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Abstract: Peloids are mixtures of clays, sediments, or peat with mineral-medicinal water or sea-
water, or salt-lake water used in spa therapy for different treatments, including dermatological ones.
The origin of peloids can be natural; that is, they are formed in situ at the place where the thermal
water emerges or on the shores of the sea or salt lake, or they are prepared ad hoc from high-quality
materials, such as clays or peat. Peloids are also used as cosmeceuticals in skin care to treat different
skin disorders and/or conditions, such as psoriasis, eczema, and other scaly disorders, sensitive skin,
and acne. This review reports all available scientific data concerning the effects and specific activities
of peloids in skin care and cosmeceuticals, providing a better understanding of the clinical and cos-
metic benefits. Finally, the safety and regulation of peloids are also discussed.
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1. Introduction

The skin is the largest organ of the body, with a structure organized in layers with
functions mainly of protection, in addition to regulating body temperature and sensory
function. Thus, the layers of the skin (epidermis, dermis, and fatty subcutaneous tissue)
perform these protective functions, among which the barrier function stands out. The skin
has several mechanisms to perform this barrier function. The first and most important is
the epidermal one, through the stratum corneum. In addition to this physical barrier, the
skin also acts as a chemical and biochemical barrier, through lipids, acids, hydrolytic en-
zymes, antimicrobial peptides, and macrophages. The immunological barrier is made up
of the components of the cellular and humoral immunity of the immune system [1,2].

On the other hand, it is important to point out the importance of skin homeostasis in
maintaining the stability of the entire internal environment. At the same time, skin home-
ostasis is also the basis for maintaining the function of the skin barrier, as the skin barrier
is the first line of defense of the human body and its main function is to prevent water loss
and the entry of harmful substances into the body. Only when skin homeostasis is well
maintained can the skin barrier perform its functions properly and protect the body from
external threats. Therefore, maintaining skin homeostasis is of great importance for main-
taining human health [3].

To maintain the skin barrier, skin protection and hydration are essential, so the use
of cosmetics has become a daily routine. Cosmetics are defined as “any substance or mix-
ture intended to be placed in contact with the external parts of the human body (epider-
mis, hair system, nails, lips, and external genital organs) or with the teeth and the mucous
membranes of the oral cavity with a view exclusively or mainly to cleaning them, perfum-
ing them, changing their appearance, protecting them, keeping them in good condition,
or correcting body odours” (Regulations (EC) No 1223/2009 of the European Parliament
and of the Council of 30 November 2009 on cosmetic products) (http://data.eu-
ropa.eu/eli/reg/2009/1223/2019-08-13 (accessed on 1 September 2024)) [4].
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Cosmeceuticals are defined as “a cosmetic product that is purported to have thera-
peutic action capable of affecting the skin positively beyond the time of its application”.
The term was coined by Dr. Albert Kligman of the University of Pennsylvania describing
a hybrid category of products mid-way on the spectrum of cosmetics and pharmaceuticals
[5]. Cosmeceuticals have also been defined as “cosmetics having active ingredients similar
to a pharmaceutical but at reduced concentrations of actives”. Despite that, they are not
categorized as drugs that can cure or heal a disease condition, and they are regulated un-
der the same regulations as cosmetics [6].

Because some synthetic ingredients in cosmetics can cause skin irritation or accumu-
late in the skin, producing undesirable effects, users, as well as cosmetic companies, have
turned their attention to natural ingredients and products [7]. Therefore, cosmeceuticals
from plants or biotechnological bioactive compounds are more popular [8]. Hence, the
enlarging market for skincare formulations, especially cosmeceuticals, and the constant
search for alternative natural constituents led to the production of different types of skin
products focused not only on the daily routine but also on the wellness field. In this sce-
nario, peloids or thermal muds acquire new relevance, moving from being exclusively
therapeutic products in the field of balneology to being used as cosmeceuticals for skin
care in different areas.

Peloids are mixtures of clays, sediments, or peat with mineral-medicinal water
(MMW), seawater, or salt-lake water that are used in spa therapy for different treatments,
including dermatological ones. Peloids have been used for years to treat different skin
disorders, such as psoriasis, atopic dermatitis, or acne, and nowadays, they are also used
as cosmeceuticals to improve skin health and conditions.

Tian et al. reviewed the medical and cosmetic applications of peloids with a particu-
lar emphasis on aging and changes in skin microbiota. This review suggests that there is
a need to explore which chemical elements are involved in their effects, which peloid is
most suitable for each skin condition and the mechanisms of action involved, as well as to
promote regulation regarding the limits of heavy metals and harmful bacteria [9]. The
present review attempts to address some of these questions and to provide answers to
them as far as possible.

The aim of this review is to reveal the role of peloids in skin care and highlight their
potential use as cosmeceuticals. First, an overview of the concept and composition of
peloids is described to highlight their differentiating characteristics with respect to other
skin care products, such as facial and body masks. Second, the relevance of each phase of
the peloid is described to understand the role of each of its components in the possible
actions and benefits on the skin. Finally, the review reports actual research conducted to
demonstrate the effects and benefits of thermal peloids on the skin. Additionally, the
safety and quality of peloids are also discussed, to determine and avoid possible toxic
effects.

2. Materials and Methods

For the non-systematic literature review, PubMed, Google Scholar, and Web of Sci-
ence databases were consulted, and the search terms used were “peloids or mud and skin
care”, “peloids or mud and cosmetics”, “peloids or mud and cosmeceuticals”. The search
was performed with data up to September 2024.

To ensure that relevant information was obtained to answer the research question,
inclusion and exclusion criteria were established. The inclusion criteria were articles fo-
cusing on the problem under study, articles describing the composition of the peloids
used in skin care or dermatological disorders, and articles describing the different specific
activities of peloids reporting the dermotherapeutic or cosmetic use. Exclusion criteria in-
cluded articles not related to the problem under study and in which the peloid or mud
was not one of the main components of the skin care formulation. Thus, 145 articles were
revised, and 21 articles were selected and analyzed for review.
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3. Peloids: Definition, Composition and Classification

The concept of peloids is relatively modern; it was accepted in 1933 by the Interna-
tional Committee of Measurements as a general term for muds for medicinal use and it is
interesting to mention in this regard the proposal of Judd Lewis, President of the “Inter-
national Standard Measurements Committee”, who proposed to give a generic name and
classify the “Semi-solid Bath media” or “Peloids” (Boue, Fango, Gyttya, Limon, Lutum,
Moor, Peat, Sapropel, Schlick, Seaweed, Torf). Since the name must be of Greek or Latin
origin, the Greek word “Pelos” (1teAdc) is chosen instead of the Latin “Lutum”, which also
means mud, but the Greek word forms derivatives such as Peloterapia and Pelologia,
grammatically correct, while the Latin word would give, according to Lewis, barbarisms
[10]. The word peloid thus adapts to any language in a way analogous to colloid or alka-
loid. It was at the Wiesbaden Congress (Germany) of the International Society of Medical
Hydrology (ISMH), in 1938, where the word “Peloid” was finally accepted [11].

The acceptance of the word peloid was immediately agreed upon by the scientific
community, but not the definition. That is why, over the years, multiple definitions have
emerged that reflect the variety of components and presentations that mud has.

3.1. Peloid Definition

The first definition that was proposed and discussed was that of Lewis in 1933 [12]:
“A peloid is, whatever the medium, a natural product, consisting of a uniform mixture of
solid matter and finely divided organic matter and water, which is applied in medical
practice as a poultice for external treatment”.

The definition adopted by the International Peloids Committee of the ISMH at the
Conference held in Wiesbaden in 1938 [13] states: “Peloids are substances that are formed
in nature through geological processes and that when finely granulated, mixed with wa-
ter, have applications in medical practice in the form of baths or poultices”.

However, the use of peloids evolved and other uses such as dermocosmetic use were
included. In 2013, the Working Group led by Gomes [14] defined peloids as “Peloid is a
maturated mud or muddy dispersion with healing and/or cosmetic properties, composed
of a complex mixture of fine-grained natural materials of geologic and/or biologic origins,
mineral water or sea water, and commonly organic compounds from biological metabolic
activity”.

Initially, it was considered that to be called peloid, a mud had to have undergone a
maturation process (understood as a long contact process of the solid phase with the min-
eral-medicinal water). During the 3rd Symposium on Thermal Mud, held in 2004 in Dax,
it was agreed to distinguish between the two main types of peloids: (i) muds or clays that
are just mixed with mineral water with no maturation process, the so-called extempora-
neous or prepared “ad hoc” peloids; (ii) muds or clays mixed with mineral water, and
naturally or artificially matured [15].

3.2. Peloid Classification

The above-mentioned Working Group also classified peloids according to their
origin and applications [14]. This classification is summarized in Figure 1.
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Figure 1. Peloid definition and classification (adapted from Gomes et al., 2013) [14].

As can be seen in Figure 1, the peloid can have a natural origin, but in many thermal
spa centers peloids are prepared “ad hoc” from clays, sediments, or silts, mixed with min-

eral-medicinal water.

Natural peloid is obtained from natural environments, such as lakes or river estuar-
ies, and it is subjected to a sifting process. “Ad hoc” peloids are prepared by mixing the
raw materials, liquid and solid phases (previously characterized), to which microalgae or
cyanobacteria can be added. Finally, both peloids must undergo quality control (Figure

2).
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Figure 2. “Ad hoc” peloid preparation vs natural peloid obtention.

3.3. Peloid Composition

Peloids are composed of a liquid phase which can be MMW, seawater, or salt-lake
water; a solid phase, which is frequently inorganic and made of clay, silt or sediments, but
also can be organic (e.g., peat); and a biological fraction consisting mainly of microalgae
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and cyanobacteria from the waters themselves or cultivated. The composition of the
peloids is decisive in their therapeutic and cosmetic effects, but so is the method of appli-
cation, especially when they are applied hot/warm, since it is seen that the penetration of
the bioactive substances is facilitated (Figure 3).

PELOID COMPOSITION

CLAY/S
CLAYED-SILT
SILTY-CLAY
PEAT

MM WATER
SEAWATER
SALT-LAKE WATER

CYANOBACTERIA
MICROALGAE
OTHERS

Figure 3. Peloid composition.

The liquid phase is important as the mineral-medicinal water composition can varied
from chloride, sulfate, bicarbonate, sodium, calcium, and silica MMW (among others) to
seawater, or salt-lake water, and this leads to different actions on the skin due to the ions
and trace elements present. MMW can be classified according to the temperature, dry res-
idue, hardness, etc., but the one that provides the most information regarding its thera-
peutic use is that of mineral content. In 2009, the European Commission defined and clas-
sified natural mineral water, but this classification does not include natural mineral waters
used at source for curative purposes [16]. Thus, each country regulates the use MMW; the
classifications are all quite similar, the differences being mainly related to the minimum
ion content. Table 1 summarizes the classification of MMW from Spanish Medical Hydrol-
ogy Association (SEHM) (https://www.hidromed.org/hm/index.php/el-agua (accessed on
1 September 2024)) [17].

Table 1. Classification of mineral-medicinal waters according to the mineral composition (SEHM)
[17].

Mineral Content >1 g/L
Heavy (>50 g/L)
Chloride Medium (>10 <50 g/L)
Light (<10 g/L)
Sodium
Sulphate Magnesium
Calcium
Mixed: Chloride, Bicarbonate
Sodium
Bicarbonate Calcium
Mixed

With special mineralizing elements/compounds
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Sulphur rich >1 mg of SH, and SH/L
Carbon-dioxide rich >250 mg of free CO,/L
Iron rich >5 mg of total Fe/L
Radon rich >67.3 Bq of Rd/L

Less than 1 g/L (low mineralization)

Seawater is a complex mixture with a high percentage of water depending on its
origin and the rest are salts and smaller amounts of other types of substances, including
dissolved organic and inorganic materials, particles, and atmospheric gases. The salinity
of seawater and salt-lake water varies from around 35 g/kg in the ocean to approximately
330 g/kg in the Dead Sea; for example, in Tuz Lake (Turkey) it is 324 g/kg, and in Mar
Chiquita (Argentina) it is 60 g/kg, to mention a few examples where peloids naturally
occur. The most abundant elements, after oxygen and hydrogen, are chlorine and sodium,
followed by magnesium, sulfur, calcium, potassium, bromine, strontium, boron, silicon,
and fluorine, up to more than 80 chemical elements [18].

The solid phase is composed by different types of sediments from the mineral-me-
dicinal waters themselves when they have high salinity or mineral content (e.g., hyper-
saline MMW), silt from natural deposits (fine-grained sediments), or clays (smectite, illite,
kaolinite, etc.). But peat can also be used as a solid phase to prepare a more organic peloid;
peat is an organic compound that comes from the slow maceration of herbs and plants
deposited in particularly wet and marshy environments.

The biological fraction is also of great interest since microalgae and cyanobacteria
found in peloids have been proven to generate biologically active substances (especially
during the maturation process), which in turn are responsible for their beneficial effects
and actions.

4. Relevance of the Components in the Formulation of Peloids and Their
Therapeutic Effects

The effects of peloids derive on the one hand from their thermotherapeutic action
and, on the other hand, from the components of their formulation; that is, the solid phase,
the liquid phase, and the biological fraction. Before reviewing the actions and effects of
peloids on the skin, we will describe the role played by the different components that
make up their composition.

4.1. Relevance of Solid Phase

The most abundant research on the solid phase is related to clays and, to a lesser
extent, to sediments and peat.

In 2020, Carretero [19,20] described the mineralogy and chemistry of clays for pelo-
therapy, as well as the organic compounds, microbiology and medical applications. The
solid phase of most peloids is clay or clayey sediments (phyllosilicates, quartz, calcite,
feldspars and dolomite); among phyllosilicates, different proportions of smectites, kaolin-
ite, illite, illite—smectite mixed layer, and chlorite can be found. The review highlighted
that the smectites are considered more than others to prepare peloids because they pro-
vide better thermal properties and greater cation exchange capacity. It also refers to the
mineralogical, crystallochemical, and property changes that occur with maturation time,
which depend on the type of mineral-medicinal water used and the phyllosilicates that
make up the clays used in the study, as well as the solubility of other minerals present. It
also states that the optimal maturation time is between two and three months, since after
that time, the changes in the composition and properties of the peloid are minimal.

Lopez-Galindo et al. studied the pharmacological and cosmetic use of clays as they
are traditionally used as adsorbents and protectors in topical and systemic formulations
in the treatment of, for example, acne, and leg ulcers [21-23]. The use in dermatological
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and cosmetic applications is based on the rheological properties, the high capacity for cat-
ion exchange and absorption, and the slow cooling rate of clays when properly prepared
[21]. Viseras et al. carried out several studies to assess the suitability of various clays for
use in skin care products. The results are of interest for the development of peloids for
dermocosmetic use [24,25]. Clays are useful in cosmetics design simply because they are
made of rigid, small, anisometric particles. Smectites are of interest due to their electrical
charges that result in ion exchange capabilities and are therefore capable of loading, trans-
porting, and delivering active ingredients in cosmetics, but also in the adsorption and re-
moving waste substances from the skin surface. The intermediate net negative charges of
smectites result in layer expansion in polar media and specific rheological properties that
are very useful in cosmetic formulations. Kaolinite and mica are made of hard prismatic
particles that are slightly abrasive on skin, teeth, or hair, which can be useful in deep
cleansing of the skin [25].

In terms of health benefits, clays are very well known for their anti-inflammatory
activity [26], bacteriostatic and bactericidal effects [27], promotion of the excretion of tox-
ins [28], shooting and regenerative actions [29], and even the treatment of ulcers [30]. Ad-
ditionally, clay mineralsohigh adsorption capacity allows them to adsorb secretions, tox-
ins, and impurities, as well as bacteria and viruses. The high cation exchange capacity can
promote the release and transfer of vital chemical elements to the body that are present in
its composition, such as sodium, potassium, magnesium, copper, iron, zinc, and manga-
nese [31]. In the cosmetic field, clays are used for cleansing and moisturization of the skin
and to combat compact lipodystrophies, acne, and cellulite [32], and also have anti-inflam-
matory properties [33].

As examples of peloids made of clay, the peloids from the Euganean Thermal District
can be cited. The “virgin clay” is obtained in the Euganean Hills, which is rich in car-
bonates (calcite > dolomite), quartz, feldspars, and phyllosilicates; the clay fraction (< 2
pum) corresponds to kaolinite and illite—smectite type. The clay is mixed with the thermal
water and maturated in the spa itself in a maturation pool [34].

In France, peloids are also very popular; one of the most well-known is the peloid of
Dax, elaborated in a factory that supplies mud to 17 thermal spas, and prepared from a
sediment (“limon” from de Adour River) whose main composition is silica, silicates, crys-
tallized or amorphous oxides and hydroxides, carbonates, phosphates, and sulfates [35].

Marine peloids come from a natural environment and are composed of a variety of
sediment compounds, mostly silt. In addition to marine peloids of natural origin, which
are scarce, peloids are increasingly being prepared from clays, such as bentonitic clays,
mainly of ancient marine origin, but also others of cosmetic quality with various origins.

Some examples of natural marine peloids are from Morinje Bay and Makirina Bay
(Croatia), the Igalo Bay marine peloid (Montenegro) [36-38] on the Adriatic coast, and the
Techirghiol peloid in the Black Sea (Romania), a sapropel type containing organic carbon-
rich sediments [39], and the peloid from the saline lagoon Tuz lake (Tuz G6lu) in Turkey,
whose composition was a combination of clay minerals (mainly montmorillonite, kaolin-
ite, and muscovite) and non-clay minerals (mainly quartz, calcite, dolomite, and albite)
[40]. Other highly mineralized muds are those from Kazakhstan lakes, most of them sul-
fide-type and rich in bromine, which could also be of interest for skin disease treatment
[41].

Another interesting example in the Adriatic coast is the Secovlje Salina peloid, a
hypersaline mud from the Secovlje Salt Pans, the biggest natural park in Slovenia; these
muds were characterized by very fine, sandy, medium silt in which the mud fraction
greatly dominated, and contents of the major and trace elements of saline muds were com-
parable to their mean concentrations in surface sediment from the Central Adriatic Sea
over the sand fraction. This peloid is being used for wellness purposes, and to formulate
cosmetics [42].

The most studied marine peloid is the Dead Sea mud, whose main composition is
quartz, calcite, and halite [43], and has been shown to exert antibacterial and anti-
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inflammatory activities [44]; this mud is been used to treat a wide range of dermatological
conditions, especially psoriasis, atopic dermatitis, and other eczemas [45].

As it has been mentioned before, in some countries, peloids are produced from peat,
although there are few studies on their composition and actions. Peat is mixed with min-
eral-medicinal water in different proportions to make poultices or baths as an extempo-
raneous peloid or undergo a maturation process, but, in some cases, mixtures of peat and
clay can be found; this is the case of Caldes de Boi peloid (Spain) [46].

Peat is highly rich in minerals, enzymes, macromolecules (such as proteins, lipids,
and cellulose), and decomposition products (such as humic acid, umolignin, humine,
amino acids, and bitumen). These compounds have multiple biological activities, such as
antibacterial, antifungal, immunomodulatory, and photoprotective activity, relevant to
the use of peat in dermatology and cosmetics [47].

4.2. Relevance of Liquid Phase

MMW, in addition to constituting the liquid phase of the peloid, has a crucial im-
portance in the actions of the peloids, since it provides the minerals present in its compo-
sition. There are several studies on the role of MMW on dermatological disease, but very
few are related to minerals and trace elements. The most recent, by Mourelle et al. [48],
describes their role in the treatment of different dermatological disorders and skin condi-
tions. This research summarizes that some anions, such as chloride, sulfate, and bicar-
bonate, can exert anti-inflammatory actions, along with other actions. For example, chlo-
ride and bicarbonate can protect the skin against dehydration, and sulfate has antibiofilm
activity but also antioxidant properties, and carbonate enhances the wound healing pro-
cess. Cations can also exert important activities; for example, calcium, and sodium can
improve wound healing, and magnesium improves skin barrier function and has anti-
inflammatory properties. Among the trace elements, selenium and strontium possess an-
tioxidant activity; manganese and boron promote wound healing; and zinc has been
shown to exert antipruritic activity. Other compounds such as SiO: can also exert anti-
inflammatory activity and have been able to promote skin barrier recovery, sulfur and
derivatives (SH™; H2S) are mainly used to reduce inflammation and scaling in psoriasis,
but also in wound repair, and COz-rich waters improve peripheral circulation [48].

Seawater has a recognized effect in the treatment of eczema, dermatosis, psoriasis,
nasopharyngeal inflammation, conjunctivitis, vaginitis, and other infections of the exter-
nal genital organs. In cosmetology, it has also been used to improve skin hydration and
elasticity. In addition, it helps regulate sebum production (in oily skin and acne) and scalp
flaking (dandruff). It also plays an important role in the absorption of saline and metal
ions, favoring the excretion of toxic waste and some oxygenation of the tissues [49]. Addi-
tionally, magnesium salts, which are the prevailing minerals in Dead Sea water, are
known to have anti-inflammatory activity, improving psoriasis, eczema, and other der-
matological diseases [50-52], but also regenerative properties, moisturizing, smoothing,
and anti-photoaging benefits [53,54].

4.3. Relevance of the Biological Fraction

The biological fraction of the peloids has been extensively studied since it has been
proven that, in addition to providing biologically active substances on its own, it also
helps to generate them within the peloid during the maturation process.

Several studies have been carried out to identify the microbial composition of Abano-
Montegrotto peloids (Euganean Thermal District) and their role in the therapeutical ef-
fects, finding that, during the mud maturation process the clay surface is colonized by
complex microbiota forming blue-green biofilms mainly composed of filamentous and
coccoid cyanobacteria strains such as Cyanobacterium aponinum ETS-03 [55-57], and Phor-
midium ETS-05 [58,59] being the latter most abundant strain present in the mature muds
[60]. Later on, Zampieri et al. [61] investigated the exopolysaccharides (EPS) produced by
Phormidium sp. ETS05, which showed anti-inflammatory and pro-resolution activities in
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chemical and injury-induced zebrafish inflammation models, suggesting that EPS could
be responsible for the anti-inflammatory effect of these peloids. Subsequent studies con-
firmed the anti-inflammatory and antioxidant activities of the EPS of these thermal muds
[62]. Additionally, in 2021, a new filamentous cyanobacterium was found, called Thermo-
spirulina andreolii, which is capable of synthetizing phycocyanin and exopolysaccharides,
with possible antioxidant and anti-inflammatory activities, suggesting its potential for
contributing to the healing properties of these muds [63].

The diversity of cyanobacteria from the thermal mud of Balaruc-les-Bains (France)
has been also studied, identifying the species Pseudochroococcus coutei [64]. Additionally,
Demay et al. investigated the potential beneficial activities of nine cyanobacteria isolated
from this thermal mud, in terms of the production of antioxidant and/or anti-inflamma-
tory compounds using genomic, metabolomic, and bioactivity analyses, finding that the
strains Planktothricoides raciborskii PMC 877.14, Nostoc sp. PMC 881.14, and Pseudo-chroo-
coccus couteii PMC 885.14 demonstrated strong anti-inflammatory activity, and Aliinostoc
sp. PMC 882.14 showed slight wound-healing activity [65]. Halary et al. also investigated
the intertwined metabolic pathways between cyanobacteria and surrounding bacteria, of-
fering new insight into the potential role and metabolic interaction of bacteria in thermal
mud-associated cyanobacterial biofilms [66].

Blue Lagoon mud is a silica-rich peloid very well-known for its microbial diversity
[67-70]; filamentous bacteria that are developed in this mud have been studied to evaluate
their therapeutic and dermocosmetic properties, finding that the cyanobacteria Cyanobac-
terium aponinum is able to secrete exopolysaccharides with anti-inflammatory properties
[71,72].

Halophilic bacteria can also play a role in the therapeutic properties of hypersaline
muds; thus, Dead Sea mud has been shown to exert antibacterial properties [73], and the
halophilic bacteria Haloarcula marismortui (Volcani) has been identified [74]; other micro-
organisms present in the mud are Bacillus persicus, which showed antimicrobial activity
[44], and other Bacillus species exerting antibacterial and antifungal activities [75].

Organic compounds such as humic acids, lipids, and carbohydrates as well as hydro-
gen sulfide found in hydrosulfide peloids are also of interest as they could increase the
balneological value of the muds, as is the case with the Mongolian muds [76]. The organic
compounds of several peloids from Igalo Bay (Montenegro) have also been investigated,
finding that they are composed mainly of fatty acids (saturated and unsaturated) as well
as essential amino acids, which have significant physiological, medical, and pharmaceu-
tical effects [38].

5. Results

From the analysis of scientific articles, 21 studies about the peloids used to treat dif-
ferent skin diseases and conditions were found, as well as those studies related to the use
of cosmeceuticals, which frequently are described in the same research. The studies are
organized by type of peloid: natural, and “ad hoc” prepared. Natural peloids are: Blue
Lagoon peloid, Dead Sea Mud, Cervia peloid, Korean Sea Mud, Ulcinj peloid, and
Xiushan Island sea mud. “Ad hoc” prepared peloids are Compostela, La Toja, Saturnia,
and Massaciuccoli. Table 2 summarizes these findings.
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Table 2. Studies involving peloids in skin care and cosmeceuticals.

Therapeu-
Main C - Ob d Effects and Spe-
Peloid Origin am -ompo tic/Cosmetic Type of Study served hiecis and ope References
sition cific Activities
use
Natural
in pi - In vi D TEWL
Blue Lagoon Grandvik Silica-rich mud Skin pigmen " Vl.tI'O . ecr?as§d w [77]
tation In vivo Skin barrier improvement
Iceland
Psoriasis
Atopic der- In vitro Antimicrobial activity [73]
matitis
. Wound heal- . Acceleration of wound
Hypersaline, . In vivo . [78]
. . ing healing process
sulphide-rich . . : -
. . In vitro Antimicrobial activity [44]
(Ilite—smectite Skin hvdration i
. in ration improve-
phases, Kaolin- Healthy skin Clinical study yara Ot prove [79]
Natural ite, Calcite, No sionifi m.en n
atura Quartz, Chlo- o significative c a.nges on
Dead Sea . TEWL, pH, melanin, and
Dead Sea (Israel) rite) th level
. .. erythema levels
Health 1 1
Dead Sea calthy skin Clinical study Slight improvement in skin [80]
firmness
Maintenance of skin barrier
Dermud™
AHAVA
De(a d sea rn)u q Protective, anti-oxidant
Healthy skin In vitro and anti-inflammatory ef- [52]
+ Aloe vera ex- . .
. fect after UVB irradiation
tract and vita-
mins
Cervia liman Liman Decreased PASI
cloid peloid Silica-rich Psoriasis ~ Clinical study Reduction in the topical [81]
P (Italy) use of drugs
Natural Psoriasis Clinical trial Decreased PASI [82]
Ischia
Ischiaisland (Campa- Volcanic-de-
mud nian Archi- rived clay - Clinical trial Antibacterial [83]
pelago, It-
aly)
Natural Sea mud Dermo-
Korean Sea Boryeong, . . . y L.
(Humic sub- cosmetic po- In vitro Anti-inflammatory activity [84]
Mud Chungnam . )
stances-rich)  tential use
(Korea)
Natural
Ulcinj Skin care . Increased stratum corneum
) . In vivo . 1. [85]
(Montene- (moisturizing) humidity
Ulcinj cream gro) Saline
peloid * Natural (Quartz, Kao-
. .. . Dermo-
Ulcinj linite, Illite, cosmetic po In vitro Antimicrobial activit [86]
(Montene- Halite, Sylvite . P Y
tential use
gro)
Natural Reducti f seb -
Ulcinj peloid attita Acne Clinical study ecuction ot sebim secre [87]

Ulcinj

tion
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+ medicinal (Montene- Antimicrobial, and anti-in-
herbs gro) flammatory effects
Marine mud
Natural (algae, crusta- Antioxidant effect
Xiushan Is- Zheji'ang ceans ar"td Nc'>t men- o entioned Inhibitory effect on tyrosi- [88]
land sea mud province aquaticanimal  tioned nase
(China) and plant de- Antibacterial effect
bris)
Prepared Hectorite
La Toja peloid “ad hoc” . Psoriasis  Clinical study Decreased PASI [89,90]
) Iron-rich
(Spain)
Compostela Prepared
eI;l)oi d “ad hoc” Hectorite Psoriasis ~ Clinical study Decreased PASI [91]
P (Spain)
freparesl Montmorrillo-
ad hoc nite with pres- Not men
Saturnia mud Saturnia p' . In vitro Antioxidant activity [92]
ence of Illite tioned
Terme .
and Kaolinite
(Italy)
Decreased SD index (Koca
et al. index)
Seborrhei
CPOTTICIC  Clinical trial  Decreased sebum levels [93]
dermatitis .
Improvement of skin hy-
Prepared Peat matura dration
. “ad hoc” . . Decreased body diameters
Massaciuc- tion with
. Uldunla _ and body water
coli peat salty bromine— .
Thermae ~, . Improvement of skin elas-
(Italy) iodine water Gynoid lipo- ticit
Y yRore "P9” Clinical trial oo [94]
dystrophy subcutaneous perfusion
improvement

Reduction of thickness of
subcutaneous fat

* 1% of peloid as active ingredient. PASI: Psoriasis Area Severity Index; SD: Seborrheic dermatitis;
TEWL: Transepidermal Water Loss.

6. Discussion

As described in the introduction, peloids include MMW, seawater, or salt-lake water
in their liquid phase. Numerous studies showed the potential of mineral-medicinal wa-
ters for skin care, with the most commonly used waters for skin disorders being chlorine,
sulfur, bicarbonate waters rich in magnesium and calcium, and silica-rich MMW [95-97].
Seawater and salt-lake water are very well-known for their high content of minerals and
trace elements that can benefit the skin [98] and contribute to the peloid properties.

Clay, silt, and peat included in the solid phase can also provide minerals and/or or-
ganic compounds that also contribute to the therapeutic and dermocosmetic potential of
the peloid. Several authors studied the suitability of different clays to prepared peloids;
for example, Khiari et al. investigated 11 Tunisian clays traditionally used in home-made
mud-packs, finding that their characteristics are similar to others used to prepare peloids
(illite, kaolinite, and smectic-types), highlighting the importance of investigating the crys-
talline silica (quartz) fractions that could reveal uncontrolled manipulation [99]. Karakaya
et al. investigated the physical and physico-chemical properties of 20 peloids from Turkey
to evaluate the suitability of their use in pastes, masks, creams, and/or mud baths, con-
cluding that the peloids with high cation exchange capacity (CEC), swelling, and



Cosmetics 2024, 11, 202

12 of 21

absorption capacity may be suitable for removing oils, toxins, and contaminants from the
skin [100].

Peloids have been used successfully for the treatment of various inflammatory con-
ditions, mainly rheumatic diseases, but also for chronic inflammatory skin disorders, such
as atopic dermatitis, and psoriasis. Peloids have also been shown to be useful in different
skin conditions, such as acne or sensitive skin, and to improve barrier function or prevent
aging.

On the other hand, it has been observed that peloid therapy can modify the cutaneous
microbiota, and it has been hypothesized that it could have an indirect beneficial action
on the immune function, which may be of interest in dermatological disorders in which
an imbalance occurs in it [101].

Bathing in Blue Lagoon geothermal seawater has been reported to be beneficial for
improving psoriasis and its anti-inflammatory properties [102,103]. The Blue Lagoon mud
has been extensively investigated, both for therapeutic and cosmeceutical purposes, find-
ing, as has been mentioned before, that exopolysaccharides could be responsible for the
main properties of the peloid [71,72], but also the mineralogical compounds of the mud.
Both silica mud and cyanobacterial extracts are used to prepare cosmeceutical formula-
tions. Studies in vitro and in vivo were carried out showing that extracts from silica mud
and one type of microalgae inhibited UVA radiation-induced upregulation of matrix met-
alloproteinasel expression, and both algae as well as silica mud extracts induced collagen
1A1 and 1A2 gene expression in this cell type. An in vivo study performed in healthy
volunteers showed that a galenic formulation containing silica mud and microalgae was
able to reduce TEWL and strengthen the skin barrier [77].

Later studies in vitro and in vivo reported that normal human epidermal melano-
cytes, which had been treated with nontoxic concentrations of Blue Lagoon microalgae,
showed a significantly reduced expression of a-MSH-induced expression of genes in-
volved in melanin synthesis. Furthermore, patients treated with a serum containing Blue
Lagoon mineral salts and microalgae extracts resulted in a reduction of uneven facial skin
pigmentation [104].

Dead Sea water and Dead Sea peloids are probably the most studied hypersaline wa-
ter and mud. Both are used for therapeutic purposes but also to prepare cosmeceuticals.
In 2018, Bawab et al. reviewed the applications of Dead Sea (DS) mud in cosmetics, finding
several patents for skin care products containing DS mud and salts, hydrolyzed collagen,
and plant extracts; skin formulations containing urea and DS mud or salts that help in
reducing skin irritation; or DS mud formulations for the prevention of dandruff [105].

In vitro and clinical studies demonstrated the benefits of DS mud in skin care. Maer
et al., in an in vitro study, demonstrated that DS mud exerts antimicrobial activity, which
might partially explain the therapeutic properties of the mud and may explain the
antiacne effect attributed to facial DS mud masks [73]. Antibacterial properties of crude
DS mud have been attributed to the presence of Bacillus persicus [44]. DS mud was also
able to accelerate the wound-healing process by enhancing granulation, wound contrac-
tion, epithelialization, angiogenesis, and collagen deposition [78].

Two clinical studies were performed by Hamed et al. in 2018 and 2021 to assess the
skin tolerance of DS mud formulations, showing that DS mud was very well tolerated,
even in long-term use, did not disturb the skin barrier, and exerted a slight skin hydration
improvement [79,80]. Furthermore, a cosmeceutical formulation containing DS mud, aloe
vera extract, and vitamins showed in vitro antioxidant and anti-inflammatory activities,
protecting against UVB irradiation [52].

Cervia liman peloid, silica-rich and prepared from hypersaline water, combined with
heliotherapy, was able to reduce PASI and the use of topical drugs, as well as the psoriasis
recurrences [81].

Ischia Island peloid is volcanic-derived clay mud that is used for psoriasis treatment,
reducing inflammation, scaling, and erythema. Clinical studies showed that the combina-
tion of balneotherapy and mud therapy was able to reduce PASI [82]. Furthermore, Ischia
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Island mud was demonstrated to exert antibacterial and antibiofilm activities in vitro
study [83].

Marine muds were also investigated to evaluate their potential use as cosmeceuticals.
Korean sea mud, obtained from a tidal flat on the west coast in Boryeong (Chungnam,
Korea), which is used to prepare different cosmetic formulations such as soap and packs,
has been investigated to evaluate its anti-inflammatory properties. Humic substances (hu-
mic acid, fulvic acid, and humine) from crude sea mud were extracted and their anti-in-
flammatory activity was tested in human keratinocytes that had been subjected to UVB
irradiation. Measurement of the levels of PGE2 (Prostaglandin E2) released from the irra-
diated cells demonstrated that aqueous extracts showed a higher anti-inflammatory effect
than methanol extracts. Authors concluded that the mud extract could be used as a safe
natural component in skin formulations aimed to either protect or calm irritated skin from
sun exposure [84].

Ulcinj peloid is a marine mud from the area of Ulcinjes Solana (Montenegro), com-
posed of quartz, kaolinite, illite, halite, and sylvite, and is also rich in sodium, calcium,
and magnesium. Microbial diversity was also studied, concluding that the main genus
was Pinnularia, belonging to the division Bacillariophyta-siliceous algae. The Ulcinj peloid
showed antibacterial activity [85], and previous studies demonstrated its beneficial effects
on reducing TEWS, skin erythema index, and increasing stratum corneum humidity [86].
A cosmeceutical peloid consisting of 2% Ulcinj peloid and tinctures of medicinal plants
was investigated in patients with acne. After application twice daily for 28 days, the re-
sults showed an improvement in the FDA-IGA (Investigators Global Assessment of Acne
Severity) score compared to the control group [87].

Du et al. reviewed several natural muds in China (folk use). After a comprehensive
comparison of several mineral muds of different origins, it was found that most of them
are rich in potassium, calcium, sodium, magnesium, iron, manganese, zinc, and copper,
and the effect can be related to these elements, but there is no experimental proof. The
authors concluded that although good results have been achieved in the clinical applica-
tion of mineral mud, there is no systematic research on its effects, and in order to make
the application of mineral mud more scientific, safe, and extensive, the specific effects of
mineral mud should be studied [88].

”Ad hoc” prepared peloids are mainly composed of clay (hectorite, illite, kaolinite,
etc.), but peat peloids can also be found.

In Spain, two prepared “ad hoc” peloids showed their efficacy in reducing the symp-
toms of psoriasis. La Toja peloid is prepared from the sediment of La Toja MMW, classi-
fied as hypersaline, chloride bromo-iodic, iron-rich, and hectorite clay. A long-term study
demonstrated that this peloid is able to reduce PASI and also relapsed disease related to
stress, and relapsed disease intensity of affected areas, achieving an overall improvement
(subjective assessment), and reducing the need for medications [89,90]. Compostela peloid
(from thermal spa O Tremo) is also an “ad hoc” peloid whose main composition is sulfur
MMW and hectorite clay; preliminary studies on psoriasis showed that this mud is able
to reduce PASI [91].

Saturnia mud is composed of a mixture of clay mainly composed of montmorillonite
with the presence of illite and kaolinite, and hydrogen sulphide-rich MMW, maturated in
tanks for 12 months with the spring water constantly flowing at 37.0 °C. The scavenging
activity on DPPH (Diphenyl-2-picrylhydrazyl) radical along the different stages of matu-
ration (virgin mud, one-month, six-month, and twelve-month maturation time) showed
that the antioxidant activity achieved the peak in six-month maturation [92].

Peat is also of great interest in the preparation of dermocosmetic peloids. Blonska-
Sikora et al. [106] reviewed the dermocosmetic formulations whose main ingredients are
peat or sulfurous water, but they only mentioned a company that combines both ingredi-
ents (BALNEO kosmetyki: https://balneokosmetyki.pl (accessed on 1 September 2024)).

Di Pascua et al. [47] studied the composition of Massaciuccoli peat (Undulna Ther-
mae, Italy) at different stages of maturation with salty bromine—iodine water to evaluate
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its potential use in dermatological disorders, observing an increase in protein production
throughout the maturation process, in addition to the presence of humic and fulvic acids.
Previous studies have shown that this peat could be useful in the treatment of seborrheic
dermatitis [93], and gynoid lipodystrophies [94].

Other studies related to the cosmeceutical use of peloids are also of interest, despite
no clinical or in vitro studies having been performed to support the supposed cosmetic
properties.

Vadlja et al. evaluated the microbial community within the Nin mud (Croatia) to as-
sess its diversity and secondly to identify natural compounds exhibiting biological activ-
ity, which could be linked to the peloides putative healing properties, finding a high por-
tion of detected compounds that exhibit biological activities [107].

PA Iavich et al. [108] developed cosmeceutical formulations (masks) containing 6 to
8% of Akthala mud (Georgia) based on the antibacterial and anti-inflammatory properties,
as well as wound healing activity of this mud [109], but no studies have been carried out
to support these dermocosmetic properties [108].

Sulfur peloids, in addition to their application in rheumatic pathology, may be of
interest in dermatological disorders, given the well-known therapeutic effects of sulfur
associated with anti-oxidizing mechanisms, which is the case of Copahue peloids [110].
More studies are needed to evaluate its use in skin care.

Additionally, Spiloti et al. investigated the properties of mud extracts from various
thermal spa centers in Greece, studying their mineralogical content, and performing a
quantitative analysis of the phenolic compounds, as well as the anti-inflammatory and
antimicrobial properties. Then, they selected the most stable mud extract, as being the
most suitable for incorporation into a cosmetic formulation, and investigated its effect on
the functional integrity of human keratinocytes. Results showed that treatment of
keratinocytes with mud extract led to a significant increase of ATP levels as well as mRNA
expression of genes involved in cell protection and longevity, concluding that mud could
be used as a natural antioxidant and moisturizing agent with cosmeceutical applications
[111].

Finally, it is worth mentioning a pilot study on the efficacy of a seaweed mud appli-
cation in the treatment of cellulite; although it is not a peloid, as it is a mixture of clay and
seaweed, it can serve as a reference for the formulation of peloids for this type of disorders
and thalasso-wellness treatments. After 4 weeks of seaweed mud treatment, patients
showed significant restoration of dermal organization with induced collagen synthesis
and reduced inflammation, edema, and lipid deposition [112].

The main limitations of this research are that there are few clinical studies related to
the use of peloids in the treatment of skin dermatological disorders as well as their dermo-
cosmetic use. Most of the research works deal with chemical composition, but there is a
lack of studies on the specific mechanisms of action of the chemical elements and com-
pounds present.

7. Safety and Security of Cosmeceutical Peloids

Preparing and manufacturing peloids requires a controlled procedure as well as ex-
haustive quality controls. Mourelle et al. proposed a method for the manufacture of a
dermocosmetic peloid in which the selection and characterization of raw materials
(MMW/seawater, solid phase, and cyanobacteria/microalgae) in the first stage, peloid
characterization in the second stage, and finally, efficacy tests should be performed [113].
Maear et al., in a review related to the formulation of Dea Sea mud in cosmetics products,
pointed out that one of the main problems when natural mud is mixed with other ingre-
dients to formulate dermocosmetic products is to stabilize the mixture since the mud par-
ticles tend to sediment. To do this, adding anti-flocculants or water-absorbing agents is
recommended; another way of stabilizing to avoid the separation of the solid-liquid
phases is to reduce the particle size of the mud, thus increasing its viscosity [114].
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The penetration of the chemical elements of peloids through the skin has been
demonstrated [115,116]. Hence, apart from the beneficial effects on the skin, there is con-
cern about the penetration of potentially toxic ions. Therefore, when peloids are of natural
origin, it is necessary to investigate the possible toxic elements present and evaluate their
safety. It is also very important to study its possible microbiological contamination.

In addition, the content of certain potentially sensitizing chemical elements such as
chromium and nickel must be taken into account, establishing concentration limits [117].

Karpinska et al. investigated the contents of natural and artificial isotopes in peat
mud (Poland) in order to estimate the radiation dose absorbed via skin in patients during
standard peat mud treatment; it turns out that the doses were very low and did not pose
a risk to the patient [114,118].

Cantaluppi et al. investigated the quantitative measures of gamma-emitting radionu-
clides in therapeutic muds that have been developed on about 30 thermal centers and on
the virgin clays in the Euganean Thermal District. Results showed that no radiological
risks have been detected for workers managing the ponds, even in the most cautious sce-
nario. Moreover, for patients, the contribution of the Euganean mud therapy to the annual
equivalent dose is insignificant [119].

Park et al. performed extensive research on natural sediments from the subsea depth
of 200 m (Hupo basin of the East Sea, South Korea) to evaluate their potential use as nat-
ural peloids. The study included the mineralogical feature, thermophysical characteriza-
tion, thermal and physicochemical properties, and toxic elements content, concluding that
the concentrations of harmful elements in the samples were well below the thresholds for
cosmetic products in South Korea, as well as other standards [120].

Evaluation of hygienic aspects of thermal mud microbiology is also a matter of inter-
est in terms of security. Baldowin et al. investigated the microbiological quality of more
than 180 samples of the Euganean Thermal District and proposed a protocol and a set of
indicator parameters for evaluating the microbiological hygiene quality of thermal mud
that could encompass Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and
dermatophytes. The protocol should be applied to all phases of mud preparation (virgin
mud, maturation process, application, recycling). They also recommend a pasteurization
step of the peloid with thermal water > 60 °C just before treatment, so as to grant its hy-
gienic quality as well [121].

In this context, Bastos et al. recently emphasized the need for specific regulation for
peloids that can be considered borderline products [122,123]. In most countries, peloids
are marketed under cosmetics law, although they may also be marketed as over-the-coun-
ter (OTC) products in the USA, and as quasi-drugs in Japan [124]. Bastos et al. proposed
that these products require a more accurate case-by-case evaluation in order to comply
with relevant legislation for medicinal products, particularly when used for therapeutic
purposes [116], but also for cosmetic use.

8. Conclusions and Way Forward

Peloids have been used for years in both dermatological disorders and skin care of
different skin conditions and have demonstrated this potential use as cosmeceuticals, with
very good results in patients suffering from a range of conditions, specifically chronic in-
flammatory skin diseases such as psoriasis and atopic dermatitis, but also in sensitive skin
or acne. Over recent years, several publications, both related to natural and prepared ad
hoc peloids, have led to a better understanding of their effects and specific activities, such
as antimicrobial activity, anti-inflammatory and antioxidant effects, improvement and ac-
celeration of the wound-healing process, or skin barrier function improvement. Regarding
its safety, although there are few studies, progress is being made in research on microbi-
ological quality and the presence of harmful elements. The evidence to date justifies the
use of peloids in skin care and cosmeceuticals, pointing out that they are also safe.

Future research should aim to delve deeper into the mechanisms of action, the bioa-
vailability of potentially hazardous substances, and the therapeutic efficacy for various
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skin conditions, and in parallel to this, develop specific regulations to determine the con-
ditions of application inside and outside the thermal centers, and for quality control and
their possible commercialization as cosmeceuticals.
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