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Abstract

The skin is a dynamic organ that plays a crucial role in human health and well-
being. It is the main organ in contact with the environment and external agents, so it is
extremely important to keep the skin barrier hydrated.

Moisturizers are topical products that play a fundamental role in any skin care
routine, helping to improve and maintain the skin's barrier function. Their mechanism of
action is to minimize transepidermal water loss (TEWL) by forming a hydrolipidic film
on the skin.

Moisturizers can be classified as hydrophilic (humectants) or lipophilic
(emollients or occlusives). Humectants, thanks to their hydroscopic nature, are able to
capture water, attracting it to the inner layers of the dermis. Occlusives, on the other hand,
due to their lipid properties, form a physical barrier that reduces water evaporation.
Emollients occupy the space between the cells of the stratum corneum (corneocytes),
increasing cell cohesion and controlling TEWL.

The cosmetics market has evolved substantially, incorporating innovative
ingredients to meet consumer needs. In 2022, Portugal ranked 14" in the European Union,
with cosmetics consumption estimated to be 1488 million euros.

The popularization of social media and the internet has made consumers more
aware of the potential risks associated with the use of various chemicals in cosmetics.
Although these substances are legally regulated, with substantial studies on their safety,
an increasingly number of consumers nowadays tend to prefer more natural products in
cosmetics, especially in the ones that are used in a daily basis. In response to this market
need, there has been a considerable increase in the demand for products that not only
satisfy their aesthetic needs, but also that display a more natural and sustainable
composition. In response, the cosmetics industry has invested significantly resources in
developing products based on vegetable raw materials and other more sustainable

resources.

Keywords: skin; cosmetics; moisturizers; sustainability.



Resumo

A pele ¢ o principal 6rgdo em contacto com o ambiente e agentes externos, sendo
por isso extremamente importante manter a barreira cutanea hidratada.

Os hidratantes sao produtos cosméticos e de higiene corporal que desempenham
um papel fundamental em qualquer rotina de cuidados da pele, ajudando a melhorar e a
manter a funcdo de barreira cutanea. O seu mecanismo de a¢do consiste em minimizar a
perda de dgua transepidérmica (TEWL), através da formacao de um filme hidrolipidico
na pele.

Os hidratantes podem ser classificados como hidrofilicos (humectantes) ou
lipofilicos (emolientes ou oclusivos). Os humectantes, gracas a sua natureza hidroscdpica,
conseguem captar agua, atraindo-a para as camadas internas da derme. J& os oclusivos,
devido as suas propriedades lipidicas, formam uma barreira fisica que reduz a evaporacgao
da dgua. Os emolientes ocupam o espago entre as células do estrato corneo (cornedcitos),
aumentando a coesdo celular e controlando a TEWL.

O mercado cosmético tem registado uma evolugao substancial, na Gltima década,
sendo que se revela uma tendéncia cada vez maior para a incorporacdo de ingredientes
inovadores, de caracter mais sustentavel. Em 2022, Portugal ocupava o 14° lugar na Unido
Europeia, com um consumo de cosméticos avaliado em 1488 milhdes de euros.

A popularizagdo das redes sociais e da internet sensibilizou os consumidores para
0s riscos potenciais associados a utilizacdo de varios produtos quimicos nos cosméticos.
Embora estas substincias estejam legalmente aprovadas, com seguranca e eficacia
comprovada, uma percentagem significativa de consumidores prefere ingredientes de
origem natural, especialmente em produtos aplicados diariamente. Em resposta a esta
necessidade do mercado, registou-se um aumento consideravel da procura de produtos
que satisfacam ndo s6 as suas necessidades estéticas, mas que tenham uma composi¢cao
natural ¢ sustentavel. Por isso, a industria cosmética tem investido no desenvolvimento

de produtos a base de matérias-primas vegetais e outros recursos mais sustentaveis.

Palavras-chave: pele; cosméticos; hidratantes; sustentabilidade.
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Introduction

1. Introduction

1.1. Composition and function of the skin barrier

The skin, the largest organ in the human body, represents approximately 16% of
the body's weight and displays an extensive surface area, estimated to be around 2 m?
(Castro et al., 2023). As depicted in Figure 1, structurally, the skin presents three distinct
tissue layers: (i) epidermis, which is the outermost layer; (ii) dermis; and finally (iii)
hypodermis, which is the deepest (Gilaberte et al., 2016). In what regards the skin’s main
functions, its primary role is to be the body's first line of defense against the surrounding
environment. By being both a physical and chemical barrier, the skin offers essential
protection against a variety of invasive agents, including pathogenic microorganisms,
toxic agents and even ultraviolet radiation (Yousef et al., 2024). Furthermore, due to its
bidirectional functionality, the skin also acts as a mediator between the body and the
exterior. The skin is capable of control the water loss, electrolytes, and other constituents
from the milieu interior while, and at the same time, reduce the entry of harmful or

unwanted xenobiotics from the environment (M. Brown et al., 2024).

Skin

Stratum corneum
Stratum granulosum

Epidermis —E
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Figure 1 — The layers of the skin. Adapted from (Meza, 2018).
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1.1.1. Epidermis

The epidermis is the top layer of the skin and its main function is to form a barrier
between the body's internal structures and the external environment. This layer is also
responsible for metabolising xenobiotics, as well as to promote the synthesis of melanin
in melanocytes, the cells responsible for skin pigmentation and sun protection (Nunes et
al., 2017).

Four distinct strata can be observed in the epidermis: Stratum germinativum or
basale, Stratum spinosum, Stratum granulosum and Stratum corneum (Figure 2) (Baroni
etal., 2012). A further layer, the stratum lucidum, is seen in the soles of the feet and palms
of the hands, since these regard more thickened skin regions. However, stratum lucidum

is difficult to notice, even microscopically (Freeman & Sonthalia, 2023).

E i d i
— —_:} Dead cells filled with keratin
S.’"(.’H.U” COrneum
Stratum lucidum
Stratum granulosum
Lamellar granules
Stratum spinosim —— — Keratinocyte
Stratum basale ————— /
7 Y Merkel cell
Melanocyte - o A ~
i - Sensory neuron
Dermis 7 74

Figure 2 — Structure of the epidermis. Adapted from (OpenStax, 2012).

The non-viable epidermis, or better known as the stratum corneum, is essentially
composed of a layer of protein-rich dead cells (corneocytes), which are embedded in a
lipid matrix. This lipidic matrix is essentially composed by three main lipid classes:

cholesterol, ceramides and free fatty acids (FFAs), which all play a key role in

10



Introduction

maintaining the skin's hydration. These components will be presented in more detail in
the following sections (Nunes et al., 2017). On the other hand, corneocytes are flat,
hexagonal structures that contain keratin and are surrounded by a protein-reinforced
envelope. This structure mainly regards a wide range of proteins, such as involucrin,
loricrin, filaggrin, proline-rich proteins and keratolinin (Barel et al., 2009). The
corneocytes of the stratum corneum arise from the differentiation of keratinocytes located
in the stratum granulosum. Keratinocytes are the most abundant cells in the epidermis
and are responsible for producing keratin, which gives the skin its resistance and
impermeability (Tortora & Derrickson, 2016). As keratinocytes divide and migrate
towards the outer layers of the skin, a process known as differentiation, these cells change
their cellular content and morphology. Just below the stratum corneum, is the stratum
lucidum, which is made of flattened cells without a nucleus (Freeman & Sonthalia, 2023).

The viable epidermis is made up of all the remaining layers. Then, there is the
stratum granulosum, which is made up of cells that are continuously degenerating. These
cells contain keratohyalin granules, which play an essential role in forming the epidermis
lipid barrier (Barbieri et al., 2014; Seeley et al., 2011). The stratum spinosum, or better
known as the Malpighian layer, consists of cells that are in the process of active cell
division. In greater numbers, there are keratinocytes (which will later give rise to
corneocytes), Langerhans cells (which play a key role in immune mechanisms and are
considered macrophages) and melanocytes (Yousef et al., 2024). Finally, there is the basal
layer, which is made up of ‘stem cells’ that continually divide to produce new cells in the
epidermis. These cells gradually migrate to the uppermost layer of the skin, maturing over
a period of 14 days. In the statum corneum, they remain for another 14 days until they are
eliminated from epidermis (a process known as cell turnover, which takes around 28 days)
(American Skin Association, 2020; Brown et al., 2024). In this layer, there is another
specialized cell type — the Merkel cell, which has a predominant role in tactile sensation,
as well as in the transmission of sensory signals to the nervous system. Merkel cells
display these functions due to their connection with nerve endings, present in the dermal
side of the basement membrane and commonly found around the touch-sensitive sites of

the body, such as the lips and fingertips (M. Brown et al., 2024; Woo et al., 2015).
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1.1.2. Dermis

The dermis regards the mean layer of the skin, between the epidermis and the
hypodermis. Its thickness is highly dependent on the body site, but usually it is about 3-5
mm thick (M. Brown et al., 2024). The main function of this layer is to strength, support
and provide flexibility to the skin. Anatomically, the dermis is made up of two
heterogenous layers: a lower (reticular) and upper (papillary) (M. Brown et al., 2024).
The reticular layer is rich in collagen fibers, which are arranged parallel to the skin's
surface (T. M. Brown & Krishnamurthy, 2022; Chanda & Singh, 2023). This layer is
responsible for supporting the blood vessels, lymphatics, nerves, hair follicles (HFs),
sebaceous glands, as well as the sweat glands. It is mainly composed by connective tissue,
more specifically collagen fibers, that provide for mechanical strength, as well as elastic
fibers for flexibility. These fibers are embedded in an amorphous gel-like matrix that also
contains water, glycoproteins and glycosaminoglycans (e.g., hyaluronic acid and
dermatan sulfate) with small amounts of heparan sulfate and chondroitin sulfate (M.
Brown et al., 2024). On the other hand, the papillary layer is composed by loosely
arranged collagen fibers, that seek to increase the surface area between the dermis and
epidermis. Furthermore, this layer contains terminal networks of capillaries, that actively
promote the exchange of nutrients, waste products and oxygen (M. Brown et al., 2024).

The dermis also possesses sensory receptors, responsible for receiving stimuli
from the outside environment and feel pressure, pain and temperature (Castro et al., 2023;

Gilaberte et al., 2016; Sociedade Portuguesa de Dermatologia e Venereologia, n.d.).

1.1.3. Hypodermis

The hypodermis, also known as subcutaneous tissue, is the deepest layer of the
skin and its thickness can vary depending on the anatomical region, reaching up to 3 cm
in the abdomen (Institute for Quality and Efficiency in Health Care, 2022). This layer is
fundamentally made up of fat microglobules and fibrous collagen, but also blood vessels,
lymphatic vessels and nerves (Jepps et al., 2013). Its function includes protection against
physical trauma to the underlying tissues, storing energy, insulating the skin and
providing a connection between the underlying structures, such as muscles and bones.

(Jepps et al., 2013; Olatunji & Das, 2015). Like the other layers of the skin, its thickness
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varies between individuals and can be influenced by factors such as gender, race, age and

the anatomical region (Olatunji & Das, 2015).

1.2. Physiological Processes Involved in Skin Hydration

The hydration of the epidermis highly conditions both the appearance, as well as
the physical properties of the skin. Skin hydration is influenced by various parameters,
namely external humidity, skin structure, lipid and protein composition, the skin's barrier
properties and also by the concentration of hygroscopic molecules, better known as
natural moisturizing factors (NMF) (Hara-Chikuma & Verkman, 2008).

Natural moisturizing factors (NMF) are located exclusively in the stratum
corneum, more specifically inside mature corneocytes. These compounds derive from the
filaggrin, which as previously detailed, comprises a protein present in the viable
epidermis. Through the hydrolization of this protein, a complex mixture of hygroscopic
free amino acids, amino acid derivatives and salts is formed, which together constitute
the NMF. Their composition, depicted in Table 1, mainly regards a mixture of natural
hygroscopic molecules, being the majority amino acids and related compounds. These
compounds account for 20 to 30% of the dry weight of the stratum corneum and play a
key role in maintaining the water content of the stratum corneum, as well as to contribute
to the skin barrier function (Bonté, 2011; M. Brown et al., 2024).

As hygroscopic molecules, NMFs have the ability to bind to water molecules,
absorbing them and dissolving in the moisturizing water itself. This process is essential
for maintaining hydration inside the corneocytes, which in turn keeps the stratum
corneum and its outer layers moisturized. Not all the components of NMF are located
inside the corneocytes, being sugars, urea and especially lactates mainly present outside

these cells (Rawlings & Harding, 2004).
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Table 1 — Chemical composition of natural moisturizing factor. Adapted from (Rawlings &
Harding, 2004).

Chemical Composition (%)
Free amino acids 40
Pyrrolidone carboxylic acid 12
Lactate 12
Sugars 8.5
Urea 7
Chloride 6
Sodium 5
Potassium 4
Ammonia, uric acid, glucosamine and creatine 1.5
Calcium 1.5
Magnesium 1.5
Phosphate 0.5
Citrate and formate 0.5

Skin hydration was only associated with the presence of NMF, but over time, other
pathways for skin hydration have been discovered (Figure 3). These include: (i) the
presence of endogenous glycerol as a natural humectant; (ii) the bilayer arrangement of
skin lipids, as well as; (iii) the presence of tight junctions (TJ) in the stratum granulosum
of the epidermis (Barel et al., 2009; Bont¢, 2011). In the next sections, these mechanisms

will be detailed.

Tight junctions Endogenous glycerol
Bilayer arrangement of . Natural
lipids moisturising factors

Figure 3 — Physiological mechanisms of skin hydration. Adapted from (Barel et al., 2009).
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Glycerol acts as an endogenous humectant, which is capable of diffusing
osmotically into the stratum corneum and the underlying epidermis. This process enables
water uptake, thus promoting a reservoir effect that enhances the skin's ability to retain
water (Z. Draelos, 2012). In fact, there is a protein that regulates the transport of water
and glycerol between the stratum corneum and viable epidermis — aquaporin-3 water
channel (AQP3) (Bonté, 2011; Z. Draelos, 2012). This is the most abundant aquaporin in
the epidermis and is able to cross the membrane 6 times to form a pore, allowing the
selective passage of these compounds (Bollag et al., 2020).

Other physiological mechanism that helps to regulate skin hydration reports to the
lamellar or bilayer arrangement of skin lipids. Their specific spatial conformation,
regardless of their specific nature, acts as a natural barrier to water permeability. In the
skin, there is a significant gradient in the chemical potential of water between the viable
epidermis, where the water content is approximately 70 % by weight, and the junction
between the stratum granulosum and the stratum corneum, where the water content drops
to 15 to 30 %. From this sharp gradient, the distribution of lipids in overlapping bilayers
forms a continuous region in the stratum corneum, which is an efficient way of reducing
skin water loss. Water molecules trying to move out of the stratum corneum need to cross
the path provided by the lipid bilayer structure. In addition, fully mature corneocytes
increase the tortuosity of the pathway, prolonging the diffusional path of the water. Thus,
the combination of the ordered lamellar arrangement of intercellular lipids and the
increased diffusional path determined by corneocytes significantly contributes to an
increased retention of water molecules in the epidermis, and subsequently to a reduction
in transepidermal water loss (TEWL) (Barel et al., 2009).

Figure 4 shows the brick-and-mortar model, that is helpful to understand the
structure of the stratum corneum , with the bricks being the corneocytes and the "mortar"

being the lipids that made up the skin barrier.
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Figure 4 — Bilayer arrangement of skin lipids. Adapted from (Voegeli, 2007).

Other mechanism that contributes to the maintenance of skin hydration concerns
the presence of tight junctions in the stratum granulosum. These structures are made up
of transmembrane proteins such as claudins, occludins and junctional adhesion molecules
(JAMs), as well as proteins from the TJ plate (zonula occludens). The interaction between
these proteins forms a semi-permeable barrier to adjacent cell membranes, which impairs
the water passage through the intercellular space of the stratum granulosum. Thus, tight
junctions contribute to the skin's barrier function and to a decrease in TEWL (Barel et al.,
2009; Basler et al., 2016).

Although these physiological skin mechanisms contribute to maintaining
hydration, it is necessary to moisturize the skin with products designed for this purpose.
The daily use of moisturizers improves the softness, hydration and flexibility of the skin,
preserving the skin barrier and preventing TEWL (Purnamawati et al., 2017). To ensure
adherence, it is that the cosmetic product displays pleasant sensory properties. Therefore,
these characteristics, such as rapid absorption, spreadability and a feeling of softness, are
crucial when developing moisturizing formulations (A. L. Wagemaker et al., 2013;

Brown et al., 2024).
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1.3. Hydration in cosmetics

From the patient/consumer point of view, topical moisturizers should cover 4
basic needs: (i) provide softness to the skin; (i) increase skin hydration; (iii) improve skin
appearance and finally (iv) provide beneficial ingredients to the skin's surface (Figure 5)

(Z. D. Draelos, 2018).

(R RRRRRERRRERD

Provide Increase skin
softness to N
the skin y
Moisturizer
Provide
Improve skin ) ben;rﬂcial
appearance ingredients to

the skin's surface

Figure 5 — Main functions of a moisturizing product. Adapted from (Z. D. Draelos, 2018).

The process to adequately select the most suitable moisturizer for each individual
often relies on a process of trial and error, depending on consumer preferences, as well as
skin characteristics. Nevertheless, the pharmacist role in the selection of such products
may be extremely relevant, as they are often the first source of advice for users with mild
dermatological diseases (Fabbro et al., 2014).

Pharmacists are widely recognized as an accessible source of health advice. A
study by Harvey and colleagues reported that since the beginning of the COVID-19
pandemic, users are increasingly turning to their community pharmacy for more effective
and timely advice (Harvey et al., 2024).

Most moisturizers available on the market are regulated as cosmetics, however
they may also be classified as pharmaceutical products or medical devices. When
regulated as pharmaceutical products or medical devices, moisturizers can be marketed
for the treatment or prevention of certain pathologies (i.e. atopic dermatitis, psoriasis,
ichthyosis). In fact, moisturizers highly contribute to the relieve of dermatological
symptoms ranging from dryness, stretching to itching. Furthermore, moisturizers also

increase skin flexibility and thereby contribute to restore the defective skin barrier that
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characterizes a wide range of skin diseases (M. Brown et al., 2024). Due to the appointed
reasons, in recent years there has been a significant increase in the number of formulations
certified as medical devices in Europe for the treatment of dermatological diseases
(Lodén, 2016). These dermatological products are widely prescribed due to their proven
efficacy in the prevention, as well as in the treatment of various dermatological conditions
(Mawazi et al., 2022).

Moisturizers can be divided into two main types: lipophilic or hydrophilic.
Hydrophilic moisturizers, also known as humectants, attract and retain water on the skin's
surface. On the other hand, lipophilic moisturizers, can be subdivided into emollients,
which soften and smooth the skin, and occlusives, which form a barrier to reduce TEWL
(Figure 6) (Barnes et al., 2021).

An ideal moisturizing product should have an appropriate balance of proportions
between occlusive compounds, humectants and emollients. In order to restore and
maintain skin hydration, it is essential that these ingredients are present in sufficient
quantities to create a favorable environment to repair the skin barrier (Mawazi et al.,
2022). Table 2 depicts the existing classes of moisturizers, their effects on the skin, as

well as raw material examples.

Table 2 — Common moisturizers and their effects on the skin. Adapted from (Barnes et al., 2021).

Moisturizer

Class Effects on the skin Examples
Glycerin, gelatin, propylene
Low  molecular  weight glycol, butylene glycol,
Humectants substar_lces, WhiCh' are panthenql, .sorbitol, ~urea,
resposible for attracting and hyaluronic acid, glycolic acid,
holding the water lactic acid and sodium

pyrrolidine carboxylic acid
Saturated and unsaturated

variable length hydrocarbons. . .
The substances enhance the Cholesterol, squalene, linoleic

Emollients softeness of the skin by filling acid, stearic acid, oleic acid and
fatty alcohols

the spaces in between the
corneocytes

White soft paraffin/petrolatum,
beeswax, mineral oil,
dimethicone, lanolin, carnauba
wax, cetyl alcohol, and
caprylic/capric triglyceride

Oils and waxes, which act
through the formation of an
inert layer, that physically
blocks TEWL

Occludents
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Figure 6 — Action mechanisms of moisturizers. Adapted from (Barnes et al., 2021).

Humectants are substances that attract and retain water on the skin's surface. These
compounds are able to increase water absorption, from the deeper layers of the skin, into
the epidermis. However, this process can increase TEWL due to evaporation. To reduce
this effect, they are often combined with occlusive agents, which help to improve the
barrier function of the epidermis and, consequently, skin hydration (Purnamawati et al.,
2017; Rajkumar et al., 2023).

Many humectants are the same molecules that form NMF (i.e. lactic acid,
pyrrolidone acid). These are composed of a mixture of hygroscopic and soluble low
molecular weight substances, and as +previously referred play a key role in moisturizing
the stratum corneum (Barnes et al., 2021; Purnamawati et al., 2017; Rajkumar et al.,
2023).

Occlusive agents play a fundamental role in maintaining the stratum corneum
hydration, through the reduction of TEWL, and at the same time by allowing the transfer
of water that is necessary for normal skin function (Mawazi et al., 2022). This class of
moisturizers is made up of substances that do not have hydroxyl functional groups in their
chemical structure. This chemical absence provides the hydrophobic properties,
characteristic of this class. Given their lack of chemical affinity with water molecules,
these compounds are unable to attract or retain water directly on the skin's surface
(Mawazi et al., 2022). However, their effectiveness lies in their ability to form uniform,
hydrophobic films on the skin, which act as a physical barrier, retaining the moisture
inside and preventing it from evaporating into the atmosphere (Z. D. Draelos, 2013;

Mawazi et al., 2022).
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Emollients are mainly made up of long-chain saturated fatty acids, such as stearic
acid, linoleic acid, oleic acid and fatty alcohols obtained from natural fats/oils (i.e. wool
grease, palm oil, coconut oil) (Barnes et al., 2021; Purnamawati et al., 2017).

The number of double bonds in a fatty acid and their distribution along the carbon
chain are among the most important characteristics in an emollient. In turn, its molecular
weight can be used to distinguish it from an occlusive product (Mawazi et al., 2022).

The action mechanism of emollients mainly relies on their ability to replicate the
intracellular bilayers of the stratum corneum, filling in the spaces between the
corneocytes. This ultimately improves the skin's feeling of lubricity and glide (Barnes et
al., 2021). As a result, there will be an increase in the skin's softness and plasticity, which
significantly improves the skin texture and overall appearance. In addition, emollients
have important effects on the skin's barrier function, membrane fluidity and cell signaling,
by enhancing skin repair and permeability (Barnes et al., 2021; Purnamawati et al., 2017).

Figure 7 shows examples of ingredients used in emollient formulations and their

respective classifications.

Isopropyl palmitate, isostearyl
alcohol, decyl oleate

Propylene glycol, octyl stearate,
glyceryl stearate, jojoba oil, castor oil

Dimethicone, cyclomethicone, octyl
octanoate, isopropyl myristate

Isopropyl isostearate, diisopropyl dilinoleate

Figure 7 - Emollients classification. Adapted from (Purnamawati et al., 2017).
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1.4. Cosmetic products

Cosmetic products are an essential part of the personal care routine and are
designed to cleanse, beautify, protect and enhance the appearance and health of the skin,
hair, nails and other parts of the body. The regulatory agencies provide clear definitions
on what a cosmetic product should be, in order to ensure the safety and efficacy of these
products (Ferreira et al., 2022; Manayi & Saeidnia, 2014). There are however some
differences between the several regulatory agencies. For instances, according to European
Union Regulation 1223/2009, cosmetics are defined as ‘any substance or mixture
intended to be placed in contact with the external parts of the human body (epidermis,
hair and hair systems, nails, lips and external genital organs) or with the teeth and mucous
membranes of the mouth, with a view exclusively or mainly to cleansing, perfuming,
modifying, protecting, keeping in good condition or correcting body odors’ (Official
Journal of the European Union, 2009). On the other hand, in the United States, the Federal
Food, Drug and Cosmetic Act (FD&C Act), administered by the Food and Drug
Administration (FDA), defines a cosmetic as ‘any product (except soap) intended to be
applied to human skin for cleansing, beautifying, promoting attractiveness or altering
appearance’. Notably, the American definition explicitly excludes soap, which is
categorized separately (Food and Drug Administration, 2024).

Both definitions reflect the wide range of products available on the market, but at
the same time, they also establish important criteria for ensuring the safety and quality of
cosmetic products. These criteria report to strict requirements for labelling, ingredient
testing and product notification, with the ultimate aim of protecting the health and well-

being of consumers (Lopez-Galindo et al., 2007; Ukleja, 2013).

1.5. Objectives

Moisturizers provide functional benefits to the skin and consumers are
increasingly looking for cosmetic products that meet their needs. The main functions of
these products are to smooth and soften the skin, increase its hydration and improve the
skin's visual appearance. Advice on choosing these products often comes from
pharmacists, as they are one of the most accessible healthcare providers and play a crucial

role in managing and advising their clients on skincare and cosmetic products.

21



Unravelling Skin Hydration — New Trends in Moisturizing Ingredients

The cosmetics market has seen a remarkable evolution and expansion over time,
demonstrating an increase in the consumption of cosmetics as these products are now an
integral part of the population's daily routine.

Although the cosmetics market continues to grow exponentially, consumers are
increasingly looking for ingredients derived from natural sources rather than synthetic
chemicals in the formulations they use. The search for cosmetics that meet consumer
expectations is increasingly focused on the demand for products that use environmentally
friendly, safer and more sustainable materials. The recent COVID-19 pandemic has
contributed to a change in the population's mindset, with an increase in concern for the
environment and human health, driving the adoption of a more sustainable lifestyle,
including with regard to cosmetic products.

Based on this background, this works aims to compare the ingredients traditionally
used in moisturizers, with other ingredients retrieved from natural and sustainable
sources, more specifically by products of plant origin. Within this scope, vitis vinifera
will be discussed, given that Portugal is one of the main producers of viticulture.
Furthermore, cosmetics aiming skin hydration produced with seaweed, will also be
reviewed, given the country's extensive coastline. For each ingredient, the action
mechanism will be described, together with existent studies that document their efficacy.

Furthermore, commercially available products with these ingredients will be referred.

1.6. Methods

This literature review was conducted with the aim of synthesizing current
knowledge on the subject in question, in order to provide a comprehensive overview of
the most relevant and recent studies on the topic under analysis. The methodology
adopted followed a systematic research process, involving consultation of several sources
of information, such as PubMed, Science Direct, Google Scholar, among others. In
addition, various scientific journals and legislation were consulted, resulting in 155
bibliographical references.

Inclusion criteria were defined to ensure the relevance and timeliness of the
selected publications. The main criteria included the selection of studies published from
2015 to the present day, as well as the selection of articles published in Portuguese or

English, with the exception of articles that are relevant to the area under study.
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2. Traditional ingredients used in moisturizers

As mentioned above, moisturizing formulations can be classified into 3 classes
(humectants, emollients and occlusives), in which their mechanism of action differs even
though the aim is the same: to moisturize (Z. D. Draelos, 2018). In many cases, the
ingredients used in moisturizing products are identical or similar to the substances that
make up the stratum corneum. It is also common for moisturizing formulations to
combine different types of ingredients in order to optimize their effectiveness (Spada et
al., 2018). Among the components commonly used are polyalcohols, vegetable oils,
among others, which will be discussed in greater detail in this section.

Glycerin, also known as glycerol, is a trihydroxy alcohol that is widely used in a
wide variety of moisturizing formulations (Fluhr et al., 2008; Mawazi et al., 2022). Its
extensive use stems from its miscibility with water, which makes it a highly hygroscopic
substance. Studies indicate that pure glycerin has the capacity to absorb its own weight
in water, in just 3 days (Fluhr et al., 2008). Due to its ability to diffuse into the stratum
corneum and retain water on the skin's surface, glycerin is one of the most used
ingredients in moisturizing products (Fluhr et al., 2008). In addition to its moisturizing
properties, glycerin also contributes to the regeneration of the skin barrier, improving
integrity, stability and mechanical properties, especially in the stratum corneum (Mawazi
et al., 2022).

Panthenol is a colorless, transparent and odorless alcohol with viscous properties.
Its optical isomer D is known as dexpanthenol, acts as a precursor to pantothenic acid
(vitamin BS5) (Bissett, 2009; Mawazi et al., 2022). Because it is water-soluble and
hydroscopic, panthenol is used as a moisturizing agent in cosmetic products, often in
combination with glycerol (Bissett, 2009). In addition to its moisturizing properties,
panthenol has the ability to promote wound healing and stimulate fibroblast proliferation,
contributing to skin regeneration (Mawazi et al., 2022).

Lanolin is an oily, yellow substance with fat-like characteristics that is extracted
from the sebaceous glands of sheep (Johnson et al., 2023; Kang et al., 2022). Its
composition is mostly made up of sterol esters, as well as acids and sterols (Mawazi et
al., 2022). Due to its hydrophobic properties, lanolin is often used as an ingredient in
cosmetic formulations because of its ability to retain the moisture present in the

epidermis. This compound can retain twice its weight in water and can reduce TEWL by
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20 - 30% (Johnson et al., 2023). In addition, lanolin is able to penetrate and incorporate
itself into the lipid structure of the stratum corneum, thus providing a prolonged
moisturizing effect (Mawazi et al., 2022). However, despite its moisturizing properties,
lanolin has an unpleasant smell, is expensive and is a potential allergen, therefore lanolin
derivatives or extracts are often preferred to the lanolin itself (Kang et al., 2022; Mawazi

et al., 2022).
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3. State of the art ingredients used in moisturizers

3.1. Hyaluronic acid

Hyaluronic acid is a glycosaminoglycan (GAG) made up of repeating
disaccharide units (N-acetyl-D-glucosamine and D-glucoronic acid) that are linked by

glycosidic bonds (Figure 8).

OH OH
o)
0 0
0 HO
HO 0
OH NH

O
- - n

Figure 8 — Molecular structure of hyaluronic acid. Figure adapted from (Fakhari & Berkland,
2013).

The discovery of this important molecule was made by Karl Meyer and John
Palmer, who isolated HA from the vitreous humour of the bovine eye (Juncan et al., 2021;
Yasin et al.,, 2022). The name of this polysaccharide derives from the Greek word
‘Hyalos’, which means glass/vitreous, reflecting the origin of this molecule (Iaconisi et
al., 2023). Since then, the presence of HA has been discovered in various tissues and
fluids in vertebrate animals and humans (Juncan et al., 2021).

In the human body, the amount of HA is around 15 grams for a 70 kg adult, with
the highest concentrations being present in the umbilical cord, synovial fluid, dermis,

vitreous humour and brain (Table 3) (Abatangelo et al., 2020; Fallacara et al., 2018).
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Table 3 — Examples of tissues and fluids containing HA. Adapted from (Chang et al., 2021).

Structure of the organism Concentration (ng/g)
Umbilical cord 4100

Synovial fluid 1400-3600

Dermis 200

Vitreous humour 140-338

Brain 35-115

Each HA molecule can be regarded as a polysaccharide, formed by 20 to 200
repeated disaccharide sequences. The total number of repeated disaccharides can reach
up to 10,000 (Juncan et al., 2021). This means that the HA polymer chain can reach a
high molecular weight (105-107 Da) (Yasin et al., 2022). Due to this variability in the
number of repeating units, HA can be categorized according to its molecular weight
(Chang et al., 2021):

v" Low molecular weight HA (LMW-HA): 1-25 x 10* Da;
v" Medium molecular weight HA (MMW-HA): 25-10 x 10* Da;
v" High molecular weight HA (HMW-HA): > 1 x 10° Da;
v’ Very high-molecular weight HA (vHMW-HA): > 6 x 10° Da.

Hyaluronic acid is widely produced by various cells in the human body and is
involved in fundamental biological processes such as cell differentiation, embryological
development and even wound healing (Juncan et al., 2021). Due to these peculiar
characteristics, HA has been increasingly researched and used in various areas of

medicine (Bravo et al., 2022).

3.1.1. Main uses

HA is a constituent that has been widely studied and used in various areas of
medicine and cosmetics due to its biocompatibility, biodegradability and non-
immunogenicity (Graga et al., 2020). Some of these areas are ophthalmology, arthrology,
pneumology, rhinology, urology, oncology, nutrition, dermatology, among others, as seen

in Figure 9 (Juncan et al., 2021).
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Figure 9 — Applications of HA and its derivatives. Adapted from (Fallacara et al., 2018).

One of the major uses of hyaluronic acid regards the treatment of osteoarthritis
(OA). This compound is administered as an intra-articular injection to help increase the
amount of HA within the synovial fluid, providing viscosity and elasticity within the joint
space, thus helping to minimize joint pain (Huynh & Priefer, 2020; Y. S. Kim & Guilak,
2022).

In the field of ophthalmology, HA is an essential component in eye drops for the
treatment of dry eye syndrome. Based on its viscoelastic properties, this molecule helps
to lubricate the ocular surface, reducing friction during blinking and eye movements
(Huynh & Priefer, 2020). In ophthalmic surgery, biomaterials such as hyaluronic acid are
used to protect and lubricate the ocular tissues and minimize the loss of vitreous fluid
(Harrer et al., 2021).

As previously detailed, HA displays an increasingly relevant role as a

therapeutically agent in several diseases, however its use in cosmetics is also extremely
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relevant (Juncan et al., 2021). As we get older, the amount of HA present in the skin
decreases, which ultimately leads to skin dehydration, loss of firmness and presence of
more wrinkles (Goberdhan et al., 2016). In this context, the administration of HA to the

skin, can display a broad range of advantages, as described in Figure 10.

Skin hydration

Anti-wrinkle

Anti-aging

Anti-nasolabial folds
Collagen stimulation

Skin elasticity and tightness
Anti-erythema

Face rejuvenation

Soft tissue augmentation
Skin augmentation

HA applications
in cosmetics

Figure 10 — HA applications in cosmetics. Adapted from (Bukhari et al., 2018).

3.1.2. Action mechanism

Hyaluronic acid is an essential component of the extracellular matrix that is
responsible for providing structural support to the skin.

When this molecule reaches the dermis, it stimulates the production of collagen,
which is an essential protein for skin structure and elasticity. Due to its hygroscopic
characteristics, this polymer will help to retain water and will favor collagen synthesis by

fibroblasts (Abatangelo et al., 2020; Becker et al., 2009).
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Figure 11 — HA action mechanisms. Adapted from (Juncan et al., 2021).

Depending on the molecular weight, HA used in topical formulations can present
distinctive permeation characteristics, that ultimately impact the effect on the skin (Figure
11) (Juncan et al., 2021).

When considering HMW-HA, due to its large size, the degree of penetration is
small, being the majority retained on the skin's surface. This type of HA will form a thin
layer on the surface of the skin, acting as a barrier that attracts and retains water on the
surface, thereby increasing the level of hydration and at the same time preventing TEWL
(Juncan et al., 2021). It is important to note that hyaluronic acid is a highly hygroscopic
molecule, capable of expanding 1000 times its volume in the presence of water (one HA
molecule can bind to approximately 250 water molecules), making it easy to retain water
in the upper layers of the epidermis (Becker et al., 2009; Yasin et al., 2022).

In turn, LMW-HA, has the ability to penetrate the skin. After topical

administration, this molecule can be present in both the epidermis and dermis.
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3.1.3. Clinical claims

Raab et al. carried out a clinical study to assess the tolerance and efficacy of
topical application of HA in women with mild to moderate skin damage caused by sun
exposure. The study lasted 12 weeks, with measurements taken at weeks 4, 8 and 12. The
results showed that the use of a 1% HA formulation significantly improved skin integrity
increased hydration in the SC and reduced TEWL. In addition, the reported tolerability
was quite good, with a spontaneous increase in HA on the patients' skin as early as week
4. The main conclusions of this study pointed that the topical application of HA, in this
target population, was effective both in stimulating the production of hyaluronic acid,
several components of the skin's extracellular matrix and in improving skin hydration
(Raab et al., 2017).

In a randomised and assessor-blinded study, the efficacy of a cream consisting of
1% hyaluronic acid and other bioactive compounds was evaluated and compared with a
placebo. Measurements were taken 1, 8 and 24 hours after the cream was applied to the
patients' forearms. The results showed that skin hydration after 24 hours was considerably
higher in the area where the cream was applied, when compared to the placebo. In this
way, it was possible to conclude that with just one application of the HA cream, the skin's

hydration and barrier function improved (Milani & Sparavigna, 2017).

3.1.4. Hyaluronic Acid Products Market

In order to be used in cosmetic or pharmaceutical products, hyaluronic acid needs
chemical modifications, since in its natural form it is rapidly degraded by the enzyme
hyaluronidase, which breaks its chemical bonds, thereby reducing its biological activity.
Modifications include adding new chemical groups to the HA molecule in order to reduce
its hydrophilic nature, allowing it to be integrated with other hydrophobic components
present in cosmetic formulations. In addition, it is also possible for HA to establish cross-
links to form insoluble derivatives or hydrogels (Al-Halaseh et al., 2022). In this way,
cosmetics can be based on hyaluronic acid in its hydrolysed form, or instead in a
derivative of this compound, sodium hyaluronate (NaHA) (Fakhari & Berkland, 2013).
Both HA and NaHa are incorporated into cosmetic products, and their concentrations

varies between 0.2-1% and up to 2%, respectively (Ferkel et al., 2023).
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In today's market, products made up of HA account for only 5%, while more than
95% of products contain sodium hyaluronate (Juncan et al., 2021). Pharmaceutical forms
containing these ingredients include creams, lotions, serums, masks, among others
(Juncan et al., 2021). Over the years, cosmetic brands have been creating new innovative
products that combine hyaluronic acid with other active ingredients to reach a wider range

of consumers (Yasin et al., 2022).

In 2022, the market for hyaluronic acid-based beauty products was valued at 2.1
billion dollars, with projections indicating that it could reach 4.0 billion dollars by the end
of 2031. This growth is largely due to the increased prevalence of dermatological
pathologies and the growing demand for more affordable and effective formulations in
terms of skin hydration (Transparency Market Research, 2023).

Table 4 depicts examples of cosmetic products in which hyaluronic acid is the
main ingredient responsible for skin hydration. These products were selected due to their
economic revenue, according a report on the global hyaluronic acid beauty product

market (Transparency Market Research, 2023).

Table 4 — Blockbuster skin hydration cosmetic products containing HA (Transparency Market
Research, 2023).

Product Brand Dosage form HA form
SkinCeuticals SkinCeuticals S Nal
Hydrating B5 (EUA) erum aha

Vicky Minéral 89 (;i ;ﬁi) Serum NaHA
L'Oréal Paris v~ .
Hydra Filling L ?gf:ig“s Cream NaHA
Night Cream
Neutrogena Neutroeena
Hydro Boost & Cream NaHA
Cream (EUA)
C;g;t:;fllllg:na Croma-Pharma Serum HMW-HA and
Skin y (Austria) LMW-HA
Biohyalux HA Biohvalux Four different
Hydro Intense ( Ch}i]na) Serum molecular
Serum weights of HA
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3.2. Ceramides

Ceramides (CERs) belong to the class of sphingolipids, molecules that are made
up of a fatty acid (FA) conjugated with sphingoid base (SB) via an amide bond (Figure
12) (Meckfessel & Brandt, 2014; Sajna et al., 2015).

)
Hac/\/WVW\/\/\)LOH

Fatty acid

Ceramide

H:CN\AMM)\(\()H

Sphingosine NH,

Figure 12 — Basic structure of ceramides. Adapted from (Meckfessel & Brandt, 2014).

The discovery of sphingolipids was made by a German doctor and biochemist
called Johann Thudichum, who identified a type of lipid never seen before in the brain.
Inspired by the mythological figure of the Sphinx, who guarded the entrance to the city
of Thebes in Ancient Greece and allowed only those who answered her questions
correctly to pass through, Thudichum decided to call these molecules sphingolipids
(Uchida & Park, 2021). Ceramides play an important role in maintaining homeostasis in
the human body and are one of the main constituents of the epidermis (Meckfessel &
Brandt, 2014; Uchida & Park, 2021). These molecules, together with other lipids, form a
highly ordered lamellar structure that is essential for maintaining the skin's barrier
function and preventing TEWL (Meckfessel & Brandt, 2014; Sajna et al., 2015).

The chemical structure of CERs is extremely heterogeneous with nearly 340
species of CERs already identified in the stratum corneum (Meckfessel & Brandt, 2014).

The main chemical differences of CERs rely on the combination of the fatty acids type,
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together with the sphingoid bases. More specifically, the length of each fatty acid chain,
as well as the sphingoid bases moieties (Meckfessel & Brandt, 2014). There are 4 classes
of fatty acids and 5 classes of sphingoid bases. In order to differentiate each ceramide,
the nomenclature ‘CER(XY)’ is used, with X describing the class of fatty acids and Y
referring to the sphingoid base. For example, ceramide is made of 5 a-hydroxy fatty acid
(A) and by sphingosine (S), being therefore represented by CER(AS).

Table 5 shows examples of both fatty acids and sphingoid bases that give rise to
a ceramide molecule (Meckfessel & Brandt, 2014).

Table 5 — Nomenclature of the different classes of ceramides. Adapted from (Fujii, 2021).

Non-hydroxy a-Hydroxy o-Hydroxy Esterified
(N) (A) (0) o-hydroxy
(EO)
Dihydrosphingosine NDS ADS ODS EODS
(DS)
Sphingosine NS AS 0S ?(?e fami de
S) (Ceramide 2)  (Ceramide 5) 1)
Phytosphingosine NP AP
(P) (Ceramide 3)  (Ceramide 6) ©OF EOP
6-Hydroxy AL EOH
sphingosine NH (Ceramide 7) OH (Ceramide
(H) 4)
(lé};‘)'sl’h‘“gad‘e“e NSD ASD 0SD EOSD

Ceramide 5 is found practically in all human tissues, while ceramides composed
of a esterified w-hydroxy fatty acid (EO) or 6-hydroxy sphingosine (H) are found
exclusively in the epidermis (Fujii, 2021).

Pseudo-ceramides (pCERs), that mimic endogenous CERs, have been sythetized.
These are chemically and therapeutically similar molecules to CERs, with the advantage

of having a lower production cost (Uchida et al., 2008).

33



Unravelling Skin Hydration — New Trends in Moisturizing Ingredients

3.2.1. Main uses

The quantity and organization of ceramides in the stratum corneum are key
parameters to maintain a healthy-looking skin. A decrease in the ceramide content in the
skin can be responsible for several skin disorders. Therefore, ceramides can be used as a
therapeutic agent in numerous skin conditions such as atopic dermatitis, psoriasis, acne,

ichthyosis and dry skin (Figure 13) (Kahraman et al., 2019).

Atopic dermatitis

Dry skin
Psoriasis
Acne

lchthyosis

Figure 13 — Therapeutic applications of ceramides in skin disorders. Adapted from (Kahraman

et al., 2019).

Atopic dermatitis (AD) is the most common inflammatory skin disease today,
affecting approximately 20% of the population and directly impacting their quality of life
(Weidinger et al., 2018). This condition is characterized by a decrease in stratum corneum
lipids, in which ceramides are included, that compromises the normal functioning of the
skin barrier. The use of formulations containing ceramides will help to replenish the lipids
in the stratum corneum, prevent TEWL and ensuring a greater hydration (Kahraman et
al., 2019).

Ichthyosis is a term that encompasses more than 50 types of disease, all
characterized by generalized hyperkeratosis, dry skin and skin desquamation. Although
these individuals have thick SC, there is usually an increase in TEWL. Ceramides can
make a significant contribution to improving barrier function, increasing hydration and

reducing skin desquamation (Vahlquist & Térmé, 2020).
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3.2.2. Action mechanism

As mentioned above, ceramides make up around half of the intercellular lipids in
the stratum corneum and are crucial molecules in both the lamellar structure of the skin
and the integrity of the lipid barrier (Mijaljica et al., 2024). When there is a structural or
proportional alteration in the ceramides present in the outermost layer of the epidermis,

the skin's barrier function may be compromised.

The composition of ceramides in the skin can be influenced by various factors,
such as exposure to ultraviolet radiation and ageing (Camilion et al., 2022; Mijaljica et
al., 2024). These factors make the skin barrier more susceptible to contact with external
agents such as chemicals, microorganisms and allergens that can reach the deeper layers
of the skin, leading to an increase in TEWL and negatively affecting skin hydration
(Masson, 2010). By re-establishing ceramide levels in the epidermis, with the help of
exogenous CERs, the reconstitution of the lipid barrier integrity will be stimulated. This
will promote an enhanced intercellular cohesion between corneocytes, which will
ultimately lead to an expanded ability of the skin to retain water, reduce TEWL and

increase skin hydration.

Ceramides also contribute to the reorganization of the lamellar structures of the
stratum corneum, thus reinforcing the skin's barrier function and preventing the
penetration of irritants and allergens (Feingold & Elias, 2014; Sahle et al., 2015; Tessema

et al., 2017). Figure 14 shows how ceramide levels in the skin can affect skin hydration.
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Figure 14 — Mechanism of action of ceramides in skin hydration. Adapted from Freepik.

The use of various subclasses of ceramides in moisturizing cosmetic products is

based on the aforementioned properties (Kono et al., 2021; Mijaljica et al., 2024).

3.2.3. Clinical claims

A double-blinded, 4-week randomized controlled trial (RCT) investigated the
efficacy of a moisturizing cream composed of ceramides in the treatment of senile xerosis.
Each patient used a ceramide moisturizer and a hydrophilic cream separately on each of
their shins. During the first 24 hours, the cream was applied only once, after which it was
applied twice a day for 28 days. Afterwards, the patients went 7 days without applying
any type of cream. It was reported that the 7-day post-moisturizing efficacy on the side
where the ceramide cream was applied increased skin hydration and decreased TEWL
compared to the side where the other moisturizing cream was applied (Lueangarun et al.,
2019).

Ishida et al. developed a 6-week study in which the target population regarded
individuals with mild to severe atopic dermatitis who underwent a topical treatment with
a synthetic engineered pseudoceramide. The patients applied the cream twice a day for
four weeks and stopped for a week, in order to evaluate the results. After treatment, a
significant reduction in AD symptoms was observed, thus reflecting a decrease in TEWL

and an increase in the skin's water content (Ishida et al., 2020).
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3.2.4. Ceramides Product Market

Ceramides have always been a mainstay in moisturizing the skin, but sometimes
it's difficult to understand and identify their presence in cosmetic formulations.

Only the first ceramides that were discovered are labelled in the International
Nomenclature of Cosmetic Ingredients (INCI), so all the other CERs that have been
identified over time will appear under their chemical name on the ingredient labels of
cosmetic products (Meckfessel & Brandt, 2014). For example, it is common to see the
word ‘ceramide’ in the list of ingredients as ceramide AP or ceramide 6, but if the
formulation contains phytosphingosine and sphingosine, their connection to the CERs
will not be identified and it will be difficult for the consumer to identify the presence of
these molecules.

Ingredients such as phytosphingosine and sphingosine, which are not ceramides
but ceramide precursors that stimulate the skin to produce ceramides, often appear on
labels. Pseudo-ceramides may also appear, the abbreviation of which usually has nothing
to do with the word ceramides (ceramide R, PC104, PC-9S, among others) (A. R. Kim et
al., 2019).

The concentration of ceramides in formulations can vary depending on the class
of CERs used. According to suppliers, ceramide 2 and ceramide 5 concentrations are used
up to 4% and 2% respectively (Burnett et al., 2020).

The market for ceramide-based skincare formulations is projected at $424.7
million by the end of 2024. It is predicted that by 2034, the market will reach up to 739.4
million dollars. This increase reflects consumers' growing willingness to invest in high-
quality cosmetics containing ingredients such as ceramides in order to achieve healthier
and more hydrated skin. In response to this high demand, brands are constantly innovating
and developing advanced skincare formulas that incorporate ceramides (Future Market
Insights, 2024).

Table 6 shows examples of cosmetic formulations available on the market that
contain ceramides. Key companies in the skincare market with ceramides were
sconsidered and the cosmetic formulations with highest revenue were selected (Baldwin
et al., 2021; Del Rosso & Allison, 2019; Future Market Insights, 2024; Weber et al.,
2012).
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Table 6 — Blockbuster skin hydration cosmetic products containing ceramides (Future

Market Insights, 2024).

Product Brad Dfosage Types of CERs
orm
CeraVe Facial CeraVe Lotion Ceramide NP, Ceramide AP
Moisturising Lotion (USA) and Ceramide EOP
La Roche-Posay La Roche-
Toleriane Sensitive Posay Cream Ceramide 3
Cream (France)
Eucerlg Advanced Eucerin Cream Ceramide NP
Repair Cream (Germany)
L’Oréal Paris LP(erieal Cream Ceramide 5, Ceramide 3 and
Revitalift Filler S © Ceramide R
(France)
.1 Dr.Jart+ . Ceramide NP, Ceramide AP
+ . ’ . i’
Dr.JartLi (ileiilamldm (South lzc?rclleil Ceramide AS, Ceramide NS
d Korea) and Ceramide EOP
Holika
Holika Holika Good Holika Cream Ceramide NP
Cera (South
Korea)

South Korea has gained great prominence in the cosmetics market, ranking among
the world's top 10 beauty markets by 2022 (International Trade Administration,
2023). Korean skincare products, known as “K-beauty”, have become increasingly
popular due to their innovative natural ingredients and aesthetically appealing
packaging (Nguyen et al., 2020). When it comes to moisturizing, K-beauty uses
unconventional sources such as horse oil and starfish powder to extract moisturizing
components, such as ceramides (Juhész et al., 2018; Lee et al., 2018). K-beauty's
influence on social media has a strong impact on consumers' purchasing decisions,
with its concept of Korean beauty, which promotes healthy, hydrated, even-toned,

blemish-free and radiant skin (Nguyen et al., 2020).
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4. New Trends In Moisturizing Ingredients: By Products Of
Plant Origin

Nowadays, there is growing concern about the environmental impact of the
ingredients used in cosmetics, which has stimulated the search for more sustainable
alternatives (Martins & Marto, 2023; Sasounian et al., 2024). The careful choice of raw
materials used in formulations reflects the public's awareness of more responsible and
environmentally friendly practices when it comes to manufacturing cosmetic products,
considering the associated environmental, social and economic impacts (Martins &
Marto, 2023; Sasounian et al., 2024).

At the same time, consumer interest in cosmetics and personal care products that
are safe and environmentally friendly has been growing globally. This increase in demand
has encouraged cosmetic companies to develop more products that include natural
ingredients, as well as expanding their sustainable and ecological product lines
(Suphasomboon & Vassanadumrongdee, 2022).

The following chapters will describe moisturizing products that use industry by-
products as a source of active ingredients for cosmetics. As referred in the introductory
chapter, two examples were considered — Vitis vinifera and algae. Both raw materials
display moisturizing properties and are extremely common in Portugal. The main uses,
action mechanisms supporting skin hydration, clinical claims as well as examples of

products already in the market with these ingredients will be addressed.

4.1. Vitis vinifera (L)

Vitis vinifera (L), also known as grapevine or vine, is a plant belonging to the
genus Vitis, of the Vitaceae family. This species of vine is native to the Mediterranean
region, extending as far south as Germany (Euro+Med PlantBase, 2017).

It is characterized as a climbing plant that can reach up to 35 meters, although it
is usually kept between 1 and 3 meters due to the practice of pruning (Almargem, 2013).

This plant grows in temperate climates and is widely cultivated in Portugal, where
its fruits, better known as Vitis vinifera (L), are generally used to produce wine, fresh

grapes and dried grapes (Euro+Med PlantBase, 2017).
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Grapes are among the most widely grown fruit crops in the world, with around
half of their production destined for winemaking (Mildner-Szkudlarz et al., 2015). In
2022, global grape production reached approximately 71.3 million metric tonnes, of
which 48% were wine grapes, 44% table grapes and 8% dried grapes (International
Organisation of Vine and Wine, 2022).

In the same year, Portugal was the 10™ largest wine producer in the world, with a
vineyard area of 193,443 hectares (International Organisation of Vine and Wine, 2022).

Grapes have numerous health benefits due to their constitution, which includes
various bioactive compounds such as proanthocyanidins, anthocyanins, flavonoids,
phenolic acids and stilbenes (Serra et al., 2023). The concentrations of these phenolic
compounds can vary depending on the morphological part of the plant in question, from
the stem to the seeds (Goufo et al., 2020; Zhou et al., 2022).

Table 7 shows the different parts of the grape used in comparison with their

polyphenol content.

Table 7 — Different chemical groups of polyphenols identified in different fruit parts.
Adapted from (Nassiri-Asl & Hosseinzadeh, 2016).

Chemical groups

of phenolic Products extracted from grapes
compounds

Stem Seeds = Pomace  Raisins Skin Juice
Phenolic acids v v v v v v
Flavanols v v v v v
Flavonols v v v v v v
Anthrocyanins v v v v v
Stilbenes v v v v v
Proanthocyandins v v
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Vitis vinifera (L) are a rich source of phenolic compounds, mainly flavonoids,
which are found mainly in the seeds and skin of the fruit (L. R. Silva & Queiroz, 2016;
Zhou et al., 2022).

Within the phenolic compounds, the flavonoid class leads to the synthesis of
various classes of metabolites, which according to their chemical structure at the level of
the central ring, can be divided into flavonols, flavan-3-ol, proanthocyanidins and
anthocyanins (Flamini et al., 2013).

In the skin of the fruit, the most abundant uncoloured phenolic compounds are the
flavonol group, while in grape seeds the flavan-3-ol class stands out, such as catechin and
polymers of procyanidins (L. R. Silva & Queiroz, 2016). In turn, anthocyanins are the
main pigments in Vitis vinifera (L) that appear during the ripening of the fruit and are
responsible for the colour of the wine. The main anthocyanins found in Vitis vinifera (L)
are derived from cyanidin, peonidin, delphinidin and petunidin (L. R. Silva & Queiroz,
2016). In addition, stillbenes are also found in the seeds and skin of grapes, especially
resveratrol in its trans form (3,5,4'-trihydroxystilbene) (Nassiri-Asl & Hosseinzadeh,
2009). This compound has beneficial effects on a range of diseases, including
cardiovascular, inflammatory, neurodegenerative and metabolic disorders (Weiskirchen
& Weiskirchen, 2016).

Figure 15 shows the phenolic compounds frequently found in Vitis vinifera (L)

with their respective chemical structures.
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Figure 15 — Chemical structure of phenolic compounds. Adapted from (Zhou et al., 2022).

Currently, the phenolic compounds of this plant, which are essentially secondary
metabolites, have attracted increasing attention due to their numerous health benefits,
leading to growing interest in various areas, ranging from the food industry to the

pharmaceutical and cosmetics industries (Leal et al., 2020; Sharafan et al., 2023).

4.1.1. Main uses

The most common use of Vitis vinifera (L) is in the food industry, and its uses
include consumption as fresh fruit or as a raw material for other purposes. This fruit is
widely used to produce wines, juices, dried fruit and also jams (Sharafan et al., 2023;
Zhou et al., 2022). In addition, in the food industry, this plant can be used as a nutritional
supplement or even as a food coloring (Sharafan et al., 2023).

The pharmaceutical industry is increasingly exploring the use of Vitis vinifera (L)
as a key source of phenolic compounds with various applications. These phytochemicals
and their derivatives have diverse properties, ranging from antioxidant, anti-
inflammatory, cardioprotective, hepatoprotective, anti-obesity and even anti-cancer

(Afnan et al., 2022; Sharafan et al., 2023).
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Currently in the pharmaceutical sector, there are medicines based on the leaves of
Vitis vinifera (L) authorised by the EMA for the treatment of symptoms and signs related
to venous insufficiency (heavy legs, pain, tiredness and edema), for the symptomatic
treatment of haemorrhoidal crises and capillary skin fragility (European Medicines
Agency, 2017). Vitis vinifera (L) is also used as an active ingredient in the cosmetics
industry in the form of emollients, humectants, emulsifiers, colour additives or fragrances
(Sharafan et al., 2023).

Figure 16 shows the various applications of Vitis vinifera (L).
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Figure 16 — Applications of Vitis vinifera (L). Adapted from (Sharafan et al., 2023).

Over the last few years, the demand in the cosmetics market for natural ingredients
has been increasing. This is both a challenging as an attractive opportunity for the
cosmetics market, in what concerns the sustainability of the formulations composition
and production (Bom et al., 2019; Ribeiro et al., 2015; Statista, 2024).

In wine production, there are several components of the grape that are discarded,
despite their significant amount of phenolic compounds with potential for application in
skincare products and cosmetics (Serra et al., 2023). The incorporation of these bioactive
compounds, through grape substrates, into cosmetic products has been shown to be
effective in reducing the appearance of wrinkles, fine lines and age spots, as well as in
improving skin elasticity and firmness, among other beneficial properties for skin health

(Ky et al., 2014; Leal et al., 2020).
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4.1.2. Action mechanism

The use of Vitis vinifera (L) and their derivatives in moisturizing cosmetic
products is mainly due to their rich composition of bioactive compounds that interact with
skin structures to improve water retention, promote the maintenance of the skin's barrier
function and increase the expression of aquaporins, thus resulting in a significant
improvement in skin hydration.

Antioxidants, such as resveratrol and flavonoids, play a fundamental role in
protecting skin cells against extrinsic agents (i.e. ultraviolet radiation) that cause
oxidative stress. These compounds inhibit or block the formation of free radicals, thus
conserving collagen and elastic fibres and maintaining skin hydration (Nassiri-Asl &
Hosseinzadeh, 2016; Zillich et al., 2015).

As well as being made up of phenolic compounds, Vitis vinifera (L) is also made
up of fatty acids, and the composition of their seeds is rich in around 90% unsaturated
fatty acids, mainly linoleic acid (65-70%) and oleic acid (20-40%) (Di Pietro Fernandes
et al., 2023). As mentioned above, the stratum corneum is made up of intercellular lipids,
such as linoleic acid, which is important in maintaining the skin's barrier function. When
there is a decrease in this unsaturated fatty acid in the epidermis, the skin's barrier function
may be compromised, thus contributing to TEWL and subsequently to skin dehydration
(Martin et al., 2020; Vaughn et al., 2018). Therefore, the use of cosmetics based on grape
seed oil will help to replenish the deficit in fatty acids in the epidermis, thus contributing
to the normal functioning of the skin's barrier function (Martin et al., 2020).

On the other hand, the presence of polyphenols in Vitis vinifera (L) also plays an
important role in hydrating the skin. As already mentioned, aquaporin-3 is a key protein
responsible for transporting water and glycerol in the skin and is expressed in the plasma
membrane of keratinocytes in the epidermis. Nakamura et al. revealed that the
proanthocyanidins present in Vitis vinifera (L) are capable of increasing the expression of
AQP3 in human keratinocytes, thus promoting hydration from the most superficial to the

deepest layers of the skin (Fiorentini et al., 2015; Nakamura et al., 2020).
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4.1.3. Clinical claims

Rafique et al. developed a study based on a topical water-in-oil W/O emulsion
with 3% grape seed extract from Vitis vinifera (L) to evaluate the efficacy of this cream
compared to a placebo. The study population regarded 20 healthy female patients aged
between 28 and 58. The patients used the test solution for 12 weeks. Over these weeks,
various skin parameters were analyzed: skin hydration, pH value, sebum content, average
pore size, skin elasticity and roughness. The results revealed that there was an increase in
skin hydration, elasticity and smoothness, as well as a decrease in pore size and
roughness. The authors concluded that the cream containing grape extract could be a
potential moisturizing and anti-ageing agent (Rafique & Shah, 2019).

A single-blinded randomised study was designed with the aim of evaluating the
cutaneous effects of a water-in-oil (W/O) emulsion containing 2% Muscat hamburg grape
seed extract, which is a red grape variety of Vitis vinifera (L). The study compared the
effect of the emulsion with a placebo. The study participants had to apply the
corresponding product to each cheek twice a day for 8 weeks. The results showed that the
emulsion reduced the skin's melanin content, sebum content and erythema, and that it
increased skin elasticity. The authors concluded that the formulation possessed
antioxidant properties, alongside with natural skin whitener properties (i.e. decreasing the
melanin content), moisturizer (by increasing the moisture content of the skin) and as a

potential anti-ageing agent (due to the increase in skin elasticity) (Sharif et al., 2015).

4.1.4. Vitis vinifera (L) - Derived Cosmetics in the Market

Vitis vinifera (L) extract is not published in any official pharmacopoeia, but there
are monographs published by various organizations, such as the FDA and the European
Medicines Agency's Committee on Herbal Medicinal Products (EMA-HMPC) (Sharafan
et al., 2023).

According to the Coslng (Cosmetics Ingredients) database, there are various
forms of raw materials derived from Vitis vinifera (L) that can be used in cosmetics with
several purposes. In the field of skin hydration, Vitis vinifera seed extract, Vitis vinifera
seed oil, Vitis vinifera fruit water, among others, can be used (European Commission,

2008).
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In cosmetic formulations, the use of Vitis vinifera (L) grapes is generally used in
low concentrations. In facial cleansers and masks, the grape extract content is used up to
2%, while in other formulations the concentration varies up to 1% (Fiume et al., 2014).

By 2022, the market for cosmetic products and food supplements based on grape
skin extracts was estimated to have reached a value of 164.47 million dollars. Based on
changing consumer preferences for products with a “clean” label, it is expected that this

market could expand to 391.37 million dollars by 2033 (Future Market Insights, 2023).

Table 8 lists some of the brands that have developed cosmetics based on extracts

from Vitis vinifera (L) grapes.

Table 8 — Examples of grape-based moisturizing products.

Product Brand Dosage form Ingredients
Grape water, grape
Caudalie Caudalie Cream seed oil, grape seed
Vinosource-Hydra (France) extract and grape
juice
HydraVine .
Chardonnay Grape TheraVlge Face mask Grape seed extract
(South Africa)
Mask
Biolaven Day Face Biolaven .
Cream (Poland) Cream Grape seed oil
Korres Body Korres . .
Smoothing Milk (Greece) Body milk Grape fruit extract
DieNikolai . DieNikolai Grape seed oil and
Grapeseed Oil (Austria) Cream rape skin extract
Darling grap
Dvine Grape Power Dvine Grape fruit water
Dynamic Day Cream :
Cream (Portugal) and grape seed oil

The Portuguese brand Dvine was created in 2017 by the pharmaceutical group
Medinfar. Dvine uses grapes from the vineyards of the Douro Valley in northern Portugal
to produce its skincare products. The brand is committed to deliver cosmetics with
sustainability in mind, from its airless glass bottles to its cartons, which are made from

sustainable forests. Currently, two skincare lines have been launched: the Light Harverst
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line, which is dedicated to younger, brighter skin, and the Gold Harverst line, designed
for a more mature skin with visible signs of ageing. The brand offers a variety of
cosmetics, including cleansers, serums, eye care, day care and night care, essentially
highlighting grapes and their active constituents in its formulations (DVINE | Douro

Beauty Essence, n.d.).

4.2. Algae

Algae are aquatic photosynthetic organisms whose differences are based on their
structure and size. This diverse group of organisms is able to grow in a wide variety of
environments, from freshwater to seawater, deep oceans and even rocky shores. They can
be multicellular, unicellular or colonial organisms, where currently more than 36,000
different types of species have been identified (Dini, 2023; M. Silva et al., 2024).

Macroalgae, or better known as seaweeds, are multicellular organisms rich in
lipids and proteins that can measure from a few centimetres to a metre. Macroalgae are
divided into three phyla according to their pigmentation: Chlorophyta (green algae),
Rhodophyta (red algae) and Phaeophyta (brown algae) (Dini, 2023; M. Silva et al., 2024;
Wang et al., 2015). Brown algae account for approximately 59% of all macroalgae
cultivated in the world, followed by red algae with 40% and green algae with less than
1% (Wang et al., 2015).

Microalgae are simple unicellular or multicellular organisms rich in carbohydrates
that grow easily in different environments. This group of organisms can be classified as
prokaryotic or eukaryotic organisms and by their colour: Cyanophyta (blue-green
prokaryotic algae), Chlorophyta (green eukaryotic algae), Rhodophyta (red eukaryotic
algae), Chrysophyta (golden eukaryotic diatoms) and Pyrrophyta (brown eukaryotic
dinoflagellates) (Dini, 2023; M. Silva et al., 2024). Figure 17 shows the different phyla

of micro and macroalgae.
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Figure 17 — Algae classifications. Adapted from (Dini, 2023).

Both macroalgae and microalgae have valuable potential due to their biologically
active compounds. There is a huge diversity of natural bioactive compounds that are
synthesized by algae, including antioxidants, pigments, carotenoids, protein-peptides and
polysaccharides, as shown in Figure 18. The composition of algae metabolites can be
influenced by intrinsic factors, such as the type and species, and by extrinsic factors, such
as temperature and the composition of the aquatic environment (Aslam et al., 2021; Dini,
2023; Martinez-Ruiz et al., 2022).

Astaxanthin and lutein are two carotenoids that have aroused interest in the
pharmaceutical world due to their natural antioxidant properties (Heo et al., 2010).

Beta-carotene, a carotenoid with antioxidant properties found in the microalga
Dunaliella salina, and phycoerythrin, a red protein derived from red algae, are both used
as colourants in the food and cosmetic industry (Hamouda & EIl-Naggar, 2021;
Pourkarimi et al., 2020). Fucoxanthin, a carotenoid typically found in brown algae such
as Laminaria digitata, has anti-inflammatory and antioxidant properties (Dini, 2023; Heo

etal., 2010; Kelman et al., 2012).
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Figure 18 — Micro and macroalgae as mainstream bioactive compounds. Adapted from (Aslam
etal., 2021).

4.2.1. Main uses

Algae exist naturally in the marine ecosystem, but they are also increasingly being
cultivated continuously and artificially because they are considered an excellent natural
resource. Algae species have been researched and explored, demonstrating a biodiversity
of bioactive compounds with various biological applications and the potential to provide
benefits in a wide variety of areas (Ariede et al., 2017; Aslam et al., 2021; Wang et al.,
2015).
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Algae are considered to be the most important biomass producers for many
different applications. For example, they can be used for wastewater treatment, biofuels,
food production, food additives and chemicals (Ariede et al., 2017; Wang et al., 2015).

Bioremediation by algae is a very effective strategy for avoiding the use of
environmentally harmful chemicals in wastewater treatment (Alazaiza et al., 2022).
Furthermore, the choice of algae as a source of biomass for the production of bioplastics
is potentially replacing the synthesis of conventional bioplastics as a more sustainable
alternative in the long term (Cheah et al., 2023). Figure 19 shows the various applications

of algae biomass.
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Figure 19 — Applications of algal biomass. Figure adapted from Comissao Europeia (2022).

In the pharmaceutical industry, algae have been widely used due to their
antibacterial, antifungal, antiviral, antioxidant and anti-inflammatory properties (Aslam
et al.,, 2021). Currently, microalgae are used to produce antibiotics, subunit vaccines,
monoclonal antibodies, hepatotoxic and neurotoxic compounds, hormones, enzymes,

among other pharmaceutical applications (Khavari et al., 2021).
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Algae were introduced to the cosmetics field very early on due to their variety of
secondary metabolites which are known for their beneficial effects on the skin (Ariede et
al., 2017). Its derivatives can be used in three different ways: as additives that improve
organoleptic properties, for stabilizing and preserving the formulation and also as
compounds that perform an effective cosmetic function and activity (Michalak et al.,
2020). They can be used as ingredients in lotions, soaps, shampoos, toothpastes, foams,
gels, sun protection and hair products. On the other hand, they are often used as
moisturizers, anti-ageing agents, skin whitening agents and also as anti-cellulite and

slimming agents, as shown in Figure 20 (Dini, 2023; Michalak et al., 2020).

*Polysaccharides
* Carotenoids (fucoxanthin, astaxanthin)
*Fatty acid

*Polysaccharides
* Carotenoids (fucoxanthin, astaxanthin)
* Peptides and mycosporine-like amino acids
*Fatty acid

*Polyphenols
* Terpenoids
* Aminoacids

*Flavonoids
¢ Phlorotannins

Figure 20 — Algae metabolites nutricosmetic potentialities. Adapted from (Dini, 2023).

4.2.2. Action mechanism

The polysaccharides found in algae are a key element in cosmetic products aiming
skin hydration. These macromolecules are capable of storing water and establishing
bonds with proteins, such as keratin, through hydrogen bonds, so that the degree of
hydration of the outermost layer of the skin can be favored and maintained (Aslam et al.,
2021).

Normally, polysaccharides extracted from algae, especially green seaweed, have
a slower rate of moisture absorption compared to glycerin, a widely used humectant.

However, despite this more gradual absorption, polysaccharides have a higher water

51



Unravelling Skin Hydration — New Trends in Moisturizing Ingredients

retention capacity, which results in longer hydration (Aslam et al., 2021; Zhang et al.,
2022). The species Ulva fasciata, a green seaweed, is widely valued for its
heteropolysaccharide content (Aslam et al., 2021). Sulphated polysaccharides obtained
from red algae, particularly Porphyra haitanensis, are able to regulate the maturation of
the keratinised envelope of the stratum corneum and improve the dermal-epidermal
junction, which will promote better skin hydration (Aslam et al., 2021; Dini, 2023). In
addition, alginates, from brown macroalgae, and agar, from red macroalgae, have a water
retention capacity and contribute significantly to hydrate the skin (Dini, 2023).

Another relevant constituent present in algae with hydration properties regarding
the lipids. The cosmetics sector has shown a growing interest in algae, particularly due to
their high content of polyunsaturated fatty acids (PUFAs), phytosterols and carotenoids
(De Luca et al., 2021).

The brown macroalga Laminaria ochroleuca stands out for its composition rich
in unsaturated fatty acids, such as linoleic acid, oleic acid, linolenic acid and palmitoleic
acid. As mentioned above, some of these compounds are often incorporated into emollient
formulations, which play a fundamental role in maintaining the integrity of the skin
barrier and reducing TEWL, thus contributing to skin hydration (Aslam et al., 2021; Dini,
2023).

The species Cladophora glomerata, which is a green microalgae, also has a profile
rich in unsaturated fatty acids, which can be used in the production of oil-in-water
emulsions, as well as sulphated polysaccharides which have moisturizing properties
(Dini, 2023; Messyasz et al., 2018). Topical administration of carotenoids, such as
astaxanthin, present in some species of microalgae, has been shown to be effective in
improving skin hydration by regulating aquaporin levels (Ikarashi et al., 2020).

It has also been reported that certain species of red macroalgae, such as Porphyra
and Palmaria, have high levels of arginine, an intermediate product of the urea cycle. This
compound is part of the NMFs and plays a crucial role in the skin's natural moisturizing

mechanism (Bedoux et al., 2014).

4.2.3. Clinical claims

Leelapornpisid et al. conducted a study to compare the moisturizing effect of a

cream formulated with a green freshwater macroalgae (Rhizoclonium hieroglyphicum at
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0.3%) with moisturizers already on the market, including glycerine (5%),
propyleneglycol (5%) and hyaluronic acid (0.5%). Thirty individuals of both sexes aged
between 30 and 60 took part. Skin hydration was measured before and after applying the
creams at intervals of 15, 30 and 60 minutes for a short-term assessment and after 1 week
of use, with twice daily applications, for a long-term assessment. The results indicated a
significant increase in skin hydration, both in the short and long term, with the use of the
algae extract cream compared to untreated skin. In turn, the long-term moisturizing effect
of the macroalgae cream was similar to that of creams containing glycerin, propylene
glycol and HA.

It is worth noting that over 80% of the participants expressed satisfaction with the
macroalgae-based formulation, suggesting that this natural ingredient may be a more
sustainable option for moisturizing the skin (Leelapornpisid et al., 2014; Murphy & Dow,
2021).

Choi et al. evaluated the moisturizing activity of 12 species of Korean algae using
formulations containing 5% extract of each of the respective algae. This property was
assessed using a corneometer probe, applying the cream to the participants' forearms and
comparing it to a placebo (Choi et al., 2013). After 2 hours, the cream containing 10%
Laminaria japonica extract showed a significant improvement in skin hydration
compared to the placebo. The next measurement, taken 8 hours later, showed a reduction
in TEWL with the same cream. The results indicated that Laminaria japonica extracts
increased skin hydration over a period of 8 hours, with peak efficacy observed after two
hours. The authors concluded that this brown seaweed has moisturizing properties,
attributed to the humectants and hydrocolloids present in its composition, which makes it

a promising ingredient in skin moisturizing formulations (Choi et al., 2013).

4.2.4. Algae-derived cosmetics already in the market

In the formulation of cosmetic products, seaweed can be used in its fresh state or
in a fermented form. Furthermore, a single component of seaweed maybe used, or instead
an extract of the plant. There are also example of cosmetic products in which specific
species of seaweed or mixtures of several species are used, often together with extracts
of other raw materials (i.e. terrestrial plants, medicinal herbs), as well as ingredients

traditionally used in formulations. These combinations of algae species with other
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components can be strategically used to promote a synergistic cosmetic effect of the
components (Lopez-Hortas et al., 2021).

Algae perform different functions in cosmetic formulations, and can act as a
moisturizing agent, excipient, thickener, colorant, preservative, additive, flavoring or
even as a fragrance component (Morais et al., 2021).

The market for algae-based cosmetic products is estimated to reach a value of 1.10
billion dollars by 2031. In terms of volume, the market is expected to reach close to
87,000 tons in the same period (Meticulous Market Research, 2024).

In Europe, microalgae biomass has become increasingly relevant in the cosmetics
sector, accounting for 24% of its use, which reflects the increased interest in the benefits
that microalgae enhance in cosmetic and wellness formulations. With regard to
macroalgae, 17 % of European companies use their production for cosmetic products
(European Parliament, 2023).

Table 9 shows examples of moisturizing cosmetic products based on algae

extracts alone or in combination with other species, as well as the type of formulation.

Table 9 — Examples of algae-based moisturizing products.

Product Brand Dosage Ingredients
form
Nuxe Créme Ff'alche de Nuxe Cream Red algac extract
Beauté (France)
Lierac The Moisturizing Lierac . Green and brown
. Lotion
Lotion (France) algae
SkinCeuticals Daily SkinCeuticals Cream Red and brown
Moisture (USA) algae extract
\ La Mer Brown algae
Créme de La Mer (USA) Cream extract
VOYA Renewal Eyes VOYA Eye Brown algae
(Ireland) mascara extract
BodyOcean Bio BodyOcean Cream Red algae extract

Regenerating Face Cream (Portugal)

BodyOcean is a Portuguese brand dedicated to the development and production

of skincare products, using extracts of the wild red algae Asparagopsis armata as the
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main ingredient. This algae is collected by hand by divers on the island of Faial in the
Azores. After collection, they are subjected to an oven-drying process, which lasts an
average of around 3 days. Currently, the brand only sells one product, an organic
restorative face cream, available in 30 mL or 50 mL packs. According to BodyOcean, this
cream promotes regeneration and hydration of the epidermis, resulting in smoother,
brighter skin. It is important to note that 70% of the ingredients used are of organic origin,
reflecting the brand's commitment to environmental sustainability and the socio-
economic development of the regions involved in the production process (BodyOcean —

Wild & Organic Skincare, n.d.).

4.8 Summing up

As mentioned in previous chapters, various ingredients with moisturizing and
beneficial properties for the skin are incorporated into cosmetic product formulations.
These include hyaluronic acid, ceramides, grape and algae extracts, which have gained
prominence both in scientific studies and well as in the launch of new cosmetic products.
Table 10 presents a comparative table summarizing the main characteristics of these
ingredients, including their bioactivity, their role in moisturizing, scientific evidence

proving their efficacy, as well as examples of cosmetic products available on the market.
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Table 10 — Comparative analysis of the ingredients used in moisturizing cosmetic formulations that have been discussed throughout this work.

Ingredient Role in skin hvdration Cosmetic products
being Characteristics Bioactivity Y Findings on the market
analyzed
Ubiquitous glycosaminoglycan in the | Cell regenerator; HMW_HA acts on the epldemls, o . . . - L'Oréal I.’aps .
human body: Molecule with a high- | Anti-inflammatory: forming a barrier that attracts and retains | A 1% HA formulation significantly improved the skin's | Hydra Filling Night
water retentic’)n capacity: Moisturizing: > | water, thus moisturizing and preventing | constitution, increased hydration in the SC and reduced TEWL. | Cream;
Acid Can be formel(jl v?/]; th  different | Anti-wri nklij TEWL,; In a randomized, blind study, the use of a cream with 1% HA | Croma-Pharma
Hyaluronic molecular weights (LMW, MMW, | Anti-aging; ’ LMW-HA penetrates the skin right | and other bioactive compounds was shown to improve hydration | Farewell Dry Skin;
HMW VHMW)g ? ’ Colla in & down to the dermis, retaining water and | and the skin's barrier function 24 hours after application. Biohyalux HA
’ ’ s timu%ation stimulating collagen production and Hydro Intense
) deeper hydration. Serum.
Sphingolipid naturally present in A randomized controlled trial revealed that the use of a
the stratum corneum; Maintaining the Ceramides help restore and maintain the moisturizing cream composed of ceramides increased skin | CeraVe Facial
An essential molecule for maintaining | skin's barrier | . . pres . . hydration and decreased TEWL in elderly people with dry skin. | Moisturising Lotion;
the skin's barrier integrity; function; integrity of the skin barrier, preventing In another study, a topical treatment with pCER was carried out | Dr.Jart+ Ceramidin
Ceramides - ’ . iy TEWL, increasing the level of hydration . €, a top i With Pt U
Can be made up of different fatty acids | Preventing TEWL; and r,even tine iritants and allereens | O™ subjects with atopic dermatitis, which ultimately revealed that | Liquid,
and sphingoid bases giving rise to | Moisturizing. frominterin ﬁle skin & the application of the cream significantly reduced AD | Holika Holika
different types of ceramides. & ) symptoms, decreased TEWL and increased skin water content. | Good Cera.
Antioxidant: A study was carried out in which an emulsion with 3% grapeseed S]?;lg:(l)lerce B
Fruit produced by the Vitis vinifera Anti-inﬂam;nato . | Grapes and their derivatives contain | extract was created which showed excellent results in increasing H dra'u
(L) plant; Cardio rotectiver’ bioactive compounds (i.e resveratrol, | the skin's hydration, elasticity and smoothness, as well as a Hy dra’Vine
Grapes It is one of the most cultivated fruit He atop rotectivé’ flavonoids) that help retain water, | reduction in pore size and roughness. Cl}llar donnay  Grape
P crops in the world; Anltji-obisi ty- ’ maintain the skin's barrier function and | A cream with 2% Muscat hamburg grapeseed extract was shown Mask: Y P
Rich source of phenolic compounds. . }f’ increase the expression of aquaporins, | to have antioxidant, natural skin whitening, moisturizing and .
Anti-cancer; thus promoting greater skin hydration anti-aging properties Dvine Grape Power
Moisturizing. us p g8 Y ) £Ing prop ’ Dynamic Day
Cream.
Some species of algae, such as Ulva
Antibacterial; fasciata, have polysaccharldes.that retain A cream formulated with 0.3% freshwater green macroalgae Nu)fe Crem’e
. . . . water and strengthen the skin barrier, . . . . . . . Frainche de Beauté;
Photosynthetic aquatic organisms; Antifungal; . . . (Rhizoclonium hieroglyphicum) showed an increase in skin .
.. . R promoting longer-lasting  hydration. . . Lierac The
They can be divided into macroalgae | Antiviral, . . ." | hydration, both in the short and long term. S
. L Other species, such as Laminaria L - . .. . Moisturizing
Algae and microalgae; Antioxidant; ochroleuca. are rich in unsaturated fat The moisturizing activity of a formulation containing 12 species Lotion:
They have an enormous diversity of | Anti-inflammatory; . it ty of Korean algae was evaluated, in which the brown alga : .
. . . L acids, which help to reduce water loss s . . . BodyOcean Bio
biologically active compounds. Moisturizing; and preserve the skin's inteerit Laminaria japonica stood out the most, managing to increase Reoenerating  Face
Antiaging. p gty hydration and reduce TEWL. g g

Cream.
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5. Conclusions and Future Perspective

The choice of new, more environmentally friendly ingredients has been implemented
by several cosmetics brands. The reuse of waste and the use of marine organisms are
some examples of ways to obtain more profitable ingredients for the manufacture of
cosmetic formulations.

Vitis vinifera (L) has been extensively exploited due to their beneficial properties for
human health. The by-products derived from this fruit (i.e. stem, pomace, skin) are
extremely rich in phenolic compounds, which makes their reuse essential to minimize the
environmental impact they cause. On the other hand, algae are marine organisms that are
an abundant source of biologically active compounds (i.e. lutein, beta-carotene), offering
a more sustainable way of developing cosmetic formulations and at the same time
reducing the impact on the environment.

The use of state-of-the-art ingredients, such as hyaluronic acid and ceramides,
continues to be a strong source of composition for moisturizing cosmetic formulations.
These components stand out both for their ease of production and for their diverse
applications in the health sector and the cosmetics industry and are still widely known
and scientifically studied.

The evolution of the cosmetics industry continues to be strongly driven by the
influence of the media and the wide dissemination of scientific studies. These factors
contribute to an exponential increase in the population's perception of the potential risks
associated with chemical products, as well as the benefits of more sustainable constituents
used in cosmetic formulations. There is growing consumer concern about the safety,
efficacy and impact of the choice and correct use of products used in their skincare
routine. Although the use of natural and ecological sources in cosmetics formulation
offers several advantages, there are some challenges that must be taken into account, such
as product accessibility due to high costs, the short shelf life of natural ingredients and
the limitations imposed by the seasonality of these resources.

The cosmetics industry will continue to incorporate traditionally used ingredients
into its formulations (i.e. lanolin, glycerin), which will continue to play a key role in the
formulation of moisturizing products globally. On the other hand, more eco-friendly
ingredients are gaining more and more ground in the cosmetics market, making them a

promising and more profitable source in the cosmetics industry. In this monograph, it was
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possible to overview the conventionally used ingredients for skin hydration as well as the
latest generation of ingredients, together with new trends in the cosmetics sector:
ingredients of natural origin. It is possible that new, more sustainable and eco-friendly

ingredients could be the future of moisturizing cosmetics.
Cosmetics Market

Moisturizing

Cosmetic
Ingredients I
5 Ak

y=—=_ (’

Traditionally used

Lanolin Glycerin
inab 7 The new future
X 1/, . ..
State-of-the-art C)\)S Xi2 of moisturising
. . 7
Hyaluronic acid Esrmiels ingredients?
New trends based on natural ingredients ‘

Vitis vinifera (L) Algae

Leo-friend™

Figure 21 — Graphical abstract: Unravelling Skin Hydration — New Trends in Moisturizing Ingredients.
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