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ABSTRACT 

The binding of flavonoids of different ccqosition and structure to lipid 
mdelmsmbranes and to e@hroqte strma was investigated by microcalorimtric 
titration measurements. The affinity constants of the various liposcme-flavonoid 
systems investigated vary fran 0.3 to 9.6 10 31 M-l, depending on the Chemical 

structure and the hydrophobicity of the ligands. Theenthalpyandentropytem 
exhibit large variations, i ndicatinq different binding mechanisms for the va- 
rious flavonoids. The stoichianetry of the lipid - flavor&d ccmplex is 2:l. 
With erythrocyte membranes the thermodynamics of flavonoid binding indicate that 
with decreasing hydrophobicity of the ligand, a different flavonoid-binding 
mechanism, probablytommbrane proteins, becmes apparent. 

INTRODUCTION 

Plavonoid$ are benzo-4-pyrone derivatives, cCcurring ubiquitously in plant 

cells. Havsteen (ref.1) smmar izes in a recent review article the phamaco- 

logical and biochemical studies, reported on flavonoids. One of the most in- 

teresting aspects of biological flavonoid activities, is their effect on mm- 

brane properties (refs. 2,3). To our knowledge the thermodynamics of flam- 

noid binding to lipid and to natural membranes have not been investigated SO 

far. In the present study, the energetics of the interaction of flavonoids of 

various ccmposition and structure with liposcxnes and eqthrcqt e membranes have 

been investigated by :micrccalor~~_ 

METHODS AND MATERIALS 

c4athods 

The heats of reaction of the flavonoid binding processes were determined in 

an LlC3 batch microcalorimeter, equipped with an autcrmtic microtitration as- 

sembly (ref. 4,5 . In saw experiments, the amounts of membrane-bound flavonoid 

were detemined spectroscopically (Beckman Acta V spectrophotmter). The pre- 

paration of unilamellar lipxxxnes was performed by the detergent-dialysis 

technique ("LIPOPRBP" apparatus frcm Diacheae). 
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Materials 

The soy phosphatidylocholine was fmn Diachema (high purity grade). The ery- 

throcyte membranes (human erythrocyte strcma) were kindly provided by the 

Institute of Biochemistry. The flavonoids investigated were a generous gift 

frcm Zyma S.A., Won. Allmeasurenentswereperformed at25oC, inDu.lbecco 

buffer (pi 7.4). 

RESULTS 

Results obtained with model membranes (lipomnes) 

The the-c parameters of flavormid binding to unilamellar liposms 

of soy-phosphatidylcholine were determined in microcalorimetric titration ex- 

periments. Figure 1 shows the titration or binding curves for a series of 

flavonoids, obtained by titration of the saturated flavonoid solutions (8.7 to 

0.2 10-k) with liposaae suspension (3.3 10-h). 
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Fig.l..The incrmental heats of reaction ( 
F 

) as a function of the concentra- 
tion of free ligand (L ) for the binding o various flavonoids to soy phos- 
phatidylcholine lipos&s. Q, scale 2:l reduced for 3-heptylcatechine. 

The binding curves represented in figurelwere evaluated-by iterative least 

squares regression procedur es to obtain the affinity constants (K,), the molar 

free energies (L\GO=-RTln Ka) and the molar reaction enthalpies (AHo). The molar 

ermo~ tenns were then -ted fran:A~~-A~~= T ,As". Table 1 sumnarizes the 

results obtained, and shows the following pints of interest: 1) The affinity 

constants decrease by a factor 30 in the order of flavonoids, given in table 1. 

2) The enthalpy and entropy tern shcm large and irregula.r variations. The 
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binding reactions of all ligands investigated are enthalpy-oontrolled,with the 

exception of the chalcon-derivative and of tetra-ethyl rutine, which are bound 

to liposmes by an entmpy-controlled mechanism (A H"<T A So). 

TABLE 1 

Themmcdynamic parameters of the interaction of flavonoids with lipid membranes 

(lipxmes) . 

3-Heptylcatechine 
2'-4' Dihydroxychakone 
7-Hydroxyflavanone 
3-Methylcatechine 
Tetra Ethylrutine 
Mono-and Tri Ethylrutine 
Rutine 
(+) Catechine 

9.6 
3.3 
0.8 
0.7 
0.4 

0.3 
0.3 

22.7 
20.1 
16.6 
16.2 
14.8 

14.1 
14.1 

32.9 
9.0 

16.8 
15.3 
+2.3 
0 
9.0 
16.5 

-34.2 
37.1 
0.7 
3.1 
57.5 

17.2 
I 0 

The stoichianetry of the flavonoid-lipid complex formation was investigated in 

reciprocal titration experiments. The results obtained with (+) catechine and 

3-raethylcatechine, shaw in gocd agr cement that the stoichicmetry factor n is 

1.92 + 0.2. 'l%m moles of lipid thus bind one mole of flavonoid. 

Results obtained with eqthmqte membranes 

The interaction of (+) catechine, 3-methyl and 3-heptylcatechine with ery- 

throcytemmbranes (hmane qthrmyte strum, HES) has been investigated by 

microcalorimetric and spectroscopic measurements. 

TABLE 2 

Thermdyhmic parameters of the interaction of flavouoids with HES 

bkxnbrane suspension Flavonoid K,l mol-l(* O&J ml-1F. 

BE.9 
,I 
II 

(+) Catechine 0.7 (0.03) 2.1 (16.5) 
3-Methylcat. 0.2 (0.07) 3.5 (15.3) 
3-Heptylcat. 1.0 (1.0 ) 40.6 (33.0) 

(* The Ka terms were ccxnputed frcm spectroscopic data, and are given in 
relative units, referring to Kafor 3-heptylcatechine = l.O.( ) Data frcxn 
table 1, Ka in relative units. 

The main differences between the results obtained with lipid- and with natural 

membranes are the following : 1) The molar heats of reaction (0,) are dra- 
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stically reduced for (+) catechine, to a lesser degree for 3_methylcatechine, 

and remain approx. unchanged for 3-heptylcatechine. 2) The relative affinity 

constants (Ka ) are 23 and 3 fold increased for (+) catechine and 31aethyl- 

catechine, respectively. 

DISCUSSION 

Fran the investigations of flavonoid-liposcme systems, the following in- 

formation is obtained : The lipid affinity of flavonoids is increased by 

introduction of apolar side chains (+methylcatechine,3-heptylcatechine), by 

opening of the rigid &'-pyronring (chalcon derivative),and by reduction of the 

mnnber of phenolic groups (7-hydroxyflavanon). Increasing hydrophobicity (or 

flexibility) of the ligand molecule enhances its liposane-affinity,indicating 

an interaction with the lipid region of the phospholipid bilayer. Introduction 

of a glycosidic residue (rutine) and/ or ethylation of the phenolic groups 

(tetra-ethylrutine) do not affect the K, values. (+) catechine, rutine and its 

tetraethyl derivative thus seem to bind to the polar surface of li~sanes. The 

entropy tems of the ligand-binding reactions seem to indicate that different 

structural effects are induced in the bilayer structure by the various fla- 

vonoids. In eqthrcqte membranes, the interaction of 3-heptylcatechine is 

-by its heat of reaction- cmnparable to the interaction with lipmanes. This 

ligand thus appears to bind preferentially to lipid regions of the membrane. 

With decreasing hydmphobicity of the ligands, the changes in the themz+namic 

parameters indicate the appearance of a different binding mechanism, probably 

to menbrane proteins. 
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