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Abstract Quercetin, a plant-derived flavonoid, has been
extensively investigated for a wide range of potential
health benefits linked to its antioxidant properties. Unfor-
tunately the topical administration of this molecule is
restricted by its fast photodegradation. In the attempt to
overcome this limitation the inclusion complex between
quercetin (Q) and methyl-f-cyclodextrin (Me-f-CD) was
prepared and previously investigated by a molecular
modelling study, a solubility diagram and a DSC analysis.
Successively the kinetics of photodegradation, the anti-
radical, metal chelating and anti-lipoperoxidative activities
were studied by comparing the complex with free Q. In
addition the accumulation of Q in porcine skin was eval-
uated after in vitro topical application by means of vertical
Franz cells. The complex formation resulted useful in
enhancing the solubility of Q without significantly reduc-
ing its antioxidant ability. A modest improvement in the
photostability was also observed.

Keywords Quercetin - Methyl-f-cyclodextrin -
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Introduction
Reactive oxygen species (ROS) which include oxygen

radicals (O5~, *OH, NO°®, ROO®) and non radical molecules
(hydrogen peroxide, singlet oxygen) are produced by cells

M. E. Carlotti (D<) - S. Sapino - E. Ugazio - G. Caron
Dipartimento di Scienza e Tecnologia del Farmaco, Universita
degli Studi di Torino, via P. Giuria 9, 10125 Turin, Italy
e-mail: eugenia.carlotti@unito.it

as result of aerobic metabolism. Radical initiating factors
(UV radiation, xenobiotics, mineral dust) can increase ROS
production and induce oxidative stress that causes several
human diseases among which neurodegenerative disorders,
atherosclerosis, diabetes, tumours etc. [1]. Flavonoids, a
large group of polyphenolic compounds characterised by
2-phenyl-chroman structure, can prevent oxidative cellular
damage induced by ROS generation [2-5]. Recent interest
in these substances has been stimulated by the potential
health benefits [6-9] and pharmacological applications
[10-12] arising from their several antioxidant mechanism
of action. In fact they can inhibit redox enzymes (mono-
oxygenase, cyclooxygenase, xanthine oxidase) [1, 2], bind
transition metals [13] and reduce both NADPH- and CCl,-
dependent microsomal lipid peroxidation [14]. Particularly
they act as reducing agents of free radical [15], either with
the single electron transfer mechanism in polar aqueous
phase or with hydrogen atom transfer of hydroxyl hydro-
gens in non-polar media such as lipids [16]. Flavonoids
also play an essential role as screening pigments against
short wavelength-induced damage [17-21].

Nevertheless it has been shown that processing and
storage conditions strongly affect biological activity of the
flavonoids as quercetin, catechin, rutin [22, 23]. Moreover
the therapeutic usefulness of these molecules is limited by
their unfavourable physicochemical properties, particularly
their poor water solubility [24] and low photostability [25,
26]. In this regard inclusion complexes of some flavonols,
i.e. 3-hydroxyflavone, morin and quercetin were obtained
with o- and f-cyclodextrins [27, 28] which represent an
extremely active area of research especially in drug
photostability and phototoxicity [29-32]. In fact the ability
of cyclodextrins to form inclusion complexes with different
drugs is commonly used to improve their solubility and
stability [33] or to reduce their photochemical reactivity
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[34]. Moreover in recent years, cyclodextrins complexation
has been successfully used to protect flavonols from
enzymatic oxidation [35]. Some authors have investigated
the non-covalent complexes between three flavonoid gly-
cosides (quercitrin, hyperoside and rutin) and heptakis
(2,6-di-O-methyl)- f-cyclodextrin (DM-f-CD) [36]. They
also proposed a binding model for the complexes and
tandem mass spectrometric data of them. Other researchers
assessed the interaction between quercetin and either
f-cyclodextrin  (-CD), hydroxypropyl-fS-cyclodextrin
(HP-f-CD) or sulfobutyl ether-f-cyclodextrin (SBE-f-CD)
[37]. Kim et al. [38] evidenced the increased solubility of
quercetin, galangin, kaempferol and myricetin in the
presence of DM-f-CD and HP--CD.

The purpose of the work described in this report is to
study if the low water solubility and the fast degradation
rate of quercetin could be overcome by its complexation
with Me-f-CD. Firstly, to access the structural features of
the complex a molecular modelling study was performed.
The kinetics of photodegradation of free and complexed
quercetin were then compared to evaluate the possible
stabilizing effect of the complexation phenomenon. The
formation of the inclusion complex suggested by docking
results was demonstrated by solubility diagrams and DSC
measurements. Furthermore antiradical, metal chelating
and anti-lipoperoxidative properties were tested in the free
and complexed quercetin to assess whether the inclusion in
Me-f-CD could modify the activity of this molecule.
Finally, the accumulation of quercetin in porcine ear skin
was in vitro investigated.

Materials

Absolute ethanol and dichloromethane were from Carlo Erba
(Rodano, Italy). Sodium azide and hydrochloric acid were
purchased from Fluka (Milan, Italy). Phosphoric acid (85%),
thiobarbituric acid (TBA), copper chloride, 1-butanol and
sodium dodecyl sulfate (SDS) were from Merck (Milan,
Italy). Octyl octanoate (Tegosoft® EE) and glycerol were
from Acef (Fiorenzuola D’ Arda, Italy). Potassium palmitoyl
hydrolysed wheat protein-glycerin stearate-cetearyl alcohol
(Phytocream® 2000) was from Sinerga (Pero, Italy). Aer-
oxide P 25 (Titanium dioxide, 20% rutile, 80% anastase) was
from Degussa (Milan, Italy), UV-Titan M262 (Titanium
dioxide, 88% rutile, 5.9% alumina, 1.2% dimethicone)
was from Kemira (Milan, Italy). Linoleic acid (cis-9,
cis-12-octadecadienoic acid), quercetin (Q) (3,3'.4',5,
7-pentahydroxyflavone), 2,2-diphenyl-1-picrylhydrazyl radi-
cal (DPPH") and 1,1,3,3-tetracthoxypropane were from
Sigma Aldrich (Milan, Italy). Methyl-f-cyclodextrin (Me-f}-
CD) (Kleptose®Crysmeb) was a gift from La Roquette
(Lestrem, France).
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Apparatus

A Modulyo freeze dryer system (Edwards, West Sussex,
UK) was used to prepare the inclusion complex of Q with
Me-f-CD. A ROS5 multiple magnetic stirrer (IKA, Staufen,
Germany), an Actinic BLT 40W UVA lamp (Philips,
Milan, Italy) and a G40T10E UVB lamp (Sankyo Denki,
Kanagawa, Japan) were employed for the irradiation runs.
Quercetin, DPPH radical and malondialdehyde were
detected by a Lambda 2 UV-Vis spectrophotometer (Perkin
Elmer, Waltham, MA, USA). The thermograms were
obtained by a DSC-7 power compensation (Perkin Elmer).
A DSL stirrer (Velp Scientifica, Usmate, Italy) and a SL-2
(Silverson, Bucks, UK) homogenizer were employed to
prepare the emulsion systems. A Micro 2001 pH meter
(Crison, Alella, Spain) was employed to control the pH. A
660/H Transsonic Sonifier (Elma, Singen, Germany) was
used to disperse the TiO, nanoparticles and an Allegra 64R
refrigerated centrifuge (Beckman Coulter, Palo Alto, CA,
USA) was employed to separate TiO, from the samples
before analysis. A RE 111 Rotavapor (Biichi, Flawil,
Switzerland) was used to evaporate the organic solvent.

Methods
Molecular modelling
3D structures

The methyl-f-cyclodextrin (Kleptose Crysmeb) structure
was prepared with MOE [39] as discussed in our previous
paper [40]. It is a mixture of methylated $-CD which
contains on average 4 methyls per native cyclodextrin
molecule, i.e. a typical molar degree of substitution (M.S.)
of 0.57. Quercetin structure was simply downloaded from
CSD (code: FEFBEXO01) and checked with standard MOE
tools.

Docking

MOE-Dock methodology which consists of three steps
(ligand conformational analysis, placement and scoring)
was used [39]. For the initial systematic search, a random
initial orientation was used, alpha triangle was the place-
ment methodology and affinity dG scoring (a function that
estimates the enthalpic contribution to the free energy of
binding using a linear function) was the chosen scoring
function.

One docking run was set up to generate 500 poses which
were collected in a database. The resulting complexes were
ranked by their scoring function (the lowest, the best). The
best 50 poses out of 500 were minimized using GB-SA
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conditions (the newest version of the software automati-
cally performs this operation), and ranked again by their
scoring function (the best pose shown in Fig. 1 is also
downloadable from OpenCDLig at https://kdd.di.unito.it/
casmedchem).

Analysis of quercetin

Diluted solutions of Q over the range 1.5 x 107°
~15.2 x 10> M were spectrophotometrically determined
in different media at 374 nm to obtain the calibration
curves. The molar extinction coefficients (g) were
respectively 23,858 M~' (R* = 0.9956) in absolute etha-
nol, 23,800 M™! (R2 = 0.9998) in ethanol/water (15/85
v/v), 10,570 M~ (R? = 0.9991) in 5% w/w SDS at pH
5.0, 9,633 M~ (R = 0.9941) in 5% w/w SDS at pH 7.4.

Inclusion complex preparation

Freeze drying technique was used to obtain the inclusion
complex of Q with Me-f$-CD. A mixture of Q and Me-
p-CD (1:2 molar ratio) was prepared in water and shaken
for 24 h in the dark. After equilibration the suspension was
filtered and freeze dried before re-dissolution (1 mg) in
5.0 mL of absolute ethanol to assess the active loading by
UV-Vis spectrophotometer. The average percentage of
active loading was around 5.0% w/w with a percentage
yield of 80%.

Inclusion complex characterisation
Solubility diagram and stability constant

Phase solubility studies were performed according to
Higuchi—Connors method [41]. An excess of Q (2 mg in

Fig. 1 Docking results: the best A
pose of quercetin

(downloadable from

OpenCDLig at

https://kdd.di.unito.it/

casmedchem): a the presence of

a hydrogen bond between the

ligand and the Me-f-CD is

shown; b slab view

5.0 mL of water) was added to a series of vials containing
increasing amounts of Me-f-CD in water. The closed vials
were shaken in the dark for 24 h at room temperature.
After equilibration, each sample was centrifuged and
spectrophotometrically analysed. The experiment was
performed three times and the phase diagram was drawn by
plotting the molar concentration of Q found in the solution
against the molar concentration of Me-f-CD. The stability
constants (Ky) were calculated from the initial rising of the
diagram according the following equation:

K = slope/So(1 — slope)

where the slope is obtained from the least squares linear
regression of the molar concentration of Q versus the molar
concentration of Me-f3-CD and Sy is the intrinsic solubility
of Q in the absence of cyclodextrin.

DSC studies

The samples were placed in conventional aluminium pans
and then heated under nitrogen flow at a scanning speed of
10 °C min~! from 25 to 330 °C. The weight of free Q, and
Q/Me-f-CD complex was such to have the same amount of
Q in both.

Preparation of O/W emulsion

An O/W emulsion was prepared by dispersing the melted
lipid phase (Phytocream 2000 and Tegosoft EE) in glyc-
erol-containing water at 70 °C under homogenisation
(Table 1). The emulsion was then cooled at room tem-
perature under continuous stirring. Amounts of Q, free or
complexed with Me-$-CD, were then dispersed under
vigorous stirring to obtain 3.5 and 17.5 mM final concen-
tration of antioxidant in the emulsion.
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cT:nE;)eo:itizirsczrfltg)g/%V emulsion Components % wiw
Phytocream 2000 3.0
Tegosoft EE 14.0
Glycerol 5.0
Water 78.0

Photostability studies

Q photodegradation experiments were performed using an
UVA lamp with a 320-400 nm wavelength range. The
systems under study were a solution of Q or of Q/Me-f-CD
in ethanol/water (15/85 v/v) and an aqueous solution of Q/
Me-$-CD. Q concentration was 3.5 x 107> M in all of
them. An aliquot (10 mL) of each system was introduced in
Pyrex® glass containers placed at 10 cm from the light
source and irradiated maintaining them under continuous
stirring. In such conditions the radiation power per surface
unit was around 6.0 x 10~* W cm™2. At scheduled times
of 30 min, over 2 h of total irradiation, fixed amounts
(200 pL) of each sample were withdrawn and 1:10 diluted
with methanol for spectrophotometrical analysis. Each
sample was prepared and analysed in triplicate.

Antiradical activity

The antiradical property of Q was determined by the DPPH
assay according to the method described by Brand-Williams
etal. [42]. Briefly, dilutions (20 pL) of Q or of Q/Me-f-CD in
the range 2.5-50 uM were treated with 3.0 mL of DPPH"-
saturated ethanol-water (15/85 v/v) solution. The absor-
bance of each reaction medium was spectrophotometrically
monitored at 515 nm after 10 min of incubation under
magnetic stirring to reach the steady-state conditions. The
DPPH® concentration (mM) was calculated from the cali-
bration curve determined by linear regression (R* 0.9929):

Absorbance = 10,800 x [DPPH®] — 0.0011

The radical scavenging effect of Q in DPPH® solution
was calculated according Jang and Xu [43] using the
following equation:

Scavenging effect % = [(Ag — A1)/Ao] x 100

where A, was the absorbance of DPPH® at zero time and
A the absorbance of DPPH" after 10 min of incubation for
the reaction. Each sample was prepared and analysed in

triplicate and the inhibition percentage of the absorbance of
DPPH" was plotted against each dilution of Q.

Metal chelating activity

The chelation of metal ions by Q and by Q/Me-f3-CD
complex was estimated in a mixture of ethanol/water
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(15/85 v/v) since Q is insoluble in pure water. Briefly,
equal aliquots (5 mL) of both free and complexed Q
solutions all containing 50 pM Q concentration were
spectrophotometrically analysed at 374 nm in the absence
and in the presence of 100 pL of different CuCl, dilutions
(0-50 uM). The mixtures were vigorously shaken in the
dark at room temperature for 30 min. The absorbance of
each reaction medium was then measured. The metal
chelating capability of Q was calculated using the follow-
ing equation:

Metal chelating effect % = [(Ag — A1)/Ag] x 100

where Ag was the absorbance of Q in the absence of CuCl,
(control) and A, the absorbance in the presence of CuCl,.
The experiment was repeated thrice and the percentage of
metal chelating effect was plotted against each dilution of
CuCl,.

In vitro skin penetration

A piece of excised porcine ear skin, freshly obtained from
a local slaughterhouse, was mounted with the SC side
facing towards the donor compartment of a Franz diffusion
cell. The available area of the cell was around 1.6 cm?.
Before the experiments the skin previously frozen at —18
°C was pre-equilibrated in 0.9% w/w saline solution added
with sodium azide to preserve the skin, at 25 °C for
30 min. The donor compartment was filled alternatively
with: Q (1.0 mM) in 5.0% w/w SDS solution (pH 5.0); Q/
Me-f-CD (Q 1.0 mM) in 5.0% w/w SDS solution (pH
5.0); Q (1.0 mM) in O/W emulsion; Q/Me-S-CD (Q
1.0 mM) in O/W emulsion. The receptor compartment
was filled with 5.0% w/w SDS solution at pH 7.4 and
magnetically stirred at 37 °C. At appropriate intervals 200
pL-aliquots of the receptor medium were withdrawn,
immediately replaced by an equal volume of fresh solution
and then spectrophotometrically analysed. The amount of
Q retained in the skin was determined at the end of the
experiment (24 h) as follows: the application site on the
skin was washed with water/methanol (50/50 v/v) mixture,
cut in small pieces by scissor and extracted with 3.0 mL of
methanol. After 2 h of magnetic stirring the resulting
suspension was centrifuged and assayed by spectropho-
tometer. The skin accumulation was expressed as amount
of Q on skin diffusion area (ng/cm?).

UVB-induced linoleic acid peroxidation

The antioxidant activity of Q was determined according to
the thiobarbituric acid (TBA) test [44]. During the linoleic
acid oxidation malondialdehyde (MDA) is generated that
form a coloured complex with TBA which absorbs at
535 nm.
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Different SDS solutions (4.0% v/v) containing the same
amount of linoleic acid (1.0% w/w) were added with
increasing aliquots of Q (1.75, 3.5 and 17.5 mM final
concentrations), free or complexed with Me-f$-CD. An
aliquot (10 mL) of each system was irradiated for 2 h by an
UVB lamp in closed Pyrex® cell at 10 cm distance from
the light source (radiation power per surface unit around
23 x 1074 W cm_z). After irradiation 0.2 mL of each
linoleic acid dispersion was centrifuged and then added
with 0.1 mL of water, 0.2 mL of SDS (8.1% w/w), 1.5 mL
of phosphoric acid (1.0% w/w) and 1.0 mL of TBA (0.6%
w/w). The reaction mixtures were heated for 45 min in
water bath at 100 °C, then cooled in ice bath and finally
added with 4.0 mL of 1-butanol to extract the TBA-MDA-
TBA adduct. After centrifugation the absorbances were
measured at 535 nm. The MDA concentration in the
reaction medium (expressed as nmoles of MDA per mg of
linoleic acid) was calculated from the calibration curve of
1,1,3,3-tetracthoxypropane, a MDA precursor that as MDA
reacts with TBA to form a chromophore:

Absorbance = 7,098 x [1, 1,3, 3 — tetraethoxypropane]
+ 0.0304

The experiment was repeated in the presence of TiO,
nanoparticles (0.05% w/w) introduced through sonication
in SDS solutions (4.0% v/v) of linoleic acid (1.0% w/w)
containing Q (17.5 mM) and Q/ Me-f-CD (Q 17.5 mM),
respectively. An uncoated (Aeroxide P 25) and a coated
(UV-Titan M262) TiO, specimen were employed. All tests
and analyses above described were run in triplicate and
averaged.

Lipoperoxidation of porcine skin

To assess the UVA- and UVB-induced skin lipid peroxi-
dation, the formation of MDA in porcine ear skin was
evaluated in vitro through the TBA assay. Before the
experiments the skin previously frozen at —18 °C was pre-
equilibrated in 0.9% w/w saline solution added with
sodium azide to preserve the skin, at 25 °C for 30 min.
Each slice was further cut up in small pieces that were
mixed to overcome a possible variability among different
zones of the ear skin. The pieces (total weight around
2.4 g) were randomly allocated in Pyrex® cells, suspended
in O/W emulsion added with increasing concentration of Q
(3.5 and 17.5 mM) free or complexed with Me-f-CD and
UVA or UVB irradiated for 2 h. Porcine skin sample
without Q was used as blank. After UV irradiation the skin
pieces were dried under vacuum and then incubated for
16 h in 10.0 mL dichloromethane under magnetic stirring
to extract MDA. The organic solvent was then evaporated
under vacuum by a Rotavapor and the residue was recon-
stituted with 3.0 mL of 8.1% w/w SDS. An aliquot

(0.2 mL) of this dispersion was subjected to the TBA assay
by means of the same procedure reported above. The
experiment was repeated thrice.

Results and discussion
Molecular modelling

In previous studies we demonstrated that docking strategies
are in line with experimental results about the inclusion
complex of Trolox with Me-f-CD [40] and of resveratrol
with HP-$-CD [45]. In these papers, the CD molecule was
the receptor whereas Trolox and resveratrol were the
ligands, respectively. Here, in close analogy with the above
mentioned results, Q is the ligand, being Me-f-CD the
receptor. A cartoon of the most favourable pose of Q inside
the Me-f-CD cavity is shown in Fig. 1 and points out that
Q is deeply inserted in the CD cavity and bound to Me-
f-CD with a strong hydrogen bonding (most of the final 50
poses share a similar behaviour). This finding suggests that:
(i) the complex should guarantee the photostability of Q
because of the protective action made by Me-f-CD on the
central portion of the ligand; (ii) Q/Me-f-CD preserve the
antioxidant properties of Q as the OH groups are outside
the Me-f-CD cavity and thus easily accessible.

Solubility diagrams and stability constant

A quantitative investigation of the inclusion complexation
of Q with Me-f-CD was performed according to Higuchi
and Connors method [41]. The solubility diagram of Q at
increasing concentrations of Me-f-CD is reported in Fig. 2.
It was observed that the solubility of Q increased as the
concentration of Me-f-CD was increased, displaying an
A-type phase solubility diagram. The K was calculated
from the initial linear portion of the curve as early
described and was 434 M~'. The same order was reported
by Lucas-Abellan et al. [35] for the complex Q/f-CD

30
25
20
15

10

Quercetin (mM)

0 100 200 300 400 500 600
Me-B-CD (mM)
Fig. 2 Solubility curve of quercetin in aqueous solution at increasing

concentrations of Me-f-CD. Each bar represents the means + SD
obtained in three independent experiments (n = 3)
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whereas Kim et al. [38] observed a higher value for the
complex Q/DM--CD which resulted to be 7,024 M~".
These results are reflecting an enhancement of binding and
solubility of Q with an increase in substitution and
hydrophobicity of the CDs. In fact the degree of substitu-
tion of DM-f-CD is greater than that of Me-f-CD because
there are more methyl groups in DM--CD (M.S. = 2)
than in Me-f-CD (M.S. = 0.57).

DSC studies

The DSC thermograms gave further information about the
interaction between Q and Me-f-CD. Firstly, no signal was
observed below 300 °C (data not shown). DSC of free Q
displayed an endothermic peak at 322.70 °C while the
thermogram of Me-f-CD did not show any peak at this
temperature (Fig. 3). The disappearance of the melting
peak in the thermogram of the complex indicated the
presence of an interaction between the two specimens. In
fact the peak of Q was not detected since the crystalline
active molecule was inside the cavity of the cyclodextrin.

Photostability studies

Q absorbs radiation in the UVA region with a peak at
374 nm and as assessed in the literature it can undergo
photooxidation upon UV irradiation [46, 47]. The ability of
cyclodextrin to protect some active substances against
photodecomposition has been recently reported [48, 49]. In
order to investigate the protective effect of Me-f-CD on
the photodegradation of quercetin the irradiation tests were
performed separately on hydroalcoholic solutions of free
and complexed Q at the same concentration value
(3.5 x 107> M) and the results were then compared
(Fig. 4). Q/Me-B-CD degradation trend has also been
determined in water. It can be observed that Q degradation
increases with increasing irradiation time. It was also noted

| 1}
‘ =5 Q/Me-g-CD
g a2
= Me-B-CD
o 1
3 § _J_,,——
]
3 10 Quercetin
w
ﬁ A_J’/;
T 5
]

3D A2 M4 A6 B 320 @ A¥ 3B/ 18 330
Tetmperaiura (")

Fig. 3 DSC thermograms of Q, Me-f-CD and Q/Me-f-CD
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% not degraded Q

0 20 40 60 80 100 120
Irradiation time (min)

Fig. 4 Photodegradation kinetics of Q, free or complexed with
Me-f-CD, upon UVA irradiation. Each bar represents the mean + SD
obtained in three independent experiments (n = 3)

that the degradation of free Q is slightly faster than that of
complexed Q probably as a consequence of the protective
effect of Me-f-CD on the guest molecule. Our hypothesis
is that when Q was enclosed in the hydrophobic cavity it
experienced a more apolar environment that should par-
tially reduce the photolytic reaction. On the other hand a
small protective effect could be due to some screening
phenomena of CD particles for the passage of light to reach
the guest molecule. Moreover it was observed that the
degradation rate of complexed Q is slightly faster in water
than in ethanol/water (15/85 v/v). This finding is in
agreement with our previous studies [50, 51] according to
which by passing from a less polar medium to a more polar
medium, the photodegradation rate of the studied molecule
increases.

Antiradical activity

The reaction with 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH") is widely used for assessing the ability of poly-
phenols to transfer labile atoms to radicals, a common
mechanism of antioxidant protection [52]. This assay is
based on the reduction of DPPH radicals which causes an
absorbance decrease at 515 nm after acceptance of an
electron or hydrogen radical from an antioxidant com-
pound. Accordingly, in this study the antioxidant activity
of Q was evaluated from the DPPH® remaining when the
kinetics reached the steady state as a function of the molar
concentration of the antioxidant. Figure 5 illustrates that
the scavenging effect of Q increased with an increasing Q
concentration. Furthermore, comparison between free and
complexed Q evidences that the inclusion phenomenon
slightly reduce the antiradical activity of this compound.
Anyway the scavenging ability of Q/Me-$-CD can be
considered statistically significant.

Metal chelating activity

Transition metals such as cuprus ion, can stimulate lipid
peroxidation by generating hydroxyl radicals through
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Fig. 5 Antiradical activity of quercetin, free or complexed with
Me-f-CD, towards DPPH. Each bar represents the mean £ SD
obtained in three independent experiments (n = 3)

Fenton reaction [53] and by decomposing lipid hydroper-
oxides into peroxyl and alkoxyl radicals. We suggested that
Q may chelate the cuprus ions with hydroxyl groups. On
the other hand it was reported that the compounds with
structures containing at least two functional groups (—OH,
—SH, -COOH, -POsH,, -C=0, -NR,, -S and —-O-) in a
favourable structure-function can show metal chelating
activity [54]. In this study the chelating properties of Q,
either free or complexed with Me-f-CD, were compared to
verify if the inclusion in the cavity of the cyclodextrin
could interfere with this activity.

As shown in Fig. 6 the addition of increasing amounts of
Cu®" to 50 uM Q resulted in proportional increasing of the
metal chelating activity. The chelating capacity of com-
plexed Q slightly differed from that of free Q. In fact in the
presence of low amounts of Cu®" the chelating property of
Q/Me-f-CD was lower than that of free Q whereas in the
presence of higher concentration (>0.3 uM) the situation is
reversed.
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0 0.1

Fig. 6 Metal chelating activity of quercetin, free or complexed with
Me-f-CD, towards CuCl,. Each bar represents the mean &+ SD
obtained in three independent experiments (n = 3)

In vitro skin penetration

An essential requirement to ensure the effectiveness of Q
as topical antioxidant is its skin penetration. Accordingly,
the skin accumulation of Q and its percutaneous delivery
were assessed in an in vitro model of porcine ear skin as
previously described by Diembeck et al. [55]. The amount
of Q detected in the skin section on the Franz cell is
indicative of its penetration whereas the amount in the
receptor phase is indicative of its percutaneous delivery.
No Q was detected in the receptor phase which is an
advantage because the aim is the topical (not transdermal)
delivery of Q. Additionally, the data presented in Table 2
suggest that as compared to free Q, the complexation with
Me-f-CD slightly reduced the cutaneous retention of the
flavonoid in the skin model. However a substantial amount
of Q was penetrated in the skin from the complex at 24 h
post-application. Furthermore skin penetration of Q was
influenced by the donor vehicle. Particularly, the reduced Q
penetration from O/W emulsion relative to that presented
by SDS solution suggests that the surfactant may diffuse on
the skin surface and acts as enhancer increasing the parti-
tion of the molecule into the skin.

UVB-induced linoleic acid peroxidation

In the present study the effect of Q, free and complexed
with Me-f-CD, was evaluated toward the oxidation of
linoleic acid caused by UVB light. Figure 7 reports the
amount of MDA formed from the fatty acid (1.0% w/w in
4.0% w/w SDS, pH 5.0) in the presence of three different Q
concentrations (1.75, 3.5, 17.5 mM) upon 2 h of UVB
irradiation. Q displayed a protective effect against the
peroxidation phenomenon and this ability was dose-
dependent. In fact under these conditions the yield of MDA
appears to decrease with increasing Q concentration. A
similar result was observed in the presence of the complex
Q/Me-f3-CD at the same Q concentrations above reported,
even if in these systems the anti-lipoperoxidative property
was less pronounced probably because the availability of
complexed Q is minor than that of free Q. On the other
hand conflicting results have been reported in the literature
on the effect of cyclodextrin complexation on drug

Table 2 Amounts of Q (pg/cmz) accumulated in porcine ear skin
24 h after application

Donor phase Q (ng/em?)

Q in 5.0% w/w SDS 4.32 (£0.15)
Q/Me-f-CD in 5.0% w/w SDS 3.94 (£0.11)
Q in O/W emulsion 1.52 (£0.05)
Q/Me-f3-CD in O/W emulsion 0.91 (£0.03)
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Fig. 7 MDA (nmol/mg) derived from 1.0% w/w linoleic acid in
4.0% w/w SDS after 2 h of UVB irradiation in the absence and in the
presence of increasing quercetin concentrations (1.75, 3.5, 17.5 mM),
free or complexed with Me-f-CD. Each bar represents the
mean + SD obtained in three independent experiments (n = 3)

bioavailability [56]. Successively, this experiment was
repeated in the presence of two TiO, samples chosen on the
basis of the results previously reported by some of us [57].
The first sample, Aeroxide P 25, was chosen for its
pronounced photocatalytic activity and the other one,
UV-Titan M262 for its photoprotective effect assigned to
the presence of inorganic material in its coating [58]. Both
free and complexed Q were added to the linoleic acid
dispersions at the higher concentration (17.5 mM) since
was the most efficient to inhibit the peroxidation process.
As shown in Fig. 8, in the absence of quercetin, Aeroxide P
25 displayed a higher catalytic activity compared to
UV-Titan M262. This finding confirms that the presence of
inorganic material in the coating reduce the photocatalytic
degradation operated by the titania nanoparticles. More-
over, Q had a pronounced protective effect toward lipid

180 7
160
140
1204
100
80 -
60 -
40

20

MDA (nmol/mg of linoleic acid)

o
L

no TiO2 Aeroxide P 25 UV-Titan M262

| OnoQ mMQ OQ/Me-B-CD

Fig. 8 MDA (nmol/mg) derived from 1.0% w/w linoleic acid in
4.0% w/w SDS after 2 h of UVB irradiation without or with 17.5 mM
quercetin (free or complexed), in the absence and in the presence of
two TiO, specimens (0.05% w/w). Each bar represents the
mean £ SD obtained in three independent experiments (n = 3)

@ Springer

peroxidation both with linoleic acid alone and in the
presence of the two specimens of TiO,. Note that a high
inhibition of lipoperoxidation was observed also with the
complex Q/Me-f-CD further confirming that the com-
plexation phenomenon does not prevent the antioxidant
activity of Q neither in the presence of photocatalytic
phenomena.

Lipoperoxidation of porcine skin

The protective effect of Q on the UV-induced peroxidation
was then evaluated on porcine ear skin, a more complex
substrate than pure linoleic acid and considered to be the
closest to human skin [59]. Figures 9 and 10 report the
values of MDA formed from the skin samples suspended in
O/W emulsion irradiated for 2 h under the UVA lamp or
the UVB lamp, respectively. The presence of Q was found
to inhibit the lipoperoxidation of the skin induced by UV
irradiation under both the light sources. At the highest
concentration of the antioxidant tested a high inhibition of
lipoperoxidation was observed. It can be also noted that Q
presents a significative anti-lipoperoxidative activity also
when it is complexed with Me-f-CD.

Conclusions

In this paper an inclusion complex between quercetin and
Me-f-CD was investigated. Computational studies, phase
diagrams and DSC thermograms suggested the formation
of the inclusion complex. The present investigation
underlines the possibility of increasing the solubility of
quercetin by including it in Me-f-CD. Nevertheless it was
found that the location of quercetin inside the cavity of the

1804
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Fig. 9 MDA (nmol/mg) derived from porcine skin samples in O/W
emulsion after 2 h of UVA irradiation in the absence and in the
presence of increasing quercetin concentrations (3.5, 17.5 mM), free
or complexed with Me-f-CD. Each bar represents the means £ SD
obtained in three independent experiments (n = 3)
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Fig. 10 MDA (nmol/mg) derived from porcine skin samples in O/W
emulsion after 2 h of UVB irradiation in the absence and in the
presence of increasing quercetin concentrations (3.5, 17.5 mM), free
or complexed with Me-f-CD. Each bar represents the mean £+ SD
obtained in three independent experiments (n = 3)

host molecule slightly reduce its photodegradation without
significatively limiting its antioxidant, antiradical and
metal chelating properties. Furthermore in vitro studies
performed on Franz diffusion cells demonstrated that the
complexation phenomenon does not inhibit the accumula-
tion of quercetin in porcine skin. In conclusion the for-
mation of Me-f-CD inclusion complex with quercetin
provides an indication that it may have potential as carrier
for active flavonoids.

References

1. Halliwell, B., Gutteridge, J.M.: Free radicals, ageing and disease.
In: Free Radicals in Biology and Medicine. 2nd edn, pp. 446-493.
Clarendon Press, Oxford University Press (1989)

2. Korkina, L.G., Afanas’ev, I.B.: Antioxidant and chelating prop-
erties flavonoids. Adv. Pharmacol. 38, 151-163 (1997)

3. Ho, C.T., Chen, Q., Shi, H., Zhang, K.Q., Rosen, R.T.: Antiox-
idative effect of polyphenol extract prepared from various Chi-
nese teas. Prev. Med. 21, 520-525 (1992)

4. van het Hof, K.H., Wiseman, S.A., Yang, C.S., Tijburg, L.B.M.:
Plasma and lipoprotein of tea catechins following repeated tea
consumption. Proc. Soc. Exp. Biol. Med. 220, 203-209 (1999)

5. Pietta, P.G.: Flavonoids as antioxidants. J. Nat. Prod. 63,
1035-1042 (2000)

6. Beret, A., Cazenave, J.P.: The effect of flavonoids on blood—
vessel wall interactions. In: Cody, V., Middleton, E., Harborne,
J.B., Beretz, A. (eds.) Plant Flavonoids in Biology and Medicine
II: Biochemical, Cellular and Medicinal Properties, pp. 187-200.
Alan R. Liss. Inc., New York (1988)

7. Manthey, J.A., Guthrie, N., Grohmann, R.: Biological properties
of citrus flavonoids pertaining to cancer and inflammation. Curr.
Med. Chem. 8, 133-153 (2001)

8. Ohshima, H., Yoshie, Y., Auriol, S., Gilibert, I.: Antioxidant and
pro-oxidant actions of flavonoids: effect on DNA (peroxynitrite
and nitroxyl anion). Free Radic. Biol. Med. 25, 1057-1065
(1998)

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Aviram, M., Fuhrman, B.: Effects of flavonoids on the oxidation

of low-density lipoprotein and atherosclerosis. In: Rice-Evans,
C.A., Packer, L. (eds.) Flavonoids in Health and Disease, 2nd
edn. Revised and Expanded, pp. 165-203. Marcel Dekker Inc.,
New York (1998)

Kandaswami, C., Middleton, E.: Flavonoids as antioxidants. In:
Shahidi, F. (ed.) Natural Antioxidant Chemistry Health Effects
and Practical Applications, pp. 174-194. AOCS Press, Cham-
paign, IL (1997)

Rice-Evans, C.A., Miller, N.J., Paganga, G.: Structure-antioxi-
dant activity relationships of flavonoids and phenolic acids. Free
Radic. Biol. Med. 20(7), 933-956 (1996)

Sahu, S.C., Green, S.: Food antioxidants: their dual role in car-
cinogenesis. In: Baskin, S., Salem, H. (eds.) Oxidants, Antioxi-
dant and Free Radicals, pp. 328-330. Taylor and Francis,
Washington (1997)

Afanos’ev, B., Dorozhko, A.L, Brodskii, A.V., Kostyuk, A.,
Potapovitech, A.L.: Chelating and free scavenging mechanism of
inhibitory action of rutin and quercetin in lipid peroxidation.
Biochem. Pharmacol. 38, 1763-1769 (1989)

Potapovich, A.IL, Kostyuk, V.A.: Comparative study of antioxi-
dant properties of cytoprotective activity of flavonoids. Bio-
chemistry (Mosc.) 68, 514-519 (2003)

Tsimogiannis, D.I., Oreopoulou, V.: Free radical scavenging and
antioxidant activity of 5,7,3’,4’-hydroxy-substituted flavonoids.
IFSET 5, 523-528 (2004)

. Jovanovic, S.V., Steenken, S., Hara, Y., Simic, M.G.: Reduction

potentials of flavonoids and model phenoxyl radicals which ring
in flavonoids is responsible for antioxidant activity? J. Chem.
Soc. Perkin Trans. 2, 2497-2504 (1996)

Hendricks, S.B., Borthwick, H.A.: The physiological functions of
phytochrome. In: Goodwin, T.W. (ed.) Chemistry and Bio-
chemistry of Plant Pigments, pp. 405-436. Academic Press,
London (1965)

Coohill, T.P.: Action spectroscopy: ultraviolet radiation. In:
Horspool, W.M., Song, P.S. (eds.) CRC Handbook of Organic
Photochemistry and Photobiology, pp. 1267-1275. CRC Press,
Boca Raton (1995)

Bouhamidi, R., Prévost, V., Nouvelot, A.: High protection by
grape seed proanthocyanidins (GSPC) of polyunsaturated fatty
acids against UV-C induced peroxidation. Life Sci. 321, 31-38
(1998)

Greenspan, H.C., Aruoma, O.L.: Oxidative stress and apoptosis in
HIV infection: a role for plant-derived metabolites with syner-
gistic antioxidant activity. Immunol. Today 15, 209-213 (1994)
Yuting, C., Rongliang, Z., Zhongjian, J., Yong, J.: Flavonoids as
superoxide scavengers and antioxidants. Free Radic. Biol. Med.
9, 19-21 (1990)

Pinelo, M., Manzocco, L., Nunez, M.J., Nicoli, C.: Solvent effect
on quercetin antioxidant capacity. Food Chem. 88, 201-207
(2004)

Nicoli, M.C., Calligaris, S., Manzocco, L.: Effect of enzymatic
and chemical oxidation on the antioxidant capacity of catechin
model systems and apple derivatives. J. Agric. Food Chem. 48,
4576-4580 (2000)

Calabro, M.L., Tommasini, S., Donato, P., Raneri, D., Stanca-
nelli, R., Ficarra, P., Ficarra, R., Costa, C., Catania, S., Rus-
tichelli, C., Gamberini, G.: Effects of o- and f-cyclodextrin
complexation on the physico-chemical properties and antioxidant
activity of some 3-hydroxyflavones. J. Pharm. Biomed. Anal. 35,
365-377 (2004)

Ficarra, R., Ficarra, P., Tommasini, S., Campagna, S., Guglielmo,
O.: Photochemistry of flavonoids solvent effect on photochemical
behaviour of 3-hydroxyflavone. Boll. Chim. Farm. 133, 665-669
(1994)

@ Springer



90

J Incl Phenom Macrocycl Chem (2011) 70:81-90

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Falkovskaia, E., Sengupta, P.K., Kasha, M.: Photophysical
induction of dual fluorescence of quercetin and related hydrox-
yflavones upon intermolecular H-bonding to solvent matrix.
Chem. Phys. Lett. 297, 109-116 (1998)

Rezende, B.A., Cortes, S.F., De Sousa, F.B., Lula, I.S., Schmitt,
M., Sinisterra, R.D., Lemos, V.S.: Complexation with f-cyclo-
dextrin confers oral activity on the flavonoid dioclein. Int.
J. Pharm. 367, 133-139 (2009)

Alvarez-Parrilla, E., De La Rosa, L.A., Torres-Riva, F., Rodrigo-
Garcia, J., Gonzalez-Aguilar, G.A.: Complexation of apple anti-
oxidants: chlorogenic acid, quercetin and rutin by f-cyclodextrins.
J. Incl. Phenom. Macrocycl. Chem. 53, 121-129 (2005)
Loftsson, T., Brewster, M.E.: Pharmaceutical applications of
cyclodextrins. Drug solubilization and stabilization. J. Pharm.
Sci. 85, 1017-1025 (1986)

Mielcarek, J.: Photochemical stability of the inclusion com-
plexes formed by modified 1,4-dihydropyridine derivatives with
p-cyclodextrin. J. Pharm. Biomed. Anal. 15, 681-686 (1997)
Sortino, S., Scaiano, J.C., De Guidi, G., Monti, S.: Effect of
p-cyclodextrin complexation on the photochemical and photo-
sensitizing properties of tolmetin: a steady state and time resolved
study. Photochem. Photobiol. 70, 549-556 (1999)

Scalia, S., Villani, S., Casolari, A.: Inclusion complexation of the
sunscreen agent 2-ethylhexyl-p-dimethylaminobenzoate with
hydroxypropyl-f-cyclodextrin: effect on photostability. J. Pharm.
Pharmacol. 51, 1367-1374 (1999)

Albini, A., Fasani, E.: Photochemistry of drugs: an overview and
practical problems. In: Albini, A., Fasani, E. (eds.) Drugs: pho-
tochemistry and photostability, pp. 1-74. The Royal Society of
Chemistry, Cambridge, UK (1998)

Tommasini, S., Calabro, M.L., Donato, P., Raneri, D., Guglielmo,
G., Ficarra, P., Ficarra, R.: Comparative photodegradation studies
on 3-hydroxyflavone: influence of different media, pH and light
sources. J. Pharm. Biomed. Anal. 35, 389-397 (2004)
Lucas-Abellan, C., Fortea, 1., Gabaldon, J.A., Nufez-Delicado,
E.: Encapsulation of quercetin and myricetin in cyclodextrins at
acidic pH. J. Agric. Food Chem. 56, 255-259 (2008)

Yu, Z., Cui, M., Yan, C., Song, F., Liu, Z., Liu, S.: Investigation
of heptakis (2,6-di-O-methyl)-fS-cyclodextrin inclusion com-
plexes with flavonoid glycosides by electrospray ionization mass
spectrometry. Rapid Commun. Mass Spectrom. 21, 683-690
(2007)

Jullian, C., Moyano, L., Yafiez, C., Olea-Azar, C.: Complexation
of quercetin with three kinds of cyclodextrins: an antioxidant
study. Spectrochim. Acta A 67, 230-234 (2007)

Kim, H., Choi, J., Jung, S.: Inclusion complexes of modified
cyclodextrins with some flavonols. J. Incl. Phenom. Macrocycl.
Chem. 64, 43-47 (2009)

MOE: version 2008.10, Chemical Computing Group, Montreal,
QC, Canada. http://www.chemcomp.com/ (2008)

Sapino, S., Trotta, M., Ermondi, G., Caron, G., Cavalli, R.,
Carlotti, M.E.: On the complexation of trolox with methyl-f-
cyclodextrin: characterization, molecular modelling and photo-
stabilizing properties. J. Incl. Phenom. Macrocycl. Chem. 62,
179-186 (2008)

Higuchi, T., Connors, A.: Phase solubility techniques. Adv. Anal.
Chem. Instrum. 4, 117-212 (1965)

Brand-Williams, W., Cuvelier, M.E., Berset, C.: Use of a free
radical method to evaluate antioxidant activity. Food Sci. Tech-
nol. 28, 25-30 (1995)

@ Springer

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

Jang, S., Xu, Z.: Lipophilic and hydrophilic antioxidants and their
antioxidant activities in purple rice bran. J. Agric. Food Chem.
57, 858-862 (2009)

Bay, B.-H., Lee, Y.-K., Tan, B.K.-H., Ling, E.-A.: Lipid perox-
idative stress and antioxidative enzymes in brains of milk-sup-
plemented rats. Neurosci. Lett. 277, 127-133 (1999)

Sapino, S., Carlotti, M.E., Caron, G., Ugazio, E., Cavalli, R.: In
silico design, photostability and biological properties of the
complex resveratrol/hydroxypropyl-f-cyclodextrin. J. Incl. Phe-
nom. Macrocycl. Chem. 63, 171-180 (2009)

Christoff, M., Toscano, V.G., Baader, W.J.: Influence of methoxy
substitution on flavonoid photophysics: a steady state and laser
flash photolysis study. J. Photochem. Photobiol. A Chem. 101,
11-20 (1996)

Smith, G.J., Thomsen, S.J., Markham, K.R., Andary, C., Cardon,
D.: The photostabilities of natural occurring 5-hydroxyflavone,
flavonols, their glycosides and their aluminium complex. J. Pho-
tochem. Photobiol. A Chem. 136, 87-91 (2000)

Bayomi, M.A., Abanumay, K.A., Al-Angary, A.A.: Effect of
inclusion complexation with cyclodextrins on photostability of
nifedipine in solid state. Int. J. Pharm. 243, 107-117 (2002)
Godwin, D.A., Wiley, C.J., Felton, L.A.: Using cyclodextrin
complexation to enhance secondary photoprotection of topically
applied ibuprofen. Eur. J. Pharm. Biopharm. 62, 85-93 (2006)
Carlotti, M.E., Sapino, S., Vione, D., Pelizzetti, E., Trotta, M.:
Photostability of trolox in water/ethanol, water and Oramix
CGl110, in the absence and in the presence of TiO,. J. Dispers.
Sci. Technol. 25, 193-207 (2004)

Carlotti, M.E., Sapino, S., Vione, D., Minero, C., Peira, E.,
Trotta, M.: Study on the photodegradation of salicylic acid in
different vehicles in the absence and in the presence of TiO,.
J. Dispers. Sci. Technol. 28, 805-818 (2007)

Murias, M., Jager, W., Handler, N., Erker, T., Horvath, Z.,
Szekeres, T., Nohl, H., Gille, L.: Antioxidant, prooxidant and
cytotoxic activity of hydroxylated resveratrol analogues: struc-
ture—activity relationship. Biochem. Pharmacol. 69, 903-912
(1995)

Goldstein, S., Meyerstein, D., Czapski, G.: The Fenton reagents.
Free Radic. Biol. Med. 15, 435-445 (1993)

Giil¢in, I.: Antioxidant activity of caffeic acid (3,4-dihydroxy-
cinnamic acid). Toxicology 217, 213-220 (2006)

Diembeck, W., Beck, H., Benech-Kieffer, F., Courtellemont, P.,
Dupuis, J., Lowell, W., Paye, M., Spengler, M., Steiling, W.: Test
guidelines for in vitro assessment of dermal absorption and per-
cutaneous penetration of cosmetic ingredients. Food Chem.
Toxicol. 37, 191-205 (1999)

Loftsson, T., Stefansson, E.: Effect of cyclodextrins on topical
drug delivery to the eye. Drug Dev. Ind. Pharm. 23, 473-481
(1997)

Carlotti, M.E., Ugazio, E., Gastaldi, L., Sapino, S., Vione, D.,
Fenoglio, I., Fubini, B.: Specific effects of single antioxidants in
the lipid peroxidation caused by nano-titania used in sunscreen
lotions. J. Photochem. Photobiol. B Biol. 96, 130-135 (2009)
Carlotti, M.E., Ugazio, E., Sapino, S., Fenoglio, I., Greco, G.,
Fubini, B.: Role of particle coating in controlling skin damage
photoinduced by titania nanoparticles. Free Radic. Res. 43,
312-322 (2009)

Jacobi, U., Kaiser, M., Toll, R., Mangelsdorf, S., Audring, H.,
Otberg, N., Sterry, W., Lademann, J.: Porcine ear skin: an in vitro
model for human skin. Skin Res. Technol. 13, 19-24 (2007)


http://www.chemcomp.com/

	On the complexation of quercetin with methyl- beta -cyclodextrin: photostability and antioxidant studies
	Abstract
	Introduction
	Materials
	Apparatus
	Methods
	Molecular modelling
	3D structures
	Docking

	Analysis of quercetin
	Inclusion complex preparation
	Inclusion complex characterisation
	Solubility diagram and stability constant
	DSC studies

	Preparation of O/W emulsion
	Photostability studies
	Antiradical activity
	Metal chelating activity
	In vitro skin penetration
	UVB-induced linoleic acid peroxidation
	Lipoperoxidation of porcine skin

	Results and discussion
	Molecular modelling
	Solubility diagrams and stability constant
	DSC studies
	Photostability studies
	Antiradical activity
	Metal chelating activity
	In vitro skin penetration
	UVB-induced linoleic acid peroxidation
	Lipoperoxidation of porcine skin

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


