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Some recent studies indicate that unsaturated fatty acids, components of cellular membranes and precursors of
immunomodulators, play a significant role in the pathogenesis of some symptoms of atopic dermatitis. Since they
cannot be synthesized by the human body, they must be provided with nutrition as the so called exogenous fatty
acids: linoleic (a precursor of arachidonic acid) and a.-linolenic acid (a precursor of eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA)). Their deficiency facilitates the development of some disorders, e.g. of the cardio-
vascular system or of the nervous system, or becomes the cause of intensification of ailments in their course e.g.
pruritus and dryness in atopic dermatitis. Though clinical examinations to date confirm the efficacy of fatty acid
supplementation in treatment of atopic dermatitis, their results are not explicit.
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Introduction

The significance of lipids as a natural source of ener-
gy, lipid-soluble vitamines and fatty acids, being struc-
tural material synthesizing numerous biologically active
compounds vital for the human organism, has been the
subject of research for many years. Fatty acids are found
in vegetable and animal fats and provided with food as,
the so called exogenous fatty acids: linoleic (a precursor
of arachidonic acid (AA)) and a-linolenic acid (a precur-
sor of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA)) [1]. Q-3 fatty acids found in oil and fish meat
and -6 fatty acids obtained from seeds play a signifi-
cant role in the organism. They maintain an appropriate
structure, elasticity and functioning of cellular membranes
as well as are essential in the synthesis of intracellular
lipids in the corneous layer of epidermis. Additionally, they
are also precursors of eicosanoids and have regulative
properties [2]. The supply of these acids in a diet, espe-
cially the ratio of saturated acids to monounsaturated
and polyunsaturated acids, decides about appropriate
functioning of the human body [3]. The examinations

prove that deficiency of unsaturated fatty acids facilitates
the development of some disorders, e.g. of the cardio-
vascular system or cause the intensification of ailments
in their course, e.g. in atopic dermatitis (AD) [2-6].

The results of clinical studies indicate that skin dry-
ness, a basic therapeutic problem in AD, is caused mainly
by the damage to the protective barrier of the epidermis,
which consists of the aqueous and the lipid coat of der-
mis, a natural moisturizing factor and intracellular sub-
stance of the corneous layer of epidermis [2, 7]. This aile-
ment frequently results from the insufficient supply of fatty
acids in a diet. The clinical examinations carried out so far
reveal that supplementation with preparations of fatty
acids gives an opportunity to alleviate the symptoms of
the disease and decrease the frequency of intensification
of skin lesions in the course of AD [2, 5, 8].

Atopic dermatitis as a chronic inflammatory
disease

Atopic dermatitis is a chronic inflammatory skin dis-
ease associated, among others, with oversensitivity to
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various allergens and environmental agents. The first skin
lesions usually appear in the early childhood; however,
they can persist and/or appear also in the adult life.
Recently the prevalence of the disease has tended to
increase and it occurs in about 10-20% of children and in
1-3% of adults. In many cases, AD lesions appearing in
childhood can be the first step of ‘an allergic march’ and
prognose allergic rhinitis and bronchial asthma, devel-
oping later in the adulthood [9-11].

A clinical manifestation of skin lesions is conditioned
by genetic, environmental and immunological factors.
Numerous examinations in vitro and in vivo confirm com-
plex etiology of this disease, in which development and
complicated immune mechanisms, including numerous
cells and cytokines, are involved. Lymphocytes Th2, inter-
leukins 4, 5,13 (IL-4, IL-5, IL-13) and interferon-y (IFN-y)
play a special role in the development of this disease. The
infiltrate of activated memory cells T CD4+ was proved in
the analyses of skin bioptates with acute AD lesions, man-
ifesting themselves as lichenization, reddening, pruritus,
excoriations and exudates. Significantly more cells with
the expression of mRNA IL-4, 5 and 13 were proved in the
skin of patients with intensified lesions of the AD type in
comparison with the skin of healthy subjects. In the skin
subjected to long-term inflammation, remodeling takes
place, resulting in lichenization, dryness of the marked
intensity and the development of fibrous papules. Langer-
hans cells predominate in the skin infiltrate, though
eosinophiles and lymphocytes T are also present. Marked-
ly more cells, expressing mRNA IL-5 and IFN-y, were found
at a low expression of I1L-4 and IL-13. In 80% of cases,
immune mechanisms of the disease were connected with
the IgE-dependent reaction; in about 20% — the IgE-inde-
pendent reaction [9, 12, 13].

The opinion that skin lesions resulted mainly from
functioning disorders of the immune system and the
change in the balance between lymphocyte populations
Th2 and Th1/ThO has predominated for many years. It was
regarded that this caused the development of the IgE-
dependent oversensitivity to airborne and food allergens
(type | allergic reaction) in the acute phase of the disease.
These phenomena were supposed to be responsible for
the development of inflammatory changes within the der-
mis and epidermis (the so-called ‘inside’ theory). In recent
years, studies have shown a genetically-conditioned dys-
function of the epidermal barrier associated with abnor-
mal synthesis of structural proteins, high concentration
of proteases and low activity of their inhibitors. Disorders
of the epidermal barrier function, enabling allergens and
irritating environmental agents to penetrate, are regard-
ed as the primary factor in the etiopathogenesis of atopic
eczema (the ‘outside’ theory) [7].

Lately, functional disorders of filaggrin, one of the key
proteins conditioning a normal barrier function of the epi-
dermis, have become the focus of researchers’ attention.
This function can be disturbed due to the mutation in the
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gene encoding filaggrin. The most frequently described
mutations are R501X and 2282del4, predisposing, espe-
cially, to eczema lesions of an early onset as well as the
severe and chronic course in patients with co-existing
atopy [14].

Normal functioning of the epidermal barrier and, most
of all, its hydration is associated with the metabolism of
fatty acids and the appropriate supply of linolenic acid in
a diet [2, 12].

The role of long-chain polyunsaturated fatty acids
(LCPUFAs) and metabolites of arachidonic acid
in the pathogenesis of atopic dermatitis

Recent studies indicate that fatty acids, components
of cellular membranes and precursors of immunomodu-
lators, play a significant role in the pathogenesis of atopic
dermatitis. They are built into e.g. ceramides and metab-
olized to various metabolites in the dermis due to lypo-
and cyclooxygenase. A detailed mechanism of their activ-
ity has not been explained so far since the majority of
studies refer to adults and some findings are contradic-
tive [12].

Q-3 and -6 acids, whose names come from the loca-
tion of double binds counting from the end of the carbon
chain, can be distinguished out of LC-PUFA. The synthe-
sis of long-chain polyunsaturated fatty acids is conduct-
ed via two pathways. The former initiates the metabolism
of linoleic acid (LA, 18:2 n-6) and leads to the formation
of arachidonic acid (AA), and next prostaglandins, leu-
kotrienes and thromboxanes; the latter — a-linolenic acid
(ALA, 18:3 n-3), leading to the synthesis of eicosapen-
taenoic acid (EPA, 20:5 n-3) and docosahexaenoic acid
(DHA 22:6 n-3). The same enzymes, desaturases (A-5 and
A-6) and elongases, whose accurate functioning is of basic
importance in the metabolism of LCPUFA, take part in both
LA and AA transformations. The final products of the line
n-6 metabolism have the proinflammatory, iatrogenic
activity and they enhance cell proliferation. Metabolites
of the line n-3 oppose these unfavorable activities,
decreasing the intensity of an inflammatory process and
platelet aggregation, protecting the endothelium and
blood vessels, reducing the level of antioxidative stress,
insulin sensitivity and improving a lipid profile. The EPA
is regarded as the main anti-inflammatory factor due to
its competitive activity with AA for metabolites. Howev-
er, it has also been proved that DHA shows a potent anti-
inflammatory and immunomodulating activity [8, 12, 15].

In 1929, in the experimental animal studies, Burr
et al. proved the relation between skin lesions, charac-
terized by excessive dryness, reddening and the presence
of abnormal keranocytes, and a deficit of LCPUFAs in
a diet. The above abnormalities initially found in animals
were also observed in humans. Children on cow’s milk
preparations, poor in fatty acids, demonstrated inflam-
matory skin lesions. Deficiency in LA caused dryness, red-
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dening and pruritus, leading to skin disorders. The
increased index of endothelial cell proliferation, enhanced
metabolism with an increase in the synthesis of sterol
esters and then the presence of abnormal keratynocytes
were found in histopathological examinations of skin
biopatates.

In 1937, Brown and Hansen proved the decreased con-
centration of AA in the serum of children with atopic der-
matitis, whereas the abnormal fatty acids profile and the
decreased activity of A-6-desaturase, an enzyme taking
part in denaturation of LA to y-linolenic acid (GLA), have
been recently found in these patients. The GLA is a pre-
cursor of proinflammatory and immunomodulating
agents, such as leukotrienes and prostaglandin E1, which
is involved in maturation and differentiation of lympho-
cytes T, thus influencing the IgE production [8, 12].

A moderately increased concentration of LA and a sig-
nificantly decreased concentration of AA and DHA were
reported in a Swedish study carried out in children with
AD. Additionally, a positive correlation was proved between
the concentration of immunoglobulin E in the umbilical
blood and the concentration of LA. The hypothesis was put
forward that an increased risk of AD development could
be caused by disorders of LA metabolism [12].

In other studies carried out as early as in the middle
of the last century by Hansen et al., the decreased con-
centration of LA metabolites with the increased concen-
tration of the acid in the blood serum was found in moth-
ers breastfeeding infants with AD, compared to healthy
infants’ mothers [16]. The above findings were also con-
firmed by contemporary studies [17, 18]. Their analysis
shows that the decreased conversion of LA to its metabo-
lites and the likely decreased building-in of fatty acids to
phospholipids are observed in patients with AD. These
abnormalities cause a decrease in the synthesis of
prostaglandin E1 (PGE1), resulting in a low concentration
of CAMP, which in consequence leads to the activation of
specific structures of the immune system [17, 18].

None of the above studies enabled to answer the
question whether the changes in fatty acids metabolism
were the cause or consequence of atopic dermatitis. Pub-
lished in 1994, Galli et al.’s studies determined the
metabolites of fatty acids metabolism in the umbilical
blood of children from the families with a positive histo-
ry of atopic diseases and proved that changes in the
metabolism of fatty acids caused no skin lesions [12, 19].

In the last ten years, much attention was paid to the
studies of the genetic background of differences in the
metabolism of LC-PUFA and disorders of the A-6 desat-
urase activity [7]. To date, evaluating the fatty tissue, breast
milk, umbilical blood and lymphocytes of the umbilical
blood, fibroblasts and erythrocytes, the abnormal metab-
olism of fatty acids, involving a decreased concentration
of LA metabolites, especially, GLA and AA at a normal con-
centration of LA, were proved in patients with AD [8, 20].
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Significance of supplementation with preparations
of y-linolenic acid in the treatment of atopic
dermatitis

Long-chain polyunsaturated fatty acids are indispen-
sible components of a diet because they cannot be syn-
thesized by the human organism. The source of n-3 acids
in a diet is mainly sea fish (herring, salmon, trout and oth-
ers), sea food and oils (linen, rape-seed) and walnuts,
whereas the main source of n-6 acids is corn, arachidic,
cotton, soya and sesame oils, olive oil and plant seeds.
Even in the case of a sufficient supply of linoleic and LA,
this supplementation may be insufficient to synthesize
the appropriate amount of LCPUFAs. This synthesis
depends on the age, accompanying genetic and environ-
mental conditions, etc. Poland is the country where defi-
ciency of polyunsaturated fatty acids in a diet is especially
high. Fish consumption in the adult population is insuffi-
cient and constitutes about 50% of the recommended
consumption, whereas an average Pole provides his/her
organism with approximately 1/5 of demand for neces-
sary fatty acids [1, 2, 4, 21].

Numerous studies performed on animal models and
in people prove a favorable influence of the diet rich in
polyunsaturated fatty acids in many diseases (e.g. car-
diovascular, neurological, psychiatric, endocrinological,
ophthalmological, dermatological or allergic diseases)
[1, 4, 22]. More and more examinations confirm a positive
effect of long-term supplementation with LC-PUFA in
infancy on the development of the central nervous sys-
tem [21].

The influence of polyunsaturated fatty acids on the
development of diseases with allergic etiology has been
examined numerous times as early as in the prenatal peri-
od. The anti-allergic activity of LC-PUFA has been analysed
mostly in patients with bronchial asthma and AD [2, 12,
13, 23]. It has been proved that if a diet is abundant in
GLA, an increase in its metabolites: PGE1 and 15-hydroxy-
eicozatrienoic acid with anti-inflammatory activity is found
in the dermis.

Additionally, it has been found that supplementation
with preparations of fatty acids during pregnancy leads
to a decreased incidence and intensity of AD in children
[24-26]. A detailed mechanism of the anti-allergic activi-
ty of LC-PUFA acids in AD has not been explained com-
pletely. The first findings on a favorable influence of fat-
ty acids on the animal and human skin with AD come
from the 1930s [16]. For the next decades, various prepa-
rations containing LC-PUFA were used to treat this dis-
ease, especially, those containing compounds with the
various content of LA and GLA, usually improving the skin
condition [23, 27]. Q-3 and w-6 fatty acids provide the
appropriate structure, elasticity and functionality of cell
membranes and are vital for the synthesis of intracellu-
lar lipids in the corneous layer in the epithelium.

In the 1980s, more and more findings on supplemen-
tation with GLA preparations in the form of primrose oil
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(EPO), which contains 72% of LA and 9% of GLA, were
published [12]. So far, many data containing various clin-
ical experiments have been issued with only one sys-
tematic review of the literature on this subject. This meta-
analysis dated 1989, which contained both published and
unpublished data, is criticized for lack of detailed criteria
with regard to unpublished data. It referred to the ran-
domized studies and oral supplementation with fatty
acids and did not confirm a favorable effect of such man-
agement on the severity of AD. According to authors, the
efficacy, observed in some groups of patients, e.g. in
infants and patients with severe AD, did not prove the
need for or abandonment of this treatment [24, 28]. Sim-
ilarly, a new meta-analysis, made in 2004, did not con-
firm a significant influence of GLA on the severity of AD
[27]. The exception was a positive influence of fish oil on
skin peeling and dryness.

However, a significant advantage of this preparation
was found in other clinical randomized examinations per-
formed by Schalin-Karrila et al. The amount of steroids
applied topically was an important indicator of efficacy. It
was observed that children treated with placebo used
three times more steroid ointments than those treated
with EPO [29]. Positive results were also demonstrated in
a study by Biagi et al., who additionally found that this
favorable effect lasted for a long time [30].

Dunstan et al. evaluated the influence of oral supple-
mentation with preparations of fish oils in pregnant
women suffering from atopic dermatitis, on the content
of IgA, CD14, some cytokines (IL-5, IL-6, IL-10, TNF-a.,
IFN-y) and fatty acids in the breast milk after delivery.
A significantly higher concentration of EPA and DHA was
revealed in the milk of women taking preparations of fat-
ty acids during pregnancy in comparison with controls.
Additionally, it was proved that the course of AD in chil-
dren of these mothers was milder [31].

Galli et al. suggest that the supplementation with GLA
plays a significant role in the early stage of AD develop-
ment, therefore administration of preparations of these
acids seems extremely purposeful in the early childhood.
Steward et al. claim that EPO changes slowly and gradu-
ally the composition of lipids in the cell membranes to
the appropriate level [2].

Published in 2012, randomized examinations investi-
gating the effect of supplementation with ®-3 acids in
pregnant women on the incidence of allergy in children,
did not confirm a favorable influence of such manage-
ment on the value of the total IgE concentration in the
study group. A less frequent incidence of AD and sensi-
tivity to hen’s egg albumin was observed among children
of mothers using supplementation with ®-3 acids during
pregnancy [23]. In other clinical studies with the same
intervention, a decrease in the concentration of AA and
an increase in the ratio of EPA to DHA were revealed in
the blood serum of women using supplementation with
preparations of -3 acid [32].
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According to the opinion of the Experts’ Group, pub-
lished in 2011, pregnant and breastfeeding women should
be supplemented with min. 200 mg of DHA daily, where-
as children above the age of 3 are recommended to con-
sume long-chain fatty acids ®-3 at a dose of 150-200 mg
in 24 h[5].

At present, in the market there are numerous prepa-
rations containing acids from the ®-3 group, though not
all of them contain the appropriate dosage of these acids,
taking into consideration their marked deficiency in a diet
[2]. Polyunsaturated fatty acids are safe supplements of
a diet, because they induce occasional, transitional and
insignificant clinical side effects, usually, of the dyspep-
tic character. The DHA, whose activity was confirmed in
numerous studies, including populations of healthy and
ill people at various ages, seems to be the safest. The EPA,
via its competition with AA, has some limitations when
administered in infants (impaired growth). During exclu-
sive breast feeding, the first 6 months of life, an additional
intake of DHA seems not to be advised, because breast
milk provides sufficient supplementation. The supple-
mentation of feeding should be initiated after this peri-
od, introducing an additional source of ®-3 acids e.g. fish
into the diet [2]. Treatment of children with AD is multi-
directed with an elimination of agalactic, hypoallergic diet,
in which it is not advisable to consume sea fish, nuts —
a rich source of LC-PUFA acids as well as strong allergens.
Thus, these patients are additionally at risk of an insuffi-
cient intake of these acids and their supplementation in
a diet is especially significant.

Conclusions

Based on available meta-analyses, it can be assumed
that efficacy of supplementation with EFA in the treat-
ment of AD is not completely documented. A positive
effect of using these preparations in some age groups e.g.
in AD children up to 1 year old can be observed, however
the studies published so far neither confirm nor deny this
thesis. Thus, it is advisable to conduct clinical studies
aimed at proving a different influence of various fatty
acids on the concentration of proinflammatory cytokines
in children with atopic dermatitis. The confirmation of the
immunological modulation by polyunsaturated fatty acids
in these patients could help to decide whether it is nec-
essary to introduce the accessory therapy of LC-PUFA acids
in AD treatment. The improved condition of the skin,
decreased incidence of AD lesions and alleviated ailments
like pruritus, could improve the quality of life of these chil-
dren and their parents as well as this would have favor-
able financial results.
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