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1.1. Biljni flavonoidi

Flavonoidi su zbog mnogoR MQLK IXQNFLMD X SULWRGLALXIRNHM L
rasprostranjenosti u biljinomigiHW X SULY OD pL O L. BoBada shalbvjev/ W\ & IDYAD 0L
flavanoidi - sekundarni metaboliti bilaka=DaWLWQD XORJD IODYRQRLGD X E
pripisuje se njihovoj sposobnost K'Y D W Bl€ktvbBa’ slobodnog radikala, kelatnog vezanja
iona prijelaznih metala (B& Cu*, zr** i Mg?"), aktiviranja antioksidacijskih enzima i
inhibiranja oksidazgK D] D]L U JODYRQRLGL SUbD®QiferiviMiX VNXSL
VSRMHYD 4LURNR UDVSURVWUDQMHQLK X ELOMQRP FDUVYV
XNOMXpXMXiUL L LQKLELF &N RegdlBov, W E895\\SKKR U Gup@O8)P L F
Osnovhu VWUXNWXUX IODYRQRLGD p L{JC:G-CHHagnoend HeRiE D QV N L ¢
3-(2-hidroksifenil) proparl-RO 6WUXNW XU D V Dyistead(A GB)Dpokazaddpdld Q VN D
SLUDQVNLP SUVWHQRP & NRML VDG Upbtijeenisil. tNnelolkb N D ¢
osnovnih skupina: flavanoni, flavegioli (katehini), flavoni, flavor3-oli, antocijanidini i
LIRIODYRQL 'R GDQDV MH LGHQWLILDARDUPIDIQQR YLAH RG 1O

Slika 1. Osnovna struktura flavonoida. Preuzeto L] . D] D004

Strukturna raznolikost flavonoida rezultat je brojnih modifija@snovne skeletne
strukture koje uvjetuju reakcije hidrogenacije, hidroksilacijengtilacije hidroksilnih grupa,
dimerizacije, vezanja neorganskog sulfata i glikoligami hidroksilnih grupa (@ylikozidi) ili
flavonoidne jezgre(-glikozidi) (Web J).

Oko 90% flavonoida biljaka nalazi se u obliku glikozida (Swain i sur., 1979). Razlike
LIPHYyX SRMHGLQLK |0DYphR&e @ Qharffaciid RIGErojX $ Basporedu
hLGURNVLOQLK VNXSLQD SULURGL L VWXSQMX QMLKRYH D
QDMpHAaUH d8HUHU JOXNR]X QR ]JDVWXSOMHQL VX L JDODNWE
se nalaze u obliku-8-glikozida ili polimera(.D]D]L U Dokazano je ddlavonoidi
mogu inhibirati aktivnost enzima koji reguliraju proliferaciju stanica (Formica i Regelson,

]IDXVWDYLWL VWDQLpPpQL FLNOXV X RGUHYHQRM ID]L V
2



Ranelletti i sur., 1992; Plaumann i sur., 99 inducirati apoptozu (Plaumann i sur., 1996;
$KPDG L VXU WH VX VWRJD |DQLPOMLY SUHGPHW LVW

1.1.1.Apigenin

Kamilica MH MHGQRJRGL ®kMiD paM@irdcIQ@IDNYGRD LASBraceap W
visine 1560 cm, tankog i razgranatoorijena dvostruko perasto razdijeljenilistova,
PLULVQLK SRMHGLQDPQLK FYMHWQLK JODYLFD QD GXJLP V
OR4&AX D VDVWDYOMHQH VX RG GYRVSROQLK &AXWLK FMHYL
FYMHWLUD Q& povjenKprelm® dolje. Biljka cvjeta od krajeavnjado rujna na
RVXQpPDQLP SRaspdoxtpaijénBdD biljke je velika i nalazimo je u velikom dijelu
Europe i Aziji(Web 2.

.DPLOLFD UDVWH X FLMHORM +UYDWVNRMaHYD REUDDR
SROMVNL NRURY 3RVWRML QHNROLNR UD]hghaamekimy UV W D
nobile) L 1MHPDpPpND GCGhBEnrondld Fedutita imaju posebna ljekovita svojstva.
IDMFMHQMHQLMD MH 1MHPDpPpND NDPLQ@V\iteE bvrinvRatiideya P D aLUR
Sanjay, 2009).2NR VHNXQGDUQLK PHWDEROLWD SURQDYHQR
terpenoida i 36 flavonoidgJanmeya i sur., 2010) 1IDMYDAaAQLML ELRORANL DN
NDPLOLFH awka, H/HAYURR@RLGL NXPDULQL SROLIHQROL L SROI
kamaulen, seskviterpenske alkohole -bisabolol), seskviterpenske okside (bisabolol),
VHVNYLWHUSHQVNH ODNWRQH L NXPDULQH -bidahdldlQ LDULQ
bisabolol i kamazulen posjeduju protuupalno, antialergijsko, antibakterijsko, antipiretsko i
DQWLIXQJDOQR VYRMVWYR 1DMXSHpPpDWOMLYLMD UD]JOLND
ulje rimske kamilice prozirno je i bogato esterima, dok je W)eM H P kKajmiidé duboko
plave do plavel HOHQH ERMH NRMD SRW (adhiméyaR &anjag RAMMI) NDPD]XO'

Glavn sastopk FYMHWRYD NDPLOLFH VX SULMH VYHJD 10DY
luteolin, patuletin i kvercetinJanmeya i sur., 20L0Analize brojnih ekstrakata kamilice
potvrdile su da je apigenif-O-glukozid (AP-7-Glc) glavni sastojak kamilic€Janmeya
Sanjay, 2009)kao i njegovi brojni acilirani derivati pop#&P-7-(6 "-malonil-Glc), Ap-7- (6
"-acetitGlc), Ap-7-(6"-kafeoilGlc), Ap-7-(4 "-acetitGlc), Ap-7-(4"-acetil, 6 “malonilGlc)
(SYHKOLNRYD L VXU IMHNRYLWL VDVWRMFL L]J]OXpXM X
vode ili etanola/metanola kao otapdldanmeya i sur., 2010pokazano je da metanolni

ekstrakti imgu visoku koncentraciju apigenintO-glukozida zajedno s nekoliko polifenolnih



VDVWRMDND NRML XNOMXpXMX INeDIIHEGUKbXiId NJavhdya LiQ X O X
Sanjay, 2009)

Apigenin (4',5,#trihidroksiffavon MH ELOMQL IODYRQRLG SULVXWDQ
SRYUBKLSDGD VNXSLQL SROLIHQROD V SRWYUYHQLP DQ
svojstvima (Silvan i sur., 2010 Ross i Preedy2010. 'RND]J]DQR MH GD DSLJHQL
tumorske staice na apoptozutprogramiranustanipQ X VPUW % X GKUDMRWMWXH
naVWDQLpPpQL FLNOgavu GXazMZzbuyi Guv, 2ABX Aidigenin je obilno prisutan
X YRUX WUHEQMH QDEDXMH JSR&YHIX SHUALQIinNMHOHU ¢
QDSLWFLPD SaHQLpQLP NOLFDPD WH QHNLP ]DpLQLPD -HC
VH X ELOMQRP pDMX RG NDPLOLF WaNieahbL.cherfon@lIR(HEdkdyH L] V XK
i Blumberg, 2006)ASLJHQLQ MH SU®&inidu®isx., 200 X D WDNRYyHU L N
sastojak u pivuGerhauser, 20Q5U prirodnim izvorima, apigenin je prisutan kao apigenin
7-O-JOXNR]LG L NDR UD]OLPSYHK DIFNNRYDDIQLVXBHULYDWINRML
topljivost u vodi od osnovnog spoja i ostaiglavnom nepromijenjeni prilikom kuhanjRdss
i sur., 2002). 8WYUYyHQR MH GD VH DSLJHQLQ YUOR- EU]R F
JOXNXURQR]JLOWUDQVIHUD]H 8*7 $ X JOXNXUR]JLGQH L
WUDQVSRUWLUDMX X NUYL P L3XRUJD@ML PPOL QPO X:EIXWOKH SIX W
,VWUDALYDQMD R DSVRUSFLML L L]OXpLYDQMX DSLJHQLQD
SUHKUDQH XOD]JL X NUYRWRN pRYMHND OH\HU L VXU
apigenin ima velikK E LR U D&sB R Orgadizmu, jer se nalazi u oblik glikozidnih
NRQMXJDWD NRML LPDMX YHUX WRSOMLYRVW X YRGL RG
RUJDQL]PD WH QD WDM QDpLQ SRMDpDYD VYRM OMHNRYLW
ornitindekarboksiD] X HQ]JLP NRML LJUD YDaQX XORJX X SUROLIHUI
7DNRYyHU XWMHpPH QD XQXWDUVWDQLpQX NRQFHQWUDFLM
stanica od oksidativnog stresa (Myhrstad i sur., 2002).

ZERJ UD]QRYUVQRJ IDUPQMROR&WNRJ SRMHMHPH RG EU
NRPSRQHQWL NDPLOLFD MH SR]QDWD NDR XQLYHU]DOQL C
dezinficijens, antiseptik, bakteriostatik, baktericid i sedativ (Birth i sur., 1986).

,VWUDALYDQMHP X RNYLUX RYRJ GLSORPVNRJ UDGD aH
12 ekstrakata iz cvjetova kamilice (laMatricaria camomilla GRELYHQLK UD]OL
metodama ekstrakcijena normalne i tumorske stanige vitro, ovisno o0 primijenjenn

koncentracijama i vremenu izlaganja.



1.2.Kultura stanica

Kultura tkiva prvi put je opisana kada su Harrison i suradnici 1907. godine uspjeli
LIROLUDWL L NXOWLYLUDWL NUR] QHNROLNR WMHGDQD NI
embrija. Ta tehnika SLVDQD MH SUYR NDR X]JRM IUDJPHQDWD WNL
XPQRADYDQM thivikog/ R Q V M fYHDGHVHWLP JRGLQDPD SURA&AORJ \

SRpPpLQMX X]IJDMDWQLRDRL NSROMDXPU D ¢aXsBYRONSD | ¥ Nultif D 2
organa i kulturu stanicgCooper i sur., 2004

Careel je 1912. godineaveo VWHULOQH XYMHWH GD EL VH NXOWXU
NRQWDPLQDFLMD 7LMHNRP VOMHGHULK JRGLQD XWYUY
KUDQMLYH VDYWNRWHMH RSMMWPDEAQRI VDVWDYD PHGLMD ]D X
VWDQLFH X NXOWXUL ]D VYRM UDVW WUHEDMX WRpPQR Gt
aminokiselina, 8 vitamina, glukozu, soli i serum sisavd@agle 1955) Koncentracije svih

sastojagkaPRUDMX ELWL WRPQR GHILQLUDQH NDNR EL RVPRWYV

WODNX ILJLROR&NH RWRSLQH 2YDM RPMHU MH YDabDQ MHU

QL&D RG RSWLPDOQH VWDQLFH GHJHQHULUD MeXcija@ D NUDM

DPLQRNLVHOLQH GRYRGL GR ]DXVWDYOMDQMD UDVWD VWD

PHWRGD SULKYDUHQD WHN JRGLQH NDGD MH "XOEHFFR

tripsina. Standardizacija uvjeta kultivacije i uspostavafaQ LK OLQLMD D SRVHEQR

YHOLNRJ EURMD VWDQLFD SULNODGQLK ]D ELRNHPLMVND L
moderne tehnologije kulture tkiv&reshny 1987)



1.21. Rast stanicain vitro

Kultura stanica je kultura dobivena od dispergiranih stanica uzetih iz originalnog tkiva,

L] SULPDUQH NXOWXUH LOL VWDQLpQH OLQLMH 6WDQLF
djelovanjem enzima (tripsin) QDNRQ UD]JUSRHR Y QB QA QD VKDivirdluxu LOL VX
QRYLP ERFDPD ]D X]JRM 3RVWXSDN MH SR]QDW NDR ASDVLEL
SRpHWDN MH VWYDUDQMD VWDQLpPpQH OLQLMH 9ULMHGQR\
funkcijein vivo pHV W R M H, j&r jalljajuldd_pydbli@ilkarakterizacije uslijed promjene u
RNROLAX VWDQirB KPQWADRYPMX VH L RQGD NDWBsen®/DQLFH
PRIJX XPQRAUWWULDNFLMD VWDQLFH L VWDQLpPQRJ PDWULNVD
heterogenost i trodimenzionaM UKLWHNWXUX 6WDQLFH X NXOWXUL &LY
PHWDEROLpPNL VX DNWLYQH SUROD]JHUL NUR] UDJOLpPpLWH ID]
IDJL VWDQLpPQRJ FLNOXVD VH VWDQLpQD SRSXODFLMD QD
asinkiRQL UDVW $VLQNURQD VWDQLpQD SRSXODFLMD MH RQEL
ID]JL VWDQLpPQRJ FLNOXVD 1DNRQ SUHVDyLYDQMD PRJX VH
zastoja ili prilagodbe (lafpza), eksponencijalna faza ili faza logamskog rasta (letpza) i

stacionarna faza ili plat€faza Freshny1987).

)D]D |IDVWRMD SUDUHQD MH SULpYU&AULYDQMHP VWDQL!
XYMHWH 6WDQLFH VH XMW R DOIID MXQRH WIBkBpDGRIMiBME 224 W LY Q H
jelD]D XpHVWDOLK GLRED 9ULMHPH XPQRADYDQMD VWDQLFI
GLREH VWDQLFD GLREHQRJ FLNOXVD 8 RYRM ID]JL VH L
GXSOLNDFLMVNR YULMHPH 7 UL NUDMX HNVEROHQFLM
XVSRUDYD 8 VWDFLRQDUQRM ID]JL UDVWD EURM VWDQLFD \
ciklusa i ulaze u fazu mirovanja ¢GI1 D] D OHYyXWLP YLMDELOQRVW L SUHa
NDR L NRG VWDQLFD NRMH VH Gddy stagibnarietNdRandéimsdu dgeD FH X
XU0L X GLREHQL FLNg26MmIEFrafiRyORPHY AL V *



1.2.2.Razlike in vivoi in vitro
5DJOLNH X SRQDabQMX VWDQLFD L]JPHYyX NXw&LYLUDQLK V

1. 6SHFelibfe@kcije LIPHYyX VWDQLFD NDUDNWHULVWLpPpQH ]D
kultivaciji in vitro gube.

2. Invitro MH XYLMHN YUOR YHOLND IUDNFLMD VWDQLpPQH SR
RQD PRA&H SULND]JLYDWL NDUDNWHULVWLNH M#HGQRJ L
KHWHURWLSVNH ]QDpDMNH L]JXEOMHQH

3. 3UL XYMHWLPD NXOWLYDFLMH YUOR pHVWR QHGRVWDM?’
homeostatsku regulacijin vivo XJODYQRP RQH L] HQGRNULQRJ L AL
WH NRQWUROH VWDQLpQrhviedhegoeEvR® L]DP MH VWDELOQL

4. Energetski metabolizanin vitro uglavnom ide preko glikolize. Ciklus limunske
NLVHOLQH MR& XYLMHN MH IXQNFLRQDODQ DOL LPD QH

metabolizmu stanic@Veb 3.

1.3. Geni i nastanak raka

Rak se prviSXWD X pRY MH N BA50UCSgadma Qriye Hrista, apretpostavljase

GD OMXGVND YUVWD QLNDGD QLMH ELOD |]DawLUHQD RG Q
VWDQLPpQRJ UDVWD 1D]JLY UDBaNcerdR®@R]IQ IRMGH ONDdWoE @D N @ HU IRV
UD]OLpLWLK EROHVWL ,DNR VH SRMDYOMXMH L X GMHpMF
QMHJRYD VH XpHVWDORVW SRYHUDYD VD 4LYRWQLP YLMHN
SRUHPHUDMD WHPHOMQLK UHJXOD FIPNHVIIDIVK MPHH KADUQDLVIEDARD S B |
SUROLIHUDFLMD VWDQLFD O6WDQLFH UDND QH UHDJLUDM
QRUPDOQLK VWDQLFD RQH QHNRQWUROLUDQR UDVWX L C
EHQLJQL RG JORUXGQLK ReDz@ak daskdku neénomBILLprolitekdeiR U M
VWDQLFD X WLMHOX NRMD PRaH ELWL GREURUXGQD LOL ]
JORUXGQH WXPRUH &RRSHU L VXU ,(OWHJULWHW RU
RUJDQL]JPD L L]JPHYX RWIDOD]PDXRRBNRRIKPR VKYDWLWL
LQWHJULWHWD RUJDQL]PD 7XPRUVND VH SURJUHVLMD QDM
7UL VX YDAQH VNXSLQH JHQD YD&AQH ]D QDVWDQDN WXPRUD
]D SRSUDYDN SRAIHNKA@DND. XaPRQMD L VXU



6WDQLpPpQL FLNOXV UHJXOLUDQ MH QL]JRP JHQD NRML C
diferencijaciju. Toj skupini pripadaju prankogeni i tumor supresorski geni. Mutacija u
pro-onkogenima dovodi do pokretanja proceaeorigeneze, dok kod tumor supresorskih
JHQD GROD]L GR LQDNWLYDFLMH LOL JXELWND WLK JHQD G
(Mendelshon i sur., 2003).

1.3.1. Onkogeni

,VWUDALYDQMD WXPRUVNLK YLU X ¥ikogR MbguDdovestV X GD F
GR WUDQVIRUPDFLMH VWDQLFD L WLPH RPRJXULOD SUDYL
virusnih onkogena dobilaSR]QDMD R VWDQLPQUXR@INNXHRQRRIJHQL SU
X VWDQLPpQRM NXOWXUL ILEUREOPOUAND SLOHULK HPEULMD ¢

2QNRJHQL VX SURPLMHQMHQD LQDpLFD QRUPDOQLK V!
onkogenima. ProttRQNRJHQL VX XNOMXpHQL X SULMHQRV VLJQDO
GREUR RpXYDQL &WR XND]XMH QD QMLKRYX YiferacqRivVWw 9Da
GLIHUHQFLMDFLMX &abDPLMD L VXU -dnkogebaVnaxtgpuR P DO L
RQNRJHQL pLMD SRMDpDQD DNWLYQRVW GRYRGL GR UD]YF
uzrokovane mutacijamaL,OL SRMDpDQRP HNDUstathdl el whijdha JHsQno
MHGQRP DOHOX GD EL VH LVSROPMIR¥MHRZOODO.N ROQNRIHQD O0U

Aktivacija onkogena posiH VH QD WUL QD ptrapflokadjoxiWiD FL MR P
DPSOLILNDFLMRP 1DMpHaiuH PXWDFLMH VX W]Y WRpPpNDVW
]JDPMHQL GUXJLP D QDMpHA&AUL MH $ad INFRMWHU LPRWODIFAQPO XNORF
prijenosu sUQDOD V PHPEUDQH Ksuv,HPDO XPrvéa dobBrb Mdsani proces
aktivacije onkogena do koje dolazi zbog translokacije jest ulogayc onkogena u
%XUNLWWRYLP OLPIRPLPD L PLALMLP SOD]PRFLWRPLPD &R
translokacije u tumorima krvotvornog tkiva sankogem myc, bci2 i abl 8pHVWDOL
mehanizam aktivacije onkogena je i amplifikacija koja predstavlja prekomjaktivnost
QHNRJ JHQDi saD RDOODSURWRWLS WDNYLK SRUHPdlUDMD M
SURWRQNRJHQD V QD NURPRVRP NRG NURQLpQH PLMH
abl s genonmbcr na 22. kromosomu (Cooper i sur., 2004).

9HULQD mhQprbRihal dijelovi su signalnih putova koji reguliraju proliferaciju i
SUHALYOMHQMH VWDQLFH QDNRQ VWLPXODFLMH IDNWRUI
polipeptidni faktori rasta, receptori za faktore rasta, dijeloviunMt& DQLPpQLK WaJQDOQL
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ili transkripcijski faktori. Veliki broj onkogena kodira receptore za faktore rasta, uglavnom
proteintirozin-NLQD]H &RRSHU L VXU 2QNRJHQL PRJX G\
VXGMHOXMX X SULMHQRVX VLJQDOD |IDNtM@ddd) n& DMOND DQV
supresorske gene (Wynford i sur., 1991).

1.3.2. Tumor supresorski geni

.DNR RQNRJHQL GRYRGH GR SR UrHdjiH inistdrika Xumdra,DQLpQ
tumor VXSUHVRUVNL JHQL LPDMX VXSURWQX XOe&hanid NRQWU
XYMHWLPD LQKLELUDMX VWDQLpQX SUROLIHUDFLMX L QI
inaktivacija tumorsupresorskih gena dovodi do nastanka tumora (Cooper i sur., 2004).
Mutacija tumorsupresorskih gena ima recesivapLQ DN W M okowauimakiivaciu] aba
alela, GD EL VH XRpLR 3UprespiBkih §¥naP Bubitak jednog alela tumor
supresorsRJ JHQD RpPLWXMH V HetedDdetnodtk ELOM,D 8hg. Loss of
heterozigosity), na tom genskom lokusu, tj. ne dolazi do tumorskih promjemekdd
RQNRJHQD NRMLPD MH GRVWDWQD SURPMHQD VDPR QD MH!
VXU SURWHLQL NRMH NRGLUDMX YHULQD WXPRU V
SUROLIHUDFLMX L O LsuBresdraki prardihHighMitaju GiPAROQ LPQH SXWRYH
RQNRJHQL SURGXNWL VWLPXOLUDMX &RRSHU L VXU :
VXGMHOXMX X SRSUDYNX RaAWHUHQMD '1. OU&LU L VXU

Prvi opisani tumor supresorski genRé, nalazi se na drugom kraku 13. kromosoma.
Uloga proteineBRb MH X UHJXODFLML VWDQLPpQRJ FLNOXVD WDNR a
ID]X 3URWHLQ S MHGDQ MH RG QDMYDAaQLMLK WXPRU VX
nalazi se promijenjen ¥ L& H RoGumora. Nastaje od gena p53, koji se nalazi na kratkom
NUDNX NURPRVRPD ovuaLda L vxu WH GMH&ZXMH QD
VWDQLPpQRIGRIOWDMXHL UHSOLNDFLMX RAWHUHQH '1. 6WI
genoPD (NVSUHVLMD LVWRJ SURWHLQD YDabQ MH SURPR)
Sudjeluje u procex DSRSWR]H QD QPRI SRRV QEPWQDNVNUDQVNULSFLN
gena (npr.bax NRpL WUDQVNULSFLMX DQWRDSWSHWRREGH NLK JH
VWYDUDQMH SURWHLQD NRML VH YHaX QD UHFHSWRUH IDN\
OHQGHOVKRQ *HQ S VPDWUD VH pXYDURP JHQRPD L
]IDXVWDYOMD VWDQLPpQL FLNOXV X * HUMHQ VROP RD XmiWKR DWKX RIA
YHUD L]DJLYD SURJUDPLUDQX VPUW VWDQLFH OU&ALUO L VXU
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14 3URJUDPLUDQD VWDQLPQD VPUW

$SRSWR]D LOL SURJUDPLUDQD VWDQLPpQD VPUW NRQ\
]QDpDMDQ X HPEULRQDOQRP UD]WRRMP QLRRAED aODWELQAMX VKKRIP H
odraslim organizmima SURJUDPLUDQD VWDQLpPpQD VPUW MH X UDYQI
RGUaDYD EURM VWDQLFD X WLMHOX NRQVWDQWQLP 3UHGYV
QMH PRAH GRUL XPMMWHFDNMNP EWEHWQIDKMH VDVWDYQLFD X |
RG DSRSWR]JH QHNUR]D MH SRVOMHGLFD RaAWHUHQMD NRMI
2a48WHUHQD VWDQLpQD PHPEUDQD GRYRGL GR RVOREDYDQMEL
prostor, NOMXpXMXuUL L OL]IRVRPVNH HQJLPH &WR XJURNXMH X3
Apoptoza je reguliran8 RPRUX UD]JOLPpLWLK VLIQDOQLK SXWRYD RG N
anekipRWLpX VWDQLpPQR SUHALYOMDYDQMH &RRSHU L VXU

Stanice koje suUXaOH X DSRSWR]X NDUDNWHUL]JLUDMX UD]OL|
]QDpDMNH 8 DSRSWRWLpPpNLP VWDQLFDPD NURPRVRPVND '1.
NRQGHQ]JLUD L MH]JUD VH UDVSDG®DGU &DjeRE RBIBNGE VIRV L NV
WMHBDODRUIRORaANH SURPMHQH RpLWXMX VH X VPDQMHQMX
PHPEUDQH VDNXSOMDQMX NURPDWLQD X] MH]JJULQX PHPE
PLWRKRQGULMH QRUPDOQL D VWDQLpQD PHPEUDQD ]DGUS3
=DKYDOMXMXiL FMHORYLWRVWL PHPEUDQH VWDQLPQL VD
RUJDQL]DP PRAH XNORQLWL WDNYH VWDQLFH EH] RAWHUH
O U aLsu., 2004). Kaspaze ( engl. caspases = cyakpartate proteagepredstavljaju
NOMXpQH HQJLPH X SURFHVX SURJUDPLUDQH VWDQLpPpQH V
VYRMLP DNWLYQLP PMHVWLPD WH QD DVSDUWDWQLP RV\
kaspaze je inhibirati DNaze, koje su odgovorne za fragmengecgrine DNK (Cooper i sur.,

2004).

1.4.1.Vanjski put apoptoze

Signai SURJUDPLUDQH VWDQLpPpQH VPUWL DNWLYLUDMX U
X FLOMQLP VWDQLFDPD 7L VLJQDOL VWDQLPQH VPUWL VX
tumorske nekroze (TNF). Jedan od najbolgSLVD QLK pODQRY\DW\V 8 LR B IL WMH-ORAW
Fas.9H]DQMH OLJDQGD ]D UHFHSWRU )DV SRWLpH DSRSWR]X

10



2). Fas ligand se sastoji od tri polipeptidna lanca, tako da njegovo vezanje uzrokuje
trimerizaciju receptora. Kaspaza 8, koja je vezana zgtac@reko adapterske molekule,

DNWLYLUD VH WDNR GD VDPX VHEH SURWHROLWLpPNL FLMHS
V W D Q L p(Qoopat Puivy2004).

Fas ligand

Fas

G

g

00000000

€<S

!

— kaspaza-9

adapter

/

' . aktivna kaspaza-8

APOPTOZA

6OLND 5HFHSWRU.L9WWIQLH QCH. MPQGADL ]D )DV UHFHSWRU SRWLpPpH DSR
NDVSD]D 3UHX]HW Robpe LELIQZOARYHQR L]

1.4.2. Unutarnji put apoptoze

Sisavci nose uputu za sintezu cijele obitelji proteina (poroBida2), koji nadziru
FMHORYLWRVW PLWRK®&@ed BtH2 DjelujuHKEd inpioitbr R \iugi kao
DNWLYDWRUL NDV Sy glatork ageiRaQed P&lha bd glavnih inicijstih
kaspaza kod sisavaca je kasp@z&6 UHGLaAQMD X OR JDolsteljRa\dielov@me hd % F O
PLWRKRQGULMH NRML RYLVQR R SRGUDADMX RWSXaWDMX
procesu pokretanja programirane smrti stanice (Slika 3). U normalnim uvjetima, kada stanica
SUHALYOMDYD FLWRNURP F WPWRHPAWHRVMWH XX PHWWYRKRBGD
citokroma c, dovodi do nastamkpoptosoma (Apat/kaspaza aWR GDOMH UH]XOWLU
DNWLYDFLMRP QL]J]YRGQLK NDVSD]D L VPUUX VWDQLFH &RR
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citokrom ¢

APOPTOSOM  ~

—

Slika 3. Regulatori i efektori apoptoze.Signali VWDQLpQH VPUWL GMHOXMX LJUDYQR QD PL
repfOLUDMX p-DdbigiR YRPWESPEWDQMH FLWRNUDRMND ¥S DNMWLL BIRIWDURH |IFE8BSWR]:

S UL OD JFRp6perRsur] 2004

aktivna kaspaza-3

pro-kaspaza-3

143 'RIJDYyDML X SURFHVXYSDRRILPOMHL VP QW L

$SRSWRWLpPpNL SXW PRAHPR SRGLMHOLWL QD WUL ID]JH Ol

¥ Inicijalna faza
6WDQLFD SULPD SRGUDAaDMH L] RNROLQH L RYLVQR R R

IDNWRUL PRJX SRWDNQXWL VDP SURFHV RawtmoisRMH "1.
QHNUR]H 71) KRUPRQL FLWRNLQL WH EURMQL GUXJL
VSHFLILPQLK UHFHSWRUD QD VWDQLpPpQRM PHPEUDQL L ]DS
.OMXpQX XORJIJX LPD L SURWHLQ S &kB MbLza@dthH O X M H
VWDQLFX X * ID]JL VWDQLpPpQRJ FLNOXVD X NRMRM VH YU:
$SNWLYDFLMD SURWHLQD S PR4&H GRYHVWL GR SRSUDYND
]JDGUADYDQMH PXWDFLMH X JHQRPX L O btkugRMRIEmhicGdkoDNW LY
VH RAWHUHQMH QH PRaH SRSUDYLWL OUA&aL0 L VXU
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AKTIVACUJA APOPTOZE ZAUSTAVUANIE U G1 FAZI

s N
s - N\
/ / \
X |
\ J
\ /
< /

SMRT STANICE s e

Slika 4. Djelovanje proteina p53.28WHGHQMH '1. DNWLYLUD SURWHLQ S GD L]YUA&L ¢
3UHX]HWR L 8WdbBDJIJRYHQR

% )D]D L]YUAHQMD

UlaskomuovulD]X SURFHV VH GDOMH QH PR&H ]DXVWDYLWL .C
VX NDVSD]H NRMH VH VLQWHWL]J]LUDMX NDR LQDNWLYQH
FLMHSDQMHP SRPRUOUX RVWDOLK NDVSD]D WH QD WDM QD¢
smrt stanice. Djelovanjem kaspaza dolazi do cijepanja DNK, kondenzacije kromatina i u
NRQDpQLFL GR VPUWL VWDQLFD :KLWH

¥, Faza uklanjanja

$SRSWRWLPpNH VWDQLFH QD VYRMR M- fedRavdilsetinQ kojggP DM X D
SUHSR]QDMX IDJRFLWL JRVIDWLGLOVHULQ VH QRUPDOQF
PHPEUDQH DOL WLMHNRP DSRSWR]JH GROD]L GRWDIDMH PRYR J
PHPEUDQH 7TDNR R]QDpHQD VWDQLFD SUHGVWDYOMD VL
XNODQMDQMD RAWHUHQH VWDQLFH EH] VWYDUDQMD XSDOQ
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15 &,/- ,675%$4,9%$1-%

Cili LVYWUD®bYRBMRGUHGLWL El2ReRsRakha cYdidv® Rawnilice
(Mattricaria camomila QD SDQHOX KXPDQLK L MHGQRM SVHiURM V!
VWDYOMHQ QD DSLJHQLQ MHGQX RG DNWLYQLK NRPSRQHC
LVWUDALYDQMX

1. utvrditi postoji li razlikD X XpLQNRYLWRVWL HNVWUDNWD FYMH\

koncentraciji apigenina u ekstraktima

2. RGUHGLWL SRVWRML OL UD]JOLND X FLWRWRNVLpPpQLP
apigenina i apigenina u ekstraktu

3. RGUHGLWL PHKDQL]DP VPUWL VWDQLFD L]J]ORAHQLK
FLWRWRNVLPpQLP XpLQFLPD

14



2. MATERIJAL | METODE
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2.1. MATERIJAL

2.1.1.Ekstrakt apigenina (4', 5, 7-trihidroksiflavon )

'YDQDHVW HNVWUDNDWD L] FYMHWRYD NDPLOLFH V U
(Slika 5) pripremljeni su u laboratoriju za izolaciju pri Katedri za biotehnologiju i
IDUPDFHXWVNR LQaHQMHUVWYR THKQROR&GNRJ IDNXOWH\

metocamakemijskeekstrakcije.

Za potrebein vitro LVWUDALYDQMD HNVWUDNWL VX RWRSOMHC
kao 25 mg/mL koncentrirane otopine. Neposredno prije primjene, pripremljene su radne
RWRSLQH VYLK HN\WQEpNdernwdzijebhiltdido $ijedi: 0,5; 0,2; 0,1; 0,01;

0,001 i 0,0001 mg/mL u sterilnoj destiliranoj vodi pri sobnoj temperaturi.

OH

HO O

OH O

Slika 5. Molekula apigenina (4',5, #trihidroksiflavon). Preuzeto iz web.4
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212.6 WDQLpPpQH OLQLMH

%LRORANL XpLQDN HNVWUDNDWD NDPLOLFH L DSLJH
MHGQRM SVHURM VWDQLpQRM OLQLML

+XPDQH VWDQLpPpQH OLQLMH VX
% Adenokarcinom vrata materniceléLa)
% .URQLpQD PLMHORLGQD OHK®PPLMD X EODVWLPQRM NU
% Limfom T zstanica(HuT-78)
¥ Bronhoalveolarni karcinomNCI-H358)

3VHUD VWDQLpPpQD OLQLMD MH

¥ Normalna epitelna stanica bubrega pd®CK-1) L]PH Yy X L SDVDaH

2.1.3.Kemikalije

¥ Dulbecco modificiranEagleov medij (DMEM), Roswell Park Memorial Institute
medij (RPMI 1640 Lonza(Basel, Switzerland)

¥ FHWDOQL JRYHYVOQ,28% tdpsian EDTAGNapiruvat i antibiotikantimikotik
100x GIBCO Invitrogen (Paisy, Velika Britanig)

¥, Tripansko plavilo4-(2-hidroksietil}1-piperazinetansulfonska kiselind EPES, 3-
(4,5dimetiltiazol2)-2,5difeniltetrazoliumbromid MTT), L-glutamin,Natrij dodecil
sulfat SDS), standard apigeninaigme-Aldrich (St.Louis, SAD)

% Dimetil sulfoksid(DMSOQ); Acros oganics(New Ersey SAD)

¥ ApoAlert Annexin FITC Apoptosis Kif Clontech (CaliforniaSAD)

% PBS(Phospate Buffer Salizg@ufer pH = 7,41,37mol/dn?(M) NaCl; 0,027(M) KCI;
0,043(M) NazHPQy; 0,014 (M) KHPQOy); Kemika (Zagreb, Hrvatska)
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2.2.METODE

2.2.1.Kultura stanica in vitro

Stanice 8 X]JDMDMX X ERFDPD ]D X]JRM DNWLYR¢fSRYUAEL:
%' )DOFRQ 1MHPibkpbadru(IO &30 CELLIifeTM, JOUAN, Thermo Fisher
Scientific :DOWKDP 0% 6% X XYMHWLPBWDR&PQH O®LDDLMH VH
'0(0 L 530, PHGLMX RERJDUHQRP V IHWDOQRJ JRYHYI

'0(0 PHGLM ]D RGUaADYDQMH VWDQLFD VDGUA&L GRGDWL
FBSa, 2 mM Lglutamina i 100U/0,1 mg penicilin/streptomicin antibiét, dok DMEM
PHGLM ]D SRNXV VDGUA&AL VYH QDYHGHQH NRPSRQHQWH RV
DMEM mediju se kultiviraju stanice HeLa i MDCGK

RPMI medij je prikladan za kultivaciju N&H358, HUTF78 i K562. Ovaj medij za
RGUADYDQMH ¥WDWRLGEDAIX G/RIGDWDN WHPSHEDWXUQR
2 mM L-glutamina, 1 mM natrijpiruvata, 10mM HEPE& 100U/0,1mg penicilin
VWUHSWRPLFLQ DQWLELRWLND GRN 530, PHGLMD ]D SRI
penicilin/strepomicin antibiotika.

Ovisno o tome radi li se o stanicama u suspenziji 8T K562), ili adherentnim
stanicama (HeLa, MDCH, NCI- + SULPMHQMXMH VH UD]OLpLW SRVYV
SUHVDYLYDQMH VWODWDBDF i GKHUWRKLINW BEPEQRJI 3%6 NRNM
za uklanjanje zaostalog medija odnosno seruma jer serum inaktivira tripsin. Za odvajanje
stanica od podloge dodaje se 0, 25 % tripsin/EDTA i inkubira oko 6 minuta bez tripsina.
Kada se stanice odvoje od podloge prikupljaimalodatkom 5ml medija za uzgoj stanica.
Stanicecentrifugiramo nal1000k/6 min na 49 6WDQLPpQH OLQLMH NRMH UD\
RGUADYDMX RGX]LPDQMHP GLMHOD YROXPHQD L GRGDYDQM
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22. 2GUHyLYDQMH EURMD YLMDELOQLK VWDQLFD X NXOWXI

THVWRP WULSDQ SODYLORP RGUHYyH QeDodivajdju SIRMPIREIIXO Q R V
tripsina i dobro resuspendiraju. Beojanje stanica uma se / prethodnaresispendiranih
VWD QL FDO,L3 % tripan plavila. StaniceesE UR M H S R P Rl«XUd¥eddiardé na
invertnommikroskopu (Zeis®\xiovert25 1MHPD@BENFH VWDQLFH V QHR&AWHUH
PHPEUDQRP QH SURSXaAWDMX ERMX WULSDQ SODYLOR WH V
koje su plavo obojaneo URM ALYLK VWDQLFDDRXODPHWYyHQ MH SRPRUX

% proj stanica\/4 x 3 =X x 10 stanica/cm

N +broj stanica, 4+broj polja u komorici, 3*IDNWRU UDJUMHYHQMD

0 stanice koje se ne broje

X stanice koje se broje
60LND  -Fowklddddca 3UHX]HWR L SULODJRYHQR ZHE

223 2GUHYLY¥DYWMRWRNVLPpQRVWL 077 WHVWRP

MTT test (Mickisch i sur, 1990), metoda je ksantitativno RGUHYLYDQMH VWD
SUROLIHUDFLMH RGQRVQR NYDQWLILNDFLMH DQWLSUROLIF
spojeva na stanice. Test se zasniva na nastank&E l pDVWLK NULVWDOD IRUPD]L
FLMHSDQMHP &XWH W H\@WD [Riiethtiazdytp)-2 0 F-difenilt@tdzolium
bromid) SRPRiUX PLWRKRQGULMVNRJ HQJLPD GHKLGURJHQD]H
SURSRUFLRQDODQ MH E pIRMpsKtiifororiétrijskvia @dlrejRiuljini od 570
QP SRPRUX PLNURpPpLWDpBerculehCOAUSA).2 5%
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Materijal: stanice (HelLa, MDCHK, NCI-H358, HuF78, K562), medij (RPMI,
DMEM), PBS, DMSO,10 % SDS s HCI (0,0M), tripsin/EDTA, 10xMTT koncentrirane
otopine

PostupaksWDQLFH VX QDVDYHQH QD PLNURWLWDUVNH SOR]|
]D X]JRM DGKHUHQWQLK VWDQLFD 6W D GstiflHu WKGpr@ VDY HQ
YROXPHQX RG L VWDQLpPpQH VXVIStdsthpgdkdtraktd Stanice su
RVWDYOMHQH VDWD GD VH SULKYDWH ]D SRGORAJX 1DNF
HNVWUDNWD NDPLOLFH RGQRVQR DSLJHQLQ®D 02;0,D]OLpLW
0,01; 0,001 i 0,0001 mg/mL. Kontrolnee tetiranestanice rasle su u istim uvjetima. Test se
SURYRGLR X YUHPHQVNRP SHULRGX RG L VDWD QDNR
MDALFX VH 6tRG®1xMTT/PBSkoncentracije 5 mg/mL. Potom slijedi inkubacija
od 4 sata u C@inkubatoru.Nastali formazanski kristali otopili su se dodatkom DMSO uz
ODJDQX WUHaAQMX Q D5 NREXRQ/RDMW\WHIXP R PIDWREXQERERBXXBIO
RAD, Hercules, CA, USA).

6WDQLFH NRMH UDVWX X VXVSHQ]LMkonQedtvaBijytk@®H VX QD
VW P/ X YROXPHQX RG / | VW De3thoy ekistrakt} \D8rha® LM H L
QDNRQ QDVDYLY DQ M DekatRkuDadponlyfithalil Sdnveéntrédiacb; 0,2; 0,1;
0,01; 0,001 i 0,0001 mg/mL. Nakon inkubacije u vemskom periodu od 48 i 72 sata, u
VYDNX MBIAGRGDQR /| 077 ),[ MEdy ©eFrié @latije jeb € radi o
stanicama u suspenziji. Potom slijedi inkubacija od 4 sata uirQbatoru. Nastali kristali
IRUPD]IDQD RWRSOMHQL VXXSUHNFRO QRULOX 5HBPX®OWDWL VX
P LN UR p(iM&rk, pB{O RAD, Hercules, CA, USA)pri valnoj duljini od 570 nm.
SUHALYOMHQMH WHVWLUDQLK VWdnGslu rakowtidllL ]UDPpXQDYD NDF

35(a,9/-(1-( 7T % -7 % |
" T = srednja vrijednost tretirane stanice
" K = srednja vrijednost kontrole

" B = slijepa proba

B (BLANCK) adherentne stanice = MTT 1:10xMTT/PBS), DMSO
B (BLANCK) stanice u suspeiji =medijbez stanica, MTT (10x koncentrirgri0% SDS
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224 $QDOL]D DSRSWR]JH SRPRUX IOXRUHVFHQWQRJ PLNURVN

Promijene u izgledu stanica koje nastaju uslijed potakmgeptoze i nekroze,
promatrane su vizuan®@ RPRUX |TOXRUHVFHQxW®RdREe P MET BAIINBS D
-HQD *PE+ -HQD 1MHPDpPpND SRYH]DQRJ VD UDpXQDORP L V
REUDGX VOLNH OLNURVNRS LPD VXVWDY RG ILOWUD NI
UD]J]OLpPpLWLP YDOQLP GXOMLQBPBR WRQPI | HEBHRM
HP QP 1 HEfF QP HP QP L I YLGOMLYR SRGUXpM

Princip metode Annexin \-),7& VH YHaH ]BerinR kojils&/ L. Gdrr@alnim
XYMHWLPD QDOD]L V XQXW U Dré QpoptordasfatibildétinprebREjsD QH 7 L M
V XQXWUDAQMH QD YDQMVNX VWUDQXR P HREIUDNDHHA H @ L QIVOHY
AnnexinV-),7& VH YHaH QHUIR\Q MDBRGMWRWLPpQLK VWDQLFD DOl
VWDQLFH aWR VH RpLWXMH NDRDHOBOR IS OXRW WNRFGHILGBWV H Y
QHNURWLpPQH VWDQLFH WH IOXRUHVFLUD FUYHQRP ERMRP

Materijal: HeLa stanice, DMEM, 1x PBS, AnnexinATC Apoptosis Kit,
propidij jodid (P1), apigenin standard

Postupak: stanice ukoncentraciji 1x10 stmL Q D V D $iHr@ Kteriino predmetno
VWDNOR QD NRMH MH SULpYUAUHQD VLOLNRQVND NRPRUL
IRUPLUD EDULMHUH L WYRUL MDALFD X NRMH VX QDVDYH
zdjelicu i stante su inkubirane kroz VDWD X LQNXEDWRUX SOLMHGB& L GLC
VD VWDQLFD MH XNORQMHQ PHGLM L GRGDQL VX HNVWUI

NRQFHQWUDFLMD SUL NRMRMNnddtracijameS(Tablicd Y)MSth@ideksuV W D Q
testirane u vremenskom periodu od 24 i 48 sati. Po isteku zadanog vremena uklonjen je
medij, stanice se ispiru PBS3n, te se ukloni silikonska komorica. Pripremljena je otopina
(2:0,5 Annexin/Pl), (70 /' N R RiR Wdncentracija Pl smanjena za 1,5 x u odnosu na
NRQFHQWUDFLMX NRMX SURL]YRYDPpLO/ XihttdJror8ku. A2 LFH V

stanica je provedena primjenom fluorescentnog mikroskopa.
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225 ORUIROR&NH SURPMHQH

Da bi se WYUGLOH PRUIROR&GNHHD SUWPMHBRBIP®D NRMH VX
ekstraktima kamilice 3, 7, i 11 primijenjen je invertni mikroskdlympus 1 x 51s Olympus
SR500 UZ fotoaparatom za vizualizaciju. HelLa stanice su testirane u vremenskom periodu
od 481 72 ata

Materijal: HeLa staniceDMEM, ekstrakti kamilice 3, 7, 11

PostupaksWDQLFH VX QDVDYVHQH sYmNRQPF H QAR [DHAKDIR L F [
su potom inkubirane kroz VDWD X LQNXEDWRUXSIBHIGHfl& GDQ GRGD
ekstraktiNDPLOLFH L 5§ kvnOavitidcainh B8i, & sab (Tablical). Kao
kontrola N R U L &8W He@diirane staniceKoncentracije 1G, L ]U D pX@ BaWwodnovu
SRVWRWND SUHALYOMHQD +H/D VWDQLpQH OLQLMH QDNRQ
perioda 48 i 72 sata. Ekstrakti i apigenin uddoncentraciji su primijenjeni za procjenu
DSRSWRWLpNRJ GMHORYDQMD L PRUIROR&ANLK SURPMHQD

Tablica 1. ICso (mg/mL) odabranih ekstrakata kamilice i standarda apigenina.

Flstrald (Can(maimi) (Caamgimi)
3 0,099 0,185
7 0,075 0,079
11 0,097 0,098
Apigenin standard 0,0083 0,0083
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2.26. Krivulja rasta

5DVW LVWUDALYDQLK VWDQLpPpQLK OLQLMD RGUHYHQ MH
MH X YUHPHQVNRP SHULRGX RG L VDWDBDUMNWDQLFH
komorice na invertnom mikroskopu (Zeksiovert25 1MHPDpPND

Materijal: stanie@ (HeLa, MDCK:l, NCI-H358, HuTF78, K562), medij (RPMI,
DMEM), tripsin/EDTA

PostupakstanLFH VX QDV DYy HQ HIOXORSRMLE haQ Q/RYTH- LMD.ALFH NRM
su potom inkubiraneX LQNXEDWRUX SUL. '0(P&PHGLM&RIH NRULa&WH
adherentnestanice a RPMI 1640 mediji za stanice u suspenzfidherentne stane, nakon
QDVDyL@Wevdsu 24 sata da se prihvate za podlogu. Nakon toga su tripsinom
RGYRMHQH RG SRGORJH D UDVW VWDQ tBNoj RabridiyuHQ MH E
vremenskom intervalu od 24, 48 i 72 saRaststanica u suspenzijiS U D U Hh@janerh
VW D QL F D 7xkddvojkerhodci 24, 481 72VDWL QDNRQ QDVDYLYDQMD

KRIVULJA RAST

60
=
»
g 50 /
7]
8 40
2 / —o—Hela
—
- 30 / —&—MDCKI
3
S 20 A NCHH358
7]
2 —e—HUT 7
g 10 uT 78
K562
0
0 24 48 72

vrijeme (sati)

Slika 12 Krivuljarasta. 6WDQLPpQL UDVW VYLK LVW U D& Wén@riskonVwrd@Qdd® U& OLQL M
L VDWD 3RpHWQL EURM QDVDYHQLK VWDQLFD MH VW P/ D GRI
10*/mL.
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2.2.7.0brada podataka

5H]XOWDWL LVWUDALYDQMD RGUHYHQL VX SRPRUX V
'LQGRZV Y

5H]XOWDWL LVWUDALYDQMD SUH]HQWLUD
RGJRYDUDMXiUH |DNOMXpPpLYDQMH R LVWUDALYDQLP SRMPRY|
srednja vrijednost i standardna devijacija+{8D). Provedena je neparametrsikaaliza
primjenom Kolmogorov6 PLUQRY WHVWD

6WDWLVWLpPNL ]QDpDMDQ X
RQDM NRG NRMHJ MH LJUDpXQDWD<W,06LMHGQRVW 3 ELOD PD
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3. REZULTATI

25



3L.ELWRWRNVLpPDNYWPDQRDWD NDPLOLFH RGUHYHQ 077 WHVW

%LRORANL XpLQDN HNVWWUDNHDQ MHNDPLRLOLURKKPDQH V
(adenokarcinom vrata materniceHeLas NURQLpQD PLMHORLGQD OHXNHPLM
K562, limfom T zxstanica- HUT-78; bronhoalveolarni karcinomNCI-H358)i jeGQRM SVHURM
VWDQLpPQRM OLQLML QRUPDOQH HSLWH B OMMDWLL FLH/ VE X E
FLWRWRNVLPQRJ XpLQND LVSLWLYDQLK7/iHRéxuNatUmikduyw D SULN
postotak rasta stvK VWDQLPpQLK OLQLMD X NRQFHQWUDFLMVNRP Ql
8RPHQR MH VPDQMHQMHRYMDEQ ® @ R VNARIY it @@ alEa L M H

,VSLWLYDQL HNVWUDNWL NDPLOLFH SRND]DO-Z8VX QDM
stanLp Q X Q@rhf@niaMDétanica 9HU QDNRQ VDWL 60GLIN®I2 D HNVV

NRQFHQWUDFLML RG PJ P/ L PJ P/ LIDJLYDMX LQKLELT
na kontrolne stanice. Ekstrakti -2i 10 SRND]XMX ]QDpDMDaR ilp KLELWR
NRQFHQWUDFLML RG PJ P/ '"MHORWYRUQRVW HNVWUDN

FLWRWRNVLPpDQ XpLQDN XRpDYD VH QDNRQ VDWD 6O0OLNI
potpunosti zaustavljaju rast stanica pri koncentracijach@,5 mg/mLi 0,2 mg/mL. Svi
ekstrakat u koncentracijamaQ imd R G PJ P/ SRND]XMX LQKLELWRUQL
20%. 1IDMYHUL FLWRWRNVLpQL XWMHFDM VH RpLWXMH GMHOR
koncentracijg0,1; 0,2 i 0,5 mg/mLpotpuno zaW WDYOMDMX VWDQLPpQL UDVW (|
L SRND]XMX VOLpDQ LQKLELWRUQL Xh0,@mdmIS BHstrbkR Q FH QW
SRND]XMH QDMVODELML LQKLELWRUQL XpLQDN QD UDV!
ekstrakata, prisvim & UDALYDQLP N RuQdvaveeuedskd tretfraiaD
6WDWLVWLpPpNL ]1QDpDMDQ XWMHFDM QD SUHALYOMHQMH

1IDNRQ K 60OLND F XRpDYD VH VQDAaDN)DWQKBBILWRIUA |
koncentracijama 0,5 mg/mi0,2 mg/mL GRN HNVWUDNWL L LPDMX ]QD
NRQFHQWUDFLML RG PJ P/ , VWL WUHQG GMHORWYRUQ

Svi analizirani ekstrakti prigncentracija od & mg/mL nakon 48 sati inhibira80-90 % k-

562 stanica da bi nakon 72 sata istoj koncentracijiLQKLELWRUQL XpLQDN SRVW
NUHUH V4949 @ktivnost ekstradta 1-4 i 7 kontinuiranose SRYHUDDAIMQRP
GMHORYDQMD GRN RVWDOL HNVWUDNWL PDNh48PsétP VYR M
QDNRQ pHJD VH VWDQLFH SRpLQMX RSRUDYOMDWL 1DMYH
pokazuju ekstrakti 3, 71 11.
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,QKLELFLMD VWDQLpQH SUROLIHUDFLMH NRG +H/D VWD
60OLND H SUL pHP X $h4njSj&)RSHRA L FARNOENCDDR dddaiirknim

ekstratima &aWR VH QDMYLaAH XRpDYD NRG NRQFHQWUDFLMD
QDM]QDPRLPRORMHQOXMH SUL NRQFHQWUDFLML RG PJ P/ JG
kod gotovo svih ekstr&ata manje od 50 %.7UHQG VPDQMHQMD VWDQLpPpQR.
SURSRUFLRQDODQ MH YUHPHQX L]ODJDQMD L QDNRQ
primijenjenoj koncentraciji kod ekstrakata 2 MH YHUuUL RG 60LNM@M | "Mt
ekstrakta 7inhibiran jerast tumorskih stanicaakon 72 satazlaganja dok ekstrakti 912
QDMYHUX DNWLYQRVWIi.SBWWQAXH HINRR YUWUPWQRP SRpPpLQN
QDMMDVQLMH SRND]XMX QDMYHUD NRQFHQWUDFdijskD RG
XpLQDN

Profil djelovanja ekstrakata na MDGK OLQLMX MHGQDN MH NDR NRG +
9HUX RWSRUQ®RVWD® & F D ndkerpdB-saihBgRzlaganja (Slika 7g), u odnosu
QD +H/D VWDQLFH DOL VH WD UD]JOLND JXEL h$jgljeSURGXa
SRVWRWDN LQKLELFLMH UDVWD WDNRYHU L]QDG NRG YH
QD VPDQMHQMH UDVWD QRUPDGQORIGQWR DR LY H PQWURBD @H& V
NRG REDGYD YUHPHQVND SHULRGIDN]OPD D@ MDY L MHD ©@ PQID/HE
koncentracije (0,2 i 0,5 mg/mLpobiveni rezultati pokazuju davisekstrakti prinijenjeni u
koncentracijama 0,5 mg/miL0,2 mg/mL, nakon 72 sata ]ODJDQMD L GDOMH VPDQI
S U H vajeO Bkstrakt7, pokazue QDMYH UL LQKLELFQMWNR YIR W HLQFN. RINDLO
XRpDYD YHU S UiLod\OR Qrighhkad kd)d-je Ivhst stanica inhibiran za “ i
nakon 48 nakon 72 sata tretmana.

&LWRWRNVLPQD DNWLYQRVW+HNWWUDINWOXNGRQDOMRHP C
XVSRUHGEL V GUXJLP VWDQLpPQLP OLQ L-BBRPdkazufd BgndDM QL SF
ekstrakti 3, 7, 11 pmijenjeni ukoncentraciji od 0,1 mg/mL. Ostali ekstraklip LQNRBMLWL VX
Y L aikgtivanim koncentracijama odnosno 0,5 mg/mL i 0,2 mg/ Postotak inhibicije pri
Q D M Yspiivaridj koncentraciji manji je ko 75 %. Nakon 72 sata izlaganja (Slika 7ij)i, p

PJ P/ XRpDYD VH QDMVODELML FLWRWRNVLPpDQ XWMHFDM
VWDQLpPpQH OLQLMH
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HuT-78, 48 h

. 150,00
* =
Yo 125,00
S 100,00
> 2
p 75,00
— c
>3 50,00
@]
p7p]
< 5 25,00
(@]
= 0,00
>
~ 2500
-50,00
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. | 11. 12.
0,0001mg/mL 95,12 | 82,85 | 84,95 | 87,48 | 97,30 | 86,63 | 86,74 | 93,13 | 83,63 | 75,83 | 80,87 | 79,05
0,001mg/mL | 88,58 | 78,10 | 78,77 | 86,38 | 95,46 | 86,35 | 85,18 | 86,94 | 86,76 | 79,14 | 74,33 | 76,93
0,0lmg/mL | 93,63 | 77,58 | 73,79 | 83,38 | 91,10 | 81,56 | 75,53 | 80,28 | 84,96 | 80,97 | 69,32 | 73,68
0,lmg/mL | 60,94 | 21,90 | 31,57 | 38,80 | 105,53| 68,81 | 88,15 | 64,86 | 51,48 | 34,39 | 28,19 | 27,24
0,2mg/mL | 26,66 | 15,17 | -6,31 | 46,38 | 59,44 | 60,42 | 62,37 | 65,40 | 15,56 | 23,91 | 2,14 | 24,20
0,5mg/mL | 24,74 | -12,85| 30,13 | 25,69 | 51,01 | 11,76 | 90,44 | 36,98 | 11,41 | -1,07 | 31,50 | -0,33
(78)
HuT-78, 72 h
0 150,00
M
2 125,00 -
H e * * T . * *
£ 10000 Tm T Tr T T T T Te—T—Tx
=9 - -
€ 7500 %
— C * T * *
> 2 50,00 T < T %
) O * * T * T * *
< £ 2500 * T* g T T * T T
-8 ** .rk* *k*k T* T * * 'l'* * % 'I‘k :\'r** * *
0,00 - - ' *
> ' T ! | T
S I T T T ! T - - T
S 2500 T T
| T |
-50,00
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. | 11. 12.
0,0001mg/ml 102,75| 107,30 103,39/ 105,48| 100,51| 96,56 | 100,26| 99,57 | 99,22 | 98,77 | 99,94 | 97,34
0,001mg/mL | 96,00 | 101,17| 103,65/ 106,90, 94,32 | 91,61 | 100,21 109,99| 98,99 | 96,72 | 98,71 | 97,77
0,0lmg/mL | 99,95 | 105,26| 97,52 | 107,17| 96,38 | 91,65 | 93,04 | 103,86/ 99,01 | 96,45 | 87,34 | 98,36
0,lmg/mL | 45,02 | 11,41 | -6,01 | 17,80 | 60,10 | 35,33 | 26,23 | 39,61 | 32,14 | 24,34 | -2,70 | 20,23
0,2mg/mL 2,81 | -8,68 | -36,89| 5,81 | 12,73 | 17,60 | -9,16 | 13,39 | -15,11| 1,74 | -22,19| 0,62
0,5mg/mL | -23,21|-38,67| -18,22| -13,63| 3,69 | -27,86| 26,90 | -12,89 | -24,21| -35,85 | -10,43| -30,11
(7b)
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K562, 48 h
™ 150,00
e
H g 125,00
T8 I
100,00 T TT T
—_ g TTT* T _* Tw- TT* T f TT.- TTT T TTT* T*T* 1:\- * X
- I |
> (%) 75.00 T-’: T T T T T T TT %
w S ! ' | l * ! ! v
<5 l T x T
o * T T
5 50,00 * * 1
o * * 'l' * T T *
< * T T T * * * * Hkk T
25,00 T * * X X Tk T* x T* T | TTT *
T - T T T o T T
0,00
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
0,0001 mg/mll 91,99 | 86,55 | 89,87 | 96,49 | 98,33 | 91,28 | 93,87 | 94,61 | 88,47 | 86,81 | 90,80 | 100,03
0,001 mg/mL | 88,78 | 80,41 | 85,52 | 91,11 | 91,24 | 79,37 | 86,30 | 90,13 | 87,47 | 75,54 | 72,14 | 80,33
0,01 mg/mL | 89,76 | 83,53 | 81,01 | 88,38 | 95,23 | 84,71 | 82,94 | 89,31 | 90,07 | 81,72 | 73,35 | 74,27
0,1 mg/mL 72,56 | 68,52 | 27,56 | 75,72 | 80,68 | 64,14 | 31,98 | 52,11 | 70,91 | 70,43 | 18,48 | 57,82
0,2 mg/mL 62,31 | 31,90 | 12,83 | 33,64 | 22,17 | 26,71 | 8,80 | 22,69 | 37,01 | 46,54 | 14,80 | 26,72
0,5 mg/mL 19,54 | 10,75 | 14,19 | 12,81 | 10,12 | 9,99 | 12,91 | 10,35 | 18,08 | 16,74 | 15,47 | 11,19
(7¢)
K562, 72 h
N
= 150,00
ye
_ -lg 125,00
= =% * ** ; * * :' * KX % **
100,00 fx—= * *—x Sk *ET *T. * * Fr—
Z % o ; T B CR i =0n
AT *r * TT: T T T *
> 2 g0 | TR | T S I - T
v o : ! | [ | I
<5 x * *
o 50,00 * | T * . | % *
3 L LI S g
S 2500 * T * T * I
- * t* * * * 'r* * T - T *
- - - - - -— - - ha
0,00
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
0,0001mg/mL 89,50 | 81,89 | 82,41 | 89,89 | 91,17 | 85,51 | 84,50 | 93,98 | 95,94 | 86,86 | 89,12 | 89,75
0,001mg/mL | 81,73 | 74,45 | 77,74 | 86,95 | 90,12 | 80,20 | 82,63 | 88,74 | 87,00 | 79,83 | 84,75 | 85,94
0,01mg/mL | 86,26 | 77,26 | 78,78 | 85,31 | 92,48 | 89,40 | 86,84 | 89,54 | 89,90 | 85,07 | 99,09 | 88,41
0,1mg/mL 77,57 | 68,80 | 19,62 | 74,28 | 90,36 | 75,78 | 28,83 | 65,29 | 79,07 | 93,22 | 22,20 | 67,27
0,2mg/mL 72,12 | 31,12 | 12,09 | 37,95 | 39,55 | 30,86 | 10,98 | 22,98 | 42,08 | 69,25 | 13,96 | 27,95
0,5mg/mL 12,35 | 6,28 8,19 6,32 5,78 5,67 6,15 6,41 | 14,10 | 10,04 | 8,68 6,46
(7d)
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HelLa, 48 h
%) 150,00
o * *
E * * * ** * *
Y S 12500 4 + T Ui TT TTT .TT TT : T
= T T- T T T
> -% ' ol * *% - * ) T *
— C N T — * * T T* - T
> = 75,00 x T T
[%2] T T * *
N 8 * * -I- *T *
< - 50,00 ¥ TT* % * = -i- T*
o T T . T T TT * T
> - T
2 25,00 . 1
0,00
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
0,0001mg/ml 117,45| 106,91| 122,17 | 104,86| 126,85| 99,84 | 120,63| 102,60| 110,74| 101,58| 120,09 84,64
0,001mg/mL | 104,72 111,51| 110,32| 117,44| 107,34| 121,91| 120,03| 113,87| 97,73 | 102,95| 106,53 | 105,76
0,0lmg/mL | 106,30| 118,85| 101,30| 111,69| 120,24 | 119,24| 112,35| 117,53| 101,11 113,38| 101,00| 108,51
0,1mg/mL 101,20| 104,81| 49,30 | 81,03 | 95,98 | 124,46| 37,49 | 110,19| 84,63 | 108,41| 48,37 | 108,58
0,2mg/mL 89,68 | 77,86 | 44,89 | 81,46 | 70,09 | 72,12 | 37,10 | 77,21 | 64,95 | 80,74 | 51,40 | 78,27
0,5mg/mL 65,05 | 35,92 | 27,53 | 24,37 | 32,84 | 31,62 | 10,60 | 20,95 | 41,91 | 51,18 | 27,93 | 35,04
(7e)
HelLa, 72 h
¥ 150,00
=
o)
H = 125,00
— 5 .|.
> X% T T T
100,00 = * 1 I ~ | =T
— C T Tpp, T- | | T T x T
T T T T T - * T
- RN A A T T AL
w Q7500 T N " . T _ :
c * * *,
< © T T * -|-T
o X T ot T
50,00 T * *
g * I
o\ * T * * * T T
=~ 2500 = , T T
| * * % T
T -~
0,00
1. 2. 3. 4, 5. 6. 7. 8. 9. 10. 11. 12.
0,0001mg/mL 90,21 | 90,69 | 82,44 | 84,64 | 95,91 | 87,34 | 85,95 | 87,92 | 82,07 | 94,53 | 97,20 | 86,89
0,001mg/mL | 98,26 | 88,03 | 84,53 | 84,35 | 85,49 | 96,18 | 88,72 | 86,87 | 75,06 | 83,88 | 100,55 90,49
0,01mg/mL 90,04 | 88,22 | 84,82 | 82,77 | 75,04 | 74,81 | 75,99 | 89,00 | 87,86 | 76,99 | 93,80 | 96,48
0,1mg/mL 87,19 | 81,00 | 58,53 | 78,83 | 76,73 | 79,10 | 39,33 | 81,16 | 82,86 | 79,53 | 49,07 | 77,47
0,2mg/mL 84,90 | 71,49 | 46,33 | 58,30 | 70,42 | 50,86 | 9,16 | 73,54 | 95,12 | 76,56 | 55,02 | 70,02
0,5mg/mL 74,92 | 18,34 | 19,48 | 18,60 | 13,54 | 7,84 8,90 | 13,51 50,83 | 63,07 | 29,15 | 28,41
(7f)
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MDCK I, 48 h

¥ 150,00
2 : :
Us 1250 . T A i . T
—/ O T T TT - TT T
>% 10000 TT-.-lT Ty ™ T T T TT "'-I-* T"'T'!' v T 7
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1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
0,0001mg/mL 106,44 104,75| 103,39| 98,91 | 109,04| 101,53 114,05| 101,52| 109,60| 100,19| 107,37| 96,91
0,001mg/mL | 101,84| 104,02| 105,26 100,65| 107,10| 108,55| 111,64| 112,29| 104,58/ 105,11| 111,53| 110,37
0,01mg/mL 98,32 | 112,68 110,10| 111,36/ 100,35| 110,81| 114,74| 106,02| 92,91 | 104,54| 108,73| 111,95
0,1mg/mL 94,10 | 101,63| 55,44 | 79,22 | 99,71 | 118,71 40,54 | 118,47| 88,99 | 96,37 | 63,02 | 97,70
0,2mg/mL 93,58 | 84,81 | 41,80 | 81,26 | 74,13 | 66,75 | 36,91 | 85,92 | 70,99 | 78,30 | 59,97 | 75,77
0,5mg/mL 74,93 | 48,39 | 26,03 | 30,63 | 27,03 | 35,99 | 15,66 | 23,46 | 57,61 | 61,31 | 35,12 | 43,38
(79)
MDCK I, 72 h
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Y e 12500 z x
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S T N . T - N
S L S . f 1
25,00 -+ x - T I = 2 - T !
0,00
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
0,0001mg/ml 97,85 | 101,50/ 106,63| 99,59 | 99,80 | 94,56 | 90,17 | 94,97 | 103,47| 99,51 | 106,80, 93,48
0,001mg/mL | 108,54| 110,00/ 115,00| 103,10/ 101,39| 110,98/ 99,09 | 93,29 | 105,78| 105,07| 114,69| 102,32
0,01lmg/mL | 104,91|108,68| 108,38| 113,10, 96,48 | 112,39| 99,87 | 96,60 | 99,81 | 102,31| 111,10 107,25
0,1mg/mL 107,56/ 112,61| 57,66 | 96,43 | 100,14| 107,63| 38,37 | 95,54 | 96,89 | 104,81| 52,29 | 95,77
0,2mg/mL 87,39 | 67,16 | 24,26 | 69,33 | 75,85 | 57,38 | 12,71 | 48,98 | 53,80 | 76,89 | 38,80 | 63,84
0,5mg/mL 38,78 | 16,16 | 14,89 | 14,77 | 14,40 | 16,66 | 11,40 | 12,59 | 21,05| 51,78 | 20,51 | 18,78
(7h)
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NCIH358, 72 h
¥ 150,00
=
Ue 12500
—3
> %
100,00 [+ x x
— C ' * T** *xF ﬁcT T ek * lT** T— * T x *
—_ * - ik % % * 'Pc
"2 o0 ks % TT v- M, = Tr P SR ¢
wn O ’ — * * * - T T
c - * T * *
< 5 T T - ‘_"':
S 5000 x x . x t |
* T** * - - * .
\g T T i * * bl T * N - o z
< 25,00 - -
0,00
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
0,0001mg/mL 98,27 | 94,47 | 81,31 | 92,83 | 91,52 | 85,64 | 86,41 | 94,10 | 95,85 | 88,46 | 86,04 | 83,36
0,001mg/mL | 99,74 | 83,96 | 83,02 | 80,50 | 82,52 | 76,91 | 78,45 | 86,85 | 92,79 | 81,11 | 74,02 | 78,49
0,0lmg/mL | 86,18 | 85,27 | 81,21 | 91,62 | 80,60 | 81,94 | 78,99 | 81,94 | 93,70 | 78,28 | 71,53 | 82,15
0,1mg/mL 68,44 | 77,11 | 39,97 | 79,93 | 82,95 | 72,14 | 36,74 | 79,80 | 63,81 | 60,99 | 42,28 | 72,54
0,2mg/mL 67,84 | 59,31 | 35,46 | 56,09 | 65,32 | 56,25 | 32,44 | 45,67 | 44,94 | 53,60 | 37,21 | 49,97
0,5mg/mL 35,63 | 27,81 | 35,67 | 24,11 | 26,06 | 28,82 | 24,18 | 21,73 | 38,08 | 35,46 | 39,09 | 31,64
(71)
6OLND &LWRWRNVLPDQ XpLQDN HNVWUD N D VWEDnakdn B2hODLFHUTI® VWD QL

nakon 72h; (c) K562, nakon 48h; (d) K562, nakon 72h; (e) HelLa, nakon 48h; (f) HeLa, nakon 72h; (g)

MDCK -I, nakon 48h; (h) MDCK-I, nakon 72h; (i) NCI-H358, nakon 72h. 6WDQLFH VX L]JORAHQH GMH
ekstrakata kamiliceu NRQFHQWUDFLMDPD L XPLQP/N 1MLK
RGUHYHQ MH PHWRGRPOYIZVQWHYRMDD XOWIDIQ MBI X WULSOLNDWX D UH]X
SUHALYOMHQMD RG GRAN@AR REYMDX R RKRMHAWKROQH VWDQLFH 6WDWLVYV
R]IQDpHQD MH*.YMH]GLFRP

1D RVQRYL UH]XOWDWD GRELYHQLEK AWWHWZaWRPsZa WRWRN
dDOMQMH LVSLWLYDQMD EQR(ARDNH BHNWWYUDPRWWN.L SRND]XM>
LQKLELFLMH VWDQLpPQRJ UDVWD QR UR&IkeQHF L \WWRXWRRUALY QK
aktivnosti ovisia je o tipu stanicai primijenjenoj koncentraciji Na osnovu reultata
prikazanih na Slici 74, MDV QR VH XIRé¢p D djBldtvErnastiekstrakata3, 7 i 11
Vidljivaje smanjpa YLMDELOQRVW VW JFHPDWIDFH MHQ NDH® DNVRY HU L X
SUL NRQFHQWUDFLMDPD RG L PJ P/ A&WR MH L VWD
IDMYHUL XpLQDN RpLWXMH VH SUL NRQFHQWUDFLML RG
0,0001mg/mL) samo neznatin kK WMHpX QD VPDQMHQMH UDVWD VWDQL
FLWRWRNVLPpQD DNWLYQRVW QBUuPRTS0 LLDQMHY N WD BILWQ M FONLDLLP
XRpHQ MH QD VWDQLBQRMHPLQIMH XHXNMWQDN SRYHUDQ V SU|
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izlaganja. K562 je jedako osjetljiva na sva tri ekstrakta neovisno o vremenu izlaganja i
SULPLMHQMHQRM NRQFHQWUDFLM EH338) 14 RojM SVR ti @KstvakiaV W D Q L
LPDMX LVWX GMHORWYRUQRVW X VYLP SULPLMHQMHQLP
MDCK-l SRND]XMX V&jskh DRRGURKRELSRWDNQXW DNWLYQRAEUX VY
V OLpQRVWedeldedgniem Bkstrakta Tijekom 72 sataizlaganja(Slika 71) (Slika 7h)

MDCK-, SRND]J]DR MH YHUX RWSRUQRVW X RGQRWMga@® +H/D \
(Slika 79, ali se tarazlikaguh SUL S U RrkubadijsRdrperiodu od 72 sata ( Slika 7h)

Ekstrakt 3 LJD]JYDR MH VWDWLVWLpPNL ]QDpEMQidsBURPMHQ
VWDQLPQLP OLQLMDPD D RVRELWR®D YCHIXNR P MM WNOLMPL YIRDWN
HuT-78 linjja (Slika 7a) NRG NRMH MH QDMYHiL FLWRWRNVLpPDQ XpL
0,2 mg/mL. IMHNRP GX&HJ YUHPHQDVDQYMXERBOMMIRIGJDQR MH L
LQKLELWRUQL XpL QD NijuQm2 sVaNrDkancen@acijesJRRO0,S hidJrbL, kod
HuT-78 (Slka 7b) VQDAQR LQKLELUDMX VWDQLpPQX SUROLIHUDF
S U H avayeo M

Ekstrakt 7 ima slabij inhibicijski X p L Qu® Nroliferaciy HuT-78 u odnosu na
ekstrakt 3 i 11. Nkeon 48 sati izlaganjéSlika 7a) VWDQLpQL UDVW QLMH ELR LQ
odnosu na kontrolu pri svim koncentracijama, ali nakon 72 ¢3lika 7b) smanjuje se
vijabilnost stanica R Y H u D @rvhieRjene koncentracg D VWDWLVWLpPpNL QDN
SURPMHQX XJURNXMH NRQFHQWUDFLMD RG SUHRAL PO MRWDQ |
IDMYHUX GMHORWYRUQRYV \(Blikda N&f )W MDOKW (SlikaFégh) /DVB B L Q H
linije, u odnosu na ekstrakt 3 i 11. Pri konceafjena od 0,2 i 0,5 mg/mL postotak
SUHALYMHOLK VWDQSIk&d7iPtH) PDQML RG

Ekstrakt 11 SRND] X M I LVAOR\W & N V®4s Qekstrakt 3, iako ekstrakt 11 ima
VODELML FLWRWRNVLPpQL XWMHFDM 5D ]Ji2koQDGKH HSBIR § HE DRG
izlaganja od 72 sataXpLQDN QD LQKLELFLMX VWDQLpPpQRJ UDVWD
HNVWUDNWD aAaWR MH RVHBEA(SIR ) D JODENKRL MWVRNA KL &, WD QL
(Slika7b; 7d) 1DMYHUL XWMHFDM Qe AMMPYDOMDHRDIMBIMBHVWOHO KR@ R Y D

pri koncentraciji od 0,2 mg/mL.
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311 5D]JOLNH X FLWRWRNVLPpQRP GMHi@ RwW&a kaXilice]iRODW D

standarda apigenina

8pLQDN L]JRODWD DSLJHQLQD GRELYHQRJ L] HNVWUDN
komercijalni standard apigenina prikazan je na S8iciBRpHQH VX BGDWRWRNXLpQL
X p L Q izbl&t&xijekomizlaganja od 72 sata & pékazuje isti obrazainhibicije raga stanica
NDR X SUHWKRGQR RSLVDQLP GMHORYDQMLPD UD]JOLpLWLK
VH SUL YHULP NRQFHQWUDFLMDPD RVRELWR SUL NRQFHQW
OLQLMH SRND]XMX QDMPDQML SRRWRWDND DORMEEX@AMADD 1
malignh V W OlinipaK562 i HuT- D QDMRVMHWOMLYLMRP VH VWDQL

HuT-78. NCFH358 opet se pokazao kao najmanje osjetljiva linija.

5H]XOWDWL GMHORYDQMD VWDQGDUGD DSLJHQLQD S|
GMHORYDQMD QD SUHALYOMHQMH VWDQLFD /HXNHPLMVNH
VWDQLpQH SUROLIHUDFLMH NDR aWR MH VOXPBDRp VWKNMNQ
normalnu MDCk, L WXPRUVNX VWDQLpPpQX OLQLMX +H/D JR\
NRQFHQWUDFLMDPD V EODJLP S$RSRYDQ M grkjdifehaV RW R N\
koncentracije. Djelovanje i na NCt NRML VH SRND]DR NDR QDMRWSRL
SRND]DOR MH GUXJD pta® M DV WX SHDRM NRMHR YNMORPHUFLMDOQL
LQKLELUD VWD®LpQQHIRV MV R& G ME.ONdjMarjeQeDosjetjiva K562

linija.
IDYHGHQH UD]JOLNH XSXuXMX QD WR iptak@®iEd YHQL L

XJURNXMH FLWRWRNVLPQRVW L VPDQMXMM SRWM R W PO\ [SLUM
QD XpLQDN NRPHUFafigghd@Q R GRVWXSQRJ
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Apigenin sandard- apigenin izolat, 72
75,00 * * % "
03 - I
e * T* 5 T *
H E 50,00 * T * - T * T * *
';‘ g - * . * - * * T % T
~ & 2500 ==t r |
> 3 v : ‘o
»w 2 0,00 = T=
< T
o
\3 2500 MDCK| NC} HUTF MDCK| NC} HUTF
< uF uF
HelLa | H358 K562 78 HelLa | H358 K562 78
Apigenin standard Apigenin izolat
0,1mg/mL 31,74 | 21,34 | 43,42 | 66,42 | 40,03 61,44 | 64,60 | 59,54 | 32,84 | 31,98
0,2mg/mL 28,13 | 16,45 | 29,81 | 55,35 34,61 54,57 | 60,13 | 44,43 | 19,79 | 0,13
0,5mg/mL 22,61 | 11,80 27,50 | 42,90 | 41,18 14,48 | 7,37 | 20,15| 1,53 | -6,34

Slika 8

%LROR&ANL XpLQDN VWDQGDUGD apfenitd @ lcgi@a XKanRliceQuROV X VQDQIL R W

linije: HeLa, MDCK -I, HUT -78, K562 i NCIF-H358. 6 W D Q L p Q HL [BOLRALHMHH VXM H O Rpiderinsl X VW D Q G
i izolata u vrenenuod 72 sata, pri koncentracijama: 0,5; 0,2; 0,Img/M@ALWRWRNVLpPpDQ ivapjeQDN RGU
077 WHVWRP X WULSOLNDWX D UH]XO WaaNa izlganih \étanldD & HdRasuM® R SRV YV
NRQWUROQH VWDQLFH 6WDWLVWLpPpNL ]QDpDMQD UD]JOLND S R]QDpD!

32Z2.0RUIROR&NH SURPMHQH QD +H/D VWDQLPQRM OLQLML

ORGHO ]|D SURPDWUDQMH PRUIRORANLK SURPMHQD GMH
ELOD MH VWDQLpQD OLZR NDY U HDVEesaVstDA8W 12 Rantrolne i
tretirane stanice su mikroskopiran&@ H] XOWDWL SRND]XMX MDVQR YLGON
NDPLOLFH QD SURPMHQX PRUIRORANRJ L]JJOHGD VWDQLFD

Smanjeni broj stanica nakon tretmana s ekstraktima u odreg&ontrolu ukazuje na

FLWRWRNVL D QBo@Namh@&Rakb QMIDPpDMQR MEHURRDQWBQLFD YHU

K X RGQRVX QD NRQWUROQH VWDQLFH D WLMHNRP GXaH
XpLQDN MRA MH YLGO ML YijaMtanita. G@anick gibe konflent& WdjR j© R
SULVXWQD NRG NRQWUROQLK VWDQLFD .DUDNWHULVWLpD
se najjasnije vidi nakon 72 sata (Slika 10 b) izlaganja kada stanice poprimaju ovalan izgled.
Ekstrakti 7i 11 dHOXMX QD VOLpDQ QDpLQ QD SURPMHQX VDPH P
XRpLWL L SUHPBRP YWVQMHE PRV LPD O6WDQLFH MRa XYLMHI
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NRQIOXHQWQRVW L NDUDNWHULVWLpPpDQ REOLN DOL SURGX
SRMDBL@RPMHQX PRUIRORJLMH VWDQLFD 1DNRQ VDWD
ekstrakata, jasno je vidljiva promjena u konfluentndstWDQLFD L SURPMHQED REOLN
XRpDYD GMHORY D Q Mi P2 Hdia(SUka DOWNDV WIU D N & je utjdtBoNR ¥
VPDQMHQ EURM L QDUX&AHQX PRUIRORJLMX VWDQLFD DOL
smanjen DOL VX SRMHGLQH VWDQLFH MR& XYLMHN ]JDGUADOH WV°

ICso YULMHGQRVWL RGDEUDQLK HNVWUDNDWD NDPLOLFH
XpLQDN &aWR MH YLGOMLYR L] YULMHGQRVWL X 7DEOLFL
QDNRQ K aWR VH YLGL SR GRELYHQLP YU Lgvor&rena VWLPD
YUHPHQD &WR LPSOLFLUD GD SURGXaHQD LJ]ORAHQRVW QL

K SRVWLAH VYRMX DNWLYQRVW %XSWXLIIQ GO M MN\RQEBEBRQW U I
kristalizacija koja se pojavljivala pri finalnim koncaestD FLMDPD RG L PJ P/ Q
na rezultat. Kod ekstrakta 3, 4CVH SULEOLaADYD NRQFHQWUDFLML RG
XRpHQD SULVXWQRVW NULVWDOD &WNRRWHD P/Ria BIRS\RRHR DVELY R

u odnosu na 48 h.
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Slika9 ORUIRORANH SURPMHQH ®WB/BHWD/QLFALIFDREHQH VX GMHORYDQM X
u koncentracijal kojima izazivaju 50 S U H auayestdnica ICso(Tablica 1) tijekom 48 sati i 72 sata).

kontrolne stanicey) ekstrakt 3¢) ekstrakt 7d) ekstrakt 11. Stanice su vizualizirane invertnim mikroskopom

Olympus 1x51 povezanim s Olimpus-SP 8= IRWRDSDUDWRP 3RYHUDQMH [
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33. B URDSRSWRWLPpNR GMHORYDQMH HNVWUDNDWD NDPLOLFI

3 UR D S R SdglBvanhjefeMsiRakata 3, 7 i 1l ICso koncentracijama testirano je na

HelLa stanicamaijekom 24 i 48 sata u usporedbi sa standardom apigenina kao pozitivnom
kontrolom.Kod stanica u apoptozAnnexin V-),7& VH YHAaH ]-Berirkuji &Wdla@iL O

na vajskoj VWUDQL PHPEUDQH D UH]XOWDW VH RpLWXMH NDR
Propidijev jodid (Pl) VH SULPDUQR YHAaH QD '1. XQXWDU MH]JUH &\
RERMHQMH &UYHQR RERMHQMH MH UDVSUGHQRASRLpRWDY
jezgrice. Preklapanje crvenog i zelenog signala jasno pokazuje razliku u lokalizaciji. Nikakve
]ODpDMQH PRUIROR4NH SURPMHQH QD WUHWLUDQLP VWDQL
AWR MH GREDU JQDN NRML XSXip4 Mptezematvne. VWDQLFH YLMDE

Nakon 24 satnog izlaganja (Slika 11), jasno su vidljivi apdptdN L QHNURWLpC
HOHPHQWL GMHORYDQMD NRML VX QDMMDpH L]JUBAHQL GN
SRWSXQL XpLQDN QHNUR]JH YLGOMLY NBIN@DNRXODKL XGWHH
VWDQLFD RVOLNDYDMXUL FUYHQR RERMHQMH NR&.H MH ]D
(NVWUDNW QDNRQ VDWD WHN |]DSRpLQMH SURFHV DS
IOXRUHVFHQFLMD RNR MRa XstanieH(Slik& MIH @ R)Y hed z#akd¥vél P E U D
QHNURWLPQRJ GMHORYDQMD 6OLND F 6OLND VH ]JQDDI
XJURNXMH YLGOMLY KLKQDNRHNU RS/R B Q/IRKWV I/ ) DAPdpioR i 6 O L N D
nekroa vidljive su i pri djelovan X HNVWUDNWD NRMHJ YWVvRé&hbstiRP QD CQ
RpLIOHGQR WUHED YLaH XpLlSRVOWL]IDQMH ]QDpDMQRJ
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Slika 10. ProapoptotLNR GMHORYDQMH HNVWUDNDWD NDPLOLFH QDelaH/D VWDC
VWDQLFH L]ORaH Qtanddrda &pigéhi@aRiYtd ekstrdkta kamilice primijenjenih w Wijednosti

(Tablica X). Nakon 24 sata na stanice je dodan AnnexiBINC i Pl. Za analizu proapoptatjpdl X p laQ N
primijenjen je Carl Zaiss fluorescentni mikroskapvidljivo svjetlo; b) Annexin \- ), 7 &exc Q Pen=525

nm (zelena fluorescencija)) 3, ¢x.= 488 Q P¢nr=612-617 nm (crvena fluorscencijal) apigenin standard

(pozitivha kontrola)2) ekstrakt kamilice 33) ekstrakt kamilice 74) HNVWUDNW NDPLOLFH BRYHUD(
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Slika 11. SURD SR SWRWHIDOPRWRDQMH HNVWUDNDWD NDPLOLFH QD. Heth/ D VWDQL
VWDQLFH L]JORAHQH VX G MHDIRI BKtMRa kawilx€ minijeaddih uSiCvrifednosti

(Tablica 1). Nakon 48 sati na stanice je dodan AnnexRINC i Pl. Za analizuSURDSRSWRWLpPpNRJ Xp
primijenjen je Carl Zaiss fluorescentni mikroskapvidljivo svjetlo; b) Annexin V-) , 7 &y Q P¢n=525

nm (zelena fluorescencija)c) 3, exc = 488 QP 7612617 nm (crvena fluorscencija)l) apigenin

standard (pozitivna kontrola)2) ekstrakt kamilice 3;3) ekstrakt kamilice 7;4) ekstrakt kamilice 11.
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4. RASPRAVA
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Kako su tumorska oboligp MHGQD RG YRGHULK XJURPQLND VPUW
SURQDYHQ SRVYH XpLQNRYLW OLMHN QDPHUH VH SRWUH
suzbijanju tumorskih oboljenja (Mendelsohn i sur., 2001). U svrhu pronalaska tvari s
PRJIJXULP XpLQFLPD QD WRRREVENULMXVWDWNLFD LVWUDAHQR N
(Matricaria camomillg, dobivenih u laboratorijza izolaciju pri Katedri za biotehnolipg i
IDUPDFHXWVNR LQaHQMHUVWYR X 1RYRRGBBGXW I&LXOMM QLD
ekstrakatavjeta kaniice na panelu humanitumorskih linija (HeLaNCI-H358,K562 i HUT
78) L MHGQRM 8drmbini Btada QMDCK). Flavonoidi pripadaju skupini prirodmi
SROLIHQROQLK VSRMHYD &4LURNR UDVSURVWUDQMHQLK X E
aktivnostf XNOMXpXMXuL L LQKLELFLMX UDVWD WXPRUD )RUPL
2008). %LOMQL IODYRQRLG DSLJHQLQ NRML MH MHGQD RG DNV
YDAQD MH NRPSRQHQWJIanmeyMitsw, RROIDBI|DI RItL@ kolevi koji se
nalaze u cvjetovima kamilice popkamazulerD VHVNYLWHUSH cbigabbl&l), DONRKF
seskviterpenskih oksida (bisabolol), seskviterpenskaktorea i kumarina (herniarin,
umbeliferon) LPDMX GRND]DQH E in@RBEINWHX X\ WOQ QH pQBenBeyRIO L IHUD |
Sanjay, 2009)Analize brojnih ekstrakata kamilice potvrdile su da je apig@rtrglukozid
(AP-7-Glc) glavni sastojak aYHKOLNRY D L d&ekstrakti kamilice koja raste na
UD]J]OLpLWLP SRGUXpMLPD VDGUAH UD]OLpLWH NROLDPLQH
antioksidativii protutumorsk svojstva (Silvan i sur., 2010

Rezultati ove studije pokazujuda elstrakti iz cvjetova kamiliceimaju UD]OLpLWR
FLWRWRNVLPQR GMHORY DQM HakpD48LiV7R LsklteizMdaaia stahiaD Q L p Q H
B8pLQFL HNVWUDNDWD ELOL VX RYLVQL R HUWQLIMWIDQLFD
0,001 i 0,0001 mg/mL) vremenuizlaganja Rezultatipokazujusmanjen postotak rasta svih
VWD QL p Q LgimihjehbrivkbncEntracijskom nizu od 0,5 mg/mL do 0,0001 mg/mL.
Proporcionalno smanjenje vijabilnostianica kod svih analiziranheVWUDNDWD XRpDYD
GYLMH QDMYL&aH SUL P bdi2Q 0/5h@gihLINdRdDitoHhekv UDdata hzlegania.

6 O IHp & p In® iNHibiciju rasta tumorskih stanigatre HePG2 SRND]DOD VX LVWUDaAL
apigeninu(2,7x10* +2,7x10% mg/mL) tijekomizlaganjastanica48 i 72 sataRezultati studije
Papachristou kur. pokazali su dekoncentracije odl,3x10% i 2,7x10° mg/mL uzrokuju
LQKLELFLMX VWD QDp D Rakob D2vsatddagBra Papachristou i sur2013.

Ovaj rezultat pokazuje dd SLIJHQLQ LPD ]1QDpDMD QkdhteamRéjard¥ LpDQ X
putamanjim od koncentracijeQDaLK HNVWUDNDWD L ]ODPDMDONRI
X p L @aDuyjabilnost stanicawangi sur. VX LVWUDAaLY D Qapldefind, Gn2&iaR L G D
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mircetina i kampferola na leukemijskim Hi0 stanicama ustanovili A DMYHUX LQKLELF
VWDQLpPpQH SUROLIHUDFLMH L]B]8RY HDBIQIMIPR QN REUFRISRWUUFD R
korelaciji sdjelovanjem Q M&kstrakata' Y LM H Q D M Y daéijel apideqriatd@2n xto

2,7x10° mg/mL, L]D]YDOH VX VPDQMHQMHO vomakenL4s Qdri Jzlaganjaw D ] D

(Wang i sur., 1999 2YH VSR]QDMH R XPLQEOXQRELPHRRQFHQWUDFL
mg/mL) od onih koje ¥ LPDOL QD&L HNVXIWbRWP/ XIXuXMX QDV

apigeninnMH MHGLQL VSRM X QDaLP HNVWUDNWLPD NRML SRND

IDMYHUD LQKLELFLMRB pVaBQraighiiR ¥ W DNYipaHUT-78 i
K562, a osobito HuT =~ 1DMYHUL XpLQDN LeRdrakteRR@F H Q \W IU [PF L NI D& H

koncentracije (0,01; 0,001 0,0001mg/mMLHFQDW QR XW M H pRXeQdliterdduvivh VWD QL
navodima, VD QLpQH & QHEBRH pripAdaju skupiniransformiranihlimfoblastnih

stanica. HU¥78 stanice s izolirane iz krvi pacijerst oboljenog od Sazarijevog sindronza

K562 L] NRAWDADPHFLMHQWLFH REROMHOH RG NUR@&H®H PLMH
RueladeSousa i sur X VYRMLP LVWUDALYDQMLPD FLWRWRNVLPQRJ
leukemijskih stanica, ustanovili su dpigenin]Q Dp DM Q L M H niij€ld{dniB (HLBO0 UD VW
K562) u odnosu na eritroidne (TF1) leukemijske stanice (Riel@e R XV D L V XU nas awl
dovodi u korelaciju srezultatom ove studije iL]lUDAHKQUNMHFDMHP HNVWUDND\
L VW U D & MWD @n¥eloidne leukemie K562. Nadalje, iV W U Ded LPLDVMRW RNV LPp QF
XpLQDNOLIHQLQD QD UD]JOLpPpLWH O Leultiatd j© BexeMikii MV N L K
DOQWLSUROLIHUDWLXQRLONRPSRSWRYRBNWM (Va@b PARFLWH Ol
2006). % URMQD GUXJD LVWUDALYDQMD SRWYUGLODke/X ELRO
stanice. Wang i supotvrdiisuGD DSLJHQLQ LPD JQDWQR YHUX FLWRWRN

flavonoida u izazivanju apoptoze leukemijskih stanica (Wang i sur., 1999).

UspoUHGERP FLWRWRNVLPpQRJ GMHORYDQMD VYLK HNVW
QDMMWDRBS B S djdbovahjp pbRazali suekstralati 3, 7 i 11 Najmanju dobivenu
FLWRW RKtiwiagb @kstrakta kanite na NCi + X XVSRUHGEL V GUXJLP
OLQLMDPD PR&A&HPR GRYHVWL X NRUH®OdpBrdstKowhDsta@iBaV D G D & (
na djelovanjekemoterapijskinspojeva(Winter i sur. 1992). NGl+ VWDQLpPpQD OLQLM
mutirani tumor supresorski gen p53ANRML QLMH X PRJXuQ RjgWdakG& WD N Q X
NRMH RGYRGH WXPRUVNH VWDQLFH X SURJUDPLUDQX VWDQ
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(NVWUDNW SRND]DR MH QDMMDY O OFE M\WRWXRAN QLI Q P<XDp L
11.Djelovanje ekstrakta 7 na Hua8, slabije je u odnosu na ostala @katrakta, ali pokazuje
YHUX GMHORWYRUQRVYWVODQ+H X LOL'@LMX RG HNVWUDNWD
SRND]DWHOM VX GMHORYDQMD UD]OLpPpLWLK VSRMHYD L] HN
ekstrakcije s naglaskom na apigenin kao jedduaktivnih komponenti! UXJL LVWUDALYDD
XYLGMHOL GD DSLJHQLQ L VW UWxN exddt RniddliRiG&fiodlODY RQR
SRND]XMX LQKLELWRUQL XpL QD Ntdéddu Blkenwskif staRamad.sD NW LY
naglaskomda apigeninL NYHUFHWLQ LPDMX MDpL XpLQDN RG NDPSIH
kaspaze L SRWLFDQMH DSRSWR]JH X OHXNHPLMVNRM -XUNDW V

7TRpDQ PHKDQL]DP GMHORYDQMD HNVWUDNDWD QD LQK
LVWUDALMBIQXMXYQYHQ DOL GRVDGDaAQMH VSR]QDMH XND]X
apigenina i srodnih flavonoidaledna studija potvrdila je utjecaj flavonoida apigenina i
kvercetina na inhibiciju enzima topoizomera®eR ML UHJXOLUD '1. QHSUDYLOQR\
metaboliaP OHXNHPLMVNLK VWDQLFD XNOMXpXMXiUL NRQWUROX
L VXU -R4 GDYQH . SRERRIDQAQYK GDXODYRQRLGL ND
LPDMX LQKLELWRitbQQ DX [PIDQDONQLP VWD QNDR LRW@L ®IIHM B A DD
OHXNHPLMVNH VWDQL38H UHWLWMHOQH VWDR®LFH LRDMX VQL:
SRYHUDQX UD]JLQX %D[ SURWHLQD aWR SRWLpH DNWLYDFLM
sur., 1975)Jedna od novih spoznaja o kojima su izfije Cao i sur., 2013, odnosi se na
FLWRWRNYVL [e@ftgeaind HtaRstama@ Mumora dojke T47D i MIB-231. Ovo
LVWUD&Xbh2ab @\GHD XOSLIJHQLQ XWMHpH QD DSRSWR]X L DXWRII
LQKLELUD DXWRIDJLMX L ot\WKu RKivieR. MdgprinYibazigd dritofegius W
stvaranjemD XW RIDJQL K Y D kX RoddenttaciERC8l AbBbazano je damgenin
LVWRYUHPHQR XWMHpH @ Dhibig RiGstieRlindzitoEkx a¥rRAKY hL ORX
signalniput koji je bitanu negativnoj regulaciji autofagije. Djelovanjeinhibitora autofagije
NDR &W/MR (BtHetiladeninlSRMDgeXYDQDN DSRSWR]JH 2YR LVWUDALY
RGUHYHQL NHPRWHUDSHXWILEVW.RYXUWHERHQ R XIiR MIDXiap R DOIVIX X
YDaQH LQ IAprevenEill Mastankaw XPRUD &DR L VXU 5H]XOWD))
ljudskoj promijelocitnoj leukemiji HE60, potvrdil su da flavonoidi induciraju gubitak
mitohondrijskog WUDQVPHPEUDQVNRJ SRWHQFLMD ©KomaWwRi GRYRG
citosol i aktivacije nizvodnih kaspazadN RMH SRWLpX 8WPR QLD REd) @il W
IODYDQRLG V SURDSRWSWLpPpNLP GWaHAZ Buy. D1QId)BlfpavijeviéV D N Q X W

spoznaje o utjecaju apigenina i srodnih flavonoida na tumastk@cei signalne puteve
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XNOMXpHQH X VPUWXISPOREMIQ QK \P\RD QLG BiéthodGaopidaninM H G D Q
SURFHVD SRWDNQXW GMHO R B QHREEPmMdgloQudtErdiK dafjNamV U D N D\

analizom

5HIXOWDWL LVSLWLY D QN §posoRridstRicdRkEIN LagopBieRuPHE EAQ
stanicama djelovanjem ekstrak&a i 11 SRWYUyYyXMX QMLKRY SUR®BRWSRWL
L V W U D ad_stani€aiiaDtumora dojke T47D i MDMB-231 (Cao i sur. 2013) i HelLa
stanicama(Xu i sur, 2011), koje sutretiraneapigeninom,potvrdila sSUSRMDpPpDQ DSRSWR\
XpLQidjy YHIDQMHP RELONMBDAKORI]ORHNYIL ,NRW UDVE L %D Q WU
potvrdila da flavonoidi imaju potencijal vezanja na ATP vezna mjesta velikog broja proteina,
]JERJ QMLK®S $IANPOstrpkiom aWR pLQL IODYRQRLGH NRQNXUH
proteirskih kinaza.Apigenin se pokazao kao inhibitor protairozinskih kinaza, koje nadziru
rast i diferencijaciju staniceRUelade-Sousai sur., 2000 3UHPD L]YMHA&AULP GUXJLK
utjecaju apigenina na tumorske stanmicata maternice + H/D PRAHPR SUHWSRVWD
RG PRJXULK SXWRYD L]DJLYDQ® B OS®RISMHR NRNR G/ R YLH DY WL
3UYD L]YMHaAuD R XWMHFDMX DSLJHQ L @igeQrDinkibraDasV WD QL F
VWDQLFD NUR] DSRSWRI]X QD QDpLQ GD GMHOXMH QD D
WUDQVNULSFLMX JHQABMINXMMXPEDXQLFS ]DXVWDYOMDQMD
VWDQLpPpQRJI FLNOXVD (ApaRilkaspazdh NERABFDOMNINYYV UH]XOWLUD O
aktivaciomnL]YRGQLK NDVSD]D L RGYRGL WXPRUVNH WWWIHPLH-FH X
na smanjenu ekspresiju B2lproteina,a NRML GMHOXMH NDR LQKLELWRU S
smrti (Zheng i sur., 2005).

RezultatiispitivanjD F L W R W Rp\peniaGRndavda i izolapepkazalisu UD]OLpLW
FLWRWRNYVL DR MNP HANGEHhin nije jedina aktivha komponenta u izolatu
DSLIJHQLQD 2YH UD]JOLNH PRJX ELWL XWMHFDM UD]JOLpPpLWL
HNVWUDNDWD &aWR QDV XSXUXMH GD X QD&aLP HNVWUDNW
XPLONRFLIHQLQVNL L]JRODW SRND]DR MH QDMYHUL SRVWHF
leukemijske stanice HUT8 i K562, a standard apigenina na HeLa i MDCKV W DI@ijup Q X
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(SLGHPLROR&NH VWXGLMH L]JYMHAWDYDMX GD KUDQD
SRILWLYDQ XWMHFDM QD J]GUDYOMH XNOMXpXMXuL VPDQM
$SLJHQLQ MH MHGDQ RG QDMYDAQLMLK ELRPNWELRGQLK ELC
PMHUL |[DVWXSOMHQ X REOLNX ELOMQRJ pDMD NDPLOLFH
apigenin posjeduje protuupalna, antioksidativha i antitumorske RMVWYD WH GD XV

QHNROLNR NOMXpPpQLK SXWRYD L N®QLHNRO MHNDY WRMH QLK S
XNOMXpXMXS8Hukla VGHFRaR201D)

Temeljem prethodnnavedenih spoznaja, apigenin i srodni flavonoidi imaju potencijal

]D GDOMQMH LVWUDALY DQ M Hi/ili tagapijskdRskedshidR NHPRSUHYHQW L
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5. GLAVNI REZULTATI
| ZAKLI 8V $.
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X

&LWRWRNVLPDQ XWMHF@nd striicaB R ¥ B sEHEEdOiioSalhiei ALY O M

SRYHUDQMHP NRQFHQWUDFLMH 8P iWbMEMQmaMYHIH NI
QDMYHiUL FLWRWRNVLPDQ XpLQDN NRSUV YpHP B QVDHD X]JHLUQ
SRYHUDQ SURGXAHQLP YUHPH Q¥ NP dvanaest RitiRaRin L]O D J T

ekstrakata kamilice

(NVWUDNWL L SRNDISRIO XPLOQOQRMTCHYLY LKQKVELWLYELC

u odnosu na kontrolne stanice

6 WD QLpQHT-TBL KebMpdkazalsu QDM Y H (i X RdjeMudive@eidstrakRty W
3,7i11, dokjeNCl-+ QDMPDQMH RVMHWOMLYD VWDQLpPQD OLC

(NVWUDNW SRNDQEREM A LMDXMWYWDR-Lp YRIDQD YD @LOQ LAV
.RPHUFLMDOQL L LIROLUDQL DSLJHQLQ SRND]JXMX UD]OI
QDMYHULP GLMHORPKEG KdkEbroeiijalno7dostupan apigenin nema
]ODpDMQX XpLSENRYLWRVW QD

5DJ]OLNH X FLWRWRNVLPpQRP GMHORYDQMX NRPHUFLMD
XSXUXMX QD WR GD DSLJHQLQ QLMH X SRWSXQRVWL pL
DSLIJHQLQD NRMD GMHOXMH FLWRWRNVLpPpQR

(NVWUDNWL L QDMYL&H XWMHpX QD SURPMHQX PRUI

Sva tri ekstrakta (3,7,11) dovode do apoptoze u HelLa stanicama sa naglaskom na
HNVWUDNW NRML SRND]XkbHdje@zaMey QDAQLMH SURDSRS\

48



6. LITERATURA

49



Ahmed N, Feyes DK, Nieminen AL, Agarwal R, Mukhtar H. 19%feen tea constituent
epigallocatechirB-gallate and induction of apoptosis and cell cycle arrest in human
carcinoma cells] nat Cancer Inst89:1881-1886.

Bevilacqua L, Buiarelli F, Coccioli F, Jasionowska R. 2004. Identification og compounds in
wine by HPLGtandem mass spectometAnnali di Chimica94:697%689.

Birt DF, Walker B, Tibbel MG, Bresnick E. 1986. Amtiutagenesis and afgfromotion by

apigenin, robinetin and indolecrbinol.Carcinogenesig:953963.

Cao X, Liu B, Cao W, Zhang W, Zhang, Zhang F, Zhao H, Meng R, Zhang L, Niu R, Hao X,
Zhang B. 2013Autophagy inhibition enhances apigefmuced apoptosis in human breast
cancer cellsChin J Cancer ReB5:212222.

Chen D, Daniel KG, Chen MS, Kuhn DJ, Lan@isvowar KR, Dou QP. 2005. Dietary
flavonoids as proteasome inhobitors and apoptosis inducetsunman leukemia cells.
Biochemical Pharmacology9:14211432.

Cooper GM, Hausman RR2004 Stanica, moleklarni pristupApoptoza. Medicinska naklada
Zgareb 699 pp.

Eagle H. 1955. Nutrition Needs of Hummalian Cells in Tissue Cuational Institutes of
Health, BethesdaMD Sciencel22:501504.

Fadok VA, Savill JS, Haslett C, Bratton DL, Dohery DE, Campbell PA, Henson PM. 1992.
Different populations of macrophages use either thtonection receptor or the
phosphatidylserine receptor to recognize and remove apoptotic étlsnunol149:4029
4035.

Formica JV, Regelson W. 1995. Review of the biology of quercetin and related bioflavonoids.
Food chem. Toxicd3:1061-1080.

Freshny RI 1987Cultre of animalacells. A manual of bacis techniqudew York, Alan R.

Liss Ing 796 pp.

Gerhauser C. 2005. Beer contituens as potential cancer chemopreventive Eg@msan
Journal of Canced1:19411954.

50



Janmeya KS, Sanjay G, Shankar E. 2010. Chamomile: A herbal medicine of the past with
bright future, NIH Public Acces#/ol Med Repor6:895901.

Janmeya KS, Sanjay G. 2009. Extraction, Characterization, Stability and Biological Activity
of Flavonoids Isoled from Chamomile Flowerslol Cell Pharmacoll-3:138.

Jayasooriya RGPT, Kang SH, Kang CH, Choi YH, Moon DO, Hyun JW, Chang WY, Kim
GY. 2012. Apigenin decreases cell viability and telomerase activity in human leukemiacell
lines. Food and Chemical Toxitmgy 50:26052611.

.D]D]LU 63 $QWLRNVLGDFLMNVD L DQWihWHyERakD OV ND
Toksikol55:279290.

Koolman J, Roehm #4 2005.Color atlas of biochemistry2™ Ed, Stuttgart, New York, 467
pp.

Mayer H, Bolarinwa A, Wolfram G, Linseisen J. 2006. Bioavability of apigenin from -apiin

rich parsley in human#&nnals of Nutrition and MetabolisB0:167172.

McKay DL, Blumberg JB. 2006. A rewiew of the bioactivity and potential health benefits of
camomik teaPhytotherapy Resear@0:519530.

Mendelsohn J, Howley PM, Israel M, Liotta LA 2000he Molecular Basis of Cancer2™
Ed. W.B. Saundres, Philadelphia, 691 pp.

Mickisch G, Fajta S, Keilhaur G, Schlick E, Tschada R, Alken P. 1990. Chemosensitivity
testing of prmary human renal cell carcinoma by tetrazolium based microculture assay
(MTT). Urol Res18:13%136.

OUGLWPSRWLUO = 5RWK $ MXWD&@kWobija dMedicinska naklada,
Zagreb, 630 pp.

Myrstad MC, Carlsen H, Nordstorm O, Blomhoff R, Moskaung JO. 2002. Flavonoids
increase the intracellular glutathione level by transactivation of the gaglutaanylcysteine
synthetase catalytical subunippnoter.Free Radical Biology and Medicirg2:386393.

Papachristou F, Chatzaki E, Petrou A, Kougioumtzi I, Katsikogiannis N, Papalambros A,
Tripsianis G, Simopoulos C, Tsaroucha AK. 2013. Time course changes -carahtpre
apoptotic proteins in apigerinduced genotoxicityChinese Medicinel:8-9.

51



Plaumann B, Fritsche M, Rimpler H, Brandger G, Hess RD. 1996. Flavoadtigate wild
type p53.0ncogend 3:16051614.

Polyak K, Waldman T, He TC, Kinzler KW, Vogelstein B. 1996. Genetic determinants of
p53induced apoptosis and growth arrédens Devi0:19451952.

Ranelletti FO, Ricci R, Larocca LM, Maggiano N, Capelli A, Scambia G, Bendeatici P,
Mancuso S, Rumi QRiantelli M. 1992. Growthnhibitory effect of quercetin and presence of
type-ll estrogenbinding sites in human colezancer cell lines and primary colorectal tumors.
Int J Cancer50:486-492.

Reynolds JRSchecker JA. 1995. Radiation, cell cycle, and canaer Alamos S@3:51-89.

Ross JA, Kausum CM. 2002. Dietery flavonoids: bioavailability, metabolic effects and safety.
Annual Review of NutritioB2:1934.

Ross W, Preedy VR 201@ioactive Foods inPromoting Healthruits and Vegetables
Academic Press 725 pp.

Ruelade-Sousa RR, Fuhler GM, Blom N, Ferreira CV, Aoyama H, Peppelenbosch MP. 2010.
Cytotoxicity of apigenin on leukemia cell lines: implications for prevention and theGaly.
Death and Disas Macmillan Publishers Limited All rights reserve@t20414889.

Shukla S, Gupta S. 2008. Apigenin induced prostate cancer cell death is initiated by reactive
oxygen species and p53 activatiénee Radical Biology & Medicing4:18331845.

Shukla S, Gupta S. 201A8pigenin: A Promising Molecule for Cancer PreventiBharm Res
27:962978

Silvan S, Manoharan S, Baskaran N, Singh AK. 2010. Apigenin: A potent antigenotoxic and
anticlastogenic agerBIOPHA6:2963296Q

Soulinna EM, Buchsbaum RN, Racker E. 1975. The effect of flavonoids on aerobic glycolysis
and growth of tumor cell€ancer Re85:18651872.

Svehlikova V, Bennett RN, Mellon FA, Needs PW, Piacente S, Kroon PA, Bao Y. 2004.
Isolation, identification and ability of acylated derivatives of apigeninCtglucoside from
chamomile Chamomilla recutita Phytochemistr$5:23232332.

52



Swain T, Harborne JB, Sumere CF 19Bthchemistry of Plant PhenolicRecente Advances

in PhytochemistryPubliscing by Plenum Press, New York; 3.
aDPLMD 0Onkologija Medcinska naklada, Zagreb 485 pp.

ADPLMD 0 9UGROMDN .Q L.QIDIWLDQ RIQeNiBIGHR hakiads, Zagreb 438
pp.

Vargo MA, Voss OH, Poustka F, Cardounel AJ, Grotewold&seff Al. 2006. Apigenin
inducedapoptosis is mediated by the activationRIiKC delta and caspases in leukemia cells.
Biochemical Pharmacologg2:681692.

Walle UK, Walle T. 2002. Induction of human URjRucuronosyltransferase UGT1Al by

flavonoidsstructural requirement®rug Metabolism and DispositioB0:564659.

Wang IK, LinShiau SY, Lin JK. 1999Induction of apoptosis by apigenin and related
flavonoids through cytochrome c release and activation of caspased caspasg in
leukaemia HEG0 cells.European Journal of Canc@5:15171525.

Wei H, Tye L, Bresnick E, Birt DF. 1990. Inhibitory effect of apigenin, a plant flavonoid. On
epidermal ornithine deeboxylases and skin tumor promotion in mi€ancer Research
50:499502.

White E. 2006. Mechanism of apoptosis regulation by viral oncogenes in infection and
tumorogenesi<Lell Death Differl3:13711377.

Winford-Thomas D. 1991. Oncogenes and -amiogers; the molecular basis of tumor
behavior.J Pathol165:187202.

Winter SF, Minna JD, Johnson BE, Takahashi T, Gazdar AF, Carbone DP. 1992.
Development of Antibodies against p53 in Lung Cancer Patients Appears to Be Dependent on
the Type of p53 MutatiorCancer Re$2:41684174.

XuY, XinY, Diao Y, Lu C, Fu J, Lou L, Yin Z. 2011. Synergistic Effects of Apigenin and
Paclitaxel on Apoptosis of Cancer Cefd.0S ONE5(12):€29169.

Yoshida M, Sakai T, Hosokowa N, Marui N, Matsumato K, Fujikola A, Nishino H, Aoike A.
1990.The effect of quercetin on cell cycle progression and growth of human gastric cancer
cells.FEBS Let26010-13.

53



Zheng PW, Chiang LC, Lin CC. 2005. Apigenin inducgmbptosis through p5&ependet
pathway in human cervical carcinoma cellde Science36:13671379.

Zhu Y, Mao Y, Chen H, Lin Y, Hu Z, Wu J, Xu X, Xu X, Qin J, Xie 2013. Apigenin
promotes apoptosis, inhibits invasion and induces cell cycle arreB24human bladder

cancer cellsCancer Cell International3:54-60.

Web 1 -

http://www.tehnologijahrane.com/tehnologijaveepovrca/konzervisanimaline

zamrzavanjerm

Web 2 -

Web3 -

http://biljke-kao-lijek.blogspot.com/2013/05/ljekovithiljka-kamiica.html

http://histologia.ugr.es/pdf/0471629359.

pdf

Web4 -

http://www.tehnologijahrane.com/wgontent/uploads/2009/08/opstaukturna

formula

antocijanidina.jpg

Web 5-

http://www.who.int/vaccines/en/poliolab/webhelp/ma@9 04a_files/image005.jpg

Web 6-

http://www.celtines-service.de/content/e3969/e4304/e4347/index en

.html

54



7. PRILOZI
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Ekstrakt kamilice 3
¥ 150,00
=] x *
Yo 12500 F T
b T T T -
—5 10000 1 ™= T o x * -
> 2 -—_ T TIT « vt IF
— C 75,00 " " *
> 32 yr T, k. | R
) 8 50,00 Tx Ty * * -i’-‘ ! * ™ X
T - *
< -g 25,00 - T** T T T
o ~T * T ~— * Kk
S 0,00 T
g ' T
-25,00
HeLa | MDCKI| K562 | HUT78 HeLa | MDCK | S?gs K562 | HUF78
48 h 72h
0,0001mg/ml 122,17 | 103,39 | 89,87 | 84,95 82,44 | 106,63 | 81,31 | 82,41 | 103,39
0,00lmg/mL | 110,32 | 105,26 | 8552 | 78,77 84,53 | 115,00 | 83,02 | 77,74 | 103,65
0,01mg/mL | 101,30 | 110,10 | 81,01 | 73,79 84,82 | 108,38 | 8121 | 78,78 | 97,52
0,1mg/mL 49,30 | 5544 | 27,56 | 31,57 58,53 | 57,66 | 39,97 | 19,62 | -6,01
0,2mg/mL 44,89 | 4180 | 12,83 | -6,31 46,33 | 2426 | 3546 | 12,09 | -36,89
0,5mg/mL 27,53 | 26,03 | 14,19 | 30,13 19,48 | 14,80 | 3567 | 819 | -18,22
(8a)
Ekstrakt kamilice 7
N
+ < 150,00
Ye 12500 +Tr—4»
c - *
— O * - T= T
> R 100,00 TTT T T | _‘_lT T Xk .’:__*1-
— < 75,00 %
> 2 T .
* * % % - * *
w» @ 5000 et ~T T | T o, x o1
<8 2500 * * o T T
o ’ * T *T x* -
S Ooo — - —— —-— *
S ' '
~ 25,00
HeLa | MDCKI| K562 | HuT78 HeLa | MDCK ﬂgg K562 | HUF78
48 h 72 h
0,0001mg/ml 120,63 | 114,05 | 93,87 | 86,74 8595 | 90,17 | 86,41 | 84,50 | 100,26
0,001mg/mL | 120,03 | 111,64 | 86,30 | 85,18 88,72 | 99,09 | 7845 | 82,63 | 100,21
0,01mg/mL | 112,35 | 114,74 | 82,94 | 75,53 75,99 | 99,87 | 78,99 | 86,84 | 93,04
0,1mg/mL 37,49 | 40,54 | 31,98 | 88,15 39,33 | 38,37 | 36,74 | 2883 | 26,23
0,2mg/mL 37,10 | 36,91 | 8,80 | 62,37 9,16 | 12,71 | 32,44 | 10,98 | -9,16
0,5mg/mL 10,60 | 15,66 | 12,91 | 90,44 890 | 11,40 | 24,18 | 6,15 | 26,90
(8b)
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Ekstrakt kamilice 11
v — 150,00
« 32 *
S 125,00 T
Eﬂ c T +Tr TTT .
— S 100,00 = T, X T,
> % *k ’:l’_‘ T** TT -
~ 2 7500 PR i s T5 . T
> * * "T x *
> 2] TT TT T *
o 50100 * *  * * i
N TrT
5 T TT T T T
<8 2500 T : T
5 ’ T _"I‘_ ! T *
& 000 1
-25,00 -
HelLa MDCK | K562 HuT-78 HelLa MDCK | IT??S K562 HuT-78
48 h 72 h
0,0001mg/mL 120,09 | 107,37 90,80 80,87 97,20 106,80 86,04 89,12 99,94
0,001mg/mL 106,53 | 111,53 72,14 74,33 100,55 | 114,69 74,02 84,75 98,71
0,01mg/mL 101,00 | 108,73 73,35 69,32 93,80 111,10 71,53 99,09 87,34
0,1mg/mL 48,37 63,02 18,48 28,19 49,07 52,29 42,28 22,20 -2,70
0,2mg/mL 51,40 59,97 14,80 2,14 55,02 38,80 37,21 13,96 -22,19
0,5mg/mL 27,93 35,12 15,47 31,50 29,15 20,51 39,09 8,68 -10,43
(8c)
60LND &LWRWRNVLDp QL jiX pkstaRata lamilids MO RWWBD®LYDQH VWDQLpPQH Ol

djelovanju ekstrakata kamilice 3(8a), 7(8b) i 11(8c), kroz dva vremenska perioda (48 i 72 sata), pri

NRQFHQWUDFLMDPD

L

PJ P/RAWH¥KHRQY MMHLWRMW F

WHVWRP X WUL QH]DYLVQD YUHPHQVND SRQDYOMDQMD X WULSOLNDW

zvjezdicom (*).

57



