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Abstract. Nanostructured lipid carriers (NLC) are aqueous dispersions of nanoparticles
formed by solid and liquid lipids. In this study, NLC containing an organic UV filter,
bemotrizinol, were developed for sunscreen formulation using carnauba wax and caprylic/
capric triglycerides through ultrasonication technique. A Box-Behnken design was used to
evaluate the influence of three variables on the particle size with the purpose of choosing the
best system for further characterization. The particle size decreased as the surfactant
concentration increased, reaching an average size of 122.4 ± 0.3 nm at 30 days of storage.
Scanning electron microscopy showed intact and spherical particles. Thermal analysis and
Fourier-transform infrared spectroscopy suggest that bemotrizinol was incorporated into the
NLC. The X-ray diffraction showed a reduction in the crystallinity of the NLC. In vitro
analysis indicated an improvement in the photoprotective activity of bemotrizinol when
incorporated into NLC. These findings suggest a promising, stable, and biocompatible
system.

KEY WORDS: lipid nanoparticles; nanotechnology; nanostructured lipid carriers; UV filters;
photoprotection; sunscreens; Box-Behnken design.

INTRODUCTION

The sun, a great source of natural energy, is essential for
human health as it is involved in several chemical, biochem-
ical, and metabolic processes such as vitamin D photosynthe-
sis. However, such activities depend on the intensity of
exposure to the ultraviolet (UV) radiation (1,2).

UV radiation is part of the electromagnetic spectrum
which is subdivided into three subtypes of radiation: UVA
(320 to 400 nm), UVB (280 to 320 nm), and UVC (100 to

280 nm). UVC radiation is completely absorbed by the ozone
layer, whereas UVB accounts for 5% of the UV radiation that
reaches the earth’s surface. The other 95% corresponds to
UVA (2–4).

UVA radiation reaches the deepest layers of the skin
through the epidermal junctions where melanocytes reside
and are primarily responsible for the early aging (5). On the
other hand, UVB radiation reaches the superficial layers of
the skin, whose exacerbated exposure confers sunburn, which
is characterized by erythema, edema, and pain. In addition,
both UVA and UVB radiations interact with the human
DNA, which results in cross-linkage of the pyrimidine bases.
If the dimers of the damaged DNA are not repaired, it can
lead to mutations that might result in skin cancer (6,7).

In order to minimize and prevent inconveniences
related to exposure to UV radiation, several studies have
been conducted to develop photoprotectors that are more
stable and safer (8). Photoprotectors are classified as
inorganic and organic filters. Inorganic filters are minerals
that act by reflecting or scattering radiation. Organic filters,
however, absorb the radiation and dissipate it in the form
of heat (1,9,10).

The safety of sunscreens is mainly related to their effects
on the skin (irritation and sensitization) and also to the
possibility of skin permeation and accumulation in the body,
which can generate systemic side effects such as phototoxic
and photoallergic reactions (7). In addition, they may present

Electronic supplementary material The online version of this article
(https://doi.org/10.1208/s12249-020-01821-x) contains supplementary
material, which is available to authorized users.
1 Graduation Program in Pharmaceutical Sciences, Center for Bio-
logical and Health Sciences, Departament of Pharmacy, State
University of Paraíba (UEPB), Av. Juvêncio Arruda, s/n, Bairro
Universitário, Campina Grande, PB 58429-600, Brazil.

2 Laboratory of Development and Characterization of Pharmaceuti-
cal Products, Department of Pharmacy, State University of Paraíba,
Campina Grande, PB, Brazil.

3 Graduate Program of Biotechnology, Laureate International Uni-
versities - Potiguar University, Natal, RN, Brazil.

4 Laboratory of Biomaterials Evaluation and Development of the
Northeast, Federal University of Campina Grande, Campina
Grande, PB, Brazil.

5 To whom correspondence should be addressed. (e–mail:
joaooshiro@yahoo.com.br; bolivarpgld@servidor.uepb.edu.br)

AAPS PharmSciTech (2020) 21: 288
DOI: 10.1208/s12249-020-01821-x

1530-9932/20/0800-0001/0 # 2020 American Association of Pharmaceutical Scientists

http://orcid.org/0000-0002-0747-0297
http://dx.doi.org/10.1208/s12249-020-01821-x
http://crossmark.crossref.org/dialog/?doi=10.1208/s12249-020-01821-x&domain=pdf


instability that can trigger photochemical reactions that
compromise their physical properties as well as their
photoprotective efficacy (10–13).

Due to these limitations, nanosystems have been devel-
oped for photoprotection (14–23). Thus, an attractive strategy
is the use of nanostructured lipid carriers (NLC) which are
aqueous dispersions of nanoparticles formed by mixtures of
solid and liquid lipids (24,25). NLC are well tolerated by the
human body and compatible with large numbers of mole-
cules, have physical and chemical stability, and provide
greater encapsulation efficiency (26,27).

In addition, NLC have demonstrated potential for
topical application due to their adhesiveness as they form a
film over the skin, providing an occlusive effect (27,28).
Besides, they are suitable systems for the incorporation of
photoprotective agents such as organic filters. Once these
agents are incorporated into the lipid matrix, their release can
be controlled and prolonged. In addition, this incorporation
may improve the stability of the sunscreen as it will be less
susceptible for photochemical reactions. Some solid lipids
used for obtaining NLC also act as physical filters, providing a
synergistic effect and consequently reducing the amount of
sunscreen necessary to achieve the optimum photoprotective
effect (16,29).

Villalobos-Hernández and Müller-Goymann (2006) ob-
tained an increase in the sun protection factor (SPF) when
incorporating TiO2 to NLS. Likewise, Puglia et al. and Nikolic
et al. developed NLC containing a mixture of organic
sunscreens and obtained SPF higher than those found in
conventional sunscreens, relating this fact to the synergism
existing between the solid lipid used in the development of
these nanocarriers and the sunscreen itself (15,16,18).

Thus, the strategy of incorporating a sunscreen to NLC
has numerous advantages, such as better stability of the
sunscreen, maintaining the sunscreen on the skin for a longer
time, as well as higher photoprotective effect and less esthetic
inconveniences, such as the oiliness that is usually generated
by conventional sunscreens.

In this context, the aim of this study was to develop,
optimize, and characterize NLC containing bemotrizinol (bis-
ethylhexyloxyphenol methoxyphenyl triazine), an organic UV
filter with a broad absorption spectrum that covers wave-
lengths from 280 to 380 nm (UVA and UVB) (30),
commercially known as Tinosorb® S, using an experimental
design Box-Behnken type.

MATERIAL AND METHODS

Material

Bemotrizinol (bis-ethylhexyloxyphenol methoxyphenyl
triazine, Basf, Ludwigshafen am Rhein, Germany) was used
as the organic filter. Polysorbate 80 (All Chemistry, Sao
Paulo, Brazil) and Span® 80 (sorbitan monooleate, Sigma-
Aldrich, St. Louis, USA) were the two non-ionic surfactants
used to stabilize the formulation. Carnauba wax (All Chem-
istry, São Paulo, Brazil) and caprylic/capric triglycerides (All
Chemistry, São Paulo, Brazil) were used as the solid and
liquid lipids, respectively. The aqueous phase of all formula-
tions was distilled water.

Methods

Experimental Design

By using the software Statistica 10 (StatSoft), the
formulation was optimized by carrying out an experimental
design of Box-Behnken type with three factors and three
levels each (high, medium, and low), as shown in Table I.
Bemotrizinol (BEMT) concentration (X1), surfactant con-
centration (X2), and sonication time (X3) were considered
independent variables, whereas particle size (Y) was the
dependent variable (response). The experimental matrix
consisted of twelve runs and four central points, being three
replications, which yielded a total of 16 formulations.

Preparation of the NLC

The blank nanostructured lipid carriers (NLCB) and
nanostructured lipid carriers with BEMT (NLCF) were
developed using the cavitation shaking technique with an
ultrasonic cell disruptor (Unique, Indaiatuba, SP, Brazil) for
particle fragmentation. Carnauba wax (0.2 g) and caprylic/
capric triglycerides (0.05 g), representing 5% of the formula-
tion, polysorbate 80 and Span® 80 (0.15 g and 0.04 g,
respectively), and bemotrizinol (0.02 g) were heated
together at about 10°C above the melting temperature of
carnauba wax (CC) (approximately 80°C). The aqueous
phase (distilled water) was heated to the same temperature
and poured into the oily phase followed by sonication for two
cycles of 7 min each at 200 W. Finally, the vials were placed in
an ice bath for cooling and solidification of the particles.

Particle Size and Zeta Potential Analyses

Particle size and zeta potential were determined by
dynamic light scattering (DLS) technique and by measuring
the electrophoretic mobility of suspended particles using a
Zetasizer Nano equipment (Malvern, Montgomeryville,
USA). Samples were diluted in distilled water following the
proportion of 1:100 (v/v), and the readings were taken at 1, 7,
15, and 30 days. For the zeta potential, the measurements
were repeated three times at 25°C with a field strength of
20 V/cm. Samples were diluted at 1:100 (v/v) in distilled water
and the readings were taken at 1, 7, 15, and 30 days.

Table I. Factors and Levels for Box-Behnken Design 33

Factors Code levels

− 1 0 1

X1 0.3 0.4 0.5
X2 2 3 4
X3 3 5 7

X1, UV filter concentration (%) (FC); X2, surfactant concentration
(%) (SC); X3, sonication time (min) (T)
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Morphological Analysis by Scanning Electron Microscopy

The morphology of the particles was evaluated through a
high-resolution scanning electron microscope (SEM-FEG),
model JSM-7500F (JEOL, Boston, USA). After diluting each
sample in distilled water 1:30 (v/v), one drop was placed on a
metal support followed by drying at room temperature for
3 days in a desiccator. The dried material was then coated
with conductive carbon, and the photomicrographs were
obtained under 50,000 of magnification.

Differential Scanning Calorimetry Analysis

The differential scanning calorimetry (DSC) curves was
performed with each individual component of the formulation, as
well as with the lyophilized systems and binary mixtures (1:1) of
bemotrizinol with each of the other components. Four milligrams
of each sample was weighted and sealed in aluminum crucibles.
DSC curves were obtained using a calorimeter module Q20 (TA
Instruments, NewCastle, DE,USA) at a temperature range of 20
to 300°C, with a heating rate of 10°C/min under a nitrogen flow of
50 mL/min.

Thermogravimetric Analysis

The thermogravimetric (TG) curves for each individual
component as well as the lyophilized systems were obtained
using the simultaneous TG tester model SDT Q600 (TA
Instruments, New Castle, DE, USA) under nitrogen flow of
100 mL/min, heating rate of 10°C/min, and temperature range
of 25–900°C, using 4 mg of sample previously weighed in
alumina crucible.

X-ray Diffraction Analysis

The data were obtained using a XRD 7000 diffractom-
eter (Shimadzu, Kyoto, Japan), with open angle of 2θ within
the range of 5–60°, system θ-θ, using Cu radiation (λ =
1.5418 Å), at a step of 0.02° (θ) and 1.0 s of interval for each
sample.

Fourier-Transform Infrared Spectroscopy

Fourier-transform infrared spectroscopy with attenuated
total reflectance (FTIR-ATR) was performed in the wave-
number range of 4000–600 cm−1 using a Spectrum 400
equipment (Perkin Elmer, Waltham, MA, USA).

In vitro Photoprotective Activity

The absorbance spectra of NLCF and a solution of
bemotrizinol in ethyl alcohol of equal concentrations (4% of
BEMT in 5 mL of solution) were obtained at wavelengths of
290 to 400 nm using a UV-1900 UV-Vis spectrophotometer
(Shimadzu, Kyoto, Japan). Both the nanosystem and the
BEMT solution were diluted in distilled ethyl alcohol at a
ratio of 1:500 (v/v).

In vitro Determination of the Sun Protection Factor

The in vitro determination of SPF was performed
following the method described by Mansur et al. (31) using
a UV-Vis spectrophotometer 12-40 (Shimadzu, Kyoto, Ja-
pan). The SPF was determined for NLCF, NLCB, and
bemotrizinol solution in isopropyl alcohol at the same
concentration (4% of BEMT in 5 mL of solution) of the
filter-loaded nanosystem and a commercially available sun-
screen (Sundown® SPF 30).

After the formulations were diluted in isopropyl alcohol
to the final concentration of 0.2 mg/mL, the absorbances were
determined in the range of 290 to 320 nm with intervals of
5 nm. The experiment was performed in triplicate for each
wavelength. The SPF was calculated using Eq. 1:

SPFspectrophotometric ¼ CF : Σ320
290 EE λð Þ:I:Abs λð Þ ð1Þ

where SPF is the sun protection factor; CF is the correction
factor (= 10), determined according to two sunscreens at
known SPF such that a cream containing 8% of homosalate
resulted in a SPF of 4; EE is the erythemogenic effect of
wavelength radiation (λ); I is the intensity of sunlight at a
corresponding wavelength (λ); and Abs (λ) corresponds to
the absorbance of the formulation solution containing the
sunscreen at wavelength (λ). The values of EE (λ) and I (λ)
(Table II) were previously determined (32).

Equation 2 was used to calculate the corrected value of
SPF based on the commercially available sunscreen (PC):

SPFcorrected ¼ SPFspectrophotometric � SPFlabeled

SPFpc
ð2Þ

where SPFspectrophotometric is the spectrophotometric value
obtained for each formulation following the method of
Mansur et al. (31), SPFlabeled is the value expressed on the
label of the commercially available sunscreen, and SPFpc is
the value obtained of the commercially available sunscreens
using the reported method.

RESULTS AND DISCUSSION

Box-Behnken Experimental Planning for NLC Development

In order to obtain particle sizes below 200 nm, an
experimental design was conducted. The particle sizes of the
16 formulations varied between 149 nm (NLC4) and 470 nm

Table II. Relationship Between Erythemogenic Effect (EE) and
Intensity of Radiation (I) for Each Wavelength

λ (nm) EE × I

290 0.0150
295 0.0817
300 0.2874
305 0.3278
310 0.1864
315 0.0839
320 0.0180
Σ 1.0000
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(NLC9), depending on the values of the independent
variables (Table III). The results of the statistical analysis
(ANOVA—analysis of variance) show the effects and levels
of significance of the variables on the particle size (Table IV).

The concentration of surfactant was the variable that had
the highest level of significance, which corroborates the
findings of Pardeike et al. (24) who showed that the higher
the concentration of surfactants, the smaller the size of the
obtained particles. This can be explained by the steric
hindrance created on the surface of the particles by the
surfactant, which prevented the coalescence and aggregation
of smaller to larger particles, thereby increasing the stability
of smaller carriers (33).

Figure 1 shows the response surface and how the
dependent variable (size) reacts to different levels of each
independent variable.

It was observed that the lower the surfactant concentra-
tion, the larger the particle size. The response surfaces show
that the surfactant concentration variable remains unchanged,
which means that the particle size might be smaller at higher
surfactant concentrations without being influenced by stirring
time or BEMT concentration (Fig. 1a and b).

The interaction between the variables T and FC is
significant (p < 0.05) (Fig. 1c), whereas the concentration of
BEMT influences the stirring time.

The line that is depicted in the figure of predicted values
versus observed values (Fig. A.1) represents the equation of
the mathematical model, and the points are the results of the
experimental design. The closer to the line is, the more
acceptable the model will be. Of the 16 formulations, four
results were left out of the line and, therefore, it can be
inferred that this model is considered acceptable.

In addition, if the model is well adjusted, the lack of fit
will have the same intensity as random errors, which means
that for a model to be considered acceptable, the lack of fit
will not be significant (p > 0.05). These results are shown in
Table V.

Thus, the nanocarriers with the lowest mean particle size
were NLC4 and NLC12 with sizes of 149 and 149.9 nm,
respectively. Due to their similar average sizes, the criterion
for choosing the ideal system was the particle size distribu-
tion, with NLC12 being chosen for further analysis.

Particle Size Analysis, Polydispersity Index, and Zeta
Potential

According to the results of the experimental design, the
NLC12 formulation was chosen for the incorporation of the
organic filter and for further evaluation of the stability during
storage, which was performed through determination of the
average particle size, polydispersity index (PDI), and zeta
potential, as shown in Fig. 2 and Table V.

The results show that the sizes of the nanosystems
without (NLCB) and with the organic filter (NLCF) after
24 h were 117.2 ± 0.2 nm and 122.4 ± 0.2 nm, respectively.
After 30 days of storage, the sizes were 117.3 ± 0.4 nm and
122.4 ± 0.3 nm, respectively. However, no statistical differ-
ences were observed on the particle sizes between the 7th and
15th days of storage, which seems to indicate that there was
no aggregation of the particles. The particle sizes of both
systems were in accordance with other previous reports
(18,34–36).

The PDI values were less than 0.18 for both NLCB and
NLCF during 30 days of storage, which indicates a narrow
and uniform size distribution (37,38).

According to Jain et al. (27), the topical application of
NLC results in a thin layer of film over the skin, causing an
occlusive effect, which might contribute to the maintenance of
skin hydration and a longer residence time in the area of
application. These properties are related to particle size. In
fact, Wissing et al. (39) revealed that particles smaller than
400 nm exhibit better adhesion properties when compared
with larger ones.

Such effect may favor the retention of these NLC in the
stratum corneum and epidermis, therefore preventing the
molecule from permeating the deep layers of the skin and
reaching the systemic circulation. This hypothesis is sup-
ported by previous reports that have shown the lack or
minimum skin permeation of molecules when incorporated
into these lipid nanocarriers (40–42).

Table III. Box-Behnken Planning Matrix and Response

Formulation X1
FC (%)

X2
SC (%)

X3
T (min)

Response
Size (nm)

1 0.3 2 5 429.90
2 0.5 2 5 419.50
3 0.3 4 5 196.50
4 0.5 4 5 149.00
5 0.3 3 3 214.40
6 0.5 3 3 384.20
7 0.3 3 7 282.10
8 0.5 3 7 338.40
9 0.4 2 3 470.00
10 0.4 4 3 308.00
11 0.4 2 7 335.10
12 0.4 4 7 149.90
13 0.4 3 5 170.40
14 0.4 3 5 204.10
15 0.4 3 5 164.70
16 0.4 3 5 236.20

FC UV filter concentration, SC surfactant concentration

Table IV. Analysis of Variance (ANOVA) of the Quadratic Model
for the Response Size

Factor SS df MS F-value p value

CF (L) 3536.6 1 3536.4 3.21666 0.170179
CF (Q) 8817.2 1 8817.2 8.02000 0.066083
CT (L) 90,546.4 1 90,546.4 82.35958 0.002826
CT (Q) 13,421.2 1 13,421.2 12.20773 0.039653
T (L) 9186.9 1 9186.9 8.35626 0.062976
T (Q) 16,371.2 1 16,371.2 14.89099 0.030756
Lack of fit 29,245.8 6 4874.3 4.43359 0.124607
Pure error 3298.2 3 1099.4
Total SS 174,423.4 15

SS sum of squares, df degrees of freedom, MS mean square
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Pinto and collaborators (43), for instance, evaluated
topical distribution of NLC loaded with α-tocopherol and
fluorescence marker after administration in a 3D model of
reconstituted human epidermis, where they found that most
of the nanocarriers were retained in the stratum corneum.

In addition, Haque et al. (44) evaluated the permeation
profile of three organic UV filters, including BEMT, and
found that no permeation occurred towards the deeper layers
of the skin. Similar result was found by Puglia et al. (18) when
incorporating BEMT into NLC. Therefore, based on these
findings, it seems likely to infer that similar results are
expected for NLCB and NLCF.

The zeta potential analysis revealed that the surface
charges of the particles were − 19.2 ± 0.17 mV and − 19.3 ±
0.42 mV for NLCB and NLCF, respectively. Villalobos-
Hernández and Müller-Goymann (15) obtained similar results
for NLC using carnauba wax and decil oleate, respectively.
According to these authors, the zeta potential increased as
the percentage of carnauba wax increased in the formulation,
suggesting that the amount of wax may influence the stability
of the formulations. In fact, for particles that received steric
stabilization with the use of surfactants, values of |20| mV are
sufficient to guarantee long-term stability, suggesting minimal
predisposition for long-term aggregation (28).

Morphological Analysis by Scanning Electron Microscopy

The morphology of the nanoparticles was analyzed by
scanning electron microscopy (SEM), as shown in Fig. 3. The

NLCB and NLCF (Fig. 3a and b, respectively) were intact
and spherical. The particle sizes corroborate with those
obtained by DLS, and the photomicrographs show the
absence of any sort of aggregation.

Differential Scanning Calorimetric Analysis

DSC curves for each individual component as well as the
lyophilized NLCB and NLCF are shown in Fig. 4a. The
curves for the binary mixtures (1:1) between each component
and bemotrizinol are shown in Fig. 4b.

The DSC curve for CW (Fig. 4a) shows two endothermic
events, the first at 59.52°C (Table V) and the second at
78.34°C, where both are related to its melting. BEMT showed
an endothermic peak at 82.53°C, which is in accordance with
the manufacturer’s data (BASF).

In order to investigate any sort of interaction between
BEMT and the other components of the formulation, 1:1
binary mixtures of BEMT with each individual component
were prepared, whose DSC curves are shown in Fig. 4b. In
the mixture of BEMT and CW, two endothermic peaks of
similar energies are observed at 57.04°C and 78.36°C
(Table VI), which correspond to the melting of carnauba
wax and bemotrizinol, respectively. However, a decrease in
the melting temperature was observed in the DSC curve for
the binary mixture of BEMT and CCT, which seems to be due
to the dissolution of BEMT within the CCT matrix as a result
of hydrophobic interactions. Both events may induce a
disorder in the crystalline structure of BEMT (45). On the

Fig. 1. 3D response surface of the correlation between: a BEMT concentration (FC) and surfactant concentration (SC); b sonication time (T)
and surfactant concentration (SC); c sonication time (T) and BEMT concentration (FC)

Table V. Particle Size, Zeta Potential (ZP), and Polydispersity Index (PDI) Values According to the Storage Time (Mean ± Standard
Deviation; n = 3) of Blank Nanostructured Lipid Carriers (NLCB) and Nanostructured Lipid Carriers with Organic UV Filter (NLCF)

NLCB NLCF

Day Size (nm) ZP (mV) PDI Size (nm) ZP (mV) PDI

1st 117.2 ± 0.2 − 28.8 ± 0.5 0.16 ± 0.0 122.4 ± 0.2 − 28.7 ± 0.9 0.14 ± 0.0
7th 120.6 ± 0.8 − 21.6 ± 1.2 0.14 ± 0.0 123.5 ± 0.9 − 21.8 ± 0.2 0.13 ± 0.0
15th 118.8 ± 0.7 − 19.3 ± 0.3 0.17 ± 0.0 123.6 ± 0.1 − 19.8 ± 0.4 0.13 ± 0.0
30th 117.3 ± 0.4 − 19.2 ± 0.2 0.16 ± 0.0 122.4 ± 0.3 − 19.3 ± 0.4 0.13 ± 0.0
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other hand, no significant changes were observed in the
endothermic events of the other binary mixtures.

NLCB presented endothermic events similar to that of
NLCF. The DSC curve for NLCF shows two endothermic
events at 58.68°C and 76.99°C, which confirms the integrity of
the carnauba wax, suggesting that there were no changes in
its original structure. On the other hand, the endothermic
events related to BEMT are not present in the DSC curve for
NLCF. Previous reports have shown that when the endother-
mic events of the encapsulated material disappear, it might be
an indication that its crystallinity has been reduced. In
addition, it might indicate that BEMT has been homoge-
neously dispersed within the nanocarrier matrix (46).

Thermogravimetric Analysis

Figure 5 shows the results obtained for the thermogra-
vimetric analysis.

The thermal decomposition of NLCB and NLCF oc-
curred at 131 and 139°C, respectively, which differ from that
of the major component, CW (146°C). Such a difference

seems to be related to the reduction of crystallinity of CW
when the liquid lipid (CCT) is added to the formulation. By
analyzing the decomposition temperatures of the NLC, one
can infer that the incorporation of BEMT to the lipid nucleus
resulted in new chemical interactions (hydrophobic/hydro-
phobic), which might have increased the energy requirement
for its decomposition (Table VII).

However, at temperatures above the melting point of
CW (> 59.52°C), BEMT melts and exhibits a slight loss of
mass during the further heating process. TG thermograms
(Fig. 5) show that no loss of BEMT mass occurs up to 300°C.
In this current study, the nanocarrier systems were obtained
by heating (80°C) up above the melting temperature of the
lipid phase. Thus, the results indicate that decomposition of
bemotrizinol during the nanoparticle production can be ruled
out due to its high thermal stability.

X-ray Diffraction Analysis

The XRD analyses were performed with the purpose of
evaluating the changes in crystallinity of the main compo-

Fig. 2. Determination of the mean hydrodynamic diameter (Z-Ave) (d.nm), polydispersity index, and zeta potential according to the storage
time (mean ± standard deviation; n = 3) of blank nanostructured lipid carriers (NLCB) and nanostructured lipid carriers with organic UV filter
(NLCF)

Fig. 3. Two-dimensional photomicrographs of NLCB (a) and NLCF (b)
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nents of the formulation, as well as investigating the influence
of the presence of liquid lipid in the crystallinity. The
diffractograms of solid lipid (carnauba wax), bemotrizinol,
and the nanosystems without and with bemotrizinol are
shown in Fig. 6.

The diffractogram of carnauba wax (a) presented several
diffraction peaks, where those at 21° and 24° (angles
dispersed at 2θ) are the most intense ones, therefore

corroborating the crystalline nature of the solid lipid used in
this current study as previously described by Freitas et al.
(47). Bemotrizinol (b) presented several diffraction peaks
with those at 7°, 13°, 24°, and 29° being the most intense ones,
which also confirms its crystalline nature.

Both carnauba wax and BEMT partially lost their
crystalline nature when incorporated into the NLC. The
diffractograms of NLC show an enlargement at the beginning
of the peak around 21°, which seems to be due to the
presence of CCT in the formulation, resulting in the
appearance of amorphous halos, therefore interfering in the
organization of its crystalline structure.

The change in the BEMT’s diffraction pattern seems to
be due to a crystalline-to-amorphous transition, which is a
known phenomenon that usually results in increased solubil-
ity (48). This finding is supported by the DSC data (Fig. 4a),
which showed that BEMT endothermic peak disappeared
only in the DSC curve for NLCF but not in those for the
physical mixtures. This suggests its homogeneous dispersion
within the lipid matrix (41,49).

Sanad et al. (50) developed NLC containing oxybenzone
using CCT and oleic acid as liquid lipids in which they
observed that a significantly higher entrapment efficiency was
achieved with CCT. Since it is a mixture of triglycerides of
different chain lengths, crystals with many imperfections are a
common feature of CCT, which seems to offer more space to
accommodate molecules of varying sizes.

Previous reports have found that the addition of liquid
lipids to lipid matrix, with its consequent reduction in
crystallinity, increases the entrapment capacity of these
matrices (43,51–53), which might explain the high entrapment
efficiency of BEMT into the NLCF.

Futhermore, the release behavior of molecules incorpo-
rated into NLC can be influenced by different factors, such as
the type of solid lipid used, the proportion between lipids, the
type and concentration of stabilizer, the temperature used,
and the particle size (28,54–55).

Fig. 4. DSC curves for NLCB, NLCF, individual components Span® 80 (S80), polissorbate 80 (P80), caprylic/capric triglycerides (CCT),
carnauba wax (CW), bemotrizinol (BEMT), and physical mixtures (1:1) of BEMT + P80, BEMT + S80, BEMT + CW, and BEMT + CCT

Table VI. DSC Data for NLCB, NLCF, Excipients, and Their
Respective Binary Mixtures

Sample Event Peak (°C) ΔH (J g−1)

BEMT First 82.53 17.17
CW First 59.52 47.17

Second 78.34 5.09
Third 239.84 31.89

BEMT + CCT (1:1) First 57.04 35.93
Second 78.36 33.44

S80 First 131.75 24.67
BEMT + S80 (1:1) First 74.01 20.59
P80 First 193.47 1.85

Second 259.78 6.77
BEMT + P80 (1:1) First 78.93 25.67

Second 88.12 3.95
CCT First 212.41 30.80
BEMT + CCT (1:1) First 62.96 15.93
NLCB First 58.25 56.73

Second 77.06 4.81
Third 178.74 127.4

NLCF First 58.68 53.76
Second 76.99 3.66
Third 202.60 1.42

BEMT bemotrizinol, CW carnauba wax, S80 Span® 80, P80
polissorbate 80, CCT caprylic/capric triglycerides, NLCB blank
nanostructured lipid carriers, NLCF nanostructured lipid carriers
with organic UV filter
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However, several authors report a biphasic release
profile of molecules from NLC, with a rapid initial release
followed by a more sustained pattern (53,56–58). This might
be explained by the fact that the release of molecules is
controlled by two mechanisms: diffusion through the matrix,
which depends on the dissolution of the molecule in the
aqueous medium, and erosion of the lipid matrix, which is
determined by the rate of lipid degradation (55,59).

Octyl p-methoxycinnamate (60) and oxybenzone (50)
have been incorporated into NLC, in which a biphasic release
profile was observed in both studies. Thus, the same profile is
expected for NLCF, with the BEMT fraction adhered to the

NLCF surface being released more quickly and the fraction
entrapped in the lipid matrix being released slowly.

Fourier-Transform Infrared Spectroscopy

The purpose of the FTIR-ATR analysis was to investi-
gate the occurrence of chemical interactions between the
components of the formulations. The FTIR spectra of the
individual components as well as the NLCB and NLCF
formulations are shown in Fig. 7.

The spectrum of bemotrizinol (Fig. 7) shows peaks in the
1550–850 cm−1 region which have been attributed to the C–C
stretch of carbon-carbon bond and C–O–C of ether. The peak
at 1570 cm−1 refers to C=N bond of the triazine group of
BEMT. The peaks in the 2000–2600 cm−1 region refer to
C=C=C from the benzene rings. In addition, the peaks in the
2500–4000 cm−1 are attributed to the –OH stretch of the
hydroxyl groups and –CH of the alkane groups.

The spectra of NLCB and NLCF show a predominance
of peaks related to the surfactants and lipids, especially those
attributed to carnauba wax. What differentiates the NLCB
spectrum from that of NLCF is the additional bands at 1550
to 1650 cm−1 in the latter, which corresponds to the C=N
bonds found only in bemotrizinol as indicated in Fig. 7. Since
the concentration of bemotrizinol is lower than those of the
other components, its characteristic bands appear at lower
intensity when compared with the bands attributed to the
other components. In addition, the subtle appearance of
BEMT bands in the NLCF spectrum seems to indicate that it
was incorporated into the nanocarrier. Similar findings were
observed in the study conducted by Tahir et al. (61).

In vitro Evaluation of Photoprotective Potential and
Spectrophotometric SPF

A UV-Vis spectrophotometric scan allows a qualitative
analysis of the potential photoprotective effect of the

Table VII. TG Data for BEMT, NLCB, NLCF, and the Other
Components

Sample Stage Start–end (°C) Weight loss (%)

CW First 146.32–253.31 72.34
Second 253.31–432.11 19.04
Third 432.11–512.82 4.63

BEMT First 308.68–498.58 74.75
S80 First 30.00–220.38 5.42

Second 220.38–419.77 76.15
Third 419.77–516.62 14.78

P80 First 276.40–518.51 92.80
CCT First 171.01–343.81 95.28

Second 343.81–508.07 2.38
NLCB First

Second
Third

131.13–304.88
304.88–430.21
430.21–507.12

39.52
42.44
3.46

NLCF First 139.68–317.23 40.27
Second 317.23–515.67 49.42

BEMT bemotrizinol, CW carnauba wax, S80 Span® 80, P80
polissorbate 80, CCT caprylic/capric triglycerides, NLCB blank
nanostructured lipid carriers, NLCF nanostructured lipid carriers
with organic UV filter

Fig. 5. TG curves for NLCB, NLCF, and each individual component
Span® 80 (S80), polissorbate 80 (P80), caprylic/capric triglycerides
(CCT), carnauba wax (CW), and bemotrizinol (BEMT)
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bemotrizinol incorporated into the nanosystem in comparison
with that of bemotrizinol alone (Fig. 8).

Figure 8 shows that a marked increase in the absorbance
was observed when bemotrizinol was incorporated into the
nanocarriers, especially in the range of 290–380 nm. It is
possible to observe that the difference between the absor-
bances of the BEMT solution (b) and the NLCF (a) is similar
to the absorbance of the system without BEMT (NLCB) (c),
which seems to prove the synergistic effect between BEMT
and the solid lipid (carnauba wax). These findings corrobo-
rate that of Nikolic et al. (16) when they determined the
absorbances of different nanostructured lipid carriers con-
taining the same type and concentration of organic filter,
changing only the lipid, where a higher absorbance was
observed with the samples prepared with carnauba wax. In
fact, Villalobos-Hernández and Müller-Goymann (62) had
previously reported that carnauba wax has an intrinsic
property of filtering UV radiation.

The in vitro spectrophotometric method in the UVB
region was used to quantitatively determine the SPF, which

was based on the methodology described by Mansur et al.
(30) In order to guarantee the reliability of the method, a
commercially available sunscreen with a known protection
factor (SPF = 30) was evaluated. The SPF values as deter-
mined by the in vitro spectrophotometric method are shown
in Table VIII.

The result obtained for the commercially available
sunscreen was SPFspectrophotometric = 10, which does not match
with the value labeled by the industry. From this information,
a calculation was made to adjust the SPF obtained in the
bemotrizinol-containing nanosystem whose approximate
value was SPFNLCF = 10.

The result after proper correction seems satisfactory,
especially when taken into account that such a low concen-
tration of organic filter (0.4% w/v of bemotrizinol) was used
for the nanosystem development. On the other hand, the
potential photoprotective effect of NLCF observed in Fig. 8
corroborates with that of the spectrophotometric SPF, where
such effect is enhanced after incorporation of bemotrizinol
into the nanoparticles.

Fig. 6. Diffractograms of carnauba wax (a), BEMT (b), NLCB (c), and NLCF (d)
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CONCLUSION

New sunscreen formulations based on nanostructured
lipid carriers containing BEMT were developed and further
characterized. The desired particle size was found by using an
experimental design of the Box-Behnken type, which enabled
a reduction in the time and costs of development process.

Besides obtaining particles smaller than 200 nm, the
particles were found to be spherical and uniformly distrib-
uted. The crystallinity of the systems was evaluated through
XRD, which evidenced the appearance of amorphous halos
and reduction of crystallinity of CCT and BEMT when in
NLCF.

The results of the in vitro photoprotective activity of the
nanostructured lipid carriers containing BEMT were favor-
able and suggest a beneficial synergism between BEMT and
carnauba wax–based nanostructured lipid carrier, promoting

an overall increase of the photoprotective activity which may
result in a cost-effective economic impact.

In general, NLCF have shown to be a promising
alternative for photoprotection, where it could be dispersed
in different cosmetic forms including hydrogels. The increase
in photoprotective activity without increasing the concentra-
tion of organic UV filter, in addition to the use of a more
esthetically acceptable formulation with increased safety,
makes NLC a promising alternative for new sunscreens and
nanocosmetics.

In addition, to obtain nanostructured lipid carriers
containing bemotrizinol, organic solvents are not used in
any of the stages, in compliance with the first principle of
green chemistry: preventing the formation of organic waste.

Studies to determine SPF in vivo are necessary in order
to confirm the performance obtained in the in vitro study.

Fig. 7. FTIR spectra of the individual components as well as the
NLCB and NLCF formulations

Fig. 8. Comparison of UV absorbance of NLCF (a), bemotrizinol
solution (b), and NLCB (c)
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