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Quercetin-PVP K25 solid dispersions

Preparation, thermal characterization and antioxidant activity

Ana Rita de Mello Costa  Flavia Silva Marquiafavel - Mirela Mara de Oliveira Lima Leite Vaz -
Bruno Alves Rocha - Paula Carolina Pires Bueno * Pedro Luiz M. Amaral -

Hernane da Silva Barud - Andresa Ap. Berreta-Silva

Received: 5 July 2010/ Accepted: 30 September 2010/ Published online: 22 October 2010

© Akadémiai Kiado, Budapest, Hungary 2010

Abstract Quercetin is a flavonoid very well studied and
has already entered clinical trials emerging as prospective
anticancer drug candidate. In addition, quercetin has being
reported to its free-radical scavenging activity and suggests
potential uses for the prevention and treatment of pathol-
ogies as atherosclerosis, chronic inflammation, and others.
However, quercetin is sparingly soluble in water, which
may be responsible for its limited absorption upon oral
administration. The solid dispersion of quercetin with
polyvinylpyrrolidone Kollidon® 25 (PVP K25) suggests an
interesting way to increase quercetin solubility, antioxidant
activity, and consequently bioavailability. Then, the pur-
pose of this study was to prepare solid dispersions of
quercetin with PVP K25 and evaluate their thermal char-
acterization, antioxidant activity and quercetin improve-
ment solubility. For this purpose, quercetin-PVP K25
solutions were dried and quercetin-PVP K25 solids were
obtained. The formation of quercetin-PVP K25 solid dis-
persion was evaluated by solubility studies, powder X-ray
diffraction (XRD), fourier transform infrared spectroscopy
(FT-IR), differential scanning calorimetry (DSC), thermo-
gravimetry (TG), and antioxidant activity. It was observed
that PVP K25 was able to provide quercetin clear aqueous
solutions and that quercetin solubility was increased in a
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PVP K25 concentration dependent manner, improving
solubility even 436-fold the pure quercetin. The results
obtained with XRD, FT-IR, DSC, and TG demonstrated
possible quercetin-PVP K25 solid dispersion formation.
Besides, the antioxidant activity of the quercetin-PVP K25
solid dispersions dissolved in aqueous solution and pure
quercetin dissolved in methanol showed ICs, value of
0.61 £ 0.03 and 1.00 & 0.02 pg/mL, respectively, dem-
onstrating that the solid dispersions presented a significant
increase in antioxidant activity (P < 0.05). Putting results
together, it was possible to conclude there was the for-
mation of quercetin-PVP K25 solid dispersion.

Keywords Quercetin - Polyvinylpyrrolidone -
Thermal characterization - Antioxidant activity

Introduction

In recent years, there has been an intensive researcher’s
interest in evaluating and standardizing natural/herbal
extracts and compounds obtained from natural sources and
the antioxidant activity is one of the several ways to
evaluate and standardize them [1]. Quercetin (Fig. 1) and
other flavonoids are related to their free-radical scavenging
activity and suggest their antioxidant activity being focused
on their potential uses for the prevention and treatment of
related oxidative pathologies such as atherosclerosis, can-
cer, and chronic inflammation [4-9]. Quercetin is very well
studied and has already entered clinical trials emerging as
prospective anticancer drug candidate [10-12]. It belongs
to a large group of naturally occurring flavonoid com-
pounds found in plants, foods, and beverages. Flavonoids
represent a sub-group of intensely colored polyphenolic
phytochemicals. They contribute to plant color, providing a
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Fig. 1 The chemical structure of quercetin (3, 3', 4/, 5, 7-
pentahydroxylflavone)

spectrum of colors from red to blue in flowers, fruit and
leaves. Due to some interesting health-benefiting proper-
ties, flavonoids are widely examined in terms of chemistry
as well as biological activity. The antioxidant, antitumor,
and antibacterial activity of flavonoids is the focus of the
attention of many researchers in pharmaceutical and
medicine chemistry [4, 9-14].

However, quercetin is sparingly soluble in water, which
may be responsible for its limited absorption upon oral
administration [2—4, 6, 9]. The pharmacokinetics of quer-
cetin demonstrated that after oral administration no mea-
surable plasma concentrations could be detected and no
quercetin was found in urine, neither unchanged nor in a
metabolized form. These results exclude absorption of
more than 1% of unchanged drug [15]. Therefore, it is
interesting to develop novel quercetin soluble formulations
in order to improve its bioavailability.

To improve solubility of little soluble molecules and to
control their enhancing, there are several techniques like
the obtainment of nanoparticles, liposomes, microspheres,
microemulsions, cyclodextrin, and polyvinylpyrrolidone
complexation. However, the complexation with cyclodex-
trin is associated with a risk of nephrotoxicity and
employing liposome might incur stability problems during
storage [16]. Therefore, it is clear that a safe, stable, and
efficient delivery system is necessary to assure that the
increasing of quercetin solubility be warranted.

The polyvinylpyrrolidone Kollidon® 25 (PVP K25) is a
polymer used to improve the solubility and bioavailability
of little soluble molecules [17-21]. The soluble grades of
Kollidon® are obtained by free-radical polymerization of
vinylpyrrolidone in water or isopropanol according to the
cGMP regulations, yielding the chain structure of polyvi-
nylpyrrolidone, showed in Fig. 2.

The complexation of quercetin with PVP suggests an
interesting way of increasing quercetin solubility, antioxi-
dant activity, and consequently bioavailability. Then, the
purpose of this study was to prepare solid dispersions of
quercetin with PVP K25 and evaluate their thermal charac-
terization, antioxidant activity, and quercetin improvement
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Fig. 2 The chemical structure
of polyvinylpyrrolidone
(Kollidon®)

solubility. For this purpose, quercetin-PVP K25 solutions
were dried and quercetin-PVP K25 solids were obtained.

Materials and methods
Preparation of solid dispersion

The quercetin sample (lot number MM 2-6003) was
courtesy of Merck® and PVP K25 (Polyvinylpyrrolidone
Kollidon 25)—molecular mass between 28,000 and
34,000 g/mol—(lot number 28764336W) was courtesy of
Basf®. All other chemicals and solvents were analytical
grade and recent distilled water.

For the preparation of quercetin-PVP K25 aqueous
solution, constant and excess amount of quercetin (5 mg/g)
were added to increasing concentrations of PVP K25
solutions, ranging from 1.3 to 47.4% m/m, in dibasic/
monobasic sodium phosphate buffer (0,1 M, pH = 7,0).
The preparations were maintained at 200 rpm using a
magnetic stirrer, at a controlled temperature of 323 K
during 24 h. Soon after, samples were filtered through a
0.45 pm cellulose filter to obtain the aqueous solution. The
dried samples were obtained by carefully evaporating the
water at 323 K. Physical mixtures were prepared in the
same proportions. The quercetin-PVP K25 solid disper-
sions were analyzed by X-ray diffraction (XRD), Fourier
transform infrared (FTIR), differential scanning calorime-
try (DSC), and thermogravimetry (TG).

X-Ray diffraction

X-rays diffraction patterns were obtained using a Kristal-
loflex Simens Diffractometer with a Ni filter and CuKo
radiation, step pass of 0.02° and a step time of 3 s, from 4
to 70° (20 angle).

Fourier transform infrared spectroscopy

The FT-IR spectra for all dried samples were obtained on a
PerkinElmer Spectrum 1000 FT-IR Spectrophotometer.
Pellets were prepared from mixtures of the samples and
KBr (1:100 in weight mass). Scans were done at a reso-

lution of 4 cm™".
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Thermogravimetry

The TG curves were obtained from SDT equipment from
TA Instruments. The conditions used in the experiments
were: nitrogen atmosphere at a flow rate of 50 mL min ™',
heating rate of 283 K min~' from 283 to 873 K and alu-

mina pans.
Differential scanning calorimetry

The DSC curves were obtained from ambient temperature
to 673 K from DSC equipment, model Q600 from TA
Instruments using a sealed aluminum pan under a nitrogen
atmosphere (50 mL min~') and a heating rate of
283 K min~'. The instrument was calibrated (temperature
and enthalpy) using the indium standard.

Solubility studies

The solubility studies were to quantify the quercetin con-
tent that was able to be solubilized by different concen-
trations of PVP K25 and compare to the pure quercetin
content in aqueous solution. The quantitative analyses for
determination of quercetin content were obtained accord-
ing to the methodology developed by [22, 23]. For that,
UV-spectrophotometry was used (Shimadzu UV min-1240)
at the wavelength of 425 nm. The several samples were
diluted with methanol to the linear range previously
determined. Then, they were reacted with aluminum
chloride and, after 30 min reaction, samples were analyzed.
The quercetin content was calculated against an analytical
curve of the quercetin standard prepared under the same
conditions.

Antioxidant activity

The antioxidant activity was evaluated by the DPPH
methodology [24]. For that, a series of concentration of
pure quercetin was dissolved in methanol. The quercetin-
PVP K25 solid dispersion was dissolved in distilled water
to obtain 50 pg/mL of quercetin content. For the reaction
solution was added 1 mL of acetate buffer 0.1 M pH =
5.5, 1 mL of ethanol, 1 mL of DPPH solution 125 M, and
50 pL of the sample. The reaction solutions were incubated
and protected of light at room temperature for 30 min. The
absorbance was measured in UV-vis spectrophotometer at
517 nm. The percentage of inhibition of DPPH for each
sample was calculated according to the following equation:

Abss7 control — Abss;7 sample

% inhibition =
Abss7 control

The concentration of 50% of inhibition of DPPH (ICs()
was determined and used to compare the antioxidant

activity. All the determinations were performed in tripli-
cate. The r-Student test was used to calculate statistical
significance (P = 0.05).

Results and discussion
X-Ray diffraction

Diffractograms patterns presented in Fig. 3 refers to the
quercetin, PVP K25, quercetin-PVP K25 solid dispersion,
and physical mixture. Quercetin, Fig. 3a, shows crystalline
nature, which is confirmed by sharp peaks on 14, 26.5, 27.3
and 44.1 in 20 angle [25, 26]. PVP K25 is described in
literature as predominantly amorphous polymer, as
observed in Fig. 3b. In the diffractograms Fig. 3c—e and f
quercetin peaks are absent, suggesting quercetin is well
dispersed in PVP K25 in the solid dispersions, in physical
mixtures. X-Ray diffraction shows that quercetin crystals
were converted into microcrystalline or amorphous forms
[27].

Fourier transform infrared spectroscopy

The infrared spectra of quercetin, PVP K25, solid disper-
sions and physical mixtures are shown in Fig. 4. The bands
of quercetin were visible on their spectra and also in
physical mixture and solid dispersions on the spectra were
maintained, becoming more or less intense as the concen-
tration of the polymer varies. Pure quercetin, Fig. 4a,

Intensity/a.u.

20/°

Fig. 3 DRX samples: a quercetin; b PVP K25; ¢ quercetin-PVP K25
physical mixture 50:1; d quercetin-PVP K25 physical mixture 108:1;
e quercetin-PVP K25 solid dispersion 50:1; f quercetin-PVP K25
solid dispersion 108:1
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Fig. 4 FTIR spectra of: a quercetin; b PVP K25; ¢ quercetin-PVP
K25 physical mixture 50:1; d quercetin-PVP K25 physical mixture
108:1; e quercetin-PVP K25 solid dispersion 50:1; f quercetin-PVP
K25 solid dispersion 108:1

shows specific bands in 1664 and 3560 cm ™', referring to
carbonylic stretching (C=0) groups and O-H stretching,
respectively [26]. PVP K25 has specific bands in 1400 up
to 1680 cm ™", relative to amide groups stretching [25], and
which represents high intermolecular binds, lead of the
large absorption peak evident at 1668 cm ™" in Fig. 4b [28],
which corresponds to a mixing band of C=0 and C-N
stretching vibrations [25]. It can be viewed in spectra of
quercetin-PVP K25 physical mixture 50:1 and 108:1,
Fig. 4c and d, a similar behavior as pure PVP K25, mainly
due to the large amounts of PVP K25 in this sample.
Quercetin-PVP K25 solid dispersion 50:1, Fig. 4e, shows
less amplitude peak at 1660 cm™~' and changes in this
absorption interval, but no other important consideration
can be assigned. Meanwhile, quercetin-PVP K25 solid
dispersion 108:1 spectra, Fig. 4f, shows abroad shift peak
on 1660 cm_l, due to the fact that PVP K25 is more
concentrated in the sample. The changes of the, Fig. 4f,
spectra provide us the hypothesis of solid dispersion for-
mation, to verify the other analysis.

All the samples of quercetin-PVP K25 mixture showed
less expressive peaks on OH stretching, suggesting the
formation of hydrogen bonding between carbonyl groups
presents in PVP K25, more specifically pyrrolidone ring
and phenols aromatic group presents on quercetin [26].

Thermal behavior

The TG and DSC curves are shown in Figs. 5 and 6,
respectively, for the samples quercetin, PVP K25, querce-
tin-PVP K25 solid dispersion, and physical mixture.
Quercetin shows a mass loss (around 5%), Fig. 5a that
occurs from ambient temperature up to 423 K. This event
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Fig. 5 TG of the samples: a quercetin; b PVP K25; ¢ quercetin-PVP
K25 physical mixture 50:1; d quercetin-PVP K25 physical mixture
108:1; e quercetin-PVP K25 solid dispersion 50:1; f quercetin-PVP
K25 solid dispersion 108:1
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Fig. 6 DSC of the samples: a quercetin; b PVP K25; ¢ quercetin-PVP
K25 physical mixture 50:1; d quercetin-PVP K25 physical mixture
108:1; e quercetin-PVP K25 solid dispersion 50:1; f quercetin-PVP
K25 solid dispersion 108:1

is attributed to surface water evaporation. The thermal
decomposition of quercetin starts at about 523 K, and a
great event involving mass loss (55%) was observed in the
temperature range 523-873 K. DSC curve for quercetin,
(Fig. 6) curve a, shows a sharp endothermic peak around
601 K, due to its melting, and an exothermic peak near
617 K, which refers to its decomposition [29].

According to the TG curve, Fig. 5b, PVP K25 has two
events involving mass loss, the first one occurs 298-423 K
due to water loss, and the second event beginning at 663 K
assigned to the polymer decomposition. These events are
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confirmed in DSC curve, Fig. 6b, by an endothermic peak
near 373 K, and an exothermic peak near 613 K [28, 30, 31].

The TG curves for all quercetin-PVP K25 show a sim-
ilar profile as compared to pure PVP K25. TG and DSC
curves of quercetin-PVP K25 suggest that quercetin is well
dispersed in PVP K25. This hypothesis is confirmed as
DSC curves, as shown in Fig. S5c—e, which revealed an
absence of fusion peaks characteristic of the pure quercetin
[28, 31]. According to TG and DSC curves of quercetin-
PVP K25 systems, from Figs. S5c—e and 6¢c—e, the obtained
materials present a thermal stable profile, which is closed
to the thermal decompositions of pure PVP K25, showing
that the presence of quercetin do not interfere the thermal
profile of the PVP K25. These data strongly suggest a good
interface between PVP K25 and quercetin.

Solubility studies

The quercetin-PVP K25 aqueous solutions obtained were
clear and bright yellow. The visual aspect showed that the
PVP K25 made quercetin more soluble being an evidence
of solid dispersion formation. As showed in Fig. 7, the
increase of quercetin solubility happened as a PVP K25
concentration dependent manner. In a 47% m/m PVP K25
concentration, the quercetin solubility improvement was
436-fold the pure quercetin (Fig. 7).

These results were consistent with the literature [3, 25].
The former presented that PVP K30 was able to improve
PVP/aglycone flavonoids solubility and the latter found
that 20% m/v PVP K30 solution was able to improve 200-
fold quercetin solubility at 293 K compared to the pure
quercetin. Besides, the quercetin increasing solubility was
a PVP K30 concentration dependent manner probably
explained by a decrease of the interfacial tension between
quercetin and the dissolving solution.
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Fig. 7 Quercetin content and quercetin solubility improvement by
the different concentrations of PVP K25 (% w w™') in aqueous
solution, 313 K
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Fig. 8 Percentage of inhibition of the DPHH radical for different
concentrations of pure quercetin. Results are represented by means
+SEM

Antioxidant activity

The scavenging activity of the DPPH radical is a very
simple method, which is currently used in laboratory, due
to its rapidity and low costs. DPPH is a stable free radical
that potentially reacts with the compounds able to donate
H™, generating a deep violet solution in organic solvents.
Its progressive discoloration, when in the presence of
quercetin, indicated that it is acting as an antioxidant.
Furthermore, since the mechanism of DPPH reduction is
known, the amount of both reagents remaining may be
determined. The rate of the DPPH scavenging reaction was
measured by monitoring the decrease in absorbance at
517 nm, which corresponds to a second order decay [6].

The inhibition concentration of 50% of DPPH (ICs)
obtained in the present study to pure quercetin dissolved in
methanol was 1,0 &+ 0,02 pg/mL (Fig. 8) and ICsy of the
quercetin-PVP K25 solid dispersion dissolved in aqueous
solution was 0,61 = 0,03 pg/mL, showing that the solid
dispersion had a significantly higher antioxidant activity
than the pure quercetin (P < 0.05). It was interesting when
the results of the present study were compared to the
obtained by [16], where quercetin-loaded nanoparticle was
prepared by a nanoprecipitation technique with Eudragit®
E (EE) and polyvinyl alcohol (PVA) as carriers. In that study,
the antioxidant effects of quercetin in DMSO, quercetin in
water and finally quercetin nanoparticles were studied by
DPPH scavenging method and the results (ICsg) were
4.24 + 0.48, 3746.99 £+ 611.68, and 7.04 &+ 0.85 pg/mL,
respectively, showing that the quercetin-PVP K25 solid
dispersion proposed in this work presented excellent DPPH
radical scavenge activity and higher than the quercetin
nanoparticles, suggesting that a simpler technique used here
furnished a better antioxidant result.

@ Springer



278

A. R. de Mello Costa et al.

Conclusions

The thermal characterization in addition to the solubility
studies got to the conclusion that it is possible to obtain
quercetin-PVP K25 solid dispersions. Besides, the visual
aspect showed crystalline solutions being an evidence of
solid dispersion formation. The antioxidant activity was
higher to the quercetin-PVP K25 solid dispersion than the
pure quercetin and the quercetin-loaded nanoparticles
obtained by [16]. Probably, these antioxidant activity
results were possible because of the quercetin solubility
increasing due to the solid dispersion formation.
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