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mud) can protect the gastrointestinal tract and treat 
some gastrointestinal diseases. On the other hand, 
clay is often used as carriers or composites in drug 
delivery, especially in skin drug delivery, showing 
very positive results. The purpose of this review is to 
present an overview of current knowledge about the 
application of mud in cosmetic and medical fields and 
to provide ideas for further research in mud.
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Introduction

Since ancient times, muds have been used for both 
beauty and treatment (Maraver et  al., 2021). Mud 
therapy, also known as peloid therapy, is the natural 
or processed mud applied topically as therapeutic 
agents in the form of baths or cataplasms, exploiting 
the physical properties of mud and some of its sub-
stances for beneficial purposes (Antonelli & Donelli, 
2018). Dating back to ancient Egypt, Egyptians 
smeared their bodies with mud from the Nile floods 
(Carretero, 2020a). The Greeks mixed clay materi-
als with water to form “muds”, so as to remedy skin 
ailments, for example, as a remedy for snake bites 
(Gomes, 2018). In Roman times, the Romans knew 
and used mud as a healing agent (Munteanu et  al., 
2020). There is also evidence that using “peloid” in 
spas for centuries, because when emerging in large 

Abstract Mud is a semi-colloidal substance formed 
by the mixture of inorganic, organic and water under 
the influence of various physical and chemical fac-
tors through geological and biological processes. 
The chemical composition of mud is complex, rich in 
 Ca2+,  Zn2+,  Mg2+,  Na+ and other mineral elements, 
also contains organic matter such as humic acid, ful-
vic acid and acetic acid. In cosmetic field, mud can 
improve the activity of glutathione enzyme and super-
oxide dismutase in skin, which helps the skin anti-
aging. Besides, it also can improve the skin microbial 
community, due to its distinctively physical proper-
ties, mineral ions, microorganisms, etc. In medical 
field, mud can treat osteoarthritis, especially knee 
osteoarthritis which has been studied extensively, and 
it can also increase the chemotaxis of macrophages. 
On the one hand, the use of clay (a kind of refined 
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numbers of the minero-medicinal water from the spa 
occurred in the place where surrounding land had 
certain characteristics, the “peloid” with therapeutic 
properties also formed (Carretero, 2020a).

Firstly, mud is widely applied in cosmetic fields. 
In modern times, it has become fashionable to use 
mud bath for beauty and health care. The Dead Sea 
in Israel, for example, is rich in mineral silt, which 
has been exploited by local beauty salons and medical 
institutions, making it popular in the world for beauty 
and health (Poprygina et al., 2020). The town of Gal-
isdoga in California is also famous for mud baths, 
including whirlpool mud baths, plain mud baths and 
mud smearing for skin care baths. Up to date, mud 
has been applied to skin, face, hair, eyes, abdomen 
and so on (Nilforoushzadeh et al., 2018; Patel et al., 
2015). The wide application of mud is illustrated in 
Fig. 1. Notably, it is mud pack that is typically used 
for local application. The usage and construct of the 
mud pack is similar for all applications on the thick-
ness, and the difference is the size of it varying as dif-
ferent regions (Patel et al., 2015).

In addition, mud also has important applications in 
the medical field (Fig. 1). Patients have to endure its 
unpleasant smell and bitter taste when they take the 
drug for a long time (Li et al., 2021). Mud baths have 
been developed to reduce drug use. In many coun-
tries, mud baths have been used in nursing homes 

and large hospitals to treat chronic diseases since the 
1950s, which remarkably reduces the side effects of 
drugs and also reduces the pain of patients. Currently, 
mud has also been widely studied in the treatment of 
osteoarthritis and the treatment effect is significant 
(D’Angelo et al., 2021). Clay is a kind of refined mud 
with small amount of silt (silt content is less than one-
third) (Flemming, 2000). Since the twentieth century, 
clays have been studied extensively in chemical and 
physical aspect. Their practical application and thera-
peutic effect are substantiated, no matter in medicine 
or pharmacy aspect (Bondarev et al., 2019). Addition-
ally, clay, with low energy consumption and no sec-
ondary pollution, is playing an increasingly important 
role in the medical industry (Mousavi et al., 2018). At 
the same time, mud has rich minerals, large specific 
surface area, high adsorption performance and so on, 
which can adjust the skin microbial flora to expand 
the proportion of beneficial bacteria (Calderan et al., 
2020).

Now, mud, the product of natural gift, is paid more 
and more attention by human, and its market is also 
growing. It has many advantages such as warm, min-
eral rich and adsorption. However, its single condi-
tion (such as thermal effect, distinctively physical 
properties, mineral ions and microorganisms) can be 
replaced, for example, by replacing the warm mud 
with water which causes the loss of mud adsorp-
tion property. The combined effect of mud is diffi-
cult and costly to be replaced, suggesting its medical 
importance. Up to now, most of the articles on mud 
research analyze the effect of mud, but few of the 
knowledge are summarized from the mechanism. The 
exploitation and utilization of mud is in the stage of 
vigorous development. In order to carry forward this 
ancient medicine and make it more scientific and sys-
tematic, it is necessary to summarize current compre-
hensive knowledge of mud. Therefore, the property 
of mud and its application in cosmetic and medical 
fields are summarized and provide ideas for further 
research in mud.

Chemical composition and properties of mud

At present, there is no strict definition of mud, but it 
is generally accepted as “a mixture of inorganic mat-
ter, organic matter and water, which undergoes geo-
logical and biological processes under the influence Fig. 1  The applications of mud in cosmetic and medical fields
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of various physical and chemical factors and forms a 
semi-colloidal substance (Chadzopulu et  al., 2011).” 
The International Society of Medical Hydrology 
defines muds (peloids) as “substances formed under 
the geological influence of natural conditions that are 
mixed with water and used in medical practice in the 
form of baths or local procedures (Munteanu et  al., 
2020).” Mud mainly consists of solid, liquid and gas 
phase. Its solid phase is mainly composed of  SiO2, 
followed by  Al2O3,  Fe2O3 and other substances. The 
compositions of mud are variable in different regions. 
It is illustrated in Table 1 by taking sulfate lake mud 
in Kurgan region of Russia and colloidal soil in Phil-
ippine Islands as examples.

In addition to the oxides in Table 1, there are also 
Fe(HS)3, Fe(OH)3, Al(OH)3,  H2SiO3 and other inor-
ganic substances in the mud. The organic matters are 
mainly humic acid, fulvic acid, acetic acid and so on 
(Spilioti et al., 2017). The colors of humus are black, 
yellow, brownish red and so on. Besides, its molecu-
lar weight is between 2 and 300 kDa, carbon content 
between 45 and 62%, oxygen content between 30 and 
48%, free acidity between 500 and 1400  meq/100  g 
(Spilioti et al., 2017). The heterogeneity of molecular 
weight of humus and its variety of groups (carboxyl, 
amide, alcohol and phenol groups) make it multifunc-
tional, hydrophilic and polyphasic (Hoteteu et  al., 
2018).

In the liquid phase, depending on the solute ions 
involved, it may be sulfated, carbonated or a mix-
ture of the two. The bioactive substances in liquid 
phase include amino acids, protein hydrolysates and 
enzymes. Moreover, there are Co, Fe, Br and B with 
pharmacological functions; Elements involved in 
the enzymatic reaction process include Cu, Fe, Mo, 
Zn, Mn, Co, Ni and Ba. (Zhang et  al., 2022); toxic 
elements include Hg, As and Pb. At present, ele-
ments remaining to be studied include Ir, Ti, Zr and 
Cs. (Martínez-Villegas et  al., 2020; Spilioti et  al., 
2017) There are different types of muds according 
to the moisture content. In general, it is called the 
low moisture, medium moisture or strongly hydrated 

mud according to the moisture content less than 37%, 
between 37 and 40% or more than 40%, respectively 
(Munteanu et al., 2020).

In the formation process of mud,  H2S,  CH4,  NH4, 
 CO2,  O2, Rn and other gases are produced through 
biochemical or physical action (Gomes, 2018). Some 
of these gases in the liquid phase of mud greatly con-
tributed to their beneficial functions for human use. 
 H2S, for example, is an endogenous gas, which has 
very important physiological functions. It can cross 
skin and mucous membranes, therefore, acting not 
only on the surface of the skin, but also at the cel-
lular level inside the body (Cheleschi et al., 2020). In 
addition, it also acts as a neuromodulator in the vas-
culature or brain. Angiogenesis, which plays a critical 
role in cancer development, promotes new blood ves-
sel formation, and it provides tumors with oxygen and 
nutrients (Cao et  al., 2019). It was found that either 
genetic deletion of cystathionine γ-lyase (CSE) or 
pharmacological inhibition blocked vascular endothe-
lial growth factor (VEGF)-induced angiogenesis, sug-
gesting that  H2S might act as a physiological angio-
genic mediator (Pupo et al., 2011). In another aspect, 
 H2S also can alleviate the injury caused by reperfu-
sion under ischemia and resist inflammation (Carbajo 
& Maraver, 2017, 2018).

To describe the physical properties of mud, there 
are hydropexy, hot melt, plasticity and other indica-
tors, closely associated with the application field of 
mud. The hydropexy refers to the water retention and 
water absorption properties of mud. Mud with poor 
water retention is rarely used in physiotherapy, while 
it used in mud bath possesses medium or good water 
retention. Hot melt property indicates the ability of 
mud to retain and absorb heat. Plasticity is related 
to the tensile and molding properties of mud, mainly 
determined by the solid phase, which can be divided 
into high, medium and low plasticity (Maraver et al., 
2021). Granulometry is involved in the size of the 
solid particles and the degree of mud dispersion 
(Glavaš et al., 2017), and viscosity is also related to 
the solid phase of the mud (Munteanu et al., 2020).

Table 1  Main chemical compounds of mud from different regions (Arkanova & Markov, 2020; Chadzopulu et al., 2011)

Components (g/100 g) SiO2 Al2O3 K2O Fe2O3 Na2O MgO CaO

Sulfate lake mud (from Russia) 62.9 12.3 3.3 5.2 2.2 3.3 2.3
Colloidal soil (from Philippines) 60.4 14.8 2.7 2.8 0.9 0.9 0.3
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Minerals, amino acids, a variety of vitamins, ful-
vic acid, polysaccharides and other natural substances 
in mud can play a beneficial role for human body, 
especially for human skin (Magotra, 2019). In the 
health care industry, mud is mainly used for bathing 
or topical use. Currently, salt lake mud is widely used 
in the fields of human skin beauty, anti-aging, hair 
cleaning and getting rid of dandruff (Akhmedenov & 
Khalelova, 2021). In addition, clay, a classification of 
mud, has special crystal structure, large surface area, 
non-uniform charge distribution, which is used in the 
medical industry to treat gastrointestinal diseases, 
joint pain and other diseases (Gomes et  al., 2021). 
It can be seen that people pay more and more atten-
tion to the application of mud, and its function is also 
being developed and utilized by human.

The application of mud in cosmetic industry

The efficacy of mud in skin care

Mud has a long history for external skin use, and 
modern science has proven that mud has an anti-aging 
effect on the skin. Glutathione (GSH) and superox-
ide dismutase (SOD) can repair cells and reduce the 

damage caused by superoxide, which is the most 
common free radical in the human body (Zhang et al., 
2021; Zhao et al., 2018). Both the epidermis and the 
dermis contain SOD and GSH, and these enzymes are 
the key elements in the production of healthy skin-
building cells (Zhao et al., 2018).  Ca2+,  Zn2+,  Mg2+, 
 Na+ and other ions in mud can improve the activities 
of GSH and SOD, and then increase skin elasticity, 
reduce skin wrinkles and pigmentation, and make 
skin younger (Du et al., 2016). The pathway of mud 
action on enzyme in skin is shown in Fig. 2. Studies 
have demonstrated that some substances in mud can 
permeate through human full-thickness skin in quan-
tities which has definite effects on spontaneous con-
tractile activity of smooth muscle tissue (Fioravanti 
et  al., 2011). The ions and other active substances 
in mud need to cross the sebum membrane and cor-
neum, and eventually work in the stratum granulo-
sum. There are two routes that the substances pene-
trate skin, intercellular and transcellular (also known 
as intracellular), respectively (Viseras et  al., 2019). 
The skin can be divided into sebum membrane, stra-
tum corneum, stratum granulosum, stratum spinosum 
and stratum basale (Zeb et  al., 2019). The “stratum 
corneum,” the topmost stratum of skin, is the tight-
est one and is responsible for most of the resistance 

Fig. 2  Diagram of mud effect on skin enzyme and surface 
microorganism. A On skin without mud, harmful bacteria 
predominate on the surface and there are fewer glutathione 
enzyme (GSH) and superoxide dismutase (SOD). B The probi-

otics (Actinobacteria, blue-green algae, etc.) in the mud coun-
terbalance harmful bacteria. There are two routes that the trace 
elements penetrate skin, intercellular and transcellular. Ulti-
mately, trace elements make GSH and SOD increase



Environ Geochem Health 

1 3
Vol.: (0123456789)

offered, which, to some extent, restricts the entry of 
active substances in mud (Zeb et  al., 2019). Never-
theless, via the intracellular route, part of these ions 
could repeatedly diffuse through corneocytes which 
is an aqueous environment and then get into stratum 
granulosum or even dermis. In addition, some of 
lipophilic substances in the mud, for example, glyco-
glycerolipids, can pass through the intercellular route 
(Carretero, 2020b). It implies that these substances in 
mud diffuse via a tortuous route within the continu-
ous lipid domain (Viseras et  al., 2019). As a conse-
quence, the physicochemical properties of these sub-
stances in mud determine the preferred pathway for 
finally reaching the epidermal or dermal junction.

In addition, the minerals in mud also have an 
important effect on tired and dull skin caused by 
weakened cellular metabolism. The minerals in mud 
can provide essential nutrients for the biochemical 
activities of human skin. These nutrients participate 
in the regulation of cell permeability and nerve activ-
ity, and are important components of various pro-
teins and enzymes in the skin, which contributes to 
skin metabolism, respiration and normal cell growth 
(Khalilzadeh et al., 2019). Minerals such as selenium, 
zinc and iron in the mud promote the energy circula-
tion and keep the skin cells active (DiBaise & Tarle-
ton, 2019). At the same time, some mud has excellent 
water absorption and can form a dry environment on 
the surface of human skin, helping to kill bacteria.

Other ways of mud working are thermal, mechani-
cal and psychological effects. The thermal effect 
is mainly due to the poor heat conductivity of mud 
and slow heat dissipation, which can keep the heat 
retaining in human body for a long time (Király et al., 
2020). The heat of mud makes human skin tempera-
ture rise and then speed up some basic metabolism. 
Furthermore, the harmful substance produced by cell 
metabolism can be removed in time, ensuring good 
activity of the body. The gentle environment also 
helps to stimulate the opening of pores and accelerate 
the production of cellulite, which increases blood flow 
(Du et al., 2016). When using skin care products con-
taining mineral mud, it will produce pressure on the 
blood and lymphatics vessels in the skin surface, pro-
moting blood flow back to the heart, and ultimately 
promoting the body circulation. The pressure, gen-
erated when the mud dries, will form an adsorption 
effect on the skin to remove metabolites, bacteria, dirt 
and other dust. In addition, mud has a variety of tiny 

sand particles and colloids. When mud contacts with 
human skin, it will produce friction stimulation, simi-
lar to the effect of mechanical massage. Moreover, in 
terms of psychological function, mud is beneficial to 
release pressure (Jogdand et al., 2019). For example, 
in the study of Jogdand et al. (2019), there were two 
groups of tests using mud to release pressure. The 
first group was mud-pack which received mud pack 
to eyes. Another group was wet-pack which received 
wet pack to eyes. Both groups were estimated for a 
duration of 30  min/session (a total of 15 sessions). 
Result suggests that only mud pack to eyes increased 
the state of mindfulness in healthy individuals (Jog-
dand et al., 2019). In recent years, many studies have 
been carried out about mud’s applications in the field 
of skin care, and some representative applications are 
summarized in Table 2.

Effect of mud on improving microflora of skin

In addition to the widespread use in the skin care, 
another important application of mud is to improve 
the skin microflora. The surface of human skin is a 
complex environment with trillions of microbes on 
it, and different kinds of microbes make up the skin 
microflora (Callewaert et  al., 2020). Skin microflora 
plays an important role in fighting with autoim-
mune diseases, tumors, infections and inflammatory 
diseases (Nakatsuji et  al., 2018). The way it works 
involves competing adhesion with harmful bacteria, 
competing for nutrients, producing bacteriocin to 
inhibit harmful bacteria, degrading toxins, improv-
ing the synthesis of antibodies and regulating the 
production of cytokines. For example, the symbiotic 
bacteria Staphylococcus epidermidis can compete 
with pathogens to reduce the incidence of infection 
(Sabaté Brescó et  al., 2017). Skin microbiota can 
also modulate and activate skin immunity to influ-
ence the human immune system. Intraepithelial T 
lymphocytes seem to play a role in developing toler-
ance to commensal microorganisms while promot-
ing immune response against pathogenic microor-
ganisms, and they are also involved in maintaining 
skin integrity (Cruz et  al., 2018). Skin microbiota 
may modulate intraepithelial T lymphocyte function 
through interleukin-1 receptor (IL-1R) downstream 
signaling mechanisms (Sherwani et  al., 2018). In 
future research, it may become an important method 
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for prevention and treatment of disease by controlling 
skin microbiota (Langan et al., 2018).

The treated mud itself has a pronounced micro-
biocidal action. Ma’or et  al. (2006) analyzed micro-
organisms from Dead Sea black mud in cosmetic 
and dermatological preparations. They found that 
the number of living microorganisms in the Dead 
Sea black mud was surprisingly low, and most of 
these microorganisms are endospore forming non-
halophilic bacteria. When added to the mud, the 
test microorganisms, including Propionibacterium 
acnes, Staphylococcus aureus, Candida albicans and 
Escherichia coli, would rapidly lose their viability. 
After three days of culture, only a small number of 
C. albicans had been recovered, while P. acnes and 
E. coli had dropped up to four orders of magnitude 
(Ma’or et al., 2006). It is considered that sulfide con-
centrations, high salt and a low pH environment make 
Dead Sea black mud possess the pronounced antibac-
terial effect (Carretero, 2020b). Therefore, it not only 
partially explains the anti-acne effects of the facial 
mud mask, but also explains the therapeutic proper-
ties of the mud (Carretero, 2020b).

In addition, the microbes in the mud affect the 
skin microbiome. Vitreoscilla filiformis, a common 
thermophilic microbe in mud, is a gram-negative 
bacterium used in the production of emollients. The 
bacteria activates the skin’s anti-microbial and antiox-
idant abilities through the TLR2-dependent pathway 
(Contreras et al., 2017). Kisameet clay, a natural mud 
from British Columbia (Canada), has been used to 
treat skin diseases in Canada (Svensson et al., 2017). 
Holy mud is used in India to treat ringworm (Sharma 
et  al., 2018). The researchers isolated gram-positive 
bacteria like Actinobacteria from Kisameet clay and 
Holy mud. The actinomycins produced by Actinobac-
teria act against microbes, such as S. aureus (Sharma 
et al., 2018). There is a red powdered soil in Jordan 
which is one of the ingredients in medicines used to 
treat skin rashes. Actinomycetes were also found in 
the Jordan’s red soil, which can inhibit the activity of 
Micrococcus luteus and S. aureus on the skin surface, 
and improve the bacterial structure (Falkinham et al., 
2009). The Cuban researchers found that blue-green 
algae in the sludge could produce compounds with 
biological activity to inhibit gram-positive bacteria, 

Table 2  Representative applications of mud in the skin care field

Location 
for applica-
tion

Working mechanism Effects References

face Mud can increase the activity of superoxide 
dismutase (SOD) on the skin, and then 
remove free radicals on the human skin

Skin anti-aging Spilioti et al. (2017)

face Medicinal mud Akhtala has the ability to 
adsorb toxic substances and fats from the 
surface of the skin

Keeping skin clean PA et al. (2020)

face The SOD activity of skin was increased 
and malonaldehyde (MDA) content was 
decreased

Skin anti-aging Du et al. (2016)

body Mud baths regulate neuroendocrine activity 
associated with elevated cortisol levels 
throughout the body

Relieving psychological worries and mental 
stress

Maccarone et al. (2020)

body Studies have found that actinomycetes and 
blue-green algae in mud can inhibit the 
activity of Staphylococcus aureus

Anti-microbial Sharma et al. (2018)

body The composition of microorganisms in mud 
curing process can be changed by tempera-
ture and light, and then the microflora of 
skin can be regulated

Increasing skin vascular dilation and improv-
ing skin permeability

Behroozian et al. (2016)

hair Zinc in the mud is involved in hair keratin 
synthesis and copper ions improve elastin 
synthesis

Regeneration and repair of hair follicles, and 
contributing to hair growth

Esser-von Bieren (2019)
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such as Candida albicans and S. aureus (Antonelli & 
Donelli, 2018). These active substances include gly-
coglycerolipids, sulfoglycolipid (SGL), galactolipids, 
diacylglycerolipids, cphycocyanin and octadecaenoic 
acid. (Carretero, 2020b) The changes of skin micro-
flora after applying the mud are shown in Fig. 2. Dif-
ferent diatoms and cyanobacteria require different 
light intensity due to their different optimum growth 
temperature. Therefore, the composition of micro-
organisms in mud ripening process can be changed 
by controlling temperature and light. The forming 
specific mud microbial community can achieve the 
purpose of regulating skin microbial community 
(Behroozian et al., 2016).

Application of mud in medical field

Effect of mud on relieving osteoarthritis

Mud is not only used in cosmetic field, but also has a 
wide range of applications in medical field and one of 
the important applications is in relieving osteoarthri-
tis (OA). Osteoarthritis is the most common bone dis-
ease in the world. It is joint dysfunction and joint pain 
caused by degenerative changes of articular cartilage, 
especially in the elderly (Chow & Chin, 2020). The 
most common site is knee bone, known as knee oste-
oarthritis (KOA) (Raza et  al., 2020). Friction dam-
age or abnormal cell metabolism in cartilage tissue 
will affect its biological stability and adaptability to 
body mechanics. Meanwhile, the newly synthesized 
cartilage tissue will also be destroyed and degraded 
quickly, ultimately leading to the occurrence of this 
disease (Latourte et  al., 2020). Over the age of 60, 
about 18% women and 10% men develop osteoarthri-
tis, which causes dysfunction and chronic pain, then 
significantly reducing the quality of life (Hunter et al., 
2014). Drug treatment commonly uses anesthetics, 
acetaminophen and other analgesics, or nonsteroidal 
anti-inflammatory drugs, selective COX-2 inhibi-
tors, etc., but these drugs have serious side effects 
(Özkuk et al., 2017). In a meta-analysis study carried 
out by Raza et al. (2020), mud therapy was found to 
reduce the pain of osteoarthritis by 42% and improve 
the effectiveness of treatment by 34% compared with 
control group. Additionally, the six clinical trials they 
investigated also showed that the mud relieved the 
pain of osteoarthritis, reduced stiffness and improved 

joint function (Raza et  al., 2020). During the devel-
opment of cartilage degradation in joint diseases, the 
activated chondrocytes and other cell types will pro-
duce stromelysin-1 or matrix metalloproteinases-3, 
and both of these substances belong to matrix metal-
loproteinases (MMPs) (Fioravanti et al., 2011). Mud-
bath therapy can reduce the level of MMPs (Gálvez 
et  al., 2020). Mud bath can also bring about an 
increase in some growth factors, for example, insulin-
like growth factor 1 (IGF1), which will stimulate car-
tilage anabolism (Fioravanti et al., 2011).

The landmark product of osteoarthritis is glycopro-
tein YKL-40, also known as human cartilage glyco-
protein 39. Its amino terminus starts with three amino 
acids tyrosine (Y), lysine (K) and leucine (L), and its 
relative molecular weight is 40 ×  103  Da. Therefore, 
the cartilage glycoprotein 39 is also named YKL-40 
(Korany et  al., 2020). Another signature product is 
highly sensitive C-reactive protein (hsCRP), an acute 
reactive protein used for the detection of osteoarthri-
tis (Kondo et al., 2021). In KOA, YKL-40 and hsCRP 
expressions are almost proportional to the severity 
of the cartilage fibrillation(Gungen et  al., 2012). In 
the experiment of Gungen et al. (2012), hot pack and 
mud pack were applied on knees in two groups, and 
the treatments were applied for 6  days a week last-
ing for 2 weeks as a total of 12 sessions. All patients 
were evaluated at 3 months after the treatment. It was 
found that the contents of YKL-40 and hsCRP in mud 
pack group (161.1 ng/mL and 3.6 mg/L, respectively) 
were lower than those in hot pack group (189.95 ng/
mL and 5 mg/L, respectively). At the same time, joint 
hardness and joint pain were decreased in mud pack 
group. It was the first research using YKL-40 and 
hsCRP to prove the efficacy of mud pack therapy. In 
addition, the treatment effect of mud was also com-
pared with injection of hyaluronic acid (Bostan et al., 
2010). During the trial, patients received three bilat-
eral intra-articular hyaluronic acid injections (each 
interspersed by weekly intervals), while the other 
group was bilaterally treated with mud therapy. Mud 
packs, after being heated to 45  °C, were applied on 
both knees for 30 min daily as treatment for 12 weeks. 
Both treatments injections of hyaluronic acid and mud 
baths produced similar results in terms of pain relief 
(Bostan et  al., 2010). Nevertheless, the mechanism 
of action about mud therapy has not been revealed 
completely. It was recognized that mud therapy could 
decrease the level of tissue destruction cytokines, for 
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example, tumor necrosis factor alpha (TNF-α), and 
inhibit the plasma level of inflammatory mediators, 
such as leukotriene B4 (LTB4) and prostaglandin E2 
(PGE2) (Güneri et al., 2021).

Furthermore, mud therapy also can increase the 
chemotaxis of macrophages in osteoarthritis patients 
(Scanu et  al., 2021). Chemotaxis is one of the most 
basic physiological responses of cells. In inflam-
mation bone and joint tissue, macrophages begin 
to travel to the site of infection due to chemotaxis. 
Then, macrophages can phagocytose the pathogens 
and harmful cell fragments, eventually eliminating 
inflammation (Huayllani et  al., 2020). In addition, 
chemotaxis is also considered as a good indicator of 
macrophage activation status (Gálvez et  al., 2020). 
Especially in elderly people and middle-aged peo-
ple with high stress, good chemotaxis is crucial to 
avoid infectious diseases. In the study of Gálvez et al. 
(2020), it was found that the chemotaxis of mac-
rophages significantly increased after the treatment 
for osteoarthritis with mud therapy, which was con-
ducive to the recovery of pathological tissues. This 
phenomenon could be explained by the increased cir-
culating cortisol content in blood after the hyperther-
mia-induced stress during mud therapy intervention 
(Ortega et  al., 2017), which stimulated the function 
of macrophages and allowed them to reach diseased 
region (Samuel & Gill, 2018).

Warm mud bath (temperature between 40 and 
45 °C) is more beneficial to the recovery of patellar 
osteoarthritis patients than normal mud bath (tem-
perature between 20 and 25 °C). Warm mud can act 
as sedative and analgesic by affecting nerve endings 
and human sensory system (Rane et al., 2020). Warm 
stimuli might influence muscle tone and pain inten-
sity, helping to reduce muscle spasm and increasing 
the pain threshold in diseased region (Fioravanti et al., 
2011). Furthermore, warm mud plays an important 
role in immune system function, for example, granu-
locytes. Warm increases their mobility, enzymatic 
activity, phagocytic and bactericidal properties (Fiora-
vanti et al., 2011). In fibromyalgia patients, mud bath 
induces an increase in cortisol, adrenocorticotropic 
hormone (ACTH) and β-endorphin systemic concen-
trations which contributes to decrease the elevated 
systemic levels of inflammatory cytokines (Gálvez 
et  al., 2018a). In OA patients, the pro-inflammatory 
IL-8 and transforming growth factor-β (TGF-β) have 
been reported to be elevated systemically. Warm mud 

bath induced a decline in the high systemic levels 
of both cytokines (IL-8 and TGF-β) in OA patients, 
thus confirming a well anti-inflammatory effect of the 
intervention (Gálvez et al., 2018b; Maccarone et al., 
2021). In addition, the effect of “warm” can improve 
the microcirculation of joint tissue and increase the 
supply of nutrients and oxygen, ultimately promoting 
tissue metabolism. Then, it also makes blood vessels 
more dilated through axon reflex (Rane et al., 2020). 
On the one hand, the warming effect can make pro-
tein partly denaturation and produce substances such 
as vascular active peptide and histamine. On the other 
hand, it stimulates the malleability of collagenous tis-
sues, thereby increasing joint mobility and reducing 
muscle spasms and pain, especially among the elderly 
(Ischak et al., 2021). Another important role of warm-
ing mud in arthritis recovery is to facilitate the entry 
of ions into tissues. The warm effect can increase skin 
temperature and decreases skin resistance, and min-
eral ions in mud can enter tissues more easily (Can-
tarini et  al., 2007). Moreover, when used coopera-
tively with direct current, the polarization resistance 
of “ion pile” (direct current could direct ions into the 
skin and mainly accumulated in the epidermis to form 
“ion pile”) would be reduced, which is beneficial for 
minerals to enter deeper tissues and finally achieve 
the purpose of correcting metabolic disorder of body 
(Cantarini et al., 2007). In the aspect of biochemistry, 
the warming mud raised the levels of β-endorphins 
which is widely distributed in the human body and is 
one of many endogenous opioid neurotransmitters, as 
well as a stimulant for opioid receptors in the brain. 
When opioid receptors are activated, the body’s cen-
tral nervous system is inhibited in some degree that 
ultimately reduces the body’s perception of pain, 
meaning that β-endorphins have a strong analgesic 
effect (Deng et al., 2014). In addition, heat stimulates 
the production of anti-inflammatory cortisol and cat-
echolamines (Cozzi et al., 2004). However, mud bath 
in room temperature has none of these advantages. 
Therefore, the development of warm non-toxic mud 
has a very broad prospect in improving osteoarthritis.

Therapeutic and protective effects of clay on 
gastrointestinal inflammation

Clay is a natural sediment and its particle is very 
fine. Moreover, it is mainly composed by phyllosili-
cate minerals. When water is added in appropriate 
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amount, clay presents plasticity and hardens after 
drying (Alves et al., 2019). Mud is made up of clay, 
silt, sand and a small quantity of other substances 
(Flemming, 2000). Clays possess many advantages, 
such as low cost, strong adsorption capacity for ion 
exchange, a wide pH range and beneficial to environ-
ment (Osobamiro et al., 2020). One important appli-
cation of clay is often administrated orally to treat and 
protect gastrointestinal diseases (Zhao et  al., 2020). 
When clay reaches the stomach, it can quickly dis-
perse and cover the surface of gastric ulcer due to its 
small particles, forming a stable mucosal barrier, and 
ultimately reducing or even preventing the damage 
of some attacking factors to gastric ulcer (Bederska-
Łojewska & Pieszka, 2019). When clay reaches the 
intestine, it selectively adsorbs toxins, pathogenic 
factors, excess water, etc., to achieve the purpose of 
inhibition and fixation. In addition to harmful bacte-
ria, secretions and viruses can be absorbed by clay, 
they can be excreted from the body with the feces to 
regulate the gastrointestinal function and balance the 
intestinal flora, which is conducive to the recovery of 
diseased tissues (Osobamiro et al., 2020). In addition, 
clay can not only promote the proliferation of intesti-
nal villi and mucous membrane epithelial glands, but 
also alleviate the physiological necrosis and degen-
eration of mucous membrane in epithelial glands (Ali 
et al., 2017; Schlattl et al., 2021). Montmorillonite, a 
type of clay minerals, is used to treat duodenal ulcers, 
chronic or acute diarrhea (Gao et  al., 2018). Mont-
morillonite can improve the efficiency of synthesiz-
ing phospholipid and mucosal glycoprotein. Ulti-
mately, it can achieve the protective effect of gastric 
mucus (Tishin et al., 2017). In the study of Ali et al. 
(2017), the natural green clays from southern Tuni-
sia have been shown to own anti-ulcer properties to 
against ethanol induced gastric lesions in rats. They 
found Tunisia green clay could reduce the production 
of mucus. Besides, a significant reduction of gastric 
mucosal lesions had also been observed. The Tuni-
sia green clay combines with mucus to form homo-
geneous and compact film which simulate the gastric 
dressing, and it is very helpful to prevent destruction 
of the gastric mucosa  (Ali et  al., 2017). Moreover, 
clays have many excellent properties that can be used 
in the pharmaceutical industry. The viscosity and 
lubricity of clay can reduce the difficulty of drug pro-
cessing and improve the quality of drugs. The emulsi-
fying and suspension properties of clay can promote 

the stability of liquid drugs and increase the amount 
of electrolyte without precipitation or segregation of 
drug components. The inertness of clay improves the 
stability of solid drugs (Viseras et al., 2019).

Application of clay as carriers or composites in drug 
delivery

New interesting applications of clays are proposed 
in controlled-release field as inorganic excipient 
able to improve the pharmaceutical profile of drugs 
(Eusepi et  al., 2020). Fibrous clays, such as sepio-
lite (SP) and palygorskite (PC), have pseudolinear 
organization in which two tetrahedrally coordinated 
silicate sheets rotate of 180 angle in every 4 or 6 
tetrahedral silicon atoms, sandwiching a discontinu-
ous octahedrally coordinated  Mg2+ or  Al3+ hydrox-
ide sheet (Sandri et  al., 2016). The arrangement of 
fibrous clays results in nanosized channels contain-
ing zeolitic and bonded silicon and some otherwhere 
cations which can be replaced with organic cations, 
making it possible to precise transport drugs (Eusepi 
et  al., 2020). Nanoclay’s surface chemistry allows 
for targeted functionalizations with organic materi-
als, so as to obtain nanocomposite which can con-
trol loading and releasing properties (El-Hamshary 
et  al., 2019). Taking montmorillonite (a classifica-
tion of clays) as an example, it has a crystal structure 
consisted of two integrated silica tetrahedral sheets 
between an edge-shared octahedral sheet of either 
magnesium or aluminum hydroxide. The cations and 
anions are exchangeable and located in the clay inter-
layer (Theng, 2012). Using clay as carrier to transport 
drugs can reduce the degradation rate of drugs in gas-
trointestinal tract and improve the stability of drug 
delivery (El-Hamshary et al., 2019). When the release 
rate of drugs is reduced, the peak value of drugs in 
the blood is also reduced, which lengthens the effec-
tive concentration of drugs in the blood (Kwon et al., 
2021).

The development of nano-clay promotes the devel-
opment of skin drug delivery because of its large spe-
cific surface area. As the largest organ of the human 
body, skin is a multilayer structure composed of epi-
dermis, dermis and subcutaneous tissue to control 
temperature and resist thermal, physical and chemical 
erosion (Ng & Lau, 2015). Cuticle, the hardest layer, 
is made up of elongated, flat, mature keratinocytes 
with no nuclei in rows and is crucial for controlling 
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drug penetration. The dermis, which is thicker than 
the epidermis, relies on sweat glands, hair follicles, 
nerves and blood vessels to support the epidermis and 
transport nutrients (Silvestrini et al., 2020). There are 
many drug delivery routes currently used, but it is 
particularly important to deliver drugs to the whole 
body or part of the body through the skin when other 
routes, such as injection or oral administration, are not 
desirable or a route has undesirable biopharmaceuti-
cal characteristics (Taylor & Aulton, 2017). In other 
words, stimulating and inducing drug release through 
skin appendages and skin lipid interactions, can 
achieve the purpose of targeted drug delivery. At pre-
sent, there are two main ways of infiltration, through 
epidermis or skin accessory apparatus, respectively. 
However, skin drug delivery has some difficulties, for 
instance overcoming the skin barrier (Carazo et  al., 
2018). Therefore, nano-clay particles have been paid 
more and more attention. It can not only be used as an 
inorganic excipient, but also has excellent effects in 
anti-inflammatory, wound healing, skin regeneration 
and antibacterial (Viseras et al., 2019).

The wound, caused by mechanical or thermal 
injury, is defined as a defect or a break in the skin. 
Wound healing is a dynamic process, and it needs to 
go through a dynamic process of inflammation, cell 
proliferation, scar formation and tissue regenera-
tion (Viseras et al., 2019). In order to regenerate skin 
quickly and effectively, a good wound-healing envi-
ronment is needed. Some researchers have pointed 
out that clay minerals have excellent physical adsorp-
tion effect on bacteria and toxins due to their large 
surface area and surface adsorption energy (G San-
dri et  al., 2016). At the same time, fibroblasts, epi-
thelial cells and keratinocytes need to migrate to the 
injured area in order to compensate for damaged and 
lost tissue during cell proliferation. Zou et al. (2017) 
found that silicate–chitosan composite membrane can 
provide a more suitable environment to promote the 
migration and proliferation of fibroblasts and thus 
promote faster skin regeneration in the study of pig 
burn wounds. Zhang & Zhang (2018) also studied the 
preparation of burn ointment containing montmoril-
lonite to promote tissue regeneration and skin growth.

Clay also has good mechanical and rheologi-
cal properties which show the crucial potential of 
them for the development of new bioactive scaffolds 
(Mousa et  al., 2018). Lam et  al. (2018) found that 
the chitosan–montmorillonite composite film had 

good biocompatibility for skin fibroblasts. Therefore, 
chitosan–montmorillonite composite scaffolds have 
attracted wide attention in skin regeneration medi-
cine. It is well known that long-term using oral drugs 
are able to increase drug resistance throughout the 
body, so the antibacterial clay applied topically on 
skin becomes an effective solution (Lam et al., 2018). 
Some natural antibacterial clay has the effect of kill-
ing human pathogens when applied locally (Williams, 
2019), which is mainly attributed to the large specific 
surface area of nano-clays increasing the solubility 
and adsorption capacity of antibacterial reactants. At 
the same time, when clay is mixed with water, it acts 
as an antibacterial agent through cation exchange. 
There are also an increasing number of patents for 
killing bacteria with clay, due to its antibacterial pur-
poses (Tuba, 2018). In general, mud, especially clay, 
has been studied extensively over the years, and some 
representative applications of mud in the medical 
field are summarized in Table 3.

Challenges and future trends

Muds have shown potential applications in so many 
aspects and many scholars began to pay attention to 
the impact of mud on human health. Although the 
results presented are stimulating, there are still many 
challenges that need our attention in the present 
period as follows:

• Which elements in muds are essential and what 
the ideal concentration of each element can attain 
an optimal response to treatment is suggested to 
explore.

• One important research trend may be to explore 
which type of mud is suitable for which diseases 
and whether the different components in muds 
exert specific actions.

• There is no uniform standard to regulate the 
inspection of mud, such as the limits of heavy 
metals and harmful bacteria.

• The deeper mechanism by which the mud baths 
work should be investigated, rather than just veri-
fying its effectiveness.

Those evidences can lead to a specialization of 
mud baths, and could finally target mud baths thera-
pies more rationally and accurately in the future.
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Table 3  Representative applications of mud in the medical field

Type of mud Method of application Part Effect References

Osteoarthritis
Mineral matured mud External application Bilateral knee joint Twenty-one of the stud-

ies showed that mud 
reduced pain, stiffness 
and improved function-
ing in patients with knee 
arthritis

Mennuni et al. (2021)

Mud from Chianciano 
Spa Resort

External application Bilateral knee joint The addition of mud bath 
therapy to the routine 
treatment has a good 
effect on patients’ pain 
and function

Pascarelli et al. (2016)

Mud from spa centre “El 
Raposo”

External application Knee osteoarthritis Neutrophil-mediated 
innate immune response 
improved after mud 
treatment, reflecting a 
stronger defense against 
pathogens. The chemo-
taxis of macrophages 
was significantly 
increased

Gálvez et al. (2020)

Mud-bath therapy External application Knee osteoarthritis The combination of 
glucosamine sulfate and 
mud bath therapy has a 
positive and safe effect 
on improving pain, 
function and quality 
of life in patients with 
knee OA

Peluso et al. (2016)

Others
Kaolin Orally taking Tumor Enhance the delivery 

efficiency of anticancer 
drugs and have excellent 
anti-tumor effect which 
can reduce side effects

Zhang et al. (2017)

Kaolin Orally taking Wound Kaolin induces red blood 
cell aggregation, rapid 
coagulation and pro-
motes wound healing

Long et al. (2018)

Kaolin Orally taking Inflamed parts Improve the antibacte-
rial activity of  Fe2O3 
nanoparticles

Zhang et al. (2017)

Kaolin Orally taking Tumor Fight against cancer, tar-
get therapy, reduce the 
survival rate of cancer 
cells and shrink tumor 
cells

Zhang et al. (2019)

Clay soils Orally taking Thyroid As a drug delivery 
system, it is used in the 
treatment of thyroid 
papillary carcinoma

Zhang et al. (2016)
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Conclusion

Mud, with complex composition, has been used by 
people since ancient times. Now, as people attach 
importance to nature and health, the market scale of 
mud is growing. Mud has been used in cosmetic and 
medical fields. In the field of skin care, trace min-
eral ions in mud can enter skin tissue to improve the 
activity of glutathione and superoxide dismutase, 
and achieve anti-aging effect. Thermophilic micro-
organisms in the mud can compete with the harmful 
microorganisms on the epidermis to improve the skin 
microbial structure. In the medical field, the warm 
effect of mud and mineral ions in mud help to reduce 
the pain of osteoarthritis and improve the chemotaxis 
of macrophages. Clay has a good effect on protecting 
gastrointestinal tract. Because of the special surface 
structure of clay, it also has important application in 
precise transport and release drug. Clay also has good 
biocompatibility and absorbability, which promote 
the development of skin drug delivery. Meta-analyses 
have been conducted to confirm the benefits of mud, 
whether in cosmetic or medical field.

Mud is a unique gift from nature to human beings 
in this age of various resources shortage. In the 
future, mud may be used in a wider range of applica-
tions, including more applications in skin care prod-
ucts, more accurate prevention/treatment of human 
diseases and better understanding of the natural 
world. Further study of mud utilization will expand 

the connection between man and earth resources (the 
inanimate substance) and promote the harmonious 
development of human well-being and nature. With 
the development of modern science and technology, 
an important research direction of mud in the future 
may be transformed from investigating the function 
of mud to explore its action mechanisms, and then 
to contribute this ancient and magical “soft” mass to 
greatly benefit for human health in future.
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