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Abstract. The purpose of this study was to develop a lyotropic liquid crystalline formulation using the
emulsifier vitamin E TPGS and evaluate its behavior after incorporation of a flavonoid, quercetin. The
physical (macro and microscopic), chemical (determination of quercetin content by the HPLC method)
and functional (determination of quercetin antioxidant activity by DPPH• assay) stability of the lamellar
liquid crystalline formulation containing flavonoid was evaluated when stored at 4±2 °C; 30±2 °C/70±
5% RH (relative humidity) and 40±2 °C/70±5% RH during 12 months. The lamellar liquid crystalline
structure of the formulation was maintained during the experiment, however chemical and functional
stability results showed a great influence of the storage period in all conditions tested. A significant
decrease in quercetin content (approximately 40%) was detected during the first month of storage and a
similar significant loss in antioxidant activity was detected after 6 months. The remaining flavonoid
content was unchanged during the final 6 months of the experimental period. The results suggest possible
interactions between quercetin and the liquid crystalline formulation, which could inhibit or reduce the
quercetin activity incorporated in the system. In conclusion, the present study demonstrated that
incorporation of quercetin (1%) did not affect the liquid crystalline structure composed of vitamin E
TPGS/IPM/PG–H2O (1:1) at 63.75/21.25/15 (w/w/w). Nevertheless, of the total quercetin incorporated in
the system only 60% was free to act as an antioxidant.
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INTRODUCTION

Human skin is frequently exposed to oxidative injury by
a variety of environmental stressors, including solar radiation,
nitrogen ozone oxides, and transition metals ions(1). The
deleterious effects of sunlight and particularly UV radiation
on the skin can lead to diverse damage as inflammation, skin
aging, tumour promotion, cutaneous auto-immune disease,
and phototoxicity/photosensitivity (2).

Topical administration of antioxidants provides an effi-
cient way to enrich the endogeneous cutaneous protection
system and thus may be a successful strategy for diminishing
ultraviolet radiation-mediated oxidative damage to the skin
(3,4). Therefore, systems to deliver an antioxidant active
agent to cutaneous or subcutaneous levels may be of great
interest as a therapeutic or a cosmetic approach for selective
treatment and prevention of skin disorders (5,6).

Quercetin is one of the most abundant natural flavonoids
present in various common vegetables and fruits. Numerous
in vitro studies have revealed diverse biological effects of
quercetin including antioxidant activity, which can be
explained by its metal ion chelations, inhibition of lipid
peroxidation and scavenging of oxygen radicals (7,8). Re-
cently, it was demonstrated that topical formulations contain-
ing quercetin inhibit UVB-induced cutaneous oxidative stress
and inflammation (9,10).

The design of new administration forms that increase the
effectiveness of existing drugs is a new and recent trend
observed in pharmaceutical technology. In this context, the
use of vehicles having a liquid crystalline structure to carry
drugs for topical use has been employed. It allows an easier
diffusion of biological active substances through the skin
besides having a considerable solubilizing capacity for both
oil and water soluble compounds (11–13). Furthermore,
liquid crystals are thermodynamically stable and can be
stored for long periods of time without phase separation (13).

The stability evaluation of formulations containing
quercetin that could be useful in the treatment of UVB-
induced oxidative skin damage is one of the important issues
in the study of new pharmaceutical products (14,15).

Chemical stability studies evaluate drug capacity to
remain in concentrations necessary to guarantee its efficacy
and safety (16). However, considering the fact that an
antioxidant formulation could become pro-oxidant or loose
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its activity without apparently altering the drug content,
chemical stability studies should always be accompanied by
functional stability evaluations.

Functional stability guarantees the efficacy of a product with
a specific function and has been proposed as a different approach
to evaluate the stability of quercetin as an active pharmaceutical
ingredient and also in different topical formulations (17,18).

The aim of this study was to investigate the physical,
chemical and functional stability of a lamellar liquid crystalline
formulation containing quercetin, stored for one year under
different conditions. In the course of the experimental work
different lyotropic liquid crystal systems were developed and
the effect of quercetin on their phase behavior evaluated.

MATERIALS AND METHODS

Materials

Quercetin dihydrate 99% (C15H10O7.2H2O, Mw=338.26)
was purchased from Acros Organics (New Jersey, USA),
vitamin E TPGS (d-alpha-tocopheryl polyethylene glycol 1000
succinate) from Eastman (Kingsport, Tennessee, USA), iso-
propyl myristate from Vetec (Rio de Janeiro, Brazil) and 2,2-
diphenyl-1-picryl-hydrazyl (DPPH•) from Sigma Chemical Co.
(St. Louis, MO, USA). Methanol (MeOH) and glacial acid
acetic, both high-performance liquid chromatography (HPLC)
grade were from J.T. Baker (USA) and Merck (Darmstadt,
Germany), respectively. Solutions or mobile phase mixtures
were prepared with water purified in a Milli-Q-plus System
(Millipore, Bedforte, MA, USA).

Preparation of the Formulations

To determine the optimum ratio of isopropyl myristate
(IPM), vitamin E TPGS and propylene glycol (PG)-H2O to
obtain liquid crystalline phases, formulations containing differ-
ent amounts of these compounds (2.5–67.5% IPM, 2.5–67.5%
vitamin E TPGS, and 5–67.5%/2.5–45% PG–H2O, w/w/w)
were prepared. Vitamin E TPGS was melted (40°C) and IPM
was added under vortex stirring. Immediately thereafter, PG–
H2O mixture pre-warmed to 40 °C was added, and the
resulting formulations were allowed to rest in closed vials for
1 week at room temperature to reach equilibrium. Sample
homogeneity and liquid crystalline phase formation were,
respectively, examined by visual inspection and through a
polarized light microscope (Carl Zeiss, Oberkichen, Germany).

Quercetin (final concentration of 1% w/w) was incorpo-
rated into the systems in which lamellar or cubic phases were
previously obtained. For this, the flavonoid was firstly added
under vortex stirring to melted (40 °C) vitamin E TPGS and
immediately followed by the incorporation of IPM and PG–
H2O mixture pre-warmed to 40 °C as described above.

Stability Studies

Lamellar liquid crystalline formulations with or without
quercetin were stored at 4±2 °C; 30±2 °C/70±5% RH
(relative humidity) and 40±2 °C/70±5% RH for 12 months
into BOD MA 415 UR incubators (Marconi®) with con-
trolled temperature and humidity. At pre-determined times
(immediately after preparation, 1, 2, 3, 6, 9 and 12 months)

samples were collected for the evaluation of physical,
chemical and functional stability as described below (19,20).

Physical Stability

Formulations were macroscopically characterized by
visual analysis and microscopically through a polarized light
microscope (Carl Zeiss, Oberkichen, Germany) to detect
changes in consistence and liquid crystalline structure.

Chemical Stability

Lamellar liquid crystalline formulations were diluted in
methanol to a final quercetin concentration equivalent to
50 μg/ml and samples were evaluated with regards to
quercetin content by HPLC method.

Analyses were performed using a Shimadzu (Kyoto,
Japan) liquid chromatograph, equipped with an LC-10 AT
VP solvent pump unit and an SPD-10A VP UV-Visible
detector. Samples were injected manually through a 20 μl
loop with a Rheodyne injector. The separation was per-
formed in a C18 Hypersyl BDS-CPS ciano (5 μm), 250×
4.6 mm column with a mobile phase of methanol: water (60:40
v/v) containing 2% acetic acid (flow rate of 1 ml/min) and the
drug detected at 254 nm. Data was collected using a
Chromatopac CR8A integrator (Shimadzu, Kyoto, Japan).
Values obtained for methanolic quercetin showed linearity
over the concentration range of 0.1 to 200 μg/ml with a
correlation coefficient (r) of 0.999. The quantification limit in
the HPLC assay was 0.03 μg/ml and the average for relative
standard variation and error was no more than 4.68% in all
concentrations tested, which is considered adequate for
analytical assays (21). No unidentified peaks were seen in
the HPLC chromatograms.

Functional Stability

DPPH• assay was used to evaluate the antioxidant
activity of quercetin incorporated in the formulations, which
were submitted to different storage conditions.

Formulations addedwith 1%of quercetin were diluted to a
final quercetin concentration of 50 μg/ml and the H-donor
ability evaluated using an ethanolic solution of DPPH•, a stable
nitrogen-centered free radical. Briefly, for radical scavenging
measurements, 1 ml of 0.1 M acetate buffer (pH 5.5), 1 ml of
ethanol and 0.5 ml of 250 μM ethanolic solution of DPPH•

were mixed with 50 μl of the test sample and the light
absorbance measured after 10 min at 517 nm (22).

The positive control was prepared by adding quercetin-
free formulations submitted to the same storage conditions,
and indicates the maximum odd electrons of DPPH•, which
were considered as 100% free radicals in the solution and
used to calculate the hydrogen-donating ability (%) of
quercetin. The blank was prepared from the reaction
mixture without DPPH• solution and all measurements were
performed in triplicate. Values obtained for methanolic
quercetin showed linearity over the concentration range of
0.1 to 2.0 μg/ml with a correlation coefficient (r) of 0.996. The
average for relative standard variation and error was no more
than 6.43% in all concentrations tested, in agreement with
literature recommendations (21).
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Statistical Analysis

Data were statistically analyzed by one way ANOVA,
followed by Bonferroni’s multiple comparisons t-test to
evaluate the influence of temperature and time of storage in
the quercetin content and antioxidant activity of the liquid
crystalline formulations. Results were considered significantly
different when P<0.05 was obtained.

RESULTS AND DISCUSSION

The present report describes the preparation and charac-
terization of a liquid crystalline system containing the flavo-

noid quercetin. The liquid crystalline systems, as carriers for
topical delivery of quercetin have not been explored to date.

As a first step, different ratios of vitamin E TPGS/IPM/
PG–H2O were tested to prepare the liquid crystalline
systems. The phase diagrams of systems containing the PG–
H2O components in 1:1 and 3:1 ratios are shown in Fig. 1a
and b, respectively. The first ternary phase diagram shows
that a lamellar phase was formed when the aqueous phase
(PG–H2O 1:1) content was less than 15% and birefringence
points when it was between 20% and 30%. Higher percent-
age increases led to a change to cubic phase. This could be
explained by increased lamellar phase instability as the
concentration of propylene glycol increases (23).

Vitamin E TPGS/IPM/PG–H2O (1:1) systems, which
resulted in the lamellar phase, were macroscopically more
fluid while the cubic phase ones were transparent and very
viscous. Polarized light microscopy of the liquid crystalline
phases showed characteristic textures: the cubic phase is
identified as a black field and the lamellar phase as oily
streaks with inserted maltese crosses.

In the ternary phase diagram of vitamin E TPGS/IPM/
PG–H2O (3:1) only cubic phases were formed when propyl-
ene glycol concentration varied from 11.25% to 45% and the
water content from 3.75% to 15%.

A wide region containing liquid, homogeneous and
isotropic systems when analyzed in the microscopic were also
observed in the diagram and characterized as an isotropic
liquid system. This system was observed when great (90%) or
little (10%) amounts of PG–H2O (3:1) were used. An instable
emulsion, which has two distinct phases, was formed when it
was mixture 90 and 70% of PG–H2O (3:1), 7.5% and 2.5% of
IPM and 22.5% and 7.5% of vitamin E TPGS, respectively.

The results corroborate with other studies (24–28),
demonstrating the effectiveness of using vitamin E TPGS as
a surfactant. Adequate systems (cubic and lamellar phases)
are produced when equal amounts of propylene glycol and
water are used in combination with the other components.

Alterations in the liquid crystalline structure and system
properties by drug loading might have implications on drug
release, system stability, and interactions of the system with
the site of action. Since parameters such as pH, temperature,
and the presence of other compounds in the system can
influence the packing parameter of the lipid and consequently
the liquid crystalline phase formed (29), we studied whether
quercetin affects the liquid crystalline structure (cubic and
lamellar phases) of some of the systems composed of vitamin
E TPGS/IPM/PG–H2O.

The systems selected to incorporate quercetin are
described in Table I. Addition of 1% quercetin to formula-
tions containing PG–H2O (1:1) and previously showing cubic
phases (F1 and F2), induced a phase transformation from
cubic phase to (cubic phase+water), which may suggest that
the system cannot accommodate the total amount of water

Fig. 1. Phase diagrams of vitamin E TPGS/IPM/PG–H2O systems at
a 1:1 and b 3:1 ratios. The phase regions are: filled circle isotropic
liquid, filled triangle cubic phase, filled square birrefringence, empty
circle unstable emulsion, open triangle cubic+anisotropic phases and
empty square lamellar phase

Table I. Percent Composition of Formulations in which Quercetin was Incorporated in the Final Concentration of 1% (w/w)

Components F1 (%) F2 (%) F3 (%) F4 (%) F5 (%) F6 (%)

Vitamin E TPGS 17.5 20.0 63.8 42.5 63.8 67.5
IPM 52.5 60.0 21.2 42.5 21.2 22.5
PG–H2O (1:1) 30.0 20.0 15.0 10.0
PG–H2O (3:1) 15.0 15.0
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when the drug was included. It suggests that the incorporated
drug participates in the microstructure of the system and may
even influence it due to molecular interactions (30).

Drug incorporation into two other cubic phase systems
containing less water (F3 and F4) similarly did not retain the
cubic phase. Although cubic phase liquid crystalline systems
are able to dissolve or disperse drugs of varies polarities, in
some cases the active substance might interact with curved
bicontinuous lipid bilayer of this phase making it unstable and
resulting in a phase transformation (31).

F5 was the only system retaining the characteristic
structure (lamellar phase) of liquid crystalline systems
(Fig. 2) after addition of quercetin, demonstrating that it
was the proper one for incorporating poorly water-soluble
drugs. In addition, considering that lamellar lyotropic liquid
crystalline systems are thermodynamically stable (32), F5 was
selected for stability studies.

Stability evaluation of active principles in formulations
stored for various periods of time at different climatic
conditions constitutes an important step in the development
of new products. It provides information about the shelf-life
of pharmaceutical products, as well as storage conditions
(15,19). In the present study, the physical, chemical and

functional stability of a lamellar liquid crystalline formulation
containing quercetin was evaluated under different conditions
of storage during 12 months.

Macro and microscopic analysis carried out in parallel with
chemical and functional studies represent a necessary approach
to predict physical sample behavior during stability tests.

The physical stability studies demonstrated that although
it is known that temperature is one of the important factors
influencing liquid crystalline structures, microscopic analysis
indicated that the distinct conditions of storage did not
compromise its structure.

Liquid crystalline system components interference in the
HPLC and DPPH• methods were investigated in advance of
the chemical and functional stability studies of the system
containing quercetin. No interfering peaks were detected in
the chromatographic patterns (data not shown) and no
significant statistical difference was detected in the hydrogen-
donating ability of quercetin compared to formulation only
(33). These results further confirm the adequacy of these
assays to evaluate the chemical and functional stabilities of

Fig. 2. Polarized light microscopy of the lamellar liquid crystalline
formulation composed of vitamin E TPGS/IPM/PG–H2O (1:1)/querce-
tin at 63.11:21.04:14.85:1.0 w/w/w/w at magnification of ×200. The
lamellar phase is identified as oily streaks with inserted maltese crosses

Table II. Quercetin Content in the Lamellar Liquid Crystalline
Formulation, Composed of Vitamin E TPGS/IPM/PG–H2O (1:1) at
63.75:21.25:15 (w/w/w), Determined by HPLC and by its Antioxidant
Activity

Samples

% inhibition
in the DPPH•

assay

Corresponding
quercetin content
(µg/ml)a

Quercetin content
determined by
HPLC (µg/ml)

1 50.1±0.4 50.0±0.5 49.8±0.3
2 50.0±0.3 50.2±0.3 49.8±1.0
3 50.1±0.6 50.2±0.8 50.7±0.6

Results are presented as mean±SD (standard deviation) of three
experiments run in parallel.
aQuercetin content in the DPPH• assay was estimated by the
regression equation obtained by plotting the concentration of
quercetin against the inhibition (%) in each concentration.

Fig. 4. Quercetin concentration in the lamellar liquid crystalline formu-
lation under storage at 4±2 °C; 30±2 °C/70±5%RHand 40±2 °C/70±5%
RH for 12 months determined by DPPH• assay. Results are represented
by mean±SEM of three experiments run in parallel

Fig. 3. Quercetin concentration in the lamellar liquid crystalline
formulation under storage at 4±2 °C; 30±2 °C/70±5% RH and 40±
2 °C/70±5% RH for 12 months determined by HPLC. Results are
represented by mean±SEM of three experiments run in parallel
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quercetin in the liquid crystalline formulation, respectively.
Furthermore, the quercetin content in the liquid crystalline
formulation was determined by both methods, HPLC and
DPPH•, showing very similar values which indicates the
adequacy of DPPH• assay to determine drug concentration
in the sample (Table II). A variation coefficient of approxi-
mately 5% in both methodologies could be attributed to
intrinsic errors associated to them (21).

At the beginning of the study the choice of the con-
centration of flavonoid added to the liquid crystalline system
to be used in chemical and functional stability studies was a
matter of concern since the decrease in drug activity during
the stability studies, if any, was not to known. It was necessary
to select a concentration, which corresponded to a significant
inhibition but it could not be one leading to the higher
percentage of radical inhibition due to the plateau effect in
the quercetin dose-response curve where different concen-
trations of the flavonoid showed the same inhibition against
the radical (33). Quercetin concentrations in the plateau
range might hinder stability results, since a decrease in
content is not followed by the same decrease in antioxidant
activity. For this reason, the concentration selected, to be
used in chemical and functional stability studies, inhibits 50%
of DPPH• and corresponds to 50 µg/ml of the flavonoid as
determined by both DPPH• and HPLC methods.

The chemical stability study demonstrated a significant
decrease in quercetin content (approximately 40%) in the first
month for samples under all storage conditions employed but
it was maintained stable during the rest of the study (Fig. 3).

The functional stability study, however, showed that quer-
cetin antioxidant activity did not decrease during the first
months, corresponding to approximately 100% of the quercetin
concentration incorporated in the formulation up to the sixth
month of storage when the DPPH• assay showed a significant
loss in antioxidant activity of approximately 40%, the remaining
quercetin content being maintained thereafter (Fig. 4).

Statistical analysis of the results for chemical and
functional stability assays detected significant differences
between quercetin concentrations determined by the HPLC
and DPPH• methods at different storage conditions at the
first, second and third months (p<0.001), but there was no
difference in the concentrations determined at the other
periods of time. Furthermore, in both stability studies
(chemical and functional), the period of storage plays a
greater influence than the conditions of storage in the stability
of the liquid crystalline formulations added with quercetin.

Considering that both methodologies are equally precise
and exact in the determination of quercetin concentration,
the difference observed for chemical and functional stability
studies could be possible due to interactions between
quercetin and the liquid crystalline formulation. Although
these interactions might prevent quercetin behavior at the
chromatographic column they are not able to abolish the
flavonoid capacity to donate H+ to the DPPH• radical,
suggesting that it occurred with quercetin groups not
responsible for its antioxidant activity. However, interactions
established in the first month of storage could be modified
further on during the time of storage (until the sixth month),
and lead to the loss of quercetin antioxidant capacity. Future
studies are planned in order to best elucidate the possible
interactions suggested in this report.

CONCLUSION

The present report demonstrates that liquid crystalline
formulations composed of vitamin E TPGS/ IPM/PG–H2O
(1:1) at 63.75:21.25:15 (w/w/w), respectively, containing 1%
quercetin maintain its lamellar phase. Nevertheless, only 60%
of the total quercetin incorporated in the system is free to act
as an antioxidant.
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