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ABSTRACT

The article presents the results of studies of the effect of applying topical fluorinated glucocorticosteroids in combination
with ceramides on the barrier function of the skin of experimental animals with allergic dermatoses (guinea pigs).

The purpose of the work: substantiation of the inclusion of ceramides in the base of topical fluorinated steroid prepara-
tions for the treatment of allergic dermatoses by studying the morphological changes in the skin of guinea pigs after the
application of the indicated means of various compositions.

Materials and methods. Histological research was carried out on outbred guinea pigs of the same sex and condition (74
individuals). The animals were divided into separate groups depending on the applied drugs. The following combinations
of drugs and, accordingly, guinea pigs were selected, which were divided as follows: IC - intact control (15 animals); O -
base application (14); OC - base containing ceramides (15); FSt/kr - fluorinated steroids of strong action (betamethasone)
(16); FStK/kr - fluorinated steroids of strong action (betamethasone) + ceramides (14).

Results. In order to study the traumatic effect of topical steroids on the skin and the possibility of preventing morphologi-
cal (atrophic) disorders, an experimental study of the morphology of the skin of guinea pigs was carried out on a model of
atrophy caused by long-term (14 days) application of topical fluorinated steroids of various compositions.

Applying the foundation to animals led to some thickening of the epidermal layer, while the morphology of the epidermis
and the skin itself was not disturbed. The addition of ceramides led to the acceleration of proliferative processes and the
development of proliferative acanthosis. Changes induced by betamethasone were noted mainly in the epidermis in the
form of local atrophy of the epidermal layer. The addition of ceramides to a potent fluorinated steroid to some extent
smoothed out the negative effects of the corticosteroid hormone. The average thickness of the epithelial layer increased
by 2 times compared to the thickness of the epithelial layer of animals of the FSt/kr group and even slightly exceeded the
indicators of intact animals. Vacuolar dystrophy of the cells of the spinous and granular layers occurred in all animals of the
FStK/kr group. Lymphoid infiltration of the dermis, parakeratosis and acantholysis were not noted.

Conclusions. The results of an experimental study of the effect of topical fluorinated steroids of different composition on
the skin of guinea pigs indicate the existence of differences between the drugs in terms of their degree of action on the
intensity and development of pathological processes in experimental animals. A comparison of the effect on the skin of
classic topical steroids and those additionally containing ceramides indicates the possibility of preventing the traumatic
effect of hormones, which is especially important for patients with filaggrin gene mutations.
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Introduction

The modern pathogenetic model of atopic dermatitis
(AD) can be represented as a chain, the links of which are
considered: a set of predisposition genes, a reduced barrier
function of the skin, a disorders of innate immunity, which
are joined by external factors and characteristics of the
adaptive immune response. The most significant genetically
determined disorders in this disease are changes in the im-
mune system and the skin barrier, the dysfunction of which
is a favorable background for the development of AD [1, 2].

Most experts support the concept of AD development as
a disease associated with abnormalities of the epidermal

barrier [3, 4].

The increased activity of own proteases, which destroy
structural components in the epidermis, and the presence
of additional exogenous proteases produced, for example,
by house dust mites or Staphylococcus aureus, facilitate the
destruction of desmosomal contacts and the penetration
of allergens into the skin. The functioning of the epidermal
barrier is also affected by a disorder in the maturation and
advancement of lamellar granules, which leads to a signifi-
cant deficiency of acid, lipid, and enzyme components of the
stratum corneum. AD-associated increase in the activity of
sphingomyelin deacylase leads to a decrease in the produc-

tion of ceramides [5, 6].

Damaged skin barrier is the most important factor in AD
development, which is indirectly confirmed by the fact that
the most characteristic places of localization of lesions in
this disease are areas of the skin with a weakened epider-
mal barrier and increased protease activity [5, 6]. Consti-
tutionally dry skin is also considered an essential feature,
which is due to the reduced level of ceramides, squalene and
free fatty acids in the stratum corneum lipids components
of the natural moisturizing factor, the appearance of defects
in intercellular lipid layers, increased transepidermal water

loss [7].

Topical steroids, which are the main means of external
treatment of patients with chronic dermatoses, depending
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Key messages

What is not yet known on the issue addressed in the submit-
ted manuscript

Histological confirmation of the combined use effectiveness of
fluorinated corticosteroids with ceramides.

The research hypothesis

the combined use of creams with ceramides and fluorinated corti-
costeroids in allergic dermatoses reduces the side effect of the skin
barrier thinning.

The novelty added by manuscript to the already published sci-
entific literature

The addition of ceramides to topical corticosteroid therapy pre-
vents the traumatic effect of hormones, which is especially impor-
tant for patients with filaggrin gene mutations.

on the dosage form and the strength of the corticosteroid,
to one degree or another deepen atrophy, dryness, dehy-
dration of the skin. The third generation of corticosteroids
includes a large number of fluorinated glucocorticosteroids
that have a strong and very strong local effect. These agents
have more favorable properties of pharmacokinetics. At the
same time, with long-term use of steroids, hypopigmenta-
tion, secondary infection, acne and striae, an increase in the
level of cortisol in the blood, and aggravation of the course
of osteoporosis are more common. Their development is
due to the inhibition of fibroblast proliferation and collagen
synthesis, as well as inhibition of the proliferative activity of
keratinocytes and fibroblasts. In this regard, external rem-
edies for AD patients, especially those with a filaggrin gene
mutation, need appropriate correction to prevent the deep-
ening of the morphological and functional changes inherent
in this condition [8, 9]. The corresponding correction can be
carried out by including ceramides in the base of the drug,
which contribute to the restoration of the epidermal barrier
due to the filling of lipids and are a conductor of active sub-
stances into the dermis [10].

The aim of the work was to justify the inclusion of cer-
amides in the base of topical fluorinated steroid drugs for
the treatment of allergic dermatoses by studying the mor-
phological changes in the skin of guinea pigs after applying
the above-mentioned products of various compositions.

Materials and methods.

The study was conducted on outbred guinea pigs of the
same sex and fatness (40 individuals). The animals were di-
vided into separate groups depending on the applied drug.
The animals were on a standard diet and received food that
was equivalent in terms of qualitative and quantitative com-
position. The conditions of the animals were in accordance
with the rules of the ,European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and Other
Scientific Purposes”.

The possibility of correcting the complications of topical
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steroid use (development of skin atrophy, increased xero-
sis, etc.) was studied in an experiment by introducing cer-
amides into the base of topical fluorinated steroids.

The following combinations of drugs and, accordingly,
guinea pigs were selected, which were divided as follows:
IC - intact control (15 animals); O - base application (14);
OC - base containing ceramides (15); FSt/kr - fluorinated
steroids of strong action (betamethasone) (16); FStK/kr
- fluorinated steroids of strong action (betamethasone) +
ceramides (14).

During the external examination, clinical changes were
assessed on the excised areas of the skin, where samples
were subsequently taken for histological examination. The
samples were fixed in a 10% solution of neutral formalin,
processed in alcohols of increasing concentration (for at
least 3 weeks), embedded in celloidin paraffin. Sections
with a thickness of 6-7 um were stained with hematoxylin
and eosin. The light-optical research was carried out under
a Biolam R-12 microscope. The areas that were most typical
for this experimental group were selected for the photos.

Statistical processing of the obtained results was carried
out using a package of application programs for Microsoft
Excel 2003. Analysis of qualitative data was carried out us-
ing the x2 test. Average arithmetic values for a series of data
(M) and errors of average values (m) were calculated. The
reliability of the obtained data was assessed by pairwise
comparison and determination of the confidence interval
based on the calculation of the Student coefficient (t). Dif-
ferences were considered statistically significant at p<0.05
[11].

Results and discussion

In order to study the traumatic effect of topical steroids
on the skin and the possibility of preventing morphologi-
cal (atrophic) skin disorders by varying the components of
an external agent: both the active substance (corticoster-
oid) and components that reduce their harmful effect (cer-
amides), an experimental study of the morphology of the
skin of guinea pigs was carried out on a model of atrophy
caused by long-term (14 days) application of topical fluori-
nated steroids of various compositions.

When examining all micropreparations of the IC group,
a clear division into the epidermis and the skin itself, which
had a normal structure, was revealed. In the multilayered
epidermis, all the transitions from viable dividing cells to
those that were keratinized took place. The basal layer
consisted more often of vertically elongated keratinocytes
with dark nuclei, the outlines of which were clear, mitoses
were few. The spinous layer had several rows (4-6) of suf-
ficiently densely arranged polygonal cells. As a rule, inter-
cellular contacts were clearly visible. The epidermocytes of
the granular layer (3-4 rows) are polymorphic, containing
a large number of keratohyalin granules in the cytoplasm,
from dispersed in the lower rows to large sharply basophilic
closer to the stratum corneum. The thickness of the stratum
corneum was uniform throughout the section. Its compact
layer tightly adhered to the surface of the epidermal layer,

Mold J Health Sci. 2023;10(2):25-31

loose, moderately desquamated from its surface. The cellu-
lar elements of different layers of the dermis are typical, all
obligate derivatives are present, the vessels of the microcir-
culatory channel had a normal structure. Endothelial cells
contained flat, sharply basophilic nuclei. The blood vessel
filling was moderate (Fig. 1), the width of the epidermis on
average for the group was 15.3 u.o.

Fig 1. The skin of an intact guinea pig.
Normal histology of epidermis and dermis. Hematoxylin and
eosin, x 150

The thickness of the epidermal layer of guinea pigs of the
studied groups is shown in the table 1.

Table 1. The thickness of the epidermal layer of guinea pigs (u.0.)

Group The thickness of the epidermal layer
IC,n=15 15,3+0,91
O,n=14 20,75 +1,78
0C,n=15 34,71 £ 3,07*t
FSt/krn=16 10,25 +0,81*

FStK/kr, n =14 20,14 + 1,471

Note. * - significantly differs in relation to IC (p < 0,05); t - is
significantly different in relation to a similar drug that does not contain
ceramides (p < 0,05).

Applying the foundation to animals led to some thicken-
ing of the epidermal layer, the morphology of the epider-
mis and the skin itself was not disturbed at the same time.
Thickening occurred due to an increase in the number of
rows of the spinous layer (up to 8-9 rows), the exfoliation
of the stratum corneum increased (Fig. 2a). The addition of
ceramides led to the acceleration of proliferative process-
es and the development of proliferative acanthosis (Fig.
2b). Mitotically dividing cells were found more often than
in intact animals (Fig. 3), increased epidermopoiesis led to
a pronounced thickening of the epidermal layer due to the
spiny layer, which was significantly thickened (up to 15-16
rows). In some areas, the epidermis formed acanthous out-
growths that penetrated the dermis, and there were horn
cysts. On average, the thickness of the epidermal layer in
the group exceeded the control indicators by 67% (Table
1). Dystrophic and degenerative phenomena were not ob-
served.
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Fig. 2. Guinea pig skin.
Thickened epidermis of normal morphostructure, O group (a). Strongly thickened epidermis, acanthous outgrowths, OC group (b).

Hematoxylin and eosin, x 150

Fig. 3. Guinea pig skin, OC group.
Numerous mitoses of basal layer cells (arrows). Hematoxylin and
eosin, x 150

Changes induced by betamethasone (group FSt/kr),
were observed mainly in the epidermis. First of all, local at-
rophy of the epidermal layer should be noted. Thinning was
uneven, mostly interfollicular (located between two hair
follicles) areas of the skin were altered (Fig. 4a), although
occasionally there was atrophied epidermis located above
the follicles (Fig. 4b).

On average, the thickness of the epidermal layer was re-
duced by a third compared to the control group (Table 1).
If we measure the thickness of the epithelial layer only in
places of thinning, it was 6.17 u.o, which is only 40% of the
control values. Atrophic epidermis contained from 3 to 6
rows of keratinocytes.

As is known, the development of atrophy is preceded by
an edematous-inflammatory stage, the signs of which were
found in the skin of animals of this group. Pronounced swell-
ings were noted in the papillary layer of the dermis (Fig. 4a).
Fluid from the dermis penetrated the epidermis, expanding
and breaking intercellular connections and forming spongy
bubbles (Fig. 5).

Fig. 4. Guinea pig skin, FSt/kr group.
Thinned epidermal layer of the interfollicular area, swelling of the papillary layer of the dermis (a). Atrophy of the epidermis above the hair
follicles (b). Hematoxylin and eosin, x 150
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Fig. 5. Guinea pig skin, FSt/kr group.
Penetration of fluid from the dermis into the epidermis (arrow) (a), x 200. A spongy bubble in the epidermis (arrow) (b), x 150.
Hematoxylin and eosin

a L b
Fig. 6. Guinea pig skin, FSt/kr group.
Vacuolar dystrophy of cells of spinous and granular layers (a, b). Hematoxylin and eosin, x 200
a b

Fig. 7. Guinea pig skin, FSt/kr group.
Acantholysis of spinous layer cells (arrows), intracellular edema (a). A parakeratic cell, nuclei in the stratum corneum (arrow), absence of a
granular layer, thickening of the spinous (b). Hematoxylin and eosin, x 150

In parallel, dystrophic manifestations developed - in- cleus to the periphery and making it flatter. Damage to kerati-
tense intracellular swelling of keratinocytes of the spinous nocytes and loss of intercellular connections led to acantholy-
and granular layers was noted (Fig. 6). sis. Acantholytic spherical cells with oxyphilic cytoplasm were

Vacuoles were located perinuclearly, and in more pro- located, as it were, separately from the surrounding cells and
nounced cases occupied the entire cytoplasm, shifting the nu- were found along the entire length of the epidermis (Figure 7).



Kutasevych Yanina et al.

The process of keratinization was also disturbed: there
were many intraepidermal horn cysts filled with horn mass-
es, and rare foci of parakeratosis were also identified. The
stratum corneum cells in the parakeratic cells appeared
immature because they contained rod-shaped, horizontally
oriented nuclei (Fig. 7b). The stratum corneum outside the
foci of parakeratosis is usually partially or completely exfoli-
ated. The granular layer between the skin layer is expressed
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unevenly, under areas of parakeratosis, as arule, it is absent,
the spiky layer is thickened. The stratum corneum, which
contained an excess of keratin, was also determined in hair
follicles (Fig. 8a). Cellular infiltration of the papillary layer
of the dermis was enhanced, lymphocytes predominated in
the infiltrate (Fig. 8b). The blood supply of the vessels of the
dermis was reduced.

Fig. 8. Guinea pig skin, FSt/kr group.
Keratin in the stratum corneum of the hair follicle (a). Acanthosis, increased lymphoid infiltration of the dermis (b). Hematoxylin and eosin,

x 150

The addition of ceramides to a potent fluorinated steroid
to some extent smoothed out the negative effects of the cor-
ticosteroid hormone. The average thickness of the epitheli-
al layer increased by 2 times compared to the thickness of
the epithelial layer of animals of the FSt/kr group and even
slightly exceeded the indicators of intact animals (Table 1).
It should be noted the unevenness of the epidermis: areas of
normal thickness alternated with thin (rarely) or thickened

ones (Figure 9a). Mitoses in the basal layer were more fre-
quent than in the previous group. Acanthosis was the result
of the formation of long epithelial outgrowths that deeply
penetrated the dermis. In response to the elongation of the
epidermal appendages, the dermis reacted with swelling
hypertrophy of papillae that penetrated deeply into the ep-
idermis and elongation of capillaries, that is, papillomatosis
(Fig. 9b).

Fig. 9. Guinea pig skin, FStK/kr group.
Areas with thinned (above) and normal (below) epidermis (a). Acanthosis and papillomatosis, swelling of the papillary layer of the dermis
(b). Hematoxylin and eosin, x 150
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Vacuolar dystrophy of cells of spinous and granular lay-
ers was found in practically all animals (FIg. 10). Lymphoid
infiltration of the dermis, parakeratosis and acantholysis
were not noted.

Fig. 10. Guinea pig skin, FStK/kr group.
Vacuolar dystrophy of cells of spinous and granular layers.
Hematoxylin and eosin, x 200

Thus, the investigated fluorinated corticosteroid (beta-
methasone) led to the development of skin atrophy in ex-
perimental animals, the epidermis of which was thinned by
33% compared to the IC group).

Thinning of the skin in all animals occurred due to the
thinning of the epidermal layer, and not the skin itself. At-
rophy was accompanied by the development of dystrophic
processes of a non-specific nature both in the epidermis and
in the dermis.

Ceramides, when added to the studied drugs, had a se-
lective effect: the more significant the atrophy induced by
corticosteroids, the more noticeably ceramides enhanced
the proliferation of keratinocytes and the stronger the epi-
dermis thickened not only relative to the positive ((by 96%),
but also IC (by 32%). If the thinning was insignificant, then
the effect of adding ceramides was not so indicative.

As for the application of the base, to which the skin of ani-
mals reacts by thickening, ceramides potentiate this property
of the base and cause further significant thickening of the ep-
idermis. Ceramides also significantly reduce the manifesta-
tions of inflammatory and dystrophic processes in the skin.

Thus, for the external treatment of chronic dermatoses
in patients with a mutation of the filaggrin gene, that is, be-
fore treatment, they already have skin changes characteris-
tic of these conditions (atrophy, dryness, dehydration, des-
quamation, etc.), it is advisable to use topical steroids with
the addition of ceramides. The development of this class of
drugs will prevent side effects that are caused or exacerbat-
ed by topical steroids.

Conclusions

The inclusion of ceramides in a topical fluorinated corti-
costeroid (betamethasone) prevented the traumatic effect of
hormones by increasing the proliferation of keratinocytes and
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thickening the epidermis. The use of these means will prevent
the occurrence or aggravation of side effects.
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