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ABSTRACT

The aim of the study is to reveal in the experiment the morphological features of the infected skin wounds healing, which are a manifestation of acne vulgaris severe and very

severe forms, using a gel with carbon dioxide extract of hops.

Materials and methods: An experimental study was carried out on 80 male WAG rats of three months of age. The animals were divided into 9 groups. Group 1 consisted of
intact animals (n=6). Group 2 was represented by animals (n=6), which had hair epilation on the dorsal surface of the body in an area of 1 cm?, followed by application of 2 ml of
placebo gel to this area. Group 3 included animals (n=6), which were epilated on the dorsal surface of the body in an area of 1cm?and applied 2 ml of 1% gel with carbon dioxide
extract of hops. Group 4 included rats (n=6), which were epilated on the dorsal surface of the body in an area of 1 cm? and simulated thermal damage. Group 5 was represented
by 10 rats, who were epilated on the dorsal surface of the body in an area of 1cm?, simulated thermal damage, followed by applying 2 ml of placebo gel to the wound surface.
Group 6 included rats (n=10), who underwent measures similar to group 5, followed by application of 2 ml of 1% gel with carbon dioxide extract of hops to the wound surface.
In group 7, there were 6 rats, which were epilated on the dorsal surface of the body in an area of 1 cm?, thermal damage to the skin with underlying soft tissues was simulated,
followed by application to the wound surface the reference strains of Staphylococcus aureus, Streptococcus pyogenes, Proteus vulgaris, Propionibacterium acnes, Escherichia coli,
Pseudomonas aeruginosa, Malassezia slooffiae, Malassezia pachydermatis, Candida albicans, Candida parapsilosis. In groups 8 and 9, there were 15 rats each, which underwent
measures similar to group 7, followed by applying 2 ml of placebo gel on its surface on the next day after infection of the wound in group 8, and in group 9 — 2 ml of 1 % gel with
carbon dioxide extract hops. The material for the study was the skin with underlying soft tissues. It was used histological, histochemical, morphometric and statistical methods.
Results: This experimentally created gel with carbon dioxide extract of hops activates separation processes of horny masses from the surface of the epidermis, cleaning the pores
of the skin; stimulating the proliferative activity of the epidermis, which is located in the marginal sections of the wound or covers the surface of the regenerate; activating the
processes of cleansing the wound from necrotic tissue; activating the growth and maturation of granulation tissue with its subsequent transformation into connective tissue. It
has anti-inflammatory, bactericidal and antimycotic effects, normalizing skin microbiocenosis.

Conclusions: The complex morphological study has showed that gel with carbon dioxide extract of hops is a highly effective drug in treatment of severe and very severe acne

vulgaris, characterized by the development of deep and infected wound defects.
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INTRODUCTION
Acne vulgaris is a widespread polyetiological disease of
the skin (sebaceous glands and hair follicles) with a com-
plex multifactorial development mechanism which has a
pronounced effect on the psychosocial sphere and social
adaptation of patients [1]. Acne ranks first in the structure
of cosmetology pathology and third in the frequency of
patients’ referral to dermatological medical institutions [2].
Acne vulgaris manifests during puberty and worsens
throughout adolescence. Epidemiological studies
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suggest that it can arise at any age [3]. The study of
the Global Burden of Disease reported that acne vulgaris
affects about 85 % of young adults aged 12-25 years [4].
Acne, according to modern concepts, is considered as
an inflammatory disease with a chronic recurrent course,
characterized by hyperplasia of the sebaceous glands,
hyperkeratosis and the formation of comedones - seba-
ceous-horny plugs in the ducts of the sebaceous glands
with partial or complete blockage, as well as increased
production of altered sebum composition [1].
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Table 1. Components of the placebo gel and their ratio (weight percent)

Component ratio

Component in weight percent

Ethanol 96 % 2.500-7.500
Propyleneglycol 5.000-15.000
Polyethyleneglycol 400 5.000-15.000
Carbomer (carbopol) 0.600-0.800
Sodium hydroxide 0.070-0.120
Trilon B 0.025-0.075
Purified water Remainder

Table 2. Components of 1% gel with carbon dioxide extract of hops and
their ratio (weight percent)

Component ratio

TN S in weight percent
Carbon dioxide hop extract 0.500-1,500
Ethanol 96 % 2.500-7.500
Propyleneglycol 5.000-15.000
Polyethyleneglycol 400 5.000-15.000
Carbomer (carbopol) 0.600-0.800
Sodium hydroxide 0.070-0.120
Trilon B 0.025-0.075
Purified water Remainder

Research has shown that inflammation precedes the
formation of comedones and hyperkeratinization. In-
flammation in the sebaceous hair follicle occurs even
before the formation of rash elements and is manifested
by a significant increase in the number of T-lymphocytes,
macrophages, expression of interleukin 1 and alpha inte-
grins. Interestingly, inflammatory changes are noted both
in the place of subsequent formation of acne elements and
in areas of healthy skin [5].

The pathogenetic factors of acne also include changes in
the hormonal and immune status of the body, disorders of
skin microbiocenosis [6, 7].

Studies have shown that the development and course of
acne depends on a family (genetic) predisposition. There
is a general pattern: the more often and more severe acne
occurs in previous relatives, the more severe and torpid
course of the disease will be in the next generation [8, 9].

Acne vulgaris is characterized by clinical diversity. Ac-
cording to the classification of the American Academy
of Dermatovenereology, mild, moderate, severe and very
severe degrees of severity of the disease are distinguished
[10]. Also, acne is a chronic dermatosis, sometimes devel-
oping long-term non-healing wound defects and post-acne
skin changes [2].

Despite the variety of approaches to acne vulgaris treat-
ment with therapeutic and cosmetic means, this problem
has not been completely solved [8]. P. Gibrad called acne
one of the cornerstones, on which the efforts of physiol-
ogists, therapists and dermatologists are broken in the

search for effective methods of treatment and explanation
of the incomprehensible aspects of this disease [11]. Thus,
the search for effective methods of treating this pathology
remains an urgent issue for the medical community, which
requires comprehensive clinical and experimental research.

THE AIM

The aim of the study is to reveal in the experiment the
morphological features of the infected skin wounds healing,
which are a manifestation of acne vulgaris severe and very
severe forms, using a gel with carbon dioxide extract of hops.

MATERIALS AND METHODS

An experimental study was carried out on 80 male WAG rats
of three months of age in the vivarium of the State Enterprise
«Institute Microbiology and Immunology named by LI. Mech-
nikov National Academy of Medical Sciences of Ukraine». The
conditions of keeping and handling the animals were in accor-
dance with the requirements of the «European Convention for
the Protection of Vertebrate Animals used for Experimental and
Other Scientific Purposes» (Strasbourg, 1986).

The animals were divided into 9 groups. Group 1 con-
sisted of intact animals (n=6). Group 2 was represented
by animals (n=6), which had hair epilation on the dorsal
surface of the body in an area of 1 cm?, followed by appli-
cation of 2 ml of placebo gel to this area. Group 3 included
animals (n=6), which were epilated on the dorsal surface
of the body in an area of 1 cm?* and applied 2 ml of 1 %
gel with carbon dioxide extract of hops. Group 4 included
rats (n=6), which were epilated on the dorsal surface of the
body in an area of 1 cm? and simulated thermal damage.
Group 5 was represented by 10 rats, who were epilated on
the dorsal surface of the body in an area of 1 cm?, simulat-
ed thermal damage, followed by applying 2 ml of placebo
gel to the wound surface. Group 6 included rats (n=10),
who underwent measures similar to group 5, followed by
application of 2 ml of 1 % gel with carbon dioxide extract
of hops to the wound surface. In group 7, there were 6 rats,
which were epilated on the dorsal surface of the body in
an area of 1 cm?, thermal damage to the skin with under-
lying soft tissues was simulated, followed by application to
the wound surface the reference strains of Staphylococcus
aureus (ATCC 25923), Staphylococcus aureus (ATCC 6538-
P), Streptococcus pyogenes (ATCC 19615), Proteus vulgaris
(ATCC 4636), Propionibacterium acnes (ATCC 6919),
Propionibacterium acnes (ATCC 11827), Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC 27853),
Malassezia slooffiae (CBS 7956), Malassezia pachydermatis
(ATCC 14522), Candida albicans (ATCC 885-653), Can-
dida albicans (Sklyar-31), Candida albicans (Sklyar-20),
Candida parapsilosis (VKPGu 488/10). In groups 8 and 9,
there were 15 rats each, which underwent measures sim-
ilar to group 7, followed by applying 2 ml of placebo gel
on its surface on the next day after infection of the wound
in group 8, and in group 9 - 2 ml of 1% gel with carbon
dioxide extract of hops.
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Characteristics of the placebo gel and 1 % gel with carbon
dioxide extract of hops are given in tables 1 and 2.

Thermal damage of the skin with underlying soft tissues,
as a characteristic complication of severe forms of acne
vulgaris, was modeled using a contact burn method. A
metal plate heated to 90 °C was applied to a 1 cm? skin area
epilated on the dorsal surface of the body for 10 seconds.

Animals of groups 1-9 were withdrawn from the ex-
periment on day 30. The material for the study was the
skin with underlying soft tissues. The material was fixed
in 10% aqueous formalin solution on phosphate buffer
(pH - 7.0-7.2). The compaction of tissues fixed in formalin
was achieved by conducting through alcohols of increasing
concentration, Nikiforov’s liquid (96% alcohol and diethyl
ether in a ratio of 1:1), chloroform and pouring into par-
affin. Serial sections 4-5x10° m thick were made from the
blocks for staining with hematoxylin and eosin, picrofuxin
according to van Gizon, according to Mallory.

Microspecimens were studied, using an Olympus BX-41
microscope (Japan) with subsequent processing with the
Olympus DP-soft version 3.1 software. A morphometric
study was carried out during which the thickness of the
stratum corneum, epidermis, leukocyte-necrotic layer,
demarcation leukocyte shaft, granulation tissue and con-
nective tissue was measured.

A statistical analysis was performed using the Statistica
6.0 and Microsoft Excel 2003 software. When comparing
the parameters, the nonparametric Mann-Whitney U-test
was used. The significance of differences between the mean
values of indicators in the groups was taken at a significance
level of p<0.05.

RESULTS AND DISCUSSION

In survey microscopy in rats of group 1, the skin, consisting
of the epidermis and dermis, with the underlying hypo-
dermis and muscle tissue, had a normal structure with the
absence of any general pathological processes. Eosinophilic
keratin masses were revealed on the epidermis surface,
which braided their shafts at the points of hair exit. The
average thickness of the epidermis and the layer of stratum
corneum was (20.11+0.69)x10°m and (6.07+£0.13)x10° m,
respectively.

In group 2, the skin with underlying hypodermis and
muscle tissue had a structure similar to group 1. The
average values of the epidermis thickness and the layer
of stratum corneum did not differ significantly (p>0.05)
from the indicators of group 1 and were, respectively,
(19.79+0.52)x10° m and (5.99+0.24)x10° m. Our survey
microscopy and morphometric study has showed that the
placebo gel does not affect the morpho-functional state of
the rat skin.

In rats of group 3, the skin with underlying soft tissues
had a structure similar to that of group 1. In this group,
the average value of the epithelial layer thickness did not
differ significantly (p>0.05) from group 1 and amounted
to (19.58+0.42)x10° m. The average value of the kera-
tin masses layer thickness in this group was significant
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(p<0.05) lower value ((3.56+0.11)x10° m) compared to
group 1. The decrease in the thickness of the keratin mass
layer on the epidermis surface, revealed by us during the
morphometric study in group 2, was due to the use of gel
with carbon dioxide extract of hops, which, from our point
of view, activates the separation of horny masses from the
skin surface.

Exfoliation of horny masses is known to cleanse the
skin of exogenous toxins, allergens and pathogenic mi-
croorganisms. Constant replacement of «dead scales» with
«new scales» in the stratum corneum helps to maintain
aggression of the external environment [12].

In group 4, a survey microscopy revealed a wound cav-
ity, its depth reaching the deep parts of the dermis and
hypodermis. The wound cavity was filled with mature
granulation tissue, which was characterized by a pro-
nounced predominance of the fibrous component over the
cellular and vascular components (figure 1). The fibrous
component was characterized by the presence of thick-
ened fuchsinophilic connective tissue fibers with different
directions, among which collagen fibers predominated
over elastic ones when stained according to Mallory. The
cellular component was represented by macrophages,
lymphocytes, fibroblastic cells and leukocytes. The vascular
component was characterized by vessels of various sizes.
The average value of the granulation tissue layer thickness
was (629.62+18.53)x10° m. Behind the layer of granulation
tissue, a layer of connective tissue was revealed, which,
when stained with picrofuchsin according to van Gieson,
was in some fields of view light red, and in another fields of
view dark red. When stained according to Mallory, collagen
fibers predominated over elastic fibers in the connective
tissue, and in some of the visual fields the latter were not
detected. The average value of the connective tissue layer
thickness was (134.29+11.08)x10° m.

There was an increase in the proliferative activity of the
epidermis in the marginal parts of the wound, which thick-
ened and formed superficial acanthotic ingrowths in some
of the visual fields. In some of them a thickened epithelial
layer crawled to the surface of the granulation tissue but
complete epithelialization of the wound did not occur. The
average values of the epithelial layer thickness and the layer
of stratum corneum, covering the surface of the epidermis,
were (22.1240.67)x10°m and (6.14+0.52)x10° m, respec-
tively. In this group in comparison with group 1, the mean
value of the stratum corneum layer thickness did not differ
significantly (p>0.05), and the mean thickness value of
the epidermis significantly (p<0.05) increased, which, in
our opinion, was due to the regenerative activation of the
proliferative potential of epithelial cells.

In group 5 there were revealed similar to group 4 features
of the layers in the wound cavity and the marginal epider-
mis of the wound. During morphometry, it was found that
the average values of the thickness of the stratum corneum,
epithelial layer, granulation tissue layer, as well as the layer
of connective tissue were, respectively, (6.20+£0.48)x10°m,
(22.69£0.72)x10° m, (612.15+20.09)x10°¢ m,
(139.52+10.11)x10° m. Compared with group 1, the aver-



MORPHOLOGICAL EFFICACY EVALUATION OF GEL WITH CARBON DIOXIDE EXTRACT OF HOPS IN CASE...

Fig. 1. Group 4. Mature granulation tissue, characterized by the
predominance of the fibrous component over the cellular and vascular
components. Stained with hematoxylin and eosin x 200.
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Fig. 3. Group 6. Formed regenerate with skin appendages. The surface of
the regenerate is covered with thickened epidermis forming superficial
and deep acanthotic ingrowths. Some horny masses on the surface of the
epidermis. Stained with hematoxylin and eosin, x 100.

age thickness values of the stratum corneum and epidermis
did not have significant (p>0.05) differences. In this group,
compared with group 4, the average thickness values of a
granulation tissue layer and connective tissue did not differ
significantly (p>0.05). Thus, a comparative analysis of the
results obtained in groups 5 and 4 has showed that placebo
gel does not have any effect on the healing processes of the
experimental wound.

The survey microscopy in group 6 has revealed complete
healing of the simulated wound defect in all animals.
A regenerate represented by connective tissue in 6 rats,
was determined in the area of the modeled defect, skin
appendages were not detected in it. When stained with
picrofuchsin according to van Gieson, the connective
tissue fibers were located in different directions, were
thickened, dark red color. Among connective tissue fibers,
when stained according to Mallory, a pronounced pre-

Fig. 2. Group 6. Atrophic skin scar. Some horny masses on the surface of
the epidermis. Stained with hematoxylin and eosin, x 40.

Fig.4. Group 7. Leukocyte-necroticlayer, demarcation zone, layer of granulation
tissue in the wound cavity. Van Gieson’s picrofuchsin staining, x 100.

dominance of blue collagen fibers over red elastic fibers
was determined, and the latter were absent in some of the
visual fields. The surface of the regenerate was completely
covered with a thickened epidermis.

It is interesting that in 2 rats of group 6 the connective
tissue formed at the site of the wound defect, covered
with the epidermis from the surface, was located below
the surface of the surrounding skin, which corresponded
to the structure of the atrophic skin scar (figure 2). In 4
rats, the formed connective tissue was located above the
level of the surrounding skin surface, which indicated a
hypertrophic scar formation.

In 4 rats of group 6, the connective tissue formed at the
site of the wound defect was located at the level of intact
skin, characterized by the presence of skin appendages, was
covered with a thickened epidermis from the surface, which
had a layer-by-layer organization, forming superficial and
deep acanthotic ingrowths (figure 3). In the future, the
latter will be the source of hair and gland buds formation
[13]. The data obtained indicate the organotypic healing
of the wound defect.
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Organotypic regeneration, as is known, is one of regener-
ation types when an organ defect is replaced by a regenerate
corresponding to the organ’s structure [13, 14].

In group 6, the average thickness value of the epidermis
layer covering the surface of the regenerate had a signifi-
cantly (p<0.05) greater value compared with groups 1,
4, 5 and amounted to (26.75%0.74)x10° m. The average
thickness value of a stratum corneum layer located on the
surface of the epidermis, covering the regenerate, in group
6 was (3.12+0.24)x10° m, which was significantly lower
(p<0.05) compared with groups 1, 4, 5. This fact, as in
group 2, indicates that the gel with carbon dioxide extract
of hops activates the separation processes of horny masses
from the skin surface.

The average thickness value of a connective tissue layer
in group 6 was (726.18+44.35)x10° m, which was signifi-
cantly (p<0.05) higher compared to the same indicators
in groups 4 and 5.

A comparative analysis of the obtained data has showed that
the gel with carbon dioxide extract of hops, firstly, intensifies
separation processes of the horny masses from the epidermis
surface; secondly, stimulates the proliferative activity of the
epithelial layer of the skin, located in the marginal sections
of the wound or covers the surface of the regenerate; thirdly,
it activates the growth processes of granulation tissue and its
transformation into connective tissue, leading to complete
healing of the simulated wound of the skin with underlying
soft tissues on the 30" day of the experiment.

Observational microscopy in group 7 revealed a
wound defect, the depth of which reached the dermis or
hypodermis. The wound defect was characterized by a
leukocyte-necrotic layer, represented by necrotic fragments
of the epidermis and dermis with a large number of dead
leukocytes (figure 4). This was followed by a demarcation
leukocyte shaft, followed by a layer of granulation tissue
with an underlying layer of connective tissue. The maturity
of the granulation tissue varied. Thus, we noted predom-
inance of the cellular and vascular components over the
fibrous ones in the superficial sections of the granulation
tissue adjacent to the demarcation zone and in the deep
sections located closer to the layer of connective tissue
the fibrous component dominated over the cellular and
vascular ones.

In group 7, the average thickness values of the leu-
kocyte-necrotic layer, demarcation zone, granulation
tissue layer and connective tissue layer were, respec-
tively, (228.94+25.11)x10° m, (149.15£11.22)x10° m,
(319.58+19.56)x10° m, (78.55+11.31)x10° m.

The epithelial layer in the marginal sections of the wound
was characterized by moderate dystrophic changes, in some
visual fields it was thinned. Horny masses were found on the
surface of the epidermis. The average thickness values of the
stratum corneum and epidermis were (6.87+0.92)x10° m
and (19.54+1.11)x10° m.

In a comparative analysis of the data obtained in group 7
compared with group 4, it was found that the average value
of the thickness of the epidermis significantly (p<0.05)
decreased, the thickness of the stratum corneum layer did
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not change significantly (p>0.05), the average thickness
values of the granulation tissue layer and connective tissue
were significantly (p<0.05) smaller. Thus, the presence of
infectious agents in the wound cavity inhibits proliferative
processes in the epidermis located in the marginal sections
of the wound; inhibits the cleansing of the wound from
necrotic tissue; slows down the growth, maturation of gran-
ulation tissue and its transformation into connective tissue.

There are also numerous studies in the literature, con-
firming the presence of infectious agents in a wound as
one of the factors, inhibiting reparative processes, leading
to the emergence of long-term non-healing wounds that
require long-term and complex treatment [15].

In group 8, the survey microscopy and morphometric
study did not reveal any differences from group 7, which
once again proved that placebo gel did not have a wound
healing effect. In this group, the average thickness values of
the stratum corneum, epidermis, leukocyte-necrotic layer,
demarcation zone, granulation tissue layer and connective
tissue layer were (6.79+0.61)x10° m, (19.69+1.25)x10° m,
(231.88+21.20)x10° m, (151.22+10.15)x10° m,
(322.64+17.71)x10° m, (80.61+£14.15)x10° m.

Observation microscopy in group 9 revealed a wound
cavity, the depth of which reached the dermis and hypoder-
mis. It was filled with granulation tissue followed by a layer
of connective tissue. It is interesting that the granulation
tissue in the superficial sections was immature whereas
in the deeper sections adjacent to the layer of connective
tissue — mature.

The epidermis, located in the marginal parts of the
wound, proliferated, formed superficial and deep acan-
thotic ingrowths into the underlying tissues, crawled to
the surface of the granulation tissue. However, complete
epithelialization of the wound was not detected. A few
horny masses were found on the surface of the epidermis.

In this group, the average thickness values of the stratum
corneum, epidermis, granulation tissue layer and con-
nective tissue layer were, respectively, (3.42+0.11)x10°m,
(26.18+1.42)x10° m, (452.29+21.95)x10°° m,
(101.19£17.74)x10° m. Compared with groups 7, 8 in this
group, the average thickness value of the layer of horny mass-
es was significantly (p<0.05) smaller and the mean values of
the epidermis thickness, the layer of granulation tissue and
the layer of connective tissue had significantly (p<0.05) large
values. Thus, the gel with carbon dioxide extract of hops not
only activates separation processes of horny masses from the
surface of the epidermis, stimulates the proliferative activity
of the epidermis, activates the growth and maturation of
granulation tissue with its subsequent transformation into
connective tissue, which was shown in group 7, but also
activates the processes of purification wounds from necrotic
tissues, has an anti-inflammatory, bactericidal and antimy-
cotic effect, normalizing skin microbiocenosis.

CONCLUSION
The complex morphological study has showed that gel
with carbon dioxide extract of hops is a highly effective
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drug in treatment of severe and very severe acne vulgaris,
characterized by the development of deep and infected
wound defects. This experimentally created gel activates
separation processes of horny masses from the surface of
the epidermis, cleaning the pores of the skin; stimulating
the proliferative activity of the epidermis, which is located
in the marginal sections of the wound or covers the surface
of the regenerate; activating the processes of cleansing
the wound from necrotic tissue; activating the growth
and maturation of granulation tissue with its subsequent
transformation into connective tissue. It has anti-inflam-
matory, bactericidal and antimycotic effects, normalizing
skin microbiocenosis.
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