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Abstract

The effect of (2-hydroxypropyIB-cyclodextrin (HPB-CyD) on the solubility properties and spectroscopic features of hesperetin and its
7-rhamnoglucoside, hesperidin, was qualitatively and quantitatively investigated in water, by means of UV-vis absorption and fluorescence
spectroscopy. The stoichiometric ratios and stability constants describing the extent of formation of the complexes have been determined b
phase-solubility measurements; in both cases typédi#dgrams have been obtained (soluble 1:1 complexes). The higher degree of interaction
showed by hesperetin may be attributed to the higher hydrophobicity and smaller size of the aglycone molecule, which therefore exhibits
greater affinity for the CyD and fits better into the cavity. The effect of molecular encapsulation on the two flavanones antioxidant activity was
afterwards evaluated by means of different biological assays, concerned to the different mechanisms of in vivo action. The protection efficac
was in all cases higher for the complexed drugs, with respect to the free ones; these results are of great interest for their potential usefulne
in pharmaceutics.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction position and type of substitution causes the resultant CyD
to be amorphous, which contributes to its greatly enhanced
Cyclodextrins (CyDs) have widely proved their usefulness aqueous solubility compared to the crystalline parent. This
as tools to generate aqueous drug solutions without the useproperty of amorphousness of the chemically modified CyDs
of organic co-solvents, surfactants, or lipids, as formulation (CMCyDs) may also be helpful to overcome problems of
adjuncts, which increase dissolution rates and oral bioavail- toxicity and realize efficient drug delivery syste{B8s4].
ability of solid drug complexefl,2]. The hydrophobic cavity interior and limitation of molec-
Because of the solubility limits and the safety concerns ular mobility inside the CyDs cavity can perturb certain
with native cyclodextrins, numerous chemical modifications photophysical properties of included guest molec{Bes].
of the cyclodextrins have been made and newer derivativesSeveral works have been focused on the study of photophys-
are constantly being developed. Since each CyD hydroxyl ical processes of organic molecules inserted in CyDs cavity,
group differs in its chemical reactivity, the randomness of such as room-temperature phosphorescéd@®i, excited-
state proton transf¢t 0], femtochemistry11] and molecule
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tion of the solubility behaviour, were determined by phase-
solubility studies.

2. Experimental

2.1. Chemicals

Fig. 1. The chemical structures of the flavanones: hesperetirr kR The followi t d | t d h
R>=0H, R =0OCHz) and hesperidin (R=rhamnosylglucoside, R= OH, e 1ollowing Teagents and Solvents were used. Nes-

Rs = OCHg). peretin (3, 5, 7-trihydroxy-4-methoxyflavanone 3 §H140s,

FW 302.3); hesperidin (hesperetin-7-rhamnoglucoside,

CogH34015, FW 610.6) and all chemicals for the biological
CyDs inclusion complexes, UV—vis and fluorescence spec- activity tests were supplied by Sigma-Aldrich Chemie
troscopy are the most widely used, because of the significantgmph (Germany); (HB-CyD, FW~1170.0, mp~278°C
analyte signal increment that is frequently indu¢®,14] decreasing, degree of substitution0.6), from Fluka
Fluorescence enhancements have been reported for a largehemie (Switzerland). They were employed without any
number of organic molecules, either in the presence of native s ther purification. Water used throughout the study was
or modifiedB-CyD [15,16] , ~ double-distilled and deionised, then filtered trough u22

Among naturally occurringirrus flavonoids, hesperidin - jjlipore filters (USA). All solvents employed in the spec-

and hesperetinF(g. 1) have been reported to exert a wide {,ophotometric analyses were of spectroscopic reagent grade,

range of pharmacological effects. o from Merck (Germany). All other materials were HPLC
Hesperidin possesses antioxid@ht], blood lipid low- grade.

ering[18] and anti-carcinogenic activitig49]. In addition,
they have been found to improve venous tone, enhance micro-
circulation, assist healing of venous ulcers and are used forthe2.2. Apparatus and procedure
treatment of chronic venous insufficien@0], hemorrhoids
[21] and the prevention of post-operative thromboembolism  The UV-vis absorption spectra were obtained with a
[22]. Epidemiological studies have shown an inverse correla- Perkin-Elmer UV-vis double beam spectrophotometer mod.
tion between the intake of dietary flavonoids and death from Lambda 45, equipped with a PC for data processing (soft-
coronary diseasf?23,24] Dietary hesperidin is deglycosy- ware: UV-Win Lab, from Perkin-Elmer, Norwalk, USA).
lated into hesperetin by intestinal bacteria prior to absorption Ten-millimeter pathlength rectangular quartz cells (Hellma)
[25]. The very poor solubility of these flavanones in water were employed in the 200-500 nm spectral range (scanning
yet imposes considerable limitations to pharmaceutical use.speed 60 nm/min; slit=2). Concentrations of the samples
The solubility of hesperidin in water has been estimated to to be measured were adjusted so that the extinction values
be 20 ppm or lesp26,27]and is also indicated by the use of did not exceed=1.0 at a given wavelength. Baseline was
this solventto remove impurities from precipitated hesperidin established for each measurement placing in the reference
[28]. compartment an aqueous solution of BFEyD at the same
Formulations that improve the solubility of these drugs concentration of the sample. All the data shown represent
may, therefore, provide improved therapeutic options for the average of, at least, three determinations. UV-vis mea-
patients. surements were performed to obtain a calibration curve of
Our interest was here devoted to improve the physico- both flavanones, i.e. hesperetin (0.0-8.00~° M) and hes-
chemical properties of hesperetin and its glycoside hes-peridin (0.0-3.0< 10~*M). Also, the samples obtained from
peridin, by interaction with HPB-CyD. The efficacy of solubility measurements were analysed, to assess the effect of
protection of these flavanones against oxidative damageHP-3-CyD (0.0-9.0x 10~3 M) on the UV absorption spectra
was demonstrated by means of different in vitro tests of the two drugs.
(bathophenanthroline test; comet assay; lipid peroxidation)  The fluorescence spectra were recorded using a Perkin-
and was further improved after complexation with (2- Elmer LS-45 luminescence spectrometer (UK) with 3.0 nm
hydroxypropyl)8-cyclodextrin. band-width for excitation and emission; the instrument was
Different analytical techniques, such as UV-vis absorp- interfaced with a PC computer for signals reading. The opti-
tion and fluorescence spectroscopy, were employed for acal density of the samples at the excitation wavelengths
throughout investigation of the structural characteristics of 360 and 370 nm (hesperetin and hesperidin, respectively)
such supramolecular aggregates, which exhibited distinctdid not exceed 0.15. The samples were placed in rectangu-
spectroscopic features and properties from both “guest” andlar quartz cuvettes of 10.00 mm pathlength (Perkin-Elmer),
“host” molecules. all measurements were carried out at room temperature
The stoichiometry and equilibrium constants for com- (25+0.1°C). Spectra were recorded in triplicate and data
plexes formation, which permitted a quantitative descrip- averaged.
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Fluorescence emission intensities of the samples aldehyde (MDA), by its condensationwiththiobarbituric acid
obtained from solubility measurements were measured[29]. The assays were carried out incubating 0.1 mM EDTA,
(0.0-9.0x 10~3M HP-B-CyD added to aqueous excess of 0.1 mM ascorbic acid, 20 mM Feg;110 mM KH,POy (pH

both flavanones). 7.4), 2.8 mM deoxyribose and 2.8 mMy&, in the presence
of the tested compounds for 60 min at°&7. In order to eval-
2.3. Solubility measurements uate the role of F& chelation in the protective effect exerted

by HP-CyD, EDTA has been excluded from assay mixture
Phase-solubility studies were performed with a Haake in a set of samples treated with HRCyD. One percent thio-

C25 thermostated bath, equipped with a Haake F6 controllerbarbituric acid and 2.8% trichloroacetic acid (0.5 ml each)
which allowed an accuracy 6f0.01°C. Excess of flavanones ~ were added to 0.5 ml of the reaction medium and heated to
were added to unbuffered aqueous solutions of@H@yD 100°C for 15 min. MDA levels were measured spectropho-
(0.0-9.0x 1073 M) in 10 ml capped tubes, then sonicated tometrically at 532 nm.
in a water bath (Bandelin RK 514, Berlin, Germany) for
15min. Tubes were sealed to avoid changes due to evapo=2.5.2. Auto-oxidation of Fe**
ration and magnetically stirred for 4 days in a thermostated  Ferrousionis spontaneously oxidized to ferricion, and this
bath at 25+ 0.01°C, shielded from lightto preventany degra-  auto-oxidation has been evaluated by measuring tRé-Fe
dation of the molecules. After the equilibrium was reached, bathophenanthroline disulphonate complex in presence of
suspensions were filtered through Sartorius Minf@RP HP{3-CyD.
15 PTFE 0.4%um filters (Germany). An aliquot from each The test has been developed on the basis of Yoshino et
vial was withdrawn by 1 ml glass syringe (Poulten & Graf al. [30] with slight modifications. Nine hundred and eighty
GmbH, Germany) and assayed spectrophotometrically tomicroliters of 10 mM Tris—HCI (pH 7.1) were added with
evaluate the amount of flavonoid dissolved. Experiments 10wl of HP-B-CyD (0.3 or 1.2.M final concentration); the
were carried out in triplicate; solubility data were averaged reaction was started by addition of L0of 0.05 mM FeSQ;
and used to calculate the binding constants for hesperetinthe mixtures were incubated at 32Z. Five hundred micro-
and hesperidin/HB-CyD complexes formation, by UV-vis  liters of 1 mM bathophenanthroline disulphonate were added
as well as by fluorescence spectroscopy. at appropriate intervals and the absorbance has been mea-

sured at 540 nm.
2.4. Preparation of the solid complexes

2.5.3. Comet assay

Inclusion complexes of the two flavanones were obtained  The single cell gel electrophoresis was performed as

by the co-evaporation method. Weighed hesperetin (30 mg)described by Singh et aJ31] on human leucocytes from
and hesperidin (91.7 mg) were added to 30 ml solutions of peripheral venous blood. Freshly collected whole blood
HPB-CyD (6 and 9 mM, respectively) in purified water. In  was incubated for 1 h at 3T with 10.M benzo[a]pyrene
particular, even though a 1.1 stoichiometry was obtained for (BaP) to induce DNA damage. Hesperidin and hesperetin
both complexes, an excess of cyclodextrin was employed to(free and complexed, 15 and @® final concentrations)
increase the yield of complexation, as widely reported in lit- were pipetted immediately before BaP. Frosted microscope

erature. slides (prepared in triplicate per sample per experiment)
Stirring was carried out for 2 days, under controlled tem- were covered with 14l of 0.75% regular melting agarose;
perature (25:0.01°C). After that time, solutions were fil-  a second 110l layer of 0.5% low melting point agarose

tered through Whatm&hPTFE 0.2um filtersand waterwas  mixed with leucocytes incubation mixture was pipetted out.
evaporated under vacuum (30), obtaining the solid com-  After solidification, a third layer of 110l low melting
plexes (hesperetin/HB-CyD, yield 62%; hesperidin/HB- point agarose was pipetted out on the slides and allowed
CyD, yield 54%) which were washed with a little water, to gel at £C. Slides were immersed in lysing solution
dried up to constant weight and kept into desiccator. Uncom- (2.5 M NaCl, 100 mM NaEDTA, 10 mM Tris—HCI pH 10,
plexed drug had been filtered prior to solution evaporation, 1% Sarkosyl with 1% (v/v) Triton X-100 and 10% (v/v)
thus obtaining the solid complexes, still containing an excess DMSO) and kept at 4C overnight. Slides were then placed
of free HPB-CyD. The amount of drug in the complexes was in alkaline buffer (300 MM NaOH and 1 mM EDTA, pH
determined by UV measurement, from the estimated molar 13) for 20 min to allow DNA unwinding; electrophoresis

extinction coefficient of the complexes. was conducted in the same solution for 25 min at 0.6 V/cm.
Finally, after washing (8 5min in 0.4 M Tris—HCI buffer,

2.5. Biological activity tests pH 7.5), slides were stained with p0 propidium iodide
(2.5mgmt1). Comets were viewed under a fluorescence

2.5.1. Production and detection of hydroxyl radical Nikon E800 microscope with a 260 objective. Hundred

The oxidation extent of deoxyribose is related with'OH  cells were randomly selected in each slide and scored from
production. In this test we have quantified the deoxyribose 0 to 4 on the basis of comet tail length; undamaged cells
degradation product, measuring the production of malondi- (score 0) looked like an intact nucleus without tail, while



S. Tommasini et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 572-580 575

damaged cells appeared as comets. Final score was calExperiments were carried out in triplicate, each data point

culated by the formula: scorem (cells scored 1)+ (X n represents the mear0.00057 S.D. for hesperetin (calculated
cells scored 2)+(Xn cells scored 3)+(4n cells R.S.D.=2.13%) ane&t0.0007 S.D. for hesperidin (calculated
scored 4). R.S.D.=0.56%).

The effect of HPR-CyD on the UV absorption spectra of
the flavanones was quantitatively investigated by holding the
concentration of the guest constant g (i.e., 7.2x 10> M

Statistical analysis was carried out to study the signifi- hesperidin and 6.6 10-°M hesperetin) %nd varying the
cance of the results of biological activity tests comparing NoSt concentration between 0.0 and .00 M (solubility
free and complexed hesperidin and hesperetin with the con-measurements). The absorption maxima were progressively
trols. The Dunn test, a non-parametric multiple comparison Shifted to longer wavelengths in the presence of the HP-

test based on Kruskal-Wallis rank sums, was performed toB-CyD (from 285 to 289nm for hesperetin; from 283 to
analyse Comet scores. 286 nm for hesperidirFig. 2), while the absorption intensi-

ties increased as a function of the BFCyD concentration.

In the case of hesperetin, however, a well-defined plateau
was observed at 5:010~3M HP-B-CyD; at this point, the
molecule must be fully complexed.

The plots of solubilised drugs against the cyclodextrin
concentration showed good linearity, as described in Section
3.3, suggesting the formation of 1:1 inclusion complexes, for
both flavanones.

2.6. Statistical analysis

3. Results and discussion
3.1. UV-vis spectroscopy studies

A calibration curve was obtained for hesperetin and hes-
peridin, by dissolving increasing amounts of the drugs,
exactly weighed, in the desired volume of purified water. A
plot of the measured UV absorbances atthe appropriate wave3.2. Fluorescence studies
length against the molarity of the analytes gave straight lines
in the concentration range from 0.0 up to %306 M, for The same drug solutions obtained by solubility measure-
hespereting? =0.998) and from 0.0 up to 3:610~° M, for ments were excited at 370 nm (hesperetinfst€yD) and
hesperidin §2=0.995). At higher concentrations a plateau 360nm (hesperidin/HB-CyD), where the optical density
was observed, meaning that the solubilities of the two fla- did not exceed 0.15. The fluorescence emission was mea-

vanones were exceeded. Hesperetin and hesperidin maxisured, as a function of the cyclodextrin concentration. Again,
mum water solubilitiesSp) at 25+ 0.1°C were, therefore,  the observed fluorescence intensities linearly increased with
found to be 3.3« 107 M (0.001 mg mt) and 3.6x 10~°M the increasing of the HB-CyD concentration, supporting
(0.022 mgmt?), respectively. The last finding is in very the formation of 1:1 inclusion complexes in both cases (see
good agreement with what reported by the Merck Ing@sy. Fig. 3.

-0.03 §

234.0 240 250 260 270 280 290 300 310 320 330 340 350 360 370
nm

Fig. 2. UV absorption spectra of hesperidin (%.20~° M) in the presence of increasing concentrations of48yD (0.0-9.0x 10-3 M).
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Fig. 3. Emission spectra of hesperidin (16305 M, excited at 360 nm) in presence of increasing concentrations qi4@yD.

3.3. Binding constants

The binding constant for a 1:1 complex is:

in which [SCyD], [CyD] and [S] represent the equilibrium
concentrations of the complexed substrate, free cyclodextrin
and free substrate, respectively.

Eq. (1) requires careful consideration when, as in the

S.CyD .
= %CyD]%S]l Q) present case, the substrate is not fully soluble and amounts
25
.
g
20 ;/"'
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& /”f- .
;fr-
g 15 - Hf_..-‘
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Fig. 4. Fluorescence determination of the amount of complexed flavanones as a functiofaCyPeoncentration at 2& 0.1°C. The differences in the

fluorescence emission at 440 nm (for hesperidin, excited at 360 nm, shown in figure) and 480 nm (for hesperetin, excited at 370 nm) were normalized for the

measured extinction molar coefficient of the complexes.
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Fig. 5. UV-vis determination of the amount of complexed flavanones as a function fE{ concentration at 2% 0.1°C. The differences in the UV-vis
absorbance intensities (at 360 and 370 nm for hesperidin and hesperetin, respectively) were normalized for the measured extinction motasf¢befficien
complexes.

that exceed its solubility are used. In this case the binding substrate concentratioGs—So (Cs being the analytical sub-
constant can be calculated from the phase solubility tech- strate concentration), which is not soluble in the aqueous
nique, which allows for the evaluation of the affinity between phase, acts as a reservoir for the formation of the complex
cyclodextrin and substrate, according to the method reportedwhen the cyclodextrin is added. The following calculation

by Higuchi and Connors: is performed for the fluorescence measurements, but it is
Slope reproducible for the UV—vis measurements simply changing
= W) (2) fluorescence intensity with absorbance.
o(1—

Let us consider thals is the integrated area of the fluo-
where Sg is the solubility of the substrate and the Slope rescence spectrum for which all the substrate concentration,
parameter is obtained from the straight-line portion of the Cs—So, is in the complexed form, andy the integrated
plot of complexed substrate concentrationJ$#D], against area of fluorescence spectrum of the substrate when the
cyclodextrin concentration. In order to obtain€yD] from analytical cyclodextrin concentration Scyp=0 (the use

the experimental quantities, it has to be considered that theof the area instead of the maximum minimizes errors due

% INHIBITION

Q
Q
&

Fig. 6. Effect of 15 and 6Q.M free and complexed hesperidin (ESPD), hesperetin (ESPT) arg-8B-as hydroxyl radical (OM) scavengers on deoxyribose
oxidation. Each bar represents the mez®.D. of MDA production in three experiments, each in triplicate. Results are reported af@°* production in
respect to untreated samples (0%).
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to peak shifts or shape changes). In the presence of a given |n the case of both hesperidinSo(=3.6x 107> M)
amount of HPB-CyD, at the analytical concentration of and hesperetinsg=3.3x 10" M), plotting this quantity
é:yD, the quoregcence intensity of the solution increases as a function of the total concentration of H¥PCyD,
because of the increased amount of complexed substratea linear behaviour is obtained, indicating a 1:1 stoi-
It will be I;=1Io+fc[S-CyD];, with fc=(Ir-Io)/(Cs=So)- chiometry of the complexes. From the slope of the linear
Therefore, the concentration of the complexed sub- fit the estimated binding constants, using H@), are
strate can be obtained from the fluorescence intensity x=60+20M-1 (logk=1.81, R2=0.98, slope=0.0023),

values: for the hesperidin/HB-CyD inclusion complex (see
Fig. 4), andK = 19000+ 4000 M~ (log K =4.28,R?=0.93,
[S_CyD]_:(Ii_IO)(CS_SO)' slope =0.059), for the hesperetin/HPCyD inclusion
’ (Ir — Io) complex.
350
300 *
-:g 250
e }
E 200
5
& 150
]
&
g 100
w
o s0
=
Q
O 0
&
Q@ o » S S &
] & o & o
o (o) o [ ng Qo
QO‘\ de Qo‘x QQQ\ &
(A) & & & &
400
[e]e o)
350
B 300
=
2 250
g
= 200
s
w150
o
8 100
wn
D s0
=
Q
o 0
& Q)'g N S
& & & o
o & o o8
K & & &
O L L L
(B) & & & &

Fig. 7. Effectof 15 and 6Q.M free and complexed hesperidin (ESPD), hesperetin (ESPT) argt8¥D on BaP-mediated DNA damage (A) and on undamaged
human leucocytes (B) by comet assay. Each bar represents the mean of three experiments, each in triplicate, with 1 S.D. error bars shown. By neans of Dun

test, the comet score of the treated cells was compared to that of untreated but damagel<8I85: ™ P <0.01"™ P<0.001); BaP damage and the effect
of the free and complexed flavanones were compared to undamaged contro’€&lks @.001).
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An analogous procedure using absorbance values gives 0.6
K=90+30M~! (logk=1.95, R?=0.99, slope=0.0037),
for the hesperidin/HB-CyD inclusion complex (see ost ——FaS04

Fig. 5), andK = 21000+ 4000 M~ (log K =4.32,R?=0.98, ~=-HP$-CyD1.2uM
—a— HP-CyD 0.3uM

slope =0.067), for the hesperetin/HPCyD inclusion com-
plex. Experiments were carried out in triplicate, each data
point represents the meat0.0032 S.D. for hesperetin (cal-
culated R.S.D.=3.59%) an#i0.00127 S.D. for hesperidin
(calculated R.S.D. = 1.54%).

A higher complexation efficacy was obtained for hes- 0.2f
peretin, as clearly revealed by the higher numeric value of
the binding constant. This can be easily explained in terms 01t
of a much smaller molecule, considerably less polar than
the glycoside (hesperidin), hence exhibiting greater affinity ‘ ,
towards the hydrophobic cavity of the cyclodextrin. 0 5 10

0.4f

0.3}

A (540 nm)

Time (min)
3.4. Hydroxyl radical production and Fe**

auto-oxidation Fig. 8. Effect of HPB-CyD on Fé* auto-oxidation. The absorbance mea-
sures Fe(ll)-bathophenanthroline disulphonate complex withous +dRD
The percentage of inhibition (%) of OH® production (#) and with HPB-CyD (M) 1.2 and &) 0.3pM.
by the test compounds was calculated from #&bsalues
according to the formula: 4. Conclusions

(Ao — As)
A

%61 |
0

] x 100 The inclusion complexes of hesperetin and hesperidin
with (2-hydroxypropyl)g-cyclodextrin were obtained by co-
whereAg is the absorbance of the damaged control 4gd  evaporation from aqueous suspensions of the host and guest
corresponds to samples treated with antioxidant compounds molecules. The effect of cyclodextrin complexation on the
As described irFig. 6, the antioxidant activity exerted  UV-vis absorption and fluorescence properties of the two
by free flavanones is enhanced by complexing them with flavanones was, therefore, studied in aqueous solution, and
HP-B-CyD. This effect is dose-dependent and theu60 anincreased apparent solubility was in both cases observed in
concentration demonstrates almost 50% more of activity thanthe medium. Particularly, the dependence of both the absorp-
15uM one. Free HR-CyD does not express more inhibition  tion and emission intensities on HRCyD concentration
of hydroxyl radical production than free and complexed fla- suggested that 1:1 soluble complexes were responsible for
vanones. The elimination of EDTA from the assay mixture the spectral changes observed, since typaidgrams were
with free HPB-CyD, aiming to assess its role in this test, obtained for both flavanones. The concentration of the com-
determines a percentage of inhibition higher than that of the plexed substrates was obtained from fluorescence, as well as

HP-3-CyD/EDTA system. from UV-vis intensity values. Thus, plotting these quantities
as a function of the total CyD concentration, the associated
3.5. Comet assay binding constants were estimated from the slope of the lin-

ear fit. The two techniques employed showed quite a good

The results obtained from the single-cell gel electrophore- agreement; linearity and reproducibility were satisfactory.
sis of human leucocytes are shown kig. 7. Decreased  Both the free molecules and the complexes were afterwards
score corresponds to decreased damage and indicates #ested in different biological assays, concerned to the differ-
protective effect of antioxidant compounds. Concentrations ent mechanisms of in vivo action. The hydroxyl radical is
were normalized for free flavanone molarity (15 and.60 one of the most aggressive oxidants. This species can be effi-
free hesperidin and hesperetin) in the BaP/cells reactionciently generated via the Fenton reaction from Fe(ll)-EDTA
mixture. Reduced DNA damage in stressed cells was in the presence of hydrogen peroxide and a reducing agent
observed with all antioxidant compounds tested and it was as ascorbic acid. The OHtan diffuse and abstract hydrogen
more pronounced with complexed flavanones comparedatoms from deoxyribose substrate inducing its oxidation. The
to free compounds; this difference was more evident at presence of free and complexed flavanones at both the tested
15uM concentration, while 6QM provided effective concentrations (60 and 18M), prevents deoxyribose oxida-
protection even with free flavanoneBi@. 7A). Treatment tion acting as radical scavengers, as suggested by the reduced
with both concentrations of HB-CyD did not provide percentage of inhibition.
significant protection against DNA oxidative stress. Both In particular, the complexed flavanones showed at both
free and complexed flavanones did not induce damage per s¢he concentrations a higher &more pronounced with HP-
(Fig. 7B). B-CyD-hesperetin; this result can be well explained by a
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significantly better solubility in the aqueous medium of the
complexes in respect of free flavanones.

In absence of EDTA, the radicalic reaction is partially
prevented. F& is partially chelated by the HB-CyD, as
suggested by the bathophenanthroline tEgj.(8) and the
reduced deoxyribose oxidation.
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