cosmetics

Article

Microencapsulation, Cream Development, and Controlled
Clinical Study of an Upcycled Polyphenolic Extract Combined
with sh-Oligopeptide-1

Teo Mayayo 12, Gabriella Russo !, Ana Leticia Jiménez-Escobar !

2(2, Noelia Pérez-Gonzalez 11,

Beatriz Clares 23-4(2, Adolfina Ruiz 2, Lidia Tomas-Cobos 510, Ana Valera >, Almudena Gémez-Farto 1:%*

Salvador Arias-Santiago

check for
updates

Citation: Mayayo, T.; Russo, G.;
Jiménez-Escobar, A.L.;
Pérez-Gonzaélez, N.; Clares, B.; Ruiz,
A.; Tomas-Cobos, L.; Valera, A.;
Gomez-Farto, A.; Arias-Santiago, S.;
et al. Microencapsulation, Cream
Development, and Controlled Clinical
Study of an Upcycled Polyphenolic
Extract Combined with
sh-Oligopeptide-1. Cosmetics 2024, 11,
198. https://doi.org/10.3390/
cosmetics11060198

Academic Editor: Vasil Georgiev

Received: 1 September 2024
Revised: 10 November 2024
Accepted: 15 November 2024
Published: 20 November 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

4,6,

and Trinidad Montero-Vilchez 461

Institute for Biotechnological and Pharmaceutical Investigation and Orphan Drugs, Ltd.,

University of Granada, 18016 Granada, Spain

Department of Pharmacy & Pharmaceutical Technology, Faculty of Pharmacy, University of Granada,
18071 Granada, Spain

Institute of Nanoscience and Nanotechnology (IN2UB), University of Barcelona, 08028 Barcelona, Spain
Biosanitary Institute of Granada (ibs. GRANADA), 18012 Granada, Spain

Agri-Food Industry Research Association (AINIA), 46989 Paterna, Spain

Dermatology Department, Granada School of Medicine, Granada University,

Virgen de las Nieves University Hospital, 18012 Granada, Spain

Correspondence: almudenagomez@invesbiofarm.com

G oW

¥

These authors contributed equally to this work.

Abstract: Olive mills produce pomace as a by-product of olive oil production process, which has a
negative environmental impact. In this study, the dry extract of pomace (OG2), rich in polyphenols,
was used for cosmetic purposes. The polyphenolic extract was encapsulated together with sh-
oligopeptide-1 using cellulose fibres by spray-drying technology. Cytotoxicity and antistress cell
studies were carried out using a modified cell line (THP1). Based on the results, a single, randomised,
self-controlled study was conducted to evaluate the cream in thirty healthy volunteers. Statistical
analysis was performed using a paired samples {-test. Skin moisture increased in the treated forearm
(p-value < 0.000). There was an increase in elasticity in the treated forearm (p-value 0.042). TEWL
decreased after one week of cream application (p-value 0.099). The results of this clinical study
showed that the cream improved barrier function after one week of application on healthy skin.

Keywords: upcycling; polyphenols; sh-oligopeptide-1; microparticles; moisturiser; randomised
self-controlled study; TEWL; skin barrier function

1. Introduction

The circular economy is a model of production and consumption in which resources
are used in the most efficient way possible, involving the recycling, reusing, repairing,
regenerating and recovering resources rather than discarding them. In the agrifood industry,
virgin olive oil production has great potential to move toward a circular economy as it is
constantly growing and has tripled in volume over the last 60 years [1].

Pomace is the main by-product of olives for the extraction of virgin oil in most Spanish
olive mills. It has a high environmental impact as it is polluting, phytotoxic, and antimicro-
bial [2,3]. More than 80% of the olives entering the mill are converted into this pomace, so
recycling it is very important to adapt olive oil production to a circular economy model.

Despite the progress made in the use of residual olive biomass and the significant
reduction in the environmental impact of the sector, there is still much room for im-
provement in the use of all the by-products and waste generated from olive cultivation
to oil production.
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We used the pomace fractions rich in bioactive compounds such as polyphenols
with potential for cosmetic use, such as dried fatty olive pomace extract (polyphenolic
extract OG2), obtained from dynamic extraction processes. These polyphenols, derived
from olive oil production, are a group of substances of natural origin that are highly
effective antioxidants because they are hydrogen donors, which are accepted by reactive
radicals, reducing or eliminating their reactive capacity [4], and because of their ability to
protect against lipid peroxidation. They are very sensitive to certain physical and chemical
conditions such as light, heat, and oxidation. They require protective mechanisms that can
maintain their chemical integrity and be released at the appropriate site [5].

Sh-oligopeptide-1 is a single-chain recombinant human peptide; its starting gene was
synthesised to be identical to the human gene encoding the protein epidermal growth
factor (EGF). It contains 53 amino acids with disulfide bonds. This protein is involved in
maintaining tissue homeostasis by regulating cell survival, proliferation, migration, and
differentiation. This molecule is therefore important for maintaining proper skin barrier
function and promoting skin regeneration [6,7].

Sodium hyaluronate is the salt of hyaluronic acid (HA), a molecule with moisturising
and viscoelastic properties that reduces skin atrophy and improves the skin barrier. HA is
the most abundant natural glycosaminoglycan in skin tissues and a major component of
the extracellular matrix. In addition, hyaluronidase enzymes can cleave this polymer into
lower-molecular-weight fragments that have signalling properties and can stimulate cell
turnover, angiogenesis, and tissue remodelling, promoting re-epithelialisation and tissue
regeneration [8,9].

Aloe vera is a plant whose gel has important properties for skin. It has antibacterial,
antifungal, anti-inflammatory, analgesic, anti-irritant, antiviral, healing, and angiogenesis-
promoting properties. Topically applied, it has also been shown to increase skin suppleness
and reduce skin fragility. Several studies have shown the beneficial effects of this plant on
sensitive skin and skin diseases such as melasma, dry skin, and psoriasis [10,11].

Glycerin is a polyhydric alcohol that occurs naturally in the body in combination
with other molecules. It is used in cosmetic products for its protective, soothing, and
moisturising properties [12,13].

Calendula officinalis is a plant that contains several molecules such as flavonoids, triter-
penoids, glycosides, saponins, carotenoids, essential oils, amino acids, steroids, sterols, and
quinines. Thanks to these chemical compounds, Calendula has several interesting properties:
anti-inflammatory, antibacterial, antifungal, antiviral, healing, and antioxidant activities. In
addition, this plant has demonstrated its benefits in several clinical studies [10,14].

The application of bioactive compounds such as polyphenols or EGF in formulations
is limited due to some specific characteristics: their rapid release, low solubility, poor
bioavailability in the case of polyphenols, and rapid deterioration and loss of activity in the
case of EGF. Therefore, to preserve the quality of bioactive compounds or to improve their
applicability in food, nutraceutical, or cosmetic formulations, encapsulation is considered
as a viable alternative [7,15,16].

Encapsulation is a technology that can protect active compounds from oxidation
processes, improve their stability, and enhance their health benefits [17]. The selection of an
encapsulant agent is one of the key issues in an encapsulation process. Although there are
numerous materials that can be used as encapsulants, from a health and safety perspective,
encapsulation materials must be approved as GRAS (Generally Recognised As Safe) for use in
the food, cosmetic, and related industries. Polysaccharides, proteins, and lipids are some of
the ingredients that are used in the encapsulation of active compounds.

There is a wealth of scientific literature on the microencapsulation of phenolic com-
pounds using various techniques with polysaccharides as coating materials [18-21]. The
group of polysaccharides includes celluloses, which are the most abundant polysaccharides
in nature. The production of modified celluloses by chemical, physical, or biochemical
processes improves their functionality and can be considered as suitable encapsulation
materials [15]. Recently, two forms of cellulose have gained increased interest: cellulose
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nanocrystals and nanofibrillated cellulose, which refers to cellulose nanofibres, nanocellu-
lose, or micro- and nanofibrillated cellulose. Fibrillated cellulose has excellent properties for
the immobilisation of drug nanoparticles in suspension, the stabilisation of emulsions, and
sustained drug release [22]. In the cosmetic industry, cellulose nanofibres are expected to be
used in lotions, soaps, hair treatments, and anti-hair-loss and colour-enhancing agents [23].

The skin is a barrier against external agents, allergens, and pathogens. Disruption
of the skin barrier can lead to pathological conditions. Maintaining its structural stability,
improving its hydration, and preventing the inflammation that these external agents can
cause are essential for its proper functioning [24].

In view of the above, microparticles of an extract rich in polyphenols obtained from
pomace were developed together with sh-oligopeptide-1 using cellulose fibres as a coating
material. The aim was to prolong the useful life of the bioactive compounds by reducing
oxidation and protecting them from external agents, as well as reducing the organoleptic
effect. These microparticles were incorporated into a cosmetic formulation for topical
use to improve the epidermal barrier functioning. The proposed cream also involved a
patented method of protein stabilisation and a combination of active ingredients, OG2—EGF
microparticles, including polyphenols and sh-oligopeptide-1, sodium hyaluronate, glycerin,
Calendula officinalis flower extract, Aloe barbadensis leaf juice, and sh-oligopeptide-1, which
may have a beneficial effect on epidermal barrier functioning.

In addition to evaluating the efficacy of the polyphenolic extracts alone, this study
investigated the safety and efficacy of the cream as a skin barrier enhancer after topical
application in healthy adult volunteers.

2. Materials and Methods
2.1. Microencapsulation
2.1.1. Preparation of Microparticles

Microparticles were coated with two different materials, HiCap™ 100 heat-resistant
starch, from Ingredion Inc, and Exilva FM 05-V cellulose fibres, from Borregaard AS. sh-
oligopeptide-1 as the core in the patented solution (US Patent No. US 11,147,882 B2 by Inves
Biofarm) and polyphenolic extract OG2 were also included.

A Sartorius 153 (VWR International, LLC.West Chester, Pensilvania) granular balance,
HT-120DX mechanical stirrer (Witeg Labortechnik Gmbh, Wertheim Germany), and C-
MAG MS magnetic stirrer (IKA Werke GmbH & Co. KG, Staufen, Germany) were used to
prepare the microparticles and the dilutions used throughout this work and for the release
tests of the microparticles. Laboratory-scale microencapsulation trials based on spray
drying were carried out using a Biichi B-290 spray dryer (Biichi, Neuchatel, Switzerland).

After obtaining the dilution with a final concentration of 10% of cellulose fibres, the
microparticles were prepared and then transferred to the spray dryer. The preparation
method for obtaining microparticles was as follows: sh-oligopeptide-1 was added to the
HiCap starch solution and homogenised with an Ultraturrax (IKA, Werke GmbH & Co.
KG, Staufen, Germany) at 10,000 rpm for 4 min. The solution obtained was mixed with the
previously prepared cellulose fibres under moderate stirring using a magnetic stirrer at
500-1000 rpm. Finally, the polyphenols were added to the previous mixture and stirred
with a magnetic stirrer at moderate agitation for 15 min. Once a homogeneous mixture was
obtained, the solution was transferred to the spray dryer.

2.1.2. Microparticle Characterisation

The microparticles were analysed using a MOTIC OPTIC microscope (Labbox Labware
SL, Barcelona, SpainThe quality of the samples obtained was assessed by scanning electron
microscopy (SEM) to determine the morphology of the samples. Images were obtained
using a HITACHI model 5-4800 scanning electron microscope (Hitachi High-Technologies
Corporation, Japan) with a field emission gun (FEG) with a resolution of 1.4 nm at 1 Kv. SEM
is essentially a technique in which a beam of electrons is directed at a sample. This electron
bombardment produces different signals, which, when detected by suitable detectors,



Cosmetics 2024, 11, 198

40f18

provide information about the nature of the sample. The secondary electron signal provides
an image of the surface morphology of the sample, while the backscattered electron signal
provides a qualitative image of regions with different average atomic numbers.

The particle size distribution (PSD) was obtained using a Mastersizer 2000 (Malvern
PanalyticalMalvern, England) from Malvern Instruments, which allowed the analysis of
the particle size distribution of samples between 0.06 pm and 2 mm. It used two light
sources, a helium-neon laser and a solid-state blue light. To know the average particle
size of the samples obtained, the 50th percentile, d (0.5), which refers to the maximum
particle diameter below which 50% of the volume of the measured samples is found, was
considered. This parameter is also known as the median particle size by volume.

2.2. Biological Efficacy of Polyphenolic Extract OG2

To select concentrations that were biocompatible with the cell model of interest, a
cytotoxicity test was performed. The use of a sample concentration that did not affect cell
viability in the cell models used ensured that the effects observed were due to the action of
the sample of interest and not to any cytotoxicity that could alter/mask the cell metabolism
or metabolic pathway of interest.

The cytotoxicity of polyphenolic extract OG2 samples was determined with a dermal
keratinocyte model (HEKa). The cells were incubated with different dilutions of the sample.
After 24 h of incubation, cell viability was assessed with a fluorimetric colorimetric assay using
alamarBlue® reagent (Invitrogen). Fluorescence was measured at A excitation = 540 nm and
A emission = 590 nm using a Fluostar Optima plate spectrofluorimeter (BMG Labtechnologies,
Offenburg, Germany).

A primary culture of dermal keratinocytes, predominantly cells of the epidermis,
the most superficial layer of the skin (HEKa ATCC PCS-200-011), was used, and the cell
culture was maintained using the medium recommended by the ATCC (American Type
Culture Collection).

To assess the ‘anti-stress’capacity in relation to the antioxidant activity, the changes
in the expression of the NF-kb factor were evaluated. This transcription factor is a central
molecule in signalling pathways that causes cell damage (inflammation, oxidation, apopto-
sis, etc.). NF-kb plays an essential role in the transduction of the altered cellular state signal,
so that when cell damage occurs, NF-kb is activated and transduces the signal, causing
changes at the cellular and molecular levels. Thus, the inflammatory process can be repro-
duced by activating the transcription factor of interest, NF-kb, using the lipopolysaccharide
(LPS) from E. coli to assess whether the presence of the compound reverses the activation
of this pathway.

To perform this assay, THP1-XBlue-CD14 (invogen) cells were incubated with different
concentrations of the samples of interest for 2 h, followed by the addition of an NF-kb
activator, LPS (100 ng/mL), which induced cellular stress, and incubated for 24 h. After the
incubation period, the NF-kb activity was measured. The absorbance was read at 655 nm
using alamarBlue reagent, which contained the phosphorylated substrate that hydrolyses
alkaline phosphatase. NF-kb activity is directly proportional to the alkaline phosphatase
activity in terms of absorbance units measured, as alkaline phosphatase expression is
controlled by the NF-«kb promoter. The higher the NF-«b activity, the higher the absorbance.
The more NF-«b is inhibited, the greater the desired antistress effect.

2.3. Formulation Design

OG2—EGF microparticles, which contained polyphenolic extract OG2 and
sh-oligopeptide-1, sodium hyaluronate, glycerin, Calendula officinalis flower extract, Aloe
barbadensis leaf juice, and sh-oligopeptide-1 were selected as active ingredients for the for-
mulation. The concentration of each ingredient was determined based on bibliography or
polyphenolic particle results. We also introduced a stable sh-oligopetide-1 using a patented
solution (US Patent No. US 11,147,882 B2) to improve shelf-life and prevent degradation.
Various formulations based on the described active ingredients were developed using
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different concentrations and excipients. sh-oligopeptide-1 was incorporated into the formu-
lation in two different ways, encapsulated in the microparticles and as an active ingredient
in a patented solution.

A Sartorius 153 (VWR International, LLC., Pennsylvania, USA) granular balance was
used to determine the mass of the various reagents and ingredients used. An HT-120DX
mechanical stirrer (Witeg, Labortechnik Gmbh, Wertheim, Germany) with a metal rod with
fixed blades and a C-MAG MS magnetic stirrer (IKA Werke GmbH & Co. KG, Staufen,
Germany) were used to prepare the microparticles.

For the physico-chemical analyses, a MOTIC OPTIC microscope (Labbox Labware
SL, Barcelona, Spain) was used to evaluate aspects of the emulsion. The potentiometric
determination of pH was carried out using an HI902 pH meter (Hanna Instruments S.L.,
Guipuzcoa, Spain). A Smart rotational viscometer (Fungilab S.A., Barcelona, Spain) was
used to determine the viscosity of the formulation for rheological characterisation. A
centrifuge model Z36HK (Maschinenfabrik Berthold Hermle AG, Baden-Wiirttemberg,
Germany) was used to promote phase separation or precipitation to anticipate possible
instabilities and was used to centrifuge the cell suspension when necessary. A Precisterm
thermostatic bath (J. P. Selecta S.A., Barcelona, Spain) was used to expose the formulation
to high temperatures for short periods of time as part of the stability testing.

The formulation consisted of an emulsion composed of two phases, aqueous and oil.
Its components are described in the Table 1.

Table 1. Qualitative composition of the formula evaluated.

Function Components
Solvent Aqua
Glycerin, sodium hyaluronate, Aloe barbadensis leaf juice,
Active ingredients Calendula officinalis flower extract, sh-oligopeptide-1, OG2—EGF
microparticle bisabolol, Cocus nucifera oil, grape seed oil
Viscosity controller Carbomer
Surfactant PEG-18 Castor Oil Dioleate, PEG/PPG-4/12 dimethicone,
laureth-7, PEG-6 stearate, ceteth-20, glyceryl stearate, steareth-20
Chelating Disodium EDTA
Antioxidant Tocopheryl acetate, tocopherol, per}taerythrityl tetra-di-T-butyl
Hydroxyhydrocinnamate
Preservative Potassium sorbate, sodium benzoate, BHT
pH adjustment Sodium hydroxide

Once the emulsion was formed, the pH was measured and adjusted to between 4.50
and 5.50 using 3 M NaOH. Once the pH was adjusted, the organoleptic characteristics of
the emulsion were evaluated, and stability studies were started on the selected samples.
During the design and development phase of the topical repair cream in the laboratory, an
organoleptic study was carried out, and the cream was applied to each of the samples. In
particular, aroma, colour, texture, skin absorption, and homogeneity were evaluated.

2.4. Stability Studies

The stability of a product is the ability of the product to maintain its quality spec-
ifications as state on the container during its shelf-life when stored under the specified
conditions. Stability studies are tests that provide information to establish the shelf life of a
product in its original packaging under the specified storage conditions.

The stability of the cream was assessed according to the International Conference of
Harmonization (ICH) guidelines Q1A [25] and ISO/TR 18811:2018 [26]. A study under
accelerated conditions (40 &= 2 °C and 75 & 5% relative humidity) for 6 months and a study
under long-term conditions (25 &+ 2 °C and 60 £ 5% relative humidity) for 60 months were
performed to ensure the stability of the formulation.

The following characteristics were studied during this period:
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e  Physical and chemical characteristics:

Texture: pleasant, smooth, creamy, easy to apply;

Colour: light beige;

Odour: mild, characteristic;

Infrared spectrum: similar to the reference sample (the correlation coefficient,
which measures the degree of similarity between two spectra, should be greater
than 0.95);

pH: 5.5-6.5;

Relative density: 0.95-1.05;

Absorption: easy to absorb;

Emulsion distribution: microscopic test to observe homogeneous droplet distri-
bution;

o Emulsion stability: no phase separation in centrifugation test.

O O O O

o O O O

Infrared spectrum, pH, and relative density were determined according to the Euro-
pean Pharmacopoiea 10th Edition, Volume 1, 2019. Texture, absorption, colour, and odour
were assessed subjectively. Emulsion droplet size and distribution were determined by
observing a sample under an optical microscope at 10x and 40x magnification. Finally,
emulsion stability was determined by heating the sample at 50 °C for 5 min followed by
centrifugation at 3000 rpm.

e  Microbiological characteristic according to ISO 17516:2014 [27]:

o Total aerobic microbial count (TAMC): <1000 cfu/g or mL;
o Total yeast and mold count (TYMC): <100 cfu/g or mLh;
o Absence of pathogens: absence/g or mL:

Candida albicans;
Pseudomonas aeruginosa;
Staphylococcus aureus;
Escherichia coli.

2.4.1. Prestability Studies

The prestability study consists of carrying out certain tests in the early stages of
product development using different laboratory formulations. These tests, which are
of short duration, are intended to assist and guide the selection of formulations to be
subjected to more extensive stability and microbiological testing at a later stage. The tests
to be performed are selected by the company on the basis of its experience. The aim is to
eliminate those formulations that may show a certain instability, thus saving costs in future
more extensive tests.

This study was based on hot and cold cycles to subject the formulations to high-
stress shocks and high-temperature shocks in order to detect changes in their analysed
parameters such as viscosity, pH, appearance, odour, and colour. The centrifugation test
was also highlighted. Between 10 g and 15 g of each sample was taken and heated to
50 °C for 5 min in a thermostatic bath. They were then centrifuged at 3000 rpm for 30 min
according to the established protocol. This test made it possible to observe phase separation
in emulsions or the appearance of precipitates.

2.4.2. Accelerated and Long-Term Stability Studies

Accelerated stability studies are studies designed to achieve an increase in the rate of
the chemical or physical degradation of a product under extreme or exaggerated storage
conditions in its original container in order to monitor degradation reactions and predict
shelf-life under normal storage conditions.

Long-term stability studies are designed studies of the physical, chemical and microbi-
ological properties under controlled storage conditions over the proposed shelf-life of the
product according to the packaging proposed for marketing.
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Climate zones are areas characterised by the distribution of climatic elements according
to latitude; four zones are recognised in the world, distinguished by their prevailing annual
climatic characteristics, based on the World Health Organization (WHO) classification.

2.5. Study Design
2.5.1. Study Description and Location

A single, randomised, self-controlled trial was conducted between June and September
of 2021. This study was conducted at the Hospital Universitario Virgen de las Nieves in
Granada (Spain).

As the product contained different active ingredients, and the efficacy could be due to
this combination, it was very difficult to assess the effect of each active ingredient separately.
We therefore decided to use a study design in which each participant acted as their own
control [28-30], with one arm receiving the product and the other arm not receiving the
product, so that the effect obtained would be due to the combination of active ingredients
in the product. Thirty-two healthy subjects were enrolled and randomly divided into two
groups, left and right arm.

2.5.2. Eligibility Criteria for Subjects

Healthy subjects aged 18 years or older, without any dermatological inflammatory or
tumour diseases, were included in the study.

Subjects with dermatitis or other skin or allergic diseases were excluded from this
study. Subjects were instructed not to apply any topical products to the studied areas
during this study but were allowed to wash normally.

Subjects were recruited from the hospital where this study was conducted. Participants
were patients with common conditions such as nevi, fibroids, or seborrhoeic keratosis.

2.5.3. Intervention

This study was carried out by applying a cream containing several active ingredients,
such as OG2—EGF microparticles, containing polyphenols and sh-oligopeptide-1, sodium
hyaluronate, glycerin, Calendula officinalis flower extract, Aloe barbadensis leaf juice, and
sh-oligopeptide-1, supplied by the Instituto de Investigacién Biotecnoldgica, Farmacéutica
y Medicamentos Huérfanos, S.L. (Inves Biofarm).

Subjects were numbered consecutively according to the randomisation list. Half of
the subjects applied the product to the left forearm, and the other half applied the product
to the right forearm. All subjects were instructed to apply a pulse of the product to one
forearm of the assigned group twice a day at home for one week until it was completely
absorbed, while leaving the other forearm untreated.

A baseline measurement of the outcome measures was taken on both forearms at
the first visit. After one week of treatment, on day eight, all parameters were measured
again on both forearms, treated and untreated. The noninvasive measurements were per-
formed according to specific guidelines and device instructions. In addition, a tolerability
questionnaire was completed at the second visit to assess the volunteers” acceptance of
the cream.

2.5.4. Primary Outcome

The primary objective of this study was to evaluate the improvement in skin barrier
function by measuring homeostasis parameters related to epidermal barrier function at
baseline and after one week of treatment. All the parameters were measured as described
below using different probes adapted to the MPA 580 multiprobe system, a skin analyser,
and a Courage + Khazaka electronic GmbH, Cologne, Germany:

e  The akin moisture index was measured in arbitrary units (AUs) using a CM 825
corneometre(Courage-khazaka, Germany). It is expressed as the mean £ SD of
10 measurements. As the skin ages, the stratum corneum, the outermost layer of
the epidermis, becomes thinner, and the secretion of natural moisturising factors



Cosmetics 2024, 11, 198

8 of 18

decreases, leading to a reduction in the skin’s hydration capacity and the formation
of fine wrinkles. The degree of skin ageing is indirectly related to the skin moisture
content [31].

e TEWL was measured in g-m~2-h~! using a TM 300 Tewameter (Courage-khazaka,
Germany)., as showed in Figure 1. TEWL values are presented as the mean £ SD of
20 measurements. It is used to assess the function of the skin barrier function. When
the moisture protective layer of the skin is intact, the moisture content is higher, and the
TEWL index is lower [31]. The baseline TEWL of the skin of older and younger adults
is similar, but when the barrier is damaged, recovery to normal is much slower in
older people. The TEWL is higher in nonlesional skin of people with atopic dermatitis
than in those without, in surfactant-damaged skin, and after long- and short-term use
of topical corticosteroids [32].

e  Erythema and melanin indices were measured in arbitrary units (AUs) using an MX
18 mexametre (Courage-khazaka, Germany). Both erythema and melanin scores
are reported as the mean £ SD of 10 measurements. The main chromophores in
human scar tissue, haemoglobin and melanin, are primary determinants of skin colour.
The values of the erythema and melanin indices are based on the differences in the
absorption of red and green light by haemoglobin and melanocytes, respectively [33].
The erythema index is a useful parameter for studying UV-induced erythema, eczema,
and patch test reactions [34].

e  Skin pH was measured in pH units using a PH 905 skin pH meter (Courage-khazaka,
Germany). The pH values ae reported as the mean £ SD of 10 measurements. An
elevated pH favours a different microbiome, making the skin susceptible to infection
and eczema.

e  Skin temperature was measured in °C using an ST 500 skin thermometer. The temper-
ature value is expressed as the mean =+ standard deviation (SD) of 10 measurements.
The skin temperature of the lesions of patients with atopic dermatitis is significantly
higher than that of healthy subjects [35,36].

e  Skin elasticity was measured in % from the R2 value using a Cutometer dual MPA
580(Courage-khazaka, Germany). Collagen and elastin are the main proteins responsi-
ble for skin elasticity, and, when they are altered, skin elasticity is reduced [36].

Figure 1. Photograph of TM 300 Tewameter.

The different parameters were measured under the same humidity (40-50% relative)
and temperature (23 £+ 1 °C) conditions. Prior to measurement, participants were given
an acclimatisation period of 5-10 min to allow their blood circulation to return to normal
levels after any physical activity and to adapt to the room conditions. The area of skin to
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be assessed was not covered by clothing during the acclimatisation period. As hair could
interfere with the measurements, hairless areas of skin were selected for measurement.

2.5.5. Secondary Outcome

The secondary outcome of this study was to evaluate the occurrence of adverse events
(AEs). The occurrence of AEs was monitored by the investigators throughout this study.
The investigators were instructed to assess the observed AEs and report them as either
serious or nonsevere based on their potential relationship to the study treatment.

2.5.6. Statistical Analysis

Statistical analyses were performed using SPSS (SPSS for Windows, version 26.0
Chicago: SPSS Inc.). Variables were collected in a database and statistically analysed to
determine the significance of the results. Changes in the study area between treatment
sessions were assessed. Qualitative variables are presented as absolute (relative) frequencies
and quantitative variables as means and SDs. The normality of the variables was tested
using the Kolmogorov-Smirnov test and the Shapiro-Wilk test. Categorical data were
compared using the chi-squared test.

Student’s t-test was used to compare continuous variables in independent samples,
and Student’s t-test for paired samples was used to compare variables in the same individ-
ual. Statistical significance was considered at p < 0.05 with two tails.

2.5.7. Ethics

All subjects were informed of the study procedures and gave their informed consent
for inclusion before any study-related procedure. All procedures were noninvasive.

This study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Andalusian Biomedical Research Ethics Portal (Project
identification code 2327-M1-21) and by the Spanish Agency for Medicines and Medical
Devices (AEMPS) (project identification code 869/21/EC).

3. Results
3.1. Microencapsulation

The microencapsulation process involved using HiCap™ 100 starch and cellulose
fibres as coating materials and spray-drying technology.

The composition of the microparticles produced in each batch is shown in Table 2. It
shows the concentration of the core, consisting of the mixture of polyphenol extract OG2
and sh-oligopeptide-1, and of the coatings used (HiCap™ 100 starch and cellulose fibres).

Table 2. Composition of the OG2—EGF microparticles (polyphenolic extract OGS-0244 B1).

Component Concentration Function
Polyphenol extract OG2 32.6% Active ingredient
sh-oligopeptide-1 solution 7.3% Active ingredient
Hicap™ 100 starch 57.3% First coating
Cellulose fibres 2.7% Second coating

The selected sample was characterised using the two techniques mentioned above:
SEM and PSD. As shown in Figure 2, the sample had a practically homogeneous spherical
morphology. The surface of the spheres showed slight porosity.

Regarding the particle size distribution, the maximum particle diameter (d(0.5)) below
which 50% of the sample volume was found was 9.45 pm, as shown in Figure 3. In addition,
the graphical representation of the particle size distribution shows a single peak with a
relatively narrow bell, indicating that most of the sample approximated spheres (Figure 3).
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Figure 2. SEM image of microparticles.

Particle Size Distrihution

Volume (%)
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Particle Size (pm)

Figure 3. Particle size distribution.

A comparison between the infrared spectra of the selected OG2—EGF microparticles is
shown below in Figure 4, to determine any change in the microparticles over time and with
exposure to light. As shown in the following figure, the microparticles remained stable
after 3 and 6 months, as the correlation coefficient was higher than 0.95, but the peaks did
not exactly coincide, the difference being greater at 6 months than at 3 months. So, it could
be concluded that a slight modification in the microparticles was taking place. It will be
necessary to store them in a cool, dry place, protected from light.
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Figure 4. Infrared spectra of the selected OG2—EGF microparticles comparing the initial prepared
OG2—EGF microparticles (black line) with (a) OG2—EGF microparticles aged 3 months (red line);
(b) OG2—EGF microparticles aged 6 months (red line).

3.2. Biological Efficacy of the OG2Polyphenol Extract

A cytotoxicity study of the selected polyphenolic extract OG2 (OGS-0244 B1) was
performed in HEKa cells (primary keratinocyte model). The results are shown in Figure 5.
The top blue line at 100% represents the viability of the control cells. For cytotoxicity
studies, those with at least 80% viability are considered suitable.
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Figure 5. Evaluation of cytotoxicity of OG2 polyphenolic extract on HEKa cells.

The results showed that the OG2 polyphenolic extract was not cytotoxic in the concen-
tration range tested. Therefore, the highest concentration was selected for further studies:
polyphenolic extract OG2 (OGS-0244 B1) at 0.1 mg/mL.

The THP1 monocyte cell model was used (see Materials and Methods). The effects on
cell viability and on the biomarker of inflammatory/antioxidant response (‘cellular stress’),
NF-«kb, were assessed (Figure 6). The blue line in the figure indicates the control of the LPS
inflammatory stress treatment. Below this t-line a significant difference is considered to be
anti-inflammatory. A human monocyte cell line (THP-1) was used to study the reduction
in the activation of this transcription factor in vitro. Serial dilutions of extracts in culture
medium were used. As the samples were oily, they were first diluted in DMSO (an organic
solvent used for water-immiscible compounds and for application in cell culture) and then
in culture medium.

25
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Figure 6. Results of screening of dried extracts derived from pomace for bioactive effect on THP1-
XBlue-CD14 cells treated with different concentrations of the extracts.

OG1 at 0.1 mg/mL, OG2 in the range of 0.1-0.0001 mg/mL, and OGS3 in the range of
0.1-0.01 mg/mL were the bioactive effects evaluated in each polyphenolic extract sample.

Both cytotoxicity and biological effect were considered in the selection of extracts.

Based on the results obtained, the polyphenolic extract OG2 (OGS-0244B1) has po-
tential bioactivity as an antioxidant in a wide range of concentrations between 0.01 and
0.0001 mg/mL.

3.3. Stability Studies

The prestability tests with cold and hot cycles showed that the cream under devel-
opment did not show any change in its controlled parameters. It was therefore possible
to carry out the following stability study under the accelerated and long-term conditions
described above. During the stability tests, various parameters were analysed for 3 months
under accelerated conditions and 60 months under long-term conditions, as shown in
Tables 3 and 4.
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Table 3. Results of this study under accelerated conditions.
Time (Months)
Parameter
0 1 2 3
Appearance v v v v
pH 5.7 5.8 5.7 5.5
Correlation coefficient 1 0.995 0.995 0.988
TAMC (cfu/mL) <100 - - <100
TYMC (cfu/mL) <100 - - <100
Table 4. Long-term condition study results.
Time (Month)
Parameter
0 3 6 9 12 18 24 36 48 60
Appearance v v v v v v v v v v
pH 5.7 5.6 5.6 5.7 5.6 5.5 5.5 5.5 5.2 5.3
Correlation coefficient 1 0.996 0.990 0.991 0.990 0.997 0.998 0.992 0.987 0.966
TAMC (cfu/mL) <100 - - - - - <100 - - <100
TYMC (cfu/mL) <100 - - - - - <100 - - <100

The formula developed was stable over time, with physical, chemical, and organoleptic
parameters remaining constant over time, both in the climatic chamber conditions of the
accelerated studies and in the long-term studies.

The correlation coefficient was used to compare the infrared spectrum of the sample
at t = 0 with the infrared spectrum of the corresponding sample, taking a value of 1 for the

first sample.

3.4. Study Results

Thirty-two healthy subjects were enrolled, and two patients dropped out of the trial
by failing to attend the second appointment. Therefore, follow-up was completed for
30 subjects, as presented in the Figure 7 CONSORT profile.

Randomised
Enrollment healthy subjects
Allocation Right arm (n =18) Left arm (n = 14)
1loss ] 1loss
- (fail to attend) B (fail to attend)
Follow-Up and
analysis

Right arm (n =17) Left arm (n=13)

Figure 7. Diagram of CONSORT profile.

Table 5 lists the sociodemographic characteristics of the study participants, including

their age and sex.

3.4.1. Primary Outcomes

Some relevant changes were observed after one week of application of the evaluated
cream. For the cream arm, there was a 12.28 (2.41) AU increase in skin moisture (p < 0.000),
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a 0.24 (0.10) increase in pH (p = 0.022), and a 0.04 (0.02) % increase in elasticity (p = 0.041).
No changes were observed in the cream-free arm. Similarly, when comparing the changes
between the arms, statistically significant differences were found for moisture, temperature,
and elasticity.

The changes in the skin barrier function parameters are shown in Table 6 and Figure 8.
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Figure 8. Changes in homeostasis parameters before and after one week of cream application in
both forearms: (a) moisture; (b) TEWL; (c) erythema; (d) melanin; (e) pH; (f) temperature; and
(g) elasticity.
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Table 5. Sociodemographic characteristics of the study participants.

Characteristic Value
Age 39.80 + 12.86 years
Sex
Male 12 (40.00%)
Female 18 (60.00%)

Table 6. Differences in homeostasis parameters before and after one week of cream application for
both forearms (n = 30).

Forearm Without Cream Forearm With Cream

Homeostasis Parameter Before—-After Difference p** Before-After Difference p *** p
Moisture (AUs) 0.72 +2.19 0.746 12.28 +£2.41 <0.000 <0.000
TEWL (grm~2-h™1) —0.04 £ 0.63 0.954 —0.69 £ 0.74 0.355 0.215
Erythema (AUs) —6.36 £7.85 0.424 —8.15+ 6.44 0.215 0.791
Melanin (AUs) 1.16 £4.12 0.781 —4.81 £3.09 0.131 0.290
pH 0.29 + 0.09 0.005 0.24 +0.10 0.022 0.510
Temperature (°C) 0.20 £ 0.16 0.219 —0.25 +0.18 0.177 0.011
Elasticity (%) 0.009 £ 0.019 0.652 0.038 + 0.018 0.041 0.042

AUs, arbitrary units; TEWL (transepidermal water loss). ** p-value after using Student’s t-test for paired samples
to compare baseline and end-of-follow-up epidermal barrier function parameters in the arm that did not receive
cream. *** p-value calculated using Student’s t-test for paired samples to compare baseline and end-of-treatment
epidermal barrier function parameters in the cream arm. # p-value after using Student’s t-test for paired samples
to compare changes in epidermal barrier function parameters between the two arms.

3.4.2. Secondary Outcome
No AEs were reported by any of the subjects evaluated.

4. Discussion

As the skin ages, its moisture content decreases. The HA content, which is a major
component in in both epidermis and dermis, decreases with age, reducing the skin’s ability
to retain moisture, impairing epidermal barrier function and leading to the characteristic
dry skin of older people [37]. In our study, skin moisture increased in both forearms, but
there was a significant difference after one week of the cream application (p-value < 0.000)
and between both forearms (p-value < 0.000).

The TEWL is a measure of stratum corneum integrity [37] and, when elevated, is
associated with skin barrier dysfunction due to the abnormal organisation and composition
of the lipid matrix, allowing allergen penetration [38]. In our study, TEWL decreased in
both forearms, but no significant difference was observed between before and after cream
application (p = 0.355) or between the forearms (p = 0.215). The TEWL results obtained in
our study are within the normal range for TEWL, which is between 1 and 25 g-m~2-h~1.
TEWL values above this range indicate an alteration in the skin barrier function [39].

Erythema appears in the skin when it is exposed to irritants such as chemical sub-
stances or UV [40]. Erythema showed a reduction in both forearms, but no significance
was observed between before and after cream application (p = 0.215) or between forearms
(p=0.791).

Ageing leads to reductions in functional melanocytes and their melanin production,
resulting in pale skin in the elderly [41]. In our study, the melanin index reduced after one
week of cream application, but no significance was observed in either forearm (p = 0.131
and 0.781) or between them (p = 0.290).
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A skin pH of more than 6.8 is associated with a loss of antimicrobial activity [39,42]. In
our study, skin pH showed an increase in both forearms, with statistical significance before
and after one week in the cream forearm (p = 0.022) but no statistical significance between
the forearms (p = 0.510). The skin pH values observed are within the normal range.

Increased skin temperature is associated with skin barrier dysfunction [35]. Skin
temperature decreased 0.25 °C after one week of application of the cream (p-value of 0.177),
with significant differences between forearms (p = 0.011), as the forearm without cream
showed an increase in the skin temperature.

Collagen density decreases with age and is associated with a reduction in dermal
thickness; the dermal collagen network is fragmented with shorter with less-organised
fibres. The elastic fibres lose their integrity with age, resulting in an overall loss of elasticity,
leading to sagging and wrinkling [37]. In our study, elasticity showed a statistically
significant increase for each forearm after one week of cream application (p-value = 0.041)
and between forearms (p-value 0.042).

The improvement in the parameters related to skin barrier function could be due
to the active ingredients in the evaluated cream. Calendula officinalis has antimicrobial,
antioxidant and anti-inflammatory properties that protect the skin. Calendula also helps
to moisturise and calm the skin by stimulating the development of collagen. It is also re-
epithelialising and healing when applied topically [14]. Aloe vera has been shown to increase
suppleness and reduce skin fragility through its regenerative properties when applied
topically [11]. It prevents fungal infections, and it has healing, anti-inflammatory emollient,
moisturising, and hydrating properties [43,44]. It also promotes the absorption of other
active ingredients into the skin [45]. HA is a natural molecule with moisturising properties
and forms a viscoelastic layer that contributes to reducing skin atrophy and improving the
skin barrier [8]. Treatment with exogenous HA stimulates biological matrix deposition and
reduces inflammation. HA also promotes epithelial cell migration and differentiation, as
well as angiogenesis and collagen deposition, reducing the roughness of the newly formed
epidermis [46]. sh-oligopeptide-1 is a recombinant human peptide. Its starting gene has been
engineered to be identical to the human gene encoding EGF. EGF is a protein essential for
maintaining the integrity of the epidermal barrier. It has activity in epithelial tissue on
keratinocytes, endothelial cells, and fibroblasts and plays a key role in skin regeneration
and in maintaining tissue integrity. In addition, EGF increases the expression of other
growth factors, elastin and collagen molecules (type 1 and 3), regulating inflammatory
processes and intervening in the degradation and production process of the extracellular
matrix [6,47]. When applied topically, EGF restores depleted levels of this growth factor,
and the activity of the cells responsible for dermal remodelling is regulated. This molecule
has demonstrated excellent topical penetration into the stratum corneum [48]. Glycerin can
trigger a transition of crystalline lipid structures in the stratum corneum lipids to liquid
crystalline states. It also increases the elasticity of the skin, increases hydration, reduces
roughness, and protects against the harmful effect of strong surfactants and lipophilic
agents. Glycerin also facilitates the penetration of other active ingredients [49].

Therefore, the active ingredients used in the cream provide benefits such as improved
skin hydration and reduced erythema.

No AEs were reported. The cream used in this study was safe and very well tolerated.

Sex, age, and forearm of application were not relevant to this study, and the data
did not differ between them. Factors that could influence the results of this study were
controlled for, as each patient acted as their own dual control by comparing how their skin
responded before and after one week of treatment in one arm with the evaluated cream
and one arm without it.

The strength of our study is that it is a randomised, controlled trial, and it is based
on objective parameters of skin homeostasis. The cream contained an innovative patented
protein stabilisation technology and the combination of different active ingredients such as
OG2—EGF microparticles, including polyphenols and sh-oligopeptide-1,
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sodium hyaluronate, glycerin, Calendula officinalis flower extract, Aloe barbadensis leaf juice,
and sh-oligopeptide-1, which was tested for its effects on skin barrier function.

This study has limitations. There were two losses in this study, and the protocol
was followed according to the established schedule and procedure. Observational bias
was reduced as much as possible by training the investigators, checking and calibrating
the measuring equipment, and standardising the diagnostic procedures and criteria. To
strengthen the results, objective parameters were measured using probes that analysed
different skin parameters.

Another limitation of our study is its duration, one week of treatment, which limits
the interpretation of long-term results. It would be advisable to carry out longer studies in
the future to take further measurements and ensure the efficacy of the cream over time.

Given the results obtained for the cream in improving skin barrier function, its may be
used as a moisturiser and skin barrier enhancer.

5. Conclusions

In conclusion, the proposed cream containing OG2—EGF microparticles, including
polyphenols and sh-oligopeptide-1, sodium hyaluronate, glycerin, Calendula officinalis
flower extract, Aloe barbadensis leaf juice, and sh-oligopeptide-1, is a stable formulation over
time, with demonstrated biocompatibility in vitro and in vivo. After one week of treatment,
improvements were observed in skin moisture, temperature, and elasticity as parameters
of skin barrier function. These results suggest that the proposed cream could be an effective
treatment for daily skin care, with wide applications in cosmetics.
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