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ABSTRACT: Polyvinylpyrrolidone (PVP) and poly(ethyl-
ene glycol) (PEG) solid dispersion systems with flavanone
glycosides, naringin and hesperidin, and their aglycones,
naringenin and hesperetin, were prepared, using solvent
evaporation method, to enhance their dissolution rates that
may affect their bioavailability. Drug release of both fla-
vanone glycosides and their aglycones was directly affected
by the physical state of solid dispersions. Powder-XRD tech-
nique in combination with scanning and transmission elec-
tron microscopy revealed that PVP polymer formed amor-
phous nanodispersion systems with flavanone aglycones,
while such systems could not be formed with their glyco-
sides, which are bulkier molecules. Fourier transform infra-
red spectra suggest the presence of hydrogen bonds be-
tween PVP carbonyl groups and hydroxyl groups of both

flavanone aglycones. These interactions prevent the crystal-
lization of naringenin and hesperetin aglycones in PVP ma-
trix. On the other hand, the ability of PEG carrier to form
hydrogen bonds with flavanone glycosides or aglycones was
limited, and as a result both flavanone glycosides and their
aglycones remain in the crystalline form. For this reason, the
solubility enhancement of PEG solid dispersions was lower
than when PVP was used as drug carrier. At pH 6.8, the %
release of naringenin and hesperetin from PVP/naringenin–
hesperetin (80/20 w/w) solid dispersion was 100% while in
PEG solid dispersions, it was not higher than 60–70%. © 2006
Wiley Periodicals, Inc. J Appl Polym Sci 102: 460–471, 2006
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INTRODUCTION

Flavonoids are a group of naturally occurring poly-
phenolic compounds that are ubiquitous in all vascu-
lar plants and are widely used in the human diet.1

They are usually present almost exclusively in the
form of �-glycosides, and they can be divided on the
basis of their molecular structure into four main
groups, flavones, flavonols, flavanones, and isofla-
vones.2 Naringenin and hesperetin, the aglycones of
the flavanone glucosides naringin and hesperidin
(Scheme 1), occur naturally in citrus fruits.3 They exert
a variety of pharmacological effects such as antioxi-
dant,4,5 blood lipid-lowering,6,7 anti-inflammatory ac-
tivity through inhibition of the enzymes involved in
arachidonate metabolism,8,9 anticarcinogenic,10 and
inhibit selected cytochrome P-450 enzymes resulting
in drug interactions.11 The physicochemical properties
of naringin, hesperidin, and their aglycones, naringe-
nin and hesperetin, indicate that their crystalline

phases are poorly soluble in water and show a slow
dissolution rate from solid oral forms, restricting their
use in therapy. The above properties indicate that the
dissolution of either glycosides or their aglycones
might be the most critical factor or the rate-limiting
step in their bioavailability than the passage through
intestinal barrier.

For such insoluble drugs, various methods could be
used to enhance their solubility, including microniza-
tion,12 formation of amorphous coprecipitates,13 or
preparation of inclusion complexes using materials
such as cyclodextrins.14 Grinding is also used exten-
sively in pharmaceutical technology to reduce the par-
ticle size and some times to produce amorphous
drugs. However, it is very difficult to reduce the pri-
mary particle size to less than 1 �m, which is critical,
to achieve the desired dissolution enhancement. One
of the most common approaches to improve the bio-
availability of such drugs is to enhance their dissolu-
tion rate by the formation of solid dispersions.15,16 In
these formulations, drug is dispersed in fine particles
into a polymer matrix, thus increasing the available
surface, so that wetting and dissolution can occur
more rapidly. Furthermore, in most cases, the drug is
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not in the crystalline but in the amorphous form. From
previous studies, it is well established that such dif-
ferent solid forms of drugs can influence the dissolu-
tion as well as the stability of the drug.15,17 Two re-
views were cited about solid dispersion systems, con-
cerning methods of preparations, physicochemical
properties, mechanism of drug release and dissolu-
tion, problems associated with scale up production,
and the future prospects of such formulations.15,17 The
advantage of solid dispersion, compared with capsule
or tablet formulations, is that when the carrier is dis-
solved, the drug is released as very fine colloidal
particles with size less than 1 �m. Because of the large
surface area, the dissolution rate is enhanced while in
conventional formulations the dissolution rate is lim-
ited by the primary particle size, which is higher than
5 �m.15

In the present study, flavanone aglycones, naringe-
nin and hesperetin, and their glycosides, naringin and
hesperidin, which are poorly water-soluble drugs,
were treated with water-soluble carriers, polyvi-
nylpyrrolidone (PVP) and PEG, to improve their dis-
solution rate. PEG and PVP polymers are the most
used drug carriers for solid dispersion prepara-
tions,18–22 owing to their strong hydrophilic proper-
ties and their capability to form molecular adducts
with many compounds. Furthermore, aims of the
present work were also to characterize precisely these
systems, and finally to check the effect of particle size
distribution on their dissolution profile.

MATERIALS AND METHODS

Materials

Hesperidin (3�,5,7-trihydroxy-4�-methoxyflavanone
7-rhamnoglycoside), 97%, was purchased from Acros

Organics (New Jersey), naringin (4�,5,7-trihydroxyfla-
vanone 7-rhamnoglycoside), 97%, naringenin (4�-5,7-
trihydroxyflavanone), 95%, and hesperetin (3�,5,7-tri-
hydroxy-4�-methoxyflavanone), 95%, were supplied
from Sigma (St. Louis, MO). PVP type Kollidon K30,
with a molecular weight of 50.000 g/mol, was sup-
plied by BASF (Ludwigshafen, Germany); poly(ethyl-
ene glycol) 4000 (PEG 4000) was obtained from BDH
Chemical (Poole, UK), with an average number mo-
lecular weight 3470 g/mol. Acetic acid and absolute
ethanol used were supplied by Merck. All the other
materials and solvents that were used for the analyt-
ical methods were of analytical grade.

Preparation of solid dispersions

Solid dispersion systems were prepared using the sol-
vent evaporation method for both flavanone glyco-
sides and their aglycones in two different solvent sys-
tems. Acetic acid was used for glycosides and absolute
ethanol for their aglycones. As carriers for solid dis-
persions, two different water-soluble polymers were
used, PVP and PEG.

Solid dispersion systems of 80/20, 70/30, 60/40,
and 50/50 w/w of PVP/(naringin–hesperidin) and
PEG/(naringin–hesperidin) were prepared by dis-
solving the carrier and drug compounds in proper
quantities of acetic acid. Naringin was dissolved com-
pletely at room temperature, after 15 min ultrasonica-
tion, while hesperidin was dissolved completely only
after heating in a mixture of acetic acid/water (80/20
v/v), until boiling, for 20 min with continuous ultra-
sonication. Acetic acid was used because glycosides
are insoluble in other solvents like acetone and espe-
cially in alcohol. After this step, the solutions were
mixed and subsequently sonicated for 10 min. The
solvent was fully evaporated under vacuum by rotary
evaporator at 70°C for 30 min because acetic acid is
more difficult to be removed at room temperature
than is ethanol, and then the created films were pul-
verized and sieved up to a particle size of 150–200 �m
with a laboratory pulverizer (IKA, model A11 basic)
and stored in desiccators until studying. Naringin–
hesperidin and their aglycones were in equal ratios in
all prepared dispersions. For example, in the solid
dispersion of PVP/(naringin–hesperidin) 80/20 w/w,
naringin and hesperidin were 10 wt % each.

In the same way, solid dispersion systems of 80/20,
70/30, 60/40, and 50/50 w/w of PVP and PEG /(na-
ringenin–hesperetin) were prepared by dissolving the
carrier and drug compounds in proper quantities of
absolute ethanol at room temperature. The solutions
were mixed, were subsequently ultrasonicated for 20
min, and then were let in aluminum plates for 24 h in
a gentile stream of air, at room temperature, until the
solvent was fully evaporated. The created glassy films

Scheme 1 Molecular structures of flavanone glycosides,
naringin and hesperidin, and their aglycones, naringenin
and hesperetin.
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were pulverized and studied. All solid dispersions
were sieved and the 50–250 mesh was used.

Characterization of solid dispersions

X-ray

X-ray diffraction (XRD) analysis was performed on
solid dispersion powders, scanned over the 2� from 5
to 50°, at steps of 0.05 ° and counting time 5 s, using a
Philips PW1710 diffractometer, with Bragg–Brentano
geometry (�, 2�) and Ni-filtered CuK� radiation.

Ft infrared spectroscopy

Fourier transform infrared (FTIR) spectra were ob-
tained using a Perkin–Elmer FTIR spectrometer model
Spectrum 1000. To collect the spectra, a small amount
of each material was used (1% weight) by compression
in KBr tablets. The IR spectra, in absorbance mode,
were obtained in the spectral region 550–4000 cm�1

using resolution 4 cm�1 and 64 coadded scans.

Scanning electron microscopy

The morphology of the prepared solid dispersions as
well as the initial materials was examined in a scan-
ning electron microscopy (SEM) type Jeol (JMS-840).
The films were covered with a carbon coating to have
good conductivity of the electron beam. Operating
conditions were as follows: accelerating voltage 20
KV, probe current 45 nA, and counting time 60 s.

Transmission electron microscopy

Electron diffraction and transmission electron micros-
copy (TEM) investigations were made on ultrathin
film samples prepared by ultramicrotome deposited
on copper grids. TEM micrographs were obtained us-
ing JEOL 120 CX microscope operating at 120 kV. The
specimens were stained with OsO4 before thin sec-
tions were microtomed for TEM.

Release profile

A modified dissolution apparatus Pharma Test PT-
DT7, with a stationary disk at 100 rpm and 1000 mL
capacity, was used. Samples of solid dispersions
equivalent to 180 mg content of each glycoside, nar-
ingin and hesperidin, and their aglycones, embedded
into hard gelatin capsules were placed in each vessel
and were maintained at 37 � 0.5°C. Phosphate buffers
containing 2% Tween 20, pH 7.5 and 6.8 to resemble
the physiological pH of intestine and human colon,
respectively, were used, while aqueous hydrochloric

acid solution, pH 1.2, was used to resemble the phys-
iological pH of stomach.

The disintegration time of the capsules was 5 min.
The samples were analyzed according to the RP HPLC
methods developed by Kanaze et al.3,23 Aliquots of
100 �L were withdrawn through 0.2 �m filter at ap-
propriate times, and equal volumes of fresh dissolu-
tion medium were replaced. The analyses were per-
formed in triplicate using an HPLC system (Varian,
Palo Alto, CA) consisting of two high-pressure solvent
delivery pumps (Model 2510), a static high-pressure
mixer (Model 2584), a variable wavelength UV–Vis
detector (Model 2550), a manual injector with a 20-�L
loop (Rheodyne, Cotati, CA), and an integrator (Model
4290). Separation was performed on a Macherey Na-
gel Nucleosil C8 analytical column (5 �m particle size,
250 � 4.6 mm I.D.), proceeded by a guard column (20
� 4.6 mm I.D.) dry packed with pellicular ODS mate-
rial (37–53 �m).

The mobile phase for the determination of naringin
and hesperidin and their aglycones, naringenin and
hesperetin, was tetrahydrofuran/water/acetic acid
(21:77:2 v/v/v) at 280 nm, and (43:55:2 v/v/v) at 288
nm, respectively. The flow rate of the mobile phase
was 1 mL/min and the column temperature was 45°C.

RESULTS AND DISCUSSION

In the case where PEG was used as carrier with fla-
vonoid drugs, it was observed that all created films
were sticky and not transparent; this might be due to
the low melting point of PEG and the immiscibility
between the components, respectively. However, this
was not the case when PVP was used as a carrier with
flavanone aglycones. The prepared films were very
clear and transparent, indicating compatibility be-
tween PVP and the used compounds at all ratios.
Comparing the prepared PVP and PEG solid disper-
sions, it was observed that PVP created glassy films
after their complete drying, which are easily collected;
on the other hand, PEG solid dispersion films were
difficult to handle, owing to their sticky nature. All the
prepared solid dispersion systems were characterized
precisely by several techniques, to check their physical
state (crystalline or amorphous) before the dissolution
studies.

X-ray difractometry

From our previous study, it was found that XRD,
owing to its high sensitivity, is probably the most
appropriate method for the study of the physical state
of such systems.24 Figure 1 presents the XRD patterns
of naringin, hesperedin (glycosides) and naringenin,
hesperetin (aglycones). All compounds are crystalline
with several characteristic diffraction peaks. These
peaks can be used to verify if the above compounds
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were present in crystalline form into the prepared
solid dispersions.

XRD diffraction patterns of PVP/flavanone glyco-
sides [Fig. 2(a)] revealed that naringin and hesperedin
were partially crystalline in solid dispersions, since
several diffraction peaks were recorded at the same
angles (2�) compared with that of the pure com-
pounds. The most characteristic peaks are at 2� � 19.7,
21.4, and 22.6°, which are attributed to hesperedin,
while 2� � 15.9°is attributed to naringin. On other
hand, XRD patterns of PVP/flavanone aglycones [Fig.
2(b)] showed only two broad peaks that correspond to
the diffraction pattern of pure PVP. The XRD patterns
of these solid dispersions show typical profiles of
amorphous material. Peaks that correspond to agly-
cones completely disappeared, suggesting that the
PVP matrix inhibited the crystallization of both agly-
cones. Furthermore, the position and the magnitude of
the PVP broad peaks were shifted compared with that
of pure PVP, indicating that the morphology of PVP
particles changed, and this in turn showed the exis-
tence of some interactions between PVP and aglycone
compounds. Comparing the different physical state of
flavanone glycosides with their respective aglycones
in PVP solid dispersions, it is realized that the first are
bulky molecules crystallizing easily in solid disper-
sions. This finding is in accordance with DSC data25

and it might be due to the difficulty in hydrogen bond
formation.

The same behavior was also noticed in PEG/glyco-
sides solid dispersions, for which characteristic dif-
fraction peaks corresponding to naringenin and hes-
peretin were recorded beside to those of PEG [Fig.
3(a)]. However, rather unexpectedly, characteristic
peaks corresponding to aglycone drugs are also
present in PEG/aglycones dispersions. This was in
contrast to what was observed for the same com-

pounds in the PVP solid dispersions. Low intensity
peaks corresponding to both aglycones were ob-
served, suggesting that they partially existed in the
crystalline form. However, for the solid dispersion
PEG/naringenin–hesperetin, 80/20 w/w, only peaks
that correspond to PEG were observed, while those of
naringenin and hesperetin were absent [Fig. 3(b)]. This
is evident because in the particular solid dispersion,
both aglycones might be in the amorphous state.

FT-IR spectroscopy

FTIR analyses in the present study were carried out to
investigate the interactions between carriers and fla-
vanone glycosides or their aglycones in solid disper-
sion systems. This is very important, since it is be-
lieved that the extent of interactions between drug and
carriers, in solid dispersion systems, has the greatest
effect for taking the drug fully amorphous or reducing
its particle size. FTIR spectroscopy has been success-
fully used for exploring the differences in molecular
conformations, crystal packing, and hydrogen bond

Figure 1 XRD patterns of flavanone glycosides, naringin,
hesperedin, and their aglycones, naringenin and hesperetin,
crystals.

Figure 2 XRD patterns of PVP solid dispersion systems
with (a) flavanone glycosides, naringin and hesperidin, and
(b) their aglycones, naringenin and hesperetin.
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arrangement for different solid-state forms of organic
compounds.26

The FTIR spectra of pure PVP, naringenin and hes-
peretin, and their solid dispersion PVP/naringenin–
hesperetin (70/30 w/w) are shown in Figure 4(a). PVP
has stretching band in the carbonyl frequency region
at 1667 cm�1, which is attributed to the stretching of
�CAO group, and at 1280 cm�1, which is attributed
to the �NOC group. In their solid dispersion systems,
characteristic peaks of both flavanone aglycones and
PVP were observed. However, in all cases, there were
shifts of carbonyl band to a lower wavelength at 1630–
1640 cm�1, which suggest that there was a physico-
chemical interaction between PVP and the two agly-
cones. To confirm this, hydroxyl group absorbances of
naringenin and hesperetin were studied, since only
these groups were capable of forming hydrogen bonds
with carbonyl group of PVP. The stretching bands of
phenolic hydroxyl groups of these aglycones were
recorded at 3297 and 3499 cm�1, respectively. In the
prepared solid dispersions, these peaks are shifted to
3254 and at 3450 cm�1, respectively. Also, similar

Figure 3 XRD patterns of PEG solid dispersion systems
with (a) flavanone glycosides, naringin and hesperidin, and
(b) their aglycones, naringenin and hesperetin.

Figure 4 (a) FTIR spectra of pure naringenin, hesperetin,
PVP, and their solid dispersion PVP/naringenin–hesperetin
(70:30 w/w) and (b) FTIR spectra of pure naringenin, hes-
peretin, PEG, and their solid dispersion PEG/naringenin–
hesperetin (50:50 w/w).

Scheme 2 The possible hydrogen bond formation be-
tween the hydroxyl groups (OOH) of both aglycones with
carbonyl groups of PVP (�CAO).
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shifts to lower wavelengths occurred in the bending
region bands of these phenolic hydroxyl groups. Pure
compounds have strong peaks at 1318 and 1306 cm�1,
respectively. In all solid dispersion systems, these two
bands merged into one peak, with a maximum at 1292
cm�1. These shifts in FTIR spectra in comparison with
the recorded shift of PVP carbonyl group confirm the
ability of hydrogen bond formation between the hy-
droxyl groups of both flavanone aglycones with car-
bonyl groups (�CAO) of PVP (Scheme 2). Similar
reports suggested hydrogen bond formation between
PVP polymer with other drugs.27,28 The extent of in-
teractions between drugs and polymers in such dis-
persions systems seems to play the most important
role for the drug to be fully amorphous. These bonds
enhance miscibility between PVP and aglycones, in-

hibiting them to form crystals and keeping them in
molecular dispersion into the PVP matrix. However,
in the case of PVP solid dispersions with glycosides,
such extensive interactions were not observed and this
might be the reason that these compounds remained
in the crystalline state as was proved by XRD.

Similar interactions of PEG with flavanone agly-
cones were found, but in lower extent than that of
PVP. Comparing the FTIR spectra of pure PEG, nar-
ingenin, hesperetin with their solid dispersion [Fig.
4(b)], it could be said that the solid dispersion exhib-
ited some differences and shifts in the corresponding
wavelengths, especially in the stretching band of hy-
droxyl groups (3250–3700 cm�1). PEG had a broad
peak with a maximum absorbance at 3436 cm�1, while
in the solid dispersion this peak was shifted to 3427

Figure 5 SEM micrographs of (a) naringin, (b) hesperidin, (c) naringenin, and (d) hesperetin particles.
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cm�1, but this was not a considerable change. Expla-
nation for this behavior could be the strong ability of
PEG to form self-associated hydrogen bonds (PEG–
PEG bonds). Thus, high energy must be supplied to
break the PEG–PEG bonds first and then to form new
ones with groups such as the carbonyl or phenolic
hydroxyl of the flavanone aglycones.

Sem and tem study

SEM is a technique that can provide information about
the crystal shape and particle size of pure compounds,

as well as their morphology in the solid dispersions.
Figure 5 shows the morphology of naringin, hesperi-
din, naringenin, and hesperetin. Naringin particle
sizes ranged from 2 to 20 �m, while hesperidin has
large particles with a wide particle size distribution
(20–160 �m). Naringenin appears as small, smooth
crystals of three-dimensional parallelogram ranging
from 10 to 60 �m. Hesperetin appears as spherical
particles with a wide size distribution ranging from 5
to 40 �m.

Examining solid dispersion films of PVP/naringe-
nin–hesperetin, smooth surfaces were observed and

Figure 6 SEM micrographs of PVP-naringenin/hesperetin solid dispersion films at different ratios (a) 80/20 and (b) 50/50
w/w.
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original crystals of narngenin or hesperetin could not
be detected, indicating miscibility between the two
components (Fig. 6). On the contrary, on the film
surfaces of PVP/naringin–hesperedin solid disper-
sions, crystals of aglycone compounds are detected,
which is in good agreement with XRD data. Drugs in
amorphous dispersions, as in our case, may exist in
two forms, molecularly dispersed, which is more de-
sired, or nanodispersed, with particle sizes less than 1
�m. These forms are difficult to be characterized by
SEM, which seems to be inappropriate technique. For
this purpose, TEM was also used.

It is observed from micrographs (Fig. 7) that agly-
cone compounds could be differentiated into PVP ma-
trix, which appeared as black spots. Sizes of these
particles were strongly affected by aglycone load into
the PVP matrix. Particle sizes, in the solid dispersion
of PVP/naringenin–hesperetin (80/20 w/w), were
close to 50–60 nm. By increasing the aglycone load in
solid dispersions, particle sizes became progressively
larger; they ranged from 200 to 300 nm, 600 to 700 nm,

and 1 �m in solid dispersions containing 30, 40, and 50
wt % of both aglycones, respectively. Similar nanodis-
persions were also observed with TEM in Felodipine,
which is also a poorly water-soluble drug, dispersed
into a PVP matrix and it is believed that this technique
can adequately characterize such nanodispersions.29

From this study, it was realized that aglycone fla-
vonoids are nanodispersed into PVP matrix and this is
the main reason for the substantial enhancement of
dissolution rate that will be discussed in the following
text.

In the case of PEG solid dispersion systems (Fig. 8),
film surfaces were different form those of PVP, since
irregularities dominated. However, even at such sur-
faces, it was possible to distinguish aglycone crystals
of average particle size ranging from 1 to 15 �m,
depending on their weight percent in the dispersions.
This is in agreement with XRD results, revealing that
aglycones in PEG matrix remained in the crystalline
form. It was also noticed in SEM micrographs of PEG
solid dispersions that crystal sizes of aglycones were

Figure 7 TEM micrographs of PVP-naringenin/hesperetin solid dispersion ultrathin films at different ratios: (a) 80/20 (b)
70/30, (c) 60/40, and (d) 50/50 w/w.
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drastically reduced compared with that of pure ones.
However, it seems that crystals were not adequately
reduced and remained above the critical particle size
needed to ensure the complete dissolution of agly-
cones.

Controlled release profile

In the above studies, efforts were concentrated on the
preparation and characterization of physicochemical
properties of solid dispersion systems. However, the
main objectives of this study were to enhance the
dissolution rate of the two flavanone glycosides or
their aglycones and to correlate this behavior directly
with the physical state and the particle size distribu-

tion of dispersed drugs. Dissolution profiles, at differ-
ent pH values, were studied to have more data for
better correlation. It is well known that the release
profile of a drug depends mainly on the selected car-
rier.30

Flavanone glycosides, naringin and hesperidin, re-
main in the crystalline form in solid dispersions of
both carriers (PVP and PEG), as shown in their XRD
analysis [Figs. 2(a) and 3(a)]. This physical state di-
rectly affected their dissolution profiles; which in PVP
and PEG solid dispersion systems remained almost
the same with pure components after 10 h treatment.
In particular, the solubility of hesperidin remained
very low; there was no noticeable enhancement in its
dissolution compared with its pure crystals. Further-

Figure 8 SEM micrographs of PEG-naringenin/hesperetin solid dispersion films at different ratios (a) 80/20, (b) 70/30, (c)
60/40, and (d) 50/50 w/w.
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more, pH values influence very slightly their rate of
dissolution. These compounds are bulky compared
with their aglycones and it might be difficult to dis-
solve into the polymer matrix or they need higher
concentrations of the carrier. For this reason, our in-
terest was directed toward their aglycones, naringe-
nin, and hesperetin.

Release profiles of naringenin and hesperetin from
their PVP solid dispersion systems, at pH 1.2, 6.8, and
7.5 for 8 h, are presented in Figures 9 and 10. The
results were given as % release or dissolved drug. It
was verified, from these figures, that the release pro-

Figure 9 Release profiles of hesperetin from PVP solid
dispersion systems at pH (a) 1.2, (b) 6.8, and (c) 7.5.

Figure 10 Release profiles of naringenin from PVP solid
dispersion systems at pH (a) 1.2, (b) 6.8, and (c) 7.5.
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files of aglycones from PVP solid dispersions, at all
ratios, were dramatically improved comparing with
the pure aglycones crystals alone; it was also observed
that the release profiles at pH 6.8 or 7.5 were the
highest for all solid dispersion systems. In particular,
the release of naringenin and hesperetin, at pH 6.8,
from the solid dispersion system PVP/naringenin–
hesperetin, 80/20 w/w, was 100% after almost 2 h,
which means that there was 51.4- and 64.3-fold in-
crease in their dissolution compared with their pure
crystals, respectively. Usually, such enhancement of
dissolution profile results in an increased bioavailabil-
ity of the particular drugs. The dissolution profile of
both components, as can be seen in Figures 9 and 10,
is almost identical without any clear differences. The
order of increasing solubility of both aglycones was at
pH 6.8 � 7.5 � 1.2 and at the ratios 80/20 � 70/30
� 60/40 � 50/50 PVP/naringenin–hesperetin, w/w.
This enhancement in dissolution rate of both agly-
cones could be attributed to the crystal destruction of
these compounds and mainly to the formation of solid
nanodispersions. Comparing the particle size distribu-
tions of flavanone aglycones in PVP solid dispersions
(Fig. 7), it can be concluded that particle sizes must be
lower than 200 nm for a substantial enhancement of
the dissolution rate, e.g., PVP/naringenin–hesperetin,
80/20 w/w. This also seems to be the critical particle
size, since for higher particle sizes of aglycones in
solid dispersion systems � 30 wt %, the dissolution
rate was limited. This behavior could be attributed to
the effective surface area available for the dissolution,
which is limited by increased particle size.

Furthermore, it was found that in addition to the
particle size distribution, pH had a strong effect on the
dissolution rate. The release profile of naringenin and
hesperetin from all solid dispersion systems, at pH 1.2,
was lower than that of pH 7.5 or 6.8. It is well known that
flavanones are phenolic compounds with slightly acidic
character, and their solubility depends on the pKa value
of the dissolution medium (pKa � pH � log(Stot�So)/
So), where Stot is the pH-dependent solubility and So the

intrinsic solubility.31 When the pH of the medium was
lower than their pKa, the majority of their phenolic hy-
droxyl groups were nonionized and the hydrogen bonds
between carriers and aglycones in solid dispersion sys-
tems were kept, leading to a slower dissolution rate.
However, when the pH of the medium was higher than
their pKa, the majority of the phenolic hydroxyl groups
were ionized and the hydrogen bonds could not be kept,
leading to a higher dissolution rate. Flavanones were less
soluble at pH 7.5 than 6.8, because flavanones at slightly
alkaline pH form chalcone structures (Scheme 3), which
are extremely insoluble, with a result to precipitate
quickly.32

In the same way, the release profiles of naringenin
and hesperetin from PEG solid dispersion at different
ratios 80/20, 70/30, 60/40, and 50/50 PEG/naringe-
nin–hesperetin, w/w, were studied only at pH 6.8
(Fig. 11). Similar improvements in dissolution profiles
of both aglycones from PEG solid dispersions were
also observed, especially in the first 2–3 h, even

Figure 11 Release profiles from PEG solid dispersion sys-
tems at pH 6.8 of (a) hesperetin and (b) naringenin.

Scheme 3 Formation of insoluble chalcone structures pH
from soluble flavanones, at slight alkaline.

470 KANAZE ET AL.



though the drugs are in semicrystalline form. A pos-
sible explanation for this dissolution enhancement,
except the particle size reduction, is the improved
wetting of the drugs in the PEG microenvironment
created at the surface of drug crystals after dissolution
of the polymer.33 The highest % release of naringenin
and hesperetin was from the solid dispersion of PEG/
naringenin–hesperetin, 80/20 w/w. Their releases af-
ter 2 h were 41.2% (12-fold increase) and 31% (11-fold
increase), and after 8 h were 63% (18-fold increase)
and 27% (10-fold increase), respectively. The small
decrease that appears after 8 h is due to the crystalli-
zation and precipitation of hesperetin. However, com-
pared with PVP solid dispersions, it can be seen that
the % release was in all ratios lower than in the case of
PVP and thus it can be concluded that PVP is better
drug carrier than PEG. These differences in dissolu-
tion rate can be attributed to the different physical
state that drugs are dispersed in each one different
carrier and the particle size distribution. In PEG, drugs
are in crystalline form and particles with average di-
ameter higher than 5 �m are observed. On the con-
trary, in PVP carrier, these compounds are amorphous
and dispersed in nanodimensions, which means that
higher amount is available for dissolution.

CONCLUSIONS

In the present study, dissolution enhancement of fla-
vonoid aglycone drugs naringenin and hesperetin was
achieved by the solid dispersion technique. The dissolu-
tion was up to 100% after 2 h using PVP as drug carrier
while in the case of PEG the value was somewhat lower
(�70%). This difference is attributed to the amorphous
form and nanodispersions of the flavanoid drugs into
the PVP matrix, while into PEG the compounds were
partially crystalline with particle sizes higher than 1 �m.

FTIR spectra showed the presence of hydrogen
bonds between PVP carbonyl groups and hydroxyl
groups of both flavanone aglycones. These interac-
tions prevent crystallization of naringenin and hes-
peretin aglycones in the PVP matrix. On the other
hand, the ability of PEG carrier to form hydrogen
bonds with flavanone glycosides or aglycones was
limited, thus both flavanone glycosides and their ag-
lycones remained mainly in the crystalline form.

References

1. Havsteen, B. Biochem Pharmacol 1983, 32, 1141.
2. Rice-Evans, C. A.; Miller, N. J.; Paganga, G. Free Radic Biol Med

1996, 20, 933.

3. Kanaze, F. I.; Gabrieli, C.; Kokkalou, E.; Georgarakis, M.; Ni-
opas, I. J Pharm Biomed Anal 2003, 33, 243.

4. Acker, F. A.; Schouten, O.; Haenen, G. R.; van der Vijgh, W. J.;
Bast, A. FEBS Lett 2000, 473, 145.

5. Vinson, J. A.; Liang, X.; Proch, J.; Hontz, B. A.; Dancel, J.;
Sandone, N. Adv Exp Med Biol 2002, 505, 113.

6. Lee, S. H.; Park, Y. B.; Bae, K. H.; Bok, S. H.; Kwon, Y. K.; Lee,
E. S.; Choi, M. S. Ann Nutr Metab 1999, 43, 173.

7. Borradaile, N. M.; Carroll, K. K.; Kurowska, E. M. Lipids 1999,
34, 591.

8. Middleton, E., Jr.; Kandaswami, C. Biochem Pharmacol 1992, 43,
1167.

9. Crespo, M. E.; Gálvez, J.; Ocete, M. A.; Zarzuelo, A. Planta Med
1999, 65, 651.

10. So, F. V.; Guthrie, N.; Chambers, A. F.; Moussa, M.; Carroll,
K. K. Nutr Cancer 1996, 26, 167.

11. Ghosal, A.; Satoh, H.; Thomas, P. E.; Bush, E.; Moore, D. Drug
Metab Dispos 1996, 24, 940.

12. Chaumeil, J. C. Methods Find Exp Clin Pharmacol 1998, 20, 211.
13. Okonogi, S.; Oguchi, T.; Yonemochi, E.; Puttipipatkhachorn, S.;

Yamamoto, K. Int J Pharm 1997, 156, 175.
14. Ficarra, R.; Tommasini, S.; Raneri, D.; Calabro, M. L.; Di Bella,

M. R.; Rustichelli, C.; Gamberini, M. C.; Ficarra, P. J Pharm
Biomed Anal 2002, 29, 1005.

15. Serajuddin, A. T. M. J Pharm Sci 1999, 88, 1058.
16. Karavas, E.; Georgarakis, E.; Bikiaris, D.; Thomas, T.; Katsos, V.;

Xenakis, A. Progr Colloid Polym Sci 2001, 118, 149.
17. Craig, D. Q. M. Int J Pharm 2002, 231, 131.
18. Tantishaiyakul, V.; Kaewnopparat, N.; Ingkatawornwong, S. Int

J Pharm 1999, 181, 143.
19. Van dem Mooter, G.; Wuyts, M.; Blaton, N.; Busson, R.; Grobet,

P.; Augustijns, P.; Kinget, R. Eur J Pharm Sci 2001, 12, 261.
20. Basit, A. W.; Newton, J. M.; Short, M. D.; Waddington, W. A.;

Ell, P. J.; Lacey, L. F. Pharm Res 2001, 18, 1146.
21. Naima, Z.; Siro, T.; Juan-Manuel, G. D.; Chantal, C.; Rene, C.;

Jerome, D. Eur J Pharm Sci 2001, 12, 395.
22. Karavas, E.; Ktistis, G.; Xenakis, A.; Georgarakis, E. Drug Dev

Int Pharm 2005, 31, 473.
23. Kanaze, F. I.; Kokkalou, E.; Georgarakis, M.; Niopas, I. J Chro-

matogr B Analyt Technol Biomed Life Sci 2004, 801, 363.
24. Bikiaris, D.; Papageorgiou, G. Z.; Stergiou, A.; Pavlidou, E.;

Karavas, E.; Kanaze, F.; Georgarakis M. Thermochim Acta 2005,
439, 58.

25. Kanaze, F. I.; Kokkalou, E.; Niopas, I.; Georgarakis, M.; Stergiou,
A.; Bikiaris, D. J Therm Anal Cal 2006, 83, 283.

26. Brittain, H. J Pharm Sci 1997, 86, 405.
27. Baranovsky, V. Y.; Kotlyarsky, I. V.; Etlis, V. S.; Kabanov, V. A.

Eur Polym J 1992, 28, 1427.
28. Chun, M. K.; Cho, C. S.; Choi, H. K. J Controlled Release 2002,

81, 327.
29. Karavas, E.; Georgarakis, E.; Bikiaris, D. Int J Pharm 2006, 313,

189.
30. Yang, M.; Cui, F.; You, J.; Wang, L.; Zhang, L.; Kawashima, Y. J

Controlled Release 2004, 98, 219.
31. Bergström, C. A. S.; Luthman, K.; Artursson, P. Eur J Pharm Sci

2004, 22, 387.
32. Gil-Izquierdo, A.; Gil, M. I.; Ferreres, F.; Tomas-Barberan, F. A.

J Agric Food Chem 2001, 49, 1035.
33. Verheyen, S.; Blaton, N.; Kinget, R.; Van den Mooter, G. Int

J Pharm 2002, 249, 45.

DISSOLUTION ENHANCEMENT OF FLAVONOIDS 471


