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Avobenzone (AVO)liposphereswere obtained using as encapsulating material carnauba wax and applying the
method of hot emulsification. A factorial design 2° was performed to optimize and recognize the influence of the
initial amount of AVO, the stearyl alcohol (SA) and polysorbate (PS-20)concentrationsin the AVO loading, mean
and D90 particle size. The results showed a variation of AVO loading between 1.8 and 20%, which was mainly
affected by initial amount of AVO. The mean particle size D [4.3] ranged from 11.11 to 37.15 pm, this was
affected by the levels of SA and PS-20, while D90 was influenced by three variables under study. Lipospheres
highly loaded and under a narrow particle distribution was obtained when initial amount of AVO, SA and PS-20
were set in the maximum level. The study showed that the encapsulation process enhanced the photostability
going from 31.5% for free AVO to 16.2% for the encapsulated AVO.

INTRODUCTION

The population occupying the equatorial regions is
subjected to the most intense UV radiation all the year round,
because the UV radiation reaches the surface of the earth at the
most direct angle in this region. Therefore low latitude regions
are considered areas of greatest risk, which is demonstrated by
high UV Indexes.

Nowadays, more people have increased their awareness
about the harmful effects of UV-sunlight on human skin, hence
sunscreens have been included in the daily care routine. Some
sunscreens contain inorganic compounds with a high refractive
index acting as a physical barrier to light, and others contain UV
filters that display ability of absorbing UV radiation. It is usually
used a combination of UV filters to provide broad-spectrum
protection from 280-315 (UVB) to 315-400 (UVA) (Barel et al.,
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2009). The combination more extensively used in commercial
sunscreens is 4-tert-butyl-4"-methoxydibenzoylmethane, AVO
(UVA filter)and octylmethoxycinnamate, OMC (UVB filter)
(Trotta et al., 2013). Since to users fully trusts in sunscreens to
prevent damages from solar radiation, the sunscreens must be
effective and safe. However, when a molecule absorbs UV energy,
an excited state is formed, then it returns to its basal state by
radiative and non-radiative decay mechanisms,some UV filters,
such as AVO, suffer degradation reactions as non-radiative decay
mechanisms, giving rise to new compounds (Afonso et al., 2014).
These new compounds don’t have protective activity (not absorb
the UVA radiation). For this reason, the photostability at the present
time is a new quality criteria for development of sunscreens (Jansen
et al., 2013). The sunscreens are evolving toward formulations
containing filter-carriers, to protect them against photodegradation
and to reduce their penetration into the skin and photosensitization
of bio-components causing photo-toxic and photo-allergic reactions
(Puglia et al., 2014).
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Several carrier systems such as cyclodextrins, clays, liposomes,
polymer and lipid microparticles or nanoparticles have been
proposed as filter-carrier (Blasi et al., 2011). Concomitantly an
intense discussion is carried out on the safety of nanoparticles in
cosmetics, mainly in particles with sizes below 100nm (Robertson
et al., 2010, Jatana and DeLouise, 2014). Solid lipid
microparticles also known as lipospheres(LPs), are systems
characterized by its lipid core and its high loading capacity for
hydrophobic molecules. They are good carriers that provide
chemical stability to the encapsulated compound, high physical
stability, easy incorporation in cosmetic matrices, skin
compatibility, low cost of the ingredients; easy preparation and
scaling without use solvents.Scalia et al have reported the
encapsulation of AVO into LPs, they have used materials as
triestein, glycerylbehenate, carnauba wax and hydrogenated
phosphatidylcholine(lannuccelli et al., 2006, Scalia et al., 2011a,
Scalia et al., 2011b).AVO also has been encapsulated into solid
lipid nanoparticle. (Nesseem, 2011, Niculae et al., 2012). In these
developments, the authors have found that UVA efficacy rise and
percutaneous penetration and photodegradation are reduced
compared to AVO conventional emulsions. Up to now, carnauba
wax has been used in the preparation of solid lipid microspheres
and nanospheres of several drugs e.g.ketoprofen (Kheradmandnia,
2010). In the case of sunscreen, it has been reported that there is a
synergistic effect with TiO, to achieve a higher sun protection
factor (SPF) (Villalobos and Miller, 2006). The aim of this study
was develop an AVO-carrier to augment the photostability of the
filter, the AVO encapsulation into LPs obtained by hot emulsion
technique was chosen due to lipophilic character of AVO and
because the technique involves production equipment relatively
simple, cheap and easy to scale-up. A 2%factorial design was used
to study the influence ofAVO initial amount, stearyl alcohol
concentration (SA) as lipid modifier and polysorbate 20
concentration (PS-20) as emulsifieragent, on the AVO
loading(LOAD %) and size of formed LPs. Size target range was
1-30 um because size below 1 um may pass through the skin, and
size above 30 pm can generate gritty feel to any cosmetic
formulation. This study is looking for contributing to the advanced
formulation of sunscreen products more effective and safe.

MATERIAL AND METHODS

Carnauba wax (Protoquimica), stearylalcoholand
Polysorbate 20 (Tween 20) (Protoquimica), AVO (Parsol 1789
DSM Nutritional Products AG), OMC (Parsol MCX, DSM
Nutritional Products AG) were purchased from a local supplier
(L&F Ltda, Medellin-Colombia). The chloroform and methanol
were analytical grade (Merck), and the potassium phosphate
monobasic (J. T. Baker). Water used was deionized.

Experimental design

A 2° randomized factorial design was used to evaluate
the influence of the initial amount of AVO (X1), concentration of
SA (X2) and concentration of PS-20 (X3) in the mean particle size

of the LPs, um, (Y1) and encapsulation efficacy, load % (Y,).The
factorial design consisting of 8 runs carried out in duplicate as
described in Table 1 (Armstrong, 2006, Castillo, 2007). The fixed
variables were: the carnauba wax amount (5000 mg), stirring
speed (3500 rpm) and the volume of aqueous phase (200 mL).

The statistical model was represented by Equation 1:

Y=BotP1 XotPz XotPs XatPrz Xy XotPiz Xy XgtPasz Xz Xa+Pizs
X XoXzte

Where Y is the measured response, i is the regression coefficient
for Xi, Xi is the level of the independent variables and € is a
random error component that is normally distributed with zero
mean and variance ¢°. The statistical software used was Design-
Expert ® version 7.0.0 (Stat-Ease, Inc) and analysis of variance
(ANOVA) was performed.

Liposphere preparation

LPs were prepared following the method of hot
emulsification proposed by Mehnert and Méder, 2001, which was
chosen to avoid the use of solvents. Lipid phase was composed of
carnauba wax (5000 mg), stearyl alcohol and filter (AVO).The
lipid materials were melted at 85°C, and then the filter was added
and dissolved. Aqueous phase was water (200mL) with
polysorbate 20, which was also heated at 90°C. The amount of
stearyl alcohol, polysorbate 20 and AVO were set according to the
design (Table 1). The lipid phase was poured to aqueous phase
under constant stirring with a homogenizator (IKA Ultra-Turrax
T18 Basic) at 3500 rpm for 5 minutes, the temperature was set at
85°C. An O/W emulsion was obtained. The formation of LPs was
achieved by slowly addition of cold water at 4°C (300 mL) to the
emulsion, without agitation. LPS were isolated by filtration,
washed with water and dried by lyophilization (Labconco).

Quantification of the entrapped AVO

An aliquot of 25 mL was taken from the liposphere
preparation mixture and 50 mL methanol were added (as washing
agent to dissolve the free AVO). Then, it was filtered on a
Millipore ultrafiltration equipment 8400 through a cellulose
membrane (cut off 10000 Daltons), until only 50 ml was left
unfiltered and those were washed with 25.0 mL of methanol and
filtered until left 50 mL of the unfiltered mixture again. This
process was repeated twice. The last unfiltered 50 mL were dried
using a rotary evaporator (IKA RV10). The resultant residue was
dissolved in chloroform in a 50.0 mL volumetric flask. A 1:25
dilution was made with methanol and it was analyzed by HPLC.

A chromatographer UFLC Shimadzu LC20 with
autosampler, diode array detector, and a chromatographic cartridge
LiChro CART ® 250-4 RP-18 (5pm) was used. The mobile phase
used was methanol-water, 92-8, with a flow of 1 mLmin-1 and the
measurement wavelength was at 358 nm to measured AVO and
310 nm to OMC. A calibration curve was developed using 7
solutions ranging from 0.010 to 0.150 mgmL-1.

The percentage of AVO loading (% w/w) were determined
according to the following equation:



Cabrera et al. / Journal of Applied Pharmaceutical Science 4 (12); 2014: 035-043 037

AVOloading % = 2£2a40md 109 Eq. 2

lipospheresmg

Differential Scanning Calorimetry (DSC)

DSC analysis was used to evaluate the process of
incorporating of AVO into the LPs using a calorimeter TA
Instruments DSC 2920. For these assays were used AVO,
plainLPs and LPs containing AVO. The thermal behavior was
assessed in a temperature range of 0 -200°C at a heating speed of 5
° C min-1.

Morphology and particle size distribution

Morphological characterization was performed by
scanning electron microscopy, using a microscope SEM - JEOL
JSM-6490LV (Oxford Link). The particle size distribution of LPs
was determined using a particle size analyzer (Mastersizer 2000,
Malvern Instruments Ltd) with attachment Hydro 2000S (A). The
reading of the sample was done in triplicate.

Photostability of AVO into liphosferes

Two emulsions (o/w) were prepared containing each one
free AVO orencapsulated AVO, the concentrations was 1.4% of
AVO or its equivalent amount of LPs. To explore the
incompatibility of AVO and OMC (Octyl-methoxycinnamate,
filter UVB) were also prepared two emulsions, the former
contained free AVO and free OMC, and the latter contained
encapsulated AVO and free OMC. Both emulsions were prepared
at 1.4% AVO and 7%0MC.

The formulation excipients were: EDTA tetrasodium
0.1%, phenoxyethanol0.2%, Emulgade 4%, steryl alcohol 2%,
stearyl alcohol 2%, mineral oil 4%, polysorbate 20 2%, silicon 3%,
water 74,6%. These emulsions were prepared heating the oil phase
at 72°C and the aqueous phase at 76°C and mixed with
Ultraturrrex. LPs and UV filters were incorporated into the oil
phase.

Tramitance % and UVA/UVB ratio was determined in
vitro for each emulsion, according to the method Stars boots. A
transmittance analyzer (Labsphere UV-2000S, USA) and PMMA
plates (Helioplates HD, 5um) were used. Two plates were
prepared for each formulation, which were analyzed immediately
after preparation, and were subjected to irradiation in a solar
simulator Solarbox 1500e (Erichsen-Italy) equipped with a xenon
lamp and an optical filter to remove wavelengths less than 290 nm,
for 1 hour at 500 Wm® The extent of photodegradation was
measured by comparing the tramitance % and UVA/UVB
ratiobefore and after irradiating the plates.

RESULT AND DISCUSSION

In the first assays was observed that percentage of fatty
alcohol and PS-20, condition in cooling and homogenization
processes, and the relation oil/aqueous, v/v, are important in the
size particle distribution. It was observed than stirring during
cooling process leads to multimodal distributions not desirable,

with 90% of the particles below 2 um, probably the shear forces
favor the formation of smaller emulsion drops. The adding slowly
of 300 mL of cold water (at 4° C) to solidify the emulsion drops,
resulted in a monomodal distribution of LPs. The speed of the
homogenizer at 7500 rpm yielded microspheres with sizes <2 pm,
while at 3500 rpm was favored the formation of LPs > 10 pm
without exceeding the limit of 30um and under a monomodal
distribution. Concerning the relation of the O/W phases, the
amount of carnauba wax was set at 5 g, and the amount of water
was ranged from 100 to 200 mL. It was found than with 200 mL
were obtained LPs with size close to 10 um andmonomodal.

Based on these preliminary assays, the following
variables were set: speed stirring at 3500 rpm, stirring time for 5
min and volume aqueous phase 200 mL.

Particle sizes obtained for the experimental design were
higher 1 um, D[4,3] values (volume mean diameter) were in the
range 11.11-37.15 um (Table 1)without taking into account trial 9
because this experiment exhibited a bimodal trend which is
different from other three repliques in the central point of design,
and D[3,2] (average value in surface) ranged from 6.97 and 29.65
um. This broad variation evidences that the particle size was
strongly dependent on the selected variables. ANOVA was applied
after thatthe assumption of constant variance was satisfied through
normal probability plot of the residuals, and the Box-cox plot did
not suggest any transformation. The fitted model indicated that the
particle size was affected by each one of studied variables and its
interactions (equation 3)

Particle  size=22.57+4.44X,-0.36X,-3.44X3-2.47X 1 X5-2.89X X3~
4.00X,X35-2.72X, X, X3 Eq. 3

The probability value (pPmege< 0.0001) and the correlation
coefficient (R* 0.9881) indicate good fit of the regression model.
The statistical parameters of R* and adjusted R® and -predicted
R?were 0.9881, 0.9816 and 0.9831 respectively indicating that this
model can explain the 98% variability in the particle size,and also
since the difference (predicted R*-adjusted R?) is no major to 0.2
units this model (Equation 3) can be used for prediction.

The response surface plot (Figure 1 a. and b.) showed
thatLPs mean size was significantly (p< 0.0001) affected by initial
AVO amount and PS-20. The size diminished when the PS-20
concentration (X3) increased, as was suggested by the negative
coefficients in equation3and statistical analysis, which showed that
factor Xscaused a significant change in the particle size (p<
0.0001), it may be explained because a higher PS-20 concentration
mean a better packaging in the drops wall of the O/W emulsion
formed before the solidification, the packaging favors the drop
curvature and avoid the coalescence, furthermore the high
concentration of tensoactive depresses the interfacial tension. It
was expected that PS-20 (HLB 16.7) had a good performance as
emulsifier because it can satisfy the requirements of HLB of O/W
emulsion with carnauba wax (HLB 14.5). (Gomma et al, 2010)
The ANOVA test revealed no significant effect for SA
concentration as individual factor (X,), however Figure 1la shows
that an increase in SA concentration resulted in an increase in
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theLPssize when AVO concentration is keeping in low level, while
Figure 1b exhibits a negative effect for SA concentration when
AVO concentration is keeping in high level, indicating the
significance of the interactions X;X,, (p< 0.0001); in addition the
influence of varying the lipid modifier concentration (X,)on LPs
size was most evident with lower levels of PS-20 and
AVOconcentration (Figure 1a), whereas the opposite effect was
observed in Figure 1b, indicating significant interaction between
variables X;X,X3(p< 0.0001) and the significant influence of
initial AVO amount (p< 0.0001).

Figure 2 showed that particles size distribution were
different in each trial, suggesting that studied variables affect
strongly the polydispersability, and since our target range was
narrow (10-30 pum), was relevant to assess what factors affect the
polydispersibility, for this reason particle size D90 was analyzed.
The data were fit into the following equation:

Particle size D90= 41.28+10.37X;-3.64X,—3.72X5—7.75X X~
3.16X,X5-8.64X,X5—6.36X . X,X5 Eq4.

The ANOVA indicated that the P..qe Was significant, less than
0.001, and the correlation coefficient was 0.9988. The ANOVA
also showed that all variables and their interaction were significant
(p< 0.0001).Response surface plot generated using the equation4 is
presented in Figure 3 Lipospheres with sizes less than 30 um can
be achieved by decreasing the concentration of SA, when working
at low levels of AVO ascan be seen in Figure 3a, while, at high
AVO concentrations, it is necessary to increase levels of SA and
PS-20 (Figure 3b). Probably in the first case, the viscosity of lipid
phase might have a notable influence on the dispersability; and in
the second case the packing in the wall of the emulsion drop,where
SA act as co-surfactant,(Gasco, 1993) might explained the
uniformity of particle size. This result is interesting because
showed that the polydispersability not onlydepends on technology
to apply shear force in the emulsification process but also in the
compositional formula.

The AVO loading for all formulations ranged from 1.8 to
20%, (Table 1).These data clearly indicated that load % was
strongly affected by the process variables. A linear statistical
model, eg5, was generated by regression analysis in order to
evaluate the AVO loading %.
Load %=10.62062+8.81437X,+0.085625X,-0.075625X;  eq.5

The Pmeter< 0.0001 and the correlation coefficient (R2 0.9994)
indicated good fit of the regression model. The ANOVA results
showed that load % is strongly affected by initial AVO amount
(p< 0.0001) and SA concentration (p< 0.0001) in a minor
extent.Figure 4 exhibited any interactions were not significant, and
the highest load % were found when AVO was keeping at a high
level. Similar results were found in the optimization of lipospheres
of oxibenzone, were the drug content was only depend on initial
drug loading. (Gomma et al, 2010). The positive effect of SA was
expected because SA can promote the loading due to an increase
in the affinity between lipid matrix and AVO. According to the
statistical results in the experimental region the narrow distribution

size and high load % was found when the initial amount of AVO
was found in the maximum level (2000 mg), the SA in the
maximum level (1%) and the PS-20 in the maximum level (3%)
(runl). This finding is consistent with those reported previously
using lipid material different from carnauba wax, where AVO
loading % ranged from 10 - 21% and the particle size was into the
range 10-40 pm.(lannuccelli et al., 2006, Scalia and Mezzena,
2009a, Scalia and Mezzena, 2009b)However, LPspreviously
obtained using carnauba wax and phosphatidylcholine, yield a
AVO loading rather high (40.1-48.5%, w/w), however the particle
size washigher than reported herein, 86% of population was
between 20 and 60 um (Albertini et al., 2009). The morphology of
LPs obtained under condition of trial 1, wasanalyzed by scanning
electron photomicrographs, it was observed that they were
spherical with a rough surface (Figure 5) and with an approximate
average diameter of 8-15 pm. The DSC analysis (Figure 6) showed
that the peak at 83.71°C from pure AVO was close to that typical
peak (at 84.4°C) reported to carnauba wax, (Gomma et al, 2010),
as was seen in the thermogram of the plain liposphere, herein other
peak is observed at 40°C probably due to presence of SA
(Gandolfo et al., 2003). The AVO-loaded LPs thermogram
exhibited a broad peak at 83-92°C and a new peak is observed at
58°C. These findings suggested that AVO could be dispersed into
LPs and a possible transformation in the amorphous form of AVO
could be happened during preparation process of LPs. The
photostability study showed the formulation with free AVO had a
higher percentage of decay of tramittancethat formulation with
AVO encapsulated in LPs (Figure 5), the rate of decay of the free
AVO was 31.1%, where the maximum transmittance pre-irradiated
at 358 nm was 0.389 and post-irradiated was 0.579, while the rate
of decay of encapsulated AVO was 16.2%, with maximum
transmittance unirradiated at 358 nm was 0.357 and irradiated was
0.461. The UVA/UVB ratio also was modify from 0.82 to 0.68
before and after irradiation, in the formulation containing free
AVO; while in the test with encapsulated AVO, this was
maintaining in 0.53-0.52.This indicates that the process of
encapsulation in LPs decreases almost half the degradation of the
AVO in a cosmetic formulation. These results are comparable to
the extent of degradation previously reported by Albertini et al.,
2009, which was 38.6 +3.6% for free AVO and 32.1+4.3% for
AVO-loaded microparticles obtained by melt dispersion, and
15.4 +4.1% to microparticles obtained by spray congealing. The
photostability study of OMC in the formulation contained
AVO+OMC showed that the encapsulation process did not affect
the rate of decay and there is no statistically significant difference
between the formulation with free AVO+OMC and encapsulated
AVO+OMC, where the maximum decay was 10.0% for both
formulations (Figure 6).

The photostability study of the OMC in the formulation
showed that the encapsulation process does not affect the decay
rate of OMC and there is no statistically significant difference
between the formulation with AVO+OMC and encapsulated
AVO+OMC, where the maximum decay was 10.0% for both
formulations.
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Table 1: Experimental arrangement and results.

039

Levels
Factors Minimum Central Maximum
- 0 +
X1 Initial amount of Avobenzona, mg 100 450 1000
X2 Concentration of stearyl alcohol, % w/w 1.0 2.0 3.0
X3 Concentration of polysorbate 20, % w/w 1.0 2.0 3.0
run Coded Variables Mean Particle size Particle size AVO loading
X1 X2 X3 (um), D[4,3] values * D90 values + (%)*

1 + + + 11.11+0.08 18.27+0.21 19.7230 + 0.0006

2 0 0 0 16.94 £0.12 3456+0.31 8.7460 + 0.0002

3 + - + 29.63+1.02 69.44 +3.05 18.8340 £ 0.0014

4 - + - 22.30+0.41 38.65+1.38 1.7763 £ 0.0233

5 - - - 15.27 £ 0.04 25.37+051 1.8204 + 0.0002

6 - - + 16.74 +0.01 28.49 £ 0.02 1.8654 + 0.0002

7 0 0 0 20.17 £0.06 36.42+0.79 8.7820 + 0.0004

8 + - - 29.35+0.33 54.35+1.12 19.6181 £ 0.0027

9 0 0 0 203.80 +34.16 1140.13 £ 124.85 8.6959 + 0.0009
10 - + + 18.30 £ 0.23 32.00+0.39 1.7596 + 0.0005
11 0 0 0 19.97 +£0.24 35.51+0.99 8.7905 + 0.0001
12 + + - 37.15+0.15 61.99 + 0.26 19.5675 + 0.0002

* Mean value + S.D. (n=3)
* Mean value + S.D. (n=2)

20525

Particle size

0s

B: Stearyl Alcohol

Particle size D90

C: Polysorbate 20

Fig. 2: Particles size distributions according trials describe in table 1.

Particle size
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C: Polysorbate 20
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Fig. 3: Response surface plot for particle size at 90%, when the AVO quantity is keeping in the minimum level (a), maximum level (b).
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AVO loading %
AVO loading %

C: Polysorbate 20 C: Polysorbate 20

Fig. 4: Response surface plot for encapsulation efficiency, when the AVO quantity is keeping in the minimum level (a), maximum level (b).

20kV  X7,500 2pm 20kV  X15,000 1pm 20kV  X15,000 1pm
Fig. 5: Scanning electron photomicrographs (SEM) of lipospheres dry by lyophilization.
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Fig. 6: DSC thermogram. AVO raw material (-), AVO encpasulated in lipospheres (- - -), and liposphere without AVO (...).



The LPs were prepared using carnauba wax as lipid
material, following anexperimental design, which showed that
AVO loading was  significantly  affectedby = AVO
concentration, while mean and D90 particle size was influenced by
AVO, SA and PS-20 concentration, and their interactions with
each  other. The application of statistical designs
allowsunderstanding  how  variables can  affect the
properties of LPs. It was possible to demonstrate that the
encapsulation processes favor stability of UVA sunscreen AVO to

042 Cabrera et al. / Journal of Applied Pharmaceutical Science 4 (12); 2014: 035-043
o8
08 T
04
T ~
[ ]
= 02 -
00
—=— Trametsnce pre-eradiabon
= TEAMEENGD - i S
<0 2 T T T T v
A0 300 330 M0 M0 30 400 420 440 480
Wavelength
Cosmelic Formulation, Unencapsulated AVO
o7
0.8 -
0.5 -
§ 04 -
m
= 03
E 3
B
F a2
0.1
e TPEMMIlBNCE Dre-imadialion
a0 4 - Tramilance pos-imadiation
L1 T T T T T T T
280 300 20 a0 30 380 400 420 440 450
Wavelangth
Cosmetic Formulation. Encapsulated AVO
Fig. 7: Tramitance analysis.
CONCLUSION prevent  photodegradation,

achieving diminish  the
decomposition induced by light to the half when AVO is
not being encapsulated. It was obtained LPs with particle
size into the rangel0-30 pm, which is suitable for topical
preparations.
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