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Abstract: Different lipid phase ratios (12, 14, and 16% w/w) were assessed for their ability to affect
the technological and sensory properties of O/W emulsions in which bemotrizinol (BMTZ), a broad-
spectrum sunscreen agent, was incorporated free or loaded into nanostructured lipid nanocarriers
(NLC) to reduce its release from the vehicle and, hence, its skin permeation. The following technolog-
ical properties were evaluated in vitro: spreadability, viscosity, pH, occlusion factor, BMTZ release,
and sun protection factor (SPF). Sensory attributes were assessed by panelists in three different phases:
before/during pick-up, rub-in, and after application. Raising the lipid phase ratio led to an increase in
viscosity (from 8017 + 143 cPs to 16,444 £ 770 cPs) and to a corresponding decrease in spreadability
(from 9.35 + 0.21 cm to 7.50 £ 0.10 cm), while the incorporation of BMTZ-loaded NLC determined a
decrease in the occlusion factor (from 47.75 £+ 1.16 to 25.91 + 1.57) and an increase in SPF (from 6%
for formulations containing 12% lipid phase to 15% for formulations containing 16% lipid phase). No
BMTZ release was observed from all emulsions. Sensory attributes were mainly affected by the lipid
phase ratio. These results suggest that the lipid phase ratio and BMTZ incorporation into NLC could
contribute to determining the technological and sensory properties of O/W emulsions.

Keywords: bemotrizinol; emulsions; sensory evaluation; UV filters; lipid nanoparticles; in vitro SPF

1. Introduction

Emulsions are the most common formulations used in the manufacture of cosmetics
because of their moisturizing effect, their ability to maintain the proper water-lipid balance
of the cutaneous barrier, and their ability to deliver active ingredients into the deeper skin
layers, thus improving the effectiveness of skincare products [1-7]. The main raw materials
of these biphasic systems are water, lipids, viscosity-modifying agents, sensory agents
(emollients and humectants), and emulsifiers [6-9]. The choice of the type and amount
of such raw materials may play a key role in determining the safety and efficacy of the
resulting emulsions, as skin permeation of the incorporated active ingredients could be
strongly affected by vehicle composition [10-12]. As far as sunscreen agents are concerned,
skin permeation should be avoided, or at least minimized, to improve both the safety and
efficacy of sunscreen formulations [13,14]. In the last two decades, UV-filter incorporation
into lipid nanoparticles has been proposed as a promising strategy to develop formulations
containing lower amounts of organic UV filters without reducing the sun protection factor
(SPF), due to the ability of these nanocarriers to act as physical sunscreens [15-20]. The first
generation of lipid nanoparticles, namely, solid lipid nanoparticles (SLN), consisted of a
solid lipid core stabilized by surfactants in aqueous media [21-28]. Due to their drawbacks,
such as poor stability and loading capacity, a second generation of lipid nanoparticles
(nanostructured lipid carriers, NLC), whose core was made up of mixtures of liquid and
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solid lipids, was developed [29-35]. SLN and NLC have been extensively studied as carriers
for drugs and cosmetic active ingredients owing to their many advantages, including high
biocompatibility, good tolerability, improved bioavailability, low cost of production, and
easy scale-up. In addition, several studies have highlighted the ability of SLN and NLC to
incorporate organic UV filters, thus supporting the feasibility of using these nanocarriers
to develop sunscreen formulations [36-39]. In particular, due to the presence of solid
lipids in their core, SLN and NLC could act as physical sunscreens, mostly reflecting
UV radiation. Therefore, SLN and NLC could act in synergy with organic UV filters
to improve SPF values of sunscreen products [36-39]. The increasing awareness of the
harmful effects of both UV-A and UV-B radiation has drawn a great deal of attention to the
search for broad-spectrum UV filters that could effectively protect the skin from UV solar
radiation after their topical application. In this context, bemotrizinol (BMTZ), a triazine
derivative (bis-ethylhexyloxyphenol methoxyphenyl triazine), has been designed to absorb
UV radiation in the range of 280-380 nm and launched in the market as a broad-spectrum
sunscreen [40-44].

In a previous work of ours, BMTZ was incorporated into various types of NLC,
and the technological properties of O/W emulsions containing different percentages of
optimized BMTZ-loaded NLC were evaluated [45]. BMTZ was chosen as a broad-spectrum
UV filter because of its photostability, safety, and ability to absorb both UV-B and UV-A
rays, converting the absorbed UV energy into less harmful forms [40-44]. In addition to
absorbing UV radiation, BMTZ could form a thin film on the skin surface because of its poor
ability to penetrate the skin. Such film would be able to reflect UV rays, thus providing an
additional physical barrier that prevents UV radiation from reaching the deeper skin layers.
Formulations, containing the same percentage of lipid phase and different percentages of
optimized BMTZ-loaded NLC, showed interesting technological characteristics, such as
low BMTZ release from the vehicle, good stability, and about a 20% increase of in vitro SPF
values, in comparison with formulations containing the same percentage of free BMTZ.

As emulsion lipid content could affect both the in vitro release and skin permeation of
incorporated active ingredients, in this work we investigated the effects of using different
percentages of lipid phase with the same composition on the technological properties
(viscosity, spreadability, occlusion factor, stability, in vitro release, and SPF value) of O/W
emulsions, in which BMTZ-loaded NLC were incorporated. To the best of our knowledge,
the effects of different lipid phase ratios on the technological properties of O/W emulsions
used as vehicles for UV-filter-loaded lipid nanoparticles have not been fully explored.

In addition to technological properties, formulations” sensory attributes, which are
involved in consumer acceptance of cosmetic products, could be influenced by the emulsion
lipid content [46,47]. Therefore, a sensory evaluation was performed on the emulsions
under investigation to assess different parameters in the following steps: before and during
product pick- up (glossiness, firmness, color, adhesiveness, and elasticity), during product
“rub-in” (stickiness, spreadability, absorbency, and oiliness), and after emulsion application
(“after feel”, glossiness, stickiness, and oiliness).

2. Materials and Methods
2.1. Materials

Isopropyl myristate (IPM), disodium EDTA (EDTA), imidazolidinyl urea (Kemipur
100%), C12-15 alkyl benzoate (Acemoll TN®), beeswax, and benzyl alcohol were supplied
by Galeno (Carmignano, Prato, Italy). Almond oil and glycine soja o0il were purchased
from Farmalabor (Canosa di Puglia, Bari, Italy). Cetearyl alcohol and cetearyl glucoside
(Montanov 68®) were supplied by Polichimica Srl (Bologna, Italy). Cetyl palmitate (Cutina
CP®, CP), bis-ethylhexyloxyphenol methoxyphenyl triazine (bemotrizinol, Tinosorb S®,
BMTZ), cetearyl isononanoate (Cetiol SN®), and glyceryl stearate (Cutina MD®) were a
kind gift from BASF (Ludwigshafen, Germany). Oleth-20 (Brij 98®) was bought from Sigma-
Aldrich (Milan, Italy). Glyceryl oleate (Tegin O®, GO) was obtained from A.C.E.E. S.p.A.
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(Fiorenzuola D’Arda, Piacenza, Italy). Regenerated cellulose membranes (Spectra/Por CE;
Mol. Wt. Cut off 3000) were bought from Spectrum (Los Angeles, CA, USA).

2.2. Preparation and Characterization of Bemotrizinol-Loaded Nanostructured Lipid
Carriers (NLC)

NLC were prepared using the phase inversion temperature (PIT) method, using cetyl
palmitate as a solid lipid (4% w/w), isopropyl myristate as a liquid lipid (3% w/w), and
bemotrizinol (8% w/w), oleth-20 (8.7% w/w), and glyceryl oleate (4.4% w/w) as surfactant
and co-surfactant, respectively [45]. The aqueous phase consisted of deionized water,
containing Kemipur 100® 0.35% w/w as a preservative. After separately heating both the
oil and aqueous phase at 90 °C, the aqueous phase was added slowly to the oil phase under
vigorous stirring (700 rpm), leading to a colloidal suspension that was allowed to cool down
to room temperature under continuous stirring. Then, the samples were stored in airtight
jars at room temperature in the dark until used. Morphological analysis was performed by
transmission electron microscopy (TEM) using a transmission electron microscope (model
JEM 2010, Jeol, Peabody, MA, USA) operating at an acceleration voltage of 200 KV. Samples
were prepared by placing 5 uL of colloidal suspension on a Formvar (200-mesh) copper
grid (TAAB Laboratories Equipment, Berks, UK). The excess of sample was removed by
filter paper, and a drop of 2% (w/w) aqueous solution of uranyl acetate was added. The
sample was analyzed after drying at room temperature. The mean particle size and size
distribution (polydispersity index, PDI) of bemotrizinol-loaded NLC were determined by
dynamic light scattering (Zetasizer Nano ZS90, Malvern Instruments, Malvern, UK), using
a4 mW laser diode at 670 nm and scattering light at 90°. Before the analysis, the sample
was diluted (1:5, sample/distilled water) and left to settle down to 25 °C for 2 min. The
same Zetasizer was used to assess (-potential by laser Doppler velocimetry after diluting
the samples in KCI 1 mM (pH 7.0).

2.3. Preparation of O/W Emulsions

The composition of O/W emulsions prepared using different percentages of oil phase
is reported in Table 1. After separately heating phases A and B to 70 °C, the water phase
was poured into the oil phase under stirring for 90 s at 5000 rpm (Turbomixer Silverson SL2,
Silverson Machines Inc., East Longmeadow, MA, USA). The resulting emulsion was cooled
to 40 °C under slight stirring, and then preservatives (phase C) were added. Afterwards,
for samples A12ny ¢, Aldnic, and Al6nyc, the same amount (30.0% w/w) of BMTZ-loaded
NLC colloidal suspension was added under gentle mixing. Then, the emulsion was cooled
to room temperature under continuous and gentle stirring. All samples were stored in
airtight glass jars at room temperature and in the dark until used. Then, 48 h after emulsion
preparation, pH measurements were performed using a Crison pH-meter model Basic 20
(Crison Instruments, Barcelona, Spain) after diluting the sample with distilled water to
one-tenth of its original concentration, as previously reported [47].

2.4. Stability Tests on O/W Emulsions

Accelerated stability tests were performed by centrifuging emulsion samples at 3000
rpm for 20 min using a centrifuge MiniSpin Plus (Eppendorf, Hamburg, Germany). After
centrifugation, the appearance, pH, and viscosity of the samples were evaluated.

Samples of the emulsions under investigation were stored in airtight glass jars at room
temperature and at 37 °C for three months, sheltered from light. At various intervals (one
week, two weeks, one month, two months, and three months), samples were analyzed to
determine their appearance, pH, and viscosity.
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Table 1. Composition (% w/w) of O/W emulsions containing free bemotrizinol (BMTZ) and BMTZ-
loaded nanostructured lipid carriers (NLC). g.s. = quantum sufficit to 100% w/w.

Ingredients Emulsion Code

A12 Al2nic Al4 Aldnic Al6 Aléynic
Phase A
Almond oil 1.50 1.50 1.75 1.75 2.00 2.00
Glycine Soja oil 1.50 1.50 1.75 1.75 2.00 2.00
Acemol TN 3.60 3.60 4.20 4.20 4.80 4.80
Cetiol SN 1.20 1.20 1.40 1.40 1.60 1.60
IPM 1.20 1.20 1.40 1.40 1.60 1.60
Montanov 68 2.40 2.40 2.80 2.80 3.20 3.20
Beeswax 0.30 0.30 0.35 0.35 0.40 0.40
Cutina MD 0.30 0.30 0.35 0.35 0.40 0.40
BMTZ 2.40 - 2.40 - 2.40 -
Phase B
EDTA 0.1 0.1 0.1 0.1 0.1 0.1
Water q.s. q.s. q.s. q.s. g.s. g.s.
Phase C
Kemipur 100 0.35 0.35 0.35 0.35 0.35 0.35
Benzyl alcohol 0.25 0.25 0.25 0.25 0.25 0.25
Phase D
BMTZ-NLC - 30.00 - 30.00 - 30.00

2.5. Spreadability

Spreadability was determined by the parallel-plate method [47,48] using two glass
plates (diameter 9 cm). Here, 1 g of sample was placed between the plates and a 50 g weight
was put on the upper plate. After 1 min, the weight was removed, and the spreading
diameter (expressed in centimeters) was measured. Each measurement was carried out
in triplicate.

2.6. Occlusion Factor

The occlusion factor was assessed according to a method previously reported [49,50].
Beakers (100 mL) containing 50 mL of distilled water were covered with filter paper (cellu-
lose acetate filter, perfecte 2, 90 mm, cutoff size: 4-7 pm, Cartiera Cordenons, Pordenone,
Italy), sealed, and 200 mg of emulsion was spread on the filter surface (18.8 cm?; applied
amount: 10.6 mg/cm?). After weighting the sample accurately, incubation was performed
at 32 °C (skin surface temperature) for 48 h (50-55% RH) in an incubator (Incubator IN
30, Memmert GmbH, Schwabach, Germany). Then, samples were weighted to determine
water evaporation. Beakers covered with filter paper free of sample formulation were used
as a reference.

The occlusion factor (F) was calculated according to the following Equation (1):

F=100 x [(A — B)/A] (1)

where A is the water loss without sample (reference) and B is the water loss with sample.
Each experiment was performed in triplicate.

2.7. Viscosity

Viscosity measurements [51,52] were performed 48 h after emulsion preparation to
allow the sample to settle down. The viscosity of the formulations under investigation was
determined by a Brookfield DV-II+Pro EXTRA rotation viscosimeter (Brookfield Engineer-
ing Laboratories, Inc., Middleboro, MA, USA) using spindle number 6. The instrument
was calibrated as described in the operating instructions of the instrument manual, using
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silicone oil as a standard fluid. Each formulation (25 mL) was placed in a glass vial and left
to settle down for 1 h prior to performing the measurement. Then, viscosity was monitored
for 30 s at 6 rpm and room temperature. Each measurement was carried out in triplicate
with a time interval of 5 min, and the results were expressed in cPs.

2.8. In Vitro Release of Bemotrizinol

Franz-type diffusion cells (LGA, Berkeley, CA, USA) were used to assess BMTZ
release from the emulsions under investigation [53-56]. Experiments were performed
using cellulose membranes previously moistened by immersion in distilled water for
1 h at room temperature. This methodology to assess in vitro drug release from topical
formulations has been reported to be suitable to obtain reliable results [57]. After placing the
membrane between the donor and the receptor compartment, the surface area available for
diffusion was 0.75 cm?. As BMTZ is a poorly water-soluble compound, a mixture consisting
of water/ethanol (50/50 v/v) was used as the receiving phase to ensure pseudo-sink
conditions by increasing BMTZ's solubility in the receiving phase. The use of receptor fluids
containing solvents or surfactants to increase drug solubility has already been reported by
others [58]. The receiving phase (4.5 mL, pH 6.5) was stirred (700 rpm) and thermostated at
35 °C to maintain the membrane surface at 32 °C throughout the experiment. After placing
the sample (2 mg/cm?) in the donor compartment, 500 pL of the receiving solution was
withdrawn at various intervals (0, 30, 60, 90, 120, and 240 min) and replaced with an equal
volume of receptor fluid pre-thermostated to 35 °C. The amount of BMTZ in such samples
was determined spectrophotometrically (UV-VIS Spectrophotometer Shimadzu model UV-
1601, Shimadzu Italia, Milan, Italy) at 340 nm. A calibration curve was constructed in the
range of 0.1-1 pg/mL by dissolving BMTZ in water/ethanol (50/50 v/v; limit of detection
0.01 pg/mL, and limit of quantification 0.05 ng/mL). Each experiment was performed in
triplicate and results were expressed as mean =+ S.D.

2.9. Determination of In Vitro Sun Protection Factor (SPF)

To evaluate the in vitro sun protection factor (SPF) values [59-63] of the formula-
tions under investigation, the method described by Dutra et al. [64] was applied, with
minor modifications. Each emulsion sample was properly diluted in deionized water (final
concentration: 200 pg/mL) and analyzed spectrophotometrically (UV-VIS Spectropho-
tometer Shimadzu model UV-1601, Shimadzu Italia, Milan, Italy). Absorption data were
acquired every 5 nm in the range of 290-320 nm. SPF values were calculated according to
Equation (2):

SPFspectrophotometric =CF x ZEE(A) x I (A) x Abs (A) 2)

where CF is the correction factor (=10), EE(A) is the erythemal effect of the radiation with
wavelength A, I(A) is the solar intensity of radiation with wavelength A, and Abs(A) is the
absorbance of the sunscreen product at wavelength A.

The values of EE(A) x I(A) at each wavelength in the range of 290-320 nm were
constant, as determined by Sayre et al. [65], and were used to calculate the SPF values.

2.10. Sensory Evaluation

A descriptive sensory evaluation was performed by ten female panelists (aged
38 + 8 years). Due to the nature of the study, the local Ethical Committee declared that
no approval was required. After explaining the general concept of the study, detailed
explanations of the test and on the use of the sensory descriptors were provided to all par-
ticipants [47,66]. All participants provided their written informed consent to be enrolled in
the study. Prior to performing the sensory evaluation on the investigated formulations, the
panelists were trained by assessing three commercial O/W creams on the same attributes
involved in the present study. In addition, panelists were instructed to apply about 2 mg of
product over the back of the left hand.

The study was carried out under controlled temperature and relative humidity, and
adequate light conditions. Panelists were asked to provide their assessment in three
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different steps: (1) before and during product pick-up, (2) during product rub-in, and
(3) after product application on the skin. Each attribute was graded using pre-defined
descriptive terms, to which a numeric value was assigned, as reported in Table 2.

Table 2. Description of attributes used for sensory evaluation.

Phase

Sensory Attribute

Description

Before and during pick-up

Color (in the container)

1. White; 2. Whitish; 3. Yellowish; 4. Pale
yellow; 5. Yellow

Glossiness (in the container)

1. Not glossy; 2. Slightly glossy; 3. Moderately
glossy; 4. Glossy; 5. Very glossy

Adhesiveness

Amount of sample that stays on forefinger
after short contact (2 s) with sample in
container

1. Not adhesive; 2. Slightly adhesive;
3. Moderately adhesive; 4. Adhesive; 5. Very
adhesive

Elasticity
Degree to which product expands between
thumb and forefinger

1. Not elastic; 2. Slightly elastic; 3. Moderately
elastic; 4. Elastic; 5. Very elastic

Firmness (during pick-up)
Resistance to deformation and difficulty of
lifting from container.

1. Not firm; 2. Slightly firm; 3. Moderately firm;
4. Firm; 5. Very firm

During rub-in

Qiliness
Degree to which the sample feels oily

1. Not oily; 2. Slightly oily; 3. Moderately oily;
4. Qily; 5. Very oily

Spreadability

Impression of the area that the sample will
cover while being rubbed 8 times in a circular
motion over the back of the hand

1. Not spreadable; 2. Slightly spreadable; 3.
Moderately spreadable; 4. Spreadable; 5. Very
spreadable

Stickiness
Degree to which the sample feels sticky (force
required to separate finger from the skin)

1. Not sticky; 2. Slightly sticky; 3. Moderately
sticky; 4. Sticky; 5. Very sticky

Absorbency
Impression of the rate of absorption of the
sample into the skin

1. Not absorbed; 2. Slowly absorbed;
3. Moderately absorbed; 4. Absorbed; 5. Fast
absorbed

After feel

Stickiness
Degree to which the sample leaves the skin
feeling sticky 10 min after its application

1. Not sticky; 2. Slightly sticky;
3. Moderately sticky; 4. Sticky; 5. Very sticky

Oiliness
Degree to which the sample leaves the skin
feeling oily 10 min after its application

1. Not oily; 2. Slightly oily; 3. Moderately oily;
4. Qily; 5. Very oily

Glossiness
Degree to which the sample leaves the skin
looking glossy 10 min after its application

1. Not glossy; 2. Slightly glossy; 3. Moderately
glossy; 4. Glossy; 5. Very glossy

Freshly prepared samples were placed in containers labeled with four-digit code

numbers and provided to the panelists along with an analysis form, reporting, for each
step, the descriptive term and grading of the sensory attributes under evaluation. For
each attribute in each phase, the sum of the scores (from 1 to 5) assigned by each panelist
was performed and reported in radar charts (Excel for Windows version 11, Microsoft
Corporation, Redmond, WA, USA), in which each axis indicates the scores assigned by
panelists for a given parameter. For each parameter, the minimum score was 10 and the
maximum was 50. The participants were also asked to indicate their preferred formulation.
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2.11. Statistical Analysis

Results were expressed as mean values & standard deviation (S.D.) of three replicates.
Statistical analysis was performed using Student’s t-test, and values were considered
statistically different when p < 0.05.

3. Results and Discussion

Pharmaceutical and cosmetic emulsions are complex systems in which several compo-
nents may affect the safety, efficacy, and consumer acceptance of the final product. Otto
et al. [67], reviewing the effects of emulsion composition on dermal and transdermal de-
livery of active ingredients, outlined the importance of the proper choice of emulsion
constituents, such as emollients and emulsifiers, to optimize the skin penetration of an
active ingredient. In particular, the composition and amount of lipid phase could affect the
performance of cosmetic emulsions. Generally, the lipid phase content in cosmetic O/W
emulsions ranges between 10% w/w and 50% w/w, with 75% w/w being the maximum
theoretical value. In this work, different lipid phase ratios (12-16% w/w) were assessed
for their ability to modify the technological and sensory properties of O/W emulsions
incorporating free BMTZ and BMTZ-loaded NLC.

In a previous work [45], the feasibility of incorporating BMTZ in NLC with different
oil compositions was investigated. Using 3% w/w of isopropyl myristate and 4% of cetyl
palmitate as components of the NLC core, stable colloidal suspensions with a maximum
loading capacity of 8% w/w BMTZ were obtained. In the present work, such BMTZ-loaded
NLC were incorporated in O/W emulsions prepared using different lipid phase ratios (12,
14, and 16% w/w). These nanoparticles were roughly spherical, with no sign of aggregation,
and showed mean size (193.2 &+ 8.8 nm), PDI (0.151 & 0.012), and (-potential values
(—11.1 £ 1.5 mV) suitable for incorporation into topical formulations. Generally, {-potential
values greater than 30 mV, as the absolute value, are regarded as suitable to obtain stable
colloidal suspensions. Despite (-potential values lower than 30 mV, BMTZ-loaded NLC
showed good stability after storage for two months at room temperature. Such good
stability was attributed to the presence of long polyoxyethylene chains of the surfactant
oleth-20 on the nanoparticle surface, which could provide a steric stabilization [45].

To evaluate the effects of BMTZ encapsulation into NLC, O/W emulsions containing
the corresponding amount of free BMTZ (2.4% w/w) were prepared, as shown in Table 1.
Preliminary investigations were carried out by comparing the technological properties (pH,
viscosity, occlusion factor, and spreadability) of the O/W emulsions containing 2.4% w/w
of free BMTZ with those of O/W emulsions having the same lipid and aqueous phase
composition but prepared without BMTZ. The results of these experiments showed no
significant differences between emulsions without BMTZ and emulsions containing 2.4%
w/w of BMTZ for all assessed parameters

Prior to evaluating the technological properties, the emulsions under investigation
were assessed for their stability. Accelerated stability tests performed by centrifugation did
not show any sign of emulsion separation or alteration. Storing emulsions at room temper-
ature and 37 °C for three months did not lead to any significant change in the pH, viscosity,
and appearance of the samples, thus suggesting a good stability of all formulations.

The technological properties of O/W emulsions containing free BMTZ and BMTZ-
loaded NLC are summarized in Table 3. For all investigated emulsions, pH values were
similar and ranged from 6.3 to 6.5. Although these values were greater than the skin
surface pH value (5-5.5), they were within the physiological value and could be regarded
as safe. Increasing the lipid phase ratio led to a greater viscosity of the resulting emulsions
and to a decrease in spreadability. The incorporation of BMTZ-loaded NLC determined a
decrease in viscosity of emulsions containing 12% w/w of oil phase, while no significant
difference was observed for emulsions prepared using 14 and 16% w/w of lipid phase.
A corresponding but inverse trend was observed when analyzing spreadability data. As
shown in Figure 1, a good relationship (r2 = 0.9883) was observed between viscosity and
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spreadability values. These results support previous observations about the possibility of
predicting the spreadability of topical formulations by measuring their viscosity [68,69].

Table 3. Emulsion technological properties: pH, occlusion factor (F), spreadability (S), viscosity, and
cumulative amount of bemotrizinol released after 4 h from the vehicle. N.D. = not detectable.

EMULSION S +S.D. V £+ S.D. Q
CODE PH F£S.D. Zey) (CPS) (LG/CM2)
Al12 6.3 35.53 £+ 5.69 8.80 +0.17 9722 4+ 1295 N.D.
A12NLC 6.3 2591 + 1.57 9.35 +0.21 8017 £+ 143 N.D.
Al4 6.4 4775 + 1.16 8.10 & 0.17 13,000 4 441 N.D.
A14NLC 6.3 39.76 £+ 2.99 8.03 + 0.25 13,389 4+ 1004 N.D.
Ale 6.5 46.81 = 1.55 7.60 £ 0.10 15,611 + 1549 N.D.
A16NLC 6.4 32.48 £+ 2.09 7.50 £ 0.10 16,444 + 770 N.D.

18,000

16,000 4

14,000

12,000
»
S 10,000
>
= 8000
3
2 6000
S

4000

2000

0
7 7,5 8 8,5 9 9,5

Spreadability (cm)

Figure 1. Relationship between viscosity and spreadability of formulations A12, Al2xic, Al4,
Al4Nic, Al6, and Al6nyc. S.D. was omitted for clarity.

Results of experiments performed to evaluate the occlusion factor (F) of the emulsions
under investigation showed that an increase in lipid phase content from 12 to 14% w/w led
to greater F values, but a further increase from 14 to 16% w/w did not result in an addi-
tional increase. These results support the hypothesis that the occlusive properties of O/W
emulsions could be affected by the amounts of oils used for their preparation [70]. When
BMTZ-loaded NLC were incorporated into the emulsions, F values decreased regardless of
the lipid phase ratio, suggesting that BMTZ-loaded NLC could alter the emulsion structure,
making it more permeable to water. Previous differential scanning calorimetry studies [45]
pointed out that BMTZ-loaded NLC had low crystallinity, which was attributed to their
high percentage of liquid lipids. As reported in the literature [49,71], lipid nanoparticles
with low crystallinity could not be expected to provide a significant enhancement of the
occlusion factor.

Early studies on skin permeation highlighted the key role of drug release from the
vehicle in the percutaneous absorption process [72]. Indeed, for a drug to be able to
permeate through the skin, its release from the formulation is an essential requisite. In the
present work, BMTZ in vitro release from the emulsions under investigation was evaluated
in experiments lasting 4 h because sunscreen formulations are not expected to remain on
the skin surface for longer periods. As shown in Table 3, no BMTZ could be detected
in the receiving phase, thus showing that the sunscreen agent was not released from the
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vehicle. These results suggest that no BMTZ skin permeation could be expected to occur
after topical application of the investigated formulations.

The sun protection factor (SPF) is a fundamental parameter to assess the efficacy
of sunscreen formulations. In 2006, the European Cosmetic and Perfumery Association
(COLIPA) developed an in vivo method to determine SPF in humans [73], which has
been used to draw up ISO 24444:2019 [74], the currently-in-use standardized in vivo SPF
test. With in vivo methods being quite expensive and time-consuming, several alternative
in vitro tests have been developed to obtain affordable, fast, and reliable results [75-78].
In this work, the method based on the Mansur equation was used to determine in vitro
SPF values, as this type of test has already been applied in the evaluation of skin photo-
protection of an active ingredient incorporated into lipid nanoparticles [79]. However,
the reliability of this spectrophotometric method has been questioned because of the poor
predictability of in vivo results, mainly due to an improper application of the method, such
as incorrect dilution of the sample [80,81]. Recently, Hermund et al. [82], to evaluate the
reliability of the Mansur method, tested three commercial sunscreen formulations using
this in vitro method and compared the obtained results with the SPF values reported by
the manufacturers. The authors found a good agreement between claimed SPF values
and SPF values determined using the Mansur equation, highlighting the advantages of
this in vitro method (use of conventional equipment and inexpensive solvent) and its
usefulness to screen products during the development step. Recent examples of SPF
determination using the parameters reported by Sayre et al. [65] include the evaluation
of the in vitro photoprotective effect of the curcumin-loaded emulsion [83] and the UV-
B-protection performance of proanthocyanidin-rich extracts obtained from Cinnamomum
camphora leaves [84].

In this work, to assess the reliability of SPF values obtained by applying the Mansur
equation, results were compared to those obtained in silico by the BASF sunscreen simulator
(www.basf.com/sunscreen-simulator, accessed on 2 February 2024). This software is based
on the concept that, according to Sayre et al. [65], SPF can be conceptualized as the ratio of
areas under the transmittance vs. the wavelength plot, taking into account the erythemal
weighted UV of solar radiation, which has been defined as a function of the wavelength,
the irradiance, and the erythemal weighting function. As shown in Figure 2, the BASF
sunscreen simulator predicted an SPF value of 5.9 for a formulation containing 2.4% w/w
BMTZ. It is important to underline that this software was not able to account for vehicle
effects and UV-filter incorporation into nanocarriers. Therefore, preliminarily, emulsions
prepared using 12, 14, and 16% w/w of lipid phase free of BMTZ were tested to determine
their SPF, providing very low values (0.95, 0.97, and 1.10, respectively).

A slight increase, although not statistically significant, of SPF values was observed by
raising the percentage of lipid phase. These results suggest that, regardless of its composi-
tion, the content of lipid phase could affect the photo-protective activity of O/W emulsions.

Formulations A12, A14, and A16, containing 2.4% of free BMTZ, showed SPF values
in good agreement with the predicted in silico values (6.4, 6.6, and 6.7, respectively). The
slightly higher SPF values obtained by the Mansur method could be attributed to the
contribution to SPF provided by the vehicle that was not accounted for when SPF was
estimated in silico. The results reported in Figure 2 pointed out that the incorporation of
BMTZ into NLC led to an improvement of SPF, in comparison with the corresponding
O/W emulsion containing the same percentage of free BMTZ. The SPF increase was in the
range of 6% (formulation A12 npc) to 15% (formulation Al6yc). As all data showed stan-
dard deviation values lower than 5%, the differences in SPF values between formulations
containing free BMTZ and BMTZ-loaded NLC were statistically significant when compared
using Student’s t-test. An increase in the SPF value as a result of UV-filter incorporation
into lipid nanoparticles has already been reported in the literature. An early work by Wiss-
ing and Muller [85] reported about a 20% increase in SPF by encapsulating the UV-filter
2-hydroxy-4-methoxybenzophenone into SLN. Similarly, the entrapment of silymarin, a
flavonoid with antioxidant activity, into NLC incorporated in O/W emulsions provided
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about a 20% increase in SPF, in comparison with the same formulations containing free
silymarin [79]. Recently, de Aradjo et al. [86] reported an increased photo-protection due to
UV-ilter incorporation into NLC, despite a 10% reduction in filter content. The results of
the present study are in good agreement with literature data, supporting a synergetic effect
between UV-radiation absorption due to the organic filter and light scattering promoted
by NLC, which could act as physical sunscreens because of their core structure, consist-
ing mainly of solid lipids. In particular, in this work, lipid nanoparticles were prepared
using cetyl palmitate as a solid lipid. According to Wissing and Muller [85], when cetyl
palmitate is used as a solid lipid to prepare lipid nanocarriers, the crystalline nature of this
lipid provides the resulting nanocarriers with the capacity of reflecting and scattering UV
radiation on their own. Further studies have been planned to evaluate the in vivo SPF of
the investigated formulations to assess the reliability of in vitro data.

9

SPF

In silico Al12 A12NLC Al4 Al14NLC Al6 Al16 NLC

Figure 2. Sun protection factor (SPF) calculated by the BAF sunscreen simulator for 2.4% w/w
bemotrizinol (in silico) and in vitro for formulations A12, A12 N1, Al4, Aldnrc, Al6, and Alénic.
S.D. was not reported for in silico data because these data were generated by a software.

In addjition to suitable SPF values, consumers require that sunscreen emulsions show
proper sensory attributes, such as good spreadability, low oiliness and stickiness, and a
lack of residues on the skin. Among these properties, spreadability plays a key role, as
sunscreen formulations are supposed to be applied in a thin and even layer on large area
of the skin surface. Calvo et al. [8] summarized the most relevant sensory attributes that
affect consumer acceptance of skincare products, highlighting the role of rheology and
product formulation in determining the textural properties of cosmetic emulsions. A study
performed on O/W emulsions containing different percentages of xanthan gum and oil
phase showed the dependence on the percentage of such emulsion components of specific
sensory attributes [87]. In particular, an increase in oil phase led to enhanced oiliness,
consistency, and stickiness of the formulations, while different percentages of xanthan
gum mainly affected the integrity of the shape, penetration force, wetness, spreadability,
and glossiness.

In this work, the effects of different oil phase ratios on the sensory attributes of O/W
emulsions containing NLC-loaded BMTZ as a sunscreen agent were evaluated. As NLC
consist of solid and liquid lipids, their incorporation into O/W emulsions could affect
the consumer perception of several parameters, such as oiliness, spreadability, stickiness,
and glossiness. A statistical analysis (ANOVA, analysis of variance) of panelists” ability
to provide reliable opinions was performed in the training phase, showing that between-
repetition and between-assessor variations were not significant (p > 0.05).
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The results of the sensory evaluation performed before and during product pick-up,
during rub-in, and after product application (after feel) are shown in Figures 3-5.

=== 12 ==l==A12 NLC Al4 AI4NLC «=fll=Al6 ==@-A16NLC

Glossines
50

Firmness Color

Elasticity Adhesiveness

Figure 3. Sensory evaluation of formulations A12, A12x ¢, Al4, Al4nic, Al6, and Al6nc before
and during pick-up from the container. Each axis indicates the scores assigned by panelists for a given
parameter. Data were reported as the sum of all scores that panelists assigned to a given parameter.

When the product was in the container, the incorporation of NLC in the cream mainly
affected color perception. Emulsions containing free BMTZ were perceived as yellowish or
pale yellow, while formulations incorporating BMTZ loaded into NLC were assessed as
whitish or white. BMTZ is a light-yellow powder whose addition to a cream makes the
formulation a yellowish color. BMTZ incorporation into NLC seemed to almost completely
mask the color of this UV filter, leading to whitish or white formulations. In addition,
it is interesting to note that the increase in lipid phase content for emulsions containing
BMTZ-loaded NLC seemed to move the perception of color toward white. This observation
requires further investigations to confirm these results using a large number of panelists
and to provide a rational explanation of such finding. The emulsion (Al6nyc) containing
the highest percentage of lipid phase was considered the most elastic, adhesive, and firm
when BMTZ-loaded NLC were incorporated (Figure 3). As expected, during rub-in, the
formulation that was scored as the most spreadable was formulation A12, which showed
the lowest viscosity. A close relationship between formulation viscosity and spreadability
during application onto the skin surface has been reported in previous studies [88,89].
However, an increase in the oil phase ratio from 12 to 14% w/w reduced the perceived ease
of spreading, but a further increase to 16% w/w did not alter this perception. These results
could be attributed to the close viscosity values of emulsions A14 and A16, which did not
allow the panelists to discriminate between these formulations. The incorporation of BMTZ-
loaded NLC resulted in a decrease in spreadability, in comparison to the corresponding
emulsion containing free BMTZ. As shown in Figure 4, oiliness increased by raising the
ratio of oil phase, and this effect was enhanced by the incorporation of BMTZ-loaded
NLC. Reduced absorbency and increased stickiness of the products under evaluation were
reported as a result of both higher oil phase content and BMTZ-loaded NLC incorporation.
Sensations of oiliness and stickiness due to product application on the skin surface are
regarded as important parameters in determining the answers provided by the panelists
and the resulting hedonic response [90,91].
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—8—A12 ~—@—Al12NLC Al4 AI4NLC «==fll=Al6 ~=@-—A16NLC

Qiliness

Absorbency

Stickiness

Figure 4. Sensory evaluation of formulations A12, A12nyc, Al4, Al4nc, Al6, and Al6nyc during
rub-in on the skin surface. Each axis indicates the scores assigned by panelists for a given parameter.
Data were reported as the sum of all scores that panelists assigned to a given parameter.

—@—=A12 == A12NLC Al4 A14 NLC ==l=A16 ==8-—A16NLC
Glossiness
40
3
Stickiness Qiliness

Figure 5. Sensory evaluation of formulations A12, A12nyc, Al4, Aldnic, Al6, and Al6nyc after
application on the skin surface (after feel). Each axis indicates the scores assigned by panelists
for a given parameter. Data were reported as the sum of all scores that panelists assigned to a
given parameter.

In the last phase (Figure 5), the panelists were asked to express their opinion about the
residue remaining on the skin after application of the product (after feel). The incorporation
of BMTZ-loaded NLC markedly increased the sensations of oiliness, glossiness, and sticki-
ness in formulations containing 14% and 16% of oil phase. A different trend was observed
for formulations prepared with the lowest lipid ratio (12% w/w), in which the addition of
BMTZ-loaded NLC resulted in lower glossiness and oiliness but greater stickiness.

At the end of the descriptive sensory evaluation, the panelists were asked to choose
the cream that, in their opinion, had the best performance. Three panelists stated their
preference as formulation A12, and three panelists preferred formulation A12nyc. The
remaining four formulations received one preference each. These results suggest that
the lipid phase content had a stronger influence on the sensory attributes than BMTZ
incorporation into NLC.
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4. Conclusions

Effectiveness, safety, and sensory attributes of cosmetic emulsions are strongly affected
by their constituents. As far as sunscreen emulsions are concerned, UV-filter skin perme-
ation should be avoided, or at least kept as low as possible, to obtain safe and effective
formulations. Different strategies have been proposed to achieve this goal, among which
reducing the UV-filter content and modifying the emulsion composition are regarded as
very promising. In this context, the results of the present work highlighted the strong
impact of the lipid phase ratio and encapsulation of UV filters into NLC on the technologi-
cal and sensory properties of the resulting O/W emulsions. In addition, UV-filter release
from the investigated formulations was not detectable during 4 h, thus suggesting that a
proper choice of emulsion components could allow for improving the safety and efficacy of
sunscreen formulations while obtaining products with a good consumer acceptance.
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