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ABSTRACT

Pickering emulsions, stabilised by solid particles, have been gaining prominence as an
alternative to traditional surfactants and stabilisers, giving products of greater stability and
unique characteristics. In this study, chitosan-based particles incorporating chondroitin sulphate
were developed to produce Pickering emulsions for topical applications, followed by
characterising the stabilising particles and the emulsions. For particle dispersion, size and
distribution (DLS (dynamic light scattering)), stability (zeta potential ({)), and wettability
(contact angle (0)) were characterised. The emulsions’ type, droplet size and distribution (DLS),
stability (zeta potential and creaming index (Cl)), colour, rheological properties, antioxidant
activity, toxicity, cytoprotection and skin corrosion were assessed. In preliminary tests,
relatively large and uniform particles were obtained, identifying the most promising
formulations and the most compatible oil. The particles showed good stability, demonstrated
by zeta potential values above 30 mV (C = 32.30 £ 1.64 mV), indicating good electrostatic
repulsion and colloidal stability. In addition, they exhibited relative hydrophobicity, evidenced
by a contact angle greater than 90° (0 =97.10 4 2.91°), characterising a moderately hydrophobic
surface. Two emulsions were prepared: a base emulsion and another with the addition of
vitamin E. Both were identified as O/W (oil/water) emulsions, characterised by the aqueous
phase being continuous. These emulsions remained stable for 30 days, without phase
separation, showing controlled droplet growth and pseudoplastic behaviour in the rheological
tests, properties of a gel-like material in the amplitude and frequency analysis. In addition, the
vitamin E emulsion showed high antioxidant activity throughout the study period. The
emulsions had a light green colour characteristic of olive oil, with no toxicity or cytoprotective

properties.

Keywords: Particles, Chondroitin Sulphate, Chitosan, Pickering Emulsions, Vitamins.



RESUMO

As emuls@es de Pickering, estabilizadas por particulas solidas, tém vindo a ganhar destaque
como alternativa aos tradicionais tensioactivos e estabilizantes, conferindo aos produtos maior
estabilidade e carateristicas Unicas. Neste estudo foram desenvolvidas particulas & base de
quitosano incorporando sulfato de condroitina para a producdo de emulsbes Pickering
destinadas a aplicagdes topicas, seguindo-se a caraterizacdo das particulas estabilizadoras e das
emulsBes. Para a dispersdo das particulas, foram caracterizados o tamanho e respetiva
distribuicdo (DLS (dynamic light scattering)), a estabilidade (potencial zeta (£)), a
molhabilidade (angulo de contacto (0)). No caso das emulsbes, foram avaliados o tipo de
emulsdo, o tamanho e a distribuicdo de tamanho das goticulas (DLS), a estabilidade (potencial
zeta e creaming index (Cl)), a cor, as propriedades reoldgicas, a atividade antioxidante, a
toxicidade, a citoproteccdo e a corrosdo cutanea. Em testes preliminares, foram obtidas
particulas relativamente grandes e uniformes, identificando as formula¢fes mais promissoras e
0 6leo mais compativel. As particulas apresentaram boa estabilidade, demonstrada por valores
de potencial zeta acima de 30 mV ({ = 32,30 £ 1,64 mV), indicando uma boa repulsdo
eletrostatica e estabilidade coloidal. Além disso, exibiram hidrofobicidade relativa, evidenciada
por um angulo de contato superior a 90° (6 = 97,10 + 2,91°), caracterizando uma superficie
moderadamente hidrofébica. Foram preparadas duas emuls@es: uma emulsdo base e outra com
a adicdo de vitamina E. Ambas foram identificadas como emulsdes do tipo O/W (6leo/agua),
caracterizadas pela fase aquosa como continua. Estas emulsdes mantiveram-se estaveis durante
30 dias, sem separacdo de fases, apresentando um crescimento controlado das goticulas, e um
comportamento pseudoplastico nos testes reoldgicos, propriedades de um material tipo gel na
analise de amplitude e frequéncia. Adicionalmente a emulsdo com vitamina E apresentou uma
elevada atividade antioxidante durante todo o periodo de estudo. As emulsdes apresentavam

uma cor verde claro carateristica do azeite, sem toxicidade nem propriedades citoprotectoras.

Palavras-chave: Microparticulas, Sulfato de Condroitina, Quitosana, Emulsdes Pickering,

Vitaminas.
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1. MOTIVATION AND OBJECTIVES

This work is part of the project ‘Obtencdo, caracterizacdo e avaliacdo do potencial
bioativo de sulfato de condroitina extraido de escamas de tilapia’ at UTFPR's Francisco Beltrao
campus. This study adopts an ecological approach by seeking a possible application for this
waste, contributing to the valorisation of industry by-products and reducing environmental

impacts.

At the same time, the use of emulsions in the development of pharmaceutical and
cosmetic products has gained prominence, especially Pickering emulsions, which are stabilised
by solid particles. These emulsions have greater thermal stability and are partially dispensed
with the use of synthetic surfactants, reducing environmental impacts and improving functional
characteristics. In this context, particles derived from bioactive materials, such as chondroitin
sulphate (CS), can play a dual role: acting as ecological stabilisers and offering additional
bioactive properties, such as greater solubility, stability and bioavailability. The project
therefore aims to explore the potential CS fate not only as a sustainable by-product but also as

an innovative component for emulsion applications.

1.1. Objective

This study aims to develop and evaluate the formation and stability of chitosan (Ch)
particles incorporating CS and to characterise them to produce Pickering emulsions envisaging

topical applications.
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1.2.

Specific Objectives

This work has the following specific objectives:

The selection of the methodology to be used through a bibliographic revision;

The production of Ch-based particles and the incorporation of CS;

The characterisation of the produced particles;

Development and optimisation of stable Pickering emulsions, with and without vitamin
E;

Characterisation and biological activity of the produced emulsions.
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2. BIBLIOGRAPHIC REVIEW

2.1.  Microparticles

Microparticles are spherical particles with a diameter ranging from 1 to 1000 um. These
particles can be manufactured by different methods, using natural or synthetic materials. This
allows for the formation of various types of particles in terms of size, distribution, composition,
surface chemistry, topography and morphology (CAMPOS et al., 2013; KAWAGUCH]I, 2000).

In terms of their structure, microparticles can be divided into microcapsules and
microspheres. Microspheres are characterised by their active compound being homogeneously
dissolved in a material matrix, while microcapsules have a core with all the active compounds
concentrated inside it. This core can be solid, liquid, or even gaseous (CAMPOS et al., 2013).

Nanoparticles and microparticles can be used in a variety of applications because they
differ not only in size but also in their crystallisation, solubility, melting point, glass transition
temperature, dissolution, and other properties (DA SILVA et al., 2023; OTTO; OTTO; DE
VILLIERS, 2015). The larger microparticles can give them an advantage over nanoparticles;
particles larger than 100 pm have a better skin retention profile (DWIPAYANTI et al., 2022).

Particular polymeric particles, microparticles, are widely used in various applications,
such as cosmetic products, drug delivery, tissue engineering, multiplexed biosensors, paints,
fillers, and building blocks for self-assembly, among others (GANGULY et al., 2021;
MORATILLE et al., 2022). The cosmetics industry attributes several functionalities to
microparticles in various products, from essential care products to repellents (ROCHA et al.,
2021). Polyelectrolyte complexes are responsible for the stability of the aqueous phase and gels
in these products (MAYILSWA; BONEY; KANDASUBRAMANIAN, 2022).

2.2.  Polyelectrolyte complexes

Polyelectrolytes are polymers charged with negative and/or positive charges, and their

categorisation is based on their origin, type of charge, composition, and location of their
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charges. These ionic polymers have diverse properties due to their flexibility and electrostatic
interactions (CHAKRABORTY; BHATTARAI; DE, 2022). This type of polymer can form a
polyelectrolyte complex (PC) through a mixture of two or more similar polyelectrolytes with
opposite charges and in solution. It is important to emphasise that the molecular properties of
the complexes are directly linked to the used polymers and the formation conditions (DU et al.,
2008; BEDIAKO et al., 2023).

Polyelectrolyte complexes (PCs) are relatively easy to synthesise, and in recent years,
these complexes have been increasingly studied for the transport of medicines. PCs formation
generally involves two or three steps (MEKA et al., 2017). The first stage is the complex
formation, which is characterised by being instantaneous and can lead to distortions in the
polymer chain. The next stage involves rearranging the chains, leading to the formation of new
bonds. The last stage consists of joining various complex entities, probably by hydrophobic
interactions, resulting in tangled aggregates, fibrils, and ordered networks (BEDIAKO et al.,
2023).

The polymer’s nature directly influences the characteristics and structure of the PCs, the
mixing ratio, the ionic strength, and the temperature (FERREIRA; ZUCOLOTTO, 2024). These
complexes also have high mechanical strength, excellent thermal stability, and biocompatibility
(BEDIAKO et al., 2023).

2.3.  Chondroitin Sulphate

CS comprises D-glucuronic acid and N-acetyl-D-galactosamine and is considered a
linear anionic glycosaminoglycan found in extracellular matrices, as shown in Figure 1 (HAN
et al., 2023). This compound is present in mammals and invertebrates. It plays an extremely
important role in biological processes, acting as a regulator of growth factors, cytokines,
chemokines, adhesion molecules, and lipoproteins through the ligands of these proteins
(MALAVAKI et al., 2008).

16



Figure 1- Chemical structure of chondroitin sulphate. Adapted from SHARMA et al. (2019)

The CS has an inflammatory action, presenting potential in applications such as the
treatment of osteoarthritis. Other properties include antiviral action, anti-infective action,
regeneration, and tissue engineering (SCHIRALDI; CIMIDI; DE ROSA, 2010). The first test
to isolate CS was carried out in 1884, and it was removed from cartilaginous tissues. However,
this study did not establish which monosaccharides formed this compound and how. It wasn’t
until 1925 that Levene first elucidated CS composition (JARDIM, 2013).

The first CS extraction studies used alkaline treatments for protein catabolism in
tissues. However, these treatments resulted in the degradation of sulphate groups (MEYER;
ODIER; SIEGRIST, 1948). Therefore, it was necessary to develop new methods, such as using
CaCl. Although this method takes longer, it dissolves the collagen without degrading the CS
(BLIX; GARDELL, 1960).

The first step in any CS extraction is the preparation of the extracellular matrices to
clean this structural material, which is then boiled in water for 10 minutes at 90-95 °C to remove
the adhered flesh and connective tissues. These tissues are usually associated with muscles, and
glycosaminoglycans are bound to proteins, which makes extraction even more difficult.
Therefore, most of the extraction techniques include proteolytic digestion of the proteoglycans
and the purification of the sulphate, varying mainly in temperature, pH, enzyme concentration,
and reaction time according to the type of tissue (JARDIM, 2013).

17



2.4. Chitosan

Ch is obtained by alkaline deacetylation of the natural polymer chitin (CHOI et al.,
2024), mainly found in the exoskeletons of crustaceans and insects and even in the cell walls
of some fungi. This macromolecule is considered a cationic polysaccharide and comprises
glucosamine and N-acetylglucosamine units, as illustrated in Figure 2. In addition, this polymer
can be differentiated by its molecular weight, impurity content, and deacetylation degree (DD),
ranging from 50 to 95%, depending on the source and the preparation method (LUNKOV et
al., 2023; JARDIM, 2013).

Figure 2- Chemical structure of chitosan. Adapted from SHARMA et al. (2019)

DD is a chemical parameter that expresses the average content of acetylated residues in
the Ch chains. This variable can influence other chemical, physical, and biological parameters,
including hydrophobicity, cross-linking capacity in the presence of specific cross-linking
agents, solubility, and viscosity in solution (JARDIM, 2013).

Among this polysaccharide’s potential chemical and biological properties, its
antimicrobial activity, biodegradability, biocompatibility, lack of toxicity, ability to absorb
metals and form membranes, and hemostatic power are considered (MARTINS, 2013). The
impact of the molecular weight of this polymer is also a determinant factor of the biological,
mechanical, and physical-chemical properties applicable in certain areas (CHOI et al., 2024).

Due to the free NH groups' protonation in the deacetylated units, Ch is soluble in acidic
aqueous solutions. This solubility only occurs at pH values below 6.2 (MARTINS, 2013), and
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the most commonly used acids for solubilising are acetic, formic, and citric acid (JARDIM,
2013).

2.5.  Emulsions

Emulsions are formed by the dispersion of at least two liquids. They are classified by
the size of their droplets: nanoemulsions (0.05-0.5 pwm), microemulsions (0.01-0.1 pwm), and
coarse emulsions (>0.5 um). Microemulsions are more thermally stable due to their low
interfacial tension (BURGUESA; BURGUESA, 2012). Another way of classifying emulsions
is according to the dispersion phase: oil in water (O/W) and water in oil (W/O) (LI et al., 2024).
In O/W emulsions, the dispersed phase is the oil, and the continuous phase is the water, while
the opposite consists of W/O emulsions (ZANOTTI, 2017), as shown in Figure 3.

O Oil drop ‘ Water drop

Water phase Oil phase

o/w w/0

Figure 3- Emulsions O/W and W/O. Adapted from MARTINEZ-PALOU et al. (2011).

The conventional emulsions are thermodynamically less stable systems, i.e., they can
undergo destabilisation phenomena such as gravitational separation, flocculation, coalescence,
and Ostwald ripening. Emulsions, therefore, need stabilisers, such as surfactants, polymers, or
amphiphilic particles. These stabilisers are adsorbed at the O/W interface, increasing stability
through electrostatic repulsion, steric hindrance, or both (SU et al., 2024).

One of the main applications of emulsified systems is in the pharmaceutical field as

carriers of polar and apolar drugs (CASTRO, 2014). In addition, the targeting of this drug is
19



linked to the droplets' size and distribution. Smaller droplets tend to provoke fewer
inflammatory reactions and immune responses as they remain in circulation longer and have a
greater capacity to bind and accumulate in the desired location. For treatments that require
greater control over the release of the dose, emulsions with homogeneous droplets
(monodisperse) are used (DOS SANTOS, 2011).

Another area that has received a lot of attention is nutraceuticals, where foods have more
functional attributes than conventional foods. Including these foods in a diet can regulate the
body’s functions and help prevent hypertension, diabetes, cancer, osteoporosis, and coronary
heart disease (MORAES, 2006). Another field widely studied is cosmetics and personal care
products, as emulsions can form lamellar structures that increase skin hydration (TOPAN,
2012).

2.6.  Pickering Emulsions

Typically, surfactants and organic compounds stabilise classical emulsions, while solid
particles are used in Pickering emulsions. The most apparent difference between the classical
and Pickering emulsions is their stabilisation. In conventional emulsions, the system's stability
is achieved by the absorption of amphiphilic compounds, which modify the interfacial
characteristics of the two phases. However, in Pickering emulsions, the absorption of the
stabilising particles occurs between the interface of the liquids, creating a physical barrier and
limiting the coalescence between the droplets (RAMSDEN, 1903). These emulsions establish
a direct relationship between the energy of the droplet’s formation and the particles (LOW et
al., 2020), as described by Equation 1 (BRIGGS, et al., 2018).

E = mR?%y,,, (1 % cos8)? (1)

Where: R= particle radius
Yow= interfacial horniness

6= contact angle

20



E= energy to adsorb or desorb particle

The stability of a Pickering emulsion is determined by the wettability and size of the
particles (ORTIZ et al., 2020). The wettability is represented by the contact angle between the
O/W interphase and is essential to determine if it is prone to form O/W or W/O. In O/W
emulsions, the particles typically present a hydrophilic character, resulting in a contact angle of
less than 90°, while hydrophobic particles have an angle greater than 90°, forming W/O
emulsions (GRAMATGES, 2018). The contact angle is illustrated in Figure 4.

Figure 4- Contact angle representation. Adapted from GRAMATGES (2018).

Pickering emulsions comprise an aqueous phase, an oily phase, and solid particles.
These components can be homogenised by high pressure, rotor-stator, or membrane
emulsification. High-pressure emulsification is a continuous mixing method that uses high-
pressure pumps and homogeneous nozzles (BELTRAN et al., 2022). This method has
advantages such as the ability to process large volumes, obtain very small droplets, and adjust
droplet size or the number of homogenisation cycles. It is used at the industrial level but also
presents some disadvantages, such as high operating costs, the risk of particle degradation, the
need for a minimal volume, and difficulties in cleaning (KOHLER et al., 2010).

The rotor-stator method has several advantages, such as low operating costs, ease of
assembly, a speedy process, the need for a small operating volume, and specific types of rotor-
stator conformations to particular needs (ALBERT et al., 2019; BOT et al., 2013). However,
some disadvantages include the possibility of sample non-uniformity, risk of temperature rise,
energy consumption, wide droplet distribution, and high shear rate (ALBERT et al., 2019,
THOMPSON et al., 2011).
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In the membrane emulsification method, the solid particles are slowly adsorbed between
the two immiscible phases with controlled shear conditions and injection speed (MANGA et
al., 2012). The advantages of this technique include their suitability for products with sensitivity
to shear stress, producing small, uniform emulsion droplets of low polydispersity, low operating
costs, and no heating effects during production (YUAN et al., 2009; THOMPSON; ARMES;
YORK, 2011). However, this method can only be carried out on low-viscosity systems and
takes time (SUN et al., 2014; YUAN et al., 2009).

2.7. Vitamins

The emulsions used in cosmetics demand extremely strict standards regarding texture,
consistency, colour, fragrance and other aspects. Due to these requirements, the formulation of
these emulsions is complex, as it includes various components, such as vitamins, fragrances,
preservatives, oils, water, surfactants and colourants. Each of these ingredients plays a specific
role in the properties of the emulsion, and it is essential to consider both the individual
characteristics and the possible interactions between them (TERESCENCO et al., 2018).

In addition to cosmetic emulsions, other systems were used to incorporate vitamins,
such as multicomponent emulsions, which are widely used in everyday life for the controlled
release of medicinal components and nutrients, including vitamins. Encapsulation can enable
these developments (MINAKOQOV et al., 2022). Among these vitamins, vitamin E is used
extensively in various industrial preparations, covering the pharmaceutical, cosmetic and food
industries (YANG; MCCLEMENTS, 2013).

Vitamin E was discovered in 1922 by Evans and Bishop (EVANS; BISHOP, 1922).
Over the century, it has been proven that this vitamin is essential for body development and the
health of living beings, acting as a powerful antioxidant and free radical scavenger in food and
industrial products (NOGUCHI; NIKI, 2024; NIKI, 2021). Vitamin E is composed of a 6-
hydroxychrome ring with a side chain and is made up of a group of four tocotrienols and four

tocopherols, known as a, B, y and 6-tocopherols (NIKI, 2021).
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3. METHODOLOGIES

3.1. Materials

Chitosan (with a degree of deacetylation of 90% and a density of 8.5 mPa.s, according
to the supplier, Biolog, Germany). Acetic Acid (Honeywell/Fluka, Spain). Chondroitin
Sulphate (soluble in water, according to the supplier, SM Emprendimentos Farmacéuticos
LTDA, Brazil). Distilled water. Miglyol 812 (Acofarma, Spain). Virgin Olive oil (Fagron,
Spain). DL-a-Tocopherol97+% (Thermo Scientic, Germany).

3.2.  Preparation of the polyelectrolyte complex

The particle preparation method followed the work of FARJADO et al. (2010) with
adaptations. The Ch solution was prepared using an acetic acid solution (100 mL) with a
concentration of 0.1 M and 1.6 g of powdered Ch. This solution was stirred for 2 hours on a
stirring plate. The CS solution was prepared with distilled water, using 5 g of CS in 100 mL.
Both solutions had a volume of 100 mL, resulting in a significantly higher proportion of CS.
The CS solution was added to the Ch solution using a peristaltic pump (ISM596B, Ismatec SA,
Switzerland) at a flow rate of 6.4 mL.min-. The solution was then left to stabilise for 24 hours

(h). Figure 5 shows this process schematically.
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Chitosan

Polyelectrolyte complex

Chondroitin Sulfate
solution

Chondroitin Sulfate

Figure 5 — Scheme of the polyelectrolyte complex formation process. Adapted from
SHARMA et al. (2019)

3.3.  Preparation of the Pickering emulsions

The Pickering emulsions were prepared following the methodology of GHIRRO (2020),
with some adaptations. The emulsions were formulated using an O/W ratio of 70/30, for a total
volume of 50 mL. A pre-homogenisation stage was initially carried. To do this, a peristaltic
pump (ISM596B, Ismatec SA, Switzerland) with a flow rate of 6.4 mL.min-! was used in
conjunction with a stirring plate (VWR, USA), allowing the oil phase to be added slowly and
continuously in the particles’ aqueous solution. Then, the mixture was homogenised using an
Ultra-turrax (Unidrive X1000 Homogeneizer Drive CAT Scientific, Germany) for 5 minutes at
13500 rpm.

Emulsions containing vitamin E were also prepared. To this, 1% of alpha-tocopherol
was incorporated into the oil phase and homogenised using a vortex for 2 minutes. The

preparation procedure was similar to the one used for the base emulsions.
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3.4. Characterisation of the particles

The emulsion characterisation comprised the determination of size and distribution,
stability and wettability. Particle size and respective distribution are crucial factors in the
preparation of the emulsions and are used as quality parameters of the final product.

The dynamic light scattering (DLS) technique is widely used to assess the particle size
ranging from 1 to 1000 nm, using the light scattering. A Mastersizer 3000 equipment (Malvern
Instruments, United Kingdom) was employed, using a refractive index of 1.662 for the analysis.
Five consecutive measurements were taken for each sample at room temperature and the values
of D1y, Dsg, Dgg, Which were determined both in volume and number, and D, zand Span was
determined in volume.

The stability of the dispersion was assessed using the electrostatic repulsion force,
quantified by the zeta potential ({) generated by the particles. Three consecutive measurements
were carried out at room temperature using the ZetaSizer Ultra equipment (WR14 1XZ UK,
Malvern Instruments, United Kingdom).

The wettability of the particles was analysed to determine their hydrophilic or
hydrophobic character. The contact angle (8) is essential to decide on the type of emulsion to
be formed (SHARKAWY et al., 2020). For this analysis, an optical contact angle measuring
device (OCA15 plus, Germany) was used, and 50 g of the dispersion was placed in a Petri dish,
which was allowed to dry at room temperature until a film was formed. The film was placed on
a platform, and 4 pL of deionised water was injected using a high-pressure injector. During the
analysis, a digital camera attached to the equipment recorded images of the droplets. The
contact angles were calculated using the equipment’s software based on the Laplace-Young

equation (Equation 2).

Ap = 2yH (2)
Where: Ap = pressure variation

y = interfacial tension

H = surface curvature
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3.5. Characterisation of the emulsions

Determining the emulsion type is an important parameter to assess the potential use of
the emulsion. The emulsion type was classified using the droplet test following the method
described by LV et al. (2020). In this procedure, an emulsion droplet was added to a beaker
containing pure water and another containing oil. If the drop solubilised quickly in water, the
emulsion was classified as O/W. If the drop was solubilised in oil, the emulsion was classified
as W/O.

The creaming index (CI) is an essential parameter for an emulsion’s stability over time.
This analysis quantifies the phase separation of an emulsion, a common phenomenon in

unstable emulsions. It is calculated using Equation 3.

¢l = () 100 3)

T

Where: CI= creaminess index
H,= height of serum phase
H,= total height

The size and distribution of the droplets can influence properties such as stability,
viscosity and bioavailability, among others. DLS analysis was performed using laser diffraction
equipment (Mastersizer 3000, Malvern Instruments, United Kingdom).

The stability of an emulsion is directly related to the (, as this parameter is crucial for
preventing coagulation and maintaining colloidal stability. Therefore, the { value of the
emulsion was used to quantify its stability. Three consecutive measurements were carried out
at room temperature using the ZetaSizer Ultra equipment (WR14 1XZ UK, Malvern
Instruments, United Kingdom).

The colour analysis was carried out according to the methodology of GHIRRO (2020)
using a colourimeter (Model CR-400, Konica Minolta Sensing Inc., Japan) equipped with a
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support accessory and a sample container. The results were expressed by the International
Commission on lllumination (CIELAB) using “L*” (luminosity (lightness and darkness), “a*”
(redness and greenness) and “b* (yellowness and blueness). The measurements were carried

out in triplicate. Figure 6 shows the used equipment model.

Figure 6 - Colorimeter. From KONIKA MINOLTA (2024)

The rheological behaviour of the emulsions was determined using a rheometer
(NETZSCH, Geratebau GmbH, Germany). The measurements were made using a 20 mm
diameter parallel plate with a fixed aperture of 1 mm. For the dynamic and static rheological
analyses, the following analysis were performed: a viscosity curve as a function of shear rate,
with a variation from 0.1 to 1000 s-%; an amplitude curve, with a variation in shear stress in the
range from 0.01 to 100%; and a frequency curve, with a variation from 0.1 to 10 Hz. Figure 7

shows the used rheometer.
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Figure 7 — Rheometer. From INDUSTRY PLAZA (2024)

To verify the effectiveness of incorporating alpha-tocopherol, the antioxidant activity
of the emulsion was analysed and monitored over 30 days through DPPH (2,2-diphenyl-1-
picrylhydrazyl) assays. The emulsions were diluted 50, 100, 500 and 1000 times using an 80%
(v/v) methanol aqueous solution. Then, 30 pL of the diluted samples were transferred to a 96-
well microplate and mixed with 270 puL of methanolic DPPH solution (6 x 10-> mol.L-). The
plate was incubated at 37 °C for 60 minutes in the dark. DPPH reduction was measured
by determining the absorbance at 517 nm using a microplate reader (BIOTEK, USA). After the
measurements, the radical scavenging activity (RSA) was calculated by the percentage of

DPPH decolourisation using Equation 4.

%RSA = [Abscontrol_Abssample] %100 (4)

AbScontrol

Where: %RSA = percentage DPPH decolourisation
AbS oniror= control absorbance

AbSgampie= sample absorbance
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The results were expressed in terms of maximum inhibitory concentration (IC sp),
corresponding to the sample concentration needed to reduce the initial concentration of DPPH
radical by 50%.

3.5.1. Biologic activity

It is essential to check the safety of cosmetic emulsions to ensure their compatibility
with the skin and avoid adverse reactions such as irritation or sensitisation. In this context,
studies were conducted to characterise the biological activity of the samples, including toxicity
tests, UV radiation protection tests and skin interaction analyses using live earthworms as a

biological model.

3.5.1.1. Cell culture

The biological tests on the NIH3T3 cells were carried out at the UTFPR Francisco
Beltrdo campus. NIH3T3 cells, fibroblasts derived from Mus musculus embryonic tissue, were
grown in 25 cm? culture flasks containing 10 mL of Dulbecco's Modified Eagle Medium
(DMEM) culture medium, supplemented with 10% foetal bovine serum and incubated at 37 °C
with 5% carbon dioxide (CO2). The cells were obtained from the Banco de Células do Rio de

Janeiro. Figure 8 shows the cells used under a stereoscopic microscope.
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Figure 8 - Cells NIH3T3 under a stereoscopic microscope.

3.5.1.2. Cytotoxicity/Antiproliferative activity test

The MTT test was carried out according to the protocol suggested by MOSMANN
(1983) to check cell viability with modifications. NIH3T3 cells were cultured at a density of
1x10* cells per well in 96-well plates with 100 pL of culture medium supplemented with 10%
foetal bovine serum for 24h.

After the cells had stabilised, the culture medium was discarded and then supplemented
culture medium containing the following treatments was added: negative control, positive
control and the treatments with the samples at concentrations of 1, 5, 10, 50, 100, 200, 300,
400, 500 and 1000 pL.mL-. The negative control group (CO-) contained only cells and
supplemented culture medium. The positive control group (CO+) contained cells and the
cytotoxic agent methyl methanesulphonate (MMS - 150 uM diluted in supplemented culture
medium).

For the Ultraviolet rays B (UVB) radiation treatments, after stabilisation, the culture
medium was removed and replaced with 20 pL of PBS (phosphate-buffered saline) in each
well. In a radiation chamber, the cells were exposed to UVB radiation (30, 60 and 90 mJ.cm-
2). Immediately after exposure, a new supplemented culture medium was added to the wells.

The radiation chamber was designed and built to the dimensions that showed the most
uniform radiation intensity values (35 x 10 x 40 cm, depth x width x height). It has an internal
aluminium coating that allows for uniform light intensity, as suggested by RANDIVE (2016).
The radiation is supplied by a lamp with a wavelength between 280 - 315 nm, which comprises
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UVB radiation, and with 8W of power. To monitor Ultraviolet Radiation (UVR) intensity, there
Is an Arduino circuit using the mi8511 sensor, which captures waves in the 280 - 390 nm range

and delivers reading results in mwW.cm. Figure 9 shows the chamber used.

Figure 9 - Radiation chamber used to carry out the experiments.

After treatment with the creams or radiation, the plates were incubated for 24h and 48h,
and after each period, the treatment was replaced with culture medium plus MTT (0.167
mg.mL™?). The plates were incubated for another four hours, and the medium with MTT was
replaced with 100 pL of dimethylsulphoxide (DMSO) to solubilise the formazan crystals. The
absorbance was read on a microplate reader (Thermo Plate) at 492 nm. Figure 10 shows the

plate used.

Figure 10 - Plate of NIH3T3 cells with diluted formazan crystals.
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The percentage values of cell viability (VC) were estimated by the ratio between the
absorbance of the treatment and the absorbance of the negative control, according to Equation
5.

Ve = (ﬂ) x 100 (5)

ABSCO_

Where: VC = Cell viability;
ABSy = Absorbance of the treatment;

ABS,_ = Absorbance of the negative control.

5.3.1.3. Cytoprotection/ Photoprotection test

For the cytoprotection/photoprotection test, three types of treatment were applied:
simultaneous, pre-treatment and post-treatment. In the pre-treatment, after the cells had
stabilised, they were treated as samples at a concentration of 400 pL.mL-* for 2h. After this
period, the treatment was removed, set aside, replaced with 20 pL of PBS, and exposed to UVB
radiation (60 mJ.cm). The reserved treatment was then replaced, and the plates were incubated
for 24h.

In the simultaneous treatment, after stabilisation, the supplemented culture medium was
removed and replaced with 20 pL of phosphate-buffered saline (PBS). The plates were then
exposed to UVB radiation (60 mJ. cm™) and subsequently treated with the samples (400
puL.mL-1). After exposure, the cells were incubated for 24h.

Post-treatment, after exposing the cells to UVB radiation (60 mJ. cm), the cells were
incubated for 2h with a supplemented culture medium and then treated with the samples at a
concentration of 400 puL.mL-t. After treatment, the cells were incubated for 24h.

After 24h of incubation, the culture medium was replaced with a medium containing

MTT (0.167 mg.mL-*) and the plates were incubated for a further four hours. The MTT-
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containing medium was then removed and replaced with 100 pL of DMSO to solubilise the
formazan crystals. The absorbance was read at 492 nm. The percentage values of VC were
estimated by the ratio between the absorbance of the treatment and the absorbance of the

negative control, according to Equation 5.

3.5.1.4. Skin corrosion test in vivo

The skin corrosion test was carried out according to the methodology of KWAK et al.
(2022) with modifications. Five Eisenia fetida earthworms were used for each sample. They
were washed to remove the soil and then placed on paper towels to remove excess water. Each
one was then placed individually in a petri dish (90 x 15 mm) containing filter paper (Whatman
no.2) moistened with 2 mL of distilled water.

The test used distilled water (CO-), 0.5 mol hydrochloric acid (CO+) and the samples.
These were applied to the worm's skin below the clitellum, with 30 pL of each control solution
and the creams being sufficient to cover the clitellum (+/- 34 mg) (MAHMOOD and AKHTAR,
2013).

Afterwards, the Petri dishes were closed with plastic film, and the test units were kept
in an incubator (dark, 20 °C). After 2h and 24h, the skin of each worm was observed using a
magnifying glass to assess possible changes such as blisters, oedema, corrosion/wear, ulcers,

rippling or cuts.

3.5.1.5. Statistical analysis

The absorbance values were subjected to the normality test and analysis of variance
(ANOVA) with Dunnett's mean comparison test (a=0.05) for the cytotoxicity tests and Tukey's
test (a=0.05) for the cytoprotection tests, using Action Stat software. The number of altered
worms and the total number of alterations per worm at each evaluation time in the in vivo
corrosion test were evaluated. These were subjected to Dunnet's mean comparison test (p <

0.05) using the Instat programme.
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4. RESULTS AND DISCUSSION

4.1. Development of particle dispersion

Preliminary tests were conducted to define the compounds’ methodology and

appropriate proportions. Table 1 shows all the methods and compositions used in this work.

Table 1- Preparation composition of all dispersions.
Sample Ch (%) CS (%) References

1.5Ch_1.5CS 1.50 1.50 Sharkawy et al. (2019)
2Ch_2CS 2.00 2.00 Sharkawy et al. (2019)
2 15Ch_15CS 150 1.50 Tan et al. (2018)
3Ch_3CS 3.00 3.00 Tan et al. (2018)
1.6C_25CS 1.60 25.00 Farjado et al. (2010)
1.6Ch_15CS 1.60 15.00 Farjado et al. (2010)
1.6Ch_10CS 1.60 10.00 Farjado et al. (2010)
1.6Ch_5CS 1.60 5.00 Farjado et al. (2010)
0.8Ch_12.5CS  0.80 12.50 Farjado et al. (2010)
0.4Ch_6.25CS  0.40 6.25 Farjado et al. (2010)

All the particles were assessed by DLS, making it possible to obtain D, values, which
corresponds to the average particle diameter, calculated as a volume function. Only the average
diameter value and the number and volume graphs generated by the software (MASTERSIZER
3000, Manual-2017) were used in this preliminary stage.

The initial methodology was based on the work of SHARKAWY et al. (2019) with
adaptations. This study was conducted by the same group as this thesis and established the
conditions for producing colloidal particles. In this initial phase, two dispersions were prepared:
1.5Ch_1.5CS containing 1.5% Ch and 1.5% CS, and 2Ch_2CS with 2% Ch and 2% CS.
However, the DLS analysis could not be completed for the 1.5Ch_1.5CS and 2Ch_2CS
dispersions, as the particles were not detected by the equipment, suggesting that no particles
were formed.

The tested second methodology was based on the work of TAN et al. (2018) with

adaptations. Two dispersions were prepared in this step: 2_1.5Ch_1.5CS containing 1.5% Ch
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and 1.5% CS, and 3Ch_3CS with 3% Ch and 3% CS. Subsequently, the pH of the solutions was
adjusted to 3. For this methodology, the DLS analysis did not detect any particles, indicating
the absence of particle formation.

The third methodology was based on the work of FARJADO et al. (2010). In this phase,
six dispersions were prepared: 1.6Ch_25CS, 1.6Ch_15CS, 1.6Ch_10CS and 1.6Ch_5CS where
the four samples contained 1.6% Ch and different concentrations of CS (25%, 15%, 10% and
5%), a dispersion 0.8Ch_12.5CS with 0.8% Ch and 12.5% CS, and 0.4Ch_6.25CS with 0.4%
Chand 6.25% CS. All dispersions showed phase separation and were vigorously stirred to carry

out the DLS analysis. Table 2 shows the D, 3Vvalues of the dispersions.

Table 2- Average particle diameter by volume of the particles’ dispersion prepared through

the third methodology.

Sample D43 (Um)
1.6Ch_25CS 47.32+1.99
1.6Ch_15CS 15.05+0.95
1.6Ch_10CS 13.65+1.45
1.6Ch_5CS 1.93+0.02

0.8Ch_12.5CS 25.55+0.45
0.4Ch_6.25CS 7.14+2 54

The size of the particles used to prepare Pickering emulsions is one of the parameters
that directly influence their stability and the size of the droplets. In general, smaller particles
tend to generate more stable emulsions due to faster adsorption kinetics and more efficient
packing at the liquid interface (LOW et al., 2020). In this context, Table 2 revealed that sample
1.6Ch_5CS had the smallest average particle diameter of approximately 1.9um, as well as a
reduced average standard deviation, and is, therefore, the sample with the best performance in
these parameters. It also revealed that the methodology should continue to be followed in this
work.

This result was confirmed by analysing the particle size distribution by number and
volume, as shown in Figure 11. The particle size distribution by number indicates how many

particles fall within each size range, while the volume distribution shows the total volume
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occupied by particles in each size range. Each graph was analysed individually. Sample
1.6Ch_5CS presented narrower and more defined peaks than the other samples, indicating a
more uniform particle size distribution. Due to this more consistent distribution, sample
1.6Ch_5CS was selected for further studies.
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Figure 11 - Graphs of particle size distribution in number and volume for a) 1.6Ch_25CS, b)
1.6Ch_15CS, c) 1.6Ch_10CS, d) 1.6Ch_5CS, e) 0.8Ch_12.5CS and f) 0.4Ch_6.25CS.

Furthermore, based on the preliminary tests carried out, it was possible to observe that
varying the concentration of CS significantly altered the size and uniformity of the particles,
even influencing the formation of CPs. These changes favoured the production of Pickering

particles with more suitable characteristics for stabilising emulsions, ensuring greater efficiency
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and stability in formulations. Therefore, the concentration of CS plays a crucial role in

controlling particle properties and, consequently, the quality of emulsions.

4.2.  Emulsions development

In parallel with particle formulation, the Pickering emulsions were prepared. At this
stage, the Cl was selected as the evaluation criteria. Two emulsions were prepared with 50%
(v/v) Miglyol 812 and 50% (v/v) particle solutions as the aqueous phase (O/W ratio of 50/50)
using the methodology of SHARKAWY et al. (2019) (first methodology used). However, the
emulsions destabilised immediately after homogenisation. The same happened with the
emulsions prepared with the particles following the method from TAN et al. (2018) (second
methodology used), which also used the same proportion O/W ratio (50/50) and the same oil.
These results are consistent with to the DLS analysis carried out on the preliminary dispersion
tests, indicating that the lack of particle formation was the main factor in the non-formation of
the emulsions. The lack of suitable particles compromised stabilisation, making it impossible
to create a stable interface between the phases, which is essential for emulsification. Figure 12

shows an example of a destabilised emulsion.

Figure 12 - Destabilised emulsion

37



The particles produced through the third methodology by FARJADO et al. (2010)
resulted in phase separation. In this way, two emulsions were made for each dispersion: one
using the phase with the highest concentration of particles (bottom) and the other, made after
vigorous stirring, to produce Pickering emulsions at a 50/50 O/W ratio as part of an initial
screening. Table 3 shows the CI of all the samples over 7 days. Where Ep stands for Pickering
emulsion, F1 refers to the lower phase, and F2 refers to using the sample after vigorous stirring.

Figure 12 shows an example of an emulsion from this stage.

Table 3- Initial screening of Pickering emulsions production stability by creaming index.

Time (days) 1 5 7
Sample Creaming index (%)

EpF1_1.6Ch_25CS 10.00 13.33 13.33
EpF2_1.6Ch_25CS 10.00 13.33 16.67
EpF1_1.6Ch_15CS 10.00 16.67 16.67
EpF2_1.6Ch_5CS 10.00 10.00 16.67
EpF1_1.6Ch_10CS 13.33 16.67 16.67
EpF2_1.6Ch_10CS 16.67 16.67 20.00
Epl.6Ch_5CS 16.67 16.67 33.33
EpF1_0.8Ch_12.5CS 33.33 33.33 83.33
EpF2_0.4Ch_6.25CS 16.67 16.67 43.33
EpF_12.4Ch_6.25CS 16.67 43.33 83.33
EpF2_0.4Ch_6.25CS 3.33 16.67 43.33

Although Table 3 indicates that the EpFl_1.6Ch_25CS sample showed the best
performance over time, as mentioned earlier, the 1.6Ch_5CS dispersion achieved the best
results in the preliminary tests. Therefore, even though the Epl.6Ch_5CS sample did not
achieve the best results, it was retained for subsequent tests based on its performance

preliminary dispersion test.
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After this stage, new emulsions were prepared by varying the oil and dispersions ratio
using the Ep1.6Ch_5CS sample. The used ratios included: 40/60 (Ep1.6Ch_5CS40/60), 30/70
(Epl1.6Ch_5CS30/70), 20/80 (Ep1.6Ch_5CS20/80) and 10/90 (Epl.6Ch_5CS10/90). Table 4
shows the CI of the Pickering emulsions prepared with the dispersion 1.6Ch_5CS.

Table 4- Creaming index of the Pickering emulsions prepared with the 1.6Ch_5CS

dispersion.
Time (days) 1 5 7
Sample Creaming index (%)
Epl.6Ch_5CS 16.67 16.67 33.33
Epl.6Ch_5CS40/6 46.67 50.00 50.00
Epl.6Ch_5CS30/70 56.67 60.00 60.00
Epl.6Ch_5CS20/80 60.00 80.00 83.33
Epl.6Ch_5CS10/90 80.00 83.33 83.33

After analysing the CI of these samples, it was decided to change the study's approach,
as these samples also showed inadequate cream formation. It was decided to replace the oil
used as the oil phase (dispersed phase) since it can directly influence gravity-induced separation
(SHI et al., 2021). Two alternatives were therefore considered: virgin olive oil and sweet
almond oil. Two emulsions were then prepared at a 50/50 O/W ratio, one with each oil, and the
creaming index of the emulsions was assessed for 30 days. Table 5 shows the creaming index
of these emulsions. The EAO1.6Ch_5CS emulsion refers to the emulsion prepared with olive
oil, while the EAD1.6Ch_5CS emulsion was made with sweet almond oil. Figure 13 shows the
Epl.6Ch_5CS20/80 sample on day 7.
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Figure 13 — Appearance of Ep1.6Ch_5CS20/80 Pickering emulsion at 7 days

Table 5 and Figure 14 show the monitoring of the second stability study in the
production of Pickering emulsions by CI, after the oil change.

Table 5- Creaming index - Stability study in the production of Pickering emulsions by

creaming index.

Time (days) 1 5 7 30
Sample Creaming index (%)
EAO1.6Ch_5CS 6.67 10.00 13.33 16.67
EAD1.6Ch_5CS 33.33 40.00 40.00 36.67

EAO1.6Ch _5CS
0 days 5 days 7 days 30 days

= & 1 =
J o J J

EAD1.6Ch 5CS
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Figure 14 — Creaming index - EAO1.6Ch_5CS and EAD1.6Ch_5CS.
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The results shown in Table 5 confirm that the oil change was essential to the success of

the formulation. In Pickering emulsion systems, higher viscosity oils are expected to provide

better stability, which was also observed in some of the samples in the study by MIKULCOVA
et al. (2023) and was repeated in this work. Based on the CI of the EAO1.6Ch_5CS sample, it
was decided to modify the oil ratio: 10/90, 20/80, 30/70, 40/60, 60/40 and 70/30 as referred

to in Table 6, where the ClI of the prepared emulsions during 30 days is summarised. Table 6

and Figure 15 shows the monitoring of the third stability study in the production of Pickering

emulsions by CI by changing the ratio O/W ratio.

Table 6- Creaming index - Study of the third stability study in the production of Pickering

emulsions by creaming index.

Time (days) 1 5 7 30
Sample Creaming index (%)
EAO1.6Ch_5CS10/90 76.67 80.00 80.00 80.00
EAO1.6Ch_5CS20/80 36.67 36.67 40.00 40.00
EAO1.6Ch_5CS30/70 10.00 10.00 13.33 13.33
EAO1.6Ch_5CS40/60 3.33 6.67 10.00 10.00
EAO1.6Ch_5CS60/40 0.00 0.00 3.33 3.33
EAO1.6Ch_5CS70/30 0.00 0.00 0.00 0.00
EAO1.6Ch_5CS10/90
0 days 5 days 7 days 30 days
2 - [ o
EAO01.6Ch _5CS20/80
0 days 5 days 7 days 30 days
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Figure 15 — Creaming index - Study of the third stability study in the production of Pickering

emulsions by creaming index.

Based on the results in Table 6 and Figure 15, sample EAO1.6Ch_5CS70/30 showed
the best performance among those evaluated. This was the only sample that maintained a CI of
0 throughout the analysis period, indicating excellent stability. Due to its superior behaviour,

this sample will be used to develop this work further.
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4.3. Development of the formulation for cosmetic applications

4.3.1. Dispersion characterisation

After finalising the preliminary tests, the production of the 1.6Ch_5CS dispersion was
repeated. A visual analysis of the particles was carried out after the 24-hour stabilisation period.
This analysis showed a change in the turbidity of the sample from translucent to opaque. This
change was observed in the reference methodology used after stabilisation as a result of the
formation of CPs (FARJADO et al., 2010).

4.3.1.1. Particle size

The size and distribution of the particles were determined using DLS analysis, in which
the values of D, Dso, Dgy, Were determined both in volume and number, and D,.; Span,
which was determined in volume. The values Dc, correspond to the median and are defined as
the diameter in which half the population is below this value. Similarly, 90% of the distribution
is below Dy, and 10% is below D;,. Span is an indicator of volume uniformity. Table 7 and 8
show the D,,, D5y and Dy, values in volume and number, respectively. The D,.; and Span

values resulted in values of 1.93 + 0.02 um and 1.35 £ 0.01 um, respectively.

Table 7- Particle size distribution in volume for the sample 1.6Ch_5CS.

Volume D1o (um) Dsq (Hm) Dgq (m)
Mean 0.91 1.57 3.02
St Dev 4.00x107* 1.80x1073 0.02

RSD (%) 0.04 0.12 0.55
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Table 8 - Particle size distribution in number for the sample 1.6Ch_5C.

Number D1 (pm) Dsq (um) Dgo (pm)
Mean 0.66 0.96 1.59
St Dev 1.00x10~* 8.18x107° 2.00x107*
RSD (%) 1.06x102 8.00x10~3 0.01

Figure 16 graphically represents the size distribution in volume size and number of the

1.6Ch_5CS sample analysed, which was already presented in Figure 11 on a smaller scale.

—— Volume
—— Number|
- 16

Volume (%)

0,01 0,1 1 10 100 1000
Size Classes (um)

Figure 16- Particle size distribution graph in number and volume sample 1.6Ch_5CS.

The dispersion presented slightly large particles. As mentioned earlier, particle size is
directly related to the stability and size of the droplets. Thus, larger particles tend to have slower
adsorption and lower packing efficiency at the interface (ALBERT et al., 2019). Several
variables that influence the production of the dispersion, such as the solid content, the initial
temperature, and the feed flow rate, can influence this behaviour (ZIAEE et al., 2017).

Despite their larger size, microparticles are also widely used as stabilisers, depending
on the process variables (MARTO et al., 2016). A practical example can be found in the study
by HAN et al. (2024), who developed hydrogel microparticles based on polyethene glycol for
stabilising Pickering emulsions. Another relevant example is the work carried out by
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BENYAYA et al. (2024), where Pickering emulsions were stabilised by microparticles. This

proves the feasibility of using the particles developed in this work.

4.3.1.2. Zeta potential

Charged dispersions can be assessed for stability using {, which quantifies the
electrostatic repulsion between the particles (GHADIMI et al., 2011; JIANG et al., 2023).
Therefore, the greater the stability, the greater the quantity of adsorbed ions and, consequently,
the greater the electrostatic repulsion (SMITH et al., 2010). Relatively stable particles are
expected to have { > 30 mV or { <30 mV (GHADIMI et al., 2011). Sample 1.6Ch_5CS had its
{ measured after the particle stabilisation period, resulting in a value of 32.30 £1.64 mV, and
was considered stable.

The { potential is directly related to pH. At lower pHs, Ch shows a high degree of
protonation due to the amine groups' protonation, which increases the positive surface charge
(ATHAVALE et al., 2022). In this way, the pH of the sample was measured, and a value of 4.6
was obtained, which corroborated its stability.

Two more experiments were carried out to assess the reproducibility of the sample,
replicating the same conditions at different times, in addition to the zeta potential measurement
mentioned above. The results obtained were 29.06 £2.01 mV and 31.99 +0.99 mV, showing a
slight and irrelevant variation between the values, confirming the system's stability and

consistency.

4.3.1.3. Contact angle

The wettability of the particles is fundamental to determining the capacity to form
Pickering emulsions. In this context, the contact angle is a crucial parameter: hydrophilic
particles form a 6 less than 90°, while hydrophobic particles have a 6 greater than 90°. In
general, O/W emulsions are stabilised by colloidal particles that form a 6 less than 90°, while
WI/O emulsions are stabilised by particles that form angles greater than 90° (ZHAO, WANG &
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ZHANG, 2021). Particles that reach a 6 of 90° have a higher stabilising capacity at the
emulsion’s interface (KAPTAY, 2006). Figure 17 illustrates the droplet record after 30 seconds

of analysis.

Figure 17 - Contact angle analysis at t=30s.

Based on the data generated by the analysis software, it was quantified that the contact
angle of the particles was 97.10 + 2.91°, classifying them as particles with a hydrophobic
character. Despite this angle, in the case of solid particles that form a three-dimensional (3D)
network, contact angles of less than 129° and more than 15° can stabilise O/W emulsions, as
observed in this study (KAPTAY, 2006; TIAN et al., 2023).

4.3.2. Emulsion characterisation

With the particles, 1.6Ch_5CS, the base emulsion, EAO1.6Ch_5CS70/30 (repeated
according to the preliminary tests), and the counterpart added with alpha-tocopherol,
VitEL1.6Ch_5CS, were prepared. The emulsions were monitored for 30 days, and by visual

analysis, the stability of the emulsions was confirmed since phase separation was not observed.
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4.3.2.1. Emulsion type

The emulsion type classification was carried out 24 hours after its production. At this
stage, a drop of the two emulsions was added to two containers containing oil and deionised
water. Figure 18 shows the test of sample b EAO1.6Ch_5CS70/30.

Figure 18 — Droplet test of the emulsion.

As shown in Figure 18, there was no solubilisation in the oil, while solubilisation in the
water was appreciated. Thus, the emulsion was classified as O/W, in agreement with the
literature (LV et al., 2020). This emulsion type is suitable for applying this work, as O/W

emulsions are not oily and are easy to remove from the skin (KHAN et al., 2011).
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4.3.2.2. Creaming Index

In general, an emulsion comprises an aqueous phase, an oily phase and a stabiliser.
When the emulsion is unstable, the oil droplets rise to the top of the bottle due to their lower
density, and the aqueous phase will accumulate at the bottom of the container (KREBS et al.,
2013). The Clis asimple visual analysis that considers the height of the formation of the cream,
oil, and serum and the phase separation that occurred due to the instability processes (GHIRRO,
2020).

Figure 19 shows the CI of the EAO1.6Ch_5CS70/30 and VitE1.6Ch_5CS emulsions.
The results showed stability in both samples over 30 days, indicating a C1% of 0 throughout the

analysed period.

EAO1.6Ch _5CS70/30
0 days 7 days 15 days 30 days
CI=0 Cl=0 Cl=0 Cl=0

VitE1.6Ch 5CS
0 days 7 days 15 days 30 days
CI=0 Cl=0 Cl=0 Cl=0

Figure 19 — Creaming index of EAO1.6Ch_5CS70/30 and VitE1.6Ch_5CS samples over 30
days.

As mentioned above, the EAO1.6Ch_5CS70/30 sample had already been analysed
previously and showed the same results as those discussed above. This proves the

reproducibility of these systems, not only for the dispersion but also for the Pickering
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emulsions. From Figures 15 and 19, the reproducibility of the EAO1.6Ch_5CS70/30 sample

can be observed, as the sample remained stable on both occasions, displaying a Cl of 0.

4.3.2.3. Droplet size

The droplets’ size was monitored for 30 days, and the values of Dy, D5, Dgg, Dy 3 , and

Span was determined. Table 9 shows the values obtained after the production of the two

emulsions.
Table 9- Droplet size of emulsions for the t=0 and t=30.
Parameters
EAO1.6Ch_5CS70/30 VitE1.6Ch_5CS
Time (days) 0 0
Dyo-V (M) 12.20 +0.13 10.70 £ 0.11
D1o- N (um) 1.15 + 4.28*10~* 1.15 + 6.83*10~*
Dso- V (Um) 28.30 + 0.33 24.30 + 0.34
Dso- N (um) 1.62 +1.47%1073 1.60 + 2.16%1073
Doo- V (1m) 63.70 + 1.91 47.40 +1.36
Doo-N (Hm) 3.19 + 3.89*1073 3.28 +1.44*1073
Dy.5 (Um) 34.28 +0.49 26.88 + 0.38
Span (um) 1.81+0.03 1.29 £ 0.02
Time (days) 30 30
D;o-Volume (um) 12.40 + 0.262 12.00 +0.188
D; - Number (um) 1.14 + 4.31*1072 1.17 +3.88*1072
Dso- Volume (um) 33.7+£1.02 31.00+0.74
Dso- Number (um) 1.54 +2.87*1072 1.56 + 3.2*1072
Dyp- Volume (um) 86.00 £5.78 79.8 £4.33
Dgy-Number (um) 3.06 + 3.79%1072 3.14 + 4.52%1072
Dy.5 (Um) 36.38 + 1.45 33.77 +£10.94
Span (um) 1.87 +0.53 1.87 +0.53
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Current literature reports that emulsions should be stabilised by particles of an order of
magnitude smaller than the size of the droplet (BINKS & LUMSDON, 2001). Since the
dispersion showed D,.3 is 1.93 + 0.02 pum, it was possible to observe that the statement was not
confirmed, as very large droplets were not formed. However, other reported works
demonstrated that large particles can stabilise an emulsion with droplets of the same size as
observed in this work. An example is the work by HE et al. in 2013, where particles with an
average diameter of 150 nm formed stable droplets of 450 nm. This may be related to the
particle dispersion breaking during the homogenisation period, so it is possible to state that this
emulsion would be stabilised indeed by smaller particles (HE et al., 2013; COSSU et al., 2015;
ALBERT et al., 2019). Figure 20 graphically shows the size distribution in volume and number

of emulsions on the day of production (t=0).

Volume (%)
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Size Classes (um) Size Classes (um)

Figure 20- Emulsion droplet size distribution graph in number and volume at t=0 for a)
EAO1.6Ch_5CS70/30 and b) VitE1.6Ch_5CS.

The samples presented similar droplet sizes, although the VitE1.6Ch_5CS sample was
smaller than the base emulsion. This could be attributed to the vitamin incorporation that could
directly affect the surface tension between the oil and water phases and the viscosity of the
emulsion, thus reducing the droplets. The same effect occurred in a similar system
encapsulating vitamin D3 and curcumin in Pickering emulsions stabilised with lignin particles
(ABRAHAM et al., 2024).
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DLS analysis was performed thrice at 0, 15 and 30 days to assess the droplets’ stability

and size. Figure 21 shows the variation in particle volume during the analysis period.
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Figure 21- Emulsion droplet distribution graph over one month in volume for a)
EAO1.6Ch_5CS70/30 and b) VitE1.6Ch_5CS.

Analysing Figures 20 and 21, it can be seen that there was a slight increase in the
droplets of the EAO1.6Ch_5CS70/30 sample, while the VitE1.6Ch _5CS sample showed a

higher growth in the emulsion droplets. However, there was no change in the visual aspect of

the two emulsions, so it can be concluded that the droplet increase did not influence the stability

of the samples.

4.3.2.4. Zeta Potential

The particles’ stability can be quantified using ¢, also widely used to characterise

emulsions. { is an indicator of the intensity of electrostatic repulsion between the droplets.

Emulsions with { values close to 0 tend to undergo destabilisation processes such as flocculation

and coagulation, while those with a high ¢ remain electrically stable (LI & XIANG, 2019).

Table 10 shows the ¢ values of the two samples.
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Table 10 —  of the emulsions

Sample EAO1.6Ch_5CS70/30 VitE1.6Ch_5S
Time (days) {(mV) C(mV)
0 38.70 £1.33 38.70 £1.22
30 42.10 £ 0.57 39.57+£0.38

The results confirmed that both samples were within the recommended stability range
for emulsions, as far as  is concerned. In addition, no significant variation in { values was
observed over the one-month evaluation period, indicating consistent electrostatic stability
during this interval. As in the characterisation of the dispersion, the zeta potential was measured
again for the EAO1.6Ch_5CS70/30 sample, recording a value of 35.5£1.23 mV at time zero.
There was a slight difference compared to previous measurements, thereby confirming the

reproducibility of the sample.

4.3.2.5. Colour test

The colour test results for the two samples are shown in Table 11. In this measurement,
the L* values quantify luminosity, ranging from 0 (black) to 100 (white). The a* variable
represents the deviation between green and red, being negative (-a*) for green and positive
(+a*) for red. The b* values indicate the deviation between blue and yellow, being negative (-
b*) for blue and positive (+b*) for yellow (GHIRRO, 2020). The container for liquids was used

to measure the emulsions.

Table 11 — Colour test of the emulsions

Sample EAO1.6Ch_5CS70/30 VitE1.6Ch_5CS
Parameters ~ Mean % Deviation Cor RGB Mean £ Deviation Cor RGB
L* 72.64 £ 0.01 72.43 £0.27
a* -5.39 £ 0.05 -5.60 + 0.02
b* 27.48 £0.27 27.35+0.19
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The colour of the emulsions was predominantly light green, which is due to the colour
of the oil. The colour of olive oil can vary from yellowish-green to golden, and ripeness is the
main interfering parameter (FARIA, 2012). Table 11 shows that the addition of vitamins did

not significantly affect the colour of the emulsion.

4.3.2.6. Rheological properties

Static and dynamic rheological properties were assessed to understand the structure of
the emulsions. Flow curve tests were determined to analyse the samples' viscosity, varying the

shear rate. Figure 22 shows the graph of viscosity variation as a function of the shear rate.
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Figure 22- Emulsions’ viscosity as a function of the shear rate.

Viscosity quantifies the force of internal friction between the layers of a fluid in motion.
As shown in Figure 22, the viscosity of the samples decreased as the applied shear rate
increased, showing the typical behaviour of a non-Newtonian fluid. This phenomenon, known
as shear thinning, is characteristic of this fluid type. Specifically, pseudoplastic (shear thinning)

emulsions are attributed to the breaking or rearranging of the weak droplet network under shear
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(HE & LU, 2024). Other studies have presented similar results (TANG et al., 2021). The
EAO1.6Ch_5CS70/30 sample presented a higher viscosity, suggesting higher stability since an
increase in viscosity can increase strength.

Dynamic oscillation tests under tension were carried out, in which tension is applied
gradually at a constant frequency for a given period. This procedure makes measuring the
elastic modulus (G‘) and the viscous modulus (G’) possible. In Figure 23, the graph
representing these measurements, the breaking point can be identified as the moment when
there is a significant change in the behaviour of the moduli, usually indicated by an abrupt
decrease in the elastic modulus (G°), accompanied by an increase in the viscous modulus (G”).
This breaking point of the molecular bonds is directly associated with the sample's ability to
deform and dissipate heat under mechanical stress, thus reflecting the viscoelastic behaviour of
the emulsions (MOURA, 2014).
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Figure 23- Rheological behaviour of the sample as a function of the shear strain.

The oscillation tests were conducted at a frequency of 0.1 Hz, varying the oscillation
amplitude, as observed in Figure 23. When analysing the graph, it is important to highlight two
points: the linear viscoelastic region, characterised by the constant behaviour of the G* and G”
values regardless of the amplitude applied, and the critical deformation point, which marks the
transition outside this region. Figure 23 shows this region and that the samples analysed showed
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G* higher than G” throughout their linear viscoelastic region, indicating that both have a gel-
like structure (TANG et al., 2021).

The EAO1.6Ch 5CS70/30 sample showed higher G* and G’ values in the linear
viscoelastic region than the other samples, suggesting that this emulsion has higher elasticity.
In addition, this sample showed a higher critical deformation, which refers to the maximum
amount of deformation a material can withstand before suffering permanent deformation or
structural failure. This means the emulsion can tolerate higher stress before its internal structure
starts to degrade, indicating greater shear strength and a more robust structure. A similar
behaviour was observed in Pickering emulsions stabilised with chitosan particles and coated
with sodium alginate (TANG et al., 2021).
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Figure 24- Rheological behaviour of the samples as a function of frequency.

Figure 24 shows the oscillation test results as a function of frequency. For both samples,
G* was higher than G”, a characteristic of gel behaviour. In addition, the low dependence of the
angular frequency for G and G” was observed in both samples, confirming their similarity in
forming highly stable gels (TANG et al., 2021).
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4.3.2.7. Antioxidant activity

The antioxidant capacity of the VitE1.6Ch_5CS sample was assessed over 30 days using
DPPH radical reduction. Figure 25 shows the results obtained for %RSA at 50x, 100x, 500x
and 1000x dilutions.
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Figure 25- Antioxidant activity expressed as a percentage of radical scavenging activity
(%RSA) for the VitE1.6Ch_5CS sample after production (t0) and after 30 days (t30)

The VitE1.6Ch_5CS sample showed a significant antioxidant activity value during the
analysis period, indicating its potential for cosmetic application against oxidative stress. The
ICso value when the sample was produced (to) was 0.02 + 2.1*10% (%wt.), and after 30 days
(tso) was 0.02 = 2.60*10 (%wt.). The average values were the same, demonstrating that the
sample did not suffer oxidative stress over time. The results were similar to studies using the
same vitamin under the same conditions (SCHREINER et al., 2023).
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4.3.2.8. Biologic activity

4.3.2.8.1. Cytotoxicity/Antiproliferative activity

The average absorbance of NIH3T3 cells treated with EAO1.6Ch_5CS70/30 emulsion
at concentrations of 400 (24h and 48h) and 500 pL.mL™ (24h) showed statistically higher
average absorbance than the CO-. The VC for these concentrations was higher than 124.72%.
These results indicate that the EAO1.6Ch_5CS70/30 sample positively affected the viability of
the fibroblasts in this study.

The results of the VitE1.6Ch _5CS sample demonstrate that none of the tested
concentrations of this emulsion exhibited cytotoxic effects on the cell line. All concentrations
at the 24-hour time point displayed mean absorbance values higher than those of the CO-, with
percentages VC exceeding 100%. The data show that 400 puL/mL concentration stood out, with
the highest viability rates, reaching 165.33% at 24h and 114.19% at 48h, indicating a
stimulatory effect on cell division. The concentration of 1000 pL/mL also yielded significant
results, with viability of 133.57% at 24 hours and 119.57% at 48h. Table 12 presents the VC
results for both samples.

Table 12 - Percentage viability of NIH3T3 cells, MTT test for both samples.

Group/ concentration NIH3T3
(UL.mL-1) Cell viability (%)
Sample EAO1.6Ch_5CS70/30 VitE1.6Ch_5CS
Time (h) 24 48 24 48
CO- 100.00 100.00 100.00 100.00
CO+ 26.07 38.23 43.48 31.06
1 104.68 90.02 151.90 90.85
5 97.06 87.27 134.43 102.05
10 103.37 105.14 154.10 90.46
50 107.18 90.74 151.57 95.65
100 111.98 113.72 147.57 96.43
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200 11111 117.09 144.76 106.96

300 105.16 98.24 124.71 98.10
400 124.72 133.20 165.33 114.19
500 127.34 107.16 151.76 109.36
1000 111.19 107.04 133.57 119.57

CO-: Negative Control; CO+: Positive Control.

Like the EAO1.6Ch_5CS70/30 emulsion, the alpha-tocopherol sample showed no
cytotoxic effects at any concentration and demonstrated superior performance compared to the
other sample. Figure 26 shows the average absorbance of NIH3T3 cells treated for 24h and 48h

with different concentrations of the samples.
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Figure 26- Average absorbance of NIH3T3 cells treated for 24h and 48h with different

concentrations for a) EAO1.6Ch_5CS70/30 and b) VitE1.6Ch_5CS.
CO-: Negative Control; CO+: Positive Control.

* Results statistically different from the negative control (Dunnet's test, p<0.05).

Several studies have reported similar findings. For instance, SUN et al. (2024)
demonstrated that covalent complexes were synthesised to stabilise Pickering emulsions,
achieving a VC rate of over 90%, indicating strong biocompatibility and safety. Similarly, in
the work of PAN et al. (2024), Pickering emulsions stabilised by nanoparticles composed of
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Ampelopsis grossedentata polysaccharide and fish collagen peptide achieved VC values of
around 80%. These high VC values (=80%) confirm the safety of the emulsions and highlight

their potential for applications requiring strong biocompatibility.

4.3.2.8.2. Cytoprotection/ Photoprotection test

Initially, the test was carried out on the cells alone, i.e. without treatment with the
emulsions, to see how the cells behaved under exposure to radiation. The mean absorbance data
of the NIH3T3 cells exposed to the different doses of UVB radiation show that only the lowest
concentration evaluated (30 mJ.cm™) at 24h had no cytotoxic effect. The other radiation
intensities (60 and 90 mJ.cm™) were cytotoxic at 24h and 48h. Cell viability was even lower
than 43.41%, reaching 11.19%. It was possible to observe a reduced viability as time passed
and the intensity applied increased. These data confirm that radiation induces a progressive
cytotoxic effect, which is more pronounced over more extended periods. Table 13 and Figure
27 show the MTT test VC and the average absorbance of NIH3T3 cells treated with radiation

intensities.

Table 13 - Percentage viability of NIH3T3 cells treated with different radiation intensities for
24h and 48h, using the MTT test.

Group/ radiation NIH3T3
(md.cm?) Cell viability (%)
Time (h) 24 48

CO- 100.00 100.00

CO+ 24.29 8.50

30 110.26  24.00
60 43.41  14.77
90 3135 11.19

CO-: Negative Control; CO+: Positive Control.
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Figure 27- Mean absorbance and standard deviation of NIH3T3 cells treated with radiation
intensities for 24h and 48h.

CO-: Negative Control; CO+: Positive Control.
* Results statistically different from the negative control (Dunnet's test, p<0.05).

They were considering that 60 mJ. cm radiation had a significant cytotoxic effect, with
a VC of only 44.95% after 24h; tests were carried out to assess the
cytoprotective/photoprotective potential of the emulsions applied. To this end, different ways
of applying the creams were tested: simultaneous treatment, pre-treatment and post-treatment,
using the samples EAO1.6Ch_5CS70/30 and VitE1.6Ch_5CS, both at a concentration of 400
puL.mL,

Table 14 shows that treatments with the EAO1.6Ch_5CS70/30 and VitE1.6Ch_5CS
samples alone demonstrated 94.77% and 93.15% VC, respectively. This suggests that both
creams are effective in maintaining cell viability without radiation.

In the simultaneous treatment test, the emulsions showed cell viabilities of 35.46% for
EAO1.6Ch_5CS70/30 and 35.46% for VitE1.6Ch_5CS, indicating that the emulsions were
unable to protect the cells from the effects of radiation. In the pre-treatment tests, the viabilities
were 41.32% for EAO1.6Ch_5CS70/30 and 41.41% for VitE1.6Ch_5CS, which, although

higher than the simultaneous treatment, are still lower than the viability observed with radiation
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alone. Post-treatment, EAO1.6Ch_5CS70/30 showed 42.26% and VitE1.6Ch_5CS 39.02%,
showing that both emulsions have a limited effect in reversing radiation-induced cytotoxicity.
These results indicate that although the emulsions stimulate cell division when applied
alone, none of the treatments carried out with radiation managed to improve the VC compared
to radiation alone, suggesting that the emulsions did not exert a significant
cytoprotective/photoprotective effect under the conditions tested over the 24h. Therefore, a
comparison of the results between the simultaneous pre- and post-treatments reveals that,
regardless of the mode of application, the emulsions do not achieve the VC observed with the
creams applied alone, which was 93.15% 94.77% for EAO1.6Ch_5CS70/30 and 94.15% for
VitE1.6Ch_5CS. This suggests that the 60 mJ.cm radiation has a predominant cytotoxic effect,

which is not sufficiently attenuated by the presence of the emulsions, as seen in Figure 28.

Table 14 — Percentage viability of NIH3T3 cells submitted to treatment with a concentration
of 400 pL. mL-1 for the samples and UVB radiation alone and in simultaneous (SIM), pre-
treatment (PRE) and post-treatment (POST) cytoprotection/photoprotection treatments.

NIH3T3

Group/ radiation/ treatments
Cell viability (%)

Time (h) 24
CO- 100.00
CO+ 22.91
Radiation (60 mJ. cm2?) 44.95
EAO1.6Ch_5CS70/30 94.77
VitEL.6Ch 5CS 93.15
EAO1.6Ch_5CS70/30 SIM 29.08
VitE1l.6Ch_5CS SIM 35.46
EAO1.6Ch _5CS70/30 PRE 41.42
VitE1l.6Ch_5CS PRE 41.32
EAO1.6Ch_5CS70/30 POST 39.02
VitE1.6Ch_5CS POST 42.26

CO-: Negative Control; CO+: Positive Control.
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Figure 28 - Mean absorbance and standard deviation of NIH3T3 cells treated with 400 pL.
mL* of the samples and UVB radiation alone and in simultaneous, pre-treatment, and post-

treatment cytoprotection/photoprotection treatments.
CO-: Negative Control; CO+; Positive Control; S1: sample EAO1.6Ch_5CS70/30; S2: sample VitE1.6Ch_5CS;
Columns followed by the same letter do not differ statistically by the Tukey test (p<0.05).

In the study by BORDES et al. (2021), Pickering emulsions stabilised by zinc oxide
(ZnO) and titanium dioxide (TiO,) nanoparticles showed excellent results as sunscreens,
demonstrating high efficacy in protecting against UV radiation. The success of these
formulations was attributed to the intrinsic ability of ZnO and TiO, to absorb and disperse the
sun's rays, providing an efficient physical barrier against the damage caused by sun exposure.
In contrast, this efficiency was not achieved in the present study because the stabilisers, Ch and

CS, do not have the same UV radiation absorption and scattering properties.

4.3.2.8.3. Skin corrosion test in vivo

Skin corrosion in earthworms was determined according to the definition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS) under hazard code
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H314, which states that skin corrosion is a hazard that ‘causes severe burns to the skin and
damage to the eyes’ (UN, 2021)—considering the irreversible damage to the earthworm's skin,
such as blisters, ulcers, oedema, bleeding, thinning, rippling, cutting and mortality.

The results of the corrosion test with the E. fetida worms exposed to the
EAO1.6Ch_5CS70/30 emulsion and the VitE1.6Ch_5CS emulsion show that neither of them
showed an average percentage of worms or an average number of alterations that were
statistically different from the CO-, at 2h and 24h. Thus, the data indicate no corrosive effect of
the creams on the skin of this organism. Despite this, it was possible to observe blistering,
corrosion/wear, oedema and cuts on the skin of the worms exposed to the EAO1.6Ch_5CS70/30
sample and blistering and ulcers on the skin of the worms exposed to the VitE1.6Ch_5CS
sample. Figures 29 and 30 show the skins of the earthworms used in this test.

For the positive control, a clear corrosive effect was observed, with the presence of
blisters, oedema, corrosion/wear, ulcers and ripples (Figure 31). Within 2h of exposure, 100%
of the worms showed some alteration and within 24h, all showed mortality.

Table 15 - Average percentage of worms and an average number of changes in worms
exposed to the treatment solutions for 2h and 24 h.

Average percentage of  Average number of
Group/ treatments

altered earthworms (%) changes
Time (h) 2 24 2 24
CO- 0 0 0 0
CO+ 100* 100* 3.4* 3.4*
EAO1.6Ch_5CS70/30 20 40 0.4 0.6
VitE1.6Ch_5CS 20 40 0.2 0.6

CO-: Negative Control; CO+: Positive Control.
* Result statistically different from the negative control (Dunnet test, p < 0.05).
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Figure 29- Effect observed under a stereoscopic microscope of sample EAO1.6Ch_5CS70/30

on the organism E. fetida.

*Changes observed: A and B - Blisters (2h); C - Blisters and ulcer under the clitellum (24h); D and E - Ulcer (24h);
F - Blisters (24h); G and H - No changes; I - clitellum without changes.

Figure 30- Effect observed under a stereoscopic microscope of sample VitE1.6Ch_5CS on

the organism E. fetida.
*Changes observed: A and B - Site where the organism was cut (24h); C - Cut (24h); D - Oedema (24 hours); E -

Corrosion/wear with blisters (2h);F - Blisters (2h); G and H - No changes; | - clitellum without changes.
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Figure 31- Corrosive effect observed under a stereoscopic microscope of the positive control

sample (CO+) on the organism E. fetida.

*Changes observed: A and B - Ulcer; C - Ripples; D - Blisters; E - Blisters under the clitellum; F - Oedema; G, H
and | - Corrosion/Wear.

In the study by HOU et al. (2024) with E. fetida, which assessed the toxicity of aqueous
polyurethanes based on castor oil, signs of toxicity similar to those found in this study were
also observed. The main symptoms included increased body circumference, haemorrhages,

slow movements and the production of a yellowish fluid.
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5. CONCLUSIONS

Pickering emulsions have been gaining increasing attention because they are stabilised
by solid particles, replacing surfactants or traditional stabilising agents, which can provide
products with different characteristics. This study aimed to develop Ch particles incorporating
compatible CS to produce Pickering emulsions for topical applications.

Initially, preliminary tests were carried out on the particles’ dispersion and the
emulsions’ preparation. The preliminary dispersion tests resulted in smaller particles than he
dispersions made with other proportions made during the preliminary tests, as well as high
uniformity. The emulsion tests identified the oil with potential compatibility with the dispersion
to develop stable emulsions.

The most promising dispersion (1.6Ch_5CS) was characterised in size, stability and
wettability. The particle size and distribution were determined by DLS analysis, with D,.; and
Span values of 1.93 = 0.02 pm and 1.35 = 0.01 pm, respectively. Despite the slightly large
particles, the stability of the emulsion was not compromised.

The { measurement was used to assess the charged dispersion’s stability. The sample
1.6Ch_5CS showed a ¢ value of 32.30 £ 1.64 mV, being considered stable. Wettability was
determined by 6, with a value of 97.10 + 2.91°, indicating a slightly hydrophobic character,
suggesting that the particles could stabilise W/O emulsions. However, solid particles that form
a three-dimensional network can stabilise O/W emulsions with contact angles between 15° and
129°, as observed in this study.

After the preliminary tests, two emulsions (O/W ratio of 70/30) were prepared: the base
EAO1.6Ch_5CS70/30 emulsion and the corresponding formulation added with alpha-
tocopherol (VitE1.6Ch_5CS). The emulsions were characterised in terms of droplet size and
distribution, morphology, physical stability and antioxidant activity. The emulsion type analysis
classified both emulsions as O/W despite the hydrophobic nature of the particles.

The two samples were monitored for 30 days, and the CI analysis indicated no phase
separation, indicative of stability. The DLS analysis showed a D,.; of 34.28 + 0.489 pum for the
EAO1.6Ch_5CS70/30 sample and 26.88 + 0.383 um for the VitE1.6Ch_5CS sample on day O,
with a slight droplet growth over time, without affecting stability. The { led to 38.7 £ 1.326 mV
values for the EAO1.6Ch_5CS70/30 and 38.7 = 1.22 mV for the VitE1.6Ch_5CS samples,

confirming stability over time.
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The colour test carried out one day after the emulsions' production revealed a light green
colour for both. Static and dynamic rheological tests were carried out, indicating the
pseudoplastic behaviour of the emulsions in the viscosity analysis. The amplitude and
frequency tests revealed characteristics similar to gels. The antioxidant analysis showed high
activity on the first day after production, with this activity being maintained throughout the
analysed period. Finally, toxicity and cytoprotection tests were carried out and it was possible
to verify the absence of toxicity for in vitro fibroblasts and for the skin of worms and absence

the sun protection properties of the emulsions for in vitro fibroblasts.

5.1. Future Works

Based on the results obtained and the analyses carried out, it is proposed to continue this

work with the following activities:

« Skin permeation tests- These tests will assess the formulation's effectiveness in
penetrating the skin layers and determine its bioavailability and therapeutic
potential.;

« Antimicrobial tests- These tests will assess the formulation's ability to prevent or
combat microbial infections, contributing to its safety and efficacy, especially in
dermatological applications;

» Sensorial tests- These will assess sensory characteristics such as texture, odour and
general feel on the skin, which are essential parameters for consumer satisfaction
and product acceptance;

 Incorporation of other vitamins- Incorporating additional vitamins can increase the
multifunctionality of the formulation, offering a more comprehensive range of

benefits, such as antioxidant protection or skin moisturisation.
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