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JODYRQRLGL NDR L YHOLNL EURM NVHQRELsSeYYaLMMani QDNRQ
serumski d@dumin (HSA) u poddomeni lIA. Te#ezno mjesto se naziva i Sudlowljevo mjesto |,

odnosno veQ R PMHVWR , 6 RE]JLURP QD YHOLNL EURM NVHQRELR
SLWDQMH YDAaQRVWL LQWHUD N F LtbgDretndy\hijastdz t6dje tiadbgS RMHG L
potrebno bolje opisasvojstvavezanja flavonoida za vezno mjesto K@ LQLPpNLK LQWHUDN
ljekovima GR NRMLK EL SRWHQFLMDOQR PRJOR GRUL

8 SUYRP GLMH O iXpitivena/ suDvazn#\pj§aiDglavne odrednice vezanja aglikona
IODYRQRLGD ]D YHIQR PMHVWR X SRGGRPHQL ,,$ +6% =D RGU
metoda fluorescencijske speltstometrije, a zaL ] U D p X Qivantdapdémijskin molekulskinh
GHVNULSWRUD U OQdu¥sadd @@L GSIXRIRWPD B L M Higpivane Bvittebaktijg¥ D Q M D
LIPHYyX DJOLNRQD L JOLNR]JLGD IODYR@RLGDVX RGIDKX DNRUR &N
fluorescencijske spektoPHWULMH |[DMHGQR V PHWRGDPD VLGUHQMD
AutoDock 4.2.6.

(NVSHULPHQWDOQR VX XWYUYyHQH NRQVWDQWH YH]DQMD |
10° L °M*. QSAR analizomSUR QB ¥QRH VWUXNWXUQLK RGOLND DJ
koje su odgovorne za njihovo vezanje za vezno mjesto |: nukleofilnost i parcijalni naboj atoma

C3, parcijalni naboj atoma O4, koplanarnost A i C prstena te koplanarnost AC sténar
HOMOiLUO2 HQHUJLMH nR M NpBbij Dn2Xaxidtbhednbtska i protorakceptorska
svojsvaWH NRSODQDUQRVW SUVWHQD 7DNRYHU MH SURQDYHQF
ulaziti u interakcije pri vezanju za HSA, ali je vjerojatnost IgiY D PHYXVREQRJ LVWLVNI
ILJLRORA&NLRiskaWWHUW\NLIR QH YHAaX ]D LVWR YH]QR SRGUXpMH
SWYHdSUHSQ HULPpND L shapstidflaVdn®tda Wi XW M HpPpX QD MDpPLQX QMLKR®
HSA. Vjerojatnost istiskivanjaspitivanih lijekova sHSA pomoi X TODYRQRLGD V NOLQLE
posljedicamge niska Ispitvani OLMHNRYL PRJX L SRMDpDYDWL L VPDQMLY
flavonoida vezanih za HSAako da jeprimjena fluorescencije u rutinskom ispaivju vezanja

ljekovana HSARJUDQLpPHQD

KI M X b Q H hurhaviilddgriumski albumin, flavonoitliekow, interakcije, fluorescencijgQSAR



SUMMARY

Flavonoids, as well as a large number of xenobiotics, afterimgtearculation, bind to human
serum albumin (HSA) at the IIA subdomain. This binding site is also called Sudlow site | or
binding site 1.Consideringhe large number of xenobiotics which bind to this site, it is necessary
to evaluate the importance of theisplacement interactions from the binding site I. Also, it is
important to better describe the characteristics of flavonoid binding to the binding site | and
clinical interactionswith drugswhich could possibly occur.

In the first part of thstudy, chaacteristics of flavonoid aglycons' binding to the binding site I, as
well as their most important determinants were studiddorescence spectrophotometry was
used to determine the binding constants and computer proGaumssian 09vas used to
calculatequantumchemical molecular descriptors. In the second part oftiy, interactions
between flavonoid aglycons and glycosides with selected drugs were studied by using
fluorescence spectrophotometry combined with docking studigsed with AutoDock 4.26.
computer program.

%LQGLQJ FRQVWDQWYV RI IODYRQRLGYV ZHUH H[SHULPHQWD(
10° to T ° M QSAR analysis foundeseral flavonoid features which atey
determinantsesponsible for their binding to the bindisite I: nucleophilicity and partial charge

of the C3 atom, partial charge of the O4 atom, coplanarity of the A and C rings, as well as
coplanarity of the AC and B rings, and HOMsEdd LUMO energies, with protetionor and
protonacceptor propertiesnd copanarity being the most prominent ones. It was also found that
the selected drugs and flavonoids can interact in binding to the binding site I, but the possibility
of their mutual displacement interactions is not high as they bind to different bindiogsegi
Flavonoid sterical and electronic characteristics which influence Hieding to HSA were
determined A small possibility of displacement of selected drugs by flavonoids with clinically
important consequencess found Examineddrugs can both increase and decrease fluorescence
intensity of flavonoids bound to HSAthus the application of fluorescencen routine

determination of drug binding to HSA limited.

Keywords:human serum albumin, flavonoidsuds,interactions, fluorescence, QSAR
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1.1. Humani serumski albumin

Humani serumski albumin (HSA) je najzastupljenprotein u ljudskoj plazmis

koncentracijom u zdravih ljudi 509 0 50 g/L) te predstavljaoko 60% mase svih
proteina u plazmil]. 6LQWHWL]LUD VH X KHSDWRFLWLPD NDR MHGQ
relativne molekulskenase 66500 Daa sastojise od 585 aminokiselinskih ostataka koji su
organizirani u tiVWUXNWXUQR VOLpPpQH G RIRIY, @HkdR &eGakaDsasidY RM QLF
dvije poddomene (A i B]2] (slika 1) 7URGLPHQ]JLMVNL +6% MH VUFROLNRJ
dimenzijama 801 80 1 cV FLVWHLQVNLK DPLQRNLVHOLQVNLK RVWI
(Cys 34 u domeni I) tvore disulfidne mostove i time stabiliziraju molekzihwg svog visokog
neto naboja od#A5 pri pH 70 HSA je iznimno topljiv u krvnoj plazmi[1,2]. U tijelu ima
PQRJREURMQH XORJH N D Rtskdy Rak¥ X pH) kihiné Gabnfel pdsiedizeQi N

SVHXGR HQ]JLPVND L DQWLRNVLGDWLYQD VY Rhabtkddi D VOX
ksenobiotikg 3], posebice hidrofobnih organskih aniona sredni¢® L p L Q880 Da), NDR aWR
su bilirubin, dugpODQpPDQH PDVQH NLVHOLRGdg #rigP QW L\W D MV LLIPR RV IpC
SURGXaXMXuL SROXALYRW X FLUNXOD F[4M]LMhodi $tJi}ekoliU DM X 1 L
YHAX ]D MHGQR RG GYD JODYQD YH]QD PMHVWD VPMH&AWHQL
PMHVWD , L ,, V HV VB R M3Dr D/ HY Yd Hi X [6FR @eGrie Mtie§tdl, u, $
poddomeni llA je prostrano i sastoji se od ko zasebnilveznih S R G UuXKojd Be mogu
VPMHVWLWL OLJDQGL YUOR UD]OLpPLWIL K fNddéhmenM KR LEK VWUXN
manjeg volumenge je manjel OHNVLELOQR L VWRJD VH WX PRJX YH]DWL \

[8].



FAl
(hem vezno mjesto)

FA7
(vezno myjesto I)
FAS

Slika 1. Helikalna sruktura HSAV R ] Q D péti@bmBnamarnjestima vezanja masnih kiseli(A1-FA9) (PDB
unos2BXD) [8].

111. 9HIDQMH IL]JLROR&GNLK OLJDQDGD

+6$ MH JODYQL QRVDp QHHVWHUL RaffyLAtH QX KS P D YRLL K& WIR
SUHGVWDYOMD QMHJRYX RVQRYQX ILJLROR&ANX IXQNFLMX 'R
kiseline (FAXFA9), koja se nalazeX UD]QLP SRGGRPHQDPD SUL pHPX VH QH
V. YH]QLP PMHVWLPD ]D GUXXUH WSFRHOHRYEH RMNa® I X PO MWDHNR YWD
od njih su FA1 koje se preklapa s veznim mjestorhera, FA3FA4 koje se preklapageznim
mjestom Il u poddomenllA te FA7 koje se preklapa geznim mjestom | u poddomeni IlIA.
6DGUADM PDVQG®DNRY HQAIMMDVIVDODQ W tHin@idowemevio @e2qnjeQ PR aH
drugih liganad43,9 A1].



'UXJL ILILRORA&ANL OLJD QDY b@Eddui Rat&hol2iné) hema. Yezanjem
QD +6$% WRNVLPQRVW ELOLUXELQMDH VX DLO\DWIWRORA LV
pokazivala da se vezno mjesto visokog afiniteta (ehighh Affinity Site HAS) nalazi u
poddomeni IlA, kao i wWlizini veznog mjesta Il, alnovije studijesu pokazale da se primarno
vezno mjesto bilirubina nalazi u poddomeni IB, winli veznog mjesta za heph2].

7LURNVLQ VH YHriaehl HBH YRIVRQLK PDVQLK NLkOMOLQD QI
VH R]QDpD ¥Ddd XrR &GMH O RSP prieklaRaju $A7, FA3FA4 i FA5. Masne se
kiseline natHp X WLURNVLQRP ]D YH]DQMH QD V YWD YEHWXLIU L QWH QD)
vezanje. PivwwRNLP NRQFHQWUDFLMDPD PDVQH NLVHOLQH WDNR:
strukturi HSA aWR |]D SRVOMHGLFX LPD I|IRU RdzhoD @)Mdth, SHNVMRJ WLU
SRGURAINBAIZ]. 2 G UHHIA gknetske varijanteSRND]XMX YLAL DILQLWHW ]L
GRYRGL GR PDQMHJ SRVWRWND VORERGQRJ WLURNVLQD X
tiroksina [3]. 3BRPRUX RYRJ PHKDQL]PD NRQFHQWUDFLMD VORER
normalnog raspona, ale QMHJRYD XNXSQD NRQFHQWUDFLMD YL&AD aw
GLMDJQR]J]H KLSHUWLUHRGL]PD WH GR QHSRWUHEtQBAa OLMHp!
GLVDOEXPLQHPLPpQD KL SHriliat DysRIDUMinEritPypdihyrdxi@ehd@DH)
[14].

1.1.2. Povezanost strukture i afiniteta(SAR) lijekova pri vezanju za HSA

7LSLPpQL OLMHNRYL NRML VH WHNRXY[IDL+6HUVRDOLSRYIHO ¥
SRGGRPHQL ,,$ LOL X SRGGRPHQL ,,,$ 7LSLPpQL OLMHN SRGG
YHOLND KHWHURFLNOLpPpQD PROHNXOD V QHJDWLYQLP QDEF
poddomene IlIA je karboksilna kiselina sgativno nabijenom kiselinskom skupinom na jednom
NUDMX PROHNXOH V KLGURIREQLP VUHGLAQMLP GLMHORP F
SUDYLOD QH PRAaH VH SXQR YL&H UHUL GD EL VH REMDVQLO
[11]. Kragh+DQVHQ MH X VYRP SUHJOHGQRP UDGX XVSRUHGLR Q
NRML VH J]QDpDMQR UD]OLNZXM®ringeriver japanbtbse fd2likdajé d
jofenoksatau tome aWMRD G U AL D P L QnigestoNiksiihX skupine s Q DW R pa dvaR P H
OLMHND LPDM Xovw bd 68%4 INAdBIje+ &apicilin, koji se razlikuje od penicilina G u
MHGQRM DPLQR VNXSLQL, AFRUD]|JOUWXKVREVWSIHEGLPLOXEDRQY -Ra
EHQ]JRDW NRML WDNRYHU LVWLVNXMH ELOLUXELQ GRN YH]D

4



VWDELOQRJ WHUQDUQRUI-WRPSWRNMD VADNRFHURWSLOLNH
triptofana, dok je rAOLND X MD pL QL RYi-5jdxsadmania]38A pta. S druge strane,
afiniteti zaR- i Svarfarin su otprilike jednaki, kao i Z& i S-progesteron i aldosteron, iako se
NRQVWDQWH YH]DQMD VW HIUGREAAM siipsliendfXayi X X VOXpDMX .
Lijekove koji imaju visoki afinitet za HSAtrED GDYDWL X YLaseposiglaDPD GD
XPLOQNRYLWD NRQIFHONRYDFERVOMHGLPpQR VSRURBp@R®D]H GR
eliminiraju [15]. .DR 4WR MH YHU UHpPHQR OLMHNRYL NRML VH YHA.
YHIDQMDP ]D +6% LP VH SRYHUDYD PHWDEROLpPNR) . WDELOQ
WDNYLP VOXpDMHYLPD XpHVWDORVW GR]JLUDQMD VH PR&H VF
VNODGLAWH 6 GUXJH VWUDQH SRYHUDyaDRIMHM D HSYRHGDRR @ L
LIQHQDGQLP SRYLAHQMLPD DNWLY 2t N[FEBQAHQWUDFLMH DOL !
lako je visok postotak vezanja za HS&ojstvo OLSRILOQLK OLMHNRYD NRU
lipofilnosti i vezanja za HSA zasak utvrdila samo zaNRQJHQHULpPpNH, doKd ULzl H VSR M
VWUXNWXUQR UD]J]OLPpLWH VNXSLQH PROHNXOD[IG]L8WR WGRVW
REMDAQMDYD YH]DQMHP VWUXNWXUQR U 13D Zdminwiv ${u /ISR M H Y D
je vezanje fenilbutazona i oksifenbutazona. lako se obje molekd¢ v VUHGLAWX YH]QRJ
X SRGGRPHQL ,,$ ]J]ERJ SULVXWQRVWL KLGURNVLOGH VNXSI
obzirom na fenilbutazokad suvezam na HSA bez masnih kiselingdok im je u prisutnosti
PDVQLK NLVHOLQD RULMHQWDFLMD VOLPpQD 7R QDP JRYRUL
PROHNXOVNRM VWUXNWXUL PRJX LPDWL Q8. SUHGYLGOMLYH X
Primjeii nekoliko lijekova koji su u velikom postotku vezani za vezna mjesta u
poddomenama lIAillA NDR L OLMHNRYD NRML QLpMKaZpQifupBEMIQR YH]DC
1. LLMHNRYL YH]DQL X SRGGRPHQDPD ,,$ L ,, Hawmogx VI
elektronegativnu skupinu6 GUXJH VWUDQH SURNDLQDPLG MH SUL S+
samo 1045%, doksu fenobabiton i teofilin 40% vezaniTR VH PRAaH REMMDWw QLWL pLQ
iako fenobarbiton i teofilin imaju parcijalno negativhe keto skupine, one su jednoliko
UDVSRUHYHQH SR FLMHORM PROHN X&ions édativid)] XaBojdiuUD VP I
slabijim vezanjem. Drugi primjeri lijekova s niskim postotkom veaarg HSA su etosuksimid,
SULPLGRQ UD]OLpLWL FHIDORVSIRUL15IR] DPLQRJOLNR]LGL GL



Tablical 3ULPMHUL OLMHNRYD NRML VH VQDAaQR YHaX X SRGGRPHQDPD ,,

HSA.
Postotak Postotak
_ _ Postotak
ILMHNRYL NRML vezanjau ILMHNRYL NRM vezanjau ILMHNRYL NRML .
vezanja za
poddomeni IIA poddomeni poddomeni IlIA poddomeni vezani za HSA HS,JA
1A A
i 3
OH i (
N NH O
~ cl
X 99%][15] 99%][15] HoN 1045%[19]
oo )
prokainamid
varfarin diazepam
(0) Q i
N OH
N NH
= o )y
N 99%][15] 99%[15] = AN 40%[19]
)\ E o] N o
N/ ’\\1/ H
iflunisal
diflunisa fenobarbiton
azapropazon
OH o)
H
\N N
o N\N /J\ | />
97,8%[15] 95:99%]20] o7 >N N 40%[19]
Y |
teofilin
fenilbutazon propofol

1.1.3. Vezno mjesto u poddomeni lIA

Vezno mjesto u poddomehiA M Reénaziva i Sudlowljevo mjesto (ili jednostavnije,
vezno mjesto |) odnosnearfarinazapropazonsko mjesto. Nmse YH]QR PMHVWR YHAaH C
broj lijekova i ono se nalazi u blizini triptofakog aminokiselinskog ostatka Trp 214. Fehske i
sur. [21,22] su utvrdili da seto vezno mjesto sastoji o6 YD S UHN O D SPRXWZAp MIB] Q D
varfarin i azapropazorKasnije su Yamasaki i su23] SUHGORALOL W Upodhjedt®@ D SRGL
la,lbilc, NRMD VH QDOD]JH XQXWDU YH]QRJ PMHVWD , aWR VX NC
[24].



.DR aWR MH YHU UHpPHQR OLJDERGL HNRRL PWHH VMDD aR)I HY(
GLNDUERNVLOQH NLVHOLQH LOL Y ledativNitd nkbeéjéH W Rredild OL p N H
molekule(slike 2i 3) WH VH LVWRYUHPHQR PRJX YIH] Disdse¥zbo LOL YL?2
PMHVWR VDVWRML RG GYD QHSRODUQD YH]QD GAaHSD V
aminokselina.Vezno mjestd pokazuje preferenciju prema koplanarnim aromatskim spojevima
NRML PRJX XuL X SXNRWLQX L WYRULWL YRGLARYHATYH]H N
S U R U BARK&ablikonaflavonoida pri vezanju na HSASAR studija vezanja cefalosporina
QD +6%$ MH SRND]DOD GD VH D QLIRNDNOR p¢ikatiomsk BefapsporiniQ L Y H a

Y H aafslabije a vezanje rieniziranih cefalosporina raspwrastom njihove lipofilnos{25].

Nepolarneegije

6UHGLA&C
elektronegativni
KHWHU Rl

Polarnisupstituenti

Nepolarneegije

Slika 2. Strukturnasvojstvavarfarina i 3karboksi4-metil-5-propil-2-furanpropionata (CMPF).
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Slika3 ,QWHUDNFLMH L]JPHYX $ Y DU I|DWarkl3i4-t1e¥it-5xQp-2-futdanpropiorfdta
(CMPF) (PDB unos 2BXA)s veznim mjestom|[8].

1.1.3.1. Svojstvaveznog mjesta u poddomeni lIA

Vezno mjestou poddomeni IIA seVDVWRML RG WULRWH] QMH SERMEHIOPD RILC
SUHN O BbbSipddstavig problem u definiranju osnovnih strukturishvojstava njegovih
liganada23]. 6NXSLQD ED]LpQLK DPLQRNLVHOLQVNLK RVWDWDND
222)nalazisena ulazu u vezno mjestslika 4A), dok se druga skupina (Tyr 150, His 242 i Arg
257) nalazi na kraju dubljeg (lij@J Ga@iRDB) 6UHG L aQ M Dvedrtd ijagt®u GiaM H O L
GAaHSD 'XEOML GaHS MH MR&a M#IEZBREkS & doMjel dungiHdes) GYD Gl
GaHS RPHYHQ V 3KH 7US $0D /HX L DOLIDWVNLF
(slika4D) [8]. 8OD] YHIQRJ PMHVWD MH aLURN L VDVWRML VH RG IO
RPRIJXUXMH YH]IDQMH UD]JOLPpLWLK VXSVWLW X B@anbokisid-K VNXSL
metil-5-propil-2-furanpropionad (CMPF), oksifenbutazoa, fenilbutazona, varfaringgD pDN L
JOXNR]KMeXHEMHGLAWX GAHSD VD VYMRRoSIIPRYPU QRISRORXBR
SRVWUDQLPQLK ODQDFD /HX L $OD L WYRUH YRGLNRYX
(slka4) NRMD LPD VUH&tam@ Mekovd®,Z6] Xbog prostranosti ovog veznog
PMHVWD OLJDQGL QLVX VWHK&ORNDQREIW PRUKH QY WLR YUUDH © H QLR
R P R J X ivéznje i molekula vode. dlekule vodePRJX SRPRUOL SUL VWYDUDQM
LIPHyY X OLJD Qa) @libsth také Bigu objasniti nedostatak stereoselektivnosti za varfarin
[27]. S obzirom da se u veznom mjestu | nalaze dvije skupine polarnih aminokiselinskih
ostDWDND AVDYU&HQL® OLJDQG EL ELOD PROHNXOD V GYD DQ
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56 veza jedna od druge. Jedna takva molekulaC®IPF (slike 2i B) NRML VH YHAaH ]D +¢

visokim afinitetom iako je hidrofilna moleku[&,15].

Slika4. Vezno mjesto u poddomeni lIAidrofilne aminokiseline supQDpHQH SODYR KLGURIREQH QD
neutralne bijeloA. Hidrofilni ulazvezna@ mjestaR P H pdioQlarnim aminokiselinama Lys 195, Lys 199, Arg 218
L $UJ % 'UXJD VNXSLQD SRODUQLK DPLQRNLVHOLQD 7\Ua +LV L
podijeljenog u dva dijela , OH ' ODQML KLGURIREQL GAHS RPHYyHQ V 3KH 7US
alifatskim dijelovima Lys 199 i Arg 218, gledano odostraga.

Prostranost veznasvojstvaovog veznog mjestaajboljesemogu vidjeti kad se preklope
kristalografske strukture varfarina i CMRFslika 5) ORaH Vietittdalse konformacija
REOLAQMLK DPLQRNLVHOLQD QH UD]JOLNXMH SUHYL&H GRN \
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]QDpDMQR UD]JOLNXMRVIMNXY XRMD]¥IHpISWH GLMHORYH YH]QR
SODQDUQD VNXS LM M &REHDQNRO28B. DdbOkazuje kako se dva strukturno i
SURVWRUQR YUOR UD]OLpLWD OLJDQGD PRJX YH]DWL ]D LVWF

Slika 5. Prekloplgne strukture varfarina (plavo) i CMPB  &)X/&¥dih za vezno mjesto u poddomeniillA
aminokiseline s kojima dolaze u kontakt DNR VX OLJDQGL SURVWRUQR YUOR UD]JOLpPpLWL Y
YHA RED OLJDQGD EH] |QDpDMQLK SURPMHQD X NRQIRUPDFLML DI

9H]DQMH PDVQLK NLVHOLQD WDNR Yy H U8]XWadriediganada WH U F L
zato vezno mjest§10,28,29] .DG VH PDVQD NLVHOLQD YH&aH ]D )$ SRVW!
SUHPMHaAWD L XOD]JL X LQWHUDNFLMX V eNDRAERMNaNVILADQRP VN
NRQIRUPDFLMVNLK SURPMHQD +6$RVWODhRBEMDMRUIQEBNHVHRS D!
SRYHUDYD YHOLpLQD L VPDQMXMH SRODUQRVW XQXWDUQMH
LPD VUHGLAQMX XORJX X Y IH kp{ NeX vezdnk iddsie KideliNR kKit5A6 $
XyH X LQWHUDNFLMH V PDVQRP NLVWVy @I0QRIPG R P MH aR\WDHAWXN X5
aminokiselinski ostaci (Lys 199, Arg 222, His 242, i u noamjeri Arg 218 i Arg 257), zbog
pHIJD MH YH]QR PMHVWR KLGURIR kasétantd veaanj&® nprRvaHarip®d N L S
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[8,27. .DR 4WR MH YHU UHPHQR SULVXWQRVW PDVQLK NLVHOLC
ali isto tako i na raspored aminokiselina u blizini indometaf@a 3 UL YLALP NRQFHQWUL
masnih kiselina, vezanje liganada se smanjuje zbog izravne kompeticije s masnim kiselinama za

vezno mjesto malog afinite{angl.Low Affinity Site LAS) FA7 [27].
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1.2. Istiskivanje lijekova s proteina plazme

Kad su u pitanju interakcije lijekova, viee PDOR SDAaQMH SRVYHuUXMH L
uzrokovanim istiskivanjem lijekova s proteina plazme, te @ DMYHUHP EWRMeXa O Xp DM
NOLQLpPNL QHI1&1D]b DWKY4 RBifhacija je u kontrastua standardnom praksom
prepisivanja lijekova, gdje je polifarmakoterapijako zastupljena, posebice kod starijih
SDFLMHQDWD V GRGDWQLP PHGLFLQVNLP SUREOHPLPD NDR
[3083]. Istovremeno X]LPDQMH YL&H OLMHNRYD RGUHYyHQH KUDQH
interakcip V. UD]OLpPpLWLP HQGRJHQLP VSRM#bvdst Do BiRiISvdaa KRUPR
pojedinih lijekovas proteina plazmeL QD WDM QDpLQ SRYHUDWL QMLKRYX
njihovu eiminaciju [17]. 'RGDWQL SUREOHP SUHGVWDY Oij profein MHQL F [
plazme razlikuje PHYy#sobana LOL MH GR QMH GR&OR ]J]ERJ UD]OLpPLW
.RQFHQWUDFLMD SURWHLQR ®0BDPPNRRR 5 [E L /DL FILQMHODNMYD V
EXEUHJD &aWR GRYRGL GR YHUOH Y MBDBR3IMDSAIQuEEVsivane, LW W LV N L
VLWXDFLMDPD JGMH VH +6% NRU E&fitkoblaxto) bévharpdtsBRMXRR S HN O L C
hipoproteinemig i ascitesa[3], LIQHQDGQR SRYHUDQMH XNXSQRJ EURMD
XJURNRYDWL SUROD]QX IOXNWXDFLMX X NRQFHQWUDFLML
antimikrobnih lijekoveopisanihPLQLPDOQRP XpLQNRYLMZRP NRQFHQWUDFLN\

/ILMHNRYL VH ]D SURWHIDQABLBEDWIPHDYHAXWHWLPD 1HNL O
afinitet za HSA (npr. litij), dok su nekiezaniYLaAH RG Q 9 [19].YSharieDsdla Q
VDPR VORERGQL QHYH]DQL OLMHN PR&H SURUL NUR] UD]OLDL
UHFHSWRUD RGJRYRUQRJ ]D |DU/P Rad ReOnroieklle Mewexsnoy @eka/ W O L N
uklone iz cirkulacie, GRGDWQD NROLPLQD OLMHND GLVRFLUD V SUF
djelovanju mag tako da skonstantnomkoncentracijom proteinaP], omjer koncentracija
vezanog liganda|P] i nevezanog liganda ostaje konstantdp)(

[L] + [P] Z[LP]
Ka = [LP]/[L][P]

8 VOXpDMX GD VH QHNL GUXJL VSRM VSRM % YHAH QD LVW
VSRM % PRJXUH MH GD VSRM % LVWLVQH VSBM)B WBRYQIDPLF
WRNVLPQRVW .OLQLPpND ]QDpDM @Q&Rpaame j¢ WohthowetzMDieprd. INaO L M H N
SRpHWNX VH VPDWUDOR GD MH YDAQR ]QDWL WRpPpQD YH]QD
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LIEMHJOR SRWHQFLMDOQR LVWLVNLYDQMH OLMHND WH SRVO
uzrokovano primjenom nekog uwljog lijegka. 2SUHQLWR YDAaQRVW LVWLVNLYDQ
SUHFLMHQMLYDQD MHU MH Y H U hQ@iPo beivhd DndnoyeBQMidijebleO D SUR
XVUHGRWRpPpHQH QD SRVWRWPMHYMVHRD NRKQEHOQHWQ B FHYXQQ F
QH PRUD QXAaQR HEI6BH36NRONFOMHD @R D WHPD MR&a&nWYALMHN NF
LVWUDALYDQMD JRYRUH GD MH LD/WHVRIG YACDQOMHH NGDLdEH N R M DY B ¢
X RGUHYHQLP WOXRpBWR Y\eRUDRA)etré Hi®ubregal3,16,36,37] Kad je
LVWLVNLYDQMH RG NOLQLpPpRWUHNIVDIb DEVRQ B M WML HI R Y] FROCARIR SHR oM #L
aktivnosti primijenjenog lijeka ili njegovg EUBH]OXpadt YD RME]JLURP GD MH YHUD
OLMHND GRVWXSQD ]D YHIDQMH QD PHWX LOL ]D HNVNUHFLM.
NRQFHQWUDFLMD OLMHND PRWRABHWADYDWLMHQ®IE RGO HMHQ
kod npr. antiinfektivnih lijekowa[17].

O9HULQD VH OLMHNRYD X RGUHYyHQRP S DWNRWH XQ Y H&I$ DD R
MH YWHpPpHQR VDPR QHY H]DNALMDORERBYIL PRIAML aHOMHQD D
djelovanja lijeka, bilo prije ili nakonbiotransformacijenakon koje slijediL]OXpLYDQMH
UDYQRWHAQRP VWDQMX L X RGVXWQRVWL DNWLYQRJ WUDQ\
strane plazm&% VNH PHPEUDQH WDNR GD VH PRA&H VPDWUDWL GD
V QMLKRYLK YH]QLK PMHVWD QD SURWHLQLPD i ©GkeDjiRH PRAaH
QMLKRYX VORERGQX NRQFHQWUDFLMX 7R PR&H ELWL X]JURI
JGMH VH GYD VSRMD QDWMHpX ]bDn istiskivanjenpie ReRnjeHspof@§ R L O L
B inducira konformacijske promjene u proteinu koje alter do disocijacije spoja A s proteina).
Ove interakcije mogu utjecati na farmakokinetikaspodjely metabolizam iL]O X p ), kdo @ M H
QD IDUPDNRGLQDPLNX QQMBINMHYDNR XXYMOLQLpPNL ]QDpDMQH

1.21. 1XaQL XYMHWL ]D NOLQ LIjekdvashrd@ira plaziwel VNLYDQMH

2VQRYQL XYMHW | interbicljuQistiskivanjd’ pekaya je da se lijek koji se
LVWLVNXMH X YLVRNRP SRVWRWNX YHaH ]D SURWHLQH SOD]F
WDNYRP VOXpDMX PDOR VRD@OQUMGMNB NRODHLPMQR BRMLY XMH
NRQFHQWUDFLMX RGJRYRUQX ]D QMHJRYH IDAGRBNR® PRND X |

biti vezan u visokom postotku i mora biti u dovoljno visokoj koncentraciji da bi bio u
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PRIXUQRVWL QMWMMRFDRGL LMHVWWHY D .DSDFL Vééhwratuéeti |D RED
X RE]JLU -RatMdi&DmpraXuzdliHi obzir e da je lijek koji se istiskuje visokog

postotka ekstrakcije, odnosno da protok krvi kroz organe koji eliminiraju lijek mora biji agan
XPQRAND SRVWRWND QHYH]DQRJ OLMHND L NOLUHQVD RUJDQ
HOLPLQLUD OLMHN R Jdibitatijp @Y MW KDL LI CENDWIRRJY |.EDH Q/INH N DN R Fei Hi
biti adekvatno kompenzirano ubrzanjem eliminacijgHiND 8 VOXpDMX OLMHNRYD Q
HNVWUDNFLMH LVWLVQXWL OLMHN UH ELWL GRVWX&SDQ |]D H
7TDNRYyHU V REJLURP GD SRVWRML YUHPHQVNL RGPDN L]PHYy
OLMHND L QDVWXSD IDUPDN BGREMLE b RiMi@NeHiGibtFalensiSRM NR
ili oralno uz izostanakKk HSDWLPNRJ NOLUHQVD za8ijsiiXPFSHIKRDNMQ RAPLIH U Nl RFER_S\H
stanju smanijiti potencijal istiskivanja prije negeU XJL VSRM GRY Hg Xremerndtl XODFL M
odmak jesvojstvo svakog lijeka posebno t&/ NUDULP YUHPHQVNLP R&PDNRP
SRQRYQR XVSRVWDVYOMP QNFIOQREFM QRN E IfNe,17, 8788DaHQLML

1.22. T HUDSLMVNR SUDUHQMH OLMHND

7THUDSLMVNR SUD U HQdvapeutia LMuUd NMnitoHr@ JOM) predstavlja
upravjanMH UHA&LP R POS MIHANVRY@HQD WHPHOMX QMLKRYH NRQFHQW
SRWUHEDQ ]D OLMHNRYH pLMH VX WHUDSLMVNH NRQFHQV
NRQFHQWUD F L M DekoOeHsy i keBporjdn @rhapijskih koncentragijieod kojih se
WRNVLPQRVW SRVWLAH SUL NRQFHQWUD RLIVM\DWRpEK’&E MH VX
koncentraciie 7'0 PRa&H ELWL RG [YH. CA hbdiroi RIb lie/ ¥éino slobodna
NRQFHQWUDFLMD OL M Hpdinjémeuw Pa3tstRuQGréz anjhLlijaiaNAd/ hrotenb plazme
mogu utjecati na njegovu aktivhu koncentraciju bez puno utjecaja na njegovu ukupnu
koncentracijuTR PRaH GRYHVWL GR SRGGR]JLUDQMD WRNVLpPQLK Xp
[14,32] Za lijek s uskom tapLMVNRP ALULQRP DISR RMMHLYQHH DRWM™M PP Y H
XRELpDMHQRJ PRaHVYHUHDEN @ MiakipldBWarH &kbl slobdna koncentracija
OLMHND QLMH GRYROMQD GD GRYRGH GR IDUPDNROR&GNRJ >
SURWHLQH SOD]PH QLAH RG XRELpDMHQRJ YLVRNL NOLUHQV
OLMHND .RQDpQD VORERGQD YNN®OWHMW QD FRMDN DY MIGIXNINREF
XNXSQD NRQFHQWUDFLMD ELWL QU&D/IWH UH OLMHN WUHEDWL
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1.3. 6SRMHYL NRULAWHQL X LVWUDALYDQMX
1.3.1. Flavonoidi

Flavonadi su skupina sekundarnih metabolivaL &iljgka. ,PH LP SRWMHpPpH RG OI
ULMadjsL AWR ]QDpL aXW D RSLVXMH QMLKRYX ERMX R pHOFDLQAV N
kostur koji se sastoji od duzenzens& (AiB)ijechRJ KHWHUR Fénd CCl) p Qokkd GBU V
C3-C6. Dijele se na flavonoide (derivati-fénil-1,4-benzopirona (flavona)), izoflavonoide
(derivati 3fenil-1,4-benzopirona) i neoflavonoid@erivati 4fenil-1,2 benzopirona)slika 6),
koji se dalje dijet u dodatne podskup@ovisno o prisutnosti CZ3 dvostruke veze X VO Xp DM X
odstVWYD GYRVWUXNH YH]H YO RMENIH $kbpi@DY LW R R XV A QO XpD M
kraju imena stavlja nastavadl) [39,40].

Slika 6. Podskupine flavonoida. flavonoidi, B. izoflavonoidi, C. eoflavonoidi

U prirodi postoji Y L & H5MG@ vrsta flavonoidaa X ELOMNDPD VOX&H NDR
sudjeluju u fitraF LML 89 JUDND ILN@MHAIONKMBE XNDRDSWHMVMHQRVQLFL
regulatori i inhibitori VWD QL p Q iB39,4gL KDMXRPHU VX |[DVWXSOMHQL X OMXG
YRUD L BRWHDLPDMX EURMQH EODJRWYRUQH XpLQNH QD ]GL
antioksidal. Y QL XPBRJQDRIGQRVQR VSUMHpPDYDQMHM3] O IpeteBdjdH SHUR!
NUYRALO Q444 R obtdfeW DD DAaQH LQGLNDFL Meer@émo[dMIHOXMX L DQW

-HGQRP NDG XyX X FLUNXODFLHWYWHIIILGR RV RQ M XRIQURD
glukuronidacijom[48], WH VH L QHPHWDEROL]LUDQL ulpoBdémMeBiEROL]LUD
HSA [4952], s iznimkom fhavanona [53]. Njihove koncentracije mogu dogeui i
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PLNURPRODUQH UD]JLQH QSU QDNRQ NRQJXPDFLMH YHOLNL
Q D U D Q p[#b,94,59]Q/isoke koncentracije flavonoida i njihov visok postotak vezanja na

vezno mjestol potencijalnobi modi dovesti do istiskivanja lijekova tetQMLKRYLK WRNVL]
XpLQBND

1.3.2. Varfarin

9DUIDULQ MH WLSLpDQ OLMHN RG NRM bkgijevsHdrigRhaH Rp H N
OLMHNRYLPD MHU L]PHYyX RVWDORJD LPD QLVNL SRVWRWDN
uskog je rasponaerapijskh koncentracijia V . JRUQMRP JUDQLFRPORG PRJUREOLAQ
[58,59] stime da jeYLAdH RG Y H] D1®,1YPIntefafcije varfarina sYLAH UD]OLpLW
lijekovasu SURJODAaAHQH a&ndnaQidako N Lbldg@rDruspojavan(ia,60]. 9 H U LiIQ jp
kombinacija istiskivanja i inhibicije metabolizma, npr. s fenilbutema [61] i amiodaronom
[62], ali za interakcijes klofibraom i klorahidratom se pretpostavlja da su uzrokovane
LVNOMXpPpLYR [3\68] LAMN\LF ibldjeHrRlikacije da FDHarijacie QD SRORADMLPL
R218H i R218P smanjuju afinitet vezanja varfarina za HSA pet[pdl, aAWR QHPD XWMHFD
SRYHUDQMH WRNVUPQRVIVQ LYprévdieha® RiagewsmyA[1: RRW Y U/ H Q R
i daje pri visokim molarnim koncentracijama srh kiselina [masne kiseling[HSA] > 3),
afinitet vezanja varfarina za HS8manjer[10], dok je X V O XdvBlédhkdg vezara glukoze za
HSA (npr. kod diabetes mellitus), aiQLWHW YH]DQMD Y&.UD&BtUgn® Bu SRYH U D!
kristalografske strukture kompleksarfarina vezanog u mlmlomeni 1A HSA[8,27].

1.3.3. Indometacin i piroksikam

Indometacin je nesteroidni protuupalni lijek (erigonSteroidal Antinflammatory Drug
NSAID) iz skupine arilalkanskih kiselina (derivat metiliranog indola) inhibira sintezu
prostaglandingprostaciklina i tromboksana arahidonske kiseling5], tako da inhibira i COX
1iCOX% HQ]JLPH V YHULP DIll@rzwdeN R R &iradiSA >99%Kao ikod
varfarina, dostupna je kristalografska struktura indometacina vezanog za HAS (u poddomeni
.3 L /$6 QD +6% NRML VX ISRGOwWPpIYEB,6RIG YH]QRJ

Piroksikam, kao i indometacipripadaNSAID skupini lijekova, u podskupinu oksikama
te imaju isti mehanizam djelovanja. Kao i indometacin, i piroksikam se u vrlo visokom postotku
Y le 2a HSA (>99%).
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6 REJLURP QD QMLKRYX @LURNX XSRWUHEX SRWHQFLM
SRVWRWDN YH]DQMD QD +6$%$ LVWUDALYDQMH NOL@LpPNH ]Q
opravdano.

1.3.4. Furosemid

Furosemid je diuretik Henleove petlejisevHaH ]D + 6 $ Njegova loncentracija
u krvi iznosi do J P[68#0]. .RULVWL VH NRG HGHPD FLUR]JH MHWU
visokog krvnog tlakez ERJ XpHVWDORVWL QMHJRYH SULPMHQH SRJRW
NOLQLpNH ]QDpDMQRV Wi [11Q2Y MMOIN\RSLHMD MH NRREBED XAONDQGLGD
istiskivanja s HSA.

1.3.5. Mikofenolat mofetil

Mikofenolat mofetil jemorfolinoetilni estemikofenolnekiseline, imunosupresiva koji se
koristi u svrhu prevencije odbacivanja organa pri njihovoj transplantdtii,73,74]
Mikofenolna kiselina jeeverzibiini LQKLELWRU LQR]JLQ PRQRIRVIDW GHKLGL
inhibira de novasintezu purina i DNAe proliferaciju T i B limfocita[74]. Mikofenolna kiselina
seYHAH ]D!'+6$DOL PRaH GRVHJQXWL L NRG SDFLM3HQDWD V
dok N O Li@adpdiza mkofenolatmofetil nisu dostupniMikofenolat mofetilu cirkulaciji brzo
SUHODI]L X PLNRIHQROQX QDM Mdddeqdcijhrakd jedRgv St H
1HRYLVQR R WRPH PLNRIHQRODW PRIHWLO MH XNOMXpHQ X
LVSLWLYDQLK OLMHNRYD GRVWD YHUH L |G\HZ4 Vidperedb@ LM H V'

dobivenih rezultata.
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2. CILJIHIPOTEZE ,675%4,9%1-%



IDNRQ 8WR XyX X FLUNXODFLMX YHULQD H3IA{Y&E®@RLGD VF
mjesto 1) najzastupljengg proteina uljudskoj plazmi.NatR VH YH]QR PMHVWR WDNR
veliki broj endobiotika, kao i ksenobiotiké&s obzirom navisoku zastupljenost flavonoida u
VYDNRGQHYQRM SUHKUDQL SRVWDYOMD VH SLWDQMH YDAaQR
s ligkovimaNRML VH X YLVRNRP SRVWRWNX WRIXMID WU WR JYIH J@XRA (
opisati vezno mjesto | humanog serumskog albumina i interakcije do kojih na njemu dolazi.

Time bi se mogao bolje proM HQ LW L HONIHN QKH XpLQDND (@didd HjikdvogD NR ML
istiskivanja s veznog mjesta

Hipote] D LVWUDALYDQMD MH GOMVWNIEMWXW®B QWIR QPDOWMOD Y
XWMHpX QD VSRVREQRVW L MDpLQX QM ISKRRNORMHGH [IDQRMD @D P
njihovih interakcia s LMHNRYLPD &LOMHYL LVWUDALYDQMD VX XWYUC
RGJRYRUQH ]D QMLKRYR YH]DQMH QD +6$% L kaRUXMtQRVW LQ
PRIXUQRVW SULPMHQH 10DY R QRdtdstD vexXnoymyestd XIA SHSREMHQH ]

optimizacji doziranja lijekova uskog raspotexapijskih koncentracija

6SHFLILPpQL FLOMHYL RYRJ GRNWRUVNRJ UDGD VX
1. Bolje razumijeti svojstva veznog mjesta
a. 8WYUYLYDQM Hvojsteva KOIDWRIGRIKGD RGIJRYRUQLK ]D MD
navedeno vezno mijesto 9D a Q&rukturna svojstva UH VH XWYUGLYV
IOXRUHVFHQFLMVNLP RGUHYLYDQMHP NRQVWDQWL °
povezivanjem dobivenih konstanti s molekulskim deskriptorima dobivenih
XSRWUHERP UDpXQ@aues@irdP SURJUDPD
b. 8WYUYLYDQMH L QW HothbitN fravdndidali] seinpMiotiReGria razini
vezanja za HSA,QWHUDNFLMH L]JPHYyX ITODXYHR YRIL&EW YLU 8 VWQ
QDpLQ GD UH VH UD]JOLpLWL SRVWRWFL YH]QRJ PMHV
PMHULWL XWMHFDM ]D VL U He3ddraijuYflaopdidd. Rézutatiw D QD
HNVSHULPHQDWD UH VH LQWHUSUHWLUDWL ]J]DMHGQ
ispitivanih lijekova i flavonoida.
2. 8BWYUYLYDQMH UL]JLND NOLQLPpNL J]QDpDMQLK LQWHUDNEF
vezanju za HSAIlz rezutaW D GRELYHQLK SRG WRpPNRP UH VH S
NOLQLpNH |1QDpDMQRVWL LQWHUDNFLMD L]JPHYX LVSLWLY|
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3. ,VSLWDWL PRIXUQRVW UD]YLMDQMD PHWRGH ]D RGUHYLY
SRPRUX 10DIY Re@QURAtsGAODH QLK SRG WRPNRP PRHXVHRXWY U
UD]YLMDQMD RSUHQLWH PHWRGH ]D LVSLWLYDQMH SRVWI
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3. MATERIJALI | METODE



3.1. Materijali

+6$ EH] YH]DQLK PDVQLK NieVaif@ih qubiji piroksharistikuplien od
SigmaAldrich, SAD. Indometacin, furosemid i mikofenolat mofetil su nabavljeni od Acros
Organics, Belgija.

FlavonoidisuQDEDYOMHQL RGrgnavsddsD V\QW K gV H
X krizin dimetileter

diosmetin

fisetin

formonoretin

genistein

kvercetin3-O-glukuronid

luteolin

pinocembrin7-metileter

prunetin

sakuranetin

tamariksetin,

ChromaDex, SAD:
X 3,6-dihidroksiflavon
X 7-hidroksiflavon
x flavanon

SigmaAldrich, SAD
X apigenin
krizin
flavon
galangin
kvercetin,
TTDQVO0,7 *PE+ 1MHPDpPND
izokvercitrin
rutin
hiperozid
cinarozid
izoorientin i

%WLR&KHPLND AYLFDUVND
X ramnetin

Svi standardni flavonoidsu imali GHNODULUDQX pLVWRUOX -« L ELOL VX
SURpLAUDYDQMD

X X X X X X X X X X

X X X X

X X X X X
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3.2. Inviro IOXRUHVFHQFLMVND VSHNWURVNRSLMD UDYQR

Vezanje liganada na vezno mjesto u poddomeni IIA wvdoMHGQRVWDYQR PRaH
metodom fluorescariske spektrostapije. Dobro poznato svojstvood veznog mjesta je
prisutnost triptofanskog aminokisetikog ostatka, Trp 214, jedinog u cijeloj molekuli HSA,
NRML LPD VSRVREQRVW IOXRUHVFHQFLMH X YRGHQLP RWRSI
blizini, intenzitet fluorescencijdriptofana se smanjuyeTR VYRMVWYR RPRJXUXMH R
konstante vezaa ispitivanog ligand&77,78].

3.2.1. Mjerenje konstanti vezanja aglikona flavonoida

6 Y M btdpina HSA priprenmaje svaki dan prije mjerenja u Dulbecco fosfatnom puferu
(137 mM natrijev klorid, 2,7 mM kalijev kled, 8,1 mM dinatrijev hidrogenfosfat, 1,4%M
kalijev dihidrogefosfat) [79]. Flavonoidi su otopljeniuDMSEX L QL] RWRSLQD MH ELR
svaku kombinaciju HSAIODYRQRLG NRQFHQWUDFLMD & Bdhceéhtiadfd OD NRC
flavonoida je bila u rasponu 0,83 —0 8 \eYpblRusimaoncentracija DMSEa bila ispod
4% VIV. Utjecaj DMSQa kao suotapala je bianuliran dodatkom alikvota DMS@ otopini
HSA u kojoj nije bilo flavonoida.

Fluorescencijska mjerenjX UDYQRWHAQRP VWDQMX VX L]YUAHQD SF
spektrofluorimetra (Olis Ing.SAD) opremljenogW HUPRVWDWLUDQLP GUEpHP NL
.RULAWHQD MH NLYHWD |]D IOXRUHVFHQ F{Q3¥ NuieniPsvjétlosii QM D + |
RG T PRV A W D F L M.DvalnaHdRljina LelvsBitacs je bila 280 nm (maksimum
apsorpcije HSA), a emisijski spektar je snimarasponu 31870 nm, gdje samHSA ima
fluorescencijska svojstva, s maksimumom pri 340 nm. Sva mjererpeosadenau duplikatu
korisWHUOL aLULQH SURUH]D SUL HNVFLWDFLMLmjereherdakonML RG
inkubacijskog razdoblja od 2 sata.

3UL QDYHGHQLP YDOQLP GXOMLQDPD L IODYRQRLGL DSV
temelju njihovih molarnih apspcijskih koeficijenata pri 280 i 340 nm & L 34) dobivenih
S R P R U X-Vi8 9spektrofotometra Varian Carry 50 Bip kod izmjerenih vrijednosti
fluorescencijiaXpLQ DN X Q Xr&/jB UzetMiHbbzil[BE). Wmjerena vrijednosintenziteta
fluorescencije,Fobs j€ ispravijenau Feor prema jedaG a El), gdje je Aex o Tc 1l

apsorbancija flavonoida pri valnoj duljini ekscitacigepfedstavlja koncentracijuavonoida, d
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duljinu puta svjetla kroz kivetu i iznosi 1 cm),Aan  &o 1 ¢ 11 (I = 0,2 cm)apsorbancija

flavonoida pri valnoj duljinemisije

(amp'& (m‘qHAz “éz = (1)

322. 5DpXQDQMH NRQVWDQWL YH]DQMD DJOLNRQD IODYRQ

Svaki spektar dobivenijekom titracije g prosjek 1000 fluorescencijskih spektara

LIPMHUHQLK NUR] VHNXQGL .Rj@Vvavdofavd razidi]priQsMm L]UDPp
PMHUHQLP YDOQLP GXOMLQDPD SRPRiiXZa&6d &) ,ahoiddhskd Q D O Q R
KHPLMX 6YHXpLOLAW H[81 B4DMetbdb rastsvaBiDdulsrhitDvrijednosti (engl.
Singular Value DecompositionSVD) SURQDg MBI QD VSHNWUDOQR JQDpDMQTI
SULSLVDQD SR]QDWRP VSHNWUX +6%$ 2YD MH DQDOL]D WDN
RPMHUX EH] LQGLNDFLMD VWYDUDQMD NRPOHNVD YHUOH
M H G Q D @3iKd), BdjeKa predstavia konstantu vezanja kompleksa:

(2)

AI20RO6a4AU x 3)
E ™= SAje20r66a4RUx

.RQVWDQWH YH]DQMD L]UD p X Q D \Naroridyl SiIRAn&IGndat. NRP S OH
9LAH YULMHGQR VWL XNNRIQ) X W R QDL MOHIB QM ]DQMH L YHUX VWDE
VOXpPDMHYLPD VHKAL]JUDPXQDYDR ORJ

3.2.3. Mjerenje interakcija v arfarina s kvercetinom i luteolinom te njihovim

derivatima

Otopina HSA pripremange kao i kod mjerenja konstéi vezanja aglikondlavonoida.
Varfain je otopljen u metanolu,uteolin u smjesi metah®@MSO = 2:1, a ostali flavonoidi u

smjesi metanol:DMSO = 4:1. U svijapokusima koncentracija suotapala bilanja 0d%.
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Fluorescencijska su mjerenja provedem@eSafas Xeniugermosatiranomfluorimetru s
XJUDYyHQLP PMHADpHP 6YL HNVSHULPHQWL VX SURYHGHQL
HNVFLWDFLML L HPLVLML RG PP 2WRSLQH YDUIDULQD L 10
otopine HSA koja se nalazila u kvarcnoj kiv&ui supokusi izvedeni u duplikatu.

3231. 2GUHYLYDQMH NRQVWDQWL YH]DQMD NYtHUFHWLQ

varfarina

Otopine pojediin ligagnaGD VX SRVWHSHQR GRGDYDQH X P/ —0 R

u kvarcroj kiveti. Mjerenja suprovedengpri valnoj duljini ekscitacije od 295 nm, a emisijski
VSHNWDU MH VQLPMQ ¥m.SRdbzirdnp MaXi flavonoidi i varfarin apsorbiraju
HOHNWURP D JQ HMW \haMedehithDyaldi@ Mitljinama, njihovi molarni apsorpcijski
NRHILFLMHQWL 0 VuwtelrddtBtipaxdy DNV/Is spaRtPRtidmetra HP 8543 pri

“ f& NDNR EXVREMNJHXPLQDN KMXWRVYMBOWH FW]DQMD VX R
Dufour i Dangle449]. Provedena je Scatchardova analiza s pretpostavijpninG HQWLpPpQLK YH]C
mjesta na HSA. Vrijednosti konstante vezamfa)( intenzitet molarne fluorescenckempleksa
(f) i stehiometrijski koeficijent () su dobiveni iz ovisnostintenzitetafluorescencije(F) o
ukupnojkoncentraciji ligandgL] SUHPD MHG@DGRAERBDVWHIUL UDpXQDOQL
UHJUHVLMX SRPRUX PHWR (BEienfsb Miétavat ISKD)N[Y]DpBedsiaWjdd
koncentraciju slobodnog ligandacakupnu koncentraciju HSA. S obzirom da su sve vrijednosti
nblizul, NRULEWHGQRVWDYQL PRGHO YH]DQMIREJLWYLPXNIOXDB
unutarnjeg filta koridaWH @MMHPUSFLMH OLJDQDGD SUL YDOQLRIGXOMLQ
Q) MHGQGAETUL pHBRXispadljena, aFqs izmjerena vrijednost intenziteta
IOXRUHVFHQF LLMHP I1ge Nuling RuteRsMetdsti kroz kivetu, koji iznosi 0,65 cnt a
koncentracija liganda.

a AA?
ampb BERS, @
aoA
7L > 2@ E 53 A )
(m‘ql— (amp‘ﬁ'sr? 6o (6)
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3.2.3.2. Ispitivanja istiskivanja varfarina s HSA

,VSLWLYDQMH LVWLVNLYDQMD YDUIDULQD V +68aSRPRUX
RGUHYHQL 10DY RKaRtuGlobadny iDdtodinl) he(Fluorescirdjuslabo fluoresciraju
0 Hy X WkadPsu vezani za HSA, intenzitet njihove fluorescencijeDzmD M Q R4913%) VAWWHR
RPRIXUXMH SUDUHQMH QMLKRYRJ YU ]di® NeDekdperimétimhd NLY D Q
NRQFHQWUDFLMD +6% ELOD DV EGOHQRINDMHD XIGQRP+BEBPIR VLR
=DVLUHQL XGLRnatG&R RIARHE K Q DB &B)L

A

e L 5o (7)

A
LL 8)

pUL pHRXkavdthnta vezanjaclf] koncentracija HSAigand kompleksa,df] koncentracija

nevezanog HSA,L] koncentracija slobodnog liganda] [ukupna koncentracija HSAp udio
]JDVLUHQRJ +6% OMHUHQ M D phiotrepprignsivalnbalDijiniResRitacieDodv4A50

nm, a emisijski spektri su snimani u raspo466x QP ,QWHUDNFLMH L]JPHYX °
IODYRQRLGD SUL YH]DQ#&na ténielju héksimalinBgGntddziteta fluorescencije

(Fmay flavonoida i koncentracije flavonoigetrebneda se taj intenzitet postignent,. Dodatna

mjerenja su provedena na valnim thdma ekgacije i emisije varfarina, 317 i 379 nm, s ciljem

potvrce rezultata dobivenih mjerempintenziteta fluorescencije flavonoida.

3.2.4. Ispitivanja interakcija indometacina, piroksikama, furosemidai mikofenolat

mofetila s kvercetinom i kvercetin3-O-glukuronidom

Priprema otopina liganada i mjejemjihovih konstantvezanja su provedenQ D QDpLQ

analogan onome opisanom u poglav|@i2.] (Mjerenje konstanti vezanja aglikona
flavonoidad V WLPH GD MH NRQDpQPQRRQGBHEQW U-DBF LNPQFHRQWUDF|

bila u rasponu 0,08 — 0 vdha duljina ekscitacije je iznosila 295 nm. Sve ostale postavke

eksperimenata su bile istovjetne
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,VSLWLYDQMD LVWLVNLYDQMD SRMHGLQLK OLMMHNRYD V
JOXNXURQLGD VX SURY HGr@®osENO D tpuguav@wzq(wwvma Q
istiskivanja varfarina s HSA.
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33. ')7 SURUDpPXQL DIJOLNRQD IODYRQRLGD

Kvantnc NHPLMVNL SURUD p X @glikc@eDflavdr@dd NuXgpdveRlekori a W HQ M H P
UD p X Qpagy@md Gaussian 0986]. Sve strukture (neutralni i anionski oblici, gdje je bilo
PRJXUH VX ELOL RSWLPLUDQL [BREBIRUKUYV/\ B (I XIBOEKEHLOBHRD/GID
311++G(d,p) bane skupovd89,90] % /<3 IXQNFLRQDO MH ELR L]DEUDQ ND|
NRULAWHQLK IXQNFLRQDOD X SRpHWQRP SURELUX YHOLNLE
SUHFL]QRVWL L NYDOLWHWH SURUDpPXQD 'RGAKOMIEBSIRWY UG X
L VW U D & uRipadldvonoidsvddje njegows S M HaiQjenalL RG GUXJLK LVWUDALYD
[91,92] $QDOLWLpPpND YLEUDFLMVND DQDOL]D MH SURYHGHQD S
opisala svaka stacQ DU QD W R p N potén&ljalbdeneidje Kab minimum (Nimag = 0).

Strukture flavona, flavonola i izoflavona su jednostavne u smislu konformacijske stabilnosti.
*ODYQL SDUDPHWDU NRML MH RGJRYRUDQ ]DBCAMWEIXMNDMMXU Q X L
flavona i flavonola), odnosnG3- X VOXpDMX Di¢dRdl@asYRIQVD Buprovdéni D
NUR] UHODNVLUDQR VNHQLUDQMH SRYU&GLQH SRWHQFLMDOC
SUHWUDALYDQMD ]D VYDNX SURPMH QtuktRre JeRbil® poiph¥ it HJ WF
RSWLPLUDQD ]D VYH VWXSQMHYH VORERGH PpLPH MH RPRJ>
energije.

8 VOXpDMX IODY DeQIRGHQ WR PQOWHODRDFHGXUD SURQDODAHQM
SRVHEQD MH SR]JRUQRVW SRV WHHIHQ N RMIUBRBQVRRFGKMHARPL
konformaciju stolca u svim strukturama globalnih minimuma.

%ROW]PDQQRYD UD]J]GLRED MH ELOD NRULaAWHQD NDNR EL
udjela u ukupnoj populaciji (temeljeno na Gibbsovoj slobodnejggjn i sobnoj temperaturi) i te
SUVWUXNWXUH ELOH XNOMXpHQH X GDOMQMX DQDOL]X

.DNR EL VH RGIJRYDUDMXUH PRGHOLUDR XWMHFDM RWDSDO
0 WUL UD]JOLpLWH PHWR G Himpigtn& sdbvataciaUkoa MWWHRMHRQ H
solvatacijskogmodeh temeljeog Q D J XV W RSplvatibchQVb@el based on DensitgyMD)

[93], JGMH MH YRGD WUHWLUDQD NDR NRQWLQXXP E HNVSC
molekulu vode postavljenu u blizini najelektegativnijeg atoma i (c) supramolekularni pristup
JGMH VX XNOMXpPpHQH L LPSOLPUWHER L HO! LSRR Wl cQuiH [\WKROOWIDA
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UD]OLpLWLP VROYDWDFLMVNLP PRGHOLPD iXvk®imdael UH]XOWL
model eksplicitne sghtacije.

Analiza prirodnih veznih orbitala (endllatural Bond Orbital(NBO) analysig je provedena
primjenom UD p X Q pra@MaNBO 3.1[95] NRML Mk uXGadsdax [Debaket. NBO
analiza (NPA vrijednosti, englNatural Population Analysjsanaliza prirodne poputge) i
populacijska analiza (Mliken i APT vrijednosti(engl. Atomic Polar Tensqratomski polarni
tenzo)) supstituentskih funkcionalnih skuD VX GRELYHQH JEUDMDQMHP
naboja/populacija na svakom atomu u funkcionalnoj skupini. Fukui parametri (elektrofilnost i
nukleol LOQRVW VX L]JUD pXNBO W LpopdIRcijské VErtalQedMHHPG QH WRPNH C
R G JRY D INDHY PNitH1Psustavima, gd N predstavlja broj elektrona.

.DNR EL VH RODNADOD NYDQW Luniorwwdciyatk@ndehviamalUAdKBIED U D |
funkcija[96 8] temeljena na atomskim nabojimblj ELOD L]UDpXQDWD 13%$ QDERM|
NBO analizi Naboji@ VX L]JUDpXQDWL ]D VYHNGBPYIRQRdleRtidnNiM@ MLKRY L
stanjima kako bi se dobili kondenzirdnif" GHVNULSWRUL SUHPD MHGQEDGAEDPL
i elektrofilnost(10):

B L M:O;F M:0Fs; (9)

BE LM OESs F M:O0; (10)

gdie jega(N LJUDPXQDWL QDERM QD DWRPX. B #Dodybvdrs OrtjluEURM H
elektrona u neur® QRM PROHNXOL V MHGQLP HOHNWURQRP XNO
molekulske orbitale (engHighest Occupied Molecular OrbitaHOMO) aniona, dokN + 1
odgovara broju elektrona u analognom kationskom sustavu.

6YL VWDWLVWLp N prevedeil BRPRIIXEIUDPXQDOQRJ SURJUDPD
(Statsoft, SAD).p MH PMHUD VWDWLVWLpPNH QQ&HDRE RV W N X YWUR DM
]QDpDMQH X FLMHORP WHNVWX
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3.4. Sidrenje i vizualizacija interakcija liganada i HSA

5DpXQDOQL SURJUDP $XVWerippR Rékearch Instifii€3ADH[99] koristi
disperziju, vodikove veze, elektrostatske i desolvatacijske kompondwad® bi odredio
najvjerojatniju konformaciju kompleks8 RPR iU X RYRJ SURQUDD\|eatnY ¥Xezna
mjesta kvercetina kvercetin3-O-glukuronida kao i sekundarnorezro mjeso (R)- i (9-
varfarina na molekuli HSAU ovim je pokusima kvercetin bio odabran kao predstavnik aglikona
flavonoida, a kverceti3-O-glukuronid kao predstavnik metabolita kvercetina. 3D koordinate
molekule HSA kekristalizirane s (R)-varfarinom i 3D koordinate molekuldHSA ko
kristalizirane smiristinskom kiselinom i indometacinordobivenesu iz RCSB Protein Data
Bark (unosi 2BXD i 2BXM) [8]. Kristalografska struktura pod unosom 2BXD je jedina
dostupna kristalografska struktura gdje je HSA kristaliziran samo s varfarinom (bez miristinske
NLVHOLQH awR QDMEROMH RGJRYDUD QD&aLP HNVSHULP
kristalogral VND VWUXNWXUD +6% V YHIDQRP PROHNXORP LQGRPH\
kiselinu, dok kristalografskstrukture drugih ispitivanih lijekova nisu dostupne.

Za proces sidrenja je bio izabran monomePBB unosa 2BXDNRMHPX VX QDGRGDQL
lanci koj su nedostajali. Molekel varfarina i vodesu bile uklonjene iz datoteke koja je bila
NRULAWHQD ]D VLGUHQMH 0RO HN X Ovodik#&dhljevjeXbilty poerydid) ELOL
VYL OLJLQVNL DUJLQLQVNL L FLVWHLQOKNMNL s&R§partainDIDQFL V
JOXWDPDWQL ERpQL ODQFL ELOL GHSURWRQLUDQL $PLQR L
KLVWLGLQ QD SRORADMX MH B RR BAUMMMR QGRIND ¢V XQ D YAR R RW
ERpQL ODQFL ELOL QDELWHRBRHO@B SROPAYMMKIOAOQRM SURYM
svukupnim nabojem molekule HSA atl4.

Zbog svoje struktlQH VOLPQRVWL 10D YRRQ F-%DP DD WIQEU WMGIMWDN R §
SURYHGHQR L XWYUYyHQR MPH@XYV ReRQERN bdgRY DR UDRIOXR SRIDR & D N
kristaliziranog R)-varfarinaTR MH X VNODGX V SUHWKRGQLP LVR-UDALYDC
i (9-varfarin YHaX ]D LV WBznBRjddtx |2K) té je V OlXKab pdvrda da su postavke
sidrenja optimalno postavljene za provedbu sidrenja ostalih liganada.

Dodatno, sidrenjeR)- i (§-varfarinraMH WDNRVYHU ELOR SURYHGHQR X SUL
(R)-varfaring kako bi se utvrdilmjihovo VHN X Q G D U QR Y tihjiQriReZ8 ¢ @&nje 3 IBDH
oblici liganada su nacrtani i njihova inicijalna geometrija je blGE OHYNMQUWDpPpXQDOQRP
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programu HyperChem 8.0 (Hypercube, Jf8AD), a njihovje naboj postavljen da predstavlja

njihove najzastupljenije specije pri pH 74AWR REMDAQMHQR X SRJODYOMX

DJOLNRQD I0DYRQRL G DAaetskoHstiamcitivethicaligeR 0@ DV D BIBINEBK

YybuiDULQD VLGUHQH VX ELOH DQLRQVNH VSHFEMH GRN \

glukuronidabile sidrene dvije najzastupljenije anionske i fluorescentne spedifgd]. Nakon

WRJD MH VOLMHGLOR XpLWDYDQMH OLJDQDGD X $XWR'RFN ¢

SDUFLMDOQL QDERML X PROHNXOL VYIRIELOL RGUHYHQL SUHPD
IDNRQ &WR MH JOREDOQLP VLGUHQMHP EGEBRDIYEWMUYHQR (

PMHVWX , PUHAD YHOILpVQUWD]PDNRP L]PHYyX SRMHGLQLK WR|

VUHGLAWHRRYMR B DAV R P X¥anet BERpDEETdinate3,466, 10,477, #,189) je

ELOD JHQHULUDQD SRPRIURI$X WoRupKL S&dréhjdiftal jd Dihienjen

lamarkijanski genetski algoritam (endlamarckianGenetic Algorithm, LGA) [102]. Molekula

HSA se tretiral&kaorigidna dok je svim jednostrukim vezama liganada bila dozvoljena rotacija

WLMHNRP SRVWXSND ORQWH &DUOR VLPXOLUZLSpRIAteW UDAaHQ

Annealing SA). Sidrenje svih liganda se pvelo 100 puta V SRSXODFLMRP YHOLD

maksimalnim brojem procjena energgd 2500M00 JHQHUDFLMD XpHVWDORAI
0,02te XpHVAMD OIRRVRYHUD RG .RULMHQ VUHRRQ@MadnrNYDGUD
SquareDeviation RMSD R G ¢c MH X]JHW NDR N WwkaNézlthtMsifizna @GDOL]X

FLOMHP XWYUyLYDQMD MHVX OL GYLMH da\oL Gilg sitr@QttandN R QIR U F
jednakima i nekoliko takvih gop]GRYD V QDM QL AL PanjaGtakbglLligaddaDie Y H ]
N R U L ZaMadjQeRusporedbe.

Provjera i modifikaga kristalografskih strukturakao i vizualizaci i interpretacijaezultata

sidrenja je provedend&SRPRUX p X QD O Q RJUCEE Khih&#® D.10.1.§YHXpLOLAWH >
Kaliforniji, SAD).
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4. REZULTATI |
RASPRAVA



4.1. Spektrofluorimetriskoo GUHYLYDQMH NRQVWDQWL YH]DQMD
za HSA

Slika 7 pikazuje osnovne strukturne formukpitivanih podskupindlavonoida doktablica
2 prikazuje izmjerene konstante vezanja flavonoida i njihovu usporedbstigodan literaturnim
podacima.2 SUHQLWR IODYDQRQL VX SRNDi®DHSA QD NRQ aHH BIR @¢'OW |
LIRIODYRQL GRN VX IODYRQL L IODYRQROL RNDEUKAMSWHUL]LL

prikazuje kgled spektrofluorimetrijske titrge na primjeru apigenina

A. B. C.

Slika 7. Osnovna strukturna formula ispénih podskupina flavonoida: A. flavanoni, B. flavoriavonoli, C.
izoflavoni.

Relativna fluorescencija

Slika8 6SHNWURIOXRULPHWULMVND WLWUDFLMD +6% DSLIJHQLQRP SUL S+
NRQVWDQWQD L LIQRVLOD MH —0 UGRD OMH RR Q FOIDMNYILEAELWPDHD SMOB QG R
spektar). Umetak: izgled titracijske krivulggmigeningpri 340 nm.
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Tablica2. Ispitivani flavonoidi, njihovi supstituenti i konstantezamja

# Flavonoid Ry R> R; R4 Rs Rs Ka [M il] Ka [M il] iz literature Referenca
Flavanoni

1 Flavanon H H H H H H (5,25 “0, P N/A N/A

2 Pinocembrin7-metileter H OH H OCH; H H (2,19 “0, [ N/A N/A

3 Sakuranetin H OH H OCH, H OH (219“0, Pl N/A N/A
Flavoni

4 6-Hidroksiflavon H H OH H H H (1,58 “0, Pl N/A N/A

5 7-Hidroksiflavon H H H OH H H (1,95 “0, T ° 9441 *23 1 ° [103,104]

6 Apigenin H OH H OH H OH (1,320, T ° 98571 ‘1, 1 ° [57%,105]

7 Krizin H OH H OH H H (1,95 “0, T o1 1 %43 10 [572104,106]

8 Krizin dimetileter H OCH, H OCH; H H (2,95 “0, (I N/A N/A

9 Diosmetin H OH H OH OH OCH; (8910, [ - S = N N [49°,107]

10 Flavon H H H H H H (6,17 “0, [ 4, 71 [104]
Flavonoli

11 3,6-Dihidroksiflavon OH H OH H H H (7,41 “0, [ 5 1 4 [1089

12 3,7-Dihidroksiflavon OH H H OH H H (1,66 “0, (N @ -, (e [109]

13 Fisetin OH H H OH OH OH (1,20“0, (N @ -, (e [110]

14 Galangin OH OH H OH H H (2,34 “0, Tt (380 91)71 °© [579

b a

15 Kvercetin OH OH H OH OH OH (L70“0, T3 7 443 1 0° [49 ’571&(])6'11&

16 Ramnetin OH OH H OCH; OH OH (1,290, T° N/A N/A

17 Tamariksetin OH OH H OH OH OCH; (234-“0, Tt 7 -, [ [497]
I1zoflavoni

18 Formononetin H H H OH H OCH (214*“0, Pl 1, §° [115]

19 Genistein H OH H OH H OH (490“0, Pr 1141 s, 10 [49°113,116,117]

20 Prunetin H OH H OCH, H OH (380“0, Pl N/A N/A

®3URUDPXQL VX WHPHOMHQL QD NRPSHWH®MHPRAEHOHR @GHZotropie! DUIDULQRP NRUL
P JUDpPpXQDW Retnsk®DYOHENPLQ %6$% NRULDEHQMB P ®XHRWURGH HQFLMH

“BURUDPXQL VX WHPHOMHQL QD NRP SIRWLSW MQ RIB B HRQHMERIDHY RNYHH/F HIQW L @ R P

N/A podaci nisu dostupni
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Konstante vezanja aih flavonoida LIUDpXQ DWHMHGQDNL QDpLQ 9HULQI
UH]XOWDWD MH X VNODGX V REMDYOMHQLP SRGDFLPD SULM
IODYRQRLGH OLWHUDWXUQL SRGDFDbD®BMYKdrékBiflaom IELWL QI
tamariksetia postoji m&OD UD]OLND V RE]JLURP QD OLWHUDWXUQH SF
UD]J]OLPLWRP P HWRIDPpOQRMBMREIANja. Literaturna konstanta vezanja- 3,6
GLKLGURNVLIODYRQD MH QLaD RG NRQVVIDP®RWAHE objadiiD QMD GF
bLQMHQLFR P-diltidibkslflavon ima fluorescentnavojstva pri uvjetima mjerenja
IOXRUHVFHQFLMH NYHUFHWLQD RGQRVQR JDAHQMH IOXRUHYV
GRYHVWL GR ODAaQR VQLAHQLK YUdMHGQRNMWILI ONDRIrRWOWD QBW |
WDPDULNVHWLQD UD]JOLNH PRJX ELWL REMDEAQMHQH pLQMHC
LDNR MH VWUXNWXUQR VOLpDQ QH PRUD BSRINDJIDYDWQ LMHGQ
UD]J]OLNH XRpHQH X VOXpDMHYLPD JDODQJLQD L IRUPRQRQH)
galangina dolaze iz ekgpmenata istiskivanja varfarina, gdje se smanjenje u anizotropiji
YDUIDULQD RGQRVQR SRYHUDQMH URWDFLMVNH VORERGH
varfarina. Yamasaki i suf118] VX GRND]DOL GD SURPMHQH X URWDFLMVNI
LVWLVNLYDQMD LOL YH]DQMD OLJDQ @M ME@QLMWIR LU PYOXI
IRUPRQRQHWLQD 7DNRYHU X QHNLP VOXpDMHYLRIN& X VWXG
SUL QP SUL pHPX L WULSWRIDQVNL L WLUR]JLQVNL RVWDF
proedHQH SUL QP SU ptofaHdRiAmmMakBeRindl RYWDWDN DSVRUELUD
GRYHVWL GR UD]JOLND X LJUDpXQDWLP NRBQUWWNMHVUDBR Y Pho!
NYDOLWHWOQR L SR>XKRBH @spdriGantalgiLuvjBxiQnbtdju biti jednaki za sve
ligande, pd RWRYR DNR VX WL OLJDQGL RWH XNRWXWDPR WaE LYIDID Q NDL

ne razlikuju.
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4.2. ')7 SURU BAR-@4dglikona flavonoida pri vezanju na HSA

U svim globalnim minimumima, odnosno u konformacijama s najmanjom slobodnom
energijom za svdlavonoide diedralni kut G2& X VOXpDMX IODYRQIO W IODYRQ
VOXpDMX L]JRIODYRQD L]JQRVL RNR f 'RGDWQL GRSULQRYV
flavona, flavonola i izoflavona dolazi od hidroksilnih, odnosno metoksi grupa k@ardirane
kako bi tvorile unutarmolekuke vodikove vezeSvi globalni minimumkonformacijaSURQDYHQL
na B3LYP/6311++g(d,p) razini su u skladu s prethodno objavljenim literaturnim podacima
[119,120] 8 V O XfeavokaELOD MH istdptbbélUMH QIDOL V SRVHEQRP SR]RU
piranonski prsten C koji se nalazi u dilcpQR PRGLILFLUDQRP NRWIRUPDFL
globalnim minimumima. T UH]XOWDWL WDNRYyHU RGJRYDUDMX UDQLM
LVWUDALYDQMI2RI2JODYDQRQD

UL ILILROR&ANRP S+ DQVOLYHAXQID |9 B MRDIRIMAANAA. R
3 UR QDYVHQ Rvdjstdvalfavandida koje su povezane s njihoviafinitetom vezanja za
navedeno vezno mjesto: (1) nukleofilnost a&o@3 i parcijalni naboj povezan s (2) parcijalnim
nabojem atoma 04, (3) elektrofilnost supstituenta vezanog na atom C8, (4) visoke HOMO i
/1802 HQHUJLMH L NRSODQDUKppanavndsiltPRHXY X3 & L @ SNNI/RVHQD
AWR MH YHUO BILGORR VUHPHQRU Y] X O watMd L VPARGRBIHY ¥ (RIWID §FIDOR P
komentirati samo podaci za vacuomodel i model se&kSOLFLWQLP RWD SBOQR Pp HP X
VH HNVSOLFLWQD VROYDWDFLM f&, PARArBM AR jB ebndjastd. | WIR P SOHN V
hidrofobno [2], predstavlja najvjerojatniji utjecaj vode na sustav H&&onoid. Ako nije
LIULPHWRQR SRGDFihvacdo EBCRRINHX QB

421. 6XSVWLWXFLMD QD DWRPX X SRORADMX &

*ODYQH VWUXNWXUQH UD]O LINHR X payibxpéiidwahioidd sSRGY UV
nalazeQD LOL X EOL]LQL & DWRPD =D RpHNLYDWL MH GD UH V&
C3 odraziti i na distribuciju elektrona u blizini atoma C3.

Premaslici 9 QXNOHRILOQRVW L SDUFLMDOQL QDERM DWRP
ispitivanih podvr&a flavonoidaaAWR NRUHQLWBI WRPBI SUHPD at&@stva D& DORV W
RPRIJXUDYDMX UD]J]OLNRYDQMH SRMHGLQLK IODYRQRLGD V Y
XQXWDU SRMHGLQH SRGYUVWH IODYRQRLGD 7DNRYHU VH P
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atoma inducirangrisutstvomhidrokVLO QH VNXSLQH SoReka tiBA! BlawholQL WHW
IODYRQL SRVMHGXMX QDMYHUL DILQKN sVujstaBmUiHdkdvam 6$ S UF
VXSVWLWXFLMRP QD SRORADMLPD & L & ]QD)pDNW@RRAWFRD Q@M X

SRND]DQR X VOXpDWMEBYLPD L]JRIODYRQD

Slika 9. Prikaz ispitivanih aglikona flavon&é D V RE]JLURP QD QXNOHRILOQRVW L SDUFLMDOQI
B3LYP razini (brojevi odgovaraju rednim brojevima flavonoidiblici 2).

4.2.2. Parcijalni naboj atoma O4

(OHNWURQVND VYRMVWYD DWRPD & VX YHOLNLP GLMH(
atoma, posebice elektroR G Y Onb &bhioin kisika vezanog na ato@4. Slika 10 pokazuje
jaku ovisnost logka 0 parcijalnom naboju atoma O4: afinitet flavonoida za HSA se smanjuje
smanjivanjem negativnog naboja. O SRYH]DQRVW SRWY Uy XNhkerak@® pDMQR \
LIPHYX DWRPD 2 L +6$ NRMD MH SUHWHMRGPRJIEKLR O @Y HUDNF

Lys 195 koji se nalazi u blizini51]. Od ostalih vrsta polarnih interakcija, vodikove veze su
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QDMY MHUR M D \&¢)a: Mtbm GiBikalL v@zalnQ &toirh T4 predstavlja dobrogkaeptora
YRGLNRYH YH]H daWR PRAaH SRYHUDWL DILQLWHW IODYRQRLGLE

4.2.3. Ostale supstitucije

IHNH VWXGLMH VX XWYUGLOH ]QDpDMQL XpLQDN SRODLU
prstenu B i HSA[51,52,112,123,25]. Prema literaturi, negativni naboj-3li 4'-OH skupine
SRYLVXMH NRQVWDQWX YH]DQMD IODYRQRLGD ]Drditb$ OHYX
SRYH]DQRVW L pRtdyaR | @fibitetR kaezanja, niim vacuomodelu ¢ = 0,3742;p
= 0,1041), niu modelu s eksplicitma solvatacijom(r = 9€,4181; p = 0,0666). Umjesto
DQDOL]LUDQMD VYRMVWDYD SRMHGLQLK DWRPD X QD&RM V
SRMHGLQLK DWRPD X SUVWHQX % (jd WeSsH fpwdtep HB@GWI IHRODR R/ 1L [65QURH (
nalazi izvan veznog mjestaté da je usmjereprema mjestu dodirpoddomenalB i IIIA
[51,124] ,DNR X QDA&HP VOXpDMX YH]D L]PHYyX QDERMD SUVWHQD
]QDpDMQD XND]XMH QD SRYROMQH XpLQNH QHIJDWLYQRJ QDE

OHULQD SULMDAQMLK VVDXBDEOQRWWNRHNBREOPLIOLKIDY WHU
njegovih supstituenata s HJA16,124,125] 1z tog su & razloga ispitala i elektronska svojstva
SUVWHQD $ L QMHJRYLK VXSVWLWXHE@DWBL MBI AL By X WDOMLIN
svojstavasupstituenata prstena A i HSA prikazajgana slici 11; vrlo niska elektrofilnost
VXSVWLWXHQWD QD $ROREDIPXDELSRWHWRM D +6$ ,] WRJID V
niska elektrofilnost supstituenta nadRaDMX & LPD XWMHFDMPp LEMNIR YQLWIR]

vezanje flavonoida za HSA.
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Slika 10. Ovisnost logk s 0 parcijalnom naboju atoma O4 temeljeno na NBO analizi £,6514;p = 0,0019),
LIUDpXQDWR QD % /<o8gtvardju @dnintEdddreidnihYlavonoiddablici 2).

Slikall 2GQRV L]IKHEXHORNWURILOQRVWL VXSVWLWXHQWD QB> SRORADMX &
0,5862;p = 0,0066) (brojevi odgovaraju rednim brojevima flavonoidiblici 2).
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424 *UDQLPpQH PROHNXOVNH RUELWDOH

Sklonost stvaranju unutarmolekulskih vodikovih veza dgbrdokumentirano svojstvo
flavonoida[119]. 7DNRYHU W RpRHREL Y DW L G D -dpHorsk® Dpaofpiak@utdRskeR Q
skupine vezane za kosttlavonoida utjecati i na formiranje@y XPROHNXOVNLK YRGLNR
LIPHYyX IODYRQRLGD L +6%

Slka 12 SRND]XMH GD VX VQDAaQR YH]DQL IODYRQRLGL RNI
LUMO energijamaTR MH X VNODGX V QMLKRYRP VNORQiIRZIXuVWYDUL
kojima flavoroidi mogu igrati ulogu i protowonora i protorakceptora.

4.2.5. Planarnost

SRWSXQL QHGRVW D WrazkeNuR/tijedid&ima dherglid@MOyi XUMO i
log Ka uin vacuomodelu ¢ = 0,0206;p = 0,9313), kao i u modelu s ekplicitnauolvatacijom
= 0,1654;p = 0,4858) pokazuje da konjugacija nema nikakvog utjecaja na vezanje aglikona
IODYRQRLGD QD +6$% 7DM MHN OMPKXMFWPDV SQUHAY,REGAONS VW X G L N
UH]XOWDWLPD XWMHFDMD HOHNWURILOQRVWL & DWRPD ,D
IDYRQRLGD UD]JOLNH X HQHUJLMDPD L]P KDY OH2NRMX/8DR2 NIHQN
RJUDQLpDYD |QDpDMQRVW RYRJ UH]XOWDWD VDPR QD L]DEUD
9DAQR MH QDSRPHQXWL L GD VX JHRPHWULMH IODYRQRLC
Dobiveni rezultati su u skladu s rezultatima kojeigavio Aparicio[119], koji je pokazao da
aglikoni flavonoida mogu tvoriti unutarmolekulske vodikove veze koje stabiliziraju koplanarne
geometrije. Zanimljivo je primjetiti dge koplanarnost AC i B prstengslika 7) u obliku
GLHGUDOQRJ NXWD RXAW Ra H3vrhbine fIBMANR PflBvonole toma 23-1-2'
za izoflavonepovezana s afinitetom za vezanja na H8Aacuo(r = 0,6832;p = 0,0009), alta
povezanost nije prisutna u solvatacijskom modelus (0,0349;p = 0,8838). S obzirom da
JHRPHWULMH IODYRQRLGD YH]DQLK ]D +6% L]JUDpXQDWH X V
koplanarnosti AC i B prstenfp1,116,126,127]smatramo da je koplanarnost dobivenanu
vacuo XYMHWLPD VDPR SRND]DWHOM VNORQRVWL IODYRQRLGD
XWYUYyHQR MH GRVWHSNRSWHI)PDEE& GLHGUDOQL NXW E]JPHYX U
4a5i4a5 QXAQD DOL QH L GRYROMQD ]D=BpAOQMNFOYRM Ba YH]D QM
in vacuoi r = 0,5093;p ]D HNVSOLFLWQX VROYDWDFLMX bDT
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kopiDQDUQRVWL MH SRYH]DQR V JXELWNRP DILQLWHWD ]D +63
+6$ MHGQDNLP DILQLWHWRP 6 RE]JLURP GD VH SODQDUQRVW
autori smatrali da flavonoidi s visokim konstantama vezanja uspostavljajusvei®A kroz
konjugaciju[123,125] 3UHPD SUHGVWDYOMHQLP UH]XOWDWLPD SODQTE
na YHIDQMH ]D +6% QHJR NRQMXJDFLMD IODYDQRQL NRML
NRQVWDQWRP YHIDQMD RG RVWDOLK IODYRQRLGD XND]XMX Q
mjesto flavanona na HSA nije, za razliku od ostalih flavonoida, u poddomeéhi YHU VH QDOD]
EOLAH YH]QRP PMHVW 3K 0RRIE G R RiED@®RR Jedrisutnost neplanarnog
prstena& NRML RQHPRJXUXMH YH]DQMH X EOL]JLQL 7US DPLQ
lHA.

Slika 12. Ovisnost logk, 0 HOMO i LUMO energijama (brojevi odgovaraju rednim brojevima flavonoitiblici

2).
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4.2.6. Strukturna svojstva IODYRQRLGD NRMH XWMHpX QD MDpLQX
HSA

8 RYRP MH LVWU D & LWLEA®G MXWSIXRI QDRI oR iGalkbjéN £
]DVOXA&QH ]D QMLKRYR Y HHBA YMuk@dilnest i garijamindbo)etBma C3
R P R J Xju Ri&sHkaciju flavonoida u podskupine: flavanoni (jako niska nukleofilnost i visoki
negativni parcijalni naboj), izoflavoni (niska nukleofilnost i niski negativni parcijalni naboj),
flavoni (srednje visoka do visoka nukleofilnost i srednje visoki negativni jpbricinaboj) i
flavonoli (srednje visoka nukleofilnost i pibivni parcijalni naboj). 2) SRYLAHQL QHJDWL
SDUFLMDOQL QDERM DWRPD 2 MH VQDAQR SRYH]DQ V NRQV'
proton-donorska i protofakceptorska svojstva flavonoidd) Koplanarnost A i C prstena je
SRYH]DQD V YLALP NRQVWDQWDPD YHIDQMD L WR MH SUHG)>
aAaXSOMLQL 4) kogplamadddtHAC i B prstena oslikava sklonost flavonoida stvaranju
VOdiINRYLK YH]D &aWR Midokikh NOMDD GUMQY energijama. S druge strane,
NRQMXJDFLMD QL $& QL % SUVWHQD QLMH ELOD SRYH]DQD

negatvni naboj B prstena ima utjecaja konstantu vezanja.
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4.3. SpektrofluoriPHWULMVNR R @GterbkgijaY DLQ RIHY Kvercetina,

luteolina i njihovih derivata s varfarinom pri vezanju na HSA

431 2GUHYyLYDQMH NRQVWDQWL YH]DQMD NYHUFHWLQD

varfarina

6 REJLURP QD VWUXNWXUQX VOLPpQRVW YDUIDBIk®QD V I0OCLC
13 PR&H NWSRWWDYLWL GD VH YDUIDULQ L IODYRQRLGL YHZ
OHYyX LVSLWLYDQLK OLJDQGLPD NYHUFHWLQ MH SRND]DR QD
luteolin te varfarin(tablica 3) ,] WRJD VH PR&H ]DNOMXpédinLtreBdll EL NYI
LVWLVNLYDWL YDUIDULQ V QMHJRYRJ YH]J]QRJ PMHVWD 1Lat
OXWHROLQD VH PRIJX REMDVQLWL QMLKRY RmR rifichdjike@@ RP aW |
SURVWRUQR QDMYHUD PROHN X Odnja.L ReyatignD Mol &ixelidskoQ VW D Q \
glukuronskog dijela kvercetiB-O-glukuronida blago povisuje njegovu konstantu vezanja s
REJLURP QD RVWDOH JOLNR]JLGH aWR MH X VNODGX V RSURP
mjesto IA[2,4].

A. B.

Slika 13. Strukturnaformula A. flavonoida deriata kvercetina i luteolina, Bavfarina (vidjetitablicu 3za pojedine
flavonoide.
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Tablica3. Ispitivani ligandiL QMLKRYH NRQVWDQWH YH]DQMD QD +66)i LIJUDpXQDWR
pretpostavljenom vezanju 3:1

Ime R R, Rs Ka“6 ' 1°MP
Varfarin N/A N/A N/A “ 68
Luteolin -H -H -OH “ 53
Izoorientin -H -Glc -OH “ 30
Cinarozid H -O-Glc “ 25
Kvercetin -OH H -OH “ 52
Izokvercitrin -O-Glc -H -OH ‘21
Hiperozid -O-Gal H -OH “ 19
Kvercetin3-O-glukuronid -O-Gluc H -OH “ 13
Rutin -O-Glc-Rha -H -OH “13

N/A *podaci nisu dostupni, Gleglukoza, Galtgalaktoza, Gluctglukuronska kiselina, Rha

ramnoza
4.3.2. Studijeistiskivanja varfarina s veznog mjesta | HSA flavonoidima

.DNR EL VH XWYUGLOD YMHURMDWQRVW LVWLVNLYDQMD
vitro PHWRGH NRMH XNOMXpXM X[1Q4A80].HRekRaf) EdthiQew daDdvaksvH + 6 $
QDpPLQ QH PRJX L]JUDYQR ELWIANH XWM B ®RO LDUDQ P RIX 13 JIXRQ
potencijalne problemg6]. 'RVDGDAQMD LVWUDALYDQMD LVWLVNLYDQMD
flavonoidima raznim metodama slala kontroverzne rezultaféd9,51,56,57,131]od onih koji
tvrde da nema nikakvog rizika za istiskivaff®©] do onih koji tvrde dge rizik istiskivanja
varfarina i njegovih nuspojava vrlo visdk7]. U ovoj se studiji za ispitivanje istiskivanja
varfarina s njegovog veznog mjesta koristila metoda fluorescencije flavonoida. Svi flavonoidi
N R U L & Vétddii Lpo¥jeduju BOH skupinu za koju se zna da gagihovu LQWULQ]LpQ
fluorescencijU85]. OHY XW LP N D GIa NSA farbhbid) fluoresciraju na valnoj duljini
ekscitacije od 450 nm i d@sije 500+ QP 8 VOXpDMX GD IODYRQRLG QLMH X
]D +6$%$ LOL VH YHGH YLQRE&RWR Q V Wy @eNdg RaniskddDfekidrB, tp se
PRaAH SWHWLWL SRPRUX SURRMdRL B kinsamMdorKve2ahj® varfarina za
HSA od 10,56 “ T *M% NRULAWHAQ®M&EEL MHGLQ PRJXUH MH R
koncentraciu RGQRVQRYDROLYLQR SRWUHEQX GD VWymjedt(ONL RGUH
22,38,6392%) 7DNRYHU MrdglasRiWge HeBE@QiRnatifNRULAWHQ X kad SLWLYD
U D F H Bsnfe&ale d&onstante vezanjeR}- i (§-varfarina nisu jednakdS)-enantiomer ima
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QH]QDWQR YL&X NRIQ2y WBQWXXV LYRH [REIM MH QB XV IOFP HV IV RV IS RYG U
poddomene [I1427].

4.3.2.1. Istovremeno vezanje varfarina i aglikona flavonoida

IDNRQ LQNXEDFLMH V YDUIDULQRP NRQFHQWUDFLMD IC
dok nije biopostignutFnax Istiskivanje varfarina s HSA zbog vezanja kvercetina, luteolina,
izokvercitrina ili cinarozida je prikazan rsdici 14 yLQMHQLFD GD VH QHNL IODYRC
HSA od varfarinaPR&H GRYHVWL GR ]DNOMXpND GimanjahasaRiaQMHGLDPQ
VOXpDMX GD VH YDUIDULQ MDpH YHAH ]DX]JHUH RGUHYHQRJ ¢
utH VPDQMLWL IOXRUHVFHQFLMX JERJ VRIbQOMHQRJ QDVWDMDQ

Slikal4 8WMHFDM U D jailaprart@rinK nhl fRIQeseLQCiVI kompleksa Hi#vonoid.

Dodatak varfarina neznatno smanjlfgax NYHUFHWLQD V PRQLBIkSERYLAHQ
14A). SmanjenjeFnax NYHUFHWLQD SRYLAHQMHP NRQFHQWUDFLMH YL
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kompleks BSAkvercetin[133]. 2YR VPDQMHQMH MH QDMY loGrgjedta YadMH S UL
92%. UtRP VOXpDMX NRQFHQWUDFLMD YDUIDULQD L]QRVL 0
RG 0 aWR MH PQRJR YLAH RG IL]JLRORANL PRJXuUb#i NRQFHC
+6$ QHPD ]QDpDMQL R BIPAICND BLWRI® VH PRAH ]JDNOMXpLWI
NYHUFHWLQ QH GLMHOH LVWR YH]QR SRG UskkaM®).IARdNbR VH REF
se vezno mjessNYHUFHWLQD QDOD]JLOR G XEdo MdznoXrgesy iatfarvidd | Q R J  (
(slika 15B.) varfarin bi ometao vezanje kvercetina te bi pri visokim koncentracijama varfarina
IOXRUHVFHQFLMD SUL QP ELOD SRWSXQR XJDaHQD
VSHNWURIOXRULPHWULMVNRP D@®BQWRPD IVLESRWQUWHHQWR. O
Dodatna ispitvanp VX WDNRVYHU SURWHGCH@H EKLRRWMVRDHQ NYHUF
NRQFHQWUDFLMD YDUIDULQD NIH \SHR \RWNIQ R RS RYDHUMD]Y. DOID WL
YDUIDULQD GXEOMH X Qd8uhaYYHP®RRS RGAHQDIskaNTH OFHW L QD
UH]XOWDWL WDNRYyHU SRWYUyXMX KLSRWH]X GD QHPD L]JUDYC
RED VOXpDMDjYRBNPLNRQIFHQQOWUDFLMDPD RPHWDMXUHJ OLJDC
liganda uzrokuje] QDpDMDQ SRUDVW LQWHQ]JLWHWD IOXR&MNFHQFLN
varfarin i kvercetin GLMHOH LVWR YH]J]QR SRGUXpMH XQXWDU YH]QRJ
jednog liganda nalazi ispre H{QRJ SRGUXpMD GUXJRJ OLJDM@&D QHJR
LVWRYUHPHQR YH]DWL ]D VYRMD Y H]Q8iksHR3 UXYPMRIU XIQX WDQ V
fluorescentni ternarni HSAvercetin YDUIDULQ NRPSOHNV EH] GD ]QDpDMC
YH]DQMD GUXJRJ OLJDQGD 2YR MH QDGBOMWWSER QYN UWHPR LL
NULYXOMH X VOXpDMN3X13IBRRSWRVWRY QBQIJPXLURYH NULYXO
antikooperativnog vezan|a3,136](slika 14A)

60LPpQL UH]XOWDWL VX (SSREBYHQIHGLDPD OMWHRDAIND aW
luteolina nije bilo primjetne razlike Bmaxi Cmax L]PHYX UD]OLpLWLK SRVWRWDND
PDN QL X VOWRHMPDVLUIHQRVWL +6% O0R-®H supstithenNdsikep LWL GD
YDAaQRVWL |D LOQWHQ]JLWHW IOXRUHVFHQFLMH IODYRQRLGD L
Frax 'UXJR RBMBIARQRMHRIXUH SULVXVWYR GUXnhRKogéfiitetdD ULQV NF
(LAS), na koje se varfa® YH&H WHN QDNRQ aWR MH SpbpinpridQRoYH]QR |
EL SRWHQFLMDOQR PRJOR REMDVQLWL YHUL X\Wekhd rgd YDUID
luteolina, s obzirom da kvercetinima3+ VNXSLQX NRMD EL PRJOD XuL X LQW
vezanmzD /$6 SUL YLALP NRQFHQWUDFLMDPD aWR MH SRWYUVHC
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Slikal5. 3SUHGORAaHQL SR O RaémaMkdvere®iaaH od@meli DA HSA (temeljeno na Petitpas i sur.
[27]i Ghumanisur[8] $ 9DUIDULQ L NYHUFHWLQ VH YH&X ]D LVWR YH]QR SRGUX
QDOD]L LVSUHG SRGUXpMD YH]IDQMD NYHUFHWLQD & 3RKeescétnmliH YH]DQMI
3 R Gavgmnja varfarina i kvercetina su neovisna jedno o drugome.

Dobivenirezultati su u skladu s rezuitaa koje su objavili Zsila sur.[51] te Dufour i
Dangles[49], D VOD&X VH L Kustaldgjafskimsbuktur&olz su objaviliPetitpas i sur.
[27] te Yamasaki i sulf.23,118]koji tvrde da se za vezno mjesto u poddomeni [IA mogu vezati
dodatni ligandi u blizini varfarina. Razlika u fluorescenciODYRQRLGD PR&aH ELWL
NRQIRUPDFLMVNLP SURPMHQDPD L SR WHIRaE\ekhDgOngdsa ISURP M|
uzrokovanih varfarinom. R X]JURNXMH SURPMHQH X YH]RRRonpRKE& XpMX |
HSA-IODYRQRLG EH] ]1QDpDMQRJ XWMHFDMD QD QMLKRYX NRC(
fluorescencije pri 92%WW QRP |DVLUHQMX +6%$ PRAaH ELW LomadEkodaQ MH QD
SURPMHQRP YH]QRJ PMHVWD DOL PRJXUQRVW GUXJH PROHN
NRQFHQWUDFLMDPD Q H3FRAdrugd molekireGvarEatira QiDnoglazravno

utjecati na intenzitet fluorescencije flavonoida.
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S druge stranegrultati koje su objavili Di Bari i suf56] L 3 Ry U [%7]govbtle
NYHUFHWLQ NDR L QHNL GUXJL IODYRQRLGL PRaH LVWLVQX
QLALP NRQFHQWUDFLMDPD 'L %DUL L VXU VX XWYUGLOL C
dobivenih metodom induciranog cirkularnog dikroizma (ICD) ulk@azna njegovo istiskivanje s
+6$ 1DGDOMH 3RyU L VXU WYUGH G Dmpiemzididdc@mdildkomU LM H G Q
anizotropijiom RGJRYDUD YHURM URWbBdragMIeKaR MdnasaoR iBtRKanjuV O R
varfarina iz njegovog kompleksa s HSA H y X Wvafasaki i sur[23,118] su utvrdili da
YHIDQMH GUXJRJ OLJDQGD PRaH XWMHFDWL QD PRELOQRVW
dobivene metodama IGB i fluorescencM VN H D QL]R W U &SistiskivanfaHipar@x a Q
'"UXJLP UL Mrbmpjéne Du signalima fluorescencijske anizotropije i 4&€e ukazuju
MHGQR]QDpPpQR QD LVWLYV NehhiReQrvitar®@d. thByDeBske rez@nénbeOritlike
SULMHQRYVD ]DS#atuiatidp Miansfétr @dféence Nuclear Magnetic Resonadd>-

105 NRMX VX NRULVWLOL 'L %DUL L VXU MH RNDUDNWHU
udaljenosti vodikovih atoma liganda od vodikovih atoma HSA. Intenzitet signala ovisi o
UHFLSURHGRR VY\WhteltheVudakenssti ligand6$ 8 QMLKRY Rrélativid X p D M X
intenzitet signala kvercetina je iznosio ~40% njegovog intenziteta bez varfarina. Dakle, vezanje
YDUIDULQD XGDWDMpH RWW L]PHYX NYHU Fdiaplicidnelpoka&@ju DOL Ut

istiskivanje, nego mogu ukazivati i na konformacijske promjene.

4.3.2.2. Istovremeno vezanje varfarina i glikozida flavonoida

Dodatna mjerenja su provedena pod pretpostavkom da bi varfarin mogao ometati vezanje
glikozida flavonoida. Glikozidi flavonoi® LPDMX QLaH NRQVWDQWH YH]DQMD
molekule odsvojih agikong WDNR GD VH RpHNLYDOR GD uUH ODNaH XOD]L
.DR L NRG DJOLNRQDWA YS.RGD @ D ROV e BWAth Ruerebtind (St su.
supstituLUD QL QD SIR®OIRA DdvaX do blagog smanjenfanax SRYHUDQMHP ]DVLUH
veznog mjestas neprimjetnim utjecajem nenmax RVLP X VOXpDMX NDGD VX YH
poddoneni IIA ] DV L (BR%Q Blika 14C, podaci za ostale derivate kvercetina nisikgaani
]JERJ VOLPQRVWL 6 GUXJH VWUDQH NRG GHULYDSWKB OXWHR
137 QLMH XRpPHQR QLNDRYRI VERQMHQUHPRRPXVOXpDMD NDGI|
PMHVWD X SRGGRPHQ L(slika$140D podacHZ@ xoorientin nisu prikazani zbog
VOLPQRVWL 6XSVWLWXHQWL QD SRORAabDMX XWMHpX QD L
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velikog konjugiranog sustava koji spaja prsten Bl& VLNRYLP DWRPRRBIi @8R ORAaDM
VNRUR QLNDNYIRQWHUDNBLRE V YDUIDULQRP 6XSVWLWXFLMD
QL QD IOXRUHVFHQFLMX IODYRQRLGD QL QD LQWHUDNFLMH V
MH SULPMHGWQ RBRJI]DVLUH®QI R Rabifasniti vezanjem varfarinaa LAS

[8,27,133] AWR XJURNXMH DORVWHULPNH NRQIRUPDFLMVNH SURPI
ternarnog kompleksa ili sud@ XMH X LJUDYQRM NRPSHWLWLYQRM LQWH
NYHUFHWLQD L OXWHRDAOWL BRDaNMDMHDIMUIP LPD YHUL XWMHF
QHJR OXWHROLQD QDJODabYDMXiuL XWMHFDM VXSVWLWXHQW
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44, 6SHNWURIOXRULPHWULMVNR RGUHYLYDQM#H LQWHL
O-glukuronida s indometacinom piroksikamom, furosemidom te

mikofenolat mofetilom pri vezanju na HSA

IDNRQ LVSLWLYDQMD LVWLVNLYDQMD YDUIDULQD V QMH.
IODYRQRLGL QH Y HSRGQRAGMBKRIN Yidp&eRsu se interakcije kvercetina i
kvercetin3-O-glukuronida s indometacinom, piroksikamom, furosemidom i mikofenolat
mofetilom (slika 16) .RULawWH Q M HIID &FH-HWRDG HO X R U H V ézkinje Fza Méino Q D M M D

mjesto u poddomeni IIA je pokazao piroksikaki E “ # M ™), nakon kojeg su
slijedili indometacin Ka = “ M #), furosemid Ka = “1 7 MY
mikofenolat mofetil Ka = “ tMH),

Slika 16. Strukturre formule: A. indometacina, B. piroksikama, C. furosemida i Rofenolat mofetila

1DNRQ RGUHYLYDQMD NRQVWDQWL YH]DQMD NRULAWHQMFE
YDUIDULQD RGUHVHQH VX NRQFHQWUD FIIDOWHGLAZSEBMEBY D QLK C

92% veziog mjesta u poddomeni IIA HSAs time da zbog niske topljivosti mikofenolat
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PRIHWLOD QLMH ELOR PRJXUH SRVWLUL QMavadenoy vévRoQ FHQ W U
mjesta Zatim je uslijedilo mjerenjeistiskivanja lijekova jednim aglikonom flavonoida,

kvercetinom, i jednim glikozidom flavonoida, kverce8rO-glukuronidom.
4.4.1. Interakcije kvercetina i kvercetin-3-O-glukuronida s indometacinom

Intenziet fluorescencije kvercetina A kvercetin3-O-glukuronida (B SUL UD]JOLpLWI
SRVWRFLPD ]JDVLUHQRVWL YHIQRJ PMHVWD X SRGGRPHQL ,,$
slici 17. Pri konceQWUDFLMDPD NYHU FH®IkaQIA) Q3RYPARI@ M HRINRQFH Q)
LQGRPHWDFLQD RGQRRQ® NAWIRV IMHH Q/R.\& W | $oRj¥ \\QneedzitetM H V W D
IOXRUHVFHQFLMH NYHUFHWLQD SUL RGUHYHQRM NRQFHQWL
]JDVLULYDQMHP YH]QRJ PrMkencevitbacijama) kizidddf@R K LALP RG —0
LQWHQ]JLWHW IOXRUHVFHQFLMHKR® A G WW D@ D MIRHhdMY H IRFS-DVGL
—0 LQWHQ]JLWHW IOXRUHVFHQFLMH NYMHF8 WilQdatd&a) IM IR G U |
]JDVLUHQRVWL YNLGRD PMHWWWDLEFRAH REMDVQLWL QD QDpLQ
indometacina u blizini veznognjesta kvercetina stabilizira molekulu kvercetina, odnosno
smanjuje joj rotacijsku translacijskuVORERGX 1D WRWHWVBYQDYGQR NYHUFHW
nalazi u konformaciji kojpPR4H DSVRUELWHNERVOMHGQGMPBQOR GROD]L L C
IOXRUHVFHQWQBIJR REMDMD MHQMH PRAaH Ednedie GTP KBYRXOD]L
molekula indometacina INYHUFHWLQD aWR GRSULQRVL YH®HP LQWE
koncentracMDPD NYHUFHWLQD YLALPD RG — 0 zbha@ WHPANVWRBQHI O X
kompeticije molekula kvercetina za vezna mjeftatome VH QH PRAaH SRVWIitL VWDE
X b L (pbjéhosa energy indometacina tezbog visoke koncentracije kvercetinalazi do
SURPMHQH NRQIRUPDFLMH YH]QRJ PMH VAN @zliikWwRvaba@@naO LUD X¢{
u kristalografskoj struktukkompleksa HSALQGRPHWDFLQ MH XWYUJBHIQjiL /$6 LQ
se ne nalazi blizu njegovog HASL te se pretpostavlja da vezanje indometacina na LAS
DORVWHULpPpNL QH XWMHpH QD YHIDQMH NYHUFHW3®» ]D aWF

glukuronida.

51



Slika 17. Ovisnost intenziteta fluorescencije A. kvercetina i B. kvereg@fi* JOXNXURQLGD R SRVWRWNX ]I
veznog mjesta u poddomeni [IA HSA indometacinom.

8 VOXpDMX YH]D3Owhkuhoiidaskkd VI B L] UH]XOWDWD VH QH
]IDNOMXpLWL R ]QDpBEMALIYRWNVEKRWNHK 00 QRVWHBItROj&NBgIASHI ]| QLK P M
NDNR MH JERJ UD]OLpLWH WHKQLNH LVSLWLYDQMD LQWHUL
eksperimenata s varfarinom teiMH PRJXUH R G UH GUW Mtdnzielu @udtdsceriaijed L N H
LIPHYyX SRMHGLQLK SRVWRWDND ]DVLUHQRVW ijititi kgka. ¢ PMHVW
Fmax kvercetin3-O-JOXNXURQLGD X VOXpDMX QH]DVLUHQRJ +6%
koncentracijama u ®© XpDMHYLPD GMHORPLPM@R XjEHaLdoldzd® Jnatag)$
XpLQND VWDELO L] Dérdijsind no@kulsflavokioitie) RlVsDobkerom da je molekula
kvercetin3-O-glukuronida |QDp DYWHIR® RG PROHNXOH N-3-8-glEkdrtvid@D NYH L
NGRPHWDFLQ QH GROD]JH X WROLNR EOLVNL NRQWDNW WDNR
OpHNLYDOR EL VH GD DNR EL YHIDQMH LQGRPHWWDHSAQD ]D /$¢
bi WR LPDOR Y hhllezahjeLKQdichtiB-O-glukuronida nego kercetina zbog svoje
YHOLPLQH L QLAH NGRHNWWRIIPNADHY YXHb |LDOCDMNBAUtatarfdEvidyivite e K
PRAMN@GMXDP YHIDQMH LQGRPHWDFLQD ]D /$6 D QRMMMdULPpNL Q
PMHUL GD EL LPDR XpL QdgnjestbRiIQddRIGhERED HA.M X Y H]

4.4.2. Interakcije kvercetina i kvercetin-3-O-glukuronida s piroksikamom

Podaci dobiveni za interakciju kvercetina i kverc&i@®-glukuronida s piroksikamom su
QDMVOLpPpQLML SRGDFLPD GRE(ske (BAPB). ¥ VOXPpDMNX LYQ@W HIDLN
kvercetinom(slika 188) XRpOMLY MH WUFHQOGYNBBDOWMLYDQW BRYLAHQM!
]IDVLUHQRVWINVNWB]IQRQ PMHHULP D% RaB i kddPvdrjaxina ijenicu da
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je intenzitet fluoresceR L M H ]IDVLURARGDWO®R YHUL RG QH]DVLUHQRJ
SULSLVDWL rénjuHzadg Lprikijéhjdne tehnike 8 VauXp ]DVLUHQRJ YH]QRJ PM
XRpDWHD ]QDpD MR aB BIG kXo i kod varfarina, taj pad je vjerojatnije posljedica

vezanja piroksikama zBAS i izravre kompeticig s kvercetinom XRpOMLYR SRchn&RYLEAHQ
kvercetina) LOL D O RV W H U kdnfdérimbtijeSYUR|ONRH QRMHVWD NRMD SRVOMH
konformaciju kvercetina i na intenzitet fluorescencije. S druge strane, kdd Ki SRVWRWDN
zD VL UH QR VdstayH.) QeRodtvaruje kod jednal cmax kvercetinaob5 0 L] pHJIJD VH
PRAH ]DNOMXpLWL GD QHPD ]QDpDMQLMLK LQWHEMNBELMD L]P
njihove HASove.

Slika 18. Ovisnostintenziteta fluorescencije A. kvercetina i B. kvercei®- JOXNXURQLGD R SRVWRWNX ]I
veznog mjesta u poddomeni IIA HSA piroksikamom.

Pri vezanjukvercetin3-O-glukuronida(slika 18B) NDR L X VOXpDMX YH]DQML
XRpOMLY MHF}QBWDQ SPBVLUIHQMRP GIBMH 7/GRGDWQX WHAaLQX
LQWHUDNFLML SLURNVLNDPD YH]DQRJ QD /$6 LOL DORVWHU
XRpDYD NUR] VPDQMHQL LQWH QHHOWIDW NPDOXRQIH/TF H QOFR. VAW R Y
vidjeti iz grafa,Fmax ]IDVLUHQRNMH &¥H Fhex I QREDVLUHQRIJI L ]DVLUHQF
dok suFmax 22 L ]JDVLUHQRJ +6% MHGQIOMNL]|DVOLH@IRAL +6& 2YR EL
PRJOR SULSLVODRWLAWHINBRHMRBRAH RGEDFLWLAGURNDX 1QRVW
LV W U D & L shbn@ztdddnmGriogialukazati na netrigefenomene
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4.4.3. Interakcije kvercetina i kvercetin-3-O-glukuronida s furosemidom

Rezultati interakcija kvercetina i kvercet®O-glukuronida s furosemidorfslike 1A i
B) SRND]XMX VOLp Q Hod GaidepifaN pirbksRapiaFDIDL V PDOLP UD]JOLNDPD
interakcija s kvercetinonfslika 1) J]QDpDMQDFLDYBILXRPpB Y Di 2a 920
]JDVLUHQRVWL +6$ D WDRRYJBWVAHXKRDWR VGDHNMIDLG H B Q/R Y /Q
7DNRYHWPRAH SULP MkKMWBINMLOLNRRGRBBN |DVLUHQRJ +6% QD —O0 |
63 L ]JDVLUHQRJ +6% , RYGMH Mk postojad)e MBaV¥aXlrodehtidRuN S D G D
blizini veznog S R G &R ¢rdktina, s time da je razlika u konstanti vezamasemida za HAS i
/$6 QLAD QHJR RQD NRG SLURNVLNDPD

Slika 19. Ovisnost intenziteta fluorescencije A. kvercetina i B. kveregii* JOXNXURQLGD R SRVWRWNX ]I
veznog mjesta u poddomeni 1A HSA furosemidom
Rezultati interakcija furosemida s kvercetBiO-glukuronidom (slika 1B) pokazuje
neznatno manfmns X VOXpDMX |IDVLUHQRJ +6% V RE]JLURP QD PDQMH ]
X VNODGX V YHIDQMHP IXURVHPLGD ]D /$6 NDR LikdnfeOXpDM X
WROLNR L]JUDAaHQD GD EL PRJOL WYUGLWL GD MH L VWDWL)
interakcija piroksikama s kvercetBiO-glukuronidom(slika 18) XRpDYD VH SBRIYLAHQL
]DVLUHQRP +69%

4.4.4. Interakcije kvercetina i kvercetin-3-O-glukuronida s mikofenolat mofetilom

Rezultati interakcija mikofeolat mofetila s kvercetinom kvercetin3-O-glukuronidom
se mogu vidjeti nalikama 2 iB. 2YGMH MH YDAaQR QDSRPHQXWL GD VX V
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konstantu vezanja mikofenolat mofetila zazmo mjesto u poddomeni llA, koncentracije
mikofenolat mofetila potrebne da bi se zasiidrjaki postotak veznih mjedtde 5+ SXWD YHUH
RG RVWDOLK OLMHN R Y DveznoWijBstovulpddaomerir lAXnij¢iH AS-mikoznolat

mofetila. Naslici 200A MH SULND]DQ LQWHQ]JLWHW IOXRUHVFH&QFLMH N
]JDVLUHQRVWL Y HPJIIONRII HPQIRHO/OWD PRIHWLORP ORAaH VH XRpLWL
PRIHWLOD QH XWMHpH QLWL QD YH}RQRNLRY SUIFE BRIMNYOL & R
zauzetosti veznih mjesta, gdje je vidljiv por&shy ali i Cnax V. RNR —0 QD RNR —0
aAaWR MH Y HauzétespudZpdy mjesta od 92fle mogla biti postignuta zbog nedovoljne
topljivosti mikofenolat mofetila). Za razliku odhjerenjas indometacinomX RYRP MH VOXpD
SRYLAKRQMHDMYMHURMDWQLMH SRVOMHGLFD DORVWHULpPNLK
mikofenolat mofetilaQ D Y L & H SYRH3 & #gwisoke koncentracije —0 XsR@mQR
NRQFHQWUDFL M Xili p68jedc@® vezanj@nikofenolat mofetilana svoj LASkoji se

nalaziu blizini kvercetina ,VWR WDNR X VO Xp BMbildmslEedcaSigavhadgH Q M H
XWMHFDMD YHIDQMD PLNRIHQRODW PRIHWLOD RRLIGMHIRY +3
vidlivo L SUL QLALP SRVWRFLPD ]JDVLUHQMD

Slika 20. Ovisnost intenziteta fluorescencije A. kvercetina i B. kvereg@fi* JOXNXURQLGD R SRVWRWNX ]I
veznog mjesta u poddomeni IIA HSA mikofenolat mofetilom.
8 VOXpDMX mBdaferblaDmMbIeLiiM © kvercetiB-O-glukuronidom (slika 20B)
PRAaH VHm4lRgmakehjenjdnx SUL IDVLUHQMLPD RG L AWR WDNF
DORVWHULPpNLK PRGHGLNBFDW M D+ 3 KRIGIIORODW PRIHWLOD D
kvercetin3-O-JOXNXURQLG YHUD PROHNXOD GRQD]L GR VQLaDYDQ
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4.5. Molekulsko modeliranje kompleksa HSAkvercetin i HSA-kvercetin-3-O-
glukuronid s i bez varfarina

Usporedba usidrenimmolekula (R)- i (9§-varfarina s kristalografskom strukturoniR){
varfarina vezanog za HSA (PDB unos 2BXDJH SRND]DOD YLVRNL VWXSDQM
liganada(slika 21) L QD WDM QDpLQ YDOLGLUDOD SULNODGQRVW F
varfarina nalazee pHWLUL SR]JLWLYQR QDELMHQ DD Rrig QR NHiS\2H2O L QV ND
i Arg 257 i tri nenabijenaminokiselinskaRVWDWND 7\U /HX L /HX 9D L
tvori i tri vodikove vezej to s Tyr 150, Arg 222 i His 242.

Slika 21. Prikazkristalografske struktureRj- YD U IDU L QDR B MARQMLP DPLQRNLVHOLQYNLP RVWL
usidrenim R)-varfarinom (plavo) i §)-varfarinom (zelena)
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6DAHWL SRGDFL VLGUHQMD V SH Ftablid 4NOd ldvihFneMatei@D VH P F

grozdova, samo grozdovi pod resmnibrojevima 1. i DQLRQD QD i8ReOdraaBM X
IOXRUHVFHQWQRJ DQLRQD QD SRORA&DMX SRND]XMX SUHN
mora se uzeti u obzir da gu grozdovi formirani od malog broja sidrenja (3 i 2 za anion
kvercetina u p@ RaD M X L ]D DQLRQ X SRORADMX WH ]D IOXF

4") te je stoga mala vjerojatnost da dolazi do vezanja n&tiG U X p BMafim uvjetima. Za
sva ostala sidrenja, i za nefluorescentrafluorescentne specije, vezngesto kvercetina se ne
preklapa s veznim mjestom varfarina i nalazi se na hidrofilnom ulazu u 1A poddo(siéwu
22).

Tablica4 6D&HWDN SRGDWDND VLGUHQMD VSHFLMD NYHUFH!

Anion kvercetinD QD SRORAaDM Anion kvercetinanaSSROR gD M X
o ~ Energija vezanjzs o i Energija vezanja
Rang grozda  Broj sidrenja Rang grozda Broj sidrenja
(kcal/mol) (kcal/mol)
1. 3 #4.79 1. 1 #.68
2. 1 #.42 2. 19 #.,38
3. 2 .22 3. 1 #4.30
4. 4 #.20 4. 2 #,16
5. 12 #12 5. 9 411
6. 23 #4.07 6. 9 #4,08
7. 3 8,94 7. 2 8,69
8. 14 8,94 8. 8 8,68

Fluorescenti DQLRQ NYHUFHWLQD| J)OXRUHVFHQWQL DQLRQ NYH

o _ Energija vezanjzg o ) Energijavezanja
Rang grozda Broj sidrenja Rang grozda Broj sidrenja
(kcal/mol) (kcal/mol)
1. 43 #,66 1. 5 #,42
2. 1 #4,61 2. 18 #,04
3. 4 #,60 3. 13 8,87
4, 7 #,24 4, 3 8,82
5. 4 #,20 5. 1 8,81
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S druge strane, vezno mjesto kverc&i®-glukuronida se ne preklapa s veznim mjestom
varfarina ni u jednom o LGUHQMD DOL VH SUHNODSD V YH]JQLP PMH\
sidrenja po grozdu za kverce®rO-glukuronid MH QLAaL QHJR NtRoGcaNb) HAIWFRI W HQ D
PRaH REMDVQLWL YHURP IOHNVLELOQRAUX JOXNXURQLGQRJ
podGRPHQX NRMD MH X PRJIX8QROWNXYUHRQWGE X YHYOHPWLVQLP NF
URYRP VOXpDMX VX YH]QD PMHVWD VYLK JUR]Q$tkaR2MsP MHa W H
time da su aglikonski dio anionske i fluorescentne anionske spPdijey XVREQR J]DURWLUL
RWSULO(sIK¢H23AIB) *OXNXURQVNL GLR VSHFLMD VH QDOD]JL X L
IOXRUHVFHQWQH DQLRQVNH VSHFLMH JDURWLUS®SIke BRI f L XVE
B) A&4WR PRA&H ELW te2dahjd RvbrcatiB-Dglukvreinida(tablica 5)

Slika22. Preklapanje kristalografske struktuR{(YDUIDULQD & X WWRreséetnirh énlidhirqalkizert&ina
(plavo) i kvercetin3-O-glukuronida (zeleno).
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Tablica5 6DAaAHWDN SRGDWDND V E3&pikpdiday SHFLMD NYHUFHWLQ

Anion kvercetin3-O-glukuronidaQ D SROR{ Anion kvercetin3d-O-JOXNXURQLGD 10!

o . Energija vezanjzs o . Energija vezanja
Rang grozda  Broj sidrenja Rang grozda Broj sidrenja
(kcal/mol) (kcal/mol)
1. 4 5,02 1. 5 $,09
2. 5 #,76 2. 3 4,89
3. 1 4,62 3. 2 4,78
4. 4 4,49 4. 4 4,74
5. 2 #.,49 5. 6 4,52
6. 9 #,45 6. 1 #,16
7. 5 #,45 7. 4 4,02
8. 1 #,35 8. 4 8,99

Fluorescenti anionkvercetin3-O-glukuronida na | Fluorescenti anion kvercetir3-O-glukuronida na

SRORADM X SRORADM X
o . Energija vezanijs o . Energija vezanja
Rang grozda  Broj sidrenja Rang grozda Broj sidrenja
(kcal/mol) (kcal/mol)
1. 13 #,21 1 3 #4,18
2. 2 44,07 2 4 4,16
3. 11 #4,06 3 6 8,29
4. 4,05 4 6 8,20
5. 3 8,95 5 1 8,19
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Slika23 8VSRUHGED XVLGUHQLK SR®RARNDURSHELIMD REEUFGWLR DPLQRNLV
A. Anionske specije kvercetiB-O-glukuronida, B. Fluorescentne anionske specije kver@&@aglukuronida.

Rezultati sidrenja iR)-i (9-YDUIDULQD V FLOMHP SURQRO®Dfart@® MD SRV
(tablica 6) VX SRND]DOL SUDNWLpPpNL MHGQRJODVQR ]D VYD VLC
sklonost zaS R G UwbpAhiHAla 191, Lys 195 i Tyr 452, aminokiselinbBkostatakaN R ML WDNRVH L
ulaze u interakciju kvercetin3-O-glukuronidompri njegovom vezanju za HSA Jianemaju
YHOLNX ]QDpDMQRVW Xlika 24)DORAX NWHH]IDANHOWLPDR. WL GD YDUIDL
VYRM /$6 PRAaH XiusXlikesdint HavdneidaMijekom vezanja za HSA, s obzirom
GD VH SRORADML NXPDULQVNRJ L |CGYRRQ RR@ B RR E$ED \BQHW M
intenzitet fluorescencije glikozida flavonoida pri visokim koncentracijama varfarina. S druge
VWUDQH YDUIDULQ YH]DQ ]D VYRM /$6 QH XOD]JL X LQWHUD
blizina konjugiranog AC prstena varfarinskog kumarinskogprstena PRaH REMDVQLWL
LOQWHQ]JLWHW IOXRUHVFHQFLMH NYHUFHWLQD SUL YLVRNLP
energip. Luteolin je manje pod utjecajem ovog prijenosa energije u smislu relativne promjene
intenziteta fluorescencijeg(slika 14) DOL MH QMHJRY DSVROXWQL LQWHQ]L\
]JODWQR QLAL RG LQWHQ]JLWHWD 10 XR UdbHskUpieFLMH NYHUFHWL
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Tablica6 6D&HWDN SR G BRW [S\arfafihaazd NSQ M D

(R)-varfarin (9-varfarin
o i Energija vezanja . ; Energija vezanja
Rang grozda Broj sidrenja Rang grozda Broj sidrenja
(kcal/mol) (kcal/mol)
1. 9 6,70 1. 27 5,70
2. $,52 2. 6 6,56
3. $,49 3. 6,51
4. 35 6,28 4. 15 6,42
5. 4 6,27 5. 2 6,31

Slika 24. Usporedba kristalografskih podata®-Y DUIDULQD &XWR V XR-iGuati@in®nS RORADMHF
potencijainom LASX RERMH JHOHQR JIOXRUHVFHQWQLP DQLR QfRdestenthithFHWLQD >
anionom kvercetit8-O- JOXNXURQLGD Q@A ISFOO/RBRUXAaQMLP DPLQRNLVHOLQVNLP
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4.6. Molekulsko modeliranje ternarnih  kompleksa HSA-indometacin

kvercetin i HSA-indometacin-kvercetin-3-O-glukuronid

Uz simulacije sidrenj&ompleksa kvercetina i kvercetBiO-glukuronida si bez varfarina,
provedena jausporedba kristalografskih struktura 2BXBvijetlo plavg i 2BXM (sivo) (slika
25). S obzirom na razliku u tercijarnoj strukturi, koja je posljedica prisustva molekulaimsikist
kiseline, uzete su samo koordinate molekula indometacina te nadodane u rezultate sidrenja

kvercetina i kvercetiO-glukuronida na temelju strukture 2BXD.

Slika 25. Preklapanje kristalografskih struktura 2BXD i 2BXM s veraniolekulamaR)-YDUIDULQD &XWR L
indometacina O M X E)ltd &rihdkiRelinama s kojima indometacin dolazi u kontakt

.DR @aWR VH PR élidi 25 VEZNMo-E\RIG OMP MRPHWDFLQ 2 RI}@EDWQR E
vezno mjestd PRaH LVWRY UH P HtQ RoldRull ¥hEdting iHijdkekulu indometacina.
Molekula indometacina ostvaruje kontakte s aminokiselinskim ostacima Lys 199, Ser 202, Phe
211, Trp 214, AU J /HX RG NRMLK YDUIDULQ WDNRYHU GROD]L
(slika 21)

Analogno slici 22, na slici 26 VH PRaH preRladamiel kristalografske strukture
indometacina s usidrenim fluorescentnim anionima kvercetina i kvei@&hglukuronida.
ORAH VH XRpLWL NDNR VH LQGROVNL SUVWHQ LQ@dsSRHWDFLQ
prsten Trp 214WH L]PHYyX QMLKEGRQW HU GNRF KérbiDksili7e3& sRypiih b
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indometacinanalazi u blizini hidroksilneodnosno oksOV NXSLQH NYHUFHWsLKQD X SRC
27. 6 RE]JLURP QD SRORADM LQGRPHWDFLUeRd, KRRN DEGYRLP W H
interakcjaL]PHEYR® GRPHWDFLQD L NYHUFHWLQD SUL pHPX VH NYHL
GROD]L GR SRYLEBHQMD QMHJRYRJ

Slika26 3UHNODSDQMH NULVWDORJUDIVNH iddhdNvergddantiirpapiBrimtdWDFLQD C
kvercetina (plavo) i kverceti3-O-glukuronida (zeleno) i prikazanim Trp 214.

Slika 27. Prikaz tautomernih oblika fluorescentnog aniona kvercétiog].

S druge strane, iglike 26 MH W D N R y H U ddnhe@Orivhe Mi&zi G D kakQe interakcije s
kvercetin3-O-glukuronidom,AWR REMDaQMDYD pLQMHQLFX GB pFHURDXWOQ I
fluorescenciju kverceti3-O-glukuronida(slika 17/B).
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47. 3URFMHQD UL]JLND LQWHUDNFLMD L]PHYX IODYRQR
pri vezanju na HSA

6 REJLURP QD XW ¥YyiHQXaZOYL bV@BRYMRQRLGD R |[DVLUHQRVWL
X SRGGRPHQL ,,$ RGDEUDQLP NVHQRELRWLFLPD PR&H VH U
YHOLNR L SULODJRGOMLYR WH MH X PRIJXUQRVWL LVWRYUHI
VOXpDMHYLPD X NRML.@HBL M B OGRAO RQGVRESNIfdrdmiznakfGA) HY H Q L K
I Cmaxy), koncentracija lijekova i flavonoidaV X EL O H ®&fJ R R\Ob&8AAtiin S obzirom
da kRQFHQWUDFLMH IODYRQRLGD X NUYL GRMBSE5INARQFHQW
koncentracija HSA kod zdravih ljudiiznosi 500+ —(01], WR WDNRYHU bamH X SU|
]IDN®RUMXPHRYLVQR R WRPH NRG QHNLK OLMHNRYD LQGRPH
NYHUFHWLQRP L Sithcijafdta i@ pdirBb@d- Holie objasniti podu njihove
interakcie DOL VH pLQL GD QL X RYRP VOXpDMX QH GROD]JL GR LV
S druge strane, na temetjobivenihrezultatareakcije istiskivanja see smiju olako odbaciti
NDR NOLQLpNL QR-MQ Dp-DOVLQIH BRR'W VOXpDMHYD JGMH L SUL Q
PHYXVREQLK UH Djn Fek\jek, iawoAsu YijbtkeY Dakve reakcije su, keddbW R MH YHU
VSRPHQXWR rfdtih® itkipkbrat@3] te varfarina i kloral hidrat§63], ali i ceftriaksona i
proberecida [137], valproata i fenitoina s acetilsalicilnom kiselinofdl38], fenitoina s
antibioticima[139]i GU yH&iH VX LQWHUDINFQR&HNOR MHNRQG IMPD +6$
masnim kiselinama[68,140444], ali i s hemom, bilirubinom [3,32,34,145147] te s
SDWRILARARPQBRBRIGLPD NDR aWR V-XateQGHRoNndd Kisevhy OCHRF, LQGR
NRML VH X WLMHOXLWDNR QPP RIIX B[MNIBDGR /43,19 & A IMFD B B
VOXPDMHYLPD GRUWILY HODRNXBQRMMQ@QEDFLWHWD +6%$ ]D YH]DQMH
QDpPLQ SRYHUDWL QMLKRYD VORER G Q®D NRdaE#ti@a\hjiHowog MD aW
EUAHD XpLYDQMD DOL PRJXUH L GR QHAHOMHQLK QXVSRMDYD
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48. 3URFMHQD PRJXUQRNWE PBWRGHD QPMRGUHYLYDQMH
]JDVLUHQRVWL YH]QRJ PMHVWD ,,$ +6%$ SRPRuUX IODY

lako je kod nekih lijekova pokazana ovisn®$taxi Cnax IODYRQRLGD R SRVWRWNX
veznih mjesta u poddomeni IAAD PHWRGD QLMH S U iRtV Qardpdsdtkli DR R S U
slobodnih veznih mjesta iz dvazloga: 1) \ézno mjesto u poddomeni IlA je preveliko i pféd. & H
prilagodljivo da bi se bilo aglikonima, biloglikozidima flavonoida uspjelo ispitati vezanje
drugih spgeva u cijelom veznom mjestu. Bterakcije izPHYyX OLMHNRYD L IODYRQRL:
Q X & Rnjivati Frnax | povisivati Cnax 1ODY RQR ka@pliciraWOANR QH L RQHPRJIXIU
RGUHYLYDQ MdbodhRuexiR WesdY RE]JLURP GD MHGDQ OLMHN PRaH
istovremeno povisivattmax
Iz svega navedenog, fluorescencija flavonoida bi se mogla koristiti kao iodikat
]DVLUHQRVWL Y HpQRjédirre MijdkoW [kod, kojih je ovisno&in.x flavonoida o
NRQFHQWUDFLML OLMHND GREUR XW YdgrecemivarjeCpbstdtRa S UL P M
]DVLUHQRVWL Y bj&inK gijevied pfigvitna polifarmakoterapipmtrebnoje SURQD UL
PROHNXOX NRMDHIHH SRRMZdoymNeéla L NRMD oH ELWL RVMHWOML
drugih spojeva u svojoj blizini7 D N R fakivl indikatorska mokeila ne bi smjela apsorbirati
emitirati svjetlost pri valnim duljinama apsorpcije ili emisije drudjinorescentnihspojeva u
plazmi, primjerice bilirubina ,VWR WDNR UDJULMHYLYDQMH SOD]JPH EL VH

MHU VH X] LV@/IXJINROLPERXWRWDN ]DVLUHQRVWL YH]QRJ P
UDJULMHYHQMD SOD]PH
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Flavonoidise NDR L YHULQD OLMHNRYD YbhieXillPDHSAHYEQR PMHV W
mjesto I). Uovomsudoktorskom raduN R Unke &étdtien vitro fluorescencijske spektroskopije
UDYQRWHAQRJ VWD diBliahja P'RD FSN)XRONDDWK QL L VLG U@ MH ND
razumela svojstva vezanja veznog mjesta I, utadtrukturna svojstvlavonoida odgovornaa
njihovo vezanjaza vezno mjestp objasnile njihove interak MH V UD]OLpPpLWLP NVHQ
YMHURMDWQRVW LVWLVNLYDQMD O Ligpithld PRI XV QH6BWS RIRRJ L& W
IODYRQRLGD ]D RGUHYLYDQMH SRVWRWND |]DVLUHQRVWL YH]C

Zbog vezanja velikog broaNVHQRELRWLND DOL L HQGRELRWLND
interakcija istiskivanja, potrebno je bolje opisati vezno mjestollD W D M ErhoglbtboligD p L Q
utvrditi koje strukturna svojstyP ROHNXOD XWMHpX QD QMLKRYRNYH]DQMH
modeluadikona flavonoida e SURQDYHQR YL&H VWUXNWXUQLK WGOLND N
vezanje na vezno mjesto . DXNOHRILOQRVW L SDUFLMDOQL QDERM DWR
flavonoida u podskupine: flavanoni (jako niska nukleofilnost i visoki negiagiarcijalni naboj),
izoflavoni (niska nukleofilnost i niski negativni parcijalni naboj), flavoni (srednje visoka do
visoka nukleofilnost i srednje visoki negativni parcijalni naboj) i flavonoli (srednje visoka
nukleofilnost i pozitivni parcijalni naboj)2) 3SRYLAHQL QHJDWLYQL SDWpe FLMDOQI
VQDAaQR SRYH]DQ V NRQVWDQW R® dobka] pr@QdwiénoidRa # prftokiVH RV O L
akeeptorska svojstva flavonoida. S RSODQDUQRVW $ L & SUVWHQD MH SRYH]
vezanja i to je predufW ]D YH]DQMH IODYRQRLGD X Kkoplaraim&QRM ax
AC i B prstena oslikava sklonost flavonoida stvaranju W& YLK YH]D &WR MH X VN
visokim HOMO i LUMO energijama. S druge strane, konjugacija ni AC ni B prstena nije bila
SRYH]DQD V MDpPLQRP YH]DQ M&ativoPLY RQEIRGD %W SBSWHQD LPI
konstantu vezanja.

7TDNRYHU VX i LntegakdlfeD Qddbranih flavonoida i s&nobiotika (varfarina,
indometacina, piroksikama, furosemida i mikofenolat mofetila) pri vezanju za vezno mjesto I.
8BWYUYyHQR MH NDNR YDUIDULQ L IODYRQRLGL QHPDMX LVWL
neznatnog smanjenfamnax flavonoida vjerojatR JERJ DORVWHULpPNH SURPMHQH N
XVOLMHG YH]DQMD YDUIDULQD 3U,Lkojé Hisud3tvisrReQUFM|j&ineU D F L M D F
vivoo GROD]L GR JQDBRMEB®RMKUIHSPERD YH]DQMD 6vDLpI@H LUH] X|OW E
interakcija s kveretinom i kvercetif3-O-glukuronidom pokazuju i piroksikam i furosemid, uz

postojanje razlika u koncentracijama pri kojima se navederdiNjRYL YHaX ]D VYRM /$6 L
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]QDpDMQLMH LQWHUDNFLMH V IODYRQRLGLPD 8RPXYDMMH LQ
S RY L & LQKMdrcetina pri visokim koncentracijama mikofenolat mofeti&d WR MH YMHURM
posljedica vezanja mikofenolat mofetila na LAS u blizini vezr®&R G UK¥drdédtina Pri tome
se kvercetin stabilizira u konformaciji koja ima fluore® QD VYRMVWYD 8 VOXpDN
NYHUFHWLQD V LQGRPHWDFLQRP RKRpkiepdetind kbje] @Dfid MQR S
SURSRUFLRQDOQR SRVWRWNX |DVLUHQMD YH]QRJ PMHVWD , |
interakcijom indometacina i kvercetinaipvezanju na njihove HA®ve. Do porastaFmax
NYHUFHWLQD GROD]L ]JERJ EOLVNRJ SRORADMD LQGRPHWDFL
SRWYUYHQR L PHWRGDPD jevili Gtabifizpranja kvercefimd WONbre &k riroj
konformacijiiliu pfHQRVX HQHUJLMH V LQGRPHWDFLQD QD NYHUFHW
30-JOXNXURQLGD QLVX XRpHQILSRBRXGMNHO glkbAd&R J v¥zid Q R J
PMHVWX , SUL pMNPAXVBXEI@OMNRQKLGURIREQRP GAaHSX

aAaWR VH WLpH PRINXUIQRWDOWDMKQ Kfdki@aWjad U IPNHRjiiEkbZa |
IODYRQRLGD XWYUYyHQR MH GD MH L]JPHYyX LVSLWLYDQLK IC
odnosno da do interakcija dolazi pri vrlo visokim koncentracijama, koji nisu ostvarive u
ILILROR&GYNMRWLPD 6 GUXJH VWUDQH SRWUHEQR MH QDJOI
LQWHUDNFLMD QD UD]LQL LQKLELFLMH L LQGXNFLMH HQ]LF
]QDpDMQRJ LVWLVNLYDQMD OLMHNRYD RG VWUDQH SDWR IL]

SobzromdajeRG QHNLK OLMHNRY BpoXM@ DY RHRD. R IRVQRVWRW N X
YHIQRJ PMHVWD , RGUHYH Qaudhoi@al KAHINRFPL NODSVRRWWDHEDVLUHQR YV
mjestaje PRIXOBYyXWXKBRWUHED IODYRQRLGD NDR RSUHJAQGLNDV
| u optimizaciji SROLIDUPDNRWHUDVMSHW IV HQ IOMHHN LIP RIMIHDNRYL YH&X ]D
bez utjecaja na fluorescenciju flavonoidik pri interakcijamadrugih lijekova s flavonoidima
GROD]L GR V¥QJ\ &DXY D@HNDLP VO X p®RM YR WESHOMDY RQRLGD aW
RQHPRJIJXUXMH SURFM d@QnfesidWVdvirkjQ@ RO WMERMHKJBGI EQR SURQDUL Pl
NRMD SRNULYD YLaH UD]JOLPpLWLK YH]QUAWSRWIUPRIB REGAQR])
objasniti.
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6. POPIS KRATICA | SIMBOLA



2D dvodimenzijski

3D ztrodimenzijski

O0+molarni apsorpcijski koeficijent

APT zengl.Atomic Polar Tensqratomski polarni tenzor

Cmax tkoncentracija potrebna da se postigne maksimalni intenzitet fluorescencije flavonoida

CMPF +3-karbokst4-metil-5-propil-2-furanpropionat

DFT zengl.Density Functional Theory WHRULMD IXQNFLRQDOD JXVWRUH

DMSO zdimetilsulfoksid

FA zengl.Fatty acid masna kiselina

FDH + engl. Familial Dysalbuminemic Hyperthyroxinemia RELWHOMVND GLVDOEX
hipertiroksinemija

Fmax tmaksimalni intenzitet fluorescencije

Gal *galaktoza

Glc zglukoza

Gluc zglukuronska kiselina

HOMO zengl.Highest Occupied Molecul@®rbital QDMYL&D SRSXQMHQD PROHNXC(
HAS zengl.High Affinity Site mjesto vezanja visokog afiniteta

HSA zhumani serumski albumin

ICD zinducirani cirkularni dikroizam

Ka tkonstanta vezanja

LAS zengl.Low Affinity Site mjesto vezanja niskpafiniteta

LGA zengl.Lamarckian Genetic Algorithmlamarkijanski genetski algoritam

LUMO #engl.Lowest Unoccupied Molecular Orbital QDM QLAD QHSRSXQMHQD PROF
N/A *podaci nisu dostupni

NBO zengl.Natural Bond Orbital prirodna vezna oitala

NPA zengl.Natural Population Analysjsanaliza prirodne populacije

NSAID zengl.NonSteroidal Antinflammatory Drug nesteroidni protuupalni lijek

PDB zengl.Protein Data Basgbaza podatakaroteima

Rha tramnoza

RMSD zengl.RootMeanSquareDeviation korijen srednje kvadratne devijacije

SA #engl.Simulated Annealing VLPXOLUDQMH WUDAaHQMH JOREDOQRJ PLQ
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SAR zengl. StructureActivity/Affinity Relationshippovezanost strukture i aktivnosti/afiniteta

SMD zengl.Solvation Model based on Denstt ROYDWDFLMVNL PRGHO WHPHOM
STD-NMR +engl. Saturation Transfer Difference Nuclear Magnetic Resonancklearna
PDIJQHWVND UHIRQDQFD UD]J]OLNH SULMHQRVD |DVLUHQMD

SVD zengl.Singular Value Decompositiprestav singularnih vrijednosti

t12 poluvrijeme eliminacije

TDM - engl.Therapeutic Drug Monitoring WHUDSLMVNR SUDUHQMH OLMHND

Vg4 xvolumen distribucije

71



/. LITERATURA



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

T. Peters, Metabolism: Albumin in the Body,All about Albumin, Academic Press, San
Diego, 1996: pp. 18@50.

X.M. He, D.C. Carter, Atomic structure and chemistry of human serum albumin, Nature.
358 (1992) 209215.

G. Fanali, A. Di Masi, V. Trezza, M. Marino, M. Fasano, P. Ascenzi, Human serum
albumin: From bench to bedside, Mol. Aspects Med. 33 (2012800

T. Peters, The Albumin Molecule: Its Sttue and Chemical Properites, All about
Albumin, Academic Press, San Diego, 1996: pfF®

T. Petes, Ligand Binding by Albumin, uAll about Albumin, Academic Press, San
Diego, 1996: pp. 761.32.

G. Sudlow, D.J. Birkett, D.N. Wade, Characterization of two specific drug binding sites
onhuman serum albumin, Mol. Pharmacol. 11 (1975)832.

G. Sudlow, D.J. Birkett, D.N. Wade, Further Characterization of specific drug binding
sites on human serum albumin, Mol. Pharmacol. 12 (1976) 40562.

J. Ghuman, P.A. Zunszain, |. PetitpAsA. Bhattacharya, M. Otagiri, S. Curry, Structural
basis of the drugpinding specificity of human serum albumin, J. Mol. Biol. 353 (2005)
3852.

S. Curry, P. Brick, N.P. Franks, Fatty acid binding to human serum albumin: newsnsight
from crystallograhic studies, Biochim. Biophys. Acfat41 (1999) 13#40.

U. KraghHansen, Molecular aspects of ligand binding to serum albumin, Pharmacol. Rev.
33 (1981) 1743.

U. KraghHansen, V.T.G. Chuang, M. Otagiri, Practical aspects of the ligamtingand
enzymatic properties of human serum albumin, Biol. Pharm. Bull. 25 (20027895

P.A. Zunszain, J. Ghuman, A.F. McDa@ma S. Curry, Crystallographic analysis of human
serum albumin complexed with 4Z,1%i#irubin-,;. - ORO %LRO 4#406.

C.-E. Ha, NV. Bhagavan, Novel insights into the pleiotropic effects of human serum
albumin in health and disease, Biochim. Biophys. Acta 1830 (2013)45488.

A.G. Scottolini, NV. Bhagavan, T. Oshiro, L. Powers, Familial dysalbuminemic
hyperthyroxinemia: a study of four probands and the kindred of three, Clin. Chem. 30
(1984) 11794.181.

1% .UDWRFKZLO : +XEHU ) 0OOHU 0 .DQV\ 35 *HUE

73



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

binding of drugs: A new approach, Biochem. Pharmacol. 642(20865#1.374.

L.Z. Benet, B:A. Hoener, Changes in plasma protein binding have little clinical
relevance, Clin. Pharmacol. Ther. 71 (2002) #14.

J. Hochman, C. Tang, T. Prueksaritanont, Bdugg interactions related to altered
absorption anghlasma protein binding: Theoretical and regulatory considerations, and an
industry perspective, J. Pharm. Sci. 104 (2015)928.

K.W. Lexa, E. Dolghih, M.P. Jacobson, A structbesed model for predicting serum
albumin binding, PLoS One. 9 (20183323.

A. Dasgupta, Usefulness of monitoring free (unbound) concentrations of therapeutic drugs
in patient management, Clin. Chim. Acta. 377 (2008)3L

) =KDQJ - ;XH - 6KDR / -LD &RPSLODWLRQ RI G U X.

andguidance for study designs, Drug Discov. Today. 17 (201285

- JHKVNH : ( 0 OOHU 8 :ROOHUW 7KH ORFDWLRQ RI

albumin, Biochem. Pharmacol. 30 (1981) 6892.

- J)HKVNH 8 6FKOIIHU 080 ORMQWORBRBKWUDRKWHUL]DWLRQ RI

binding area on human serum albumin including the-hifhity binding sites of warfarin

and azapropazone, Mol. Pharmacol. 21 (1982)1383.

K. Yamasaki, T. Maruyama, U. Kragtiansen, M. Otagiri, Chartarization of site | on
human serum albumin: concept about the structure of a drug binding site, Biochim.
Biophys. Acta Protein Struct. Mol. Enzymol. 1295 (1996) 145%7.

L. Zhu, F. Yang, L. Chen, E.J. Meehan, M. Huang, A new drug binding subditencsn
serum albumin and drudrug interaction studied by-¥ay crystallography, J. Struct. Biol.
162 (2008) 4@49.

S. Tawara, S. Matsumoto, Y. Matsumoto, T. Kamimura, S. Goto, Strewnaeng
relationship and binding sites of cephalosporins in huserum albumin, J. Antibiot.
(Tokyo). 45 (1992) 1346.357.

Y. Wang, H. Yu, X. Shi, Z. Luo, D. Lin, M. Huang, Structural mechanism ofojening
reaction of glucose by human serum albumin, J. Biol. Chem. 288 (2013) #5387 .

I. Petitpas, A.A Bhattacharya, S. Twine, M. East, S. Curry, Crystal structure analysis of
warfarin binding to human serum albumin. Anatomy of drug site I, J. Biol. Chem. 276
(2001) 2280422809.

74

G



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

J.R. Simard, P.A. Zunszain, J.A. Hamilton, S. Curry, Location of highlaw affinity

fatty acid binding sites on human serum albumin revealed by NMR-aingetition
analysis, J. Mol. Biol. 361 (2006) 33861.

A.J. Ryan, J. Ghuman, P.A. Zunszain, C. Chung, S. Curry, Structural basis of binding of
fluorescent, sitespecfic dansylated amino acids to human serum albumin, J. Struct. Biol.
174 (2011) 8491.

P. Palatini, R. Orlando, S. De Martin, The effect of liver disease on inhibitory and plasma
proteinbinding displacement interactions: an update, Expert Opin. Dreig Toxicol.

6 (2010) 1215.230.

A. Corsonellp C. Pedone, R.A. Incalzi, Agelated pharmacokinetic and
pharmacodynamichanges andelatedrisk of adversedrug reactions, Curr. Med. Chem.

17 (2010) 571584.

J.J. Vallner, Binding of drugs bglbumin and plasma protein, J. Pharm. Sci. 66 (1977)
447 #465.

D.W. Kaufman, J.P. Kelly, L. Rosenberg, T.E. Anderson, A.A. Mitchell, Recent patterns
of medication use in the ambulatory adult population of the United States: the Slone
survey, JAMA. 2872002) 337344.

K. Yamasaki, V.T.G. Chuang, T. Maruyama, M. Otagiri, Alburdimg interaction and its
clinical implication, Biochim. Biophys. ActaGen. Subj. 1830 (2013) 543443.

A. Bocedi, S. Notaril, P. Narciso, A. Bolli, M. Fasano, P. AgieBinding of antHIV
drugs to human serum albumin, [UBMB Life. 56 (2004) 6&14.

S. Schmidt, D. Gonzales, H. Derendorf, Significance of protein binding in
pharmacokinetics and pharmacodynamics, J. Pharm. Sci. 99 (20101207

D.A. Smith,L. Di, E.H. Kerns, The effect of plasma protein binding on in vivo efficacy:
misconceptions in drug discovery, Nat. Rev. Drug Discov. 9 (2010)9%29

P.E. Rolan, Plasma protein binding displacement interaetitrysare they still regarded
asclinically important?, Br. J. Clin. Pharmacol. 37 (1994) #28.

O.M. Andersen, K.R. Markham, FlavonoidShemistry, biochemistry andapplications,
CRC Press, 2006.

T.J. Mabry,K.R. Markham, M.B. Thomas, Theystematicidentification offlavonods,
SpringerVerlag, Berlin, Heidelberg, New York, 1970.

75



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

- 3pUHRPpQH] / )H]JHX 0 7RXYLHU 1 3$UQDXOW & ODQDF
Scalbert, Dietary intake of 337 polyphenols in French adults, Am. J. Clin. Nutr. 93 (2011)
12204.228.

W. Bors, C. Michel, K. Stettmaier, Antioxidant effects of flavonoids, BioFactors. 6 (1997)
399#402.

M. Foti, M. Piattelli, M.T. Baatta, G. Ruberto, Flavonoidspumarins, andcinnamic

acids asantioxidants in amicellar system. Structur@ctivity relationship, J. Agric. Food

Chem. 44 (1996) 49501.

L. Dauchet, P. Amouyel, S. Herclgerd. Dallongeville, Fruit andegetableconsumption

andrisk of coronaryheartdisease: Ametaanalysis ofcohort studies, J. Nutr. 136 (2006)
25882593.

I.C.W. Arts, P.C.H. Hollman, Polyphenols and disease risk in epidemiologic studies, Am.

J. Clin. Nutr. 81 (2005) 317825S.

0 %RMLU & 'HEHOWMDWLU OOHRRLpLG ,QWHUIHUHQFH RI
aglycons in platelet aggregation ass&/g). Chem. Lab. Med. 50 (2012) 14@3108.

( %UJOH] ORMJHU 0 .QH] +UQpLUO O Aa&aNHUJHW & .QH
Extraction methods, antioxidative action, bioavailability and cantinogenic effects,
Molecules21 (2016) 1838.

E.U. GraefeJ. Wittig, S. Mueller, AK. Riethling, B. Uehleke, B. Drewelow, H. Pforte,

G. Jacobasch, H. Derendorf, M. Veit, Pharmacokinetics and bioavailability of quercetin
glycosides in humans, Herb. Med. 41 (2001) #9D.

C. Dufour, O. Dangles, Flavoneslum albumin complexation: Determination of binding
constants and binding sites by fluorescence spectroscopy, Biochim. Biophys.Gerta

Subj. 1721 (2005) 164.73.

S. Bi, L. Ding, Y. Tian, D. Song, X. Zhou, X. Liu, H. Zhang, Investigation of the
interaction between flavonoids and human serum albumin, J. Mol. Struct. 703 (2G94) 37

45.

) =VLOD = %LNIiGL 0 6LPRQ\L = %LND 3URELQJ WKH E
to human serum albumin by circular dichroism, electronic absorption speapry and

molecular modelling methods, Biochem. Pharmacol. 65 (20035647

C.D. Kanakis, P.A. Tarantilis, M.G. Polissiou, S. Diamantoglou, H.A. Tafranhi,

76



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Antioxidant flavonoids bind human serum albumin, J. Mol. Struct. 798 (2006469

M.K. Khan, N. Rakotomanomana, C. Dufour, O. Dangles, Binding of citrus flavanones
and their glucuronides and chalcones to human serum albumin, Food Funct. 2 (2011) 617.
J.H.M. De Vries, P.C.H. Hollman, S. Meyboom, M.N.C.P. Buysman, P.L. Zock, W.A.
Van Saveren, M.B. Katan, Plasma concentrations and urinary excretion of the antioxidant
flavonols quercetin and kaempferol as biomarkers for dietary intake, Am. J. Clin. Nutr. 68
(1998) 6065.

M.A. Campanero, M. Escolar, G. Perez, E. Ga@ueetglas, B. &aba, J.R. Azanza,
Simultaneous determination of diosmin and diosmetin in human plasma by ion trap liquid
chromatographatmospheric pressure chemical ionization tandem mass spectrometry:
Application to a clinical pharmacokinetic study, J. Pharm. BiomAadl. 51 (2010) 87%

881.

L. Di Bari, S. Ripoli, S. Pradhan, P. Salvadori, Interactions between quercetin and
warfarin for albumin binding: a new eye on food/drug interference, Chirality. 22 (2010)
593596.

0 3RyU < /L 60iW® Viik/BHWadimi-.QHAHYLU 7 .RV]JHJL ORO
displacement of warfarin from human serum albumin by flavonoid aglycones, J. Lumin.
142 (2013) 124.27.

K. Lee, H.l. Woo, O.Y. Bang, Y.K. On, J.S. Kim, S.Y. Lee, How to use warfarin assays in
patient maagement: Analysis of 437 warfarin measurements in a clinical setting, Clin.
Pharmacokinet. 54 (2015) 5%&25.

B.P. Jensen, P.K.L. Chin, R.L. Roberts, E.J. Begg, Influence of adult age on the total and
free clearance and protein binding of {Rnhd (S)warfarin, Br. J. Clin. Pharmacol. 74
(2012) 79H805.

J.J. MacKichan, Protein binding drug displacement interactions. Fact or fiction?, Clin.
Pharmacokinet. 16 (1989) a53.

5% 2Y5HLOO\ :) 7UDJHU & + ORWOH\ : rastRz&fOG 6WI
phenylbutazone with [12C/13C]warfarin pseudoracemates in man, J. Clin. Invest. 65
(1980) 746#53.

P. Neyroz, M. Bonati, In vitro amiodarone protein binding and its interaction with
warfarin, Experientia. 41 (1985) 36363.

77



[63] E.M. SellersJ. KochWeser, Kinetics and clinical importance of displacement of warfarin
from albumin by acidic drugs, Ann. N. Y. Acad. Sci. 179 (1971)228.

[64] C.E. Petersen, C.EHa, K. Harohalli, D.S. Park, N. Bhagavan, Familial
dysalbuminemic hyperthyroxamia may result in altered warfarin pharmacokinetics,
Chem. Biol. Interact. 124 (2000) 16172.

[65] S. Nalamachu, R. Wortmann, Role of indomethacin in acute pain and inflammation
management: a review of the literature, Postgr. Med. 126 (2018y 92

[66] T.D. Warner, F. Giuliano, I. Vojnovic, A. Bukasa, J.A. Mitchell, J.R. Vane, Nonsteroid
drug selectivities for cycloxygenasel rather than cycloxygenase are associated with
human gastrointestinal toxicity: a full in vitro analysis, Prdatl. Acad. $i. USA. 96
(1999) 75637568.

[67] J.Zhang, HH. Sun, Y:Z. Zhang, L:Y. Yang,J. Dai, Y. Liu, Interaction of human serum
albumin with indomethacin: Spectroscopic and molecular modetimjes, J. Solution
Chem. 41 (2012) 42#35.

[68] % % RMNR owska,6M.4Maciazek- XUF]\N - 5yZQLFND ' 3HQWD
6 XaAaNRZVNL $OWHUDWLRQV RI IXURVHPLGH ELQGLQJ WR
level of fatty acid, J. Pharm. Biomed. Anal. 51 (2010) 273 .

[69] N. Takamura, T. Maruyama, E. Chosa, K. Kawai,Tsutsumi, Y. Uryu, K. Yamasaki, T.
Deguchi, M. Otagiri, Bucolome, a potent binding inhibitor for furosemide, alters the
pharmacokinetics and diuretic effect of furosemide: Potential for use of bucolome to
restore diuretic response in nephrotic syndrdbrag Metab. Dispos. 33 (2005) 5%02.

[70] N. Zaidi, E. Ahmad, M. Rehan, G. Rabbani, M.R. Ajmal, Y. Zaidi, N. Subbarao, R.H.
Khan, Biophysical insight into furosemide binding to human serum albumin: A study to
unveil its impaired albumin binding in uremia Phys. Chem. B. 117 (2013) 259604.

[71] 7 -XiOddillo, C. Martinez+ HUQIQGH] $ -@dnila@ti®d GIK] Garei@ruz,
AM. AvalosOHMLD [/ $ -lBuaBd V] IslasPerez, P.D. Hansten, Clinical
weighting of drugdrug interactions in hos#fplized dderly, Basic Clin. Pharmacol.
Toxicol. 118 (2016) 29805.

[72] /. 6wWDPS O/ %DUFOD\ -/ 21'RQQHOO 0 =KDQJ - '
Chapman, Furosemide increases plasma oxypurinol without lowering serurrAurate

complex drug interaain: Implications for clinical practice, Rheumatol. (United

78



[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Kingdom). 51 (2012) 1678676.

A.M. Nambiar, A.R. Anzueto, J.I. Peters, Effectiveness and safety of mycophenolate
mofetil in idiopathic pulmonary fibrosis, PLoS One. 12 (2017) e0176312.

I. Nowak, L.M. Shaw, Mycophenolic acid binding to human serum albumin:
Characterization and relation to pharmacodynamics, Clin. Chem. 41 (199510071

J. Pisupati, A. Jain, G. Burckart, I. Hamad, S. Zuckerman, J. Fung, R. Venkataramanan,
Intraindividual and interindividual variations in the pharmacokinetics of mycophenolic
acid in liver transplant patients, J. Clin. Pharmacol. 45 (2008134

R.E.S. Bullingham, A.J. Nicholls, B.R. Kamm, Clinical Pharmacokinetics of
Mycophenolate Mofetil, ClinPharmacokinet. 34 (2008) 4455.

D.E. Epps, T.J. Raub, V. Caiolfa, A. Chiari, M. Zamai, Determination of the affinity of
drugs toward serum albumin by measurement of the quenching of the intrinsic tryptophan
fluorescence of the protein, J. Pharmafmacol. 51 (1999) 4#48.

M.R. Eftink, C.A. Ghiron, Fluorescence quenching studies with proteins, Anal. Biochem.
114 (1981) 19%27.

R. Dulbecco, M. Vogt, Plague formation and isolation of pure lines with poliomyelitis
viruses, J. Exp. Med. 99954) 167482.

J.R. Lakowicz, Principles of fluorescenceestroscopy, third ed., Springer, New York,
2006.

+ *DPSS 0O ODHGHU & - OH\HU $' =XEHUE<KOHU
constants from multiwavelength spectroscopic -datdathemaical considerations,
Talanta32 (1985) 954.01.

+ *DPSS 0O ODHGHU & - OH\HU $' =XEHUE<KOHU
constants from multiwavelength spectroscopic -dita2, 95: Specfit: Two useriendly
programs in basicral standard FORTRAN7, Talante82 (1985) 25464.

+ *DPSS 0O ODHGHU & - OH\HU $' =XEHUE<KOHU
constants from multiwavelength spectroscopic -dikita Model-free analysis of
spectrophotometric and ESR titrations, Talanta 32 (1985) #1133.

+ *DPSS 0O ODHGHU & - OH\HU $' =XEHUE<KOHU
constants from multiwavelength spectroscopic -idta Model-free leastsquares

refinement by use of evolving factor analysis, Talanta 33 (19861%43

79

&L

&LC

&LC



[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

0.S. Wolfleis, M. Begum, H. Geiger, Fluorescence properties of hydrand
PHWKR[\IODYRQHY DQG WKH HIIHFW RI VKLIW UHDJHQWYV
231237.

M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman, G.
Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H.P.
Hratchian, A.F. 1zmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao,kdi, Na

T. Vreven, J.A. Montgomery Jr., J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E.
Brothers, K.N. Kudin, V.N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A.
Rendell, J.C. Burant, S.S. lyengar, J. Tomasi, M. Cossi, N. Rega, J.M. MillaKieive,

J.E. Knox, J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E. Stratmann,
O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, JJW. Ochterski, R.L. Martin, K.
Morokuma, V.G. Zakrzewski, G.A. Voth, P. Salvador, J.J. Dannenberg, S. Dappiich, A.
'DQLHOV g )DUNDV - % )RUHVPDQ - 9 2UWL] - &LRYV
Revision D.01, Gaussian, Inc. (2009).

C. Lee, W. Yang, R.G. Parr, Development of the CBhdvetti correlatiorenergy
formula into a functional of the electroermkity, Phys. Rev. B. 37 (1988) 78%9.

A.D. Becke, Densityffunctional thermochemistry. Ill. The role of exact exchange, J.
Chem. Phys. 98 (1993) 564552.

W.J. Hehre, R. Ditchfield, J.A. Pople, Sebinsistent molecular orbital methods. XII.
Further extensions of &ussiartype basis sets for use in molecular orbital studies of
organic nolecules, J. Chem. Phys. 56 (1972) 22561.

P.C. Hariharan, J.A. Pople, The influence of polarization functions on molecular orbital
hydrogenation energie Theor. Chim. Acta. 28 (1973) 2£22.

T.U. Rahman, M. Arfan, T. Mahmood, W. Liagat, M.A. Gilani, G. Uddin, R. Ludwig, K.
Zaman, M.l. Choudhary, K.F. Khattak, K. Ayub, Isolation, spectroscopic and density
functional theory studies of-(#-methoxyphayl)-9H-furo[2,3-flchromen9-one: A new
flavonoid from the bark of Millettia ovalifolia, Spectrochim. Act®art A Mol. Biomol.
Spectrosc. 146 (2015) 232.

( .OHLQ - 5LPDUptN ( 6HQDMRYi $ 9DJIQHN - /HQJ\H(¢
severely alters the thermodynamics of the hydrogen atom transfer, Comput. Theor. Chem.

80



[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

1085 (2016) A7.

A.V. Marenich, C.J. Cramer, D.G. Truhlar, Universal sobratmodel based on solute
electron density and on a continuum model of the solvent defined by the bulk dielectric
constant and atomic surface tensions, J. Phys. Chem. B. 113 (2003358

J.R. Pliego, Basic hydrolysis of formamide in agueous isolutA reliable theoretical
calculation of the activation free energy using the clusbatinuum model, Chem. Phys.

306 (2004) 27380.

E.D. Glendening, A.E. Reed, J.E. Carpenter, F. Weinhold, NBO Version 3.1, (n.d.).

3 % X O Wi @PNJEoyca, W. Langenaeker, Negative Fukui functions: New insights
based on electronegativity equalization, J. Chem. Phys. 118 (200348540

P. Bultinck, S. Van Damme, A. Cedillo, Bond Fukui indices: Comparison of Frozen
Molecular Orbital and Finite Diffemces through Mulliken Populations, J. Comput.
Chem. 34 (2013) 242#2429.

J. Melin, P.W. Ayers, J.V. Ortiz, Removing electrons can increase the electron density: A
computational study of negative fukui functions, J. Phys. Chem. A. 111 (2007) £0017
10019.

G.M. Morris, R. Huey, W. Lindstrom, M.F. Sanner, R.K. Belew, D.S. Goodsell, A.J.
Olson, AutoDock4 and AutoDockTools4: Automated docking with selective receptor
flexibility, J. Comput. Chem. 30 (2009) 27&v91.

O. Dangles, C. Dufour, S. BreFlavonolsserum albumin complexation. Twadectron
oxidation of flavonols and their complexes with serum albumin, J. Chem. Soc. Perkin
Trans. 2. (1999) 73¥%44.

C-0 ,RQHVFX ' 6HKQDO )/ )DOJLQHOOD 3 3DQW / 3Ul
9D HNRYi 6 *HLGO - .RpD $WRPLF&KDBbdskH &alz@ationO D W R U
of atomic charges in large biomolecular complexes and -likeg molecules, J.
Cheminform. 7 (2015) H.3.

R. Huey, G.M. Morris, A.J. Olson, D.S. Goodsell, A semigiogl free energy force field

with chargebased desolvation, J. Comput. Chem. 28 (2007) HIVER.

A. Banerjee, K. Basu, P.K. Sengupta, Interaction-bfdroxyflavone with human serum
albumin: A spectroscopic study, J. Photochem. Photobiol. B 830(2008) 3340.

J. Xiao, H. Cao, Y. Wang, K. Yamamoto, X. Wei, Structafénity relationship of

81



[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

flavones on binding to serum albumins: effect of hydroxyl groups on ring A., Mol. Nutr.
Food Res. 54 Suppl 2 (2010) S263.

C. Qin, M:-X. Xie, Y. Liu, Characterization of the myricetiruman serum albumin
complex by spectroscopic and molecular modglapproaches, Biomacromolecul8s
(2007) 21822189.

B. Tu, Z-F. Chen, ZJ. Liu, R:R. Li, Y. Ouyang, Y-J. Hu, Study of the structuativity
relationship of flavonoids based on their interaction with human serum albumin, RSC
Adv. 5 (2015) 7329@73300.

G. Zhang, L. Wang, J. Pan, Probing the binding of the flavonoid diosmetin to human
serum albumin by multispectroscopic techniques, JicAgood Chem. 60 (2012) 2721
2729.

M. Voicescu, R. Bandula, 3d@ihydroxyflavone/bovine serum albumin interaction in
cyclodextrin medium: absorption and emission monitoring, Spectrochim. Acta. A. Mol.
Biomol. Spectrosc. 138 (2015) 6236.

J.Ma, Y. Liu, L. Chen, Y. Xie, L.Y. Wang, M.X. Xie, Spectroscopic investigation on the
interaction of 3,7dihydroxyflavone with different isomers of human serum albumin, Food
Chem. 132 (2012) 66870.

I. Matei, S. lonescu, M. Hillebrand, Interactiofhfsetin with human serum albumin by
fluorescence, circular dichroism spectroscopy and DFT calculations: Binding parameters
and conformational changes, J. Lumin. 131 (2011) ¥6235.

B. Sengupta, P.K. Sengupta, The interaction of quercetin wittahwgarum albumin: A
fluorescence spectroscopic study, Biochem. Biophys. Res. Commun. 299 (208&)3100

O. Dangles, C. Dufour, C. Manach, C. Mornad, Remesy, Binding of flavonoids to
plasma poteins, Methods Enzymol. 335 (2001) 3893.

A. Bolli, M. Marino, G. Rimbach, G. Fanali, M. Fasano, P. Ascenzi, Flavonoid binding to
human serum albumin, Biochem. Biophys. Res. Commun. 398 (201@®4R14

B. Mishra, A. Barik, K.I. Priyadarsini, H. Mohan, Fluorescence spectroscopic studies on
binding of a flavonoid antioxidant quercetin to serum albumins, J. Chem. Sci. 117 (2005)
641647.

Y. Li, W. He, Y. Dong, F. Sheng, Z. Hu, Human serum albumin interaction with

formononetin studied using fluorescence anisotropy)REEpectroscopy, and moldar

82



modeling methods., Bioorg. Med. Chem. 14 (2006) 1631

[116] H.G. Mahesha, S.A. Singh, N. Srinivasan, A.G. Appu Rao, A spectroscopic study of the
interaction of isoflavones with human serum albumin, FEBS J. 273 (20083651

[117] Q. Bian, J. Liu,J. Tian, Z. Hu, Binding of genistein to human serum albumin
demonstrated using tryptophan fluorescence quenching, Int. J. Biol. Macromol. 34 (2004)
275279.

[118] K. Yamasaki, T. Maruyama, A. Takadate, A. Suenaga, U. KHagisen, M. Otagiri,
Characterization of site | of human serum albumin using spectroscopic analyses:
Locational relations between regions Ib and Ic of site I, J. Pharm. Sci. 93 (2004 3004
3012.

[119] S. Aparicio, A Systematic Computational Study on Flavonoids, Int. J. $40l.11 (2010)
20172038.

[120] K.S. Lau, A. Mantas, G.A. Chass, F.H. Ferretti, M. Estrada, G. Zamarbide, I.G.
Csizmadia, Ab initio and DFT conformational analysis of selected flavones: 5,7
dihydroxyflavone (chrysin) and 7@hydroxyflavone, Can. J. Che®0 (2002) 845855.

[121] K.S.P. Perry, T.J. Nagem, W/, De Almeida, Conformational study of naringenin in the
isolated and solvated states by semiempirical and ab ingithads, Struct. Chem. 10
(1999) 277284.

[122] S. Abbate, L.F. Burgi, E. CastiglignF. Lebon, G. Longhi, E. ToscanS. Caccamese,
Assessment ofanfigurational anconformationalproperties ofnaringenin byvibrational
circulardichroism, Chirality. 21 (2009) 43841.

[123] 0 3RyU 6 -XiQhWiJlZ %HQFVLN - 3SHWUHENYI60 90 D®RM HUI
Flavonoid aglycones can compete with Ochratoxin A for human serum albumin: A new
possible mode of action, Int. J. Biol. Macromol. 51 (2012) 293.

[124] Z. Jurasekova, G. Marconi, S. Sanci@mtes, A. Torreggiani, Spectroscopic and
molecular modeling studies on the binding of the flavonoid luteolin and human serum
albumin, Biopolymers 91 (2009) 91927.

[125] S. Pal, C. Saha, A review on structuainity relationship of dietary flavonoids with
serum albumins, J. Biomol. Struct. Dy82 (2013) 1134.147.

[126] Y. Li, W. He, H. Liu, X. Yao, Z. Hu, Daidzein interaction with human serum albumin

studied using optical spectroscopy and molecular modeling methods, J. Mol. Struct. 831

83



(2007) 144450.

[127] S.R. Feroz, S.B. Mohamad, Z.S.D. KBa S.N.A. Malek, S. Tayyab, Probing the
interaction of aherapeuticflavonoid, pinostrobin withhuman serum abumin: Multiple
spectroscopic ancholecularmodelinginvestigations, PLoS One. 8 (2013) e76067.

[128] F.J. Diana, K. Veronich, A.L. Kapoor, Biing of nonsteroidal antnflammatory agents
and their effect on binding of racemic warfarin and its enantiomers to human serum
albumin, J. Pharm. Sci. 78 (1989) 18959.

[129] 3 ) 'f$UF\ - & OF(OQD\ 'UXJ LQWHUDFWLRQU¥ ftaldYROYLQ.
plasma protein and tissue binding sites, Pharmacol. Ther. 17 (19822911

[130)] , 6M|KROP % (NPDQ $ -BEKOPDQ MEQOMWHERW 7 6M|GLC(
drugs to human serum albumin: XI. The specificity of three binding sitetudgd with
albumin immobilized in micropatrticles., Mol. Pharmacol. 16 (1979)787.

[131] D.W. Boulton, U.K. Walle, T. Walle, Extensive binding of the bioflavonoid quercetin to
human plasma proteins, J. Pharmacol. Pharmacother. 50 (1992243

[132] C. Lagercrantz, T. Larsson, |. Denfors, Stereoselective binding of the enantiomers of
warfarin and trytophan to serum albumin from some different species studied by affinity
chromatography on columns of immobilized serum albumin, Comp. Biochem. Physiol.
Part C Comp. Pharmacol. 69 (1981) 3838.

[133] Y. Ni, X. Zhang, S. Kokot, Spectrometric and voltammetric studies of the interaction
between quercetin and bovine serum albumin using warfarin as site marker with the aid of
chemometrics, Spectrochim. Act®art A Mol. Biomol. Spectrosc. 71 (2009) 186872.

[134] U. Bren, C. Oostenbrink, Cytochrome P450 3A4 inhibition by ketoconazole: Tackling the
problem of ligand cooperativity using molecular dynamics simulations aneefegy
calculations, J. Chem. Inflodel. 52 (2012) 1573 582.

[135] J. Guharay, B. Sengupta, P.K. Sengupta, Prdl@ionol interaction: Fluorescence
spectroscopic study, Proteins Struct. Funct. Genet. 43 (20G8).75

[136] Z. Omidvar, K. Parivar, H. Sanee, Z. Amirehranizadeh, A. Batian, M.R. Saberi, A.
Asoodeh, J. Chamani, Investigations with spectroscopy, zeta potential and molecular
modeling of the notrooperative behaviour between cyclophosphamide hydrochloride and
aspirin upon interaction with human serum albumin: binary antatg systems from
multi-drug therapy, J. Biomol. Struct. Dyn. 29 (2011) ¥316.

84



[137] K. Stoeckel, V. Trueb, U.C. Dubach, P.J. McNamara, Effect of probenecid on the
elimination and protein binding of ceftriaxone, Eur. J. Clin. Pharmacol. 34 (1988 151
156.

[138] N.B. Sandson, C. Marcucci, D.L. Bourke, R. Srliimacchia, An interaction between
aspirin and valproate: The relevance of plasma protein displacementdrdgug
interactions, Am. J. Psychiatry. 163 (2006) 18F896.

[139] A. Dasgupta, D.A. Dennes. Dean, R.W. McLawhon, Displacement of phenytoin from
serum protein carriers by antibiotics: studies with ceftriaxone, nafcillin, and
sulfamethoxazole, Clin. Chem. 37 (1991)4980.

[140] V.T.G. Chuang, M. Otagiri, How do fatty acids cause allosteridibghof drugs to human
serum albumin?, Pharm. Res. 19 (2002) 14884.

[141] Y. Vial, M. Tod, M. Hornecker, S. Urien, F. Conti, A. Dauphin, Y. Calmus, B. Blanchet,
In vitro influence of fatty acids and bilirubin on binding of mycophenolic acid to human
saum albumin, J. Pharm. Biomed. Anal. 54 (2011) 80DP.

[142] + 9RUXP % +RQRUPp ,QIOXHQFH RI IDWW\ DFLGV RQ
phenprocoumon to human serum albumin with relation to anticoagulant therapy, J. Pharm.
Pharmacol. 48 (1996) 84B75.

[143] T.A.G. Noctor, .W. Wainer, D.S. Hage, Allosteric and competitive displacement of drugs
from human serum albumin by octanoic acid, as revealed bypeidgbrmance liquid
affinity chromatography, on a human serum albubased stationary phase, J.
Chromatogr. Biomed. Appl. 577 (1992) 3€#8L5.

[144] % %RMNR $ 6XaANRZMV-XDFDNODFLERIZMONNFND : : 6XaNRZVNI
of myristic acid on furosemide binding to bovine serum albumin. Comparison with
furosemidehuman serum albumin comple$pectrochim. Acta Part A Mol. Biomol.
Spectrosc. 76 (2010)41.

[145] R. Brodersen, Competitive binding of bilirubin and drugs to human serum albumin studied
by enzymatic oxidation, J. Clin. Invest. 54 (1974) 1353%54.

[146] S. Baroni, M. Mattu, AVannini, R. Cipollone, S. Aime, P. Ascenzi, M. Fasano, Effect of
ibuprofen and warfarin on the allosteric properties of hagmuman serum albumin. A
spectroscopic study, Eur. J. Biochem. 268 (2001) 62220.

[147] P. Ascenzi, A. Bocedi, S. Notari, E. Megatti, M. Fasano, Heme impairs allosterically

85



GUXJ ELQGLQJ WR KXPDQ VHUXP DOEXPLQ 6XGORZTV VLW
334 (2005) 481486.

[148] T.-J. GraingeiRousseau, J.C. McElnay, P.S. Collier, The influence of disease on plasma
protein birding of drugs, Int. J. Pharm. 54 (19894 3.

[149] R. Gugler, G. Mueller, Plasma protein binding of valproic acid in healthy subjects and in
patients with renal disease, Br. J. Clin. Pharmacol. 5 (19784461

86



8.PRILOZI



2YDM GRGDWDQDQNBWYHQD UDGD REMDYOMHQD X QuB&aARSLVLPL
&ERQWHQWYV NRML REUDYyXMX SUREOHPDWLNX LIQHVHQX X RYR
1. + 5LPDF &4 'HEHOMDN ' &DNLU{pH¥LOHLONBDKEWe M. *DEUL
% R.M3trictural and electronic determinants of flavonoid binding to human serum
albumin: An extensive ligandased study, RSC Adv. 6 (2016) 75028022.
2. H 5LPDF & 'HEHOMID Milled. Dispaddment ofirugs fromhumanserum
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+UYRMH 5LPDF VREHQMNDH JRGLQH 8 =DJUHEX MH ]DYUAaI
gimnaziju. Od 2006. do 2011. godine studira na Farmacebiskemijskom fakultetu
6YHXpLOLAWD X =DJUHEX LQWHJULUDQL SUHGGLSORPVNL L C
je bio akivan i u studentskoj udruzi studenata farmacije i medicinske biokemije (CPSA) gdje je
VXGMHORYDR L X QHNROLNR PHYX@tipehrije Gradé Zagrébd) KdeDWD 'F
SHNWRURYH QDJUDGH ]D UDG A$QWLIXQJD OvglimainDi@WLRNVLG
'LSORPVNL UDG SRG QDJLYRP A6HPLHPSLULMVNR RSWLPL]L
KLGURNVLXUHMH3 LJUDGLR MH QD =DYRGX -pdkehidkéyD FH XW V
IDNXOWHWD SRG YRGVWYRP GRF G Uao8.Fujna B M ka®jeddriedd O M D N L
10% najboljih studenata u generacigodine 2011. upisuje i diplomski studij Molekularna
biotehnologija na Prehrambert®LRNHPLMVNRP IDNXOWHWX 6YHXpLOLaAWD
SRG QD]JLYRP A$QRWD F L MdniHIPojeMa. K gep@riu X &kte@@epBobryces

sp &3 LJUDGLR MH X .DELQHWX ]D ELRLQIRUPDWLNX QD =DY
mentorstvom doc. dr. s XULFH aXpND WH MHUHXGILGBOD RPLUMNDNRYHU NDR
10% najboljin studenata u HQHUDFLML =DSRaoOMDYD VH NDR D\
farmaceutsku kemijirarmaceutskdiokemijskog fakultetalste godine upisujdoktorski studij
Farmaceutsi-biokemijske znanosti na Farmaceutdkokemijskom fakultetu.Godine 2015.
XSLVXMH SRVOLMHGLSORPVNL VSHFLMDOLV Wigkdijskew XGLM 5
fakultetu.Ostvario je jedan znanstveni boravak u trajanju od tri mjeseca (tygeosinac 2014.)

QD 1DFLRQDOQRP LQVWLWXWX ]D. IBsiitutth@iBralvde [a reshevddeD &L Y D Q
agronomique INRA) u Avignonu, Francuska kroz stipendiju Vlade Republike Francuske, pod
vodstvom dr. sc. Clair®ufour. 6 XGMHORYDR MH QD YLaAH PHYXQDURGQLK
VYHXNXSQR SRVWHUV NI B GLYRS HDYNMD \§HHGHD RBQMD QD NI
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% R Matrictural and electronic determinants of flavonoid binding to human serum
albumin: An extensie ligandbased study, RSC Adv. 6 (2016) 756G28022.
2. HHRimac &4 'HEHOMD N. Mllerth RibplaGement of Drugs from Human Serum
Albumin: From Molecular Interiions to Clinical SignificanceCurr. Med. Chem. 24
(2017) 148.
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TEMELJINA DOKUMENTACIJSKA KARTICA

6YHXpLOLAWH X =DJUHEX Doktorski rad
Farmaceutskobiokemijski fakultet

Zavod zafarmaceutsku kemiju

$QWH .RY[DPA00 Bagreb, Hrvatska

INTERAKCIJE FLAVONOIDA | ODABRANIH KSENOBIOTIKA PRI VEZANJU NA
HUMANI SERUMSKI| ALBUMIN

Hrvoje Rimac

6$4(7$.

JODYRQRLGL NDR L YHOLNL EURM NVHQRELRWLND QDNRQ XODVNM
poddomeni IlA. To vezno mjesto se naziva i Sudlowljevo mjesto I, odneesmmo mjesto |. S obzirom na veliki bri
NVHQRELRWLND NRML VH RYGMH YHAH SRVWDYOMD VH SLWDQMH
mjesta. |z tog je razloga potrebno bolje opisati svojstva vezanja flavonoida za vezno mig¢std OtL QL p N L K
OLMHNRYLPD GR NRMLK EL SRWHQFLMDOQR PRJOR GRUL

8 SUYRP GLMHOX LVWUDALYDQMD LVSLWLYDQD VX YH]QD VYRMV\
PMHVWR X SRGGRPHQL ,,$ +6% =D RGUHYLd B Mhetodd RIQpreSeenc)s
VSHNWURIRWRPHWULMH DNJH®DPLM\DVYXKQPRDGMKMONWVNALEWEHV NULSWR
GUXJRP GLMHOX LVWUDALYDQMD LVSLWLYDQH VX LQWHUDNFL MaHe!
MH X WX VYUKX NRULAWHQD PHWRGD IOXRUHVFHQFLMVNH VSHNW
programa AutoDock 4.2.6.

(NVSHULPHQWDOQR VX XWYUYyHQH NRQVWDQWH YH]DQMD | FMYR
46%5 DQDOL]RP SURQDAaOR VH YLadaH VWUXNWXUQLK RGOLND DJOL
vezno mijesto |: nukleofilnost i parcijalni naboj atoma C3, parcijalni naboj atoma O4, koplanarnost A i C prs
koplanarnost AC i B prstena+202 L /802 HQHUJLMH RG pHJD VX QdomdriskB pphrotgV
DNFHSWRUVND VYRMVWYD WH NRSODQDUQRVW SUVWHQD 7DNRYH
interakcije pri vezanju za HSA, ali je vjerojatnost njiyy@ PHYyXVREQRJ LVWLVNLYDQMD SL
VH QH YH&X |]D LVWR YH]J]QR SRGUXpMH

8WYUyHQD VX VWHULpPpND L HOHNWURQVND VYRMVWYD IODYRQRLC
LVWLVNLYDQMD LVSLWLYDXQILXDGRIPRNEBDYDVWO®ELE) SIRPIRYDAQLP SRV
PRJX L SRMDpDYDWL L VPDQMLYDWL LQWHQ]JLWHW IOXRUHVFHQFL
X UXWLQVNRP LVSLWLYDQMX YHIDQMD OLMHNRYD QD +6% RJUDQLPp

Rad je p)K UDQMHQ X 6 U H GLYZHIM R ®I LK Q1D LY G:IDFRIHDibKENjskDyJdkmteta X W V N R

5DG VDGU 86strani@, 27grDILpNLK S UL N D ] Dliteratyil BEa®@dd zibrhik je na hrvatskom jeziku.

.OMXpQH humani serumski albumifiavonoidi, lijekovi, interakcije, fluorescencija, QSAR
Mentoii: Dr. sc.Branka Zorc, redovita professica 6 YHXpLOLEAWD X =D J bidkendijskbd) P D
fakulteta.
'U VF OLU]OERMRMIW 6YHXpPpLOLAWD Xbickemijskog tdkyl2td PD FH >
2FMHQML" Dr.sc. =ULQND 5D MizvanrédRarbfésoica 6 YHXpLOLAWD X =DJUHEX
biokemijskog fakulteta.
Dr.sc. AHOMDQ WBPOGRELWL SURIHVRU 6YHX ) L GHidksvhijsksg =D J U
fakulteta.
Dr.sc. 'XEUDY N R Y-lhhsiiveni suradnik, Fidelta d.o.o., Zagreb

5DG S UL RO/Mjid20Q17.
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COMPETITION BETWEEN FLAVONOIDS AND SELECTED XENOBIOTICS FOR
BINDING SITES ON HUMAN SERUM ALBUMIN
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SUMMARY

Flavonoids, as well as a large number of xenobiotics, after entering circulation, bind to human serum albumi
at the 1lJAsubdomain. This binding site is also called Sudlow site | or binding site I. Considering the large nui
xenobiotics which bind to this site, it is necessary to evaluate the importance of their displacement interacti
the binding site I. Also,tiis important to better describe the characteristics of flavonoid binding to the binding
and clinical interactions with drugs which could possibly occur.

In the first part of the study, characteristics of flavonoid aglycons' binding to the bisitenig as well as their mos
important determinants were studied. Fluorescence spectrophotometry was used to determine the binding
and computer program Gaussian 09 was used to calculate queimtamcal molecular descriptors. In the second |
of the study, interactions between flavonoid aglycons and glycosides with selected drugs were studied
fluorescence spectrophotometry combined with docking studies carried with AutoDock 4.2.6. computer progre
Binding constants of 20 flavonoids weH H[SHULPHQWDOO\ GHWHUPLQH&WRQG WMH
! QSAR analysis found several flavonoid features which are key determinants responsible for their bindin
binding site I: nucleophilicity and partial charge of the C3 atpartial charge of the O4 atom, coplanarity of the
and C rings, as well as coplanarity of the AC and B rings, and HOMO and LUMO energies, withdmatorand
protonacceptor properties and coplanarity being the most prominent ones. It was alsohfatutie tselected drug
and flavonoids can interact in binding to the binding site |, but the possibility of their mutual displacement inte
is not high as they bind to different binding regions.

Flavonoid sterical and electronic characteristidsich influence their binding to HSA were determined. A sn
possibility of displacement of selected drugs by flavonoids with clinically important consequences was
Examined drugs can both increase and decrease fluorescence intensity of flavanwmidstd HSA, thus the
application of fluorescence in routine determination of drug binding to HSA is limited.
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