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ABSTRACT

The effects on phospholipid large unilamellar viesiof two flavonoid derivatives: S-5682 (mixtuf@0% diosmin
and 10% hesperidin) and troxerutin (7,3',4'-tris(@-hydroxyethyl)) rutin) have been studied by usjogsielastic
light scattering (QLS) and Fourier transform infet spectroscopy (FT-IR) techniques. The resul@LS show a
decrease of the Young elastic modulus of the pludigihbilayer in the presence of these drugs ande#ect on its
phase transition by shifting the transition poimidaby inducing a second step in the transition. fdseilts of FT-IR
indicate an interaction of the drugs with the b#ayessentially at the aqueous interface. This ad#on is
consistent with the effects observed by QLS.

Keywords: Flavonids, Micronized Diosmin, Elasticity modul@@uasielastic light scattering.

Abbreviations:

QLS: quasielastic light scattering

FT-IR: Fourier transform infrared spectroscopy
DMPC: Dimyristoylphosphatidylcholine

LUV: large unilamellar vesicles

REV: reverse phase evaporation

DSC: Differential Scanning Calorimetry

ESR: Electron Spin Resonance

INTRODUCTION

It is known that flavonoid compounds show many pfegological, physiological and biochimecal actesti1-4],
and are used as antioxidant [5] anti-inflammato8y, [hemorheologic [7] and phlebotonic drugs [8].e%&
compounds have a chemical structure derived tfwerparent compound flavone. One of the best kniswdiosmin.
Among the properties of diosmin, the effects onntierocirculation [9] and the amelioration of thefarmability
and the stability of red cells are noteworthy [1There is some evidence that diosmin moleculesbarted to
phospholipid membranes. In order to understandotfigin of the effects of diosmin on natural complesl
membranes, an alternative way is to study themhmsgpholipid model membranes.

The phospholipid model membranes used for this waatke the large unilamellar vesicles prepared leyréverse
phase evaporation method. For this purpose wetuwseghysical techniques, quasielastic light scatte(QLS) and
Fourier transform infrared spectroscopy (FT-IR).e$& techniques have been used to investigate thetsebf
several drugs on thermal behavior and to measureskdsticity modulus of phospholipid vesicles. Thethod
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chosen for this work consists of using QLS to dutee vesicle size in order to investigate therneldvior and to
measure the osmotic pressure-induced deformatibns. change in size under the effect of osmotic quies
gradient allows determination of the elastic modudund its modification in the presence of the drigys FT-IR
spectroscopy we have located the interaction be#éseen the drugs and the lipid membranes.

MATERIALS AND METHODS

The drugs
We have studied the effects of two flavonoid compuisu S-5682 and troxerutin.

a) S-5682(Daflon 50¢), was furnished by Servier (France), conditionscagpowder oan aqueous solution with
cyclodextrin. It is a mixture of 90% diosmin and’d®esperidin whose formulas are indicated in FigireThere is
only one difference between diosmin and hesperidirsingle bond in hesperidin instead of a doubledbm
diosmin between C2 and C3 of heterocycle. S-56&§®@ly soluble in water, so we have used it eithguowder
form or in aqueous solution containing cyclodextrin. Theegence of cyclodextrin renders S-5682 more
hydrosoluble. The drug shows two absorption bandhé spectral region 260-210 nm, which have besd o
titrate the drug concentration after subtractirgg¢bntribution of cyclodextrin.

b) Troxerutinis a hemisynthetic derivative of rutin with ramdtions in positions 3', 4', and 7 and another
ramification at C3 of heterocycle (Fig. 1c). Thaésai slightly yellow powder, very soluble in water.

a) Flavone ¢) Troxerutin

- | HO™

b) S-5682

Diosmin (90%) Hesperidin (10%)

Figure 1: Molecular formula of the studied flavonod derivatives:
a) The parent compound flavone; b) Diosmin and hegpidin. They differ by the single bond (for hesperilin) or the double bond (for
diosmin) between G and G; of the heterocycle; S-5682 is a mixture of 90% démin + 10% hesperidin; c) Troxerutin.

Lipids and reagents

Dimyristoylphosphatidylcholine (DMPC) was purchasedm Sigma (St Louis, USA). The purity of the tipi
which was used without further purification, wasecked by using thin layers chromatography. Othemibal
agents used for the preparation of buffers wereamdlytical grade and purchased from Merck (Darntstad
Germany).

Model membranes preparation

The model membranes used for this work are largamellar vesicles (LUV) of DMPC prepared in 150 niNACI,
10 mM tris, pH 8.3 aqueous buffers by the revelsaesp evaporation (REV) method of Szoka and Papapaulios
as previously describgd1]. This technique allows to obtain sphericallamellar vesicles of about 130-160 nm in
diameter as controlled by QLS and freeze fractallewied by electron microscopy. By successive dgmgations, a
polydispersity factor of 0.10 to 0.20 was obtainddlow value polydispersity factor is necessary #orgood
determination of the elasticity modulus. Lipid centrations were determined using colorimetric méshd2] and
vesicles were stable within two weeks.

Quasielastic light scattering

Quasielastic light scattering (QLS) was performadaophoton-beating spectrometer operating at aseéttering
angle. The correlation functions were obtained veti28-channel Malven K7032 correlator interfaceith va
calculator which allowed data analysis. Solutioreravcentrifuged and filled into cylindrical cell§ 80 mm in
diameter. Cells were fixed into a thermostated batre temperature of the samples was controlle@d.16C and
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temperature measurements were obtained at disicitetwals with a waiting time of 20 mn. Each resigltan
average of 10 measurements. For QLS experimentipideconcentration used was typically 0.3 mg:hdr 0.44
mM.

The measured correlation functions of the scattén¢éeinsities were analyzed using a second orderulamh
development [13] which allowed determination of theerage translational diffusion coefficient D atite

polydispersity factor. The diffusion coefficient iB related to the hydrodynamic radiug W®a the Stokes-Einstein
relation:

Ry = ks T/6mnD ()

wheren is the viscosity of the solvent at the temperafurérom the measurements of D gy, Bhe phase transition
of the membranes and their elasticity can be mogiito

a) Phase transitionit is well known that phospholipid vesicles undefghase transitions when the temperature is
changed. This transition point separates two phaséquid crystalline phase above the transitiompand a gel-
like phase below this temperature. The physicabgriies of membranes vary from one state to therptim
particular, the molecular arrangement of the hydrbon chains is modified. As a consequence, the jpee head
group changes too and thus the total area of thieles is altered depending on the temperaturanBasuring the
hydrodynamic radius Ry QLS, one can monitor this phase transition. iVt@oling, the temperature-dependence
plot of R, shows a decrease of the size and the midpoimfiset! as the transition point of the vesicles.

b) Osmotic response and elastic modulus determinafon:this purpose, a swelling of vesicles was predbhky a
gradient of osmotic pressure between the insideth@dutside of the vesicles. Vesicle size befara after the
swelling was measured by QLS. The pressure gradiastobtained by diluting the external medium byfdrs

without NaCl and it can be estimated in accordanith Van't Hoff's law. Once the swelling is obsetvand

measured (expressed as the relative changyeof the vesicle radius r), the theory of thin spbalriayers elasticity
can be applied to determine the elastic modulubebilayers as outlined below.

When a NaCl concentration gradieni;zCs, is established between the inside and the outside vesicle, we
assume that a) the osmotic response is a fastgg@methat the internal salt concentration immediatkes the
corrected value § = G1 - 3Ar/r) and b) if there is leakage of NaCl, the leakdgllows an exponential decay
law, expressed by a decay rate k.

Under these conditions, the Young elastic modulgafbe calculated from the strainr measured at time t using
the formula:

E = [2RTr(1-2e/5)/4€Ar](Css Cs )[exp(-kt) -3GoAr/(Cs-Corol )

where R is the ideal gas constant, T the absadumpeérature, e the membrane thicknesthe initial external radius
and Ar the change of r. The corrective term s3C/(Cs, -Cyr, is due to the swelling and the exponential term
describes the decay the salt concentration gradiemto the leakage.

FT-IR spectroscopy

Infrared spectra were obtained using a Perkin El@80 Fourier transform spectrophotometer with ZrSe
window material. Each spectrum is an average otrsgévscans with a spectral path width of 1'ciBMPC
unilamellar bilayers were prepared in 150 mM Nal® mM tris-HCI, pH 8.3, kD or?H,0 buffers depending on the
spectral region investigated. The lipid concenpratised is typically 30-50 mg.MLThe spectra were recorded at
discrete temperatures with a waiting time of 15batween two subsequent spectra.

The peak heights and the wave numbers of some athastic bands of LUV as well as their band widtisre
studied in order to locate the interaction with tiregs. The temperature-dependence of some chastictevave
numbers was used to monitor the effect on the ptrassition of the bilayers.

RESULTS
Effect of the drugs on the elastic modulus of DMPCUV
a) The elastic modulus gfure DMPC LUV: The effect of the osmotic pressure gradient on RV#PC LUV is

shown in Figure 2a. When the external salinity disted from the initial salt concentration of 160M NacCl, the
hydrodynamic radius jRncreased, indicating a swelling of the vesiclHse salt was moderately diluted in order to
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prevent the breakup of vesicles. At each statd®fstvelling, the Young elastic modulus was caledatccording
to the formula (2). In this calculation, the cotree term due to leakage has been estimated frentémstant k
deduced from the loss of the isotdda measured as described by Singer [14]. The effeitte ion permeability
in the determination of the elastic modulus wae a£ognized by Rivers and Williams [15]. The Youngdulus E
is related to the stretching elastic modulus kgHgyrelation ks = eE, e being the bilayer thicknd€§. For pure
lipid vesicles, the values of E (or ks) observed@lyS here are in the same order, although smadterthose
observed by micropipette aspiration experimentshinliquid crystalline phase, it is very close battin DMPC

vesicles having the same size observed by Sundilif that of brush border vesicles in buffer canteg 10 mM

glucose.

b) Effectof the drugs: The swelling of vesicles in the preseot&-5682 is shown in Figure 2b. This figure,
compared with Figure 2a, indicates unambiguousy ithhthe presence of S-5682 the vesicles swelhnmmoare than
in its absence. This swelling showed that the presef the drug have decreased the elastic modulasd reduced
the ion permeability of the bilayer. We have estadathe Young elastic modulus E in two extreme gdgeusing
the formula (2). In the first case, we took exp(ktl, assuming a complete impermeability for tilayer. In the
second case, we took for k the value of pure ligdicles. The correction is very small for DMPCagérs in the
gel-like phase at 15°C. The values of E obtaine@Xiyapolation to vesicles at osmotic equilibriimthe absence
and in the presence of the drug are given in Tableshow that in the presence of S5682 at dipig/lmolar ratio x

= 0.1 the elastic modulus E of the DMPC bilayerthia gel phase or in the crystalline liquid phaselecreased.

Table 1- Effect of flavonoid derivatives on the elstic modulus of DMPC LUV membrane.
(Buffers : 10 mM tris, 150 mM NaCl, pH 8.3). efers to the drug/lipid molar ratio.
(a) : Value obtained with k taken from pure lipigsicles
(b) : Value taken with k = 0, in the hypothesistttige presence of the drug renders the the bilaymrpletely impermeable.

DMPC LUV Young elastic modulus E
(10° dyne/cm)
at 15°C at 33°C
Pure lipid LUV 2,5 1@
LUV + S-5682 (x = 0.1) 1,2 0,6° 1,08”
LUV + troxerutin (x = 0.1) 1,7 0% 0,78
R [l 1
= |
80 \
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Figure 2: Effect of the osmotic pressure gradientoDMPC LUV a) in the absence and b) in the presencgf S-5682 (drug/lipid molar

ratio: x = 0.1).The plots represent the variatiorof vesicle radius when the external NaCl concentratn Cs was diluted from the initial

value 150 mM in 10mM tris, pH 8 aqueous buffer. THs dilution of the salinity implies also a dilutionof the vesicle concentration C
which, in the studied range, did not affect the dfusion coeffident and the measured vesicle radius

Effect of the drugs on the phase transition of DMPQ.UV

The phase transition of DMPC LUV is shown by thenperature-dependence of the hydrodynamic radiys R
(normalized to the value at 35°C of pure lipid LU§Fig. 3). In this figure, the plot (a) relatedtte pure lipid has
been presented for reference. For DMPC LUV, a sitiginsition is observed at 24°C with a decread®,afhen

the pure lipid bilayer undergoes the transitiomfrthe liquid crystalline state to the gel-like stathis is in good
agreement with the transition point observed bfediint physical methods (DSC, ESR, IR, Raman spsabpy,
etc...) [18-21].

The effect of the studied drugs on DMPC LUV is atgil in Figures 3b-c. The plots correspond to DMRY in
the presence of S-5682 and troxerutin, respectively
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The effect of S-5682 is shown in Figure 3b. Thet pkpresents the variation of, Rersus temperature at a
concentration of this drug corresponding to a dipig/molar ratio x = 0.1. For this study the drwgs inserted into
the bilayer during the preparation by the REV pchoe by mixing together the drug powder and thél lip
chloroform solution with the desired concentrationmolar ratio).

The drug S-5682 alters the phase transition of DM#&yers and induces a second step. By coolingsicle
suspension with a lipid concentration of 0.3 mM, dadrug concentration of 0.02 mM, the first stéphe transition
occurs at 28°C. The size decrease in this stepoisThe second step occurs at a lower temperat@®Cj2and the
vesicles undergo a transition to the gel-like statden the drug/lipid molar ratio is increased, ttansitions are
widened so that at the drug/lipid molar ratio 1&re is only one very wide transition. With S-5688econd step
transition was observed. The first transitiono€curred at a temperature above 24°C and a secansition T
below 24°C.

1 ~ =~ - e ae
ilJ = U L }

Figure 3: Comparative effect of S-5682 and troxeruih on the phase transition of DMPC LUV observed byQLS. The plots represent the
temperature-dependence of the vesicle size in thbsence of drug (a) or in the presence of: (b) S-588drug/lipid molar ratio x = 0.1; (c)
Troxerutin: x = 0.2; lipid concentration: 0.3 3 mM

Infrared spectroscopy results

Fourier-transform infrared spectroscopy (FT -IRsw&ed in order to investigate the effect of S-568esicles at
a molecular level. Three spectral regions of majmrest are affected by the presence of the drmgesponding to
the vibration stretching modes of the ethylene, Gkbups in the hydrophobe region, of the phosphe@g™ groups
in the polar heads and of the carbonyl C=0O gronphe interface, respectively.

a) Effecton the spectral region 3000-2800 ¢mThe wave numbers of the stretching vibrations ef éthylene
groups in the spectral region from 3000 to 2800' are very sensitive to conformational changes i@ th
hydrocarbon chains. In particular, the strong aitsmm band at 2850 chassigned to the symmetric stretching
vibration of the CH groups, shows temperature-induced shifts reflgdfiie change of the trans/gauche ratio of the
acryl chain conformers. Temperature variation iredua shift of the Clistretching band as shown in Figures 4a-c
wave numbers near 2852 trare characteristic of conformationally disordepdyethylene chains with a high
content of gauche conformers (generally observedthm liquid-crystalline state) while lower valuesea
characteristic of ordered ethylene chains as fonrttde gel-like state[20,22]. For pure DMPC vesic{Eig. 4a), the
transition point near 24°C separates the two stategreement with the shift of this band.

In the presence of S-5682 this feature was charfBegs. 4b and 4c). The liquid crystalline to gédeliphase
transition was slightly shifted towards higher temrgiures and a second step of the transition apgpe@his is in
agreement with the above transition curves foit¢ngperature-dependence of the vesicle size obséwed S.

It is remarkable that, in the presence of S-568&hange in wave number was not observed at temypesahigher
or lower than, but far from, the transition poir{iig. 4b). Concerning troxerutin, there is only eryw weak
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modification on the temperature-dependence of tisemtion bands at 2852 &rfFig. 4c) and the second transition
was practically unobservable. This indicated a wefédct on the inner region of the bilayer.
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Figure 4: Effect on the phase transition of DMPC LW of flavonoid derivatives observed by FT-IR spectoscopy. The plots represent the
temperature-dependence of the wave nurnber of theymmetric CH, stretching mode

a) pure lipid LUV

b) LUV with S-5682 (drug/lipid molar ratio x = 0.17);

¢) LUV with Troxerutin (x = 0.2).

Concentration of lipid: 30 mg.mL" in 10 mM tris 150 mM NaCl, pH 8.3 aqueous buffer

b) Effect on the spectral region 1350-950'cifhis spectral region was explored in order to itigase the effect of
the drugs on the polar heads of the lipid. Figd@s show infrared absorption bands of DMPC LUVha absence
and in the presence of S-5682 and troxerutin reéisede. In the absence of the drugs (Fig. 5a) thecsrum is
characterized by two strong bands at 1232 amd 1088 crhcorresponding to the antisymmetric and symmetric
stretching modes of the BQ@roups of the polar heads. The band at 1088Har a shoulder at 1068 tmssigned

to the coupling between the C-O groups and thecadjaC-C bonds.

The effect of S-5682 on DMPC LUV is shown in Figub. The contribution of the drug cannot be entirel
subtracted because of the shift in wave numbetsobands (compare Figs. 5a and 5b). Taking int@wtcthis
contribution, an alteration of the peak heightaa(iL232)/1(1088) from the value 0.77 of pure lijitdV to that of
1.1 was evaluated. This shows an interaction betvg8682 and the bilayer at the,P@roups in the polar head
group region.

Concerning troxerutin (Fig. 5c), the comparisonngsn the spectra in the absence and in the presérice drug
shows practically no change either in the wave remab in the peak height ratio 1(1232)/1(1088) (TeaB).

Table 2- Effect of flavonoid derivatives on the P@groups of the lipid bilayer expressed by the chargin the relative peak heights of the
antisymmetric and the symmetric stretching bands af.232 cril and at 1088 cril. x refers to the drug/lipid molar ratio.

DMPC LUV Peak height ratio
1(1232)/1(1088) at 36°C
Pure lipid LUV 0.80

LUV + S-5682 (x=0.1) 0.56
LUV + troxerutin (x =0.2) 0.81
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Figure 5: FT-IR spectra in the region of the P@ stretching bands:
a) pure DMPC LUV; b) DMPC LUV with S-5682 (drug/lipid molar ratio 0.17); ¢) DMPC LUV with troxerutin ( x= 0.1);
Buffers : H,0, 10 mM tris, 150 mM NaCl, pH 8.3.

c) Effect on thespectral region 1800-1506m": The interface region is constituted by the cagbgnoups sn1-C=0
and sn2-C=0 which link the polar headthe acyl tails of each phospholipid molecule. pare lipid LUV, the IR
absorption band characteristic of these groupshi®ad band at about 1735 tifig. 6a). This band can in fact be
described by twaomponents at 1742 énand 1725 crh (Figs. 6b and 6b) the sum of which gives Figure 6b.
These components correspond respectivelyth® stretchings of nonhydrogen-bonded and hydrdgenied
carbonyl groups [23]. Their peak height ratio vaneith temperature so that the peak wave numbéneobverall
band contour varies as a function of temperatwshawn in Figure 6 c.

When the drug S-5682 is present, at 8°C, belowrtesition, only one broad band without structsrelserved but
when the temperature is raised this band beconti¢snsp two peaks, not well resolved but a studyree maximum
of the whole band contour is no longer possibleeréfore we studied the components obtained by d Etimg
protocol assuming a lorentzian shape for each ehthThe peak wave numbers, the heights and thésvidere
adjustable parameters chosen in such a mannerthbasum of two spectral components fit the expentade
spectrum. The peak heights and the widths of bothponents obtained from the curve-fitting procedane given
above and below the transition points in Table 8e ©an see from this Table the decrease of thevhdtis when
the drug is present and this is more important whertemperature is increased. The change of theéwdths and
of the peak height ratio indicates that bath C=@ugs may be affected by the presence of S-5682.

Concerning troxerutin, when it is present, only @née band is observed whether the temperaturehvgsor low.
However, when the temperature varies, the wave eumibthe maximum of the band contour does not gb4Rig.

6 d) as it does in the case of pure lipid vesi¢ig. 6¢). The results of the decomposition areegiin Table 3
which shows an increase of the bandwidth of thepmmant at 1742 ctand a decrease of the bandwidth of the
component at 1727 ¢mThis would explain why the overall band contoeems not to show a temperature-
dependence of its peak wave number.
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Figure 6: FT-IR spectra in the spectral region coresponding to the stretching mode of the C=0 groupa the aqueous interface of the
DMPC LUV at 35°C:
a) Unsplit experimental spectrum as an overall bandontour; b) The reconstituted curve obtained by fiting with the spectrum a) in two
components bl) and b2).
Buffers : 10 mM tris, 150 mM NaCl in?H,0
c) and d) Temperature-dependence of the wave numbef the peak of the C=0 stretching band contour
c) pure DMPC LUV; d) DMPC LUV in the presence of troxerurin (x = 0.2).

Table 3 Variation of the relative peak heights 1(142)/1(1727) and bandwidthsl"(1742)/I(1727) (in cm?) of the components (1) at 1742
cm and (2) at 1727crt of the band contour corresponding to C=0 stretchig vibrations for pure lipid DMPC LUV and LUV in the
presence of S-5682 or troxerutin

Peak height ratio At 8°C At 36°C

1(1742)/1(1727)

Pure lipid LUV 1.24 0.87
LUV + S-5682 1.29 1.06
LUV + troxerutin 1.24 0.96
Bandwidthl (cm?)

[(1742)I (1727) At8°C At 36°C
Pure lipid LUV 19.5/25 22/29
LUV + S-5682 17.5/24  20/28

LUV + troxerutin 16/28 18/30

DISCUSSION

The above results concerning the effect of flavdra@rivatives on the physical state and on thentakbehavior of
DMPC large unilamellar vesicles suggest a schemthéolocation of the interactions with respecttte bilayer and
a general survey of these interactions with lipisiedel membranes. These drugs have the same garepbund,
flavone, and possess ramifications at position®fQke A ring, and C3', C4' of the B ring.

At a macroscopic level, the QLS results show thd&i682 decreases the Young elastic modulus of DMPC
membranes splits the transition by inducing anothemsition step reflecting an intermediate phastveen the
liquid crystalline phase and the gel-like phasee Tirst effect concerns the elastic modulus Ehmpresence of S-

5682 its value is clearly smaller than that of plipéd LUV indicating that the rigidity of the DMP®ilayer is
decreased in the presence of the drug.

The second effect of S-5682 is to alter the ligargstalline to gel-like phase transition. When campg the
temperature-dependence plots of the vesicle hydamic radius Rin the presence and in the absenc&-&682
the same ratio between the vesicle radius at 368 aa12°C is observed. However, the single treomsdt 24°C of
the pure lipid vesicles splits into two steps, atea higher temperature, about 26°C, and another latver
temperature, about 20°C. The splitting into twansition steps is commonly observed when amphiphiligys are
added to DMPC LUV. At least we have observed thmesgphenomenon for Pentoxifylline and D-propranolol
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[24,25]. Between the two transition temperaturhe, tesicle radius variation indicates an intermtedsate of the
bilayer. The main effect of S-5682 is to lower thansition point but this lowering is preceded bsearrangement
of the lipid molecules in the bilayer. Such a raagement has been observed in DMPC multilayereidlgssn the

presence of some antibiotic peptides such as valjom [26]. The latter induces a loweringtbe transition point
but this transition is preceded by a rearrangernentirring at a temperature higher than the meltioigt of the

pure lipid vesicles.

At a molecular level, the stabilization of a liggtiase in vesicles is ensured by equilibrium betwhberelectrostatic
interaction of the polar heads and the hydrophotigraction of the acyl chains [27]. The presentarphiphilic
molecules may contribute to altering both effeetd anodifying the transition. Although FT-IR datareebtained
only with a drug/lipid molar ratio higher than ihet case of the elastic measurements, the informatimut the
interactions is significant. The change in the treéapeak height ratio 1(1232)/1(1088) (Figs. 5aed Table 2)
appears to reflect an interaction with the polas Rfpoups. This is an important effect, taking inte@mt the fact
that the P@ stretching bands are generally not easily affeckdreover, the change of the relative peak height
ratios 1(1742)/1(1725) of the components at 1742 amd 1725 crh(Table 3) reveals an interaction with the C=0
groups in the interface region. Another interestingult is the decrease of the bandwidths of tleeseponents
under the effect of both drugs. It may be that laistlg molecules interact with the C=0 groups, adtethe glycerol
moiety in such a manner as to change the shagegidtential well from which the C=0 stretchingrations are
derived. An interaction between guest molecules siscsalicylic acid or phenol with DPPC bilayershat interface
region has been recognized [28]. The change ofalative peak heights of the absorption bands spmeding to
C=0 stretchings has been interpreted as due taragehin hydration and head group volume.

We think that these interactions of S-5682 withlil@yer contribute to the modification of the pbasansition and
the decrease of the elastic modulus of the bilayes. interesting to notice that in the liquid stglline phase an
interaction in the hydrophobic region by cholest§?8] or by amiodarone [30] increases the rigidifythe bilayers
while an interaction essentially in the externétiface as in the present case decreases itgyigidi

Concerning troxerutin, the situation is differemichuse of its chemical formula. It contains alsbannoglucosyl
(rutinose) radical but this radical is attachedh® A ring at the position C3 instead of C7 in digs while all the
radicals at C7, C3', and C4', possess alcohol ifumt Troxerutin is very hydrosoluble. The resuiis FT-IR
spectroscopy show that this drug has only a we#dcebn the main transition of the hydrophobic oegiNo
alteration is observed in the stretching vibratiohpolar PQ  groups. However, the drug induced a we¥lsgep of
the transition, not observable by FT-IR but deteletdy QLS, and decreased the elastic modulus. ddere FT-IR
revealed (Table 3) an effect on the absorption ba@racteristic of the C=0 groups of the interfaeggon of the
bilayer. The decomposition of the broad band cantadicates that the bandwidth of the componert7a2 cnt
was broadened while that of the component at 125was narrowed. It is clear that troxerutin intesaaith the
external region of the membrane but this interactsonot sufficiently strong to alter the stretahwibrations of the
PO, groups. Moreover, it apparently does not reachrther region of the bilayer as indicated by thmperature-
dependence profile afs(CH,). Because the QLS measurements concern the \@siclee whole, this may explain
the discrepancy between the transitions observeelbyr and QLS comparison of the results conceriiogerutin
and S-5682, lead us to the following conclusions:

i) flavonoid derivatives S-5682 and troxerutin iratet with phospholipid bilayers. This seems to tdependent of
the state of the drugs, In other words, the flavm@pound plays an important role in this intei@tti

i) flavonoid derivatives S-5682 and troxerutin desse the rigidity of phospholipid bilayers.
CONCLUSION

Using two optical techniques, quasielastic lighdtsering (QLS) and Fourier transform infrared spasttopy (FT-
IR), we have studied the effects of two flavonoatidatives on phospholipid bilayers. The resultsvglthat S-5682
and troxerutin interact with the bilayers, essdiytiat the outer surfacdn the case of S-5682 whose chemical
formula is very close to that of diosmin, thereaismore important alteration of the phase transitidnthe
phospholipid bilayer. In all cases, there is a dase in membrane rigidity in the presence of thesdlavonoids.

These findings therefore lead us to think thatdlaids interact with the phospholipids of biologic@embranes

and that this interaction might be related to sofheir pharmacological properties such as henwdggc effects,
inhibition of leukocyte diapedesis, protection acdmbranes against oxidation, and permeability oflleaies.
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