. 8B), the hydroxyl group of B ring is the reaction centre
involved in hydrogen bonding with thymine O* oxygen atom. By
this bond thymine is hereinafter protected from any mutagenic
effect of EMS molecule. In particular, hydroxyl group portion of
myricetin donates a strong hydrogen bond (d=1.764 A). The
quercetin hydroxyl group is narrower to thymine (d = 1.760 A)
resulting in the low increment of hydrogen bond strength, by
comparing the two compounds. Further inspection of the spatial
arrangement revealed particularities in the myricetin/quercetin-
thymine interactions. Thus, the bioactive conformations of
myricetin and quercetin are superimposed one to another but
while interacting with thymine they do not occupy spatial region
that is filled up with EMS in the stage before the alkylation. They
are in fact positioned bellow the nucleotide. Accordingly, blocking
of EMS approach near the target residue is not necessary for the
protection of thymine residue, and, therefore, DNA defence is
demonstrated only through the formation of hydrogen bond with B
ring hydroxyl group. This simply means that the formation of
crucial hydrogen bond is dependless on relative flavonoid
conformation, i.e. it will be formed irrespective whether or not
myricetin or quercetin occupy region filled up with EMS. This
remarkable conclusion puts a new light on the overall mechanism
of antigenotoxic activity of myricetin and quercetin in which the
formation of hydrogen bond is enough for the protection of both
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Fig. 8. The bioactive conformations of (A) myricetin, (B) quercetin, (C) rutin, and (D) rosmarinic acid during prevention of thymine alkylation. (for interpretation of the
references to color in this figure legend, the reader is referred to the web version of the article).

guanine and thymine while additional interference of EMS
interaction with DNA is desirable but not a decisive factor for
the activity. The complete flavonoid core of both myricetin and
quercetin is as for guanine placed in almost parallel orientation
related to the thymine residue. Flavonoid geometries are in great
manner conditioned by the interaction with complementary base
adenine where mutual m-OH group of C ring forms electrostatic
interactions with the NH, group at position C-6 of adenine, while
shared p-OH groups are electrostatically bonded to the nitrogen at
position 9. The C ring is also involved in hydrophobic interactions
with pyrimidine ring inside the purine core of adenine. Both
myricetin and quercetin traverse horizontally DNA double helix.
The binding energies of myricetin and quercetin amount
E =—10.25 kcal/mol and E = —10.14 kcal/mol, respectively, which
suggests that the interaction with thymine occurs easily. The lower

value of binding energy of myricetin and quercetin in comparison
with EMS is the additional contribution to the protective role of
compounds, making their substitution by EMS and new thymine
alkylation energetically less favourable.

The rutin interference with thymine is accompanied with the
fact that the EMS entrance into the binding site is physically
restricted by the rutinose moiety, ie. disaccharide occupies
equivalent position to that of EMS which is found in the thymine
0* domain (Fig. 8C). As a reminder, the EMS positioning near
guanine is prevented by rutin flavonoid core. This difference still
does not have a particular influence on rutin mode of action. Since
the B ring hydroxyl group is substituted with sugar residue, it
cannot be involved in hydrogen bonding with thymine 0% oxygen
and rutin antigenotoxic activity is related only with the prevention
of further EMS binding to DNA. Thus, the complete thymine moiety
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Fig. 9. The 3-D pharmacophore models aligned against bioactive conformations of (A) myricetin, (B) quercetin, (C) rutin, and (D) rosmarinic acid as inhibitors of thymine
alkylation. The farmacophore features are colour coded; green: hydrogen-bond acceptor, magenta: hydrogen-bond donor, blue: hydrophobic aromatic, dark blue:
hydrophobic aliphatic, yellow: positive charge, red: negative charge (for interpretation of the references to color in this figure legend, the reader is referred to the web version

of the article).

is trapped within rutin molecule, the natural compound carbon
skeleton rounds nucleotide and makes the impermeable barrier for
the alkylation agent. Interactions that support rutin activity are
listed. The presence of rutinose moiety forces in-plane rotation of
flavonoid core towards the inside of DNA double helix for 45°,
measured by the position of B ring carbonyl group of quercetin and
rutin, and also quantified by rmsd of 3.141 A. Due to this shift there
is a strong electrostatic bonding between the outlined carbonyl
rutin group and 0% atom of thymine. The thymine purine ring is
parallel with the B ring. The sandwich-like conformation is formed
since the glycoside bond (Cgavonoid—O—Crutinose angle = 87.42°)
completes the spatial pocket around TO? As a consequence of
such spatial arrangement rutinose scaffold is positioned normal to
flavonoid core. The B-p-glucopyranose lies ahead of thymine 0*
while a-L-rhamnopyranose is suited up above the nucleotide,
where the methyl group of sugar moiety is in direct contact with
thymine C-2 carbon. There are no significant electrostatic
interactions between the rutinose and thymine. The binding
energy of rutin amounts E = —11.43 kcal/mol, emphasizing the
extreme level of DNA protection by the molecule.

The antigenotoxic activity of rosmarinic acid (Fig. 8D) is reflected
in a way that two constituting fragments, caffeic acid and 3,4-
dihydroxyphenyl lactic acid, are integrated below and above the
thymine region, respectively. This particular conformation has a
relevant effect on the prevention of further EMS binding. The 3,4-
dihydroxyphenyl lactic acid invade the EMS binding space, while
carbon linker of two phenyl rings is a spatial gate that forbids the
access towards the 0% atom portion of thymine moiety. In the same
time this conformational bridge does not establish any interaction
with the target oxygen atom. The first phenyl ring that originates from
caffeic acid forms weak hydrophobic interactions with nucleotide
methyl group while the second ring is bonded to thymine core. The
binding energy of such tight conformation amounts E = —8.22 kcal/
mol thus confirming the antigenotoxic potential of compound.

The enclosure of antigenotoxic activity on thymine level is
completed by taking into account the generated corresponding 3-D

pharmacophores (Fig. 9). Beside the mandatory hydrophobic
interactions of B flavonoid ring, the importance of the formation
of hydrogen bond between the myricetin (Fig. 9A), quercetin
(Fig. 9B) and TO* for the protection of thymine is showed by
corresponding hydrogen-bond donor features placed on hydroxyl
group of B ring. Some additional electrostatic interactions related
to complementary helix were included in the pharmacophoric
model of myricetin but they are not common feature for both
flavonoids. The rutin pharmacofore (Fig. 9C), related with the
protection of thymine, emphasizes the importance of electrostatic
interactions around thymine 0% The hydrophobic aromatic and
hydrophobic aliphatic (HAL, dark blue spheres) interactions
provide spatial arrangement of rutin around the thymine moiety.
Rosmarinic acid protects thymine mainly due to the establishment
of hydrophobic aromatic features (Fig. 9D).

The general conclusion is that tested compounds provide DNA
protection against EMS-induced alkylation in two different ways:
myricetin and quercetin establish crucial hydrogen bond with 0°
or 0* atom of guanine and thymine (Fig. 10A and C), respectively,
while rutin and rosmarinic acid physically prevent (Fig. 10B and D)
the EMS interference with DNA. All compounds are exceptional
antigenotoxic agents. Furthermore, the discovered rule by which
myricetin and quercetin exert antigenotoxic activity by protecting
the nucleotide trough the formation of the hydrogen bond can be
most certainly applied on other similar flavanols, flavonols,
flavanonols, and even anthocyanidins since they all contain the
hydroxyl group within the B ring. Stilbens and chalcones will
demonstrate their activity similarly to rosmarinic acid or rutin.

4. Discussion

The aim of the present study was to evaluate the ability of four
selected phenolic compounds to modulate the DNA damage
induced by the alkylation with EMS in D. melanogaster males using
the SLRL test. This in vivo model is often used to study genotoxic
and antigenotoxic properties of various compounds and mixtures
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Fig. 10. The imagined superimposition of EMS with myricetin and quercetin in guanine (A) and thymine (C) region, and of EMS with rutin and rosmarinic acid in guanine (B)
and (D) thymine region, presented in side view, that shows virtual spatial interactions between the compounds. The EMS molecule is encircled with mash surface while
natural compounds are depicted in white. Picture abbreviations: EMS (E), myricetin (M), quercetin (Q), rutin (R), rosmarinic acid (RA), and hydrogen bond (HB). (for
interpretation of the references to color in this figure legend, the reader is referred to the web version of the article).

[39,69]. The similarity of metabolic pathways between Drosophila
and mammals makes the results of this test widely applicable and
gives the possibility to utilize active compounds in the prevention
and treatment of human health [62].

It is well known that the germ-cell stages differ in sensitivity to
potential mutagens and promutagens [40], and that chemical
mutagens often exhibit stage specificity, i.e. show more or less
pronounced mutagenic effects at different stages in germ-cell
development. Therefore, it is essential to analyse the progeny from
treated spermatozoids, late and early spermatids, and spermato-
cytes. An important feature of SLRL test is that the treated males
are successively mated with marker stock females, so the effect of
selected phenolic compounds on frequency of mutations is assayed
at each of the germ-line stages [40]. According to the test
procedure, cells were exposed in successive spermatogenetic
stages (three broods): the first brood gives the effect of treated
postmeiotic stages, spermatozoids, the second brood on sperma-
tids, and the third brood reveals the effect of the tested agents on
the premeiotic stage (spermatocytes).

The DNA damage is accumulated in cells over time as a result of
the exposure to a variety of exogenous and endogenous agents.
This damage, if not repaired properly, can generate mutations in
somatic or germ-line cells, which are involved in the pathogenesis
of many diseases [70]. Considering the continuous human
exposure to genotoxic agents from different sources [71], such
as alkylating agents, the prevention of DNA damage and
modulation of DNA repair by dietary phytochemicals represents
a relevant contribution for human health.

Epidemiological studies as well as laboratory data strongly
suggest that long term consumption of diets rich in plant

polyphenols reduced risk of developing a wide range of diseases.
Flavonoids are present in almost all dietary and medicinal plants
consumed by humans, including tea, fruits, vegetables, and wine.
Myricetin is widely distributed in berries, fruit, vegetables, and
medicinal herbs. This flavanols found in grapes [72], guava, black
tea, broccoli, cabbage, green and red chilli, bell pepper, garlic, bean,
and peas [73]. Quercetin is found in a variety of foods including
capers, apples, tea, red grapes, onions [74], leafy green vegetables,
citrus fruits, cherries, raspberries, green and black tea [75]. Rutin is
found in many vegetables and fruits, such as buckwheat [76],
asparagus, red pepper, chillies pepper, cherry, aronia, grape seeds,
green tea [77], citrus fruits, berries, apricot [78], red apples and
their peels, black currants, and cantaloupe [79]. Rosmarinic acid,
found in oregano [80], sage [81], lemon balm, marjoram, wild mint,
hyssop, comfrey and in high concentration in rosemary [82].
Alkylating agents represent the largest group of cancer
chemotherapeutic agents that play an important role in the
treatment of several types of cancers [83]. Despite the progress
made in the development of potent chemotherapy drugs, their
toxicity to normal tissues and adverse side effects in multiple
organ systems have remained the major obstacles for the
successful clinical use. Supplementing or supporting the body
with natural phytochemicals cannot only reduce adverse side
effects but also improve the effectiveness of chemotherapeutics.
Dietary agents may play an important role in chemotherapy when
they used in combination with alkylating agents. Different natural
compounds can improve efficiency of chemotherapeutic agents,
decrease the resistance of chemotherapeutic drugs, lower and
alleviate the adverse side effects of chemotherapy, and detoxify the
body of chemotherapeutics. Therefore, it is recommended that diet
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of cancer patients treated with chemotherapy should be rich in
herbal constituents (including quercetin, kaempferol, naringenin,
silymarin, catechins), fruits and berries (e.g., grapefruit, orange,
apricot, strawberry), and spices (mint, rosemary, curcumin, garlic,
ginseng, piper nigrum, onion) [84].

Alkylating agents are able to react with nucleotides by attacking
their nucleophilic sites (N and O atoms within the structure) which
results in covalent binding with DNA. They can cause a wide
spectrum of DNA adducts, including N-alkylated ones, like N’-
methylguanine (N’MeG), N°-methyladenine (N®*MeA), and N3-
methylguanine (N>*MeG), as well as O-alkylated adducts, such as
0%-methylguanine (0°MeG) and 0*-methylthymine (0*MeT). The
N-alkylated adducts comprise more than 80% of alkylated bases
and exhibit different stabilities, while O-alkylated adducts corre-
spond to less than 10% of total alkylated bases. In general, O-
alkylations are highly mutagenic and genotoxic, whereas N-
alkylations are cytotoxic, but less mutagenic [85,86].

To assess the protective effects of selected phenolic com-
pounds against DNA damage induced by the alkylation, EMS, a
direct alkylating agent, was used. EMS is a monofunctional
electrophilic alkylating agent that has been found to be mutagenic
in a wide variety of genetic test systems. It mainly induces single-
base changes (point mutations), which disrupt gene function by
causing missense or nonsense mutations [87]. This alkylating
agent is not incorporated into the DNA, but instead alters the
existing bases, causing specific mispairing. EMS is able to produce
significant levels of alkylation at O° oxygen atom of guanine, by
forming the abnormal base 0%-ethylguanine [88], as well as at the
position 4 of thymine, after which 0%-ethylthymine is generated
[89]. On the other side, other alkylating agents such as N-methyl-
N-nitrosourea (MNU), methyl methanesulfonate (MMS), and
methyl-lexitropsin (Me-lex), are all monofunctional agents and
their activity is related to the transfer of methyl group towards
target nucleotides. In that manner, the reparation of methyl lesion
is going to be performed according to the mechanism that is
already known [50], so their mutagenic potential was not
considered in this study. Since EMS induces O-alkylations, their
prevention and repair are of extreme importance. Therefore, our
efforts were directed towards the discovery of compounds acting
like powerful antimutagens that are going to prevent the
formation of O-lesions.

The present work demonstrates that all tested phenolic
compounds (myricetin, quercetin, rutin, and rosmarinic acid), in
described experimental conditions, possess protective effects
against damage DNA induced by EMS alkylation. Results show
clear induction of harmful effects on DNA and demonstrate that
those effects can be reduced by the post-treatment with selected
compounds. A post-treatment revealed that all compounds
drastically reduced the frequency of of sex-linked recessive lethal
mutations induced by EMS towards the negative control value,
with high significance at each of the germ-line stages: sperma-
tozoids-spermatids-spermatocites (p < 0.001***).

To the best of our knowledge, no study so far evaluated the
capacity of myricetin, quercetin, rutin, and rosmarinic acid to
prevent the DNA damage induced by the alkylation with EMS using
the SLRL test. Only several studies have been reported genotoxic
activity of flavonoid and phenolic acid using the same Drosophila
assay. MacGregor and Curd [90] and Watson [91] reported that
quercetin and kaempferol increase the frequency of sex-linked
recessive mutations in D. melanogaster SLRL test. In our previous
study gallic acid in concentration of 5% was shown to be clearly
genotoxic, inducing significant increases in the frequency of
mutants in both post-meiotic (spermatids and spermatozoids) and
pre-meiotic (spermatocytes) germ-cell lines of the eukaryotic
species D. melanogaster [92]. The wing spot test of D. melanogaster
was used to evaluate the genotoxicity and antigenotoxicity of the

three phenols, protocatechuic acid, apigenin, and bisabolol, that
did not exhibit any genotoxic effect [93]. Flavonoids kaempferol,
quercetin, and quercetin 3[3-p-glycoside were investigated for
genotoxicity using the wing somatic mutation and recombination
test (SMART). The data obtained in this study showed that the
tested flavonoids did not induce somatic mutations or recombina-
tion in D. melanogaster [94].

The exploration of interactions between the EMS and DNA on
molecular level on one side, and naturally occurring aromatic
compounds and DNA on the other, revealed the mechanisms of
frequency reductions of sex-linked recessive lethal mutations.
Thus, antigenotoxic activity of muyricetin, quercetin, rutin, and
rosmarinic acid depends on co-operation with AGT enzyme that
accepts the ethyl group from O°®-ethylguanine and O*-ethylthy-
mine, respectively, and neutralizes EMS harmful effect at the first
stage. By the comparison with available co-crystallized structure
that described the 0O°-methylguanine dealkylation by AGT, and
molecular docking study that presented the potential for 0%*-
methylthymine dealkylation by the same enzyme, we have
demonstrated that AGT can successfully recognize 0%-ethylgua-
nine and O“-ethylthymine as lesions and that may perform
dealkylation of residues. By using molecular docking technique, we
have concluded that there is a high level of probability for
recognition, since O%-ethylguanine and 0*-ethylthymine establish
the same crucial interactions within the AGT active site as their
template analogues. Successful dealkylation of EMS induced
lesions is a necessary condition for the post-treatment with
aromatic compounds. Only when damaged nucleotides are
correctly repaired, myricetin, quercetin, rutin, and rosmarinic acid
can express their antigenotoxic potential. To elucidate the
mechanism of antigenotoxic action of four selected phenolic
compounds we performed another molecular docking study.
According to the results, compounds can be separated into two
sub-groups due to their DNA protective mode. Thus, myricetin and
quercetin form the crucial strong hydrogen bonds with 0% oxygen
of guanine and 0* oxygen of thymine via the mutual ring B
hydroxyl group. In that way, they prevent further modification of
oxygen atoms in the sense of receiving EMS ethyl group. The
strength of the hydrogen bonds governs the level of nucleotides
protection established by aromatic compounds. Since all the
measured lengths are below the 2.5 A, the strength of the formed
hydrogen bonds is nearly equal to the strength of covalent bond
[95], suggesting that bonds formed between the myricetin and
quarcetin and nucleotides cannot be easily broken and that the
protection of nucleotides is assured. The extreme importance of
this hydrogen-bond formation was confirmed by 3-D pharmaco-
phore models containing hydrogen-bond donor features of
reactive flavonoid hydroxyl group. Another factor, spatial restric-
tion of EMS interference with DNA caused by conformation of
myricetin and quercetin is desirable but not a decisive. But, this
physical prevention of EMS-DNA interaction is in fact the mode of
action for rutin and rosmarinic acid, since those molecules round
the guanine and thymine residues and make an impermeable
barrier for the EMS molecule. Rutin and rosmarinic acid are
inserted around guanine and thymine by favour of hydrophobic
and electrostatic interactions, which are often considered as the
most important ones in any ligand-receptor binding [96] since they
actually provide strong conformational stabilization. Therefore,
both compounds are “sealed” for nucleotides and establish barrier
that cannot be overcame by EMS.

5. Conclusion
Our results showed that rutin, quercetin, myricetin, and

rosmarinic acid are able to protect DNA from alkylating damage
induced by EMS. Upon the successful dealkylation of lesions,
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myricetin and quercetin donate hydrogen bond to repaired oxygen
atoms to protect the DNA from further alkylation, while rutin and
rosmarinic acid restrict EMS approach to DNA. This protective
effect of the selected phenolic compounds against DNA damage
induced by EMS, well-established chemical mutagen, suggests an
important biological activity for these compounds, which can
contribute to human health through diet.
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Abstract

The intention was to evaluate the possible in vivo genotoxic potential in different cell-types, of a methanol extract ob-
tained from the plant stem of Cotinus coggygria Scop., using the sex-linked recessive lethal (or SLRL) test and alka-
line comet assay. The SLRL test, revealed the genotoxic effect of this extract in postmeiotic and premeiotic germ-cell
lines. The comet assay was carried out on rat liver and bone marrow at 24 and 72 h after intraperitoneal administra-
tion. For genotoxic evaluation, three concentrations of the extract were tested, viz., 500, 1000 and 2000 mg/kg body
weight (bw), based on the solubility limit of the extract in saline. Comet tail moment and total scores in the group
treated with 500 mg/kg bw, 24 and 72 h after treatment, were not significantly different from the control group,
whereas in the groups of animals, under the same conditions, but with 1000 and 2000 mg/kg bw of the extract, scores
were statistically so. A slight decrease in the comet score and tail moment observed in all the doses in the 72 h treat-
ment, gave to understand that DNA damage induced by Cotinus coggygria extract decreased with time. The results
of both tests revealed the genotoxic effect of Cotinus coggygria under our experimental conditions.

Key words: comet assay, Cotinus coggygria, extract, genotoxic effect, SLRL.
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Many plant extracts have been used as sources of me-
dicinal agents, in the cure of urinary tract infections, cervi-
citis vaginitis, gastrointestinal disorders, respiratory dis-
eases, cutaneous affections, helminitic infections and
inflammatory processes (Brantner and Grein, 1994; Meyer
et al., 1996). Nevertheless, of late, the safeness of their use
has been questioned in view of the reports of illness and fa-
talities (Stewart ef al., 1999; Ernst, 2002; Veiga-Junior et
al., 2005). Considering the complexity of herbs in general
and their inherent biological variation, it is now necessary
to evaluate their safety, efficacy and quality (WHO, 2002).

Cotinus coggygria is one of two species constituting a
minor genus of the family Anacardiaceae, viz., Cotinus
coggygria Scop. (syn.: Rhus cotinus L.) itself and Cotinus
obovatus Raf., the American smoketree. Its wide distribu-
tion extends from southern Europe, the Mediterranean,
Moldova and the Caucasus, to central China and the Hima-
layas (Novakovic et al., 2007). Plants of the family
Anacardiaceae have a long history of use by various peo-
ples for medicinal and other purposes. Rhus glabra is tradi-
tionally used in the treatment of bacterial diseases such as
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syphilis, gonorrhea, dysentery and gangrene, while R.
coriaria, besides its common use as a spice consisting of
ground dried fruits with salt, is also widely used as a medic-
inal herb, particularly for wound healing (Rayne and Maz-
za, 2007). In folk medicine, Cotinus coggygria is routinely
used as an antiseptic, anti-inflamatory, antimicrobial and
antihaemorragic agent in wound-healing (Demirci et al.,
2003), as well as for countering diarrhea, paradontosis, and
gastric and duodenal ulcers (Ivanova ef al., 2005).

This study was undertaken with the aim of determin-
ing, by way of SLRL testing and comet assay, the in vivo
genotoxic effects of acute administration of a Cotinus
coggygria stem extract on different models of eukaryotic
organisms.

Cotinus coggygria plants were collected at a place
called Ruyjiste, in the Rogozna mountain, in northern Ko-
sovo, during the period May to June 2007. The species was
identified and a voucher specimen (16178, BEOU) depos-
ited at the Department of Botany, the Faculty of Biology,
University of Belgrade. The extract was obtained, first by
breaking air-dried stem (1.157 g) into small pieces
(2-6 mm) with a cylindrical crusher, and then by applying
the Soxhlet procedure using methanol (500 mL) as solvent.
The extract, firs filtered through a paper filter (Whatman,
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No. 1), was then evaporated so as to remove the solvent.
The residue (32 g) was stored in a dark glass bottle for fur-
ther processing.

The sex-linked recessive lethal test for mutagenicity
(SLRL test) was carried out with laboratory stocks of Dro-
sophila melanogaster (obtained from the Umea Stock Cen-
tre, Sweden). The stocks were maintained and all experi-
ments performed under optimal conditions (25 °C, 60%
relative humidity and a 12/12 h light/dark regime) on a
standard nutritive medium for Drosophila, (corn flour,
yeast, agar, sugar and nipagin to prevent the occurrence of
mould and infections).

Three-to-four-days-old wild type males of Droso-
phila melanogaster (test group 1, N=30) were left to starve
in empty bottles for 5 h and then transferred and exposed to
a 1% sucrose (as negative control), according to the method
of Lewis and Bacher (1968). The second group (test group
2, N = 15) was treated with 0.75 ppm ethyl-methane sulfo-
nate (EMS) in 1% sucrose (positive control). The third
group (test group 3, N = 15) was treated with a 5% plant ex-
tract dissolved in sucrose. After 24 h of treatment and a fur-
ther 24 h resting on fresh medium, males were individually
mated to two-to-five-days-old virgin Basc females (brood
I). The males were then remated in fresh vials with three
other virgin Basc females at two-to-three-days intervals
(brood II), so as to test all germ-cell stages for the presence
of mutations. Once again, the males were then transferred
to fresh vials containing three Basc virgins (brood III).
These males remained with the females for three days, to
then be removed. The females were left alone for five days
to lay eggs, and then removed. When the F, flies emerged,
brother-sister mating was allowed, whereupon ten pairs
from each progeny were individually placed together, from
the same number. The F, generation was examined for the
presence or absence of wild-type males. It was noted that,
when this was so, these all contained the same treated
X-chromosome in hemizygous condition. Any recessive le-
thal therein would be expressed before the adult stage,
whereat males would not emerge. Cells exposed in succes-
sive spermatogenesis stages were tested for induced muta-
tions, to thus check the effects on postmeiotic (spermato-
zoa, spermatids), meiotic (spermatocytes) and premeiotic
(spermatogonia) cells (Wiirgler and Graf, 1985).

Two to two-and-half-months-old male albino rats of
the Wistar strain (Rattus norvegicus), each weighing
220-250 g, were used for the comet assay. The rats were
kept in an experimental room under controlled conditions
of temperature and humidity, with food and water available
ad libitum. Lighting was controlled to provide 12 h artifi-
cial light followed by 12 h darkness. All animal procedures
had been previously approved by the Ethical Animal Care
and Use Committee of the Institute for Biological Re-
search, Belgrade, which acts in accordance with the Guide
for the Care and Use of Laboratory Animals, published by
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the US National Institutes of Health (NIH Publication No.
85/23, revised 1986).

In order to evaluate the genotoxicity of the Cotinus
coggygria stem extract, rats were divided into four groups
of five animals each. For three of the groups, each received
(i.p.) a single dose of different concentrations of extract
disolved in saline solution: 500, 1000 and 2000 mg/kg bw.
These concentrations were based on the solubility limit of
the methanol extract of Cotinus coggygria in saline solu-
tion. The fourth group (control), received a saline solution.
Four separate experiments were carried out. The animals
were sacrificed by decapitation 24 and 72 h after treatment.
Liver and femur bone marrow, obtained from each group of
animals, was quickly removed and separately processed, so
as to obtain cell suspensions.

The alkaline version of the comet assay was carried
out by the standard procedure originally described by Singh
et al. (1988). Immediately prior to analysis, the slides were
stained with 90 puL of SYBR GREEN I (Sigma-Aldrich, S
9430). Comets were visualized and captured with the 40x
objective lens of a Leica DMLB fluorescence microscope,
attached to a CCD camera. One hundred comet images per
slide were randomly captured and analyzed. The extent of
DNA damage was measured by means of two complemen-
tary methods, the tail moment quantitative method and a
qualitative method of damage distribution. Comets, first
analyzed by the visual scoring method, as described by Col-
lins (2004), were then classified into five categories, de-
fined as types 0, 1, 2, 3 and 4, where 0 indicates no or very
low damage, and 1, 2 and 3 low, medium and long DNA
migration, respectively, with 4 as the highest level of degra-
dation, viz., comets with very small heads and long tails.
The total score was calculated by the following equation
modified from Manoharan and Banerjee (1985): (% cells in
class 0x 0)+ (% cellsinclass 1 x 1) + (% cells in class 2 x 2)
+ (% cells in class 3 x 3) + (% cells in class 4 x 4), to finally
appear in a 0 (all undamaged) to 400 (all maximally dam-
aged) range. Images were analyzed with software
TriTekCometScore Freeware v1.5 available at web page
AutoComet.com.

For SLRL testing, the frequency of sex-linked reces-
sive lethal cultures was calculated according to the ratio be-
tween the numbers of lethal cultures and the total number of
treated X-chromosomes. The total number of treated
X-chromosomes is equal to the sum of lethal and non-lethal
cultures. The significance of percentual differences in le-
thal cultures was arrived at by testing for large independent
samples, and then testing the difference between propor-
tions (Petz, 1985). For comet analysis, average tail moment
and standard deviation per treatment were obtained. Vari-
ance analysis was performed by using one-way analysis
(ANOVA). Variance homogeneity and data distribution
were determined with the Levene and Kolmogorov-Smir-
nov tests, respectively. Post-hoc comparison between con-
trol and treated groups was performed with a T3 Dunnett or
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Bonferroni test when variance was not homogeneous. Sta-
tistical analysis was performed using the SPSS statistical
software package, version 10.0 for Windows. The results
were considered to be statistically significant at p < 0.05.

From a phytomedicinal point of view, the evaluation
of genotoxicity is of particular importance, since the geno-
toxic effects of chemicals or complex mixtures may be cru-
cially important at the population level.

In the present study, the genotoxic effect of a Cotinus
coggygria extract was observed via SLRL test and comet
assay using Drosophila melanogaster as an insect and
Wistar rats as a mammal model.

Various mechanisms are involved in this form of
genotoxicity testing. Essentially, the SLRL test is used for
detecting the occurrence of mutations, both point mutations
and small deletions, in the germ line. Mutations in the
X-chromosome of Drosophila melanogaster are pheno-
typically expressed (presence or absence of white-eyed) in
males carrying the mutant gene. The sex-linked recessive
lethal test in Drosophila melanogaster has been proved to
be an excellent screening test for the detection of natural
plant mutagens (Stanic et al., 2008). Over several decades,
Drosophila has been widely used as an insect model, due to
its well-elucidated genetics and developmental biology. In
the present study, the genotoxicity of a methanol extract of
Cotinus coggygria was examined, using a short test for the
detection of mutagenicity under in vivo conditions. The fre-
quency of germinative mutations induced by the Cotinus
coggygria extract in SLRL test is significantly higher than
that induced by sucrose as negative control (Table 1), this
being a clear indication of its mutagenic effect. Ethyl-
methane sulfonate in a concentration of 0.75 ppm was
shown to be clearly genotoxic, by inducing significant in-
creases in the frequency of mutants in all the three broods.
On the other hand, and in comparison, the Cotinus

Genotoxic effect of Cotinus extract

coggygria extract induced recessive lethal X-linked
mutations in premeiotic germinative cell lines, i.e. sperma-
tozoids and others of this line, as well as spermatocytes,
while spermatids proved to be more resistant to the
genotoxic effects of the extract.

Over the last decade, in vivo alkaline comet assay, be-
sides gaining widespread use in various areas, has emerged
as a standard tool in the pharmaceutical industry for assess-
ing the safety of new drugs and, increasingly, as a means of
evaluating genotoxicity testing (Tice et al., 2000; Hart-
mann et al., 2001; Brendler-Schwaab et al., 2005). In the
present study we evaluated the extent of DNA damage by
determining average tail moment and by analyzing qualita-
tive tail length distribution in comet images. In the liver
sample from animals treated with 500 mg/kg bw of the ex-
tract, no statistically significant difference in total score be-
tween treated animals and control was observed at 24 and
72 h after treatment (Table 2). Most of the comets remained
undamaged, with only a few cells denoting minor damage
(class 1), and less still medium (class 2). However, this was
not the case with animals treated with 1000 and
2000 mg/kg, where significant differences were noted (Ta-
ble 2). In the case of rats exposed to 1000 mg/kg bw, this
was apparent in comet tails being longer (classes 3 and 4)
when compared to the control group. The highest level of
DNA damage was observed in the group treated with
2000 mg/kg bw of the extract after 24 and 72 h.

The percentage of comets assigned to damage catego-
ries in bone marrow, at 24 and 72 h after in vivo exposure to
500 mg/kg bw of the extract, are presented in Table 3. With
a predominance of comet class 0 and almost no presence of
classes 1 and 2, no statistically significant difference be-
tween treated and untreated animals could be observed. Un-
der the same circumstances, this was not the case in the
groups treated with 1000 and 2000 mg/kg bw of the extract,

Table 1 - Frequencies of SLRL mutations after treatment of Drosophila melanogaster males with a methanol extract from Cotinus coggygria plants

Sucrose negative EMS positive Cotinus coggygria tsucrose/EMS tsucrose/extract tEMS extract
control control extract
I broods S 300 221 269 9.51 5.45 5.26
No of lethals 5 73 p <0.001*** p <0.001*** p <0.001***
% of lethals 1.67 33.03 12.64
I brood S 269 161 284 8.38 2.57 7.04
No of lethals 5 54 p <0.001*** p <0.05* p <0.001***
% of lethals 1.86 33.54 5.99
1II broods S 252 117 252 5.85 5.72 1.92
No of lethals 6 30 p <0.001*** p <0.001*** p<0.1
% of lethals 2.38 25.64 17.06
[+II+II S 821 499 13.81 8.15 7.92
No of lethals 16 157 p <0.001*** p <0.001*** p <0.001***
% of lethal 1.95 31.46 11.67

Statistically significant difference: p < 0.05*; p <0.01**; p < 0.001%**
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Table 2 - DNA migration in the comet assay for the assessment of genotoxicity of Cotinus coggygria extract in the livers of albino wistar rats, 24 and 72 h

after treatment.

Treatments Levels of damage Total score (mean + SD)
0 1 2 3 4

Negative control 84.1 +£1.32 10.6 +0.40 6.30+0.3 0.00 +0.00 0.00 +0.00 2320+ 1.10

C. coggygria 24 h

500 mg/kg 78.8+0.42 15.6 +0.44 5.60+0.16 0.00 +0.00 0.00 +0.00 26.80 +2.30

1000 mgrkg 43.8+0.33 32.8+0.20 17.7 +0.40 4.70 +0.40 1.00+0.21 86.30 +0.83"

2000 mg/kg 2724026 38.8+0.34 25.7+0.39 6.10+0.19 2.01+0.21 116.50 + 1.14"

C. coggygria 72 h

500 mg/kg 81.0 + 0.84 13.4+0.16 5.70 + 0.84 0.00 + 0.00 0.00 + 0.00 24.80 £ 0.45

1000 mg/kg 41.6+0.26 45.0 +0.42 10.1£0.18 3.10+0.24 0.00 +0.00 7450 +1.14°

2000 mg/kg 30.4+0.32 47.2+0.35 16.6 £0.37 2.90 +0.24 1.0340.25 92,10+ 1.22°

“Significantly different from the negative control p < 0.05.

Table 3 - DNA migration in the comet assay for the assessment of genotoxicity of Cotinus coggygria extract in bone marrow of albino wistar rats, 24 and

72 h after treatment.

Treatments Levels of damage Total score (mean + SD)
0 1 2 3 4

Negative control 79.8 £ 0.41 20.2+0.35 0.00 £ 0.00 0.00 £ 0.00 0.00 +0.00 21.0 +1.60

C. coggygria 24 h

500 mg/kg 76.4 +0.48 20.4 +0.43 320+ 1.51 0.00 + 0.00 0.00 £ 0.00 26.8+0.24

1000 mgrkg 31.1+041 40.2+0.28 19.8+0.38 7.40 +0.36 1.50 +0.47 108.0 £ 0.65"

2000 mg/kg 27.4+0.48 32.1+0.27 30.2+0.33 6.60 +0.20 3.80 +£0.42 127.5+0.43"

C. coggygria 72 h

500 mg/kg 72.2+0.58 27.7 +0.47 0.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 2524 1.90

1000 mg/kg 423 +0.42 473 +0.43 8.70 + 0.40 1.90 +0.42 0.00 +0.00 70.4 £ 1.50"

2000 mg/kg 27.2 £0.40 49.5+0.45 19.10+0.2 3.20+0.23 1.01 £0.26 101.3 +3.60°

"Significantly different from the negative control p < 0.05.

where there was a significant increase in damages, when
compared to the control group.

The average values of comet tail moment in liver and
bone marrow are shown in Table 4. Comet tail moment in
the group treated with 500 mg/kg bw of the extract was not
significantly different from the control group. Neverthe-
less, when compared to the control, there was a significant
increase in tail moment at both 24 and 72 h after treatments
with 1000 and 2000 mg/kg bw. It should be pointed out,
however, that after 72 h, a slight decrease in tail moment,
both in the liver and bone marrow, was detected when com-
pared to the 24 h time point.

This difference in the response seen in the comet as-
say and SLRL test is not surprising, since the comet assay is
a rapid, simple and highly sensitive method for detecting
single and double DNA strand breaks and alkali-labile
sites. In contrast, the comet assay is not used to detect muta-

tions, but rather to detect genomic lesions that could lead to
a mutation (Gontijo and Tice, 2003).

The fact that certain plants may have genotoxic ef-
fects depends on the various compounds present in their ex-
tracts. The partial chemical analysis of the methanol extract
of Cotinus coggygria, showed flavonoids, tannins and phe-
nolic compounds to be the main compounds (Stanic ef al.,
2009). In a previous study, total soluble phenolic com-
pounds in the methanol extract of Cotinus coggygria stems
were determined with the Folin-Ciocalteu reagent, using
pyrocatechol as a standard. In the methanol extract of C.
coggygria (1 g), 62.50 mg pyrocatechol equivalent of phe-
nols was detected, while 46.76 mg of flavonoids and
15.75 mg of nonflavonoids were detected in 1 g of dry
weight (Stanic et al., 2009).

Fractionation of the methanol extract from Cotinus
coggygria performed by Stathopoulou ez al. (2007), led to
the isolation of sulfuretin, fisetin, 7,3°,4’-trihydroxy-fla-
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Table 4 - Average comet tail moment and standard deviation, 24 and 72 h after in vivo exposure of albino wistar rats to Cotinus coggygria methanol ex-

tract.

Treatments Tail moment - liver Tail moment - bone marrow
24h 72h 24h 72h

Negative control 2.7+£0.2 54+0.25

C. coggygria

500 mg/kg 3.1£0.11 2.8£0.16 5.80+0.17 5.6+0.12

1000 mg/kg 11.7£0.13* 6.7+0.15" 16.55+0.43" 13.8 £0.40"

2000 mg/kg 17.1 £0.38" 9.6 +£0.32" 20.80 £ 0.63" 17.5£0.36"

*Significantly different from the negative control p < 0.05 (multiple comparisons T3 Dunnett test), n = 5 rats per group.

vanone, 5,7,4’-trihydroxy-flavanone, 4,2°,4’-trihydroxy-
chalcone, 2,3-dihydro-fisetin, 2,3-dihydro-quercetin,
methyl gallate, 3,4,2°,4’-tetrahydroxy-chalcone, quercetin,
4’,7-dihydroxy-flavanone and 4’,7-dihydroxy-2,3-dihy-
droflavonol. Dominant compounds in the ethyl acetate par-
tition of Cotinus coggygria were disulfuretin, sulfuretin,
sulfurein, gallic acid, methyl gallate and pentagalloyl glu-
cose (Westenburg et al., 2000).

It has been suggested that polyphenolic compounds,
besides having been shown to exert anticarcinogenic ef-
fects, are potential preventives against cardiovascular and
cerebrovascular diseases. Gallic acid and its derivatives are
biologically active compounds which are present in several
plants. This polyhydroxyphenolic acid has been reported to
be a free radical scavenger, as well as an inducer of differ-
entiation and apoptosis in leukemia, lung cancer, colon
adenocarcinoma cell lines, and normal lymphocyte cells
(Kawada et al., 2001; Sohi et al., 2003).

Flavonoids, such as fisetin, are naturally occurring
molecules with antioxidant, cytoprotective and anti-in-
flammatory actions. Tannins, as one such class of com-
pounds, are suspected of possessing protective properties.
Fedeli et al. (2004) showed that they are capable of protect-
ing against DNA breakage at low concentrations, although
at high levels they could be genotoxic.

The results in this study imply that the methanol ex-
tract from Cotinus coggygria plant stems is capable of giv-
ing rise to genotoxic effects in vivo under our experimental
conditions, thereby indicating caution in its use. The fact
that 500 mg/kg body weight of the Cotinus extract was not
genotoxic in the alkaline comet assay, and that the manifest
antigenotoxic activity might be attributed to the presence of
polyphenolic constituents, indicates that further studies are
required, in order to evaluate antigenotoxic activity in vivo,
and to isolate these constituents and decipher their mode of
action.
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Extract of the plant Cotinus coggygria Scop.
attenuates pyrogallol-induced hepatic oxidative
stress in Wistar rats

Sanja Mati¢, Snezana Stani¢, Desanka Bogojevi¢, Melita Vidakovié,
Nevena Grdovié, Jelena Arambasié, Svetlana Dini¢, Aleksandra Uskokovié,

Goran Poznanovié, Slavica Solujié¢, Milan Mladenovié¢, Jelena Markovié, and
Mirjana Mihailovié

Abstract: To examine the protective potential of the Cotinus coggygria Scop. methanol extract, Wistar rats were treated
with the hepatotoxic compound pyrogallol, which possesses a potent ability to generate free radicals and induce oxidative
stress. The ability of the extract to counteract the oxidative stress was examined in rats that were injected with the extract in-
traperitoneally (500 mg-(kg body weight)™!) either 2 or 12 h before the pyrogallol treatment. The extract possesses a reduc-
ing activity in vitro and an ability to chelate the ferrous ion both in vivo and in vitro. Application of the extract prior to
pyrogallol treatment led to a decrease in the levels of thiobarbituric acid-reactive substances, aspartate aminotransferase, and
alanine aminotransferase, increased activities of antioxidant enzymes and attenuation of DNA damage, as well as increased
Akt activity and inhibition of NF-kB protein expression. Treatment with the extract 12 h prior to pyrogallol administration
was more effective in suppressing pyrogallol-induced oxidative damage than the 2 h pretreatment. Extract administration
promoted an increase in acute phase reactants haptoglobin and ax-macroglobulin that was short of a full-fledged acute phase
response. Administration of the extract considerably improved the markers of oxidative stress, thus revealing a potential hep-
atoprotective activity. Our results suggest that Akt activation, NF-kB inhibition, and induction of the acute phase play im-
portant roles in mediating hepatic protection by the extract. The greater effectiveness of the 12 h pretreatment with extract
points to the important role that preconditioning assumes in improving resistance to subsequent exposure to oxidative stress.

Key words: Akt, Cotinus coggygria, hepatotoxicity, NF-kB, pyrogallol.

Résumé : Pour examiner le potentiel protecteur de I’extrait méthanolique Cotinus coggygria Scop., nous avons traité des
rats Wistar avec le composé hépatotoxique pyrogallol, qui a un tres forte capacité a produire des radicaux libres et a induire
un stress oxydatif. Nous avons examiné la capacité de I’extrait a contrebalancer le stress oxydatif chez des rats, aprés une in-
jection par voie intrapéritonéale (500 mg-(kg de poids corporel™)) soit 2 ou 12 h avant le traitement au pyrogallol. L’extrait
possede une activité de réduction in vitro et une capacité de chélation de I’ion ferreux tant in vivo qu’in vitro. L’application
de I’extrait avant le traitement au pyrogallol a mené a une diminution des taux de substances réactives a 1’acide thiobarbitu-
rique, aspartate aminotransférase et alanine aminotransférase, augmenté les activités des enzymes antioxydantes et 1’atténua-
tion du dommage a ’ADN, et augmenté I’activité Akt et I’inhibition de I’expression de la protéine NF-kB. L’application

12 h avant I’administration de pyrogallol a supprimé plus efficacement le dommage oxydatif induit par le pyrogallol que le
prétraitement de 2 h. L’administration de I’extrait a favorisé une augmentation des protéines de phase aigué, Hp et aoM,
sans véritable réponse de phase aigué. Elle a aussi considérablement amélioré les marqueurs de stress oxydatif, révélant ainsi
une activité hépatoprotectrice potentielle. Nos résultats donnent a penser que 1’activation d’Akt, I’inhibition de NF-kB et
I’induction de phase aigué jouent des roles importants dans la protection hépatique induite par I’extrait. La plus grande effi-
cacité du prétraitement de 12 h souligne le rdle essentiel du préconditionnement dans 1’augmentation de la résistance a une
exposition subséquente a un stress oxydatif.

Mots-clés : Akt, Cotinus coggygria, hépatotoxicité, NF-kB, pyrogallol.
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Introduction

The past two decades have witnessed a tremendous resur-
gence in interest and analysis of different plants and plant ex-
tracts for their potential medicinal qualities. Of the many
bioactive properties, the ability of a plant preparation to exert
antioxidant and related effects assumes a central place. This
particular feature is seen as capable of attenuating complica-
tions associated with a variety of inflammatory diseases, im-
proving defences against exposure to xenobiotics, irradiation,
and even delaying tumour development. The antioxidant ac-
tivity of an applied substance, seen as its ability to inhibit
the generation of free radicals and either directly or indirectly
improve their clearance rate, is important in providing protec-
tion against hepatic damage. Many plant extracts have been
shown to possess a hepatoprotective property that is to a
greater or lesser extent accomplished through an improve-
ment of antioxidant status (Chang et al. 2008; Esmaeili et al.
2009).

The plant Cotinus coggygria Scop. belongs to the family
Anacardiaceae. It is commonly used in folk medicine for the
treatment of various illnesses, such as diarrhoea, paradonto-
sis, and gastric and duodenal ulcers (Ivanova et al. 2005),
while the dried leaves and twigs of C. coggygria are used in
Chinese traditional medicine for their antipyretic properties
(Huang 1999). Different parts of this plant have been sub-
jected to pharmacological evaluation for their potential anti-
haemorragic, wound-healing, anti-inflammatory effects, as
well as antimicrobial activity (Demirci et al. 2003). Phyto-
chemical investigation of the plant has resulted in the isola-
tion of gallic acid and their derivatives, methyl gallate and
pentagalloyl glucose. In addition, 3 active aurones — sulfur-
etin, sulfurein, and disulfuretin — have been identified
(Westenburg et al. 2000). The in vivo antioxidant activity of
C. coggygria, the focus of our present work, has not been ad-
dressed before.

To prevent damage by oxygen free radicals, the liver and
other tissues have developed a highly complex protection sys-
tem essentially consisting of 3 main groups of antioxidants.
The primary antioxidants that constitute the first line of de-
fence work by preventing the formation of new free-radical
species and include the superoxide dismutase (SOD) en-
zymes, a sensitive index of hepatocellular damage; catalase
(CAT), which is regarded as a major determinant of hepatic
and cardiac antioxidant status (Manonmani et al. 2002); glu-
tathione S-transferase (GST); as well as metal-binding pro-
teins such as ferritin and ceruloplasmin. The secondary
antioxidants trap radicals, thereby preventing chain reactions,
and include the vitamins E and C, B-carotene, uric acid, bilir-
ubin, and albumin, whereas the tertiary antioxidants repair bio-
molecules damaged by free radicals, notably DNA, the
damage of which is one of the most deleterious effects of
free radicals (Wang et al. 1998). Liver injury caused by pyro-
gallol is based on its potent ability to generate highly reactive
free radicals and induce oxidative stress (Torii et al. 1994,
Gupta et al. 2002; Upadhyay et al. 2008). Recently, a number
of studies have shown that various herbal extracts protect
against pyrogallol-induced oxidative stress by enhancing the
decreased activities of SOD, CAT, and GST and by altering
the levels of lipid peroxidation (Gupta et al. 2004; Joharapur-
kar et al. 2004; Upadhyay et al. 2007; Upadhyay et al. 2008).
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Consequently, it can be expected that the level of DNA dam-
age will be lower and the outlook for long-term liver damage
better in proportion to the increase in effectiveness of the
downstream lines of antioxidant defences.

NF-kB is a redox-sensitive transcription factor that func-
tions as a sensor for oxidative stress and is rapidly induced
after initial exposure (Martindale and Holbrook 2002). The
role of NF-kB in the transcriptional control of many inflam-
matory genes and the involvement of reactive oxygen species
in its activation has made NF-kB a preferred target for inhib-
ition by various reagents. A large number of natural and syn-
thetic compounds are currently being investigated for NF-kB
inhibitory activity (Surh et al. 2001; Takada et al. 2004; Lin
et al. 2009). One of the most actively studied kinase path-
ways in basic research and drug development includes the
serine—threonine kinase Akt, also known as protein kinase B.
Activated Akt plays a key role in mediating signals for cell
growth, cell survival, cell-cycle progression, differentiation,
transcription, translation, and glucose metabolism (Kandel
and Hay 1999).

This work was undertaken to assess the antioxidant poten-
tial of the C. coggygria methanol extract in a biological con-
text against pyrogallol-induced toxic oxidative processes in
Wistar rats. We examined the effect of extract administration
on the markers of oxidative stress — the levels of thiobarbi-
turic acid-reactive substances (TBARS) and the activities of
antioxidant enzymes (SOD, MnSOD, CuZnSOD, CAT, and
GST) — on the degree of DNA damage, the expression of
hepatic NF-kB and Akt, the effect of preconditioning by
acute-phase proteins, as well as changes in aminotransferase
levels, an established indicator of hepatic damage.

Materials and methods

Chemicals

Pyrogallol (CAS No. 254002-50), SYBR Green I (CAS
No. S9430), thiobarbituric acid (TBA), and dimethylsulfoxide
(DMSO) were purchased from Sigma—Aldrich (St. Louis,
Mo., USA). All other chemicals and reagents used were of
analytical grade.

Preparation of the extract of the stem of Cofinus
coggygria

Cotinus coggygria plants were collected in southern Serbia
(in the village of RujiSte, Mt. Rogozna), in May—June 2007.
The species was identified and the voucher specimen depos-
ited (16178, BEOU) at the Department of Botany, Faculty of
Biology, University of Belgrade. The air-dried C. coggygria
stem (1.2 kg) was broken into small pieces (2—6 mm) using
a cylindrical crusher and extracted with methanol using a
Soxhlet extractor. The extract was filtered through Whatman
No. 1 filter paper and evaporated to dryness under vacuum to
remove the solvent (methanol). The residue (32 g) was stored
in a dark glass bottle until further processing.

Evaluation of antioxidant activities in vitro

Measurement of the reducing activity of the Cotinus
coggygria extract

The reducing power of the plant extract was determined by
the method of Oyaizu (1986). The C. coggygria extract
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(0.3 mL) was mixed with 0.3 mL 1% potassium ferricyanide
and 0.3 mL 200 mmol/L phosphate buffer (pH 6.6). The
mixture was placed in a water bath for 20 min at 50 °C. The
resulting solution was cooled, mixed with 0.3 mL 10% tri-
chloroacetic acid, and centrifuged at 1000g for 10 min. A
0.6 mL fraction from the supernatant was mixed with
0.12 mL 0.1% ferric chloride and 0.6 mL deionized water.
Absorbance of the resulting mixture was measured at
700 nm after 10 min. The reducing activity of a cysteine sol-
ution was used as the standard. A higher absorbance value
indicates a stronger reducing power. All the experiments
were done in triplicate. The values are given as means + SD.

Measurement of ferrous ion chelating ability

The ferrous ion chelating ability of the C. coggygria ex-
tract was determined according to the method of Decker and
Welch (1990). One millilitre samples of different dilutions of
the extract were mixed with 3.7 mL methanol, 0.1 mL of
2 mmol/L FeCl, solution, and 0.2 mL of 5 mmol/L ferrozine
solution. The absorbance at 562 nm was measured after
10 min. A lower absorbance indicates a stronger ferrous ion
chelating ability. The ability to chelate the ferrous ion was
calculated as follows:

1 — absorbancegample

Chelating effect (%) - absorbance ool
contro.

x 100%

The ferrous ion chelating ability of an EDTA solution was
used as the standard.

Evaluation of the biological effects of the Cotinus
coggygria extract in vivo

Treatment of animals

Animal studies were approved by the Committee for Ethi-
cal Animal Care and Use of the Institute for Biological Re-
search, Belgrade, which acts in accordance with the Guide
for the Care and Use of Laboratory Animals, published by
the US National Institutes of Health (Institute for Laboratory
Animal Research 1996). Ten-week-old male albino Wistar
rats weighing 220-250 g were used. The animals were main-
tained under standard laboratory conditions of constant tem-
perature (24 + 1 °C), relative humidity (50% + 15%), 12 h
light: 12 h dark cycle, and allowed free access to food and
water.

Twenty-five rats were divided into 5 experimental groups,
with 5 rats in each group. The first group of animals, referred
to as the negative control, received only saline. The second
experimental group received intraperitoneally 100 mg-(kg
body weight)~! of pyrogallol dissolved in saline. The third
experimental group received intraperitoneally a single dose
of 500 mg-(kg body weight)-! of the C. coggygria extract
2 h before the pyrogallol injection and is referred to as the
2 h pretreated group. The fourth experimental group received
intraperitoneally a single dose of 500 mg-(kg body weight)-!
of the C. coggygria extract 12 h before the pyrogallol injec-
tion and is referred to as the 12 h pretreated group. As a
follow-up to our previous study on the genotoxic effect of 3
doses (500, 1000, and 2000 mg-(kg body weight)!) of C.
coggygria extract (Mati¢ et al. 2011), here we studied only
the dose of 500 mg-(kg body weight)~!, which was found to
display no genotoxic potential. The fifth experimental group
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received intraperitoneally a single dose (500 mg-(kg body
weight)!) of the C. coggygria extract dissolved in saline.

Three separate experiments were performed. The animals
were killed by decapitation, and the livers were quickly re-
moved and separated into 4 parts. One part was placed in an
ice-cold buffer for analysis of antioxidant enzyme activities;
one part was placed in 0.15 mol/L. KCI for the TBARS assay;
one part was used for the Comet assay; and another part was
frozen in liquid nitrogen and subsequently used for protein
immunoblotting. Blood samples were collected and allowed
to clot for 45 min at room temperature and centrifuged at
2000g for 10 min at 4 °C in a Sorval SS-34 rotor (DJB Lab-
ace Ltd., Newport Pagnell, Buckinghamshire, UK)to obtain
the serum.

To measure acute phase (AP) protein levels in the serum
and AP protein expression in the liver, 30 rats were divided
into 6 groups, with 5 rats in each group. One group of rats
received saline and served as the control. One group of rats
received intraperitoneally 1 pL-(g body weight)-! turpentine
oil, causing a sterile-tissue injury and induction of the AP re-
sponse. The remaining 4 groups of rats each received a single
intraperitoneal injection of 500 mg-(kg body weight)~! of the
C. coggygria extract. The animals were killed by decapitation
at different times postinjection. The control and turpentine-
treated groups were killed 24 h posttreatment, and the 4 C.
coggygria extract-treated groups were killed 12, 24, 48, and
72 h posttreatment. Blood serum and liver were collected
from each rat.

Determination of the serum iron content

The serum iron content was measured by the Ferrimat kit
(bioMerieux SA, Marcy-I’Etoile, France), which allows for
the colorimetric determination of iron in the serum and
plasma without deproteinization. The method is based on the
dissociation of the ferric iron from its carrier protein, trans-
ferrin, in an acid medium and its reduction to the ferrous
form. The ferrous iron then forms a coloured complex with
the iron chelator ferrozine. The intensity of the colour,
measured at 590 nm, is directly proportional to the iron con-
centration in the sample. The iron concentration in the exper-
imental samples was determined by comparison of the optical
density at 590 nm with the standard curve. Since the ferric
iron in the sample is reduced to the ferrous iron, we meas-
ured the total iron concentration. To determine the concentra-
tion of the free ferrous iron (vs. total iron) in the serum, we
conducted the same procedure as for total iron determination
except that the reductant (hydroxylamine) was excluded from
the assay procedure.

Determination of serum aminotransferases

Serum was used to estimate the hepatospecific markers as-
partate aminotransferase (AST) (Bergmeyer et al. 1976) and
alanine aminotransferase (ALT) (Bergmeyer 1980).

Thiobarbituric acid-reactive substance assay

The TBARS assay is based on the reaction of malondialde-
hyde with TBA at 95 °C. The level of TBARS was deter-
mined in liver homogenates and serum according to the
method of Ohkawa et al. (1979). Briefly, 0.1 mL aliquots of
the liver homogenates or serum were mixed with 0.2 mL of
8.1% SDS, 1.5 mL of 20% acetic acid (pH 3.5), 1.5 mL of
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0.8% TBA, and 0.7 mL water and heated at 95 °C for
60 min. After cooling samples to room temperature, 1 mL of
water and 5 mL of n-butanol-pyridine (15:1, v/v) were
added, and the samples were mixed and centrifuged at
3000g for 10 min. The absorbance of the red colour in the
supernatants was measured at 532 nm. A calibration curve
was prepared with malondialdehyde as the standard (malon-
dialdehyde concentrations ranged from 25 nmol/mL to
I umol/mL).

Estimation of antioxidant enzyme activities

About 200-400 mg of liver was excised and homogenized
in 0.25 mol/L sucrose, 0.1 mol/L EDTA, and 0.05 mol/L
Tris—HCI, pH 7.4. After sonification, the samples were cen-
trifuged for 90 min at 100 000g in a Beckmann Ti 50 rotor
(Beckman Coulter, Inc., Miami, Fla., USA). Aliquots of the
supernatants were stored at —80 °C. To express the antioxi-
dant enzyme activities per milligram of protein, the protein
concentrations were determined colorimetrically according to
Lowry et al. (1951). Total SOD activity, based on the ca-
pacity of SOD to inhibit the autooxidation of epinephrine to
adrenochrome (expressed as U-(mg of protein)-!), was meas-
ured by the epinephrine method described by Misra and
Fridovich (1972). Manganese SOD (MnSOD) activity was
determined after preincubation with 8 mmol/L. KCN.
Copper—zinc SOD (CuZnSOD) activity was calculated from
the difference between total SOD and MnSOD activities.
CAT activity was measured by the rate of hydrogen peroxide
decomposition and expressed as umol H,O,-min~!-(mg pro-
tein)~! (Beutler 1982). GST activity was determined by the
method of Habig et al. (1974), which is based on the reaction
of 1-chloro-2,4-dinitrobenzene with the -SH groups of gluta-
thione catalyzed by GST and contained in the samples. The
activity was expressed as nmol GSH-min~!-(mg protein)-!.

Determination of DNA damage by the alkaline Comet assay

The alkaline Comet assay was carried out according to the
standard procedure originally described by Singh et al.
(1988). The slides were stained with 90 uL of SYBR Green
I before analysis. Comets were visualized and captured with a
40x objective lens of a fluorescence microscope (Leica
DMLB, Meyer Instruments, Inc., Langham Creek, Houston,
Tex., USA) with an attached charge-coupled device camera.
One hundred comet images per slide were randomly cap-
tured. Comets without heads and those with almost all the
DNA in the tail or with a very wide tail were excluded from
the analysis, since they could represent dead cells. Only cells
that did not overlap and had a clear margin surrounding them
were scored (Hartmann and Speit 1997). Two parameters
were considered to indicate DNA migration: tail length (dis-
tance from the head center to the end of the tail) and the per-
centage of DNA in the tail.

Western immunoblot analysis

About 200-400 mg of frozen rat liver tissue was homo-
genized at 4 °C in 2 mL ice-cold homogenization buffer
(10 mmol/L Tris (pH 7.6), 1 mmol/L EDTA, 250 mmol/L su-
crose) containing a mixture of protease inhibitors (Protease
inhibitor, Mix G; SERVA Electrophoresis GmbH, Heidel-
berg, Germany). Samples were centrifuged at 9700g for
20 min at 4 °C in an Eppendorf centrifuge. Supernatants
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were aliquoted, snap-frozen in liquid nitrogen, and stored
at =80 °C. A 20 pg sample of whole-liver homogenate was
loaded onto 4% stacking — 12% separating slab gels as de-
scribed by Laemmli (1970). After electrophoresis, proteins
were transferred to PVDF membranes (Hybond-P, Amersham
Pharmacia Biotech, Schenectady, N.Y., USA). Western im-
munoblot analysis was performed according to the procedure
of Towbin et al. (1979) using polyclonal antibodies to rat
NF-kB p65, phosphorylated NF-kB p65 (Ser311) (pNF-«kB),
Akt 1/2/3, phosphorylated Akt 1/2/3 (Ser 473) (pAkt), on-
macroglobulin (a;M), tubulin (Santa Cruz Biotechnology,
Santa Cruz, Calif., USA), and haptoglobin (Hp) (Sigma—
Aldrich Inc., Milwaukee, Wis., USA). After incubation with
blocking solution (0.05% Tween 20, 50 mmol/L. Tris—HCI
(pH 7.6), 150 mmol/L. NaCl, 3% nonfat condensed milk), the
membranes were incubated with antibody for 2 h at room
temperature. After rinsing, the blots were incubated with
horseradish peroxidase-conjugated secondary antibody for
1 h. Immunoreactive bands were identified by an enhanced
chemiluminescence detection system (Santa Cruz Biotechnol-
ogy) according to the manufacturer’s instructions. The bands
were visualized and quantified with TotalLab (Phoretix) elec-
trophoresis software (v 1.10) relative to tubulin.

Measurement of acute-phase protein concentrations in the
serum

The concentrations of Hp and a,M were determined by
rocket immunoelectrophoresis with anti-human Hp and a,M
antibodies (Sigma—Aldrich Inc., Milwaukee, Wis., USA) ac-
cording to Laurell (1972). The method is based on the immu-
noprecipitation reaction between the antigen (Hp or a,M)
present in the serum and anti-Hp or anti-a,M antibodies in-
corporated in the agarose gel at the points of their optimal
concentration, characterized by the formation of immunopre-
cipitation peaks, or “rockets”. The concentration of the anti-
gen in the serum is proportional to the area under the
formed precipitation peak. The area was used to quantify the
antigen in the serum, i.e., to determine its relative concentra-
tion. Every “rocket”, corresponding to the control and indi-
cated times after turpentine injection, was drawn on tracing
paper and the areas were integrated. The values obtained
after quantification were expressed as the means + SE from
3 separate experiments.

Statistical evaluations

Statistical evaluation of the data was performed by 1-way
analysis (ANOVA). Variance homogeneity and data distribu-
tion were determined with the Levene and Kolmogorov—
Smirnov tests, respectively. Post-hoc comparison between
control and treated groups was performed with the T3 Dun-
nett’s test or with the Bonferroni test when the variance was
not homogeneous. Statistical analysis was performed using
the SPSS statistical software package, version 13.0 for Win-
dows. The results were considered to be statistically signifi-
cant at p < 0.05.

Results

In the present study we examined the capability of the
methanol extract of the plant C. coggygria to counteract oxi-
dative stress induced in Wistar rats by the administration of
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Fig. 1. Reducing power (A) and ability to chelate ferrous ion (B) of
increasing concentrations of Cotinus coggygria extract. Each value
represents the mean + SD (n = 3). Cysteine and EDTA were used as
the standards.
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pyrogallol, which causes liver injury through generation of
highly reactive free radicals.

In vitro antioxidant potential of the Cotinus coggygria
methanol extract

A fundamental property of the extract, its reducing power
— which is expected to be of major importance to its antiox-
idant functioning in vivo — was examined. Its ability to
transform the ferric to ferrous ion was compared with that of
cysteine, which has marked antioxidant properties. As can be
seen from Fig. 1A, the reducing power of the extract in-
creased in a concentration-dependent manner and was consis-
tently greater than that of cysteine, which was used as the
standard. At 60 pg/mL, the extract exhibited an almost two-
fold higher reducing power than cysteine. To elucidate the
potential free-radical scavenging property of the C. coggygria
extract, we examined its ability to chelate ferrous ion, a
powerful hydroxyl radical promoting agent that can engage
in lipid peroxidation, leading to organelle and cell damage.
As shown in Fig. 1B, the ferrous chelating activity of the C.
coggygria extract increased with increasing concentration up
to 20 pug/mL, at which concentration the extract possessed a
78% chelating effect. EDTA was used as the standard.

Serum iron, thiobarbituric acid-reactive substances,
aspartate aminotransferase, and alanine aminotransferase
contents

Iron is essential for many physiological processes; how-
ever, iron overload is toxic, since it leads to tissue damage
through generation of reactive oxygen species. As can be
seen from Table 1, the concentrations of total and ferrous
iron in the serum were significantly increased (1.58- and
1.52-fold, respectively) after pyrogallol administration. In
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comparison, administration of the C. coggygria extract before
the pyrogallol treatment prevented the increase in serum iron:
the total and ferrous iron concentrations in the serum were,
respectively, 1.07- and 1.33-fold (in 2 h pretreated rats) and
1.05- and 1.15-fold (in 12 h pretreated rats) above the control
values. Administration of the extract alone did not produce
significant alterations in either total or ferrous iron concentra-
tions in the serum.

The effect of extract administration was assessed by meas-
uring the level of TBARS, which is considered to be a gen-
eral indicator of oxidative stress (Armstrong and Browne
1994). One hour after treatment with pyrogallol, the serum
level of TBARS was 1.81-fold above the basal value meas-
ured in the negative control. Administration of the extract
prior to the pyrogallol treatment attenuated the rise in
TBARS. After the 12 h pretreatment with the extract, a 1.19-
fold increase in TBARS above the basal value was observed;
this pretreatment was slightly more effective than the 2 h pre-
treatment after which a 1.43-fold increase was observed (Ta-
ble 1). Administration of the extract alone did not induce a
significant increase in TBARS.

Assessment of liver injury can be made by estimating the
activities of serum AST and ALT, as they are the most sensi-
tive markers employed in the diagnosis of hepatic damage.
The hepatoprotective activity of the C. coggygria extract on
pyrogallol-treated rats is shown in Table 1. Levels of the hep-
atic enzymes ALT and AST were significantly increased in
the serum of pyrogallol-treated animals. The C. coggygria
extract significantly reversed the pyrogallol-induced rise in
the levels of AST and ALT when compared with rats treated
with pyrogallol alone. The C. coggygria extract did not pro-
duce any significant alterations in the serum AST and ALT
activities.

Levels of thiobarbituric acid-reactive substances and
antioxidant enzyme activities in the liver

Examination of the liver TBARS levels revealed its signifi-
cant increase above the basal value (3.23-fold) after pyrogal-
lol treatment and complete attenuation of this effect by both
2 and 12 h pretreatments with the C. coggygria extracts. Ad-
ministration of the extract alone did not induce a rise in liver
TBARS levels.

Antioxidant enzymes constitute the first line of defence
against reactive oxygen species, and their activities represent
important markers of the oxidative status of an organism. Re-
sults of the examination of liver antioxidant enzyme activities
are presented in Table 2. Pyrogallol administration caused a
decline of the total liver SOD activity to 71.38% of the basal
value (relative to the negative control group, which was as-
sumed to be 100% and as will be presented throughout this
section). In animals pretreated with the C. coggygria extract
2 h before pyrogallol administration, the total SOD activity
was 88.62% of the control level; however, when the extract
was administered 12 h before the pyrogallol treatment, total
SOD activity was practically unchanged at 96.51% of the
basal value. The activity of MnSOD exhibited a sharp de-
crease to 49.15% of the basal level after pyrogallol adminis-
tration, while in rats that were pretreated with the extract
either 2 or 12 h before the pyrogallol treatment, MnSOD ac-
tivity was at 81.81% and 92.73% of the basal level, respec-
tively. A comparable effect on CuZnSOD activity was
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Table 1. Total iron, free ferrous iron, TBARS, AST, and ALT contents in the serum of rats treated with Cotinus coggygria methanol extract and pyrogallol.

90¥

Pyrogallol, C. coggygria extract 2 h C. coggygria extract 12 h C. coggygria extract,
Negative control 100 mg-(kg BW)™! prior to pyrogallol prior to pyrogallol 500 mg-(kg BW)™!
Total iron, ug/dL 172.65+0.50 273.4+1.08* 184.8+0.437 181.1+0.407 173.6+1.707
Ferrous iron, pg/dL 52.33+0.23 79.7+0.30* 68.9+0.16 60.2+0.53" 53.6+0.737
TBARS, nmol/mL 2.54+0.26 4.61+0.07* 3.63+0.127 3.02+0.05" 2.61+1.03"
AST, U/L 169.9+4.20 252.24+6.74% 192.5+1.417 171.6+5.517 37.08+2.477
ALT, U/L 39.4+0.91 93.6+0.86* 63.9+0.627 41.9+0.817 170.6+1.267

Note: The values are presented as the means + SD obtained from 3 independent experiments. n = 25 rats; 5 rats/group. Rats were treated with saline (negative control), either with pyrogallol alone or with
the C. coggygria methanol extracts 2 or 12 h before pyrogallol administration, as well as with the extract alone as indicated. BW, body weight; TBARS, thiobarbituric acid-reactive substances; AST, aspartate
aminotransferase; ALT, alanine aminotransferase.

*p < 0.05 when compared with the negative control group.
p < 0.05 when compared with the pyrogallol group.

Table 2. The effects of the Cotinus coggygria extract on the levels of TBARS and activities of antioxidant enzymes in the liver of rats.

Pyrogallol, C. coggygria extract 2 h  C. coggygria extract 12 h  C. coggygria extract,
= Negative control 100 mg-(kg BW)! prior to pyrogallol prior to pyrogallol 500 mg-(kg BW)!
SO'E TBARS, nmol/mg 1.35+0.12 4.37+1.04* 1.70+2.06" 1.36+0.03" 1.31+0.01°
5 TotSOD, U-(mg protein)~! 54.5+0.31 38.9+0.32% 48.3+0.317 52.6+0.337 53.8+1.357
© MnSOD, U-(mg protein)~! 16.5+0.24 8.11+0.07* 13.5+0.16" 15.3+0.22° 16.3+1.25°
] CuZnSOD, U-(mg protein)~! 36.3+0.24 22.7+0.60* 31.6+0.337 34.6+0.237 35.8+0.27°
g CAT, umol H,O02-min!-(mg protein)™! 30.5+0.68 9.70+0.42* 14.5+0.27° 24.9+0.257 27.7+0.27°
5 GST, nmol-min~"-(mg protein)-! 533.4+2.21 429.1+2.90%* 488.4+3.73" 526.5+0.84" 528.5+2.927
LL

Note: Data are presented as the means + SD obtained from 3 independent experiments. n = 25 rats; 5 rats/group. Rats were treated with saline (negative control), either with pyrogallol alone or with the C.
coggygria methanol extracts 2 or 12 h before pyrogallol administration, as well as with the extract alone as indicated. BW, body weight; TBARS, thiobarbituric acid-reactive substances; TotSOD, total super-
oxide dismutase; MnSOD, manganese SOD; CuZnSOD, copper—zinc SOD; CAT, catalase; GST, glutathione S-transferase.

#*p < 0.05 when compared with the negative control group.
p < 0.05 when compared with the pyrogallol group.

Table 3. The effects of pyrogallol administration and pretreatment with Cotinus coggygria extract on the level of DNA damage in the liver of rats.

Pyrogallol, C. coggygria extract 2 h C. coggygria extract 12 h C. coggygria extract,
Negative control 100 mg-(kg BW)™! prior to pyrogallol prior to pyrogallol 500 mg-(kg BW)~!
% DNA in tail 7.43+0.26 51.3+1.01* 26.8+0.66" 12.940.547 8.67+0.26
Tail length 12.8+0.25 105.2+2.01* 46.4+0.337 22.2+41.427 13.4+0.327

Note: Data are presented as the means + SD obtained from 3 independent experiments. n = 25 rats; 5 rats/group. Rats were treated with saline (negative control), either with pyrogallol alone or with the C.
coggygria methanol extracts 2 or 12 h before pyrogallol administration, as well as with the extract alone as indicated.

*p < 0.05 when compared with the negative control group.
p < 0.05 when compared with the pyrogallol group.
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Fig. 2. The effects of the Cotinus coggygria extract before pyrogallol administration on the relative protein levels of NF-kB (p65) (A) and Akt
(B). Western blot analysis of the rat liver homogenate was performed with anti-NF-kB p65 and antiphosphorylated NF-kB p65 (pNF-kB)
antibodies (A) and with anti-Akt and antiphosphorylated Akt (pAkt) antibodies (B). Tubulin was used as the internal control. Lane 1: negative
control; lane 2: pyrogallol treated; lane 3: pretreated with the C. coggygria extract 2 h before pyrogallol administration; lane 4: pretreated with
the C. coggygria extract 12 h before pyrogallol administration. Western immunoblot analysis was performed using TotalLab (Phoretix) elec-
trophoresis software (version 1.10) to quantify protein levels relative to tubulin levels and is presented on the graphs. The values are means +
SE from 3 separate experiments. *, p < 0.05, statistically significant difference versus negative control.
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observed: decreased activity (to 62.53% of the basal activity)
after pyrogallol treatment and improved enzymatic activity as
a consequence of the pretreatments with the C. coggygria ex-
tract 2 or 12 h before pyrogallol administration (to 87.5% and
95.32% of the basal activity, respectively). Administration of
the C. coggygria extract alone caused nonsignificant changes
in total SOD, MnSOD, and CuZnSOD activities (98.72%,
98.79, and 98.62%, respectively).

Pyrogallol administration induced a pronounced decline in
CAT activity to 31.80% of the basal level. As a result, after
the 2 h pretreatment with the C. coggygria extract, enzymatic
activity remained comparatively low, at 47.54% of the basal
level. However, the 12 h pretreatment enabled 81.64% of
basal CAT activity. Administration of the extract alone
caused a slight decrease in CAT activity to 90.82%.

Examination of GST activity showed that pyrogallol in-
duced a decline in enzymatic activity to 80.45%, while the 2 h
and in particular the 12 h pretreatment alleviated this decrease,
allowing for 91.56% and 98.71% of the basal enzymatic activ-
ities, respectively. Administration of the extract alone caused a
nonsignificant decrease in GST activity (99.08%).

DNA damage in the liver

The alkaline Comet assay of liver cells was performed to
assess whether pretreatment with the C. coggygria extract
can improve DNA damage resulting from pyrogallol adminis-
tration. Pyrogallol caused a statistically significant rise in
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DNA damage, observed as an increase in comet tail length
and percentage of DNA in the tail compared with the nega-
tive control group (Table 3). Decreased DNA damage, ob-
served as a decreased frequency of tail length and lower
percentage of DNA in the tail, was observed after pretreat-
ments with the C. coggygria extracts. In vivo exposure to
the C. coggygria extract did not induce DNA damage.

Relative changes in NF-kB and Akt activities in the liver

In the next set of experiments we examined 2 important
components of the complex cellular response to stress fac-
tors. Stimuli such as free radicals stimulate the expression of
the transcription factor NF-kB, which controls many genes
that participate in the inflammatory response. In contrast,
antioxidants with anti-inflammatory activities generally in-
hibit NF-kB expression. To examine NF-kB expression, we
performed Western blot analysis of whole-liver homogenates
using antibodies raised against transcription factor NF-xB
p65 and the activated, phosphorylated protein NF-«kB p65
(pNF-kB). As can be seen from Fig. 2A, pyrogallol adminis-
tration induced NF-kB protein expression (lane 2, row NF-
kB) and significant activation (lane 2, row pNF-«kB), 1.40-
and 3.72-fold, respectively, above the control values. Admin-
istration of the C. coggygria extract either 2 or 12 h before
the pyrogallol treatment (lanes 3 and 4, respectively) effec-
tively prevented the increase of NF-kB and appearance of
pNF-kB protein species.
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Fig. 3. Relative serum concentrations of haptoglobin (Hp) and -
macroglobulin (M) (A) and the expression of Hp and ooM in the
liver (B) in rats treated with Cotinus coggygria methanol extract. (A)
Rocket immunoelectrophoresis was performed using anti-Hp and
anti-ooM antibodies. Column 1: negative control; columns 2, 3, 4,
and 5: 12, 24, 48, and 72 h after C. coggygria extract administra-
tion, respectively; column 6: 24 h after turpentine administration.
(B) Western blot analysis of the rat liver homogenate was performed
with anti-aoM, anti-Hp, and anti-tubulin antibodies. Lane 1: negative
control; lanes 2, 3, 4, and 5: 12, 24, 48, and 72 h after C. coggygria
extract administration, respectively; lane 6: 24 h after turpentine ad-
ministration; lane 7: pyrogallol treated; lane 8: pretreated with C.
coggygria extract 2 h before pyrogallol administration; lane 9: pre-
treated with C. coggygria extract 12 h before pyrogallol administra-
tion. Tubulin was used as the internal control. Western immunoblot
analysis was performed using TotalLab (Phoretix) electrophoresis
software (version 1.10) to quantify protein levels relative to tubulin
levels and is presented on the graph. The values are means + SE
from 3 separate experiments. *, p < 0.05, statistically significant
difference versus negative control.
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In the complex protective biological responses to harmful
stimuli, Akt kinase functions as the central integrating mod-
ule of the stress-signaling machinery in the cell. As it is in-
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volved in cellular survival pathways that promote cell
survival, it can serve as an indicator of cell viability. Western
blot analysis revealed that pyrogallol treatment promoted a
slight reduction of Akt activity, observed as a decrease (about
twofold) in the level of pAkt (Fig. 2B, lane 2, row pAkt). In
samples obtained from rats that were administered the C.
coggygria extract either 2 or 12 h before the pyrogallol treat-
ment (lanes 3 and 4, respectively), the levels of active Akt
kinase were increased.

Changes in acute-phase protein levels in the serum and
liver

An aspect of the molecular response of the liver in the
context of its role as a principal participant of the anti-
inflammatory reaction was examined. In the course of in-
flammation, the liver produces a class of proteins referred
to as the AP reactants, which play important protective
roles in host defence against tissue damage and whose
plasma concentrations reach a maximal increase by 24 h
after initial stimulation. Rocket immunoelectrophoresis of
the serum revealed the highest increase of 2 important AP
reactants, Hp and a,M, 24 h after treatment with the C.
coggygria extract (Fig. 3A). The level of the examined AP
proteins returned to the basal level 72 h after treatment with
the extract. The levels of Hp and a,M were lower than
those during the full-fledged AP response observed after
treatment with turpentine, the standard laboratory inducer
of the AP response (Turnbull et al. 1994). Immunoblot
analysis of the total liver extract with anti-Hp and anti-o,M
antibodies after C. coggygria extract administration is pre-
sented in Fig. 3B. Treatment with the extract promoted a
rise in the levels of both AP proteins. The highest Hp and
a,M levels were detected 12 and 24 h after extract adminis-
tration (lanes 2 and 3, rows designated Hp and o,M, re-
spectively); they corresponded with the highest levels of
Hp and o,M in the serum (Fig. 3A). When the C. coggy-
gria extract was administrated 2 and 12 h before pyrogallol,
increased levels of Hp and a,M were detected 12 h before
pyrogallol administration (lane 9, rows Hp and a,M, respec-
tively).

Discussion

During states of oxidative stress, highly reactive oxygen
species bring about a broad range of molecular rearrange-
ments (Halliwell and Gutteridge 1986; Toyokuni 1996) that
lead to membrane, DNA, and organelle damage, cellular dys-
function, and eventual cell death. Therefore, reactive oxygen
species are at the root of a variety of tissue and organ disor-
ders and disease progression in different pathological states.
Much attention is focused on the identification of natural
and synthetic antioxidant compounds that could attenuate the
cytotoxic events that take place during oxidative stress.

The present study was undertaken to assess the efficacy of
the methanol extract of the plant C. coggygria in alleviating
oxidative stress in the liver induced by the administration of
the hepatotoxic compound pyrogallol. The free-radical gener-
ator pyrogallol (100 mg/kg, intraperitoneally) caused signifi-
cant hepatic damage, observed as increased levels of AST
and ALT, malondialdehyde, and GSH. Histological examina-
tion has also revealed that pyrogallol administration leads to
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infiltration of liver tissue with white blood cells (Gupta et al.
2002). We report that the C. coggygria extract was effective
in protecting the liver against injury induced by pyrogallol in
rats. This was evident from the significant reduction in levels
of hepatic damage markers, serum ALT and AST. The in-
crease in TBARS concentration in the serum and liver ob-
served after pyrogallol treatment revealed the presence of
oxidative stress. The elevated concentration of hepatic
TBARS in pyrogallol-treated rats indicates that significant
lipid peroxidation took place in the liver. We also observed
that pyrogallol administration led to an increase in iron levels
in the serum. The accumulation of iron is injurious, since it
promotes the generation of highly reactive hydroxyl radicals,
which are capable of removing a hydrogen atom from poly-
unsaturated fatty acids and initiating lipid peroxidation
(Emerit et al. 2001). Agrawal et al. (2001) suggested that the
iron released from ferritin after pyrogallol treatment can cata-
lyze the peroxidation of cell membranes. The generated lipid
hydroperoxides cause considerable damage to membrane
structure and function. These processes can be delayed by
iron chelation and its resulting deactivation. Thus chelating
agents are effective as secondary antioxidants because they
reduce the redox potential by stabilizing the oxidized form
of a metal ion (Gordon 1990). Our results revealed a marked
in vitro ability of the C. coggygria extract to reduce and che-
late ferrous ion, as well as a significant decrease in the levels
of circulating iron after extract administration to rats. These
findings are in agreement with the observation that adminis-
tration of the extract resulted in a lowering of the pyrogallol-
induced increase in TBARS level almost to the basal level.
The observation that pretreatment with the extract prevented
pyrogallol-induced lipid peroxidation suggests that the extract
could play an important role in protection against membrane
damage.

Increased levels of reactive oxygen species are directly as-
sociated with the induction of DNA strand breaks (Labieniec
et al. 2003). The antioxidant enzymes as the first line of cel-
lular defense against oxidative damage thus assume an impor-
tant role in preserving DNA integrity. Using the Comet assay
to determine the presence of DNA damage, we observed an
increase in the frequency of tail length and percentage of
DNA in the comet tail after treatment with pyrogallol. Pre-
treatments with the C. coggygria extract 2 or 12 h prior to
pyrogallol administration resulted in a statistically significant
decrease in DNA damage. In agreement with this result, we
observed that the pretreatments with the extract promoted
significant increases in hepatic antioxidative enzyme (SOD,
CAT, and GST) activities that were considerably below their
respective basal levels in the pyrogallol-treated rats. Together,
these results clearly illustrate the efficient clearance of the
pyrogallol-induced overload with free radical species by the
C. coggygria extract. For instance, as lipid peroxidation by-
products cause covalent modification of GST (Harris and
Stone 1988), the decrease in GST activity following pyrogal-
lol exposure was probably due to increased lipid peroxidation,
while in rats pretreated with the extract prior to pyrogallol ad-
ministration, GST activity was in part increased as a result of
the ability of the extract to suppress lipid peroxidation.

Transcription factor NF-kB has been described as a redox-
sensitive nuclear transcription factor, since its activation is
modulated by the cell’s redox status (Meyer et al. 1994), and
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while reactive oxygen species increase NF-kB activation, a
variety of antioxidant compounds have been shown to inhibit
it (Flohé et al. 1997; Li et al. 2000). Since the production of
reactive oxygen species is a key factor in NF-kB activation, it
has been proposed that strategies that enhance the antioxidant
status are beneficial in inhibiting NF-kB activation, which,
when inappropriate and (or) sustained, plays a central role in
different downstream pathological events. In pyrogallol-
treated rats, the expression level of NF-kB was above the
basal level, whereas rats pretreated with the C. coggygria ex-
hibited considerably lower levels of NF-kB expression. We
assume that the latter result revealed the efficient clearance
of reactive oxygen species, alleviation of oxidative stress,
and resulting removal of NF-kB-inducing stimuli by the pre-
treatments with the C. coggygria extract.

In effect, we arrived at a similar conclusion after examina-
tion of the expression of the serine—threonine kinase Akt. Akt
functions as the central integrating module of the phosphati-
dylinositol 3-kinase — Akt signalling pathway in the cell and
regulates a number of critical cellular pathways, including
those leading to cellular proliferation and inhibition of apop-
tosis (Li et al. 2005; Miyamoto et al. 2005). Thus Akt plays
an important role in maintaining cell survival (Datta, et al.
1999; Kandel and Hay 1999; Downward 2004). Whereas ad-
ministration of pyrogallol resulted in decreased Akt phos-
phorylation and activity, the pretreatments with the C.
coggygria extract clearly provided a setting that allowed for
the functioning of Akt, which was essential for proper cell
functioning.

We consistently observed that exposure to a single dose of
the C. coggygria extract 12 h prior to pyrogallol administra-
tion was more effective in suppressing the negative effects of
pyrogallol than when the extract was administered 2 h before
pyrogallol treatment. Different types of trauma such as tissue
injury and infections induce the AP response, a nonspecific,
systemic reaction that plays an important protective role (Ga-
bay and Kushner 1999; Noursadeghi et al. 2002; Gruys et al.
2005; Leendertse et al. 2009) and is characterizated by liver
production of a set of AP proteins (Heinrich et al. 1990;
Gruys et al. 1994). The administration of the C. coggygria
extract induced an AP response-like increase in the concen-
tration of the 2 examined AP proteins, Hp and a,M. Hp is a
haemoglobin-binding protein whose protective role is pro-
vided by restriction of oxidation through interaction with
free hemoglobin (Tseng et al. 2004), iron recycling, cathepsin
inhibition, regulation of the immune cell response, and role
as a chaperone (Huntoon et al. 2008). a,M is a tetrameric,
disulfide-rich plasma glycoprotein that functions as a nonse-
lective inhibitor of different types of nonspecific proteases
and as a carrier of cytokines, growth factors, and hormones
(Borth 1992). Previous studies have demonstrated certain sur-
vival benefits of a pretreatment with turpentine prior to sub-
sequent application of semilethal or lethal stimuli
(Noursadeghi and Cohen 1999; Hochepied et al. 2000; Nour-
sadeghi et al. 2002). Also, we have documented the complete
survival and improved recovery of rats that were exposed to a
lethal dose of ionizing radiation, if they were pretreated with
purified rat o,M prior to irradiation (Mihailovi€¢ et al. 2009).
While the C. coggygria extract-induced increase in at least 2
studied AP proteins was lower than that during the full-
fledged AP reaction (turpentine-treated rats), it is clear that
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this process had an important role in attenuating the effects
of pyrogallol, since the 12 h pretreatment, which allowed for
the development of the AP reaction, was more effective than
the 2 h pretreatment, when the AP reaction was in its early
stage. We thus conclude that the pretreatment with the C.
coggygria extract 12 h before pyrogallol administration effec-
tively preconditioned the rat liver against the subsequent py-
rogallol-induced disruption of liver homeostasis. Our results
illustrate the considerable preemptive potential of the C. cog-
gygria extract to attenuate acute hepatotoxicity.
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Abstract

Background and Purpose: The purpose of this study was to determine
the possible antimicrobial and genotoxic effect of the methanol extract ob-
tained from the stem of the plant Cotinus coggygria Scop. (Anacardiaceae).

Subjects and Method: The in vitro antimicrobial activity of the metha-
nol extract of C. coggygria and gallic acid was examined on six different
bacterial species and Candida albicans, using the cylinder plate and macro
broth dilution method. The genotoxicity of the 5% methanol extract from
the stem of C. coggygria and synthetic gallic acid in a concentration of 5%
was tested on the eukaryotic model system Drosophila melanogaster using

the sex-linked recessive lethal (SLRL) test.

Results and Conclusions: The results suggest that the methanol extract
from C. coggygria showed antimicrobial activity against all test microor-
ganisms, on the other hand, synthetic gallic acid exhibited less antimicrobial
activity than methanol extract. Under our experimental conditions, the syn-
thetic gallic acid and methanol extract of the plant C. coggygria showed
genotoxic effects inducing increases in the frequency of mutants in both
postmeiotic (spermatids and spermatozoids) and premeiotic (spermato-
cytes) germ cell lines of eukaryotic species Drosophila melanogaster.

INTRODUCTION

lants are not only important to the millions of people to whom tra-

ditional medicine serves as the only opportunity for health care and
to those who use plants for various purposes in their daily lives, but also
as a source of new pharmaceuticals (7). So far the extracts of many plant
species have been examined for a number of biological activities, and
their antimicrobial, anti-inflammatory, antioxidant, antimutagenic and
cancer preventive effect have been partially described (2, 3, 4, 5).

Cotinus is a small genus of the family Anacardiaceae with two spe-
cies: C. coggygria Scop. (syn.: Rhus cotinus L.) and C. obovatus Raf,,
American smoketree. C. coggygria is usually either considered large
shrubs or small trees. It has a wide distribution from southern Europe,
the Mediterranean, Moldova and the Caucasus to central China and
the Himalayas (6). The flora of Serbia defines two varieties of C.
coggygria: var. laevis and var. arenaria (7). In folk medicine the plant is
used for its antiseptic, anti-inflammatory, antimicrobial, antihaemor-
rhagic, anti-diarrhea and wound healing properties ().

It has been suggested that gallic acid (3,4,5-trihydroxybenzoic acid)
and its derivatives are biologically active compounds which are present
in several plants. According to Westenburgez al. (9), Stathopoulou ez al.
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(10) and Antal ez al. (11) gallic acid had been previously
isolated from this species. This polyhydroxyphenolic acid
has been reported to be a free radical scavenger, as well as
an inducer of differentiation and apoptosis in leukemia,
lung cancer, colon adenocarcinoma cell lines and normal

lymphocyte cells (12, 13).

The objective of this study was to compare selected bi-
ological activities of C. coggygria methanol extract with
natural polyphenols as dominant constituents, versus the
biological activities of gallic acid.

MATERIAL AND METHODS

Plant methanol extraction

The plant material was collected from Rujiste on Ro-
gozna mountain in the North of Kosovo, in May-June
2007. The species was identified and the voucher speci-
men deposited (16178, BEOU) in the Department of
Botany, Faculty of Biology, University of Belgrade.

The air-dried C. coggygria stem (170 g) was broken
into small pieces 2-6 mm by using a cylindrical crusher
and extracted with methanol (500 mL) using Soxhlet ap-
paratus. The extract was filtered through a paper filter
(Whatman, No. 1) and solvent was evaporated. Dry ex-
tract (4.7 g) was stored in a dark glass bottle for further
processing.

Identification of methanol extracts

Total soluble phenolics compounds in the methanol
extract of C. coggygria stem were determined with Folin-
-Ciocalteu reagent (14) using pyrocatechol as a standard.
Methanol extract was soluted to a concentration of 0.02
g/mL. Of the soluted extract 0.5 mL was mixed with 2.5
mL of FC reagent (previously diluted 10-fold with dis-
tilled water) and 2 mL of NaHCOj; (7.5%). After 15 min of
stirring at 45°C the absorbance was measured at 765 nm
on a spectrophotometer (ISKRA, MA9523-SPEKOL 211).

The concentration of total phenolics compounds in
the C. coggygria stem was determined as mg of pyrocate-
chol equivalent g dry weight of extract, by using an equa-
tion that was obtained from the standard pyrocatechol
graph (15, 16). All samples were analyzed in triplicate.

Flavonoids fraction was precipitated according to
Alberto ez al. (17) by mixing 10 mL of the extract dis-
solved in methanol (0.02 g/mL) with 10 mL HCI (1:3)
and 5 mL of HCHO (8 mg/mL). After 24 h the mixture
was filtered through a filter paper (Whatman No.5).
Nonflavonoid components were determined from the
filtrate with Folin-Ciocalteu reagent, by using the same
spectrophotometric method as for determining total phe-
nolics concentration, absorbance was measured at 765 nm
on the spectrophotometer. Nonflavonoid content was ex-
pressed as mg of pyrocatechol per g of dry weight through
the calibration curve with pyrocatechol. All samples were
analyzed in triplicate.

Flavonoids content was determined from residuum of
the total phenolics and nonflavonoid content. Flavono-
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ids content was expressed as mg of pyrocatechol per g of
extract. All samples were analyzed in triplicate.

For the purpose of comparative analysis synthetic gal-
lic acid (Sigma-Aldrich) was used.

Microorganisms

Bacterial strains and yeast used in these experiments
were: Staphylococcus aureus (IPH), Bacillus subtilis (IPH),
Klebsiella pneumoniae (B26), Escherichia coli (ATCC
25923), Staphylocossus aureus (ATCC 25923), Microco-
ccus lysodeikticus (ATCC 4698) and yeast Candida albi-
cans (ATCC 10259).

All of the tested bacteria cultures were obtained from
the Institute for Health Protection (IPH) in Kragujevac
and the Faculty of Science, University of Belgrade, Ser-
bia. The identity of the bacterial strains and yeast was
confirmed in the Laboratory for Microbiology at the De-
partment of Biology (B), Faculty of Science, University
of Kragujevac and University of Belgrade, Serbia.

Antimicrobial activity determined
by the cylinder plate method

Petri dishes containing 10 mL Muller Hinton Agar
(for bacteria) and Sabouraud dextrose agar (for yeast)
with 1 mL volume of microbial suspension. For bacteria,
24 h old culture and for yeast, 72 h old, were adjusted
with sterile water to 6.5 x 10 CFU/mL for bacteria and 3
x 10* CFU/mL for yeast. The plates incubated at 37°C
for approximely 20 min until microbial overlay had dried
on the surface. Then sterile vertical cylinders were placed
alternatively on the Petri plates and samples of methanol
extract and gallic acid, respectively (150,300 and 500 pg)
were aseptically poured into the vertical cylinder using
micropipettes (18). The plates were subsequently incu-
bated for 24 h at 37°C for bacteria and 48 h at 28°C for
yeast. Negative controls were prepared using the same
solvents (5% DMSO) employed to dissolve the extract.
Amracin (100 pg for bacteria) and Nistatin (100 pg for
yeast) were used as positive controls. The diameter of
zones of inhibition was measured in mm. All experi-
ments were performed in duplicate.

Antimicrobial activity determined
by the macro broth dilution method

The minimal inhibitory concentration (MIC) (19, 20)
of the methanol extract was determined by the macro
broth two-fold serial technique. A series of two-fold dilu-
tions of the gallic acid and extract, ranging from 7.8
pg/mL to 500 pg/mL (in 5% solution of DMSO) was
prepared in Mueller-Hinton broth with the addition 0.1
mL of a suspension of the microbial spores (5.4 x 10°
CFU/mL for bacteria and 3 x 10* CFU/mL for yeast).
The MIC values were determined after 24 h as the lowest
concentration of the extract, which inhibited visible growth
of each organism. Amracin and Nystatin were chosen as
the positive control drugs for bacteria and C. albicans, re-
spectively. Negative control contained only 5% solution

of DMSO.

Period biol, Vol 113, No 1, 2011.
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Genotoxicity determination by
sex-linked recessive lethal (SLRL) test

The sex-linked recessive lethal test for mutagenicity
was carried out by the standard procedure (21) with labo-
ratory stocks of Drosophila melanogaster (obtained from
the Umea Stock Centre, Sweden).

The stocks were maintained and all experiments were
performed under optimal conditions (t = 25°C, relative
humidity = 60%, 12/12 h light/dark regime) on a stan-
dard nutritive medium for Drosophila (corn flour, yeast,
agar, sugar and nipagin to prevent the occurrence of
mould and infections).

Three to four day old wild type males of Drosophila
melanogaster (test group 1, N = 30) were starved in
empty bottles for 5 h and then transferred and exposed to
the 1% sucrose by methods of Lewis and Bacher (22) and
served as the negative control group. The other group of
individuals (test group 2, N = 30) was treated with 0.75
ppm ethyl-methane sulfonate (EMS) dissolved in 1% su-
crose and served as the positive control group. The third
group of individuals (test group 3, N = 30 males) was ex-
posed to the methanol extract dissolved in 1% sucrose,
while the fourth group of individuals (test group 2, N =
15 males) was treated with 5% synthetic gallic acid dis-
solved in 1% sucrose.

After 24 h treatment and further 24 h resting on the
fresh medium, males were individually mated to two-five
day old virgin Basc females (which made brood I). The
males were then remated in new vials with three new vir-
gins Basc females at two-three day intervals (thus creat-
ing brood II), to test all germ cell stages for the presence
of mutations. Males were then transferred again to the
fresh vials containing three Basc virgins (brood III).

The F, generation was examined for the presence or
absence of wild type males. All wild type males in this

generation contained the same treated X-chromosome in
hemizygous condition. Any recessive lethal on it will be
expressed before the adult stage and such males will not
emerge. Cells exposed in successive spermatogenesis sta-
ges, were tested for induced mutations (23).

Statistical analysis

Statistical evaluation of the antimicrobial data was
performed by Student’s t-test. The results are expressed
as mean * standard deviation. The frequency of sex-
-linked recessive lethal cultures was calculated according
the ratio between the numbers of lethal cultures to the to-
tal number of treated X-chromosomes. The total num-
ber of treated X-chromosomes is equal to the sum of le-
thal and non-lethal cultures. The significance of the
percentage difference regarding lethal cultures was ex-
amined by testing for big independent samples — testing
the difference between proportions (24).

RESULTS

In the methanol extract of C. coggygria (1 g), 62.50 mg
pyrocatechol equivalent of phenols was detected. Also,
46.76 mg flavonoids and 15.75 mg nonflavonoids were

TABLE 1

Total phenolics, flavonoids and nonflavonoid content of
the Cotinus coggygria methanol extract determined spectro-
photometrically with Folin-Ciocalteu reagent.

C. coggygria Total Flavonoids  Nonflavonoids
methanol phenolics  mg/g extract mg/g
extract mg/g extract extract

62.50 £2.55" 46.75£3.05" 15.75% 1.50"

*Expressed as mg of pyrocatechol equivalent per g dry weight
of extract
All measurements were repeated three times

Antimicrobial activity of the methanol extract of C. coggygria stem and synthetic gallic acid by cylinder plate method.

Microorganism Zones of inhibition (mm)™¢
C. coggygria extract Gallic acid Standard"

150 pg 300 pg 500 pug 150 pg 300 pg 500 pg 100 pg
Bacteria
S. aureus (IHP) 14£1.0 6+ 0.5 9+£0.5 0 0 0 26+ 1.0
B. subtilis 0 8+ 1.0 9+0.5 0 0 0 30+ 1.0
K. pneumoniae 0 0 10£0.5 10 1.0 13£0.5 0 31+£0.5
E. coli 29+1.0 15+£0.5 17+£0.5 29+ 0.5 31+0.2 30+ 0.5 36+0.1
S. aureus 15£0.5 19£0.5 10£0.5 9+0.5 9+ 1.0 10£0.1 32+£0.5
M. lysodeikticus 20+ 0.5 8§+ 0.5 18+ 0.5 18+ 0.3 19+ 0.5 0 40+ 0.5
Yeast
C. albicans 0 0 0 0 0 0 32+£0.5

*Values are mean £ S.E based on two replicates, zone of inhibition in mm
buyn P . ..
O" absence of antimicrobial activity
“Negative control (DMSO) was negative
4 Positive control: Amracin 100 pg for the bacteria and Nistatine 100 ig for the yeast
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detected in 1 g of dry weight of extract. Results of the de-
termination of total phenolics, flavonoid and nonflavo-
noid contents are given in Table 1.

The antimicrobial activities by cylinder plate method
of the methanol extract of C. coggygria stem and synthetic
gallic acid against the test bacteria and C. albicans are

TABLE 3

Antimicrobial activity of the methanol extract of C. coggy-
gria stem and synthetic gallic acid by macro broth dilution

method.
Microorganism Minimal inhibitory concentration
(ug/mL)
C. coggygria  Synthetic Standard®

extract gallic acid
Bacteria
S. aureus (IHP) 250 0 2.500
B. subtilis 125 0 1.250
K. pneumoniae 250 500 0.625
E. coli 250 0 0.625
S. aureus 250 500 1.250
M. lysodeikticus 250 0 1.250
Yeast
C. albicans 125 500 5

* Standard: Amracin 5 pLg/mL for the bacteria and Nistatine
5 ug/mL for the yeast

I oo . L.
""O" absence of antimicrobial activity

presented in Table 2, while the data of antimicrobial ac-
tivities by macro broth dilution method of the methanol
extract of C. coggygria stem and synthetic gallic acid were
given in Table 3. These results showed that the methanol
extract has higher antimicrobial activity than synthetic
gallic acid.

The genotoxic effect of C. coggygria methanol extract
(test group 3) and synthetic gallic acid (test group 4) are
shown in Table 4. Ethyl-methane sulfonate in a concen-
tration of 0.75 ppm (test group 2) was shown to be clearly
genotoxic, inducing significant increases in the frequen-
cy of mutations in all the three broods. The frequency of
germinative mutations induced by the C. coggygria ex-
tract in SLRL test is significantly higher than that in-
duced by sucrose as negative control (Table 4). Compa-
red to the EMS as a positive control group, the extract
induced recessive lethal X-linked mutations in all three
stage of spermatogenesis. On the other hand, the syn-
thetic gallic acid in the concentration of 5% induced sig-
nificant increases in the frequency of mutations in III
brood compared to the EMS, based on which we may
conclude that spermatocytes fall into and represent a
sensitive stage of spermatogenesis.

DISCUSSION

The use of a natural product with therapeutical prop-
erties has a long history. Plants are invaluable sources of
pharmaceutical products (25). Many plant extracts have
been used as a source of medicinal agents to cure urinary

Frequencies of SLRL mutations after treatment of Drosophila melanogaster males with methanol extract of plant C. coggygria
and synthetic gallic acid.

Treatment I brood II brood 2 III broods I+II+11I 2
No of lethal No of lethal No of lethal No of lethal
% of lethal % of lethal % of lethal % of lethal
Test group 1 300 252 821
1% Sucrose 5 6 16
negative control 1.67 2.38 1.95
Test group 2 265 140 598
0.75 ppm EMS 88 36 189
positive control 3221 25.71 31.61
Test group 3 269 252 805
5% C. coggygria 34 43 94
extract 12.64 17.06 11.67
Test group 4 134 96 360
5% Synthetic 13 16 41
gallic acid 9.7 16.6 11.4
(S 5.45%%** 5.72%%* 8.15%**
] 3.02%* 2.76%* 3.65%%* 5.42%%*
CEMS/extract 5.71%%* 7.57%%* 2.25% 9.09%**
tEMS/gallic acid 6.13%%* 6.25%%* 1.70* 8.4

Statistically significant difference: p < 0.05%; p < 0.01*";; p < 0.001%**

Frequencies that are not significantly different: p > 0.05
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tract infections, cervicitis vaginitis, gastrointestinal dis-
orders, respiratory diseases, cutaneous affections, helmi-
nitic infections and inflammatory process (26, 27).

Phytochemical investigation of the methanol extract
of plant C. coggygria led to the isolation of several pheno-
lic compounds (10, 28). Polyphenolic compounds are
known to have antioxidant activity and it is likely that the
activity of the extracts is due to these compounds. It is
suggested that polyphenolic compounds have shown anti-
carcinogenic effects and potential to prevent cardiovas-
cular and cerebrovascular diseases (29). Our results dem-
onstrate (Table 1) that in the methanol extract of C.
coggygria (1 g), 62.50 mg of pyrocatechol equivalent of
phenols are detected.

Many efforts have been made to discover new anti-
microbial compounds from various sources such as ani-
mals, microorganisms and plants. Plants possess antimi-
crobial natural products to protect themselves (30, 51).
Antimicrobial activities of various herbs and spices in
plant leaves, flowers, stems, roots or fruits have been re-

ported (32, 33, 34, 35).

The results obtained regarding the antimicrobial ac-
tivity of the methanol extract and synthetic gallic acid, as
evident from Table 2 and Table 3, showed that synthetic
gallic acid demonstrated lower antimicrobial activity than
methanol extract. In an amount of 500 pLg, extract was ac-
tive against all examined pathogenic and phytopatho-
genic bacteria with the inhibition zones ranging from 9
to 18 mm (Table 2). Very sensitive bacteria toward meth-
anol extract are E. coli (in amounts of 150 g and 300 pg
inhibition zones are 29 and 17 mm, respectively) and M.
lysodeikticus (150 and 300 pg of extracts produced inhibi-
tion zones of 20 and 18 mm, respectively). All phytopa-
thogenic bacteria were sensitive in the presence of the ex-
tract in an amount of 300 pg to 500 pug. The highest
concentration of the methanol extract of C. coggygria
(500 pg) showed the highest inhibition zones (ranging
from 9 to 18 mm). C. albicans was completely resistant in
the presence of all examined concentration of the plant
methanol extract.

Based on MIC values, the tested extract shows anti-
bacterial activity between 125 and 250 pLg/mL against all
tested pathogenic bacteria (Table 3). Although the MICs
obtained with the methanol extracts are high compared
with those of Amracine, in general between 125-250
pg/mL, these results are of interest since they have been
obtained with methanol extracts and are not a pure prod-
uct and could be considered to have good potency level.
Based on these results, it is possible to conclude that
methanol extract of C. coggygria has stronger antibacte-
rial activity.

In general, pure gallic acid showed lower antimicro-
bial activities than the methanol extract. From six investi-
gated bacteria gallic acid showed activity on four bacteria
species. Gallic acid (the concentrations are 150, 300, 500
pg/disc) showed strong antibacterial activity against E.
coli (36) with inhibition zones from 29-31 mm respec-
tively. For S. aureus the effect of gallic acid is 40—50% less

Period biol, Vol 113, No 1, 2011.

than methanol extract. The examined concentration of
gallic acid does not demonstrate inhibition effect on the
growth of S. aureus (isolate), B. subtilis and C. albicans.

The sex-linked recessive lethal test on Drosophila me-
lanogaster has been proved to be an excellent screening
test for the detection of natural plant’s mutagens (37). In
the present study, we examined the genotixicity of the
methanol extract of plant C. coggygria and synthetic gal-
lic acid using a short test for the detection of mutageni-
city in vivo conditions. According to the results, metha-
nol extract of plant C. coggygria in a concentration of 5%
induced sex-linked recessive lethal mutations on the X-
-chromosome of Drosophila melanogaster (test group 3,
Table 4) in both postmeiotic (spermatids and spermato-
zoids) and premeiotic (spermatocytes) germ cell lines.
For the purpose of comparative analysis we used syn-
thetic gallic acid (test group 4). Compared to the EMS as
positive controle group, this polyphenolic acid induced
significant increases in the frequency of mutations in III
brood (Table 4), based on which we may conclude that sper-
matocytes represent a sensitive stage of spermatogenesis.

The antimicrobial studies revealed that methanol extract
of C. coggygria is more effective against all tested microor-
ganisms than gallic acid. Therefore, the extract can be used
as an effective and safe source of antibacterial agent. On the
other hand, the results obtained in the investigation of
genotoxicity showed the genotoxic effect of the extract.

Reviewing the literature we found an increasing num-
ber of articles showing adverse effects of the drug. For ex-
ample, two antibacterial compounds, metronidawle and
furazolidone, were tested for their genotoxic effects in so-
matic and male germ line cells of Drosophila melanogas-

fer. The results show that metronidazole is only genoto-
xic at the highest concentration (100 mM) both in the so-
matic and germ line cells, whereas hrazolidone is geno-
toxic even at lower concentrations (38). Another example
is Ciprofloxacin, one of the best known drugs for the
treatment of many bacterial infections and widely used
in medicine. Ciprofloxacin is highly active in vitro against
a broad spectrum of Gram-negative and Gram-positive
organisms (39). On the other hand, i vitro genotoxicity
of Ciprofloxacin has been demonstrated with sister chro-
matid exchange and unscheduled DNA synthesis (40) and
in vivo genotoxicity with the micronucleus test (/) and
chromosomal aberrations (42) in lymphocytes of humans.

In conclusion, the results of this research showed that
total phenolics are important components of this plant,
and some of the pharmacological effects could be attrib-
uted to the presence of these valuable constituents. Fur-
ther work is required to establish if any other compo-
nents of this plant have any role in the activity of the C.
coggygria extracts. Also, further i1 vitro and in vivo stud-
ies are needed before definitive conclusions about the
mutagenic potential of C. coggygria can be drawn.
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Abstract—The genotoxic and antigenotoxic effects of Cotinus coggygria Scop. methanol extract was investi-
gated using the Drosophila sex-linked recessive lethal (or SLRL) test. The results presented here show that the
methanol extract of Cotinus coggygria in a concentration of 5% and artificial chemical agent ethyl methane-
sulfonate EMS (0.75 ppm) induce recessive lethal mutations on X-chromosome on Drosophila melanogaster
in all broods (I, I and III). Post-treatment with lower concentration of the methanol extract of Cofinus cog-
gygria (2%) was effective in reducing genotoxicity of mutagen.

DOI: 10.1134/S1022795411070167

The existence of experimental evidence about diver-
sity of chemical substances that are of natural origin and
their capability to achieve (realize) different biological
effects, because they can serve as a raw material in phar-
maceutical industry, are the reasons for more studious
approach in research of consequences of herbal metabo-
lit interaction with hereditary material.

The Cotinus coggygria plant is a small genus of the
family Anacardiaceae with two species: Cotinus coggy-
gria Scop. (syn.: Rhus cotinus L.) and Cotinus obovatus
Raf., American smoketree. Smoketree comes from
southern Europe, central China and Himalayas.
Plants in the family Anacardiaceae have a long history
of use by peoples for medicinal and other uses. Cotinus
coggygria it tradicionally belived to be usefil as an anti-
microbial treatment, used in the form of external
washes [1]. In the folk medicine Cotinus coggygria is
used as antiseptic, anti-inflamatory, antimicrobial,
antihaemorragic effects, wound-healing [2], against
diarrrhoea, paradontosis, gastric and duodenal ulcer
[3]. Extract of Cotinus coggygria is effective for
enhancing the elasticity of the skin and/or treating
wounds, including the inhibition of the appearance of
scars [4]. A yellow/orange dye can be obtained from
the root and stem and can be used for fabric dying. The
leaves and bark are a good source of tannins [5], which
can have influence on DNA function [6].

Chemical analyses of the plant Cotinus coggygria,
which is often used in traditional medicine, show that
is rich with polyphenols, flavonoids and tannins [7, 8]

! The article is published in the original.

and it is established that they can influence on bio-
chemical and physiological functions of living systems
that are on different leveals of complexity [9, 10]. Sci-
entific data confirm that this metabolits have antioxi-
dative, antiphugal and anti-inflamatory capability [11,
12], but there is little information about genotoxicity
and/or antigenotoxicity of the extract of this plant [6].

Test for sex linked lethals (sex-linked recessive
lethal test—SLRL) is short-termed, highly sensitive
and is used for detection of mutations on X chromo-
some in germinative cell lines of pre-meiotic (sperma-
tocites) and post-meiotic degress (spermatides and
spermatozoides) in the conditions of in vivo [13]. The
high correlation between carcinogenic and mutagenic
activity in SLRL test is the reason of its frequent using
in genotoxicity research. Hereditary changes are mea-
sured on non-treated offsprins (posterity) so that we
get a real hereditary effect, and microsome enzyme
reactions of the used model system, enable results
extrapolation that is danger estimation on man [14].

We have used SLRL test on Drosophila melano-
gaster for evaluation in vivo genotoxicity and antigeno-
toxicity of Cotinus coggygria extract, prepared in two
concentrations. For positive control and post-treat-
ment we used 0.75 ppm of EMS which is a proven
mutagene from alkilating agents class [15].

In this study we show results of investigations of geno-
toxic and antigenotoxic effects of Cotinus coggygria meth-
anol extract on mutagenicity induced with EMS on X
chromosome on Drosophila melanogaster males.
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STUDY OF GENOTOXICITY AND ANTIGENOTOXICITY

MATERIALS AND METHODS
Chemicals

The mutagen used in this study was EMS—ethyl
methanesulfonate in a concentration of 0.75 ppm and
1% sucrose was used as a negative control (Sigma-Ald-
rich, St. Louis, MO, USA).

Plant Material and Extract Preparation

The Cotinus coggygria plants were collected from
the place RujiSte from mountain Rogozna in the
North of Kosovo, in May—June 2007. The species was
identified and the voucher specimen was deposited
(16178, BEOU) at the Department of Botany, Faculty
of Biology, University of Belgrade.

The air-dried of Cotinus coggygria stem (1157 g)
was broken in the small pieces 2—6 mm by using a
cylindrical crusher and extracted with methanol (500
ml) using Soxhlet apparatus. The extract was filtered
through a paper filter (Whatman, no. 1) and evapo-
rated. The residue (32 g) was stored in a dark glass bot-
tle for further processing.

The sex-linked recessive lethal test was done with lab-
oratory stocks of Drosophila melanogaster (obtained from
Bloomington Stock Center, Indiana). One is Canton S
whose individuals have normal phenotype (wild type),
while Basc line flies are characterized with individuals
homozygous for a balancer X-chromosome which carries
two genetic markers: Bar (B) which produces a narrow
eye shape in homo- and hemizygous conditions and a
kidney shaped eye when heterozygous in females. Eye
restricted to a narrow vertical bar about 80 facets appear
in males and about 70 facets in homozygous females.
Heterozygous female has intermediate number of facets
(about 360) between homozygous females (about 70) and
wild-type (about 780). The character can be regarded as
partially dominant; white-apricot (w*)—changes the red
eye color into a light orange and is expressed only in
homozygous females and hemizygous males; scufe (sc)
—recessive mutation that reduces the number of tho-
racic bristles. This mutation is linked with the long inver-
sion on X-chromosome, which is necessary for suppres-
sion of crossing-over that could change the existing gene
combinations on the treated chromosome [14].

Text Procedure

Three days old Canton S males were starved in
empty bottles for 5 hours prior to treatment and then
transferred and fed in bottles with filter paper soaked
with solution of 0.75 ppm ethyl methanesulfonate for
24 h (positive control). After another 24 h of recovery
on the standard medium, each male was mated indi-
vidually to three Basc females, in 30 bottles, which
made I brood. After two days, males were transferred
to the new vials with three virgins of Basc line
(II brood), and after three days males were transferred
again to the fresh vials with three Basc virgins
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(IIT brood). These males stayed with females for three
days and were removed afterwards. Females were left
for five days to lay eggs and then they were removed.

The same procedure was used to solvent, 1%
sucrose that served as the negative control [15], while
0.75 ppm of EMS 24 hours prior to 2% methanolic
extract of Cotinus coggygria in the relaxation period
(within following 24 hours) was the test group for
antigenotoxicity (post-treatment). Another group of
30 males was treated with 5% extract of Cotinus coggy-
gria dissolved in sucrose.

After F, emerged, brother-sister matings were
allowed for several days and 10 pairs from each vial
were placed individually into the new vials. Each vial
would give the progeny of one treated X-chromosome.

In F, the phenotypes were scored according to the
eye color and shape. Absence of the wild type males
indicated the presence of recessive lethal induced by
the test substance (Figure).

The stocks were maintained and all the experi-
ments were done under optimal conditions (t = 25°C,
relative humidity = 60%, 12/12 h of light/dark regime)
on a standard nutritive medium for Drosophila (corn
flour, yeast, agar, sugar and nipagin to prevent mold
and infection).

The total number of treated X-chromosomes is
equal to the sum of lethal and nonlethal cultures, and
the frequency of sex-linked recessive lethal was calcu-
lated by the ratio of the number of lethal to the total
number of treated X-chromosomes. Testing of signifi-
cance of difference in percentage of lethals was done
by test for big independent samples (testing of differ-
ence between proportions [16]).

RESULTS

The results obtained for SLRL test are presented in
Table. The 0.75 ppm of EMS and 5% methanolic extract
of Cotinus coggygria induced significant mutations in X
chromosome of Drosophila melanogaster males. The fre-
quency of germinative mutations induced by those
chemical agents is significantly higher than the frequency
of mutations induced by sucrose (negative control).
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Frequencies of SLRL mutations after treatment of Drosophila melanogaster males with EMS and methanol extract of plant

Cotinus coggygria (post-treatment)

STANIC et al.

I brood £ II brood X II1 broods X [+11+ 111X
Treatment No of lethal No of lethal No of lethal No of lethal
% of lethal % of lethal % of lethal % of lethal
Sucrose 300 269 252 821
negative control 5 5 6 16
(1%) 1.67 1.86 2.38 1.95
Cotinus 269 284 252 805
coggygria extract 34 17 43 94
(5%) 12.64 5.99 17.06 11.67
EMS 276 201 146 623
positive control 91 67 37 195
(0.75 ppm) 32.97 33.33 25.34 31.30
EMS (0.75 ppm) 214 123 107 444
+ C. coggygria 52 16 22 90
(2%) post-treatment 24.30 13.01 20.56 20.27
10.79 9.10 6.11 14.50
foucrose/ EMS 2 <0.001#%* p <0.001%%* p<0.001%%* p <0.001%%*
5.45 2.53 5.73 8.61
tucrose/ €Xtract p <0.001%%* p <0.05% 2 <0.001%%* p <0.001%%*
7.53 3.55 4.52 9.23
toucrose/ DOSt-treatment » <0.001%%* p <0.001%%* p <0.001%** p <0.001%%*
fems/extract 5.84 7.50 2.00 9.05
p<0.00]#%* p <0.001%#%* »<0.05*% p <0.001%%*
fgms/DOst-treatment 2.17 4.45 0.84 4.15
p<0.05% p <0.00]%%* p>0.5 p <0.00]%%*

Note: Statistically significant difference: * p < 0.05; ** p < 0.01; *** p < 0.001.

Therefore, 2% methanolic extract of Cotinus coggygria
reduced the genotoxicity of EMS in two germ cell lines
(spermatozoides and spermatides) compared to the pos-
itive control. The results shown in table suggest that the
components that containing Cotinus coggygria (probably
the combination of phenoles and flavonoides) and pro-
moting anti-genotoxic activity in in vivo system of Droso-
phila melanogaster and might be considered as potential
agents for chemoprevention, as well as for fertility
improvement of the individuals.

DISCUSSION

Studies that are dealing with biological effects estima-
tion of chemical substances that are of natural origin,
confirm that some of them are strong natural antioxi-
dants, that can have antigenotoxic and anticancerogenic
capability [17] or to iduce apoptosis which can be impor-
tant in the treatment of various diseases. That is impor-
tant to study their possible hemopreventive potentials.

RUSSIAN JOURNAL OF GENETICS

In this study, methanol extract of Cotinus coggygria
stem was investigated for genotoxicity and anti-geno-
toxicity in males Drosophila melanogaster treated with
0.75 ppm of EMS. By phytochemical analysis, in the
methanol extract of Cotinus coggygria 62.50 mg of pyro-
catechol equivalent of phenols was detected, also,
46.76 mg of flavonoids and 15.75 mg of nonflavonoids
were observed in 1 g of dry weight of extract [18]. West-
enburg et al. [11] also shows that dominant compounds
in the ethyl acetate partition of Cotinus coggygria were
disulfuretin, sulfuretin, sulfurein, gallic acid, methyl
gallate and pentagalloyl glucose. Fractionation of the
methanolic extract from Cofinus coggygria was per-
formed by Stathopoulou et al. [7] and led to the isola-
tion of the sulfuretin, fisetin, 7,3',4'-trihydroxy-fla-
vanone, 5,7,4'-trihydroxy-flavanone, 4,2',4'-trihydrox-
ychalcone, 2,3-dihydro-fisetin, 2,3-dihydro-quercetin,
methyl gallate, 3,4,2",4'-tetrahydroxy-chalcone, quer-
cetin, 4',7-dihydroxy-flavanone and 4',7-dihydroxy-
2,3-dihydroflavonol. Polyphenoles and flavonoids are
the key extract components of this plant, and scientists

Vol. 47 No. 7 2011



STUDY OF GENOTOXICITY AND ANTIGENOTOXICITY

experimentally confirm that gallic acid, that is found
free or in tannin in numerous herbal species, can have
influence on the structure and the function of the
hereditary material [19]. Two phenols, gallic acid and
oleuropein induced a significant increase in micronu-
cleus frequency in Vicia faba while the four other phe-
nols (4-hydroxyphenyl acetic acid, caffeic acid, para-
coumaric acid and xeratric acid) had no significant
genotoxic effect. Olive mill waste water (OMWW)
genotoxicity was associated with galic acid and oleu-
ropein [20].

Our results confirm that methanol extract of Cofinus
coggygria, in a concentration of 5%, were shown to be
clearly genotoxic, induced sex-linked recessive lethal
mutations on the X-chromosome of Drosophila melan-
ogaster males in all three broods (Table). Since one of
the aims of this research was to testing the antigenotoxic
potential of the mentioned extract, the proven
mutagene was used for positive control ethyl methane-
sulfonate. The alkiltaing agent EMS is a very powerful
mutagene in almost all biological systems. Mutagenic
activity of EMS is proven for bacteriophages [21], bac-
teria [22], Arabidopsis [23] and Vicia [24].

Alkilating agents can induce mutations of different
types: transition, transversion and chromosome aber-
ations. They belong to a group of chemical mutagenes
which induce direct changes on DNA because they
react directly with the definite bases on it. This reac-
tion does not require an active DNA synthesis to
occur, but it requires DNA synthesis to be “fixed”
[25]. It is established with the precise methods of
molecular biology that EMS changes guanin into
ethil-guanin (adds ethyl —CH;—CH,-group), causing
mutations of the substitution type. Because of this,
instead of G-C pair, there is a A-T pair bases on the
DNA. Besides modification, they can “cut” few bases
from desoxy-ribosophosphate skeleton DNA—they
have clastogenic effect. They react with purins, pirim-
idins and phosphates [26].

The results from the Table clearly point out that
EMS, in concentration of 0.75 ppm, increases the fre-
quency of X-linked lethal recessive mutations in
Drosophila melanogaster in the all three broods, on all
three stages of gametogenesis.

Post-treatment results show that methanol extract
of Cotinus coggygria, applied after the acting of EMS
(in relaxation period), in lower concentration (2%)
can have inhibitory effect on mutagenesis of this alki-
lating agent. Antigenotoxicity, probably of polyphenol
constituents, appears in I and II brood because the
lower rate mutation, in relation to positive control, is
noticed in post-meiotic stagies: at spermatozoides and
spermatides. These data suggest that the reparation of
DNA damages, with the help of this extract, is stirred
up in haploid stagies of the gametogenesis. Also, it can
be concluded that this effect is temporarily (5 days
from use). Fedeli et al. [27] showed that tannins are
capable of protecting against DNA breakage at low
concentrations, while at high concentrations they
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could be genotoxic. Also, Birosova et al. [19] showed
that gallic acid inhibits mutagenic effect of sodium
azide in the concentration of 500 mg/plat.

Since the high level of damage in the DNA sequences
can have harmful consequences on organism, it is impor-
tant to keep both the exact mechanism of DNA replica-
tion and the normal function of enzyme complex for rep-
aration changes that appear in DNA spontaneously or
inductively with various agents [28, 29]. Based on our
results, we can conclude that methanol extract of Cotinus
coggygria, applied in lower concentration, can be impor-
tant for keeping the genetic stability of the organism, as
well as for fertility improvement of the individuals. The
phytopreparation with low concentrations had a antimu-
tagenic effect.
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Abstract — The genotoxic activity of methanol extract obtained from the stem of Cotinus coggygria Scop. and synthetic
gallic acid were investigated using the Drosophila sex-linked recessive lethal test (or SLRL test). In the tested methanol
extract of C. coggygria (1 g), 62.50 mg of pyrocatechol equivalent of phenols was detected. Also, 46.76 mg of flavonoids
and 15.75 mg of nonflavonoids were observed in 1 g of dry weight of extract. Methanol extract of C. coggygria in a con-
centration of 5% and 5% synthetic gallic acid were shown to be clearly genotoxic, inducing sex-linked recessive lethal
mutations on the X-chromosome of Drosophila melanogaster males in all three broods.

Key words: Cotinus coggygria, genotoxic activity, methanol extract, gallic acid, Drosophila melanogaster

INTRODUCTION

Cotinus is a small genus of the family Anacardiaceae
with two species: Cotinus coggygria Scop. (syn.: Rhus
cotinus L.) and Cotinus obovatus Raf., American smo-
ketree. Cotinus coggygria is a deciduous, polygamous
shrub or little tree up to 7 m tall. It has a wide dis-
tribution from Southern Europe, the Mediterranean,
Moldova, and the Caucasus to Central China and
the Himalayas (Novakovi¢ et al., 2007). Flora of
Serbia defines two varieties of Cotinus coggygria:
var. laevis with form atropurpurea and var. arenaria
(Josifovic et al., 1973).

Leaves and young branches are utilized for the
production of essential oil with a terpenic scent for
use in perfumery (Tsankova et al., 1993). Yellow/
orange color can be obtained from the root and stem
of Cotinus cogygria and can be used for fabric color-
ing. Leaves and bark are a good source of tannins
(Grieve, 1971).

In folk medicine, the plant is used for its anti-
septic, anti-inflamatory, antimicrobial, antihem-
orrhagic, and wound-healing effects and against
diarrrhoea (Demirci et al., 2003). The dried leaf and
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twig of C. coggygria are used in Chinese traditional
medicine to eliminate «dampness» and «heat», and
as an antipyretic (Huang, 1999).

Extracts of aromatic plants obtained using organ-
ic solvents or fluidized gasses, essential oils, fractions
and isolates of extracts, and essential oils are utilized
in flavor and fragnance, food, perfumery, cosmetics
and toiletries, fine chemicals, and the pharmaceuti-
cal industry and in therapy. They are used as such or
in diluted forms in the budding aromatherapy sec-
tor.

The objectives of this study were to identify
chemical components and investigate the genotox-
icity of methanol extract of the plant Cotinus coggy-
gria and to investigate the genetic effects of synthetic
gallic acid using the SLRL test.

MATERIAL AND METHODS
Plant Material

Cotinus coggygria plants were collected from the
Rujiste locality on Mt. Rogozna in Northern Kosovo
during May-June 2007. The species was identified
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and the voucher specimen was deposited (16178,
BEOU) at the Department of Botany, Faculty of
Biology, University of Belgrade.

Chemicals

Total soluble phenolic compounds in methanol
extract of C. coggygria stem were determined with
Folin-Ciocalteu reagent (FC) using pyrocatechol
as a standard. Methanol extract was soluted to a
concentration of 0.02 g/mL. Of the soluted extract,
0.5 mL was mixed with 2.5 mL of FC reagent (previ-
ously diluted 10-fold with distilled water) and 2 mL
of NaHCO, (7.5%). After 15 min of stirring at 45°C,
the absorbance was measured at 765 nm on a spec-
trophotometer (ISKRA, MA9523-SPEKOL 211).

The concentration of total phenolic compounds
in the C. coggygria stem was determined as mg of
pyrocatechol equivalent/g of dry weight of extract
using an equation obtained from the standard pyro-
catechol graph. All samples were analyzed in three
replications.

The flavonoid fraction was precipitated by mix-
ing 10 mL of the extract dissolved in methanol (0.02
g/mL) with 10 mL of HCI (1: 3) and 5 mL of HCHO
(8 mg/mL). After 24 h, the mixture was filtered
through filter paper (Whatman No. 5). Nonflavonoid
components were determined from the filtrate with
Folin-Ciocalteu reagent using the same spectropho-
tometric method as for determining total phenolic
concentration; absorbance was measured at 765 nm
on a spectrophotometer. Nonflavonoid content was
expressed as milligrams of pyrocatechol per gram

O OH

HO OH
OH

Fig 1. C.H,(OH),COOH; MW 170.12; 3,4,5-trihydroxybenzoic
acid (gallic acid).

of dry weight through the calibration curve with
pyrocatechol. All samples were analyzed in three
replications.

Flavonoid content was determined from the
residium of total phenolic and nonflavonoid con-
tent. Flavonoid content was expressed as milligrams
of pyrocatechol per mg of extract. All samples were
analyzed in three replications.

Synthetic gallic acid (SIGMA ALDRICH) was
used for comparative analysis (Fig. 1).

Genotoxicity

The sex-linked recessive lethal test for mutagenicity
(SLRL test) was performed with laboratory stocks of
Drosophila melanogaster (obtained from the Umea
Stock Center, Sweden). Canton-S line flies had a nor-
mal phenotype (wild type), while Basc line flies were
characterized by individuals homozygous for an X-
chromosome balancer carrying three genetic mark-
ers: Bar (B), which produces a narrow eye shape
in homo- and hemizygous conditions and a kid-
ney-shaped eye when heterozygous in females (the
character can be regarded as partially dominant);
white-apricot (w*), which alters the red eye color to
light-orange and is expressed only in homozygous
females and hemizygous males; and scute (sc), which
is a recessive mutation that reduces the number of
thoracic bristles [the given mutation is linked with
a long inversion on the X-chromosome, necessary
for suppression of crossover that could potentially
change the existing gene combinations on the treat-
ed chromosome (Lee et al., 1983)].

The stocks were maintained and all experiments
performed under optimal conditions (t = 25°C, rela-
tive humidity = 60%, 12/12 h light/dark regime) on
a standard nutritive medium for Drosophila (corn
flour, yeast, agar, sugar, and nipagin to prevent the
occurrence of mold and infections).

Test procedure

Three-day-old Canton-S males (test group 1, N =
30) were starved in empty bottles for 5 h prior to
the treatment, then transferred and fed in bottles
containing filter paper soaked with 5% methanol
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extract for 24 h. After another 24 h of recovery on
a standard medium, each male was mated individu-
ally to three Basc females in bottles, which yielded
brood I. Two days later, males were transferred to
new set of vials containing three virgins of the Basc
line (thus creating brood II). After three days, males
were transferred again to fresh vials containing three
Basc virgins (brood III). These males stayed with
females for three days and were removed afterwards.
Females were left alone for five days to lay eggs, and
then removed.

Another group of individuals of the same age
(test group 2, N = 15 males) was treated with 5%
synthetic gallic acid, the solvent 1% sucrose (test
group 3, N = 30 males) serving as a negative control
(Lewis and Bacher, 1968).

After F, emerged in all three-test groups, broth-
er-sister mating was allowed for several days, and
10 females from each vial were put individually
into new vials. Each vial would give the progeny of
one treated X-chromosome. In F, the phenotypes
were scored according to eye color and shape. The
absence of wild type males indicated the presence
of a recessive lethal agent induced by the test sub-
stance.

The total number of treated X-chromosomes is
equal to the sum of lethal and non-lethal cultures, and
the frequency of sex-linked recessive lethal cultures
was calculated from the ratio between the number of
lethal cultures to the total number of treated X-chro-
mosomes. Significance of the percentage difference
of lethal cultures was determined through testing for
large independent samples by testing the difference
between proportions (Petz, 1985).

RESULTS

In methanol extract of C. coggygria (1 g), 62.50 mg
of pyrocatechol equivalent of phenols was detected.

Also, 46.76 mg of flavonoids and 15.75 mg of nonfla-
vonoids were detected in 1 g of dry weight of extract.
Results of determining total phenolic, flavonoid, and
nonflavonoid content are given in Table 1.

The results of testing the genotoxic effect of
methanol extract (test group 1) and synthetic gal-
lic acid (test group 2) are shown in Table 2. In our
experiment, a 5% concentration of methanol extract
was shown to be clearly genotoxic, inducing sig-
nificant increases in the frequency of mutants in all
three broods (I, I1, and III). Also, 5% synthetic gallic
acid induced sex-linked recessive lethal mutations
on the X-chromosome of Drosophila melanogaster
males in all three stages of spermatogenesis.

DISCUSSION

Plant extracts and essential oils, as well as their
constituents, are used in the food, cosmetics, and
pharmaceutical industries (Stammati et al., 1999).
Extracts of many plant species have been examined
for a number of biological activities so far, and their
antimicrobial, anti-inflammatory, antioxidant, anti-
mutagenic, and cancer-preventive effects have been
partially described (Baricevic and Bartol, 2000; Miti¢
etal., 2001; Vujosevi¢ and Blagojevi¢, 2004; Faried et
al., 2007).

Phytochemical investigation of methanol extract
of the plant Cotinus coggygria led to the isolation
of several phenolic compounds (Stathopoulou et
al., 2007; Zduni¢ et al., 2007). Our results demon-
strate that in methanol extract of C. coggygria (1 g),
62.50 mg of pyrocatechol equivalent of phenols are
detected.

Phenols are very important plant constituents
because of their scavenging ability due to their
hydroxyl groups (Hatano et al, 1989). Phenolic
compounds may contribute directly to antioxida-
tive action (Duh et al,, 1999). It is suggested that

Table 1. Total phenolics, flavonoids, and nonflavonoid content of C. coggygria stem methanol extract.

Flavonoids
mg/g of extract

Total phenolics

Extract mg/g of extract

Nonflavonoids
mg/g of extract

(MeOH)

62.50 + 2.55 mg 46.75+ 3.05 mg

15.75 £ 1.50 mg
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Table 2. Frequencies of SLRL mutations after treatment of Drosophila melanogaster males with methanol extract of the plant Cotinus cog-
gygria and synthetic gallic acid (statistically significant differences: p < 0.05%; p < 0.01**; p < 0.001***).

Methanol extract of ~ Synthetic gallic acid

Sucrose-negative

Cotinus coggygria control
(TeSt group 1) (TeSt group 2) (TeSt group 3) tsucrose/extract tsucrose/gallic acid
Ibrood £ 269 134 300 5.45 3.02
No. of lethal 34 13 5 p < 0.001*** p <0.01**
% of lethal 12.64 9.7 1.67
II brood X 284 130 269 2.57 2.76
No. of lethal 17 12 5 p < 0.05% p <0.01%*
% of lethal 5.99 9.2 1.86
III brood X 252 96 252 5.72 3.65
No. of lethal 43 16 6 p < 0.001*** p < 0.001%**
% of lethal 17.06 16.6 2.38
I+II+1I0 X 805 360 821 8.15 5.42
No. of lethal 94 41 16 p < 0.0017%* p < 0.001%**
% of lethal 11.67 11.4 1.95

polyphenolic compounds have inhibitory effects on
mutagenesis and carcinogenesis in humans when up
to 1.0 g is ingested daily from a diet rich in fruits and
vegetables (Tanaka et al., 1998; Yoshida et al., 2000;
Tsuda et al., 2004).

From alcoholic extract of C. coggygria, gallic
acid and its derivatives methyl gallate and pentagal-
loyl glucose were isolated (Westenburg et al., 2000).
Polyphenolic gallic acid and its derivatives are bio-
logically active compounds present in many plants
(Kahkonen et al., 1999; Lee et al., 2000). They are
widespread in plant foods and beverages such as tea
and wine and are present in Cotinus coggygria, both
in the free state and as part of the tannin molecule
(Trpinac et al., 1983).

Many plants and herbs have potential anti-
oxidant activity. Gallic acid is a strong natural
antioxidant (Aruoma et al., 1993; Heinonen et al.,
1998; Khan et al., 2000; Zheng and Wang, 2001). It
was reported as a free radical scavenger and as an
inducer of differentiation and apoptosis in leukemia,
lung cancer, and colon adenocarcinoma cell lines,
as well as in normal lymphocyte cells (Inoue et al.,
1994; Kawada et al., 2001; Salucci et al., 2002; Sohi

et al., 2003). Several plant species with anti-cancer
activity have already been discovered, one of them
being Cotinus coggygria. Gallic acid from this plant
has been shown to display selective cytotoxicity
against tumor cells and to induce apoptosis in tumor
cells (Isuzugawa et al., 2001).

In the present study, we examined the genotox-
icity of methanol extract of the plant Cotinus cog-
gygria and synthetic gallic acid using a short test for
detection of mutagenicity under in vivo conditions.
Our results suggest, as evident from Table 2, that
the components of methanol extract of Cotinus cog-
gygria in a concentration of 5% induced sex-linked
recessive lethal mutations on the X-chromosome of
Drosophila melanogaster (test group 1) in all three
broods (I, II, and III). We used synthetic gallic acid
for comparative analysis (test group 2). This poly-
phenolic acid was shown to be clearly genotoxic,
inducing significant increases in the frequency of
mutants in both post-meiotic (spermatids and sper-
matozoids) and pre-meiotic (spermatocytes) germ
cell lines of the eukaryotic species Drosophila mela-
nogaster.

Employing in vivo experimental methods, the
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present study showed a significant genotoxic effect
of gallic acid on Drosophila melanogaster. Also,
methanol extract of the plant Cotinus coggygria
induced mutations in male germinative cells of this
eukaryotic species, while certain chemical com-
ponents (except gallic acid) in methanol extract
manifested a genotoxic effect. Further studies are
needed to prove the genotoxicity of these chemical
substances.
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TEHOTOKCHNYHO TECTUPAILE METAHOJICKOT EKCTPAKTA BUJBKE
COTINUS COGGYGRIA N TAJTHE KMCEJIMHE HA DROSOPHILA MELANOGASTER

CHEXAHA CTAHIR!, CAFbA MATUR!, CJIABUITA CONIYJU'R2, u TAFbA MVJIOIIEBN'R?

TMnecmumym 3a Guonozujy u exonoeujy, ITpupoono-mamemamuuxu daxynmem, Ynusepsumem y Kpazyjesuy,
34000 Kparyjesai, Cpbuja
Uncmumym 3a xemujy, [IpupooHo-mamemamuuu daxynmem, Yrusepsumem y Kpazyjesuy, 34000 Kparyjesau, Cpbuja

VcimTrBaH je TeHOTOKCMYHM epeKaT MeTaHOJ-
cKor excrpakra 6wmpke Cotinus coggygria M rajnHe
KJCe/IVHE BelITauykor rnopekna Kopuihemwem SLRL
tecta. [ToBehame HpekBeHIIMje IOTHO Be3aHNUX pelie-
CUBHMX JIeTajIa KOJl TECTMPAHNUX IPyIIa My>KjaKa eyKa-
puorcke Bpcre Drosophila melanogaster, y ogHOCy Ha

HeTaTMBHY KOHTPOJIY IIPECTaB/ba IO3UTVBAH Pe3yIl-
taT. CTaTUCTUYKM 3Ha4YajHE Pas3/iVKe yCTaHOB/bEHE 32
I, II u III nerno ykasyjy Ha NoOfijefHAKy OCET/bUBOCT
hemija mpemMejoTMYKOr M IIOCTMEjOTHYKOT CTYIIHba
criepMaToreHe3e Ha KOMIIOHEHTe METaHOJICKOT €KC-
TPaKTa U Ta/IHy KUCE/IMHY BEIITa4KOT ITOPEKIIA.
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