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Abstract
This paper presents the obtaining, characterization and antioxidant activity evaluation of quercetin/2hydroxypropyl-β-cyclodextrin and rutin/2-hydroxypropyl-β-cyclodextrin complexes. For synthesis the
crystallization from ethanol-water solution method was used, but the yields were relatively low (up to
23%). The morphology and dimensional characterization was realized by using scanning electron
microscopy. The formation of complexes was revealed by differential scanning calorimetry and the
antioxidant activity of nanoparticles comparatively with the nonencapsulated quercetin and rutin clearly
indicate the controlled release capacity of flavonoids from complexes.
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1. Introduction
Quercetin and rutin (see the structures
below) are two of the most important
flavonoidic compounds with antioxidant
capacity from propolis, a brownish, waxy
product collected from the buds of certain
trees by bees and used by them to cement or
caulk their hives [1-5]. Propolis has been
used for centuries and it was always
mentioned as an immunomodulatory,
antitumor,
antimicrobial,
antiinflammatory, antioxidant agent, among
others. It contains hundreds of compounds,
the main being resins (benzoic and
cinnamic acid derivatives and flavonoids),
waxes and fatty acids, essential oils, pollen,
and minerals [3,5]. Flavonoids are
principally responsible for the antibacterial
activity of propolis, but also for the
anticancerigene and immunomodulating

activity. Among the flavonoids used in this
study, other flavonoids which can be found
in propolis are: chrysin, apigenin, acacetin,
kaempferol, pinocembrine etc [2,3,5].
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Quercetin and rutin can also be found in
fruits and vegetables, as well as olive oil,
red wine, and tea; they possess many
biological effects including antioxidation
by scavenging free radicals, anticancer,
antiviral, prevention of atherosclerosis, and
chronic inflammation activities [3]. In order
to protect them against environmental
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oxidation and to obtain formulations with
controlled release properties molecular
encapsulation can be used. Some of the
better matrices for nanoencapsulation are
cyclodextrins, which are naturally occurring
cyclooligosaccharides
containing
6-8
glucopyranose moieties (α-, β-, and γcyclodextrin), and having a hydrophobic
inner cavity with a capacity to enclose
(partial or total) small organic molecules
[7-9]. The presence of primary and
secondary hydroxyl groups to the exterior
increase the water solubility of these
compounds and the corresponding hostguest complexes. The water solubility of
cyclodextrins can be increased by semisynthetic modifications, as in the case of 2hydroxypropyl-β-cyclodextrin, which has
50-fold higher water solubility and lower
toxicity [10]. Some studies on the
complexation and properties of quercetin
and rutin in cyclodextrins were done [1116].

Obtaining the quercetin and rutin/2HPbCD
nanoparticles. Approximately 0.79 g (0.5
mmoles) 2HPbCD and 0.5 ml water were
introduced in a minireactor equipped with a
magnetic stirrer, thermostatable mantle,
reflux condenser and dropping funnel. The
cyclodextrin solution was heated to 50ºC
and after that 0.5 mmoles quercetin (0.151
g) or rutin (0.332 g) ethanolic solution (2
ml) was slowly added to the cyclodextrin
solution under continuous stirring in about
15 minutes. The complexation was
perfected for another 15 minutes and after
slowly cooling at room temperature (in
about
4
hours),
the
complex
solution/suspension was put in a
refrigerator over night. The obtained
crystals were filtered, washed with little
ethanol and dried at room temperature. The
complexation yield was calculated as the
ratio of the dried complex mass and the
sum of the flavonoid and cyclodextrin mass
(as
percent).
The
quercetin
or
rutin/2HPbCD crystals were subjected to
the scanning electron microscopy (SEM),
differential scanning calorimetry (DSC) and
spectrophotometric analyses. The last
analysis was used in order to evaluate the
antioxidant activity of the complexes in
comparation with the case of nonencapsulated flavonoids, by using the
DPPH method.

In this study we continue the research on
the enhancing the bioavailability of propolis
extracts
and
biocompounds
by
nanoencapsulation [17-18]. A comparative
study between nonencapsulated quercetin
and rutin and the corresponding 2hydroxypropyl-β-cyclodextrin complexes
on the overall antioxidant activity was
performed.

Scanning electron microscopy (SEM). In
order to evaluate the morphological and
dimensional characteristics of the quercetin
or rutin/2HPbCD particles scanning
electron microscopy was used. An
INSPECT S SEM apparatus, with a voltage
of 25 kV, magnitude level between 3000
and 12000×, and focussing of 10-14.1 mm
was used.

2. Materials and Method
Materials. Quercetin (99%) and rutin,
>90% (as important biocompounds from
propolis with antioxidative capacity) used
for cyclodextrin nanoencapsulation were
purchased from Fluka Chemie AG; 2hydroxypropyl-β-cyclodextrin (2HPbCD)
used as host molecule was obtained from
CycloLab R&D Ltd (>99%, DS ~4.6).
Ethanol 96% (v/v) used as solvent in the
complexation process and also for
antioxidant activity evaluation was
purchased from Chimopar, Bucureşti, and
DPPH
(2,2-diphenyl-1-pycrylhydrazyl)
used for antioxidant activity determination
was purchased from Sigma (analytical
grade, >99%).

Differential scanning calorimetry (DSC).
DSC analysis of the quercetin or
rutin/2HPbCD complexes was realized by
using a Netzsch 204 DSC apparatus.
Approximately 7 mg complex was used for
analysis in Al2O3 dishes. The following
DSC conditions were used: temperature
program 20-400ºC, with a heating rate of
4ºC/min, liquid nitrogen was used for
cooling, the acquisition and handling of the
data were realized with the Netzsch
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Proteus-Thermal Analysis ver. 4.0/2000
program.

3. Results and Discussion
The complexation yields in the case of
some biocompounds (which can occur in
propolis) were relatively lower, probably
due to the high solubility of 2HPbCD and
also the corresponding complex in ethanolwater system. Thus, the quercetin/2HPbCD
complex was obtained with a yield of 12%
and rutin/2HPbCD complex with a yield of
23%. Probably, higher yields of
encapsulation in the case of cyclodextrins
with higher water solubility can be obtained
by using other methods which cannot allow
the loose of cyclodextrin and/or
corresponding complex by solubilization
(like kneading or spray-drying methods).

Antioxidant activity evaluation. The
antioxidant
activity
of
commercial
quercetin or rutin, and quercetin,
rutin/2HPbCD
complexes
was
spectrophotometrically evaluated, by using
the DPPH method. A CamSpec M501
spectrophotometer was used and the
acquisition and data handling were realized
with the UV-Vis Analyst ver. 4.67,
Camspec Ltd. soft. For spectrophotometric
time scan 0.5 ml quercetin or rutin
ethanolic solution (1%) or 0.5 ml complex
(10%), 0.5 ml DPPH 1mM ethanolic
solution and 2 ml ethanol were added to the
cuvette and the recording was realized at
517 nm for 1800s. The antioxidant activity
was determined even for the undiluted
samples or for diluted ones (using a
progressive 1:10 dilution factor). The
antioxidant activity was calculated as
residual percentage absorbance (A%), as a
percentage ratio of the momentan and
initial absorbance of the mixture. The mean
DPPH reaction rate could be also calculated
by using the momentan absorbance and the
DPPH calibration curve (obtained for
ethanolic solutions at 517 nm: Absorbance
(DPPH) = 0.025 + 0.011·Concentration
(DPPH, mM).

The SEM analysis indicates a significative
difference between the morphology of the
quercetin/2HPbCD and rutin/2HPbCD
crystals.
Thus,
in
the
case
of
quercetin/2HPbCD complex, the crystals
have acicular shapes, with higher
uniformity
and
dimensions
from
micrometers (in length) to hundreds on
nanometers (in width), while in the case of
rutin/2HPbCD complex the crystals have
irregular prismatic shapes, with higher
dimensions (Figures 1 and 2).

Figure 1. SEM micrograph for the quercetin/2HPbCD complex (12000× magnitude)
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Figure 2. SEM micrograph for the rutin/2HPbCD complex (3000× magnitude)

Figure 3. DSC analysis for quercetin

Figure 4. DSC analysis for rutin

Figure 5. DSC analysis for quercetin/2HPbCD
complex

Figure 6. DSC analysis for rutin/2HPbCD
complex
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percent absorbance was 87.5% for
quercetin/2HPbCD complex and 60% for
rutin/2HPbCD complex (Figures 11 and
12).

The DSC analysis of the non-encapsulated
and encapsulated quercetin and rutin
revealed that the complexation process
appear due to the endothermic peak for the
range interval of 120-300ºC, which
correspond to the complex dissociation
(especially for the rutin/2HPbCD complex).
For the quercetin/2HPbCD complex the
same endothermal peak appear in the range
of dissociation, but smaller.

The profile of the DPPH reaction can be
revealed by using the mean DPPH reaction
rate for different reaction time range. In
order to evaluate this rate the DPPH
calibration curve was used.
The DPPH reaction rate for a specific time
interval was calculated as the negative ratio
of the DPPH concentration variation (mM,
obtained from the DPPH calibration curve
by
using
the
corresponding
spectrophotometric absorbance at 517 nm)
and the reaction time for this interval.

Thus, the water dissociation in the case of
2HPbCD and also in the case of
corresponding complex appear at ~100ºC.
Quercetin starts to dehydrate at ~90ºC and
at ~320ºC decompose. Rutin loose the
water molecules up to 120ºC and at ~190ºC
become plastic; at the temperature of 220ºC
the decomposition of rutin appear. This
modification is not relevant in the case of
complex due to the protecting capacity of
2HPbCD (Figures 3-6).

For the nonencapsulated quercetin and rutin
this rate was similar for the initial time
interval (0-50s), where the dependence was
approximately linear; the rate values were
0.0011 mM/s for quercetin and 0.0009
mM/s for the rutin (Figure 13). Generally,
the DPPH reaction rate decrease drastically
after 500s for nonencapsulated flavonoids,
being negligible.

The complex formation is revealed also by
the spectrophotometric analysis for nonencapsulated and encapsulated quercetin
and rutin in 2HPbCD. A decrease of the
absorbance of the nonencapsulated or
encapsulated quercetin and rutin-DPPH
mixture at 517 nm was observed in all
cases, even for 100th fold dilution, but in
the case of nonencapsulated flavonoids no
decrease of the absorbance above 500s can
be observed, while for the 2HPbCD
complexes this decrease appear even after
30 minutes; this means that the quercetin
and rutin are slowly released from the
complex and the antioxidant activity exists
even at 30 minutes (Figures 7 and 8).

For the corresponding complexes the DPPH
reaction rate was lower, but this is non-null
even after a reaction time of 1800s (Figure
14). For these complexes three reaction
time ranges can be established: i1, 0-50s
(less significative), i2, 50-200s, and i3, 2001800s. In all cases the reaction rate for i1
interval is about 50-500 times higher than
for i3 interval.
Thus, the mean reaction rate for i1 interval,
v(i1), decrease from 8.2·10-5 mM/s to
2.6·10-5 mM/s for i2, and to 1.7·10-6 mM/s
for i3 in the case of quercetin/2HPbCD
complex and from 8·10-4 mM/s for i1 to
1.7·10-6 mM/s for i3 in the case of
rutin/2HPbCD complex. The controlled
release properties of the flavonoid/2HPbCD
complexes is clearly revealed by these
DPPH reaction rates.

The highest antioxidant activity was
observed for nonencapsulated quercetin
(residual percent absorbance of 10%,
Figure 9) and also for rutin (20%, Figure
10). For the corresponding complexes the
overall antioxidant activity was lower, but it
exists even after 1800s, in comparation with
the nonencapsulated flavonoids, which have
no activity after 500s. Thus, the residual
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Figure 7. Superposition of the Absorbance vs. Time
curves for quercetin (standard solution, 1:10 dilution –
red, and 1:100 dilution – blue)

Figure 8. Superposition of the Absorbance vs. Time
curves for quercetin/2HPbCD complex (standard solution,
1:10 dilution – red, and 1:100 dilution – blue)

Figure 9. Antioxidant activity for quercetin
(0.5 mg/ml)

Figure 10. Antioxidant activity for rutin
(0.5 mg/ml)

Figure 11. Antioxidant activity for quercetin/2HPbCD
complex (0.5 mg/ml)

Figura 12. Antioxidant activity for rutin/2HPbCD
complex (0.5 mg/ml)
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Figure 13. Concentration (mM) vs. Time (s)
dependence for nonencapsulated quercetin (blue) and
rutin (red)

Figure 14. Concentration (mM) vs. Time (s) dependence
for quercetin/2HPbCD (blue)
and rutin/2HPbCD (red) complexes

4. Conclusion

Acknowledgements

The following conclusions can be drawn
among the complexation of quercetin and
rutin in 2-hydroxypropyl-β-cyclodextrin
and antioxidant activity evaluation: (1) the
complexation of flavonoids like quercetin
and rutin (which occur in propolis and
confer the antioxidant property) with the
cyclic semi-synthetic oligosaccharides, like
2-hydroxypropyl-β-cyclodextrin,
a
compound with a high water solubility, is
realized with lower yields if the
crystalization from ethanol-water solution
method is used; therefore, another method
like kneading or spray-drying ones are
proper; (2) the presence of the quercetin,
rutin/2-hydroxypropyl-β-cyclodextrin
interaction is revealed by the differential
scanning calorimetry (DSC) analysis and
also by the spectrophotometry of the
complex solution in the presence of a free
radical (like 2,2-diphenyl-1-pycrylhydrazyl,
DPPH); (3) the antioxidant activity of
quercetin and rutin is important even for
nonencapsulated forms or for cyclodextrin
encapsulated ones, but the antioxidant
activity exists for a long time only for
flavonoid/cyclodextrin
nanoparticles
(revealed by the DPPH/flavonoid reaction
rate); this observation demonstrate the
controlled release properties of the 2hydroxypropyl-β-cyclodextrin in the case of
the cyclodextrin complexes of some main
flavonoids from propolis.
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