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Uvod: Flavonoidi �V�X�� �K�H�W�H�U�R�F�L�N�O�L�þ�N�L��spojevi iz prirode koje unosimo hranom. 

Antiagregacijska terapija u kardiovaskularnim bolestima ima ozbiljne nuspojave krvarenja 

u gastrointestinalni trakt. Flavonoidi pokazuju antiagregacijsko djelovanje �þ�L�M�L��mehanizam 

nije rasvijetljen. Njegovo razumijevanje �R�P�R�J�X�ü�L�O�R���E�L��upotrebu flavonoida kao dostupne i 

�Q�H�ã�N�R�G�O�M�L�Y�H��opcije u antiagregacijskoj terapiji. 

Materijali i metode:  �2�G�U�H�ÿ�H�Q�L�� �V�X kromatografski parametri lipofilnost 21 flavonoida: 

�þ�L�P�E�H�Q�L�N�� �]�D�G�U�å�D�Y�D�Q�M�D RF i hidrofobni parametar RM. Vrijednosti RM �X�V�S�R�U�H�ÿ�H�Q�H�� �V�X�� �V��

logaritmom koeficijenta razdijeljenja, logP, �L�]�U�D�þ�X�Q�D�W�L�P putem programskih aplikacija. 

Impedancijskom agregometrijom �R�G�U�H�ÿ�H�Qa je minimalna antiagregacijska koncentracija 

flavanona, ispitano �S�R�M�D�þ�D�Q�R��antiagregacijsko djelovanje inhibitora enzima fosfolipaze C, 

ciklooksigenaze i inhibitora Ca2+-kanala u prisutnosti flavanona, te antiagregacijsko 

djelovanje kombinacija flavanona, 6-hidroksiflavona i pinocembrin-7-metiletera. 

�3�U�R�W�R�þ�Q�R�P�� �F�L�W�R�P�H�W�U�L�M�R�P��ispitano je smanjenje aktivacije trombocita nakon inkubacije s 

flavanonom, �S�U�D�ü�H�Q�M�H�P���H�N�V�S�U�H�V�L�M�H��aktivnog oblika integrina �.IIb��3.  

Rezultati: �2�G�U�H�ÿ�H�Q�L���V�X���Nromatografski parametri RM, u rasponu od -0,5942 za luteolin do 

0,5202 za tektokrizin i krizin-dimetileter. S�Q�D�å�Qa pozitivna korelacija prisutna je �L�]�P�H�ÿ�X 

logP programskih aplikacija i RM (r=0,66-0,93 p<0,05). Flavanon �S�R�V�W�L�å�H�� �L�]�X�]�H�W�Q�R�� �Q�L�V�N�H��

minimalne antiagregacijske koncentracije, �]�Q�D�þ�D�M�Q�R���S�U�L�G�R�Q�R�V�L���G�M�H�O�R�Y�D�Q�M�X���Lnhibitora enzima 

fosfolipaze C, te �Q�H�ã�W�R�� �V�O�D�E�L�M�H��inhibitoru Ca2+-kanala dok djelovanju inhibitora 

ciklooksigenaze ne pridonosi. U kombinacijama s drugim flavonoidima, flavanon ostvaruje 

�]�Q�D�þ�D�M�Q�R�� �S�R�Y�H�ü�D�Q�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L�� �X�þ�L�Q�D�N. Djelovanjem flavanona smanjena je pojavnost 

aktiviranog oblika integrina �.IIb��3, markera aktivacije trombocita 

�=�D�N�O�M�X�þ�F�L�� Lipofilnost flavonoida i njihovo inhibicijsko djelovanje na fosfolipazu C 

�R�P�R�J�X�ü�X�M�X��sveobuhvatnost antiagregacijskog djelovanja flavonoida. Minimalne 

antiagregacijske koncentracije flavanona ostvarive su u plazmi nakon unosa prehranom te 

uz �S�R�M�D�þ�D�Q�R�� �G�M�H�O�R�Y�D�Q�M�H�� �N�R�P�E�L�Q�D�F�L�M�H�� �I�O�D�Y�R�Q�R�L�G�D��predstavljaju osnovu �P�R�J�X�ü�H��primjene 

flavonoida kao dopune antiagregacijskoj terapiji. 

�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� flavonoidi, flavanon, logP, RM, lipofilnost, impedancijska agregometrija, PLC, COX-1, 

�N�D�O�F�L�M�H�Y�L���N�D�Q�D�O�L�����L�Q�K�L�E�L�W�R�U�L�����S�U�R�W�R�þ�Q�D���F�L�W�R�P�H�W�U�L�M�D�����3�$�&-1 



 

 
 

SUMMARY  

BACKGROUND  

 Flavonoids are widely studied natural polyphenolic compounds because of their 

beneficial effects on human health. They are present in wide spectrum of plants. One of the 

most important benefit which has been confirmed in epidemiological studies is known as 

French paradox, which describes contradictory findings in French population which 

consumes fat-rich diet and yet incidence of cardiovascular diseases is lower than expected. 

Researchers found high on polyphenol-diet as a main reason for this observation. Flavonoids 

accessibility to humans through dietary intake of fruits, vegetables and beverages, 

introduced them as a promising topic of research for novel pharmaceutical agents. 

Cardiovascular diseases are multifactorial chronic diseases which represent a leading cause 

of morbidity and mortality in developed countries and still lack adequate therapeutic option. 

Conventional drugs prescribed in case of CVD are antithrombotic agents. Their use if often 

accompanied with serious side-effects as bleeding in the gastrointestinal tract.  

Based on significant number of in vitro studies on plant and fruit extracts or on pure 

flavonoid compounds, flavonoids exhibit antiaggregatory effect in dose depending manner. 

Although without completely revealed mechanism of action, for some flavonoids this effect 

is attributed to the inhibition of cyclooxygenase, lipoxygenase, tyrosine-kinase, 

phosphodiesterase or phospholipase which participate in platelet signaling pathway. Results 

from previous studies point to positioning of flavonoids within cell membrane with more 

hydrophobic ones located deeper in the core of membrane bilayer where they interact with 

membrane transporter proteins and decrease membrane fluidity. Platelet membrane 

functions as dynamic structure involved in processes of activation and aggregation which 

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

Determining potential drugs lipophilicity helps to understand their absorption, 

�G�L�V�W�U�L�E�X�W�L�R�Q���� �P�H�W�D�E�R�O�L�V�P���� �H�[�F�U�H�W�L�R�Q�� ���$�'�0�(���� �D�Q�G�� �W�R�[�L�F�L�W�\�� ���$�'�0�(�7������ �/�L�S�L�Q�V�N�L�¶�V�� �³�U�X�O�H-of-

�I�L�Y�H�´���U�H�S�U�H�V�H�Q�W�V���P�L�O�H�V�W�R�Q�H for determination of relationship between pharmacokinetic and 

physicochemical parameters with one of the rules including logP as a measurement of 

�F�R�P�S�R�X�Q�G�¶�V���O�L�S�R�S�K�L�O�L�F�L�W�\�����3�D�U�W�L�W�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W����P) represents a ratio between concentration 



 

 
 

of non-ionized form of compound in n-octanol-water system expressed in logarithmic scale 

(logP). Nowadays, laborious and time-consuming shake-flask method for logP 

determination is often replaced by simple approach for lipophilicity determination by planar 

chromatography which expresses chromatographic parameter RM (parameter calculated 

based on substance retention factor) as a surrogate measurement of lipophilicity. For 

theoretical prediction of lipophilicity (logP) by computational approaches, databases of 

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

The hypothesis of this doctoral thesis assumes that the antiaggregatory action of 

flavonoids is based on the tendency for their placement in the platelet membrane lipid bilayer 

due to their lipophilicity. By such placement, they reduce membrane fluidity resulting in 

decreased expression of the active form of platelet activation receptor located on platelet 

membrane and a decrease in platelet activation and aggregation. This mechanism represents 

the basis of antiaggregatory action to all flavonoids.  

Aim of this doctoral thesis are investigation of possible flavonoid-membrane 

interaction based on their lipophilicity, expressed as logP, and by determining the expression 

�R�I���W�K�H���D�F�W�L�Y�H���I�R�U�P���R�I���S�O�D�W�H�O�H�W���D�F�W�L�Y�D�W�L�R�Q���U�H�F�H�S�W�R�U���L�Q�W�H�J�U�L�Q���.IIb��3 before and after the action of 

flavonoids. In addition, mechanism of flavonoid action was examined on the model of 

platelet aggregation induced with different agonists in the presence of flavanone and specific 

inhibitors for PLC, COX-1 enzymes and calcium channel inhibitors. Biopotency of 

flavonoid was explored by determining the minimal antiaggregatory concentration of 

flavanone and inhibitory effect of two flavonoids with different aggregation. 

EXPERIMENTAL  

Blood samples were collected at Croatian Institute of Transfusion Medicine in 

vacutainer tubes with tri-sodium citrate (3.2%) as anticoagulant. Fifty blood donors who 

were not on any antiaggregatory therapy gave written, informed consents before 

participating in research. Study was conducted according to Helsinki declaration and with 

approval of Ethics Committee of the Croatian Institute of Transfusion Medicine and the 

University of Zagreb Faculty of Pharmacy and Biochemistry. Blood samples were used for 

impedance aggregometry and flow cytometry experiments. 

 



 

 
 

Lipophilicity determination. Twenty-one flavonoid compounds were analysed by 

reverse-phase thin-layer chromatography (RP-TLC) using acetonitrile: water: glacial acetic 

acid in ratio 66: 33: 1 (V/V/V) as a mobile phase. Based on retention factor, RF, 

chromatographic parameter RM was calculated as follows RM = log (1/RF - 1). Theoretical 

logP was calculated by using online applications Chemicalize (https://chemicalize.com), 

ChemSketch (http://www.chemspider.com), Molinspiration 

(https://www.molinspiration.com) and SwissADME (http://www.swissadme.ch).  

Impedance aggregometry . The principle of the method is the aggregation of 

activated platelets on metal electrodes which creates an increase in a continuously measured 

electrical resistance. Impedance aggregometry on whole blood was used for determination 

of minimal antiaggregatory concentration (MINaAC) of flavanone in the presence of set of 

agonists (TRAP-6, ADP, collagen, AA, ristocetin). MINaAC was measured as influence of 

serial doubling concentrations of flavanone on platelet aggregation. Vehicle (DMSO) was 

used as negative control. For the assessment of combined effect of inhibitory drugs (U73122 

hydrate, verapamil hydrochloride, indomethacin) and flavanone, measurements were 

conducted with TRAP-6 and ADP using 15 and 60 x MINaAC of flavanone for observation 

of repeatable platelet aggregation inhibition. The antiaggregatory effect of flavanone in 

combination with pinocembrin-7-methyl ether and 6-hydroxyflavones was measured in 

presence of agonists ADP, TRAP-6, collagen, and AA. In all measurements, DMSO as a 

vehicle was used for a negative control. 

Flow cytometry. Platelet rich plasma (PRP) was pre-incubated with different 

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���I�O�D�Y�D�Q�R�Q�H���R�U���Z�L�W�K���Y�H�K�L�F�O�H���D�V���D���F�R�Q�W�U�R�O�����'�0�6�2�����I�R�U���������P�L�Q�X�W�H�V���D�W���������ƒ�&�����$�Q��

aliquot of treated PRP (flavanone, DMSO) was mixed with agonist TRAP-6, anti-CD61 

(PE) and PAC-���� �)�,�7�&���� �W�R�� �P�R�Q�L�W�R�U�� �D�F�W�L�Y�D�W�H�G�� �I�R�U�P�� �R�I�� �L�Q�W�H�J�U�L�Q�� �.�,�,�E�������� �7�K�H�� �V�D�P�S�O�H�� �Z�D�V��

�L�Q�F�X�E�D�W�H�G���L�Q���W�K�H���G�D�U�N���D�W���������ƒ�&�����I�R�U���������P�L�Q�����$�F�W�L�Y�D�W�H�G���S�O�D�W�H�O�H�W�V���Z�H�U�H���D�V�V�H�V�V�H�G���D�V���S�H�U�F�H�Q�W�D�J�H��

of CD61 PAC-1 positive events.  

Statistical analysis. Experimentally determined chromatographic parameter RM was 

correlated with calculated logP, reported as correlation coefficient and adjusted squared 

correlation coefficient at a significance level of p < 0.05. The antiaggregatory effect of 

flavanone and inhibitor drugs were assessed with one-way ANOVA test with post hoc Tukey 



 

 
 

analysis for multi�S�O�H���F�R�P�S�D�U�L�V�R�Q�����3�D�L�U�H�G���6�W�X�G�H�Q�W�¶�V t-test was used for estimation of MINaAC 

and platelet activation inhibition measured by flow cytometry.  

RESULTS 

Lipophilicity of flavonoids . The RM parameters experimentally determined for 

group of 21 flavonoid compound ranged from -0.5942 to 0.5202. The highest RM values 

were observed for tectochrysin and chrysin-dimethyl ether as the most lipophilic and the 

lowest for luteolin as the most hydrophilic compound. LogP values ranged from 2.18 for 

tangeretin to 3.28 for pinocembrin-7-methyl ether according to the Chemicalize application. 

According to the ChemSketch application, pinocembrin-7-methyl ether was the most 

lipophilic compound with logP 4.11 while the least lipophilic flavonoid compound was 

isorhamnetin (logP 1.76). Molinspiration and SwissADME calculated the lowest logP values 

for quercetin (logP 1.68 and 1.23), whereas, according to Molinspiration, the most lipophilic 

flavonoid was tangeretin (logP 3.78) and by SwissADME calculation flavone (logP 3.18). 

There was a strong positive correlation between multiple logP calculated by Molinspiration 

and RM values (r = 0.93 p <0.001) and logP of the SwissADME and RM values (r = 0.86 p 

<0.001). The values of logP obtained through ChemSketch and Chemicalize showed a 

moderate positive correlation (r = 0.55, p < 0.01, r = 0.44 p < 0.05) with the values of the 

hydrophobic parameter RM. 

Relationship between inhibition of platelet aggregation and lipophilicity of 

flavonoids. There was no correlation between MINaAC and theoretical logP when the group 

of 21 flavonoids was observed. A statistically significant strong negative correlation was 

found for the flavone group (r = -0.76, p < 0.01) and a moderate negative correlation for 

joint flavone and flavanone group (r = -0.59, p < 0.05) Chemicalize logP values and 

MINaAC.  

Minimal antiaggregatory concentration of flavanone. The lowest value of 

MINaAC ���������������—�0�����I�R�U���I�O�D�Y�D�Q�R�Q�H���Z�D�V���R�E�V�H�U�Y�H�G���Z�K�H�Q���L�Q�K�L�E�L�W�L�R�Q���R�I���$�'�3���L�Q�G�X�F�H�G���S�O�D�W�H�O�H�W��

aggregation was measured, while when TRAP-6 induced platelet aggregation was measured, 

�I�O�D�Y�D�Q�R�Q�H���V�K�R�Z�H�G���L�Q�K�L�E�L�W�R�U�\���H�I�I�H�F�W���D�W���������������—�0��  

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

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



 

 
 

TRAP-6, ADP or collagen. Again, flavanon did not potentiate the inhibitory activity of 

indomethacin and therefore did not show an effect on COX-1 enzyme activity, regardless of 

the agonists used (TRAP-6, ADP, AA). The enhanced inhibitory effect of verapamil with 

flavanone on calcium channels was observed only with the strong agonist TRAP-6 (p < 

0.05), whereas no statistically significant difference in anti-aggregatory effect was observed 

in the presence of weak agonist ADP for combination of flavanones and verapamil.  

 When combined antiaggregatory effect of flavonoid combinations applied at their 

MINaAC concentrations was examined, statistically significant difference between results 

for negative control (DMSO), each flavonoid (flavanone, 6-hydroxyflavone, pinocembrin-

7-methylether) and flavonoid combinations was observed. Combination of flavanone and 6-

hydroxyflavone, flavanone and pinocembrin-7-methylether, and 6-hydroxyflavone and 

pinocembrin-7-methylether reached significant platelet aggregation inhibition with TRAP-

6, ADP and AA as agonists, while none of the flavonoid combination had a statistically 

significant enhanced antiplatelet effect on collagen induced aggregation. The combination 

of flavanones and 6-hydroxyflavones produced significantly enhanced inhibition of platelet 

aggregation with TRAP-6 (p < 0.05), ADP (p < 0.01) and AA (p < 0.01) as agonists. The 

combination of flavanone and pinocembrin-7-methylether with ADP showed a statistically 

significant joint effect (p < 0.05) that was absent with TRAP-6 as agonist. Pinocembrin-7-

methyl ether had statistically significant stronger antiaggregatory activity combined with 6-

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

 Inhibitory effect of flavanone on platelet activation is dose dependent in the flow 

cytometry experiments (r = 0.9897, p <0.05). Statistically significant reduction in receptor 

�H�[�S�R�V�L�W�L�R�Q�� �L�V�� �D�F�K�L�H�Y�H�G�� �R�Q�O�\�� �D�W�� �K�L�J�K�H�U�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �R�I�� �I�O�D�Y�D�Q�R�Q�H�� ���������� �—�P�R�O���/���� �Z�K�H�Q��

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

DISCUSSION AND CONCLUSIONS 

�7�K�H�� �V�F�L�H�Q�W�L�V�W�¶�V�� �F�R�Q�W�L�Q�X�R�X�V�� �L�Q�W�H�U�H�V�W�� �L�Q�� �H�[�D�P�L�Q�L�Q�J�� �W�K�H�� �P�H�F�K�D�Q�L�V�P�� �R�I�� �W�K�H�� �R�E�V�H�U�Y�H�G��

beneficial properties of flavonoids has not waned. One of the most interesting research fields 

is the antiaggregatory effect of flavonoids, as it is imposed as a possible option for adjunctive 

therapy to conventional, not effective enough, and in addition, therapy which causes serious 

side effects such as bleeding in the gastrointestinal tract. Based on strong positive correlation 

between RM parameter and logP calculated by Molinspiration and SwissADME application 



 

 
 

and moderate positive correlation with ChemSketch and Chemicalize logP, it can be 

concluded that chromatographic parameter RM is good surrogate of logP and a good 

predictor of flavonoid lipophilicity.  As a measure of lipophilicity, logP offers very 

convenient way of predicting possible extent of flavonoid action in vivo based on their 

interaction with bio-membranes. Although the Chemicalize logP calculations showed a 

moderately positive correlation with RP-TLC RM values, when testing the association of 

minimum antiaggregatory concentration, a strong negative correlation was found for the 

flavone group and a moderate negative when the flavone and flavanone group were 

considered together. This is consistent with the expectation that a higher logP value, i.e. 

higher lipophilicity, also implies a higher biological activity of the selected flavonoid group 

and therefore a lower concentration required to observe their inhibitory effect. In the context 

of platelets, membrane retention could give importance to flavonoids with the highest logP 

values. The influence of flavonoids on the platelet membrane could greatly modulate their 

aggregation capacity. This could lead to a decrease in the fluidity of the lipid layer, thereby 

stabilizing the platelet membrane. Flavanone exerts a statistically significant minimal 

antiaggregatory effect with all agonists at concentrations achievable through the diet, and 

given the enhanced effect of the flavonoid combination on the inhibition of aggregation, it 

can be concluded that, in the context of a diverse diet, an inhibitory effect on platelet 

aggregation is possible. The impedance aggregometry method obtained the results of testing 

the comprehensiveness of flavonoids. In combination with specific PLC inhibitors, COX-1 

and Ca2 + channel inhibitors, the results indicate that flavanone, act on the PLC enzyme level 

when aggregation was TRAP-6, ADP and collagen induced. Inhibition of Ca2+ channels by 

flavanone is only achieved in the case of TRAP-6 induced aggregation. The absence of 

combined inhibitory influence of flavanone and indomethacin regardless of agonist used, 

indicates that antiaggregatory effect of flavanone is not achieved downstream of COX-1. 

Following incubation with flavanone, there was a decrease in the platelet membrane 

�H�[�S�R�V�X�U�H�� �R�I�� �W�K�H�� �D�F�W�L�Y�H�� �F�R�Q�I�R�U�P�D�W�L�R�Q�� �R�I�� �L�Q�W�H�J�U�L�Q�� �.IIb��3 detected by PAC-1 antibody. Only 

rather high concentration of flavanone (488 �RM) achieved significant inhibition of platelet 

activation. Although they present complementary methods, flow cytometry and impedance 

aggregometry comprise different aspects of platelet function. By performing in whole blood, 

impedance aggregometry enables other blood elements to influence platelet aggregation and 

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



 

 
 

Platelet membrane stabilization by flavonoids has been supported by flow cytometry 

and impedance aggregometry experiments with specific enzyme inhibitors of platelet 

aggregation signaling pathways. Flavonoids lipophilicity and membrane stabilization, to 

some extent, contributes to their antiaggregatory effect.  

 

Keywords: flavonoids, flavanone, logP, RM, lipophilicity, impedance aggregometry, PLC, COX-1, 
calcium channels, inhibitors, flow cytometry, PA
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1.1 Flavonoidi 

Flavonoidi su grupa �S�R�O�L�I�H�Q�R�O�Q�L�K�� �V�S�R�M�H�Y�D�� �ã�L�U�R�N�R�� �]�D�V�W�X�S�O�M�H�Q�L�K�� �X�� �E�L�O�M�Q�R�P�� �V�Y�L�M�H�W�X��kao 

njihovi sekundarni metaboliti. �,�P�H���L�P���S�R�W�M�H�þ�H���R�G���O�D�W�L�Q�V�N�H���U�L�M�H�þ�L��flavus �ã�W�R���]�Q�D�þ�L���åut. Flavonoidi 

su odgovorni za �E�R�M�X���Y�H�ü�L�Q�H���F�Y�L�M�H�ü�D�����Y�R�ü�D���L���V�M�H�P�H�Q�N�L�����D���Q�M�L�K�R�Y���U�D�V�W�X�ü�L���E�U�R�M���V�H���S�U�R�F�M�H�Q�M�X�M�H���Q�D��

�Y�L�ã�H���R�G��8000 spojeva (Olsen i sur., 2009). U biljkama �L�P�D�M�X���P�Q�R�J�R�V�W�U�X�N�H���]�D�G�D�ü�H���P�H�ÿ�X���N�R�M�L�P�D��

su �S�U�L�Y�O�D�þ�H�Q�M�H��insekata �R�S�U�D�ã�L�Y�D�þ�D �E�R�M�R�P�� �L�� �P�L�U�L�V�R�P�� �F�Y�L�M�H�ü�D�� zatim �]�D�ã�W�L�W�D�� �R�G��UV �]�U�D�þ�H�Q�M�D, 

�]�D�ã�W�L�Wa od mikroba i dr. (Panche i sur., 2016).  

1.1.1 Podjela i struktura   

Flavonoidi u �ã�L�U�H�P�� �V�P�L�V�O�X�� �R�E�X�K�Y�D�ü�D�M�X flavone (derivati 2-fenil-1,4-benzopirona), 

izoflavonoide (derivati 3-fenil-1,4-benzopirona) i neoflavonoide (derivati 4-fenil-1,2 

benzopirona) (slika 1). Osnovni kostur spoja sastoji se od dva benzenska (A i B) i jednog 

�K�H�W�H�U�R�F�L�N�O�L�þ�Q�R�J���S�U�V�W�H�Q�D�����&�����X���R�E�O�L�N�X���&6-C3-C6.  

 

Slika 1. Osnovna struktura flavona (A), izoflavonoida (B) i neoflavonoida (C) 

 

�5�D�]�O�L�þ�L�W�H�� �Y�U�V�W�H�� �I�O�D�Y�R�Q�R�L�G�D�� �U�D�]�O�L�N�X�M�X�� �V�H�� �S�R�� �V�W�X�S�Q�M�X�� �R�N�V�L�G�D�F�L�M�H�� �L�� �R�E�U�D�V�F�X�� �V�X�S�V�W�L�W�X�F�L�M�H 

prstena C�����G�R�N���V�H���S�R�M�H�G�L�Q�D�þ�Q�L��spojevi unutar klase razlikuju po obrascu supstitucije prstenova 

A i B (Middleton, 1998). �â�H�V�W�H�U�R�þ�O�D�Q�L���S�U�V�W�H�Q���V�S�R�M�H�Q���Q�D���E�H�Q�]�H�Q�V�N�L���S�U�V�W�H�Q���M�H���L�O�L���.-piron (flavonoli 

i flavononi) ili njegov dihidroderivat (flavanol i flavanon).  
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1.1.2 Zastupljenost u prehrani  

Flavonoidi su otkriveni 1930. godine kao novi spoj izoliran iz limuna. Smatralo se da 

je otkriven novi vitamin, koji je nazvan vitamin P (Scarborough, 1945), no taj se �W�H�U�P�L�Q���Y�L�ã�H��

ne koristi (Vickery i sur., 1950). Flavonoidi su sastojak svakodnevne ljudske prehrane i to 

podgrupama flavonola, flavona, antocijanidina, katehina, flavanona i izoflavona (Aherne i 

�2�¶�%�U�L�H�Q��������������, a najzastupljeniji su izoflavoni, flavonoli i flavoni (Kumar and Pandey, 2013) 

(slika 2).  

 
Slika 2. Kemijske strukture osnovnih podgrupa flavonoida 

 

Flavonoli (npr. kvercetin, miricetin) �V�X���Q�D�M�]�D�V�W�X�S�O�M�H�Q�L�M�L���X���O�L�V�Q�D�W�R�P���S�R�Y�U�ü�X�����M�D�E�X�N�D�P�D����

luku, brokuli i �E�R�E�L�þ�D�V�W�R�P�� �Y�R�ü�X. Flavoni (npr. apigenin i luteolin) �V�X�� �S�U�L�V�X�W�Q�L�� �X�� �å�L�W�D�U�L�F�D�P�D, 

l�L�V�Q�D�W�R�P�� �S�R�Y�U�ü�X��i �]�D�þ�L�Q�L�P�D a antocijanidini �X�� �J�U�R�å�ÿ�X�����ã�X�P�V�N�R�P�� �Y�R�ü�X�� �L��crnom ribizlu. 

Katehinima (npr. katehin i epikatehin) su �E�R�J�D�W�L���þ�D�M�H�Y�L�����M�D�E�X�N�H�����J�U�R�å�ÿ�H�����þ�R�N�R�O�D�G�D��i crno vino. 

Flavanoni (npr. naringenin i hesperetin) su �J�R�W�R�Y�R�� �L�V�N�O�M�X�þ�L�Y�R���]�D�V�W�X�S�O�M�H�Q�L���X�� �F�L�W�U�X�V�Q�R�P�� �Y�R�ü�X��i 
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njihovim sokovima dok su izoflavoni (npr. daidzein i genistein) najzastupljeniji u soji (Wang i 

sur., 2009).  

Do danas �M�H�� �S�R�]�Q�D�W�R�� �Y�L�ã�H�� �R�G��500 vrsta polifenola �P�H�ÿ�X�� �N�R�M�L�P�D�� �L�� �I�O�D�Y�R�Q�R�L�Gi koji se 

nalaze u namirnicama ljudske prehrane ���3�p�U�H�]-�-�L�P�p�Q�H�]��i sur., 2010). Flavonoidi pripadaju 

grupi spojeva koji se u engleskom jeziku nazivaju �³nutraceuticals� .́ Termin je predstavio dr. 

Stephen De Felice, 1989. za sastojke hrane koji imaju blagotvorno djelovanje na zdravlje 

�X�N�O�M�X�þ�X�M�X�ü�L���S�U�H�Y�H�Q�F�L�M�X���L���L�O�L���W�H�U�D�S�L�M�X��bolesti (Brower, 1998). Unose se prehranom i stoga ih je 

lako primijeniti, dostupni su, a njihova konzumacija ne izaziva �Q�H�å�H�O�M�H�Qe �X�þ�L�Qke (Rossino i 

Casini, 2019). �1�R���W�U�H�E�D���L�P�D�W�L���Q�D���X�P�X���G�D���U�D�]�O�L�þ�L�W�H��podgrupe flavonoida �L�P�D�M�X���]�Q�D�þ�D�M�Q�R���G�U�X�J�D�þ�L�M�H��

�E�L�R�O�R�ã�N�H��i kemijske osobitosti (Erlund, 2004). 

1.1.3 �%�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W  

Podaci o dnevnom unosu flavonoida za populaciju neke zemlje ili �Y�H�ü�L�K��regija u 

�P�X�O�W�L�F�H�Q�W�U�L�þn�L�P�� �L�V�W�U�D�å�L�Y�D�Q�M�L�P�D uvelike se razlikuju. U takvim se studijama za podatke o 

dnevnom unosu namirnica koriste baze podataka �N�D�R�� �ã�W�R�� �M�H baza o polifenolima u hrani 

Ministarstva poljoprivrede SAD (USDA ARS, 2019) ili francuska baza Phenol-Explorer 

(Neveu i sur., 2010) u kojima dolazi do stalnog priliva novih podataka o �V�D�G�U�å�D�M�X���L���R�S�ü�H�Q�L�W�R��o 

�E�L�R�O�R�ã�N�L�P���R�V�R�E�L�W�R�V�W�L�P�D���S�R�M�H�G�L�Q�L�K��flavonoida iz prehrane.  

Tako Zamora-Ros i sur. (2011) �]�D�N�O�M�X�þ�X�Mu na osnovu velike �P�X�O�W�L�F�H�Q�W�U�L�þ�Q�H studije, koja 

�M�H�� �X�N�O�M�X�þ�L�Y�D�O�D�� �H�X�U�R�S�V�N�H�� �J�U�D�ÿ�D�Q�H, da dnevni unos flavonoida prehranom ovisi o geografskim 

regijama i socioekonomskom statusu stanovnika i iznosi od 36,7 do 130,9 mg, s hesperetinom 

i kvercetinom kao najzastupljenijima ���W�U�H�ü�L�Q�D���G�Q�H�Y�Q�R�J���X�Q�R�V�D�������D��slijedi ih naringenin (13,3 do 

20,8 %). U radu Witkowska i sur. (2015) procijenjen je �S�X�Q�R���Y�H�ü�L��dnevni unos flavonoida za 

poljsku populaciju od 989 mg/dan i uspore�ÿ�H�Q���M�H s podacima za druge europske �G�U�å�D�Ye gdje je 

�]�D�Q�L�P�O�M�L�Y�R�� �G�D�� �M�H�� �R�Q�� �Y�H�ü�L�� �R�G�� �X�Q�R�V�D�� �]�D�� �J�U�þ�N�X�� �S�R�S�X�O�D�F�L�M�X�� ���P�X�ã�N�D�U�F�L�� �������� �P�J���G�D�Q���� �å�H�Q�H�� ��������

mg/dan), ali manji od unosa flavonoida prehranom �X���)�U�D�Q�F�X�V�N�R�M���������������P�J���G�D�Q�����L���â�S�D�Q�M�R�O�V�N�R�M��

(1173 mg/dan).  

Flavonoidi se u biljkama, odnosno hrani, nalaze �Y�H�ü�L�Q�R�P���N�D�R���J�O�L�Nozidi a rijetko kao 

aglikoni (npr. katehini). U lumenu ili stanicama crijeva, prije apsorpcije se hidrolizom ����-

glukozidaza) uklanja glikozidni ostatak da bi se nakon apsorpcije i metabolizma, flavonoidi u 

krvi nalazili kao glukuronidi ili sulfati (Erlund, 2004). U radu na Caco-2 stanicama Murota i 

sur. (2002) ukazuju da �M�H�� �X�P�M�H�U�H�Q�D�� �O�L�S�R�I�L�O�Q�R�V�W�� �D�J�O�L�N�R�Q�D�� �L�]�R�I�O�D�Y�R�Q�D�� �U�D�]�O�R�J�� �]�D�� �X�þ�L�Q�N�R�Y�L�W�L�M�X��
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apsorpciju u enterocite za razliku od njegovih glikozida. Guo i sur. (2013) utvrdili su da mast 

u hrani �S�R�E�R�O�M�ã�D�Y�D�� �E�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W�� �N�Y�H�U�F�H�W�L�Q�D�� �S�R�Y�H�ü�D�Y�D�M�X�ü�L�� �Q�M�H�J�R�Y�X�� �D�S�V�R�U�S�F�L�M�X���� �Y�M�H�U�R�M�D�W�Q�R��

micelarizacijom u tankom crijevu.  

�%�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W���I�O�D�Y�R�Q�R�L�G�D���Y�U�O�R���M�H���U�D�]�Q�R�O�L�N�D���D�N�R���M�X���S�U�R�P�D�W�U�D�P�R���S�U�H�P�D���J�U�X�S�D�P�D, no 

sveobuhvatno se radi o niskim vrijednostima koje se ostvaruju nakon unosa hranom. Flavonoidi 

koji se najbolje apsorbiraju su izoflavoni, a slijede ih katehini, flavanoni i kvercetin glikozidi 

(Manach i sur., 2005). Studije su pokazale da se flavanoni, kao glukuronidni i sulfatni 

konjugati, u plazmi nalaze u �N�R�O�L�þ�L�Q�D�P�D�� �N�R�M�H���þ�L�Q�H samo 5-15 % dnevnog unosa flavonoida 

(Pereira-Caro i sur., 2014). Topivost kvercetina u vodi, �N�R�G�� �S�+�� �Y�U�L�M�H�G�Q�R�V�W�L�� �V�O�L�þ�Qim onima u 

gastrointestinalnom traktu (pH 2�±7), je samo 1,53-���������� �P�J���/���� �ã�W�R�� �Y�M�H�U�R�M�D�W�Q�R�� �R�J�U�D�Q�L�þ�D�Y�D��

njegovu difuziju u enterocite i apsorpciju (Pool i sur., 2013). Krogholm i sur. (2010) u svom 

�L�V�W�U�D�å�L�Y�D�Q�M�X���R�S�D�å�Dju �G�D�� �V�H�� �Q�D�N�R�Q�� �X�Q�R�V�D�� �L�V�W�L�K�� �N�R�O�L�þ�L�Q�D�� �N�Y�H�U�F�H�W�L�Q�D���� �Q�D�U�L�Q�J�H�Q�L�Q�D�� �L�� �K�H�V�S�H�U�H�W�L�Q�D����

�Y�U�ã�Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D���Q�D�U�L�Q�J�H�Q�L�Q�D (0,�����“��,13 �—�0�����]�Q�D�þ�D�M�Q�R���U�D�]�O�L�N�Xje od kvercetina (0,�����“��,13 

�—�0�����L�� �K�H�V�S�H�U�H�W�L�Q�D����0,�����“��,13 �—�0), te da se kvercetin �]�Q�D�þ�D�M�Q�R���P�D�Q�M�H���L�]�O�X�þ�X�M�H���L�]���R�U�J�D�Q�L�]�P�D��

ur�L�Q�D�U�Q�R�P���H�N�V�N�U�H�F�L�M�R�P���Y�H�ü��se vjerojatno �L�]�O�X�þ�X�M�H �S�X�W�H�P���å�X�þ�L�� Ipak, eliminacija kvercetina je 

�S�U�L�O�L�þ�Q�R�� �V�S�R�U�D���� �V��poluvremenom �X�� �U�D�V�S�R�Q�X�� �R�G�� ������ �G�R�� ������ �V�D�W�L���� �ã�W�R�� �E�L�� �P�R�J�O�R�� �S�R�J�R�G�R�Y�D�W�L��

akumulaciji u plazmi prilikom ponovljenog unosa (Manach i sur., 2005). �2�S�ü�H�Q�L�W�R���J�O�H�G�D�M�X�ü�L�� 

n�L�V�N�D���E�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W��flavonoida �M�H���R�J�U�D�Q�L�þ�D�Y�D�M�X�ü�L���þ�L�P�E�H�Q�L�N��u njihovoj primjeni i utjecaju na 

zdravlje (Thilakarathna i Rupasinghe, 2013). 

1.2 Flavonoidi i kardiovaskularne bolesti  

1.2.1 Flavonoidi �X���R�þ�X�Y�D�Q�M�X���]�G�U�D�Y�O�M�D  

�%�U�R�M�Q�H���V�X���V�W�X�G�L�M�H���N�R�M�H���V�H���Y�H�ü���G�X�J�L���Q�L�]���J�R�G�L�Q�D���E�D�Y�H���S�U�R�X�þ�D�Y�D�Q�M�H�P���X�þ�L�Q�D�N�D���I�O�D�Y�R�Q�R�L�G�D��

na zdravlje ljudi. �9�H�ü�L�Q�D���R�S�L�V�D�Q�L�K�� �X�þ�L�Q�D�N�D�� �P�R�å�H�� �V�H�� �R�E�M�D�V�Q�L�W�L�� �G�M�H�O�R�Y�D�Q�M�H�P�� �I�O�D�Y�R�Q�R�L�G�D�� �N�D�R��

antioksidansa pa se njima mogu pripisati i antioksidacijska svojstva �]�H�O�H�Q�R�J�� �S�R�Y�U�ü�D���� �Y�R�ü�D����

maslina i soje���� �Y�R�V�N�D���� �þ�R�N�R�O�D�G�H�����L�� �þ�D�M�D��(Davies i sur., 2017), (Yao i sur., 2004) rezultati 

�L�V�W�U�D�å�L�Y�D�Q�M�D��na �V�W�D�Q�L�þ�Q�Lm kulturama �L�� �å�L�Y�R�W�L�Q�M�V�N�Lm modelima pokazuju da flavonoidi mogu 

izravno ukloniti reaktivne kisikove spojeve (ROS) (Miyake i sur., 2000), �]�D�ã�W�L�W�L�W�L�� �L�� �R�E�Q�R�Y�L�W�L��

�D�Q�W�L�R�N�V�L�G�D�F�L�M�V�N�H�� �R�E�U�D�P�E�H�Q�H�� �H�Q�]�L�P�H�� �N�D�R�� �ã�W�R�� �V�X�� �V�X�S�H�U�R�N�V�L�G-dismutaza, katalaza i glutation-

peroksidaza (Wang i sur., 2014), te �L�Q�K�L�E�L�U�D�W�L���H�Q�]�L�P�H���N�R�M�L���S�U�R�L�]�Y�R�G�H���5�2�6�����N�D�R���ã�W�R���M�H���N�V�D�Q�W�L�Q-

oksidaza (Xia i sur., 2017), (Zakaryan i sur., 2017). Izoflavonoidi���� �N�D�R�� �ã�W�R�� �V�X�� �I�L�W�R�H�V�W�U�R�J�H�Q�L����
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pokazuju �ã�L�U�R�N���U�D�V�S�R�Q���K�R�U�P�R�Qskih i nehormonskih aktivnosti na �å�L�Y�R�W�L�Q�Mskim modelima ili in 

vitro (Cassidy i sur., 2000). Na �V�W�D�Q�L�þ�Q�Rj razini, flavonoidi smanjuju aktivnost enzima 

�X�N�O�M�X�þ�H�Q�L�K�� �X�� �V�W�D�Q�L�þ�Q�X�� �V�L�J�Q�D�O�L�]�D�F�L�M�X�� �N�D�R�� �ã�W�R�� �F�L�N�O�R�R�N�V�L�J�H�Q�D�]�H�� �L�� �O�L�S�R�N�V�L�J�H�Q�D�]�H (Leyva-�/�y�S�H�]��i 

sur., 2016), (Mlcek i sur., 2016), tirozin-kinaze (Akiyama i sur., 1987) i fosfolipaze (Lindahl i 

Tagesson, 1997).  

Kad se promatraju organi i organski sustavi, opisuje �V�H���]�D�ã�W�L�W�Q�D���X�O�R�J�D���I�O�D�Y�R�Q�R�L�G�D���X���Q�Lzu 

oboljenja. �1�D�M�þ�H�ã�ü�H�� �V�H��navodi njihovo protuupalno djelovanje kod ateroskleroze 

(kardiovaskularne bolesti), neurodegenerativnih bolesti, �E�R�O�H�V�W�L�� �N�R�V�W�L�M�X���� �P�L�ã�L�ü�D�� �L�� �V�N�H�O�H�W�D�� 

pretilosti (Serafini i sur., 2010), ���*�R�Q�]�i�O�H�]-Gallego i sur., 2007), zatim hepatoprotektivno 

���+�H�U�Q�i�Q�Gez-Aquino i Muriel, 2018), antitumorsko djelovanje (Sak, 2017), (Lall i sur., 2016), 

antialergijsko i antivirusno djelovanje (Xu i sur., 2017).  

1.2.2 Francuski paradoks 

Kardiovaskularne bolesti (KVB) glavni su uzrok bolesti i smrti u zapadnim zemljama, 

a kardiovaskularni lijekovi �Q�D�M�þ�H�ã�ü�H��su kori�ã�W�H�Q�D���I�D�U�P�D�N�R�W�H�U�D�S�L�M�D (Testai i Calderone, 2017). 

Preventivno djelovanje flavonoida u kardiovaskularnim bolestima �Q�D�ã�O�R�� �V�H u fokusu 

znanstvenika nakon �R�W�N�U�L�ü�D���I�U�D�Q�F�X�V�N�R�J���S�D�U�D�G�R�N�V�D��(Knekt i sur., 1996), (Peterson i sur., 2012). 

Francuski paradoks jest termin �S�U�H�G�O�R�å�H�Q 1992. temeljem �H�S�L�G�H�P�L�R�O�R�ã�N�L�K�� �S�R�G�D�W�D�N�D za 

francusku populaciju prema �N�R�M�L�P�D�� �V�H�� �S�U�H�K�U�D�Q�D�� �V�� �Y�L�V�R�N�L�P�� �X�Q�R�V�R�P�� �N�R�O�H�V�W�H�U�R�O�D�� �L�� �]�D�V�L�ü�H�Q�L�K��

masti, podudarala s niskom stopom pojavnosti i niskim rizikom od kardiovaskularnih bolesti 

�X�]���S�U�H�W�S�R�V�W�D�Y�N�X���G�D���M�H���X���W�R�P�H���Y�D�å�Q�X���X�O�R�J�X���L�P�D�R���]�D�ã�W�L�W�Q�L���D�Q�W�Ltrombotski utjecaj vina (Renaud i 

Lorgeril, 1992) odnosno, �X�� �L�V�W�U�D�å�L�Y�D�Q�M�L�P�D �N�R�M�D�� �V�X�� �X�V�O�L�M�H�G�L�O�D�� �Y�L�V�R�N�� �V�D�G�U�å�D�M��polifenola 

resveratrola u vinu (Catalgol i sur., 2012), (Davies i sur., 2017). E�S�L�G�H�P�L�R�O�R�ã�N�H�� �V�W�X�G�L�M�H��

pokazuju da umjerena konzumacija vina smanjuje smrtnost 20-30 %, pogotovo od 

kardiovaskularnih bolesti (Fernandes i sur., 2017). U prevenciji kardiovaskularnih bolesti 

sudjeluju i druge namirnice bogate flavonoidima. �-�D�E�X�N�H���L���N�U�X�ã�N�H�����F�U�Q�R���Y�L�Q�R�����M�D�J�R�G�H�����P�H�N�L�Q�M�H��

���G�R�G�D�Q�H�� �K�U�D�Q�L���� �L�� �þ�R�N�R�O�D�G�D�� �V�X�� �]�Q�D�þ�D�M�Q�R�� �S�R�Y�H�]�D�Q�H�� �V�� �V�P�D�Q�M�H�Q�L�P�� �U�L�]�L�N�R�P�� �R�G�� �V�P�U�W�L�� �R�G��

kardiovaskularnih bolesti prema Mink i sur., (2007). �8�� �L�V�W�U�D�å�L�Y�D�Q�M�X��populacije �V�U�H�G�R�Y�M�H�þ�Q�L�K��

japanskih �å�H�Q�D�� �L�� �P�X�ã�N�D�U�D�F�D, Kokubo i sur., (2007) otkrili su �]�Q�D�þ�D�M�Q�X�� �L�Q�Y�H�U�]�Q�X�� �S�R�Y�H�]�D�Q�R�V�W��

�L�]�P�H�ÿ�X��unosa soje i izoflavona s rizikom od pojave �P�R�å�G�D�Q�R�J���X�G�D�U�D i �L�Q�I�D�U�N�W�D���P�L�R�N�D�U�G�D���X���å�H�Q�D��

ali ne i u �P�X�ã�N�D�U�Fa. Meta-analiza Wang i sur., (2014) je pokazala da su unosi antocijanidina, 

proantocijanidina, flavona, flavanona i flavanola obrnuto povezan s rizikom od KVB-a. 
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1.2.3 Agregacija �W�U�R�P�E�R�F�L�W�D���Q�D���P�M�H�V�W�X���R�]�O�L�M�H�G�H���N�U�Y�Q�H���å�L�O�H 

Nakon �R�]�O�M�H�G�H���N�U�Y�Q�H���å�L�O�H�����Y�D�å�Q�R���M�H���X���ã�W�R���N�U�D�ü�H�P���Y�U�H�P�H�Q�X���]�D�X�V�W�D�Y�L�W�L���N�U�Y�D�U�H�Q�M�H���X���W�N�L�Y�R��

�V�W�Y�D�U�D�Q�M�H�P���W�U�R�P�E�D���� �(�Q�G�R�W�H�O���N�U�Y�Q�H���å�L�O�H��na mjestu ozlijede �V�D�G�U�å�L kolagen i von Wilebrandov 

faktor (VWF) iz Weibel�±Paladeovih �W�M�H�O�H�ãaca. Trombociti se usporavaju i izdvajaju iz krvnog 

protoka putem interakcija s VWF-om �N�R�M�L�� �V�H�� �Y�H�å�H na trombocitni glikoproteinski receptor 

�*�3�,�E�., dio kompleksa GPIb-IX-V.  

�.�R�O�D�J�H�Q�� �V�H�� �Y�H�å�H�� �Q�D��dva receptora, glikoproteinski receptor GPVI, koji je pripadnik 

superporodice imunoglobulina, te na integrin �.2��1���� �R�E�D�� �V�P�M�H�ã�W�H�Q�D�� �Q�D�� �P�H�P�E�U�D�Q�L�� �W�U�R�P�E�R�F�L�W�D����

GPVI na sebi nosi molekulu za aktivaciju prijenosa signala tirozin-kinazom (ITAM) u sklopu 

citoplazmatske �)�F�5����domene (Moroi i Jung, 2004). Za aktivaciju molekule ITAM 

fosforilacijom, odgovorne su Src kinaze Fyn i Lyn �W�D�N�R�ÿ�H�U���V�P�M�H�ã�W�H�Qe na citoplazmatskom 

dijelu GPVI. ITAM zatim aktivira Syc tirozin-kinazu koja je odgovorna za aktivaciju 

fosfolipaze-�&��2 ���3�/�&��2) preko kompleksa signalosoma (Li i sur., 2010)�����3�/�&��2 �S�R�W�L�þ�H���V�W�Y�D�U�D�Q�M�H��

inozitol-1,4,5-trifosfata (IP3) i diacilglicerola (DAG) hidrolizom iz fosfatidilinozitol-4,5-

bifosfata (PIP2�������,�3�����M�H���R�G�J�R�Y�R�U�D�Q���]�D���S�R�Y�H�ü�D�Q�M�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���L�Q�W�U�D�F�H�O�X�O�D�U�Q�R�J���N�D�O�F�L�M�D��(Varga-

Szabo i sur., 2009) a DAG za aktivaciju protein-�N�L�Q�D�]�H���&�����3�.�&�����Y�D�å�Q�H���]�D���V�H�N�U�H�F�L�M�X���J�U�D�Q�X�O�D, 

aktivaciju integrina i sintezu tromboksan A2 (TXA2) (Bye i sur., 2016). 

Vezanjem kolagena na drugi receptor, integrin �.2��1, mijenja se konformacijski oblik 

integrina u aktivni oblik. Aktivni oblik integrina �.2��1 �V�L�Q�H�U�J�L�V�W�L�þ�N�L���G�M�H�O�X�M�H���X�]���*�3�9�, �W�H���S�R�Y�H�ü�D�Y�D��

svoj afinitet vezanja in-side out signalizacijom.  

Osim kolagena, agonisti aktivacije djeluju putem membranskih receptora vezanih na 

transmembranske molekule G-proteina: �*�. i/o/z���� �*�.s���� �*�.q/11���� �D�Q�G�� �*�.12/13 (Oldham i Hamm, 

2008). �*�.q je �Y�D�å�D�Q���]�D���D�J�U�H�J�D�F�L�M�X���W�U�R�P�E�R�F�L�W�D���S�X�W�H�P��trombina, ADP-a, tromboksan A2 (TXA2), 

5-hidroksitriptofana (5HT), faktora koji aktivira trombocite (engl. platelet activating factor, 

PAF), a neizravno i za agregaciju potaknutu kolagenom koji za optimalnu aktivaciju trombocita 

�]�D�K�W�L�M�H�Y�D���X�P�Q�R�å�D�Y�D�Q�M�H��signala putem TXA2 i ADP (Estevez i Du, 2017).  

Agonisti aktivacije �Y�H�å�X se na �Y�L�ã�H���U�D�]�O�L�þ�L�W�L�K���U�H�F�H�S�W�R�U�V�N�L�K���Pjesta G-proteina koja djeluju 

�V�L�Q�H�U�J�L�V�W�L�þ�N�L. Trombin �V�H���Y�H�å�H���Q�D���S�U�R�W�H�L�Q�D�]�R�P���D�N�W�L�Y�L�U�D�Q�H���U�H�F�H�S�W�R�U�H, PAR-1 i PAR-4 vezane na 

�*�.q i �*�.13 (Coughlin, 2005). Iako je receptor za ADP, P2Y12, �W�L�S�L�þ�Q�L predstavnik receptora 

vezanih za G�.�L protein, za prijenos aktivacijskog signala putem ADP-a �W�U�H�E�D�� �V�L�Q�H�U�J�L�V�W�L�þ�N�R��

djelovanje s P2Y1 receptor vezanim �Q�D���*�.q (Offermanns, 2006). TXA2 se �Y�H�å�H na receptor TP 

vezan na �*�.q i �*�.12/13 (Thomas i sur., 1998).  
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Prijenos signala putem G-proteinskog kompleksa �W�D�N�R�ÿ�H�U���]�D�Y�U�ã�D�Y�D��aktivacijom 

fosfolipaze C, ali njene ����varijante (PLC��) �N�R�M�D�����N�D�N�R���M�H���Y�H�ü���R�S�L�V�D�Q�R �]�D���3�/�&��, vodi sintezi IP3 

i DAG �L�� �S�R�V�O�M�H�G�L�þ�Q�R�� �S�R�Y�H�ü�D�Q�M�X�� �L�Q�W�U�D�F�H�O�X�O�D�U�Q�R�J�� �N�D�O�F�L�M�D���� �3�R�Y�H�ü�D�Q�M�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �&�D2+ vodi 

�R�V�O�R�E�D�ÿ�D�Q�M�X��P-selektina, �W�U�R�P�E�R�F�L�W�Q�R�J���þ�L�P�E�H�Q�L�N�D������(engl. Platlet Factor 4, PF4), ADP, ATP, 

Ca2+ i serotonina iz gustih i �.-granula. Sinteza TXA2 regulirana je na razini �R�V�O�R�E�D�ÿ�D�Q�M�D��

arahidonske kiseline (AA) iz membrane djelovanjem fosfolipaze A2 (PLA2) koja se aktivira 

�S�R�Y�H�ü�D�Q�M�H�P���N�R�Q�F�H�Q�W�U�D�F�L�M�H���L�Q�W�U�D�F�H�O�X�O�D�U�Q�R�J���N�D�O�F�L�M�D ���%�|�U�V�F�K�(�+�D�X�E�R�O�G��i sur., 1997). AA se putem 

enzima ciklooksigenaze-1 (COX-1) prevodi u TXA2. TXA2 uz �þ�L�P�E�H�Q�L�N�H���N�R�M�L���V�H���R�W�S�X�ã�W�D�M�X���L�]��

�J�X�V�W�L�K�� �L�� �.-granula �S�R�M�D�þ�D�Y�D�� �S�R�þ�H�W�Q�L�� �D�N�W�L�Y�D�F�L�M�V�N�L�� �V�L�J�Q�D�O�� �W�]�Y����in-side out signalizacijom �þ�L�M�D�� �M�H��

krajnja promjena aktivacija �L�Q�W�H�J�U�L�Q�D���.IIb��3. On, konformacijskom promjenom svoje strukture, 

�R�P�R�J�X�ü�X�M�H�� �Y�L�V�R�N�R�� �D�I�L�Q�L�W�H�W�Q�R�� �Y�H�]�D�Q�M�H�� �I�L�E�U�L�Q�R�J�H�Q�D�� �L��VWF (Bye i sur., 2016) te formiranje 

�S�R�þ�H�W�Q�R�J�� �V�O�R�M�D�� �V�O�L�M�H�S�O�M�H�Q�L�K�� �W�U�R�P�E�R�F�L�W�D�� �Q�D�� �P�M�H�V�W�X�� �R�]�Ojede. Taj primarni sloj trombocita 

�R�P�R�J�X�ü�D�Y�D���I�R�U�P�L�U�D�Q�M�H���N�R�P�S�O�H�N�V�D��protrombinaze (aktivirani faktori �]�J�U�X�ã�D�Y�D�Q�M�D FXa i Va) i 

lokalizaciju koagulacije na mjestu ozlijede. Lokalna sinteza trombina vodi prelasku fibrina iz 

topivog u netopiv oblik i �V�W�Y�D�U�D�Q�M�X���þ�Y�U�V�W�R�J���W�U�R�P�E�D���N�R�M�L���V�S�Uj�H�þ�D�Y�D���G�D�O�M�Q�M�H���N�U�Y�D�U�H�Q�M�H���X���W�N�L�Y�R��te 

�R�P�R�J�X�üuje �]�D�U�D�ã�W�D�Y�D�Q�M�H���R�]�O�M�H�G�H��(Agbani i Poole, 2017). 

1.2.4 Arterijska t romboza  

Za razliku od opisanih procesa u uvjetima �I�L�]�L�R�O�R�ã�N�H�� �K�H�P�R�V�W�D�]�H����na mjestu rupture 

aterosklerotskog plaka (slika 3) dolazi do vezanja �S�R�Y�U�ã�L�Q�V�N�L�K���U�H�F�H�S�W�R�U�D���Q�D��trombocitima za 

subendotel �ã�W�R�� �S�R�N�U�H�ü�H�� �Q�M�L�K�R�Y�X�� �D�N�W�L�Y�D�F�L�M�X ���'�D�Y�u��i Patrono, 2007). �2�Q�D�� �M�H�� �S�R�M�D�þ�D�Qa 

�R�V�O�R�E�D�ÿ�D�Q�M�H�P���L���O�R�N�D�O�Q�R�P���D�N�Xmulacijom topivih agonista trombocita (trombin, ADP, serotonin 

i TXA2���� �ã�W�R�� �X�]�U�R�N�X�M�H�� �G�D�O�M�Q�M�X�� �D�J�U�H�J�D�F�L�M�X�� �W�U�R�P�E�R�F�L�W�D���� �Y�D�]�R�N�R�Q�V�W�U�L�N�F�L�M�X�� �D�U�W�H�U�L�M�D�� �L�� �V�P�D�Q�M�H�Q�M�H��

protoka krvi (Keihanian i sur., 2018). O�S�ü�H je �S�U�L�K�Y�D�ü�H�Q�R���G�D���W�U�R�P�E�R�F�L�W�L��imaju �N�O�M�X�þ�Q�X���X�O�R�J�X���X��

razvoju KVB-a (Bhatt i Topol, 2003). Nekontrolirana aktivacija trombocita dovodi do 

patogeneze prolazne ishemijske atake, nestabilne angine, infarkta miokarda i 

cerebrovaskularnih infarkta (Srivastava i Dash, 2001). Arterijska je tromboza uzrok infarkta 

miokarda (MI) �L�� �P�R�å�G�D�Q�R�J�� �X�G�D�U�D, a arterijski su trombi strukturno bogati trombocitima i 

formiraju se na st�M�H�Q�F�L�� �N�U�Y�Q�H�� �å�L�O�H��ili oko rupture aterosklerotskih plakova. Arterijska se 

tromboza javlja na mjestima visoke brzine protoka (Koupenova i sur., 2017). Hiperaktivnost 

trombocita �S�R�Y�H�]�D�Q�D�� �M�H�� �V�� �þ�L�P�E�H�Q�L�F�L�P�D�� �U�L�]�L�N�D�� �]�D �.�9�%�� ���S�X�ã�H�Q�M�H���� �G�L�M�D�E�H�W�H�V���� �K�L�S�H�U�W�H�Q�]�L�M�D�� �L��

hiperkolesterolemija) (El Haouari i Rosado, 2009). 
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Slika 3. Zdrava arterija i arterija s aterosklerotskim plakom�����S�U�H�X�]�H�W�R���L���S�U�L�O�D�J�R�ÿ�H�Q�R 

(Blausen.com staff and staff, 2014) 

1.2.5 Antiagregacijska terapija 

�'�D�Q�D�ã�Q�M�D�� �W�H�U�D�S�L�M�D�� �W�U�R�P�E�R�]�H�� �P�R�å�H�� �V�H�� �S�R�G�L�M�H�O�L�W�L�� �Q�D�� 1) antikoagulante koji spre�þ�D�Y�D�M�X��

aktivaciju koagulacijske kaskade, 2) antitrombocitne lijekove koji smanjuju agregaciju 

�W�U�R�P�E�R�F�L�W�D�� �L�� �V�W�Y�D�U�D�Q�M�H�� �W�U�R�P�E�D�� �L�� ������ �I�L�E�U�L�Q�R�O�L�W�L�þ�Ne lijekove koji neposredno otapaju stvoreni 

�X�J�U�X�ã�D�N��(Ringleb Peter A., 2006). Antiagregacijska terapija temelj je u �O�L�M�H�þ�H�Q�M�X�� �D�U�W�H�U�L�M�V�N�H��

tromboze a �X�N�O�M�X�þuje aspirin koji ireverzibilno inhibira aktivnost ciklooksigenaze-1 (COX-1) 

u trombocitima i time ometa sintezu arahidonske kiseline (AA), i proizvodnju TXA2 (Patrono, 

1994). Klopidogrel je prolijek antagonist receptora za ADP, P2Y12, i uz njegovu terapijsku 

�S�U�L�P�M�H�Q�X�� �Y�H�]�D�Q�D�� �M�H�� �P�R�J�X�ü�Q�R�V�W�� �V�O�D�E�L�M�H�J�� �L�O�L�� �L�]�R�V�W�D�Q�N�D�� �R�G�J�R�Y�R�U�D�� �Q�D�� �W�H�U�D�S�L�M�X�� �X�V�O�L�M�H�G��genskog 

polimorfizma enzima CYP2C19, koji sudjeluje u njegovoj pretvorbi u djelotvorni metabolit. 

Uz klopidogrel, isti mehanizam djelovanja posjeduje i �S�U�D�V�X�J�U�H�O�����N�R�M�L���L�P�D���P�D�Q�M�H���P�H�W�D�E�R�O�L�þ�N�L�K��

koraka do nastanka aktivnog metabolita te tikagrelor koji ne treba bioaktivaciju za djelovanje 

(Angiolillo, 2012). Oni �S�U�H�G�V�W�D�Y�O�M�D�M�X�� �S�R�E�R�O�M�ã�D�Q�H�� �W�H�U�D�S�L�M�V�N�H�� �R�S�F�L�M�H�� �P�H�K�D�Q�L�]�P�R�P�� �E�O�R�N�D�G�H��

P2Y12 receptora. Nove opcije �O�L�M�H�þ�H�Q�M�D���S�U�H�G�V�W�D�Y�O�M�D�M�X���L���Oijekovi inhibitori integrina �.IIb��3 kao i 

antagonisti receptora za trombin aktiviranih proteazom (PAR).  

�1�D�M�þ�H�ã�ü�H �Q�H�å�H�O�M�H�Q�H�� �U�H�D�N�F�L�M�H��antiagregacijske terapije jesu krvarenja u 

gastrointestinalnom traktu koja se nerijetko zbrinjavaju transfuzijom koncentrata trombocita 

(Gremmel i Panzer, 2017), (Montalescot i Sabatine, 2016). Antiagregacijska terapija 

�L�Q�W�H�Q�]�L�Y�Q�R�� �M�H�� �I�D�U�P�D�N�R�O�R�ã�N�R�� �L�� �N�O�L�Q�L�þ�N�R�� �S�R�G�U�X�þ�M�H�� �J�G�M�H�� �V�P�M�H�U�Q�L�F�H�� �Y�H�]�D�Q�H�� �X�]�� �W�H�U�D�S�L�Mu arterijske 

ishemijske bolesti �Q�D�V�W�R�M�H���S�R�E�R�O�M�ã�D�W�L���W�U�H�Q�X�W�Q�H���P�D�Q�M�N�D�Y�R�V�W�L�����Q�D�M�þ�H�ã�ü�H���S�U�L�P�M�H�Q�R�P���Gvojne terapije 

�N�R�M�D���X�N�O�M�X�þ�X�M�H���G�Y�D���U�D�]�O�L�þ�L�W�D���P�H�K�D�Q�L�]�P�D���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D����primjenjuju se aspirin i 

inhibitori P2Y12), (Wilson i sur., 2017).   
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1.2.6 Mehanizam antiagregacijskog djelovanja flavonoida 

Kompleksnost procesa koji dovode do aktivacije i agregacije trombocita u uvjetima 

�E�L�R�O�R�ã�N�H���K�H�P�R�V�W�D�]�H, �D���S�R�V�H�E�L�F�H���X���S�D�W�R�O�R�ã�N�L�P���V�W�D�Q�M�L�P�D tromboze razlog su �G�D���G�D�Q�D�V���M�R�ã���X�Y�L�M�H�N��

ne postoji adekvatn�D���� �X�þ�L�Q�N�R�Y�L�W�D�� �L�� �Q�H�ã�N�R�G�O�M�L�Y�D antiagregacijska terapija. Iako se razvijaju 

�S�R�E�R�O�M�ã�D�Q�L�� �D�Q�W�Lagregacijski lijekov�L���� �Q�M�L�K�R�Y�� �X�þ�L�Q�D�N�� �Q�D stopu morbiditeta i smrtnosti nije �M�R�ã��

�S�U�H�F�L�]�Q�R���X�W�Y�U�ÿ�H�Q (Davis i sur., 2013).  

S�Y�M�H�W�V�N�D�� �]�G�U�D�Y�V�W�Y�H�Q�D�� �R�U�J�D�Q�L�]�D�F�L�M�D�� ���:�+�2���� �S�U�H�S�R�U�X�þ�L�O�D�� �M�H�� �X�þ�L�Q�N�R�Y�L�W�L�M�H�� �N�R�U�L�ã�W�H�Q�M�H��

ljekovitog bilja u zdravstvenom sustavu (Mohd Nor i sur., 2016). U sklopu prevencije 

�N�D�U�G�L�R�Y�D�V�N�X�O�D�U�Q�L�K�� �E�R�O�H�V�W�L�� �I�O�D�Y�R�Q�R�L�G�L�� �V�H�� �L�V�W�U�D�å�X�M�X�� �L�� �N�D�R�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L�� �V�S�R�M�H�Y�L����Flavonoidi 

pokazuju brojne �E�L�R�O�R�ã�N�H aktivnosti i time ostvaruju mode�O���Y�L�ã�H�V�W�U�X�N�Rg djelovanja koji danas 

koristi i najnoviji pristup u �S�U�H�Y�H�Q�F�L�M�L�� �L�� �O�L�M�H�þ�H�Q�M�X��posljedica koronarne arterijske bolesti 

dvostrukom (aspirin i inhibitori P2Y12) i trostrukom antitrombocitnom terapijom (dvostruka 

uz oralne antikoagulante, OAK) (Golwala i sur., 2018). �0�H�ÿ�X�W�L�P�� mehanizam djelovanja 

�Y�H�ü�L�Q�H��flavonoida �Q�L�M�H���M�R�ã���U�D�]�M�D�ã�Q�M�H�Q (slika 4).  

Brojna �L�V�W�U�D�å�L�Y�D�Q�M�D���W�H�P�H�O�Me svoje rezultate na djelovanju ekstrakta �U�D�]�O�L�þ�L�W�L�K��biljaka gdje 

se tek pretpostavlja njihov sastav flavonoida. Prema Chen i sur. (2015), spojevi iz prirode, koji 

pokazuju antiagregacijska svojstva, �R�V�W�Y�D�U�X�M�X�� �L�K�� �Y�H�ü�L�Q�R�P�� �W�H�P�H�O�M�H�P�� �L�Q�K�L�E�L�F�L�M�H�� �W�U�R�P�E�R�F�L�W�Q�L�K��

�P�H�P�E�U�D�Q�V�N�L�K���S�U�R�W�H�L�Q�D���N�R�M�L���Q�D���W�D�M���Q�D�þ�L�Q���X�W�M�H�þ�X���Q�D���V�L�Q�W�H�]�X���Q�X�N�O�H�R�W�L�G�D���L���$�$���N�D�R���L���Q�D���V�H�N�U�H�F�L�M�X��

granula. �3�U�R�P�D�W�U�D�M�X�ü�L���X�þ�L�Q�N�H pojedinih flavonoida, REGARDS studija u SAD, na oko 20.000 

ispitanika, ispitala je odnos unosa pojedinih vrsta flavonoida i pojavnost �V�U�þ�D�Q�R�J�� �X�G�D�U�D�� �W�H 

dobila jedino za skupinu flavanona obrnutu povezanost koja nije bila uvjetovana spolom, rasom 

niti �J�H�R�J�U�D�I�V�N�L�P���S�R�G�U�X�þ�M�H�P (Goetz i sur., 2016). Ekstrakt Ginko bilobe�����þ�L�M�D���V�H���D�N�W�L�Y�Q�R�V�W���P�R�å�H��

pripisati djelovanju flavonoida, inhibira agregaciju induciranu ADP-om i kolagenom u 

ovisnosti o koncentraciji ekstrakta, te se nakon inkubacije trombocita s ekstraktom mjere 

�V�Q�L�å�H�Q�H��koncentracije TXA2 �L�� �X�Q�X�W�D�U�V�W�D�Q�L�þ�Qe koncentracije Ca2+, te �S�R�Y�L�ã�H�Q�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D��

cAMP (Dutta-Roy i sur., 1999). Ro i sur., (2015) su na �S�R�N�X�V�L�P�D�� �V�D�� �ã�W�D�N�R�U�L�P�D�� �G�R�N�D�]�D�O�L��

djelovanje ekstrakta lupine luka, odnosno prvenstveno kvercetina, na smanjenje koncentracije 

TXA2 putem smanjenja �X�Q�X�W�D�U�V�W�D�Q�L�þ�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���&�D2+, te aktivnosti PLC.  

�8�þ�L�Q�D�N���I�O�D�Y�R�Q�R�L�G�D���R�Y�L�V�D�Q���M�H���L���R���Q�M�L�K�R�Y�R�M���V�W�U�X�N�W�X�U�L����Ravishankar i sur. (2018) u svojem 

�L�V�W�U�D�å�L�Y�D�Q�M�X�� �X�V�S�R�U�H�ÿ�X�M�X�� �X�þ�L�Q�D�N��16 strukturno srodnih hidroksi flavona, metoksi flavona i 

njihovih 4-tio analoga �L���]�D�N�O�M�X�þ�X�M�X���G�D���V�X���X���V�O�X�þ�D�M�X���L�V�We strukture prstena B, hidroksi flavoni (sa 

slobodnim -�2�+���V�N�X�S�L�Q�D�P�D�����X�þ�L�Q�N�R�Y�L�W�L�M�L���R�G���Q�M�L�K�R�Y�L�K���R�G�J�R�Y�D�U�D�M�X�ü�L�K���P�H�W�R�N�V�L���I�O�D�Y�R�Q�D�����V��-OCH3 
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skupinom) iako studija �%�R�M�L�ü��i sur. (2011) �Q�D�Y�R�G�L���S�R�Y�H�ü�D�Q�M�H��antiagregacijskih potencijala O-

metiliranih derivata u usporedbi s njihovim hidroksiliranim analozima.  

Kada se govori o interakciji flavonoida s pojedinim enzimskim putovima u trombocitu, 

�G�R�V�D�G�D�ã�Q�M�D�� �V�D�]�Q�D�Q�M�D�� �R�E�M�H�G�L�Q�M�H�Q�D�� �V�X�� �Q�D�� �V�O�L�F�L��4. �ýini se da je �V�S�H�F�L�I�L�þ�Q�L�� �W�H�P�H�O�M�Q�L�� �P�H�K�D�Q�L�]�D�P�� 

�X�R�E�L�þ�D�M�H�Q���]�D���Y�H�ü�L�Q�X���V�S�R�M�H�Y�D���I�O�D�Y�R�Q�R�L�G�D, inhibicija agregacije djelovanjem na TXA2 (Faggio i 

sur., 2017), ���0�O�D�G���Q�N�D��i sur., 2010) bilo kao antagonist TXA2 (Guerrero i sur., 2005) ili 

inhibicijom enzima COX-1 (Corvazier i Maclouf, 1985). Tian i sur. (2016) ulogu flavonoida 

skutelareina kao potencijalnog inhibitora protein-kinaze C (PKC) potvr�ÿ�X�M�X analizom 

aktivnosti PKC metodom molekulskog sidrenja. �,�V�W�U�D�å�L�Y�D�Q�M�H��Pignatelli i sur., (2000) na 

djelovanju kombinacije katehina i kvercetina na agregaciju, �R�S�D�å�D�M�X���V�Q�D�å�Qu inhibiciju sinteze 

vodikovog peroksida, mobilizacije kalcija i stvaranja PI3 �W�H���]�D�N�O�M�X�þ�X�M�X��da katehin i kvercetin 

�]�D�M�H�G�Q�L�þ�N�L�P�� �G�M�H�O�R�Y�D�Q�M�Hm ostvaruju inhibiciju PLC. Dobrydneva i sur. (1999) u nizu 

eksperimenata �V���R�W�S�X�ã�W�D�Q�M�H�P���N�D�O�F�L�M�D���L�]���X�Q�X�W�D�U�V�W�D�Q�L�þ�Q�L�K���V�N�O�D�G�L�ã�W�D���]�D�N�O�M�X�þ�X�M�H da trans-resveratrol 

uzrokuje inhibiciju Ca2+-kanala na membrani trombocita i �Q�D�� �W�D�M�� �Q�D�þ�L�Q�� �R�V�W�Y�D�U�X�M�H��

�D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L�� �X�þ�L�Q�D�N�� �'�D�Q�D�ã�Q�M�D�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �I�O�D�Y�R�Q�R�L�G�D�� �L�G�X�� �X�� �V�P�M�H�U�X�� �S�R�V�W�L�]�D�Q�M�D�� �Y�L�ã�H�V�W�U�X�N�H��

�X�þ�L�Q�N�R�Y�L�W�R�V�W�L���� �$�X�W�R�U�L��Stylos i sur. (2017) u svojem su eksperimentu modificirali molekulu 

naringenina u �X�þ�L�Q�N�R�Y�L�W�L�M�L �G�H�U�L�Y�D�W���N�R�M�L���R�P�R�J�X�ü�X�M�H���W�U�R�V�W�U�X�N�L���X�þ�L�Q�D�N���G�M�H�O�X�M�X�ü�L na putu aktivacije 

ADP-om, AA i TRAP-6.  

Opisani su �E�U�R�M�Q�L�� �X�W�M�H�F�D�M�L�� �S�U�L�U�R�G�Q�L�K�� �V�S�R�M�H�Y�D�� �Q�D�� �U�D�]�O�L�þ�L�W�H�� �E�L�R�O�R�ã�N�H�� �V�X�V�W�D�Y�H. Ta se 

�V�Y�H�R�E�X�K�Y�D�W�Q�R�V�W�� �R�E�M�D�ã�Q�M�D�Y�D�� �L�� �L�Q�W�H�U�D�N�F�L�M�D�P�D�� �V�� �O�L�S�L�G�L�P�D�� �N�R�M�L�� �V�D�þ�L�Q�M�D�Y�D�M�X�� �E�L�R�P�H�P�E�U�D�Q�H�� �W�H�� �V�H��

upravo interakcija s membranskim lipidima opisuje �N�D�R�� �M�H�G�D�Q�� �R�G�� �Y�D�å�Q�L�K�� �P�H�K�D�Q�L�]�D�P�D����

Kemikalije biljnog podrijetla �X�W�M�H�þ�X�� �Q�D��fizikalno-kemijska svojstva membrane (fluidnost, 

mikroviskoznost�����H�O�D�V�W�L�þ�Q�R�V�W���L���S�U�R�S�X�V�Q�R�V�W) kao �ã�W�R���X�W�M�H�þ�X lijekovi s membranskim djelovanjem 

(Tsuchiya, 2015). Membrana trombocita �L�P�D�� �S�R�V�H�E�Q�X�� �Y�D�å�Q�R�V�W�� �M�H�U�� �M�H osnova njihove 

funkcionalnosti te je promjena njene fluidnosti povezana s promjenama u agregaciji trombocita 

(Rao i White, 1985).  

Eksperimenti na izoliranim trombocitima, plazmi bogatoj trombocitima (engl. platelets 

rich plasma, PRP) i punoj krvi �S�R�W�Y�U�ÿ�X�M�X�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�H�� �X�þ�L�Q�N�H, ali treba naglasiti da se 

�Y�H�ü�L�Q�D���S�R�G�D�W�D�N�D���W�H�P�H�O�M�L��na in vitro studijama dok je broj eksperimenata u �O�M�X�G�L���R�J�U�D�Q�L�þ�H�Q (El 

Haouari i Rosado, 2016). �8�� �L�V�W�U�D�å�L�Y�D�Q�M�X procesa aktivacije trombocita, �E�X�G�X�ü�L�� �V�H�� �U�D�G�L�� �R��

stanicama bez jezgre, �Q�D�M�þ�H�ã�ü�H se koriste modeli s inhibitorima pojedinih enzima ili receptora 

�X�N�O�M�X�þ�H�Q�L�K���X���S�U�L�M�H�Q�R�V���V�L�J�Q�D�O�D���S�U�L�O�L�N�R�P���D�N�W�L�Y�D�F�L�M�H���W�U�R�P�E�R�F�L�W�D���� 
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Slika 4. Opisani mehanizmi antiagregacijskog djelovanja flavonoida na pojednostavljenom prikazu 
signalizacijske kaskade u aktivaciji trombocita potaknutoj �U�D�]�O�L�þ�L�W�L�P���D�J�R�Q�L�V�W�L�P�D agregacije: 1-promjene 
u funkcioniranju membrane, 2 i 3-smanjeno stvaranje ROS i �R�ã�W�H�ü�H�Q�Me membrane, i smanjenje 
�X�Q�X�W�D�U�V�W�D�Q�L�þ�Q�H��koncentracije Ca2+, 4-inhibicija aktivnosti �6�\�N�����)�\�Q���N�L�Q�D�]�H���L���3�/�&��2, 5-inhibicija cAMP 
fosfodiesteraze, 6- inhibicija COX-1, 7-inhibicija sinteze TXA2 ���%�R�M�L�ü���L���V�X�U., 2012)  

  

GP-glikoprotein, PAR-proteinazom aktivirani receptori, PLC-fosfolipaza C, PIP2 �±fosfatidilinozitol bifosfat, IP3-
inozitol trifosfat, DAG-diacilglicerol, PKC-protein kinaza C, ROS-reaktivnih kisikovi spojevi, PLA-fosfolipaza A, PC-
protein kinaza, PI3K-fosfoinozitid 3 kinaza, AC-acetil kolin, ATP-�D�G�H�Q�R�]�L�Q�� �W�U�L�I�R�V�I�D�W���� �F�$�0�3�� �F�L�N�O�L�þ�N�L�� �D�Genozin 
monofosfat, COX-ciklooksigenaza, TxAS-tromboksan A sintetaza, AA-arahidonska kiselina, PGG-prostaglandin 
G 
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1.3 �2�G�U�H�ÿ�L�Y�D�Q�M�H lipofilnosti  spojeva 

1.3.1 Molekulski  deskriptori lipofilnosti  

�3�U�H�P�D���U�M�H�þ�Q�L�N�X �0�H�ÿ�X�Q�D�U�R�G�Q�H���X�Q�L�M�H���]�D���þ�L�V�W�X���L���S�U�L�P�L�M�H�Q�M�H�Q�X���N�H�P�L�M�X�����H�Q�J�O����International 

Union for Pure and Applied Chemistry, IUPAC), lipofilnost predstavlja afinitet molekule za 

�O�L�S�R�I�L�O�Q�R���R�N�U�X�å�H�Q�M�H�� Lipofilnost spoja �X�R�E�L�þ�D�M�H�Q�R se mjeri karakteristikama njegove distribucije 

�X�� �E�L�I�D�]�Q�R�P�� �V�X�V�W�D�Y�X���� �E�L�O�R�� �G�D�� �V�H�� �U�D�G�L�� �R�� �V�X�V�W�D�Y�X�� �W�H�N�X�ü�H-�W�H�N�X�ü�H (npr. n-oktanol:voda) ili kruto-

�W�H�N�X�ü�H (RP-HPLC ili RP-TLC) (Chemistry, 2019). Za procjenu �E�L�R�O�R�ã�N�H�� �D�N�W�L�Y�Q�R�V�W�L��odnosno 

djelotvornosti neke molekule, lipofilnost predstav�O�M�D���M�H�G�Q�X���R�G���Q�D�M�Y�D�å�Q�L�M�L�K���R�V�R�E�L�Q�D, jer svojim 

�D�I�L�Q�L�W�H�W�R�P���]�D���O�L�S�R�I�L�O�Q�L���R�N�R�O�L�ã���P�R�O�H�N�X�O�D���R�O�D�N�ã�D�Y�D���W�U�D�Q�V�S�R�U�W���N�U�R�]���P�H�P�E�U�D�Q�H���X���E�L�R�O�R�ã�N�R�P���V�X�V�W�D�Y�X��

kao i stvaranje kompleksa s veznim mjestom receptora (Rutkowska i sur., 2013).  

Poznavanje lipofil nost �S�R�W�H�Q�F�L�M�D�O�Q�L�K�� �O�L�M�H�N�R�Y�D�� �S�R�P�D�å�H�� �X�� �U�D�]�X�P�L�M�H�Y�D�Q�M�X�� �Q�M�L�K�R�Y�H��

apsorpcije, distribucije, metabolizma, ekskrecije (ADME) �L���W�R�N�V�L�þ�Q�R�V�W�L�����$�'�0�(�7�� (Lombardo 

i sur., 2000). Lipinski i sur. (2001) tvorci su pravila �Äpet�³ koja �S�U�H�G�Y�L�ÿ�D�M�X���G�D���M�H��slaba apsorpcija 

ili prolazak �N�U�R�]�� �V�W�D�Q�L�þ�Q�X�� �P�H�P�E�U�D�Q�X vjerojatniji kod spo�M�H�Y�D�� �V�� �Y�L�ã�H�� �R�G�� �� donora vodikovih 

veza, �Y�L�ã�H���R�G��������akceptora vodikovih veza, ako je molekulska masa �Y�H�ü�D���R�G�������� Da i ako je 

�L�]�U�D�þ�X�Q�D�W�L���O�R�JP �Y�H�ü�L���R�G����, a odnosi se na spojeve koji se ne apsorbiraju aktivnim transportom. 

Prema pravilima, ���� �R�G�� �þ�H�W�L�U�L�� �]�D�K�W�M�H�Y�D�� �P�R�U�D�M�X�� �E�L�W�L�� �]�D�G�R�Y�R�O�M�H�Q�D�� �G�D bi spoj imao dobru 

�E�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W���R�U�D�O�Q�R�P���S�U�L�P�M�H�Q�R�P��  

�0�H�ÿ�X pravila je �X�Y�U�ã�W�H�Q�D�� �L�� �O�L�S�R�I�L�O�Q�R�V�W�� �P�R�O�H�N�X�O�H�� �R�G�Q�R�V�Q�R�� �Q�M�H�Q�D�� �P�M�H�U�D - logaritam 

koeficijenta razdijeljenja P. Razdijeljenje nekog spoja mjeri se u stanju �U�D�Y�Q�R�W�H�å�H �L�]�P�H�ÿ�X��dva 

otapala, vode i organske faze, �Q�D�M�þ�H�ã�ü�H��n-oktanola�����N�R�M�L���V�H���Q�H���P�L�M�H�ã�D�M�X����n-oktanol je standardno 

�N�R�U�L�ã�W�H�Q�R organsko otapalo jer naj�E�R�O�M�H���R�S�R�Q�D�ã�D���S�U�L�U�R�G�X���E�L�R�O�R�ã�N�L�K���P�H�P�E�U�D�Q�D (Hansch i Fujita, 

1964).   

log P = log (Coktanol/Cvoda)   (1) 

�=�O�D�W�Q�L�� �V�W�D�Q�G�D�U�G�� �R�G�U�H�ÿ�L�Y�D�Q�M�D��koeficijenta razdijeljenja je metoda �L�]�P�X�ü�N�D�Y�D�Q�M�D����

U�N�O�M�X�þ�X�M�H�� �P�L�M�H�ã�D�Q�M�H�� �Y�R�G�H�Q�H�� �R�W�R�S�L�Q�H�� �S�R�]�Q�D�W�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �V�S�R�Ma s poznatim volumenom 

organske tvari. �.�D�G�D�� �V�H�� �X�V�S�R�V�W�D�Y�L�� �U�D�Y�Q�R�W�H�å�D����mjeri se ���R�E�L�þ�Q�R�� �V�S�H�N�W�U�R�I�R�W�R�P�H�W�U�L�M�V�N�L�� 

koncentracija spoja koja je zaostala u vodenoj fazi ili koncentracije spoja u organskoj fazi 

(Saghaie i Mostafavi, 2003). Metoda je dugotrajna i zahtjevn�D���� �W�U�D�å�L���Y�H�O�L�N�L volumen uzorka, 

ima stroge zahtjeve �]�D���þ�L�V�W�R�ü�R�P���X�]�R�U�N�D�����W�H��uzak �U�D�V�S�R�Q���P�M�H�U�Q�R�J���S�R�G�U�X�þ�M�D (Rutkowska i sur., 
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2013). Zbog mana metode �L�]�P�X�ü�N�D�Y�D�Q�M�D, �G�D�Q�D�V�� �V�H�� �X�R�E�L�þ�D�M�H�Q�R�� �N�R�H�I�L�F�L�M�H�Q�W�� �U�D�]�G�L�M�H�O�M�H�Q�M�D��

�R�G�U�H�ÿ�X�M�H metodom tankoslojne kromatografije obrnute faze, (engl. reverse phase thin layer 

chromatography RP-TLC) (Biagi i sur., 1975) / �W�H�N�X�ü�L�Q�V�Ne kromatografije visoke 

djelotvornosti (engl. high performance liquid chromatography, HPLC) (Kaliszan i sur., 2002), 

plinskom kromatografijom (Castells, 2004) i potenciometrijski (Barzanti i sur., 2007). 

Tehnika RP-TLC definira kromatografski parametar RM kao vrlo korisnu opisnicu 

lipofilnosti izvedenu �S�R�P�R�ü�X���þ�L�P�E�H�Q�L�N�D���]�D�G�U�å�D�Y�D�Q�M�D RF. 

 

RF=a/b    (2) 

RM=log(1/RF-1)  (3) 

 

U izrazu za RF, a predstavlja udaljenost ispitivane supstancij �H���R�G���P�M�H�V�W�D���Q�D�Q�R�ã�H�Q�M�D�����D��b 

udaljenost fronte smjese otapala koja se koriste za razvijanje kromatograma od mjesta 

�Q�D�Q�R�ã�H�Q�M�D. �3�U�H�G�Q�R�V�W�L�� �X�W�Y�U�ÿ�L�Y�D�Q�M�D�� �S�D�U�D�P�H�W�U�D��RM RP-�7�/�&�� �P�H�W�R�G�R�P�� �X�� �R�G�Q�R�V�X�� �Q�D�� �R�G�U�H�ÿ�L�Y�D�Q�M�H��

logP je brzina �L���H�N�R�Q�R�P�L�þ�Q�R�V�W�� �S�U�H�F�L�]�Q�R�V�W�����U�H�S�U�R�G�X�F�L�E�L�O�Q�R�V�W���P�H�W�R�G�H�����P�R�J�X�ü�Q�R�V�W���Q�D�Q�R�ã�H�Q�M�D��v�L�ã�H��

spojeva odjednom, manja �N�R�O�L�þ�L�Q�D���X�]�R�U�N�D �V���Q�L�å�L�P���]�D�K�W�M�H�Y�L�P�D���]�D���þ�L�V�W�R�ü�X���M�H�U���V�H���Q�H�þ�L�Vt�R�ü�H���P�R�J�X��

izdvojiti kromatografski. Organizacija za ekonomsku suradnju i razvoj (OECD) u svojim 

smjernicama za ispitivanje kemikalija ���³�7�H�V�W���1�R�������������´������������ �R�S�L�V�X�M�H���P�H�W�R�G�X���]�D���R�G�U�H�ÿ�L�Y�D�Q�M�H��

koeficijenta razdijeljenja (logPOW) primjenom RP-HPLC-a. Zbog svojih prednosti, u radovima 

�V�H�� �þ�H�V�W�R�� �5�3-HPLC zamjenjuje RP-TLC �P�H�W�R�G�R�P�� �]�D�G�U�å�D�Y�D�M�X�ü�L�� �L�V�W�H�� �S�U�L�Q�F�L�S�H�� �R�S�L�V�D�Q�H�� �X��

smjernicama OECD-a, RP-18 silika stacionarne faze i �V�D�V�W�D�Y�� �P�R�E�L�O�Q�H�� �I�D�]�H�� �N�R�M�H�� �R�P�R�J�X�ü�X�M�H��

�Q�D�M�Y�H�ü�X���V�H�O�H�N�W�L�Y�Q�R�V�W (Rabtti i sur., 2012).  

Quantitative Structure-Activity Relationships (QSAR) (Leo i sur., 1971) modeliranje 

razvilo se na modelu Structure-Activity Relationships (SAR) �þ�L�M�D���M�H���R�V�Q�R�Y�D analize da kemijska 

�L���I�L�]�L�þ�N�D���V�Y�R�M�V�W�Y�D���P�R�O�H�N�X�O�D���R�G�U�H�ÿ�X�M�X��i �Q�M�L�K�R�Y�R���E�L�R�O�R�ã�N�R�����W�R�N�V�L�N�R�O�R�ã�N�R���L���I�L�]�L�N�D�O�Q�R���S�R�Q�D�ã�D�Q�M�H���X��

�N�R�Q�W�D�N�W�X�� �V�� �E�L�R�O�R�ã�N�L�P�� �Vustavom (McKinney i sur., 2000). QSAR modeliranje je stvaranje 

�P�D�W�H�P�D�W�L�þ�N�R�J���R�G�Q�R�V�D��opisnica molekulske strukture i aktivnosti molekule (Gandhi i Morris, 

2009). Prilikom izrade �W�H�R�U�H�W�V�N�L�K�� �L�]�U�D�þ�X�Q�D vodi se premisom �G�D�� �V�H�� �N�H�P�L�M�V�N�L�� �V�U�R�G�Q�H���� �V�O�L�þ�Q�H, 

�P�R�O�H�N�X�O�H���L�V�W�R���S�R�Q�D�ã�D�M�X. 

�-�H�G�D�Q���R�G���þ�H�V�W�R���S�U�L�P�M�H�Q�M�L�Y�D�Q�L�K���4�6PR modela (kvantitativni odnos struktura i fizikalno 

kemijskih svojstava) je �S�U�H�G�Y�L�ÿ�D�Q�M�H logP vrijednosti. Kreirana je obimna baza 

eksperimentalnih logP za stotine �U�D�]�O�L�þ�L�W�L�K��osnovnih molekula. Njome se nastojalo �ã�W�R���W�R�þ�Q�L�M�H��

odrediti parametre modeliranja dodavanjem podataka o fragmentima molekula za fragmentarni 

pristup �R�G�U�H�ÿ�L�Y�D�Q�M�D��logP. Iz toga je prvo razvijen CLOGP program (Leo i sur., 1975). Daljnji 

razvoj baza vodio je stvaranje �U�D�þ�X�Q�D�O�Q�L�K���S�U�R�J�U�D�P�D���]�D���L�]�U�D�þ�X�Q�����S�U�H�G�Y�L�ÿ�D�Q�M�H�����O�L�S�R�I�L�O�Q�R�V�W�L�����O�R�JP) 

kemijskih spojeva, temeljenih na skupu predefiniranih atoma, fragmenata i njihovog doprinosa 

���.�á�R�V�L���V�N�D-�6�]�P�X�U�á�R��i sur., 2014), (Bennion i sur., 2017) (Daina i sur., 2017).  
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1.3.2 Interakcija  flavonoida s biomembranama 

�&�L�O�M�Q�D���P�M�H�V�W�D���G�M�H�O�R�Y�D�Q�M�D���O�L�M�H�N�R�Y�D���G�R�E�L�Y�H�Q�L�K���L�]���E�L�O�M�D�N�D���Q�D�O�D�]�H���V�H���Q�D���U�D�]�O�L�þ�L�W�L�P���P�M�H�V�W�L�P�D��

�X���V�W�D�Q�L�F�D�P�D���O�M�X�G�V�N�R�J���W�L�M�H�O�D�����2�Q�L���P�R�J�X���G�M�H�O�R�Y�D�W�L���Q�D���U�D�]�L�Q�L���U�D�]�O�L�þ�L�W�L�K���E�L�R�O�R�ã�N�L�K���P�H�P�E�U�D�Q�D�����N�D�R���L 

unutar odjeljaka �R�J�U�D�Q�L�þ�H�Q�Lh membranama (Hendrich, 2006). Studije koje se bave 

mehanizmom djelovanja flavonoida �L�V�W�U�D�å�X�M�X���Q�M�L�K�R�Y�� �V�P�M�H�ã�W�D�M��unutar stanice kao dio 

�R�E�M�D�ã�Q�Menja �ã�L�U�R�N�R�J���V�S�H�N�W�U�D���G�M�H�O�R�Y�D�Q�M�D, a amfipatski karakter potaknulo je brojna �L�V�W�U�D�å�L�Y�D�Q�Ma 

interakcija flavonoida s biomembranama. U radu s izoflavonima i njihovim prenilnim 

derivatima �D�X�W�R�U�L�� �]�D�N�O�M�X�þ�X�M�X��da lipofilniji izof lavoni s prenilnim supstitucijama nalaze svoj 

�V�P�M�H�ã�W�D�M���G�X�E�O�M�H���X���P�H�P�E�U�D�Q�L���Gok se oni �K�L�G�U�R�I�L�O�Q�L�M�L���V�P�M�H�ã�W�D�M�X���Q�D���J�U�D�Q�L�F�L��membrane te da njihova 

�E�L�R�O�R�ã�N�D�� �D�N�W�L�Y�Q�R�V�W�� �R�Y�L�V�L�� �X�S�U�D�Y�R�� �R�� �L�Q�W�H�U�D�N�F�L�M�L�� �R�Q�L�K�� �O�L�S�R�I�L�O�Q�L�M�L�K�� �V�P�M�H�ã�W�H�Q�L�K�� �X�� �M�H�]�J�U�L�� �O�L�S�L�G�Q�R�J��

dvosloja (Hendrich i sur., 2002). Tammela i sur. (2004) promatrali su propusnost jednoslojne 

membrane Caco-2 stanica nakon interakcije s flavonoidima �L�� �]�D�N�O�M�X�þili  da hidroksilacija i 

�S�O�D�Q�D�U�Q�R�V�W���P�R�O�H�N�X�O�D���I�O�D�Y�R�Q�R�L�G�D���Y�R�G�L���M�D�þ�R�M���L�Q�W�H�U�D�N�F�L�M�L���V���M�H�G�Q�R�V�O�R�M�Q�R�P���P�H�P�E�U�D�Q�R�P��i smanjuje 

njihov ulazak u stanice, dok hidrofobniji flavonoidi, kao flavon, ulaze u Caco-2 stanice 

pasivnom difuzijom. Ollila i sur. (2002) su u svom eksperimentu HPLC metodom na 8 

�U�D�]�O�L�þ�L�W�L�K�� �I�O�D�Y�R�Q�R�L�G�D���S�R�Y�H�]�D�O�L�� �Y�H�ü�X�� �U�H�W�H�Q�F�L�M�X�� �I�O�D�Y�R�Q�R�L�G�D �V�� �Y�L�ã�H�� �K�L�G�U�R�N�V�L�O�Q�L�K�� �V�N�X�S�L�Q�D sa 

stacionarnom faz�R�P�� �R�E�O�R�å�H�Q�R�P��1,2-dipalmitoil-sn-glicero-3-fosfokolinom. U pokusu na 

jednolamelarnim vezikulama s �N�D�O�F�H�L�Q�R�P���� �Y�H�ü�X�� �Q�H�V�W�D�E�L�O�Q�R�V�W�� �L�� �L�]�O�D�]�D�N�� �N�D�O�F�H�L�Q�D�� �L�]�� �Y�H�]�L�N�X�O�D, 

izazivali su lipofilniji flavonoidi. 
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Kardiovaskularne bolesti �Y�R�G�H�üi su uzrok morbiditeta i mortaliteta u zemljama razvijenog 

svijeta. Prevencija �N�D�U�G�L�R�Y�D�V�N�X�O�D�U�Q�L�K���E�R�O�H�V�W�L���X�N�O�M�X�þ�X�M�H���S�U�R�P�M�H�Q�X���å�L�Y�R�W�Q�L�K���Q�D�Y�L�N�D���X���S�U�H�K�U�D�Q�L���L��

�W�M�H�O�R�Y�M�H�å�Eu. No, ukoliko to nije dovoljno uvodi se standardizirana terapija, a nerijetko i 

operacijski zahvati. �0�Q�R�J�R�V�W�U�X�N�R�V�W���þ�L�P�E�H�Q�L�N�D koji vode razvoju KVB-a i njihova interakcija 

izazov je za odabir �X�þ�L�Q�N�R�Y�L�W�R�J�� �W�H�U�D�S�L�M�V�N�R�J�� �S�U�L�V�W�X�S�D����Nastanak tromba na mjestu rupture 

aterosklerotskog plaka predstavlja neposrednu opasnost zbog smanjenog protoka kroz krvnu 

�å�L�O�X���L���U�D�]�Y�R�M�D akutnog koronarnog sindroma ili akutne cerebrovaskularne bolesti. U terapijskom 

pristupu KVB-u prisutni su, �P�H�ÿ�X�� �R�V�W�D�O�L�P, antikoagulacijski i antiagregacijskih lijekovi. 

�.�R�P�S�O�H�N�V�Q�R�V�W�� �E�L�R�O�R�ã�N�L�K�� �P�H�K�D�Q�L�]�D�P�D���D�N�W�L�Y�D�F�L�M�H�� �L�� �D�J�U�H�J�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D�� �Q�D�P�H�ü�H��koncept 

�D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�H�� �W�H�U�D�S�L�M�H�� �G�M�H�O�R�Y�D�Q�M�H�P�� �Q�D�� �Y�L�ã�H�� �F�L�O�M�Q�L�K��molekula, te je danas dokazano da je 

terapija dvama �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L�P�� �O�L�M�H�N�R�Y�L�P�D�� �X�V�S�M�H�ã�Q�L�M�D�� �R�G�� �N�R�P�E�L�Q�D�F�L�M�H�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J�� �L��

antikoagulacijskog lijeka. �.�O�D�V�L�þ�Q�D�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�D�� �W�H�U�D�S�L�M�D�� �R�S�W�H�U�H�ü�H�Q�D�� �M�H�� �P�D�Q�M�N�D�Y�R�P��

�G�M�H�O�R�W�Y�R�U�Q�R�ã�ü�X�� �L�� �R�]�E�L�O�M�Q�L�P�� �Q�H�å�H�O�M�H�Q�L�P�� �X�þ�L�Q�F�L�P�D���� �N�D�R�� �ã�W�R�� �V�X�� �N�U�Y�D�U�H�Q�M�D���� �Q�D�M�þ�H�ã�ü�H�� �X��

gastrointestinalni trakt, a iznimno rijetko i ali i puno opasnije, intrakranijalno. Stoga je 

�L�]�Q�D�O�D�å�H�Q�M�H�� �X�þ�L�Q�N�R�Y�L�W�H, a ma�Q�M�H�� �ã�N�R�G�O�M�L�Y�H��antiagregacijske terapije jedan od izazova 

farmaceutske industrije. 

 Flavonoidi su biljni  spojevi zastupljeni u svakodnevnoj prehrani, �N�D�R�� �V�D�V�W�R�M�F�L�� �Y�R�ü�D����

�S�R�Y�U�ü�D, sjemenki, napitaka. �2�W�N�U�L�ü�H�P�� �I�U�D�Q�F�X�V�N�R�J�� �S�D�U�D�G�R�N�V�D���G�H�Y�H�G�H�V�H�W�L�K�� �J�R�G�L�Q�D�� �S�U�R�ã�O�R�J��

�V�W�R�O�M�H�ü�D�����S�R�O�L�I�H�Q�R�O�Q�L���V�S�R�M�H�Y�L�����D���P�H�ÿ�X���Q�M�L�P�D���L���I�O�D�Y�R�Q�R�L�G�L��predstavljeni su kao sastojci prehrane s 

preventivnim �X�þ�L�Q�N�R�P�� �Q�D��pojavnost KVB-a. �2�V�Q�R�Y�D�� �W�R�J�� �E�O�D�J�R�W�Y�R�U�Q�R�J�� �X�þ�L�Q�N�D�� �I�O�D�Y�R�Q�R�L�G�D��

prvenstveno je njihovo protuupalno i antiagregacijsko djelovanje�����D���X���E�U�R�M�Q�L�P���L�V�W�U�D�å�L�Y�D�Q�M�L�P�D��

koja su uslijedila opisuju se �L���G�U�X�J�D���]�Q�D�þ�D�M�Q�D���G�M�H�O�R�Y�D�Q�M�D���N�D�R���ã�W�R���V�X protutumorsko, protuvirusno 

i protualergijsko djelovanje. Antiagregacijsko djelovanje flavonoida je sveobuhvatno. Opisane 

su interakcije flavonoida s enzimima ciklooksigenazom, lipoksigenazom, tirozin-kinazom, 

fosfolipazom koje sudjeluju u procesima aktivacije i agregacije trombocita. No mehanizmom 

�]�D���Y�H�ü�L�Q�X���I�O�D�Y�R�Q�R�L�G�D���Q�L�M�H���M�D�V�Q�R���R�E�M�D�ã�Q�M�H�Q���� 

Za bioaktivnost �V�S�R�M�H�Y�D���R�G���L�]�X�]�H�W�Q�H���M�H���Y�D�å�Q�R�V�W�L��njihova lipofilnost koja �L�P���R�P�R�J�X�ü�X�M�H 

difuziju u stanice kroz lipidni dvosloj bio�O�R�ã�N�L�K��membrana. �7�D�N�R���M�H���S�U�L���S�U�R�F�M�H�Q�L���X�þ�L�Q�N�R�Y�L�W�R�V�W�L��

novih lijekova procjena lipofilnosti nezaobilazan dio QSAR i QSPR modeliranja. �2�þ�H�N�X�M�H���V�H��

da se flavonoidi temeljem svoje strukture �V�P�M�H�ã�W�D�M�X�� �X�� �O�L�S�L�G�Q�L�� �P�H�G�L�M, te da to svojstvo 

pretpostavlja dobar preduvjet za njihovu �R�S�L�V�D�Q�X���E�L�R�O�R�ã�N�X���D�N�W�L�Y�Q�R�V�W���� 
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�+�L�S�R�W�H�]�D�� �R�Y�R�J�� �L�V�W�U�D�å�L�Y�D�Q�M�D pretpostavlja da se sveobuhvatnost antiagregacijskog djelovanja 

flavonoida temelji na tendenciji njihovog �V�P�M�H�ã�W�D�Q�M�D��u lipidni dvosloj membrane trombocita 

zbog svoje lipofilnosti. �7�D�N�Y�L�P�� �V�P�M�H�ã�Wanjem oni smanjuju fluidnost membrane �ã�W�R�� �]�D��

posljedicu ima smanjenu ekspresiju aktivnog oblika receptora integrina �.IIb��3, odnosno 

smanjenje aktivacije i agregacije trombocita. Ovaj mehanizam predstavlja osnovu 

antiagregacijskog djelovanja svim flavonoidima. 

�6�S�H�F�L�I�L�þ�Q�L���F�L�O�M�H�Y�L��ovog rada su: 

1. ispitati �P�R�J�X�ü�Q�R�V�W��interakcije flavonoida s membranom 

a. u�W�Y�U�ÿ�L�Y�D�Q�M�Hm lipofilnost flavonoida temeljem njihovih logaritamskih 

vrijednosti koeficijenta razdijeljenja (logP), 

b. u�W�Y�U�ÿ�L�Y�D�Q�M�Hm ekspresije aktivnog oblika integrina �.IIb��3 prije i nakon 

djelovanja flavonoida; 

2. ispitati sveobuhvatnost djelovanja flavonoida na aktivaciju trombocita u prisustvu 

�V�S�H�F�L�I�L�þ�Qih inhibitora za enzime PLC, COX-1 i inhibitora kalcijevih kanala uz 

�U�D�]�O�L�þ�L�W�H���D�J�R�Q�L�V�W�H���D�J�U�H�J�D�F�L�M�H; 

3. i�V�S�L�W�D�W�L���]�D�M�H�G�Q�L�þ�N�L���X�þ�L�Q�D�N���N�R�P�E�L�Q�D�F�L�M�H���U�D�]�O�L�þ�L�W�L�K���L���L�V�W�L�K���J�U�X�S�D���I�O�D�Y�R�Q�R�L�G�D uz 

�U�D�]�O�L�þ�L�W�H���D�J�R�Q�L�V�W�H��agregacije trombocita.    

 



 

 

3 MATERIJAL I  I METODE  
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3.1 Materijali  

3.1.1 Uzorci krvi  

�8�� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �M�H�� �E�L�O�R�� �X�N�O�M�X�þ�H�Q�R�� �������� �G�R�E�U�R�Y�R�O�M�Q�L�K�� �G�D�Y�D�W�H�O�M�D�� �N�U�Y�L�� ���'�'�.���� �+�U�Y�D�W�V�N�R�J��

zavoda za transfuzijsku medicinu (HZTM). Ispitanici su dali pisani, informirani pristanak prije 

�V�X�G�M�H�O�R�Y�D�Q�M�D���X���L�V�W�U�D�å�L�Y�D�Q�M�X���N�R�M�L�P���V�X���S�R�W�Y�U�G�L�O�L���G�D���V�X���S�U�R�þ�L�W�D�O�L���R�E�D�Y�L�M�H�V�W���]�D���L�V�S�L�W�D�Q�L�N�D�����G�D���V�K�Y�D�ü�D�M�X��

�V�Y�R�M���G�R�S�U�L�Q�R�V���L�V�W�U�D�å�L�Y�D�Q�M�X���L���G�D���Q�L�V�X���Q�D���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�M���W�H�U�D�S�L�M�L�� Po jedan uzorak krvi svakog 

ispitanika prikupljen je u epruvete s podtlakom (4,5 mL) s trinatrijevim-citratom (3,2 %) kao 

antikoagulantom. �6�W�X�G�L�M�D�� �M�H�� �S�U�R�Y�H�G�H�Q�D�� �S�U�H�P�D�� �+�H�O�V�L�Q�ã�N�R�M�� �G�H�N�O�D�U�D�F�L�M�L�� �L�� �X�]�� �R�G�R�E�U�H�Q�M�H�� �(�W�L�þ�N�R�J��

povjerenstva Hrvatskog zavoda za transfuzijsku medicinu i Farmaceutsko-biokemijskog 

fakulteta �6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X. Prilikom obrade rezultata �S�R�ã�W�L�Y�D�Q�D���V�X���S�U�D�Y�L�O�D��Uredbe (EU) 

������������������ �(�X�U�R�S�V�N�R�J�� �S�D�U�O�D�P�H�Q�W�D�� �L�� �9�L�M�H�ü�D�� �R�G�� �������� �W�U�D�Y�Q�M�D�� ������������ �R�� �]�D�ã�W�L�W�L�� �S�R�M�H�G�L�Q�D�F�D�� �X�� �Y�H�]�L�� �V��

obradom osobnih podataka i o slobodnom kretanju takvih podataka te o stavljanju izvan snage 

�'�L�U�H�N�W�L�Y�H���������������(�=�����2�S�ü�D���X�U�H�G�E�D���R���]�D�ã�W�L�W�L���S�R�G�D�W�D�N�D��. 

3.1.2 �3�O�R�þ�H���]�D���W�D�Q�N�R�V�O�R�M�Q�X���N�U�R�P�D�W�R�J�U�D�I�L�M�X�����Ilavonoidi 

�=�D���N�U�R�P�D�W�R�J�U�D�I�V�N�R���U�D�]�G�Y�D�M�D�Q�M�H���I�O�D�Y�R�Q�R�L�G�D���N�R�U�L�ã�W�H�Q�H���V�X���S�O�R�þ�H���5�3-18 F254S HX731629 

(Merck, SAD) s mobilnom fazom: acetonitril: voda: ledena octena kiselina (Kemig, Hrvatska).  

�)�O�D�Y�R�Q�R�L�G�L���X���R�E�O�L�N�X���D�J�O�L�N�R�Q�D���N�R�U�L�ã�W�H�Q�L���X���R�Y�R�P���U�D�G�X���Q�D�Y�H�G�H�Q�L���V�X���X���W�D�E�O�L�F�L������ 
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Tablica 1. �$�J�O�L�N�R�Q�L���I�O�D�Y�R�Q�R�L�G�D���L���Q�M�L�K�R�Y�L���S�U�R�L�]�Y�R�ÿ�D�þ�L 
 �)�O�D�Y�R�Q�R�L�G �3�U�R�L�]�Y�R�ÿ�D�þ 

 �)�O�D�Y�R�Q�L   
�� �)�O�D�Y�R�Q �)�O�X�N�D�����1�M�H�P�D�þ�N�D 
�� �����K�L�G�U�R�N�V�L�I�O�D�Y�R�Q �&�K�U�R�P�D�'�H�[�����6�$�' 
�� �����K�L�G�U�R�N�V�L�I�O�D�Y�R�Q �&�K�U�R�P�D�'�H�[�����6�$�' 
�� �7�D�Q�J�H�U�H�W�L�Q �%�L�R�&�K�H�P�L�N�D�����â�Y�L�F�D�U�V�N�D 
�� �7�H�N�W�R�N�U�L�]�L�Q �(�[�W�U�D�V�\�Q�W�K�H�V�H�����)�U�D�Q�F�X�V�N�D 
�� �.�U�L�]�L�Q���G�L�P�H�W�L�O�H�W�H�U �(�[�W�U�D�V�\�Q�W�K�H�V�H�����)�U�D�Q�F�X�V�N�D 
�� �.�U�L�]�L�Q�� �)�O�X�N�D�����1�M�H�P�D�þ�N�D 
�� �$�N�D�F�H�W�L�Q �%�L�R�&�K�H�P�L�N�D�����â�Y�L�F�D�U�V�N�D 
�� �'�L�R�V�P�H�W�L�Q �(�[�W�U�D�V�\�Q�W�K�H�V�H�����)�U�D�Q�F�X�V�N�D 
���� �$�S�L�J�H�Q�L�Q �)�O�X�N�D�����1�M�H�P�D�þ�N�D 
���� �/�X�W�H�R�O�L�Q �(�[�W�U�D�V�\�Q�W�K�H�V�H�����)�U�D�Q�F�X�V�N�D 

 �)�O�D�Y�R�Q�R�O�L   
���� ���������G�L�K�L�G�U�R�N�V�L�I�O�D�Y�R�Q �&�K�U�R�P�D�'�H�[�����6�$�' 
���� ���������G�L�K�L�G�U�R�N�V�L�I�O�D�Y�R�Q �&�K�U�R�P�D�'�H�[�����6�$�' 
���� �*�D�O�D�Q�J�L�Q �6�L�J�P�D���$�O�G�U�L�F�K�����â�Y�L�F�D�U�V�N�D 
���� �5�D�P�Q�H�W�L�Q �%�L�R�&�K�H�P�L�N�D�����â�Y�L�F�D�U�V�N�D 
���� �,�]�R�U�D�P�Q�H�W�L�Q �%�L�R�&�K�H�P�L�N�D�����â�Y�L�F�D�U�V�N�D 
���� �.�Y�H�U�F�H�W�L�Q� �6�L�J�P�D���$�O�G�U�L�F�K�����â�Y�L�F�D�U�V�N�D 

 �)�O�D�Y�R�Q�R�Q�L   
���� �3�L�Q�R�F�H�P�E�U�L�Q�������P�H�W�L�O�H�W�H�U �(�[�W�U�D�V�\�Q�W�K�H�V�H�����)�U�D�Q�F�X�V�N�D 
���� �3�L�Q�R�F�H�P�E�U�L�Q �(�[�W�U�D�V�\�Q�W�K�H�V�H�����)�U�D�Q�F�X�V�N�D 
���� �+�H�V�S�H�U�H�W�L�Q �6�L�J�P�D���$�O�G�U�L�F�K�����â�Y�L�F�D�U�V�N�D 
���� �)�O�D�Y�D�Q�R�Q �6�L�J�P�D���$�O�G�U�L�F�K�����â�Y�L�F�D�U�V�N�D 

*u obliku kvercetin-dihidrata 

Standardi flavonoida pripremljeni su �X���������Q���U�D�]�U�M�H�ÿ�H�Q�M�X��u dimetil-sulfoksidu (DMSO, Sigma-

�$�O�G�U�L�F�K�����â�Y�L�F�D�U�V�N�D�����X���U�D�V�S�R�Q�X���N�R�Q�F�H�Q�W�U�D�F�L�M�D���R�G��488 mM do 62 nM.  

3.1.3 Agonisti impedancijske agregometrije 

Agonisti za impedancijsku agregometriju: adenozin-difosfat (ADP), kolagen, TRAP-6 

(engl. thrombin receptor activator peptide 6), arahidonska kiselina (AA) i ristocetin nabavljeni 

�V�X���R�G���W�Y�U�W�N�H���5�R�F�K�H���'�L�D�J�Q�R�V�W�L�F�V�����1�M�H�P�D�þ�N�D��, a �I�L�]�L�R�O�R�ã�Na otopina s kalcijevim-kloridom (0,9 % 

NaCl s 0,003 M CaCl2) iz HZTM (Hrvatska). Indometacin koji je inhibitor ciklooksigenaze 

(COX) i verapamil koji je blokator kalcijevih kanala, nabavljeni su od Acros Organics (Thermo 
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Fisher Scientific, Belgija), a inhibitor fosfolipaze C (PLC), U-73122, od Sigma Aldrich 

���â�Y�L�F�D�U�V�N�D������ 

3.1.4 �)�O�X�R�U�H�V�F�H�Q�W�Q�D���D�Q�W�L�W�L�M�H�O�D���]�D���S�U�R�W�R�þ�Q�X���F�L�W�R�P�H�W�U�L�M�X�����S�O�D�]�P�D���E�R�J�D�W�D���W�U�R�P�E�R�F�L�W�L�P�D 

Broj trombocita u plazmi bogatoj trombocitima (engl. platelet rich plasma, PRP) 

�R�G�U�H�ÿ�H�Q�� �M�H�� �Q�D���K�H�P�D�W�R�O�R�ã�N�R�P�� �E�U�R�M�D�þ�X�� �$�'�9�,�$�� ���6�L�H�P�P�H�Q�V���� �1�M�H�P�D�þ�N�D��. PBS, pH 7,4 (engl. 

phosphate buffered saline, f�R�V�I�D�W�Q�R�� �S�X�I�H�U�L�U�D�Q�D�� �I�L�]�L�R�O�R�ã�N�D�� �R�W�R�S�L�Q�D) pripremljen u HZTM 

�N�R�U�L�ã�W�H�Q�� �M�H�� �]�D�� �S�R�G�H�ã�D�Y�D�Q�M�H�� �E�U�R�M�D�� �W�U�R�P�E�R�F�L�W�D�� �S�U�L�M�H�� �L�V�S�L�W�L�Y�D�Q�M�D�� �Q�D�� �S�U�R�W�R�þ�Q�R�P�� �F�L�W�R�P�H�W�U�X���� �$nti-

integrinsko �.IIb��3 protutijelo (PAC-������ �R�E�L�O�M�H�å�H�Q�R fluorescein-izotiocijanatom (FITC) za 

�S�U�D�ü�H�Q�M�H�� �D�N�W�L�Y�Q�R�J�� �R�E�O�L�N�D�� �W�U�R�P�E�R�F�L�W�Q�R�J�� �U�H�F�H�S�W�R�U�D�� �]�D�� �I�L�E�U�L�Q�R�J�H�Q, anti-�&�'������ �R�E�L�O�M�H�å�H�Q�R 

fikoeritrinom (PE) �]�D�� �R�E�L�O�M�H�å�D�Y�D�Q�M�H�� �S�R�S�X�O�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D, �L�]�R�W�L�S�V�N�H�� �N�R�Q�W�U�R�O�H�� �]�D�� �S�U�D�ü�H�Q�M�H��

pozadinskog signala, �P�L�ã�M�L���,�J�0�����N���L�]�R�W�L�S �R�]�Q�D�þ�H�Q��FITC-om �L���P�L�ã�M�L���,�J�*�������N���L�]�Rtip�����R�]�Q�D�þ�H�Q PE-

om kupljeni su od Becton Dickinson (SAD): �$�Q�D�O�L�]�D�� �W�U�R�P�E�R�F�L�W�D�� �S�U�R�W�R�þ�Q�R�P�� �F�L�W�R�P�H�W�U�L�M�R�P��

prevedena su na �X�U�H�ÿ�D�M�X��FC500, Beckman Coulter (Francuska). 
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3.2 Metode 

3.2.1 Obrnuto fazna tankoslojna kromatografija  

Dvadeset i jedan flavonoid analiziran je tankoslojnom kromatografijom obrnutih faza 

(RP-TLC). �1�D�� �V�W�D�N�O�H�Q�R�M�� �S�O�R�þ�L�� �S�U�H�V�Y�X�þ�H�Q�R�M�� �V silika-gelom modificiranim s alifatskim 

ugljikovodicima RP-18 �S�R�Y�H�ü�Dva se �P�R�ü���U�D�]�G�Y�D�M�D�Q�M�D �R�Y�L�V�Q�R���R���G�X�O�M�L�Q�L���D�O�L�I�D�W�V�N�R�J���O�D�Q�F�D���þ�L�P�H���V�H��

�X�W�M�H�þ�H�� �Q�D���]�D�G�U�å�D�Y�D�Q�M�H nanesenih spojeva ovisno o sastavu mobilne faze i udjelu vode. 

�0�R�G�L�I�L�F�L�U�D�Q�L���V�L�O�L�N�D���J�H�O���M�H���S�U�H�V�Y�X�þ�H�Q���I�O�X�R�U�H�V�F�H�Q�W�Q�L�P���L�Q�G�L�N�D�W�R�U�R�P���)�������V. �.�R�U�L�ã�W�H�Q�D���M�H��mobilna 

faza sastava: acetonitril : voda : ledena octena kiselina u omjeru 66:33:1 (v/v/v). Mrlje su 

detektirane temeljem ga�ãenja fluorescencije indikatora pod UV svijetlom na 254 nm. 

Vrijednosti �þ�L�P�E�H�Q�L�N�D���]�D�G�U�å�D�Y�D�Q�M�D RF �]�D���V�Y�D�N�L���I�O�D�Y�R�Q�R�L�G���L�]�U�D�þ�X�Q�D�W�H���V�X���S�U�H�P�D���I�R�U�P�X�O�L���� 

RF =a/b 

gdje je a udaljenost spoja od starta, a b udaljenost otapala od starta. 

 

Temeljem eksperimentalnih vrijednosti RF �L�]�U�D�þ�X�Q�D�W�H���V�X���Y�U�L�M�H�G�Q�R�V�W�L���Kidrofobnog parametra iz 

tankoslojne kromatografije RM prema formuli (Bate-Smith i Westall, 1950): 

RM = log (1 / RF - 1). 

3.2.2 �,�]�U�D�þ�X�Q���W�H�R�U�H�W�V�N�R�J logP  

�,�]�U�D�þ�X�Q teoretskog koeficijenta razdijeljenja (logP) za spojeve iz tablice 1. proveden je 

�S�R�P�R�ü�X��dostupnih internetskih aplikacija Chemicalize, ChemSketch, Molinspiration i 

SwissADME. Aplikacija Chemicalize (c)logP koja se koristi s Chemaxon/Chemicalize 

�S�R�V�O�X�å�L�W�H�O�M�D temelji se na bazi unaprijed definiranih fragmenata uz nekoliko prilagodbi. 

ChemSketch program konstrukcijskim pristupom koristi vrijednosti osnovnih fragmenata 

spojeva dobivenih iz izmjerenih logP jednostavnih molekula, te uz to konstruira ostatak 

fragmenta (Kujawski i sur., 2012). Metoda Molinspiration (miLogP�����]�D���S�U�H�G�Y�L�ÿ�D�Q�M�H��logP je 

temeljena na doprinosima fragmenata koji su dobiveni �X�Q�R�V�R�P���Y�L�ã�H���R�G 12.000 molekula nalik 

lijekovima s eksperimentalnim logP podacima te se rezultat dobiva kao zbroj doprinosa 

fragmenata uz faktor korekcije (Bennion i sur., 2017). SwissADME �L�]�U�D�þ�X�Q�D�Y�D�� �O�R�JP na pet 

�U�D�]�O�L�þ�L�W�L�K�� �Q�D�þ�L�Q�D�� �L�� �L�]�U�D�å�D�Y�D�� �Q�M�L�K�R�Y�X�� �N�R�Q�V�H�Q�]�X�V�� �O�R�JP vrijednost: XLOGP3 koristi atomsku 
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metodu koja �R�E�X�K�Y�D�ü�D �N�R�U�H�N�F�L�M�V�N�H���I�D�N�W�R�U�H���L���N�Q�M�L�å�Q�L�F�H���]�Q�D�Q�M�D����WLOGP predstavlja originalnu 

�L�P�S�O�H�P�H�Q�W�D�F�L�M�X���þ�L�V�W�H���D�W�R�P�V�N�H���P�H�W�R�G�H��bazirane na fragmentarnom sustavu, MLOGP je �S�U�H�W�H�þ�D 

�W�R�S�R�O�R�ã�N�H�� �P�H�W�R�G�H�� �N�R�M�D�� �R�Y�L�V�L�� �R�� �O�L�Q�H�D�U�Q�R�M�� �S�R�Y�H�]�D�Q�R�V�W�L�� �V�D�� ������ �L�P�S�O�H�P�H�Q�W�L�U�D�Q�L�K�� �G�H�V�N�U�L�S�W�R�U�D����

SILICOS-IT je �K�L�E�U�L�G�Q�D���P�H�W�R�G�D���N�R�M�D���M�H���Y�H�]�D�Q�D���X�]���������I�U�D�J�P�H�Q�D�W�D���L�������W�R�S�R�O�R�ã�N�L�K���G�H�V�N�U�L�S�W�R�U�D���L��

iLOGP koju je SwissADME sam razvio i koja ovisi o slobodnoj energiji otapanja u n-oktanolu 

�L���Y�R�G�L���L�]�U�D�þ�X�Q�D�W�R�M���S�U�H�P�D���P�R�G�H�O�X���H�Q�J�O����Generalized-Born and solvent accessible surface area 

(GB/SA) (Daina i sur., 2017).  

3.2.3 �8�W�Y�U�ÿ�L�Y�D�Q�M�H���R�G�Q�R�V�D���H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�L�K���L���U�D�þ�X�Q�D�O�Q�L�K���S�D�U�D�P�H�W�D�U�D���O�L�S�R�I�L�O�Q�R�V�W�L  

�3�U�R�F�M�H�Q�D�� �X�V�S�M�H�ã�Q�R�V�W�L�� �S�U�R�J�U�D�P�D Chemicalize, ChemSketch, Molinspiration i 

SwissADME �X�� �W�H�R�U�H�W�V�N�R�P�� �R�G�U�H�ÿ�L�Y�D�Q�M�X�� �O�L�S�R�I�L�O�Q�R�V�W�L�� �V�S�R�M�H�Y�D�� �S�U�R�Y�H�G�H�Q�D�� �M�H�� �R�G�U�H�ÿ�L�Y�D�Q�M�H�P��

koeficijenta korelacije za RM i logP vrijednosti flavonoida iz Tablice 1. Korelacija je ispitivana 

�]�D���J�U�X�S�X���R�G���������I�O�D�Y�R�Q�R�L�G�D���V���S�R�M�H�G�L�Q�D�þ�Q�L�P���U�H�]�X�O�W�D�W�L�P�D���]�D���V�Y�D�N�X���S�U�R�J�U�D�P�V�N�X���D�S�O�L�N�D�F�L�M�X���]�D�V�H�E�Q�R���� 

3.2.4 �8�W�Y�U�ÿ�L�Y�D�Q�M�H���R�G�Q�R�V�D���S�D�U�D�P�H�W�D�U�D���O�L�S�R�I�L�O�Q�R�V�W�L���L��MINaAC 

Procjena povezanosti �W�H�R�U�H�W�V�N�L�� �S�U�H�G�Y�L�ÿ�Hne lipofilnosti s �H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�R�� �R�G�U�H�ÿ�H�Qim 

vrijednostima MINaAC za flavonoide iz t�D�E�O�L�F�H�� ���� �S�U�R�Y�H�G�H�Q�D�� �M�H�� �R�G�U�H�ÿ�L�Y�D�Q�M�H�P�� �N�R�H�I�L�F�L�M�H�Q�W�D��

korelacije. �.�R�U�H�O�D�F�L�M�D���M�H�� �L�V�S�L�W�L�Y�D�Q�D���]�D���J�U�X�S�X���R�G�������� �I�O�D�Y�R�Q�R�L�G�D���V���S�R�M�H�G�L�Q�D�þ�Q�L�P���U�H�]�X�O�W�D�W�L�P�D���]�D 

logP za svaku programsku aplikaciju zasebno, za sve flavonoide i klase flavonoida. Vrijednosti 

MINaAC uz agonist ADP za sve flavonoide osim flavanona preuzete su iz rada �%�R�M�L�ü��i sur. 

(2011). 

3.2.5 Impedancijska agregometrija 

Impedancijska agregometrija prvi put je opisana u metodi Cardinal i Flower, (1980) i 

od tad se koristi za procjenu funkcije trombocita u punoj krvi kao �Q�M�L�K�R�Y�R�P�� �I�L�]�L�R�O�R�ã�N�R�P��

�R�N�U�X�å�H�Q�M�X. Pretpostavka je ove metode da trombociti nisu trombogeni u svom relaksiranom 

obliku, ali aktivirani �L�]�O�D�å�X��receptore na svojoj �S�R�Y�U�ã�L�Q�L��kojima se �Y�H�å�X���Q�D���Y�D�V�N�X�O�D�U�Q�D���R�ã�W�H�ü�H�Q�M�D 

�L�� �X�P�M�H�W�Q�H�� �S�R�Y�U�ã�L�Q�H (Cardinal i Flower, 1980). Reakcija Multiplate�Š metode (Roche 

�'�L�D�J�Q�R�V�W�L�F�V�����1�M�H�P�D�þ�N�D�� odvija se na �X�U�H�ÿ�D�M�X u jednokratnim ispitnim kivetama s dvostrukom 

�V�H�Q�]�R�U�V�N�R�P���M�H�G�L�Q�L�F�R�P���X�]���P�L�M�H�ã�D�Q�M�H���P�D�J�Q�H�W�R�P���R�E�O�R�å�H�Q�L�P���W�H�I�O�R�Q�R�P (slika 5), na temperaturi 
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od 37 �ƒ�&�� �1�D�þ�H�O�R metode je agregacija trombocita na metalnim elektrodama nakon aktivacije. 

Elektrode �V�X�� �L�]�U�D�ÿ�H�Q�H�� �R�G�� �Y�L�V�R�N�R vodljivog bakra���� �R�E�O�R�å�H�Qog srebrom. Prianjanje aktiviranih 

trombocita na elektrod�H���V�W�Y�D�U�D���H�O�H�N�W�U�L�þ�Q�L���R�W�S�R�U���þ�L�M�H���V�H���S�R�Y�H�ü�D�Q�M�H���N�R�Q�W�L�Q�X�L�U�D�Q�R���P�M�H�U�L (slika 6).  

 

 

  
Slika 5. Ispitne kivete �0�X�O�W�L�S�O�D�W�H�� �X�U�H�ÿ�D�M�D�� ���+�=�7�0���� �2�G�M�H�O�� �]�D�� �W�U�R�P�E�R�F�L�W�Q�X��i leukocitnu 
dijagnostiku i hemostazu) 
 

 

 

 

Slika 6. �1�D�þ�H�O�R impedancijske agregometrije: nakon aktivacije trombociti se lijepe na metalne 
elektrode �ã�W�R���Y�R�G�L���S�R�Y�H�ü�D�Q�M�X���H�O�H�N�W�U�L�þ�Q�R�J���R�W�S�R�U�D ���X�S�X�W�V�W�Y�D���]�D���X�S�R�W�U�H�E�X���X�U�H�ÿ�D�M�D���0�X�O�W�L�S�O�D�W�H����
HZTM, Odjel za trombocitnu i leukocitnu dijagnostiku i hemostazu) 

 
Promjena impedancije mjeri se u arbitrarnim jedinicama (AU), a �J�U�D�I�L�þ�N�L���M�H���S�U�L�N�D�]�D�Q�D��

�N�D�R���S�R�Y�U�ã�L�Q�D���L�V�S�R�G���N�U�L�Y�X�O�M�H�����$�8�&�� (slika 7).  

 

Metalne elektrode 

Metalne elektrode 

Relaksirani trombociti 

Aktivirani trombociti 
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Slika 7. �3�R�Y�H�ü�D�Q�M�H���H�O�H�N�W�U�L�þ�Q�R�J���R�W�S�R�U�D���W�L�M�H�N�R�P���Y�U�H�P�H�Q�D���S�U�L�N�D�]�D�Q�R���N�D�R  
p�R�Y�U�ã�L�Q�D���L�V�S�R�G���N�U�L�Y�X�O�M�H u AU (arbitrarne jedinice) (rezultati autorice) 

 

Metoda koristi dva para elektroda �N�D�N�R���E�L���P�M�H�U�H�Q�M�H���E�L�O�R���W�R�þ�Q�L�M�H����Pearsonov koeficijent 

�N�R�U�H�O�D�F�L�M�H���L�]�U�D�þ�X�Q�D�Y�D���V�H��za rezultate prikupljene s oba senzora te ako je koeficijent korelacije 

�Q�L�åi od 0,98 �V�R�I�W�Y�H�U���X�S�R�]�R�U�D�Y�D���Q�D���O�R�ã�L�M�X���N�Y�D�O�L�W�H�W�X���U�H�]�X�O�W�D�W�D���L���Q�X�G�L���R�G�E�D�F�L�Y�D�Q�M�H���U�H�]�X�O�W�D�W�D���L�V�W�R���N�D�R��

i u sl�X�þ�D�M�X���G�D���V�H���$�8�&���Y�U�L�M�H�G�Q�R�V�W�L���U�D�]�O�L�N�X�M�X���Y�L�ã�H��od 20 %. Uzorci krvi su analizirani unutar 3 

�V�D�W�D���R�G���Y�D�ÿ�H�Q�M�D�����0�X�O�W�L�S�O�D�W�H���X�U�H�ÿ�D�M���X���U�X�W�L�Q�V�N�R�P���U�D�G�X���S�U�L�N�D�]�D�Q���M�H���Q�D���V�O�L�F�L��8. 

 

Slika 8. �0�X�O�W�L�S�O�D�W�H���X�U�H�ÿ�D�M���X���U�X�W�L�Q�V�N�R�P���U�D�G�X (HZTM, Odjel za 
trombocitnu i leukocitnu dijagnostiku i hemostazu) 
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3.2.5.1 �2�G�U�H�ÿ�L�Y�D�Q�M�H MINaAC flavanona 

Minimalna antiagregacijska koncentracija (MINaAC) flavanona �R�G�U�H�ÿ�H�Q�D�� �M�H�� �X��

prisutnosti agonista TRAP-6, ADP, kolagena, AA i ristocetina prema metodi �%�R�M�L�ü��i sur., 

(2011). Tom metodom ispitivao se stupanj agregacije nakon djelovanja niza koncentracijskih 

standarda flavanona (488-0,062 �—�0���� �X�� �R�G�Q�R�V�X�� �Q�D�� �U�H�]�X�O�W�D�W�H�� �D�J�U�H�J�D�F�L�M�H�� �]�D�� �X�]�R�U�D�N�� �Q�H�J�D�W�L�Y�Q�H��

kontrole, tretiran samo otapalom (DMSO). U tu svrhu koristio se originalni Multiplate�Š 

�S�U�R�W�R�N�R�O�� �]�D�� �X�W�Y�U�ÿ�L�Y�D�Q�M�H�� �Q�H�R�V�M�H�W�O�M�L�Y�R�V�W�L�� �W�U�R�P�E�R�F�L�W�D�� �Q�D�� �W�H�U�D�S�L�M�X�� �D�F�H�W�L�O salicilnom kiselinom, uz 

agonist arahidonsku kiselinu; ASPI-ASA test. Prema analogiji djelovanja umjesto 

acetilsalicilne kiseline, u uzorak pune krvi dodaje se flavonoid koji se ispituje, a osim AA kao 

agonist dodavani su i TRAP-6, ADP, kolagen i ristocetin. 

Protokol je opisan u tablici 2. 

 

Tablica 2. Protokol za ASPI-ASA test Multiplate�Š-flavanon MINaAC 
ASPI-ASA test Multiplate�Š 

�I�L�]�L�R�O�R�ã�N�D���R�W�R�S�L�Q�D���V��kalcijevim-kloridom 

(0,9% NaCl s 0,003 M CaCl2) prethodno 

�]�D�J�U�L�M�D�Q�D���Q�D���������ƒ�& 

���������—�/ 

R1* �������—�/ 

Uzorak pune krvi (18-25 �ƒ�&�� ���������—�/ 

Inkubacija 180 s 

Agonist** �������—�/ 

Mjerenje agregacije 6 min 

��I�O�D�Y�D�Q�R�Q�����N�R�Q�D�þ�Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D��������-�������������0�������'�0�6�2�����N�R�Q�D�þ�Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D���������� 
**  �.�R�Q�D�þ�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H������,3 �—M ADP, 3,�����—�J���P�/���N�R�O�D�J�H�Q�D�����������—�0���7�5�$�3-6, 0,�������—�0���$�$������,3 
mg/mL ristocetina 
 

Nakon dodatka agonista Multiplate�Š �X�U�H�ÿ�D�M���E�L�O�M�H�å�L���U�D�V�W���L�P�S�H�G�D�Q�F�L�M�H���W�L�M�H�N�R�P�������P�L�Q�X�W�D���X��

�R�E�O�L�N�X���S�R�Y�U�ã�L�Q�H���L�V�S�R�G���N�U�L�Y�X�O�M�H���L�]�U�D�å�H�Q�H���X��AU jedinicama. MINaAC �M�H���R�G�U�H�ÿ�H�Qa �N�D�R���V�W�D�W�L�V�W�L�þ�N�L��

�]�Q�D�þ�D�M�Q�D���U�D�]�O�L�N�D���U�H�]�X�O�W�D�W�D���P�M�H�U�H�Q�M�D���X tri neovisna uzorka; za uzorak s flavanonom i uzorak s 

DMSO (negativna kontrola), prema �J�U�D�I�L�þ�N�R�P���S�U�L�N�D�]�X��na slici 9. 
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Slika 9. Opis postupka. Izmjerena je agregacija uzorka s otapalom, DMSO (AUC0) i s flavonoidom 
(AUC1) Ukoliko je razlika re�]�X�O�W�D�W�D�� �D�J�U�H�J�D�F�L�M�H�� �E�L�O�D�� �Y�H�ü�D�� �R�G��5% �P�M�H�U�L�O�D�� �V�H�� �D�J�U�H�J�D�F�L�M�D�� �]�D�� �M�R�ã�� �G�Y�D��
neovisna uzorka. �8���V�O�X�þ�D�M�X���G�D���M�H���U�D�]�O�L�N�D���U�H�]�X�O�W�D�W�D���D�J�U�H�J�D�F�L�M�H���E�L�O�D����������u ponovljeni postupak se uzimala 
�G�Y�R�V�W�U�X�N�R�� �Y�H�ü�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �I�O�D�Y�R�Q�R�L�G�D�� �R�G�� �S�R�þ�H�W�Q�H�� �.�D�G�D�� �V�H�� �G�R�E�L�M�H�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�R (t-test) 
smanjenje agregacije za promatranu koncentraciju u usporedbi s rezultatima agregacije za uzorak s 
DMSO, promatrana koncentracija smatra se minimalnom antiagregacijskom koncentracijom 
(MINaAC). Crvena i plava linija na grafu predstavljaju dva usporedna mjerenja u istom uzorku. Ukoliko 
je �R�W�N�O�R�Q�� �L�]�P�H�ÿ�X�� �G�Y�D�� �P�M�H�U�H�Q�M�D�� �Y�H�ü�L�� �R�G��2������ �S�R�M�D�Y�O�M�X�M�H�� �V�H�� �X�S�R�]�R�U�H�Q�M�H�� �R�� �O�R�ã�L�M�R�M�� �N�Y�D�O�L�W�H�W�L�� �P�M�H�U�H�Q�M�D��i 
mjerenje se treba ponoviti ���%�R�M�L�ü i sur., 2011).  

3.2.5.2 Ispitivanje utjecaja kombinacija lijekova i flavonoida na MINaAC 

Ispitivanje agregacije nakon djelovanja flavanona i inhibitornih supstanci U-73122, 

indometacina te verapamila provodilo se uz manju izmjenu u volumenu R1 (flavanon, DMSO, 

inhibitorni spojevi) prema protokolu u Tablici 3.  
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Tablica 3. Protokol za ASPI-ASA test Multiplate�Š-�]�D�M�H�G�Q�L�þ�N�R���G�M�H�O�R�Y�D�Q�M�H���I�O�D�Y�D�Q�R�Q�D���L���L�Q�K�L�E�L�W�R�U�D��
agregacije 

ASPI-ASA test Multiplate�Š 

�I�L�]�L�R�O�R�ã�N�D���R�W�R�S�L�Q�D���V���N�D�O�F�L�M�H�Y�L�P-kloridom 

(0,9 % NaCl s 0,003 M CaCl2) prethodno 

�]�D�J�U�L�M�D�Q�D���Q�D���������ƒ�& 

���������—�/ 

R1* 5 �—�/ 

0,9 % NaCl 15 �—�/ 

Uzorak pune krvi (18-25 �ƒ�&�� ���������—�/ 

Inkubacija 180 s 

Agonist �������—�/ 

Mjerenje agregacije 6 min 

*flavanon, DMSO, U731229, indometacin, verapamil�����N�R�Q�D�þ�Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D���'�0�6�2�������� % 
**  �.�R�Q�D�þ�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H������,�����—�0���$�'�3�����������—�0���7�5�$�3-6 
 

�6�P�D�Q�M�H�Q�M�H�P���Y�R�O�X�P�H�Q�D���5�����S�R�V�W�L�J�Q�X�W�D���M�H���N�R�Q�D�þ�Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�X���R�W�D�S�D�O�D���'�0�6�2���R�G�������� 

% koja nije utjecala na agregaciju trombocita u reakcijama sa spojevima inhibitorima. 

�$�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�� �G�M�H�O�R�Y�D�Q�M�H���I�O�D�Y�D�Q�R�Q�D�� �L�� �L�Q�K�L�E�L�W�R�U�D�� �X�� �S�U�L�V�X�V�W�Y�X�� �U�D�]�O�L�þ�L�W�L�K�� �D�J�R�Q�L�V�W�D���D�J�U�H�J�D�F�L�M�H����

TRAP-6 kao jakog agonista i ADP-a kao slabog agonista ispitano je u kombinacijama 

navedenim u tablici 4. 

Tablica 4. Koncentracija �V�S�R�M�H�Y�D���N�R�U�L�ã�W�H�Q�L�K���X���L�V�S�L�W�L�Y�D�Q�M�X���]�D�M�H�G�Q�L�þ�N�R�J���X�þ�L�Q�N�D���I�O�D�Y�D�Q�R�Q�D���L��
U731229, indometacina i verapamila na agregaciju trombocita 

 
Agonist  

�I�O�D�Y�D�Q�R�Q��
���—�0�� 

�,�Q�K�L�E�L�W�R�U 
���—�0�� 

  
 �8������������ �Y�H�U�D�S�D�P�L�O�� �L�Q�G�R�P�H�W�D�F�L�Q�� 

�7�5�$�3���������������—�0�� ���������� ���������� ������������ ���������� 
�$�'�3�������������—�0�� ���������� ���������� ������������ ���������� 
�$�$���������������—�0�� �������� �� �� �������� 

�. �R�O�D�J�H�Q�������������—�J���P�/�� �������� �������� �� �� 
 

Kako bi se postigla �R�þ�L�Wa i ponovljiva inhibicija agregacije, u eksperimentima je za 

flavanon kori�ã�W�H�Q�D 15 puta v�L�ã�D MINaAC u kombinaciji s TRAP-6 i 60 puta �Y�L�ã�D��MINaAC u 

kombinaciji s ADP-om kao agonistom. Inhibitori enzima PLC-a, COX-1 i kalcijevih kanala 

primijenjeni su u koncentracijama prema literaturnim izvorima (Brocchieri i sur., 1995), 

(Heemskerk i sur., 1997), (Saeed i sur., 2004). Razlika rezultata agregacije za negativnu 
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kontrolu (DMSO 0,8 %), za uzorak tretiran s flavanonom ili inhibitorom signalnih putova te za 

uzorak inkubiran s kombinacijom flavanona i inhibitora testirana �M�H���Q�D���]�Q�D�þ�D�M uz razinu 0,05. 

�6�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�D�� �U�D�]�O�L�N�D�� �L�]�P�H�ÿ�X��rezultata za negativnu kontrolu (DMSO), za rezultate 

samostalnog djelovanja flavanona i inhibitora teza uzorak inkubiran s kombinacijom flavanona 

i inhibitora smatrana je dokazom �V�L�Q�H�U�J�L�V�W�L�þ�N�R�J djelovanja. 

Mjerenja su provedena na uzorcima minimalno 5 ispitanika. 

3.2.5.3 Ispitivanje djelovanja kombinacije dva flavonoida na agregaciju trombocita 

Ispitivanje agregacije nakon djelovanja kombinacije dva flavonoida provodilo se prema 

protokolu u Tablici 3. Promatrano je djelovanje flavanona u kombinaciji s pinocembrin-7-

metileterom, kao predstavnikom flavonoida koji su prethodno u radu �%�R�M�L�ü��i sur., ( 2011) 

pokazali proagregacijsko djelovanje u agregaciji s AA i u kombinaciji s 6-hidroksiflavonom 

koji je jedini od promatranih flavonoida u istom radu pokazao antiagregacijsko djelovanje s 

AA kao agonistom agregacije���� �.�R�U�L�ã�W�H�Q�L�� �V�X��sl�M�H�G�H�ü�L agonisti agregacije: ADP, TRAP-6, 

�N�R�O�D�J�H�Q�� �L�� �$�$���� �.�R�Q�D�þ�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�J�R�Q�L�V�W�D�� �Q�D�Y�H�G�H�Q�H�� �V�X�� �X��tablici 5. Primijenjene su 

MINaAC odabranih flavonoida prema radu �%�R�M�L�ü��i sur., (2012), te je �S�U�R�P�D�W�U�D�Q�D�� �]�Q�D�þ�D�M�Q�R�V�W��

razlike za grupu mjerenja nakon inkubacije s DMSO, flavanonom, pinocembrin-7-metileterom 

ili 6-hidroksiflavonom i nakon inkubacije s kombinacijom flavanona s pinocembrin-7-

metileterom ili 6-hidroksiflavonom, te 6-hidroksiflavona s pinocembrin-7-metileterom, uz 

�U�D�]�L�Q�X���]�Q�D�þ�D�M�Q�R�V�W�L���R�G���������������6�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�D���U�D�]�O�L�N�D���L�]�P�H�ÿ�X��rezultata agregacije za negativnu 

kontrolu (DMSO), za rezultate samostalnog djelovanja pojedinog flavonoida te za uzorak 

inkubiran s kombinacijom �G�Y�D���I�O�D�Y�R�Q�R�L�G�D���V�P�D�W�U�D�Q�D���M�H���G�R�N�D�]�R�P���]�D�M�H�G�Q�L�þ�N�R�J���S�X�W�D���G�M�H�O�R�Y�D�Q�M�D�� 

Mjerenja su provedena na uzorcima minimalno 4 ispitanika.
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Tablica 5. Koncentracije flavanona, 6-hidroksiflavona i pinocembrin-7-metiletera i agonista TRAP-6, 
ADP, kolagena i AA u eksperimentima �S�R�M�D�þ�D�Q�R�J�� �G�M�H�O�R�Y�D�Q�M�D�� �N�R�P�E�L�Q�D�F�L�M�H�� �I�O�D�Y�R�Q�R�L�G�D�� �Q�D�� �D�J�U�H�J�D�F�L�M�X��
trombocita 

  �$�J�R�Q�L�V�W�����—�0�� 

  
�7�5�$�3��������������
���������—�0�� 

�$�'�3��������
�����������—�0�� 

�N�R�O�D�J�H�Q��
���������—�0���� 

�$�$��������������
�������������—�0�� 

�)�O�D�Y�R�Q�R�L�G�� �0�,�1�D�$�&�����—�0�� 

�I�O�D�Y�D�Q�R�Q ���������� ���������� ���������� ���������� 

�����K�L�G�U�R�N�V�L�I�O�D�Y�R�Q ������������ ���������� �������������� ���������� 

�S�L�Q�R�F�H�P�E�H�L�Q������
�P�H�W�L�O�H�W�H�U 

������������ ���������� ������������ ���������� 

3.2.5.4 �3�U�D�ü�H�Q�M�H���D�N�W�L�Y�D�F�L�M�H trombocita �P�H�W�R�G�R�P���S�U�R�W�R�þ�Q�H���F�L�W�R�P�H�W�U�L�M�H���V���I�O�X�R�U�H�V�F�H�Q�W�Q�R��

�R�]�Q�D�þ�H�Q�L�P��protutijelima 

�0�M�H�U�H�Q�M�D�� �P�H�W�R�G�R�P�� �S�U�R�W�R�þ�Q�H�� �F�L�W�R�P�H�W�U�L�M�H�� �S�U�R�Y�H�G�H�Q�D�� �V�X�� �Q�D�� �X�]�R�U�F�L�P�D PRP-a. PRP je 

izdvojen centrifugiranjem uzoraka krvi �X�Q�X�W�D�U���S�R�O�D���V�D�W�D���R�G���Y�D�ÿ�H�Q�M�D�� pri uvjetima 150 g, 10 min 

�E�H�]���N�R�þ�Q�L�F�H����Nakon brojanja trombocita k�R�Q�F�H�Q�W�U�D�F�L�M�D���M�H���S�R�G�H�ã�H�Q�D���Q�D������x109 trombocita/L s 

PBS-om (pH 7,4). Jedan mL �W�D�N�R���S�U�L�U�H�ÿ�H�Q�R�J��PRP-a inkubiran je �V���W�U�L�� �U�D�]�U�M�H�ÿ�H�Q�M�D���I�O�D�Y�D�Q�R�Q�D��

(30, 244 i 488 �—�0) ili s otapalom (DMSO, 0,8 %) tijekom 15 minuta na 37 �ƒ�& u suhom 

termostatu. Alikvot PRP (72 �—�/) nakon inkubacije PRP-a s flavanonom ili DMSO, �S�R�P�L�M�H�ã�D�Q��

je s 25 �—�/��0,1 mM agonista TRAP-���� ���N�R�Q�D�þ�Q�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �������—M) i prema uputama 

�S�U�R�L�]�Y�R�ÿ�D�þ�D��s 20 �—�/ anti-�&�'������ �3�(�� �]�D���R�E�L�O�M�H�å�D�Y�D�Q�M�H���S�R�S�X�O�D�F�L�M�H���W�U�R�P�E�R�F�L�W�D���Lli  ������ �—�/ PAC-1 

�)�,�7�&�� �]�D�� �S�U�D�ü�H�Q�M�H�� �D�N�W�L�Ynog oblika integrina �.IIb��3. Smjesa je inkubirana u mraku, na sobnoj 

temperaturi, 30 min. Unutar 15 �P�L�Q�� �Q�D�N�R�Q�� �]�D�Y�U�ã�H�W�N�D�� �L�Q�N�X�E�D�F�L�M�H�� �X�]�R�U�F�L�� �V�X�� �D�Q�D�O�L�]�L�U�D�Q�L�� �Q�D��

�S�U�R�W�R�þnom citometru, CXP softverom, na 10.���������G�R�J�D�ÿ�D�M�D pri niskoj brzini protoka. Populacija 

trombocita �M�H�� �V�P�M�H�ã�W�D�Q�D�� �X�Q�X�W�D�U�� �R�J�U�D�G�H�� �Q�D���F�L�W�R�J�U�D�P�X�� �Y�H�O�L�þ�L�Q�H FSC (engl. forward scatter) i 

granuliranosti stanica SSC (engl. side scatter). Stanice unutar ograde definirane u FSCxSSC 

�F�L�W�R�J�U�D�P�X���S�R�W�Y�U�ÿ�H�Q�H���V�X���N�D�R���W�U�R�P�E�R�F�L�W�L���Q�D��MFI histogramu srednjeg intenziteta fluorescencije 

biljega (engl. mean fluorescence intensity�����N�D�R���&�'�������3�(���S�R�]�L�W�L�Y�Q�L���G�R�J�D�ÿ�D�M�L���L���L�]�U�D�å�H�Q�H���N�D�R���X�G�L�R��

(%) (slika 10). 
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Slika 10. SSC x FSC citogram s ogradom populacije trombocita (A) i histogram CD61-PE 
pozitivnih stanica u ogradi (B) (rezultati autorice) 
 

Izotipska kontrolna protutijela �P�L�ã�Meg �,�J�0���� FITC i IgG1 PE koristila su se �]�D���S�U�D�ü�H�Q�M�H��

�U�D�]�L�Q�H�� �Q�H�V�S�H�F�L�I�L�þ�Q�R�J�� �S�R�]�D�G�L�Q�V�N�R�J�� �V�L�J�Q�D�O�D���� �$�N�W�L�Y�L�U�D�Q�L�� �W�U�R�P�E�R�F�L�W�L���R�G�U�H�ÿ�H�Qi su na histogramu 

MFI kao udio trombocita s pozitivnim biljegom aktivacije trombocita PAC-1 FITC u ogradi 

CD61 pozitivnih stanica (slika 11).  

 

Slika 11. Histogram PAC1-FITC pozitivnih trombocita iz ograde na slici 11. A (rezultati 
autorice) 
 

A B 
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Mjerenja su se provodila u triplikatu i pratilo se smanjenje udjela PAC-1 FITC 

pozitivnih stanica, odnosno smanjenje aktivacije. Koncentracija flavanona koja je pokazala 

�V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�R�� �V�P�D�Q�M�H�Q�M�H�� �D�N�W�L�Y�D�F�L�M�H�� �W�H�V�W�L�U�D�O�D�� �V�H�� �G�R�G�D�W�Q�R�� �Q�D uzorcima pet ispitanika u 

triplikatu �N�D�N�R���E�L���V�H���S�R�W�Y�U�G�L�O�D���]�Q�D�þ�D�M�Q�R�V�W���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D�� 

3.2.6 �6�W�D�W�L�V�W�L�þ�N�H���P�H�W�R�G�H 

Korelacija vrijednosti hidrofobnog parametra RM dobivenih eksperimentalno 

tankoslojnom kromatografijom za 21 flavonoid �X�V�S�R�U�H�ÿ�H�Qe su s teoretski �L�]�U�D�þ�X�Q�D�Wim 

vrijednostima logP testom linearne regresije programom Statistica 7.0 �Q�D���U�D�]�L�Q�L���]�Q�D�þ�D�M�Q�R�V�W�L���R�G��

0,05. Linearnom regresijom ispitana je, �X�]�� �U�D�]�L�Q�X���]�Q�D�þ�D�M�Q�R�V�W�L���R�G������������ �L�� �S�R�Y�H�]�D�Q�R�V�W��teoretski 

�L�]�U�D�þ�X�Q�D�W�Lh logP vrijednosti (Chemicalize, ChemSketch, Molinspiration i SwissADME) s 

MINaAC vrijednostima flavonoida. Studentov t-test za upare�Q�H���X�]�R�U�N�H���N�R�U�L�ã�W�H�Q���M�H���]�D���S�R�W�Y�U�G�X��

�]�Q�D�þ�D�M�Q�H�� �P�L�Q�L�P�D�O�Q�H�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �I�O�D�Y�D�Q�R�Q�D�� �X�� �W�H�V�W�X�� �L�P�S�H�G�D�Q�F�L�M�V�N�H��

�D�J�U�H�J�R�P�H�W�U�L�M�H�����X�]���U�D�]�L�Q�X���]�Q�D�þ�D�M�Q�R�V�W�L���������������6�W�X�G�H�Q�W�R�Y��t-test za upare�Q�H���X�]�R�U�N�H���N�R�U�L�ã�W�H�Q���M�H���L���]�D��

�S�U�R�F�M�H�Q�X�� �]�Q�D�þ�D�M�D�� �X�W�M�H�F�D�M�D�� �I�O�D�Y�D�Q�R�Q�D�� �Q�D�� �V�P�D�Q�M�H�Q�M�H�� �D�N�W�L�Y�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D�� �S�U�D�ü�H�Q�R�� �P�H�W�R�G�R�P��

�S�U�R�W�R�þ�Q�H�� �F�L�W�R�P�H�W�U�L�M�H�� �V�� �I�O�X�R�U�H�V�F�H�Q�W�Q�L�P�� �D�Q�W�L�W�L�M�H�O�L�P�D���� �X�]�� �U�D�]�L�Q�X�� �]�Q�D�þ�D�M�Q�R�V�W�L�� ������������ �-�H�G�Q�R�V�P�M�H�U�Q�L��

ANOVA test uz post hoc analizu �S�U�R�Y�H�G�H�Q�� �M�H�� �N�R�U�L�ã�W�H�Q�M�Hm web aplikacije 

https://goodcalculators.com/one-way-anova-calculator/, 

http://astatsa.com/OneWay_Anova_with_TukeyHSD/. Njime se ispitala �]�Q�D�þ�D�M�Q�R�V�W�� �U�H�]�X�O�W�D�W�D��

�]�D�M�H�G�Q�L�þ�N�R�J���G�M�H�O�R�Y�D�Q�Me flavanona i inhibitora PLC, COX-1 i kalcijevih kanala na agregaciju u 

testovima agregacijsk�H���L�P�S�H�G�D�Q�F�L�M�H���X�]�� �U�D�]�L�Q�X�� �]�Q�D�þ�D�M�Q�R�V�W�L�������������� �,�V�W�L�P���W�H�V�W�R�P��i uz istu razinu 

�]�Q�D�þ�D�M�Q�R�V�W�L��ispitana je i razlika rezultata antiagregacijskog djelovanja kombinacije flavonoida 

u odnosu na �V�D�P�R�V�W�D�O�Q�R���G�M�H�O�R�Y�D�Q�M�H���S�R�M�H�G�L�Q�D�þ�Q�L�K���I�O�D�Y�R�Q�R�L�G�D. 



 

 

 

4 REZULTATI
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4.1 Parametri lipofilnosti  

4.1.1 Kromatografski parametar RM  

Lipofilnost molekule se �L�]�U�D�å�D�Y�D kao logaritam koeficijenta razdijeljenja P za stanje 

�U�D�Y�Q�R�W�H�å�H���L�]�P�H�ÿ�X���G�Y�D���R�W�D�S�D�O�D�����Y�R�G�H���L���Q�D�M�þ�H�ã�ü�H��n-�R�N�W�D�Q�R�O�D�����N�R�M�L���V�H���Q�H���P�L�M�H�ã�D�M�X���� 

log P = log (Coktanol/Cvoda)   (1) 

Ekvivalent logP �R�G�U�H�ÿ�H�Q���P�H�W�R�G�R�P���7�/�&-a je RM. 

RF=a/b      (2) 

RM=log(1/RF-1)    (3) 

Ispitivanje je provedeno na 21 flavonoidu. Rezultati su prikazani na kromatogramima (slika 

12).  

 

Slika 12�����.�U�R�P�D�W�R�J�U�D�I�V�N�D���S�O�R�þ�H��A, B i C s uzorcima flavonoida iz Tablice 4.; detekcija UV-om nakon 
RP-TLC  
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�,�]�U�D�þ�X�Q�D�W�H���Y�U�L�M�H�G�Q�R�V�W�L��RM navedene u tablici 6 zajedno s vrijednostima putovanja ispitivane i 
mobilne faze�����W�H���L�]���Q�M�L�K���S�U�R�L�]�D�ã�O�L�P��RF vrijednostima. 
 

Tablica 6. Rezultati RP-�7�/�&���D�Q�D�O�L�]�H���I�O�D�Y�R�Q�R�L�G�D�����R�G�U�H�ÿ�L�Y�D�Q�M�H��RM vrijednosti 
Redni 
broj  

Pozicija na 
kromatogramu 

Flavonoid Put ispitivane 
tvari (a) 

Put mobilne 
faze (b) 

RF RM 

flavoni        

1  1 flavon 2,0 6,9 0,29 0,3892 

 2 2 6-OH-flavon 3,6 6,9 0,52 -0,0378 

 3 3 7-OH-flavon 3,8 6,9 0,55 -0,0884 

 4 4 tangeretin 1,9 6,9 0,28 0,4202 

 5 5 tektokrizin 1,6 6,9 0,23 0,5202 

 6 6 krizin dimetileter 1,6 6,9 0,23 0,5202 

 7 7 krizin  3,4 6,9 0,49 0,0126 

 8 8 akacetin 3,3 6,9 0,48 0,0378 

 9 9 diosmetin 4,8 6,9 0,70 -0,3590 

 10 10 apigenin 4,9 6,9 0,71 -0,3892 

 11 11 luteolin 5,5 6,9 0,80 -0,5942 

   flavonoli        

 12 12 3,6-diOH-flavon 3,6 6,9 0,52 -0,0378 

 13 13 3,7-diOH-flavon 3,7 6,9 0,54 -0,0631 

 14 15 galagin 3,4 6,8 0,50 0,0000 

 15 17 ramnetin 4,2 6,8 0,62 -0,2083 

 16 18 izoramnetin 4,6 6,8 0,68 -0,3203 

 17 19 kvercetin 5,4 6,8 0,79 -0,5863 

   flavanoni        

 18 22 flavanon 2,9 7,3 0,40 0,3100 

 19 24 pinocembrin-7-
metileter 

2,4 7,3 0,33 -0,1076 

20 25 pinocembrin  4,1 7,3 0,56 -0,4536 

 21 26 hesperetin 5,4 7,3 0,74 0,1811 

Kromatografski parametri RM���� �H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�R�� �R�G�U�H�ÿ�H�Q�L���� �E�L�O�L�� �V�X�� �X�� �U�D�V�S�R�Q�X�� �R�G��-0,5942 do 

���������������� �1�D�M�Y�H�ü�H�� �Y�U�L�M�H�G�Q�R�V�W�L��RM �]�D�E�L�O�M�H�å�H�Q�H�� �V�X�� �]�D�� �W�H�N�W�R�N�U�L�]�L�Q�� �L�� �N�U�L�]�L�Q-dimetileter kao 

�Q�D�M�O�L�S�R�I�L�O�Q�L�M�H�����D���Q�D�M�Q�L�å�H���]�D���O�X�W�H�R�O�L�Q���N�D�R���Q�D�M�K�L�G�U�R�I�L�O�Q�L�M�L���V�S�R�M. 
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4.1.2 �5�D�þ�X�Q�D�O�Q�H vrijednosti logP 

U tablici 7 navedene su vrijednosti logP dobivene putem programskih paketa 

Chemicalize, ChemSketch, Molinspiration i SwissADME. Vrijednosti logP su se kretale od 2,18 

za tangeretin do 3,28 za pinocembrin-7-metileter prema aplikaciji Chemicalize. I prema 

ChemSketch aplikaciji pinocembrin-7-metileter je najlipofilniji s logP 4,11 dok je najmanje 

lipofilan izoramnetin, 1,76. Molinspiration i SwissADME �V�X���L�]�U�D�þ�X�Q�D�O�H���Q�D�M�P�D�Q�M�H���Y�U�L�M�H�G�Q�R�V�W�L��

logP za kvercetin (1,68 i 1,23) dok je prema Molinspiration najlipofilniji flavonoid u grupi 

tangeretin (logP 3,78) a za SwissADME flavon (logP 3,18).
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Tablica 7. R�D�þ�X�Q�D�O�Q�L parametar flavonoidne lipofilnosti, logP 

Flavonoid 
logP_ 

ChemAxon 
logP_ 

ChemSketch 
logP_ 

Molinspiration  
Swiss_ 
ilogP 

Swiss_ 
xlogP3 

Swiss_ 
wlogP 

Swiss_ 
mlogP 

Swiss_ 
silicos-it  

Swiss_ 
consensuslogP 

Flavoni          
Flavon 2,97 3,56 3,74 2,55 3,56 3,46 2,27 4,04 3,18 

6-hidroksiflavon 2,66 3,72 3,23 2,28 3,62 3,17 1,66 3,52 2,85 
7-hidroksiflavon 2,66 3,32 3,23 2,22 3,62 3,17 1,66 3,52 2,84 

Tangeretin 2,18 2,66 3,78 3,71 3,04 3,5 0,63 4,21 3,02 
Tektokr izin 3,16 3,13 3,48 2,88 3,85 3,17 1,33 3,52 2,95 

Kr izin dimetileter  3,01 3,27 3,75 2,95 3,62 3,48 1,57 4,04 3,13 

Kr izin  3,01 2,88 2,94 2,27 3,52 2,87 1,08 3,02 2,55 

Akaketin 2,85 3,15 3,00 2,56 3,35 2,88 0,77 3,03 2,52 

Diosmetin 2,55 3,10 2,28 2,47 3,10 2,59 0,22 2,55 2,19 
Apigenin 2,71 2,10 2,46 1,89 3,02 2,58 0,52 2,52 2,11 
Luteolin 2,4 2,40 1,97 1,86 2,53 2,28 -0,03 2,03 1,73 
Flavonoli          

3,6-dihidroksiflavon 2,42 3,64 2,94 1,97 3,05 2,87 1,08 3,02 2,4 
3,7-dihidroksiflavon 2,42 3,27 2,94 2,01 3,05 2,87 1,08 3,02 2,4 

Galangin 2,76 2,83 2,65 2,08 2,25 2,58 0,52 2,52 1,99 
Ramnetin 2,3 2,58 2,22 2,23 1,87 2,29 -0,31 2,06 1,63 

Izoramnetin 2,3 1,76 1,99 2,35 1,87 2,29 -0,31 2,06 1,65 
Kvercetin 2,77 2,07 1,68 1,63 1,54 1,99 -0,56 1,54 1,23 
Flavononi          

Pinocembrin-7-metileter 3,28 4,11 3,13 2,75 3,2 2,78 1,52 3,06 2,66 
Pinocembrin  3,14 3,93 2,60 2,11 2,88 2,48 1,27 2,55 2,26 
Hesperetin 2,68 2,90 1,94 2,24 2,6 2,19 0,41 2,08 1,91 
Flavanon 3,1 3,62 3,18 2,41 3,14 3,07 2,47 3,57   2,93 
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4.1.3 �3�R�Y�H�]�D�Q�R�V�W���H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�L�K���L���U�D�þ�X�Q�D�O�Q�L�K���Y�U�L�M�H�G�Q�R�V�W�L���S�D�U�D�Petara lipofilnosti  

�5�H�]�X�O�W�D�W�L�� �O�L�Q�H�D�U�Q�H�� �U�H�J�U�H�V�L�M�H�� �]�D�� �Y�L�ã�H�V�W�U�X�N�H�� �O�R�JP (tablica 7) i RM pokazali su �V�Q�D�å�Q�X 

�S�R�]�L�W�L�Y�Q�X���N�R�U�H�O�D�F�L�M�X���P�H�ÿ�X���Y�U�L�M�H�G�Q�R�V�W�L�P�D���R�Y�D���G�Y�D���S�D�U�D�P�H�W�U�D���O�L�S�R�I�L�O�Q�R�V�W�L���N�D�G�D���V�X���]�D���L�]�U�D�þ�X�Q���O�R�JP 

�N�R�U�L�ã�W�H�Q�H programske aplikacije Molinspiration (r=0,93 p<0,001) i konsenzus vrijednost 

aplikacije SwissADME (r=0,86 p<0,001), vrijednosti koeficijenta razdijeljenja dobivene putem 

ChemSketch aplikacije i Chemicalize pokazale su umjerenu pozitivnu korelaciju (r=0,55, 

p=0,009 i r=0,44 p=0,04) s vrijednostima hidrofobnog parametra RM (tablica 6).  

Tablica 8. Rezultati regresijske analize za RM i logP za flavonoide iz Tablice 1. 

�$�S�O�L�N�D�F�L�M�D �3�U�L�O�D�J�R�ÿ�H�Q���U
�� �9�L�ã�H�V�W�U�X�N�L���U �S���Y�U�L�M�H�G�Q�R�V�W 

�O�R�J�3�B�&�K�H�P�$�[�R�Q �������� �������� ������������ 

�O�R�J�3�B�&�K�H�P�6�N�H�W�F�K �������� �������� ���������� 

�O�R�J�3�B�0�R�O�L�Q�V�S�L�U�D�W�L�R�Q �������� �������� ������������ 

�6�Z�L�V�V�B�L�O�R�J�3 �������� �������� ������������ 

�6�Z�L�V�V�B�[�O�R�J�3�� �������� �������� ������������ 

�6�Z�L�V�V�B�Z�O�R�J�3 �������� �������� ������������ 

�6�Z�L�V�V�B�P�O�R�J�3 �������� �������� ������������ 

�6�Z�L�V�V�B�V�L�O�L�F�R�V���L�W �������� �������� ������������ 

�6�Z�L�V�V�B�F�R�Q�V�H�Q�V�X�V�O�R�J�3 �������� �������� ������������ 

4.1.4 �3�R�Y�H�]�D�Q�R�V�W���U�D�þ�X�Q�D�O�Q�L�K���Y�U�L�M�H�G�Q�R�V�W�L���S�D�U�D�P�H�W�D�U�D���O�L�S�R�I�L�O�Q�R�V�W�L���L��antiagregacijskog 

�X�þ�L�Q�N�D 

Regresijskom analizom MINaAC uz agonist ADP, preuzetih iz rada �%�R�M�L�ü��i sur. (2011), 

�]�D�� �V�Y�H�� �I�O�D�Y�R�Q�R�L�G�H�� �R�V�L�P�� �]�D�� �I�O�D�Y�D�Q�R�Q���� �þ�L�M�L�� �M�H��MINaAC �R�G�U�H�ÿ�H�Q�� �X�� �R�Y�R�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X, kada je 

�S�U�R�P�D�W�U�D�Q�D���F�L�M�H�O�D���J�U�X�S�D�����������I�O�D�Y�R�Q�R�L�G�����Q�L�M�H���X�W�Y�U�ÿ�H�Q�D���N�R�U�H�O�D�F�L�M�D���V��logP niti za jedan programski 

paket. Kada su testirane pojedine skupine flavonoida ili njihove kombinacije �X�W�Y�U�ÿ�H�Q�D�� �M�H��

�V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�D���V�Q�D�å�Q�D negativna korelacija MINaAC grupe flavona (r = -0,76, p = 0,0033) 
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i umjerena negativna korelacija (r= -0,59 p = 0,0201) za skupinu flavona i flavanona (Tablica 

9) s logP vrijednostima dobivenim putem programa Chemicalize. 
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Tablica 9. Rezultati regresijske analiza za logP i MINaAC uz agonist ADP za flavone, flavanole i flavanone 

  ���)�O�D�Y�R�Q�L�� �)�O�D�Y�R�Q�R�O�L ���)�O�D�Y�D�Q�R�Q�L �)�O�D�Y�R�Q�L������
�)�O�D�Y�R�Q�R�O�L 

�)�O�D�Y�R�Q�L����������
�)�O�D�Y�D�Q�R�Q�L 

�)�O�D�Y�R�Q�R�O�L������
�)�O�D�Y�D�Q�R�Q�L 

  �.�R�H�I�L�F�L�M�H�Q�W���N�R�U�H�O�D�F�L�M�H�����U 
�O�R�J�3�B�&�K�H�P�$�[�R�Q ����������� �������� �������� ���������� ����������� �������� 

�O�R�J�3�B�&�K�H�P�6�N�H�W�F�K ���������� �������� �������� ���������� ���������� ���������� 
�O�R�J�3�B�0�R�O�L�Q�V�S�L�U�D�W�L�R�Q �������� �������� ���������� ���������� �������� ������������ 

�6�Z�L�V�V�B�L�O�R�J�3 �������� �������� ���������� ���������� �������� ���������� 
�6�Z�L�V�V�B�[�O�R�J�3�� ���������� ���������� ���������� ���������� ���������� ���������� 
�6�Z�L�V�V�B�Z�O�R�J�3 �������� �������� ���������� ���������� �������� ���������� 
�6�Z�L�V�V�B�P�O�R�J�3 ���������� �������� ���������� ���������� ���������� ���������� 

�6�Z�L�V�V�B�V�L�O�L�F�R�V���L�W �������� �������� ���������� ���������� �������� ���������� 
�6�Z�L�V�V�B�F�R�Q�V�H�Q�V�X�V�O�R�J�3 �������� �������� ���������� ���������� �������� ���������� 

 *p<0,01 
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4.2 �$�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L���X�þ�L�Q�D�N���I�O�D�Y�R�Q�R�L�G�D 

Kako bi se odredila sveobuhvatnost mehanizma djelovanja flavonoida na aktivaciju 

trombocita ispitano je �X�]�� �U�D�]�O�L�þ�L�W�H��agoniste agregacije djelovanje kombinacija flavonoida i 

inhibitora �R�G�U�H�ÿ�H�Q�L�K�� �V�L�J�Q�D�O�Q�L�K�� �W�R�þ�D�N�D: PLC, COX-1 i inhibitora kalcijevih kanala. 

�2�G�U�H�ÿ�L�Y�D�Q�M�H�P antiagregacijskog u�þ�L�Qka kombinacija �U�D�]�O�L�þ�L�W�L�K�� �L�� �L�V�W�L�K�� �J�U�X�S�D�� �I�O�D�Y�R�Q�R�L�G�D�� �X�]��

�U�D�]�O�L�þ�L�W�H�� �D�J�R�Q�L�V�W�H�� �D�J�U�H�J�D�F�L�M�H ispitane su njihove �P�R�J�X�ü�H��interakcije nakon unosa flavonoida 

hranom.   

4.2.1 �2�G�U�H�ÿ�L�Y�D�Q�M�H��MINaAC flavanona 

�0�,�1�D�$�&���I�O�D�Y�D�Q�R�Q�D���S�R�N�D�]�X�M�H���Q�D�M�Q�L�å�H���Y�U�L�M�H�G�Q�R�V�W�L���R�G���V�D�P�R���������������—�0���N�D�G�D���M�H��agregacija 

trombocita potaknuta ADP-om kao slabim agonistom. 

 

Slika 13. Postupak i rezultati �R�G�U�H�ÿ�L�Y�D�Q�M�D MINaAC flavanona uz agonist ADP (6,3 �RM) na tri 
nezavisna uzorka primjenom jednosmjernog T-�W�H�V�W�D���]�D�� �X�S�D�U�H�Q�H�� �X�]�R�U�N�H���X�]�� �U�D�]�L�Q�X�� �]�Q�D�þ�D�M�Q�R�V�W�L��
0,05. 
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Pri djelovanju TRAP-������ �N�D�R�� �M�D�N�R�J�� �D�J�R�Q�L�V�W�D���� �I�O�D�Y�D�Q�R�Q�� �S�R�V�W�L�å�H�� �S�U�Y�X�� �]�Q�D�þ�D�M�Q�X�� �U�D�]�L�Q�X��

utjecaja pri �N�R�Q�F�H�Q�W�U�D�F�L�M�L�� ���� �—�0. Na slici 15 prikazan je po�V�W�X�S�D�N�� �R�G�U�H�ÿ�L�Y�D�Q�M�D��MINaAC za 

flavanon uz TRAP-6 kao agonist. 

 

Slika 14. �3�R�V�W�X�S�D�N���R�G�U�H�ÿ�L�Y�D�Q�M�D MINaAC flavanona uz agonist TRAP-6 (31 �RM) na tri nezavisna uzorka 
primjenom jednosmjernog T-�W�H�V�W�D���]�D���X�S�D�U�H�Q�H���X�]�R�U�N�H���X�]���U�D�]�L�Q�X���]�Q�D�þ�D�M�Q�R�V�W�L������������ 
 

Istim postupkom �X�W�Y�U�ÿ�H�Qe su MINaAC flavanona za ostale agoniste agregacije koji su  

prikazani u tablici 10.  

Tablica 10. �8�þ�L�Q�F�L���I�O�D�Y�D�Q�R�Q�D���Q�D���D�J�U�H�J�D�F�L�M�X���W�U�R�P�E�R�F�L�W�D���R�Y�L�V�Q�R���R���N�R�U�L�ã�W�H�Q�R�P���D�J�R�Q�L�V�W�X�����L�]�U�D�å�H�Q�L���N�D�R��
MINaAC �X���—�0�����V�D���V�W�D�W�L�V�W�L�þ�N�R�P���]�Q�D�þ�D�M�Q�R�ã�ü�X���S (jednosmjerni t-test za uparene uzorke) 

�)�O�D�Y�D�Q�R�Q 

�$�J�R�Q�L�V�W�� �0�,�1�D�$�&�����—�0�� �S� 
�$�'�3�� ���������� ������������ 

�7�5�$�3������ ���������� ������������ 
�.�R�O�D�J�H�Q�� ���������� ������������ 

�5�L�V�W�R�F�H�W�L�Q ���������� ������������ 
�$�$ ���������� ������������ 

*usporedba rezultata za uzorke s i bez dodatka flavanona uz �N�R�Q�D�þ�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�J�R�Q�L�V�W�D������,3 �RM 
ADP, 3,�����—�J���P�/���N�R�O�D�J�H�Q�D�����������—�0���7�5�$�3-6, 0,�������—�0���$�$������,3 mg/mL ristocetina 
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4.2.2 �,�V�S�L�W�L�Y�D�Q�M�H���S�R�M�D�þ�D�Q�R�J djelovanja inhibitora PLC (U -73122), COX-1 

(indometacin) i kalcijevih kanala (verapamila) na agregaciju trombocita u 

prisustvu flavanona 

�5�H�]�X�O�W�D�W�L���H�N�V�S�H�U�L�P�H�Q�D�W�D���N�R�M�L���V�X���L�V�S�L�W�L�Y�D�O�L���]�D�M�H�G�Q�L�þ�N�L���L�Q�K�L�E�L�F�L�M�V�N�L���X�þ�L�Q�D�N���Q�D���D�J�U�H�J�D�F�L�M�X��

provedeni su �Q�D�� �0�X�O�W�L�S�O�D�W�H�Š�� �D�Q�D�O�L�]�D�W�R�U�X. Rezultati su �W�H�V�W�L�U�D�Q�L�� �Q�D�� �V�W�D�W�L�V�W�L�þ�N�X�� �]�Q�D�þ�D�M�Q�R�V�W�� �]�D��

�V�Y�D�N�X�� �V�N�X�S�L�Q�X���� �R�Y�L�V�Q�R�� �R�� �N�R�U�L�ã�W�H�Q�R�P�� �L�Q�K�L�E�L�W�R�U�X�� �L�� �D�J�R�Q�L�V�W�X�� �M�H�G�Q�R�V�P�M�H�U�Q�L�P�� �$�1�2�9�$�� �W�H�V�W�R�P�� �V��

post-hoc analizom rezultata. Rezultati su prikazani u obliku grafikona vrijednosti agregacije u 

ovisnosti o kombinaciji flavonoida, inhibitora i agonista. 

4.2.2.1 �,�V�S�L�W�L�Y�D�Q�M�H���S�R�M�D�þ�D�Q�R�J���G�M�H�O�R�Y�D�Q�M�D��inhibitora PLC (U-73122) na agregaciju trombocita 

u prisustvu flavanona 

 Flavanon djeluje na �3�/�&���]�Q�D�þ�D�M�Q�R���V�P�D�Q�M�X�M�X�ü�L���Q�M�H�Q�X��aktivnost u kombinaciji s U-73122 

u odnosu na samostalno inhibitorno djelovanje U-73122. �=�Q�D�þ�D�M�D�Q���Xtjecaj flavanona na PLC 

prisutan je uz agoniste TRAP-6, ADP i kolagen (slike 15-17).  

 

Slika 15. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J��antiagregacijskog djelovanja flavanona i U73122, inhibitora PLC-a, uz 
agonist TRAP-6, p vrijednosti ANOVA testa i post hoc analize 

 

**  
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Slika 16. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D flavanona i U73122, inhibitora PLC-a, uz 
agonist ADP, p vrijednosti ANOVA testa i post hoc analize 
 

 

 

Slika 17. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D flavanona i U73122, inhibitora PLC, uz 
agonist kolagen, p vrijednosti ANOVA testa i post hoc analize 
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4.2.2.2 �,�V�S�L�W�L�Y�D�Q�M�H���S�R�M�D�þ�D�Q�R�J���G�M�H�O�R�Y�D�Q�M�D��inhibitora COX-1 (indometacina) na agregaciju 

trombocita u prisustvu flavanona 

U ispitivanjima utjecaja flavanona na put aktivacije posredovan enzimom COX-1, 

neovisno o �N�R�U�L�ã�W�H�Q�L�P�� �D�J�R�Q�L�V�W�L�P�D�� ���7�5�$�3-6, ADP, AA) flavanon nije �S�R�M�D�þ�D�R�� �L�Q�K�L�E�Lcijsko 

djelovanje indometacina te stoga ne pokazuje utjecaj na aktivnost enzima COX-1 (slike 18-

20). �1�D�L�P�H�����L�D�N�R���U�H�]�X�O�W�D�W�L���$�1�2�9�$���W�H�V�W�D���X�N�D�]�X�M�X���Q�D���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�X���U�D�]�O�L�N�X���X���X�þ�L�Q�F�L�P�D���X��

odnosu na rezultate za kontrolu (DMSO), rezultati post hoc analize �S�R�N�D�]�X�M�X�� �V�W�D�W�L�V�W�L�þ�N�L��

�]�Q�D�þ�D�M�D�Q���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L���X�W�M�H�F�D�M���X���S�U�L�V�X�V�W�Y�X���7�5�$�3-6 kao agonista za samostalno djelovanje 

flavanona i indometacina.  

 

 

Slika 18. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D flavanona i indometacina, inhibitora 
COX-1, uz agonist TRAP-6, p vrijednosti ANOVA testa i post hoc analize 
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Slika 19. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D flavanona i indometacina, inhibitora 
COX-1, uz agonist ADP uz iskazane p vrijednosti ANOVA testa 

 

 

Slika 20. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D flavanona i indometacina, inhibitora 
COX-1, uz agonist AA, p vrijednosti ANOVA testa 
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4.2.2.3 �,�V�S�L�W�L�Y�D�Q�M�H���S�R�M�D�þ�D�Q�R�J���G�M�H�O�R�Y�D�Q�M�D���L�Q�K�L�E�L�W�R�U�D���N�D�O�F�L�M�H�Y�L�K���N�D�Q�D�O�D�����Y�H�U�D�S�D�P�L�O�D�����Q�D��

agregaciju trombocita u prisustvu flavanona 

 Inhibicijsko djelovanje flavanona na kalcijeve kanale �X�]���Y�H�U�D�S�D�P�L�O���R�S�D�å�H�Q�R���M�H���V�D�P�R���X�] 

jak agonist TRAP-6, iako je uz taj agonist �S�U�L�V�X�W�Q�R�� �L�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�R�� �V�D�P�R�V�W�D�O�Q�R��

antiagregacijsko djelovanje flavanona (slika 21), dok uz slab agonist ADP nije prisutna 

�V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Qa razlika u antiagregacijskom djelovanju, kako u samostalnom tako i u 

kombinaciji flavanona i inhibitora verapamila (slika 22). 

 

 

Slika 21. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D flavanona i verapamila, inhibitora 
kalcijevih kanala, uz agonist TRAP-6 uz iskazane p vrijednosti ANOVA testa i post hoc analize 
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Slika 22. U�þ�L�Q�D�N �]�D�M�H�G�Q�L�þ�N�R�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D flavanona i verapamila, inhibitora 
kalcijevih kanala, uz agonist ADP�����U�H�]�X�O�W�D�W�L���R�E�U�D�ÿ�H�Q�L���$�1�2�9�$���W�H�V�W�R�P���X�]���U�D�]�L�Q�X���]�Q�D�þ�D�M�Q�R�V�W�L���������� 

4.2.3 �3�R�Y�H�ü�D�Q�M�H��inhibitornog djelovanja 6-hidroksiflavona i pinocembrin-7-metiletera 

na agregaciju trombocita u prisustvu flavanona 

�5�H�]�X�O�W�D�W�L�� �L�V�S�L�W�L�Y�D�Q�M�D�� �]�D�M�H�G�Q�L�þ�N�R�J�� �X�W�M�H�F�D�M�D�� �N�R�P�E�L�Q�D�F�L�M�H�� �I�O�D�Y�R�Q�R�L�G�D�� �S�U�L�P�L�M�H�Q�M�H�Q�L�K�� �X��

svojim MINaAC koncentracijama u prisustvu agonista agregacije: ADP, TRAP-6, kolagen i 

AA testirani su ANOVA jednosmjernih testom, uz �U�D�]�L�Q�X���V�W�D�W�L�V�W�L�þ�N�H���]�Q�D�þ�D�M�Q�R�V�W�L�������������V��post-

hoc analizom (tablica 11). S�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�D���U�D�]�O�L�N�D���L�]�P�H�ÿ�X���U�H�]�X�O�W�D�W�D���]�D���Q�H�J�D�W�L�Y�Q�X���N�R�Q�W�U�R�O�X��

(DMSO) i rezultata samostalnog djelovanja svakog od flavonoida (flavanona, 6-

hidroksiflavona, pinocembrin-7-metiletera), u odnosu na kombinacije flavonoida, �X�R�þ�H�Q�D���M�H���X�]��

agoniste TRAP-6, ADP i AA  za kombinaciju flavanona i 6-hidroksiflavona, flavanona i 

pinocembrin-7-metiletera te 6-hidroksiflavona i pinocembrin-7-metiletera. Uz agonist kolagen 

niti jedna �N�R�P�E�L�Q�D�F�L�M�D�� �Q�L�M�H�� �R�V�W�Y�D�U�L�O�D�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�D�Q�� �S�R�M�D�þ�D�Q�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L�� �X�þ�L�Q�D�N�� 

Kombinacija flavanona i 6-�K�L�G�U�R�N�V�L�I�O�D�Y�R�Q�D�� �R�V�W�Y�D�U�L�O�D�� �M�H�� �S�R�Y�H�ü�D�Q�M�H�� �L�Q�K�L�E�L�F�L�M�H�� �D�J�U�H�J�D�F�L�M�H u 

�]�D�M�H�G�Q�L�þ�N�R�P�� �G�M�H�O�R�Y�D�Q�M�X�� �X�]�� �D�J�R�Q�L�V�W�H��TRAP-6, ADP i AA. Kombinacija flavanona i 

pinocembrin-7-metiletera uz ADP �S�R�N�D�]�X�M�H���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�D�Q���X�þ�L�Q�D�N���N�R�M�L���L�]�R�V�W�D�M�H���X�]���7�5�$�3-

6 kao induktor agregacije. Pinocembrin-7-�P�H�W�L�O�H�W�H�U�� �R�V�W�Y�D�U�X�M�H�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�X��

antiagregacijsku aktivnost uz 6-hidroksiflavon i AA kao induktor.   
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Tablica 11. �=�D�M�H�G�Q�L�þ�N�L���L�Q�K�L�E�L�W�R�U�Q�L���X�þ�L�Q�D�N���I�O�D�Y�D�Q�R�Q�D, 6-OH-flavona i pinocembrin-7-�P�H�W�L�O�H�W�H�U�D���X�]���U�D�]�O�L�þ�L�W�H���D�J�R�Q�L�V�W�H���D�J�U�H�J�D�F�L�M�H (TRAP-6, ADP, 
kolagen, AA), testiran jednosmjernim ANOVA i post-hoc testom Bonferroni i Holm T-statistika �Q�D���U�D�]�L�Q�L���]�Q�D�þ�D�M�Q�R�V�W�L����������  

Flavonoidi# 
One-way ANOVA Post-hoc 

versus DMSO One-way ANOVA 
Post-hoc 
versus 
DMSO One-way ANOVA Post-hoc 

versus DMSO 
Flavonoidi  

One-way 
ANOVA 

Post-hoc versus 
DMSO 

TRAP-6 (31 �—�0�� ADP �����������—�0�� Kolagen �����������—g/mL) AA �������������—�0�� 
p F-stat P p F-stat p p F-stat p p F-stat p 

DMSO 

0,01* 5,38 

- 

0,002** 8,74 

- 

0,20 1,81 NA 

DMSO 

0,02* 4,8613 

- 
flavanon 1,07 0,35 6-OH-flavon 0,15 

6-hidroksiflavon 
0,58 0,05 pinocembrin-7-

metileter 0,09 

flavanon  +   6-
hidroksiflavon   0,03* 0,001** 

6-OH-flavon+  
pinocembrin-7-

metileter 
0,008** 

DMSO 

0,32 1,29 

- 

0,03* 4,34 

- 

0,78 0,36 NA 

DMSO 

0,01* 5,4055 

- 
flavanon 1,12 0,46 6-OH-flavon 0,46 

pinocembrin-7-
metileter 0,85 0,19 flavanon 0,37 
flavanon+  

pinocembrin-7-
metileter 

0,63 0,02* 6-OH-flavon+  
flavanon 0,007** 

�����)�O�D�Y�R�Q�R�L�G�L���S�U�L�U�H�ÿ�H�Q�L���X��MINaAC prema radu  
*p<0,05 
**p<0,01 
 



 

51 
 

4.3 Utjecaj flavonoida na aktivaciju trombocita ���S�R�Y�U�ã�L�Q�V�N�X���H�N�V�S�U�H�V�L�M�X��

receptora) 

�3�R�S�X�O�D�F�L�M�D���W�U�R�P�E�R�F�L�W�D���L�]�G�Y�R�M�H�Q�D���M�H���X���F�L�W�R�J�U�D�P�X���Y�H�O�L�þ�L�Q�H���L���]�U�Q�D�W�R�V�W�L���V�W�D�Q�L�F�D���6�6CxFSC, te 

�G�H�I�L�Q�L�U�D�Q�D�� �D�Q�W�L�W�L�M�H�O�R�P�� �V�S�H�F�L�I�L�þ�Q�L�P�� �]�D�� �S�R�S�X�O�D�F�L�M�X�� �W�U�R�P�E�R�F�L�W�D�� �&�'����-PE. Tako postavljena ograda 

koristila se u nastavku eksperimenata za procjenu udjela aktiviranih trombocita.  

Aktivacija trombocita putem inside-out �V�L�J�Q�D�O�L�]�D�F�L�M�H�� �S�U�D�ü�H�Q�D��je pojavom konformacije 

�D�N�W�L�Y�Q�R�J�� �R�E�O�L�N�D�� �L�Q�W�H�J�U�L�Q�D�� �.IIb��3. �0�H�W�R�G�D�� �S�U�R�W�R�þ�Q�H�� �F�L�W�R�P�H�W�U�L�M�H�� �Y�U�L�M�H�G�Q�R�ã�ü�X�� �V�U�H�G�Q�M�H�J�� �L�Q�W�H�Q�]�L�W�H�W�D��

fluorescencije (MFI) pokazala je udio aktiviranih trombocita koji su PAC-1 pozitivni u uzorcima 

�Q�D�N�R�Q���L�Q�N�X�E�D�F�L�M�H���V���U�D�]�O�L�þ�L�W�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���I�O�D�Y�D�Q�R�Q�D���X���R�G�Q�R�V�X���Q�D���X�]�R�U�N�H���N�R�M�L���V�X���V�H���L�Q�N�X�E�L�U�D�O�L��

samo s otapalom DMSO. Na histogramu MFI za PAC-�����P�R�å�H���V�H���S�U�D�W�L�W�L���S�R�P�D�N���K�L�V�W�R�J�U�D�P�D���X�O�L�M�H�Y�R��

�X���X�]�R�U�F�L�P�D���Q�D�N�R�Q���L�Q�N�X�E�D�F�L�M�H���V���I�O�D�Y�D�Q�R�Q�R�P���ã�W�R���S�U�H�G�V�W�D�Y�O�M�D���V�P�D�Q�M�H�Q�M�H���E�U�R�M�D���D�N�W�L�Y�L�U�D�Q�L�K���W�U�R�P�E�R�F�L�W�D 

(slika 23).  

�8���L�V�S�L�W�L�Y�D�Q�M�X���U�D�]�O�L�þ�L�W�L�K���N�R�Q�F�H�Q�W�U�D�F�L�M�V�N�L�K���U�D�]�L�Q�D���I�O�D�Y�D�Q�R�Q�D���L���Q�M�L�K�R�Y�R�J���L�Q�K�L�E�Lcijskog �X�þ�L�Q�N�D��

�Q�D�� �D�N�W�L�Y�D�F�L�M�X�� �W�U�R�P�E�R�F�L�W�D�� �R�S�D�å�H�Q�R�� �M�H�� �G�D�� �U�D�]�L�Q�D�� �X�þ�L�Q�N�D�� �R�Y�L�V�L�� �R�� �S�U�L�P�L�M�H�Q�M�H�Qoj koncentraciji, uz 

�V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�X���Q�H�J�D�W�L�Y�Q�X���N�R�U�H�O�D�F�L�M�X (slika 24), �D�O�L���S�R�V�W�L�å�H���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�D�Q���X�þ�L�Q�D�N���L�Q�K�L�E�L�F�L�M�H��

aktivacije trombocita samo pri koncentraciji od 488 �RM u usporedbi s negativnom kontrolom. 

Inhibicijski utjecaj 488 �RM �I�O�D�Y�D�Q�R�Q�D�� �Q�D�� �V�P�D�Q�M�H�Q�M�H�� �D�N�W�L�Y�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D�� �S�U�D�ü�H�Q�M�Hm biljega 

aktivacije PAC-���� �S�R�W�Y�U�ÿ�H�Q�� �M�H�� �D�Q�D�O�L�]�R�P�� �Q�D�� �S�H�W�� �Q�H�R�Y�L�V�Q�L�K�� �X�]�R�U�D�N�D�� �N�U�Y�L���� �S=0,0018, uz razinu 

�]�Q�D�þ�D�M�Q�R�V�W�L���������� (Studentov t-test za uparene uzorke) (slika 25). 
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Slika 23. Pomak histograma srednjeg intenziteta fluorescencije (MFI) u uzorku s DMSO (A) i s 
flavanonom, 488 uM (B) uz agonist aktivacije TRAP-�������������—�0�� 
 
 
 

 

Slika 24. �*�U�D�I�L�þ�N�L�� �S�U�L�N�D�]�� �R�Y�L�V�Q�R�V�W�� �V�P�D�Q�M�H�Q�M�D�� �D�N�W�L�Y�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D�� �R�� �N�R�Q�F�H�Q�W�U�D�F�L�M�L�� �I�O�D�Y�D�Q�R�Q�D-�S�U�D�ü�H�Q�M�Hm 
udjela PAC-1 pozitivnih trombocita nakon inkubacije s flavanonom, uz agonist TRAP-�������������—�0��, metodom 
�S�U�R�W�R�þ�Q�H���F�L�W�R�P�H�W�U�L�M�H�����X�]���L�V�N�D�]�L�Y�D�Q�M�H���N�R�H�I�L�F�L�M�H�Q�W�D���N�Rrelacije (r) 
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Slika 25. �*�U�D�I�L�þ�N�L���S�U�L�N�D�]���D�N�W�L�Y�D�F�L�M�H���W�U�R�P�E�R�F�L�W�D���X���X�]�R�U�F�L�P�D�������L�V�S�L�W�D�Q�L�N�D���Q�D�N�R�Q���������P�L�Q���L�Q�N�X�E�D�F�L�M�H���W�U�R�P�E�R�F�L�W�D��
s otopinom flavanona (488) �—�0 u odnosu na uzorke tretirane samo otapalom (DMSO), uz agonist TRAP-
�������������—�0��. Aktivacija trombocita �E�L�O�M�H�å�H�Q�D���M�H���N�D�R���S�R�V�W�R�W�D�N���3�$C-1 pozitivnih stanica u MFI histogramu. 
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5.1 L ipofilnost flavonoida 

Spojevi iz prirode s antiagregacijskim svojstvima nalaze svoje prednosti u pleiotropnosti 

�X�þinka, �P�R�J�X�ü�H�P���V�L�Q�H�U�J�L�V�W�L�þ�N�R�P���G�M�H�O�R�Y�D�Q�M�X�����N�D�R���L���X���V�P�D�Q�M�H�Q�M�X���Q�X�V�S�R�M�D�Y�D��povezanih s trenutnim 

terapijskim modelima (Rasines-Perea and Teissedre, 2017) (Bijak et al., 2019).  

�$�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�� �G�M�H�O�R�Y�D�Q�M�H�� �I�O�D�Y�R�Q�R�L�G�D�� �L�V�W�U�D�å�L�Y�D�Q�L�K�� �X�� �R�Y�R�P�� �U�D�G�X�� �S�U�H�G�V�W�D�Y�O�M�D�� �M�R�ã�� �M�H�G�D�Q��

�G�R�N�D�]���S�R�W�H�Q�F�L�M�D�O�Q�H���I�D�U�P�D�N�R�O�R�ã�N�H���S�U�L�P�M�H�Q�H���V�S�R�M�H�Y�D���L�]���V�Y�D�N�R�G�Q�H�Y�Q�H���S�U�H�K�U�D�Q�H����kao dodatne terapije 

uz standardnu antiagregacijsku terapiju, a posebice kod bolesnika kod kojih ta terapija nije 

�X�þ�L�Q�N�R�Y�L�W�D�� F�O�D�Y�R�Q�R�L�G�L���L�P�D�M�X���L�]�Y�U�V�W�D�Q���V�L�J�X�U�Q�R�V�Q�L���S�U�R�I�L�O�����Q�H�P�D���W�R�N�V�L�þ�Q�R�V�W�L���G�R�����������J���G�D�Q�� i nemaju 

�S�R�]�Q�D�W�L�K���]�Q�D�þ�D�M�Q�L�K���Q�X�V�S�R�M�D�Y�D (Hertog i sur., 1993). �8�S�U�D�Y�R���M�H���Y�L�ã�H�V�W�U�X�N�R���G�M�H�O�R�Y�D�Q�M�H��osnova novijih 

�S�U�H�S�R�U�X�N�D�� �X�� �W�H�U�D�S�L�M�L�� �R�G�U�H�ÿ�H�Q�L�K�� �N�O�L�Q�L�þ�N�L�K�� �R�E�O�L�N�D�� �.�9�%-a. Tako Montalescot i Sabatine, (2016) u 

�V�Y�R�P�� �S�U�H�J�O�H�G�Q�R�P�� �U�D�G�X�� �]�D�N�O�M�X�þ�X�M�X�� �G�D�� �G�X�D�O�Q�D�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�D�� �W�H�U�D�S�L�M�D�� �S�R�S�U�D�Y�O�M�D�� �L�]�J�O�H�G�H�� �Q�D�N�R�Q��

�D�N�X�W�Q�R�J�� �V�U�þ�D�Q�R�J�� �]�D�W�D�M�H�Q�M�D�� �L���L�O�L�� �S�H�U�N�X�W�D�Q�H�� �N�R�U�R�Q�D�U�Q�H�� �L�Q�W�H�U�Y�H�Q�F�L�M�H. Prema radu Zhu i sur., (2015) 

�N�U�H�L�U�D�Q�� �M�H�� �S�U�R�O�L�M�H�N�� �D�V�S�L�U�L�Q�D�� �V�� �U�H�V�H�U�Y�D�W�U�R�O�R�P�� �N�R�M�L�� �E�L�� �W�U�H�E�D�R�� �X�E�O�D�å�L�W�L�� �Q�X�V�S�R�M�D�Y�H�� �R�G�Q�R�V�Q�R�� �N�U�Y�D�U�H�Q�M�D��

gastrointestinalnog trakta uzrokovanog dugotrajnom terapijom aspirinom. Navarro-�1�~�x�H�]��i sur., 

(2008) su dokazali na ex vivo �H�N�V�S�H�U�L�P�H�Q�W�L�P�D�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�R�� �S�R�M�D�þ�D�Q�R�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R��

djelovanje aspirina u prisutnosti apigenina. U jednostavnom eksperimentu Zubair i sur., (2011) 

�S�R�N�D�]�D�O�L�� �V�X�� �G�D�� �M�H�� �X�]�L�P�D�Q�M�H�� �þ�R�N�R�O�D�G�H�� �X�]�� �D�V�S�L�U�L�Q�� �]�Q�D�þ�D�M�Q�R �S�U�R�G�X�å�L�O�R�� �Y�U�L�M�H�P�H�� �N�U�Yarenja u grupi 

zdravih ispitanika. �3�U�R�F�M�H�Q�M�X�M�X�ü�L�� �I�D�U�P�D�N�R�O�R�ã�N�H�� �S�R�W�H�Q�F�L�M�D�O�H�� �I�O�D�Y�R�Q�R�L�G�D�� �Y�D�å�Q�R�� �M�H�� �L�V�S�L�W�D�W�L�� �V�W�X�S�D�Q�M��

bioaktivnog djelovanja temeljem njihovih fizikalno-kemijskih �V�Y�R�M�V�W�Y�D�����0�H�ÿ�X���Q�M�L�P�D�����O�L�S�R�I�L�O�Q�R�V�W���M�H��

�V�Y�R�M�V�W�Y�R���N�R�M�H���E�L���R�P�R�J�X�ü�L�O�R���E�R�O�M�X���D�N�W�L�Y�Q�R�V�W���I�O�D�Y�R�Q�R�L�G�D���X���E�L�R�V�X�V�W�D�Y�L�P�D�� 

5.1.1 Povezanost kromatografskih �L���U�D�þ�X�Q�D�O�Q�Lh parametara lipofilnosti  

�0�X�N�R�W�U�S�Q�H�� �L�� �G�X�J�R�W�U�D�M�Q�H�� �H�N�V�S�H�U�L�P�H�Q�W�H���L�]�P�X�ü�N�D�Y�D�Q�M�D���S�R�P�R�ü�X�� �V�X�V�W�D�Y�D��n-�R�N�W�D�Q�R�O���Y�R�G�D���M�R�ã��

uvijek predstavljaju zlatni standard �R�G�U�H�ÿ�L�Y�D�Q�M�D���O�L�S�R�I�L�O�Q�R�V�W�L���P�R�O�H�N�X�O�D�����1�M�L�K���X���V�Y�D�N�R�G�Q�H�Y�Q�R�P���U�D�G�X��

�V�Y�H�� �Y�L�ã�H�� �]�D�P�M�H�Q�M�X�M�X��metode RP-TLC i RP-HPLC zbog svojih brojnih prednosti (brzina, 

�M�H�G�Q�R�V�W�D�Y�Q�R�V�W�����P�R�J�X�ü�Q�R�V�W���Q�D�Q�R�ã�H�Q�M�D���Y�H�ü�H�J���E�U�R�M�D���V�S�R�M�H�Y�D�����V�P�D�Q�M�H�Q�L���]�D�K�W�M�H�Y�L���þ�L�V�W�R�ü�H���V�S�R�M�H�Y�D���L�W�G������ 

Rezultati RP-TLC analize na skupini od 21 flavonoida (slika 11 i tablica 6) izdvojili su kao 

najlipofilnij e tektokrizin i krizin dimetileter, a kao najhidrofilniji spoj luteolin. Tektokrizin i krizin 

dimetileter nemaju �V�X�S�V�W�L�W�X�L�U�D�Q�L���%���S�U�V�W�H�Q�����D���G�Y�L�M�H���K�L�G�U�R�N�V�L�O�Q�H���V�N�X�S�L�Q�H���Q�D���$���S�U�V�W�H�Q�X���V�X���G�M�H�O�R�P�L�þ�Q�R��

odnosno potpuno metilirane. �2�G�U�H�ÿ�L�Y�D�Q�M�H lipofilnosti �P�R�O�H�N�X�O�D���R�G���L�]�X�]�H�W�Q�H���M�H���Y�D�å�Q�R�V�W�L���X���4�6�$�5��
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modeliranju koje je nezaobilazno u ispitivanju potencijalnih, novih terapijski aktivnih spojeva. Ne 

�X�P�D�Q�M�X�M�X�ü�L�� �Y�U�L�M�H�G�Q�R�V�W �H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�R�� �R�G�U�H�ÿ�H�Qih �Y�U�L�M�H�G�Q�R�V�W�L���� �U�D�þ�X�Q�V�N�L�� �S�U�L�V�W�X�S�L imaju mnoge 

prednosti jer ne zahtijevaju skupe instrumente, reagense i naporan eksperimentalni rad (Stoica i 

sur., 2018). �.�R�U�L�ã�W�H�Q�M�H�� �G�R�V�W�X�S�Q�L�K�� �S�U�R�J�U�D�P�V�N�L�K�� �D�S�O�L�N�D�F�L�M�D�� �]�D�� �S�U�H�G�Y�L�ÿ�D�Q�M�H�� �V�Y�R�M�V�W�D�Y�D��kemijskih 

�V�S�R�M�H�Y�D���G�D�Q�D�V���M�H���V�W�D�Q�G�D�U�G���U�D�G�D���]�Q�D�Q�V�W�Y�H�Q�H���L���V�W�U�X�þ�Q�H���]�D�M�H�G�Q�L�F�H���W�H�P�H�O�M�H�P���V�Y�R�M�H���S�U�D�N�W�L�þ�Q�R�V�W�L�����9�D�å�Q�R��

�S�R�G�U�X�þ�M�H�� �I�D�U�P�D�N�R�O�R�ã�N�L�K�� �L�V�S�L�W�L�Y�D�Q�M�D�� �M�H�� �S�U�R�X�þ�D�Y�D�Q�M�H�� �E�L�R�D�N�W�L�Y�Q�R�V�W�L�� �V�S�R�M�H�Y�D�� �N�R�M�L�� �S�U�H�G�V�W�D�Y�O�M�D�M�X��

potencijalne nove lijekove. Lipofilnost je nedvojbeno izni�P�Q�R�� �Y�D�å�Q�D�� �]�D�� �E�L�R�D�N�W�L�Y�Q�R�V�W�� �W�Y�D�U�L���� �D��

�V�D�P�L�P���W�L�P�H���L���S�D�U�D�P�H�W�U�L���N�R�M�L���M�X���R�S�L�V�X�M�X�����3�U�R�J�U�D�P�V�N�H���D�S�O�L�N�D�F�L�M�H���Q�X�G�H���S�R�þ�H�W�D�Q�����M�H�G�Q�R�V�W�D�Y�D�Q�����E�U�]���Q�D�þ�L�Q��

�]�D���L�]�U�D�þ�X�Q logP parametra koji predstavlja mjeru lipofilnosti molekule, a samim time i propusnosti 

�N�U�R�]�� �V�W�D�Q�L�þ�Q�H�� �P�H�P�E�U�D�Q�H��(Bennion i sur., 2017)���� �0�R�G�H�O�L�� �]�D�� �L�]�U�D�þ�X�Q�� �O�R�JP �U�D�]�O�L�þ�L�W�L�K�� �S�U�R�J�U�D�P�V�N�L�K��

�D�S�O�L�N�D�F�L�M�D���]�E�U�D�M�D�M�X���Y�U�L�M�H�G�Q�R�V�W�L���S�D�U�D�P�H�W�D�U�D���V�D�G�U�å�D�Q�L�K���X���Q�M�L�K�R�Y�L�P���E�D�]�D�P�D�����7�L���V�H���S�D�U�D�P�H�W�U�L���R�G�Q�R�V�H���L�O�L��

na razinu atoma ili na razinu fragmenata molekule. Upravo po tome se razlikuju dva osnovna 

�Q�D�þ�H�O�D rada ovih aplikacija. Metoda koja koristi velike baze podataka mjerenja na razini atoma je 

�S�U�L�K�Y�D�W�O�M�L�Y�L�M�D�� �]�D�� �M�H�G�Q�R�V�W�D�Y�Q�L�M�H�� �P�R�O�H�N�X�O�H�� �G�R�N�� �M�H�� �]�D�� �Y�H�ü�H���� �N�R�P�S�O�H�N�V�Q�L�M�H�� �P�R�O�H�N�X�O�H���� �S�U�L�K�Y�D�W�O�M�L�Y�L�M�D��

�I�U�D�J�P�H�Q�W�D�U�Q�D�� �P�H�W�R�G�D���� �8�� �Q�D�þ�H�O�X���� �P�R�G�H�O�L�� �N�R�M�L�� �V�H�� �E�D�]�L�U�D�M�X�� �Q�D�� �I�U�D�J�P�H�Q�W�D�U�Q�R�P�� �S�U�L�V�W�X�S�X�� �V�X�� �W�R�þ�Q�L�M�L����

Model fragme�Q�W�D�U�Q�R�J���S�U�L�V�W�X�S�D���R�P�R�J�X�ü�X�M�H���L�]�U�D�þ�X�Q deskriptora lipofilnosti kao zbroja vrijednosti 

�I�U�D�J�P�H�Q�W�D�� �X�]�L�P�D�M�X�ü�L ih uz �R�G�U�H�ÿ�H�Q�H faktore korekcije (npr. tautomerizacijske, ionizacijske, 

intramolekularne interakcije) ���.�á�R�V�L���V�N�D-�6�]�P�X�U�á�R��i sur., 2014).  

U ovom �L�V�W�U�D�å�L�Y�D�Q�M�X���N�R�U�L�ã�W�H�Q�L�P��aplikacijama Molinspiration, Chemicalize, ChemSketch i 

SwissADME �R�G�U�H�ÿ�H�Q�L��su logP vrijednosti temeljem podataka u �R�G�J�R�Y�D�U�D�M�X�ü�L�P��bazama za 

promatranu skupinu flavonoida. Svih 21 promatranih flavonoida zadovoljavaju pravilo Lipinski i 

sur. (2001) �Y�H�]�D�Q�R���X�]���]�D�K�W�M�H�Y���]�D���G�R�E�U�X���E�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W���V�S�R�M�D��nakon oralne primjene ukoliko je 

njegov logP<5. �8�V�S�R�U�H�G�E�R�P�����H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�R���R�G�U�H�ÿ�H�Q�R�J��RM parametra i teoretskog logP (tablica 

�����L���������L�]�U�D�þ�X�Q�D�W�R�J���S�X�W�H�P���S�U�R�J�U�D�P�V�N�L�K���D�S�O�L�N�D�F�L�M�D��Molinspiration i Swiss ADME �Q�D�ÿ�H�Q�D���M�H���V�Q�D�å�Q�D 

pozitivna korelacija lipofilnosti (r=0,8631 i 0,9283 p<0,001) te umjereno pozitivna korelacije s 

logP ChemSketch-a i Chemicalize-a (r=0,5454, p=0,009 i r=0,4448, p=0,0434).  Rothwell i sur. 

(2005) u svom su �L�V�W�U�D�å�L�Y�D�Q�M�X�� �S�U�H�F�L�]�Q�R�� �R�G�U�H�G�Lli  eksperimentalni logP za grupu flavonoida i 

usporedili  ih sa saznanjima o njihovom metabolizmu. U njihovom �M�H���L�V�W�U�D�å�L�Y�D�Q�M�X���O�X�W�H�R�O�L�Q�����V���O�R�JP 

3,22 bio najlipofilniji dok je kvercetin-3-sulfat bio najhidrofilniji, logP -1,11. Kvercetin je bio 

najhidrofilniji od svih aglikona, logP 1,82, a konjugati �S�U�R�P�D�W�U�D�Q�L�K���I�O�D�Y�R�Q�R�L�G�D���R�S�ü�H�Q�L�W�R���V�X���L�P�D�O�L��

�]�Q�D�þ�D�M�Q�R�� �Q�L�å�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �O�R�JP. Stoica i sur., (2018) �L�V�W�U�D�å�L�Y�D�O�L��su derivate tiazolil-1,3,4-



 

57 
 

oksadiazole koji pokazuju antitumorsku, antibakterijsku, antifungalnu, anti-tuberkuloznu i 

protuupalnu aktivnost. Eksperimentalne podatke o retenciji, RM �V�X���X�V�S�R�U�H�G�L�O�L���V���L�]�U�D�þ�X�Q�D�W�L�P���O�R�JP 

putem XLOGP, FILTER-IT, ALOGPS programskih paketa i dobili koeficijente korelacije koji su 

se kretali od 0,64-0,82. Kasperkiewicz i sur., (2018) �L�V�W�U�D�å�L�Y�D�O�L��su lipofilnost devet derivata 

kumarina kao potencijalnih antiagregacijskih spojev�D���L���X�V�S�R�U�H�ÿ�X�M�X�ü�L���Q�M�L�K�R�Y�H eksperimentalne RM 

vrijednosti s logP vrijednostima Molinspiration aplikacije dobili koeficijent korelacije r=0,99. 

�0�R�J�X�ü�Q�R�V�W�L�� �S�U�L�P�M�H�Q�H�� �N�U�R�P�D�W�R�J�U�D�I�V�N�L�K�� �S�D�U�D�P�H�W�D�U�D�� �S�R�N�D�]�D�O�R�� �M�H�� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �J�U�X�S�H Bober i sur. 

(2019) na novosintetiziranim derivata botulina. Njihovi su rezultati ukazali na visoku korelaciju 

eksperimentalno dobivenog logP (ALOGPS, AClogP, miLogP, ALOGP, MLOGP, XLOGP2, 

XLOGP3) s RM vrijednosti. Koeficijent korelacije kretao se, ovisno o mobilnoj fazi od 0,87-0,99. 

�1�D���]�Q�D�W�Q�R���Y�H�ü�R�M���J�U�X�Si, od 190 molekula lijekova, Pyka i sur. (2006) su dobili vrlo visok koeficijent 

korelacije (0,93-0,95) prema podacima prikupljenim iz literature o �H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�R�� �R�G�U�H�ÿ�H�Q�Lm 

logP u bifaznom sustavu n-oktanol:voda temeljem s teoretski dobivenim rezultatima putem 

aplikacijama AlogPs, IAlogP, ClogP, miLogP, logPKowwin, xlogP.  

5.1.2 �3�R�Y�H�]�D�Q�R�V�W���U�D�þ�X�Q�D�O�Q�L�K���S�D�U�D�P�H�W�D�U�D���O�L�S�R�I�L�O�Q�R�V�W�L���L��aktivnosti flavonoida 

�,�V�W�U�D�å�L�Y�D�Q�M�D���X���N�R�M�L�P�D���V�H���O�L�S�R�I�L�O�Q�R�V�W���I�O�D�Y�R�Q�R�L�G�D���S�R�Y�H�]�L�Y�D�O�D���V���Q�M�L�K�R�Y�R�P���D�N�W�L�Y�Q�R�ã�ü�X���V�X���E�U�R�M�Qa. 

Kada se promatrao inhibicijski utjecaj flavonoida na aktivnost Syk kinaze na kulturama humanih 

mastocita, �X�R�þ�H�Qa �M�H���]�Q�D�þ�D�Mna korelacija tek kad je bila �X�U�D�þ�X�Q�D�W�D���Y�U�L�M�H�G�Q�R�V�W��ClogP (Shichijo i sur., 

2003). Vrijednost logP kao molekulskog deskriptora flavonoida �R�þ�L�W�X�M�H���V�H���L���Q�M�H�J�R�Y�L�P prisustvom 

u globalnim modelima �]�D���S�U�R�F�M�H�Q�X���W�R�N�V�L�þ�Q�R�V�W�L flavonoida u metabolizma sisavaca (Oliveira Filho 

i sur., 2015). LogP �N�D�R�� �P�M�H�U�D�� �O�L�S�R�I�L�O�Q�R�V�W�L�� �Q�X�G�L�� �L�V�W�U�D�å�L�Y�D�þ�L�P�D�� �Y�U�O�R�� �S�U�L�N�O�D�G�D�Q�� �Q�D�þ�L�Q�� �S�U�H�G�Y�L�ÿ�D�Q�M�D��

�P�R�J�X�ü�H�J���V�W�X�S�Q�M�D���G�M�H�O�R�Y�D�Q�M�D���I�O�D�Y�R�Q�R�L�G�D��in vivo �S�U�H�G�Y�L�ÿ�D�M�X�ü�L njihove interakcije s biomembranama. 

Prema Programskom paketu Chemicalize �X�W�Y�U�ÿ�H�Q�L logP pokazuje umjerenu pozitivnu korelaciju s 

RP-TLC RM vrijednostima (tablica 8), kada se ispitivala povezanost minimalne antiagregacijske 

�N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �G�R�E�L�Y�H�Q�D�� �M�H�� �V�Q�D�å�Q�D�� �Q�H�J�D�W�L�Y�Q�D�� �N�R�U�H�O�D�F�L�M�D�� �]�D�� �V�N�X�S�L�Q�X�� �I�O�D�Y�R�Q�D��r=0,76 p < 0,01 te 

umjerena negativna kada se zajedno promatrala grupa flavona i flavanona r=-0,59 p < 0,05 (tablica 

9). To je u skladu s �R�þ�H�N�L�Y�D�Q�M�L�P�D���G�D���Y�H�ü�D���Y�U�L�M�H�G�Q�R�V�W���O�R�JP�����W�M�����Y�H�ü�D���O�L�S�R�I�L�O�Q�R�V�W, pretpostavlja �L���Y�H�ü�X��

�E�L�R�O�R�ã�N�X���D�N�W�L�Y�Q�R�V�W���R�G�D�E�U�D�Q�H���V�N�X�S�L�Q�H���I�O�D�Y�R�Q�R�L�G�D���L��stoga �P�D�Q�M�X���N�R�Q�F�H�Q�W�U�D�F�L�M�X���S�R�W�U�H�E�Q�X���]�D���R�S�D�å�D�Q�M�H��

�Q�M�L�K�R�Y�R�J�� �L�Q�K�L�E�L�F�L�M�V�N�R�J�� �X�þ�L�Q�N�D����Pravila 5 (Lipinski i sur., 2001) �P�H�ÿ�X�� �R�V�W�D�O�L�P���� �S�U�H�W�S�R�V�W�D�Y�O�M�D�M�X��
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�W�H�U�D�S�L�M�V�N�X���Q�H�X�þ�L�Q�N�R�Y�Ltost spjeva s logP �Y�H�ü�L�P���R�G���������]�E�R�J���Y�L�V�R�N�H���O�L�S�R�I�L�O�Q�R�V�W�L���X�V�O�L�M�H�G���N�R�M�H���E�L���V�S�R�M�H�Y�L��

�R�V�W�D�O�L���]�D�G�U�å�D�Q�L���X���P�H�P�E�U�D�Q�L���V�W�D�Q�L�F�H���� �8���N�R�Q�W�H�N�V�W�X�� �W�U�R�P�E�R�F�L�W�D���� �]�D�G�U�å�D�Y�D�Q�M�H�� �X���P�H�P�E�U�D�Q�L���P�R�J�O�R���E�L��

�G�D�W�L���Q�D���]�Q�D�þ�D�M�X���I�O�D�Y�R�Q�R�L�G�L�P�D���V���Q�D�M�Y�H�ü�L�P���Y�U�L�M�H�G�Q�R�V�W�L�P�D���O�R�JP. 

Utjecaj flavonoida na membranu trombocita u velikoj bi mjeri mogao modulirati njihovu 

agregacijsku sposobnost.  Kitagawa i sur., (1993) �V�X�� �X�� �V�Y�R�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X���N�R�U�L�V�W�H�ü�L��model 

trombocita goveda i metodu fluorescentne anizotropije difenilheksatriena (DPH) opazili smanjenje 

anizotropije, odnosno �S�R�Y�H�ü�D�Q�M�H��fluidnosti hidrofobne jezgre lipidnog dvosloja, pod utjecajem 

monohidratnih fenolnih spojevima u istim koncentracijama u kojima dolazi do inhibicije 

agregacije �L���S�R�Y�H�ü�D�Q�M�D���N�R�Q�F�H�Q�W�U�D�F�L�M�H���F�$�0�3-a. Srivastava i Dash, (2001) ukazuju da je membrana 

�W�U�R�P�E�R�F�L�W�D���]�Q�D�þ�D�M�Q�R���Y�H�ü�H���I�O�X�L�G�Q�R�V�W�L �X���E�R�O�H�V�Q�L�N�D���V���P�R�å�G�D�Q�L�P���X�G�D�U�R�P�����ã�W�R���E�L��rezultirati �S�R�Y�H�ü�D�Q�R�P��

agregacijom. U prilog interakcije lipofilnih flavonoida i membrane trombocita �L�ã�O�H��b�L�� �X�W�Y�U�ÿ�H�Q�H��

korelacije molekulskog deskriptora lipofilnosti i MINaAC (tablica 9) �L�D�N�R�� �U�D�G�R�Y�L�� �Q�D�� �S�R�G�U�X�þ�M�X��

povezivanja lipofilnost i propusnosti, a samim time i aktivnosti biomolekula nisu �M�H�G�Q�R�]�Q�D�þ�Q�L���L��

�R�S�L�V�X�M�X���G�U�X�J�D�þ�L�M�H���R�G�Q�R�V�H�� Wu i sur., (2013) u svojem su �L�V�W�U�D�å�L�Y�D�Q�Mu flavonoida kao inhibitora E. 

coli QSAR modeliranjem, �]�D�N�O�M�X�þ�L�O�L���W�H�P�H�O�M�H�P���M�D�N�H���N�R�U�H�O�D�F�L�M�H���L�]�P�H�ÿ�X���F�O�R�JP i MIC50 (minimalna 

koncentracija tvari koja smanjuje rast mikroorganizama za 50%) da hidrofobnost predstavlja 

glavnu ulogu �X�� �D�Q�W�L�E�D�N�W�H�U�L�M�V�N�R�M�� �D�N�W�L�Y�Q�R�V�W�L�� �I�O�D�Y�R�Q�R�L�G�D�� �S�U�H�W�S�R�V�W�D�Y�O�M�D�M�X�ü�L�� �Q�M�L�K�R�Y�X�� �L�Q�W�H�U�D�N�F�L�Mu s 

�P�H�P�E�U�D�Q�R�P���� �'�U�X�J�D�� �L�V�W�U�D�å�L�Y�D�þ�N�D�� �V�N�X�S�L�Q�D�� �N�R�M�D�� �V�H�� �E�D�Y�L�O�D�� �L�V�W�U�D�å�Lvanjem utjecaja flavonoida na 

Bacillus subtilis i Escherichia coli su pak promatranjem povezanosti teoretski dobivenih logP za 

�I�O�D�Y�R�Q�R�L�G�H�� �L�� �Q�M�L�K�R�Y�H�� �D�Q�W�L�E�D�N�W�H�U�L�M�V�N�H�� �D�N�W�L�Y�Q�R�V�W�L�� �]�D�N�O�M�X�þ�L�O�L�� �G�D�� �R�Y�H�� �G�Y�L�M�H�� �Y�H�O�L�þ�L�Q�H�� �Q�L�V�X�� �S�R�Y�H�]�D�Q�H��

�O�L�Q�H�D�U�Q�R���Y�H�ü���G�D���M�H���Q�M�L�K�R�Y�D���Q�D�M�Y�H�ü�D���D�N�W�L�Y�Q�R�V�W���Y�H�]�D�Q�D���]�D���U�D�V�S�R�Q���Y�U�L�M�H�G�Q�R�V�W�L���O�R�JP 2,0-3,3 ���(�F�K�H�Y�H�U�U�t�D��

i sur., 2017)���� �7�D�N�D�Y�� �V�X�� �]�D�N�O�M�X�þ�D�N�� �G�R�Q�L�M�H�O�L�� �L�� �L�V�W�U�D�å�L�Y�D�þ�L�� �X�� �U�D�G�X�� �Q�D keto-diolima i kiselinama 

�G�X�J�R�O�D�Q�þ�D�Q�L�K���X�J�O�M�L�N�R�Yodika s potencijalnim kardiovaskularnim djelovanjem u eksperimentima na 

�K�H�S�D�W�R�F�L�W�L�P�D���ã�W�D�N�R�U�D���J�G�M�H���V�H���W�D�N�R�ÿ�H�U �X�R�þen raspon logP vrijednosti od 4-7 za spojeve koji su imali 

�Q�D�M�Y�H�ü�X���E�L�R�O�R�ã�N�X���D�N�W�L�Y�Q�R�V�W��in vitro (Pop i sur., 2004). Nadalje, �L�V�W�U�D�å�L�Y�D�Q�M�D���V�X���S�R�N�D�]�D�O�D���G�D���ü�H���X��

�X�Y�M�H�W�L�P�D���S�U�L�E�O�L�å�Q�H���O�L�S�R�I�L�O�Q�R�V�W�L���P�R�O�H�N�X�O�H���I�O�D�Y�R�Q�R�L�G�D�����L�Q�W�H�U�D�N�F�L�M�L���V���P�H�P�E�U�D�Q�R�P���E�L�Wi skloniji flavanoli 

�ã�W�R���V�H���R�E�M�D�ã�Q�M�D�Y�D���Q�M�L�K�R�Y�R�P��planarnom konfiguracijom u usporedbi s flavanonima (van Dijk i sur., 

2000). Rezultati ovog �L�V�W�U�D�å�L�Y�D�Q�M�D���X���V�N�O�D�G�X���V�X���V���S�U�H�W�S�R�V�W�D�Y�N�R�P���G�D���I�O�D�Y�R�Q�R�L�G�L���L�P�D�M�X���W�H�Q�G�H�Q�F�L�M�X���G�D��

se lokaliziraju u dijelu membranskog dvosloja na temelju njihove lipofilnosti. U tom smislu, 

�I�O�D�Y�R�Q�R�L�G�L���V���Y�L�ã�R�P���O�L�S�R�I�L�O�Q�R�ã�ü�X���L�P�D�M�X���Y�H�ü�X���V�S�R�V�R�E�Q�R�V�W���L�Q�W�H�U�D�N�F�L�M�H���V���P�H�P�E�U�D�Q�V�N�L�P���V�W�U�X�N�W�Xrama, 

�R�G�Q�R�V�Q�R�� �X�]�U�R�N�X�M�X�� �L�Q�K�L�E�L�F�L�M�X�� �D�J�U�H�J�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D�� �S�U�L�� �Q�L�å�R�M�� �N�R�Q�F�H�Q�W�U�D�F�L�M�L. To bi moglo voditi 
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smanjenju fluidnosti lipidnog sloja���� �þ�L�P�H�� �V�H�� �V�W�D�E�L�O�L�]�L�U�D�� �P�H�P�E�U�D�Q�D�� �W�U�R�P�E�R�F�L�W�D���� �=�D�Q�L�P�O�M�L�Y�R�� �M�H�� �G�D��

logP iz Chemicalize jedini nije pokazao korelaciju s eksperimentalno RM parametrom �ã�W�R���Q�D�V���P�R�å�H��

navesti na �]�D�N�O�M�X�þ�D�N �G�D���V�X���L�]�U�D�þ�X�Q�D�W�L���I�L�]�L�N�D�O�Q�R-kemijski deskriptori sveobuhvatniji i robustniji kao 

�S�U�H�G�L�N�W�R�U�L���O�L�S�R�I�L�O�Q�R�V�W�L���X���E�L�R�O�R�ã�N�R�P���R�N�U�X�å�H�Q�M�X��  

5.2 �2�G�U�H�ÿ�L�Y�D�Q�M�H��MINaAC flavanona 

Flavanon je u prisustvu svih induktora agregacije (ADP, TRAP-6, kolagen, ristocetin, AA) 

pokazao inhibicijski �X�þ�L�Q�D�N (tablica 10) �þ�L�P�H��ukazuje na neselektivnu prirodu utjecaja na �U�D�]�O�L�þ�L�W�H��

puteve aktivacije i agregacije trombocite. D�R�G�X�ã�H, intenzitet njegova djelovanja nije jednak na 

svakom od tih putova. Izuzetno niska MINaAC, od samo 63 nM, djelotvorna je kada je agregacija 

potaknuta slabim agonistom ADP-om, odnosno u prisustvu TRAP-6, kao jakog agonista, flavanon 

�S�R�V�W�L�å�H �]�Q�D�þ�D�M�Q�X���U�D�]�L�Q�X���X�W�M�H�F�D�M�D���Q�D���W�U�L�G�H�V�H�W���S�X�W�D���Y�H�ü�R�M���N�R�Q�F�H�Q�W�U�D�F�L�M�L���R�G��2 �—M. MINaAC flavanona 

kod ADP-om inducirane agregacije �M�H���Q�D�M�Q�L�å�D���X���X�V�S�R�U�H�G�E�L���V��vrijednostima za druge flavonoide u 

radu �%�R�M�L�ü��i sur. (2012). Takvu vrijednost �S�R�V�W�L�å�H��samo 6-hidroksiflavon, ali kod agregacije 

potaknute ristocetinom. Vaiyapuri i sur. (2015) �V�X�� �X�� �R�S�V�H�å�Q�R�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X��temeljem odnosa 

�U�D�]�O�L�þ�L�W�L�K�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D��nobiletina djelotvornih uz agonist kolagen (6,25 �—�0�� i trombin kao 

�D�N�W�L�Y�D�W�R�U�����������—�0�� �]�D�N�O�M�X�þili  kako nobiletin pre�W�H�å�L�W�R djeluje na put aktivacije preko GPVI, odnosno 

�X���Q�D�ã�H�P���L�V�W�U�D�å�L�Y�D�Q�M�X��dalo bi se �]�D�N�O�M�X�þiti  se da je flavanon pre�W�H�å�L�W�R djelovao putem G-proteina 

koji prenosi signale s P2Y12 receptora za ADP u prisustvu kojega je flavanon djelovao u iznimno 

maloj koncentraciji od 6,25 nM. No treba napomenuti da je u agregacijskim ispitivanjima koje 

smo proveli (tablica 10) �I�O�D�Y�D�Q�R�Q�� �G�M�H�O�R�Y�D�R�� �X�� �N�R�Q�F�H�Q�W�U�D�F�L�M�L�� �R�G�� �������� �—�0�� �Q�D�� �G�Y�D�� �U�D�]�O�L�þ�L�W�D�� �S�X�W�D��

aktivacije; GPIb-�,�;���X���V�O�X�þ�D�M�X���U�L�V�W�R�F�H�W�L�Q�D�����*�3�9�,���X���V�O�X�þ�D�M�X���N�R�O�D�J�H�Q�D�� U eksperimentu s odabranim 

flavonoidima koje je �V�O�L�þ�Q�R���R�Y�R�P �L�V�W�U�D�å�L�Y�D�Q�M�X, flavanon je ostvario antiagregacijsko djelovanje u 

koncentraciji IC50 �������L���������—�0��uz AA i kolagen kao induktore agregacije, u usporedbi s flavonom 

djelovao je �X���Y�L�ã�L�P��koncentracijama ali je bio potentniji u usporedbi s hidroksiliranim derivatima 

flavona (Landolfi i sur., 1984). Wright i sur. (2013) �S�U�H�G�O�D�å�X���G�D��flavanoni uz flavan-3-ole, koji su 

�S�R�N�D�]�D�O�L���Q�D�M�Y�H�ü�X���V�S�R�V�R�E�Q�R�V�W���L�Q�K�L�E�L�F�L�M�H, ostvaruju svoje djelovanje zbog �R�J�U�D�Q�L�þ�H�Qe interakcije s 

proteinima plazme �ã�W�R���L�P�� �R�P�R�J�X�ü�X�M�H �S�R�Y�H�ü�D�Q�� �S�U�L�V�W�X�S�� �L�Q�W�U�D�F�H�O�X�O�D�U�Q�L�P�� �N�L�Q�D�]�D�P�D. Osim toga, 

neplanarna struktura njegovih prstenova ima �Y�H�ü�L afinitet za trombocitnu membranu. Valja 

istaknuti da su u tako niskim koncentracijama, �N�R�M�H���V�X���S�R�V�W�L�J�O�H���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L���X�þ�L�Q�D�N���V�D���V�O�D�E�L�P��

agonistom, flavanoni dostupni u krvi nakon unosa hranom. Bogat izvor flavanona predstavljaju 
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citrusi a njihova zastupljenosti u svakodnevnoj prehrani �R�P�R�J�X�ü�X�M�H flavanonima postizanje �Y�L�ã�L�K 

koncentracija u plazmi. Tomu vjerojatno pridonosi i karakteristika da se nakon izoflavona i katehina 

�Q�D�M�X�þ�L�Q�N�R�Y�L�W�L�M�H apsorbiraju. Njihove �Y�U�ã�Qe koncentracije iznose �R�G�����������“�����������—�0��i ���������“�����������—�0��

za hesperetin nakon unosa 0,5 i 1 �/���Q�D�U�D�Q�þ�L�Q�R�J���V�R�N�D, a za naringenin ne�ãto �Q�L�å�H, ���������“�����������—�0��

nakon unosa 1 L soka (Manach i sur. 2003). Erlund i sur. (2001) navode da nakon akutnog unosa 

�Y�U�ã�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���]�D���Q�D�U�L�Q�J�H�Q�L�Q iznose 0,1-���������—�0���Q�D�N�R�Q���X�Q�R�V�D���Q�D�U�D�Q�þ�L�Q�R�J���V�R�N�D�����R�G�Q�R�V�Q�R����������

�G�R���þ�D�N�������������—�0���Q�D�N�R�Q���X�Q�R�V�D���V�R�N�D���R�G���J�U�H�M�S�D���W�H��������-���������—�0���K�H�V�S�H�U�H�W�L�Q�D���Q�D�N�R�Q���N�R�Q�]�X�P�D�F�L�M�H���V�R�N�D��

�R�G���Q�D�U�D�Q�þ�H�� Ipak, neka �L�V�W�U�D�å�L�Y�D�Q�M�D���J�R�Y�R�U�H���R��vrlo niskim koncentracijama izmjerenim nakon unosa 

konzumacijom �X�R�E�L�þ�D�M�H�Q�L�K���N�R�O�L�þ�L�Q�D �Q�D�U�D�Q�þ�D ili �Q�D�U�D�Q�þ�L�Q�R�J��soka od tek 0,05�±0,10 �—M (Brett i sur., 

2009). V�D�O�M�D�� �Q�D�S�R�P�H�Q�X�W�L�� �G�D�� �V�X�� �V�W�X�G�L�M�H�� �R�� �E�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W�L�� �Q�D�� �O�M�X�G�L�P�D���Y�H�ü�L�Q�R�P�� �P�M�H�U�L�O�H 

koncentraciju flavonoida u plazmi i urinu �]�D�Q�H�P�D�U�X�M�X�ü�L��metabolite flavonoida���� �N�R�M�L�� �V�H�� �P�R�å�G�D��

akumuliraju u tkivima. �=�D�Q�L�P�O�M�L�Y�R���M�H���V�W�R�J�D���L�V�W�U�D�å�L�Y�D�Q�M�H��Takumi i sur. (2011) koji su proveli pokus 

�Q�D���W�N�L�Y�Q�R�M���G�L�V�W�U�L�E�X�F�L�M�L���K�H�V�S�H�U�H�W�L�Q�D���X���ã�W�D�N�R�Uu i otkrili da je njegova najv�H�ü�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D���S�U�R�Q�D�ÿ�H�Q�D��

�X�� �M�H�W�U�L���� �D�� �G�U�X�J�D�� �Q�D�M�Y�L�ã�D�� �X�� �D�R�U�W�L�� �8�]�L�P�D�M�X�ü�L�� �X�� �R�E�]�L�U��da se, u rasponima navedenih, nakon unosa 

hranom, ostvarivih koncentracija flavanona, �V�P�M�H�ã�W�D�� �L��MINaAC flavanona, �Q�D�P�H�ü�H�� �V�H�� �S�L�W�D�Q�M�H��

�P�R�J�X�ü�H�J���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D���Y�H�ü���V�D�P�R�P prehranom. Hubbard i sur. (2006) pokazali su 

inhibiciju kolagenom potaknute agregacije nakon konzumacije juhe s visokim udjelom kvercetina 

koje je ostvarila koncentraciju kvercetina u plazmi od ���������� �—�0���� �,�V�Wi je autor u drugom 

eksperimentu pokazao da nakon uzimanja 150 mg i 300 mg doza kvercetin-4'-O-beta-D-glukozida, 

koncentracija �N�Y�H�U�F�H�W�L�Q�D�� �X�� �S�O�D�]�P�L�� �G�R�V�H�åe �Y�U�ã�Q�X�� �N�R�Q�F�H�Q�W�U�D�F�L�M�X�� �R�G ���������� �—�0�� �L�� ���������� �—�0. U tim 

koncentracijama kvercetin �X�W�M�H�þ�H���Q�D���I�X�Q�N�F�L�M�X���W�U�R�P�E�R�F�L�W�D��in vitro. Miller i sur. (2014) proveli  su 

�L�V�W�U�D�å�L�Y�D�Q�M�H���Q�D���V�N�X�S�L�Q�L���R�G���������L�V�S�L�W�D�Q�L�N�D���V���S�H�W���U�D�]�O�L�þ�L�W�L�K���W�H�V�W�R�Y�D���D�J�U�H�J�D�F�L�M�H���L���S�U�L�P�L�M�H�W�Lli  da ispitanici 

koji su prije testiranja konzumirali hranu bogatu flavonoidima ostvaruju rezultate koji se razlikuju 

od rezultata ispitanika koji nisu konzumirali takvu hranu. Utjecaj prirodnih proizvoda na testove 

funkcije trombocita in vitro predstavlja time �Y�D�å�Q�R�� �S�Ued�D�Q�D�O�L�W�L�þ�N�R�� �S�L�W�D�Q�M�H. Utjecaj flavonoida 

nakon unosa prehranom, trebao bi se promatrati kao interakcija grupe flavonoida. Eksperimenti 

�L�P�S�H�G�D�Q�F�L�M�V�N�H�� �D�J�U�H�J�R�P�H�W�U�L�M�H�� �X�� �R�Y�R�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X���J�R�Y�R�U�H�� �X�� �S�U�L�O�R�J�� �S�R�Y�H�ü�D�Q�M�D�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J��

utjecaja nakon inkubacije trombocita s kombinacijom dva flavonoida.  
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5.3 �3�R�Y�H�ü�D�Q�M�H���G�M�H�O�R�Y�D�Q�M�H��MINaAC 6-hidroksiflavona i pinocembrin-7-

metiletera na agregaciju trombocita u prisustvu MINaAC flavanona 

U eksperimentima impedancijske agregometrije, 6-hidroksiflavon, predstavnik skupine 

flavona, u svojoj MINaAC ostvaruje �V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�R���S�R�Y�H�ü�D�Q�M�H���L�Q�K�L�E�L�F�L�M�H���X���R�G�Q�R�V�X���Q�D���P�M�H�U�H�Q�M�D��

s DMSO kao negativnom kontrolom, tek u kombinaciji s flavanonom ili  pinocembrin-7-

metileterom u prisutnosti ADP, TRAP-6 i AA  kao agonista agregacije (tablica 11). Za kombinaciju 

dva flavonoida iz iste skupine (flavanon, pinocembrin-7-�P�H�W�L�O�H�W�H�U���� �S�R�Y�H�ü�D�Q�M�H��antiagregacijskog 

�X�þ�L�Q�N�D�� �]�D�M�H�G�Q�L�þ�N�L�P�� �G�M�H�O�R�Y�D�Q�M�H�P���S�U�L�P�L�M�H�ü�H�Q�R�� �M�H�� �V�D�P�R�� �X�] slab agonist ADP dok je izostalo uz 

TRAP-6 i kolagen (tablica 11) �S�D�� �V�H�� �Q�D�P�H�ü�H�� �S�L�W�D�Q�M�H��da li su kombinacije �I�O�D�Y�R�Q�R�L�G�D�� �U�D�]�O�L�þ�L�W�L�K��

�V�N�X�S�L�Q�D���X�þ�L�Q�N�R�Y�L�W�L�M�H. Wang i sur., (2011), su �L�V�W�U�D�å�L�Y�Dli  antioksidacijsko djelovanje, promatra�M�X�ü�L 

sinergizam, aditivnost ili antagonizam pri interakciji flavonoida kod �U�D�]�O�L�þ�L�W�L�K��vrsta namirnica. 

Opazili su da 13, 68 i 21% kombinacija �X���L�V�W�R�M���J�U�X�S�L���Q�D�P�L�U�Q�L�F�D���S�R�N�D�]�X�M�H���V�L�Q�H�U�J�L�V�W�L�þ�Ne, aditivne i 

�D�Q�W�D�J�R�Q�L�V�W�L�þ�N�H���L�Q�W�H�U�D�N�F�L�M�H���G�R�N���V�X���U�H�]�X�O�W�D�W�L���]�D���N�R�P�E�L�Q�D�F�L�M�H���U�D�]�O�L�þ�L�W�L�K��kategorija hrane dale 21, 54, i 

25% �W�H�P�H�O�M�H�P�� �þ�H�J�D�� �]�D�N�O�M�X�þ�X�M�X�� �G�D��je sinergi�]�D�P�� �G�M�H�O�R�Y�D�Q�M�D���I�O�D�Y�R�Q�R�L�G�D�� �X�� �Y�H�ü�R�M�� �P�M�H�U�L�� �]�D�V�W�X�S�O�M�H�Q 

kod interakcija �L�]�P�H�ÿ�X�� �U�D�]�O�L�þ�L�W�L�K�� �Y�U�V�W�D namirnica. A�G�L�W�L�Y�Q�R�� �L�O�L�� �þ�D�N�� �V�L�Q�H�U�J�L�V�W�L�þ�N�R�� �G�M�H�O�R�Y�D�Q�Me iste 

grupe flavonoida �R�E�M�D�ã�Q�M�D�Y�D rezultate djelovanja ekstrakta biljaka. Autori rada na 

antiagregacijskom �X�þ�L�Qku ekstrakta yuzu citrusa odnosno u njemu najzastupljenijih glikozida 

naringenina i hesperetina, pokazali su �R�J�U�D�Q�L�þ�H�Q�L���X�þ�L�Q�D�N���Q�D���D�J�U�H�J�D�F�L�M�X���S�R�W�D�N�Q�X�W�X���W�U�R�P�E�L�Q�R�P����a u 

�V�O�X�þ�D�M�X��naringina i ADP-om potaknute agregacije, i izostanak �X�þ�L�Q�N�D. Nasuprot tome ekstrakt 

yuzua pokazao je �Y�L�ã�H�V�W�U�X�N�L���L�Q�K�L�E�L�F�L�M�V�N�L���H�I�H�N�W���Q�H�R�Y�L�V�Q�R���R���D�J�R�Q�L�V�W�X��(Yu i sur., 2011). Razvijen je i 

koncept sinergije koji se temelji na ideji da je upotreba �F�L�M�H�O�H���E�L�O�M�N�H���N�R�M�D���V�D�G�U�å�L���J�U�X�S�X spojeva koji 

zajedno djeluju korisnija �R�G���N�R�U�L�ã�W�H�Q�M�D���M�H�G�Q�R�J���V�S�R�M�D���]�D���S�R�V�W�L�]�D�Q�M�H���R�G�U�H�ÿ�H�Q�R�J���X�þ�L�Q�N�D (Malongane i 

sur., 2017). �8�N�X�S�Q�R���J�O�H�G�D�M�X�ü�L, kombinacije ispitivanih flavonoida u ovom radu �S�R�V�W�L�å�X���]�Q�D�þ�D�M�Q�R��

smanjenje agregacije potaknute TRAP-6, ADP i AA, no ne i s kolagenom (tablica 11) iako svaki 

od njih samostalno �S�R�V�W�L�åe �V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�X���L�Q�K�L�E�L�F�L�M�X��s kolagenom prema rezultatima ovog rada 

i prema �%�R�M�L�ü��i sur. (2012). �2�Y�D�N�D�Y���U�D�]�O�L�þ�L�W��antiagregacijski �X�þ�L�Q�D�N kombinacije flavonoida koji je 

ovisan o vrsti agonista �P�R�J�D�R���E�L���V�H���R�E�M�D�V�Q�L�W�L���Y�H�ü�R�P���R�V�M�H�W�O�M�L�Y�R�ã�ü�X���V�L�J�Q�D�O�Q�R�J���S�X�W�D��G-proteina koji 

koristi aktivacija trombocita potaknuta TRAP-6, ADP i AA na djelovanje flavonoida u odnosu na 

signalni put aktivacije GPVI i GPI-IXb koji koristi aktivacija posredovana kolagenom.  
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5.4 �,�V�S�L�W�L�Y�D�Q�M�H���S�R�M�D�þ�D�Q�R�J���G�M�H�O�R�Y�D�Q�M�D���L�Q�K�L�E�L�W�R�U�D���3�/�&-a, COX-1 i kalcijevih 

kanala na agregaciju trombocita u prisustvu flavanona 

�(�N�V�S�H�U�L�P�H�Q�W�L�� �Q�D�� �N�R�P�E�L�Q�L�U�D�Q�R�P�� �L�Q�K�L�E�L�F�L�M�V�N�R�P�� �X�þ�L�Q�N�X��dizajnirani su kako bi ukazali na 

�P�R�J�X�ü�L�� �P�H�K�D�Q�L�]�D�P�� �G�M�H�O�R�Y�D�Q�M�D�� �I�O�D�Y�D�Q�R�Q�D. Z�D�� �R�S�L�V�� �L�Q�W�H�U�D�N�F�L�M�H�� �Y�L�ã�H�V�W�U�X�N�L�K�� �L�Q�K�L�E�L�W�R�U�D�� �H�Q�]�L�Pa 

dostupne �V�X�� �N�R�P�S�O�H�N�V�Q�H�� �M�H�G�Q�D�G�å�E�H. No, �D�N�R�� �P�H�K�D�Q�L�]�D�P�� �G�M�H�O�R�Y�D�Q�M�D�� �Q�L�M�H�� �G�R�E�U�R�� �V�K�Y�D�ü�Hn, kao u 

ovom �V�O�X�þ�D�M�X���]�D���I�O�D�Y�R�Q�R�L�Ge, takav pristup nije �P�R�J�X�ü (Martinez-Irujo i sur., 1998), (Bulusu i sur., 

2016). U eksperimentu je kori�ã�W�H�Q�D �Y�L�V�R�N�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D�����������—�0�����I�O�D�Y�D�Q�R�Q�D���X���P�M�H�U�H�Q�M�L�P�D���V���7�5�$�3-

6 kao jakim agonistom, no �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �R�G�� �������� �—�0�� �N�R�U�L�ã�W�H�Q�D�� �X�� �P�M�H�U�H�Q�M�L�P�D�� �V�� �$�'�3�� �N�D�R�� �V�O�D�E�L�P��

agonistom mogla bi biti ostvariva u plazmi nakon unosa flavanona hranom. Inhibitori enzima i 

kalcijevih ka�Q�D�O�D�� �V�X�� �N�R�Q�F�H�Q�W�U�D�F�L�M�V�N�L�� �E�L�O�L�� �S�U�L�O�D�J�R�ÿ�H�Q�L�� �O�L�W�H�U�D�W�X�U�Q�L�P�� �S�R�G�D�F�L�P�D�� �R IC50 za in vitro 

eksperimente. I�Q�G�R�P�H�W�D�F�L�Q���M�H���V�Y�R�M�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�V�N�L�P���Y�U�L�M�H�G�Q�R�V�W�L�P�D���X���R�N�Y�L�U�X���R�Q�L�K���N�R�M�H���V�H���S�R�V�W�L�å�X��

�X�R�E�L�þ�D�M�H�Q�R�P�� �W�H�U�D�S�L�M�R�P�����³�7�2�;�1�(�7���´�� ���������� no niti u prisustvu TRAP-6 niti uz ADP i AA nije 

�L�]�P�M�H�U�H�Q�R���]�Q�D�þ�D�M�Q�R���S�R�M�D�þ�D�Q�M�H���Q�M�H�J�R�Y�D���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D���X���N�R�P�E�L�Q�D�F�L�M�L���V���I�O�D�Y�D�Q�R�Q�R�P 

(slika 18-20) . Koncentracija verapamila, �N�R�M�L�� �V�H�� �W�D�N�R�ÿ�H�U���S�U�L�P�M�H�Q�M�X�M�H�� �N�D�R�� �O�L�M�H�N, �S�X�Q�R�� �M�H�� �Y�L�ã�D�� �R�G��

�U�H�D�O�Q�L�K���W�H�U�D�S�L�M�V�N�L�K���U�D�V�S�R�Q�D���W�H���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�R���S�R�Y�H�ü�D�Q�M�H���L�Q�K�L�E�L�F�L�Me u prisustvu flavanona nije 

�R�V�W�Y�D�U�L�Y�R���X���I�L�]�L�R�O�R�ã�N�L�P���X�Y�M�H�W�L�P�D��  

Za razliku od rezultata djelovanja kombinacije 2 flavonoida, kombinacija flavanona i 

�V�S�H�F�L�I�L�þ�Q�L�K�� �L�Q�K�L�E�L�W�R�U�D��(U-73122, verapamil, indometacin) dala je �Q�H�ã�W�R���G�U�X�J�D�þ�L�M�H�� �U�H�]�X�O�W�D�W�H����U 

�N�R�P�E�L�Q�D�F�L�M�L���V�D���V�S�H�F�L�I�L�þ�Q�L�P���L�Q�K�L�E�L�W�R�U�R�P���3�/�&-a, �V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�R���S�R�Y�H�ü�D�Q�M�H���G�M�H�O�R�Y�D�Q�M�D���S�R�V�W�L�å�H��

se uz sve promatrane agoniste: TRAP-6, ADP i kolagen (slika 15, 16, 17). M�R�å�H��se stoga utvrditi 

da flavanon svoje antiagregacijsko djelovanje ostvaruje inhibicijom PLC neovisno o agonistu. 

Yang i sur., (2008) ispitali su djelovanje resveratrola (50 �RM) u prisutnosti inhibitora U-73122 i 

agonista TXA2 receptora U46619, te �V�O�L�þ�Q�R���Q�D�ã�L�P���U�H�]�X�O�W�D�W�L�P�D, dobili �]�Q�D�þ�D�M�D�Q���D�G�L�W�L�Y�D�Q���L�Q�K�L�E�L�F�L�M�V�N�L��

�X�þ�L�Q�D�N���Q�D���D�N�W�L�Y�Q�R�V�W���3�/�&. �8���L�V�W�U�D�å�L�Y�D�Q�M�X��Wright i sur., (2010) na apigeninu, kvercetinu i katehinu, 

kvercetin (40 �RM) je nakon internalizacije u citoplazmu stanice, �S�R�N�D�]�D�R�� �Q�D�M�M�D�þ�H�� �G�M�H�O�R�Y�D�Q�M�H; 

inhibiciju aktivnost Fyn kinaze u cijeloj stanici, te fosforilacije ukupnog proteinskog tirozina Syk 

kinaze i PLCy2. 

Verapamil je imao �V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�R���S�R�M�D�þ�D�Q�R��djelovanje jedino kada je agregacija bila 

potaknuta jakim agonistom TRAP-6 (slika 21) �ã�W�R��govori u prilog djelovanju flavanona na putu 

mobilizacije Ca2+. U eksperimentu s verapamilom �Q�H���P�R�å�H�P�R���S�U�H�F�L�]�Q�R���U�H�ü�L��da li flavanon ometa 

ulazak kalcija kroz membranu (L-Lacoste i sur., 1994) ili se radi o inhibiciji vezanja Ca2+ na 
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GPIIb/IIIa receptora (Hjemdahl i �:�D�O�O�p�Q���� ����������. �8�� �L�V�W�U�D�å�L�Y�D�Q�M�L�P�D�� �G�M�H�O�R�Y�D�Q�M�D��flavonoida na 

�D�J�U�H�J�D�F�L�M�X�� �W�U�R�P�E�R�F�L�W�D�� �U�H�G�R�Y�L�W�R�� �M�H�� �R�S�D�å�H�Q�R��smanjenje koncentracije intracelularnog Ca2+, no do 

njega dolazi na kraju signalizacijskog puta aktivacije, i ne govori puno o mehanizmu djelovanja a 

radovi u kojima se promatrao direktan utjecaj na transport kalcija su malobrojni  (Dobrydneva i 

sur., 1999).  

Zanimljivo je da s�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�D�Q�� �X�þ�L�Q�D�N�� �Q�L�M�H�� �E�L�R�� �R�S�D�å�H�Q��niti s jednim agonistom za 

kombinaciju flavanona s inhibitorom enzima COX-1 uz napomenu da uz agonist TRAP-6, i 

�I�O�D�Y�D�Q�R�Q�� �L�� �L�Q�G�R�P�H�W�D�F�L�Q�� �V�D�P�R�V�W�D�O�Q�R�� �R�V�W�Y�D�U�X�M�X�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�H�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�H�� �X�þ�L�Q�N�H�� �N�R�M�L��

izostaju kada ih se koristi zajedno (slika 18). �1�D�L�P�H���� �E�D�ã�� �N�D�R�� �L�� �]�D�� �&�D2+ u eksperimentima 

�L�V�W�U�D�å�L�Y�D�Q�M�D �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J�� �X�þ�L�Q�N�D�� �I�O�D�Y�R�Q�R�L�G�D�� �U�H�G�R�Y�L�W�R�� �V�H�� �]�D�S�D�å�D�� �L�� �V�P�D�Q�M�H�Q�M�H��koncentracije 

TXA2, isto tako krajnjeg rezultata aktivacijske kaskade, no �X�� �Q�D�ã�H�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X��taj utjecaj nije 

prisutan na nivou enzima COX-1. �.�D�U�O�t�þ�N�R�Y�i��i sur., (2016), tomu u prilog, utvrdili su da nijedan 

od 29 testiranih najprisutnijih flavonoida ne djeluje na tromboksan sintazu �X���N�O�L�Q�L�þ�N�L���R�V�W�Y�D�U�L�Y�R�M��

koncentraciji, ali mnogi flavonoidi, djeluju kao antagonisti na receptore za tromboksan. Prema 

rezultatima rada Guerrero i sur. (2007) utjecaj flavonoida nizvodno od sinteze TXA2 uzrokovan je 

interferencijama u vezanju TXA2 na receptor TP na membrani trombocita. �,�]�R�V�W�D�Q�D�N�� �S�R�M�D�þ�D�Q�H��

�L�Q�K�L�E�L�F�L�M�H���D�J�U�H�J�D�F�L�M�H���X���N�R�P�E�L�Q�D�F�L�M�L���L�Q�G�R�P�H�W�D�F�L�Q�D���V���I�O�D�Y�D�Q�R�Q�R�P���Q�D�Y�R�G�L���Q�D���]�D�N�O�M�X�þ�D�N���G�D���I�O�D�Y�D�Q�R�Q��

ne djeluje na sintezu TXA2 iz AA, iako se prema rezultatima s kombinacijama flavonoida taj put 

�P�R�å�H���V�P�Dtrati osjetljivim na djelovanje flavonoida. Rezultati �R�Y�R�J���G�L�M�H�O�D���L�V�W�U�D�å�L�Y�D�Q�M�D��ukazuju da 

flavonoidi djeluju vrlo visoko u signalnom putu aktivacije trombocita, npr. inhibicijom PLC. 

Enzim PLC �M�H�� �V�U�H�G�L�ã�W�H�� �N�R�M�L�P�� �S�U�R�O�D�]�L�� �P�Q�R�ã�W�Y�R�� �V�L�J�Q�D�O�Q�L�K�� �S�X�W�R�Y�D��(Estevez i Du, 2017) �E�X�G�X�ü�L 

aktivacija kolagenom preko transmembranskog �*�3�9�,�� �X�� �N�R�Q�D�þ�Q�L�F�L�� �D�N�W�L�Y�L�U�D�� �3�/�&��, odnosno 

aktivacija s TRAP-6, ADP-om i TXA2 preko transmembranskog kompleksa G-proteina dovodi do 

aktivacije PLC��. �8���V�O�X�þ�D�M�X��gore spomenute pretpostavke da je PLC mjesto djelovanja flavonoida, 

ist�L�� �X�þ�L�Q�D�N��je �P�R�J�X�ü�H�� �S�U�H�W�S�R�V�W�D�Y�L�W�L�� �X�N�R�O�L�N�R�� �E�L��u prijenosu signala postojala interferencija 

neposredno prije aktivacije PLC. Tada bi mjesto interferencije bili transmembranske signalni 

kompleksi GPVI i G-proteini; �ã�W�R�Y�L�ã�H utjecaj bi se mogao objasniti upravo interferencijom 

flavonoida u samoj membrani. G-proteini su transmembranski proteinski kompleksi od 7 

�S�R�G�M�H�G�L�Q�L�F�D���N�R�M�L���V�X���Y�D�å�Q�L���]�D���G�U�X�J�X�� �I�D�]�X���S�R�M�D�þ�D�Y�D�Q�M�D inicijalnog signala i osiguravanja nastanka 

tromba. �(�N�V�S�H�U�L�P�H�Q�W�L�� �Q�D�� �U�H�F�H�S�W�R�U�X�� �Y�H�]�D�Q�R�P�� �]�D�� �*�� �S�U�R�W�H�L�Q�� �S�R�N�D�]�X�M�X�� �G�D�� �S�R�Y�H�ü�D�Q�D�� �I�O�X�L�G�Q�R�V�W��

membrane stimulira aktivni oblik receptora (Yoshida i sur., 2019). PLC biva aktivirana preko G-
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proteina, a njena aktivacija rezultira formiranjem IP3 i DAG i posljedi�þ�Q�L�P���S�R�Y�H�ü�D�Q�M�Hm 

�X�Q�X�W�D�U�V�W�D�Q�L�þ�Q�H��koncentracije Ca2+�����3�R�Y�H�ü�D�Q�M�H koncentracije Ca2+ ima �Y�D�å�Q�X���X�O�R�J�X���X���S�R�V�U�H�G�R�Y�D�Q�M�X 

aktivacije �.IIb��3 integrina (Offermanns, 2006).   

  

5.5 �3�U�D�ü�H�Q�M�H���V�P�D�Q�M�H�Q�M�D���D�N�W�L�Y�D�F�L�M�H���W�U�R�P�E�R�F�L�W�D���P�H�W�R�G�R�P���S�U�R�W�R�þ�Q�H���F�L�W�R�P�H�W�U�L�M�H��

�V���I�O�X�R�U�H�V�F�H�Q�W�Q�R���R�]�Q�D�þ�H�Q�L�P��antitijelima za marker aktivacije integrin 

�.IIb ��3 (PAC-1) 

�,�V�W�U�D�å�L�Y�D�Q�M�H�� �W�U�R�P�E�R�F�L�W�D�� �R�E�X�K�Y�D�ü�D�� �Y�H�O�L�N�� �E�U�R�M�� �P�H�W�R�G�R�O�R�ã�N�L�K�� �S�U�L�V�W�X�S�D�� �P�H�ÿ�X�� �N�R�M�L�P�D��je i 

�S�U�R�W�R�þ�Q�D���F�L�W�R�P�H�W�U�L�M�D���V��protutijelima na markere aktivacije od koj�L�K���V�H���X�R�E�L�þ�D�M�H�Q�R���N�R�U�L�V�Wi protutijelo 

za aktivni oblik �L�Q�W�H�J�U�L�Q�D�� �.IIb��3 (PAC-1) i protutijelo za P-selektin. Ovo �L�V�W�U�D�å�L�Y�D�Q�M�H�� �D�N�W�L�Y�D�F�L�M�H��

trombocita u plazmi bogatoj trombocitima, u prisustvu flavanona i uz agonist TRAP-6 dalo je 

rezultate u skladu s rezultatima �L�P�S�H�G�D�Q�F�L�M�V�N�H�� �D�J�U�H�J�R�P�H�W�U�L�M�H���� �3�U�L�V�X�W�Q�D�� �M�H�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�D��

korelacija u odnosu primijenjene koncentracije flavanona i smanjenja udjela PAC-1 pozitivnih 

trombocita (slika 24). S�W�D�W�L�V�W�L�þ�N�D�� �]�Q�D�þ�D�M�Q�R�V�W�� �V�P�D�Q�M�H�Q�M�D�� �D�N�W�L�Y�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D�� �Q�D�N�R�Q��djelovanja 

�I�O�D�Y�D�Q�R�Q�D���X���N�R�Q�F�H�Q�W�U�D�F�L�M�L���R�G�����������—�0���X���R�G�Q�R�V�X���Q�D���D�N�W�L�Y�D�F�L�M�X���Q�D�N�R�Q���G�M�H�O�R�Y�D�Q�M�D���'�0�6�2���Q�H�J�D�W�L�Y�Q�D��

kontrola (p=0,0018) dokazana je na pet ispitanika (slika 25). U odnosu na mjerenja provedena 

impedancijskom agregometrijom, flavanon je u mjerenjima proto�þ�Q�H���F�L�W�R�P�H�W�U�L�M�H���S�R�V�W�L�J�D�R���]�Q�D�þ�D�M�D�Q��

�X�W�M�H�F�D�M���W�H�N���S�U�L���U�H�O�D�W�L�Y�Q�R���Y�L�V�R�N�R�M���N�R�Q�F�H�Q�W�U�D�F�L�M�L���ã�W�R���V�H���P�R�å�H���R�E�M�D�V�Q�L�W�L���Y�U�V�W�R�P���X�]�R�U�N�D���L���P�H�W�R�G�R�O�R�ã�N�L�P��

razlikama. Ostertag i sur. (2011) je na uzorcima PRP, �R�S�W�L�þ�N�R�P��agregometrijom i �S�U�R�W�R�þ�Q�R�P��

�F�L�W�R�P�H�W�U�L�M�R�P���X�R�þ�L�R���V�P�D�Q�M�H�Q�M�H���H�N�V�S�U�H�V�L�M�H���3-selektina na trombocitima uz TRAP-6 kao agonist tek 

�S�U�L�� �������� �—�0�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D fenolnih spojeva. Vaiyapuri i sur. (2013) primijetili su da se 

�]�Q�D�þ�D�M�Q�R�V�W�� �X�W�M�H�F�D�M�� �I�O�D�Y�R�Q�R�L�G�D�� �W�D�Q�J�H�U�H�W�L�Q�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�V�N�L�� �P�L�M�H�Q�M�D��obzirom na vrstu uzorka te 

�]�D�N�O�M�X�þ�L�O�L���G�D���X���X�]�R�U�N�X���R�S�U�D�Q�L�K���W�U�R�P�E�R�F�L�W�D���S�R�V�W�L�å�X���E�R�O�M�H���U�H�]�X�O�W�D�W�H���Q�H�J�R���X���X�]�R�U�N�X���3�5�3���R�E�M�D�ã�Q�M�D�Y�D�M�X�ü�L��

�W�R�� �L�Q�W�H�U�D�N�F�L�M�R�P�� �W�D�Q�J�H�U�H�W�L�Q�D�� �V�� �S�U�R�W�H�L�Q�L�P�D�� �S�O�D�]�P�H���� �3�U�R�W�R�þ�Q�D�� �F�L�W�R�P�H�W�U�L�M�D�� �L�� �D�J�U�H�J�D�F�L�M�D�� �W�U�R�P�E�R�F�L�W�D��

�E�L�O�M�H�å�H���U�D�]�O�L�þ�L�W�H���D�V�S�H�N�W�H���I�X�Q�N�F�L�M�H���W�U�R�P�E�R�F�L�W�D���L���V�W�R�J�D���Q�L�V�X���P�H�W�R�G�R�O�R�ã�N�L���X���S�R�W�S�X�Q�R�V�W�L���N�R�P�S�O�H�P�H�Q�W�D�U�Q�L��

kada se promatra reaktivnost trombocita potaknuta agonistom (Gremmel i sur., 2015). Treba 

�Q�D�J�O�D�V�L�W�L���G�D���P�H�W�R�G�D���L�P�S�H�G�D�Q�F�L�M�V�N�H���D�J�U�H�J�R�P�H�W�U�L�M�D���N�R�U�L�V�W�L���S�X�Q�X���N�U�Y���N�D�R���X�]�R�U�D�N�����ã�W�R���M�R�M���R�P�R�J�X�ü�D�Y�D��

da pod utjecajem i drugih stanica krvi, �G�D�N�O�H�� �S�R�G�� �Y�M�H�U�R�G�R�V�W�R�M�Q�L�M�L�P�� �I�L�]�L�R�O�R�ã�N�L�P�� �X�Y�M�H�W�L�P�D, prati 

agonistom posredovanu agregaciju trombocita (Koltai i sur., 2017). In vivo pokusi u kojima se 

�P�M�H�U�L�� �D�N�W�L�Y�D�F�L�M�D�� �W�U�R�P�E�R�F�L�W�D�� �X�� �L�V�S�L�W�D�Q�L�N�D�� �Q�D�N�R�Q�� �X�Q�R�V�D�� �I�O�D�Y�R�Q�R�L�G�D�� �Q�H�� �G�R�V�W�L�å�H�� �P�M�H�U�O�M�L�Y�H utjecaje 
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�P�H�W�R�G�R�P�� �S�U�R�W�R�þ�Q�H�� �F�L�W�R�P�H�W�U�L�M�H�����8�� �L�V�W�U�D�å�L�Y�D�Q�M�X���6�F�K�l�U��i sur. (2015) nije dokazano smanjenje 

aktivacije trombocita kao jednog od faktora kardiovaskularnog rizika na grupi ispitanika 5 sati 

nakon akutnog uzimanja namirnica bogatih flavanonom �S�U�L�� �Y�U�ã�Q�R�M�� �N�R�Q�F�H�Q�W�U�D�F�L�M�L�� �P�H�W�D�E�R�O�L�W�D��

flavanona od 1,75�“0,3 �—�0�� Koncentracija flavanona �N�R�M�D���M�H���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�R���V�P�D�Q�M�L�O�D��aktivaciju 

integrina �.IIb��3 �X���R�Y�R�P���L�V�W�U�D�å�L�Y�D�Q�M�X, visoka je i neostvariva u in vivo uvjetima�����,�V�W�R���V�H���P�R�å�H���W�Y�U�G�L�W�L��

i za �N�R�Q�F�H�Q�W�U�D�F�L�M�V�N�L�� �Q�L�]�� �I�O�D�Y�D�Q�R�Q�D�� �N�R�M�L�� �S�R�N�D�]�X�M�H�� �]�Q�D�þ�D�M�Q�X�� �N�R�U�H�O�D�F�L�M�X�� �Va smanjenjem ekspresije 

�D�N�W�L�Y�Q�R�J���R�E�O�L�N�D���L�Q�W�H�J�U�L�Q�D���.IIb��3. Pokusima �S�U�R�W�R�þ�Q�H���F�L�W�R�P�H�W�U�L�M�H �S�R�W�Y�U�ÿ�X�Me se djelovanje flavanona 

�Y�H�ü�� �Q�D�� �Q�L�Y�R�X aktivacije trombocita. �8�� �F�L�U�N�X�O�L�U�D�M�X�ü�L�P�� �W�U�R�P�E�R�F�L�W�L�P�D���� �L�Q�W�H�J�U�L�Q���.IIb��3 je u 

relaksiranom obliku, savijene konformacije, s niskim afinitetom za ligande. Pri prelasku 

neaktivnog oblika u aktivni, poticajem agonista, dolazi do odvajanja transmembranske �.��i �� 

domene �ã�W�R�� �R�P�R�J�X�ü�D�Y�D�� �S�U�R�ã�L�U�L�Y�D�Q�M�H�� �Y�H�]�Q�R�J�� �P�M�H�V�W�D�� �X�� �H�N�W�R�G�R�P�H�Q�L, odnosno stvaranju aktivne 

forme (Estevez i sur., 2015). Prema pretpostavci temeljem rezultata impedancijske agregometrije, 

�V�P�M�H�ã�W�D�M�� �I�O�D�Y�R�Q�R�L�G�D�� �X�� �P�H�P�E�U�D�Q�X�� �P�R�J�D�R�� �E�L�� �X�]�U�R�N�R�Y�D�W�L��interferencije prilikom konformacijskih 

promjena integrin �.IIb��3 i smanjenje aktivne forme, a samim time i smanjenje aktivacije 

trombocita. �-�R�ã���R�G�����������W�L�K���Q�D�R�Y�D�P�R���E�U�R�M�Q�D���V�X���L�V�W�U�D�å�L�Y�D�Q�M�D���S�R�N�D�]�D�O�D���G�D���D�N�W�L�Y�D�F�L�M�L���V�W�D�Q�L�F�D���S�D���W�D�N�R���L��

trombocita (aktivacija PLC-a, aktivacija PKC-a���� �R�V�O�R�E�D�ÿ�D�Q�M�H�� �$�$�� �L�W�G������ �S�U�L�G�R�Q�R�V�H�� �U�H�D�N�F�L�M�H��

�I�R�V�I�R�O�L�S�L�G�D���V�P�M�H�ã�W�H�Q�L�K���X���X�Q�X�W�U�D�ã�Q�M�H�P���V�O�R�M�X���P�H�P�E�U�D�Q�H��(Lhermusier i sur., 2011). �9�H�ü���G�H�Y�H�G�H�V�H�W�L�K��

�J�R�G�L�Q�D���S�U�R�ã�O�R�J���V�W�R�O�M�H�ü�D���L�V�W�U�D�å�L�Y�D�Q�Me sa esterom ciklopropil masne kiseline utvrdilo je da aktivnost 

trombocita smanjena �S�R�Y�H�ü�D�Q�M�H�P���I�O�X�L�G�Q�R�V�W�L�� �P�H�P�E�U�D�Q�H�� �ã�W�R�� �]�Q�D�þ�L�� �G�D�� �M�H��fluidnost membrane 

�X�N�O�M�X�þ�H�Q�D�� �X�� �U�H�J�X�O�D�F�L�M�X�� �D�N�W�L�Y�D�F�L�M�H�� �W�U�R�P�E�R�F�L�W�D (Vla�ãic i sur., 1993). Furusawa i sur. (2003) su 

ist�U�D�å�L�Y�D�O�L��antiagregacijski utjecaj derivata kvercetina iz ekstrakta lupina luka na modelu liposoma. 

Fluorescentnom polarizacijom na modelu liposoma utvrdili su �S�R�Y�H�ü�D�Q�M�H�� �V�W�D�E�L�O�Q�R�V�W�L�� �P�H�P�E�U�D�Q�H 

rigidifikacijom, i to prvenstveno temeljem interakcija flavonoida u dubljim, lipofilnijm dijelovima 

membrane. Tsuchiya i Iinuma, (2000) su ispitivali antibakterijska svojstva soforaflavanona i 

�]�D�N�O�M�X�þ�L�O�L���G�D���V�H���R�Q�D���W�H�P�H�O�M�H���Q�D���G�H�V�W�D�E�L�O�L�]�D�F�L�M�L���P�H�P�E�U�D�Q�H���E�D�N�W�H�U�L�M�D���G�R���N�R�M�H���G�R�O�D�]�L���L�Q�W�H�U�D�N�F�L�M�R�P���V��

flavonoidom i u lipidnom dvosloju i na vanjskoj granici, dok Arora i sur. (2000) �]�D�N�O�M�X�þ�X�M�H���G�D 

�X�S�U�D�Y�R���V�P�M�H�ã�W�D�Q�M�H���X���O�L�S�L�G�Q�X���V�U�å���P�H�P�E�U�D�Q�H���X�]�U�R�N�X�M�H���G�U�D�P�D�W�L�þ�Q�R���V�P�D�Q�M�H�Q�M�H���I�O�X�L�G�Q�R�V�W�L���P�H�P�E�U�D�Q�H. 

S tim nije �X���V�N�O�D�G�X���L�V�W�U�D�å�L�Y�D�Q�M�H��osjetljivom metodom NMR-a gdje je za flavona, krizin, luteolin, 

miricetin i luteolin-7-glukozid �S�R�W�Y�U�ÿ�H�Q�� �Q�M�L�K�R�Y�� �V�P�M�H�ã�W�D�M�� �X�� �P�H�P�E�U�D�Q�L����s lipofilnijim flavanonom 

�V�P�M�H�ã�W�H�Q�L�P���G�X�E�O�M�H���X���O�L�S�L�G�Q�R�P���G�Y�R�V�O�R�M�X����za koje niti pri visokim koncentracijama �Q�L�M�H���X�R�þ�H�Q���X�W�M�H�F�D�M��

na strukturu membrane (Scheidt i sur., 2004)  .
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�'�X�J�R�J�R�G�L�ã�Q�M�L�� �L�Q�W�H�U�H�V�� �L�V�W�U�D�å�L�Y�D�þ�N�H�� �]�D�M�H�G�Q�L�F�H���]�D�� �L�V�S�L�W�L�Y�D�Q�M�H�P�� �P�H�K�D�Q�L�]�P�D�� �R�S�D�å�H�Q�L�K��

blagotvornih svojstava flavonoida ne jenjava. Jedno od najzanimljivijih je antiagregacijsko 

djelovanje flavonoida �M�H�U�� �V�H�� �Q�D�P�H�ü�H�� �N�D�R�� �P�R�J�X�ü�D�� �R�S�F�L�M�D dodatne �W�H�U�D�S�L�M�H�� �S�R�V�W�R�M�H�ü�R�M����

konvencionalnoj koja je nedovoljno �X�þ�L�Q�N�R�Y�L�Wa, a uz to, uzrokuje ozbiljne nuspojave, �N�D�R���ã�W�R���M�H��

krvarenje u gastrointestinalnom traktu.   

Ispitivanje sveobuhvatnosti djelovanja flavonoida provedeno je metodom impedancijske 

agregometrije. Flavanon �S�R�M�D�þ�D�Y�D��inhibicijsko djelovanje U-73122 �Q�D���H�Q�]�L�P���3�/�&�����V�P�M�H�ã�W�H�Q��vrlo 

visoko u signalnom putu aktivacije trombocita uz sve ispitivane agoniste agregacije: TRAP-6, 

ADP i kolagen. �3�R�M�D�þanje inhibicije Ca2+-kanala verapamilom uz flavanon, �R�S�D�å�H�Q�R�� �M�H samo u 

prisutnosti TRAP-6, dok je �S�R�M�D�þ�D�Q�M�H���L�Q�K�L�E�L�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D indometacina u prisustvu flavanona 

u potpunosti izostalo, neovisno na koji je put aktivacije djelovanje bilo usmjereno. Kad se pak 

ispitivalo djelovanje kombinacije flavanona i 6-hidroksiflavon, flavanona i pinocembrin-7-

metileter, 6-hidroksiflavon i pinocembrin-7-metileter, �R�S�D�å�H�Q�R���M�H���]�Q�D�þ�D�M�Q�R smanjenje agregacije 

trombocita uz sve agoniste TRAP-6, ADP, AA osim kolagena. Inhibicijski utjecaj flavanona na 

�U�D�]�O�L�þ�L�We puteve aktivacije trombocita govori u prilog sveobuhvatnosti djelovanja koje se temelji 

na inhibicijskom utjecaju flavanona na enzim PLC, �V�P�M�H�ã�W�H�Q��vrlo visoko u signalizacijskom putu. 

�0�H�P�E�U�D�Q�D���W�U�R�P�E�R�F�L�W�D���L�]�X�]�H�W�Q�R���M�H���Y�D�å�Q�D��za aktivaciju trombocita mehanizmom outside-in 

i in side-out signalizacije. Utjecaj flavanona na membranu trombocita �P�M�H�U�H�Q���M�H���P�H�W�R�G�R�P���S�U�R�W�R�þ�Q�H��

�F�L�W�R�P�H�W�U�L�M�H���X�]���N�R�U�L�ã�W�H�Q�M�H���V�S�H�F�L�I�L�þ�Q�L�K���S�U�R�W�X�W�L�M�H�O�D���]�D���D�N�W�L�Y�L�U�D�Q�L���R�E�O�L�N���L�Q�W�H�J�U�L�Q�D���.IIb��3 na koji se �Y�H�å�X��

fibrinogen i VWF �þ�L�P�H�� �V�H�� �S�R�W�L�þ�H agregacija trombocita: Rezultati ukazuju da je inkubacija 

trombocita s flavanonom uzrokovala smanjenje aktivacije trombocita odnosno smanjenje 

ekspozicije �D�N�W�L�Y�Q�H���N�R�Q�I�R�U�P�D�F�L�M�H���L�Q�W�H�J�U�L�Q�D���.IIb��3 na membrani trombocita. Interakciji flavanona s 

membranom pridonosi njegova lipofilnost �Q�D�� �ã�W�R�� �X�S�X�üuje negativna korelacija r�D�þ�X�Q�V�Nih 

vrijednosti logaritma koeficijenta razdijeljenja s minimalnim koncentracijama flavonoida 

potrebnim �]�D���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�R���V�P�D�Q�M�H�Q�M�H���D�J�U�H�J�D�F�L�M�H, �L�]���þ�H�J�D proizlazi da lipofilniji flavonoid 

ostvaruje �L�Q�K�L�E�L�W�R�U�Q�L���X�þ�L�Q�D�N���S�U�L���Q�L�å�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D��  

Flavanon ostvaruje �P�L�Q�L�P�D�O�Q�L�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L�� �X�þ�L�Q�D�N��sa svim agonistima u 

koncentracijama ostvarivim kroz prehranu, �D�� �X�]�H�Y�ã�L�� �X�� �R�E�]�L�U�� �S�R�M�D�þ�D�Q�R�� �G�M�H�O�R�Y�D�Q�M�H�� �N�R�P�E�L�Q�D�F�L�M�H��

flavonoida na �L�Q�K�L�E�L�F�L�M�X���D�J�U�H�J�D�F�L�M�H���P�R�å�H���V�H���]�D�N�O�M�X�þ�L�W�L���G�D���M�H���X���X�Y�M�H�W�L�P�D���U�D�]�Q�R�O�L�N�H���S�U�H�K�U�D�Q�H �P�R�J�X�ü��

inhibicijski utjecaj na agregaciju trombocita.  
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Parametri lipofilnosti flavonoida i sveobuhvatnost �P�H�K�D�Q�L�]�D�P�� �Q�M�L�K�R�Y�R�J�� �G�M�H�O�R�Y�D�Q�M�D�� �þ�L�Q�L��

flavonoide dobrim kandidatima za potpornu antiagregacijsku terapiju kao i za prevenciju u 

stanjima hipeagregabilnosti.  

�'�D�O�M�Q�M�D���L�V�W�U�D�å�L�Y�D�Q�M�D���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�J���G�M�H�O�R�Y�D�Q�M�D��flavonoida �W�U�H�E�D�O�D���E�L���L�ü�L���X���V�P�M�H�U�X���G�X�E�O�M�H�J��

�L�V�W�U�D�å�L�Y�D�Q�M�D�� �Q�M�L�K�R�Y�H�� �E�L�R�O�R�ã�N�H�� �U�D�V�S�R�O�R�å�L�Y�R�V�W�L����aktivnosti njihovih metabolita te interakcije s 

proteinima i drugim �E�L�R�O�R�ã�N�L�P���P�R�O�H�N�X�O�D�P�D�� 



 

 

7 POPIS KRATICA I SIMBOLA
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5HT 5 - hidroksitriptofan 
AA   engl. arachidonic acid, arahidonska kiselina 
ADME   apsorbcija, distribucija, metabolizam, ekskrecija 
ADMET  apsorbcija, distribucija, �P�H�W�D�E�R�O�L�]�D�P�����H�N�V�N�U�H�F�L�M�D�����W�R�N�V�L�þ�Q�R�V�W 
ADP  adenozin-difosfat 
AU  engl. arbitrary units, proizvoljna jedinica 
AUC  engl. Area Under a Curve�����S�R�Y�U�ã�L�Q�D���L�V�S�R�G���N�U�L�Y�X�O�M�H 
cAMP  �F�L�N�O�L�þ�N�L���D�G�H�Q�R�]�L�P-monofosfat 
CD  engl. cluster of differentiation, biljeg diferencijacije 
COX-1 ciklooksigenaza-1 
CYP2C19  engl. cytochrome P450 2C19, citokrom P450 2C19 
DAG  diacilglicerol 
DDK  dobrovoljni davatelji krvi 
DMSO  dimetilsulfoksid 
FITC  engl. fluorescein isothiocyanate, fluorescein izotiocijanat 
FSC  engl. forward scatter,�R�N�R�P�L�W�R���U�D�V�S�U�ã�H�Q�M�H 
GP  glikoprotein 
IC50  engl. half maximal inhibitory concentration, koncentracija koja uzrokuje 50-  

postotnu inhibiciju danoga parametra 
Ig  imunoglobulin 
IP3  inozitol-1,4,5-trifosfat 
ITAM  engl. immunoreceptor tyrosine-based activation motif, aktivacijski motiv temeljen 

na tirozinu 
IUPAC  engl. International Union for Pure and Applied Chemistry�����P�H�ÿ�X�Q�D�U�R�G�Q�D���X�Q�L�M�D���]�D��

�þ�L�V�W�X���L���S�U�L�P�L�M�H�Q�M�H�Q�X���N�H�P�L�M�X 
KVB  kardiovaskularne bolesti  
LDL  engl. low densitiy lipoprotein�����O�L�S�R�S�U�R�W�H�L�Q�L���Q�L�V�N�H���J�X�V�W�R�ü�H 
MFI  engl. mean flourescence intensity, srednja vrijednost �M�D�þ�L�Q�H���I�O�X�R�U�H�V�F�H�Q�F�L�M�H 
MIC 50  engl. minimal inhibitory concentration, minimalna koncentracija koja uzrokuje 

50-postotnu inhibiciju rasta bakterija 
MINaAC   engl. minimal antiaggregatory concentration, minimalna antiagregacijska 

koncentracija 
OAK  oralni antikoagulantki 
OECD  engl. Organisation for Economic Cooperation and Development, organizacija za 

ekonomsku suradnju i razvoj 
P  koeficijent razdjeljenja 
PAR  proteinazom aktivirani receptori 
PE  engl. phycoerythrin, fikoeritrin 
PF4  engl. platelet factor 4�����W�U�R�P�E�R�F�L�W�Q�L���þ�L�P�E�H�Q�L�N���� 
PIP2  fosfatidilinozitol-4,5-bifosfat 
PKC  protein-kinaza C 
PLA2  engl. phosholipase A2, fosfolipaza A2 
PLC  engl. phospholipase C, fosfolipaza C 
PRP  engl. platelet rich plasma, plazma bogata trombocitima 
QSAR  engl. quantitative structure-activitiy relationship, kvantitativna povezanost 

strukture i aktivnosti 
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RF  �þ�L�P�E�H�Q�L�N���]�D�G�U�å�D�Y�D�Q�M�D 
RM  kromatografski parametar 
ROS  engl. reactive oxygen species, reaktivni kisikovi spojevi 
RP-
HPLC  

engl. reverse phase high performance liquid chromatography, obrnuto fazna 
�W�H�N�X�ü�L�Q�V�N�D���N�U�R�P�D�W�R�J�U�D�I�L�M�D���Y�L�V�R�N�H���G�M�H�O�R�W�Y�R�U�Q�R�V�W�L�� 

RP-TLC  engl. reverse phase thin layer chromatography, obrnuto fazna tankoslojna 
kromatografija 

SAD  �6�M�H�G�L�Q�M�H�Q�H���$�P�H�U�L�þ�N�H���'�U�å�D�Y�H 
SAR  engl.sStructure-activity relationship, odnos strukture i aktivnosti 
SBP  engl. sistolic blood pressure�����V�L�V�W�R�O�L�þ�N�L���N�U�Y�Q�L���W�O�D�N 
SSC  engl. side scatter 
TP  receptor za tromboksan A2 
TRAP-6  engl. thrombin receptor activator peptide 6, peptid 6 koji aktivira receptor za 

trombin 
TXA 2  tromboksan A2 

UV  engl. ultraviolet, �X�O�W�U�D�O�M�X�E�L�þ�D�V�W�R 
VWF  engl. von Willebrand factor�����Y�R�Q���:�L�O�O�H�E�U�D�Q�G�R�Y���þ�L�P�E�H�Q�L�N 



 

 

8 LITERATURA  



 

73 
 

Agbani, E.O. & Poole, A.W. (2017). Procoagulant platelets: generation, function, and therapeutic 
targeting in thrombosis. Blood, 130, 2171�±2179. 

�$�K�H�U�Q�H�����6���$�����	���2�¶�%�U�L�H�Q�����1���0���������������������'�L�H�W�D�U�\���I�O�D�Y�R�Q�R�O�V�����F�K�H�P�L�V�W�U�\�����I�R�R�G���F�R�Q�W�H�Q�W�����D�Q�G��
metabolism. Nutrition (Burbank, Los Angeles County, Calif.), 18, 75�±81. 

Akiyama, T., Ishida, J., Nakagawa, S., Ogawara, H., Watanabe, S., Itoh, N., Shibuya, M. & 
Fukami, Y. (1987). Genistein, a specific inhibitor of tyrosine-specific protein kinases. 
The Journal of Biological Chemistry, 262, 5592�±5595. 

Angiolillo, D.J. (2012). The evolution of antiplatelet therapy in the treatment of acute coronary 
syndromes: from aspirin to the present day. Drugs, 72, 2087�±2116. 

Arora, A., Byrem, T.M., Nair, M.G. & Strasburg, G.M. (2000). Modulation of liposomal 
membrane fluidity by flavonoids and isoflavonoids. Archives of Biochemistry and 
Biophysics, 373, 102�±109. 

Barzanti, C., Evans, R., Fouquet, J., Gouzin, L., Howarth, N.M., Kean, G., Levet, E., Wang, D., 
Wayemberg, E., Yeboah, A.A. & Kraft, A. (2007). Potentiometric determination of 
octanol�±water and liposome�±water partition coefficients (logP) of ionizable organic 
compounds. Tetrahedron Letters, 48, 3337�±3341. 

Bate-Smith, E.C. & Westall, R.G. (1950). Chromatographic behaviour and chemical structure I. 
Some naturally occuring phenolic substances. Biochimica et Biophysica Acta, 4, 427�±
440. 

Bennion, B.J., Be, N.A., McNerney, M.W., Lao, V., Carlson, E.M., Valdez, C.A., Malfatti, 
M.A., Enright, H.A., Nguyen, T.H., Lightstone, F.C. & Carpenter, T.S. (2017). Predicting 
�D���'�U�X�J�¶�V���0�H�P�E�U�D�Q�H���3�H�U�P�H�D�E�L�O�L�W�\�����$���&�R�P�S�X�W�D�W�L�R�Q�D�O���0�R�G�H�O���9�D�O�L�G�D�W�H�G���:�L�W�K��in Vitro 
Permeability Assay Data. The Journal of Physical Chemistry. B, 121, 5228�±5237. 

Bhatt, D.L. & Topol, E.J. (2003). Scientific and therapeutic advances in antiplatelet therapy. 
Nature Reviews. Drug Discovery, 2, 15�±28. 

Biagi, G.L., Barbaro, A.M., Gandolfi, O., Guerra, M.C. & Cantelli-Forti, G. (1975). Rm values 
of steroids as an expression of their lipophilic character in structure-activity studies. 
Journal of Medicinal Chemistry, 18, 873�±883. 

Bijak, M., Sut, A., Kosiorek, A., Saluk-Bijak, J. & Golanski, J. (2019). Dual 
Anticoagulant/Antiplatelet Activity of Polyphenolic Grape Seeds Extract. Nutrients, 11. 

Blausen.com staff & staff, B. com. (2014). Medical gallery of Blausen Medical 2014. 
WikiJournal of Medicine, 1, 10. 

�%�R�E�H�U�����.�������%�
�E�H�Q�H�N�����(�����	���%�R�U�\�F�]�Na, S. (2019). Application of TLC for Evaluation of the 
Lipophilicity of Newly Synthetized Esters: Betulin Derivatives. Journal of Analytical 
Methods in Chemistry, 2019, 1297659. 



 

74 
 

�%�R�M�L�ü�����0�������'�H�E�H�O�M�D�N�����ä�������0�H�G�L�ü-�â�D�U�L�ü�����0�����	���7�R�P�L�þ�L�ü�����0���������������������,�Q�W�H�U�I�H�U�H�Q�F�H���R�I selected 
flavonoid aglycons in platelet aggregation assays. Clinical Chemistry and Laboratory 
Medicine, 50, 1403�±1408. 

�%�R�M�L�ü�����0�������'�H�E�H�O�M�D�N�����=�������7�R�P�L�þ�L�ü�����0�������0�H�G�L�ü-�â�D�U�L�ü�����0�����	���7�R�P�L�ü�����6���������������������(�Y�D�O�X�D�W�L�R�Q���R�I��
antiaggregatory activity of flavonoid aglycone series. Nutrition Journal, 10, 73. 

�%�|�U�V�F�K�(�+�D�X�E�R�O�G�����$���*�������.�U�D�P�H�U�����5���0�����	���:�D�W�V�R�Q�����6���3���������������������3�K�R�V�S�K�R�U�\�O�D�W�L�R�Q���D�Q�G���$�F�W�L�Y�D�W�L�R�Q���R�I��
Cytosolic Phospholipase A2 by 38-kDa Mitogen-Activated Protein Kinase in Collagen-
Stimulated Human Platelets. European Journal of Biochemistry, 245, 751�±759. 

Brett, G.M., Hollands, W., Needs, P.W., Teucher, B., Dainty, J.R., Davis, B.D., Brodbelt, J.S. & 
Kroon, P.A. (2009). Absorption, metabolism and excretion of flavanones from single 
portions of orange fruit and juice and effects of anthropometric variables and 
contraceptive pill use on flavanone excretion. The British Journal of Nutrition, 101, 664�±
675. 

Brocchieri, A., Pacchiarini, L., Saporiti, A. & Grignani, G. (1995). In vitro Effect of Verapamil 
on Platelet Activation Induced by ADP, Collagen or Thrombin. Platelets, 6, 195�±199. 

Brower, V. (1998). Nutraceuticals: Poised for a healthy slice of the healthcare market? Nature 
Biotechnology, 16, 728. 

Bulusu, K.C., Guha, R., Mason, D.J., Lewis, R.P.I., Muratov, E., Kalantar Motamedi, Y., Cokol, 
M. & Bender, A. (2016). Modelling of compound combination effects and applications to 
efficacy and toxicity: state-of-the-art, challenges and perspectives. Drug Discovery 
Today, 21, 225�±238. 

Bye, A.P., Unsworth, A.J. & Gibbins, J.M. (2016). Platelet signaling: a complex interplay 
between inhibitory and activatory networks. Journal of thrombosis and haemostasis: 
JTH, 14, 918�±930. 

Cardinal, D.C. & Flower, R.J. (1980). The electronic aggregometer: a novel device for assessing 
platelet behavior in blood. Journal of Pharmacological Methods, 3, 135�±158. 

�&�D�V�V�L�G�\�����$�������+�D�Q�O�H�\�����%�����	���/�D�P�X�H�O�D�(�5�D�Y�H�Q�W�R�V�����5���0���������������������,�V�R�I�O�D�Y�R�Q�H�V�����O�L�J�Q�D�Q�V���D�Q�G���V�Wilbenes �± 
origins, metabolism and potential importance to human health. Journal of the Science of 
Food and Agriculture, 80, 1044�±1062. 

Castells, R.C. (2004). Determination of gas�±liquid partition coefficients by gas chromatography. 
Journal of Chromatography A, Estimation of Physicochemical Properties by 
Chromatographic and Electrophoretic Techniques, 1037, 223�±231. 

Catalgol, B., Batirel, S., Taga, Y. & Ozer, N.K. (2012a). Resveratrol: French Paradox Revisited. 
Frontiers in Pharmacology, 3. 

Catalgol, B., Batirel, S., Taga, Y. & Ozer, N.K. (2012b). Resveratrol: French paradox revisited. 
Frontiers in Pharmacology, 3, 141. 



 

75 
 

Chemistry, I.U. of P. and A. (2019). IUPAC Gold Book - lipophilicity [Internet document] URL 
http://goldbook.iupac.org/html/L/LT06965.html. Accessed 04/05/2019. 

Chen, C., Yang, F.-Q., Zhang, Q., Wang, F.-Q., Hu, Y.-J. & Xia, Z.-N. (2015). Natural Products 
for Antithrombosis. Evidence-Based Complementary and Alternative Medicine: eCAM, 
2015, 876426. 

Corvazier, E. & Maclouf, J. (1985). Interference of some flavonoids and non-steroidal anti-
inflammatory drugs with oxidative metabolism of arachidonic acid by human platelets 
and neutrophils. Biochimica et Biophysica Acta (BBA) - Lipids and Lipid Metabolism, 
835, 315�±321. 

Coughlin, S.R. (2005). Protease-activated receptors in hemostasis, thrombosis and vascular 
biology. Journal of Thrombosis and Haemostasis, 3, 1800�±1814. 

Daina, A., Michielin, O. & Zoete, V. (2017). SwissADME: a free web tool to evaluate 
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small molecules. 
Scientific Reports, 7, 42717. 

�'�D�Y�u�����*�����	���3�D�W�U�R�Q�R�����&���������������������3�O�D�W�H�O�H�W���$�F�W�L�Y�D�W�L�R�Q���D�Qd Atherothrombosis. New England Journal 
of Medicine, 357, 2482�±2494. 

Davies, J.M.S., Cillard, J., Friguet, B., Cadenas, E., Cadet, J., Cayce, R., Fishmann, A., Liao, D., 
Bulteau, A.-�/�������'�H�U�E�U�p�����)�������5�p�E�L�O�O�D�U�G�����$�������%�X�U�V�W�H�L�Q�����6�������+�L�U�V�F�K�����(�������.�O�R�Q�H�U�����5���$�������-�D�Nowec, 
M., Petzinger, G., Sauce, D., Sennlaub, F., Limon, I., Ursini, F., Maiorino, M., 
Economides, C., Pike, C.J., Cohen, P., Salvayre, A.N., Halliday, M.R., Lundquist, A.J., 
Jakowec, N.A., Mechta-Grigoriou, F., Mericskay, M., Mariani, J., Li, Z., Huang, D., 
Grant, E., Forman, H.J., Finch, C.E., Sun, P.Y., Pomatto, L.C.D., Agbulut, O., 
Warburton, D., Neri, C., Rouis, M., Cillard, P., Capeau, J., Rosenbaum, J. & Davies, 
K.J.A. (2017). The Oxygen Paradox, the French Paradox, and age-related diseases. 
GeroScience, 39, 499�±550. 

Davis, E.M., Knezevich, J.T. & Teply, R.M. (2013). Advances in antiplatelet technologies to 
improve cardiovascular disease morbidity and mortality: a review of ticagrelor. Clinical 
�3�K�D�U�P�D�F�R�O�R�J�\�ß�����$�G�Y�D�Q�F�H�V���D�Q�G���$�S�S�O�L�F�D�W�L�R�Q�V, 5, 67�±83. 

Dijk, C. van, Driessen, A.J. & Recourt, K. (2000). The uncoupling efficiency and affinity of 
flavonoids for vesicles. Biochemical Pharmacology, 60, 1593�±1600. 

Dobrydneva, Y., Williams, R.L. & Blackmore, P.F. (1999). trans -Resveratrol inhibits calcium 
influx in thrombin-stimulated human platelets. British Journal of Pharmacology, 128, 
149�±157. 

Dutta-Roy, A.K., Gordon, M.J., Kelly, C., Hunter, K., Crosbie, L., Knight-Carpentar, T. & 
Williams, B.C. (1999). Inhibitory effect of Ginkgo biloba extract on human platelet 
aggregation. Platelets, 10, 298�±305. 



 

76 
 

�(�F�K�H�Y�H�U�U�t�D�����-�������2�S�D�]�R�����-�������0�H�Q�G�R�]�D�����/�������8�U�]�~�D�����$�����	���:�L�O�N�H�Q�V�����0���������������������6�W�U�X�F�W�X�U�H-Activity and 
Lipophilicity Relationships of Selected Antibacterial Natural Flavones and Flavanones of 
Chilean Flora. Molecules, 22, 608. 

El Haouari, M. & Rosado, J.A. (2009). Platelet function in hypertension. Blood Cells, Molecules 
& Diseases, 42, 38�±43. 

El Haouari, M. & Rosado, J.A. (2016). Medicinal Plants with Antiplatelet Activity: Medicinal 
Plants with Antiplatelet Activity. Phytotherapy Research, 30, 1059�±1071. 

Erlund, I. (2004). Review of the flavonoids quercetin, hesperetin, and naringenin. Dietary 
sources, bioactivities, bioavailability, and epidemiology. Nutrition Research, 24, 851�±
874. 

Erlund, I., Meririnne, E., Alfthan, G. & Aro, A. (2001). Plasma kinetics and urinary excretion of 
the flavanones naringenin and hesperetin in humans after ingestion of orange juice and 
grapefruit juice. The Journal of Nutrition, 131, 235�±241. 

Estevez, B. & Du, X. (2017). New Concepts and Mechanisms of Platelet Activation Signaling. 
Physiology, 32, 162�±177. 

Estevez, B., Shen, B. & Du, X. (2015). Targeting integrin and integrin signaling in treating 
thrombosis. Arteriosclerosis, Thrombosis, and Vascular Biology, 35, 24�±29. 

Faggio, C., Sureda, A., Morabito, S., Sanches-Silva, A., Mocan, A., Nabavi, S.F. & Nabavi, S.M. 
(2017). Flavonoids and platelet aggregation: A brief review. European Journal of 
Pharmacology, 807, 91�±101. 

�)�H�U�Q�D�Q�G�H�V�����,�������3�p�U�H�]-Gregorio, R., Soares, S., Mateus, N. & Freitas, V. de. (2017). Wine 
Flavonoids in Health and Disease Prevention. Molecules, 22, 292. 

Furusawa, M., Tsuchiya, H., Nagayama, M., Tanaka, T., Nakaya, K. & Iinuma, M. (2003). Anti-
Platelet and Membrane-Rigidifying Flavonoids in Brownish Scale of Onion. Journal of 
Health Science, 49, 475�±480. 

Gandhi, Y.A. & Morris, M.E. (2009). Structure-activity relationships and quantitative structure-
activity relationships for breast cancer resistance protein (ABCG2). The AAPS journal, 
11, 541�±552. 

Goetz, M.E., Judd, S.E., Hartman, T.J., McClellan, W., Anderson, A. & Vaccarino, V. (2016). 
Flavanone Intake Is Inversely Associated with Risk of Incident Ischemic Stroke in the 
REasons for Geographic and Racial Differences in Stroke (REGARDS) Study1234. The 
Journal of Nutrition, 146, 2233�±2243. 

Golwala, H.B., Cannon, C.P., Steg, P.G., Doros, G., Qamar, A., Ellis, S.G., Oldgren, J., Berg, 
J.M. ten, Kimura, T., Hohnloser, S.H., Lip, G.Y.H. & Bhatt, D.L. (2018). Safety and 
efficacy of dual vs. triple antithrombotic therapy in patients with atrial fibrillation 



 

77 
 

following percutaneous coronary intervention: a systematic review and meta-analysis of 
randomized clinical trials. European Heart Journal, 39, 1726�±1735a. 

�*�R�Q�]�i�O�H�]-�*�D�O�O�H�J�R�����-�������6�i�Q�F�K�H�]-�&�D�P�S�R�V�����6�����	���7�X�x�y�Q�����0���-���������������������$�Q�W�L-inflammatory properties 
of dietary flavonoids. Nutricion Hospitalaria, 22, 287�±293. 

Gremmel, T., Koppensteiner, R. & Panzer, S. (2015). Comparison of Aggregometry with Flow 
�&�\�W�R�P�H�W�U�\���I�R�U���W�K�H���$�V�V�H�V�V�P�H�Q�W���R�I���$�J�R�Q�L�V�W�V�•-Induced Platelet Reactivity in Patients on 
Dual Antiplatelet Therapy. PloS One, 10, e0129666. 

Gremmel, T. & Panzer, S. (2017). Oral antiplatelet therapy: impact for transfusion medicine. Vox 
Sanguinis, 112, 511�±517. 

�*�X�H�U�U�H�U�R�����-���$�������/�R�]�D�Q�R�����0���/�������&�D�V�W�L�O�O�R�����-�������%�H�Q�D�Y�H�Q�W�H�(�*�D�U�F�t�D�����2�������9�L�F�H�Q�W�H�����9�����	���5�L�Y�H�U�D�����-��������������������
Flavonoids inhibit platelet function through binding to the thromboxane A2 receptor. 
Journal of Thrombosis and Haemostasis, 3, 369�±376. 

Guerrero, J.A., Navarro-�1�X�x�H�]�����/�������/�R�]�D�Q�R�����0���/�������0�D�U�W�t�Q�H�]�����&�������9�L�F�H�Q�W�H�����9�������*�L�E�E�L�Q�V�����-���0�����	��
Rivera, J. (2007). Flavonoids inhibit the platelet TxA(2) signalling pathway and 
antagonize TxA(2) receptors (TP) in platelets and smooth muscle cells. British Journal of 
Clinical Pharmacology, 64, 133�±144. 

Guo, Y., Mah, E., Davis, C.G., Jalili, T., Ferruzzi, M.G., Chun, O.K. & Bruno, R.S. (2013). 
Dietary fat increases quercetin bioavailability in overweight adults. Molecular Nutrition 
& Food Research, 57, 896�±905. 

Hansch, Corwin. & Fujita, Toshio. (1964). p-�1-�Œ���$�Q�D�O�\�V�L�V�����$���0�H�W�K�R�G���I�R�U���W�K�H���&�R�U�U�H�O�D�W�L�R�Q���R�I��
Biological Activity and Chemical Structure. Journal of the American Chemical Society, 
86, 1616�±1626. 

Heemskerk, J.W., Farndale, R.W. & Sage, S.O. (1997). Effects of U73122 and U73343 on 
human platelet calcium signalling and protein tyrosine phosphorylation. Biochimica Et 
Biophysica Acta, 1355, 81�±88. 

Hendrich, A.B. (2006). Flavonoid-membrane interactions: possible consequences for biological 
effects of some polyphenolic compounds. Acta Pharmacologica Sinica, 27, 27�±40. 

Hendrich, A.B., Malon, R., Pola, A., Shirataki, Y., Motohashi, N. & Michalak, K. (2002). 
Differential interaction of Sophora isoflavonoids with lipid bilayers. European Journal of 
Pharmaceutical Sciences, 16, 201�±208. 

�+�H�U�Q�i�Q�G�H�]-Aquino, E. & Muriel, P. (2018). Beneficial effects of naringenin in liver diseases: 
Molecular mechanisms. World Journal of Gastroenterology, 24, 1679�±1707. 

Hertog, M.G.L., Hollman, P.C.H. & Putte, Betty. van de. (1993). Content of potentially 
anticarcinogenic flavonoids of tea infusions, wines, and fruit juices. Journal of 
Agricultural and Food Chemistry, 41, 1242�±1246. 



 

78 
 

�+�M�H�P�G�D�K�O�����3�����	���:�D�O�O�p�Q�����1���+���������������������&�D�O�F�L�X�P���D�Q�W�D�J�R�Q�L�V�W���W�U�H�D�W�P�H�Q�W�����V�\�P�S�D�W�K�H�W�L�F���D�F�W�L�Y�L�W�\���D�Q�G��
platelet function. European Heart Journal, 18 Suppl A, A36-50. 

Hubbard, G.P., Wolffram, S., Vos, R. de, Bovy, A., Gibbins, J.M. & Lovegrove, J.A. (2006). 
Ingestion of onion soup high in quercetin inhibits platelet aggregation and essential 
components of the collagen-stimulated platelet activation pathway in man: a pilot study. 
The British Journal of Nutrition, 96, 482�±488. 

Kaliszan, R., Haber, P., Baczek, T., Siluk, D. & Valko, K. (2002). Lipophilicity and pKa 
estimates from gradient high-performance liquid chromatography. Journal of 
Chromatography. A, 965, 117�±127. 

�.�D�U�O�t�þ�N�R�Y�i�����-���������t�K�D�����0�������)�L�O�L�S�V�N�ê�����7�������0�D�F�i�N�R�Y�i�����.�������+�U�G�L�Q�D�����5�����	���0�O�D�G���Q�N�D�����3��������������������
Antiplatelet Effects of Flavonoids Mediated by Inhibition of Arachidonic Acid Based 
Pathway. Planta Medica, 82, 76�±83. 

Kasperkiewicz, K., Ponczek, M.B. & Budzisz, E. (2018). A biological, fluorescence and 
computational examination of synthetic coumarin derivatives with antithrombotic 
potential. Pharmacological Reports, 70, 1057�±1064. 

Keihanian, F., Saeidinia, A., Bagheri, R.K., Johnston, T.P. & Sahebkar, A. (2018). Curcumin, 
hemostasis, thrombosis, and coagulation. Journal of Cellular Physiology, 233, 4497�±
4511. 

Kitagawa, S., Orinaka, M. & Hirata, H. (1993). Depth-dependent change in membrane fluidity 
by phenolic compounds in bovine platelets and its relationship with their effects on 
aggregation and adenylate cyclase activity. Biochimica et Biophysica Acta (BBA) - 
Molecular Cell Research, 1179, 277�±282. 

�.�á�R�V�L���V�N�D-�6�]�P�X�U�á�R�����(�������3�O�X�F�L���V�N�L�����)���$�������*�U�X�G�]�L�H�������0�������%�H�W�O�H�M�H�Z�V�N�D-Kielak, K., Biernacka, J. & 
Mazurek, A.P. (2014). Experimental and theoretical studies on the molecular properties 
of ciprofloxacin, norfloxacin, pefloxacin, sparfloxacin, and gatifloxacin in determining 
bioavailability. Journal of Biological Physics, 40, 335�±345. 

Knekt, P., Jarvinen, R., Reunanen, A. & Maatela, J. (1996). Flavonoid intake and coronary 
mortality in Finland: a cohort study. British Medical Journal, 312, 478�±481. 

Kokubo, Y., Iso, H., Ishihara, J., Okada, K., Inoue, M. & Tsugane, S. (2007). Association of 
Dietary Intake of Soy, Beans, and Isoflavones With Risk of Cerebral and Myocardial 
Infarctions in Japanese Populations: The Japan Public Health Center�±Based (JPHC) 
Study Cohort I. Circulation, 116, 2553�±2562. 

Koltai, K., Kesmarky, G., Feher, G., Tibold, A. & Toth, K. (2017). Platelet Aggregometry 
Testing: Molecular Mechanisms, Techniques and Clinical Implications. International 
Journal of Molecular Sciences, 18. 

Koupenova, M., Kehrel, B.E., Corkrey, H.A. & Freedman, J.E. (2017). Thrombosis and platelets: 
an update. European Heart Journal, 38, 785�±791. 



 

79 
 

�.�U�R�J�K�R�O�P�����.���6�������%�U�H�G�V�G�R�U�I�I�����/�������.�Q�X�W�K�V�H�Q�����3�������+�D�U�D�O�G�V�G�y�W�W�L�U�����-�����	���5�D�V�P�X�V�V�H�Q�����6���(��������������������
Relative bioavailability of the flavonoids quercetin, hesperetin and naringenin given 
simultaneously through diet. European Journal of Clinical Nutrition, 64, 432�±435. 

�.�X�M�D�Z�V�N�L�����-�������3�R�S�L�H�O�D�U�V�N�D�����+�������0�\�N�D�����$�������'�U�D�E�L���V�N�D�����%�����	���%�H�U�Q�D�U�G�����0���������������������7�K�H���O�R�J���3��
Parameter as a Molecular Descriptor in the Computer-aided Drug Design �± an Overview. 
Computational Methods in Science and Technology, 18, 81�±88. 

Kumar, S. & Pandey, A.K. (2013). Chemistry and Biological Activities of Flavonoids: An 
Overview. The Scientific World Journal, 2013. 

Lall, R.K., Adhami, V.M. & Mukhtar, H. (2016). Dietary flavonoid fisetin for cancer prevention 
and treatment. Molecular Nutrition & Food Research, 60, 1396�±1405. 

Landolfi, R., Mower, R.L. & Steiner, M. (1984). Modification of platelet function and 
arachidonic acid metabolism by bioflavonoids. Structure-activity relations. Biochemical 
Pharmacology, 33, 1525�±1530. 

Leo, A., Hansch, C. & Elkins, D. (1971). Partition coefficients and their uses. Chemical Reviews, 
71, 525�±616. 

Leo, A., Jow, P.Y., Silipo, C. & Hansch, C. (1975). Calculation of hydrophobic constant (log P) 
from pi and f constants. Journal of Medicinal Chemistry, 18, 865�±868. 

Leyva-�/�y�S�H�]�����1�������*�X�W�L�H�U�U�H�]-Grijalva, E.P., Ambriz-Perez, D.L. & Heredia, J.B. (2016). 
Flavonoids as Cytokine Modulators: A Possible Therapy for Inflammation-Related 
Diseases. International Journal of Molecular Sciences, 17. 

Lhermusier, T., Chap, H. & Payrastre, B. (2011). Platelet membrane phospholipid asymmetry: 
from the characterization of a scramblase activity to the identification of an essential 
protein mutated in Scott syndrome. Journal of Thrombosis and Haemostasis, 9, 1883�±
1891. 

�/�L�����=�������'�H�O�D�Q�H�\�����0���.�������2�¶�%�U�L�H�Q�����.���$�����	���'�X�����;���������������������6�L�J�Q�D�O�L�Q�J���G�X�U�L�Q�J���S�O�D�W�H�O�H�W���D�G�K�H�V�L�R�Q���D�Q�G��
activation. Arteriosclerosis, Thrombosis, and Vascular Biology, 30, 2341�±2349. 

Lindahl, M. & Tagesson, C. (1997). Flavonoids as phospholipase A2 inhibitors: importance of 
their structure for selective inhibition of group II phospholipase A2. Inflammation, 21, 
347�±356. 

Lipinski, C.A., Lombardo, F., Dominy, B.W. & Feeney, P.J. (2001). Experimental and 
computational approaches to estimate solubility and permeability in drug discovery and 
development settings. Advanced Drug Delivery Reviews, 46, 3�±26. 

L-Lacoste, L., Lam, J.Y., Hung, J. & Waters, D. (1994). Oral verapamil inhibits platelet 
thrombus formation in humans. Circulation, 89, 630�±634. 



 

80 
 

�/�R�P�E�D�U�G�R�����)�������6�K�D�O�D�H�Y�D�����0���<�������7�X�S�S�H�U�����.���$�������*�D�R�����)�����	���$�E�U�D�K�D�P�����0���+���������������������(�O�R�J�3�R�F�W���×���$��
Tool for Lipophilicity Determination in Drug Discovery. Journal of Medicinal 
Chemistry, 43, 2922�±2928. 

Malongane, F., McGaw, L.J. & Mudau, F.N. (2017). The synergistic potential of various teas, 
herbs and therapeutic drugs in health improvement: a review. Journal of the Science of 
Food and Agriculture, 97, 4679�±4689. 

Manach, C., Morand, C., Gil-Izquierdo, A., Bouteloup-�'�H�P�D�Q�J�H�����&�����	���5�p�P�p�V�\�����&��������������������
Bioavailability in humans of the flavanones hesperidin and narirutin after the ingestion of 
two doses of orange juice. European Journal of Clinical Nutrition, 57, 235�±242. 

�0�D�Q�D�F�K�����&�������:�L�O�O�L�D�P�V�R�Q�����*�������0�R�U�D�Q�G�����&�������6�F�D�O�E�H�U�W�����$�����	���5�p�P�p�V�\�����&���������������������%�L�R�D�Y�D�L�O�D�E�L�O�L�W�\���D�Q�G��
bioefficacy of polyphenols in humans. I. Review of 97 bioavailability studies. The 
American Journal of Clinical Nutrition, 81, 230S-242S. 

Martinez-Irujo, J.J., Villahermosa, M.L., Mercapide, J., Cabodevilla, J.F. & Santiago, E. (1998). 
Analysis of the combined effect of two linear inhibitors on a single enzyme. Biochemical 
Journal, 329, 689�±698. 

McKinney, J.D., Richard, A., Waller, C., Newman, M.C. & Gerberick, F. (2000). The practice of 
structure activity relationships (SAR) in toxicology. Toxicological Sciences, 56, 8�±17. 

Middleton, E. (1998). Effect of Plant Flavonoids on Immune and Inflammatory Cell Function. 
In: Flavonoids in the Living System, Advances in Experimental Medicine and Biology 
(edited by J.A. Manthey & B.S. Buslig). Pp. 175�±182. Boston, MA: Springer US. 

Miller, C.H., Rice, A.S., Garrett, K. & Stein, S.F. (2014). Gender, race and diet affect platelet 
function tests in normal subjects, contributing to a high rate of abnormal results. British 
Journal of Haematology, 165, 842�±853. 

Mink, P.J., Scrafford, C.G., Barraj, L.M., Harnack, L., Hong, C.-P., Nettleton, J.A. & Jacobs, 
D.R. (2007). Flavonoid intake and cardiovascular disease mortality: a prospective study 
in postmenopausal women. The American Journal of Clinical Nutrition, 85, 895�±909. 

Miyake, Y., Shimoi, K., Kumazawa, S., Yamamoto, K., Kinae, N. & Osawa, T. (2000). 
Identification and antioxidant activity of flavonoid metabolites in plasma and urine of 
eriocitrin-treated rats. Journal of Agricultural and Food Chemistry, 48, 3217�±3224. 

Ml �D�G���Q�N�D�����3�������=�D�W�O�R�X�N�D�O�R�Y�i�����/�������)�L�O�L�S�V�N�ê�����7�����	���+�U�G�L�Q�D�����5���������������������&�D�U�G�L�R�Y�D�V�F�X�O�D�U���H�I�I�H�F�W�V���R�I��
flavonoids are not caused only by direct antioxidant activity. Free Radical Biology and 
Medicine, 49, 963�±975. 

Mlcek, J., Jurikova, T., Skrovankova, S. & Sochor, J. (2016). Quercetin and Its Anti-Allergic 
Immune Response. Molecules, 21. 



 

81 
 

Mohd Nor, N.H., Othman, F., Mohd Tohit, E.R. & Md Noor, S. (2016). Medicinal Herbals with 
Antiplatelet Properties Benefit in Coronary Atherothrombotic Diseases. Thrombosis, 
2016. 

Montalescot, G. & Sabatine, M.S. (2016). Oral dual antiplatelet therapy: what have we learnt 
from recent trials? European Heart Journal, 37, 344�±352. 

Moroi, M. & Jung, S.M. (2004). Platelet glycoprotein VI: its structure and function. Thrombosis 
Research, 114, 221�±233. 

Murota, K., Shimizu, S., Miyamoto, S., Izumi, T., Obata, A., Kikuchi, M. & Terao, J. (2002). 
Unique uptake and transport of isoflavone aglycones by human intestinal caco-2 cells: 
comparison of isoflavonoids and flavonoids. The Journal of Nutrition, 132, 1956�±1961. 

Navarro-�1�~�x�H�]�����/�������/�R�]�D�Q�R�����0���/�������3�D�O�R�P�R�����0�������0�D�U�W�t�Q�H�]�����&�������9�L�F�H�Q�W�H�����9�������&�D�V�W�L�O�O�R�����-������
Benavente-�*�D�U�F�t�D�����2�������'�L�D�]-Ricart, M., Escolar, G. & Rivera, J. (2008). Apigenin inhibits 
platelet adhesion and thrombus formation and synergizes with aspirin in the suppression 
of the arachidonic acid pathway. Journal of Agricultural and Food Chemistry, 56, 2970�±
2976. 

Neveu, V., Perez-�-�L�P�p�Q�H�]�����-�������9�R�V�����)�������&�U�H�V�S�\�����9�������&�K�D�I�I�D�X�W�����/�����G�X�����0�H�Q�Q�H�Q�����/�������.�Q�R�[�����&�������(�L�V�Q�H�U����
R., Cruz, J., Wishart, D. & Scalbert, A. (2010). Phenol-Explorer: an online 
comprehensive database on polyphenol contents in foods. Database, 2010. 

Offermanns, S. (2006). Activation of platelet function through G protein-coupled receptors. 
Circulation Research, 99, 1293�±1304. 

Oldham, W.M. & Hamm, H.E. (2008). Heterotrimeric G protein activation by G-protein-coupled 
receptors. Nature Reviews. Molecular Cell Biology, 9, 60�±71. 

Oliveira Filho, A.A., Fernandes, H.M.B., Assis, T.J.C.F., Meireles, D.R.P., Edeltrudes, O., Lima, 
�(���2�����	���3�r�V�V�R�D�����+���/���)���������������������3�K�D�U�P�D�F�R�O�R�J�L�F�D�O���D�Q�G���W�R�[�L�F�R�O�R�J�L�F�D�O���D�Q�D�O�\�V�L�V���R�I���I�O�D�Y�R�Q�R�L�G��
�����������¶-trimethoxyflavone: An in silico approach. International Journal of 
Pharmacognosy and Phytochemical Research, 7, 431�±434. 

Ollila, F., Halling, K., Vuorela, P., Vuorela, H. & Slotte, J.P. (2002). Characterization of 
Flavonoid�±Biomembrane Interactions. Archives of Biochemistry and Biophysics, 399, 
103�±108. 

Olsen, H., Aaby, K. & Borge, G.I.A. (2009). Characterization and quantification of flavonoids 
and hydroxycinnamic acids in curly kale (Brassica oleracea L. Convar. acephala Var. 
sabellica) by HPLC-DAD-ESI-MSn. Journal of Agricultural and Food Chemistry, 57, 
2816�±2825. 

Ost�H�U�W�D�J�����/���0�������2�¶�.�H�Q�Q�H�G�\�����1�������+�R�U�J�D�Q�����*���:�������.�U�R�R�Q�����3���$�������'�X�W�K�L�H�����*���*�����	���5�R�R�V�����%�����G�H����
(2011). In vitro anti-platelet effects of simple plant-derived phenolic compounds are only 
found at high, non-physiological concentrations. Molecular Nutrition & Food Research, 
55, 1624�±1636. 



 

82 
 

Panche, A., Diwan, A. & R. Chandra, S. (2016). Flavonoids: An overview. Journal of 
Nutritional Science, 5. 

Patrono, C. (1994). Aspirin as an Antiplatelet Drug. New England Journal of Medicine, 330, 
1287�±1294. 

Pereira-Caro, G., Borges, G., Hooft, J. van der, Clifford, M.N., Del Rio, D., Lean, M.E.J., 
Roberts, S.A., Kellerhals, M.B. & Crozier, A. (2014). Orange juice (poly)phenols are 
highly bioavailable in humans. The American Journal of Clinical Nutrition, 100, 1378�±
1384. 

�3�p�U�H�]-�-�L�P�p�Q�H�]�����-., Neveu, V., Vos, F. & Scalbert, A. (2010). Systematic analysis of the content 
of 502 polyphenols in 452 foods and beverages: an application of the phenol-explorer 
database. Journal of Agricultural and Food Chemistry, 58, 4959�±4969. 

Peterson, J.J., Dwyer, J.T., Jacques, P.F. & McCullough, M.L. (2012). Associations between 
flavonoids and cardiovascular disease incidence or mortality in European and US 
populations. Nutrition Reviews, 70, 491�±508. 

Pignatelli, P., Pulcinelli, F.M., Celestini, A., Lenti, L., Ghiselli, A., Gazzaniga, P.P. & Violi, F. 
(2000). The flavonoids quercetin and catechin synergistically inhibit platelet function by 
antagonizing the intracellular production of hydrogen peroxide. The American Journal of 
Clinical Nutrition, 72, 1150�±1155. 

Pool, H., Mendoza, S., Xiao, H. & McClements, D.J. (2013). Encapsulation and release of 
hydrophobic bioactive components in nanoemulsion-based delivery systems: impact of 
physical form on quercetin bioaccessibility. Food & Function, 4, 162�±174. 

Pop, E., Oniciu, D.C., Pape, M.E., Cramer, C.T. & Dasseux, J.-L.H. (2004). Lipophilicity 
Parameters and Biological Activity in a Series of Compounds with Potential 
Cardiovascular Applications. Croatica Chemica Acta, 77, 301�±306. 

�3�\�N�D�����$�������%�D�E�X���N�D�����0�����	���=�D�Fhariasz, M. (2006). A comparison of theoretical methods of 
calculation of partition coefficients for selected drugs. Acta Poloniae Pharmaceutica, 63, 
159�±167. 

Rabtti, E.H.M.A., Natic, M.M., Milojkovic-�2�S�V�H�Q�L�F�D�����'���0�������7�U�L�I�N�R�Y�L�F�����-���ç�������9�X�F�N�R�Y�L�F�����,���0������
Vajs, �9���(�����	���7�H�ã�L�F�������L�Y�R�V�O�D�Y���/�M���������������������5�3���7�/�&-based lipophilicity assessment of some 
natural and synthetic coumarins. Journal of the Brazilian Chemical Society, 23, 522�±530. 

�5�D�R�����*���+�����	���:�K�L�W�H�����-���*���������������������'�L�V�D�J�J�U�H�J�D�W�L�R�Q���D�Q�G���U�H�D�J�J�U�H�J�D�W�L�R�Q���R�I���³�L�U�U�H�Y�H�U�V�L�E�O�\�´���D�J�Jregated 
platelets: a method for more complete evaluation of anti-platelet drugs. Agents and 
Actions, 16, 425�±434. 

Rasines-Perea, Z. & Teissedre, P.-�/���������������������*�U�D�S�H���3�R�O�\�S�K�H�Q�R�O�V�¶���(�I�I�H�F�W�V���L�Q���+�X�P�D�Q��
Cardiovascular Diseases and Diabetes. Molecules, 22. 



 

83 
 

Ravishankar, D., Salamah, M., Akimbaev, A., Williams, H.F., Albadawi, D.A.I., Vaiyapuri, R., 
Greco, F., Osborn, H.M.I. & Vaiyapuri, S. (2018). Impact of specific functional groups in 
flavonoids on the modulation of platelet activation. Scientific Reports, 8. 

Renaud, S. & Lorgeril, M. de. (1992). Wine, alcohol, platelets, and the French paradox for 
coronary heart disease. The Lancet, 339, 1523�±1526. 

Ringleb Peter A. (2006). Thrombolytics, Anticoagulants, and Antiplatelet Agents. Stroke, 37, 
312�±313. 

Ro, J.-Y., Ryu, J.-H., Park, H.-J. & Cho, H.-J. (2015). Onion (Allium cepa L.) peel extract has 
anti-platelet effects in rat platelets. SpringerPlus, 4, 17. 

Rossino, M.G. & Casini, G. (2019). Nutraceuticals for the Treatment of Diabetic Retinopathy. 
Nutrients, 11, 771. 

Rothwell, J.A., Day, A.J. & Morgan, M.R.A. (2005). Experimental determination of octanol-
water partition coefficients of quercetin and related flavonoids. Journal of Agricultural 
and Food Chemistry, 53, 4355�±4360. 

�5�X�W�N�R�Z�V�N�D�����(�������3�D�M�D�N�����.�����	���-�y�(�Z�L�D�N�����.���������������������/�L�S�R�S�K�L�O�L�F�L�W�\--methods of determination and its 
role in medicinal chemistry. Acta Poloniae Pharmaceutica, 70, 3�±18. 

Saeed, S.A., Rasheed, H., Fecto, F.A.W., Achakzai, M.I., Ali, R., Connor, J.D. & Gilani, A.-H. 
(2004). Signaling mechanisms mediated by G-protein coupled receptors in human 
platelets. Acta Pharmacologica Sinica, 25, 887�±892. 

Saghaie, L. & Mostafavi, R.C.H.S.A. (2003). Comparison of Automated Continuous Flow 
Method With Shake- Flask Method in Determining Partition Coefficients of Bidentate 
Hydroxypyridinone Ligands. DARU Journal of Pharmaceutical Sciences, 11, 38�±46. 

Sak, K. (2017). Intake of Individual Flavonoids and Risk of Carcinogenesis: Overview of 
Epidemiological Evidence. Nutrition and Cancer, 69, 1119�±1150. 

Scarborough, H. (1945). Observations on the nature of vitamin P and the vitamin P potency of 
certain foodstuffs. Biochemical Journal, 39, 271�±278. 

�6�F�K�l�U�����0���<�������&�X�U�W�L�V�����3���-�������+�D�]�L�P�����6�������2�V�W�H�U�W�D�J�����/���0�������.�D�\�����&���'�������3�R�W�W�H�U�����-���)�����	���&�D�V�V�L�G�\�����$����
(2015). Orange juice-derived flavanone and phenolic metabolites do not acutely affect 
cardiovascular risk biomarkers: a randomized, placebo-controlled, crossover trial in men 
at moderate risk of cardiovascular disease. The American Journal of Clinical Nutrition, 
101, 931�±938. 

Scheidt, H.A., Pampel, A., Nissler, L., Gebhardt, R. & Huster, D. (2004). Investigation of the 
membrane localization and distribution of flavonoids by high-resolution magic angle 
spinning NMR spectroscopy. Biochimica et Biophysica Acta (BBA) - Biomembranes, 
1663, 97�±107. 



 

84 
 

Serafini, M., Peluso, I. & Raguzzini, A. (2010). Flavonoids as anti-inflammatory agents. The 
Proceedings of the Nutrition Society, 69, 273�±278. 

Shichijo, M., Yamamoto, N., Tsujishita, H., Kimata, M., Nagai, H. & Kokubo, T. (2003). 
Inhibition of syk activity and degranulation of human mast cells by flavonoids. 
Biological & Pharmaceutical Bulletin, 26, 1685�±1690. 

Srivastava, K. & Dash, D. (2001). Altered membrane fluidity and signal transduction in the 
platelets from patients of thrombotic stroke. Molecular and Cellular Biochemistry, 224, 
143�±149. 

�6�W�R�L�F�D�����&���,�������,�R�Q�X�
�����,�������9�O�D�V�H�����/�������7�L�S�H�U�F�L�X�F�����%�������0�D�U�F�����*�������2�Q�L�J�D�����6�������$�U�D�Q�L�F�L�X�����&�����	��Oniga, O. 
(2018). Lipophilicity evaluation of some thiazolyl-1,3,4-oxadiazole derivatives with 
antifungal activity. Biomedical Chromatography, 32, e4221. 

Stylos, E., Chatziathanasiadou, M.V., Tsiailanis, A., Kellici, T.F., Tsoumani, M., Kostagianni, 
A.D., Deligianni, M., Tselepis, A.D. & Tzakos, A.G. (2017). Tailoring naringenin 
conjugates with amplified and triple antiplatelet activity profile: Rational design, 
synthesis, human plasma stability and in vitro evaluation. Biochimica et Biophysica Acta 
(BBA) - General Subjects, 1861, 2609�±2618. 

Takumi, H., Mukai, R., Ishiduka, S., Kometani, T. & Terao, J. (2011). Tissue distribution of 
hesperetin in rats after a dietary intake. Bioscience, Biotechnology, and Biochemistry, 75, 
1608�±1610. 

Tammela, P., Laitinen, L., Galkin, A., Wennberg, T., Heczko, R., Vuorela, H., Slotte, J.P. & 
Vuorela, P. (2004). Permeability characteristics and membrane affinity of flavonoids and 
alkyl gallates in Caco-2 cells and in phospholipid vesicles. Archives of Biochemistry and 
Biophysics, 425, 193�±199. 

Test No. 117: Partition Coefficient (n-octanol/water), HPLC Method [Internet document] . 
(2019). URL https://www.oecd-ilibrary.org/environment/test-no-117-partition-
coefficient-n-octanol-water-hplc-method_9789264069824-en. Accessed 04/05/2019. 

Testai, L. & Calderone, V. (2017). Nutraceutical Value of Citrus Flavanones and Their 
Implications in Cardiovascular Disease. Nutrients, 9, 502. 

Thilakarathna, S.H. & Rupasinghe, H.P.V. (2013). Flavonoid bioavailability and attempts for 
bioavailability enhancement. Nutrients, 5, 3367�±3387. 

Thomas, D.W., Mannon, R.B., Mannon, P.J., Latour, A., Oliver, J.A., Hoffman, M., Smithies, 
O., Koller, B.H. & Coffman, T.M. (1998). Coagulation defects and altered hemodynamic 
responses in mice lacking receptors for thromboxane A2. Journal of Clinical 
Investigation, 102, 1994�±2001. 

Tian, X., Chang, L., Ma, G., Wang, T., Lv, M., Wang, Z., Chen, L., Wang, Y., Gao, X. & Zhu, 
Y. (2016). Delineation of Platelet Activation Pathway of Scutellarein Revealed Its 



 

85 
 

Intracellular Target as Protein Kinase C. Biological and Pharmaceutical Bulletin, 39, 
181�±191. 

TOXNET [Internet document] . (2019). URL https://toxnet.nlm.nih.gov/. Accessed 05/05/2019. 

Tsuchiya, H. (2015). Membrane Interactions of Phytochemicals as Their Molecular Mechanism 
Applicable to the Discovery of Drug Leads from Plants. Molecules, 20, 18923�±18966. 

Tsuchiya, H. & Iinuma, M. (2000). Reduction of membrane fluidity by antibacterial 
sophoraflavanone G isolated from Sophora exigua. Phytomedicine: International Journal 
of Phytotherapy and Phytopharmacology, 7, 161�±165. 

�8�6�'�$���'�D�W�D�E�D�V�H���I�R�U���W�K�H���)�O�D�Y�R�Q�R�L�G���&�R�Q�W�H�Q�W���R�I���6�H�O�H�F�W�H�G���)�R�R�G�V�����5�H�O�H�D�V�H�������������'�H�F�H�P�E�H�U�������������×����
USDA ARS [Internet document] . (2019). URL https://www.ars.usda.gov/northeast-
area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/nutrient-data-
laboratory/docs/usda-database-for-the-flavonoid-content-of-selected-foods-release-31-
december-2013/. Accessed 04/05/2019. 

Vaiyapuri, S., Ali, M.S., Moraes, L.A., Sage, T., Lewis, K.R., Jones, C.I. & Gibbins, J.M. 
(2013). Tangeretin regulates platelet function through inhibition of phosphoinositide 3-
kinase and cyclic nucleotide signaling. Arteriosclerosis, Thrombosis, and Vascular 
Biology, 33, 2740�±2749. 

Varga-Szabo, D., Braun, A. & Nieswandt, B. (2009). Calcium signaling in platelets. Journal of 
thrombosis and haemostasis: JTH, 7, 1057�±1066. 

�9�L�F�N�H�U�\�����+���%�������1�H�O�V�R�Q�����(���0�������$�O�P�T�X�L�V�W�����+���-�����	���(�O�Y�H�K�M�H�P�����&���$���������������������7�H�U�P���³�9�L�W�D�P�L�Q���3�´��
Recommended to be Discontinued. Science, 112, 628�±628. 

Vlasic, N., Medow, M.S., Schwarz, S.M., Pritchard, K.A. & Stemerman, M.B. (1993). Lipid 
fluidity modulates platelet aggregation and agglutination in vitro. Life Sciences, 53, 
1053�±1060. 

Wang, L., Lee, I.-M., Zhang, S.M., Blumberg, J.B., Buring, J.E. & Sesso, H.D. (2009). Dietary 
intake of selected flavonols, flavones, and flavonoid-rich foods and risk of cancer in 
middle-aged and older women123. The American Journal of Clinical Nutrition, 89, 905�±
912. 

Wang, S., Meckling, K.A., Marcone, M.F., Kakuda, Y. & Tsao, R. (2011). Synergistic, Additive, 
and Antagonistic Effects of Food Mixtures on Total Antioxidant Capacities. Journal of 
Agricultural and Food Chemistry, 59, 960�±968. 

Wang, S., Moustaid-Moussa, N., Chen, L., Mo, H., Shastri, A., Su, R., Bapat, P., Kwun, I. & 
Shen, C.-L. (2014a). Novel insights of dietary polyphenols and obesity. The Journal of 
nutritional biochemistry, 25, 1�±18. 



 

86 
 

Wang, X., Ouyang, Y.Y., Liu, J. & Zhao, G. (2014b). Flavonoid intake and risk of CVD: a 
systematic review and meta-analysis of prospective cohort studies. British Journal of 
Nutrition, 111, 1�±11. 

Wilson, S.J., Newby, D.E., Dawson, D., Irving, J. & Berry, C. (2017). Duration of dual 
antiplatelet therapy in acute coronary syndrome. Heart, 103, 573�±580. 

Wright, B., Moraes, L.A., Kemp, C.F., Mullen, W., Crozier, A., Lovegrove, J.A. & Gibbins, J.M. 
(2010). A structural basis for the inhibition of collagen-stimulated platelet function by 
quercetin and structurally related flavonoids. British Journal of Pharmacology, 159, 
1312�±1325. 

Wright, B., Spencer, J.P.E., Lovegrove, J.A. & Gibbins, J.M. (2013). Flavonoid inhibitory 
pharmacodynamics on platelet function in physiological environments. Food & Function, 
4, 1803�±1810. 

Wu, T., He, M., Zang, X., Zhou, Y., Qiu, T., Pan, S. & Xu, X. (2013). A structure-activity 
relationship study of flavonoids as inhibitors of E. coli by membrane interaction effect. 
Biochimica Et Biophysica Acta, 1828, 2751�±2756. 

�;�L�D�����1�������'�D�L�E�H�U�����$�������)�|�U�V�W�H�U�P�D�Q�Q�����8�����	���/�L�����+���������������������$�Q�W�L�R�[�L�G�D�Q�W���H�I�I�H�F�W�V���R�I���U�H�V�Y�H�U�D�W�U�R�O���L�Q���W�K�H��
cardiovascular system. British Journal of Pharmacology, 174, 1633�±1646. 

Xu, J., Xu, Z. & Zheng, W. (2017). A Review of the Antiviral Role of Green Tea Catechins. 
Molecules, 22, 1337. 

Yang, Y.-M., Chen, J.-Z., Wang, X.-X., Wang, S.-J., Hu, H. & Wang, H.-Q. (2008). Resveratrol 
attenuates thromboxane A2 receptor agonist-induced platelet activation by reducing 
phospholipase C activity. European Journal of Pharmacology, 583, 148�±155. 

Yao, L.H., Jiang, Y.M., Shi, J., Tomas-Barberan, F.A., Datta, N., Singanusong, R. & Chen, S.S. 
(2004). Flavonoids in Food and Their Health Benefits. Plant Foods for Human Nutrition, 
59, 113�±122. 

Yoshida, K., Nagatoishi, S., Kuroda, D., Suzuki, N., Murata, T. & Tsumoto, K. (2019). 
Phospholipid Membrane Fluidity Alters Ligand Binding Activity of a G Protein-Coupled 
Receptor by Shifting the Conformational Equilibrium. Biochemistry, 58, 504�±508. 

Yu, H.Y., Park, S.W., Chung, I.M. & Jung, Y.-S. (2011). Anti-platelet effects of yuzu extract and 
its component. Food and Chemical Toxicology: An International Journal Published for 
the British Industrial Biological Research Association, 49, 3018�±3024. 

Zakaryan, H., Arabyan, E., Oo, A. & Zandi, K. (2017). Flavonoids: promising natural 
compounds against viral infections. Archives of Virology, 162, 2539�±2551. 

Zamora-�5�R�V�����5�������.�Q�D�]�H�����9�������/�X�M�i�Q-Barroso, L., Slimani, N., Romieu, I., Fedirko, V., Magistris, 
M.S. de, Ericson, U., Amiano, P., Trichopoulou, A., Dilis, V., Naska, A., Engeset, D., 
�6�N�H�L�H�����*�������&�D�V�V�L�G�\�����$�������2�Y�H�U�Y�D�G�����.�������3�H�H�W�H�U�V�����3���+���0�������+�X�H�U�W�D�����-���0�������6�i�Q�F�K�H�]�����0��-J., 



 

87 
 

�4�X�L�U�y�V�����-���5�������6�D�F�H�U�G�R�W�H�����&�������*�U�L�R�Q�L�����6�������7�X�P�L�Q�R�����5�������-�R�K�D�Q�V�V�R�Q�����*�������-�R�K�D�Q�V�V�R�Q�����,�������'�U�D�N�H����
I., Crowe, F.L., Barricarte, A., Kaaks, R., Teucher, B., Bueno-de-Mesquita, H.B., 
Rossum, C.T.M. van, Norat, T., Romaguera, D., Vergnaud, A.-�&�������7�M�¡�Q�Q�H�O�D�Q�G�����$������
�+�D�O�N�M� �U�����-�������&�O�D�Y�H�O-Chapelon, F., Boutron-Ruault, M.-C., Touillaud, M., Salvini, S., 
Khaw, K.-�7�������:�D�U�H�K�D�P�����1�������%�R�H�L�Q�J�����+�������)�|�U�V�W�H�U�����-�������5�L�E�R�O�L�����(�����	���*�R�Q�]�i�O�H�]�����&���$��������������������
Estimated dietary intakes of flavonols, flavanones and flavones in the European 
Prospective Investigation into Cancer and Nutrition (EPIC) 24 hour dietary recall cohort. 
The British Journal of Nutrition, 106, 1915�±1925. 

Zhu, Y., Fu, J., Shurlknight, K.L., Soroka, D.N., Hu, Y., Chen, X. & Sang, S. (2015). Novel 
Resveratrol-Based Aspirin Prodrugs: Synthesis, Metabolism, and Anticancer Activity. 
Journal of Medicinal Chemistry, 58, 6494�±6506. 

Zubair, M.H., Zubair, M.H., Zubair, M.N., Zubair, M.M., Aftab, T. & Asad, F. (2011). 
Augmentation of anti-platelet effects of aspirin. The Journal of the Pakistan Medical 
Association, 61, 304�±307. 



 

 

 

9 PRILOZI  



 

89 
 

�2�Y�D�M���G�R�G�D�W�D�N���V�D�G�U�å�L��tri znanstvena rada o�R�G���N�R�M�L�K���M�H���M�H�G�D�Q���R�E�M�D�Y�O�M�H�Q���D���G�Y�D���V�X���S�U�L�K�Y�D�ü�H�Q�D���]�D��
objavu  �X���þ�D�V�R�S�L�V�L�P�D���]�D�V�W�X�S�O�M�H�Q�L�P���X���E�D�]�D�Pa WOS, SCOPUS, PUBMED a �R�E�U�D�ÿ�X�M�X��teme vezane 
�]�D���V�D�G�U�å�D�M���R�Y�R�J��doktorskog rada:  
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9.1 Prilog 1 

�%�D�E�L�ü�����,�������%�R�M�L�ü�����0�������0�D�O�H�ã�����ä�������=�D�G�U�R�����5�������*�R�M�þ�H�W�D�����.�������'�X�N�D�����,�������5�L�P�D�F�����+�����	���-�X�N�L�ü�����,��������������������
�,�Q�I�O�X�H�Q�F�H���R�I���I�O�D�Y�R�Q�R�L�G�V�¶���O�L�S�R�S�K�L�O�L�F�L�W�\���R�Q���S�O�D�W�H�O�H�W���D�J�J�U�H�J�D�W�L�R�Q�����$�F�W�D���3�K�D�U�P���������������������±619. 
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9.2 Prilog 2 

�0�D�O�H�ã�����ä�������$�Q�W�R�O�L�ü�����$�������%�D�E�L�ü�����,�������-�X�U�L�ü�����6�����	 �%�R�M�L�ü�����0���������������������4�X�D�Q�W�L�W�D�W�L�Y�H���$�Q�D�O�\�V�L�V���R�I���3�K�H�Q�R�O�L�F��
Acids and Antiplatelet Activity of Melissa officinalis Leaf Extracts. Natural Product 
Communications, 12, 93�±94. 
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�,�Y�D�Q�D���%�D�E�L�ü���U�R�ÿ�H�Q�D���M�H���������O�L�S�Q�M�D���������������J�R�G�L�Q�H���X���=�D�J�U�H�E�X�����J�G�M�H���M�H���S�R�K�D�ÿ�D�O�D���R�V�Q�R�Y�Q�X���ã�N�R�O�X i Centar 

�]�D���X�S�U�D�Y�X���L���S�U�D�Y�R�V�X�ÿ�H. Farmaceutsko-biokemijski fakultet, smjer medicinska biokemija, upisuje 

�������������J�R�G�L�Q�H���D���]�D�Y�U�ã�D�Y�D���G�L�S�O�R�P�V�N�L�P���U�D�G�R�P���S�R�G���Q�D�]�L�Y�R�P Dokazivanje HLA �± C alela u hrvatskoj 

�S�R�S�X�O�D�F�L�M�L�� �S�R�P�R�ü�X�� �S�R�O�L�P�H�U�D�]�Q�H�� �O�D�Q�þ�D�Q�H�� �U�H�D�N�F�L�M�H, 1997. godine. �'�L�S�O�R�P�V�N�L�� �U�D�G�� �L�]�U�D�ÿ�H�Q�� �M�H na 

Hrvatskom zavodu za transfuzijsku medicinu, pod vodstvom doc. dr. sc. �%�O�D�å�H�Q�N�H���*�U�D�K�R�Y�D�F���L���S�U�R�I�� 

dr. sc. Berislava Pendea pri Katedri za medicinsku biokemiju. �6�W�U�X�þ�Q�L���V�W�D�å��obavlja u Hrvatskom 

�]�D�Y�R�G�X���]�D���W�U�D�Q�V�I�X�]�L�M�V�N�X���P�H�G�L�F�L�Q�X�����J�G�M�H���V�H���L���]�D�S�R�ã�O�M�D�Y�D��1998. godine i radi do danas u Odjelu za 

molekularnu dijagnostiku. Godine 2008. upisuje doktorski studij na Farmaceutsko-biokemijskom 

fakultetu. �6�X�G�L�R�Q�L�N���M�H���E�U�R�M�Q�L�K���L�Q�R�]�H�P�Q�L�K���L���G�R�P�D�ü�L�K���N�R�Q�Jresa s ukupno 24 posterska �S�U�L�R�S�ü�H�Q�M�D����

�2�G�U�å�D�O�D���M�H�������M�D�Y�Q�L�K���S�U�H�G�D�Y�D�Q�M�D na kongresima i simpozijima. Prvi je autor dva rada, a koautor 6 

�]�Q�D�Q�V�W�Y�H�Q�L�K�� �L�� �V�W�U�X�þ�Q�L�K��radova. U Hrvatskom zavodu za transfuzijsku medicinu 2013. godine 

postaje voditelj Odsjeka NAT testiranje DDK u sklopu Odjela za molekularnu dijagnostiku.  

Objavljeni znanstveni radovi: 

�%�D�E�L�ü�����,�������%�R�M�L�ü�����0�������0�D�O�H�ã�����ä�������=�D�G�U�R�����5�������*�R�M�þ�H�W�D�����.�������'�X�N�D�����,�������5�L�P�D�F�����+�����	���-�X�N�L�ü�����,��������������������
�,�Q�I�O�X�H�Q�F�H���R�I���I�O�D�Y�R�Q�R�L�G�V�¶���O�L�S�R�S�K�L�O�L�F�L�W�\���R�Q���S�O�D�W�H�O�H�W���D�J�J�U�H�J�D�W�L�R�Q����Acta Pharm., 69, 607�±619. 

�%�D�E�L�F�����,�������0�D�V�O�R�Y�L�F�����0�������9�X�N�����7�������6�W�D�Q�L�F�����+���6�������6�H�V�W�D�Q�����3���7�������.�X�U�V�D�U�����0�������%�L�Q�J�X�O�D�F�(�3�R�S�R�Y�L�F�����-������
Dogic, V. & Jukic, I. (2017). Detection of three blood donors with multiple myeloma by 
routine viral individual-donor nucleic acid testing screening. Transfusion, 57, 2813�±2814. 

�%�R�M�L�ü�����0�������0�D�O�H�ã�����ä�������$�Q�W�R�O�L�ü�����$�������%�D�E�L�ü�����,�����	���7�R�P�L�þ�L�ü�����0���������������������$�Q�W�L�W�K�U�R�P�E�R�W�L�F���D�F�W�L�Y�L�W�\���R�I��
flavonoids and polyphenols rich plant species. Acta Pharm., 69, 483�±495. 

�'�U�D�å�L�ü�����9�������0�D�U�N�R�Y�L�ü�����6�������%�L�Q�J�X�O�D�F-�3�R�S�R�Y�L�ü�����-�������%�D�E�L�ü�����,�����	���*�U�D�K�R�Y�D�F�����%���������������������,�V�R�O�D�W�L�R�Q���R�I��
hepatitis G virus in Croatia. Biochemia medica, 10, 181�±185. 

�-�X�N�L�ü�����,�������%�L�Q�J�X�O�D�F-�3�R�S�R�Y�L�ü�����-���������R�J�L�ü�����9�������%�D�E�L�ü�����,�������&�X�O�H�M�����-�������7�R�P�L�þ�L�ü�����0�������9�X�N�����7�������â�D�U�O�L�M�D�����'�����	��
Balija, M. (2009). ABO Blood Groups and Genetic Risk Factors for Thrombosis in 
Croatian Population. Croatian Medical Journal, 50, 550�±558. 

Jukic, I., Bingulac-Popovic, J., Dogic, V., Hecimovic, A., Babic, I., Batarilo, I., Maglov, C. & 
Sturm, D. (2013). Evaluation of ABO blood groups as a risk factor for myocardial 
infarction. Blood Transfusion, 11, 464�±465. 

�0�D�O�H�ã�����ä�������$�Q�W�R�O�L�ü�����$�������%�D�E�L�ü�����,�������-�X�U�L�ü�����6�����	���%�R�M�L�ü�����0���������������������4�X�D�Q�W�L�W�D�W�L�Y�H���$�Q�D�O�\�V�L�V���R�I���3�K�H�Q�R�O�L�F��
Acids and Antiplatelet Activity of Melissa officinalis Leaf Extracts. Natural Product 
Communications, 12, 93�±94. 
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�6�Y�H�X�þ�L�O�L�ã�W�H���X���=�D�J�U�H�E�X         Doktorski rad  
Farmaceutsko-biokemijski fakultet  
Zavod za farmaceutsku kemiju 
Zavod za medicinsku biokemiju i hematologiju 
�$�Q�W�H���.�R�Y�D�þ�L�ü�D���������������������=�D�J�U�H�E�����+�U�Y�D�W�V�N�D 
 

ANTIAGREGACIJSKO DJELOVANJE FLAVONOIDA  
 

�,�Y�D�Q�D���%�D�E�L�ü 

 

�6�$�ä�(�7�$�. 

�)�O�D�Y�R�Q�R�L�G�L���V�X���K�H�W�H�U�R�F�L�N�O�L�þ�N�L���V�S�R�M�H�Y�L���L�]���S�U�L�U�R�G�H���N�R�M�H���X�Q�R�V�L�P�R���K�U�D�Q�R�P�����$�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�D���W�H�U�D�S�L�M�D���X��kardiovaskularnim 
oboljenjima ima ozbiljne nuspojave krvarenja u gastrointestinalni trakt. Flavonoidi pokazuju antiagregacijsko 
�G�M�H�O�R�Y�D�Q�M�H�����þ�L�M�L���P�H�K�D�Q�L�]�D�P���Q�L�M�H���U�D�V�Y�L�M�H�W�O�M�H�Q�����1�M�H�J�R�Y�R���U�D�]�X�P�L�M�H�Y�D�Q�M�H���R�P�R�J�X�ü�L�O�R���E�L���X�S�R�W�U�H�E�X���I�O�D�Y�R�Q�R�L�G�D���N�D�R���G�R�V�W�X�S�Q�H��
�L�� �Q�H�ã�N�R�G�O�M�L�Y�H��opcije u antiagregacijskoj terapiji. �2�G�U�H�ÿ�H�Q�L�� �V�X�� �N�U�R�P�D�W�R�J�U�D�I�V�N�L�� �S�D�U�D�P�H�W�U�L�� �O�L�S�R�I�L�O�Q�R�V�Wi 21 flavonoida: 
parametri retencijski faktor RF i hidrofobni parametar RM. Vrijednosti RM �X�V�S�R�U�H�ÿ�H�Q�H�� �V�X�� �V�� �O�R�J�D�U�L�W�P�R�P�� �N�R�H�I�L�F�L�M�H�Q�W�D��
razdijeljenja, logP���� �G�R�E�L�Y�H�Q�L�P�� �S�X�W�H�P�� �S�U�R�J�U�D�P�V�N�L�K�� �D�S�O�L�N�D�F�L�M�D���� �,�P�S�H�G�D�Q�F�L�M�V�N�R�P�� �D�J�U�H�J�R�P�H�W�U�L�M�R�P���� �R�G�U�H�ÿ�H�Q�H�� �V�X��
�P�L�Q�L�P�D�O�Q�D�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D���� �I�O�D�Y�D�Q�R�Q�D���� �W�H�� �L�V�S�L�W�D�Q�R�� �S�R�M�D�þ�D�Q�R�� �D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�� �G�M�H�O�R�Y�D�Q�M�H�� �L�Q�K�L�E�L�W�R�Ua 
enzima fosfolipaze C, ciklooksigenaze i inhibitora Ca2+-kanala u prisutnosti flavanona, te antiagregacijsko djelovanje 
kombinacija flavanona, 6-hidroksiflavona i pinocembrin-7-�P�H�W�L�O�H�W�H�U�D�����3�U�R�W�R�þ�Q�R�P���F�L�W�R�P�H�W�U�L�M�R�P���L�V�S�L�W�D�Q�R���M�H���V�P�D�Q�M�H�Q�M�H��
aktivacije trombocit�D�� �Q�D�N�R�Q�� �L�Q�N�X�E�D�F�L�M�H�� �V�� �I�O�D�Y�D�Q�R�Q�R�P���� �S�U�D�ü�H�Q�M�H�P�� �H�N�V�S�U�H�V�L�M�H�� �D�N�W�L�Y�Q�R�J�� �R�E�O�L�N�D�� �L�Q�W�H�J�U�L�Q�D�� �.IIb��3. 
Kromatografski parametri RM, bili su u rasponu od -0,5942 za luteolin do 0,5202 za tektokrizin i krizin-dimetileter. 
�6�Q�D�å�Q�D���S�R�]�L�W�L�Y�Q�D���N�R�U�H�O�D�F�L�M�X���S�U�L�V�X�W�Q�D���M�H���]�D���O�R�JP programskih aplikacija i RM (r 0,66-�����������S�������������������)�O�D�Y�D�Q�R�Q���S�R�V�W�L�å�H��
�L�]�X�]�H�W�Q�R���Q�L�V�N�H���P�L�Q�L�P�D�O�Q�H���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H�����]�Q�D�þ�D�M�Q�R���S�U�L�G�R�Q�R�V�L���G�M�H�O�R�Y�D�Q�M�X���L�Q�K�L�E�L�W�R�U�D���H�Q�]�L�P�D���I�R�V�I�R�O�L�S�D�]�H��
�&�����W�H���Q�H�ã�W�R���V�O�D�E�L�M�H���L�Q�K�L�E�L�W�R�U�X���&�D2+ kanala dok djelovanju inhibitora ciklooksigenaze ne pridonosi. U kombinacijama s 
�G�U�X�J�L�P���I�O�D�Y�R�Q�R�L�G�L�P�D�����I�O�D�Y�D�Q�R�Q���R�V�W�Y�D�U�X�M�H���]�Q�D�þ�D�M�Q�R���S�R�Y�H�ü�D�Q���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�L���X�þ�L�Q�D�N�����'�M�H�O�R�Y�D�Q�M�H�P���I�O�D�Y�D�Q�R�Q�D���V�P�D�Q�M�H�Q�D��
�M�H���D�N�W�L�Y�D�F�L�M�D���L�Q�W�H�J�U�L�Q�D���.IIb��3. �/�L�S�R�I�L�O�Q�R�V�W���L���G�M�H�O�R�Y�D�Q�M�H���Q�D���I�R�V�I�R�O�L�S�D�]�X���&���R�P�R�J�X�ü�X�M�X��sveobuhvatnost antiagregacijskog 
�G�M�H�O�R�Y�D�Q�M�D���I�O�D�Y�R�Q�R�L�G�D�����D���X�]���P�L�Q�L�P�D�O�Q�H���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���I�O�D�Y�D�Q�R�Q�D���R�V�W�Y�D�U�L�Y�H���S�U�H�K�U�D�Q�R�P���N�D�R���L���S�R�M�D�þ�D�Q�R��
�G�M�H�O�R�Y�D�Q�M�H���N�R�P�E�L�Q�D�F�L�M�H���I�O�D�Y�R�Q�R�L�G�D���S�U�H�G�V�W�D�Y�O�M�D�M�X���R�V�Q�R�Y�X���Q�M�L�K�R�Y�H���P�R�J�X�ü�H���S�U�L�P�M�H�Q�H���X���D�Q�W�L�D�J�U�H�J�D�F�L�M�V�N�R�M���W�H�U�D�S�L�M�L�� 

�5�D�G���M�H���S�R�K�U�D�Q�M�H�Q���X���6�U�H�G�L�ã�Q�M�R�M���N�Q�M�L�å�Q�L�F�L���6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X���)�D�U�P�D�F�H�X�W�V�N�R-biokemijskog fakulteta. 
 
�5�D�G���V�D�G�U�å�L�� 87 stranica, 25 slika, 11 tablica i 173 literaturna navoda. Izvornik je na hrvatskom jeziku. 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� Flavonoidi, flavanon, logP, RM, lipofilnost, impedancijska agregometrija, PLC, COX-1, kalcijevi 

�N�D�Q�D�O�L�����L�Q�K�L�E�L�W�R�U�L�����S�U�R�W�R�þ�Q�D���F�L�W�R�P�H�W�U�L�M�D�����3�$�&-1  
Mentori: Dr. sc. �0�L�U�]�D���%�R�M�L�ü, izvanredni profesor �6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X���)�D�U�P�D�F�H�X�W�V�N�R-biokemijskog 

fakulteta  
Dr. sc. Renata Zadro, �U�H�G�R�Y�L�W�D���S�U�R�I�H�V�R�U�L�F�D���6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X���)�D�U�P�D�F�H�X�W�V�N�R-biokemijskog 
fakulteta 

�2�F�M�H�Q�M�L�Y�D�þ�L: Dr. sc. �ä�H�O�M�D�Q���0�D�O�H�ã, redoviti profesor �6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X��Farmaceutsko-biokemijskog 
fakulteta 
�'�U�����V�F�����.�D�U�P�H�O�D���%�D�U�L�ã�L�ü�����U�H�G�R�Y�L�W�D���S�U�R�I�H�V�R�U�L�F�D���6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X���)�D�U�P�D�F�H�X�W�V�N�R-biokemijskog 
fakulteta 
Dr. sc. �0�L�O�D���/�R�Y�U�L�ü, docent �6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X���)�D�U�P�D�F�H�X�W�V�N�R-biokemijskog fakulteta 

�5�D�G���S�U�L�K�Y�D�ü�H�Q�� 22.1.2020. 
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BASIC DOCUMENTATION CARD  

University of Zagreb        Doctoral thesis 
Faculty of Pharmacy and Biochemistry 
Department of Medicinal Chemistry 
Department of Medicinal Biochemistry and Hematology 
�$�����.�R�Y�D�þ�L�ü�D���������������������=�D�J�U�H�E�����&�U�R�D�W�L�D 

 

ANTIAGGREGATORY EFFECT OF FLAVONOIDS  

 

�,�Y�D�Q�D���%�D�E�L�ü 

 

SUMMARY  

Flavonoids are heterocyclic compounds found in nature which we consume true everyday diet. Antiplatelet therapy 
has serious side-effects as bleeding in the gastrointestinal tract. Flavonoids exhibit antiaggregatory effect, with not 
fully enlightened mechanism. Understanding of this mechanism would allow the use of flavonoids as available and 
innocuous options in antiplatelet therapy. The chromatographic parameters, retention factor RF and the hydrophobic 
parameter RM were determined as the lipophilic parameters of flavonoids. The RM values were compared to the 
logarithm of log of coefficient of partition, obtained through program applications. Impedance aggregometry was used 
to determine the minimum antiaggregating concentration of flavanone and to investigate the enhanced activity of 
phospholipase C, cyclooxygenase and Ca2+ channel blockers in the presence of flavanones, and the antiaggregatory 
action of a combination of flavanone, 6-hydroxyphlavone and pinocembrin-7-methylether. Flow cytometry was used 
to monitor the expression of a�F�W�L�Y�D�W�H�G���F�R�Q�I�R�U�P�D�W�L�R�Q���R�I���L�Q�W�H�J�U�L�Q���.IIb��3 after incubation of platelets with flavanone. The 
chromatographic parameters of RM ranged from -0.5942 for luteolin to 0.5202 for tectocrysine and chrysine-
dimethylether. Strong positive correlation is present for logP derived thru program applications and RM (r 0.66-0.93 p 
<0.05). Flavanon achieves extremely low minimum antiaggregating concentrations, significantly contributes to the 
inhibition of phospholipase C enzyme and a slightly less to activity of Ca2+ channe�O���E�O�R�F�N�H�U�V���Z�K�L�O�H���L�W���G�R�H�V�Q�¶�W���F�R�Q�W�U�L�E�X�W�H��
to the action of cyclooxygenase inhibitor. In combination with other flavonoids, flavanone achieves significant 
�D�Q�W�L�D�J�J�U�H�J�D�W�L�Q�J�� �H�I�I�H�F�W���� �)�O�D�Y�D�Q�R�Q�H�� �G�H�F�U�H�D�V�H�G�� �W�K�H�� �D�F�W�L�Y�D�W�L�R�Q�� �R�I�� �L�Q�W�H�J�U�L�Q�� �.IIb��3. Lipophilicity and interaction with 
phospholipase C, enable the antiaggregatory action of flavonoids. They, as well as minimal antiaggregating 
concentrations achievable by diet and enhanced action of flavonoid combinations represent the basis for their possible 
use option in antiplatelet therapy. 
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