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Carrier systems for lipophilic drugs, such as the liquid crystalline systems (LCS) have been extensively
studied to improve effect and selectivity. Retinyl palmitate (RP) is widely used in pharmaceutical and
cosmetics products to improve the skin elasticity. The aim of this study was the development, characteri-
zation and the in vivo effectiveness of RP in non-ionic LCS structures. LCS containing polyether functional
siloxane as oil phase, silicon glycol copolymer as surfactant and water in the ratio 30:10:60, with and
without RP were studied. The results of the polarized light microscopy, small-angle X-ray scattering and
rheology analysis indicated the presence of typical LCS structures with lamellar arrangement. Regard-
iquid crystalline systems
etinyl palmitate
AXS
heological analysis

n vivo effectiveness

less of the presence of RP, the rheological studies showed the pseudo plastic behavior of the systems.
However, highest hysteresis area was verified when comparing the system in the presence and in the
absence of RP. Stability study SAXS monitored, carried out up to 30 days in various storage temperature
conditions (25 ± 2 ◦C, 37 ± 2 ◦C and 5 ± 2 ◦C) demonstrated the great structural stability of the LCS sys-
tems. The in vivo effectiveness analysis suggests that the RP-loaded LCS provided a significant reduction

in hu
of the orbicular wrinkles

. Introduction

Carrier systems for lipophilic drugs, such as the liquid crystalline
ystems (LCS) have been extensively studied to improve effect and
electivity [1–3]. It is known that the LCS can provide appropriated
esponse for prolonged time, improving drug efficacy and reducing
ide effects [4–6]. These systems can be administered by different
outes including ocular, oral, intraperitoneal, intramuscular, subcu-
aneous and cutaneous [7,8]. The development of new drug carrier
ystems based in the LCS structure has been a promising approach
o increase and control the drug skin penetration [9–13]. Liquid
rystalline phases are components mixtures that have mechani-
al properties of a liquid (fluidity) and optical characteristics of a
rystal (optical anisotropy). Liquid crystalline systems are thermo-
ynamically stable, thermotropic and lyotropic systems that can be

tored for long periods without alterations [14–17]. Lyotropic liq-
id crystalline phases can be used as topical drug delivery systems
ecause the high ability of drug solubilization, thermodynamic sta-
ility, a wide range of rheological properties and the high similarity
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with the intercellular lipid membranes of the skin [18–21]. Swar-
brick and Siverly investigated the topical application of vehicles
containing LCS and established that the percutaneous absorption
of lipophilic drug model decreases significantly when the propor-
tion of liquid crystalline phases increases above 5–10% [22]. LCS
can control drug release because the low interfacial tension arising
at oil–water interface [23,24]. The mechanism involves the pro-
gressive diffusion into the skin and to systemic circulation [25–27].
They can bring a considerable increase in the solubility of poorly or
water insoluble drugs [28–31].

Appropriated methods of investigation and characterization of
LCS are often used in drug development. Sophisticated techniques
such as polarized light microscopy (PLM), ionic conductivity, rheol-
ogy and small-angle X-ray scattering (SAXS) are available to achieve
this goal [32].

The use of silicones in topical formulations is a world trend, due
to their advantages like non-comedogenity, film formation, skin
hydration, good skin feel and acceptance by the consumers. Thus,
the association of LC and silicones allow for more stable and effi-

cient formulations with adequate penetration, besides keeping the
skin always moisturized [33,34].

Retinol, the form of vitamin A absorbed from animal food
sources, is a yellow, fat-soluble substance. Since the pure alcohol
form is unstable, the vitamin is found in tissues in a form of retinyl

dx.doi.org/10.1016/j.colsurfb.2011.02.027
http://www.sciencedirect.com/science/journal/09277765
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ster. It is also commercially produced and administered as esters
uch as retinyl acetate or palmitate and is widely used as active
ubstance in pharmaceutical topical formulations. RP improves the
lasticity of the skin reducing up to 10% [35–37].

The aim of this study was the development, characterization,
nd in vivo effectiveness determination of the LCS containing RP.
or this RP-unloaded and RP-loaded LCS, obtained from the combi-
ation of polyether functional siloxane as oil phase, silicon glycol
opolymer as surfactant and water were used.

. Material and methods

.1. Material

Polyether functional siloxane (PFS), DC® 5329 (S) and silicon
lycol copolymer (SGC), DC® 193 (O) were purchased from Dow
orning (Michigan, USA), retinyl palmitate (RP) 1,000,000 UI/g from
oche (Greenzach, Germany). The high purity water (W) from Mil-

ipore Milli-Q plus purification system was used throughout.

.2. Methods

.2.1. Formulations preparation
The samples were prepared by heating the mixture of O and S to

5 ◦C. The W was heated up to 40 ◦C was then carefully added under
entle and constant stirring until the mixture reaches at room tem-
erature. The obtained systems containing different proportions of
he components were characterized in a pseudo-ternary phase dia-
rams in order to describe the proportions of the components to
orm lamellar liquid crystalline systems (LCS). The proportions of
ach component were calculated from titrations of the binary mix-
ures of oil phase and surfactant with water. The transitions from
paque semisolid phase to clear liquid system (CL), clear viscous
ystem (CV), viscous translucent system (TV), liquid emulsion sys-
em (LEM), and viscous emulsion (VEM) and phase separation (PS)
ere delimited. The diagrams were obtained from the mixtures
P-loaded (1%) and RP-unloaded.

.2.2. Polarized light microscopy
A drop of the sample was placed in a glass slide that was covered

ith a cover slip and then analyzed under polarized light. A Motic
ype 102 M Optical Microscope equipped with a digital camera was
sed to analyze several fields of each sample at room temperature.
he isotropic or anisotropic behavior of the samples was noted.
hotomicrographs were taken at 200× magnification.

.2.3. Small-angle x-ray scattering (SAXS)
The nanometric structure of the phases was studied by (SAXS)

easurements. Data was collected at the Synchrotron SAXS beam
ine of the National Laboratory of Synchrotron Light (LNLS, Camp-
nas, Brazil), equipped with an asymmetrically cut and bent Si
1 1 1) monochromator (� = 1.608 Å) that yields a horizontally
ocused beam. A vertical position-sensitive X-ray detector and

multichannel analyzer were used to record the SAXS inten-
ity, I(q), as a function of the modulus of the scattering vector q,
= (4�/�)sin(ε/2), ε being the scattering angle. The parasitic scat-

ering produced by slits was subtracted from the total scattering
ntensity.

.2.4. Rheological analysis

The rheological analysis of formulations was carried out with

controlled-stress Carrimed CSL 100 rheometer (TA instruments)
ith plate–plate geometry. This geometry consists of two stainless

teel plates of 2 cm diameter with a gap of 200 �m between the
lates. Samples were carefully applied to the lower plate, ensuring
: Biointerfaces 85 (2011) 182–188 183

that formulation shearing was minimized, and allowed to equili-
brate for at least 3 min prior to analysis. The experiments were
carried out with shear rates (�̇) in the range of 0.001–30 s−1. The
shear rate region used was selected on the basis of the strength of
resistance to the applied stresses. The rheological measurements
were performed on both the up and down curves. The data from
the shear cycle were fitted to a power-law model, using Rheol-
ogy Solutions Software (version Data V1.1.7, TA Instruments). All
rheological determinations were carried out on all samples, at
25.0 ± 0.2 ◦C.

2.2.5. Wrinkles traces evaluation on the facial skin of human
volunteers

This study was approved by the Research Ethics Committee
of the Methodist University of Piracicaba, protocol 073/2005. The
study was conducted on healthy women with white skin or light
brown, aged between 30 and 45 years and with facial skin aging.
It was selected 30 volunteers who did not use medicines for
chronic use, except contraceptives, which were divided into three
groups, each with ten volunteers. All volunteers were instructed
to avoid the sun during the treatment period and guided to sus-
pend the use of any product in the eyes periorbicular region one
month before the beginning of the treatment. Terms of free consent
were obtained from patients, who voluntarily participated after
acknowledging the procedures of the study.

The first group used F1RP-unloaded to test de vehicle system,
the second used F1 RP-loaded and the third was the control group
(C) which did not use formulation. The volunteers were guided to
apply fixed amount of the formulations 1×/day, at night, up to 30
days on the face skin including the eyelid region, through circu-
lar movements for 15 s. The entire volunteer’s skin was previously
photographed, using a CCD color microscope, Scope model. Reeval-
uation was carried out 30 days after the treatments.

For the calculation of the areas percentage with traces of wrin-
kles, the photographs were transferred to Corel Photo-Paint 8
software, the images divided in 266 areas of 1.2 cm2, in images
with 10× of magnification. The area with traces of wrinkles of the
eye orbit region of each volunteer was calculated by planimetry
for point’s counting. [38] For the effectiveness study, comparisons
between the treatment groups were performed using the analy-
sis of variance followed Tukey test. The analysis was considered
statistically significant for P < 0.05.

3. Results and discussion

The data of the pseudo-ternary phase diagram shows that it is
possible to add a great volume of oil phase and limited volume of
water phase maintaining the thermodynamic stability of systems.
Clear and translucent regions are obtained in a wide range region
of the pseudo-ternary phase diagram (Fig. 1). The analysis of the
phase diagram regions in Fig. 1 shows a distinct transition from
LCS to VEM, TV and CL; and from LEM, LCS and CL to PS. Indepen-
dently on the proportions of the S and O a complete clear liquid
phase (CL) exists with the aqueous phase proportions up to 70%,
but with wide field in the low aqueous phase proportion and high
oil phase contents. In the region where aqueous phase predom-
inates and up to about 30% of the oil a phase separation region
followed by LEM, VEM, LCS region and a CL system were observed
with a progressive increase in the surfactant proportion. The for-
mation of CL was favored in the region of oil phase dominance,

but phase separation was verified when the aqueous phase was
predominant. Two LCS regions separated by a translucent region
(TV) were also found. The first region has been described in high
surfactant proportions (above 50%), low proportions of aqueous
(between 20 and 40%) and oil phases (up to 25%); and one second
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Fig. 1. Pseudo-ternary phase diagram for systems containing PFS (S), SGC (O) and
purified water (W). Key: (a) Unloaded-system; (b) loaded system; (CL) clear liq-
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Table 1
Selected formulations for this study.

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

Polyether functional siloxane (S) 55.0 60.0 65.0 70.0
id system; (LCS) liquid crystalline system; (TV) translucent viscous system; (VEM)
iscous emulsion; (LEM) liquid emulsion; (PS) phase separation; (©) specific com-
ositions of the studied systems, 25 ◦C.

egion defined in low surfactant proportions (up to 40%), aqueous
hase contents between 29 and 49%, and larger oil phase propor-
ion (between 30 and 55%). Thus, this phenomenon is dependent
n the O/S ratio and can be understood because when the oil phase
roportion increased, the system went through a translucent inter-
ediate phase which clearly indicates a transition region between

he two LCS phases (Fig. 1).
We have found that in the interest LCS region, with high

urfactant contents, the incorporation of the RP did not change sig-
ificantly the domain regions of the phase diagram (Fig. 1). The
ystems remain isotropic, optically transparent and there were no
edimentation or phase separation after centrifugation 30,000 rpm
or 30 min. The studied formulations are shown in Table 1 and

he specific compositions were represented in the pseudo ternary
hase diagram (Fig. 1). The formulations of Table 1 were obtained
y varying the amounts of oil phase and surfactant in order to obtain
ifferent O/S ratios.

Fig. 2. Polarized light microscopy photomicrographs of the recently prepared R
Silicon glycol copolymer (O) 20.0 15.0 10.0 5.0
Water (W) 25.0 25.0 25.0 25.0
O/S ratio 0.36 0.25 0.15 0.075

Isotropic and anisotropic materials can be distinguished by
polarized light microscopy. The optical properties of anisotropy can
provide information on the structure and composition of materials
such as lipid vesicles, microemulsions and liquid crystalline sys-
tems. Since the isotropic materials have only one refractive index
and no restriction on the vibration plane of light passing through
them so they have the same optical properties in all directions.
Then, under polarized light isotropic materials are characterized by
a dark field. Moreover, anisotropic material have optical properties
that change with the orientation of the incident light in relation to
crystallographic axes showing different refractive indices depend-
ing of the direction of propagation of light through the system and
on the orientation of the vibration plane. Then, due to its molecular
organization, the anisotropic liquid crystalline systems are birefrin-
gent and display Malta crosses under polarized light [39].

The photomicrographs of the RP-unloaded and RP-loaded for-
mulations, analyzed by polarized light microscopy are shown in
Figs. 2 and 3. For all samples the presence of Malta crosses was
observed, which is characteristic of the structures of liquid crys-
talline phases [40]. This organization seems to be dependent on
the O/S ratio [Table 1, Fig. 2F1–F4]. Thus, there are a large num-
ber of structures in Malta crosses at high O/S ratio, which sharply
decreases with decreasing O/S ratio (Fig. 2F1–F4).

When the RP was incorporated into the system, a small decrease
in the well-defined Malta crosses was also observed (Fig. 3F1–F4)
demonstrating the low RP influence on the structural organization
of the system (Figs. 2 and 3). In fact, it is well known that the appro-

priate combination between the oil phase, surfactant and water
phase is the key for lamellar liquid crystalline systems formation
[41].However it is unclear whether Malta crosses are present or not
in the photomicrographs of the systems at low O/S ratios. On the

P-unloaded formulations (F1–F4) from LCS region of the phase diagram.



M. Chorilli et al. / Colloids and Surfaces B: Biointerfaces 85 (2011) 182–188 185

pared RP-loaded formulations (F1–F4) from LCS region of the phase diagram.
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Fig. 3. Polarized light microscopy photomicrographs of the recently pre

ther hand, it is also known that spherical structures formed by
ipid bilayers such as liposomes exhibit Malta crosses in polarized
ight microscopy [42,43]. Thus, it may be likely that such condi-
ion the disintegration of the initial system occur, leading to the
ormation of fragments of crystalline liquid phases shown in pho-
omicrographs 2C and 3C. These results are in agreement with the
nalysis of the SAXS data presented in Fig. 4, demonstrating the
tructural organization of lamellar phase of the system.

Other published studies also suggest that lamellar liquid crys-
alline phases are related to system stabilization due that the
amellar structure forms a shield around the globules, preventing
he adhesion between then or the phase separation [44–47].

Further SAXS studies were performed in order to confirm the
amellar structure of the samples was performed and the intensity
f the scattering patterns (I) were plotted versus the scattering vec-
or modulus q (Å−1). For both RP-unloaded and RP-loaded LCS the
urves of the SAXS data are shown in Fig. 4A and B, respectively.

It is well known that LCS can be oriented to form one, two or
hree-dimensional structures and the SAXS curves show Bragg peak
ntensities for specific values of the scattering vector q [48,49]. The
elationship between the positions of these peaks on the q-axis dis-
loses the crystalline structure type and allows that the structural
arameters are calculated [50]. The d parameter was calculated by
= 2�/qm, where qmax is the maximum intensity value of the scat-

ering vector peak. For a lamellar liquid crystalline structure the
elationship between the calculated correlation distances for each
raag peak follows the relationship 1:2:3 [51]. From the data of
ig. 4A and B for all samples it was found the presence of two Bragg
eaks with correlation distances of 1:2 which is indicative of the
resence of a 1D lamellar structure, as shown in the PLM data in
igs. 2 and 3.

Regardless of the presence of RP, the SAXS patterns show a broad
nd intense peak, characteristic of lamellar liquid crystalline struc-

ure with strong spatial ordering. This feature was confirmed by
he presence of large amounts of Maltese crosses (Figs. 2 and 3).
lthough the analysis by PLM shows a clear decrease in the amount
f the Malta crosses by the increase in the O/S ratios, this structural
ifference could not be demonstrate through the SAXS analysis.

Fig. 4. SAXS analysis of F1–F4 formulations from CV region of the phase diagram.
Key: (A) RP-unloaded LCS; (B) RP-loaded LCS.
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ig. 5. SAXS analysis of F1 formulation from CV region of the phase diagram at
ifferent temperatures. Key: (A) RP-unloaded LCS; (B) RP-loaded LCS.

oreover, it was demonstrated that the incorporation of RP in the
CS systems induced no effect on the structural organization.

The RP-loaded and RP-unloaded formulations (Table 1) from LCS
rea of the pseudo ternary phase diagram (Fig. 1) were also used to
tability study of the organized structures in different experimen-
al conditions. For both F1-unloaded and F1-loaded RP, the SAXS
urves obtained after 24 h of preparation at 25 ◦C were compared
ith the SAX data of the formulations after 30 days at 25, 37 and
◦C. The results are shown in Fig. 5. Independently on the tem-

erature of the storage time, the profile of the SAXS curves for all
ormulation showed two well defined peaks with correlation dis-
ances 1:2 demonstrating that the lamellar phase structure remains
rganized yet.

ig. 6. Rheological behavior of F1–F4 formulations from CV region of the phase diagram (
: Biointerfaces 85 (2011) 182–188

For both RP-unloaded and RP-loaded the flow properties of the
formulations from LCS region of the phases diagram for are shown
in Fig. 6. The non-linearity data from the shear rate and shear stress
parameters explains the non-Newtonian pseudo-plastic fluid pro-
file of the samples. This behavior is due to a lack in the internal
organization of the system with the shear rate variation. These
results reveal the presence of a structured network formed from
the interaction between the formulation components, which is
gradually broken with increasing shear stress. Then the internal
resistance of the system structure decreases, causing a viscosity
reduction [52].

Thus, after applying the tension the formulation showed smooth
flow, leading to a great dispersion during the application and the
formation of uniform film on the skin surface [53].

The liquid crystalline systems present high viscosity and the
lamellar phase shows pseudo-plastic characteristic [54]. Pseudo
plastic systems exhibit shear thinning without the initial resis-
tance to deformation (yield stress) and can present the thixotropy
phenomenon. In general materials with thixotropic characteristics
show a strong ability to recovery its structure when the stress is
removed. This phenomenon can be observed by the flow test, which
the shear rate increases continuously with time from zero to max-
imum value and subsequently decreasing to zero in the same way
[55]. For materials with thixotropic characteristics the results of the
shear rate against shear stress curve generally include an ascending
curve upward shifted in relation to downward curve as shown in
Fig. 6.

The formation of organized structures like those shown in Fig. 6,
which can disrupt under the effect of shear stress and rebuild it
when the pressure is removed, is the main mechanism for mate-
rial thixotropy. This phenomenon is a desirable characteristic in
pharmaceutical dispersions, because the decrease in the viscos-
ity (shear-thinning) facilitates the product application, while the
time-dependent structure recovery after administration allows an
efficient bioadhesion [54,56]. The obtained results also show that
the presence of RP did not change the rheological profile of the
studied formulations.

Moreover, another important approach is that the RP incor-
poration modified the hysteresis area of the systems (Fig. 7a–d).
The F1 RP-loaded stored at 37 ± 2◦C (Fig. 7c), showed a lower
hysteresis area when compared with the F1 RP-unloaded formu-
lation. This phenomenon may be related to an increased stability
of the system caused by the RP presence, which reduces the struc-
tural disorganization of the system by the effect of the shear
The biological efficiency of the formulations was tested from the
analysis of the photographs of the orbicular region of volunteer’s
eyes, recorded before (T0) and after (T30) treatment. The results
are shown in Fig. 8 and express the percentage areas with wrin-

see Table 1 for formulations details). Key: (a) RP-unloaded LCS; (b) RP-loaded LCS.
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ig. 7. Rheological behavior of the F1 formulations from CV region of phase diagram
ays storage at 25 ± 2 ◦C; (C) after 30 days of storage at 37 ± 2 ◦C); (D) after 30 days
les traces. The experimental data were submitted to the variance
nalysis according Tukey Test.

The group that received only the application of the empty
CS formulation during the 30 days of treatment showed no sta-

ig. 8. Percentage of wrinkles traces in volunteers before and after treatment with F1 form
rom 10 volunteers.
Table 1 for formulations details). Key: (a) recently prepared at 25 ± 2◦C; (b) after 30
rage at 5 ± 2 ◦C.
tistically significant difference (P = 0.09) from the control group.
However the application of the RP-loaded LCS formulation pro-
vided the reduction of the orbicular wrinkles from volunteers
(P = 0.045).

ulation. *Measured from 1.2 cm2 using images with 10× magnification. Mean ± SD
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The effect of the F1 RP-loaded formulation on the wrinkles, up to
0 days treatment, can be due to a controlled release with increase

n the vitamin effect on the skin when the lamellar liquid crys-
alline system is present. It is well known that this compound is
ble to prevent some degenerative changes associated with aging
kin such as dry skin and wrinkles [57,58]. In fact, other studies have
eported increased effectiveness of drugs incorporated in LCS and
elated structures were described. The increase in the cutaneous
oisturizing by diclofenac diethylamine in lamellar structures
as previously observed [59]. The enhancement of the cuta-
eous permeability and anti-inflammatory effect of aceclofenac in
icroemulsions to treat muscular pains was also reported [60]. Spi-

lin and collaborators also verified an increase in the effectiveness
f sodium ascorbyl phosphate by topical microemulsions [61]. A
arked reduction in wrinkles with improved texture and elasticity

f skin due to application of RP-based cosmetic formulations was
elated with the stratum corneum compression [62].

. Conclusions

The studied systems containing Polyether functional siloxane,
olyether functional siloxane and water in its composition were
ble to form lamellar liquid crystalline phases. The systems were
roperly characterized by PLM and SAXS analysis. The rheologi-
al study showed that the formulations behave a non-Newtonian
uid, with characteristic of the pseudo-plastic material. The stabil-

ty studies revealed that the presence of RP did not cause significant
tructural changes in the system. The incorporation of RP within
CS phases provided a significant reduction in the orbicular wrin-
les in human’s volunteers. Considering the field of control of the
echnology involved in the preparation of the system, the stability
nd the effectiveness response of the RP-loaded formulation, the
arrier system may be a promising approach for RP delivery and a
uitable vehicle for pharmaceutical and cosmetic applications.
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