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Abstract. Ethanolic extracts of Achyrocline satureioides have pronounced antioxidant activity mainly due
to the presence of the flavonoid quercetin. However, direct topical application of the extract is not possible
due to the presence of high amounts of ethanol. In this sense, nanoemulsions arise as an alternative for
topical formulation associating molecules with limited aqueous solubility. This article describes the
development of topical nanoemulsions containing either A. satureioides extract or one of its most
abundant flavonoid, quercetin. Nanoemulsions composed of octyldodecanol, egg lecithin, water and
extract (NEE), or quercetin (NEQ) were prepared by spontaneous emulsification. This process led to
monodisperse nanoemulsions presenting a mean droplet size of approximately 200–300 nm, negative zeta
potential, and high association efficiency. A study of quercetin skin retention using porcine skin which was
performed using a Franz diffusion cell revealed a higher accumulation of quercetin in skin for NEE when
compared to NEQ. Finally, the antioxidant activity of formulations was measured by thiobarbituric acid-
reactive species and the APPH model. A lower lipoperoxidation for the extract in respect to quercetin
solution was observed. However, no difference between NEQ and NEE lipoperoxidation could be seen.
The protection against lipoperoxidation by the formulations was also measured in the skin, where lower
formation of reactive species was observed after treatment with NEE. In conclusion, this study shows the
formulation effect on the physicochemical properties of nanoemulsions as well as on the skin retention
and antioxidant activity of quercetin.

KEY WORDS: Achyrocline satureioides; extractive solution; nanoemulsion; quercetin; topical
antioxidant.

INTRODUCTION

The discovery that free radicals involved in the pathology
of several diseases, such as cancer, diabetes, heart diseases,
neurodegenerative dysfunctions, and specially in the aging
process, led to increasing research of new sources of antioxi-
dants (1,2). Antioxidants are substances capable of neutraliz-
ing free radicals, thus preventing biological damage. When the
balance between free radicals and antioxidant production is

disrupted, oxidative stress is achieved. In some cases, to pre-
vent extensive cellular damage from oxidative stress, an anti-
oxidant supplementation may be required (3,4).

In recent years, the antioxidant activity of Achyrocline
satureioides extracts has been extensively studied. This plant is
native to South America and grows in Brazil, Argentina, Uru-
guay, and Paraguay, and many other activities have been attrib-
uted, including antiinflammatory, antiviral, and antimicrobial
(5–7). The antioxidant potential of the methanolic and ethanolic
extractive solutions of A. satureioides has already been described
(6,8). Interestingly, some fractions of lyophilized ethanolic ex-
tracts proved to be more effective than isolated compounds,
leading to the conclusion that possible synergism occurs (9,10).
Regardless of the study, the antioxidant activity inA. satureioides
extracts is attributed to the presence of phenolic compounds,
specially the flavonoid quercetin. Quercetin has higher antioxi-
dant activity, when compared to other flavonoids present in
A. satureioides extracts. Three possible mechanisms of action
have been related so far: oxygen derivate free radical scavenger,
ion chelation, and inhibition of lipid peroxidation (11–13).

Topical administration of antioxidants has been extensive-
ly studied, mainly through means to reduce the effects of
oxidative stress (14,15). However, many compounds exhibit
important hydrophobicity, making the formulation a chal-
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lenge. Quercetin displays an amphipathic behavior due to
phenyl rings forming the hydrophobic part of the molecule
and the hydroxyl groups constituting the polar portion (16).
Nevertheless, intramolecular hydrogen bond leads to high par-
tition coefficient, even though five free hydroxyl groups are
present (17). For that, the proper selection of the vehicle for
drug delivery is of utmost importance. Nanoemulsions have
been considered to be a promissory delivery system for drugs
with poor water solubility, and they have already been pro-
posed for flavonoid association (18,19). They present kinetic
stability in comparison to classic emulsions and offer higher
surface area, optimal for topical applications (20,21). A well-
documented literature has shown that the association of isolat-
ed bioactive compounds into nanotechnology-based delivery
systems may present several advantages when compared to
conventional dosage forms, including increase in the solubility,
reduction of side effects, controlled released of the active
compound, and increase in the drug stability (22–24).

So, the purpose of this study was to investigate the main
physicochemical properties, the antioxidant activity, as well as
the permeation profile of nanoemulsions containing
A. satureioides extract in comparison to nanoemulsions con-
taining only the isolated flavonoid (quercetin).

MATERIALS AND METHODS

Materials

Ethanol, sodium chloride, and sodium phosphate were
obtained from Nuclear (Brazil). HPLC-grade methanol was
purchased from Tedia (USA). Trifluoroacetic acid (TFA),
1,1,3,3-tetramethoxypropane (TMP), and 2,2′-Azobis(2-
methylpropionamidine) (AAPH) were purchased from Sigma
(Brazil). For the preparation of nanoemulsions, Lipoid E-80
(egg lecithin) and octyldodecanol were obtained from Lipoid
(Germany) and Delaware (Brazil), respectively. Porcine ears
were obtained from a local slaughter house (Dhália, Brazil).

Preparation and Characterization of A. satureioides Extracts

A. satureioides extract was prepared as described else-
where (9). Previously, all the inflorescence was separated
and milled in a rotor mill (Pulverisette 14, Fritsch, Germany)
with a 1-mm exit sieve. After that, maceration of 75 g of
inflorescence in 1000 mL of an 80% ethanolic solution (v/v)
was performed through 8 days, at room temperature (25°C),
protected from the light, with one daily agitation. After this
period, the extract was filtered, and the volume adjusted with
80% ethanol solution until the final volume of 1000 mL.

The extract was characterized by means of dry residue,
pH, density, and amount of quercetin. The dry residue was
determined by the residual weight of 20.0 g of extract, after
evaporation until complete dryness (25). For that, the samples
were placed in an oven at 105°C until constant weight. The
density was determined using a 10-mL pycnometer at 25°C
and the result expressed in mean and standard deviation of
three independent measurements. Determination of pH was
performed using 10 mL of extractive solution in a potentiom-
eter (pH meter B374, Micronal, Brazil), previously calibrated
with solution at pH 4.0 and 7.0. The results were expressed in
mean and average of three different analyses, both as

indicated in an official compendium (US Pharmacopeia)
(26). The quantification of quercetin was carried out by
HPLC-UV, revalidating the methodology described by De
Souza et al. (9). The HPLC apparatus consisted of a LC-
10AD liquid chromatograph and CBM-10A communication
bus module, using an SPD-10A UV-VIS detector (all from
Shimadzu, Japan). A Shim-pack CLC-ODS (M) RP-18
(5 μm, 250×4 mm i.d.) column was used with a flow rate of
0.6 mL/min and UV detection at 362 nm. The mobile phase
consisted of a mixture of methanol/water (53:47) with TFA
0.1% (final concentration). The summary of properties of
the extractive solution can be seen in Table I. The meth-
od was also validated for the quantification of quercetin in
the nanoemuls ion and in the porcine skin (see
Supplementary Information).

Nanoemulsion Preparation and Characterization

Preparation of Nanoemulsions by Spontaneous Emulsification

Nanoemulsions were prepared using spontaneous emul-
sification by solvent displacement, as previously described
(27). For that, 30 mL of ethanolic solution containing egg
lec i thin (200 mg), octy ldodecanol (800 mg), and
A. satureioides extract (or quercetin solution) was poured in
60 mL of water under magnetic stirring. After 10 min, the
ethanol was removed under reduced pressure in a rotatory
evaporator until a final volume of 10 mL. Nanoemulsions
containing quercetin (NEQ) or extract (NEE) with a total
amount of 100 μg of quercetin were prepared as well as a
blank nanoemulsion (NEB). The resulting formulations with
10% of the internal phase were then characterized.

Determination of Mean Average Size

The mean droplet size and the size distribution were
determined by dynamic light scattering. For that, the samples
were diluted within the appropriate concentration with 1 mM
NaCl. Each analysis was carried out at 25°C with a detection
angle of 173° using a Zetasizer Nano ZS (Malvern, UK).

Determination of Zeta Potential

Zeta potential was obtained by laser Doppler anemome-
try mixed with phase analysis light scattering (M3-PALS),
measuring the mean electrophoretic mobility using a Zetasizer
Nano ZS (Malvern, UK). For that, the samples were diluted
with a millimolar solution of NaCl (1:500).

Table I. Properties of Achyrocline satureioides Extract (mean±SD)

Property Extract

pH 5.36±0.02
Density (g/mL) 0.87±0.02
Dry residue (w/w %) 1.44±0.01
Amount of quercetin (μg/mL) 413.37±13.14
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Determination of Viscosity

Viscosity of the nanoemulsion was evaluated in an Ost-
wald viscometer. Five milliliters of each nanoemulsion was
poured into the filling tube and transferred to the capillary
tube (viscometer constant; k=0.0212) by gentle suction. The
time was recorded, in seconds, for the liquid to flow from the
upper limit to the mark in the capillary tube.

Determination of Quercetin Associated to Nanoemulsions

For the determination of total quercetin in the formula-
tion, 1 mL of nanoemulsion (NEQ or NEE) was appropriately
diluted in methanol, filtered (0.22-μm PVDF membrane,
Millipore, Brazil), and analyzed by HPLC.

For the association efficiency, free quercetin was deter-
mined in ultrafiltrate obtained by centrifugation using Amicon
Ultra-4 (MWCO 10 kDa, Millipore, Brazil) at 5000g during
30 min at 4°C (2K15 centrifuge, Sigma Laborzentrifugen,
Germany). The association efficiency (AE) was estimated by
the difference between the total and free drug concentrations
and expressed in percentage of total quercetin.

In Vitro Percutaneous Permeation Study

For the skin permeation studies, Franz diffusion cells with
2.54 cm2 and 10 mL of volume in the acceptor phase were
employed. Porcine skin from the back part of the ear was
used. Our previous experience shows that the thickness of
skin (and stratum corneum) has a direct influence in the
variability of the results. For that, skins with thickness of 0.9
±0.1 mm were used and the stratum corneum was removed by
tape stripping (30 strippings; Scotch 750 tape, 3M, Brazil). The
skin was hydrated with phosphate buffer saline (PBS 20 mM,
pH 7.4). After that, the buffer was replaced by a 50% ethanol
solution under magnetic stirring in a warm bath at 37°C.
Previous studies of quercetin solubility showed that 50% eth-
anol solution was the only acceptor phase that could guaran-
tee sink conditions (18). In the donor phase, 1 mL of both
NEQ and NEE was placed totalizing 100 μg of quercetin. The
concentration of quercetin in the acceptor phase was mea-
sured 8 h after nanoemulsion application. The samples were
analyzed by HPLC and the data expressed as the amount of
quercetin per area (μg/cm2). For the quantification of the
remaining quercetin on the skin, the skin samples were
washed with ethanol 50%, weighed, and homogenized in a
potter as well as in an ultrasound bath (20 min) to ensure the
quercetin extraction from the skin. After quantification by
HPLC, the results were expressed in micrograms of quercetin
per gram of skin (μg/g).

Antioxidant Activity of Nanoemulsions

In order to assess the antioxidant activity of the formula-
tion, thiobarbituric acid-reactive species (TBA-RS) assay was
employed (28). The system chosen to cause oxidative damage
was AAPH in egg yolk liposome (29), and the capacity of
NEE and NEQ to avoid such damage, using NEB as a control,
was evaluated. In a tube, 100 μL of sample nanoemulsion,
diluted three times (quercetin solution or extract at the same
quercetin concentration for the controls), 1000 μL of 1% egg

yolk, and 100 μL of AAPH were added and reacted for 30 min
at 37°C in order to induce oxidative stress. A 300-μL aliquot of
the supernatant was mixed with 600 μL of a thiobarbituric acid
solution, heated in a boiling bath for 30 min, and then read
using a spectrophotometer at 532 nm. A curve of TMP was
used as a standard. Also, the in vitro protection level offered
by the formulations against lipoperoxidation in porcine skin
was analyzed. A TBA-RS assay was performed on the skin
that was submitted to the permeation process, using non-
treated skin as a control. This assay can help to understand
the effect of the formulation, if any, in order to inhibit the
damage to lipids present in the tissue. For that, the tissues
(2.54 cm2 of skin—around 300 mg) were trimmed and manu-
ally homogenized in a PBS buffer in a glass homogenizer.
After that, 600 μL of 15% trichloroacetic acid was added to
300 μL of sample and centrifuged (11,000 rpm, 10 min). A 300-
μL aliquot of the supernatant was mixed with 600 μL of a
thiobarbituric acid solution, heated in a boiling bath for
30 min, and then read using a spectrophotometer at 532 nm.
A curve of TMP was employed as a standard. The proteins
were quantified according to the method proposed by Lowy
et al. (1956) (30).

Statistical Analysis

The results were expressed as mean±standard deviation
(SD) of three independent experiments. Statistical analysis
was performed by ANOVA, followed by Tukey’s test
(p<0.05).

RESULTS

Preparation and Characterization of Nanoemulsions

In the early development, the physicochemical properties
of NEE showed to be especially sensitive to the amount of
extract incorporated, expressed in terms of dry residue. In-
creasing size and polydispersity of the droplets followed the
increase of dry residue, as observed in Fig. 1. The standard
deviation, which can be related to reproducibility, also in-
creased with the dry residue amount. For this reason, a final
concentration of quercetin of 100 μg/mL and a final dry residue
of 0.30% using 2.419 mL of extract (third column) were cho-
sen. A more complete data set of this formulation can be
observed in Table II. As a means of comparison, NEQ and
NEB were also prepared. The formulations proved to be
monodisperse (PDI<0.2) with an average size between 170
and 300 nm. However, a significant increase in the size of
NEE (p<0.05) could be observed in comparison to NEB and
NEQ. The zeta potential was also higher (in modulus) for NEE
(−43.6 mV) than for blank or quercetin-loaded nanoemulsion
(−24.8 and −27.4 mV, respectively). Viscosity did not change
regardless of the formulation. Only traces of quercetin could
be detected in the ultrafiltrate, but this was below the quanti-
fication limit of the method (0.044 μg/mL), suggesting associ-
ation efficiency to be nearly 100% for quercetin. This high
affinity of the nanoemulsion for lipophilic compounds such as
quercetin can be better visualized in Fig. 2. Furthermore,
qualitative analysis indicated that other compounds that have
been described for this extractive solution of A. satureioides
had important association to this nanoemulsion (not
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quantified), such as 3-O-methylquercetin, luteolin, and the
chalcone achyrobichalcone. The total amount of quercetin
detected for the formulation was 102.5±4.7 and 101.3±0.8 μg/
mL for NEQ and NEE, respectively. No statistical difference
between the final concentrations of quercetin in both formula-
tions could be observed (p<0.05).

In Vitro Percutaneous Permeation of Quercetin

As shown in Table III, the permeation profile of querce-
tin appears to be affected by the manner the flavonoid was
incorporated within the nanostructures (isolated or in extract).
No quercetin from NEQ could be detected in the acceptor
phase after 8 h of study. The level of quercetin retained in the
skin is approximately 2.5 times higher for NEE (16.2 μg/g), as
compared to that for NEQ (6.3 μg/g).

Antioxidant Activity

First, an in vitro antioxidant study was performed in order
to understand the influence of nanoencapsulation in the anti-
oxidant profile and protection offered by the formulations
against lipoperoxidation induced by AAPH. The effect of
encapsulation of quercetin (isolated or in extract) in the anti-
oxidant profile against AAPH oxidative damage is shown in
Fig. 3a. The data indicate protection against lipoperoxidation
in the order of 8.3% for quercetin solution and 72.6% for
quercetin in nanoemulsion (NEQ). A similar effect was ob-
served for nanoemulsions containing extract (NEE) when
compared to the extract alone; an inhibition of 77.6% (NEE)
and 43.3% (extract) was observed. The lipoperoxidation

found after treatment with NEQ and NEE (27.4 and 22.4%,
respectively) was inferior to the 107.8% found for NEB
(Fig. 3b). No difference between the antioxidant effect of
NEQ and NEE (p<0.05) could be observed. Finally, the pro-
duction of TBA-RS in the skin after the permeation process
was quantified (Fig. 4). A reduction in the production of TBA-
RS in the skin treated with NEE could be observed when
compared with both NEB and NEQ treatments.

DISCUSSION

Preparation and Characterization of Nanoemulsions

The use of a vegetal extract instead of an isolated active
substance is interesting once many compounds in the extract
act in a synergistic way, thus having their activity increased
(31). Due to the poor water solubility of flavonoids, we devel-
oped nanoemulsions to associate quercetin either isolated or
in A. satureioides extract.

The physicochemical properties of the nanoemulsions are
in accordance to formulations with similar composition ob-
tained by spontaneous emulsification (18,22,32). However,
some properties presented by the NEE were different than
those for NEB and NEQ. When the extract was incorporated
to the nanoemulsion, the average size was remarkably higher.

Fig. 1. Influence of the amount of dry residue incorporated in the
average size of the nanoemulsions

Table II. Physicochemical Properties of Nanoemulsions

Formulation Size (nm) PDI ζ potential (mV) Viscosity (cP) Quercetin content
(μg/mL)

Association
efficiency (%)

NEB 172.5±6.6 0.098±0.017 −24.8±2.3 1.57±0.01 – –
NEQ 197.0±10 0.241±0.022 −27.4±6.0 1.62±0.02 102.5±4.7 >99a

NEE 295.6±9.0 0.211±0.021 −43.6±2.1 1.65±0.01 101.3±0.8 >99a

NEB blank nanoemulsion, NEQ quercetin-loaded nanoemulsion, NEE extract-loaded nanoemulsion
aLower than the limit of quantification (0.044 μg/mL)

Fig. 2. Chromatogram of extract (full line; 50× diluted) and
ultrafiltrated NEE (dotted line). It can be seen that important flavo-
noids (quercetin (Q), luteolin (L), 3-O-methylquercetin and
achyrobichalcone (AC)) were completely incorporated to the
nanoemulsion structure in the assayed conditions
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Interactions between phospholipids and flavonoids have been
described in prior literature (33–35); however, they solely
cannot explain this behavior once NEQ had similar properties
to NEB. In addition, some compounds present in the extract

could decrease the velocity of solvent diffusion. The diffusion
velocity of organic phases in water is one of the major param-
eters that affect the diameter of nanostructures obtained by
solvent displacement (36). Finally, the adsorption of some
constituents of the extract onto the nanoemulsion surface
may well have increased the hydrodynamic radius. This ad-
sorption phenomenon in the nanoemulsion interface could
also be responsible for the significant decrease in the NEE
zeta potential in comparison to NEQ. For the NEQ, the
results obtained contradict Fasolo et al. (2009), who described
a significant reduction in the zeta potential of quercetin-
loaded nanoemulsions (18). However, such difference can be
attributed to the 10-times higher concentration of quercetin
(1 mg/mL) used by these authors. The results found for the
NEE are in line with those reported by Bidone et al. (2014)
who studied nanoemulsions with similar extracts for 3-O-
methylquercetin association (22). Concerning the high associ-
ation efficiency found, this may be attributed to greater affin-
ity of quercetin to the nanoemulsion internal phase (37).
Interestingly, other compounds with poor solubility such as
the chalcone achyrobichalcone and the flavonoids 3-O-
methylquercetin and luteolin may find in nanoemulsified sys-
tems as one way to improve their biopharmaceutical proper-
ties (9,38,39). Finally, there are reports in the literature of
higher viscosity for systems with lower mean sizes, with these
phenomena attributed to an increase of interparticular inter-
actions (37). However, in this study, this does not seem to be
the case. The viscosity of Newtonian fluids, such as
nanoemulsions, only appears to change in higher concentra-
tions of the internal phase (21,40).

In Vitro Percutaneous Permeation of Quercetin

The choice of the skin permeation model was based on
the fact that pig epidermis can be histologically compared to
human skin in terms of thickness and cellular structures and
that the information obtained could be related to a human
skin behavior (41). The evaluation of the permeation of poly-
phenolic compounds, using porcine skin with Franz diffusion

Table III. Amount of Permeated and Retained Quercetin in Skin
After an 8-h Permeation

Quercetin amount

Permeated (μg/cm2) Retained (μg/g)

NEQ ND 6.28±1.23
NEE 1.29±0.19 16.23±2.56

NEQ quercetin-loaded nanoemulsion, NEE extract-loaded
nanoemulsion, ND not detected

Fig. 3. Antioxidant study: a influence of nanoencapsulation on the
antioxidant profile and b percentage of lipoperoxidation induced by
AAPH. Q quercetin, SE80 Achyrocline satureioides extract, NEQ
quercetin-loaded nanoemulsion, NEE extract-loaded nanoemulsion.
Asterisk denotes difference in respect of control and number sign
indicates difference between treatment; p<0.05

Fig. 4. TBA-RS production in porcine skin. Control non-treated skin,
NEQ quercetin-loaded nanoemulsion, and NEE extract-loaded
nanoemulsion. Asterisk indicates difference in respect of control and
number sign represents difference between treatment; p<0.05
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cells, has been widely performed (42–44). The results obtained
in this study for quercetin (NEQ) are lower than those previ-
ously reported (13). The difference may be due to the lower
concentration (10-fold) employed in the present work that
could interfere with the quercetin diffusion in the skin. How-
ever, quercetin could be detected in the acceptor phase from
NEE (~1.3 μg/cm2), indicating that some extract compounds
may well have an influence in its permeation capacity. The low
permeation observed could be due to quercetin retention in
the skin. For this reason, the determination of remaining
quercetin in the skin was carried out, showing higher retention
of quercetin for NEE in comparison to NEQ (2.5-fold higher).
The reason for this fact is yet to be understood. Some extract
compounds could have some influence on the epidermis or
dermis, thus contributing to the quercetin permeation, or even
contribute to lowering of the interaction between the flavo-
noid and the nanostructure, thus favoring its release (45).
Nevertheless, more studies are required to fully characterize
this behavior. It is important to highlight that these results
reflect the use of skin that had their stratum corneum partially
removed. This means that the results observed overestimate
the permeation of quercetin in intact skin. In many clinical
conditions, the integrity of the stratum corneum is compro-
mised and its removal is part of some in vitro protocols (46).
For example, herpes infection by HSV-1 is known to damage
both the skin and oral mucosa. The antiviral activity of
A. satureioides ethanolic extract was already described (47),
and recently, a nanoemulsion associating this extract was pro-
posed for topical treatment of herpes (22).

Antioxidant Activity

TBA-RS was performed to assay the antioxidant capacity
of the formulation based on the abil i ty to detect
lipoperoxidation products. The most important substance of
lipid degradation is malondialdehyde, which reacts with thio-
barbituric acid, giving rise to a colored product that can be
read in a spectrophotometer. The antioxidant activity was
evaluated using a model to induce oxidative stress consisting
of AAPH and egg yolk. The antioxidant activity of the
ethanolic extract (SE80) was higher than the isolated querce-
tin (Q). It is known that some fractions of A. satureioides
extracts can exhibit synergism, as compared to a solution of
pure quercetin, thus increasing their antioxidant properties
(8). The increase of antioxidant effect after nanoencapsulation
has been previously reported by some authors. The natural
compounds curcumin and resveratrol, as well as grape extract,
are among those which had their activity improved after asso-
ciation to lipid-based nanostructures (48,49). The explanation
may rely on the kinetic release of the antioxidants from the oil
core. 3-O-Methylquercetin is known to have a first-order re-
lease kinetics from nanoemulsions, similarly as the oxidation
rates observed for curcumin- and resveratrol-loaded
nanocapsules (22,48). However, when associated to the
nanoemulsions, the antioxidant effect of both quercetin and
the extract increased significantly until no difference could be
found between NEQ and NEE. These data suggest that the
effect of the other A. satureioides extract compounds (which
exist when the SE80 is used) is minimized when encapsulated.

Finally, the in vitro measurement of nanoemulsion anti-
oxidant activity, carried out against lipoperoxidation in

porcine skin, showed that the NEE had significant activity
when compared to the NEB or NEQ. The explanation of this
phenomena cannot be the synergistic effect of the extract
compounds once no difference was observed in the in vitro
activity of NEQ and NEE in the egg yolk model. However,
this reduction may well be attributed to the higher amount of
quercetin retained in the skin treated with NEE. A minimal
amount of quercetin in the skin (16.2 μg/g) was enough to
produce an antioxidant effect, showing the feasibility of the
use of nanoemulsions containing A. satureioides extract.

CONCLUSIONS

The data presented reveal the influence of the
nanoemulsion composition in the physicochemical properties
as well as in the permeation profile and antioxidant activity.
The use of nanoemulsions could increase the intrinsic antioxi-
dant activity of quercetin and the extract. Formulations contain-
ing A. satureioides extractive solution proved to be more
effective than the isolated quercetin to avoid lipoperoxidation
in the skin. The higher activity is attributed to the higher reten-
tion of quercetin in the skin, probably due the presence of other
unknown compounds in the extract. These data sets suggest a
promissory future for the use of A. satureioides extract rather
than isolated quercetin for topical nanoemulsions.
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