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Uvod: Flavonoid VX KHWH U §pBjéew QzL [pirdde koje unosmo hranom

Antiagregacijsk terapip u kardiovaskularninbolestimaima ozbiljne nuspojavkrvarenja
u gastrointestinalni trakElavonoidi pokazuju antiagregacijsko djelovargd._rivebanizam
nije rasvijetljen Njegovo razumijevanjeR P R J X U ug@tRebbflavonoidakao dostupne i
Q H a N R ap&jdulaitidgregacijskoj terapiji

Materijali i metode: 2 G U H y HKpdmawoyrafskiparametrilipofilnost 21 flavonoida
PLPEHQLN ]DR:U Bierdfdb paEamedr Ry. VrijednostiRu XVSRUHYHQH VX
logaitmom koeficijenta razdijeljenja, 0B, L]U D p X puziprégramskih aplikacija
Impedancijskm agregometripm R G U &l peHr@himalna antiagregacijska koncentracija
flavanona,ispitano S R M DgnbeQrBgacijskaljelovanjeinhibitora enzima fosfolipaze C,
ciklooksigenaze i inhibitora C&kanala u prisutnosti flavanopae antiagregacijsko
djelovang kombinacija flavanoa, 6hidroksiflavona i pinocembri7-metiletera.
SURWRPQRP Fispiid® j¢ \Bhuahjéhje Rktivacije trombocitakon inkubacije s
flavanonom S U D U H Q M H PakiiwhdgSoblikantedtina .ip 3.

Rezultati: 2 G U Hy H @matdgfafski parametRv, u rasponu 0d0,5942za luteolindo

0,5202za tektokrizin i krizindimetileter S Q Dadp@zitivna korelacip prisutna je L] P Hy X

logP programskih aplikacija Ru (r=0,66:0,93 p<Q05). FlavanonSRVWLAaH L]X]J]HWQR
minimalne antiagregacke koncentracie |QDpDMQR S UL G RrpiRitdheivadd ORYD QI
fosfolipaze C,te QHAWR Wdldfl NCH'-kanala dok djelovanju inhibitora
ciklooksigenaze ne pridonosi.kombinacijama s drugim flavomtima, flavanonostvaruje
]QDpDMQR SRYHUDQ D Q \Djeldvanjerildydnbnd \éMdnjexidp jedpaingst

aktiviranog oblikaintegrina .i, 3, markera aktivacije trombocita

=D N O MX{gofihost flavonoida i njihovo inhibicijsko djelovanje na fosfolipazu C
R P R J X U ¥velouhvatnost antiagregacijskog djelovanja flavonoida Minimalne
antiagregacijske koncentracijavanonaostvarivesu u plazmi nakon unosprehranonte
uz SRMDPDQR GMHORYDQMH phdsradjhj@pEnBuuMPHR JIXQikYdéve) R L G D

flavonoidakao dopue antiagregacijskoj terapiji.

.OMXpQH davadhsld,Lflavanon, logPRw, lipofilnost, impedancijska agregometrija, PLC, C&X
NDOFLMHYL NDQDOL LQKLELWIRUL SURWRpPQD FLWRPHWULN



SUMMARY

BACKGROUND

Flavonoids are widely studied natural polyphenolic compounds because of their
beneficial effects on human health. They are present in wide spectrum of plants. One of the
most important benefit which has been confirmed in epidemiological studies is known as
French paradox which describes contradictory findings French population which
consumes fatich diet and yet incidence of cardiovascular diseases is lower than expected.
Researchers found high on polyphedwt as a main reason for this observation. Flavonoids
accessibility to humans through dietary intake of tuivegetables and beverages,
introduced them as a promising topic of research for novel pharmaceutical agents.
Cardiovascular diseases are multifactorial chronic diseases which represent a leading cause
of morbidity and mortality in developed countrieslaill lack adequate therapeutic option.
Conventional drugs prescribed in case of CVD are antithrombotic agents. Their use if often

accompanied with serious stééfects as bleeding in the gastrointestinal tract.

Based orsignificant number oin vitro studies on plant and fruit extracts or on pure
flavonoid compounds, flavonoids exhibit antiaggregatory effedbse depending manner.
Although without completely revealed mechanism of action, for some flavonoids this effect
is attributed to the inhibitionof cyclooxygenase, lipoxygenase, tyroskiease,
phosphodiesterase or phospholipase which participate in platelet signaling pathway. Results
from previous studies point to positioning of flavonoids within cell membrane with more
hydrophobic ones locatatkeper in the core of membrane bilayer where they interact with
membrane transporter proteins and decrease membrane fluidity. Platelet membrane
functions as dynamic structure involved in processes of activation and aggregation which

depend strongly on phplolipid transverse distribution in resting and activated state.

Determining potential drugs lipophilicity helps to understand their absorption,
GLVWULEXWLRQ PHWDEROLVP H[FUHWLRQ $'0{f-DQG WR
ILYH ™ UHSUHYV H® 4eterina@od YikeRit@mship between pharmacokinetic and
physicochemical parameters with one of the rules including kg a measurement of
FRPSRXQGTV OLSRSKLOLFPWepre3dntd sratly heRv@errdmtehtrdtibriH Q W



of nonionized brm of compound im-octanotwater system expressed in logarithmic scale
(logP). Nowadays, laborious and tireensuming shak#ask method for Iog
determination is often replaced by simple approach for lipophilicity determination by planar
chromatographywhich expresses chromatographic param&er(parameter calculated
based on substance retention factor) as a surrogate measurement of lipophilicity. For
theoretical prediction of lipophilicity (Idg) by computational approachedatabases of

predefined atoms, fragments and their contribution factors have been created.

The hypothesis of this doctoral thesis assumes that the antiaggregatory action of
flavonoids is based on the tendency for their placement in the platelet melhdan&yer
due to their lipophilicity. By such placement, they reduce membrane fluidity resulting in
decreased expression of the active form of platelet activation receptor located on platelet
membrane and a decrease in platelet activation and aggregitis mechanism represents

the basis of antiaggregatory action to all flavonoids.

Aim of this doctoral thesis are investigation of possible flavomegbrane
interaction based on their lipophilicity, expressed aBJangd by determining the expressio
RI WKH DFWLYH IRUP RI SODW H @R YefddandLaltdd ivelaktiQn ofH F H S W
flavonoids. In additionmechanismof flavonoid action was examined on the model of
platelet aggregation induced with different agonists in the preseflagarione and specific
inhibitors for PLC, COX1 enzymes and calcium channel inhibitors. Biopotency of
flavonoid was explored by determining the minimal antiaggregatory concentration of

flavanone and inhibitory effect of two flavonoids with different aggten.
EXPERIMENTAL

Blood samples were collected at Croatian Institute of Transfusion Medicine in
vacutainer tubes with tgodium citrate (2%) as anticoagulant. Fifty blood donors who
were not on any antiaggregatory therapy gave written, informed consents before
participating in research. Study was conducted according to Helsinki declaration and with
approval of Ethics Committee of the Croatimstitute of Transfusion Medicine and the
University of Zagreb Faculty of Pharmacy and Biochemiftgod samples were used for

impedance aggregometry and flow cytometry experiments.



Lipophilicity determination. Twenty-oneflavonoid compounds were agaéd by
reversephase thidayer chromatography (RPLC) using acetonitrile: water: glacial acetic
acid in ratio 66: 33: 1 (V/VIV) as a mobile phase. Based on retention factor, R
chromatographic parametermRvas calculated as followsyR= log (1/R: - 1). Theoretical
logP was calculated by using online applicaticdbsemicalize(https://chemicalize.com),
ChemSketch (http://www.chemspider.com), Molinspiration

(https://www.molinspiration.com) arfewissADMHEhttp://www.swissadme.ch).

Impedance aggregomet/. The principle of the method is the aggregation of
activated platelets on metal electrodes which creates an increase in a continuously measured
electrical resistance. Impedance aggregometry on whole blood was used for determination
of minimal antiaggregatory concentratioMiNaAC) of flavanone in the presence of set of
agonists (TRAFS, ADP, collagen, AA, ristocetinMINaACwas measured as influence of
serial doubling concentrations of flavanone on platelet aggregation. Vehicle (DMSO) was
usedas negative control. For the assessment of combined effect of inhibitory drugs (U73122
hydrate, verapamil hydrochloride, indomethacin) and flavanone, measurements were
conducted with TRAF and ADP using 15 and 60MINaAC of flavanone for observation
of repeatable platelet aggregation inhibition. The antiaggregatory effect of flavanone in
combination with pinocembrii-methyl ether and -Bydroxyflavones was measured in
presence of agonists ADP, TRAR collagen, and AA. In all measurements, DMSO as a

vehicle was used for a negative control.

Flow cytometry. Platelet rich plasma (PRP) was fmeubated with different
FRQFHQWUDWLRQ RI IODYDQRQH RU ZLWK YHKLFOH DV D F
aliquot of treated PRP (flavanone, DMSO) was mixeth wgonist TRAPS, anttCD61
(PE) and PA€ ), 7& WR PRQLWRU DFWLYDWHG IRUP RI LQWHJ
LQFXEDWHG LQ WKH GDUN DW f& IRU PLQ $FWLYDWH
of CD61 PACL1 positive events.

Statistical analysis Experimentally determined chromatographic parameien&s
correlated with calculated I8y reported as correlation coefficient and adjusted squared
correlation coefficient at a significance level of p < 0.05. The antiaggregatory effect of

flavanone and inhibitor drugs were assessed withwaeANOVA test withpost hocTukey



analysisformutSOH FRPSDULVRQ t-GBt washisedaonextEnbtiQnMINSAC
and platelet activation inhibition measured by flow cytometry.

RESULTS

Lipophilicity of flavonoids. The Rs parameters experimentally determined for
group of 21 flavonoid compound ranged freth5942 to 0.5202. The highest1Ralues
were observed for tectochrysin and chrydimethyl ether as the most lipophilic and the
lowest for luteolin as the most hydropbicompoundLogP values ranged from 2.18 for
tangeretin to 3.28 for pinocembtihmethyl ether according to ti@&hemicalizeapplication.
According to theChemSketchapplication, pinocembri#i-methyl ether was the most
lipophilic compound with 10§ 4.11 whle the least lipophilic flavonoid compound was
isorhamnetin (loB 1.76).MolinspirationandSwissADMEalculated the lowest |&values
for quercetin (lo& 1.68 and 1.23), whereas, accordinyftinspiration the most lipophilic
flavonoid was tangeretiflogP 3.78) and bySwissADMEcalculation flavone (log 3.18).
There was a strong positive correlation between multiple ¢adculated byMolinspiration
and Ry values (r = 0.93 p <0.001) and P@f the SwissADMEand Ry values (r = 0.86 p
<0.001). The vales of lod® obtained throughChemSketctand Chemicalizeshowed a
moderate positive correlation (r = 0.55, p < 0.01, r = 0.44 p < 0.05) with the values of the
hydrophobic parametenR

Relationship between inhibition of platelet aggregation and lipophilicity of
flavonoids. There was no correlation betwddiNaACand theoretical Idg when the group
of 21 flavonoids was observed. A statistically significant strong negative correlation was
found for the flavone group (r .76, p < 0.01) and a moderate negative correlation for
joint flavone and flavanone group (r -8.59, p < 0.05)Chemicalize logP values and
MINaAC.

Minimal antiaggregatory concentration of flavanone The lowest value of
MINaAC —0 IRU IODYDQRQH ZDV REVHUYHG ZKHQ LQKLE
aggregation was measured, while when TRARduced platelet agggation was measured,
IODYDQRQH VKRZHG LQKLELWRU\ HIIHFW DW —0

Flavanone significantly reduced PLC activity (p < 0.01) in combination with U

73122 compared to activity of-03122 on its own, irrespective which agonist was used,



TRAP-6, ADP or collgen.Again, flavanon did not potentiate the inhibitory activity of
indomethacin and therefore did not show an effect on @@Xzyme activity, regardless of
the agonists used (TRA® ADP, AA). The enhanced inhibitory effect of verapamil with
flavanone orcalcium channels was observed only with the strong agonist TREP<
0.05), whereas no statistically significant difference in-agtiregatory effect was observed
in the presence of weak agonist ADP for combination of flavanones and verapamil.

When combined antiaggregatory effect of flavonoid combinations applied at their
MINaAC concentrations was examined, statistically significant difference between results
for negative control (DMSO), each flavonoid (flavanondy@roxyflavone, pinocembrin
7-methylether) and flavonoid combinations was observed. Combination of flavanone and 6
hydroxyflavone, flavanone and pinocembrimethylether, and -8ydroxyflavone and
pinocembrin7-methylether reached significant platelet aggregation inhibition with FRAP
6, ADP and AA as agonists, while none of the flavonoid combination had a statistically
significant enhanced antiplatelet effect on collagen induced aggregation. The combination
of flavanones and-Bydroxyflavones produced significantly enhanced inhibitbplatelet
aggregation with TRAR (p < 0.05), ADP (p < 0.01) and AA (p < 0.01) as agonists. The
combination of flavanone and pinocembrimethylether with ADP showed a statistically
significant joint effect (p < 0.05) that was absent with TRRARs agoist. Pinocembrifr-
methyl ether had statistically significant stronger antiaggregatory activity combined-with 6

hydroxyflavone in the presence of AA as an inducer (p < 0.01).

Inhibitory effect of flavanone on platelet activation is dose deperidethe fow
cytometry experiment§ = 0.9897 p <0.05) Satistically significant reduction in receptor
HISRVLWLRQ LV DFKLHYHG RQO\ DW KLJKHU FRQFHQWUD

compared to the untreated samples of same participant (p < 0.01).
DISCUSSION AND CONCLUSIONS

7KH VFLHQWLVWIV FRQWLQXRXV LQWHUHVW LQ H[DPI
beneficial properties of flavonoids has not waned. One of the most interesting résédsch
is the antiaggregatory effect of flavonoids, asiinposed as a possible option for adjunctive
therapy to conventional, not effective enough, and in addition, therapy which causes serious
side effects such as bleeding in the gastrointestinal Baséd on strong positive correlation

between I parameteand lod® calculated byMolinspiration and SwissADMEapplication



and moderate positive correlation withemSketchrand ChemicalizelogP, it can be
concluded that chromatographic parameter iR good surrogate of Iégand a good
predictor of flavonoid lipopiticity. As a measure of lipophilicity, Idg) offers very
convenient way of predicting possible extent of flavonoid aciiorivo based on their
interaction with biemembranesAlthough theChemicalizelogP calculations showed a
moderately positive corragian with RRTLC Rwv values, when testing the association of
minimum antiaggregatory concentration, a strong negative correlation was found for the
flavone group and a moderate negative when the flavone and flavanone group were
considered together. This @é®nsistent with the expectation that a higheiPlaglue, i.e.

higher lipophilicity, also implies a higher biological activity of the selected flavonoid group
and therefore a lower concentration required to observe their inhibitory effect. In the context
of platelets, membrane retention could give importance to flavonoids with the highest log
values.The influence of flavonoids on the platelet membrane could greatly modulate their
aggregation capacity. This could lead to a decrease in the fluidity apidhéalyer, thereby
stabilizing the platelet membranElavanone exerts a statistically significant minimal
antiaggregatory effect with all agonists at concentrations achievable through the diet, and
given the enhanced effect of the flavonoid combinationhe inhibition of aggregation, it

can be concluded that, in the context of a diverse diet, an inhibitory effect on platelet
aggregation is possible. The impedance aggregometry method obtained the results of testing
the comprehensiveness of flavonoidscémbination with specific PLC inhibitors, COX

and C&*channel inhibitors, the results indicate that flavanone, act on the PLC enzyme level
when aggregation was TRA® ADP and collagen induced. Inhibition ofahannels by
flavanone is only achieveith the case of TRA# induced aggregation. The absence of
combined inhibitory influence of flavanone and indomethacin regardless of agonist used,
indicates that antiaggregatory effect of flavanone is not achieved downstream ef.COX
Following incubationwith flavanone, there was a decrease in the platelet membrane
HISRVXUH RI WKH DFWLYH mR:QéRdicd DYWPAR @ntRedy.@ny HIJU L Q
rather high concentration of flavanone (488) achieved significant inhibition of platelet
activation. Although they present complementary methods, flow cytometry and impedance
aggregometry comprise different aspects of platelet function. By performing in whole blood,
impedance aggregometry enabdéser blood elements to influence platelet aggregation and

with that allows reaction to be carried out under more physiological conditions.



Platelet membrane stabilization by flavonoids has been supported by flow cytometry
and impedance aggregometry expants with specific enzyme inhibitors of platelet
aggregation signaling pathways. Flavonoids lipophilicity and membrane stabilization, to

some extent, contributes to their antiaggregatory effect.

Keywords: flavonoids, flavanone, logP wRlipophilicity, impedance aggregometry, PLC, CQX
calcium channels, inhibitors, flow cytometry, PA
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1.1 Flavonoidi

Flavonoidisugrupa SROLIHQROQLK VSRMHYD aLURNRKapDVW XSO
njihovi sekundarni metabolit, PH LP SRWMHpH R&u©O©IDMR. Q@/BlgdondldM H p L
su odgvornizaERMX YHUMKHDFWRUD D OWHRRGNLDVWXUL EURM VI
Y L & H8080€pojevaOlseni sur., 2009) U bilkamaLPDMX PQRJRVWUXNH ]DGDiH
suSULYODekh@MEUDAERMRP L PLULYHRMA |DEWLBWIPIRIGDHQMD
] D &awd.rivikrobai dr. (Panche sur., 2016)

1.1.1 Podjelai struktura

Flavonoidi u aLUHP VPLVO X flaR&X arivai R24feXil-1,4-benzopirona),
izoflavonoide (derivati 3fenil-1,4-benzopirona) i neoflavonoide (derivati-fdnil-1,2
benzopirona)slika 1) Osnovnikostur spojasastojise od dva benzenska (A i B) i jednog
KHWHURFLNOLPQRJ S&¥@WHQD & X REOLNX &

B

.
@] | \/O‘\«;—’fo
‘ ”I”
‘ ~ ]

x>

Slika 1. Osnovna struktura flavan(A), izoflavoroida (B) i neoflavanoida (C)

5D]OLpLWH YUVWH IODYRQRLGD UDJOLNXMX VH SR VW
prstemC GRN VH SRpjeMGUNQED kigdé razlikuju po obrascu supstitymiggenoa
AiB (Middleton, 1998) AHVWHURPODQL SUVWHQ VS R-proh@flapgddoEHQJHQ V
i flavononi) ili njegov dihidroderivat (flavanol i flavanon).



1.1.2 Zastupljenost u prehrani

Flavonoidi su tkriveni 1930. godine kao noivspojizoliran izlimuna Smatralose
je otkriven novi vitamin, koji je nazvan vitamin (Scarborough, 1945no tajse WHUPLQ YL&H
ne koristi(Vickery i sur., 1950) Flavonoidi su sastojak svakodnevne ljudske prehraoe
podgrupama flavone] flavora, antocijanidim, katehira, flavanora i izoflavora (Ahernei

2 1 % U L H Qa najzastupljenijsu izoflavonj flavonolii flavoni (Kumar and Pandey, 2013)

(slika 2)
- g + )
|
O O

Flavoni Flavanoni

Antocijanidini Katehini

Izoflavoni

Slika 2. Kemijskestrukture osnovnih podgrupa flavonoida

Flavonoli (npr. kvercetin, miriceth VX QDM]DVWXSOMHQLML X OLVQDW
luku, brokulii ER E L p DV WHHaRonY (Rpi.apigenini luteolin) VX SULVXWQL X aLwbD
ILVQDWRPIi $RpIUQaXEDcijanidini X JUR&POP VNRP YrRdirXribizlu.

Katehinma (npr. katehin epikatehin) SUERJDWL pDMHYL MDEXdiidvidbURAayH p
Flavanoni(npr. naringenini hesperetinsu JRWRYR LYDOWXPOWRH QL XiFLWUXYV



njihovim sokovimadok su izoflavoniipr. daidzein igenistein)najzastupljeniji u soj{Wangi
sur., 2009)

Do dana MH S R]Q DWsBO Wtétd poliR@aP HY X NRMLPD ikojl©eDYRQRL
nalaze u namirnicama ljudske prehrangp U-H.]P p @ sl},, 2010) Flavonoidi pripadaju
grupi spojeva koji se u engleskom jeziku nazivautraceuticat”. Termin je predstaviord
Stephen De Felicel989 za sastoke hrane koji imgu blagotvorno djelovanje na zdravlje
XNOMXpXMXUuL SUH Yodl€st(Bidvwer,L1996) UndesepizirandnX stogaih je
lako primijeniti, dostupnisuy, a njihova konzumacig neizaziva Q H a & XMKe@Rossinoi
Casini,2019)1R WUHED LPDWL Qoagkipetla@onoidaD PO@WpX WHD KD MRV &
E L R Oi Reénijgkeosohtosti (Erlund, 2004)

1.1.3 %LRUDVSRORALYRVW

Podaci o dnevnom unosu flavonoida populaciju neke zemljge ili Y H Urkedfja u
P X O W LriALHPQ WAL P D &ivelike QeMraAfikoiju U takvim se studijamaa podake o
dnevnhom unoswamirnicakoriste baze podataké&N D R & WarRa dMpdlifenolima u hrani
Ministarstva poljoprivredeSAD (USDA ARS, 2019) ili francuska baz#@&henotExplorer
(Neveui sur, 2010)u kgima dolazido stalnog priliva novih podatakaVD GUAaDM XoL RSUHQ
ELRORANLP RVRELWRWOMLIPpre@&dM HGLQLK

TakoZamoraRosi sur. (2011) ] D N O ivn& psxdwu velike® X O W L F i@l kblap Q H
MH XNOMXpLY DO D, dd evRiSuwas Havohbidd préhkdum ovisi o geografskim
regijama i socioekonomskom statusu stanovnikaosiod 36,7 do 130,9 mgs hesperetiom
i kvercetirom kaonajzastupljeniina WUHUOLQD G Q Hfij@drill nXripdeniri(13,3Pdo
20,8%). U radu Witkowska sur. (2015) procijefenje S X Q R dvié¥iii lunos flavonoida za
poljsku populaciju od 989 mg/dan i uspgrel Qs pbacimaadruge europsle G U adplj¢ je
]JIDQLPOMLYR GD MH RQ YHUL RG XQRVD ]D JUpPNX SRSXOD
mg/dan) ali manj od unosa flavonoidprehranomX YUDQFXVNRM PJ GDQ L a
(1173mg/dan).

Flavonoidi se u biljkamaodnosno hrannalazeYHUL QR P oridiR rijeikbd kao
aglikoni (npr. katehini) U lumenu ili stanicama crijevagrije apsorpcijese hidrolizom -
glukozidazaluklanjaglikozidni ostatakda bi se nakon apsorpcijenetabolizmaflavonoidiu
krvi nalazili kao glukuronidi ili sulfat{Erlund, 2004. U radu naCaco2 stanicamaJurotai
sur. (2002) ukazuju daMH XPMHUHQD OLSRILOQRVW DJOLNRQD L]RI
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apsorpciju u enterocitea razliku odhjegovih glikozida.Guoi sur. (2013)utvrdili su da mast
uhraniSREROMADYD ELRUDVSRORALYRVW NYHUFHWLQD SRYH!

micelarizacipm u tankom crijevu.

%LRUDVSRORALYRVW IODYRQRLGD YUOR MH UD]JQROLNL
sveobuhvatnseradi o niskm vrijednostim&oje seostvauju nakon unosa hranorilavonoidi
koji senajboljeapsorbiraju su izoflavoni, a slijede ih katehini, flavanoni i kverceiiogldi
(Manachi sur., 2005) Studije su pokazale da se flavangrkao glukuronidni i sulfatni
konjugati u plazmi nalaze uN R O L p L Q DbR.®atNdRIVEH%6 dnevnogunosaflavonoida
(PereiraCaroi sur., 2014) Topivost kvercetinat vod, NRG S+ YULMK®ARAMWL VOLEL
gastrointestinalnom traktu (pH #2), je samo 1,53 P/ awR YMHURMDWQR |
njegovu difuziju u enterocite i apsorpcijgooli sur., 2013) Krogholmi sur. (2010)u svom
LVWUDRSIEEMXVH QDNRQ XQRVD LVWLK NROLPpLQD NYHUFH
YUAQD NRQFHQWUD F L MD—OD|QLDHpIHQ e dkiefeetind®  “ ,13
—0 L KHV39HUHW Qe da sekvercetin | QDpDMQR PDQMH L]JOXpXMH
urLQDUQRP HNYV NeavjersjativbR PO X KSEKNH P Ip@k liminacija kvercetina je
SULOLpQRpowSBHEBomXY UDVSRQX RG GR VDWL &WR EL
akumulaciji u plazmprilikom ponovljerog unosa (Manachi sur, 2005) 2S U H QIOMIRE DM X U L
NLVND ELR U DM®ROIERNHYRMVD Qh bPE B @iddld] primjeni i utjecaju na
zdravlje(Thilakarathna Rupasinghe, 2013)

1.2 Flavonoidii kardiovaskularne bolesti

1.2.1 Flavonoidi X RpXYDQMX J]GUDYOMD

%URMQH VX VWXGLMH NRMB YVWH SYURX XY D (QMLH B RXPLQMD N
na zdravlje ljudi. SOHULR®OLVDQLK XpLQDND PRAH VH REMDVQLWL G
antioksidansga se njima mogu pripisatiantioksid&ijskasvojsva |[HOHQRJ SRYUUD Yl
maslinai s@ YRVND p R NpRIDAMEsH sur., 2017) (Yao i sur., 2004) rezultati
LVWUD@LYW QR Bjit@ana L aL Y Rivrhddéimapdkazuju da flavonoidi mogu
izravno uklonitireaktivre kisikove spojeve(ROS) (Miyake i sur, 2000) |DaAaWLWLWL L REQ
DQWLRNVLGDFLMVNH REUDPEH Q Hdisth@dial katadlabaR dgiiitsten V X V X S
peroksidazgWangi sur., 2014)te LQKLELUDWL HQ]JLPH NRML SURL]JYRGH &
oksidaza(Xia i sur., 2017) (Zakaryani sur., 2017) Izoflavonoid NDR aWR VX ILWRHV!



pokazujudLURN U DV SKh@Qnéh&tddsrIaktivnostina a L Y RRMLmpNElimali in

vitro (Cassidyi sur, 2000) Na V W D PRrapir Ravonoidi smanjuju aktivhost enzima
XNOMXpPpHQLK X VWDQLpPpQX VLIQDOL]DFLMX(LayZeR yBWMR FLNOFR
sur, 2016) (Mlceki sur.,, 2016) tirozin-kinaze(Akiyamai sur., 1987) i fosfolipaze(Lindahli

Tagesson, 1997)

Kad se promatraju organi i organski sustapisueg VH |DaWLWQD XORWUD IODYR
oboljenja. 1 D M p H & umdvodi Hhjihovo protuupalno djelovanjekod ateroskleroze
(kardiovaskularne bolesti)neurodegenerativim bolest, EROHVWL NRVWLMX PLALC
pretilosti (Serafinii sur, 2010) *R Q]i-Gallégoi sur, 2007) zatim hepatopotektivho

+ H U @z8q@ino i Muriel, 2018) antitumorskodjelovanje(Sak, 2017)(Lall i sur., 2016)
antialergijsko iantivirusnodjelovanje(Xu i sur., 2017)

1.2.2 Francuski paradoks

Kardiovaskularne bolesfKVB) glavnisuuzrok bolesti i smrti u zapadnim zemljama,

a kardiovaskularni lijekoviQ D M [sHkoii BW HQ D 1D U P 0ésRiWCHItdebB8d, ROD7)
Preventivno djelovanjeflavonoida u kardiovaskularnim bolestimaQ D & O R fokbisu
znanstvenikamakon RW N UL UD 1UD Q F XKnhekR durS IDoED(BdRersvizur., 2012)
Francuski paradokgest termin SUH G A 892 H&mnelem HSLGHPLRORANBK SRGD
francuski populacipy prema NRMLPD VH SUHKUDQD V YLVRNLP XQRVRP
masti podudarala s niskom stopom pojavnastiskim rizikom odkardiovaskularnitbolesti
X] SUHWSRVWDYNX GD MH X WR Ptrbmbbtskdtiec| GriaRénaudDR D AW
Lorgeril, 1992) odnosng X LVWUDAaNRDN@MNVXD XVOLMHGpdfénolY LVRN V
resveratrad u vinu (Catalgoli sur, 2012) (Daviesi sur, 2017) ESLGHPLRORANH VW
pokazuju da umjerena konzumacija vina smpnjsmrtnost 260 %, pogotovo od
kardiovaskularnih bolestjfFernandes sur., 2017) U prevencij kardiovaskularnih bolesti
sudjelujui druge namirnice bogate flavonoidimaDEXNH L NUX&ANH FUQR YLQR N

GRGDQH KUDQL L pRNRODGD VX ]1QDpDMQR SRYH]DQH \
kardiovaskularnih bolespremaMink i sur., (2007) 8 LV W U Dpdpu¥abij@WIKHGRYMHpP QL k
japanskih@HQ D L P XREdKubtiBE:P(2007)otkrili su ]QDpDMQX LQYHU]JQX SRY
L ] P Hun¥sasoje iizoflavona s rizikom od pojav® RAG D Q RULXQGEDWMWMWD PLRNDUGD
aline iu P X & NaDNMdtaanalizawWangi sur., (2014)je pokazala da su unosi antocijanidina,

proantocijanidina, flavona, flavanona i flavanola obrnuto povezan s rizikom od&KVB



1.2.3 Agregacia WURPERFLWD QD PMHVWX R]JOLMHGH NUYQH &LO}

Nakon R]OMHGH NYD/EDRHR AMB K aWR NUDUHP YUHPHQX ]DXV)
VWYDUDQMHP W UR P E Da njjestu RNj¢tey INEIdget iddnWiebrandov
faktor (VWF) iz Weibel#£aladeoih W MeebBO'rbEnbocit seusporavau i izdvajgu iz krvnog
protokaputeminterakcijas VWF-om NR ML Vi trériabdeitni glikoproteinski receptor
* 3, E dio kompleksaGPIb-1X-V.

.RODJHQ V HlvX recedto@glkoproteinski receptor GPVkoji je pripadnik
supeporodie@ imunoglobulinate naintegrin . 1 RED VPMHAWHQD QD PHPEUDC
GPVI na sebi nosi molekulu za aktivaciju prijenosa signala tirkiziazom (ITAM)u sklopu
citoplazmatske ) F5 domene (Moroi i Jung, 2004) Za aktivaciju molekule ITAM
fosforilacijom, odgovorne s&rc kinaze Fyn i LynW D N R/{PHVLH &sVdit@plazmatskom
dijelu GPVL ITAM zatim aktivira Syc tirozirkinazu koja je odgovorna za aktivaciju
fosfolipaze & 2 3/ &) preko kompleksa signalosorfia i sur., 2010) 3/&SRWLpH VWYDUD
inozitol-1,4,5trifosfata (IR) i diacilglicerola (DAG) hidrolizom izfosfatidilinozitol-4,5
bifosfata (PIR  ,3 MH RGJRYRUDQ ]D SRYHUDQMH NRQFgeQWUDFL
Szaboi sur., 2009)a DAG za aktivaciju proteklNLQD]JH & 3.& YDAaQH ]D VHNUHTF
aktivaciju integrind sintezutromboksam (TXA?) (Byei sur., 2016)

Vezanjem kolagena na drugi receptotegrin .2 1, mijenja se konformacijski oblik
integrina u aktivni oblik Aktivni oblik integrim .2 1 VLQHUJLVWLpPpNLVGHM BR X MIHDX D*
svoj afinitet vezanjan-sideout signalizacijom.

Osim kolagenaagonist aktivacije djeluju putem membranskih receptora vezanih na
transmembrangkmolekuke G-proteina * .oz *s *@11 D Q Gzin3 (Oldhami Hamm,

2008) *.qje YDADQ ]D DJUHJD F L MtromidithRAPE-&tFombRsaB X (NXAB),
5-hidroksitriptofana(5HT), faktora koji aktivira trombocitéengl platelet activating factqr
PAPF), a neizravna za agregacijpotaknutukolagenom kojza optimalnu aktivaciju trombocita
]DKWLMHYD XBrIR gulemDXAVADP (Estevez Du, 2017)

Agonistiaktivacije Y H&edaYLAH UD]OLpLW lektalGHrBteirg\woiRdieMjN L K P
VLQHUJTIOWihWNLYHAH QD SURWHLQD]PRRO NRARY\ezaDeQel UHFH S
* g1 *.13(Coughlin, 2005)lako je receptorza ADP, P2Y12, W L SorduiQdvnikreceptora
vezanihza G _protein za prijenos aktivacijskog signala puteADP-a WUHED VLQHUJLVYV
djelovanjes P2Y1 receptor vezam Q D {Offermanns, 2006)I XA, se Y H @a+Heceptor TP

vezan na* .qi *.1213(Thomasi sur., 1998)



Prijenos signala putenG-proteinsiog kompleka W D N R H W adhtiazijom
fosfolipaz C ali njere varijane(PLC ) NRMD NDNR M Y3H &odk SriteziDF) R
iDAG L SRVOMHGLpPQR SRYHUDQM 3 RYHID DR MHHO X & QvBdd @ W INIDFL
RV OR E B-ydetiveXV U R P E R F L W Q R(@&nplLPRaffetifadtdd & PF4) ADP, ATP,
Ca* i serotonina izgustih i .-granula.Sinteza TXA reguliranaje narazini RVOREDYDQMD
arahidonske kiselineA@) iz membrane djelovanjem fosfolipaze fPLA?) koja se aktivira
SRYHUDQMHP NRQFHQWUD F L% |H V. DR\ & BUE ALBR)GMde QuRein ND O F L M
enzima ciklooksigenazel (COX-1) prevodi u TXA. TXAuz pLPEHQLNH NRML VH RW!
JXVWigknuwlaSRMDpDYD SRpHWQL D N-¥deYyltsignMixabljomy L 3®D & HW ] Y
krajnja promjenaktivacija L Q W H JpUsLdp,onformacijsiom promjerom svoje strukture
RPRJXUXMH YLVRNR DILQLWHWE RBy¥ HJuUR, @OLE) td fdEnirar@eR JHQ D L
SRPHWQRJ VORMD VOLMHSO M HeQd Kaj \WWrisnBrRi ESBF tamboci@D P M H)\
RPRJXUDYD IRUPL U prQrivhibinkze & SvDadiNatbri 1 J U X & D FX@a Q\kap
lokalizaciju koagulacig na mjestu ozlijede. Lokalna sinteza trombina vodi prelasku fibrina iz
topivog u netopiv oblik VWYDUDQMX pYUVIHRADODWURBPENMQRM VIO UHC
RPR XD UDAWD Y D@dWahiiRdAIVIZ0TH

1.2.4 Arterijska t romboza

Za razliku od opisaifm procesa u uvjetimd L]LRORA&NH KaHhid3td Wii]re
aterosklerotstig plaka(slika 3) dolazi do vezanjaSSRY U &L Q V N L K trorhbBdiirGa¥&k UD QD
subendotel AWR SRNUHUH QM LKRYiXPaaiaV ROOD)FAQIX MH &SRMDpDC
RVOREDYDQMH P nul&ipiN Dovip BgonBthl tkombocita (trombin, ADP, serotonin
i TXA2 aWR X]JURNXMH GDOMQMX DJUHJDFLMX WURPERFLWD
protoka krvi(Keihaniani sur.,, 2018) OS (j¢iSULKYD UH QR @2 WNORVPERPIPL WO R J X
razvoju KVB-a (Bhatt i Topol, 2003) Nekontrolirana aktivacija trombocita dovodi do
patogeneze prolaen ishemijsle atake nestabilne angine, infarkta miokarda i
cerebrovaskularniinfarkta (Srivastava Dash, 2001)Arterijska je trombozauzrok infarkta
miokarda (Ml) L P R &G D Q Ra ate@dRi$bDtrombi strukturnobogati trombocitima i
formiraju se na MHQFL N UliyaRd rugtlr® aterosklerotskin plakovaArterijska se
trombozajavlja ha mjestima visak brzineprotoka(Koupenova sur., 2017) Hiperaktivnost
trombocita SRYH]DQD MH V pLPEH@QARFISPGHQYWINDGLMDEHWHY K
hiperkolesterolemijajEl Haouarii Rosado, 2009)



Stijenka arterije Tromb

Endotel

Zdrava arterija Arterija s aterosklerotskim plakom

Slika 3. Zdrava arterija i arterija s aterosklerotskim plakoB UHX]HWR L SULODJRYVF
(Blausen.com staff and staff, 2014)

1.2.5 Antiagregacijska terapija

'DQDAQMD WHUDSLMD W UR P BRdritdkoadritate kdji Hpr@RIGYLIVMHO L W |
aktivaciju koagulacijske kaskade, 2) antitromboeitijekove koji smanjuju agregaciju
WURPERFLWD L VWYDUDQ M HjekRtWe ROP Bdpodredno btalpajul spvBrénl W L p N
XJU X(&Dgleb Peter A., 2006)Antiagregacijska terapijtemeljje u OLMHpHQMX DUWH
trombozea X N Qijelaspirin koji ireverzibilno inhibira aktivnost ciklooksigenazéCOX-1)

u trombocitima time ometasintez arahidonske kiseline (AA), i proizvodnl XA 2 (Patrono,

1994) Klopidogrel jeprolijek antagonisteceptora za ADPP2Y12, i uz njegovu terapijsku
SULPMHQX YH]DQD MH PRJXUQRVW VODELMHJ defiskog |[RVWD(
polimorfizmaenzimaCYP2C19,koji sudjeluje u njegovoj pretvorbi u djelotvorni metabolit

Uz klopidogre] isti mehanizam djelovanjgosjeduje iISUDVXJUHO NRML LPD PDQMF
korakado nastankaktivnag metabolitite tikagrelor koji ne treba bioaktivaciju za djelovanje
(Angiolillo, 2012) Oni SUHGVWDYOMDMX SREROMaDQH WHUDSLMVN
P2Y12 receptoraNove @cije OLMHpHQ M D SjekbMGinhivitorii@dgrbav X zka®i
antagonistreceptora za trombiaktiviranih proteazoniPAR).

1DMpH&AIHHAHOMH QH antihbgr&phdijdk® Hterapijejesu  krvarenja u
gastrointestinalnom traktkioja se nerijetko zbrinjavajuransfuzipm koncentrata trombogit
(Gremmel i Panzer, 2017) (Montalescoti Sabatine, 2016)Antiagregacijska terapija
LOQWHQ]JLYQR MH IDUPDNRORAGNR L NOLQLpPpNRuU &RGskeXpMH JG
ishemijske bolestQDVWRMH SREROMAaDWL WUHQXW Qbinet@&apidNDY RV W
NRMD XNOMXpXMH GYD UD]OLpPpLWD PH KinehjLiBeB@riwiL DJUHJC
inhibitori P2Y12), (Wilsoni sur., 2017)



1.2.6 Mehanizam antiagregacijskog djelovanja flavonoida

Kompleksnostprocesa koji dovode do aktivacije i agregacije trombogitavjetima
ELRORANH KKHBRVWBDILHH X S D WrRMbBZAmdog suGD G DMWY MRa XYl
ne postoji adekvatrD X pLQNRY LW DarntiagpedachsR @ api.LakD se razvijaju
SR ER O Madgogatijskt koL Q MLKRY sxopirpibMiteaDsmrtnostinije MR a
S UHF L] Q R(Daws lysury 2DA3)

SYMHWVND ]J]GUDYVWYHQD RUJDQL]DFLMD :+2 SUHSRI
liekovitog bilja u zdravstvenom sustaiMohd Nor i sur, 2016) U sklopu prevencije
NDUGLRYDVNXODUQLK EROHVWL IODYRQRLG LFlavbioiivVWUDaXi
pokaaiju brojne E L R OdRtévhoisti itime ostarujumodeO Y L a Hydj@lovaxijd Koji danas
koristi i najnoviji pristup u SUHY HQ F L M Lpoklje@dakbrbpain®@ Mrierijske bolesti
dvostrulom (aspirin i inhibitori RY12) i trostrukom antitrombocittom terapipm (dvostruka
uz oralne antikoagularg, OAK) (Golwalai sur, 2018) 0 H y X WhieRanizam djelovanja
Y H (iflaQ@droida QLM H MR A (SUKRUYDAQMHQ

Brojna L VW U D a L Ye3@jel iezuNatemaideMvaniju ekstrakieD ] O bilpakangtje
se tek pretpostavlja njihov sastiavonoida PremaCheni sur. (2015) spojevi iz prirode koji
pokazuju antiagregacijska svojstyf& VW YDUXMX LK YHULQRP WHPHOMHP L
PHPEUDQVNLK SURWHLQD NRML QD WDM QDpLQ XWMHpPpX QLU
granula 3 U R P D W U D Nyofedininllavo@itdeHREGARDSstudijau SAD, na oko 20.000
ispitanika ispitalaje odnos unosa pojedinih vrsta flavonoida i pojavnedst pDQRJ XGDUD
dobilajedinoza skupinu flavanonabrnutupovezanost koja nije bilavjetovanaspobm, raom
nitt JHRJUD IV N L P (Gdet@d sUK [2016) EkstraktGinko biloke pLMD VH DNWLYQRYV
pripisati djelovanju flavonoida inhibira agregaciju induciranu AD&m i kolagenom u
ovisnosti 0 koncentracijekstrakta te ® nakon inkubacije trombocita s ekstraktamere
V Q L &HrQdttracije TXA L X QX W [ Wonwerirerk €', te SRYLAHQD NRQFHQW
CAMP (DuttaRoy i sur, 1999) Ro i sur, (2015)suna SRNXVLPD VD awWDNRULPD
djelovanje ekstrakta lupine luka, odnosno prvenstveno kvercetisamaenjekoncentracije
TXA2 putem smanjenjX Q XWDUVWDQL p Q¥H tebRtQOMi@MUDFLMH &D

8pLQDN IODYRQRLGD RYLYVDRaWhankaiRuQQR0LHAURYdeM VWU XN
LVWUDALYDQMX X6Sdruktdin stodniK [hid@K3iNflavona, metoksi flavona i
njihovih 4-tio analogaL |DNOMXp XM X GdstMBurg pxstenBphiiMksi llavon (s
slobodnim-2+ VNXSLQDPD XpLQNRYLWLML RG QMLKROGHK RGJIRYI
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skupinom)iako studija % R Msuri(2011) QDY R G L S &vagredaqjskipbotencijalaO-

metiliranih derivata u usporedbi s njihovimdroksiliranimanalozima.

Kada se govori o interakcifiavonoidas pojedinim enzimskinputovima u trombocitu
GRVDGDaQMD VD]QDQM D 4RynisH GaL jQWSHHED | VIXQQ DNVWO HROIM QL P
XRELPDMHQ ]D Y H iL Q XinMIiSdRa\agtegacijefedYaRj A& A, (Faggioi
sur, 2017) 0O DG i@, D2010) bilo kao antagonist TXA (Guerreroi sur., 2005)ili
inhibicijom enzima COXL (Corvazieri Maclouf, 1985) Tiani sur. (2016)ulogu flavonoida
skutelareina kao potencijalnog inhibitora prot&inaze C (PKC) potvry X MaXalizom
aktivnosti PKC metodom molekukkog sidrenja , V W U D &Rigridei M $uir., (2000) na
djelovanjukombinacig katehina i kvercetinaa agregacijuR S D a\DMIXalqbiciju sinteze
vodikovog peroksida, mobilizaeijkalcija i stvararg Plzs W H ] D N GaMatdhnid Mddercetin
]DMHGQLPNLPM GsMaiuuRYiiBicu PLC. Dobrydnevai sur. (1999) u nizu
eksperimeata V . R WWIXG@M HP N D O F L M DVIN OO)BIMIMNDx¢ PAKBRE dr &rbl K
uzrokuje inhibiciju Ca&*-kanala na membrani trombocita QD WDM QDpLQ RVW
DQWLDJUHJDFDWMDNIQMPLOWWUDALYDQMD IODYRQRLGD LGX
XPLQNRYLW Byldeé L surs (ROWA Wdvopm su eksperimentu modificirali molekulu
naringenina uX pL Q N FGYHLWLLYNDIW N R ML R P R JXG XM i@hX\babaMtivacipg N L X p L

ADP-om, AA i TRAP-6.

Opisanisu EURMQL XWMHFDML SULURGQLK VSRMHK&D QD L
VYHREXKYDWQRVW REMDaQMDYD L LQWHUDNFLMDPD V OLS¢
upravo interakcijas membranskim lipidimeopisue NDR MHGDQ RG YDAaQLK PH
Kemikalije biljnog podrijetla X W M H fizkal@oEkemijska svojstva membran@uidnost,
mikroviskoznost HOD V W L b Q R ab & WSRJ RipRbd-EpRcvhfanskim djelovanjem
(Tsuchiya, 2015) Membrana trombocitaLPD SRVHEQX Y DasRaV hjihodHU MH
funkcionalnosti te j@romjenanjenefluidnosti povezanagromjenama agregacijtrombocita
(Raoi White, 1985)

Eksperimenti na&oliranimtrombocitima, plazmi bogatoj trombocitima (enghtelets
rich plasma PRP)i punoj krvi SRWY Uy XMX D QWL D alutieleDriagidsii NeHseX p L Q N F
YHULQD SRGDrAIDWD swdijamel @k jebroj eksperimenata ©OMXGL REUDQLPpHC
Haouarii Rosado, 2016)8 LV W U Dadc¥da QKiivécije trombocjtaE XGX UL VH UDGL
stanicama bez jezgr& D M [selk@diiste models inhibitorima pojedinih enzima ili receptora
XNOMXpHQLK X SULMHQRY VLIJQDOD SULOLNRP DNWLYDFLME
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GP-glikoprotein, PAR-proteinazom aktivirani receptori, PLC-fosfolipaza C, PIP2 Hosfatidilinozitol bifosfat, IP3-
inozitol trifosfat, DAG-diacilglicerol, PKC-protein kinaza C, ROS-reaktivnih kisikovi spojevi, PLA-fosfolipaza A, PC-
protein kinaza, PI3K-fosfoinozitid 3 kinaza, AC-acetil kolin, ATP-DGHQR]LQ WULIRVIDW enéz$O:
monofosfat, COX-ciklooksigenaza, TxAS-tromboksan A sintetaza, AA-arahidonska kiselina, PGG-prostaglandin
G

Slika 4. Opisani mehanizmi antiagregacijskog djelovanja flavonoidgajadnostavljenom prikazu
signalizacijske kaskadeaktivaciji trombocita potaknaf U D] O L p L W L Pagbeg&cije L-pravhieReD
u funkcioniranju membrane2 i 3-smanjeno stvaranje ROS R & W H inendbMne,i smanjenje
X Q X W D U koki¢enekcife @H 4-inhibicija aktivnosti 6\N )\ Q N L Q D;] HinhibRij&cAMP
fosfodiesteraze,-Gnhibicija COX-1, 7-inhibicija sinteze TXA % R M L.jp2@12y X U
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1.3 2 G UH Yy L NpbfhdstH spojeva

1.3.1 Molekulski deskriptori lipofilnosti

SUHPD UMHPRQEXRGQH XQLMH ]D pLVWXintergatidn®IL MHQ M H
Union for Pure and Applied ChemistrfJPAC), lipofilnost predstavlja afinitet molekule za
O L SRIL O Q RLipdfilibXt &pdRXRE L p &Mjeti@aRakteristikama njegove distribucije
X ELIDIQRP VXVWDYX ELOR G W HNppu B dkiandt:vadx)if WiuboY X W H N X
W H NRRIHPLC ili RP-TLC) (Chemistry, 2019)Za procjenuELROR&NH dombsvic Y QR V W |
djelotvornostineke molekulglipofilnost predsta®W MD MHGQX RG QDaM¥@ismQLMLK R
DILQLWHWRP ]D PRG R NDCODWVWRROIMRNESH DW NUR] PHPEUDQH X E|
kao i stvaranje kompleksavezrnm mjeston receptoa (Rutkowska sur., 2013)

Poznavanjelipofiinost SRWHQFLMDOQLK OLMHNRYD SRPD&aH X
apsorpcije, distribucije, metabolizmekskrecijg(ADME) L WR NV L p Q R \(MWrhba®io0 ( 7
i sur,, 2000) Lipinski i sur. (2001)tvorci supravila fet3koja SU H G Y L y SldakapsddpdifeH
ili prolazak NUR] VWD QL p Qperofatdip kod BgMH Y D V  Ydoadtaviedikovih
veza YL aH RKgeptora vodikovih veza, ako je moleskd masaY HU D R@ai ako je
L]UDp X ®@D'WM L LOBRGNoSI se na spojeve kojirse apsorbiraju aktivnim transportom
Prema pravilima, RG pHWLUL ]DKWMHYD PRWD3gof inkebWdbru]DGRY R
ELRUDVSRORALYRVW RUDOQRP SULPMHQRP

OHVy Kravilaje XYUEWHQD L OLSRILOQRVW PROaddi®H RGQF
koeficijentarazdijelienjaP. Razdjeljenje nekog spojanjeri seu stanjuU D Y Q R WPHH&#K
otapalayode i organsk faze,Q D M mtdkitdndla NRML VH QudktBrioMddtaridaddxo
N R U L argahbioRtapalo jernefROMH RS R QEDLARDO 8@ N U R @A de i Eufita) D
1964)

log P = log (Coktano/Cvoda) Q)

=ODWQL VWD Q G kboeticijeRt& tatijejen[a (2Mnietoda LIPXUNDYDQMD
UNOMXpXMH PLMHADQMH YRGHQH RWR Pdz@aiim SeungeBoviH N R Q|
organske tvari .DGD VH XVSRVWDneli se DRRRMDHRADV SHNWURIRWRF
koncentracijaspojakoja je zaostalau vodenoj fazi ilikoncentracijespojau organskj faz
(Saghaid Mostafavi, 2003)Metoda jedugotrajmi zahtievnD W U D &bluMéhQizokkh,
ima strogezahtjee |D pLVWRURPuUZfRONBSR @ HP M HU @R&RKbwSIRIGW. X p M D
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2013) Zbog manametode L]PXUNDYRIXQMDV VH XRELPpDMHQR NRHILFLI
R G U Hnjietdd i tankoslojne kromatografije obrnute faZengl. reverse phase thin layer
chromatography RP-TLC) (Biagi i sur, 1975) / W H N Xel kr@mabtdgrafie visoke
djelotvornosti(engl high performance liquid chromatograptyPLC) (Kaliszani sur., 2002)
plinskom kromatografijonfCastells, 2004i potenciometrijsk (Barzantii sur., 2007)

Tehnika RP-TLC definira kromatografski parametdRv kao vrlo korisnu opisnia
lipofilnosti izvedemn SRPRUIXPEHQLND JR=GUADYDQMD

Re=alb 2)
Ru=log(1/Re-1) 3

U izrazu zaRr, a predstavljaudaljenost ispitivane supstanel RG PMHVWDbQDQRAH
udaljenost frontesmjeseotapala koja se koriste za razvijanje kromatograsdamjesta
QDQRAHODHMIQ RVWL XWYURLRPQEDP SWERCRPWUBRGQRVX QD R(
logP je brzinaL HNR QR UMMV WRVW UHSURGXFLEQOQRYYKHAAMDNRG
spojeva odjednomanjaNROLPpLQY RJRURODKWMHYLPD }tR (pH \PWRBX X Mt
izdvojiti kromatografski Organizacija za ekonomsku suradnju i raz¢@ECD) u svojim
smjernicamaza ispitivanje kemikalija S7HVW 1R RSLVXMH PHWRGX ]D RGL
koeficijentarazdijeljenja(logPow) primjenomRP-HPLC-a. Zbog svojih prenostj u radovima
VH pHV-MPRC Z8mjenjujeRP-TLC PHWRGRP J]DGUBDOWBMSULQFLSH RS
smjernicama@ECD-a, RP-18 silika stacionarne fazeVDVWDY PRELOQH ID]JH NRMtE
QDMYHUX V HRAGHINWL 20QR VW

Quantitative Structuré\ctivity RelationshipgQSAR) (Leo i sur., 1971)modeliranje
razvilo se na model8ructure-Activity RelationshipSAR) pLM D M ln#ixe@&Rkerbijska
L ILJLPDND VYRMVWYD QROKRX® E IRRAORBNRMXWRNVLNRORANR
NRQWDNWX WstabR M/RKiMhéyH sur, 2000) QSAR modeliranje je stvaranje
PDWHPDW L p Nfsaiceh®@ekaBk&strukture i aktivnosti molekuléGandhii Morris,

2009) Prilikom izrade WHR UH W V No#i septeédigoh@D VH NHPLMVNL VURGQ
PROHNXOH LVWR SRQDabDMX

-HGDQ RG pHVWR 3R Imedélgl@avititatiimiQpdnios 48ukturafizikalno
kemijskih svojstavh je SUHGY LIpdPQ Wijddnosti Kreirana je obimna baza
eksperimentalnithogP zastotine U D ] O bgnbwhihnkolekula Njome se nastojaléd WARR p Q L M H
odredti paramete modeliranjadodavanjem podataka o fragmentima molekal&ragmentarni
pristup R G U H y loyFD IQ tediga jeprvo razvijen CLOGP progran{Leoi sur., 1975) Daljnji
razvoj baza vodio jetvaranjeUDp X QDO QLK ISURHURPBIYBIGYLYD@PMH OLSEFK
kemijskih spojeva, temeljenih na skupu predefiniranih atoma, fragmenata i njihovog doprinosa

.aRVL6JNRWsuR 2014) (Bennioni sur, 2017)(Dainai sur., 2017)

14



1.3.2 Interakcija flavonoida s biomembranama

&LOMQD PMHVWD GMHORYDQMD OLMHNRYD GRELYHQLK

X VWDQLFDPD OMXGVNRJ WLMHOD 2QL PRJX GMHORYDWL Q
unutar odjeljaka R J U D @ Lrpét@rimama (Hendrich, 2006) Studije koje se bave
mehanizmom djelovanja flavonoida L VW U AKIMOR Y  \URUtAH &tsiviioeM kaadio
REMdjAa@MURNRJ VS HN,\ianfipadski kataRepbtekMibD je brojnal VW UBALYDQM
interakcija flavonoida sbiomembranamall radu s izoflavonima i njihovim prenilnim

derivatima D XW R U L ] BeNifhii p26fNeXoni s prenilnim supstitucijamaalaze svoj
VPMHEAWDM G XE Okdé¢onkKR B B RUIDAQAL® L V Pridribdanad da Xjilgua JUD Q L F
ELRORAND DNWLYQRVW RYLVL XSUDYR R LQWHUDNFLML R
dvosloja(Hendrichi sur., 2002) Tammelai sur. (2004)promatralisu propusnosjednoslojne
membraneCaco2 stanicanakon interakcije s flavandima L ] D NIiOdd Kifiroksilacija i
SODQDUQRVW PROHNXOD IODYRQRLGD YRGL NMdamud LQWHU
njihov ulazak u stanice, dok hidrofobniji flavonqgidiao flavon ulaze uCaco2 stanice

pasivhom difuzijom Ollila i sur. (2002) su u svom eksperimentdPLC metodomna 8
UD]JOLPLWLK SIODH|PQRLEBUX UHWYQYFILLAHXK KIO®YRNBALGELK V
stacionarnom faR P R E O R 4 BdRlmitoil-sn-glicero-3-fosfokolinom U pokusu na
jednolamelarnim vezikulama S DOFHLQRP YHUX QHVWDELOQRVW L L]O

izazivali su lipofilniji flavonoidi.
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2 CILJEVII HIPOTEZA ,675%4,9%1-%



Kardiovaskularne bolestY R Gdtiizrokmorbiditeta i mortaliteta zemljama razvijenog
svijeta.PrevenciiaNDUGLRYDVNXODUQLK ER @HYWRW QXLMOMDMN XNH XS S E
W M H QuRNoM kdliko to nije dovoljnouvodi sestandardiziraa terapip, a nerijetko i
operacijski zahvati0 Q RJ RV W U X N R ol vdule PaZvdj@ K\NBRi njihova interakcija
izazov je za odabirXpLQNRYLWRJ W H UReaStarMRi/ tkbRBanss tjesifop e
aterosklerotskog plakpredstavljaneposrednwpasnostzbog smanjenog protoka kroz krvnu
AL O X L akmijogkidiarnogindromaili akutne cerebrovaskularne bolestiterapijskom
pristupu KVB-u prisutni sy PHY X RV sniik@abwWacijski iantiagregacijskih lijekav
.RPSOHNVQRVW ELROPANNNKYPHKWI®LIDPDUHJD Fkoxddpt WU RP EF
DQWLDJUHJIJDFLMVNH WHUD SL vhblek@ld/ td (2 RaridsdpkbtbRo @De YLAH F
terapjadvama DQWLDJUHJDFLMVNLP OLMHNRYLPD XVSMH&EQLMD |
antikoagulacijskog lijeka.. ODVLpQD DQWLDJUHJDFLMVND WHUDSLMD
GMHORWYRUQRAUX L R]JELOMQLP QHAHOMHQLP XpLQFLPD
gastrointestialni trakt, a iznimno rijetko iali i puno opasnijejntrakranijalno Stoga je
LIQDODaHQMHa XxhQ® MR & N®i@idayMdayijske terapije jedan od izazova

farmaceutske industrije.

Flavonoidisu biljni spojev zastupljeniu svakodnevnoj prehrgnNDR VDVWRMFL Y
S RY,WsjeMenki, napitaka2 WNULUHP ITUDQFXWVAOHHRIHGBVBG®RKVIRGLQD
VWRGBRIDILDHQROQL VSRMHYL Ppreddtayllenisivikagabtojci p@Pari&RsQ R L G L
preventivnm X p L QN Rd@ja@dst KVBa 2VQRYD WRJ EODJRWYRUQRJ Xpl
prvenstveno je njihovo protuupaln@ntiagregacijskaljelovanje D X EURMQLP LVWUDA&
koja su uslijedila opisujuse GUXJD |@WDHDRK QD Q MrBtutuiddrskdproRIvirusno
i protualergijsko djelovanjeAntiagregacijsko djelovanje flavonoigeasveobuhvatndpisane
su interakcig flavonoidas enzimima ciklooksigenazom, lipoksigenazotmozin-kinazom,
fosfolipazomkoje sudjeluju u procesima aktivacije i agregacije trombocitamdbaniznom
]D YHULQX IQDMRQWRG@R REMD&aAQMHQ

Za bioaktivnostV SRMHY D R G L] X]hjidaHpdilkbsyYkoja QR RWR J X U X M H
difuziju u stanicekroz lipidni dvosloj bioO R ameimkrana.7DNR MH SUL SURFMHQL X|
novih lijekova procjena lipofilnostezaobilazan diQSARi QSPRmodeliramja. 2ZpHNXMH VH
da se fvonoidi temeljem svoje strukturd/ PMHaAWDMX X, @ LdatoGs@oistvB HG LM
pretpostavlja dobar preduvjetmphovu RSLVDQX ELROR&NX DNWLYQRVW
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+LSRWH]D RY R Jprépostavljpdalsedvapbdiivatnost antiagregacijskog djelovanja
zbog svoje lipofilnosti 7DNY L P anjeml éhé 8vhanpju fluidnost membrane aW R |D
posljedicu ima smanjenekspresij aktivhog oblika receptoraintegrima . 3, 0dnosno
smanjenje aktivacije i agregacije trombocit@vaj mehanizam predstavlja osnovu

antiagregacijskog djelovangvim flavonoidma.
6SHFLILp @lograda suH Y L

1. ispitati P R J X U @QtBr&Kdije flavonoida s membranom
a. uWY Uy nYpofnesHlavonoida temeljem njihovilogaritamskih
vrijednosti koeficijenta razdijeljenja (169,
b. uWY Uy nek3@edije aktivhog oblika integen, sprijei nakon
djelovanja flavonida;
2. ispitati sveobuhvatnost djelovarflavonoidana aktivaciju trombocitau prisustvu
V S H Fih inhjp@ora za enzime PLC, COX1 i inhibitora kalcijevih kanalauz
UD]OLpLWH DIJRQLVWH DJUHJDFLMH

3. iVSLWDWL ]JDMHGQLpPNL XpLQDN NRPELQ®RFLMH UD]JOLE
U D]O L p L WadrepacRefpmidosits.
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3 MATERIJAL | I METODE



3.1 Materijali

3.1.1 Uzorci krvi

8 LVWUDALYDQMH MH ELOR XNOMXpHQR GREURYRON
zavoda zaransfuzijsku medicinu (HZTM). Ispitanici su dali pisani, informirani pristanak prije
VXGMHORYDQMD X LVWUDALYDQMX NRMLP VX SRWYUGLOL GI
VYRM GRSULQRV LVWUDALYDQMX L Bdedah ¥XrakbviBvakg. DJUH J
ispitanika prikupljen je u epruvetepaltlakom(4,5 L) s trinatrijevimcitratom (32 %) kao
antikoagularam. 6 W XGLMD MH SURYHGHQD SUHPD +HOVLQ&ANRM G|
povjerenstva Hrvatskog zavoda za transfuzijsku medicinu i Farmacehitdtemijskog
fakulteta 6 Y H X p L O L & W. Prilkom Dhirddel EeXultatss RAW LY D Q DUrédte EUD YL O D

(XURSVNRJ SDUODPHQWD L 9LMHUD RG WUDYQMD
obradom osobnih podataka i o slobodnom kretanju takvih podataka te o stavljanjsnage
"LUHNWLYH (= 2SUuD XUHGED R |DaWLWL SRGDWDND

312 30RpH |D WDQNRVORMRWNOIMWRPDWRJIUDILMX |

=D NURPDWRJUDIVNR UD]GYDMDQM HL8 E2B4S RIR/RI60D N R U L

(Merck, SAD) s mobilnom fazom: acetonitril: voda: ledextena kiselinaKemig, Hrvatska

JODYRQRLGL X REOLNX DJOLNRQD NRUL&A&WHQL X RYRP L
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Tablical. $JOLNRQL IODYRQRLGD L QMLKRYL SURL]JYRYDDpL

JODYRQRL 3URL]YRYVDY
JODYRQL
JODYRQ JOXNBMHPDpN

KLGURNVL
KLGURNVL
/TDQJHUHMW
THNWRNUL
.UL]GQPHWL

&KURPD'H[ 6

&KURPD'H[ 6
% L R & K H®Y.INFED U
([WUDV\QWK®N;
([WUDV\QWK®N;

.UL]LQ JOXND 1MHP
$NDFHWL' %LR&KHPYINED L
'LRVPHWL ([WUDV\QWKHYV
$SLIJHQLQ JOXND 1MHP
IXWHROL( ([WUDV\QWKHYV
JODYRQRC

GLKLGURN
GLKLGURN
*DODQJILC
5DPQHWL!
,JRUDPQHV
.YHUFHWL

&KURPD'H[ 6

&KURPD'H[ 6
6LIPEBOGULFK &
%LR&KHPLND
%LR&KHPLND
6LIJPBOGULFK &

JODYRQRC

3LQRFHPEHWQ
3LQRFHPE!
+HVSHUHV
)ODYDQR(

(IWUDV\QWKHYV
(I WUDV\QWKHYV
6LIJPSIDGULFK &
6LIJPSIDGULFK &

*u obliku kvercetindihidrata

Standardi flavonoida pripremljeni s¥i Q U D] WMikstiHsQfbkXidu (DMSO, Sigma

$OGULFK &YLFDUVND X U4BSBNRADB2NNRQFHQWUDFLMD RG

3.1.3 Agonisti impedancijske agregometrije

Agonisti za impedancijsku agregometriju: adenedifiosfat ADP), kolagen,TRAP-6
(engl.thrombin receptor activator peptid®, arahidonska kiselina (AA) i ristocetimabavljeni
VX RG WYUWNH 5RFKH 'L®ILQ RRAMBHAS kaldijdviRkdition (0,9 %
NaCl s 0,003 M CaCb) iz HZTM (Hrvatska).Indometacin koji je inhibitociklooksigenaze
(COX) i verapamikoji je blokator kalcijevih kanalanabavljemsuod Acros Organics (Thermo
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Fisher Scientific, Belgijg)a inhibitor fosfolipaze C (PLC), 73122 od Sigma Aldrich
AYLFDUVND

314 )OXRUHVFHQWQD DQWLWLMHOD ]D SURWRpPQX FLWRPHW

Broj trombocita u plazmi bogatoj trombocitin{angl. platelet rich plasmaPRB
RGUHYHXHWADWRORANRP EURMDDPX $'9,% PBS pHPRAHeY. 1MHPD
phosphate buffered salind RVIDWQR SXIHULUDQPDpriptgrhlRrOR B8R RWRSL
NRULAWHQ MH |]D SRGHabYDQMH EURMD WURPERRi-WD SULN
integrinslo .ip 3 protuijelo (PAC R E L O Mubéesc@imzotiocijanatom (FITC) za
SUDUHQMH DNWLYQRJ REOLND WURPERF&WQRELOMNMHATVYR!
fikoeritrinom (PE) ]|D RELOMHADYDQMH SRYRWDEVMNH WRAWEROHN D
pozadinskog signaledR LAML ,J0 R QPHWRSn L PLAML ,Jip W QPEHQ
om kupljen su od Becton Dickinson (SAD)$QDOL]D WURPERFLWD SURWRDPQ
prevedena su n& U H \FOB08, Beckman Coulter (Francuska)
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3.2 Metode

3.2.1 Obrnuto fazna tankoslojna kromatografija

Dvadeset i jedaflavonoid analiziran je tankoslojnokRromatografijomobrnutih faza
(RP-TLC). 1D VWDNOHQRM S O Rflika-g8ldurHnaodiKdr&hinRsMalifetskim
ugljikovodicimaRP-18 SR Y4 &P R UD]GRIYMDQRIER GXOMLQL DOLIDWVN
XW M H [} B GQ & DnabeQeMilid spojeva ovisno o sastavu mobilne faze iwdijzde.
ORGLILFLUDQL VLOLND JHO MH SUHVY XpHQ LaWRigiBa/MHQWQ |
faza sastavaacetonitril: voda: ledena octena kiselina u omjeru 6813 (v/v/v). Mrlje su
detektirane temeljem d@nja fluorescencijeindikatora pod UV svijettom na 254 nm
VrijednostipLPEHQLND ]R-GD ADWIDNQMIBDDYRQRLG LJUDPpXQDWH VX .

Rr =a/b

gdje jea udaljenost spoja od startabadaljenost otapala od starta.

Temeljem eksperimentalnih vrijednoBé LIUD p X QD W H Vidroibhhhgadaen@dla/ WL K

tankoslojne kromatografijBu prema formuli(Bate Smithi Westall, 1950)

Rv =log (1 /RF-1).

322 ,JUDPXQ WHRPHWVNRJ

, ] U D teré&tskodoeficijentarazdjeljenja (logP) za spojeve itablice 1.proveden je
S R P Rdostupnih internetskihaplikacija Chemicalize ChemSketch Molinspiration i
SwissADME Aplikacija Chemicalize (c)logP koja se koristis Chemaxon/Chemicalize
S RV O X &mealjHs® Mabazi unaprijed definiranih fragmenataz nekoliko prilagodhi
ChemSketchprogram konstrukcijskm pristupm koristi vrijednosti osnovnih fragmenata
spojevadobivenihiz izmjerenih lod® jednostavrih molekul, te uz to konstruira ostatak
fragmenta(Kujawski i sur., 2012) MetodaMolinspiration (miLogP ]D SUH GlageyeD Q M H
temeljena na doprinosima fragmeniatgi sudobiveni XQ RV R P Y2.08®mBl€kula nalik
lijekovima s eksperimentalninogP podacma te se rezultat dobiva kao zbroj doprinosa
fragmenata uz faktor korekcif@ennioni sur., 2017) SwissADMEL ] U D p X Qa4 petO R J
UD]OLPLWLK QDpLQD L L]UD @D/Nj@&@nGIVKLEGPS XoristRamMsk® | XV OR
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metodu kojaREX KWIRIDHN FLMV NH | DN W RWLHDGP ie@vhllgadidifaliu] QD Q M D
LPSOHPHQWDFLMX p Lbdaivae na SagnirextarhbnPdd MaRIGOGPje SUHWHpPD
WRSROR&NH PHWRGH NRMD RYLVL R OLQHDUQRM SRYH]DC
SILICOSIT je KLEULGQD PHWRGD NRMD MH YH]DQD X] IUDJPHQ
iILOGP koju je SwissADMEsam razvio i koja ovisi o slobodnoj energiji otapamnjaoktanolu

L YRGL L]JUDDpPXQDW R MGé&eralireeBdPrRraGd-s0lventbQeds3ible surface area
(GB/SA) (Dainai sur., 2017)

323 8WYUYLYDQMH RGQRVD HNVSHULPHQWDOQLK L UDpXQD¢

SURFMHQD XVSMH a QHenitdlize ShemR3kegH Molinspiration i
SwissADME X WHRUHWVNRP RGUHYLYDQMX OLSRILOQRVWL VS
koeficijenta korelacije zRw i logP vrijednosti flavonoida iz Tablice 1. Korelacija je ispitivana
]D JUXSX RG IODYRQRLGD V SRMHGLQDPQLP UH]XOWDWLPI

324 8WYUYLYDQMH RGQRVD SDMINGABWDUD OLSRILOQRVWL L

ProcjenapovezanostiW H R U HW V heUipSfithesGsY HWW SHULPHQWW OQR RG
vrijednostimaMINaAC za flavonoide izzDEOLFH SURYHGHQD MH RGUHYVLY
korelacie.. RUHODFLMD MH LVSLWLYDQD ]D JUXSX RG IODYRQ
logP zasvaku programsku aplikaciju zasebmasve flavonoide i klase flavonoiddrijednosti
MINaAC uz agonist ADPza sve flavonoide osim flavanona preuzete su iz r&d& Mduii
(2011)

3.2.5 Impedancijska agregometrija

Impedancijsk agregometrg prvi putje opisana u metodtardinali Flower, (1980)i
od tad se koristza procjenu funkcije trombocita punoj krvikao QMLKRYRP IL]JLRORA
R N U X ARte@pdskavkge ove metode dérombociti nisu trombogeni u svom relaksiranom
obliku, ali aktivirani L ] O i2ée)tore navojoj SR Y Wkdjim@seYHAaX QD YD REWGIDHVQMD
L XPMHWQH (CarBnalUia ElGdr, 1980) Reakcija Multiplateé metode (Roche
'LDJIJQRVWLFV odtijd $¢ RaDXpUNHDYI Pelihdkratnim ispitnim kivetamadsostrukom
VHQ]JRUVNRP MHGLQLFRP X] PLMHA&D Q kslikaB)DnhQemperRMRriREOR A}
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od 37 f &1 D p Hhét&le je agregacija trombocita na metalelektrodamanakon aktivacije.
Elektrode VX L]U DYy H Q HvoRljivoytdakd®k NFRE (R sréb@m.Prianjanje aktiviranih
trombocita naelektrodH VWYDUD HOHNWULPQL RWSRU phk#b)VH SRYHIU

Metalne elektrode

Slika 5. Ispitne kivete OXOWLSODWH XUHYDMD +=70i lcukbbthtblO ]D WU
dijagnostikui hemostazu)

Metalne elektrode

= -
| |

|’ ’ I <+—— Aktivirani trombociti

-
/

Relaksirani trombociti

Slika 6. 1 D p khipé&dancijske agregometrije: nakon aktivati@nbociti se lijepe na metalne
elektrodeAWR YRGL SRYHUDQMXX BERXOWNWUYDpP|@RY SRRWSHHHEX XUHyYyDML
HZTM, Odjel za trombocitnu i leukocitnu dijagnostiku i hemosjazu

Promjena impedancijenjeri seu arbitrarnimjedinicana (AU), a JUDILpNL MH SULND
NDR SRYU&GLQD LVSRIBaRULYXOMH $8&
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kultiplate® platelet function analyziz - ¥2.03.11

Channel: 1

Slika7. 3RYHUDQMH HOHNWULPpQRJ RWSRUD WLMHNRP YUL
pRYUALQD LV 8ARZarmWitdeneé yedinitefrezultati autorice)

Metoda koristi dvgpara elektroddNDNR EL P MH U H @ébisohy kxR p QL MH
NRUHODFLMH zh yerDtate Qrikuplizn® $lolsanzora teko je koeficijent korelacije
QLo 0,98VRIWYHU XSR]JRUDYD QD ORALMX NYDOLWHWX UH]XOV
iusIXpDMX GD VH $8& Y ULM KGR \UOEC khD $@&haNZanddnotdr 8 H
VDWD RG OVBOWORIM™DWH XUHYyDM X UXWLBVNRP UDGX SULND]

Slika8. OXOWLSODWH XUHYVyMHMTM QijeMa QVNRP UDGX
trombocitnui leukocitnudijagnostiku i hemostazu
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3.25.1 2 G UHyLUWR@Gfiaanona

Minimalna antiagregeijska koncentracg (MINaAC) flavanona RGUHYHQD MH >
prisutnosti agonista TRAB, ADP, kolagen, AA i ristocetira prema metodi% R Mdui,
(2011) Tom metodm ispitivao sestupanj agregacije nakalelovanja niza koncentracijskih
standarda flavanona (4880&2 —0 X RGQRVX QD UH]XOWDWH DJUHJDFL
kontrole, tretiran samo otapalom (DMSO). U tu svrhu koristio se origirkéllﬂtiplateS
SURWRNRO ]D XWYUYyLYDQMH QHRVM HsalGIMnKReUndmh, & URPER |
agonist arahidonsku kiselinu; ASRBA test. Prema analogiji djelovanja umjesto
acetilsalicilne kiseline, u uzorak pune krvi dodaje se flavonoiddeagipituje, a osim AA kao

agonist dodavani su i TRA®, ADP, kolagen i ristocetin.

Protokolje opisan uablici 2.

Tablica 2. Protokol za ASRASA test Multiplate-flavanonMINaAC
ASPLASA testMultiplate®

IL]L R OR aN kaRipvRnKklo@bmV —/
(0,9% NaCl s 0,003 M Cag}lprethodno
]DJULMDQD QD ]

R1* —1/

Uzorakpune krvi(18-25 f & —1/
Inkubacija 180 s

Agonist** —1/
Mjerenje agregacije 6 min

IODYDQRQ NRQDPpQD NRQ@FHQW2NREAIDPMD NRQFHQWUDFLMD
* RQDpPpQH NRQBHRWAPEBFLMHP/ NRODJHQD-6,0 —6-05%%3
mg/mL ristocetina

Nakon dodatkaagonistaMultiplaét@(UHyDM ELOMHAL UDVW LPSHGDQFL
REOLNX SRYUALQH LV SAGedihigamaXeAe M HJ) B SHINGDFIRMG WD W LV W L
]QDpDMQD UD]JOLND WiHexGVaRMKD zaulbrak $fwdridnothuzoraks
DMSO (negativna kontrolajpremaJ U D I L p N R Pn&bsliciON D | X
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Slika 9. Opis postupkalzmjerena jeagregacijauzorka s otapalonDMSO (AUCO) i s flavonoidom

(AUC1) Ukoliko je razlika e] XOWDWD DJUHJD B%MHI HUDOD®DYWH DD RGHJIJDFLMD
neovisnauzorka8 VOXpDMX GD MH UD]JOLND WhonoUjenipugidpdk $&JudihBl& LM H EL
GYRVWUXNR YHUD NRQFHQWUDHLGD VABDGRRBIRMG DV \RE&8G MWHVE Q H
smanjenje agregacije za promatranu koncentracijisporedbi sezultatima agregacije za uzorak s

DMSO, promatrana koncentracija smatra se minimalnom antiagregacijskom koncentracijom
(MINaAC). Crvenai plava linija na grafu predstavljaju dva usporednaemjgu istomuzoku. Ukoliko

je RWNORQ L]JPHYX GYD2P MHRIMIDQWDOM X MHL VRHGXSR]JRUHQMIH R ORA&L
mjerenje se treba ponoviti% R iMWr.{12011)

3.2.5.2 Ispitivanjeutjecaja kombinacija lijekova i flavonoida MiNaAC

Ispitivanje agregacije nakodjelovanp flavanonai inhibitornih supstanciu-73122,
indometacina tgerapamié provodilo se uz manju izmjenu u volumenu R1 (flavanon, DMSO,

inhibitorni spojevi) prema protokolu u Tablici 3.
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Tablica 3. Protokol za ASRASA test Multiplate-]DMHGQLpNR GMHORYDQMH IODYDQR
agregacije

ASPLASA testMultiplate®
ILILROR&AND RWR &lo@bmV —/
(0,9% NaCl s 0,003 M Cag) prethodno
]JDJULMDQD QD /

R1* 5—1/
0,9 % NacCl 15 —/
Uzorakpune krvi(18-25 f & —1
Inkubacija 180's
Agonist —1/
Mjerenje agregacije 6 min

*flavanon, DMSO,U731229, indometacin, verapamiNRQDpQD NRQFHQWUDFLMD '062
* RQDpQH NRQFHQWBEBFLMH0-65%3

6PDQMHQMHP YROXPHQD 5 SRVWLJQXWD MH NRQDpQD
% koja nije utjecala na agregaciju trombocitaraakcijama a spojevima inhibitorima.
$QWLDIJUHIJDFLMVNR GMHORYDQMH IODYDQRQD L LQKLELWEF
TRAP-6 kao jakog agonista i ADR kao slabog agonista ispitano je u kombinacijama
navedenim dablici 4.

Tablica 4. KoncentaciaVSRMHYD NRULAWHQLK X LVSLWLYDQNM
U731229, indometacina i verapaatila agregaciju trombocita

IODYDC ,QKLELWRU
Agonist —0 —0
8 YHUDSEL LQGRPHW
75%$3 —0
$'3 —0
$$ —0
.RODJHQ—1J |

Kako bise postigla R [al YWonovljiva inhibicija agregacije u eksperimenina je za
flavanonkori & W B3 pbDta . &MINaAC u kombinaciji STRAP-6 i 60 putaY L MMIINaACu
kombinaciji s ADRom kao agonistom. Inhibitori enzima PL& COX-1 i kalcijevih kanala
primijenjeni su u koncentracijama prema literaturnim izvori(Baocchierii sur., 1995)

(Heemskerki sur., 1997) (Saeedi sur, 2004) Razlika ezultat agregacije zanegativnu

29



kontrolu(DMSO 08 %), za uzorakretiran s flavanononti inhibitorom signalnih putovee za
uzorakinkubiran skombinacijom flavanonainhibitoratestirarma MH Q D JZx&rim O/05.
6WDWLVWLPNL ]Q D p belviipaiinz&) Dep@tivivuCkomtjduH(PMSQ)a rezultate
samostalnog djelovanja flavanonahibitora teauzorakinkubiran skombinacijom flavanona
i inhibitora smatrana je dokazom L Q H U J ld)¢levanmN R J

Mijerenja su provedena na uzorcima minimalno 5 ispitanika.

3.2.5.3 Ispitivanjedjelovanp kombinacije dva flavonoida na agregaciju trombocita

Ispitivanje agregacije nakon djelovak@ambinacije dva flavonoidprovodilo sgprema
protokolu u Tablici3. Promatrange djelovanje flavanona u kombinaciji s pinocemb#in
metileteom, kao predstavnikom flavonoida koji su prethodno u r&@R Mdui, ( 2011)
pokazali proagregacijsko djelovanje u agregaciji s AA i u kombinacihgl®ksiflavorom
koji je jedini od promatranih flavonoida u istom raplokazaocantiagregacijsko djelovanje s
AA kao agonistom agregacije . R U L a8 WsHVQH.Galgakhlsti agregacije: ADP, TRA®,
NRODJHQ L $$ .RQDpQH NRQFHQW Ut ¥ HPriDieRieEne WD QDY
MINaAC odabranih flavonoida prema rad R Mduii (2012) teje SURPDWUDQD ]QDpD
razlike za grupu mjerenja nakon inkubacil@MSO, flavanonom, pinocembrrfi-metileterom
ili 6-hidroksiflavonom i nakon inkubacije s kombinacijom flavanonaisocembrin7-
metileterom ili 6hidroksiflavonom te 6-hidroksiflavora s pinocembriY-metileterom,uz
UD]JLQX ]QDpDMQIRIYVWILYEVEIPMN Q D U Drp@ultdietagrddacigaXiegativnu
kontrolu (DMSO) za rezultate samostalnog djelovanja pojedinog flavontadeaa uzorak
inkubiran skombinaciomGYD IODYRQRLGD VPDWUDQD MH GRND]RP ]D|

Mijerenja su provedena na uzorcima minimadrispitanika
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Tablica 5. Koncentracije flavanona-Bidroksiflavona i pinocembrir7-metileterai agonista TRAFS,
ADP, kolagena i AA u eksperimentm@8RMDpDQRJ GMHORYDQMD NRPELQDFLMH
trombocita

$JRQLVW —0
75$3 $'3 NROD $$%
—C — —0 —

JODYRQF 0,1D$& —0

IODYDQ

KLGURNYV

SLQRFHPE
PHWLOH

3.25.4 3UD(HQM H trDrhiboctaPIHAL RIGRP SURWRPQH FLWRPHWULMH \
R]Q D p prQuijelima

OMHUHQMD PHWRGRP SURWRpPQH FLWRARRAVRRPMeH SURY'L
izdvojencentrifugiranjem uzoraka k'K Q XW DU SR OD VYWhuwydinfrR150Y, DOy M D
EH] N R IN@Koiir bfojanja trombocitaRQFHQWUDFLMD MG6f t8RuBdiH# QD QD
PBSom (pH 7,4). Jedan m WD NR S UPRR4inkQiRIie V WUL UDJUMHYHQMD |
(30, 244i 488 —Yili s otapalom(DMSO, 0,8%) tijekom 15 minuta na 37 & suhom
termostatuAlikvot PRP (72 —)/nakon inkubacije PR&s flavanonom ili DMSO,SRPLMH&DQ
je s25 — /0,1 mM agonisa TRAP- NRQDpPQD NRQF¥)Q Wéehia Fupibima
SURL]YRPDpt-r&' 3( ]D RELOMHADYDQMH SRSX®AFILMH WUF
). 7& ]1D S UD U HoQ dblika InbeguhaYin 3. Smjesaje inkubirara u mraku,na sobnoj
temperaturi,30 min. Unutar15 PLQ QDNRQ ]DYU&AHWND LQNXEDFLMH X]
S U mwvppometru, CXP softveroma 10 G R J DpyiDiska) brzini protokaPopulacija
trombocitaMH VPMHAaAWDQD XFLXW\RD U CRRDBIY Gy LgpDvard scattey i
granuliranostistanicaSSC(engl side scatter Stanice unutar ograde definirane u KS6C
FLWRJUDPX SRWY UV HQ HIRV KstbigtaRushethRorifeR A éLioredd@ncije
biljega €ngl mean fluorescence intensityNDR &' 3( SR]JLWLYQL GRJDyYyDML L 1
(%) (slika 10).
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Slika 10. SSC x FSC citogram s ogradom populacije troaitagA) i histogram CD64PE
pozitivnih stanica u ogradB) (rezultati autorice)

Izotipskakontrolnaprotutijela P Lé&gMJ O FITCi1gG1 PEkoristlasuse]D SUDUHQMH
UD]JLQH QHVSHFLILPQRJ SR]DGLQVNRRGWHsgHIDidogréhuW LY L UD
MFI kao udio trombocita s pozitivninbiljegom aktivacijetrombocita PAC1 FITC uogradi
CD61 pozitivnih stanicéslika 11)

Slika 11. Histogram PACAFITC pozitivhih trombocita iz ograde na slitll. A (rezultati
autorice)
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Mjerenp su se provodila utriplikatu i pratilo se smanjenje udjela PACFITC
pozitivnih stanica, odnosno smanjenje aktivacije. Koncentracija flavanona kpgkgeala
VWDWLVWLpPNL ]QDpDMQR VPDQMH Q Mitbrdivd pétispbaRikaMiH W HV W
triplikatu NDNR EL VH SRWYUGLOD |QDpDMQRVW DQWLDJUHJDFL

326 6WDWLVWLpNH PHWRGH

Koreladgja vrijednosti hidrofobnog parametr&Ru dobivenih eksperimentalno
tankoslojom kromatografipm za 21 flavonoid XV SR ¥ KKy Bl @oretski L]UD mMX QD W
vrijednostimaogP testom linearne regresiprogramonttatistica 70Q D UD]JLQL |]QDpDMQR
0,05.Linearnom regresijom ispitana,j&X] UD]JLQX ]QDpDMQRV W ltedreGKki L SR
L ] U D phXIegP Wrijednosti (Chemicalize, ChemSketch, Molinspiration i SwissADME
MINaAC vrijednostima flavonoida. Studenttnest zaupaeQH X]J]RUNH NRUL&AWHQ MH
]ODpDMQH PLQLPDOQH DQWLDJUHJDFLMVNH NRQFHQWUDT
DIJUHIJRPHWULMH X] UD]JLQX ]tQ@eStzaupa®@N VX[ R U N H6 NXIGLHBQWHRY
SURFMHQX ]QDpDMD XWMHRDH DN®@DRDYDRRWMHD WODRPERG MWMD
SURWRpPpQH FLWRPHWULMH V IOXRUHVFHQWQLP DQWLWLMH (
ANOVA test uz post hoc analizu SURYHGHQ Mk wWeR UdpdRackeQ M H
https://goodcalculators.com/omey-anovacalculator/
http://astatsa.com/OneWay_Anova_with_TukeyHSBjime se ispitd |]QDpDMQRVW UH]X(
]DMHG QL pN RIa@Mra® iRhODoNLOCOX-1 i kalcijevih kanala na agregaciju u
testovima agregaciigd LPSHGDQFLMH X] UD]JLQX ]Q D pDiMQx&zmww L
] Q D b D N$jat&n¥ MY iLrazlila rezultataantiagregacijskog djelovanja kombinacije flavonoida
uodnosun? DPRVWDOQR GMHORYDQMH SRMHGLQDpPQLK IODYRQ
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4 REZULTATI



4.1 Parametri lipofilnosti

4.1.1 Kromatografski parametar Ru

Lipofilnost molekulese L ] U D &d&»YoBaritam koeficijenta razdijeljenj® za stang
UDYQRWHAH L]PHYX GYD RWRINS\DBDPR O'IR GMHRIM Q ¥ M pGIA tRHL M H & D

|Og P = log (Coktanol Cvoda) (1)
Ekvivalentlo® RGUHYyHQ PHWRB/RP 7/&
Re=a/b )

Rvu=log(1R-1) (3)
Ispitivanje je provedenoa 21 flavonoidu. Rezultati su pakani na kromatogramim@alika
12).

Slikal2z .URPDWRJUDB|¥INDG ®ddrraiavonoida iz Tablice 4.; detekcija 0% nakon
RP-TLC
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,]UD p X Q D W HRYnavelerdeamebReModbiedno srijednostima putovanja ispitivane i
mobilne faze WH L] QML R-\BijddRastima.O L P

Tablica 6. Rezultati RP7/& DQDOL]JH 10DYR QRkrileBnoRGUHYLYDQMH

Redni Poicija na Flavonoid Put ispitivane  Put mobilne Re Rwm
broj kromatogramu tvari (a) faze (b)
flavoni
1 1 flavon 2,0 6,9 0,29 0,3892
2 2 6-OH-flavon 3,6 6,9 0,52 -0,0378
3 3 7-OH-flavon 3,8 6,9 0,55 -0,0884
4 4 tangeretin 19 6,9 0,28 0,4202
5 5 tektokrizin 1,6 6,9 0,23 0,5202
6 6 krizin dimetileter 1,6 6,9 0,23 0,5202
7 7 krizin 3,4 6,9 0,49 0,0126
8 8 akacetin 3,3 6,9 0,48 0,0378
9 9 diosmetin 4.8 6,9 0,70 -0,3590
10 10 apigenin 4,9 6,9 0,71 -0,3892
11 11 luteolin 55 6,9 0,80 -0,5942
flavonoli
12 12 3,6-diOH-flavon 3,6 6,9 0,52 -0,0378
13 13 3,7-diOH-flavon 3,7 6,9 0,54 -0,0631
14 15 galagin 3,4 6,8 0,50 0,0000
15 17 ramnetin 4,2 6,8 0,62 -0,2083
16 18 izoramnetin 4,6 6,8 0,68 -0,3203
17 19 kvercetin 5,4 6,8 0,79 -0,5863
flavanoni
18 22 flavanon 2,9 7,3 0,40 0,3100
19 24 pinocembrin7- 24 7,3 0,33 -0,1076
metileter
20 25 pinocembrin 41 7,3 0,56 -0,4536
21 26 hesperetin 5,4 7,3 0,74 0,1811

Kromatografski parametiRy HNVSHULPHQWDOQR RGUHW¥HIR42 d&ELOL VX
IDMYHUH YRJLMDHGQRWWHQH VX ]D Wikhdtilaté NkabL]LQ L
QDMOLSRILOQLMH D QDMQLAaH ]D OXWHROLQ NDR QDMKLGU
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4.1.2 5D pXQ Dri@dnesti logP

U tablici 7 navedene swrijednosti log® dobivene putem programisk paketa
ChemicalizeChemSketciMolinspirationi SwissADMEVrijednosti logP su se kretale od 2,18
za tangeretin do 3,28 za pinocembrimetileter prema aplikacijChemicalize | prema
ChemSketclaplikaciji pinocembrin7-metileter je najlipofilniji s lo§ 4,11 dok je najmanje
lipofilan izoramnetin 1,76. Molinspirationi SwissADMEV X L]JUDpXQDOH QDMPDQMH
logP za kvercetin(1,68 i 1,23) dok je premilolinspiration najlipofilniji flavonoid u grupi
tangeretin [ogP 3,78 a zaSwissADMHlavon (logP 3,18.
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Tablica 7. R D p X Qaran@edr flavonoidne lipofilnostjlogP

Flavonoid logP_ logP_ _ Iogl_:’_ _ SWiSS_ Swiss_  Swiss_  Swiss_ _S}Niss__ Swiss_
ChemAxon ChemSketch  Molinspiration  ilogP  xlogP3 wlogP mlogP silicosit consensuslogP
Flavoni

Flavon 297 3,56 3,74 2,55 3,56 3,46 2,27 4,04 3,18
6-hidroksiflavon 2,66 3,72 3,23 2,28 3,62 3,17 1,66 3,52 2,85
7-hidroksiflavon 2,66 3,32 3,23 2,22 3,62 3,17 1,66 3,52 2,84
Tangeretin 2,18 2,66 3,78 3,71 3,04 35 0,63 4,21 3,02
Tektokrizin 3,16 3,13 3,48 2,88 3,85 317 1,33 3,52 2,95
Krizin dimetileter 3,01 3,27 3,75 2,95 3,62 348 157 4,04 313
Krizin 3,01 2,88 2,94 2,27 3,52 2,87 1,08 3,02 2,55
Akaketin 2,85 3,15 3,00 2,56 3,35 2,88 0,77 3,03 2,52
Diosmetin 2,55 3,10 2,28 2,47 3,10 2,59 0,22 2,55 2,19
Apigenin 2,71 2,10 2,46 1,89 3,02 2,58 0,52 2,52 2,11
Luteolin 24 2,40 1,97 1,86 2,53 2,28 -0,03 2,03 1,73

Flavonoli

3,6-dihidroksiflavon 2,42 3,64 2,94 1,97 3,05 2,87 1,08 3,02 24
3,7-dihidroksiflavon 2,42 3,27 2,94 2,01 3,05 2,87 1,08 3,02 24

Galangin 2,76 2,83 2,65 2,08 2,25 2,58 0,52 2,52 1,99
Ramnetin 23 2,58 2,22 2,23 1,87 2,29 -0,31 2,06 1,63
| zoramnetin 23 1,76 1,99 2,35 1,87 2,29 -0,31 2,06 1,65
Kvercetin 2,77 2,07 1,68 1,63 1,54 1,99 -0,56 1,54 1,23

Flavononi
Pinocembrin-7-metileter 3,28 411 3,13 2,75 3,2 2,78 1,52 3,06 2,66
Pinocembrin 314 3,93 2,60 2,11 2,88 2,48 1,27 2,55 2,26
Hesperetin 2,68 2,90 1,94 2,24 2,6 2,19 041 2,08 1,91
Flavanon 31 3,62 3,18 241 3,14 3,07 2,47 3,57 2,93
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413 3RYH]DQRVW HNVSHULPHQWDOQLK é¢tatd Djot{@HOQLK YULM

5H]XOWDWL OLQHDUQH UM (Gablity D)MRL pdka2al SIHAVQNDWERNH O F
SRILWLYQX NRUHODFLMX PHYyX YULMHGQRVWLPD RYD GYD S|
N R U L pMgia@ske aplikacijeMolinspiration (r=0,93 p<0,001)i konsenzus vrijednost
aplikacijeSwissADMHEr=0,86 p<0,001), vrijednosti koeficijentaazdijeljenjadobivene putem
ChemSketclaplikacije i Chemicalizepokazale su umjerenu pozitivhu korelacijuQ,55,
p=0,009i r=0,44 p=0,04)s vrijednostima hidrofobnog parameRa (tablica6).

Tablica 8. Rezultatiregresijske analize zaR logP za flavonoie iz Tablice 1.
$SOLNDFL 3ULODJRY 9LAHVWU S YULMH(

ORJ3B&KHP
ORJ3B&KHP
ORJ3BOROLQ

6ZLVVBLO
6ZLVVB[OR
6ZLVVBZOI

6ZLVVBPO
6ZLVVBMWMD

6ZLVVBFRQV

414 3RYH]DQRVW UDpXQDOQLK YULM H GaptRuyéaydcijskbg) D PHW D U D
XpLQND

Regresijskom analizomlINaACuz agonist ADP, preuzétiz rada % R Msuri(2011)
]D VYH IODYRQRLGH RVLRINEBBCIRGY BDHR® X pR MR Fhats/jey UDAL YL
SURPDWUDQD FLMHOD JUXSD | O DGR IQYiRA j€dnQragvakisiK WY U § H G
paket Kada su testirane pojedine skupine flavonoida ili njihove kombinaXi@ YUYyHQD MH
VWDWLVWLYQ DEQdMn®dKRdréldzijMINaAC grupe flavona(r = -0,76, p = 0,0033)
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i umjerena negativna korelacije= -0,59 p = 0,0201)a skupinu flavona i flavanona (Tablica

9) s logP vrijednostima dobivenim putem prograiGaemicalize
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Tablica 9. Rezultati regresijske analiza lod? i MINaACuz agonist AP zaflavone, flavanoki flavanore

JODYRQL JODYRQL JODYRQRC
JODYRQF JODYDQR JODYDQR!
.RHILFLMHQW NRUHODFLMH U

)ODYEF )JODYRQ )ODYD(

ORJ3B&KHP
ORJ3B&KHP¢
ORJ3BOROLQ
6ZLVVBLOI
6ZLVVB[OR
6ZLVVBZOF
6ZLVVBPOF
6ZLVVBWWD

6ZLVVBFRQVI
*p<0,01




42 $QWLDJUHIJDFLMVNL XpLQDN IODYRQRLGD

Kako bi se odredila sveobuhvatnosinehanizmadjelovanjaflavonoida na aktivaciju
trombocitaispitano je X] U D ] @dohikt¥Vadregacijdjelovanjekombinacip flavonoida i
inhibitora RGUHVYHQLK VLJQRLOQCHX1W RijhbikdR kalcijevih kanala
2 G U H Y L Yabt@dvegRijskg u p k&®kombinacipn UD]OLPpLWLK L LVWLK JUXSD
UD]OLPpLWH DJR @pitsnd sinjihdave 1 RO Kilitet &kcije nakon unosdlavonoida

hranom

421 2GUHYyL ¥WIDIQAG Havanona

0,1D$BODYDQRQD SRND]XMH QDMQLAH YU Ladrdga@dR VWL RC
trombocita potaknuta AD®Bm kao slabim agonistom

Slika 13. Postupak rezultati R G U H y MNRATMaWanona uz agonist ADP (6,BM) na tri
nezavisna uzorka primjenom jednosmjerncgMHVWD ]D XSDUHQH X]JRUNH X] UD
0,05.
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Pri djelovanju TRAR NDR MDNRJ DJRQLVWD IODYDQRQ SRVW
utiecajapri NR Q F H Q W U.DNB IshdiL15 prikdxan je pd WX SDN R GANEAQ 24D Q M D

flavanon uz TRAF6 kao agonist.

Slikal4. 3SRVW XS DN RMENaAGiavamo@aMDagonist TRAE (31 RM) na tri nezavisna uzorka
primjenom jednosmjernoggWHVWD ]D XSDUHQH X]JRUNH X] UD]JLQX JQDpDMQF

Istim postupkom X W Y&J UHVINaAC flavanonaza ostak agonisteagregacijekoji su

prikazani u tablici 10.

Tablica10. 8pLQFL IODYDQRQD QD DJUHJDFLMX WURPERFLWD RYLVQR
MINaAC X —0 VD VWDW LV W L(ethBstjdQi ResrMPaRend Hzodke
$JRQLVV 0,1D$&—0 S
$'3
75%$3
_.RODJHQ
5LVWRFH
$$

*usporedh rezultata zazoke s i bez dodatka flavanone NRQDPpQH NRQFHQVWWDFLMH DJR
ADP,3 —J P/ NRODJHQD-6,0 — 60 5%% mg/mL ristocetina

)ODYDQR
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422 ,VSLWLYDQ M Hiels\RijeDnhibiQre BPLC (U -73122),COX-1
(indometacin) i kalcijevih kanala (verapamila) na agregaciju trombocita u

prisustvu flavanona

5HIXOWDWL HNVSHULPHQDWD NRML VX LVSLWLYDOL ]DI
provedenisu QD 0XOWLSODWR&UBQMO/HDWIRWXQL QD VWDWLVWLDP
VYDNX VNXSLQX RYLVQR R NRULAWHQRP LQKLELWRUX L D.
posthocanalizom rezultateRezultati su prikazani abliku grafikonavrijednosti agregacije u
ovisnosti o kombinaciji flavonoidanhibitora i agonista.

4221 ,VSLWLYDQMH SR NMipiD@QR.C (G-KBHRQ)RE dy@dddju trombocita

u prisustvu flavanona

Flavanordjeluera 3/& ]QDpDMQR V P RKIWOsiMRONhinQcM $147 3122
u odrosu na samostalnmhibitorno djelovanje Ur3122. = Q D p Dijechj avxnona na PLC
prisutan jeuz agoniste TRAF5, ADP i kolager(slike 15-17).

Slika 15. U p L Q]IDNM H G @ritipdvdRdcijskogjelovanjaflavanona i U73122nhibitoraPLC-a, uz
agonist TRAPG, p vrijednosti ANOVA testa post hocanalize
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Slika1l6.UpLQIIDMHGQLPpNRJ D QWL D J Uladlariiei MRBIPRrhiladdeHP DRaYU2 Q M D
agonist ADRp vrijednosti ANOVA testa post hocanalize

Slikal7. UpLQIIDMHGQLPNRJ D QWL D JUl&arivfei MRBINRrhiliEdisHPORWZ D Q M D
agonist kolagerp vrijednosti ANOVA testa post hoanalize
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4222 VSLWLYDQMH SR MbipiD@ BAXG(Mddddrarin) Qa\a@egaciju

trombocita u prisustvilavanona

U ispitivanjimautjecajaflavanom na put aktivacije posredovan enzimom GCQOX
neovisno oONRULAWHQLP D JR&QADMNVAAY avaidhdipe SRMDpD&jskoQKLEL
djelovanje indometacinte stoga ne pokazujetjecajna aktivnost eaima COX-1 (slike 18
20). 1DLPH LDNR UH]XOWDWL $129% WHVWD XNDXpMQAFQDBD/WD
odnosu na rezultate za kontrolu (DMSOgzultati post hocanalize SRND]XMX VWDWLYV
]ODpDMDQ DQWLDJUHJDF LM V-6 kaoXagoMsitaa BalostaliSoltjevanjeVv Y X 75

flavanorai indometacim.

Slika1l8. UpLQIIDNVMHGQLPpNRJ DQWL D JUlkdamraiMymeRdin&gibitar&k Y D Q M D
COX-1, uz agonist TRA, p vrijednosti ANOVA testa post hocanalize

46



Slikal9. UpLQIDMHGQLPpNRJI D QWL D J UlalarmreLidMivmeRdinGibitar&k Y D Q M D
COX-1, uz agonist ADRiz iskazane p vrijednosti ANOVA testa

Slika20.UpLQIDMHGQLPpNRJ D QWL D J Ul&/amraLiMvmeRdin@Gniibitar®k Y D Q M D
COX-1, uz agonist AAp vrijednosti ANOVA testa
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4223 VSLWLYDQMH SRMDpDQRJ GMHORYDQMD LQKLELWRUD

agregaciju trombocita u prisustflavanona

Inhibicijsko djelovanje flavanona nkalcijeve kanaleX] YHUDSDPLO RSDaHQR M
jak agonist TRAPG, iako je uz taj agonistSULVXWQR L VWDWLVWLPpNL ]JQI
antiagregacijskadjelovanje flavanongslika 21) dok uz slab agonist ADP nije prisutm
VWDWLVWa padlika Juamiadgpea@ijskondjelovany, kako u samostalnom tako i u
kombinaciji flavanona i inhibitora verapamilslika 22)

Slika2l.UpLQIIDMHGQLPpNRJ D QWL D J Ulalarira NdrapdmRildjrBiblter® R Y D Q M D
kalcijevih kanala, uz agonist TRA®uz iskazane p vrijednosti ANOVA testadst hocanalize
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Slika2.UpLQIDMHGQLPpNRJ D QWL D J Uladlarira NdrapdimRildjrBiblter® R Y D Q M D
kalcijevih kanala, uz agonist ADPUH ] XOWDWI12B&E WDHWHWRP X] UDJLQX ]QDpDMQR

4.2.3 3 RY HuibHpibiiog djelovanja 6-hidroksiflavona i pinocembrin-7-metiletera

na agregaciju trombocita u prisustvu flavanona

5HIXOWDWL LVSLWLYDQMD ]DMHGQLpNRJ XWMHFDMD |
svojim MINaAC koncentracijama u prisustvu agonista agregacije: ADP, FTRARlagen i
AA testirani su ANOVA jednosmjernih testom, 2D]JLQX VWDWLVWLppost |QDpDM
hocanalizom(tablicall). SWDWLVWLpNL ]QDpDMQD UD]JOLND L]PHyX UH
(DMSO) i rezultata samostalnog djelovanja svakog od flavonoida (flavanona, 6
hidroksiflavonapinocembrin7-metiletera), u odnosu na kombinacije flavongi¥aRpHQD MH X]
agoniste TRAF5, ADP i AA za kombinaciju flavanona 6-hidroksiflavora, flavanona i
pinocembrin7-metileterae 6-hidroksiflavona i pinocembrii-metileteralUz agonistkolagen
niti jedna NRPELQDFLMD QLMH RVWYDULOD VWDWLVWLpPpNL ]QD
Kombinacija flavanona i &KLGURNVLIODYRQD RVWYDULOD MH SRYHUI
IDMHGQLpPpNRP GMHOR YRAR-B| XADR]i BAl RK@rhbinatkh favanma i
pinocembrin7-metileterauz ADP SRND]XMH VWDWLVWLPpNL |]QDpDMDQ XpL¢
6 kao induktor agregacije.Pinocembrir7-PHWLOHWHU RVWYDUXMH VWD

antiagregacijsku aktivnost uztdroksiflavon i AA kaoinduktor.
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Tablicall =DMHGQLPpNL LQKLELWRQHJavoxd Lpiparemb@D R DWW RQBWHUD X] UD]OL@ERAPHE, ADFIRQLVWH DJl

kolagen, AA) testiran jednosmjemm ANOVA i posthoctestomBonferronii Holm T-statistkaQD UD]JLQL JQDpDMQRVWL

Posthoc

Posthoc Posthoc Posthoc versus
Oneway ANOVA versus DMSC Oneway ANOVA  versus Oneway ANOVA versus DMSC DMSO
Flavonoid# DMSO Flavonoidi
TRAP-6 (31 —0 ADP —0 gial) —0
p F-stat P p F-stat p p p
DMSO - - DMSO -
flavanon 1,07 0,35 6-OH-flavon 0,15
6-hidroksiflavon 0,05 pinocembria7- 0,09
0,01* 5,38 058  0,002* 8,74 NA metileter 0,02+ 4,8613
6-OH-flavon+
fL"‘i‘;’%”kos?ﬂ;\/oﬁ 0,03* 0,001** pinocembrin7- 0,008**
metileter
DMSO - - DMSO -
flavanon 1,12 0,46 6-OH-flavon 0,46
pinocembrin7-
metileter 032 1,29 085  gozr 434 0,19 NA flavanon 4 1+ 5 4055 0.37
flavanon+
pinocembrin7- 0,63 0,02+ 6‘%2\"2%%”" 0,007+
metileter
J)ODYRQRL G MSIRACpAdiadredu X
*p<0,05
**p<0,01
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4.3 Utjecaj flavonoida na aktivaciju trombocita SRYUALQVNX HNVSUHVL

receptora)
3RSXODFLMD WURPERFLWD L]GYRMHQD MH CXFBL,W¥RJUDP X
G