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Abst rac t
The complex structure of human skin and its physicochemical properties turn it into an efficient outermost defence 
line against exogenous factors, and help maintain homeostasis of the human body. This role is played by the epider-
mal barrier with its major part – stratum corneum. The condition of the epidermal barrier depends on individual and 
environmental factors. The most important biophysical parameters characterizing the status of this barrier are the 
skin pH, epidermal hydration, transepidermal water loss and sebum excretion. The knowledge of biophysical skin 
processes may be useful for the implementation of prophylactic actions whose aim is to restore the barrier function.
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Skin is a barrier between the human body and the 
external environment. It protects the body against ex-
ogenous chemical and physical factors, takes part in the 
metabolic processes, plays a resorptive and thermoregu-
latory function, being the first line of defence against 
pathogenic microorganisms, and it partakes in immuno-
logical processes [1].

The complex structure of human skin and its physico-
chemical characteristics turn it into an effective outermost 
defence line against exogenous factors, and help maintain 
homeostasis of the human body. This role is played by the 
epidermal barrier, in which the corneal layer of epidermis 
has a particularly important function to perform [1–3]. It 
consists of 15–20 layers of fully cornified keratinocytes – 
corneocytes. In the bottom part of the cornified layer, the 
cells closely adjoin each other, while in the top part they 
are arranged loosely and undergo scaling. Construction of 
the corneal layer resembles a wall in which corneocytes 
stand for bricks, and a fat-abundant intercellular matrix 
is the cement [4, 5]. The interior of the corneal layer cells 
is filled with cytokeratin filaments bonded with filaggrin. 
These cells are surrounded by a stiff, cornified encase-
ment built mostly of the loricrin protein, forming a part of 
the so-called protein-lipid envelope [2, 3, 6]. The envelope 
is connected with the extracellular liquid crystal matrix 
and constitutes the border between the hydrophilic sur-
face of the cells and the lipophilic non-polar fatty acids of 
the matrix surrounding corneocytes [7]. 

The thickness of the outer layer of the epidermis, 
the size of corneocytes, and the composition of super-
ficial lipids impact the regenerative properties of the 
skin, which contributes to the various courses of der-
matological diseases, and the process of healing alike. 
Anatomical areas with thick epidermis are more resis-
tant to external factors [8]. On the other hand, the areas 
with a relatively thin cornified layer, such as the face, are 
characterized by high susceptibility to damaging factors, 
but also by the ability to re-establish the barrier function 
very fast. It is connected with a high proliferative activ-
ity, thus quick regeneration of the epidermis, intensive 
vascularity, good hydration, and presence of many sweat 
glands [9]. 

The condition of the epidermal barrier depends on its 
physical properties, such as the amount of sebum pro-
duced, epidermis hydration, transepidermal loss of water, 
and the pH gradient between the surface of the skin and 
the inside of the body [1]. Many individual and environ-
mental factors impact the modification of the above-
mentioned processes, including the age, sex, race, ana-
tomical area of the skin, intensity of perspiration, skin 
temperature and ambient temperature, humidity of the 
air, season of the year, daily rhythm, hormonal balance, 
and many others [10–14].

The surface of the cornified layer is covered by a lipid 
film, which plays a very important role in the functioning 
of the epidermal barrier. It comes from two sources: se-
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bum secreted by the sebaceous glands, constituting the 
greatest part of the lipid mantle, and the epidermal lip-
ids, forming a part of the cornified layer of the epidermis 
[5, 15, 16]. The thickness of the lipid mantle amounts to 
0.5 µm to 5 µm, depending on the number of sebaceous 
glands in a given area [5]. 

Lipids of the intercellular matrix of the corneal layer 
of epidermis develop in the process of conversion of their 
precursors provided by multilamellar Odland corpuscles 
of the granular layer [17]. The polar lipids are converted 
into non-polar ones, hydrolysis of glycolipids generates 
ceramides, whereas phospholipids are metabolized into 
free fatty acids. These processes result in the creation 
of a structure consisting of tightly packed lamellas, po-
sitioned parallel to the surface of the epidermal cells 
[2, 4–6]. Intercellular lipids are mainly sphingolipids, or 
ceramides (45–50%), as well as cholesterol (20–25%), 
saturated free fatty acids (10–15%), and small amounts 
of non-polar lipids [17 18]. In the human skin we may 
differentiate nine sub-classes of ceramides marked  
1 to 9, depending on the chemical structure of the main 
group. Fractions of the length of the carbon chain C24 
to C26 are most often found among ceramides. The ce-
ramide which plays the principal role in the epidermis is 
the linoleic acid [7]. On the other hand, among free fatty 
acids, those with the chain length of C22 and C24 appear 
to dominate. Around 2–5% of the matrix constituents is 
cholesterol sulphate, which is responsible for the inhibi-
tion of proteolytic enzymes, digesting desmosome links 
between the epidermal cells [2, 7, 17, 18].

Sebum is a sticky liquid and is a mixture of non-polar 
lipids. It consists of triglycerides (~16%), free fatty acids 
(~33%), wax esters (~26%), squalene (~12%), cholesterol 
esters (~3%), and cholesterol (~1.5%) [19, 20]. The domi-
nant fatty acids are essential fatty acids of the length of 
carbon chain C16 and C18, whereby the dominant acid 
is the oleic acid [18, 21–23]. Among the saturated fatty 
acids, the palmitic acid is the most common. The com-
position of sebum is relatively constant, and its changes 
may entail some skin diseases. The biggest changes in 
the composition of sebum are observed in adolescents, 
during intensified hydrolysis of triglycerides into free 
fatty acids. Production of sebum is a very dynamic pro-
cess, conditioned by individual characteristics and envi-
ronmental factors. The observed production of sebum is 
bigger in men than in women [5, 19, 24]. Production of 
sebum depends on the density, location and activity of 
sebaceous glands [25]. In such areas as the scalp, the T 
zone of the face, the sternum or the interscapular areas, 
their density amounts to 900 per square centimetre of 
the skin, but in other places less than 100 sebaceous 
glands per square centimetre are observed [19, 26]. 

Sebum takes part in the creation of the 3-dimension-
al structure of epidermal lipids, which helps maintain its 
integrity [20, 23, 27]. It forms a protective layer against 
the multiplication of pathogenic microorganisms, having 

both proinflammatory and anti-inflammatory properties 
[28]. The amount of produced sebum has an influence on 
the increase of colonisation with numerous microorgan-
isms which derive nutritious substances from the sebum, 
e.g. Propionibacterium acnes or Malassezia yeasts [21]. 
Sebum forms a type of insulation against excessive hu-
midity and variations of ambient temperature [20]. More-
over, it helps maintain the water binding capacity of the 
epidermis [8, 28]. Proper production of sebum correlates 
with a high level of moistening of the cornified layer [11]. 
Thanks to its physicochemical characteristics, it impacts 
the selective permeation of compounds applied onto 
the skin [5]. Moreover, it has antioxidant properties and 
shields the skin from UBV radiation, which is connected 
to the dysfunction of the sebaceous platelet-activating 
acetylhydrolase II [4]. 

Lipids of the cornified layer play a very important role 
in the regulation of the absorption of various compounds 
from the surface of the skin [5]. There are two ways of 
absorption: through the epidermis and through the skin 
appendages. The principal way is selective absorption 
through the epidermis. The lamellar, bi-layer structure of 
opposite electric charge of extracellular lipids facilitates 
dissolving lipophilic substances. Their hydrophobic prop-
erties prevent excessive loss of water and dissolution of 
hydrophilic substances [29]. The absorption of substances 
from the surface of the skin depends to a great degree 
on the size of corneocytes of the cornified layer, and is 
proportional to the capacity of intercellular space, and in-
versely proportional to the size of the cells [30]. Non-polar 
compounds of a molecular weight below 500 Da easily 
permeate through the epidermis [31]. The absorption of 
substances through skin appendages (sweat glands, seba-
ceous glands, hair follicles) takes place only to a modest 
extent. It is referred to as the fast permeation path due to 
lesser selectivity and possibility of absorbing bigger mol-
ecules. For that reason the areas with many sweat glands, 
such as the face or the upper part of the torso, are more 
exposed to the absorption of potentially proinflammatory 
substances, often the cause behind skin eruptions [8]. 

The surface of healthy skin can be characterised by 
acidic pH, oscillating between 4.0 and 6.0. The pH of hu-
man internal organs is close to neutral – between 7.35 
and 7.46, being differentiated in various areas of the 
skin. The highest pH values are observed in the most hy-
drated areas, such as skin folds and articular fossae [32]. 
The maintenance of acidic pH depends on the creation 
of free fatty acids, mainly lactic acid and amino acids, 
hydrogen and ammonium compounds, as well as on the 
composition of sebum lipids and the proteins of the cor-
neal layer of the epidermis [33]. These constituents de-
termine the creation of pH gradient connected with the 
significant difference between its value on the skin sur-
face and within the living layers of the epidermis, where 
it reaches the value of approx. 7.0 [34]. This way, the 
so-called buffer volume of epidermis is maintained [32]. 
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A significant role in the creation of the acid coat is played 
by the correct activity of lipolytic enzymes, taking part 
in the metabolism of the intracellular lipids of the cor-
neal layer. Acidic pH in the lower layers of epidermis is 
maintained by sodium/proton exchange proteins – NHE. 
They remove H+ ions from the cells, and draw Na+ ions, at 
the same time protecting the intracellular environment 
against acidification [34]. The pH value may be modified 
by the level of skin hydration, atmospheric conditions, 
the intensity of sweat secretion and physical activity. Ad-
ditionally, it depends on genetic factors, co-morbidities 
and the medications or cosmetics used [33, 35]. Sex most 
probably does not affect the differences in the pH value  
[5, 10, 33], although there are some reports suggesting 
that there is such correlation [34–36]. Also age does not 
modify this value, yet among new-borns and people above 
80 years of age, higher pH values are noted [33, 34, 37].

Acid pH of the skin surface and the difference between 
the pH of the skin surface and the pH of the deeper lay-
ers of the corneal layer of epidermis control the physi-
ological flora and potentially infectious one. The growth 
pace and the colonisation density of bacteria and fungi 
increase with the increase of pH. On the other hand, the 
presence of saprophytic microorganisms has a positive 
influence on the maintenance of the acidity of skin sur-
face, among others by means of triglyceride breakdown 
to free fatty acids [34]. 

The correct pH also takes part in the maintenance of 
correct hydration of the epidermis. Its increase activates 
cathepsins, breaking down filaggrin, and decreasing in 
this way the creation of the natural moisturizing factor 
(NMF) [34]. Increased pH values correspond also with an 
increase in transepidermal water loss (TEWL), one of the 
most significant indicators of the epidermal barrier func-
tion [11, 33]. Moreover, the skin pH plays one of the most 
important roles in the correct organisation of the matrix 
lipids, by regulating their surface structure and stability 
[18]. Intracellular lipids are sensitive to pH fluctuations 
which might modify hydrolytic reactions, causing the 
change of their composition and spatial structure [2, 17]. 

The integrity of the epidermal barrier protects the 
skin against the excessive loss of water and protects the 
maintenance of correct hydration of epidermis. Water 
is accumulated thanks to the corneal layer of epidermis 
and the amount of water in this layer is defined as the 
skin hydration [38]. The correct level of moisture is affect-
ed by such factors as the amount of water supplied from 
the bottom layers of epidermis, dermis and sebaceous 
glands, and also the amount of water lost through evapo-
ration and the ability of the corneal layer to accumulate 
water. Water retention in this layer is also affected by 
the presence of lipids of the extracellular matrix and the 
protein coat of the cells [3]. 

The corneal layer maintains the water gradient be-
tween the skin surface and bottom layers of the epider-
mis. Keratinocyte hydration decreases with their passage 

from the basal layer to the epidermis surface [5]. Water 
constitutes approximately 15–20% of the total mass of 
the corneal layer and accumulates mostly inside cor-
neocytes, whilst in the living layers of epidermis, water 
constitutes as much 70% of its mass [17]. The most su-
perficial – the top part of the corneal layer is the least 
hydrated and under large influence of external factors 
on water contents. The thickness of the cornified layer is 
30 µm. After liberal moistening, it rises even to 40 µm [2]. 
The deepest part of epidermis contains more water and 
thus the impact of external environment is insignificant. 
The middle area, in turn, is the zone with the highest pos-
sibilities of regulating water accumulation. It is character-
ised with a high concentration of NMF, which is located 
inside corneocytes [3]. The natural moisturising factor is 
responsible for the maintenance of the correct hydration 
of epidermis and skin plasticity. It constitutes 10–30% of 
the dry mass of corneal layer and consists mostly of free 
amino acids and their metabolites, such as urocanic acid 
(UCA) and pyrrolidone carboxylic acid which are the prod-
ucts of filaggrin proteolysis. Other constituents of the 
corneal layer with hygroscopic properties are lactates, 
urea, proteins, saccharides, organic acids and numerous 
electrolytes secreted through sweat glands as well as 
glycerol delivered by sebaceous glands [3, 8, 17]. 

The lipids of the intracellular space of the corneal 
layer of epidermis counteract the excessive loss of water 
from epidermis, mostly thanks to their anatomical and 
biochemical structure, which makes them play the role 
of a barrier constituent [17, 29]. They are parallel plates, 
packed closely adherent to each other, and protect 
against water evaporation from inside the corneal layer 
of epidermis. A special role is played by the presence of 
ceramides which increase water retention in the corneal 
layer [2, 39, 40]. A decrease in the contents of ceramides, 
cholesterol and free fatty acids of the intracellular matrix 
decrease skin moisture [3]. In the process of hydration of 
living layers of the epidermis, an important role is played 
by aquaporin-3. It is a constituent of water channels of 
cell membranes, facilitating the transport of water, urea 
and glycerol into the epidermis cells [21]. The correct 
content of water within dermis is maintained thanks to 
hyaluronic acid, owing to its hydrophilic properties. Some 
smaller quantities of this acid can be also found in the 
intracellular matrix of the corneal layer [17]. 

The epidermis hydration values vary depending on 
the anatomical area. The highest values can be found 
on the facial skin, articular fossae, lower values – on 
the forearms whilst the lowest – on the shins [8, 10, 38, 
41]. This depends mostly on epidermis thickness and 
the location of sebaceous and sweat glands [3, 8]. The 
moisture level changes also depending on the ambient 
moisture and temperature. These parameters affect wa-
ter retention and the degree of its evaporation from the 
corneal layer, having some influence on the change of 
hydration gradient between the epidermis and the envi-
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ronment [41, 42]. Moreover, the moisture value may also 
be affected by the type of consumed foods. One of the 
studies has shown that epidermal hydration is decreased 
as a result of the diet rich in saturated or monounsatu-
rated fatty acids [43]. 

The loss of water from the skin is a result of the se-
cretion of sweating and transepidermal passive diffu-
sion. Water loss through epidermis is described by TEWL 
value and affects the level of epidermis moisture [44, 45]. 
Transepidermal water loss is a parameter reflecting the 
integrity of epidermis water layer and is a very sensitive 
indicator of the damage of the epidermis barrier [1, 8, 14, 
18, 31, 39, 46]. Transepidermal water loss is a gradient of 
the vapour pressure measured in two points lying perpen-
dicular to the skin surface inside an open chamber and 
is an intermediate value of water transmission from cor-
neal layer. In stable ambient conditions, TEWL oscillates 
around 4–10 g/h/m2, depending on the skin area, but it 
may increase even up to a 30 times higher value when 
epidermis is damaged [1]. The TEWL value changes even 
under the influence of such factors as skin temperature, 
blood flow through skin vessels, the pace of epidermis 
regeneration, the thickness of corneal layer, the lipid con-
tents in corneal layer, the number and activity of sweat 
glands on a given skin area, ambient temperature and hu-
midity and many others [1, 8, 37, 41]. This parameter de-
pends on the correct structure of the junctions between 
the cells of the corneal and granular layers, which are the 
place of the passage between a low and high concentra-
tion of water. These connections regulate the transmis-
sion of water and other substances dissolved in it to liv-
ing layers of the epidermis [17]. The highest TEWL values 
are found on the skin of palms, soles, face, genitals and 
the areas of joints; whereas the lowest – on the calves  
[41, 46]. Transepidermal water loss values most probably 
do not depend on sex [10, 31, 46], although some studies 
point to higher values of this parameter among men [47]. 
Its changeability depending on age is also controversial 
[37, 46]. Most probably lower TEWL values occur among 
people above 60 years of age [31]. This parameter influ-
ences also the regulation of epidermis exfoliation and 
enzymatic functions accompanying keratinisation. The 
more intensive water loss, the more intensive the kera-
tinisation process is, which has its clinical manifestation 
in excessive exfoliation and erythema [17, 48]. 

An indicator of healthy skin is the correct function of 
epidermal barrier protecting against external factors and 
against pathogenic microorganisms. The loss of struc-
tural or functional integrity of this barrier facilitates the 
occurrence of skin lesions accompanying many dermato-
logical diseases. The knowledge of biophysical processes 
within the skin may be useful for the implementation 
of prophylactic actions whose aim is to restore the bar-
rier function and to protect against the development of 
pathological lesions and can be also helpful in initiating 
effective treatment. 
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