Pre prints.org

Article Not peer-reviewed version

Bemotrizinol-Loaded Nanostructured
Lipid Carriers for the Development of
Sunscreen Emulsions

Maria Grazia Sarpietro , Debora Santonocito , Francesco Castelli, Stefano Russo , Carmelo Puglia,

Lucia Montenegro *

Posted Date: 26 July 2024
doi: 10.20944/preprints202407.2165.v1

Keywords: bemotrizinol; nanostructured lipid carriers; sunscreens; emulsions; organic UV-filters

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/21420
https://sciprofiles.com/profile/2009998
https://sciprofiles.com/profile/2068374
https://sciprofiles.com/profile/2417284
https://sciprofiles.com/profile/358593
https://sciprofiles.com/profile/100473

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2024 d0i:10.20944/preprints202407.2165.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Bemotrizinol-Loaded Nanostructured Lipid Carriers

for the Development of Sunscreen Emulsions

Maria Grazia Sarpietro 12, Debora Santonocito 12, Francesco Castelli !, Stefano Russo 3,
Carmelo Puglia *? and Lucia Montenegro 2*

1 Department of Drug and Health Sciences, University of Catania, Catania, Italy; mg.sarpietro@unict.it
(M.G.S.), debora.santonocito@unict.it (D.S.), fcastelli@unict.it. (F.C.), capuglia@unict.it (C.P.)

2 NANOMED, Research Center on Nanomedicine and Pharmaceutical Nanotechnology, University of
Catania, 95125 Catania, Italy

3 Division of Biochemistry, Center for Biomedicine and Medical Technology Mannheim (CBTM), Medical
Faculty Mannheim, Heidelberg University, Mannheim, Germany; stefano.russo@medma.uni-heidelberg.de
(SR)

* Correspondence: Imontene@unict.it

Abstract: The efficacy and safety of organic UV-filters could benefit from their incorporation into lipid
nanoparticles because of the ability of such carriers to reflect solar radiations, thus acting synergically as
physical sunscreens. In this work, bemotrizinol (BMTZ), a broad-spectrum UV-filter, was loaded into
nanostructured lipid carriers (NLC) whose lipid matrix contained different oils to assess the effects of the lipid
core composition on the properties of the resulting NLC. Subsequently, the effects of incorporating different
concentrations of optimized BMTZ-loaded NLC on the technological properties of O/W emulsions (pH,
viscosity, spreadability, occlusion factor, in vitro BMTZ release and skin permeation, in vitro sun protection
factor) were assessed. Optimized BMTZ-loaded NLC showed mean size=190.6+9.8 nm, PDI=0.153+0.013, C-
potential=-10.6+1.7 mV, loading capacity=8% w/w. The incorporation of increasing concentrations of
optimized BMTZ-loaded into emulsions provided slight increase of spreadability, lower viscosity and no
change of pH, occlusion factor and BMTZ release compared to the control. No BMTZ skin permeation was
observed from all formulations. About 20% increase of sun protection factor values was obtained for vehicles
containing BMTZ-loaded NLC. Therefore, BMTZ-loaded NLC incorporation into emulsions could be a
promising strategy to develop safer and more effective sunscreen formulations.

Keywords: bemotrizinol; nanostructured lipid carriers; sunscreens; emulsions; organic UV-filters

1. Introduction

Nowadays, organic (chemical) and inorganic (physical) UV-filters play a fundamental role in
preventing the deleterious effect of skin exposure to solar radiation, such as erythema, sunburns,
actinic keratosis, cutaneous carcinoma, and melanoma [1-3]. Nevertheless, their safety, both for
humans and environment, has been repeatedly questioned [4-6]. To improve sunscreen products’
efficacy and safety, several researchers have proposed the incorporation of organic UV-filters into
lipid nanoparticles because of the ability of such colloidal carriers to reflect solar radiations, thus
acting in synergy as physical sunscreens and allowing reducing the amount of organic UV-filter
required to achieve the desired photo-protection [7-11]. In addition, lipid nanoparticles, namely solid
lipid nanoparticles (SLN) and nanostructured lipid carriers (NLC), show many advantages as topical
delivery systems, including high biocompatibility, controlled release of their payload, ability to
modulate drug skin penetration/permeation, and improvement of skin hydration because of their
occlusive properties, which depend on the composition of their lipid matrix [12-15]. Indeed, the
structure of the lipid core is the main feature that differentiates SLN from NLC, being both types of
nanoparticles made up of a lipid matrix stabilized by surfactants in aqueous media [16,17]. In
particular, the lipid core of SLN, the first generation of lipid nanoparticles, consists of solid lipids,
whose highly ordered arrangement leads to poor drug incorporation and drug leakage during
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storage. These drawbacks were overcome by developing a second generation of lipid nanoparticles,
namely NLC, using mixtures of solid and liquid lipids as nanoparticle matrix, thus increasing both
the stability and drug loading ability of the resulting colloidal systems.

In recent years, the awareness of the harmful effects of skin exposure to UV-A radiation and the
limited availability of safe organic UV-filters effective in absorbing UV-A rays have prompted the
researchers to focus on the development of sunscreen products with improved photo-protective
activity against UV-A.

Bemotrizinol (BMTZ) has been launched in the market as a broad-spectrum sunscreen agent due
to its ability to absorb UV radiation in the range 280-380 nm [18]. A recent study [19] demonstrated
an improvement of the in vitro photo-protective activity of BMTZ-loaded NLC obtained using
carnauba wax as solid lipid and caprylic/capric triglyceride as liquid lipid. However, several studies
pointed out that SLN and NLC show different technological properties depending on the type of
lipids and the ratio solid/liquid lipids, which, in turn, could affect their ability to improve the efficacy
and safety of the loaded active ingredients [20-22].

Therefore, the aim of this work was to assess the effects of different lipid core compositions on
the physico-chemical characteristics of NLC loading BMTZ to design new sunscreen formulations
with suitable technological properties. Mixtures containing different ratios of solid (cetyl palmitate)
and liquid lipids (isopropyl myristate, decyl oleate and caprylic/capric triglyceride) were assessed to
prepare BMTZ-loaded NLC. All lipids were chosen due to their wide use and safety as cosmetic
ingredients [23,24]. After choosing the ratio solid/ liquid lipid that provided NLC with small particle
size and low polydispersity index, different percentages of BMTZ (1, 3, 5, 7 % w/w) were incorporated
in such NLC. The thermal behavior of the resulting nanocarriers was investigated by differential
scanning calorimetry to gain information about BMTZ location into the nanoparticles. NLC were
prepared using the phase inversion temperature (PIT) method that could allow easy formulation
scaling up, as it did not require specific equipment or special operative conditions. The optimized
BMTZ-loaded NLC were incorporated, at different concentrations, into an O/W emulsion and the
technological properties (pH, viscosity, spreadability, occlusion factor, BMTZ in vitro release and
skin permeation, in vitro sun protection factor) of the resulting formulations were evaluated.

2. Materials and Methods

2.1. Materials

Isopropyl myristate (IPM), disodium EDTA (EDTA), imidazolidinyl urea (Kemipur 100®), and
benzyl alcohol were supplied by Galeno (Carmignano, Prato, Italy). Decyl oleate (Cetiol V®, DO),
diethylhexylcyclohexane (Cetiol S®), caprylic/capric triglyceride (Myritol 318®, MYR), cetyl palmitate
(Cutina CP®, CP), and bis-ethylhexyloxyphenol methoxyphenyl triazine (bemotrizinol, Tinosorb S®,
BMTZ) were a kind gift from BASF (Ludwigshafen, Germany). Steareth-21 (Brij 721®), Steareth-2 (Brij
72%), and oleth-20 (Brij 98®) were bought from Sigma-Aldrich (Milan, Italy). Glyceryl oleate (Tegin
0%, GO) was obtained from A.C.E.F. S.p.A. (Fiorenzuola D’Arda-Piacenza, Italy). Cetyl alcohol and
tocopheryl acetate (TA) were purchased from Farmalabor (Canosa di Puglia, Bari, Italy). Argan oil
was purchased from Makeitlab (Barletta, Italy). Triticum vulgare germ oil (Wheat oil), and coconut
alkanes (and) coco-caprylate/caprate (Greensyl®) were supplied by Camelis (Parma, Italy).
Butyrospermum Parkii oil (Shea Oil), and cetearyl ethylhexanoate (and) isopropyl myristate
(Crodamol® CAP) were obtained from Aroma-Zone (Paris, France). Parfum was a gift from Muller
and Koster (Liscate, Milan, Italy).

2.2. Preparation of Nanostructured Lipid Carriers (NLC)

NLC, whose composition is reported in Tables 1 and 2, were prepared using the phase inversion
temperature (PIT) method, as previously described [25,26]. Briefly, the oil phase (containing different
percentages of BMTZ when BMTZ-loaded NLC were prepared) and aqueous phase were heated at
about 90 °C separately. Then, the aqueous phase, consisting of deionized water containing Kemipur
100® 0.35 % w/w as preservative, was added slowly to the oil phase under stirring (700 rpm). The
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resulting colloidal suspension was allowed cooling down to room temperature under continuous
stirring. The sample turned into clear at the phase inversion temperature (PIT) that was recorded
using a conductivity meter (model 525, Crison, Modena, Italy). The samples were stored in airtight
jars at room temperature and in the dark until used.

Table 1. Composition (% w/w) of the lipid phase of unloaded nanostructured lipid carriers (NLC)
containing different percentages of lipids.

NLC code Oleth-20 GO» Cpe IPM- MYR4 DOe
IPM1 8.7 44 6.0 1.0 -— -
IPM2 8.7 44 5.0 2.0 - -
IPM3 8.7 44 4.0 3.0 - -
MYR1 8.7 44 6.0 -- 1.0 -
MYR2 8.7 44 5.0 -— 2.0 -
MYR3 8.7 44 4.0 -— 3.0 -
DO1 8.7 44 6.0 -— - 1.0
DO2 8.7 44 5.0 - - 2.0
DO3 8.7 4.4 4.0 -—- - 3.0

2GO =glyceryl oleate; ®CP =cetyl palmitate; IPM =isopropyl myristate; IMYR =caprylic/capric triglyceride; <DO
=decyl oleate.

Table 2. Composition (% w/w) of the lipid phase of nanostructured lipid carriers (NLC) containing
different percentages of bemotrizinol.

NLC code Oleth-20 GOa Cpr IPM« MYR¢ DOe BMTZ!

IBMTZ1 8.7 44 4.0 3.0 1.0
IBMTZ3 8.7 44 4.0 3.0 - - 3.0
IBMTZ5 8.7 44 4.0 3.0 - - 5.0
IBMTZ7 8.7 44 4.0 3.0 - - 7.0
MBMTZ1 8.7 44 4.0 - 3.0 - 1.0
MBMTZ3 8.7 44 4.0 - 3.0 - 3.0
MBMTZ5 8.7 44 4.0 - 3.0 - 5.0
MBMTZ7 8.7 44 4.0 - 3.0 - 7.0
DBMTZ1 8.7 44 4.0 - - 3.0 1.0
DBMTZ3 8.7 44 4.0 - - 3.0 3.0
DBMTZ5 8.7 44 4.0 - - 3.0 5.0
DBMTZ7 8.7 44 4.0 - - 3.0 7.0

2GO =glyceryl oleate; ®CP =cetyl palmitate; IPM =isopropyl myristate; IMYR =caprylic/capric triglyceride; <DO
=decyl oleate; BMTZ = bemotrizinol.

2.3. Characterization of Unloaded and Bemotrizinol Loaded NLC

NLC morphology was evaluated by transmission electron microscopy (TEM) analysis. 5 uL of
each ample were placed on a Formvar (200-mesh) copper grid (TAAB Laboratories Equipment, Berks,
UK). After removing the excess of sample by filter paper, a drop of 2% (w/w) aqueous solution of
uranyl acetate was added. After drying at room temperature, the sample was analyzed by a
transmission electron microscope (model JEM 2010, Jeol, Peabody, MA, USA) operating at an
acceleration voltage of 200 KV.

NLC mean particle size and size distribution (polydispersity index, PDI) were assessed by
dynamic light scattering using a Zetasizer Nano Z590 (Malvern Instruments, Malvern, UK), using a
4 mW laser diode at 670 nm and scattering light at 90°. All analyses were performed after diluting
the sample (1:5, sample/distilled water) and letting it settle down to 25°C for 2 min. Values were
reported based on intensity and expressed as Z-average. The same Zetasizer was used to assess C-
potential by laser Doppler velocimetry, diluting all samples with KCI 1 mM (pH 7.0) before analysis.
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2.4. Differential Scanning Calorimetry (DSC) Analyses

DSC analyses were performed using a Mettler Toledo STARe thermoanalytical system
(Greifensee, Switzerland) equipped with a DSC822 calorimetric cell. A Mettler STARe software
(version 16.00) (Greifensee, Switzerland) was used to obtain and analyze data. The calorimeter was
calibrated using Indium (99.95%), based on the setting of the instrument. The sensitivity was
automatically chosen as the maximum possible by the calorimetric system. 100 pL aluminum
calorimetric pans were used. Enthalpy changes were calculated from the peak areas. Freshly
prepared NLC samples (80 uL) were put into the pan, which was hermetically closed, and submitted,
under N2 flow (70 mL/min), to the following scans: a scan from 10 to 60 °C (4 °C/min); an isotherm at
60 °C (4 min); a scan from 60 to 10 °C (4 °C/min); an isotherm at 10 °C (4 min). The procedure was
repeated three times. The enthalpy variation (AH) was obtained by integration of the area under the
transition peak and the recrystallization index (RI), expressed as a percentage, was calculated from
the following equation 1 [27]:

RI% — AHnanapurtirles % 100 (1)

AH pyik material X concentrationiyiq phase

2.5. Stability Studies on Nanostructured Lipid Carriers (NLC)

Stability of all NLC samples was evaluated by determining particle sizes, PDI and (-potential
values at intervals (24 h, one week, one month, two months) during storage at room temperature and
in the dark. Analyses were performed only on samples that did not show any sign of precipitation.

2.6. Preparation of O/W Emulsions
The composition of O/W emulsions containing free BMTZ or BMTZ loaded NLC is illustrated in

Table 3. All formulations were prepared by hot-cold procedure, in an open system.

Table 3. Composition (% w/w) of O/W emulsions containing free bemotrizinol and bemotrizinol-
loaded nanostructured lipid carriers (NLC).

Ingredient Formulation code
A B Bnic C Cnic D Dnic
Phase A
Cetiol 52 3.0 3.0 3.0 3.0 3.0 3.0 3.0
MYRP 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Greensylc 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Crodamol CAPH 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Argan oil 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Wheat oil 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Shea oil 1.0 1.0 1.0 1.0 1.0 1.0 1.0
TAe 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Brij 72f 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Brij 7218 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Cetyl palmitate 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Cetyl alcohol 1.0 1.0 1.0 1.0 1.0 1.0 1.0
BMTZh o 0.4 - 0.8 -— 1.6 -
Phase B
EDTA! 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Water q.s.! q.s. q.s.! q.s.! q.s.! q.s.! q.s.!
Phase C
Kemipur 100m 0.35 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 0.25

Phase D
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5
Parfum 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Phase E
BMTZ-NLCr - - 5.0 -—- 10.0 - 20.0

aCetiol S=diethylhexylcyclohexane; ®MYR=caprylic/capric triglyceride; ‘Greensyl= coconut alkanes and coco-
caprylate/caprate; ICrodamol CAP=cetearyl ethylhexanoate and isopropyl myristate; *TA= tocopheryl acetate;
fBrij 72=Steareth-2; 8Brij 721= Steareth-21; "BMTZ=bemotrizinol; '[EDTA= disodium EDTA; 'q.s.= quantum sufficit
to 100% w/w; mKemipur 100= imidazolidinyl urea; "BMTZ-NLC=bemotrizinol-loaded nanostructure lipid

carriers.

Phase A and B were heated separately to 70 °C and the water phase was added to the oil phase
under vigorous stirring (Turbomixer Silverson SL2, Silverson Machines Inc., East Longmeadow, MA,
USA). After the emulsifying process, the formulation was cooled to 40 °C under slow and continuous
stirring. At this temperature, the preservatives (phase C) and the fragrance (phase D) were added.
Afterwards, for samples BNLC, CNLC and DNLC, the required amount of BMTZ loaded NLC (phase
E) was added under gentle mixing. Then, the emulsion was cooled to room temperature without
stopping the stirring. All samples were stored in airtight glass jars until used. The pH of each
formulation was determined 48 h after its preparation to allow it to settle down. Prior to performing,
at room temperature, the pH measurement by a Crison pH-meter mod. Basic 20 (Crison Instruments,
Barcelona, Spain), the sample was diluted with distilled water to one-tenth of its original
concentration as previously reported [28].

2.7. Stability Studies on O/W Emulsions

All O/W emulsions were stored at room temperature for three months sheltered from light. At
intervals (48 h, one week, two weeks, one month, two months, three months), samples were evaluated
by determining their appearance, pH and viscosity.

2.8. Spreadability

The parallel-plate method was used to assess sample spreadability as previously reported
[29,30]. 1 g of sample was placed between two 20 x 20 cm glass plate and a 200 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.

2.9. Occlusive Properties

The occlusion factor of the investigated formulations was assessed as previously de-scribed
[31,32]. Briefly, beakers (100 ml) filled with 50 mL of distilled water were covered with filter paper
(cellulose acetate filter, perfecte 2, 90 mm, cut-off size: 4 -7 um, Cartiera Cordenons, Pordenone, Italy),
and sealed. After spreading the formulation evenly (200 mg) on the filter surface (18.8 cm? applied
amount 10.6 mg/cm2), the samples were accurately weighted and stored at 32°C (skin surface
temperature) for 48 hours (50-55 % RH) in an incubator (Incubator IN 30, Memmert GmbH,
Schwabach, Germany). After this period, water evaporation through the filter paper was determined
by weighting each sample. The water loss from beakers covered with filter paper free of sample
formulation was used as reference. The occlusion factor (F) was calculated as follows (equation 2):

F=100x[(A-B)/A] (2)
Where A is the water loss without sample (reference) and B is the water loss with sample. Each
experiment was performed in triplicate.

2.10. Viscosity

Viscosity of all emulsions was determined 48 h after their preparation to allow them to settle
down [33]. Measurements were performed using a Brookfield DV-II+Pro viscometer (Brookfield
Engineering Laboratories, Inc., Middleboro, MA, USA) equipped with the spindle number 6 at 25+0.5
°C and 6 rpm. The instrument was calibrated according to the procedures described in the operating
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instructions of the instrument manual using silicone oil as standard fluid. Samples were left to settle
down for 1 h prior to performing the measurement. Each determination was performed in triplicate
and the results were expressed in cPs.

2.11. In Vitro Release of Bemotrizinol

BMTZ release rate from the O/W emulsions under investigation was determined ac-cording to
a procedure previously described [25,34]. Briefly, Franz-type diffusion cells (LGA, Berkeley, CA,
USA) were used and BMTZ release was assessed through cellulose membranes moistened by
immersion in distilled water for 1 hour at room temperature (surface area available for diffusion: 0.75
cm?, receptor volume: 4.5 mL). For ensuring pseudo-sink conditions, a mixture consisting of
water/ethanol (50/50 v/v) was used as receiving phase [25] and was constantly stirred (700 rpm) and
thermostated at 35°C to maintain the membrane surface at 32°C. After applying the sample (2
mg/cm?2) on the membrane surface, aliquots of the receiving solution (600 uL) were withdrawn at
intervals (0, 30, 60, 90, 120, 240 min) and replaced with an equal volume of receptor phase pre-
thermostated to 35°C. BMTZ content in the receiving solution samples was determined
spectrophotometrically (UV-VIS Spectrophotometer Shimadzu mod. UV-1601, Shimadzu Italia,
Milan, Italy) at 340 nm. A calibration curve was constructed in the range 0.1 -10.0 ug/mL by dissolving
BMTZ in ethanol (limit of detection 0.01 pg/mL, limit of quantification 0.05 pg/mL). Each experiment
was performed in triplicate and results were expressed as mean + S.D.

2.12. In Vitro Skin Permeation Experiments

Skin permeation experiments through excised human skin were performed as previously
reported [4]. In vitro experiments were performed on stratum corneum and epidermis (SCE)
membranes because, in vitro, the dermis could behave as an additional barrier to the penetration of
lipophilic compounds such as BMTZ. Briefly, SCE membranes were prepared from adult (mean age
35 + 9 years) human skin samples obtained from abdominal plastic surgery. The subcutaneous fat
was trimmed and the resulting skin samples were immersed skin sample in distilled water at 60 + 1
°C for 2 min. Then, SCE membranes were removed from the dermis using a scalpel blade, dried in
a desiccator (25% RH) and stored at 4 + 1 °C until used. 1 h prior to starting the experiment, dried
SCE samples were rehydrated by immersion in distilled water at room temperature. SCE samples
were placed in the same Franz-type diffusion cells described above. The receiving solution consisted
of water/ethanol (50/50 v/v), which was constantly stirred and thermostated at 35 °C to maintain the
membrane surface at 32 °C. 2 mg/cm?2 of each formulation were applied to the skin surface in the
donor compartment and the experiments were run for 24 h. At intervals (0, 30, 60, 90, 120, 240 min),
samples of the receiving solution (600 pL) were withdrawn and replaced with an equal volume of
receiving solution pre-thermostated at 35 °C. Samples of the receiving solution were analyzed
spectrophotometrically as described above. Each formulation was tested in triplicate on three
different skin specimens.

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

In vitro sun protection factor (SPF) values of O/W emulsions containing free or NLC loaded
BMTZ were calculated according to the method described by Mansur et al. [35], with minor
modifications. Each sample was properly diluted in deionised water (final concentration 200 pg/mL)
and analysed spectrophotometrically (UV-VIS Spectrophotometer Shimadzu mod. UV-1601,
Shimadzu Italia, Milan, Italy) acquiring absorption data every 5 nm in the range 290-320 nm. SPF
values were calculated according to the following equation (3):

320
SPFspectrophotometric =CF XZ EE(M) x IA) x Abs(})

290
@)
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
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sunscreen product at wavelength A. The values of EE(A) x I(A) at each wavelength in the range 290-
320 nm, determined by Sayre et al. 36, were used to calculated SPF values.

2.14. Statistical Analysis

For all measurements, mean values + standard deviation (S.D.) were calculated. Statistical
analyses were performed using Student’s t-test. Values were considered statistically different when
p <0.05.

3. Results and Discussion

Three different oils, isopropyl myristate (IPM), decyl oleate (DO), and caprylic/capric
triglyceride (MYR), were mixed with the solid lipid cetyl palmitate to prepare NLC to load the UV-
filter bemotrizinol. All NLC contained the same total amount of lipids (7 % w/w) but different
solid/liquid lipid ratios, namely 6%/ 1%, 5%/2%, 4%/3%. The choice of the total amount of lipid was
based on previous studies performed on NLC containing a mixture of cetyl palmitate and IPM as
lipid matrix, showing that a 7% w/w total amount of lipid allowed obtaining NLC with better
technological properties [25]. Oleth-20 and glyceryl oleate were used as surfactant and co-surfactant,
respectively. Unloaded NLC were coded according to the following criteria: for NLC containing
isopropyl myristate the code IPM was used; for NLC containing caprylic/capric triglyceride the code
MYR was used; for NLC containing decyl oleate the code DO was used; NLC containing 1% w/w of
liquid lipid were coded using the number 1; NLC containing 2% w/w of liquid lipid were coded using
the number 2; NLC containing 3% w/w of liquid lipid were coded using the number 3. The
morphology of such nano-carriers (unloaded and BMTZ loaded NLC) was assessed by TEM that
showed roughly spherical nanoparticles with no significant sign of aggregation. As all NLC provided
similar TEM images, pictures obtained from only one sample of unloaded NLC containing IPM 3.0%
w/w and the corresponding NLC loading BMTZ 1 % w/w are shown in Figure 1.

(a) (b)

Figure 1. Transmission electron microscopy images of (a) nanostructured lipid carriers prepared

using isopropyl myristate 3.0% w/w, and (b) nanostructured lipid carriers prepared using isopropyl
myristate 3.0% w/w and loading bemotrizinol 1% w/w.

As regards unloaded NLC, mean particle sizes ranged from 37.4 to 48.1 nm and PDI values were
well below 0.300 (see Table 4), thus confirming the ability of the phase inversion temperature (PIT)
method to provide lipid nanoparticles with small mean sizes and narrow size distribution, as
previously reported [25,36]. For all unloaded NLC, no significant relationship was observed between
the percentage of liquid lipid and the mean size of the resulting nanoparticles. Among the
investigated liquid lipids, IPM led to nanoparticles with smaller mean size compared to MYR and
DO while no relevant difference was observed comparing PDI and C-potential values. The smaller
mean size of NLC obtained using IPM could be due to the higher HLB values of this liquid oil (HLB
IPM = 11.5; HLB DO and MYR = 11) that could lead to stronger interactions between the lipid core
and the surfactant/co-surfactant layer resulting in smaller curvature radius of the nanoparticles [37].
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Table 4. Mean nanoparticle size (Z-average + S.D.), polydispersity index (PDI + S.D.) and C potential
(Zeta £ S.D.) of unloaded nanostructured lipid carriers (NLC). Each data represents the mean + S.D.
of three replicates (n=3).

NLC code Z-average = S.D. PDI Zeta = S.D. (mV)
(nm)
IPM1 385+1.5 0.102 +0.008 -103+1.1
IPM2 374+18 0.111 +0.007 -92+12
IPM3 37.9+2.0 0.107 £ 0.011 -11.3+0.9
MYR1 479+2.38 0.115 +0.008 -89+1.0
MYR2 45.6+1.6 0.105 = 0.009 -10.4+1.7
MYR3 48.1+19 0.109 + 0.007 -9.4+0.8
DO1 453+1.4 0.153 +0.009 -11.5+1.6
DO2 41.1+2.0 0.171 +0.012 -99+1.2
DO3 41.7+2.3 0.166 + 0.008 -10.6 +1.8

To better elucidate the mechanisms involved in the production of NLC with different mean sizes
depending on the type of liquid lipid used, differential scanning calorimetry (DSC) studies were
performed on both unloaded and BMTZ loaded NLC. DSC is a widely used technique to characterize
lipid nano-carriers that provides useful information about the interactions occurring among the NLC
components [4,38]. In particular, parameters involved in NLC stability and drug loading ability, such
as lipid modifications and crystallinity degree, can be studied by DSC. Indeed, during the cooling
step in the NLC preparation process, lipids can crystallize in different polymorphic forms: «,
thermodynamically unstable, [3’, metastable, and (3, stable [39]. In our study, we used as solid lipid
cetyl palmitate, which shows two endothermic peaks, at about 39 and 50 °C due, respectively to the
fusion of the a and 3 forms [27,40].

The calorimetric curves of NLC containing different amounts of DO, IPM, and MYR (Figure 2a,
2b, and 2c, respectively) pointed out that the presence of a liquid lipid in the NLC core led to a
decrease of both the transition temperature (Tm) and the peak intensity (AH) as the percentage of
liquid lipid increased. A similar depression of the calorimetric parameters has been already reported
by others [41] studying the effects of increasing the concentrations of MYR in the solid lipid core of
SLN.

6 8 10 12 14 16 18 20 2 24 26 28 30 32 M 36 I8 40 42 44 46 48 S0 2 SA %6 8 6 €
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Figure 2. Calorimetric curves, in heating mode, of nanostructured lipid carriers prepared with
different percentages of (A) decyl oleate (1% w/w=DO1, 2% w/w=DO2, 3% w/w=DO3), (B) isopropyl
myristate (1% w/w=IPM1, 2% w/w=IPM2, 3% w/w=IPM3), and (C) caprylic/capric triglyceride (1%
w/w=MYR1, 2% w/w=MYR?2, 3% w/w=MYR3). Each experiment was performed in triplicates (n=3).

To understand if the decrease of the peak temperature and intensity was due to the lower
amount of cetyl palmitate or to the increase of liquid lipid into the NLC core, solid lipid nanoparticles
(SLN) containing 6% or 5% w/w cetyl palmitate were prepared (using the same procedure described
to obtain unloaded NLC) and analyzed by DSC. Cetyl palmitate amounts lower than 5% w/w were
not tested, as they did not lead to SLN formation. As shown in Figure 3, the peak intensity of SLN
containing 6% w/w or 5% w/w cetyl palmitate was quite similar but the Tm value of SLN containing
5% cetyl palmitate was smaller than that of SLN containing 6% cetyl palmitate. A reduction of the
melting temperature by decreasing the amount of cetyl palmitate in the SLN matrix has already been
reported and it has been attributed to a reduced crystallization and a faster transition of the a form
into the stable (3 form after crystallization [42]. However, although the amount of cetyl palmitate used
to prepare the lipid nanoparticles affected the transition temperature and the peak intensity, the effect
was not as pronounced as that due to the amount of liquid lipid. Therefore, the decrease of AH and
Tm values seemed to be due mainly to the content of liquid lipid rather than to the amount of solid
lipid contained in the lipid core.
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Figure 3. Calorimetric curves, in heating mode, of solid lipid nanoparticles (SLN) containing cetyl
palmitate 5% w/w (SLN5) and 6 % w/w (SLN®6). Each experiment was performed in triplicate (n=3).

As shown in Figure 4, a pseudo-linear relationship between the transition temperatures of
unloaded NLC and the percentage of liquid lipid in the NLC core was observed as the higher the
liquid lipid percentage the lower the melting temperature, regardless of the type of liquid lipid used.
However, the depression of Tm values due to the increase of liquid lipid content was more
pronounced in the NLC containing IPM followed by DO and, then, by MYR.
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Figure 4. Transition temperature of the main peak of nanostructured lipid carriers (NLC) as a function
of the percentage of liquid lipid content in the NLC core. Transition temperature data were obtained
from experiments performed in triplicates (n=3) and their S.D. was within 10%. DO=decyl oleate;
IPM=isopropyl myristate; MYR=caprilic/capric triglyceride.

As mentioned above, during the cooling step of the NLC preparation process, lipids can
crystallize in different polymorphic forms (unstable, metastable and stable). In thermodynamically
unstable configurations, lipid molecules have higher mobility and higher capability to incorporate
drugs. As reported in the literature [27], the enthalpy variation (AH) is closely related to the system
crystallinity: a reduction of the enthalpy variation indicates a less ordered and, then, less crystalline
structure. However, the different type of liquid lipid used could affect the crystallinity of the system.
The data illustrated in Table 5 pointed out an inverse correlation between the recrystallization index
(RI) and the percentage of liquid lipid in the NLC matrix as an increase of liquid lipid content led to
a reduction of RI. This trend was observed for all investigated oils but no relationship was detected
between oil lipophilicity and RI values. As a lower NLC matrix crystallinity is thought to allow higher
active ingredient loading [27,41], NLC showing the lowest RI values (3% w/w liquid lipid) were
chosen to load the sunscreen agent BMTZ. BMTZ-loaded NLC were coded according to the following
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criteria: for NLC containing isopropyl myristate, the code I was used; for NLC containing
caprilic/capric triglyceride, the code M was used; for NLC containing decyl oleate, the code D was
used; NLC containing 1%, 3%, 5% and 7% w/w BMTZ were coded as BMTZ1, BMTZ3, BMTZ5 and
BMTZ7, respectively.

Table 5. Enthalpy variation (AH) and recrystallization index (RI %) of unloaded nanostructured lipid
carriers (NLC) containing different percentages of liquid lipids. AH data represent the mean + S.D. of
three replicates (n=3).

NLC code AH=S.D. RI %
(J/g)

DO 1 9.46 +0.38 63.9
DO 2 7.22+0.14 58.5
DO 3 5.01 +0.05 50.8
IPM 1 8.96 + 0.24 60.5
IPM 2 6.59 +0.20 53.4
IPM 3 2.23+0.08 226
MYR 1 10.37 +0.45 70.0
MYR 2 7.80+0.15 63.0
MYR 3 421+0.17 426

As shown in Table 6, raising the percentage of BMTZ incorporated into the NLC the mean size
of the nanoparticles increased, regardless of the type of liquid lipid used to prepare the colloidal
carriers. All BMTZ-loaded NLC showed PDI values lower than 0.300, thus pointing out that such
colloidal systems were monodispersed.

Table 6. Mean nanoparticle size (Z-average + S.D.), polydispersity index (PDI + S.D.) and C potential
(Zeta + S.D.) of bemotrizinol loaded nanostructured lipid carriers (NLC). Each data represents the
mean + S.D. of three replicates (n=3).

NLC code Z-average = S.D. PDI Zeta=S.D. (mV)
(nm)
IBMTZ1 332+21 0.217 +0.015 -104+1.3
IBMTZ3 355+1.9 0.090 + 0.004 -99+17
IBMTZ5 453+23 0.115 +0.009 -11.8+1.4
IBMTZ7 725+6.3 0.149 +0.014 -99+13
MBMTZ1 49.8+29 0.127 £ 0.011 -112+14
MBMTZ3 58.4+21 0.136 +0.009 -102+1.9
MBMTZ5 781+3.9 0.191 +£0.018 -11.5+0.9
MBMTZ7 99.3+2.5 0.289 +0.019 -99+1.2
DBMTZ1 45.0+4.1 0.129 +£0.013 -10.7+1.5
DBMTZ3 50.8+4.3 0.167 £0.015 -11.2+1.4
DBMTZ5 66.9+3.3 0.181+0.018 -11.3+1.8
DBMTZ7 81.5+2.8 0.264 +0.019 -10.8+0.7

Calorimetric curves of NLC containing 3% w/w of liquid lipid and different percentages of
BMTZ are depicted in Figure 5a-c. The incorporation of BMTZ into NLC affected the thermal
behavior of the resulting colloidal systems depending on the type of liquid lipid used.

Regarding NLC prepared using DO as oil, a shift of the calorimetric peak towards higher
temperatures was observed as the amount of BMTZ loaded into the NLC increased (Figure 5a). It is
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noteworthy that at low percentage of BMTZ (1-3 % w/w) a single peak was present; at 5% w/w BMTZ
the main peak was preceded by a large shoulder while at 7% BMTZ, two distinct peaks were
observed. This behavior suggests that BMTZ, up a certain amount, distributed uniformly into the
NLC structure, whereas at high amount, regions rich in compound and regions poor in compound
coexisted in the NLC structure, as indicated by the presence of two peaks.

Using IPM as liquid lipid, the incorporation of BMTZ up to 5% w/w led to small variations of
the peak temperature and shape while at 7% w/w the calorimetric peak shifted to higher temperatures
and its intensity decreased (Figure 5b). The presence of a single peak suggests that BMTZ locates
uniformly in the NLC structure up to 5%. At higher amount, BMTZ does not distribute uniformly in
the NLC matrix, as suggested by the presence of two peaks in the calorimetric curve.

The effect of loading BMTZ into NLC prepared using MYR was strongly dependent on the
percentage of BMTZ (Figure 5c). The incorporation of BMTZ 1% w/w resulted in a slight increase of
Tm and a lowering of AH. BMTZ 3% w/w led to the shift of the main peak to higher temperatures
and the presence of a large shoulder at a temperature lower than that of the main peak. In the presence
of BMTZ 5% w/w, the shoulder became a well-defined peak and the main peak split into two peaks,
both at higher temperatures. When BMTZ was loaded at 7% w/w, all peaks moved to higher
temperatures, the central peak became the main one whereas the right peak decreased turning into a
shoulder. This behavior suggested a different location of BMTZ into the core of NLC prepared using
MYR depending on the percentage of BMTZ loaded.
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Figure 5. Calorimetric curves, in heating mode, of nanostructured lipid carriers (NLC) prepared using
different percentages of bemotrizinol (BMTZ) and 3% w/w of the liquid lipid (a) decyl oleate
(DO3=unloaded NLC; DBMTZ1, DBMTZ3, DBMTZ5 and DBMTZ 7 loading 1, 3, 5, 7% w/w BMTZ
respectively); (b) isopropyl myristate (IPM3=unloaded NLC; IBMTZ1, IBMTZ3, IBMTZ5 and IBMTZ
7 loading 1, 3, 5, 7% w/w BMTZ respectively) and (c) caprilic/capric triglyceride (MYR3=unloaded
NLC; MBMTZ1, MBMTZ3, MBMTZ5 and MBMTZ 7 loading 1, 3, 5, 7% w/w BMTZ respectively).
Each experiment was performed in triplicates (n=3).

Plotting the temperature variation of the NLC main peak as a function of the percentage of
BMTZ loaded into the NLC, a different pattern was observed depending on BMTZ concentration
(Figure 6). At low BMTZ percentages (1-3 % w/w), no appreciable difference was observed among
the oils used to prepare NLC while for NLC containing BMTZ 5-7% w/w the temperature increase of
the mean peak was strongly dependent on the type of liquid lipid. The enthalpy variation (AH) and
the percentage of recrystallization index (RI %) of NLC containing different percentages of BMTZ are
listed in Table 7.

0.25

0.2 -——|PM —@—MYR —@—DO

AT/TO

% bemotrizinol

Figure 6. Peak temperature variation of nanostructured lipid carriers (NLC) prepared using isopropyl
myristate (IPM), decyl oleate (DO) and caprilic/capric triglyceride (MYR) as a function of bemotrizinol
(BMTZ) percentage. (AT=T-To where T is the peak temperature of BMTZ loaded NLC and To is the
peak temperature of unloaded NLC). Peak temperature variation data were obtained from
experiments performed in triplicates (n=3) and their S.D. was within 10%.

From the calorimetric data, some hypotheses about the localization of BMTZ into the NLC
structure could be put forward. In NLC containing DO, the variation of the peak temperature and RI
% values suggest that BMTZ probably located preferentially in the solid lipid causing a stabilization
of the ordered phase and a decrease of the crystallinity. When IPM was used to prepare NLC, both
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the peak temperature and the crystallinity index remained almost unaltered up to BMTZ 5% loading;
this behavior could indicate that BMTZ preferentially locates among the liquid lipid molecules
leaving unaltered the solid lipid. At 7%, BMTZ could locate in the liquid lipid as well as in the solid
lipid. As far as NLC containing MYR are concerned, multi-peaks calorimetric curves, which were
characterized by a temperature increase and a fluctuating crystallinity index, were observed;
therefore, BMTZ could locate preferentially in the solid lipid in a not uniform way producing the
stabilization of the ordered phase. The different distribution of BMTZ in the NLC core could affect
both the stability and the loading capacity of the nano-carriers.

Table 7. Enthalpy variation (AH) and percentage of recrystallization index (RI %) of nanostructured
lipid carriers (NLC) containing 3% w/w liquid lipid, 4% w/w solid lipid and different percentages of
bemotrizinol. AH data represent the mean + S.D. of three replicates (n=3).

NLC code AH = S.D. (J/g) RI %
DBMTZ1 2.72+0.12 27.5
DBMTZ3 3.67+0.13 37.1
DBMTZ5 2.03£0.04 20.6
DBMTZ7 1.94 +£0.09 19.6
IBMTZ1 2.00+£0.04 20.2
IBMTZ3 246+0.11 24.8
IBMTZ5 2.93+0.06 29.6
IBMTZ7 0.83+0.03 8.4
MBMTZ1 2.10£0.10 21.2
MBMTZ3 4.04+0.12 40.9
MBMTZ5 2.58 £0.05 26.1
MBMTZ7 4.37+0.21 442

C-potential is regarded as a predictive parameter of the stability of colloidal systems. In
particular, C-potential values greater than 30 mV, as absolute value, are thought to be required to
obtain stable colloidal suspensions [43]. As shown in Table 6, all BMTZ-loaded NLC had C-potential
values close to -10 mV, thus suggesting poor stability of such colloidal carriers during storage.
Stability studies pointed out that using DO or MYR as liquid lipid to prepare BMTZ-loaded NLC, a
precipitate started forming one week after their preparation when BMTZ percentages greater than
3% w/w were loaded while at lower BMTZ loading the NLC remained clear up to two months of
storage. The use of IPM allowed obtaining BMTZ-loaded NLC that did not show any sign of
precipitate after two months of storage at room temperature for all BMTZ percentages loaded into
NLC. No significant change of mean size, PDI and (-potential values was observed for BMTZ-loaded
NLC that remained clear after two months of storage (data not shown). Previous studies on lipid
nanoparticles prepared using the PIT method highlighted a good nano-carrier stability despite of C-
potential values lower than 30 mV [4,26]. According to Stokes’ law, another factor that could
contribute to colloidal suspension stability was the particle size. However, the difference in particle
sizes of the NLC under investigation could not account for the storage stability observed as BMTZ-
loaded NLC having close sizes (e.g. IBMTZ7, MBMTZ5 and DBMTZ5) showed different stability. In
a previous work [25], the good stability of NLC with C-potential values lower than 30 mV was

d0i:10.20944/preprints202407.2165.v1
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attributed to a steric stabilization provided by the long polyoxyethylene chains of the surfactant
oleth-20 located on the nanoparticle surface. In addition to a likely steric stabilization, the results of
the present study suggest that the different distribution of the active ingredient in the lipid matrix,
highlighted by DSC data, may play a significant role in determining the stability of the nanoparticle
suspension.

As NLC containing IPM proved stable at the highest percentage of BMTZ incorporation, this
type of NLC was chosen to evaluate BMTZ loading capacity. Such parameter was determined as the
maximum amount of BMTZ that could be incorporated leading to a colloidal suspension with no sign
of precipitation, as already reported for other active ingredients [26,41]. When BMTZ was
incorporated into NLC prepared using IPM 3.0% w/w, a loading capacity as high as 8% w/w was
achieved. As these nanoparticles showed mean size (190.6 + 9.8 nm), PDI (0.153 + 0.013) and C-
potential value (-10.6 £ 1.7 mV) suitable for the development of topical formulations, such NLC were
incorporated into O/W emulsions. The same formulations containing analogous percentages of free
BMTZ were prepared as control. The formulation free of BMTZ was coded A, formulations
containing 0.4, 0.8 and 1.6 % w/w free BMTZ were coded B, C, D, respectively. Formulations
containing the corresponding amount of BMTZ loaded into NLC were coded BNLC, CNLC and
DNLC.

As shown in Table 8, pH values of all investigated emulsions ranged from 6.5 to 7.5. Although
the skin surface shows pH values in the range 5.0-5.5, formulations with pH value close to the
physiological value could be regarded as safe. The incorporation of different percentages of BMTZ-
loaded NLC into O/W emulsions led to a drop of viscosity and an increase of spreadability in
comparison to the corresponding O/W emulsions containing free BMTZ. Plotting viscosity values vs
spreadability, an almost linear relationship (r>=0.893) was observed (Figure 7), thus confirming the
predictability of spreadability by measuring the viscosity of topical formulations [44,45].

Table 8. Occlusion factor (F), pH, spreadability (S), viscosity (V), cumulative amount of bemotrizinol
released after 4 h (Q) and sun protection factor (SPF) of O/W emulsions containing free bemotrizinol
or bemotrizinol-loaded nanostructured lipid carriers. Each data represents the mean + S.D. of three
replicates (n=3).

Emulsion gy F S (cm) V (cP) Q (ug) SPF
code
A 66+01 5041+  892+031 27200+ 1.22+0.04
1.52 1200
B 75+02 5331+  971+022 26500+  0.60+012 3.03+0.11
1.43 1400

Bnic 70+0.1 51.45 + 10.33+0.40 23300+900 0.98+0.23 3.54+0.12

0.99
C 74+0.1 51.70 = 8.73+0.38 27300 + 0.88+0.17 4.14+0.18
1.32 1500

Cnic 74+0.2 49.83 + 10.2£0.14 23900 + 0.87+0.19 4.78+0.21

1.44 1100

d0i:10.20944/preprints202407.2165.v1
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D 75+0.1 50.66 = 9.32£0.02 27000 071+£0.11 526+0.28

0.98 +1400

Dnic 74+0.1 51.07 = 10.8 +0.28 23100 + 066+013 6.34+0.29

1.02 1000

Viscosity (cP)

8 8.5 9 9.5 10 10.5 11
Spreadabillity (cm)

Figure 7. Relationship between viscosity and spreadability of O/W emulsions containing free
bemotrizinol or nanostructured lipid carriers loaded with bemotrizinol. As reported in Table 8, each
data represents the mean + S.D. of three replicates (n=3).

As reported in the literature [16], the occlusive properties of O/W emulsions could be affected
by both the type and amount of oils used. The occlusive factors, reported in Table 8, pointed out a
similar behavior of all investigated formulations, independently of the incorporation of different
concentrations of BMTZ-loaded NLC or free BMTZ. According to previous studies [20,31], the lower
the crystallinity of lipid nanoparticles, the lower the occlusive properties. Therefore, the lack of any
relevant effect on the occlusive factor of the NLC under investigation could be attributed to their low
crystallinity resulting from their high content of liquid lipid.

BMTZ in vitro release from the formulations under investigation was expressed as cumulative
amount released after 4h because the sensitivity of the analytical method did not allow BMTZ
quantification in the period 0-3 h. Experiments lasted only 4h because sunscreen formulations are not
expected to remain on the skin surface for longer periods. As shown in Table 8, no significant
difference (p>0.05) was observed comparing BMTZ release from formulations containing BMTZ-
loaded NLC and free BMTZ. These results suggest that BMTZ delivery from the nanoparticles could
not be regarded as the rate-limiting step in BMTZ release from the vehicle.

According to the literature [46,47], active ingredients loaded into lipid nanoparticles permeate
mainly into the epidermis and the deeper layers of the skin while systemic absorption is restricted,
thus avoiding undesired side effects. Assali and Zaid [48] reported that lipid nanoparticles having
particle size above 100 nm and consisting of biodegradable materials could be regarded as safe.
Therefore, the particle size (190.6 + 9.8 nm) and safety of the solid/liquid lipids of the optimized BMTZ
loaded NLC investigated in this work suggest that topical application of these nanocarriers could not
represent a risk for human health. In addition, in in vitro skin permeation experiments, no BMTZ
could be detected after 4 h in the receiving compartment, thus supporting the safety of the
investigated formulations.

As shown in Table 8, BMTZ release from the emulsions under investigation was poor. However,
the emulsion we used to perform in vitro release tests was not an optimized one but it was only a
first formulation attempt to evaluate the effects of BMTZ loaded NLC on the technological properties
of the resulting emulsions. As the vehicle could strongly affect release and skin permeation of the
active ingredient, we have planned further studies on O/W emulsions with different compositions
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and incorporating BMTZ loaded NLC to assess the effects on BMTZ release and skin permeation
from these vehicles.

As in vivo determination of SPF values of sunscreen formulations is expensive and time-
consuming, different in vitro methods have been developed as alternative to in vivo tests in humans
[49-52]. In this work, the spectrophotometric method based on Mansur equation [35] to determine in
vitro SPF values was used as this type of test had already been applied to evaluate the photo-
protective effects of emulsions containing active ingredients incorporated into lipid nanoparticles
[53]. In the literature, the reliability of this spectrophotometric method has been debated owing to its
poor ability to predict in vivo results, which was mainly attributed to an incorrect application of the
method [54,55]. A recent study by Hermund et al. [56], compared the SPF values of three commercial
sunscreen formulations obtained using the Mansur method with the SPF value reported by the
manufacturer. A good agreement between claimed SPF and SPF values obtained by the Mansur
equation was observed, thus underlining the usefulness of this in vitro method in the screening of
sunscreen formulations during the development step.

In this work, the Mansur equation was used as a screening tool and its reliability was assessed
comparing the obtained results with those determined in silico by the BASF sunscreen simulator
(www .basf.com/sunscreen-simulator). This software has been developed on the data reported by
Sayre et al. [36] that conceptualize SPF as the ratio of areas under the transmittance vs wavelength
plot of sunscreen products. The BASF sunscreen simulator predicted SPF values of 1.9, 2,7 and 4.2 for
formulations containing 0.4, 0.8 and 1.6 % w/w of free BMTZ, respectively. It is necessary to underline
that this software cannot account for vehicle effects and UV-filter incorporation into nanocarriers.

As shown in Table 8, the emulsion without UV-filter provided a very low SPF value. The
incorporation of increasing amount of free BMTZ raised the SPF value up to 5.3. These values were
in good agreement with those predicted using the BASF sunscreen simulator, taking into account that
the emulsion without UV-filter has an SPF value of 1.22. Formulations containing BMTZ loaded into
NLC showed an improvement (about 20% for all investigated vehicles) of SPF value in comparison
with the corresponding emulsions containing the same amount of free BMTZ. These results support
the ability of NLC to behave as UV-blockers that has already been reported by others studying the
effects of lipid nanoparticles as photo-protective agents [31,53]. Therefore, incorporating BMTZ into
suitable NLC could be a promising strategy to develop sunscreen formulations with reduced content
of synthetic UV-filter while achieving higher SPF values. Further studies have been planned to
evaluate the in vivo sun protection factor (SPF) of the investigated formulations to evaluate their
actual potential in designing commercial sunscreen products.

4. Conclusions

The incorporation of different oils (decyl oleate, isopropyl myristate and caprilic/capric
triglyceride) into the lipid core of NLC strongly affected their ability to load bemotrizinol. Isopropyl
myristate provided the most stable NLC along with the greatest loading capacity for bemotrizinol
(8% w/w). The incorporation of different percentages of NLC loading 8% w/w bemotrizinol into O/W
emulsions did not lead to significant changes of the technological properties of the resulting
formulations. Vehicles containing BMTZ-loaded NLC showed an increase of about 20% of in vitro
SPF value in comparison with the corresponding emulsions prepared using the same percentage of
free BMTZ. Therefore, loading BMTZ into NLC could be regarded as a useful tool to develop
sunscreen products with improved safety and efficacy.
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