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ORIGINAL STUDIES

Scientific Article
UDC 616.31
DO 10.17816/pmj4155-18

INFLUENCE OF DENTAL PROSTHESES MATERIALS
ON THE CONDITION OF ORAL MUCOSA LOCAL HOMEOSTASIS

Yu.Yu. Pervov', V.S. Bocharov'*, A.R. Kim', G.V. Reva’

"Pacific State Medical University, Vladivostok,
* Far Eastern Federal University, Viadivostok, Russian Federation

BJIUAHUE MATEPUAJIOB OPTOIIEAUYECKUX KOHCTPYKIIUI
HA COCTOSTHHME JIOKAJIbBHOT'O TOMEOCTA3A CJIM3UCTOM PTA

10.10. Ilepsoé', B.C. Bouapog'*, A.P. Kun', I.B. Peeda’

"TuxooKearcikuii 20cy0apcmeerHolii MeOUYUHCKULL yHUsepCUmen, 2. Biaougocmor,
“Nlansresocmounsitl edepanshuiil yrusepcumem, 2. Braougocmox, Poccutickas @edepaius

Objective. To study the influence of base materials used in the manufacture of removable dentures on the
immune homeostasis of the oral mucosa, and, as a consequence, on the clinical condition of the oral mucosa
and periodontium of supporting teeth. To create fundamental principles for the development of a
pathogenetically substantiated choice of basic dental materials of various chemical natures for removable
prosthetics based on the analysis of the parameters of immune homeostasis of the oral mucosa.

Materials and methods. 154 patients aged 40 to 85 using dentures based on actylic, polyurethane plastics
and thermoplastics for 6 months, participated in the study. Indicators of immune homeostasis and the
identified clinical manifestations of the influence of the prosthesis material such as chronic periodontitis and
gingivitis were compared using the statistical method of conjugate multifield tables.
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ORIGINAL STUDIES

Results. The indicators CD4+/CD8+, CD11/CD303, CD68, CD204, CD163, Ki-67 phenotypic markers were
determined in gingival biopsies of the prosthetic bed of patients using dentures based on acrylic, polyurethane
and thermoplastic for 6 months. Analysis of the statistical significance of differences proved the influence of the
prosthesis material on indicators of cellular immune homeostasis, with a shift of homeostasis towards the pro-
inflammatory phenotype, and the suppression of the anti-inflammatory factor in circulating monocytes.
Conclusions. The study shows that, although each type of removable dentures has its own advantages and
disadvantages, the response of the cellular immunity of the oral mucosa to polyurethane dentures is less than
to acrylic and thermoplastic ones in relation to the control group. The use of polyurethane prostheses is
reasonable as temporary ones during the healing stage of surgical interventions in the oral cavity, in particular
tooth extraction and implantation. This type of prosthesis can be recommended as a permanent one for
patients with a severe allergic reaction, especially to polymer compounds and dyes.

Keywords. Denture material, cellular immunity, immune homeostasis, oral mucosa, denture biopsies,
phenotypic markers.

Ienn. U3yuuTsb BIMAHUE PA3TUIHBIX MATEPUANOB ChEMHBIX IIPOTE30B HA COCTOSIHUE CIU3UCTON 0O0I0YKU
pTa ¥ TaPOAOHTA 3y00B IIOCPEACTBOM UCCIEA0BAHNSA IOKAIBHOTO KIMMYHHOI'O TOMEOCTA34.

Marepuansl H METOABI. B nCCejoBAHNY IPUHAIN Y9acThe 154 manpmentTa B Bospacre ot 40 1o 85 ner, it
JIEYEHUA KOTOPBIX UCTIONB30OBAIUCH POTE3bI HA OCHOBE AKPWIOBBIX, MOMUYPETAHOBBIX IUTACTMACC ¥ TEPMOILIA-
CTOB. B KauecTBe MaTepyuana UCCIEA0BAHMA TIPE/ICTABIEHD! JAHHBIE UMMYHOTUCTOXUMUYECKOTO aHAIM3a OHO-
TITATOB JICCHEBOTO JIOXA 154 MAIUEHTOB, OMH30BABIUXCA B TCUCHHE O MECSTICB ChEMHBIME TTPOTE3AMI C (a3u-
CAMU Hd OCHOBE dKPWIOB, TEPMOIUIACTOB U NOMNYPeTaHd. C MOMOIIBIO CTATUCTIYECKOTO METOAA CIIPKEHHBIX
MHOT'ONOJIBHBIX Ta0JINL] OKA3ATEMN JOKUIBHOTO MIMMYHUTETA CONOCTAB/IEHD! ¢ OOHAPYKEHHBIMU KIMHUYECKU-
MU NIPOABIEHVAMH BIVAHKA MATEPUAIIA IPOTE3A — XPOHUYECKUM TTAPOJAOHTUTOM U ITMHIMIBUTOM.

Pe3ymprarel, Omnpe/ie/ieHbl MOKa3atetn (DeHOTHITIYeCKHX Mapkepos CD4+/CD8+, CD11/CD303, CDGS,
CD204, CD163, Ki-67 B IcCHEBBIX GHONTATAX MPOTE3HOTO JIOXKA MAIUEHTOB, HCIIOMB3YIOMMX ChEMHBIE PO~
Te3bl ¢ 6A3UCAMH U3 AKPIITA, IOMUYPETAHA 1 TEPMOILTIACTA Yepe3 b MECSIeB C MOMEHTA OKOHYAHHS TIPOTe-
3upoBanus. [10 pe3ynbTaTaM aHaInu3a CTATUCTUYECKOH 3HAUMMOCTHU PA3/NIHYMIL JOKA32HO BIMAHUE MATEPUANA
6asuca mpoTe3a HA MOKA3ATEMN KIETOYHOIO JIOKAIBHOTO MMMYHHUTETA, KOTOPOE COOTBETCTBYET CABUIY I'O-
MEOCTa32 B CTOPOHY NPOBOCIATUTENBHOTO (PEHOTHI, U NIOAABIEHNE POTUBOBOCIATUTENBHOTO (DAKTOPA B
[UPKYIUPYIOINX MOHOIIUTAX.

BeiBoAbI. B HCOIENOBAHUN TTOKA33HO, YTO MOMb30OBAHUE CHEMHBIMH MPOTE3AMH BEIET K M3MEHEHHIO JIOKAMb-
HOTO KJIETOYHOTO UMMYHHTETA CTU3UCTOM PTa: JAHHBIE TAPAMETPBI IPY MONb30BAHUH TIPOTE3AMU HA OCHOBE
TEPMOIVIACTOB, AKPIIOBBIX 1 NONMUYPETAHOBBIX IUTACTMACC UMEIOT CYIECTBEHHBIE PA3INUns. I3MEHEHNA TTOKa-
34Tenelt JIOKAIBHOIO TOMEOCTA32 CJIM3KUCTON PTa HANPAMYIO KOPPETUPYIOT ¢ KITUHWYECKUMU NPOSBICHUAMH B
006JIACTU TIPOTE3HOTO JIOKA 1 TKAHEH TAPOJOHTA. I3MEHEHNA MOP(ONOTUUYECKNX U KIMHAYECKUX [TAPAMETPOB
CTM3UCTON PTA NPY MOb30BAHUH ITPOTE3AMU HA OCHOBE MOJUYPETAHA MUHUMAIBHBI 110 OTHOIIEHUIO K I1Apa-
MeTpaM KOHTPOJIbHOM IPYIIIIBL

KiroueBble ¢10Ba. Matepuan CbeMHBIX IIPOTE30B, KIETOYHbIN NIMMYHUTET, UMMYHHBIN TOMEOCTA3, CIU3U-
CTas 000/I0UKa PTa, GUOITATHI IPOTE3HOTO JIOXKA, (PEHOTUIINYECKIE MAPKEPBL

INTRODUCTION The absence of teeth not only affects chew-

ing and speech functions, but also causes

Partial absence of teeth (partial secon-
dary adentia) is one of the most common
diseases: according to the results of various
studies, it affects from 44 to 100 % of the
population of the Russian Federation over
40 years old, depending on age and region.
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changes in the facial skeleton and can lead
to psychological changes, disruption of so-
cial adaptation, changes in nutrition, and
even contribute to the development of
various diseases due to changes in the com-
position of oral fluid.
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A population survey revealed a high
level of need for dental orthopedic care —
09.9 %; already at the age of 20-29 years
this figure is 55.6%, and at the age of
0009 years — 86.1 %, at the age of 70 years
and older — 72.8 % [1].

Based on the results of the analysis of
changes in the practice of dental orthopedic
treatment in the regions of Russia over a
10-year period, it was revealed that the pro-
portion of patients with partial removable
dentures increased, compared to 2008, from
60 % (with clasp dentures — 67 %) to 64 %
(with clasp dentures — 74 %), while the pro-
portion of complete removable dentures de-
creased over this period by 6 %. Currently,
with the increase in the number of elderly
people, there is also an increase in patients
with partial teeth loss, which increases the
need for treatment.

Removable dentures, in addition to their
advantages, have a number of disadvantages.
More than 24 % of users of partial removable
dentures complain of unsatisfactory fixation,
18 % of face aesthetic problems, more than
18 % are forced to adapt to poor-quality
dentures, and 8 % face fractures of support-
ing teeth’,

The impact of prosthetic materials on
the immune system induces protective im-
mune responses against pathogens and in
many cases contributes to the pathogenesis
and progression of diseases of the oral mu-
cosa (OM). The resulting disruption of the
homeostasis of the OM tissues causes perio-
dontitis, one of the most common inflam-
matory diseases.

A large number of studies have been de-
voted to the study of the mechanisms of dis-
turbance of homeostasis of monocytes and

macrophages as the main cellular compo-
nents of immunity in gingivitis and perio-
dontitis [2]. Insufficient information on the
impact of various base materials with differ-
ent chemical natures used in dental prosthe-
ses on the local immunity of the oral mucosa
in different periods after prosthetics empha-
sizes the importance of studying this issue
and the need to develop recommendations
for prosthetics with removable dentures
based on the data obtained [3).

The influence of various materials used
for the manufacture of removable dentures
(acrylates, polyurethanes, thermoplastics) on
the condition of the oral mucosa and petio-
dontal tissue, as well as on local immune ho-
meostasis, was studied. The aim of the study
was to create a basis for pathogenetically sub-
stantiated selection of basic dental materials
of various chemical nature in removable den-
tures using analysis of local immune homeo-
stasis indicators of the oral mucosa.

MATERIAL AND METHODS

The study involved 154 people. They
were divided into three experimental
groups depending on the prosthesis mate-
rial: acrylic, polyurethane, thermoplastic. By
age, the participants were divided into
groups according to G. Craig's classification
of periods: middle adulthood — 40-59 years,
late adulthood — 60 years. A control group
was also selected, where prosthetics with a
removable prosthesis was not required.

An assessment of the required sample
size to confirm the statistical significance of
the intergroup difference in the results of
the effect of the prosthesis material on ho-
meostasis parameters at a significance level
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of a = 0.05 and power of 0.80 for four
groups showed that at least 16 people are
required per group (Statistica 10.0).

The characteristics of the morphological
substrate that supports cellular immunity of
the oral mucosa were investigated when in-
teracting with various materials of partial
dentures, such as acrylic, polyurethane resins
and thermoplastics. These materials can con-
tribute to the occurrence of common in-
flammatory diseases such as chronic gingivi-
tis and periodontitis.

Immunohistochemical analysis on par-
affin sections was performed using standard
methods for determining the phenotype of
immunocompetent cells. Antigens on the
surface of lymphocytes were identified using
monoclonal antibodies that had similar
binding properties and were distributed in
tissues according to a certain stage of devel-
opment of the cell population — the so-
called clusters of differentiation (CD). CD
molecules are membrane phenotypic mark-
ers of the corresponding cells.

The major immune cell populations of
the oral mucosa include antigen-presenting
cells such as monocytes / macrophages,
dendritic cells, and epidermal Langerhans
cells, as well as neutrophils and granulo-
cytes. The presence of B cells is minimal,
and the proportion of ydT cells is small —
12 %. Widespread CD4" clusters of differen-
tiation characterize activated T helper
cells - inducers of the immune response.
They regulate the strength of the immune
response to a foreign substance and control
the stability of the internal state of the body
(immune homeostasis). An increase in the
number of T-helper lymphocytes indicates
hyperactivity of the immune system, while a

8

decrease indicates immunological defi-
ciency [4].

CD8" - cytotoxic T-lymphocytes -
T-killers and T-suppressors, CD8" also de-
fines dendritic cells — leukocytes specializing
in the presentation of antigens to T-lym-
phocytes, necessary for the activation of the
T-cell response [5].

In this study, we classified different
cell types, including T helper (CD4") and T
suppressor (CD8") cells, which have a spe-
cific CD4"/CD8" ratio. We also studied cell
populations that express adhesion mole-
cules such as integrins (CD117/CD303") on
the surface of various cells including den-
dritic cells, monocytes, granulocytes,
B and NK lymphocytes, the scavenger re-
ceptor CD163", and typed the scavenger
receptor CD204", which is expressed on
macrophages and some types of dendritic
cells, as well as the Ki-67" protein in
epithelial cells [6]. Comparison of three or
more groups by a quantitative indicator
whose distribution differed from normal
was performed using the nonparametric
Kruskal — Wallis test, multiple compari-
sons of two groups were performed using
the Mann — Whitney U test with Bon-
ferroni correction.

Statistical data processing was per-
formed using Statistica 10.0, IBM SPSS
Statistics 27.0 programs.

RESULTS AND DISCUSSION

Quantitative indices of macrophage
CD markers were assessed for compliance
with normal distribution wusing the
Shapiro-Wilk test. It was shown that most
of the data (about 70 %) had a non-normal
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distribution, the probability of error was
p < 0.05 (the achieved significance level
was p = 0.001). Data with non-normal dis-
tribution are described using the median
(Me) and the lower and upper quartiles
(Q1-Q3); for normally distributed data,
the mean value and 95 % confidence inter-
val (CI) are indicated. The relationships
between the prosthesis material and the
patient's age group after 6 months of pros-
theses use are presented in Table 1.

The influence of the removable den-
ture material factor on the absolute values
of the phenotypic markers CDOS",
CD4"/CD8',  CD117/CD303",  CD204,
CD163", Ki67" (Kruskal - Wallis test,
p = 0.0001) was proven; the data statisti-
cally significantly differ from the indicators

p < 0.008, Bonferroni correction) with the
exception of the difference in the level of
CD163,CD117/303", Ki-67" in the “60+” age
group: p polyurethane — control = 0.169,
which confirms an insignificant deviation
from the norm when using polyurethane
dentures.

Multiple pairwise comparisons in the
age group 40-59 years confirm the statisti-
cal significance of differences in the levels
of CD markers of immunocytes for different
materials of removable dentures. In this
case, in the group using orthopedic struc-
tures made of thermoplastic, the highest
levels of all differentiation clusters CD204"
are observed, lower in the groups with
acrylic dentures and even lower in the
group using polyurethane dentures (Mann -

of the control group (Mann — Whitney test, Whitney test, p < 0.008).
Table 1
Phenotypic markers indicators
Age Parameter
Material ear,s CD68" CD4"/CD8’ CD11"/CD303"
4 Average (95 % CI) Me (O, - 0.) Me(Q, -0,)
Acryl 40-59 395 (3.77-4.13) 281 (2.60-3.04) 1.34 (1.20-141)
60+ 252 (241-2.63) 172 (143-192) 102 (098-1.18)
Thermoplast 40-59 0.52 (6.34-6.70) 3.21 (3.00-345) 1.62 (1.72-2.08)
60+ 346 (331-361) 2.10 (1.86-2.39) 1.17 (1.23-1.64)
Polyeurethane 40-59 3.19 (3.09-3.29) 226 (1.93-243) 1.25 (1.05-143)
60+ 1.69 (1.58-1.80) 163 (147-1.88) 099 (0.87-1.12)
Control 40-59 153 (1.35-1.71) 133 (1.17-1.89) 122 (101-141)
60+ 1.04 (0.83-1.20) 102 (0.81-1.14) 0.93 (0.79-1.05)
Material Age, CD204+ CD163+ Ki67+
years Me (Q, -0) Me (Q, -0) Me(Q,~0)
Acryl 40-59 3.04 (3.39-2.79) 295 (2.55-301) 867 (817-879)
60+ 2.23 (240-1.83) 223 (203-232) 7.24 (681-759)
Thermoplast 40-59 3.38 (357-3.15) 349 (3.26-3.76) 9.58 (9.36-9.93)
60+ 2.63 (2.44-2.89) 3,04 (286-3.67) 782 (745-8.13)
Polyeurethane 40-59 2.72 (2.58-2.98) 2.15 (1.93-2.00) 7.63 (744-7.74)
60+ 2.09 (1.83-2.44) 178 (1.53-243) 682 (649-7.12)
Control 40-59 1.69 (1.49-1.89) 1.86 (1.67-196) 6.75 (6.27-7.006)
60+ 140 (1.26-148) 1.64 (1.31-1.83) 637 (5.87-6.59)
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In the age group “60+", the differences
in the values of phenotypic markers for the
materials “acrylic — polyurethane” are less
pronounced, and the statistical significance
of the differences was not confirmed:
CDI17/CD303" (P - e = 0319),
which corresponds to the same level of re-
action of dendritic cells, macrophages and
Langerhans cells to these materials.

The distribution of CD68"in the groups
40-59 years and “60+” corresponds to the
normal distribution  (Shapiro-Wilk test,
p > 0.008), the homogeneity of variances
was confirmed (Levene's test, p > 0.85), the
ANOVA analysis of variance showed the
influence of the “prosthesis material” factor
on the CD68" values, the Tukey post-hoc
test proved the presence of statistically sig-
nificant differences between all groups
(p <0.0002), with the exception of “acrylic -
polyurethane” in both age groups (40-59:
pacrylic — polyurethane = 0.219; “60+”: pa-
crylic — polyurethane = 0.020).

The influence of the removable den-
ture material on the level of phenotypic
markers CD68", CD4"/CD8", CD11"/CD303',
CD204", CD163", Ki67" was confirmed.

The results are statistically significantly
different from the control group data,
with the exception of some markers in
the 60+ age group. In particular, the levels
of CD163, CD117/CD303" and Ki-67"
when using polyurethane prostheses do
not differ significantly from the norm. A
high degree of imbalance and activation
of the inflammatory immune response six
months after implantation also leads to a
significant increase in CD4"/CD8": the ra-
tio between helper and suppressor T-
lymphocytes increased by 2.4 times for
thermoplastics, 2 times for acrylic and
70 % for polyurethane. This indicates an
imbalance between the mechanisms of
inflammation and reparation, which cor-
responds to the transition to a chronic
form of inflammation, the level of which
is highest for thermoplastics, lower for
acrylic and polyurethane.

The established statistically significant
ratio of CD marker levels in biopsies of the
mucous membrane of the prosthetic bed
after 6 months of using prostheses made of
different materials and the values of the
control group are presented in Table 2.

Table 2
Ratio of CD marker levels to control levels

Material yﬁ%‘;’s CD4/CD8" | CD163" | CD68" | CD11°/303" | (CD204' Ki-67'
Acryl 211 140 2.58 1.10° 1.79 1.28
Thermoplast | 40-59 241 1.92 4.34 1.32 2.00 142
Polyeurethane 1.69 1.15 2.08 1.02° 1.60 1.13
Acryl 0 1.69 136 242 1.09 159 1.13
Thermoplast |, 4"\ er 2.06 1.85 3.32 1.25 1.87 123
Polyeurethane 1.53 1.09° 1.62 1.06" 149 1.08

Note: " - differences with the data of the control group are not statistically significant.
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Comparison of immune cell popula-
tions in the control group and patients us-
ing dentures based on different materials
for 6 months shows a significant increase in
inflammatory cells in biopsies, which corre-
sponds to an active proinflammatory cellu-
lar response of gingival immunocytes to the
effects of denture materials [7]. The pros-
thesis material has a significant effect on the
level of CD68" protein, which is a marker
for monocytes / macrophages. This protein
is expressed on various cells, such as mye-
loid and dendritic cells, fibroblasts, neutro-
phils, osteoclasts and Langerhans cells.
When using thermoplastics as a prosthesis
material, the level of CD68" protein in-
creases by 4.3 times, compared to other ma-
terials, such as acrylic and polyurethane. To
determine the quantitative content of acti-
vated monocytes in biopsies of the pros-
thetic bed, the researchers use the scaven-
ger receptor CD163. The expression level of
this receptor also increases by more than
90 % when using thermoplastics, compared
with the use of acrylic and polyurethane.
The CD163" receptor triggers intracellular
signals, including the secretion of inter-
leukin-6 (IL-6), which acts as a proinflam-
matory cytokine during traumatic tissue
injury and other damage leading to inflam-
mation [8].

Analysis of absolute values and ratios of
phenotypic markers shows that the number
of proinflammatory macrophages, neutro-
phils, dendritic cells and Langerhans cells in
biopsies of the prosthetic bed in patients
using thermoplastics increases almost 6
times, compared with the data of the con-
trol group. In patients who use polyure-

thane and acrylic-based prostheses, this in-
crease is 3—3.5 times.

The prosthesis material has a signifi-
cant impact on the level of CD68™ protein,
which is a marker for monocytes / macro-
phages. This protein is expressed on various
cells, such as myeloid and dendritic cells,
fibroblasts, neutrophils, osteoclasts and
Langerhans cells.

The high level of homeostasis distur-
bance and activation of the proinflamma-
tory immune response 6 months after pros-
thetics also determines a significant increase
in the CD4"/CD8" level, corresponding to
the ratio of T-lymphocytes helpers and sup-
pressors, which increased by 2.4 times for
thermoplastics, 2 times for acrylics and by
70 % for polyurethane. This indicates an
imbalance between the mechanisms of in-
flammation and reparation and corre-
sponds to the transition to a chronic form
of inflammation, the level of which is
maximum for thermoplastics, weaker for
acrylic and polyurethane.

Changes in the heterogeneous popula-
tion of CD11"/CD303" markers are an indi-
cator of the reaction of the cellular immu-
nity of the oral mucosa to various prosthesis
materials. Myeloid dendritic cells expressing
the CDl1lc receptor specialize in the
presentation of antigens to T lymphocytes.
These cells demonstrate an increased ability
to engulf necrotic cells, recognize viral anti-
gens, and cross-present antigen with CD8”
T cells. These cells exhibit an enhanced ca-
pacity to engulf necrotic cells, recognize
viral antigens, and cross-present antigen
with CD8" T cells. After cleavage from the
membrane, the free (soluble) form can play
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an anti-inflammatory role and serve as a
diagnostic parameter for macrophage acti-
vation in inflammatory diseases. Plasmacy-
toid dendritic cells express exclusively the
surface marker CD303" [9]. Analysis of the
data in Table 2 shows an increase in the
CD117/CD303" population by more than
30 % for thermoplastics, while for materials
such as acrylic and polyurethane, the pa-
rameters do not differ significantly from the
control group level.

Changes in the parameters of cellular
immunity were accompanied by an increase
in the Ki-67 protein of the epithelial cells of
the gingival mucosa by 42 % for the group
where the dentures were made of thermo-
plastics, 28 and 13 % for the group using
acrylic and polyurethane dentures. Thus,
polyurethane dentures are characterized by a
long-term inflammatory process, manifested
by a high level of proliferative activity of cells
in the biopsy samples of the gingival bed. For
patients aged 60 years and older, after 6
months, inflammation is active under the
polyurethane prosthesis, the deviation of the
cell proliferation level from the norm is 23 %.

In the group of patients aged 60 years
and older, an increase in all parameters of
cellular immunity was also noted: the high-
est for the thermoplastic group, average for
acrylics and lower for polyurethanes. The
data are also an indicator of the activation
of the immune system, given that with in-
creasing age, deviations from the norm de-
crease and this is associated with a decrease
in the body's reactivity.

A significant difference in the obtained
indicators of phenotypic markers from the
norm is a sign of activation of the T-system

12

of the oral mucosa immunity; the objective
of the study is to compare the changes
identified in the oral mucosa immune sys-
tem with the clinical manifestations of the
influence of the material — chronic perio-
dontitis, gingivitis.

These indicators of cellular immunity
correlate with clinical manifestations in the
oral cavity, in particular such as hyperemia,
swelling and exacerbation of inflammatory
phenomena. All patients underwent the
Schiller-Pisarev test to determine the fact of
the inflammatory process.

Six months after prosthetics, a high level
of imbalance in the body and activation of
the immune system, which promotes in-
flammation, was recorded. The CD4'/CD8"
level (the ratio of T-lymphocytes helpers and
suppressors) increased significantly for all
three types of prosthesis materials, but the
greatest increase was in thermoplastic pros-
theses (24 times), then in acrylic (2 times)
and by 70 % in polyurethane. This indicates
an imbalance between the mechanisms of
inflammation and reparation, which can lead
to a chronic form of inflammation. The level
of inflammation was highest for thermoplas-
tic prostheses, less pronounced for materials
such as acrylic and polyurethane.

Multifield contingency tables (IBM SPSS
Statistics 27.0) were used to assess the
strength of the relationship between nomi-
nal variables. The material of the removable
denture in the table is considered as a risk
factor for the development of prosthetic
complications in the form of chronic gingi-
vitis, mild, moderate and severe periodonti-
tis. Data on the diagnosis of oral mucosal
tissue diseases were analyzed in the SPSS
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Statistics system in order to identify a statis-
tical relationship between the material of
the removable denture and the severity,
prevalence in the group, and stage of the
disease. Table 3 presents data on the total
number of patients (n = 154), in groups
and by severity of the recorded disease
(mild periodontitis, moderate periodontitis,
severe periodontitis).

The analysis of contingency tables
showed a high degree of relationship between
the factor of influence of the material and the
signs of chronic gingivitis, periodontitis of
mild, moderate and severe severity: Pearson
criterion — 56.7 (p < 0.01), Cramer's V crite-
rion for multi-field tables — 0458, contin-
gency coefficient — 0.622 (p < 0.001) — corre-
sponds to a strong relationship (Figure).

Table 3
Contingency table "Prosthesis material - diagnosis"
Material No | Gingivitis .Mﬂd . M.O derat.e. .Severe. .| Total
periodontitis|periodontitis| periodontitis
Quantity 31 5 0 0 0 36
Control
oo % in orthopedic structure | 861 | 139 00 00 00 | 100
Quantity 6 21 9 2 0 38
Pol h:
Oy eureane o orthopedic structure | 158 | 553 237 53 00 | 100
el Quantity 4 21 13 3 0 41
2 %in orthopedic structure | 98 | 512 317 75 00 | 100
Quantity 2 12 15 9 1 39
Th 1
CrmOpIast o orthopedic structure | 5.1 | 308 385 231 26| 100
Total Quantity 43 59 37 14 1 154
% in orthopedic structure | 279 383 240 9.1 0.6 100
Bar chart
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Fig. Distribution of patients with recorded diagnoses after 6 months in groups using
different removable denture materials
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The distribution of the severity of
complications among patients using remov-
able dentures depends significantly on the
material of the orthopedic structure: in the
control group, after 6 months, the occur-
rence of gingivitis is recorded in 13.9 %, in
the group using polyurethane plastics —
84.2 %, of which 23.7 % were mild perio-
dontitis and 5.3 % were moderate periodon-
titis, in the group using acrylic plastics —
90.2 %, of which 31.7 % were mild perio-
dontitis and 7.3 % were moderate periodon-
titis, the largest number of patients with a
diagnosis of periodontitis — 64.2%, of
which 23.1 % were moderate periodontitis
and 2.6 % were severe periodontitis in the
group using thermoplastic dentures. Data
on the prevalence of complications in the
form of gingivitis and periodontitis in
groups with different materials for the bases
of removable dentures correlate well with
the results of the Schiller — Pisarev test,
Spearman correlation coefficient p = 0.84.

Let us determine the quantitative val-
ues of phenotypic CD markers correspond-
ing to clinical manifestations in the form of
gingivitis and periodontitis. Patients in each
age group were divided into three groups:
without complications, complications in the

form of gingivitis. Patients with complica-
tions of prosthetics in the form of perio-
dontitis of mild, moderate and severe sever-
ity were combined into the third group to
determine the average parameters of local
cellular immunity.

The data presented in Table 4 show that
in periodontitis, the median values of differ-
entiation clusters are significantly higher:
thus, the values for the CD68™ marker in pe-
riodontitis are 2 times higher than in gingivi-
tis, and exceed the norm by almost 4.3 times.

The severity and prevalence of gingivitis
and periodontitis in abutment teeth due to the
influence of the prosthesis material depend on
the interaction between the microbial triggers
and the host immune system, a process in
which monocytes and macrophages play an
important role. Macrophages can be pheno-
typically classified into the M1 phenotype,
which promotes the proinflammatory phase of
the immune response, while M2 macrophages
promote the healing and resolution phase [10].

Analysis of the CD4"/CD8" ratio, which
characterizes the ratio of T-helpers and
T-suppressors, on average for the age group
of 40-59 years, revealed that the state of the
immune system for the norm is normoergic,
for the diagnosis of gingivitis — 2.6 on the

Table 4

Quantitative values of CD markers of immunocytes in gingiva of prosthetic bed
of patients with clinical manifestations

Parameter Age, years | CD163" | CD204" | CD4'/CD8" | CD117/CD303" | CD68" | Ki67
Norm 4059 | 182 170 136 138 52 | 645
60+ 1.60 152 1.10 127 103 | 614

. 10-59 | 219 | 267 178 220 322 | 753
Gingivitis 60+ 178 227 159 1.90 171 | 698
. 10-59 | 310 | 356 236 332 654 | 962
Periodontitis 60+ 297 202 183 320 357 | 787
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border of normoergic and hyperactive,
which corresponds to an adequate reaction
of the oral mucosa, while for the diagnosis of
periodontitis with complications - 3.5,
which corresponds to a hyperactive reaction.

The dependence of CD marker levels
(in patients diagnosed with moderate and
severe periodontitis) on the material of the
removable denture was studied. The data of
median values of the indices of differentia-
tion clusters of immunocytes of the gingival
prosthetic bed of patients for both age
groups with a diagnosis of chronic perio-
dontitis, using removable dentures made of
different materials for 6 months, are pre-
sented in Table 5, the statistical significance
of the differences was tested by a nonpara-
metric median test (p < 0.05).

Table 5 shows the change in immune
cell populations in groups of patients using
removable dentures based on different ma-
terials and diagnosed with chronic perio-
dontitis after 6 months.

In periodontitis, CD11" receptors and
dendritic cells are of great importance [11].
In Table 5, the CD11" values for acrylic coin-
cide with the control ones, for polyurethane
they are slightly lower than the control val-

ues, for thermoplastics they are 29 % higher
in the 40-59-year old group, and 33 %
higher in the 60 year and older group, which
explains the largest number of patients diag-
nosed with periodontitis in these groups.
The CD4°/CD8" ratio analysis in the
40-59 age group allows us to assess the state
of the immune system. Normally, this ratio is
normoergic. For the diagnosis of gingivitis, the
value is 2.6, which is on the border between
the normoergic and hyperactive state and
indicates an adequate response of the body's
system to inflammation. However, for the di-
agnosis of periodontitis with complications,
the value is 3.5, which corresponds to a hy-
peractive response of the immune system.
The data in Table 5 show that the
CD4"/CD8" ratio is 16 % higher when using
thermoplastics as the base material compared
to when using acrylates, suggesting that this is
due to a reduction in the number of CD8"
T cells. This corresponds to an increase in the
content of M1 macrophages and a decrease in
the content of M2 macrophages in the gingi-
val tissues affected by periodontitis and may
reflect a change in cellular immunity towards
a pro-inflammatory phenotype — an increase
in the level of pro-inflammatory factors and

Table 5
CD marker values in patients diagnosed with periodontitis

Parameter | Age, years | CD163" | CD204" | CD4°/CD8" | CD117/CD303" | CDG8" Ki67
rond 40-59 208 287 2.88 138 406 875
Y G0+ 227 243 184 1.06 255 7.35
40-59 351 347 334 178 665 964

Thermoplast 60+ 321 279 225 141 356 702
40-59 259 278 2.38 127 324 7.68

Polyeurethane  —57 202 217 1.70 102 179 703
40-59 162 170 136 138 124 680

Control 60+ 1.30 142 1.10 107 201 644
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suppression of the anti-inflammatory factor
in circulating monocytes. The obtained data
are consistent with the results of a study indi-
cating that the M1/M2 macrophage ratio is
significantly higher in affected periodontium,
indicating an imbalance between inflamma-
tion and reparation mechanisms [12].

For patients using thermoplastic-based
prostheses, elevated levels of the CD4"/CD8"
glycoprotein ratio, which are localized on
the surface of T-lymphocytes, are observed.
The ratio between T-helpers and T-sup-
pressors is more than 3, which exceeds the
hyperactivity threshold — 24 times, com-
pared with the normal (control) value;
when using acrylate materials as the base
material, this excess is 2.2 times, and for
polyurethane — 1.9 times. The level of CD4"
T cells, which react to pathogens and trig-
ger an immune response, is higher than the
control sample; CD8" T cells react and neu-
tralize the infection; T suppressor cells
“switch off” CD4 activity when the immune
response is sufficient. An increase in the
Ki67 antigen level indicates activation of
proliferation processes and promotes cell
regeneration and the formation of connec-
tive tissue in the inflammation site [13].

Moreover, the change in the popula-
tion of the main immune cells in patients
with moderate and severe periodontitis us-
ing acrylic dentures, compared to the norm,
is more than 10, which indicates the activa-
tion of immunocytes associated with the
base material of the removable denture.

The CD68" antigen is active on various
cells, such as blood monocytes, tissue
macrophages, lymphocytes, fibroblasts and
endothelial cells. When using thermoplas-
tics, its level increases by 68 % compared to
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acrylics and exceeds the norm by more than
5 times, and when using polyurethane, its
level exceeds the norm by 2.5 times.

The most significant deviation of the
parameters of local immune homeostasis of
the oral mucosa from the parameters of the
control group was observed when using
thermoplastic materials, while less signifi-
cant changes in the parameters of local cel-
lular immunity of the oral mucosa were
noted when using acrylic base materials.

The control group included patients
without periodontal tissue pathologies; in
the experimental groups, the condition of
the soft tissues in the area of the prosthetic
bed and contact with the teeth was as-
sessed before and after prosthetics after
6 months. Based on statistical analysis of
the obtained data, a strong relationship
was found between the material of the re-
movable denture and changes in the pa-
rameters of cellular immunity, signs and
severity of inflammation. In particular,
when examining patients, the majority of
them had hyperemic and edematous mu-
cous membranes of the lips and cheeks
after prosthetics. In the group where ther-
moplastic prosthetics were performed, a
positive Schiller-Pisarev test was detected
in 9043 % of cases in the 40-59-year-old
group and in 98.57 % in the 60-year-old
and older group, and correlated with the
proliferative activity index values. The low-
est number of patients with a positive test
was detected in the group where polyure-
thane-based prostheses were used, which
correlates with the lowest proliferation
index values in the experimental groups.

The severity of periodontal diseases also
correlated with the increase in the indices of
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local cellular immunity of the oral mucosa. It
can be noted that in percentage terms within
the studied groups, the highest prevalence of
gingivitis and periodontitis was also in the
groups where prosthetics were performed with
thermoplastic prostheses, and the lowest — in
the groups where polyurethane base materials
were used. These data correlate with the in-
crease in local cellular immunity indices, which
were also maximum in the group with ther-
moplastics and minimum in the group with
polyurethane prostheses. Thus, it can be con-
cluded that changes in the parameters of local
cellular immunity directly affect the condition
of the mucous membrane of the prosthetic
bed, as well as the clinical manifestations of
inflammation and the degree of damage to
periodontal tissues, causing the presence of
inflammatory symptoms and signs detected by
the main and additional examination methods.

CONCLUSIONS

1. Immune homeostasis was studied in
patients with partial and complete secon-
dary adentia before the start of prosthetics.
The data obtained from the study indicate
that significant changes in the parameters
of the immune balance of the oral mucosa
occur at the age of patients from 40 to 59
years due to increased activity of the body.

2. The use of removable dentures leads
to a change in the local homeostasis of the
oral mucosa. Changes in the parameters of
local immune homeostasis of the oral mu-
cosa when using dentures based on ther-
moplastics, acrylic and polyurethane plas-
tics have significant differences.

3. Changes in the indicators of local
homeostasis of the oral mucosa directly cor-

relate with clinical manifestations in the area
of the prosthetic bed and periodontal tissues,
which is characterized by the appearance of
inflammatory changes in the mucous mem-
brane, such as hyperemia and edema, a posi-
tive Schiller-Pisarev test, as well as the sever-
ity of the disease of the periodontal tissues.

4. Changes in the morphological and
clinical parameters of the oral mucosa
when using polyurethane-based prostheses
are minimal in relation to the parameters of
the control group, which allows us to rec-
ommend the use of polyurethane prosthe-
ses as immediate prostheses at the healing
stage during surgical interventions in the
oral cavity, in particular tooth extraction
and implantation, as well as permanent
ones — for patients with allergic intolerance
to dental materials, especially with allergic
reactions to polymer compounds and dyes.
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CPABHUTEJIBHASA OIIEHKA KAYECTBA JKH3HH
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Objective. To compare the quality of life of patients with bronchial asthma and chronic obstructive pulmo-
nary disease (COPD) before and after COVID-19.
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Materials and methods. 73 patients diagnosed with bronchial asthma and 78 patients with COPD who
were treated at Sechenov University Clinical Hospital Ne4, participated in the retrospective dynamic compara-
tive study based on the principle «from cause to effect». Assessment of the quality of the patients life was cat-
ried out before and after COVID-19 using a visual analogue scale from 0 to 100 points and the universal Eu-
r0Qol-5D questionnaire. Mobility, self-care abilities, habitual activity, severity of pain/discomfort, the presence
of anxiety/depression in the post-COVID period were assessed.

Results. In patients with COPD before COVID-19, the average total score on the visual-analogue scale was 89,5
[83,8; 95], and after COVID-19 it was 70 [64,5; 80] points. In the post-covid period, 91 % of people with COPD noted
some mobility limitations, 33.3 % expetienced difficulties with self-care, 654 % of patients could not engage in ha-
bitual activities, 60.3 % suffered pronounced pain or discomfort, and 29.5 % of patients had severe anxiety or de-
pression. In patients with asthma before COVID-19, the average total score was 90 [884; 91] points, and after
COVID-19 it was 75 [70,2; 80,2]. In the post-ovarian period, mobility limitations were noted by 71.2 % of patients,
and 644 % had difficulties with taking care of themselves, 54.8 % could not engage in habitual activities. At the same
time, 78.1 % of patients experienced pain or discomfort, and 589 % had moderate anxiety or depression.
Conclusions. COVID-19 has led to a significant decrease in the quality of life in patients with asthma and
COPD. This may be associated with a worsening of the course of the disease and increase in the number of
exacerbations of these pulmonary pathologies, resulting in significant limitation of mobility, growing pain or
discomfort, as well as the occurrence of severe anxiety or depression.

Keywords. Quality of life, bronchopulmonary pathologies, bronchial asthma, COPD, COVID-19.

Ilenb. [IpoOBECTH CPABHUTENBHYIO OLIEHKY KAUECTBA KU3HU NALUEHTOB ¢ OPOHXUAJIBHON aCTMOM U XPO-
HUYECKO OOCTPYKTHBHON 60ie3Hblo Jerkux (XOBJI) B neprof A0 U MOC/IE NEPEHECEHHON HH(PEKIIUH
COVID-19.

MarepHaasl ¥ METOABL B peTpOCIEKTUBHOM JAUHAMUYECKOM CPABHUTEIBHOM UCCIE0BAHUH IO IPUHLIMITY <«OT
IPYYHHBL K CIEACTBHIIO> IIPOBEACH AHAMM3 JAHHBIX 73 NMALMEHTOB C YCTAHOBICHHDIM JUATHO30M GPOHXHAIBHON
acrvel (BA) 1 78 manuenToB ¢ AuarHo3oM XObJI, HaXOIUBIIMXCA Ha JIEYEHUN B YHUBEPCUTETCKON KIMHUYECKOH
6onpHuIIE Ne 4. Y NaIyeHToB MPOBOMIACH OLCHKA KAYECTBA JKU3HU B TIEPHOJ JI0 U OC/IE EPEHECEHHOH NH(EK-
1yu COVID-19 ¢ noMOMBIO BU3YaIbHO-AHANOTOBOM WKAIEL OT 0 0 100 6a/U10B 1 € NOMOIIBIO YHUBEPCAIBHOTO
onpocuyka EuroQol-5D oneHuBanach NOABMAKHOCTD, CIOCOOHOCTD K YXOZy 32 COOOI, IIPUBBIYHAS AETENBLHOCTD,
BBIPLKEHHOCTD OOJHN/IUCKOM(OPTA, HUTUYNE TPEBOTH/AETIPECCHY B IOCTKOBUIHOM IIEPUOJE.

Pesyabratel. V manpeHtos ¢ XOBJI o nepenecennoro COVID-19 cpeanee 3HaueHne OOIEro 6mia 1o BU3YAb-
HO-AHAJIOTOBOI TIKAJE COCTABIUIO 89,5 [83,8; 95], a mocie COVID-19 - 70 [64,5; 80]. VCTAHOBIIEHO, YTO B MOCTKO-
BUIHOM Tleprozie 91 % murt ¢ XOBJI OTMEYai OrpaHIYeHs TOABIKHOCTH, 33,3 % — UCTIBITHIBAIN 3ATPYAHEHUA
TIPH YXOJIE 32 COOOI, 654 % MAIKEHTOB HE MO 3AHUMAThCS IPUBBIYHOM JIEATENBHOCTBIO, 00,3 % ONIYIAIN BbI-
PLKEHHYIO 00Mb WM JUCKOMGOPT, 4 y 29,5 % TMalMEHTOB HAOMIOAANIACh CIBHO BBIPLKEHHAS TPEBOIA WM Jie-
npeccrs. Y AUEHTOB ¢ 4CTMON 10 TiepeHecernoro COVID-19 cpennee snagenne 6awma coctasuno 90 [884; 91],
anocne — 75 [70,2; 80,2]. B mocTkoBuaHOM HEpUope 71,2 % MauueHTOB OTMEYAIN 3aTPYAHEHUA B IIEPEIBIDKCHIUN,
2044 % — mpu yxofie 32 oGO0k, 54,8 % HE MOIIM 3AHMUMATHCS TIPUBBIYHON JICATEBHOCTBIO. [Tpu 3TOM 78,1 % ma-
LMEHTOB UCTIBITBIBAIA OO/Ib WK JUCKOM(OPT, 4 58,9 % YCTAHOB/IEHA YMEPEHHAA TPEBOIA WU JAETIPECCHAL.
Boisogpl. [lepenecennad nngexups COVID-19 npusesna K JOCTOBEPHOMY CHIDKEHHUIO KAYECTBA KU3HU Y NaLUCH-
TOB € OPOHXUATBHON aCTMOI 1 XOBJI, 9TO MOXET ObITb CBA3AHO € YIAAKEIEHUEM TEUEHNA U YBETMUEHUEM YNCTIA
000CTPEHHH JJAHHBIX OPOHXONETOYHBIX 3a60JIEBAHUI, IPUBOAAIMX K 3HAYUTEIBHOMY OIDAHUIEHHIO [TOJBIKHO-
CTH, HAPACTAHUIO OO/ WK JUCKOM(OPTA, 4 TAKKE BOSHUKHOBEHHIO BHIPAKEHHON TPEBOTU I ETIPECCHML.
KiroueBsie c10Ba. KayecTBo KU3HH, GPOHXONETOYHbIE MATOMOTUH, OpOHXHATbHAS acTMa, XOBJI, COVID-19.

INTRODUCTION the most common chronic diseases of the
respiratory system, which, if severe, can lead
Bronchial asthma and chronic obstruc-  to persistent loss of ability to work and dis-

tive pulmonary disease (COPD) are among  ability of patients. During the COVID-19
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pandemic, this group of patients was of par-
ticular concern due to the high risk of se-
vere infectious pathology caused by the
SARS-CoV-2 virus, which has a special tro-
pism for the receptors of the cells of the
respiratory tract mucosa, as well as due to
the possible delayed consequences of the
infection in this group of people.

According to the results of multicenter
studies, patients with COPD were more
likely to have a severe course of COVID-19
with possible adverse outcomes, including
death [1-3]. However, the potential impact
of COVID-19 on the course of COPD in the
post-COVID period was of particular inter-
est. According to the latest published stud-
ies, patients with COPD who have had
COVID-19 experience an increased fre-
quency and longer periods of exacerbations
of this pathology in the late period against
the background of the development of viral
and bacterial complications, which leads to
disease progression, as well as to a worsen-
ing of the general condition of this group of
patients, and can significantly affect their
quality of life [4; 5].

During the COVID-19 pandemic, bron-
chial asthma (BA) has shown itself to a
lesser extent as a potential factor aggravat-
ing the course of coronavirus infection and
increasing the risk of adverse outcomes
[6;7]. However, some patients also had
cases of severe infection caused by the
SARS-CoV-2 virus. In people with mild BA,
this infection was most often asymptomatic
or mild, but in patients with severe or un-
controlled BA, the risk of an unfavorable

course of COVID-19 was significantly
higher and in some cases was accompanied
by a fatal outcome. According to recent
studies, in the post-COVID period, the
course of asthma in some patients becomes
more severe and uncontrollable, symptoms
of shortness of breath increase, there is a
need to increase the stage of therapy, which
can also negatively affect the quality of life
in this group of patients [8; 9].

The aim of the study is to conduct a
comparative assessment of the quality of life
of patients with bronchial asthma and
chronic obstructive pulmonary disease in the
period before and after COVID-19 infection.

MATERIALS AND METHODS

A retrospective dynamic comparative
study based on the "from cause to effect"
principle involved 151 patients hospitalized
at the University Medical Center No. 4 of
Sechenov University in Moscow. A total of
73 patients with an established diagnosis of
bronchial asthma who had previously had
COVID-19, as well as 78 patients diagnosed
with COPD and a history of COVID-19, were
included in the study. The table presents a
comparative characteristic of the patient
groups by the main clinical parameters.

The selection of patients for partici-
pation in the study was carried out ac-
cording to the following inclusion criteria:
the patient's age was over 18 years, the
presence of a made diagnosis of bronchial
asthma or COPD, and a history of bron-
chial asthma or COPD, had a history of
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Clinical characteristics of patients included in study

Patients’ Grou Patients with COPD who have Patients with bronchial asthma
P previously had COVID-19 who have previously had COVID-19

Number of participants, abs. 78 73
Mean age (range, median age) 654 years old 58 years

8 85 8 (40-88 years old, median — 65.5) (21-84 years old, median — 62)
Distribution by gender, abs. Wl\f)frrlle; 252’ 5 Wl\gfrrlle; %74 6
Number of people in the acute
stage, % 930 %

laboratory-confirmed coronavirus infection
within a year prior to inclusion in the study,
and consent to participate in the study.

Exclusion criteria: patient age under 18
years, presence of concurrent pulmonary dis-
ease, acute phase of viral or infectious disease,
presence of oncological diseases, hyperten-
sion in the stage of decompensation, diabetes
mellitus, chronic liver and kidney diseases,
disability, pregnancy, refusal to participate in
the study. Written informed consent was ob-
tained from all patients who participated in
the study. This study was approved by the lo-
cal ethics committee of the FSAEI HE
Sechenov First Moscow State Medical Univer-
sity of the Ministry of Health of the Russian
Federation (Sechenov University) (protocol
No. 01-22 dated 20.01.2022). The study was
carried out in accordance with the code of
ethics (Declaration of Helsinki).

Information was collected through oral
questioning of patients using a universal vali-
dated questionnaire for a comprehensive as-
sessment of quality of life EuroQol - 5D, sup-
plemented by a visual analogue scale (VAS)
from 0 to 100 points [10; 11]. This question-
naire allows to assess the health profile of pa-
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tients according to five different parameters:
mobility, self-care, usual daily activities, pres-
ence of pain or discomfort, feelings of anxiety
or depression [12]. Each question has three
levels of answers. An important feature of this
questionnaire is the speed of its completion
(from 2 to 5 minutes), an improved system
for assessing psychometric characteristics, as
well as the possibility of use in people with a
wide range of diseases, including chronic
pulmonary pathologies [13].

For statistical processing of the ob-
tained survey results, IBM SPSS Statistics
Version 20.0 software was used. The distri-
bution was tested for normality using the
Kolmogorov-Smirnov criterion.

Considering that most pairs were not
normally distributed, medians and interquar-
tile ranges (Me [Q,, — Q.]) were calculated
for quantitative variables, and categorical
variables were presented as absolute values
and percentages (%).

To determine statistically significant
differences, nonparametric tests for paired
comparisons (sign test and Wilcoxon test)
were used. Results were considered statisti-
cally significant at p < 0.05.
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RESULTS AND DISCUSSION

In patients with bronchial asthma, the
average VAS Scale score was 90 [884; 91]
before COVID-19 infection. In the post-
COVID period, most patients in this group
experienced a significant deterioration in
well-being, which led to a decrease in the
average score to 75 [70.2; 80.2] (Fig. 1). The
difference in VAS scores before and after
COVID-19 in patients with BA was signifi-
cant. Using nonparametric sign tests and
the Wilcoxon test, statistically significant
differences were established between the
VAS scores in patients from this group in
the period before and after COVID-19 in-
fection (p < 0.05).

100 —I—

before COVID-19 after COVID-19
Examination period

EuroQol-5D (score)

Fig. 1. Resulls of assessing the quality of life in
Dpatients with BA in the period before and after
COVID-19 using a visual analogue Scale (VAS)

When assessing individual parameters of
the health profile using the EuroQol-5D
questionnaire in patients with BA after
COVID-19, it was found that 71.2 % noted
some difficulties in independent movement,
and 11% could not move independently.

Most patients with BA (64.4 %) can fully care
for themselves, a third (32.9 %) have certain
difficulties associated with care. Half of the
patients in the study group (54.8 %) had cer-
tain limitations associated with the need to
participate in their usual activities, and
34.2 % of patients with asthma cannot per-
form their usual physical activities due to the
severity of this pulmonary disease. When as-
sessing the severity of pain or discomfort
mediated by asthma symptoms, it was found
that 78.1 % of patients experienced moder-
ate pain or discomfort, and 15.1 % of pa-
tients in this group had severe complaints.
More than half of the patients (589 %) had
moderate anxiety or depression, 8.2 % had
severe symptoms, and 32.9 % of patients did
not report anxiety or depression.

Among patients with COPD before
COVID-19 infection, the average value of
the total score on the visual analogue Scale
(VAS) was 89.5 [83.8; 95]. In the post-
COVID period, the average score on the
Scale decreased significantly and was al-
ready 70 [04.5; 80] (Fig. 2).

It was found that the difference be-
tween the number of points in the period
before and after COVID-19 in the group of
patients suffering from COPD is statistically
significant (p < 0.05).

According to the data obtained from
the five-domain health profile assessment,
it was found that 91 % of patients in the
COPD group reported some difficulty in
moving, and 9 % could not move inde-
pendently without assistance. 57.7 % of
patients with COPD had no difficulty in
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100 —|—

EuroQol-5D (score)

before COVID-19 after COVID-19
Evaluation period of life quality

Fig. 2. Results of assessing the quality of life in a
group of patients with COPD in the period before and
after COVID-19 infection using a visual analogue
Scale (VAS)

caring for themselves, 33.3 % reported some
difficulty, and 9 % required assistance in car-
ing for themselves. During the survey it was
found that the majority of patients (654 %)
could not perform their usual activities due
to the severity of COPD symptoms, and
29.5 % experienced certain difficulties in per-
forming daily activities, and only 5.1 % did
not report such difficulties. In 60.3 % of pa-
tients from the COPD group, the presence of
severe pain or discomfort associated with
the severity of the disease was noted, in
38.5 %, pain or discomfort was moderate,
and only 1.3 % of patients had no symptoms.
Also, about a third of patients with COPD
(29.5 %) noted severe anxiety or depression
against the background of pulmonary dis-
ease, in the majority (62.8 %) these symp-
toms were moderately expressed, and were
absent in 1.3 % of patients.

At present, there is an extremely lim-
ited number of publications in the literature
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devoted to the quality of life issue in pa-
tients with chronic pulmonary pathologies
in the post-COVID period, which is associ-
ated with the novelty and poor study of the
delayed consequences of COVID-19 in co-
morbid patients. Previously published works
described the relationship between the de-
gree of asthma control, as well as the num-
ber of COPD exacerbations and the level of
quality of life of these patients [13; 14].

Thus, longer-term  observation s
needed in groups of patients with lung
troubles who have had COVID-19, with re-
peated assessment of life quality in the de-
layed post-COVID period. In the future, ad-
ditional studies will be required to identify a
clear relationship between the severity of
COVID-19, the worsening of BA and COPD
symptoms in the post-COVID period and
their impact on each individual parameter
of life quality in these patients. The results
obtained in the future will be able to pro-
vide additional information for improving
methods for preventing delayed conse-
quences of COVID-19 infection in individu-
als with chronic lung diseases.

CONCLUSIONS

After suffering from COVID-19, a reli-
able decrease in the indicator reflecting the
quality of life was established in patients
with bronchial asthma by 15 points and in
patients with COPD by 19.5 points — as a
result of the severe course and an increase
in the number of exacerbations of these
pulmonary pathologies in the post-COVID
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period. Worsening of the course of asthma
and an increase in its symptoms and COPD,
in turn, lead to a significant limitation of
mobility, increased pain or discomfort, as
well as the emergence of symptoms of
anxiety or depression.
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PERFORATED GASTRODUODENAL ULCERS: PERIOPERATIVE
PROGNOSIS AND PREVENTION OF COMPLICATIONS
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IIEP®OPATUBHDBIE TACTPOIYOJIEHAJILHBIE A3BBbI:
INEPHOIEPAIIMOHHOE ITPOTHO3UPOBAHHUE
U ITIPOPUIAKTUKA OCJIOKHEHUA

B.A. Camapues"’, A.A. Hapmaros"*, M.II. Ky3neyoea'’, A.A. Myxanos'
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“Topodckas knunuveckas oonsHuya Ne 4, 2. Iepmw, Poccutickas @edepaus

Objective. To improve the effectiveness of treatment for patients with perforated gastroduodenal ulcers
(PGDU) by developing criteria for predicting postoperative complications and mortality.

Materials and methods. The treatment outcomes of 127 patients with PGDU were analyzed. Prognostic
scales ASA, SOFA, Peptic Ulcer Perforation Score (PULP), and the Mannheim Peritonitis Index (MPI) were
used for the assessment in all the patients. Specialized classifications (DEP and ulcer defect classes) developed
at Sklifosovsky Research Institute For Emergency Medicine were employed to determine the surgical ap-
proach and the extent of surgical intervention.

Results. Duodenal ulcers were observed in 97(76.4 %) patients, gastric ulcers in 28(22.0 %), and combined ulcers in
2(1.6%). According to the clinical form, chronic ulcers were identified in 81 (63.8 %) patients, while acute ones
were detected in 46(36.2 %) patients. Helicobacter pylori infection was revealed in all patients with chronic ulcers.
The majority of patients sought medical care within the first 6 hours after perforation (53 patients, 41.7 %); from
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6to 12 hours — 24 patients (189 %), 12-24 hours — 17 patients (134 %), and in more than 24 hours — 33 patients
(26,0 %). Fatal outcome occurred in 45 (354 %) patients, while 82 (64.4 %) patients were discharged after the re-
covery had been observed. The mortality rate was significantly higher in patients with MPI grades 2 and 3, in those
with an initially high risk according to the PULP scale, and those who were hospitalized more than 24 hours after
perforation. Indications for laparoscopic ulcer suturing were proposed based on the scales used.

Conclusions. The risk factors for adverse outcomes in PGDU include the following criteria: surgery per-
formed more than 24 hours after perforation, MPI 2-3 grades, and a PULP scale score more than 8. In patients
with PGDU who are at high surgical-anesthetic risk and have a complicated comorbid background, the risk of
sepsis development is more than 30 %. Laparoscopic techniques for suturing PGDU are preferable when per-
formed within 6 hours of perforation, with a PULP score not more than 7, MPI grade 1, and DEP classification
scores less than 9, specifically in IIC, IIIC, IVA, IVB, and IVC ulcer defect classes.

Keywords. Perforated gastroduodenal ulcers, peritonitis, prediction of postoperative complications, morta-
lity, prognostic scales.

Henp. Tlopblmenne 3p(EKTUBHOCTU JIEYEHHA TTALUEHTOB € NEP(POPATUBHBIMK IACTPOAYOAEHAILHBIMU A3-
Bamu (IITIA) 32 cyer IpOrHO3UPOBAHKSA OCIEONEPALMOHHBIX OCIOKHEHWI U JIETATBHOCTH.

MarepHanbl M MeTOABL. [IpOaHAIM3UPOBAHBI PE3yIbTaThl NeyeHus 127 manuentos ¢ [T B neyenun
BCEX TAIHUEHTOB IPUMEHSIIUCH TTpOorHocTryeckue mraisr: ASA, SOFA, Peptic Ulcer Perforation Score (PULP),
Manrerimckuit unaekc nepuronura (MUII). [Ipu BBIOOpE ONEPATUBHOIO JOCTYIA ¥ OOBEMA OLEPATUBHOIO
JIEYEHUA UCTIOMB30BAIUCh CHENUAIM3UpoBaHuble kiaccuduranuy (DEP u Kiacchl A3BEHHBIX AE(EKTOB),
paspa6orannsle B HUH ckopoit nomomu uM. H.B. Crmudocosckoro.

Pe3ynpTaThl. SI3Bbl IBEHAIIATUIICPCTHON KUIIKU BCTPETUINCh ¥ 97 (76,4 %) MALMEHTOB, SI3BbI JKEMYAKA —
y 28 (22,0 %), coueranusbie 3851 — ¥ 2 (1,6 %). [0 KIMHUYECKOI JOPME XPOHITUCCKHT XAPaKTED A3BbI OTME-
ueH y 81 (63,8 %) marerTa, ocTphic 138k — ¥ 46 (36,2 %). Y BCEX JHUI ¢ XPOHUICCKAMH S3BAMH BhISBICHA
undexuya Helicobacter pylori. Hanbonee 4acTo manyeHTsl 06paIaInch 33 MEAUIMHCKON OMOIIBIO B TIEp-
Bbie 6 4 ¢ MOMeHTa Tiepdoparmu — 53 (41,7 %) ciyyas; ot 6 10 12 4 — 24 (189 %), 12-24 4 — 17 (134 %),
6onee 24 4 — 33 (26,0 %). JleranbHblit HCXO OTMEYEH Y 45 (35,5 %) maueHTos, 82 (64,5 %) 4enoBeKa BbIIU-
CaHbI C BBI3JOPOBICHUEM. ACTOTA JIETAIBHOCTH ObUIA JOCTOBEPHO BBILIE Y MALMEHTOB CO 2-H U 3-11 CTele-
HAMA 110 MUII, UCXOAHO BBICOKMM PUCKOM 10 wikane PULP, a Tarke rocnurantusanyeil cepime 24 4 nocie
nepdopanyun. Ha 0CHOBAHMYM MCTIONB3YEMBIX MIKAT IPEAIOKEHDI OKA3AHKA /I JTAIAPOCKOIMYECKOTO YIIHU-
BAHYA A3BBL

Beisogbl. Pakropamu pucka HebIaronpuaTHoro ucxoga npu I asgiorca creylomye KpUTepuu: oe-
pauus yepes 24 4 nocie nepdopanuy, 2—3-it crenenu no MUIL a Taxke 601bli1e 8 6/I0B 110 IPOrHOCTHYE-
cxoit mxane PULP. V manuenTos ¢ ITTIA 13 rpymisl BHICOKOTO ONEPAMOHHOIO-aHECTE3UOOTHYECKOTO PHC-
K4 C OTATOIMCHHBIM KOMOPOUAHBIM (DOHOM PUCK Pa3BUTHSA Celchca cocTasasier 6onee 30 %. Jlanapockonu-
YECKUE TEXHONOIMM ymusaHud 1[I mpearnodTUTeNnsHer UCIOMb30BATh B CPOKU /IO 6 4 OT MOMEHT4
nepopanuu y umeromux He 6onee 7 6amnos no PULP, 1-i1 crenenu — no MUIL, MeHee 9 6a110B — 110 KJIac-
cudukanuu DEP u 1IC, IIIC, IVA, IVB, IVC kimaccax 13BeHHOTO I(DEKTA.

Krrouespie cnoBa. [lepOpaTUBHBIE TACTPOAYOACHANBHBIE A3BbI, IIEPUTOHUT, IPOTHO3UPOBAHKE HOCTIE-
OIEPALMOHHBIX OCIOKHEHHNH, TETATbHOCTD, IPOTHOCTUYECKUE IIKAJIBL

INTRODUCTION cording to data for 2022, about 16 thou-
sand surgical interventions were performed
The incidence of perforated gastro- for PGDU, and in more than 5 thousand

duodenal ulcers (PGDU) currently remains
at a fairly high level worldwide and reaches
25 cases per hundred thousand population
[1]. In Russia, this figure is comparable: ac-
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patients, operations were performed more
than 24 hours after the perforation. Mortal-
ity in PGDU currently ranges from 6.5 to
125 % of cases [2-4]. Unfavorable factors
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influencing the outcome include: late seek-
ing of medical care (more than 24 hours
after perforation), as well as the develop-
ment of sepsis and septic shock [3]. In the
Perm Krai, in 2022, medical care was pro-
vided to 358 patients with PGDU, of which
61 (17.0 %) were provided within 24 hours
from the moment of perforation. Surgical
interventions were performed in 354
(989 %) patients (of which 59 (17.7 %) -
after 24 hours from the moment of perfora-
tion), of which open operations were per-
formed in 336 (949 %) people, laparo-
scopic — in 18 (5.1 %) patients. Mortality
was 16.2 %, and after 24 hours from perfo-
ration — 44.26 % [3).

The most significant risk factors for the
development of PGDU are: carriage of
Helicobacter pylori (H. pylori) infection, as
well as long-term use of non-steroidal anti-
inflammatory drugs. H. pylori infection is of
predominant importance, its average preva-
lence in patients with PGDU is 58 % [1; 6).

Surgical methods for patients with
PGDU are constantly being improved. Clas-
sical approaches include ulcer suturing or
distal gastrectomy [7-8]. However, recent
advances in surgery have led to the wide-
spread introduction of minimally invasive
techniques, such as laparoscopic ulcer su-
turing, endoscopic clipping, and stenting
[9-10]. According to data from various do-
mestic and foreign authors, laparoscopic
suturing of PGDU leads to a significant re-
duction in the incidence of complications
and mortality, compared with operations
performed through a laparotomy approach
[9; 11-13]. However, despite the successes

achieved, the incidence of complications
and mortality remains quite high, especially
among older patients with concomitant
diseases and a severe comorbid background.

The aim of the study is to improve the
effectiveness of treatment of patients with
PGDU by predicting postoperative compli-
cations and mortality.

MATERIALS AND METHODS

A retrospective study of patients with
PGDU was conducted. Inclusion criteria: age
over 18 years, acute and chronic gastric and
duodenal ulcers (DU) complicated by pet-
foration, previous surgery. As a result,
127 people were included in the study.

Upon admission to the emergency de-
partment, patients underwent the full range
of diagnostic tests approved by national
clinical guidelines. Multispiral computed
tomography (MSCT) and esophagogastro-
duodenoscopy (EGDS) were performed in
28 (22.0 %) patients with unclear clinical
symptoms. In patients with a confirmed di-
agnosis of PGDU, the following prognostic
scales were used to determine the risk of
complications and mortality: the American
Society of Anesthesiologists (ASA) and the
Peptic Ulcer Perforation Score (PULP) [14].
The PULP scale includes the following crite-
ria: age over 65 years — 3 points, presence of
concomitant oncological diseases or ac-
quired immunodeficiency syndrome -
1 point, presence of cirrhosis in the patient —
2 points, previous or constant intake of glu-
cocorticosteroids — 1 point, shock of vari-
ous etiologies — 1 point, time after perfora-
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tion more than 24 hours - 1 point, serum
creatinine 130 mmol/I — 2 points, comorbid
status according to the ASA scale 2 points —
1 point, ASA-3 - 3 points, ASA-4 — 5 points,
ASA-5 — 7 points. The results of the calcula-
tion were interpreted as follows: less than 7
points — mortality risk less than 25 %, 8-18
points — more than 25 %. The Mannheim
Index was used to objectify the severity and
predict mortality in patients with peritoni-
tis. When sepsis or septic shock was diag-
nosed in a patient, the SOFA Scale was used.

During the operation, classifications de-
veloped at the N.V. Sklifosovsky Research In-
stitute of Emergency Care were used to objec-
tively select the method of surgical interven-
tion and the method of suturing the ulcer
defect: DEP and classes of ulcer defects. The
DEP classification includes three parameters:
D (prevalence): 1 point — lesion of one area
of the abdominal cavity; E (nature of exu-
date): serous exudate, injection of peritoneal
vessels, absence or easy removal of fibrin -
1 point, purulent exudate, shiny peritoneum,
absence of fibrin — 2 points, purulent exudate,
dull peritoneum, removal of dense fibrinous
films — 3 points, ichorous exudate, massive
non-removable fibrinous deposits — 4 points,
parameter P (paresis): diameter of intestinal
loops 1.5-2 cm, active peristalsis — 1 point;
diameter of loops 2.0-3.0 cm, weakened peri-
stalsis with active areas — 2 points; diameter
3.0-4.0 cm, absence of peristalsis or its pres-
ence in certain areas — 3 points; diameter over
4 cm, absence of peristalsis — 4 points. The
classification of ulcerative defects is based on
the size of the defect and the surrounding
inflammatory infiltrate. Thus, the ulcer size of
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1 mm or less corresponds to class I, 2-5 mm —
class 1, 6-10 mm - class III, 11 mm or
more — class IV. The size of the inflammatory
infiltrate corresponds to an additional letter
index: less than 6 mm — A, 6-10 mm - B,
11 mm or more — C. Based on the presented
scales, indications for laparoscopic suturing of
PGDU were set. The indications were:
9 points or more according to the DEP peti-
tonitis classification, as well as IIC, IIIC, IVA,
IVB, IVC classes according to the ulcer defect
scale [15]. In the postoperative period, all pa-
tients were treated in the intensive care unit,
and after stabilization, in the surgical depart-
ment. For optimal recovery after surgery, all
patients were treated with the Enhanced Re-
covery After Surgery program.

The R programming language was
used for statistical processing of the ob-
tained results and working with graphics.
Quantitative data are presented as median
(Me), as well as first and third quartiles.
The Chi-square criterion was used to com-
pare general dispersions of two or three
independent samples.

RESULTS AND DISCUSSION

The median age of patients was 56.0
(39.0-70.0) years. There were 75 (59.1 %)
male and 52 (409 %) female patients. All
patients were distributed by time from the
moment of perforation. Most often, patients
sought medical help in the first 6 hours
from the moment of perforation - 53
(41.7 %) people. In the period from 6 to 12
hours from the moment of perforation, 24
(18.9 %) patients sought help, 12-24 hours -
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17 (134 %), more than 24 hours - 33
(26.0 %). According to the localization of
the ulcer defect, patients with duodenal ul-
cers prevailed in the study — 97 (764 %).
Among them, duodenal bulb ulcers were
found in 96 (75.6 %) patients, postbulbar
duodenal ulcers — in one (0.8 %). Gastric
ulcers were found in 28 (22.0 %) patients,
including antral ulcers — in 10 (7.9 %), pylo-
ric ulcers — in 10 (7.9 %), body of the stom-
ach - in 6 (4.7 %), cardiac ulcers — in 2
(24 %). Combined (stomach and duode-
num) ulcers were observed in 2 (1.6 %) pa-
tients. Most patients had single ulcers (122
(96.1 %)), multiple ulcers were found in 5
(3.9 %) patients. According to the nature of
the course, the ulcer was chronic in 81
(63.8 %) patients, acute — in 46 (36.2 %).

All patients were stratified by the num-
ber of PULP scores: in 104 (81.9 %) people
the score did not exceed 7 (the risk of mor-
tality does not exceed 25 %), in 23 (18.1 %)
the score ranged from 8 to 18 (the risk of
mortality exceeds 25 %). Generalized peri-
tonitis was noted in 94 (74.0 %) patients,
local unconfined peritonitis — in 19 (15.0)
people, local confined — in 14 (11.0) pa-
tients. By the nature of the exudate in the
abdominal cavity: serous peritonitis was
noted in 5 (3.9 %) patients, serous-fibrinous —
in 61 (48.0 %), fibrinous-purulent — in 61
(48.0 %). All patients with peritonitis un-
derwent bacteriological examination of the
abdominal exudate. It was noted that only
47.24 % of the cultures were positive. The
spectrum of identified microorganisms was
very poor, the most frequently identified
etiopathogen was E. coli — in 2333 % of

cases. In 9 patients with abdominal sepsis
and a negative bacteriological test result,
the microbial composition of the exudate
was additionally assessed using gas chroma-
tography / mass spectrometry. All these pa-
tients had a polymicrobial composition of
the studied samples. It should be noted that
H. pylori was predominant in the microbial
composition of all studied exudates in pa-
tients with chronic ulcers. In the work of
VA. Samartsev et al. (2021), it was shown
that this microorganism is significantly
more common in the exudate of the ab-
dominal cavity in patients whose source of
peritonitis is localized in the stomach and
duodenum compared to exudates obtained
from patients with peritonitis localized in
the small or large intestine [16]. The Mann-
heim Index was used to objectify the sever-
ity and predict mortality in peritonitis. As a
result, the 1st degree of severity (up to 21
points) was noted in 81 (63.8 %) patients,
the 2nd degree (21-29 points) — in 39
(30.7 %), the 3rd degree (more than 29
points) — in 7 (5.5%). In 37 (29.1 %) pa-
tients with ASA-IIIE and ASA-IVE, as well as
24-hour peritonitis, according to the SOFA
Scale, sepsis was diagnosed.

In 103 (81.1 %) patients, suturing of
the ulcer defect was performed as a
method of surgical treatment, of which
laparoscopic technologies were used in 9
(8.7 %) cases. The following criteria were
considered indications for laparoscopic
suturing of the ulcer defect: time frame up
to 6 hours from the moment of perfora-
tion, a result of no more than 7 points on
the PULP Scale, 1st degree of peritonitis
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based on the IIP, as well as ulcer defects of
[IC, IIIC, IVA, IVB, IVC classes on the scale
of the N.V. Sklifosovsky Research Institute
of Emergency Care [15]. In other cases, a
midline laparotomy was performed. Distal
gastrectomy with a Bilroth-II anastomosis
was performed in 24 (189 %) patients. In
all patients operated on using an open ap-
proach, the aponeurosis of the rectus ab-
dominis muscles was sutured using an
original technique developed by us, which
consists of suturing the aponeurosis with
two loop threads with an antibacterial
coating (patent No. RU 2803132 C2 dated
15.02.2022). The first loop thread was used
to apply a continuous suture from the
lower corner to the middle of the laparo-
tomy wound using the Small Bytes tech-
nology, capturing the peritoneum and
muscular-aponeurotic layer. The aponeu-
rosis was sutured in a similar manner with
the second loop thread from the upper
edge of the laparotomy wound, continuing
below the knot on the first thread by 3-4 cm.
Then, the first thread continued to suture
upwards from the laparotomy wound.
When applying the suture, the first punc-
ture was made lateral to the border of the
white line and the sheath of the rectus ab-
dominis muscle. The puncture was made at
a distance of 1.5 cm from the puncture par-
allel to the white line of the abdomen. After
the stitch was applied, the loop was cut at
the needle, the thread with the needle was
stitched to the opposite side of the wound,
and the threads were tied. A similar stitch
was applied with the second thread from the
center to the lower corner of the wound.
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All patients were treated in the inten-
sive care unit after surgery. Relaparotomy
for postoperative peritonitis was required
in 7 (59 %) cases. Complete eventration
was observed in 2 (1.7 %) patients after
median laparotomy. It was eliminated
during repeated surgery. The low percent-
age of relaparotomy confirms the effec-
tiveness of the original technique of sutur-
ing the aponeurosis after laparotomy.

After the treatment, 82 (64.5%) pa-
tients were discharged with recovery. The
duration of postoperative hospitalization in
patients after laparoscopic ulcer suturing
was 6.0 (5.0-6.0) days, after open ulcer su-
turing — 7.0 (3.5-9.0), after distal gastrec-
tomy with Bilroth-Il anastomosis - 6.5
(1.0-15) people. The duration of hospitali-
zation did not differ statistically signifi-
cantly. Diagnosis and treatment of patients
with sepsis was carried out according to the
Sepsis-3 criteria.

Fatal outcome against the background
of development of multi-organ failure syn-
drome in the general cohort of patients was
observed in 45 (355%) people. When
stratifying patients by degree according to
the Mannheim Index, the mortality rate was
significantly higher in patients with 2nd and
3rd degrees (p < 0.01) and was: 13.6 % in
patients with 1st degree, 71.8 % in patients
with 2nd degree, and 85.7 % in patients
with 3rd degree. The high mortality rate is
probably associated with the large percent-
age of patients in the study with late pres-
entation (more than 24 hours — 33 (26.0 %)
patients), as well as widespread peritonitis
and sepsis (37 (29.1 %) patients). A signifi-
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cant association was noted between the
increase in mortality rate and surgical inter-
vention performed 24 hours after perfora-
tion (p < 0.01). Mortality was also signifi-
cantly higher in patients with an initially
high risk according to the PULP Scale
(p <0.01). The data obtained correlate with
the mortality rate in the Perm Krai in par-
ticular and in the Russian Federation as a
whole [5]. It is important to note that there
were no fatal outcomes in patients operated
using laparoscopic technologies.

CONCLUSIONS

Risk factors for an unfavorable outcome
in PGDU are the following criteria: surgery
24 hours after perforation, 2-3 degrees ac-
cording to the Mannheim Index, and more
than 8 points according to the PULP prog-
nostic Scale. In patients with PGDU from the
group of high surgical-anesthesiological risk
with an aggravated comorbid background,
the risk of developing sepsis is more than
30 %. Laparoscopic technologies for suturing
PGDU are preferable to use within 6 hours
from the moment of perforation, while there
should be no more than 7 points according
to PULP, 1st degree according to the Mann-
heim Index, less than 9 points according to
the DEP classification and IIC, IIIC, IVA, IVB,
IVC classes of ulcer defect.
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INFLUENCE OF INTESTINAL PERMEABILITY AND ENDOTOXINEMIA
ON THE COURSE OF ASTHMA IN OBESE PATIENTS
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BJIUAHUE KMIMEYHON ITPOHUIIAEMOCTH 1 DHAOTOKCUHEMHUH
HA TEYEHUE BPOHXHAJIBHOI ACTMBI Y IAITUEHTOB

C O’)KUPEHHUEM
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Objective. To study the characteristics of asthma with a severe course in obese patients and to evaluate the
relationship of the level of intestinal endotoxin (ET) and fecal zonulin with clinical, laboratory and instru-
mental indicators in such patients.

Materials and methods. The study included 98 patients with asthma combined with obesity (group 1 — mild
asthma (n=47), group 2 — severe asthma (n = 51)) and 45 obese patients without asthma composed the com-
parison group. A complete standard examination and tests were conducted in all the patients. Intestinal ET, fecal
zonulin, TNF-a, IFN-y, IL-4, 6, 10, 17, total IgE levels were assessed as well. The IBM SPSS Statistics 26.0 applica-
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tion software package was used for statistical calculations. The results were considered as statistically significant
at the level of p <0,05.

Results. In patients of both groups, the average age of onset was 43 years. The median duration of BA char-
acteristics was higher in patients of group 2: 14 [10; 19] years (p =0.013). In all groups, CRPhs values in-
creased significantly and the highest ones were in patients with severe asthma (p < 0.001). Significantly lower
levels of FVC, FEV1, FEV1/FVC, IL-10 (p<0.001) with uncontrolled course of asthma (p =0.008) and rare
control (p =0.009) occurred in patients of group 2. Higher levels of TNF-a, IFN-y, IL-6,17, intestinal ET, fecal
zonulin were revealed in patients of group 2 (p<0.001). The level of fecal zonulin positively correlated with
the level of intestinal ET in patients of group 2 (p<0.001, #s=0.813). In patients of group 2 direct correlations
of the fecal zonulin and intestinal ET with BMI, WC, HC, WC/HC, lack of BA control, CRPhs, TNF-a,, 1L-6,17,
IFN-y, LDL were established and inverse correlations were with IL-10, HDL, FEV1, AST; a negative correlation
of fecal zonulin levels with FVC was also revealed.

Conclusions. The obtained results allow us to speak about the existence of a clinical complex “severe
asthma - obesity — intestinal endotoxemia and increased intestinal permeability” which is characterized by
the predominance of pro-inflammatory markers, increased levels of intestinal ET and fecal zonulin, reduced
function of external breathing,

Keywords. Severe bronchial asthma, obesity, intestinal endotoxin, zonulin.

Ieasb. M3ydutb 0COGEHHOCTH TEYCHHA TAKENON OPOHXMANBHON aCTMBI (BA) B COUETAHMU C OKUPEHUEM, 4
TAKOKE OLCHUTD B3AUMOCBA3b YPOBHA KUIIEYHOIO SHAOTOKCUHA (OT) M (DEKAILHOTO 30HYIMHA C KIMHUKO-
J1260PaTOPHBIMU ¥ HHCTPYMEHTAIBHBIMH TTOKA32TEAMH Y JAHHOH KOTOPTHI ITAILIUEHTOB.

MarepHaubl H METOIBL. B UCCIEI0BAHUE OBUIO BKIIOYEHO 98 MAIIMEHTOB C BA B COYETAHNY C OXXUPEHUEM
(1-a rpynma — serkas bA (n=47), 2-4 rpynna — toxenad bA (n=>51)) u 45 4enosex ¢ oxupenueM 6e3 bA
(Tpymma CpaBHEHus). BeeM MalMeHTaM BBINOTHEHO KOMIVIEKCHOE CTaHAPTHOE OOC/IEN0BAHHUE, 4 TAKKE OIl-
penencuue ypoBus kummedroro T, dexanproro 3ouymuia, TNF-a, IFN-y, IL-4, IL-6, IL-10, IL-17, IgE o6miero,
AIEPrONpPOOHI MO MOKA3AHUAM. 151 CTATHCTUYECKON 0OPA6OTKH JAHHBIX UCIOIB30BAICA MAKET IPOrPAMMBI
[BM SPSS Statistics 26.0. Pe3yIbTaThbl OI[EHUBATICh KAK CTATUCTHYECKI 3HAYNUMbIE TTPH ypoBHE p < 0,05.
PesyabraTel. Y nanuenTos 1-i 1 2-1 TPy MEAUAHA BO3PACTa eOI0Ta cocTaBuia 43 rofa. Meauana npogon-
JKUTENBHOCTY BA CTATUCTUYECKU 3HAYMMO ObUIA BBIIE Y ITALMEHTOB 2-1 IPymIbl ¥ cocraBwia 14 [10; 19] ner
(p=0,013). B Tpex rpynmnax 3nauenus CPBhS CyImecTBEHHO BO3PACTAIN U ObUIN MAKCUMATIBHBIMU Y [TALIIEHTOB
¢ Tpxenoit bA (p < 0,001). 3naunmo 6onee Huskue nokasareau OXKEJ, ODB,, ODB, /PXKEJ, IL-10 (p < 0,001) ¢
6011€€ 4aCTBIM HEKOHTPOIUPyeMbIM TeueHueM BA (p = 0,008) u peaxum konTposneM (p = 0,009) Berpedanucs y
MAIMEHTOB 2-if rpymiibl. CTATHCTIYECK 3HAUNMO Gosiee Bhicokue mokazaten TNF-a, IFN-y, IL-6, IL-17, ku-
meqHoro OT, (PEeKVIBHOTO 30HY/IMHA ObUIM BBIABICHEI Y ALMEHTOB 2-i1 rpymmsl (H < 0,001). YposeHs (pexans-
HOI'O 30HY/IMHA TIOJIOXKUTENBLHO KOPPEIUPOBAT C YPOBHEM KumeuHOro 9T y mauuentos 2-# rpymst (p < 0,001;
rs=10,813). BbUIM YCTAHOBNECHBI CTATUCTUYECKU 3HAYMMBIE IPAMBIE KOPPEIALMOHHBIE CBA3M MOKA3aTeN (e-
KA/IbHOT'O 30HY/IMHA U KuteyHoro HT y maruentos 2-i1 rpymmsl ¢ UMT, OT, OB, OT/OB, otcyTcTBueM KOHTpOA
BA, CPbhs, TNF-a, IL-6, IL-17, IFN-y, JIIHII u o6patHble KOppessiuonHsie csasu ¢ 1L-10, JIIIBII, ODB,
ACT-TecToM; TaKKe BbIBICHA OTPUILATEIbHAS KOPPENAIHS YPOBHA (PEKATBHOTO 30HyMMHA ¢ OIKEJL

BoiBozpl. [10Ty4eHHbBIC PE3Y/IBTATH IO3BONAIOT TOBOPHUTD O CYIECTBOBAHNN KIMHUYECKOI'O KOMIUIEKCA «T-
JKenasd bA — oxupeHue — KUIIeuHas SHAOTOKCEMUS U MOBBILIEHHASA TIPOHULAEMOCTD KUIIEYHHKA>, KOTOPBIH
XAPAKTEPU3YETCA IPEOOIafaHUEM IIPOBOCTIONUTENBHBIX MAPKEPOB, OBBIMIEHUEM KAMEYHOTO OT 1 (pexans-
HOTO 30HY/IMHA, CHIKEHHON (DYHKIIMEH BHENTHETO JIbIXAHYAL

Kirogessie ¢1oBa. Toxenas OpOHXUANbHAA ACTMA, OKUPEHUE, KUIIEYHBIN SHIOTOKCUH, 30HY/IHH.

INTRODUCTION there has been a significant increase in the
syntropy of these two conditions. The identi-
Bronchial asthma (BA) and obesity are  fication of a separate phenotype of asthma

widespread diseases, and in recent years With obesity indicates a significant contribu-
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tion of obesity in the course of asthmal. Ac-
cording to research data, the “obese asthma”
phenotype is characterized by a more severe
course, low level of disease control, resis-
tance to basic therapy, and frequent hospi-
talizations during exacerbations [1].

Severe asthma in combination with obe-
sity is characterized by specific pathophysi-
ological features of the inflammatory response,
where the role of intestinal endotoxin, along
with increased intestinal permeability, is insuf-
ficiently studied. Intestinal endotoxin is known
to be associated with both neutrophilic and
eosinophilic airway inflammation, airway hy-
perreactivity, and glucocorticosteroid — resis-
tance in asthma [2]. One of the modern direc-
tions considers the role of the intestinal micro-
biome and endotoxinemia in the formation of
a more severe course of bronchial asthma in
this group of patients. Zonulin is a protein that
controls the permeability of the intestinal
epithelial barrier [3]. Activation of the zonulin
pathway provokes the development of leaky
gut syndrome [4], and in combination with
endotoxinemia, through the intestine-lung axis
[5], it aggravates the course of bronchial
asthma in obese patients.

The clinical complex “severe bronchial
asthma — obesity — intestinal endotoxemia
and increased intestinal permeability (in-
creased zonulin levels)” is currently an ob-
ject of active study in terms of revealing its
pathogenetic comorbidity, prognostic risks
of the course of diseases and determining
patient management tactics.

MATERIALS AND METHODS

A study was conducted at the State
Budgetary Healthcare Institution of the

Tyumen Region “OKB No. 17 and the Fed-
eral State Budgetary Educational Institution
of Higher Education “Tyumen State Medical
University” of the Ministry of Health of the
Russian Federation involving 143 people
(98 patients were diagnosed with bronchial
asthma combined with obesity, 42 patients
in the comparison group were diagnosed
with obesity without bronchial asthma).
Inclusion criteria for the study: age 18 years
and older; duration of asthma for at least
one year prior to inclusion in the study;
verified diagnosis of mild and severe
asthma; obesity of grades I and II (BMI from
30 to 399 kg/m®); signed voluntary in-
formed consents. Exclusion criteria for the
study: bronchial asthma complicated by se-
vere somatic diseases in the decompensa-
tion stage; BMI less than 30 kg / m* and
more than 40 kg / m* other respiratory dis-
eases; pregnancy and / or lactation; use of
genetically engineered biological drugs;
smoking of the patient at the time of inclu-
sion in the study. According to the devel-
oped criteria, two main Study groups were
formed: Group 1 — mild asthma with obe-
sity (n = 47), Group 2 — severe asthma with
obesity (n = 51). The diagnosis, severity and
level of asthma control were established in
accordance with GINA 2023 and Russian
clinical guidelines “Bronchial ~Asthma”
(2021). The ACT (Asthma Control Test)
questionnaire was used to assess the level of
asthma control. The comparison group
consisted of 45 patients with obesity of
grades I and IT (BMI from 30 to 39.9 kg / m”)
without bronchial asthma. The clinical and
instrumental examination included: anthro-
pometric examination, spirography with a
bronchodilator (Spirolan device, Laname-
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dica LLC, Russia); general clinical laboratory
examinations, lipid spectrum (total choles-
terol (TC), triglycerides (TG), low-density
lipoproteins (LDL), high-density lipopro-
teins (HDL)), and C-reactive protein (high-
sensitivity method — hs) in blood serum
were performed using a Beckman Coulter
reagent kit (USA). The level of total IgE in
blood plasma was measured using a set of
test systems from the company NPO Diag-
nostic Systems (Russia). The study of TNF-a,
IFN-a, [L-4, 6, 10 was carried out using a set
of reagents from JSC Vector-Best JSC (Rus-
sia), the determination of the cytokine IL-17
was carried out using reagents from eBio-
science (USA). The level of intestinal en-
dotoxin in the systemic circulation was
studied using the micro-LAL test (Hycult
Biotech, Netherlands), the concentration of
zonulin in feces was determined using the
Immundiagnostik AG reagent kit (Ger-
many). Skin allergy tests were performed
using the scarification method (allergen ex-
tracts from NPO Mikrogen JSC, Russia). This
study was conducted in accordance with
the protocol approved by the local ethics
committee at the Federal State Budgetary
Educational Institution of Higher Education
“Tyumen State Medical University” of the
Ministry of Health of the Russian Federation
on 09.09.2022. The IBM SPSS Statistics 26.0
software package was used for data process-
ing. For descriptive statistics, the median
(Me) and interquartile range [Q1; Q3] were
used, where Q1 is the lower quartile (25 %)
and Q3 is the upper quartile (75 %). When
comparing quantitative indicators in the
three study groups, the Kruskal-Wallis test
with Bonferroni correction for multiple
comparisons was used; in two groups, the
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Mann - Whitney U test was used. Categori-
cal indicators in groups were compared us-
ing the %’ Pearson criterion and Fisher's
exact criterion. Analysis of correlation rela-
tionships was performed with the determi-
nation of the Spearman rank correlation
coefficient (rs). The strength of correlations
was assessed using the Chaddock scale. Dif-
ferences were considered statistically sig-
nificant at p <0.05.

RESULTS AND DISCUSSION

The study groups were comparable in
terms of gender (p = 0.628), age (p = 0.337),
anthropometric ~ parameters  (height
(p = 0.854), weight (p = 0952), BMI
(p = 0.727), waist volume (WC) (p = 0.275),
hip volume (HV) (p = 0.367), WC / HV in-
dex (p = 0.171)). The patients were pre-
dominantly female (more than 90 %). The
median age of patients in the first group
was 55 [50.5; 57.5] years, in the second -
03 [54; 67] years, in the comparison group —
01 [48; 66] years. When distributing patients
by the degree of obesity and the type of fat
deposition, patients with grade I obesity
(51 % and more) and with the android type
(WC / OB more than 0.85) of fat deposition
(88 % of cases and more) predominated. In
patients of groups 1 and 2, the median age
of asthma onset was 43 years, which indi-
cates a late onset of the underlying disease
in combination with obesity and is consis-
tent with data from other studies [6]. The
median duration of asthma was statistically
significantly (p = 0.013) higher in patients
with severe asthma in combination with
obesity and was 14 [10; 19] years, while in
patients of group 1 it was 10 [7; 16] years,
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which may indicate the effect of the duration
of asthma on the severity of the disease [7].

An analysis of the incidence of con-
comitant diseases in three groups was con-
ducted (Fig. 1). No statistically significant
differences were found in the spectrum of
concomitant pathology in patients in all
three groups (p > 0.05). The most common
concomitant pathology in patients with se-
vere bronchial asthma combined with obe-
sity was cardiovascular pathology (56.86 %),
arterial hypertension (89.66 %); ENT dis-
eases were less common — 41.18 % (AR -
80.96 %, CPRS The most common concomi-
tant pathology in patients with severe
bronchial asthma combined with obesity
was cardiovascular pathology (56.86 %),
arterial hypertension (89.66 %); ENT dis-
eases were less common - 41.18 % (nasal
allergy — 80.96 %, deep-rooted rhinosinusitis
polyposa — 9.52 %, combination of nasal
allergy and deep-rooted rhinosinusitis poly-
posa; pathology of endocrine system
(2549 %), of which the most common was
diabetes mellitus types 1 and 2 (7692 %)
took third place (see Fig. 1).

60 56.86

53.19

51.0
50 47.67
41.18
40 35.71
30 27'625.49
20
10
0 ;
ENT CVS Endocrine
organs system

Comparison group

The median level of peripheral blood
eosinophils in patients in the first group
was 280 [190; 358] cells per pl, in the
second — 250 [135; 380], in the comparison
group — 140 [95; 140]. The median level of
peripheral blood neutrophils in patients in
the first group was 5.6 [3.98; 6.475] (109/1),
in the second — 4.8 [4.1; 5.65] (109/1), in the
comparison group — 3.1 [2.5; 3.56] (109/1).
Statistically significantly higher levels of pe-
ripheral blood eosinophils and neutrophils
were found in patients with asthma com-
bined with obesity compared to obese pa-
tients without asthma (p < 0.001). The statis-
tically significant differences identified high-
light the contribution of these cells to
inflammatory processes in BA.

The median CRP hs level in the first
group was 4.23 [4.04; 4.63] mg/l, in the
second — 54 [4.9; 6.1], in the comparison
group — 34 [3.1; 3.67]. In three groups, the
values of CRP hs increased significantly and
were maximum in patients with severe
bronchial asthma (p < 0.001). The level of
other laboratory parameters among the
subjects was comparable (p > 0.05).

23.81

21.28 23.81
19.61 17.02 16.67
15.69 14.89
7.84
GlI. tract Hepato- LMS
biliary tract
Group 1 M Group 2

Fig. 1. Spectrum of concomitant pathology in the study groups
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The median level of total IgE for patients
in group 1 was 140.1 [107.65; 242.25] IU/ml,
in group 2 - 135.2 [112.75; 31045], and for
the comparison group — 1825 [10.1; 32.1].
There were no statistically significant differ-
ences in total IgE levels between patients with
asthma and obesity (p = 1.0). There were no
statistically significant differences in the pres-
ence and spectrum of sensitization between
patients in groups 1 and 2 (p > 0.05).

In patients of the 1st group and the
comparison group, the results of spirometry
did not reveal any disturbances in the me-
chanical properties of the external respira-
tory apparatus. Spirometry values for all sub-
jects are shown before the bronchodilator
test (Fig. 2). In subjects with severe asthma
combined with obesity, the FVC index was
within the normal range, while the FEV1 and
FEV1/FVC levels were below normal values,
indicating more pronounced obstruction in
patients with severe asthma combined with
obesity. Analysis of the parameters of exter-

;
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FVC, % of due

Comparison group M Group 1

FEV,

nal respiration function in all study groups
showed significant differences in such pa-
rameters as FVC (p <0.001), FEV1 (p <0.001)
and FEV1 / FVC (p < 0.001), with lower
values of these indicators in patients with
severe asthma combined with obesity.

The analysis of the level of asthma
control in the groups was based on the
AST test results. The median AST test result
in patients of the 1st group was 21 [19; 24]
points and was significantly higher (p < 0.001)
than the median AST test in patients of the
2nd group — 16 [10.5; 21] points.

In severe cases of asthma combined
with obesity, patients were more likely to
have uncontrolled disease — 58.8 %, while in
mild cases of asthma combined with obe-
sity, patients had partial control - 46.8 %. In
patients with TBA combined with obesity,
an uncontrolled course of the disease was
more common (p = 0.008) and less com-
mon in control (p = 0.009), compared with
subjects with a mild course of BA combined

88, s
[83,05; 93,65]

a

84, 62
[80,94;89,57]
69, 1

% [65,95;74,01]
[71,69;83,6]

78<
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[68,05; sz 45]

'
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Fig. 2. Main indicators of spirometry in patients of all study groups.

Note:

* — significance of differences when comparing groups pairwise using the Kruskal — Wallis

test with Bonferroni correction for multiple comparisons
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with obesity. A moderate-strength relation-
ship was observed between the compared
features (V= 0.320).

The study analyzed the spectrum of cy-
tokines in patients of all groups (Fig. 3). The
association of asthma with obesity, regard-
less of severity, was characterized by an in-
crease in plasma levels of TNF-c, IFN-y, IL-6,
IL-17, IL-4 (p < 0.05). Statistically signifi-
cantly higher levels of cytokines TNF-a,
IFN-y, IL-6, IL-17 and the lowest level of
IL-10 were found in patients with severe
asthma combined with obesity, compared to
subjects with mild asthma combined with
obesity (p < 0.001) and only obesity without
asthma (p < 0.001). This may indicate an ad-
ditional contribution of adipose tissue to
“low-intensity inflammation” and the sever-
ity of asthma in this category of patients.

All patients underwent analysis of se-
rum intestinal endotoxin and fecal zonulin
levels. Statistically significantly higher values
of the median level of intestinal intestinal
endotoxin in blood serum — 2.1 [1.85; 2.23]

2416,25; 28)*
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Interleukin-4, pg/ml
] 8

Group 1
12

Group 2 Comparison group
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8
742163;8,7%6]*
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EU/ml and fecal zonulin — 93 [83.45; 90]
ng/ml were obtained in patients with severe
bronchial asthma combined with obesity
(p <0.001). Kim and Baioumy also observed
increased zonulin levels in patients with
severe asthma in their studies [8; 9]

In a number of studies, the same trend
was observed with endotoxemia, which in-
creased with the severity of the course of
bronchial asthma [10; 11]. Higher concen-
trations of ET in patients with severe bron-
chial asthma may be associated with in-
creased shunt circulation due to frequent
use of SABA against the background of un-
controlled bronchial asthma [12].

In patients of the 2nd group, a correla-
tion analysis was performed of the level of
fecal zonulin and intestinal ET with the
main clinical, laboratory and instrumental
indicators, markers of systemic inflamma-
tion. The level of fecal zonulin was posi-
tively correlated with the level of intestinal
ET in patients with severe BA combined
with obesity (p < 0.001; s = 0.813).

1; 5,61

53155/
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ll.l|9.;15‘12,6|' 31236, 364]*
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Fig. 3. The level of cytokines in peripheral blood in patients of all study groups (a—e).
Note: p* — significance of differences when comparing groups pairwise using the Kruskal-Wallis test with
Bonferroni correction for multiple comparisons
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The identified correlation had a high
strength of connection according to the
Chaddock scale. It is known that in patients
with obesity, the intestinal microbial com-
position changes with a shift towards gram-
negative bacteria, which can lead to an in-
crease in the level of intestinal ET [13], an
increase in proinflammatory cytokines and
ultimately contribute to increased intestinal
permeability with an increase in the level of
fecal zonulin [14]. When assessing the cor-
relation relationships between fecal zonulin
and intestinal ET with anthropometric pa-
rameters in patients of group 2, statistically
significant direct correlations were estab-
lished with BMI (zonulin - p < 0.001,
rs = 0.820; ET — p < 0.001, s = 0.888), WC
(zonulin - p < 0.001, rs = 0.508; ET -
p < 0001, rs = 0.615), HC (zonulin —
p = 0001, rs = 0446, ET - p < 0.001,
rs = 0498), WC/HC ratio (zonulin -
p = 0046, rs = 0.281; ET - p = 0.005,
rs = 0.385). In studies by Moreno-Navarrete
[15] and Markl [10], positive correlations of
zonulin levels with anthropometric parame-
ters in obese patients were also observed.
Negative statistically significant associations
were found between the levels of fecal
zonulin and intestinal endotoxin with FEV1
(zonulin — p < 0.001, rs = -0.576; ET —
P =0002, rs =-0418), AST test results (zonu-
lin - p <0.001, rs = -0.704; ET - p < 0.001,
rs =-0.551) and a positive correlation with
the lack of disease control (zonulin —
p < 0001, rs = 0550, ET - p < 0.001,
rs = 0.302), a negative correlation was also
found between the level of zonulin and FVC
(» = 0.017; rs = -0.334) in patients with
severe asthma combined with obesity. In
patients of the 2nd group with an increase
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in the level of fecal zonulin and intestinal ET,
an increase in the level of hs-CRP (zonulin —
p < 0001, rs = 0.628; ET - p < 0.001,
rs = 0.533), TNF-a (zonulin - p < 0.001,
rs=0.594; ET - p = 0,002, rs = 0.433), IL-6
(zonulin — p < 0001, 75 = 0.645; ET — p < 0.001,
rs = 0.841), IL-17 (zonulin - p < 0.001,
rs=0.532; ET - p = 0.009, rs = 0.363), [FN-y
(zonulin — p < 0,001, s = 0.516; intestinal
ET - p =0.037, rs = 0.292) and a decrease
in the level of IL-10 (zonulin - p < 0.001,
rs = -0.556; ET — p = 0.001, 5 = —-0.439).
The correlations found ranged from weak
to strong according to the Chaddock scale.
Other studies have also found positive cor-
relations of zonulin levels with IL-6 [15; 10],
CRP [16], TNF-o. [17]. The release of proin-
flammatory cytokines by adipose tissue may
begin in response to an increase in circulat-
ing ET levels [18]. BolBneHHbIE KOppENd-
UM UMEIU OT CJIA0OM 0 BBICOKOH TeC-
HOTY CBA3U 110 mmKane Yeanoxa. B apyrux
UCCIEIOBAHUAX TAKKE OBUIA BBIABICHBI
TOJIOKUTENIBHBIE KOPPEAIIMN YPOBHS 30-
HynmuHa ¢ IL-6 [15; 16], CPB [16], TNF-a
[17]. According to previous studies, the
level of zonulin [15] and intestinal ET [19]
positively correlated with LDL (zonulin —
p < 0.001, rs = 0.674; ET - p < 0.001,
rs = 0.734) and negatively with HDL (zonu-
lin- p <0001, rs = -0537; ET - p <0001,
rs = -0.591), which was also revealed in our
study. When the level of ET increases, it is
likely that it is deposited in the “HDL+ET”
complex (LDL is represented in the blood
circulation) [12]. A study by Zhang et al. sug-
gested that zonulin increases adipose tissue
via the endocannabinoid pathway by increas-
ing intestinal wall permeability and subse-
quently developing dyslipidemia [20].
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CONCLUSIONS

Severe bronchial asthma (BA) in combi-
nation with obesity is characterized by certain
features — later onset, lack of BA control in
most patients, significantly lower FVC, FEV1,
FEV1 / FVC, standard sensitization profile,
higher levels of proinflammatory cytokines
(TNF-a, IL-6, IFN-y, IL-17), CRP, fecal zonulin,
intestinal ET, low IL-10 levels. The most
common concomitant disease in this group
of patients was arterial hypertension. In pa-
tients with severe asthma combined with
obesity, positive correlations were obtained
between the levels of fecal zonulin and intes-
tinal ET, indicating a relationship between
these two indicators.

When conducting a correlation analysis
in this group of patients with an increase in
the level of fecal zonulin and intestinal ET, an
increase in the level of CRPhs, TNF-q, IL-6,
IFN-y, IL-17, BMI, WC, HC, WC/HC, IDL, an
increase in the frequency of uncontrolled
asthma and a decrease in the level of IL-10,
FEV1, AST test, HDL were observed. The ob-
tained results allow us to speak about the ex-
istence of a clinical complex “severe bronchial
asthma — obesity — intestinal endotoxemia
and increased intestinal permeability”, which
is formed through the “intestine — lung” axis
and is characterized by the predominance of
proinflammatory markers, increased intestinal
ET and fecal zonulin levels, and reduced ex-
ternal respiratory function.
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Currently, the issues of treatment and prevention of cardiovascular diseases are still relevant, as cardiovascular
pathology remains one of the leading causes of disability and mortality in all developed countries of the world. In
the Russian Federation there is a high incidence of the diseases of the circulatory system, so they have the top
priority among health problems, despite a slight decrease in morbidity in recent years. The main purpose of this
review is to study the experience of applying the Mediterranean diet and its components in therapy and preven-
tion of cardiovascular pathology. Research method: we searched electronic databases PubMed, Scopus, Web of
Science, MedLine, Science Direct and eLIBRARY.RU using the following terms: "Mediterranean diet", "cardiovas-
cular diseases", "prevention of cardiovascular diseases", "diet therapy of cardiovascular diseases". On the basis of
numerous world clinical studies analysis, it can be assumed that the Mediterranean diet is one of the most reli-
able and well-studied in terms of prevention of cardiovascular pathology. The aim of this review is to draw the
attention of the medical community to such a long-known, extensively studied, scientifically confirmed, accessi-
ble and simple way of rationalizing daily nuttition as the consumption of elements of the Mediterranean diet in
the daily one. Further wide informing of patients about this way of nutrition from different specialists (general
practitioners, cardiologists, nutritionists, gerontologists and others) is required.

Keywords. Mediterranean diet; cardiovascular diseases; treatment of cardiovascular diseases; diet Therapy of
arterial hypertension; prevention of cardiovascular pathologies.

B Hacrosmee BpeMs BOIPOCH JIEUEHHUA U IPOMUIAKTUKY CEPAEYHO-COCYAUCTBIX 3200/IEBAHUIT HE TIOTEPSIIU
CBOCH aKTYaIbHOCTH, TAK KAK KAPAMOBACKY/IAPHAA ATOIOIMA 3AaHUMAET JUAUPYIOIKE O3ULUN CPEAY TIPU-
YUH YTPAThl TPYAOCIIOCOOHOCTU U CMEPTHOCTH HACENEHUA BO BCEX PA3BUTHIX CTPaHAX MuUpa. B Poccurickoit
dezepauy 60NE3HU CUCTEMBI KPOBOOOPAIIECHHUA, HECMOTPS Ha HEKOTOPOE CHIKEHUE 3200/1€BAEMOCTU B
IOC/IEAHUE TOIBL, TAKKE UMEIOT BBICOKYIO PaCIPOCTPAHEHHOCTD, OITOMY ABJAIOTCA NIPHUOPUTETHBIMY IIPO-
fieMamMu 31paBoOXpaHeHHA. OCHOBHOU LIEJBIO JaHHOTO 0030pa ABIAETCA M3YYEHHE OIBITA IPUMEHEHHA
CPEIU3EMHOMOPCKOH IUCTHL U €€ KOMIIOHEHTOB B TEPAIUU U NMPO(DUIAKTUKE KAPAUOBACKY/APHON MATONO-
M. BbUT BHITOMHEH MOUCK B 3MIEKTPOHHBIX 623aX faHHBIX PubMed, Scopus, Web of Science, MedLine, Science
Direct 1 eLIBRARY.RU Ha OCHOBE CIEAYIOIUX TEPMUHOB: «CPEAU3EMHOMOPCKAS JUETA», «KAPAUOBACKYIAD-
HBIE  3200NMEBAHKA», IPO(PUIAKTUKA CEPACYHO-COCYAUCTBIX 3a00NEBAHUID, «IUETOTEPANNA CEPACYHO-
COCYAUCTBIX 3200/1€BAHUIT>. AHAIU3 MHOKECTBA MUPOBBIX KIMHUYECKUX MCCIEAOBAHUN JAET BO3ZMOKHOCTD
IPEAIONOKUTD, YTO CPEAU3EMHOMOPCKAS JUETA ABIACTCA ONHON U3 HAUOO0/EE JOCTOBEPHBIX ¥ U3YYCHHBIX B
IVIAHE NPELOTBPALIEHNA CEPAEYHO-COCYAUCTON MATONOrHH. O630D CITYAKHUT LE/bIO PUBIEYEHN BHUMAHKA
MEJULMHCKOIO COOOMECTBA K TAKOMY JABHO M3BECTHOMY, MHOI'OCTOPOHHE M3Y4CHHOMY, HAYYHO HOATBEP-
JKICHHOMY, JOCTYITHOMY M IPOCTOMY CIOCOOY PALMOHAIN3ALMA HOBCEAHEBHOIO IUTAHUA, KAK BKIIOYCHHE
3IEMEHTOB CPEAU3EMHOMOPCKOM JUETHL B palloH. Heo6xouMo AanbHemee MUpoKkoe NHHOPMUPOBAHUE
IALKEHTOB 00 3TOM CIOCOOE IUTAHUA CO CTOPOHBI BPAYeH PA3HOIO MPO(MIA (TEPANEBTOB, KAPAUOIOIOB,
Bpadelt 00IIEN PAKTUKY, JUETOIOTOB, HYTPUIIONOTOB, TEPOHTOJIOTOB U JIPYTHX).

Kirouessie c1oBa. CpeIu3eMHOMOPCKAS AUETA, KAPAUOBACKY/APHBIE 3200/1CBAHNSA, ICYCHUE KAPAUOBACKY-
JEPHBIX 3a00JIEBAHUY, AUETOTEPANHUA CEPAECYHO-COCYAUCTBIX 3a00JMEBAHNY, NIPOMMIAKTHKA KAPIHOBACKY-
JIPHBIX IIATOIOTU.

46



Perm Medical Journal

2024 volume XLI no. 5

INTRODUCTION

Prevention and comprehensive treat-
ment of cardiovascular pathology, in addi-
tion to drug therapy, should include manda-
tory modification of lifestyle and nutrition.
According to the National Health and Nutri-
tion Examination Surveys, disturbances in
habitual eating patterns have been associ-
ated with the development of metabolic
and cardiac pathologies. Among them, the
most significant were: excessive sodium
consumption, a reduction in the amount of
nuts and foods rich in omega-3 fatty acids
in the daily diet, frequent consumption of
processed meat, a small amount of vegeta-
bles and fruit in the diet, and regular con-
sumption of artificially sweetened bever-
ages. It has been proven that refined carbo-
hydrates can “displace” more nutritious and
healthy foods from the diet [1]. Due to the
high role of alimentary factors as triggers of
the development of cardiovascular pathol-
ogy, in different years, Russian and foreign
authors have proposed many different op-
tions for corrective nutrition [2]. They share
many common principles, the main ones
are reducing excess consumption of proc-
essed foods, using fresh whole ingredients,
limiting consumption of foods with high
amounts of sugar, and eliminating fast food
from the diet [3].

The Mediterranean diet is one of the
most studied and proven types of modern
therapeutic nutrition in terms of cardiopro-
tection [4]. It was formulated in the 1950s in
the Seven Countries study, which for the first

time identified the paradoxical fact that
among the poor population of Mediterra-
nean countries, which consumes a fairly
large amount of fat in their daily diet, there
was a low mortality rate from cardiovascular
diseases, which served as an impetus for
studying their diet and the possibility of us-
ing its components in the treatment (and
prevention among risk groups) of cardiac
pathology [5]. This type of diet is not based
on calorie restriction, but rather on the con-
sumption of a certain list of recommended
foods, mainly of plant origin, rich in polyun-
saturated fatty acids and fiber, olive oil, milk,
cheese and eggs, weekly inclusion of seafood
and lean meat in the diet and moderate con-
sumption of wine, as well as limiting the
amount of red meat, saturated fats and flour
products in the diet [6; 7).

The main objective of this review is to
study the experience of using the Mediter-
ranean diet and its components in the
treatment and prevention of cardiovascular
pathology.

REVIEW OF MAIN COMPONENTS
OF MEDITERRANEAN DIET AND THEIR ROLE
IN PREVENTION OF CARDIOVASCULAR DISEASES

If we analyze the role of individual
components of the Mediterranean diet, we
should note the special importance of eat-
ing olive oil and nuts, which in a number of
studies have shown a reliable effect in re-
ducing the risk of cardiovascular events [8].
Olive oil is the main source of fat in the
Mediterranean diet. The broad spectrum of

47



LITERATURE REVIEW

antiatherogenic effects associated with olive
oil consumption may help explain the low
cardiovascular mortality rate in patients
with this diet. The benefits of olive oil con-
sumption are not limited to just lowering
LDL cholesterol. Olive oil has been shown
to have positive effects on inflammation,
oxidative damage, endothelial dysfunction,
blood pressure, thrombosis, and carbohy-
drate metabolism [8].

Eating nuts also has a beneficial effect
on the functioning of many systems and
organs, including the cardiovascular system.
Due to the unique profile of fatty acids con-
tained in nuts and their derivatives (peanut
butter, etc.), the level of total cholesterol
and low-density lipoprotein cholesterol was
significantly reduced, and the ratio of low-
and high-density lipoproteins was im-
proved. In this regard, the likelihood of de-
veloping atherosclerosis of blood vessels,
including coronary ones, is significantly re-
duced, which, in turn, prevents the occur-
rence of cardiovascular events [9).

Dairy products are also important
components of the Mediterranean diet.
Their role continues to be debated, and the
effect of fresh milk on the human body,
which changes with age, is not fully under-
stood. However, based on the results of re-
cent large randomized controlled trials, it
can be said that the positive effects out-
weigh the negative ones [9]. There is evi-
dence that cheese consumption is associ-
ated with a reduced risk of cardiovascular
disease. This may be related to the latter's
ability to reduce LDL levels [10]. However,
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the data presented in the described studies
is currently quite scarce, and the question of
the influence of dairy products on the car-
diovascular system remains open and re-
quires new scientific research.

Products based on grain crops have
been one of the main components of the
human diet since ancient times. Dietary
guidelines strongly recommend the inclu-
sion of whole grains in the diet of patients
of all ages, as evidence has grown in recent
years that whole grains and whole grain-
based products have the ability to improve
many parameters of human health beyond
simply providing energy and nutrients [11].
One study also found that high whole grain
consumption reduced the risk of cardiovas-
cular disease compared to those who con-
sumed grains in insufficient quantities. At
the same time, it was identified that people
who consumed refined grain products did
not have a change in the risk of developing
cardiovascular pathology [12].

It is important to note the beneficial
properties of fruits and vegetables as the
main elements of the Mediterranean diet.
Numerous studies have accumulated to
show their effectiveness in reducing cardio-
vascular risk [13; 14]. The advantage of
these products also lies in the fact that they
are quite accessible to the population of
most countries, including residents of the
Russian Federation. The following vegeta-
bles and fruits have shown and proven the
greatest  effectiveness:  apple, avocado,
pomegranate, grapes. The proposed
mechanism for risk reduction is through
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protection of the vascular endothelium,
modulation of blood pressure, reduction of
oxidative stress and reduction of chronic
inflammation [15].

Another component of the Mediterra-
nean diet that has a cardioprotective effect is
table red wine, taken in moderation, no
more than two glasses a day. The term
"French paradox" was coined in 1992 to de-
scribe the relatively low incidence of cardio-
vascular disease in French people despite
their relatively high dietary intake of satu-
rated fat. This paradox could be explained by
the moderate consumption of natural red
grape wine, which was popular among the
French. Later, through several clinical studies,
it was established that wine has multiple ef-
fects on all phases of the atherosclerotic
process — from atherogenesis to plaque rup-
ture and vascular occlusion [16-18].

Having considered all the main compo-
nents of the Mediterranean diet, it is impor-
tant to note that, despite the proven role of
each product and the substances it contains
in preventing the development of cardiac
pathology, the greatest preventive effect of
the diet is achieved precisely due to their
complex action and long-term adherence to
them in the diet, especially in combination
with a healthy lifestyle [19-21].

The role of the Mediterranean diet in
the treatment and prevention of circulatory
diseases is reflected in a number of large
studies [22-26]. One of the most well-known
studies on the Mediterranean diet is the
PREDIMED project. A 2003 study included
7447 participants aged 55 to 80 years, 43 %

men and 57 % women, who had risk factors
for cardiovascular disease, namely dyslipi-
demia, obesity, type 2 diabetes, and a family
history of cardiovascular disease. According
to the results of the work, with adherence to
the Mediterranean type of diet, the risk of
development, progression and mortality
from cardiovascular pathology is significantly
reduced, the effect of the diet was compara-
ble to the therapy of arterial hypertension
with ACE inhibitors and beta-blockers.

The SUN (Seguimiento Universidad de
Navarra (University of Navarra)) project pre-
sented a prospective cohort study conducted
in Spain among university graduates [27].
The study followed 13,609 participants (60 %
women, mean age 38 years) without cardio-
vascular disease (CVD) for 4.9 years. Respon-
dents were given a 130-item questionnaire
on the frequency of consumption of various
foods, assessed on a 9-point scale. During the
observation period, 100 cases of cardiovas-
cular diseases were registered. In multivariate
analyses, participants with the highest ad-
herence to the Mediterranean diet (score >
0) demonstrated lower cardiovascular risk
(odds ratio = 041, 95 % confidence interval
[CI}: 0.18-0.95) compared with those with
the lowest score (< 3). For each 2-point in-
crease, the adjusted hazard ratios were 0.80
(95 % CL 0.62-1.02) for total CVD and 0.74
(CL: 0.55-0.99) for coronary heart disease.
This study demonstrated how adherence to
Mediterranean diet foods reduces the risk of
cardiovascular disease.

The EPIC Norfolk (European Prospec-
tive Investigation of Cancer) study, con-
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ducted in the UK on 23902 participants
over 12.2 years, also proved the role of the
Mediterranean diet in preventing mortality
from cardiovascular disease [28]. Based on
the obtained results, it was suggested that
overall cardiovascular morbidity and mor-
tality may be reduced by increasing adher-
ence to the Mediterranean diet.

Data from several studies have con-
vincingly proven [29-32] that rational nu-
trition is a key factor in promoting a healthy
lifestyle and preventing many chronic dis-
eases. In particular, a large number of stud-
ies have established the protective effect of
the Mediterranean diet against a number of
chronic diseases, including diabetes, cardio-
vascular disease, cancer, aging disorders, as
well as against overall mortality.

Currently, the role of nutritionology as
a system of knowledge about proper nutri-
tion for a patient who does not have a
clinically developed picture of the disease,
but has risk factors, including cardiovascu-
lar pathology, is increasing [33]. Modern
clinical studies confirm that elements of the
Mediterranean diet have a cardioprotective
effect and are capable of exerting a positive
therapeutic and preventive effect on car-
diovascular pathology [34]. The Mediterra-
nean diet is recommended and included in
the list of mandatory non-drug recommen-
dations in Russia and other countries [35;
36]. However, there remains insufficient
awareness among both the population and
doctors about the benefits of this type of
diet for reducing the risk of developing and
progressing cardiovascular diseases [37; 38].
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CONCLUSIONS

Based on numerous global clinical
studies, it can be assumed that the Mediter-
ranean diet is one of the most reliable and
studied in terms of preventing cardiovascu-
lar pathology. Many authors have confirmed
(in the PubMed database for the period
from 2020 to May 2024 alone, there are
5649 publications for the query mediterra-
nean diet, 672 for the query mediterranean
diet and hypertension, and 836 for the
query mediterranean diet and cardiovascu-
lar prevention) that the Mediterranean diet
reduces the risks of developing coronary
heart disease and heart failure, along with a
reduction in overall mortality from cardio-
vascular disease, which once again empha-
sizes the relevance of this literature review.

The use of elements of the Mediterra-
nean diet in the general scheme of meas-
ures for the prevention and treatment of
cardiovascular pathology shows a positive
effect. Recognition of the health benefits of
the Mediterranean diet has made its wide-
spread adoption an urgent priority. Despite
the difficulties associated with adherence to
this diet, such as the financial capabilities of
the population, the eating habits and pref-
erences of certain peoples and social
groups, the unavailability of some products
on a permanent basis, the Mediterranean
diet can be called one of the most conven-
ient of the therapeutic diets with a certain
plasticity, where it is not necessary to com-
pletely change your diet, but only to follow
the principles of choosing products.
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This review serves the purpose of
drawing the attention of the medical com-
munity to such a long-known, comprehen-
sively studied, scientifically proven, accessi-
ble and simple way of rationalizing everyday
nutrition as the inclusion of elements of the
Mediterranean diet in the diet. Further
widespread information of patients about
this way of nutrition is necessary from doc-
tors of various profiles (therapists, cardiolo-
gists, general practitioners, dietitians, nutri-
tionists, gerontologists and others).
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INFLUENCE OF INTESTINAL MICROBIOTA ON THE METABOLISM
OF MAIN CARDIOTROPIC DRUGS

M.S. Stepanov
E.A. Vagner Perm State Medical University, Russian Federation

BJIMAHUE MUKPOBHOTbI KHINEYHUKA HA METABOJIN3M
OCHOBHDBIX KAPTUOTPOIIHDBIX ITPEITAPATOB

M.C. Cmenanog

Ilepmckuii 20cyoapcmeenbiii MeOUUUHCKULL yHusepcumem umeny axaoemuxa E.A. Bazuepa,
Poccutickasn @eoepauus

The intestinal microbiota is one of the most important pathogenetic links in the development of cardiovascu-
lar diseases. Every year the world scientific community finds new interactions at the level of signaling mole-
cules, metabolites and microorganisms, identifying more and more patterns and cause-and-effect relation-
ships which indicate the commonality of the intestinal microbiota (GM) and cardiovascular diseases. The
state of the host's intestinal community, its qualitative and quantitative composition, directly and indirectly af-
fects the fundamental pathogenetic mechanisms of the development of cardiovascular diseases.

Despite the fact that there are scientifically based methods of treatment, cardiovascular diseases remain the
leading cause of death in the world. This phenomenon is partly due to wide variations in individual response
to cardiovascular drugs. The pharmacological effects of cardiotropic drugs are quite different even within
groups of patients comparable in age and gender. Every year intestinal microbiota is more and more evident
to be responsible for this intraspecific variability.

Gut microbes influence drug metabolism in several pharmacokinetic ways, and conversely, drugs can have
significant effects on the microbiome and therefore pharmacodynamic processes. Drugs can alter the gut mi-
croenvironment and microbial metabolism, influence bacterial growth, thereby changing the composition
and functions of the microbial community.

One of the most important functions of GM, related to “intestinal-cardiovascular system”, is participation in
the metabolism of major cardiotropic medications, such as digoxin, statins, ezetimibe, antithrombotic drugs,
calcium channel blockers (CCBs), beta blockers (BB), gliflozins and inhibitors of the renin-angiotensin-
aldosterone system (RAAS).

Keywords. Gut microbiota, alpha diversity, beta diversity, short-chain fatty acids, statins, ezetimibe, gliflozins,
Bacteroides, Firmicutes.
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MHUKpOOUOTA KUIIEUHHKA ABIAETCS OfHUM M3 BOKHEHIINX NATOIEHETUYECKUX 3BEHBEB B PA3BUTHH CEPEY-
HO-COCYJUCTBIX 3200/1€BAHUY. C KDKIBIM F'OJOM HAYYHOE MUPOBOE COOOIECTBO HAXOAUT HOBBIE B3AUMOJEI-
CTBUS HA YPOBHE CUTHAIBHBIX MOJIEKY/, METAOOMUTOB U MUKPOOPIaHU3MOB, BBIAB/IAL BCE OOJMbIIE 3aKOHO-
MEPHOCTEN U NPUYMHHO-C/IEACTBEHHBIX CBA3EH, YKA3BIBAOMMX HA OOIIHOCTD MUKPOOMOTHI KUIIEYHUKA U
CEPAEYHO-COCYAUCTBIX 3200/eBaHui. COCTOAHUE KUIIEYHOIO COOOIIECTBA XO3AUHA, €I0 KAYECTBEHHBI U
KOJIMYECTBEHHBII COCTAB HAIPAMYIO U OINOCPELOBAHHO BIMAET HA (DYHAAMEHTAIBHBIE I1ATOTCHETUYECKUE
MEXAHHU3MbI PA3BUTHA KAPAUMOBACKY/IAPHBIX 3460/ICBAHHIL

HecMoTps Ha CyImeCTBOBAHME HAYYHO OOOCHOBAHHBIX METOZOB JIEYCHUH, CEPACYHO-COCYAUCTRIE 3200/1€Ba-
HUS OCTAIOTCA BEAYILEH IPUYUHON CMEPTU BO BceM Mupe. YaCTUYHO 3TOT (PeHOMEH OOYC/IOBIEH MUPOKUMU
MHVBHAYAIbHBIMA PA3IUIMAME B PEAKLMM HA CEPAEYHO-COCYAUCTHIE IPenaparsl. PapMaKoIOrnyecKue
3(pEKTl KAPAUOTPOIHBIX IIPENAPATOB IPOABIAIOTCA I10-PA3HOMY Y JIOAEH, CTPAJAOMUX OT CEPACYHO-
COCYIUCTBIX 3200JIEBAHNI, JAXKE BHYTPU COIIOCTABUMBIX 10 BO3PACTY U NOJY IPyHIL C KLKABIM TOLOM IOSB-
JIETCA BCE OOJbIIE JAHHBIX O TOM, YTO 32 3Ty BHYTPUBHOBYIO MU3MEHUYMBOCTb OTBETCTBCHHA MUKPOOMOTA
KHIIECYHUKA.

Kuieunsie MUKPOOBI BIUAIOT HA META00U3M JICKAPCTB MOCPECTBOM HECKOMBKUX (DAPMAKOKUHETHIECKUX
IyTEH, 1 HA000POT — JIEKAPCTBA MOI'YT OKA3bIBATh 3HAUMMOE BIMAHUE HA MUKPOOMOM U, CIEJOBATEIBHO, Ha
(hapMAKOAMHAMUYECKUE TIPOLIECCHL JIEKAPCTBEHHBIE MPENAPATHL MOTYT U3MEHATD MUKPOOKPYKEHUE KUIIEY-
HUKA, MUKPOOHBII META00/IU3M U BIMATH Ha POCT GAKTEPUIL, TEM CAMBIM U3MEHAA COCTAB U (DYHKIIUU MUK-
POBHOTO COOOIIECTBA.

OnHOM U3 BUKHEMIMX (PYHKIMI MAKPOOUOTBI KUIIEYHUKA, TIPE/ICTABIIONIEN HHTEPEC B TVIOCKOCTH «KUIEYHUK —
CEPIEYHO-COCYAUCTAT CUCTEMA, BJLICTC YUACTUE B META00/M3ME OCHOBHBIX KAPAUOTPOIHBIX NPENAPATOB, TAKUX
KAK JIATOKCHH, CTATHHBI, 33€TEMHUO, aHTUTPOMOOTHYECKHE IPENIAPATB, ONOKATOPHI KUIBIMEBBIX KaHAIOB (BKK), 6eTa-
6noxatops! (bb), IM(IO3UHBL X IHIMOUTOPB PEHUH-AHTMOTEH3MH-AIB0CTEPOHOBO crCTeMbI (PAAC).
KiroueBsle c10Ba. MUKpOOMOTA KUIIEYHUKA, alb(a-pasHOOOpasue, 6€Ta-pasHo00pasue, KOPOTKOLENO-
YEYHBIE JKUPHBIE KUCIOTBL, CTATUHBI, 33¢TUMUO, IMU(IO3UHBL, Bacteroides, Firmicutes.

INTRODUCTION emerging that the intestinal microbiota (IM) is

responsible for this intraspecific variability.

Despite the existence of evidence-
based treatments, cardiovascular disease
remains the leading cause of death world-
wide. This phenomenon is due in part to
wide individual differences in response to
cardiovascular drugs. For example, genetic
variations in metabolic enzymes such as
cytochrome P-450 have been shown to
alter the metabolism, transport, and even
the site of drug application and can be
used to predict individual responses, pet-
sonalizing drug therapy [1; 2].

The pharmacological effects of car-
diotropic drugs manifest themselves differently
in people suffering from cardiovascular dis-
eases, even within age- and gender-matched
groups. Every year, more and more data are

Gut microbes influence drug metabo-
lism through several well-known pharma-
cokinetic pathways, including the produc-
tion of microbial enzymes that transform
drug molecules, the production of micro-
bial metabolites that interfere with drug
metabolism, the alteration of inflammatory
pathways that alter host gene expression,
and the modification of host genes or en-
zymes that metabolize drugs [3]. Con-
versely, drugs can have significant effects
on the microbiome and, consequently, on
pharmacodynamic processes. Drugs can
alter the gut microenvironment, alter mi-
crobial metabolism, and influence bacterial
growth, thereby altering the composition
and function of the microbial community.
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One of the most important functions of
MC, which is of interest in the “gut — cardio-
vascular system” plane, is participation in the
metabolism of the main cardiotropic drugs,
such as digoxin, statins, ezetimibe, antiplate-
let agents, anticoagulants, calcium channel
blockers (CCB), beta-blockers (BB), gliflozins
and renin-angiotensin-aldosterone  system
(RAAS) inhibitors [4-6).

ACETYLSALICYLIC ACID

A large number of studies have found
that antibiotic use can alter the pharmacol-
ogical effects of aspirin. These changes are
due to the ability of the gut microbiota to me-
tabolize acetylsalicylic acid, converting it into
an intermediate substance, salicylic acid. The
first studies [7] showed a connection between
the increase in the antithrombotic activity of
aspirin in rats and the intake of ampicillin.
Limiting the intestinal microbial landscape
changed the pharmacokinetics of acetylsali-
cylic acid. Antibacterial therapy significantly
reduced the activity of intestinal microbial
metabolism and thereby prolonged the bleed-
ing time in rats receiving aspirin. These data
suggest that concomitant use of antibiotics
and antiplatelet agents may mutually modu-
late metabolism and pharmacokinetics by
suppressing the metabolic activity of intestinal
microbiota, which may enhance therapeutic
efficacy. Another study found that rats given
aspirin and amoxicillin had reduced counts of
Helicobacter pylori and Prevotella copri. These
parameters affected metabolic activity by re-
ducing the rate and amount of aspirin con-
verted to the metabolite salicylic acid [8],
which in turn led to increased plasma aspirin
concentrations. In 2020, Zhao et al. found
that Lysimibacillus sphaericus affected the
bioavailability of aspirin by destroying it [9].

56

Germ-free mice fed L. spaericus had lower
plasma aspirin levels than controls. The study
[10] found that the type of medication taken
has a much greater impact on the gut micro-
biome than the amount of medication taken.
NSAIDs, particularly aspirin, were particularly
associated with distinct microbial popula-
tions. Four operational taxonomic units
(OTUs) (Prevotella, Bacteroides, Ruminoco-
caceae, Barnesiella) distinguished aspirin us-
ers from nonusers.

CLOPIDOGREL

Clopidogrel was nominally associated
with multiple gut microbiota profiles in the
United Kingdom Twins cohort, suggesting
potential interactions between clopidogrel
and the gut microbiome [11]. In another
large population metagenomic analysis,
clopidogrel was classified as a class of plate-
let inhibitors that was associated with in-
creased microbial diversity. Finally, me-
tabolomic analysis of plasma metabotypes
(groups of metabolically similar metabo-
lites) revealed a potential role of dysbiotic
MC in inducing adverse drug events causing
high platelet reactivity, which hinders the
achievement of therapeutic outcome.
Plasma metabotypes contained metabolites
associated with dysbiotic MC, such as cho-
line, trimethylamine, and L-phenylalanine.
Although high platelet reactivity during
treatment is multifactorial, it is associated
with gut microbiome dysbiosis [12].

STATINS

The efficacy of statins has been demon-
strated in numerous randomized trials, but
there is evidence that their use increases the
risk of developing type 2 diabetes [13]. Type
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2 diabetes is a multifactorial disease, and
recent studies have highlighted the impor-
tance of the gut microbiome in its devel-
opment [14]. A study investigating statin
treatment in a mouse model revealed pro-
found changes in the gut microbial compo-
sition. The composition of the microbial
landscape of the microbiota was altered,
increasing the proportion of Bacteroides
and decreasing the presence of the gram-
positive phylum Firmicutes. This shifts the
microbiota toward a higher energy produc-
tion capacity (from butyrate to acetate, lac-
tate, and succinate), similar to what is ob-
served in MC associated with diet-induced
obesity [15]. Statin therapy, in addition to its
primary effect of inhibiting HMG-CoA re-
ductase, is supported by a number of plei-
otropic properties. On the one hand, there
is a growing literature demonstrating a re-
duced risk of bacterial infection in patients
taking statins. Retrospective studies have
shown that statins can reduce mortality in
patients with pneumonia and sepsis, and
reduce the risk of postoperative infections
[16]. One study in hospitalized patients
found a reduced risk of developing Clos-
tridial C. difficile (a member of the Fir-
micutes phylum) infection in those taking
statins [17]. Atorvastatin increased bacterial
diversity in rats fed a high-fat diet com-
pared with levels observed in controls fed a
normal diet [18]. Conversely, MC has been
shown to influence the cholesterol-
lowering effect of atorvastatin. In antibiotic-
induced microbiome-depleted mice, the
lipid-lowering effect of atorvastatin was re-
duced and the expression of genes regulat-
ing cholesterol levels in the liver and intes-
tine (Ldlr, Srebp2, and Npclll) was altered
[19]. In addition to the effects on choles-

terol levels, mouse models show changes in
intestinal bile acid levels that the authors
suggest are related to MC. Bacteria are re-
quired to enzymatically catalyze bile acid
deconjugation so that bile can be passively
absorbed from the intestine into the sys-
temic circulation [20]. In hypercholes-
terolemic humans treated with atorvastatin,
the drug helped restore the relative abun-
dance of several dominant and important
taxa, such as Faecalibacterium prausnitzi
and Akkermansia muciniphila, which were
significantly reduced at baseline in hyper-
cholesterolemic individuals [21]. Incubation
of lovastatin with human and rat fecalase
preparations revealed four metabolites: the
demethylbutyryl metabolite, the hydroxy-
lated metabolite, the active metabolite of
the hydroxy acid M8, and the hydroxylated
M8 [22]. In rats concomitantly treated with
antibiotics, the systemic concentration of
the active metabolite M8 was lower. These
results suggest that gut microbes may be
involved in the metabolism of lovastatin,
and antibiotic treatment may reduce the
biotransformation of orally administered
lovastatin by gut bacteria. In a mouse study,
rosuvastatin treatment significantly affected
bile acid metabolism [23]. In rats, dysbiosis
was associated with decreased efficacy of
rosuvastatin, as reflected by a smaller reduc-
tion in blood LDL levels [24]. These studies
showed that rosuvastatin affects the micro-
bial composition of the gut, prompting fur-
ther studies in humans. The first study
found that the efficacy of rosuvastatin was
associated with microbial variations in the
community composition. Sixty-four patients
with hyperlipidemia were treated with
rosuvastatin (10 mg / day) and divided into
rosuvastatin responders and non-respon-
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ders based on blood lipid levels above or
below normal. The gut microbiome from
collected feces differed significantly, with
rosuvastatin - responders having higher
abundance of Firmicutes, butyrate-pro-
ducing bacteria such as Ruminococcaceae,
Lachnospiraceae, Clostridiaceae, and lower
abundance of Bacteroidetes [25]. The second
study presents conflicting data, as faecal
samples from a randomized control trial of
06 participants receiving rosuvastatin (20 mg
/ day) or placebo did not reveal any signifi-
cant changes in microbial composition.
However, changes in the expression of mi-
crobial genes encoding proteins associated
with the choline / betaine — TMA pathway
were detected, suggesting that rosuvastatin
affects gut microbial metabolism [26]. In a
systematic evaluation of small molecules,
Kaddurah-Daouk et al. examined the corre-
lation between baseline metabolite levels
and therapeutic efficacy of simvastatin in
100 subjects to predict response to statin
treatment [27]. The results indicate that mi-
crobial-derived secondary bile acids, includ-
ing taurocholic and glycocholic acids, as well
as coprostanol, can predict the LDL-lowering
effect of simvastatin, indicating a microbial
effect on the gut. Coprostanol, used as a
biomarker for the presence of human feces,
is produced by intestinal bacteria by hy-
droxylation of cholesterol [28]. Results sug-
gest that patients with higher levels of
coprostanol-producing  bacteria  before
treatment will respond better to statins. In
addition, simvastatin appears to have anti-
bacterial activity against many Gram-positive
bacteria such as staphylococcus and strepto-
coccus, making the drug a good candidate
for future studies as an antimicrobial resis-
tance breaker [29].
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ANGIOTENSIN CONVERTING ENZYME
INHIBITORS

Comparative use of captopril and lisi-
nopril in an experiment on mice allowed us
to establish that animals that received cap-
topril for a week had a significant decrease
in body weight. Weight loss is associated
with changes in their intestinal microbiome
with a predominance of the anaerobic
metabolic pathway. In the work [30], capto-
pril therapy decreased vascular wall perme-
ability, reduced fibrosis, caused reverse re-
modeling of the muscle layer, and even par-
tially restored the length of intestinal
epithelial villi in rats with spontaneous and
angiotensin-Il-induced arterial hypertension.
In animal experiments, benazepril increases
the species diversity of microflora, bringing
its composition closer to the normoflora, in
contrast to the flora characteristic of "hyper-
tensive" rats. However, enalapril therapy in
the experiment did not reveal reliable differ-
ences in the intestinal microbiome of rats,
but at the same time, a decrease in the con-
centration of the toxic metabolite TMAQO,
which is associated with an increase in car-
diovascular risk, was recorded in blood sam-
ples. Captopril was shown to modulate the
intestinal microbiota in rats. Another study
in rats revealed an increase in the number of
bacteria during captopril treatment even af-
ter its discontinuation [31]. The authors sug-
gest that these results demonstrate that long-
term exposure to captopril is associated with
changes in MC. In addition to the long-term
effect of captopril, another study in rats
shows that maternal treatment with this
drug reduces hypertension in male offspring
by altering microflora, particularly the orders
Clostridiales and Erysipelotrichales [32]. Thus,
captopril has been shown to affect MC with
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long-lasting and potentially transgenera-
tional effects. Similar changes in MC were
observed in a rat study with benazepril,
where the authors noted changes in the ratio
of Firmicutes to Bacteroidetes, as well as Coc-
cus to Bacillus [33).

ANGIOTENSIN RECEPTOR BLOCKERS

Angiotensin receptor blockers as a class
have evidence of effects on MC. Telmisartan
reduced colonic inflammation in rats with
colitis [34]. The finding that telmisartan re-
duced colonic inflammation led to investiga-
tion of the drug's effects on atherosclerosis
[35]. In mice, a high-fat diet was associated
with lower colonic microbial diversity. How-
ever, telmisartan treatment restored the in-
duced dysbiotic Firmicutes | Bacteroidetes
ratio, leading to subsequent beneficial effects.
In fact, telmisartan was more effective than
the probiotic Lactobacillus rhamnosus in
altering  MC. Candesartan and losartan
treatment in hypertensive mice similarly re-
stored the altered Firmicutes / Bacteroidetes
ratio and protected against hypertension-
induced intestinal  pathophysiological
changes [30]. Irbesartan improves stress-
induced microbiota changes. Stress markedly
reduces the percentage of faecal taxa,
whereas irbesartan treatment corrects these
changes in community structure [37]. In con-
trast, olmesartan has a unique side effect
called sprue-like enteropathy, which is char-
acterized by chronic diarrhea, weight loss,
and biopsy revealing villous atrophy and
mucosal inflammation. In patients followed
at the Mayo Clinic, discontinuation of olme-
sartan improved symptoms and resulted in
histologic recovery [38]. It is unclear why the
gastrointestinal effects of olmesartan differ
from those of other ARBs such as telmisar-

tan, candesartan, losartan, and irbesartan,
which have beneficial effects on MC.

CALCIUM CHANNEL BLOCKERS

Amlodipine is a dihydropyridine cal-
cium channel blocker that is commonly
prescribed for the treatment of hyperten-
sion and coronary heart disease. A study by
Yoo et al. reported the metabolism of am-
lodipine upon incubation with human feca-
lase, indicating the involvement of gut mi-
crobiota in amlodipine metabolism [39].
Unchanged amlodipine was reduced by 9 %
upon 24-hour incubation with human feca-
lase. In addition, it was found that antibiotic
administration can increase the bioavailabil-
ity of amlodipine in rats. At ampicillin doses
of 10 and 20 mg/kg, the concentration of
amlodipine in plasma increased by 42 and
133 %, compared with the corresponding
data of the control group. Amlodipine itself
also has bactericidal properties. Of the
504 bacterial strains tested, amlodipine had
varying degrees of antimicrobial activity,
most notably  against  Staphylococcus
aureus, Vibrio cholerae, Vibrio parabemo-
Iyticus, Shigella species, Salmonella species,
and Bacillus species [40]. Song et al reported
a reduction in gastrointestinal side effects
with amlodipine plus probiotics. Amlodip-
ine, like bacterial dysbiosis, is associated
with diarrhea. The known side effect and
the association between dysbiosis and diat-
rhea prompted the authors to investigate
amlodipine and probiotics in a rat model.
The probiotic mixture alleviated intestinal
complications and induced changes in MC
composition in rats. An et al. investigated
what metabolite changes occurred due to
induced changes in microbiota composition
in mice treated with amlodipine compared
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to amlodipine and probiotics [41]. The lipid
metabolic profile was altered in mice
treated with amlodipine, with cholesterol,
phosphatidylcholines, and triglycerides with
a high number of double bonds increased in
total. The amlodipine group also showed a
reduction in triglycerides with few double
bonds. The authors believed that amlodip-
ine alters the composition and balance of
metabolites produced by bacteria that ulti-
mately contribute to gastrointestinal side
effects. Similarly, nifedipine and nimodip-
ine, the calcium channel blockers, have
been investigated for antimicrobial proper-
ties. Due to the high permeability of ni-
modipine through the gastrointestinal tract,
the study examined its bacterial degrada-
tion in dilutions with human feces. Using
colonic bacteria as a model, Vertzoni et al.
observed rapid degradation of nimodipine
in feces [42]. More recently, Zhang et al.
demonstrated that gut microbes are in-
volved in the metabolism of nifedipine
in vitro. After 24-hour incubation in rat fe-
cal suspensions, nifedipine concentrations
decreased by more than 50 %, indicating
that gut microbes are involved in the me-
tabolism and biotransformation of nifedip-
ine and nimodipine.

AMIODARONE

Organ toxicity, induced by amiodarone,
is potentially serious due to the long half-life
of the drug, so its bioavailability is of particu-
lar importance. Amiodarone has been shown
to affect typical strains of intestinal bacteria.
Co-administration of the probiotic Es-
cherichia coli Nissle 1917 demonstrated an
increase in the bioavailability of amiodarone
(43 %) and its metabolite N-desethylamioda-
rone in rats [43]. The authors suggest that the
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modulation of amiodarone metabolism is
associated with the administration of E. coli
Nissle 1917, resulting in better absorption of
the drug in the gastrointestinal tract. Another
study showed that amiodarone has bacteri-
cidal activity in vitro against pathogenic hu-
man strains such as S. epidermidis, E. coli,
and Klebsiella [44]. Both studies reflect that
amiodarone therapy has a microbiome com-
ponent, albeit through different mechanisms.

BETABLOCKERS

Metoprolol is the most commonly pre-
scribed beta-adrenergic blocker used to treat
cardiovascular diseases including coronary
artery disease, hypertension and heart failure.
Metoprolol is metabolized via a saturable
pathway, namely hepatic cytochrome 2D
(CYP2DO0). This drug is primarily metabo-
lized to O-desmethylmetoprolol and a-hyd-
roxymetoprolol. Approximately 85 % of me-
toprolol and related metabolites are excreted
in the urine, making it an ideal target for
monitoring. Brocker et al. analyzed the urine
of patients taking metoprolol using me-
tabolomics data. They found increased levels
of methyluric acid, hydroxyhippuric acid,
and hippuric acid in the urine of hyperten-
sive patients after oral metoprolol admini-
stration. These three compounds are consid-
ered to be gut microbiome metabolites [45].
Hippuric acid is formed by the conjugation
of glycine and benzoic acid by gut microbial
metabolism, and hydroxyhippuric acid is a
microbial end product, both of which arise
from the metabolism of polyphenols in the
gut microbiota. These compounds reflect the
composition of the gut microbiota [46]. This
indicates that long-term metoprolol treat-
ment may affect the microbial composition
and diversity of the gastrointestinal tract.
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Moreover, metagenomic analysis of feces
samples from patients with atherosclerotic
cardiovascular ~ disease  showed  that
metoprolol treatment was positively corre-
lated with changes in the metagenomic link-
age group (MLG) [47]. Therefore, the drug
may affect the microbiome by affecting gene
expression in the gut microbiome. As men-
tioned above, metoprolol therapy appears to
alter the gut microbiome, indicating that
metoprolol may directly or indirectly influ-
ence the composition of the gut microbiota.

EZETEMIBE

Ezetimibe is a selective inhibitor of in-
testinal cholesterol absorption that acts on
the brush border of the small intestinal mu-
cosa, specifically binds to the Cl-like Nie-
mann-Pick transporter 1 on the intestinal
mucosa and selectively inhibits the absorp-
tion of exogenous cholesterol. This drug is
currently the second line in the treatment of
dyslipidemias accompanied by elevated LDL
levels [48]. In a study by Jin Jin et al,, a group
of mice were exposed to a high-fat diet for
20 weeks with and without ezetimibe.
Ezetimibe intervention significantly reduced
serum TC and HDL-cholesterol levels. In ad-
dition, after long-term treatment with the
cholesterol absorption inhibitor, the alpha
diversity of the gut microbiota was signifi-
cantly reduced. Ezetimibe caused changes
only in some low-abundance bacteria, which
was expressed as a decrease in Proteobacte-
ria and Desulfovibrio and an increase in Bac-
teroides [49).

GLIFLOZINS

The SGLT-2 class inhibits glucose re-
absorption in the proximal convoluted

tubule of the nephron, resulting in gluco-
suria and concomitant natriuresis. In addition
to its well-known effects on glucose control
in patients with type 2 diabetes, it has been
shown to improve many conditions such as
NAFLD, CHF independent of EF, and chronic
kidney disease. In mouse studies, dapagli-
flozin, empagliflozin, and canagliflozin have
shown beneficial effects on the microbiota,
regardless of the underlying disease that is the
primary indication for the drug [50-53]. The
researchers used different categories of rats,
ranging from mice fed a high-carbohydrate
diet to animals with nephropathy, and this
heterogeneity made it difficult to analyze the
effects of SGLT-2 on the microbiota. In other
animal studies, dapagliflozin treatment altered
the microbial diversity in type 2 diabetic mice,
particularly Bacteroidetes and Proteobacteria.
Moreover, the Firmicutes to Bacteroidetes ra-
tio was significantly lower (p < 0.05) in dia-
betic mice than in controls [54].

In a study [55], empagliflozin signifi-
cantly altered the structure and composi-
tion of gut microbiota in patients with type
2 diabetes and cardiovascular risk factors
after three months of treatment: empagli-
flozin was found to increase levels of short-
chain fatty acid-producing bacteria such as
Roseburia, Eubacterium, and Faecalibacte-
rium species and to decrease levels of some
harmful bacteria including Escherichia-
Shigella, Bilophila, and Hungatella.

CONCLUSIONS

Knowledge gained from the synthesis
of clinical studies demonstrates that the
influence of the gut microbiota and its me-
tabolites on the major classes of cardiotro-
phic drugs continues to be studied in
depth. The characteristics of the individ-

61



LITERATURE REVIEW

ual's gut microbiota can be used as a factor
to personalize therapy, directly influencing
the choice of dose, a specific drug within a
class, or even the class of drugs themselves.

Further studies of specific mechanisms
that determine changes in intestinal diver-
sity and biochemical iterations within the
"intestinal" pharmacokinetics of the drug
are needed. Managing the quantitative and
qualitative composition of the intestinal
microbiota and its metabolites may become
a new therapeutic target and will allow di-
rect and indirect influence on the prognosis
of patients with cardiovascular diseases.
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There are several theories of the origin of diseases of the epithelial coccygeal tract: empirical, neurogenic,
ectodermal and acquired. Most Russian scientists consider this pathology to be congenital, while foreign col-
leagues believe that it is a consequence of sacrococcygeal area injuries. This pathology is quite common, af-
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Conservative methods of treatment do not provide a complete cure, since they do not eliminate the causes of
the disease. These include sclerotherapy and obliteration of the cavity with silver nitrate or hydrochloric acid.
These methods are not used nowadays.

Surgical treatment is the most effective one for this pathology. Surgical intervention, despite its apparent sim-
plicity, turns out to be quite complex, which makes it inaccessible to any general surgeon. Treatment results
are often disappointing due to the high incidence of complications after surgery, as well as the long period of
activity limitation. Therefore, the resulting rough scar is a cosmetic defect, and the risk of recurrence remains
quite high. Studying the literature data, one can see that the authors™ opinions concerning surgical tactics for
this disease differ. At the moment, there is no single approach and surgical tactic for the treatment of epithe-
lial pilonidal cyst. The problem of creating and introducing new methods of treatment of pilonidal disease
remains relevant nowadays.

Keywords. Epithelial coccygeal tract, pilonidal cyst, methods of surgical treatment.

Teoputi TPOUCXOX/IEHNUA 32060IEBAHNI SMUTEMUANTBHOIO KOITYUKOBOTO XO/A BBJIE/IAIOT HECKOJIBKO: AMITHPHU-
YEeCKas, HEMPOTeHHAA, SKTO/ICPMAIbHASA ¥ IPUOOPETEHHAA. DOMBITMHCTBO POCCUICKUX YIEHBIX CUMTAIOT 3Ty
TIATOJIOTHIO BPOX/IEHHOM, B TO BPEMA KAK 3aPYOEKHBIE KOJUIETH CKIOHAIOTCA K MHEHMIO, YTO OHA ABJIAETCA
TIOCJIE/ICTBAEM TPABM KPECTIIOBO-KOIMYMKOBON 30HBL JJAHHAS MATONOTHA BCTPEYAETCA TOBOJBHO YaCTO, 34-
Tparusas 6onee 5 % B3POCIOrO HACENEHUS, B TOM YNCIE JICTEN U TIOPOCTKOB. JJaHHOE 3260/1CBAHKE CYIIECT-
BEHHO YXY/IIAET KAYeCTBO KU3HU OONBHBIX, BBI3bIBASA CHIDKEHUE KAUECTBA KU3HH, OTPAKAACH HA BCEX ACTIEK-
TaX UX KU3HEJEATETbHOCTH.

KoHCepBATUBHBIMU METOJIAMU HE JIOCTUTAETCS TIONOKUTENBHBINA PE3YbTAT JIEUCHUS SMUTEIUATBHOIO KOH-
YUKOBOT'O XOJ{d, TOTOMY YTO HE YCTPAHAETCA NPUYNHA 3a6071eBaHnA. K KOHCEPBATUBHBIM METOZIAM OTHOCATCA
CKJIEPOTEPANMA U OOMUTEPALISA MOJOCTH A30THOKUCIBIM CEPEOPOM WIN COMAHOIN KUCJIOTOH, YTO HA CETO-
JHAIHAN JIEHb HE TIPUMEHAECTCA.

OneparyBHOE JieueHue SB/IeTCs Hanbonee 3(PMEKTUBHBIM METOAOM JIEYEHHUS SIUTEMUAIBHOIO KOITYHKOBO-
IO XO/a. XUPYPrUYeCKOe JIEYEHNE, HEB3UPAsA Ha TIPOCTOTY BBIIOJIHEHN, SBIAETCA JOCTATOYHO CKPYMY/IE3-
HBbIM. BBICOKASI 4ACTOTA OCIOKHEHUH MOC/IE ONIEPAIHI U UTUTENBHBIN CPOK HETPYAOCIOCOOHOCTH 324aCTYIO
PA304apOBBIBAIOT XUPYProB. [1oaToMy 0Opasylomuiics Ipyoslil pyOer, HMEET HEKEIATEIbHbIN KOCMETHYE-
CKHIT 3(P(EKT, 2 BEPOATHOCTb PELUANBOB OCTAETCA JOCTATOUHO BBICOKOH. OLICHNBAS INTEPATYPHBIE JAHHBIE,
MOYKHO YBU/IETb, YTO MHEHUS 4BTOPOB OTHOCUTENBHO XUPYPIUUECKON TAKTHKY IPU 3TOM 3a00JICBAHUU PA3-
Jmyaiotcs. Ha JaHHBIT MOMEHT HE CYLIECTBYET EAMHOTO IIOAXO0/A K XUPYPIUYECKON TAKTHKE JIEYEHUS SIIUTE-
JIMAIBHOTO KOITYMKOBOTO XO/d. [Ipo6memMa CO3AaHUA U BHEAPEHNUS HOBBIX METO/IOB JIEUEHNS TUJIOHUIATBHON
O0JIE3HU OCTAETCS AKTYAIBHON U B HAIIE BPEMSL.

KiroueBble C10BA. DIUTEIUANTBHOIO KONUMKOBBIY XOJ, MWIOHWIAIBHAS KUCTA, CIIOCOOBI ONEPATUBHOIO
JICYCHUAL.

INTRODUCTION often develops in young, able-bodied males,

whose ages range from 16 to 45 years. The

Epithelial coccygeal tract (ECT), epithe-
lial coccygeal cyst (ECC) are located in the
subcutaneous fat tissue in the intergluteal
space. The ECC cavity communicates with the
environment through fistula tracts, primary
and secondary [1; 2]. Infection in the primary
fistula tracts causes inflammation of the ECT
and abscess formation [3; 4]. This disease most

ratio between men and women is 4:1 [2; 4).
According to statistics, the incidence of pilo-
nidal cyst reaches 2 % of all surgical pathology
[5]. At the same time, inflammation of the arti-
ficial circulation reaches 15% of the total
number of surgical purulent-septic diseases
[2; 4; 6]. The most effective method of treating
this pathology is surgical removal.
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In the mid-19th century, A. Anderson
first described the technique of radical exci-
sion of artificial circulation within healthy
tissues in a letter to the Boston Medical
Journal [7]. However, when excising a cyst
or pilonidal cyst, a rough and deep postop-
erative wound is formed, which is why sur-
geons continue to debate about wound clo-
sure. In turn, this leads to the search for
various methods of surgical treatment of
pilonidal cyst [8]. The incidence of true re-
lapses after radical excision of the pilonidal
cyst, according to A.V. Kibalchich, is quite
rare (up to 6 %) [9], and 94 % are false re-
lapses caused by infectious complications —
hair getting into the wound cavity, the heal-
ing of which is complicated by the devel-
opment of a purulent process. Pilonidal cyst
mainly recurs in the area of the intergluteal
fold along the midline. The cause of re-
lapses, according to many authors, is the
high position of the buttocks, deep inter-
gluteal fold, obesity, and thick hair in this
area. Due to the extensive and deep post-
operative wound and uneven healing, cavi-
ties are formed that contribute to the de-
velopment of infection and relapse.

All surgical interventions in the treat-
ment of artificial circulation are divided
into three main groups: the first group is
open: with the help of various dressings and
vacuum therapy, the postoperative wound
regenerates by secondary tension. The sec-
ond group is closed: the postoperative
wound is sutured tightly (using interrupted
sutures or Donati sutures). The third group
is semi-open: a drainage tube is installed in
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the cavity of the postoperative wound or a
drainage channel is formed, after which the
postoperative wound is sutured (excision of
the epithelial-coccygeal —passage  with
Moshkovich sutures) [7].

One of the methods of treating the
epithelial-coccygeal tract using vacuum
therapy is described by F.P. Benderwald [17].
After excision of the fistula tract, a remov-
able drainage dressing is applied and round-
the-clock vacuum therapy is performed
with a negative pressure of 125 mm Hg in a
constant mode. The dressing is changed
every two days. The course of vacuum ther-
apy lasts from 4 to 9 weeks. Vacuum ther-
apy is stopped after complete granulation of
the wound, and complete healing of the
wound occurs within 9-22 weeks.

The healing of an infected postopera-
tive wound takes quite a long time, and, as a
result, after healing, a rough postoperative
scar is formed. As a result, most surgeons
use a two-stage surgical treatment method
for inflammation of the ECT in the acute
phase. At the first stage, the abscess is
opened, then the abscess cavity is sanitized
(which consists of daily rinsing, and water-
soluble ointments are introduced into the
abscess cavity). After these manipulations,
the inflammatory process is stopped, and
the patient undergoes radical surgical
treatment [19; 20]. Delayed surgical treat-
ment is carried out after five days from the
moment of the first stage, and during this
period the patient continues to be treated
in hospital. The second stage of surgical
treatment is performed three months after
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the first stage, on a planned basis. Delayed
surgical treatment has a number of advan-
tages: first of all, when excising the inter-
gluteal fold, more skin tissue is preserved,
and the sutures are applied in such a way as
to achieve maximum alignment of the
edges of the postoperative wound. Based on
data from other researchers [22; 23], the
number of relapses caused by suppuration
reaches 20 %, which explains the ineffec-
tiveness of this surgical treatment method
for suppurating ECC [24].

In the post-Soviet space, a method of
surgical treatment is used in which the
edges of the postoperative wound are su-
tured to the bottom. This surgical treatment
method involves excision of the ECT and
adjacent tissues in a single block. After
which the skin edges of the postoperative
wound are sutured with interrupted sutures
to the sacrococcygeal fascia in such a way
that a narrow wound surface remains be-
tween the edges of the postoperative
wound. There are several methods for per-
forming this operation. The difference be-
tween the methods lies in the different ways
of suturing the edges of the postoperative
wound to the bottom. For example, there is
a method where the edges of the postop-
erative wound are sutured only on both
sides [19]. There is also a technique where
the postoperative wound is sutured on all
sides [20).

Most surgeons are inclined to believe
that the postoperative wound should be
sutured tightly, using both O-shaped and
U-shaped sutures. However, the resulting

extensive wound is technically difficult to
suture, and even after suturing such a
wound, a cavity is formed, which leads to
contamination of the wound, which entails
a relapse.

The literature also describes methods
in which secondary sutures are applied to a
granulating postoperative wound. V.Kh. Ko-
sumyan used the Subbotin-Redon wound
drainage method, which consists of active
aspiration of the exudate accumulating in
the wound cavity, and tight suturing of the
wound according to Donati. In patients
with tension of the wound edges, relaxing
skin incisions were made. This method has
proven itself to be good, showing high heal-
ing results. P. Alberti emphasizes the advan-
tages of using a closed method of surgical
treatment using certain improved methods.
S.C. Nahas describes the results of treatment
of 154 patients, 83 % of whom were aged
11 to 30 years. In 74.7 % of patients, the
method of opening and drainage of the
epithelial-coccygeal tract was used. The
method of excision of the epithelial-
coccygeal tract was performed in 25.3 % of
cases. In patients who underwent excision
of the epithelial-coccygeal tract, a relapse
was noted in two cases (5.1 %). When open-
ing and draining the abscess, a relapse was
observed in one patient (0.9 %).

In the classification of chronic fistulous
forms of ECT, V.I. Pomazkin describes both
the anatomical features of the sacrococcy-
geal region and the gradation by the degree
of spread of the inflammatory process to
adjacent tissues. He developed a classifica-
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tion of chronic fistulous forms of the
epithelial coccygeal tract with gradation by
three levels of complexity:

[ - a single fistula tract with minimal
inflammatory infiltrate or its absence with
external fistula openings located in the pro-
jection of the middle of the intergluteal fold
or no more than 3 cm from it with unfavor-
able anatomical features of the sacrococcy-
geal region;

ITA — fistula tracts with secondary ex-
ternal fistula openings located at a distance
of more than 3 ¢cm from the middle of the
intergluteal fold, but not extending beyond
the inner slope of the buttocks;

[IB - fistula tracts with secondary ex-
ternal fistula openings located at a distance
of more than 3 ¢cm from the middle of the
intergluteal fold, but not extending beyond
the inner slope of the buttocks in the pres-
ence of unfavorable anatomical features;

III — multiple fistula tracts with exter-
nal openings extending beyond the inner
surface of the buttocks, in the presence of
pronounced scars and infiltrates around the
fistulas [20].

When choosing a method of surgical
treatment of complex forms of ECT, prefer-
ence should be given to those methods in
which granulation of the postoperative
wound proceeds most favorably, which, in
turn, reduces the risk of relapse. It is neces-
sary to perform reconstruction of the anat-
omy of the sacrococcygeal region: plastic
surgery is performed, in which the postop-
erative wound is sutured [20]. When the
inflammatory process is limited or this pa-
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thology occurs together with other proc-
tological diseases, it is necessary to perform
one-stage or two-stage operations during
the period of stagnation of the inflamma-
tOry process.

When treating ECC, to reduce the risk of
relapse during the preoperative preparation
period, it is necessary to take a bacteriologi-
cal culture from the fistula tract. Subse-
quently, the microflora is determined, which
allows choosing adequate antibiotic therapy
with high sensitivity to this microflora. When
draining abscesses, it is necessary to wash the
fistula tracts and wound cavity daily using
bactericidal agent. These manipulations are
performed until the inflammatory process is
completely relieved, which, in turn, makes it
possible to prepare the skin well, which can
then be used during the operation for plastic
surgery of the extensive wound defect
formed after excision of the ECT [23).

The literature describes techniques that
involve excision of affected tissues using an
elliptical incision. This technique is easy to
perform, but has its drawbacks. The main
drawback of this technique is the excision
of more healthy tissue than necessary with a
very large axis of the elliptical incision. Such
patients usually develop a rough and long
postoperative scar, which makes it impossi-
ble to match the edges of the wound and
apply sutures.

In 2001, A. Vorobey used the technique
of diamond-shaped excision for plastic clo-
sure of a defect forming in the sacrococcy-
geal region, in which the defects that arise as
a result of tissue excision are closed with a
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skin flap taken from adjacent tissues. The use
of this technique has shown positive results.
Based on the principles of local plastic sur-
gery, when performing diamond-shaped ex-
cisions of inflamed tissue areas, additional
incisions are made, thanks to which it is pos-
sible to perform plastic closure of the wound
defect. For the successful application of this
technique, there are certain conditions that
must be met: first of all, the rhombus must
be symmetrical, that is, it must consist of two
isosceles triangles. It is necessary to achieve
stable hemostasis using electrocoagulation,
after which rhomboid plastic surgery is per-
formed: first of all, it is necessary to match
the edges of the postoperative wound and
suture it, then plastic surgery is performed
with the movement of two opposing trian-
gular flaps. The postoperative wound is
treated with double-row U-shaped sutures
using catgut suture material: the first suture is
placed closer to the bottom of the wound,
and the second suture is placed subdermally.
Drainage of the wound cavity is not per-
formed during such operations [10].

In Russia, the method of marsupializa-
tion and wound defect plastic surgery us-
ing skin flap transplantation is widely used
[10]. The marsupialization method was first
proposed by L. Buie in 1937, and this
method was subsequently modified several
times [11]. One of the frequently used mar-
supialization methods is excision of the
ECC and subsequent suturing of the post-
operative wound with Moshkovich sutures
[7]. When analyzing all of the above meth-
ods of surgical treatment of ECC, a number

of disadvantages were identified, such as
long healing times for the postoperative
wound and, as a consequence, long-term
inpatient treatment. Relapses after surgical
treatment are not excluded - according to
statistics, from 5 to 50 % [10; 12; 14].

Complications in the postoperative
period are not uncommon, such as necro-
sis of the skin edges of the postoperative
wound, which subsequently leads to cut-
ting through and failure of the sutures on
the skin, bleeding due to unstable hemo-
stasis, secondary infection of the postop-
erative wound and the development of a
purulent process. This increases the dura-
tion of inpatient treatment for patients
and, accordingly, their period of incapac-
ity for work [10; 12; 14]. Such patients, as
a rule, after discharge from the hospital,
undergo outpatient treatment for a long
time and cannot lead a full social life [10;
13-15]. All of the above complications are
assessed by most surgeons as a natural
course of the postoperative period.

The introduction of modern high-
energy lasers into medical practice, which
deliver radiation directly to the pathologi-
cal focus via flexible light guides, has made
it possible to actively use them for intra-
tissue and intracavitary therapeutic ma-
nipulations, and the use of modern ultra-
sound equipment has made it possible to
visualize and monitor the treatment proc-
ess of many cystic formations: hygromas,
bursitis, cysts of various localizations [18].

Muhammad A. Albahadili (2016) used
laser coagulation with a diode laser with a
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wavelength of 980 um for the treatment
of ECC. In the preoperative period, the
patient underwent ultrasound examina-
tion of the coccygeal area to determine
the diameter of the coccygeal passage, as
well as to identify the presence of addi-
tional passages. On average, the length of
the passage is about 5 cm. Only one pa-
tient had a relapse after the surgery. The
duration of the surgery according to this
method is 10 min (range 6-15 min). Pa-
tients are examined on the second day
after the surgery, and subsequent exami-
nations are carried out once a week [18].

Based on all of the above, certain as-
pects are formed, the presence of which
will lead to the determination of the most
effective method of surgical treatment of
ECT. One of these aspects is knowledge of
the anatomy of the fistula tract, its rela-
tion to the skin, the presence of addi-
tional fistula tracts and purulent cavities.
It is also necessary to know at what dis-
tance the external channel of the fistula
tract is located in relation to the primary
source of infection. All these nuances
must be diagnosed in the preoperative
period to determine the most rational and
effective method of surgical treatment,
which will avoid complications and re-
lapses in the postoperative period.

CONCLUSIONS

An analysis of the literature showed
that surgeons currently use various surgical
techniques for complex forms of ECT. De-
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spite the variety of methods, there is no sin-
gle tactic for surgical treatment of complex
forms of ECT, there is no method of treat-
ment that guarantees patients the absence
of relapses. All known methods of treating
ECC condemn patients to long rehabilita-
tion periods in the postoperative period
and the formation of coarse postoperative
scars. In this regard, the search for new
methods of surgical treatment of ECC re-
mains relevant.
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Adentia, whether partial or complete, is a common condition in the population, especially among
older individuals. Although removable orthodontic devices are an effective solution for adentia, den-
tures can cause irritation in the oral cavity. The nature and duration of symptoms experienced by pa-
tients using dentures for the first time depend on various factors, such as the condition of their teeth
and gums, jaw bone density, prosthesis design, psychological factors, and previous dental work. Stud-
ies have shown that special adhesive agents can improve the fit of removable dentures, leading to
faster adaptation and better stability, even in challenging oral conditions. Using adhesives not only
helps with new prostheses but also enhances comfort with existing ones, reduces movement while
eating, and prevents food from getting trapped under the denture. This ultimately improves the pa-
tient's psychological well-being, reduces the foreign body sensation, and enhances quality of life.
Proper maintenance and use of removable dentures can prevent jaw bone atrophy and degenerative
changes in the oral tissues.

Literature review revealed the numerous variables that impact the successful treatment of total or partial
tooth loss in patients. The incorporation of bonding agents unquestionably enhances the adjustment proc-
ess to removable orthodontic devices by enhancing stability, a critical factor in the early stages of prosthe-
sis use. However, it is essential to consider other various factors that influence the complexity and duration
of adaptation, such as the characteristics of the dental structure, oral mucosa condition, jaw bone atrophy
level, prosthesis selection and design, patient's psychological state, presence of macroglossia, previous
prosthetic work, or its absence.

Keywords. Adentia, removable dentures, adjustment, bonding agents.

3azaua 0630pa IMTEPATYPBI 3AKTOYAECTCA B OLICHKE KIIOUEBLIX (DAKTOPOB, BIMAIOMMX Ha I(P(MEKTUBHOCTD 4i-
€31 CbEMHBIX IIPOTE30B, ONPEACACHUN PO COBPEMCHHBIX a/I'C3MBHBIX CPCACTB B MPOLECCE aAaITann
HALHEHTOB K CbEMHBIM OPTONEAMIECKIM KOHCTPYKLHAM.

YacTUYHOE WM NIOMHOE OTCYTCTBUE 3YOOB OTHOCUTCA K PACIPOCTPAHEHHBIM 3a001€BAHUAM, OCOOEHHO
Y4aCTO AUAIHOCTUPYPEMBIM Y MAMUCHTOB CTAPIINX BO3PACTHBIX I'DYIIIL Hcronb30BaHUE ChEMHBIX OpTO-
MEINYCCKUX KOHCTpYKHI/IIZ ABJIACTCA ONTUMAJIbHBIM PCIHICHUEM HpO6]I€MbI AICHTHH, OTHAKO IMPOTE3BI
ABJIAIOTCA KOMOMHUPOBAHHBIMU PA3APAKUTEIAMU 3yOOUETIOCTHON CUCTEMBL. XAPAKTED U JUIMTENbHOCTD
Ka/100 MALMEHTOB, HAYMHAIOMMX UCIIONb30BATh ChEMHBIE IIPOTE3DL, 3aBUCAT OT MHOIUX (DAKTOPOB. Hc-
CNEAOBATENN PEKOMEH/YIOT PAKTHKYIOMMM BPAYaM YYUTBIBATH THI OKKJIIO3UH, OCOOEHHOCTH KOCTHOH
CTPYKTYDPBI YEMIOCTH, CIU3UCTON OOONOYKM DT, PA3MEPHl A3BIKA MALMUEHTA, IIPOBCACHUEC MMMELUAT-
MPOTE3NPOBAHUA ITOCIC YAAICHUA 3Y6OB U Jpyruc acrcKThl. ABTOpr IIPUBCJACHHBIX B O630p€ HCCIen0-
BAHWI U3YYAIU BIUAHUE KIEEBBIX KOMIIOUIMI HA HAJEKHOCTb (PUKCALUN U YPOBEHD KOM(POPTA MAIH-
€HTA IIPU UCHOJIb30BAHUM NIPOTE3A. AATE3UBHBIE CPEACTBA B BUAEC KPEMA MM IOPOMIKA MOMOI'AIOT Ha-
JEKHO 3a(DUKCUPOBATh NPOTE3 B IOAOCTU PTA AAKE NPU HAIMYUH «CIOXKHON> aHATOMMHU IIPOTE3HOIO
JI0XKa. JIOKa3aHO, YTO NMALMEHTBI, UCHOJb3YIOMHUE JAHHBIE CPEACTBA, OBICTPEE MPUBBLIKAIOT K HANUYUIO
MHOPOJHOI'O TEJIA B MOJOCTH PTd X UMEIOT MEHBIIMI YPOBEHD TPEBOKHOCTH. OOCIEAOBAHHEIE, YKE UC-
MOJB3YIOMME CbEMHBIC MPOTE3bl B TCUCHUC TJIUTCIBHOIO BPEMCHHN U IPUBLIKIIAEC K HUM, TAKKC €006-
AT O MOJOXUTEIbHOM BIMAHUMN AAT€3VMBHBIX KOMHOSI/IL[I/II;I: CHMKAETCA 62.IIH.HCI/IpOB2.HI/IC KOHCTPYK-
LMY IIPY XKEBATEIBHON HATPY3KE, IIPU 60JI€E INIOTHOM IIPHIETAHUY NIPOTE3A MHINA EPECTAET TPABMU-
POBATH CIU3UCTYIO 0OONOUKY IONOCTH PTa. TaKUM 00PA30M, YIyUIIAETCA ICUXO0IOIUUECKOE COCTOAHHE
NALUEHTA, IPOTE3 BCE MEHbIIE BOCIPUHUMAETCA KaK HHOPOAHOE TEJO, IOBBIMAETCA KAYECTBO KU3HH
IPOTE3UPYeMOro. I[Ipy IPpaBUIBHOM UCIONb30BAHUY U TIATENBHOM YXO/€ 3d Cb€MHBIMU 3yOHBIMU IIPO-
T€3AMU IIPUOCTAHABIUBACTCA anOCpI/IH KOCTHOU TKAHU YEJIIOCTU U MIPENOTBPAIIAIOTCA ILI/ICTpO(pI/I‘{CCKI/IC
HN3MCHCHUA ITOJJICKAITUX TKaHEI.

Ananmus JIATCPATYPbL MO3BOJIWI BBIABUTH, YTO Sq)(pCKTI/IBHOCTb JICYCHUA MAIKMCHTOB C YACTUYHBIM WINA
IIOJIHBIM OTCYTCTBUEM 3yOOB 3dBUCUT OT MHOXCECTBA PA3NUYHBIX (PAKTOPOB. MCIIONBb30BAHUE A[IC3UBHBIX
CPEACTB 3HAYUTEC/IBHO YIYUYIIACT IIPOLECC AMANTANNA K CbEMHBIM OPTONCANYCCKUM KOHCTPYKIUAM 34 CUCT
TOBBIIEHUA YPOBHA (PUKCALNH, OCOOCHHO HA HAYAILHOM 3TAIlE MCTIOAb30BAHUA IPOTE30B. ONHAKO HEOO-
XOAMMO Y4YMTBIBATD W APYIrUC ACICKTBI, BIMAIOIMINC HA CIOXKHOCTb W MPOJOLKUTCIBHOCTD aJalTaI[Un:
CTPYKTYPY 3yOOUEMOCTHOIO alIAPaTa, COCTOSHHUE CIM3KUCTON OOOIOYKU IIONOCTU PTA, YPOBEHD ATPODHH
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YEJTIOCTHOM KOCTH, BBIOOP U XaPAKTEPUCTUKU IIPOTE3a, ICUXOIOTUYECKOE COCTOSHUE MALUEHTA, HATHINE
MaKPOITIOCCHH, 4 TAKKE TPOBEJCHHOE TPEIBAPUTEBHOE TIPOTE3UPOBAHUE UITU ETO OTCYTCTBHE.
KirroueBsie ¢J10Ba. AJIEHTHS, ChEMHBIE IPOTE3BI, MPOTIECC AIANITAIVH, A/ITE3UBHBIE CPEICTBA.

INTRODUCTION

Despite significant advances in dentistry
and a fairly high level of prevention of dental
diseases, the prevalence of complete and
partial absence of teeth is slightly decreasing
and in different regions of the world is diag-
nosed in more than 25 % of those examined
among elderly and senile patients. One of
the obstacles to the use of removable den-
tures is the possible traumatic impact, there-
fore, today an important task of orthopedic
dentistry is their adaptation.

USE OF DENTAL PROSTHETICS AND STUDY OF
PROBLEMS RELATED TO PERIOD OF PATIENTS'
ADAPTATION TO PROSTHESES

Tooth extraction can lead to problems
with chewing, speech, the appearance of
teeth and face, and contribute to the devel-
opment of various pathologies, such as jaw
deformations and abrasion of hard dental
tissues. The main goal of dental prosthetics
is to restore the function of the dentoalveo-
lar system. Elderly patients prefer removable
prostheses, often refusing prosthetics on
implants due to their high cost [1].

It is important to understand that the
process of adaptation to removable ortho-
pedic structures is quite long and, according
to V.Yu. Kurlyandsky, is from 10 to 33 days
and depends on various factors. He identi-
fied several phases of adaptation to the den-
ture, starting from irritation and ending

with complete adaptation of the nervous
system.

Such a factor as macroglossia has a
negative impact on the process of adaptation
to removable prostheses. It was found that
according to Kennedy's classification, there is
a certain connection between the develop-
ment of macroglossia and the class of aden-
tia. The study showed that macroglossia
most often occurred in patients with bilat-
eral terminal defects of the dental arch,
which corresponds to class 1, while it was
least often observed with included defects in
the anterior part of the dental arch, which
corresponds to class 4 [3].

Researchers have found that partial ab-
sence of teeth is the most common, followed
by complete absence and much less com-
mon is congenital adentia. Research by
PJ. Dhanrajani (2003) showed that primary
adentia is observed in 5.5-6.5 % of the popu-
lation, while the absence of six or more teeth
is detected in 0.3 % of the population. Other
scientists note that congenital adentia occurs
in approximately 2 % of cases. Although this
pathology is rare, patients from this group
also require prosthetics [4].

The study by AN. Ramakrishnan,
O. Rohrle and C. Ludtka analyzed age groups
of patients with missing teeth. The first
group included 66 patients aged 60 years
and older, the second group included 68 pa-
tients aged 40 to 60 years, and the third
group included 36 patients aged 25 to 40
years. Each group contained an equal num-
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ber of men and women. According to the
initial analysis, 38.5 % of patients had already
undergone prosthetics. Most of them were
aged 60 years and older. In a subsequent
analysis, it was found that 66 % of patients
used removable partial dentures, predomi-
nantly in the 40-60 age group. Fewer pa-
tients (9.1 %) in the 25-40 age group used
removable prostheses. The highest number
of installed removable partial dentures were
in patients with secondary edentulous class 1
(488 %) and 2 (34.8 %) according to Ken-
nedy, while the lowest number (2.3 %) was
in patients with edentulous class 4. It was
also found that the adaptation period to re-
movable prostheses was the longest — up to
30-33 days in patients with partial absence
of teeth of class 1 (absence of chewing units
on both sides of the dental arch) and class 2
(unilateral terminal defect of the dental
arch) aged 60 years and older. Most patients
who underwent the examination com-
plained of discomfort caused by the direct
impact of the orthopedic structure on the
tissues of the prosthetic bed. They noted
rubbing, pressure on certain areas of the oral
mucosa, pain in the masticatory muscles.
These complaints indicated the need for ad-
justments to the denture. Some patients
made other complaints. The application of
the prosthesis in the oral cavity provoked
gagging in 11.2 % of patients, 5.8 % experi-
enced hypersalivation, 10.7 % had a foreign
taste in the mouth, 25.8 % had pronuncia-
tion problems, and 49.9 % experienced psy-
chological discomfort from wearing the den-
tures. It is noteworthy that patients aged 25
to 40 years adapted to removable structures
more easily compared to the older contin-
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gent. At the same time, patients of this age
group, despite recommendations, did not
remove the prostheses from the mouth at
night (62.5 + 11.6 %) [3].

One of the main complaints revealed
during the patient survey is the pronuncia-
tion disorder. This problem seriously affects
the quality of life and causes psychological
discomfort, especially in people whose pro-
fessional duties include communication. It
was found that this complaint persists the
longest — up to one month — in respon-
dents over 60 years old. At the same time, in
patients aged 25 to 40, the speech defect
disappears in 7-10 days. Observations show
that the vast majority of respondents with
complete loss of teeth get used to remov-
able structures much longer than patients
with partial loss of teeth. This is due to the
fact that patients with partial adentia redis-
tribute the chewing load on their own
teeth, which leads to uneven pressure on
the prosthetic bed [6].

The research data obtained by
S.Ye. Zholudev showed that after the instal-
lation of the denture in the oral cavity, the
nature and intensity of complaints in pa-
tients changes over time. On the first day of
using the prosthesis, 96 % of patients com-
plained of a feeling of inadequacy of the
denture size and discomfort, but after a day
this complaint decreased to 52 %, and by
the fifth day the number of complainants
decreased to 32 %. After a month of using
the prostheses, only 8 % of patients contin-
ued to have complaints. This is a completely
natural process, when after installing the
denture, the patient feels it as a foreign
body in the mouth, but then begins to adapt
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to it, and the complaints practically disap-
pear. On the day of installing the dentures,
37 % of patients complained about the vio-
lation of fixation and mobility of the den-
ture on the upper jaw, and 62 % — on the
lower jaw. After 24 hours, unsatisfactory
fixation on the upper jaw was noted by
18 % of patients and by 36 % on the lower
jaw. Five days after the prosthesis was in-
stalled, problems with fixation were noted
by 8% of patients on the upper jaw and
21 % on the lower jaw. After 5-30 days,
only 2% of patients complained of poor
fixation of the denture on the upper jaw
and 11 % on the lower jaw [7].

The works of V.N. Trezub, A.S. Shcher-
bak, LM. Mishnev and other researchers
revealed a relationship between the time
elapsed since the installation of the den-
ture and patients’ complaints about prob-
lems with pronunciation. 58 % of patients
experienced a deterioration in pronuncia-
tion on the first day after the installation of
complete removable prostheses, but after
24 hours this figure dropped to 48 %. After
1-5 days, only 38 % of patients complained
of pronunciation problems, and after 5-30
days, only 12 %. It was also found that 88 %
of patients had difficulty chewing food on
the first day after the installation of den-
tures, but after 24 hours this figure
dropped to 78 %. These data highlight the
importance of patient comfort when using
dentures and the individual nature of the
process of getting used to them [8; 9].

VA. Klemin, BS. Kozlov and VE. Zhda-
nov worked with two categories of patients:
in the first category, patients immediately af-
ter tooth extraction received dentures, in the

second category, patients did not undergo
immediate prosthetics. Analysis of the com-
parative correlation in the first category of
patients who received immediate prosthetics
and the second category of patients who did
not undergo this procedure revealed a very
strong positive relationship. Evidence has
been obtained that immediate prostheses
prevent jaw bone tissue atrophy and promote
the formation of normal bone structure, Im-
mediate prosthetics is an indispensable stage
before permanent prosthetics [10].
Researchers S.Ye. Barinov, EKh. Romo-
danovsky and others studied in detail the
clinical symptoms and pathological changes
in tissues in denture stomatitis in patients us-
ing removable dentures. According to their
research, one of the main signs of denture
stomatitis is the appearance of spots of vari-
ous shapes and sizes. There is a variety in their
location, size and shape. Scientists have iden-
tified the main factors leading to pathomor-
phological changes in the denture bed: im-
proper fit of prostheses, uneven distribution
of chewing load, presence of pores and it-
regularities on the surface of dentures, as well
as poor care of them. The study also showed
that with denture stomatitis, pathological
changes affect all structures of the denture
bed - from the epithelium to the bone [11].
Research by AV. Sevbitov, N.Ye. Mitin
and AS. Brago indicate that pathological
processes occur in the epithelium of the pros-
thetic bed in cases where patients do not seek
retrofitting a removable prosthesis after
manufacture or use "old" dentures without
relining for more than 2-3 years. The data
obtained confirm that the entire epithelial
layer of the prosthetic bed is consistently in-
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volved in the inflammatory process. The out-
come of this pathological process is atrophy
and thinning of the stratum corneum of the
epithelium, a decrease in the regenerative ca-
pacity of tissues. In parallel with infiltration,
degenerative changes are detected in the ves-
sels of the tissues of the prosthetic bed in the
form of their thickening and sclerosis [12].

The researchers conducted a deep
analysis of pathomorphological processes in
all tissues of the prosthetic bed. They found
that the pathological process affects nerve
fibers, leading to their destruction under the
influence of compression. At the initial stages
of inflammation of the periosteum of the
prosthetic bed, an increase in the number of
osteoblasts is observed, then the periosteum
degrades, being replaced by fibrous tissue.
With a long course of the pathological proc-
ess, pinpoint and diffuse hemorrhages ap-
pear in the periosteum. It is noted that the
main cause of pathomorphological disorders
in the tissues of the prosthetic bed is circula-
tory disorders due to compression. The au-
thors emphasize the fact that patients adapt
to the prosthesis, but any removable struc-
ture is subject to mandatory replacement
after 2-3 years of use [13; 14].

In the studies of V.I. Kulazhenko it was
noted that the lack of vertical compliance of
the mucous membrane of the denture is the
result of excessive and prolonged compres-
sion, which is observed with prolonged use of
prostheses. M.I. Sadykov joins the opinion of
other researchers regarding the need for im-
mediate prosthetics and notes the absolute
importance of the correct placement and
grinding of artificial teeth to ensure successful
adaptation to orthopedic structures [15].
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Correction of prosthesis after the initial
application in the oral cavity is a necessary
stage. The patient is explained that discom-
fort during the first period of wearing the
denture is normal, but it is necessary to per-
form mandatory relining of the base within
1-3 days. Monitoring of adaptation to the
denture continues on average for 30-33
days, which corresponds to the onset of the
inhibition stage in the cerebral cortex.

To determine the effectiveness of the
orthopedic treatment, the following indi-
cators can be identified: the patient’s self-
assessment of the function of the prosthe-
sis and the stability of the dentures, their
compliance with aesthetic standards, clat-
ity of pronunciation of sounds and the
ability to comfortably consume a variety of
food [16].

ANALYSIS OF THE RELIABILITY OF FIXATION
OF DENTAL PROSTHESIS USING VARIOUS
MATERIALS

The importance of reliable fixation of
the prosthesis to prevent injury to the tis-
sues of the oral cavity is emphasized by re-
searchers M.I Sadykov, AM. Nesterov,
S.V.Vinnik, AR. Ertesyan and others. They
note that existing methods for improving
the fixation of removable dentures are con-
stantly being improved using various tech-
niques for obtaining impressions, volumet-
ric modeling, elastic materials, surgical
preparation and implants. These methods
facilitate more effective adaptation to re-
movable dentures. Together with the main
adaptation methods, adhesive preparations
can provide psychological comfort for pa-
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tients. Adhesive agents have been used for a
long time, including tragacanth powder to
accelerate adaptation to complete remov-
able dentures during initial use. The first
means for fixing dentures were plant ex-
tracts such as Gum karaya resin and Astra-
galus Verus extract. Adhesive compositions
are not a4 new phenomenon in dentistry and
have been invented in the union of the
chemical industry and practical medicine
since 1913. Currently, the dental materials
market offers adhesive compositions in the
form of fixing pads, powders and gels [17].
T. Kurogi, H. Murata and E. Yamaguchi
found that the use of cream denture adhe-
sives significantly increased their retention
(p < 0.01) and occlusal strength (p < 0.05).
However, no significant differences were
found between the initial strength and the
post-intervention strength in the groups using
powder denture adhesive and the control
group. However, no significant differences
were found between the baseline and post-
intervention strengths between the denture
powder adhesive and control groups. Within-
group comparisons showed that cream den-
ture adhesives improved both the retentive
and occlusal strengths. Statistically significant
results (p < 0.05) showed that the use of
powder denture adhesives resulted in im-
proved occlusal strength (p < 0.01) [18].
According to the data obtained during
the study by A. Slaugter and R'V. Katz, the use
of adhesives for prosthesis can significantly
improve the level of comfort and quality of
life in people using complete dentures [19].
The use of adhesive compositions in
patients with xerostomia is quite effective;
in particular, it has been determined that

when using some types of adhesives for
fixation, the holding force of prosthesis
increases over time, reaching a2 maximum
10 minutes after application, but they are
easily washed off, while other types of
compositions show high holding force
and good durability immediately after ap-
plication [20].

Based on the research conducted by
YeA. Buyanov, VI Shemonaev, O.G. Stru-
sovskaya, RI. Zodorov and AN. Parkho-
menko, it was revealed that some of the
most popular fixing creams in Russia are Co-
rega, Lacalut, President, Protefix. The study
included patients aged 38 to 91 years. The
questionnaire assessed such parameters as
the degree of atrophy of the alveolar proc-
esses of edentulous jaws in accordance with
the classification of LM. Oksman (1978), the
type of dentures used (partial or complete),
the duration of use of the structures, as well
as the reliability of their fixation, the pres-
ence of pain when applying the prosthesis
and during chewing, the state of oral hygiene
before and after using the adhesive, and ad-
aptation periods. After application of Corega
cream, corresponding assessments were
made. According to patients’ feedback, fixa-
tion of the prosthesis improved by 19 + 2.4 %,
becoming good by 47 + 1.0 % and excellent
by 34 £ 2.6 %. Patients who had their den-
tures repeated or relined noticed faster and
easier adaptation to the structures in 1-3
days, while patients who had their prosthe-
ses made for the first time needed 4-8 days.
96 £ 0.7% of patients did not experience
pain after application of the cream, and in
4+ 0.7 % it was significantly reduced. 27 +
+ 3.1 % said that it became easier for them to
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clean the denture from food residues. Pa-
tients assessed the moisture content of the
oral mucosa as satisfactory, and the percep-
tion of food taste did not change. The au-
thors emphasize the importance of including
the formation of a positive communicative
position in rehabilitation programs for the
elderly [21].

J. Mendes, J.M. Mendes, P. Barreiros,
C. Aroso and AS. Silva noted the important
influence of adhesive compositions, which
contribute to strengthening of adhesion.
The use of adhesives provides significant
advantages: when eating, the prosthesis is
maximally stable in the oral cavity, chewing
pressure when eating is distributed more
evenly, food particles do not get under the
denture and do not irritate the mucous
membrane, and the bone structure of the
jaw is also indirectly preserved. Studies have
also shown that the pressure on the oral
mucosa using denture adhesive decreased
to 0.15 MPa, while for the model without
adhesive it was 0.25 MPa. Thus, it can be
concluded that the use of adhesives helps
relieve the soft tissues of the denture bed
and ensures its decompression [22; 23]. In
addition, various adhesives have been de-
veloped that contain antifungal and anti-
bacterial components, which significantly
expands the range of their application [24].

When analyzing modern adhesives for
removable dentures, a detailed comparison of
several known drugs reveals significant differ-
ences in their chemical composition, adhesive
properties and clinical effectiveness. These
differences emphasize the need for careful
selection of the preparation taking into ac-
count the individual needs of the patient.
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For example, Corega Ultra Cream,
which uses a zinc-free formula containing
polyvinyl acetate and polyvinyl alcohol,
demonstrates high retention properties, es-
pecially in conditions characterized by high
salivary flow. This formulation not only im-
proves mucosal adhesion, but also reduces
the potential toxicity of zinc that was asso-
ciated with previous generations of zinc-
containing adhesives. Clinical trials have
shown that Corega Ultra provides a 12-hour
bonding, outperforming formulations such
as Fixodent Original, which remain effective
for approximately 8-10 hours.

In contrast, Poligrip Super Denture
Adhesive, which is also zinc-free, uses a
combination of carboxymethylcellulose
and sodium alginate. These biopolymers
offer a distinct advantage to patients
with xerostomia, where moisture reten-
tion and mucosal adhesion are compro-
mised. Poligrip Super, although providing
a slightly shorter moisture retention time
than Corega Ultra (10-12 h), offers in-
creased comfort due to its softer gel-like
consistency, which reduces mucosal irri-
tation [25].

Secure Denture Adhesive is another
product that contains aluminum / magne-
sium silicates in a hydrophobic base. The
use of this composition provides long-term
adhesion even in low humidity conditions,
which makes it especially effective for pa-
tients with extensive alveolar ridge resorp-
tion. Secure Denture Adhesive maintains its
retention properties for more than 12
hours, which significantly reduces the need
for reapplication, which is a common re-
quirement for other adhesives such as Ef-
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fergrip, which maintains adhesion for only
6-8 hours in similar conditions.

A more recent innovation in denture ad-
hesives is Super Poligrip Extra Care, a formu-
lation that incorporates multifunctional acry-
late copolymers and silicone-based com-
pounds. This adhesive has improved
viscoelastic properties, providing excellent
distribution of occlusal forces and reducing
the risk of denture-induced ulcers. Compara-
tive studies have shown that Super Poligrip
Extra Care is superior to traditional adhesives
such as Orafix Denture Adhesive Cream, es-
pecially in patients with fragile mucosa or
thin gums [26; 27).

Fixodent Plus Scope incorporates flavor
additives along with adhesive propetties using
a unique blend of cellulose gum and polymer
resins. Although the primary function of
Fixodent Plus Scope is to stabilize the denture,
the inclusion of flavors such as thymol and
eucalyptol  significantly improves patient
compliance, especially in cases, where pro-
longed denture wear results in halitosis. De-
spite its advantages, Fixodent Plus Scope has a
slightly shorter fixation time (8-10 h) com-
pared to other formulations [28].

OlivaFix Gold is a premium adhesive
that is distinguished by the fact that it con-
tains extra virgin olive oil and silicone-
based polymers. This formula is indicated
for use in patients with sensitive oral mu-
cosa or allergies to synthetic compounds.
The oil base of OlivaFix Gold improves fixa-
tion and patient comfort, providing adhe-
sion for up to 12 hours, comparable to Co-
rega Ultra, but with the additional benefit of
reducing irritation of the mucous mem-
brane [29; 30].

Finally, Protefix Active Denture Adhe-
sive, containing sodium carboxymethylcel-
lulose and tragacanth gum, combines suffi-
cient adhesion with comfort in relation to
the mucous membrane. Protefix Active is
especially effective for patients with deep
palatal vaults or complex alveolar ridges,
where traditional adhesives cannot provide
uniform coverage and retention. This adhe-
sive maintains its effectiveness for 10-12
hours, slightly exceeds Fixodent Original,
but is inferior to the Secure Denture Adhe-
sive composition [31; 32].

The variety of adhesive formulations
highlights the importance of selecting an
adhesive based on a comprehensive assess-
ment of patient-specific factors, including
oral anatomy, salivary composition, and
mucosal health. Continuous advances in
adhesive technologies, characterized by the
integration of new polymers and bioactive
compounds, promise further advances in
denture stabilization and patient comfort
[33; 34].

Another example of a modern adhesive
is the Pectafix gel, produced by Vladmiva
JSC. This product is affordable to most buy-
ers. A study conducted by Zh.B. Zhilbakieva
revealed the main characteristics of this
product. The polysaccharide pectin is a natu-
ral component obtained from apples or cit-
rus fruits. In addition to moderate adhesive
properties, pectin is able to absorb toxic sub-
stances. The disadvantages of this adhesive
include a short fixation time and the absence
of bactericidal properties [35; 30].

Also, researchers [37; 38] analyzed and
described the features of another well-
known glue in Russia — a gel called “Denta-
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fix”, modified by adding components that
enhance its fixation ability and protection
against bacteria. This helps improve the fixa-
tion of removable dentures and speed up the
process of patient adaptation to them.

The Dentafix gel contains such com-
ponents as apple pectin, polyvinylpyrroli-
done, sodium benzoate, food colorings and
water with silver ions — all these compo-
nents are present in  silver-containing
preparations, which are of great value for
medical use. The unique properties of silver
are due to its ions, which are capable of
preventing the development of diseases
caused by fungal, bacterial or viral infec-
tions. In addition, silver ions promote tissue
healing under excessive functional load.

The researchers obtained the following
significant conclusions: differences in the
adhesive properties of two means for fixing
removable dentures were studied. The first
group, including 20 patients, applied the
Pectafix gel, and the second group, consist-
ing of 22 people, used the Dentafix adhe-
sive agent. The clinical trial lasted for five
days, after which a survey and examination
were conducted. It turned out that the time
of reliable fixation of the denture: for the
Pectafix gel was 3-5 hours, and for the
Dentafix gel — 6-7 hours. The use of the
Dentafix gel revealed several advantageous
factors: the structure was more firmly held
on the prosthetic bed, pain during eating
was minimized, food particles got between
the prosthesis and the mucous membrane
much less often, the adaptation period was
reduced from 2-3 weeks to 10-12 days.
The adhesive composition of the Dentafix
gel showed excellent results and can be a
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good auxiliary means for fixing prostheses.
When choosing adhesives, it is important to
take into account the individual characteris-
tics of patients [39; 40].

CONCLUSIONS

From the literature review it becomes
obvious that adaptation to removable pros-
theses depends on many factors. The use of
adhesives can significantly improve the proc-
ess of adaptation to removable orthopedic
structures, especially in the initial period of
using dentures. However, it is worth remem-
bering that adhesives are auxiliary means. It is
necessary to take into account many factors
that affect the process of getting used to or-
thopedic structures, in particular — the class of
adentia, the age of patients, the type of occlu-
sion, the degree of bone loss, the material
from which the denture is made, the patient's
readiness to overcome difficulties during
adaptation, the presence / absence of
macroglossia, the presence of a stage of pre-
liminary or immediate prosthetics and others.
The use of adhesives should not be prescribed
instead of correction or re-manufacturing of
the denture.
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Objective. To study the possibility of using new GASTROAXILIUM mixtures in complex therapy of patients
with severe surgical abdominal pathology.

Materials and methods. The study of characteristics of the developed mixtures was carried out by standard
and non-standard methods in an accredited laboratory. Clinical studies were conducted in accordance with
the Procedure for conducting studies of the effectiveness of specialized dietary therapeutic and dietary pre-
ventive food products. Statistical processing was carried out using analysis of variance.

Results. GASTROAXILIUM, specialized food product for tube feeding developed by the specialists of the Re-
search and Production Center for Healthy Nutrition Technologies of Saratov State Medical University named
after V.I. Razumovsky, differs from foreign ones in its technological solutions. In the main group a statistically
significant reduction in the duration of postoperative intestinal paresis was noted, both in planned and emer-
gency surgeries, in contrast to the comparison group.

Conclusions. We consider that the results of the use of daily nutritional complex of oligomeric dry mixtures
for enteral nutrition GASTROAXILIUM are in agreement with the literature data, they will successfully com-
plement the scientific data on the necessity for nutritional support and will play an important role in improv-
ing the quality of treatment of patients with severe postoperative abdominal pathologies.

Keywords. Possibilities of enteral tube feeding, enteral nutrition mixtures, effectiveness of nutritional sup-
port, surgical patient, severe surgical pathology.

Ieas. MccnepoBanue BO3ZMOKHOCTH IIpUMeHEHN HOBBIX cMecell GASTROAXILIUM B KOMIUIEKCHOH Tepa-
MY MAITHEHTOB C A0JOMUHAIBHOM MATONIOTHEH.

Matepuan 1 MeTOABL. }CCIen0BAHNE XAPAKTEPUCTUK PA3PAOOTAHHBIX CMECEH IPOBOAWIN CTAHAPTHBIMU
1 HECTAHJAPTHBIMU METOJAMH B AKKPEJUTOBAHHOM J1aOOPATOPUH, KIMHUYECKUE UCCIENOBAHUA — B COOTBET-
crBuy C «JIOPAAKOM IIPOBEACHHA MCCICAOBAHUI I(P(MEKTUBHOCTU CNEHUAIN3IPOBAHHON JUETHIECKON JIE-
4eOHON U JUETUYECKON NIPOMIIAKTUYECKON MUIIEBOM IPOAYKIUMy. CTAaTUCTHIECKAA 00pabOTKa POBOAHU-
JIACh C IPYMEHEHUEM JUCTIEPCHOHHOIO AHAIN3.

Pesynbrarbl. Pa3paboTaHHbI ClEHMATUCTaMy HayyHO-IPOU3BOACTBEHHOIO LIEHTPA TEXHONOIUY 310POBO-
ro nuranusa Capatosckoro IMY um. B.M. Pa3yMOBCKOro Clenuatu3upOBAHHbIA NUIIEBON IPOAYKT 1A 30H-
nosoro nutanua GASTROAXILIUM uMeeT OTIMYHBIE OT 3apyOEKHBIX TEXHOIOTMYECKUE peleHys. B ocHOB-
HOM TPYIIIE, B OTIMYUE OT TPYIILI CPABHEHMUA, OTMEYEHO CTATUCTUYECKH 3HAUYMMOE COKPALEHUE CPOKA MO-
CIEOTIEPALIMOHHOTO TAPE3a KUMEYHNKA KAK [IPY IUIAHOBbIX, TAK 1 IIPU SKCTPEHHBIX ONEPALIUAX.

BoiBogpl. CunTaeM, UTO PE3yIBTATH IIPUMEHEHUA CYTOYHOIO HYTPULIMOHHOIO KOMIUIEKCA OIMTOMEPHBIX CYXUX
cmecert auTepatbHOro mutaHua GASTROAXILIUM y MALMEHTOB C XUPYPIUYECKUMY ATOIOIMAMU HAXOIATCA B CO-
IVIACHY C JIMTEPATYPHBIMU JAHHBIMH, YCTICIIHO JOIOMHAIOT HAYYHBIC JAHHBIE O HEOOXOAMMOCTH HyTPHLIMOHHOM
TIOZICPKKH ¥ OYIyT UTPATD BAKHYIO POMIb B IOBBIIECHHY KAYECTBA JICYCHNUA TKEION A000MUHAILHON IIATONOTUH.

KirogueBnie CI0BA. DHTEPAILHOE 30HA0BOE IUTAHNE, CMECH JUIA SHTEPAIBHOIO NUTAHUSA, 3(P(EKTUBHOCTD
HYTPULIMOHHON MOAJEPKKY, XUPYPIUYCCKHI IAIUEHT, TDKE/As XUPYPIUYeCKas ATONOTHA.
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INTRODUCTION

In modern conditions of development of
surgery, anesthesiology and resuscitation, the
question of choosing a method for correcting
metabolic disorders in surgery remains open.
Initial nutritional disorders in patients who
have undergone traumatic surgical interven-
tions inevitably lead to significant metabolic
and functional changes already in the pe-
rioperative period with the formation of hy-
permetabolism-hypercatabolism  syndrome,
characterized by changes in the energy con-
sumption system, protein breakdown, activa-
tion of lipid peroxidation, excessive accumu-
lation of free fatty acids, and decreased glu-
cose tolerance. An important role in solving
this issue is given to perioperative nutritional
support [1-3].

During both major traumatic and
minimally invasive surgeries, patients are €x-
posed to surgical stress [4]. Surgical stress is
the main cause of perioperative dysfunction
of various organs and systems. Surgical stress
is 2 major cause of perioperative dysfunction
of various organs and systems.

A number of publications indicate that,
depending on the type of pathology, pro-
tein-energy deficiency develops in 20-50 %
of surgical patients directly in the hospital in
the early postoperative period [5]. A relation-
ship has been reliably established between
the severity of protein-energy malnutrition
and the frequency of adverse outcomes in
critically ill patients undergoing surgery [6].

One of the main criteria of the mod-
ern concept of the “Enhanced Recovery
After Surgery” (ERAS) is the assessment of
the patient’s nutritional status and the
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provision of nutritional support through-
out the entire perioperative period. The
ESPEN Nutritional Risk Scale (NRS) is used
as a screening tool for malnutrition [7].
Complex and traumatic operations place
special demands on perioperative patient
care. The outcomes of highly traumatic
surgeries depend on many factors, which
are reflected in the concept of early recov-
ery after surgery (ERAS) (Enhanced Recov-
ery After Surgery) [8] and include a number
of factors, including: preoperative prepara-
tion of the patient, anesthesia, pre- and
postoperative nutritional support [9]. The
outcomes of highly traumatic surgeries de-
pend on many factors, which are reflected
in the concept of early recovery after sur-
gery (ERAS) (Enhanced Recovery After
Surgery) [8] and include a number of fac-
tors, including: preoperative preparation of
the patient, anesthesia, pre- and postop-
erative nutritional support [9].

In order for the time required to restore
the body's homeostasis after surgical injury
and for wound healing to be optimal, the
body must receive a sufficient amount of
energy and nutrients [10]. However, the
body's own energy and plastic resources may
be insufficient due to the traumatic nature of
the surgical intervention or a pre-existing
protein-energy deficiency.

Saratov State Medical University named
after V.I. Razumovsky has its own develop-
ments of enteral mixtures based on domestic
raw materials, unique in technology, differ-
ent from Western production, without the
use of separate (isolated) components, more
physiological and economically feasible.
Technologies of oligomeric enteral mixtures
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for nutritional support of patients with ab-
dominal pathology have been developed.

In connection with the above, the aim
of the study is to analyze the possibility of
using new GASTROAXILIUM mixtures in
the complex therapy of patients hospital-
ized with abdominal pathology who are on
tube feeding,

MATERIALS AND METHODS

During the conduct of this study, inter-
structural interaction was carried out within
the Federal State Budgetary Educational In-
stitution of Higher Education Saratov State
Medical University named after V.I. Razu-
movsky of the Ministry of Health of the Rus-
sian Federation between the Department of
Faculty Surgery and Oncology, which con-
ducted clinical studies, and the Scientific
and Production Center for Healthy Nutri-
tion Technologies (SPC HNT) - the devel-
oper and manufacturer of GASTROAXILIUM
mixtures in accordance with the unique
technology.

The study of the characteristics (con-
tent of proteins, fats, carbohydrates) of the
daily nutritional complex of oligomeric dry
enteral nutrition mixtures GASTROAXILIUM
was carried out by generally accepted
methods in the accredited Testing Labora-
tory of Food Products and Food Raw Mate-
rials of the ETI (branch) of the Saratov
State Technical University named after
YuA. Gagarin. Osmolality was determined
on a cryoscopic osmometer model 3250,
Osmol (made in the USA), acidity — on a
portable pH meter (made in China) based
on the laboratories of the Saratov State

Medical University named after V.I. Razu-
movsky.

Clinical studies of the effectiveness of en-
teral nutrition GASTROAUXILIUM were con-
ducted in accordance with the “Procedure for
conducting studies of the effectiveness of spe-
cialized dietary therapeutic and dietary pre-
ventive food products” developed by the Fed-
eral Research Center for Nutrition, Biotech-
nology and Food Safety (methodological
guidelines, Ministry of Health, Moscow, 2010).

The study was approved by the deci-
sion of the local ethics committee of the
Federal State Budgetary Educational Institu-
tion of Higher Education Saratov State
Medical University named after V.I. Razu-
movsky (recommendations of the ethics
committee of the Federal State Budgetary
Educational Institution of Higher Education
Saratov State Medical University named af-
ter VI Razumovsky of the Ministry of
Health of the Russian Federation dated
06.07.2023 (protocol version 1.0) with an
amendment to the new name of enteral
nutrition mixtures GASTROAXILIUM dated
28.06.2024 (protocol version 2.0)).

The study included 80 patients hospital-
ized with severe surgical or oncological pa-
thology who were on tube feeding. The pa-
tients were randomly divided into two
groups: the main group of 46 people
(matched by age and gender, receiving a
specialized product for tube feeding
GASTROAXILIUM, developed by the Scientific
and Practical Center of TZP) and a compari-
son group of 34 people (matched by age and
gender and receiving a standard (available at
the clinic) product for tube feeding (similar to
the product in group 1) with a standard con-
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tent of essential substances based on the total
daily intake of 30-35 kcal / kg / day and
1.2-1.5 g of protein / kg of body weight / day
according to recommendations for nutri-
tional support of patients).

For inclusion in the study, patients
were selected according to the inclusion
criteria, with their consent to participate

with a signed "Informed voluntary consent
to participate in a clinical study", who were
indicated for surgical treatment for the
main disease. It should also be noted that
patients without concomitant diseases were
selected. The identification number was as-
signed according to the patient's medical
history number (Tables 1 and 2).

Table 1

Underlying disease and degree of nutritional status impairment (main group)

Lo General Violation

b Prior Discase Health Status of Nutritional Status
3467 |Gastric cancer Moderate Moderate
3643 |Gastric cancer Moderate Moderate
3801 |Gastric cancer Moderate Moderate
3759 |Acute adhesive intestinal obstruction Moderate Mild
3965 |Acute adhesive intestinal obstruction Moderate Moderate
4029 |Strangulated inguinal hernia Moderate Moderate
4206 |Acute cholecystitis, peritonitis Bad Moderate
4369 |Incarcerated femoral hernia Moderate Mild
4257 |Gastric cancer Moderate Moderate
4318 |Gastric cancer Moderate Moderate
4522 |Acute adhesive intestinal obstruction Moderate Mild
4375 |Duodenal ulcer complicated by bleeding Moderate Mild
4535 |Perforated duodenal ulcer Moderate Mild
4629 |Duodenal ulcer complicated by bleeding Moderate Mild
4775 |Acute adhesive intestinal obstruction Moderate Moderate
4688 |Biliary fistula Moderate Mild
4450  |Gastric cancer Moderate Mild
4397 |UC, intestinal bleeding Moderate Mild
4912 |Penetrating stab wound to the abdomen Moderate Negative
4879 |Acute adhesive intestinal obstruction Moderate Mild
4885 |Dumping syndrome, anastomosis Relatively satistactory Mild
4919  |Acute appendicitis. Peritonitis Moderate Moderate
5136 |Duodenal ulcer complicated by bleeding Moderate Moderate
5148 |Chest and abdominal wounds. Bowel injury. Peritonitis Moderate Mild
4785 |Acute pancreatitis. Pancreatic necrosis Moderate Moderate
4955  |Chronic pancreatitis. Pancreatic cyst. Moderate Mild
5347 |Pancreatic cancer. Jaundice Moderate Moderate
5268 Metast.asis of ovarian cancer to the small intestine. Moderate Severe
Acute intestinal obstruction
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End of Table 1

D Prior Discase General Violation
Condition Status | of Nutritional Status
5592  |Duodenal ulcer complicated by bleeding Moderate Moderate
5501 |Duodenal ulcer complicated by bleeding Moderate Mild
5847 |Pancreatic cancer. Jaundice Moderate Moderate
5833 |Duodenal ulcer. Gastric stenosis. Adhesions Moderate Mild
5839 |Duodenal ulcer complicated by bleeding Moderate Moderate
6126 |Cancer of the cecum. Carcinomatosis Moderate Severe
5724  |Stomach ulcer Moderate Moderate
5616 |Duodenal ulcer complicated by bleeding Moderate Severe
5947  |Perforation of the sigmoid with a fishbone Moderate Mild
0228 |Sigmoid cancer. Acute intestinal obstruction. Moderate Moderate
6235  |Pancreatic cancer. Jaundice Moderate Moderate
6574 |Gastric ulcer complicated by bleeding Moderate Moderate
5042 Ischemic heart disea§e. Agute cerebrqvascular accident. Taenoe Moderate
Gastric ulcer. Gastrointestinal tract disease.
6348 |Acute adhesive intestinal obstruction Moderate Moderate
0489 |Gallstone disease. Pancreatic cyst. Jaundice. Moderate Moderate
6387 |Gastric cancer T2NOMO Moderate Moderate
6413 |Gastric cancer T2NOMO Moderate Moderate
6745 |Gastric cancer T4N3M1, stenosis. Severe Severe
Table 2
Primary disease and degree of nutritional status impairment
(comparison groups)
Lo General Violation
b Prior Discase Condition Status | of Nutritional Status
3472 |Acute pancreatitis. Peritonitis. Severe Severe
3711 |Gallstone disease. Acute pancreatitis. Peritonitis. Moderate Mild
4033 |Appendicular abscess. Peritoniis. Moderate Moderate
4042 |Diverticulitis of the sigmoid colon. Peritonitis. Moderate Moderate
4375 |Acute pancreatitis. Peritonitis. Abdominal phlegmon. Severe Moderate
4412 |Acute appendicitis. Peritonitis Moderate Mild
4189 |Thrombosis of mesenteric vessels. Severe Moderate
4203 |Acute adhesive intestinal obstruction Moderate Moderate
4817 |Acute intestinal obstruction. Moderate Mild
4214 |Stomach cancer Moderate Moderate
4826 |Liver cirrhosis. AO. Primary peritonitis. Moderate Moderate
4925  |Gallstone disease. Acute cholecystitis. Moderate Mild
4822 |Cancer of the cecum T3NOMO. Peritonitis. Moderate Moderate
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End of Table 2

D Prior Disease General Violation of
Condition Status Nutritional Status

5167 Gastric ulcer. Completed gastrointestinal tract infection. Moderate Moderate
Phytobezoar.
Rectal cancer T4NxM1 mits in liver. Acute intestinal

5394 . Severe Severe
obstruction.

5430 Gastric c.ancer T4N3M1, carcinomatosis. Acute intestinal Severe Moderate
obstruction.

5412 |Adhesive intestinal obstruction Moderate Moderate

5436 Transver.se colon cancer T3NOMO. Acute intestinal Moderate Mild
obstruction.

5414 |Gastric ulcer complicated by bleeding. Moderate Moderate

5516 |Perforated duodenal ulcer. Peritonitis. Moderate Moderate

5732 |Sigmoid cancer TANOMO. Peritonitis. Moderate Moderate

5625 Panc'reatic cancer TANOMO. Jaundice. Diabetes Severe Mild
mellitus.

5862 |Sigmoid colon cancer. Acute intestinal obstruction. Moderate Moderate

5798 |Pancreatic cancer T4N2MO. Jaundice. Moderate Mild

0134 |Sigmoid cancer TANOMO. Acute intestinal obstruction. Moderate Moderate

5842 |Acute adhesive intestinal obstruction Moderate Moderate

6315 |Perforated duodenal ulcer. Peritonitis, Moderate Moderate

6324 Cancer Qf the sigmoid colon. TANOMO. Acute intestinal Moderate Moderate
obstruction.

6350 |Small bowel lymphoma Moderate Mild

6361 |Gastric ulcer. Stenosis. Moderate Moderate

6392 |Perforated ulcer of the duodenum. Peritonitis. AO. Moderate Mild

0404  [Retroperitoneal sarcoma. Moderate Moderate

6618 |Pancreatic tumor. Jaundice Moderate Mild

0623 |Retroperitoneal sarcoma. Moderate Mild

The daily nutritional complex of oli-
gomeric dry enteral nutrition mixtures
GASTROAUXILIUM was introduced into the
duodenum or the initial sections of the
small intestine using a nasogastrointestinal
tube installed intraoperatively. For the
main group of patients, a manual method
of active portioned (bolus) administration
of the nutritional mixture was used. It is
administered in portions using a Janet sy-
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ringe. In this case, a single volume for the
stomach and small intestine should not
exceed 200 ml after 3—-4 hours, adminis-
tered slowly over 5-10 minutes. The nutri-
tional mixture "Fresubin" (FresiniusKabi)
was administered using a dropper at a rate
of 5-10 ml/min through the perfusion
channel of the probe.

The daily nutritional complex of oli-
gomeric dry enteral nutrition mixtures
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GASTROAXILIUM has been developed
based on the principle of physiological pet-
ception of nutrition by the human body
with adequate distribution of the caloric
content of the daily diet by feeding, which
allows for labile control of metabolic stress.
The technology of the nutritional com-
plex of oligomeric dry enteral nutrition mix-
tures GASTROAXILIUM is based on the use of
natural dietary hypoallergenic domestic raw
materials, combined in accordance with the
rules of food combinatorics and technology
of preparing dishes for dietary therapeutic

nutrition, converted into a semi-elemental
state using enzyme technologies with subse-
quent dehydration. The characteristics of the
daily nutritional complex of oligomeric dry
enteral nutrition mixtures GASTROAXILIUM,
developed by the Scientific and Production
Center of TZP, are presented in Table 3.

Comparative characteristics of the daily
nutritional complex of oligomeric dry en-
teral nutrition mixtures GASTROAXILIUM,
developed by the Scientific and Production
Center of TZP, and the mixture "Fresubin"
are presented in Table 4.

Table 3
Characteristics of daily nutritional complex of oligomeric dry enteral nutrition
mixtures GASTROAXILIUM
Daily Nutritional Complex of Oligomeric Dry Enteral Nuttition Mixtures GASTROAXILIUM Osmolalit
Nutritional and Energy Value GASTROAXILIUM rri Osonf /k;; pH
Nutrition Frequency Proteins, g | Fats, g Hydrocrarbons, Erfcraglle, H20
Morning feeding (breakfast) 73 37 258 165.5 494 4
Lunch feeding (dinner) 23.7 29 10.3 1615 438 4
Afternoon feeding (afternoon snack)| 7.1 75 26.2 1649 362 3.8
Evening feeding (dinner) 19.8 2.64 143 160.3 432 4
Total 579 167 76.6 0522 | Average 4315 | 4

Note: each portion of the feeding mixture is diluted with 150 ml of water at 40-42 °C, 4-time feed-
ing provides 1 ml/1.1 kcal (9.7 g protein/ 108.7 kcal / 100 ml). Depending on the patient's condition,
weight and if 4-time use of the PI is insufficient to replenish the nutritional needs, the patient will re-
ceive an additional feeding.

Table 4

Comparative characteristics of daily nutritional complex of oligomeric dry
enteral nutrition mixtures GASTROAXILIUM, developed by scientific and
production center of tzp, and mixture “Fresubin” (FresiniusKabi)

Mixture Name Nutritional and Energy Value Osmolality, pH
Proteins,g | Fats,g | Hydrocarbons,r | Energie, kcal | mOsm/kg H20
GASTROAXILIUM 579 167 76.6 052.2 4315 4
“Fresubin” 50 16 045 010 740 0.7
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The nutritional complex of oligomeric
dry enteral nutrition mixtures GASTRO-
AXILIUM has a microbiome-forming effect
due to its high antioxidant activity, anti-
inflammatory and anti-cancer effects due to
the presence of natural polyphenols, antho-
cyanins, ascorbic acid, and vitamins of
group P. The food raw materials used in the
production of enteral nutrition are hypoal-
lergenic, dietary, have a low glycemic index,
and are gluten-free. To collect data and im-
plement communications during the study,
a patient observation scheme was used, in-
cluding: screening conducted on the day of
the patient's hospitalization, namely: identi-
fication of the degree of malnutrition Nutri-
tional Risk Screening 2002 (NRS 2002) [9],
assessment of the general condition of the
patient, laboratory monitoring (complete
blood count, BH blood test), collection of
complaints and anamnesis, and objective
examination.

All actions with the research base were
recorded on paper and electronic media.
Primary and secondary analysis are pre-
sented by descriptive statistics. All continu-
ous variables were summarized using the
following parameters: 7 (sample range of
available patients), mean, standard devia-
tion, median, 25th and 75th percentiles, or
maximum and minimum. Critical p-values
and confidence intervals were calculated as
two-sided. The study adopted a statistical
significance level of 0.05. Continuous vari-
ables were described using mean, standard
deviation, 95 % confidence intervals, me-
dian, upper and lower quartiles. Primary
and secondary endpoint analyses were per-
formed on the full data set.
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RESULTS AND THEIR INTERPRETATION

All patients had nutritional status dis-
orders to varying degrees (Table 5).

Table 5

Degree of nutritional status
impairment in groups in comparison

Degree of Nutritional Group
Status Impairment Basic Comparison
Negative 1 -
Mild 16 10
Middle 25 22
Severe 4 2

The data in Table 5 show that the de-
gree of nutritional status impairment in pa-
tients in all groups is identical. In the main
group, there are more patients with mild
and severe nutritional status impairment, in
contrast to the comparison group, where
there are more patients with moderate im-
pairment. Nevertheless, the highest per-
centage of patients is with moderate im-
pairment of nutritional status.

From the data in Table 6 it is evident that
in 46 patients receiving the GASTROAUXILIUM
complex of oligomeric dry enteral nutri-
tion mixtures as nutritional support. The
average duration of paresis was 3.4 days,
while in 34 patients receiving Fresubin as
nutritional support, the average duration
of paresis was 4.5 days. At the end of the
observations, a comparison was made of
the mean values (median and quartiles) of
the duration of intestinal paresis resolution
by the number of days in the main group
and in the comparison group (Table 7): in
the comparison group, the duration of paresis
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Table 6

Summary data on effectiveness of paresis resolution in groups

PI Support Support with Fresubin Drug
Pathology Number of  |Paresis Resolution| — Numberof  |Paresis Resolution
Observations, abs.|  Period, Days. | Observations, abs.|  Period, Days.
Diseases of Stomach (Tumor, Perforation-damage to the Wall)
Gastrectomy 4 3.2 1 4
Gastric Resection 14 3.2 3 4
Gastroenteroanastomosis 1 3
Suturing of the stomach wall and
3 3 3 4
duodenum
Acute Surgical Pathology
Peritonitis 7 35 9 6.1
Acute intestinal obstruction 9 3.8 10 4.7
Pancreatic tumor 3 3.6 3 43
Strangulated hernia 2 3
cher diseases of the gastrointes- 3 43 5 45
tinal tract
TOTAL 46 34 34 4.5
Table 7  peritonitis, duodenal ulcer and gastric cancer,
. . . . ' i n the 3r
Duration of intestinal paresis resolgtlon (.)f paresis occurrgd 0 .t ¢ 3rd day,
. only in patients with acute intestinal obstruc-
resolution in groups : : : -
tion the duration of resolution of paresis in the
Group Numberof | Durationof | study group was one day longer.
Patients | Intestinal Paresis
Basic 46 334
Comparison 34 504 5] Peritonitis rﬁ
Note: * — differences with the comparison group
are significant at p < 0.05. Acute 5
obstruction 4

resolution was, on average, 2 days longer
than in the study group.

The significance of differences between
groups in the duration of paresis resolution
was confirmed using the nonparametric Kol-
mogorov — Smirnov test (Z = 2.21; p < 0.001).
Moreover, regardless of the type of disease, the
duration of paresis resolution (Figure) was
shorter in the main group. In patients with

i

Duodenal ulcer

L’JI

Duration of Paresis

W

Gastric cancer

w|

S

1 2
B Control

3 4 5 6

B Study group
Fig. Duration of paresis resolution depending
on disease
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Table 8
Results of study of local complications
Grou Number of Feces Features
P Patients | Soft decorated| Liquid
Basic 46 43 3
Comparison| 34 0 28
Table 9
Results of study of common
complications
o Number of General Compl}gcziltlc.)n
P Patients Diarrhea anin
Stomach
Basic 46 - 6
Group 34 18 7

The duration of paresis resolution in
the comparison group was longer in all
cases, and the longest in patients with
peritonitis.

It should be noted that peritonitis de-
veloped as a postoperative complication in
the main group in 3 cases out of 46 (6.5 %),
and in the comparison group — in 7 cases
out of 34 (20.6 %). Thus, the proportion of
postoperative complications in the com-
parison group was 14.1 % higher than in the
main group. When comparing the two
groups by the peritonitis criterion using the
chi-square test, there were no significant
differences between the groups at p < 0.05
(the ¢ value = 3.537).

As a local complication (Table 8), liquid
stool was observed in 3 out of 46 patients
(6.5 %) in the study group and in 28 out of
34 patients in the comparison group (82.4 %).

Comparison of two groups according
to the “stool type” criterion using the chi-
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square test allowed us to identify reliable
differences between the groups at p < 0.001
(" value = 47.366).

As a general complication (Table 9), di-
arrhea was not observed in patients of the
main group, but in patients of the compari-
son group, diarrhea was a frequent occur-
rence — in 18 cases out of 34 (529 %). Ab-
dominal pain was present in some cases
both in the main (13 %) and in the com-
parison group (20.5 %).

Comparison of two groups on the crite-
rion of diarrthea using the chi-square test
allowed us to identify reliable differences
between the groups at p < 0.001 (x’value =
=31423).

The presence of diarrhea indicates
poor absorption of nutrients in enteral nu-
trition. In the main group, diarrhea was not
observed, which is a sign of good absorp-
tion of the mixture in the intestinal lumen.
Diarrhea was noted in more than half of the
cases in the comparison group. Diarrhea
develops when unabsorbed water-soluble
substances accumulate in the intestine,
which attract water along the osmotic gra-
dient. Osmotic diarrhea occurs when cer-
tain substances that cannot be absorbed
through the wall of the colon remain in the
intestine. These substances lead to the fact
that an excess amount of water remains in
the feces, causing diarrhea.

Abdominal pain was more common in
the comparison group than in the main
group. When comparing the groups by the
criterion of “abdominal pain” using the chi-
square test, there were no significant differ-
rences at p < 0.05 (the value of y* = 0.277).
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Table 10

Results of study on probe removal

in groups
Number of Pa- | Probe Removal,
Group .
tients days
Basic 45 43; 4]
Comparison 32 5[4; 6]

When comparing the mean values
(median and quartiles) of the time of tube
removal (Table 10) in both groups, it was
noted that the tube was removed in the
main group on average one day earlier than
in the comparison group.

The significance of differences between
groups in probe removal time was confirmed
using nonparametric Kolmogorov — Smirnov
criterion (Z = 2.204293659; p < 0.001).

Further in Table 11 the indicators of
general and biochemical blood analysis
in patients of two groups before and af-
ter surgical treatment are presented.

In the comparison group, after surgery,
there was a significant decrease in the
number of leukocytes (p < 0.05), an in-
crease in the level of total protein and al-
bumin (p1 < 0.05 and p2 < 0.001, respec-
tively), and a decrease in the level of ALT
and AST (p1 < 0.001 and p2 < 0.05, respec-
tively).

In the main group after the operation,
there was a significant increase in hemo-
globin (p < 0.01), a decrease in the number
of leukocytes (p < 0.01), a decrease in the
level of urea and creatinine (p < 0.01), an
increase in the level of total protein and
albumin (p < 0.01), a decrease in the level

Table 11
Results of general and biochemical blood tests in patients of main group and
comparison group
Comparison Group Study Group
Value Preoperatively: Postoperatively: Preoperatively: Postoperatively:
Me [25 %75 %] Me [25% 75 %] Me [25 %75 %] Me [25 %75 %]
Hemoglobin | 133[127.75; 137.25] | 130[124.75,135.25] | 125[104.25;135] | 131[129; 135.25]"
Erythrocyte 3.85[3.6;4.2] 3.75(3.5;4.2] 3.8[345; 4.23] 3.8[3.7;4.2]
Leukocytes 11.4[9.98; 13.13] 7.25[66; 835 1245[11; 14.0] 73675 78]
Thrombocytes | 229.5[1945;267.8] | 202.5[196.2; 251.3] 232[199; 304.8] 227[210; 250.3]
Urea 7.15[6.38, 7.55] 7.8[685; 8.65] 0.45[9; 11.3] 7.1[638; 8]
Creatinine 107[89.75; 121.25] 99.5(88.75; 114] 126[120; 138.5] 99[87; 105]
Total protein 58[55.75; 61] 064(62; 65.25]* 54[49.75; 57 75[69.75; 78]
Albumin 20[28; 31] 35[34; 371 2926, 32] 485[46; 50]
ALT 50[43; 62] 43[34.75; 45 58.5[49; 89) 42.5[39; 44]
AST 49[42.5;61.25] 44.5[41.25; 49T 02 [53; 87.75] 46.5[44; 48.25]
Bilirubin 15.0[13.78; 17.83] 15.5[14.75; 16.55] 18.3[15.8; 20.28] 149[14.3; 15.73]
Glucose 5[4.5;5.73] 5.1[4.6,55] 5348, 5.0] 49[44;5.23]

Note: " — differences with the comparison group before surgery are significant at p < 0.05.
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of ALT and AST 9 (p < 0.01), a decrease in
the level of bilirubin and glucose (p < 0.01).

When comparing the biochemical blood
test parameters after surgery, the main group
showed a lower urea level (p < 0.05), a more
pronounced increase in the level of total pro-
tein and albumin after the therapy (p < 0.01),
compared with the corresponding data of the
comparison group. No reliable differences
were found between the patient groups for
other parameters of the general and bio-
chemical blood test after surgety.

The decrease in the urea level in the
main group indicates favorable processes of
deamination reactions of amino acids sup-
plied with the patient's diet, in contrast to
the comparison group, where the urea level
does not decrease, but, on the contrary, in-
creases slightly.

The increase in the amount of protein
and albumin in the blood of patients in the
main group indicates a significantly more
successful elimination of protein-energy
deficiency than in the comparison group,
where an insignificant increase was statisti-
cally confirmed.

In our study, virtually all patients had
some degree of nutritional status impair-
ment. Only one patient out of 80 had no
nutritional status impairment.

Barly initiation of enteral nutrition is
recommended [13]. The standard polysub-
strate isocaloric enteral diet is the basis for
initiating enteral nutrition.

Over the last three decades, our country
has widely used foreign-made enteral formu-
las, the nutrient composition of which is
known and is used depending on the state of
the body. There are 17 global companies
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producing enteral nutrition, and it is known
that modern enteral formulas are produced
by mixing individual nutrients obtained on
high-tech equipment, assembling, like a food
designer, according to a given nutritional
value. However, the raw material base and
technologies used by foreign manufacturers
in the manufacture of such formulas are in
top-secret mode. In the conditions of uncer-
tainty, sanctions and the current geopolitical
crisis, our country is in dire need of its own
enteral nutrition technologies.

The specialized food product for tube
feeding GASTROAUXILIUM, developed by
specialists of the Scientific and Production
Center for Healthy Nutrition Technologies
of the Saratov State Medical University
named after VI. Razumovsky, has techno-
logical solutions that are different from for-
eign ones, based not on the principles of
high-tech production and the isolation of
individual nutrients from the food raw ma-
terial base, but on the principles of food
combinatorics of natural domestic food
products, enzyme technologies and IR de-
hydration processes. Such technological so-
lutions are import-independent, economi-
cally feasible and physiologically justified.

Enteral food product for tube feeding
GASTROAUXILIUM, intended for severe
postoperative patients with abdominal pa-
thologies, is a complete means of enteral
nutrition with an innovative technological
component, possessing a native micro-
biome-forming nutrient composition, a
complete isocaloric formula It differs from
well-known enteral mixtures — food con-
structors of isolated nutrients — by its com-
pletely natural composition of food raw
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materials with a preserved bioactive profile,
combined according to the rules of dietary
nutrition with minimal technological im-
pact on the product (without ultra-
processing), without the addition of food
additives: stabilizers, preservatives.

The present study of the effectiveness
of enteral mixtures for tube feeding GAS-
TROAUXILIUM in comparison with the
standard Fresubin was conducted during a
28-week randomized controlled trial. Dur-
ing the study of enteral mixtures for tube
feeding GASTROAUXILIUM, we obtained
convincing data on the effectiveness and
safety of the studied product.

In our opinion, the most important
endpoints are the following: in the main
group, compared with the comparison
group, the duration of paresis resolution
was, on average, statistically significantly 2
days shorter.

As a local complication, diarthea was
observed in 3 patients out of 46 (6.5 %) in
the main group, in 28 patients out of 34
(824 %) in the comparison group. As a gen-
eral complication, diarrhea was not observed
in patients in the main group, in patients in
the comparison group, diarrhea was a fre-
quent occurrence and was observed in 18
cases out of 34 (52.9 %).

When comparing the mean values
(median and quartiles) of the time of
probe removal in both groups, it was noted
that the probe was removed in the main
group on average one day earlier than in
the comparison group. These data ob-
tained a statistically significant result.

Changes in blood parameters (urea, to-
tal protein, albumin) were statistically sig-

nificant, which proves the successful elimi-
nation of protein-energy deficiency in pa-
tients of the main group, in contrast to the
comparison group.

CONCLUSIONS

We believe that the results of the study of
the daily nutritional complex of oligomeric
dry enteral nutrition mixtures GASTROAXIL-
[UM are in agreement with the literature data,
successfully complement the scientific data
on the need for nutritional support and will
play an important role in improving the qual-
ity of treatment of severe postoperative pa-
tients with abdominal pathologies.
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Objective. To assess navigation literacy of primary health care personnel (using the example of the heads of
medical and obstetric centers in Orenburg region).

Materials and methods. Navigation literacy of primary health care personnel was assessed among all heads
of medical and obstetric centers in Orenburg region (7 =58). For this purpose, a single-stage continuous
online survey was conducted using a combined questionnaire developed by the Central Research Institute for
Healthcare Organization and Informatization of the Ministry of Heath of the Russian Federation.

Results. The level of navigation literacy among the heads of the medical and obstetric centers of Oren-
burg region in 65.7 % of cases was excellent and sufficient. In the list of navigation skills, the heads of the
medical and obstetric centers noted difficulties in the implementation of: issues of medical insurance
(48.3 %), legal aspects of medical care and protection of patients' rights (27.5-48.3 %), healthcare reform
(36.2 %). It was found out that from 63.7 % to 91.4 % of the heads of the medical and obstetric centers are
aware of the ongoing state measures in the field of public health. The majority of the respondents (60.0 %)
noted that they search for necessary information for professional purposes using digital tools. However,
every third respondent (32.7 %) mentioned the difficulties in finding it on legislative issues, interpreting
the quality and safety of food products according to their product labeling (27.6 %), solving problems re-
lated to mental health and well-being (18.9 %). These data demonstrate the need to improve navigation
literacy of medical and obstetric centers managers in the digital environment.

Conclusions. The modern multilevel and multicomponent healthcare system is associated with the need to
improve the navigation literacy of medical personnel. The data obtained determined the main directions for
improving navigation literacy of the heads of medical and obstetric centers.

Keywords. Navigation literacy, primary healthcare, heads of the medical and obstetric centers.

Ieab. OUEHUTb HABUTALMOHHYIO IPAMOTHOCTb MEAULIMHCKUAX PAOOTHUKOB IIEPBUYHOIO 3BEHA 3PABOOXPA-
HEHMA (Ha IPUMEPE 3aBEAYIOMMX (DENbAMEPCKO-AKYIMEPCKUMU TYHKTaMi OpEHOYPICKOit 00IaCTH)
Marepuansl 1 MeTOAbI. HaBUralMOHHAA IPAMOTHOCTD MEJULMHCKUX PAOOTHUKOB IEPBUYHOIO 3BEHA
3/ipABOOXPAHEHUA OLEHEHA CPEAY BCEX 3aBEAYIOIUX (DEbAMEPCKO-AKYIIEPCKUMU IIYHKTaMu OpeH-
Oyprcxkoit obnactu (7 = 58). 114 3TOro Obu1 NPOBEAEH OAHOMOMEHTHBIN CIIOMHON OHNANHH-ONPOC 110
KOMOMHUDPOBAHHOMY OIPOCHUKY, PAa3pa60TaHHOMY LIeHTPAIbHBIM HAYIHO-UCCIEA0BATEILCKUM HHCTH-
TYTOM OPTaHU3ALUYU U UHPOPMATU3ALUHU 34PABOOXPAHEHNA MUHUCTEPCTBA 3pABOOXPaHeHNA Poccuit-
CKolt Penepanum.

Pe3yapTarhl. YPOBEHD HABUIALMOHHON I'PAMOTHOCTH Y 33BEAYIOMNX (PEIBAMEPCKO-AKYIEPCKAMY TYHK-
Tamut OpeHOYPICKOit 061acTH B 65,7 % CIy9asx ObUT OTMUYHBIM U OCTATOUHBIM. TPYIHOCTH B PEATH3ATIHH
HABUI'ALIMOHHBIX HABBIKOB 3ABEAYIOUIME (DENbAMLEPCKO-AKYIMEPCKUMH MYHKTAMU UCIILITBIBAIA B CPEpe Me-
JUIAHCKOTO CTPaxXOBaHUA (48,3 %), MIPABOBBIX ACIIEKTOB OKA3aHUA MEAUIIMHCKON MOMOIIY, 3AIMUTH TIPAB
narueHTos (27,5-48,3 %), pedopmMupoBatus 3apaBooxpaterust (36,2 %). VCTaHOBIEHO, 4T0 OT 63,7 110
91,4 % 3aBeAYIOMUX (PENBAMEPCKO-AKYIIEPCKAMH ITYHKTAMU OCBEAOMJIEHB! O IPOBOJUMBIX TOCY/IAPCTBEH-
HBIX MEPAX B c(hepe OOMECTBEHHOIO 3A0POBbS. DOMBIIMHCTBO 3aBEAYIOMHMX (DEIbAMEPCKO-AKYIIEPCKUMU
nyHKTAME — 3T0 60,0 % PECTIOHICHTOB — OTMETHIIN, YTO MOMCK HEOOXOAMMOI nH(OopMAIK B mpodec-
CHOHAIBHBIX LIENAX OCYWECTBIAIOT C MOMOIMIBIO LU(PPOBBIX UHCTPYMEHTOB. OfIHAKO KAKIBIA TPETHH
(32,7 %) pECHOHZEHT OTMETHI TPYAHOCTH €€ MOMCKA IO BONPOCAM 3dKOHOZATENbCTBA, HHTEPIPETALUN
KA4eCTBA ¥ GE30MACHOCTH MPOAYKTOB MHTAHMS COTMACHO WX TOBAPHONM MAPKUPOBKE (27,6 %), penieHus
IpOO6JIEM, CBA3AHHBIX C ICUXUYECKUM 3[40pPOBbeM U Onarononyduem (18,9 %), uto AUKTYET HEOOXOAU-
MOCTb COBEPIICHCTBOBAHMA HABUIAL[MOHHON I'DAMOTHOCTH 3aBEAYIOMMX (DEIbAMEPCKO-AKYIEPCKUMU
IIYHKTAMU B IU(PPOBOI1 CPEJE.

Beisozbl. COBpEMEHHAS MHOIOYPOBHEBASA I MHOTOKOMIIOHEHTHAS CUCTEMA 3[PABOOXPAHEHUS COLPKEHA C
HEOOXOJMMOCTBIO IOBBIICHUA HABUTAIIMOHHON I'DAMOTHOCTY MEJMIMHCKUX PAOOTHUKOB. [lomydeHHBIE
JAHHBIC ONPE/EMIA OCHOBHBIC HANPABICHUA COBEPIICHCTBOBAHMA HABUI'ALIMOHHON I'PAMOTHOCTU 3dBC-
AYIOMUX (eIbAMEPCKO-AKYIIEPCKUMU YHKTAMHU.

Kirouessie ¢10Ba. HaBUranuoHHAA I'PAMOTHOCTb, MEPBUYHOE 3BEHO 3APABOOXPAHEHUSA, 3aBEAYIOLIMIN
(beNBAMEPCKO-aKyIEPCKUM ITYHKTOM.
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INTRODUCTION

In the last decade, there has been an ac-
tive transformation of the healthcare system
[1-5], which is currently characterized by a
multi-component and multi-level architec-
ture' [6]. Particular attention is paid to im-
proving and increasing the quality and ac-
cessibility of primary health care (PHC) [7; 8]
In this regard, for regions with a high pro-
portion of rural population, for example in
the Orenburg region, it is especially impor-
tant to provide high-quality primary medical
and health care at feldsher-obstetric stations
(FOS) [9]. This is due to the fact that the or-
ganization of the work of the FAS and the
level of work descriptors of paramedics
largely determine the quality of primary
health care in rural areas [10; 11]. At the
same time, taking into account the arsenal of
all regulated tasks of the FAS’, the presence
in the recommended staff of the FAS from
among medical workers with secondary
medical education of only the head of the
FAS, the work function of the head of the
FAS is not limited only to the management
of a structural unit in organizations provid-
ing primary pre-medical medical care to the
population’, but also expands to the direct
implementation of all areas of providing
primary health care to the rural population.
As a result, it is important for the head of the

' Schaeffer D., Hurrelmann K., Bauer U, Kolpatzik K.,
Altiner A, Dierks M., Ewers M., Horn A, Jordan S., Kick-
busch L, Klapper B, Pelikan J.M,, Rosenbrock R., Schmidt-
Kaehler S., Weishaar H., Woopen C. National Action Plan
Health Literacy. Promoting health literacy in Germany.
2018, available at:  https://apisemanticscholar.org/
CorpusID: 191667984.

FAS not only to be able to directly provide
primary health care at the request of the
population, but also to be able to organize it.
In order to make adequate decisions regard-
ing the entry point into the patient’s health-
care system, taking into account the required
type and form of medical care [12; 13], the
head of the FAS must have a sufficient level
of navigational literacy in healthcare and be
familiar with the current measures of state
policy in the field of public health. As is
known, the navigational literacy of the
population itself is in most cases low [14]. As
noted by L. Giese et al. [15], effective use of
the healthcare system and navigation within
it requires a special form of comprehensive
health literacy — navigational literacy, that is,
the ability to process information to success-
fully navigate the healthcare system and find
the right help at the right time [16; 17). In
this regard, it is currently becoming relevant
to study the navigation literacy of not only
the population itself, but also health workers
providing primary medical and social care in
regions with a high proportion of rural
population, in order to improve the effi-
ciency of the health care system.

MATERIALS AND METHODS

An assessment of the navigation liter-
acy of primary health care workers and the
level of awareness of the already imple-
mented measures of state policy in the field
of public health was conducted among all
heads of feldsher-obstetric stations in the
Orenburg region (7 = 58). For this purpose,
a one-time continuous online survey was
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carried out using a combined questionnaire
developed by the Central Research Institute
of Occupational Health and Social Devel-
opment [18].

The navigational literacy in health is-
sues (NL) of the heads of FAS was assessed
by calculating the navigational literacy in-
dex, the formation of which is based on the
results of the answers to a separate block of
questions [19] according to the formula:

Number of answers “simple”/
“very simple” of the question pool
" Number of reliable responses

The final result of the navigation liter-
acy index ranged from O (low level) to 100
points (high level). According to the Euro-
pean methodology for grading the obtained
index results [20], each navigation literacy
index was interpreted depending on the
range of values it fell within. The problem-
atic level of the oil-and-gas pool index was
established in the case of its values from
50.0 to 66.6 points. If the oil-and-gas pool
index values were less than 50 points, the
level was considered insufficient. The ob-
tained results of the navigation literacy in-
dices were compared with the all-Russian
data obtained during a survey among 2627
respondents over 18 years old, whose aver-
age age was 42 years [18]. The level of statis-
tical significance of differences between the
compared groups was determined using the
' Pearson criterion. Differences were con-
sidered statistically significant at p < 0.05.
All calculations of statistical indicators were
performed in the Statistica 10.0 program.
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In this study, 58 Heads of FAS of the
Orenburg region over 18 years of age took
part in the survey; the average age of re-
spondents was 49.6 + 1.37 years. Most of
the surveyed Heads of FAS (75.9 %) lived
with their official spouse in a marriage and
had children over 15 years of age (63.9 %)
(Table 1). The majority of respondents be-
longed to the social group passive (50.0 %),
were social-safe (84.5 %), had high social
integration (53.4 %), and also not in a diffi-
cult financial situation (65.5 %) (Table 2).

At the next stage, in order to detail the
leading factors in the formation of the navi-
gation literacy index, an assessment was
made of the respondents’ answers to each
question in the block. Data for each ques-
tion and the answers chosen by the major-
ity of respondents were presented in the
form of Me [Q25; Q75]. For this purpose,
the respondents' answers to each question
were interpreted into a point score (Table 3).
In addition, for each question, the propot-
tion of respondents from all those who in-
dicated the answer "Difficult" and / or "Very
difficult" was calculated. To do this, the re-
spondents’ answers to each question were
interpreted into a point score (Table 3). In
addition, for each question, the proportion
of respondents from all those who indi-
cated the answer “Difficult” and / or “Very
difficult” was calculated.

RESULTS AND DISCUSSION

It was found that the average navigation
literacy of FAS Heads corresponded to a suf-
ficient level (75.8 points), which is 1.6 times
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Table 1
Socio-demographic characteristics of respondents
Parameter | n | %

Gender:
female 58 100.0
male 0 0.0

Marital status:

I live with my official spouse in the same household 44 759
single /1 live alone 4 172
single not married /I live in a civil marriage in one household 10 0.9
In an official / in a civil marriage, but live separately 0 0.0

Having children:

No children 2 34
Less than 15 years 13 224
Less than 15 and more than 15 years 6 10.3
More than 15 years 37 039
Level of education:
Secondary special | 58 | 1000
Table 2
Social activity of respondents
Question | Social Parameter | n | %

Social activity

How many close people do you have that you can SOCK.H PSSV 29 200

count on if you have serious personal problems? Medium active 1 187

Social active 18 31.1

Social safety

How easy is it for you to get help from your Socially safe 49 84.5

neighbours if you need it? Socially unsafe 9 155

Social integrity

How much attention / interest do people show in Much enough 31 234

what you do (e.g. work / hobbies) Average 13 224

Little 14 242
Financial position
How easy or difficult is it for you to pay your bills at  |Not heavy 38 055
the end of the month? Heavy 20 34.5
Table 3

Interpretation of scores of the level of proficiency of fas heads in navigation
literacy in the field of healthcare

Number of Scores
Parameter
1 2 3 4
Interpretation (level of proficiency) Very difficult Difficult Light Very light
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Tabnuna 4

Proportion of respondents with different levels of navigation literacy
in health issues, %

Level Ings Observation Group
FAS Heads All-Russian Population Survey Data
Excellent 55.2 26.8
Sufficient 155 10.8
Problematic 8.7 12,6
Insufficient 20.6 49.6

higher compared to the all-Russian data
(48.8 points). At the same time, the majority
of respondents had an excellent and suffi-
cient level of Ings (70.7 %). Nevertheless,
20.6 % of respondents had an insufficient
level of Ings (Table 4).

Taking into account the age of the re-
spondents, it was found that the lowest Ings
was among people aged 55-64 years (71.5
points), and the highest was among people
aged 25-34 years (90.2 points). Moreover,
in all age categories Ings Head of paramed-
ics was 1.5-1.7 times higher compared to
all-Russian data and 14-1.8 times higher
compared to the data of the Volga Federal
District population survey (Fig. 1).

According to the data presented in
Fig. 2, it is evident that the majority of FAS
Heads chose the answer “Easy” for 9 ques-
tions out of 12, as evidenced by the calcu-
lated median, Q25 and Q75, the value of
which was “3”. However, when calculating
the proportion of respondents who an-
swered the questions with the answers “Dif-
ficult” and / or “Very difficult”, it is note-
worthy that up to 483 % of respondents
experienced difficulties associated with
forecasting the costs of medical services in
relation to their compensation under the
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compulsory medical insurance policy. Every
third Head of FAS had difficulties interpret-
ing changes in the provision of medical care
associated with changes in the legal regula-
tion of the healthcare sector. 27.5 % of re-
spondents had difficulty finding informa-
tion on legal issues regulating relationships
between patients and healthcare providers.
For every fifth head of FAS, it is difficult to
conduct a preliminary assessment of the
predicted satisfaction of patients with the
planned medical service. Up to 224 % of
respondents experienced difficulties in
comprehensively understanding the func-
tioning of the healthcare system. Every fifth
head of FAS also indicated difficulties in
finding funds and officials in the healthcare
system who would allow them to clarify
issues regarding the details of providing
medical care (189 and 17.2 %).

Most Heads of FAS are aware of the ac-
tively implemented state policy in the area of
prevention of chronic non-communicable
diseases and risk factors for their develop-
ment and progression (Fig. 3).

Probably, the measures implemented
within the framework of the federal project
to combat diabetes, aimed at training medi-
cal personnel from 2023, determined the
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Fig. 1. Literacy index of bealth navigation taking into account age and territory of survey respondents

Question number. Question essence / Me [Q,5;Q;s] Percentage of respondents who indicated
the answer "Difficult" / "Very difficult"
No. 1. Should we protect our rights if we are not satisfied with the quality

of medical services received? / 3 [2;3] 48.3
No. 2. Should we understand how ongoing healthcare reforms may impact 36.2
the medical care we receive? / 3 [2;3] ’
No. 3. Should we find information about our rights as patients 275
or consumers of health services? 3 [2;3] ’
No. 4. Should we look for tools that can help us better understand 18.9
the healthcare system? / 3 [3;3] ’
No. 5. Should we find out who to contact in a medical organization 17.2
if we have problems getting help? / 3 [3;3] '
No. 6. Should we understand how to make an appointment 13.7
for medical care? / 3 [3;3] ’
No. 7. Should we assess in advance to what extent the compulsory medical 483
insurance policy will cover your medical expenses? / 3 [3;3] '

No. 8. Should we find information about the quality of services in medical 121

organizations we are interested in? / 3 [3;3]
No. 9. Should we assess in advance to what extent a particular medical 24.1
service will meet our expectations and wishes? / 3 [3;3] ’
No. 10. Should we make decisions about choosing 2.6

one or another type of medical care? / 3 [3;3]

No. 11. Should we assess what type of medical services we need 12.1
if we have health problems? / 3 [3;3]

No. 12. Should we understand information about how the healthcare 22.4

system works in general? / 3 [3;3]

0 10 20 30 40 50 60
Percent

Fig. 2. Indicators of level of navigation skills in bealthcare system of beads of FAS
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Fig. 3. Awareness of respondents about measures of state policy implemented in field of public bealth

highest proportion of Heads of FAS aware of
measures to combat diabetes (914 %), com-
pared with other measures of state policy. It
is noteworthy that the minimum number of
respondents aware of the implemented state
policy measures was identified in the area of
increasing physical activity (63.7 %), while it
is known that this factor plays a leading role
in preventing the development of chronic
non-communicable diseases, and also sig-
nificantly determines the patient's well-being
and the course of an existing disease. Despite
the fact that the majority of Heads of FAS are
aware of the state policy measures in various
areas, the fact that from 27.6 to 363 % of
respondents had an insufficient level of
awareness of the measures being imple-
mented in the territory of the Russian Fed-
eration in the area of combating bad habits,
physical inactivity, excess body weight, as
well as in the area of popularizing healthy
eating remains alarming.

It is known that most of the informa-
tion about the implemented state policy
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measures, as well as data on the imple-
mented federal projects, are presented in
sufficient detail on the official websites of
the Ministry of Health, as well as on special-
ized portals. In the digital environment, in-
formation is systematically updated by de-
velopers of projects and reforms. In this re-
gard, it is important that healthcare workers
are aware of them. Along with official
sources, there are many platforms in the
digital environment that broadcast informa-
tion that does not reflect modern scientific
achievements, as well as government policy
in the field of healthcare. It is also becoming
relevant for health workers to be critical in
assessing the information analyzed in the
digital environment. It has been shown that
up to 96.6 % of FAS Heads searched for in-
formation on medical topics and health.
Moreover, when it was necessary to search
for information on health issues, 60.1 % of
FAS Heads used digital resources: the Inter-
net, social networks, and every third
(33.4 %) consulted with colleagues (Fig. 4).
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Fig. 4. Structure of respondents' answers about sources used to search for information on medical topics and
bealth issues

Issue Number. Essence of Question / Me [Q,s5;Q7s] The Proportion of Respondents who
Indicated the Answer "Difficult",
“very Difficult”

No. 1. Make decisions to improve your health and well-being / 3 [3;3] I 139

No. 2. Assess which daily habits affect your health /3 [3;3] 1 5.2

No. 3. Assess how much housing conditions can affect health
and well-being / 3 [3;3]

No. 4. Understand the information from the media on how
to improve health / 3 [3;3]

No. 5. Understand the information on food packaging / 3 [3;3] NG 27.6

No. 6. Find information on how to improve your health in the workplace,
at school, in your home / 3 [3;3]
No. 7. Find information about changes in laws that could affect I 3.7
health / 3 [3;3]
No. 8. Find information about activities that are good for mental I 133
health / 3 [3;3]
No. 9. Find information about a healthy lifestyle, such as physical activity 52
and proper nutrition / 3 [3;3]
No. 10. Decide how to protect yourself from diseases using information B 60
from the media / 3 [3;3]
No. 11. Assess whether health risk information from the media . s
is reliable / 3 [3;3]
No. 12. Assess whether information about harmful habits such as smoking, 7
low physical activity, and excessive alcohol consumption is reliable / 3 [3;4]
No. 13. Understand information on recommended preventive
screenings / 3 [3;4]
No. 14. Understand information about bad habits such as smoking, low g 3.4
physical activity, and excessive alcohol consumption is reliable / 3 [3;4]

No. 15. Find information on how to cope with mental health issues / 3 [3;3] NN 189

. 52
I 104

I 13.8

No.16. Find information on how to quit bad habits (smoking, physical activity,
excessive alcohol consumption / 3 [3;4]

. 52
No.17. Find information about treating diseases 3 [3;3] | 5.2

0 10 20 30 40
Percent

Fig. 5. Indicators of level of navigation skills in bealth care system of beads of FAS
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It is shown that for the Heads of FAS it
is easy and very easy to find, understand,
evaluate and apply information on medical
issues in the field of health, as evidenced by
the data obtained from the respondents'
answers (Fig. 5). At the same time, attention
is drawn to the proportion of FAS Heads
who noted difficulties in finding, under-
standing, evaluating and applying informa-
tion on some medical issues in the field of
health. Thus, every third respondent experi-
enced difficulties in finding information
about changes in the area of legislation
regulating healthcare issues (32.7 %).

Between 13.8 and 189 % of respondents
experienced difficulties in finding information
on issues of regulating mental well-being and
promoting health at their place of profes-
sional activity or study, respectively. For every
third head of FAS; it was difficult or very diffi-
cult to understand the information placed on
the packaging of food products (27.6 %),
which requires the inclusion of hygiene topics
on assessing the quality and safety of food
products in advanced training programs. It is
also necessary to pay attention to the fact that
every fifth respondent finds it difficult and /
or very difficult to make a decision on the
implementation of measures aimed at health
and well-being, which indicates an insuffi-
cient level of development of professional
skills in this area.

CONCLUSIONS

1. The modern multi-level and multi-
component health care system is associated
with the need to improve the navigation
literacy of health workers. Improving the
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organization and provision of primary
health care to the rural population is possi-
ble by increasing the level of navigation lit-
eracy of health workers of FAS as one of
the supporting structures for the provision
of primary health care to the population
living in rural areas.

2. The level of navigation literacy among
the Heads of FAS of the Orenburg region was
excellent and sufficient in 65.7 % of cases,
which is 1.8 times higher than the all-Russian
data. The level of navigation literacy was
maximum among FAS Heads aged 25-34
years (90.2 %) and minimum — among those
aged 55-64 years (71.5 %).

3. Heads of FAS have been found to
have difficulties in implementing navigation
skills in the field of health insurance
(48.3 %), legal aspects of providing medical
care, protecting patients’ rights (27.5-48.3 %),
and healthcare reform (36.2 %).

4. Most Heads of FAS are aware of the
state measures in the sphere of public
health (63.7-914 %). At the same time,
every third has an insufficient level of
awareness regarding the implementation of
state measures to combat bad habits, physi-
cal inactivity, excess body weight, and un-
healthy diet, against the background of a
high level of awareness regarding the fight
against diabetes, tuberculosis, and diseases
of the circulatory system.

5. The established fact of commitment
to searching for information using digital
resources (60.0 %) and the difficulty of
searching using this method for information
on a number of preventive issues, such as:
changes in legislation regulating the work of
the healthcare system (32.7 %), interpreta-



Perm Medical Journal

2024 volume XLI no. 5

tion of the quality and safety of food prod-
ucts according to their product labeling
(27.6 %), solving problems related to mental
health and well-being (189 %), dictates the
need to improve the navigation literacy of
FAS Heads in the digital environment.
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A CLINICAL CASE OF TREATMENT OF TEMPOROMANDIBULAR JOINTS
DISEASE CAUSED BY OCCLUSIVE DISORDERS

A.M. Sharov*, O.V. Oreshaka, A.V. Ganisik, E.A. Dementyeva
Altai State Medical University, Barnaul, Russian Federation

KJIMHUYECKHH CIVYAY JIEYEHUA TUCOYHKITHOHAJIBHOTO
COCTOAHUA BUCOYHO-HUKHEYEJIIOCTHBIX CYCTABOB,
OBYCJIOBJEHHOI'O IMATOJIOTUYECKOM OKK/TIO3UEN

AM. lllapose*, O.B. Opewaxa, A.B. l'anucux, E.A. lenenmoveea
Anmaiickui 20¢y0apcmeenbiil MeouyuncKuil ynueepcumem, 2. baprayn, Poccutickas @edepaus

A method of treatment, described in this clinical case, is aimed at eliminating disorders of occlusal relationships
of the dentition, (Patent No. 2797641 dated 06/07/2023) contributing to the normalization of TMJ functioning.

At the first stage of treatment, a repositioning occlusal splint was used, applied to all teeth of the lower jaw, which
was being corrected for six months. This stage was considered completed on the basis of the following criteria: ab-
sence of the patient’s complaints and smooth movements of the mandible without deviations and clicks on objec-
tive examination, as well as formation of symmetrical graphs of the TMJ condyles movement on axiographic ex-
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amination, an optimal location of the TMJ condyles on sagittal projections of MSCT and positive changes in the bio-
electric activity of the masticatory muscles, towards higher and more symmetrical values on both sides.

Further treatment was carried out by an orthodontist with a non-removable technique, using a brace sys-
tem. Wearing of the occlusal splint continued until the braces system was put on the teeth of the lower
jaw. It was then replaced by composite linings in the projection of the first molars of the upper jaw.
Dynamic monitoring of the patient for half a year after the end of the treatment indicated remission of
TMJ disease.

Normalization of occlusal relationships of dentitions in intact dentitions and small defects through splint therapy
followed by the use of a brace system is a minimally invasive and effective method of treatment TMJ diseases.
Keywords. Axiography, electroneuromyography, brace system, temporomandibular joint.

CymecrsyeT mpo6aeMa MOBbIIEHUA 3(PHEKTUBHOCTH (DYHKIMOHAIBHON PEAOWIUTALMH TTALUEHTOB € 3200-
JIEBAHUAMY BUCOUHO-HIKHEYETIOCTHOIO CYCTaBa IyTEM IPUMEHEHUA KOMIUIEKCHOI'O MOAX0AA K KOPPEKLUY
OKIKJIIO3HH.

B npezicTaBIeHHOM KIMHUYECKOM C/Ty44€ OMUCAH CIIOCO0 JIEYEHNs, HAPABICHHDIH HA YCTPAHEHUE HAPYIICHUH
OKKITIO3MOHHBIX B3AMMOOTHOMICHHMI 3y6HBIX PAf0OB (ateHT Ne 2797641 or 07.06.2023), crioco6CTByiompuit
HOPMAIU3a1UN (PYHKIMOHUPOBAHKA BUCOYHO-HIKHEUEMOCTHOTO cycrasa (BHYC). Ha mepsoM arane yeuenus
UCIIO/B30BAIA PENOULIMOHHYIO OKKIIO3UOHHYIO IIUHY, HATOKEHHYIO Ha BCE 3yObl HIDKHEH YETIOCTH, KOPPEK-
LMIO KOTOPOU NPOBOAWIM HA NPOTSDKEHUH IECTH MECALIEB. KpUTEpHAMY U1 OKOHYAHKA JAHHOIO 3TaId CIIy-
JKIIO OTCYTCTBHE A/I00 MALMEHTA, 4 TIPU OOBEKTUBHOM OOC/IE/JOBAHNN — IUTABHBIE JBIDKCHUS HIDKHEN Yemo-
€T 6€3 IEeBUALIUI U IIETUKOB, 4 TAIOKE (POPMUPOBAHUE CUMMETPHYHBIX I'PA(PUKOB ABIDKEHYA MbIeakoB BHUC
IIPY AKCUOTPA(PUYECKOM HCCIEAOBAHUH, HATMIUE ONTHMAILHOIO PACTIONOKeHNA Mblmenkos BHYC na carut-
TaIbHBIX NPOeKIMAX MCKT U IONOKUTENbHBIX U3MEHEHUI TIOKA3ATENEN OUONEKTPUYECKON AKTHBHOCTH HKe-
BATEJIbHBIX MBIIILL B CTOPOHY 60JIEE BHICOKMX ¥ CAMMETPHYHBIX 3HAYEHHUI C O6EUX CTOPOH.

[ocnenyiomee e4eHUE IPOBOAUIOCH BPAYOM-OPTOLOHTOM HECBEMHOM TEXHHMKON IMOCDPELCTBOM OPEKET-
cucteMbl. Homenue OKKII03MOHHON IMUHBL IPOAO/DKAIOCH [0 T4l PACTIONOKEHNA OPEKET-CUCTEMBI Ha 3y-
6ax HWKHEH YEIOCTH, B 3TOT IIEPUOJ OHA OBbIIA 3aMEIEHA KOMITO3UTHBIMY HAKIJIKAMU B IIPOEKLUHU TIEPBBIX
MOJIAPOB BEPXHEH YEMIOCTU. [IMHAMUYECKOE HAOMOACHUE 33 MALMEHTOM B TEYCHHE MOIYTOAA MOCIE OKOH-
YaHUA JIEYCHU CBUETENBCTBOBAIO O peMuccuu 3abonesanud BHYUC,

Taxum 06pa3oM, HOPMATU3ALUA OKKIIO3MOHHBIX B3aMMOOTHOWIEHHMI 3yOHBIX PAZIOB IIOCPEACTBOM CIUIMHT-
TEPAIUHU C NMOCAEAYIOMUM NPUMEHEHUEM OPEKET-CUCTEMBI TIPU MHTAKTHBIX 3YOHBIX PAIaX U MAJIBIX HX JiE-
(beKTax ABIACTCA MAIOUHBA3UBHBIM U 3(DEKTUBHEIM CLIOCOO0OM JieueHus 3abonesanuyi BHYUC.,

Kirouessie coBa. Akcuorpaud, 31eKTpoHeNpoMuorpadus, OpeKeT-CUCTEMA, BUCOUHO-HIKHEUEMOCT-
HOU CYCTaB.

INTRODUCTION are directly related to the state of the TMJ
[7-9]. Modern diagnostic methods allow us

According to domestic and foreign to determine both the structural compo-

studies, temporomandibular joint (TM])
diseases are a fairly common pathological
condition in patients [1-3]. In turn, the
World Health Organization notes that dys-
functional TMJ conditions are included in
the triad of the most frequently occurring
diseases in dental patients [4-6).

Violation of somatic homeostasis, neu-
romuscular dysfunctions, occlusal disorders
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nent of the disorder and the functional one;
however, having a polyetiological nature,
TM]J diseases often require an interdiscipli-
nary approach to treatment [10-13].
According to modern data from domes-
tic and foreign authors, there is a tendency
towards an increase in the number of young
people with TMJ pathology, including those
with intact dental arches [14-16]. As a rule,
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this is due to the presence of orthodontic pa-
thology or previously conducted irrational
orthodontic treatment [17; 18].

The problem of treating patients with
TMJ pathology with intact dental arches
and minor defects requires a more detailed
study and the introduction of new ap-
proaches to the rehabilitation of this cate-
gory of patients.

CLINICAL CASE

Patient M., 26 years old, came in April
2021 with the following complaints: con-
stant painless clicking in the parotid-
chewing area on the right when opening
the mouth.

The patient's medical history is not
complicated. He denies the presence of
other somatic diseases.

Progression of the present disease: In
February 2021, severe clicking in the right
TM]J, which limited opening of the mouth,
accompanied by pain, first appeared. After
seven days of taking NSAIDs, the pain
gradually subsided.

Palpation of the TMJ and masticatory
muscles is painless. When opening the
mouth, a deviation of the lower jaw is de-
termined with a click at the beginning of
opening the mouth in the area of the right
and left TMJ, asynchronous movement of

the condyles. The midline is shifted to the
right by 5 mm.

In the oral cavity: the mucosa is without
visible pathological changes, the anterior
teeth of the upper jaw overlap the same teeth
of the lower jaw by 1/2 of their height, vesti-
bular displacement 1.3, 2.2, crowded ar-
rangement of the anterior teeth of both jaws.

The closure of the dental arches in the
position of central occlusion is sharply
hampered with a distal and rightward shift
at the end of mouth closure.

The absence of 4.6, the presence of re-
current caries 2.6; artificial metal-ceramic
crowns of satisfactory quality 1.5, 2.7 are
determined (Fig. 1).

According to the electroneuromyogra-
phy data, significant differences in the bio-
potentials of the masticatory muscles were
found in the patient’s initial state, due to the
predominance of muscle contraction on the
left (Table 1).

The results of the axiography per-
formed at the diagnostic stage indicated a
dysfunctional state of the TMJ, which was
characterized by the intersection of tracks
during vertical movements of the lower jaw
(Fig. 2).

Based on the results of the main and
additional research methods, the following
diagnosis was established: K07.61 — “click-
ing jaw” syndrome, forced distal-lateral

I1 I K I1 [/C| K
8 7 0 5 4 3 2 1 1 2 3 4 5 0 7 18
I1 0) I1

Fig. 1. Dental formula according to Viola of Patient M.

117



CLINICAL CASE

Table 1
Results of electroneuromyography of masticatory muscles before treatment
Average amplitude, uv
Muscle localization Right (dex) | Left (sin)
Central occlusion position
Masticatory 485 750
Temporal 358 690
Muscles of the floor of the mouth 135 288
Left joint

Right joint

0@7

il

Fig. 2. Axiography of movements of TM] condyles during vertical movemenis of the lower jaw before ireatment

Fig. 3. The repositioning occlusal splint is located
on the teeth of the lower jaw

occlusion, myodysfunctional — syndrome,
K07.31 - displacement of 1.3, 2.2, K07.30 -
crowding of the anterior teeth, K08.1 — par-
tial absence of teeth on the lower jaw, class
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III according to Kennedy, K02.1-2.6 recur-
rent dentin caries, class I according to Black.

Treatment: the initial stage was the
sanitation of the oral cavity, according to
the dental formula, then the production of
an occlusal repositioning splint was pet-
formed (Fig. 3), for this purpose an analog
impression was obtained from the lower
jaw, according to which a plaster model
was made, necessary for the stage of de-
termining the most optimal position of the
lower jaw in relation to the upper one us-
ing a wax template, according to which an
occlusal splint was made from colorless
plastic using hot polymerization (Belacril-E
GO, Vladmiva, Russia) (see Fig. 3).
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Subsequently, periodic reline of the
splint occlusal surface was performed for
six months. To confirm the effectiveness of
the occlusal reline stage, diagnostic meas-
ures were repeated, which were character-
ized by the absence of patient complaints,
and during an objective examination,
smooth movement of the lower jaw with-
out deviations and clicks.

The graphic representation of the
movements of the lower jaw, recorded using
axiography, indicated a positive change in
the trajectories of the movement of the

Right joint

G

condyles of the TM]J, which were character-
ized as symmetrical, harmoniously concave
tracks (Fig. 4).

The MSCT visualized the optimal and
symmetrical position of the condyles in both
T™Js (Fig. 5).

The values of the biopotentials of the
masticatory muscles by the end of splint
therapy according to electroneuromyogta-
phy data had minimal differences, which
indicated their almost symmetrical contrac-
tion on the left and right halves of the face
(Table 2).

Left joint

Fig. 4. Axiography of the TM] during vertical movements of the lower jaw with an occlusal splint

Fig. 5. MSCT of the TM] (in the position: closed mouth) in the sagittal projection with an occlusal splint
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Table 2
Results of electroneuromyography of masticatory muscles with occlusal splint
Average amplitude, uV
Muscle localization Right (dex) | Left (sin)
Central occlusion position
Masticatory 785 780
Temporal 688 095
Muscles of the floor of the mouth 300 305

The results of the conducted studies al-
lowed us to move on to orthodontic treat-
ment, which consisted of the sequential ap-
plication of the bracket system first to the
teeth of the upper jaw; wearing of the occlu-
sal splint continued at this stage (Fig, 6).

Fig. 7. The stage of applying the brace system to the
teeth of the lower jaw
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After three months, the bracket sys-
tem was fixed to the lower row of teeth
(Fig. 7) and fixation of photocomposite
overlays, which in this clinical case were
located in the area of teeth 1.6, 2.6, wear-
ing of the splint was completed at this
stage (Fig. 8).

Completion of orthodontic treatment
was accompanied by the removal of the
bracket system with the installation of
retainers on the oral surface of the ante-
rior teeth of the upper and lower jaws, as
well as prosthetics with an artificial crown
on an implant in the area of the missing

Fig. 8. Photocomposite onlays on the occlusal
surfaces of the first molars of the upper jaw
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o

Fig. 9. Closing of the dental arches after completion
of treatment

RESULTS AND DISCUSSION

The presented clinical case describes a
method for correcting disorders of the oc-
clusal relationships of the dental arches and,
as a consequence, normalizing the function-
ing of the TMJ.

At the stage of clinical examination, asyn-
chronous movement of the TMJ condyles,
clicks, deviation of the lower jaw during open-
ing and closing of the mouth, and the presence
of orthodontic pathology of individual groups
of teeth were determined.

The graphs obtained during axiography
were characterized by the formation of
asymmetrical tracks, and the results of
measuring the biopotentials of the mastica-
tory muscles during an electroneuromyog-
raphic study indicated an asymmetry in the
tension of the masticatory muscles of the
left and right halves of the face.

At the diagnostic and treatment stage, a
repositioning occlusal splint was used on
the lower row of teeth. During periodic ex-
aminations over a period of six months, the
occlusal splint was adjusted until the thera-
peutic position of the lower jaw was

achieved. The criteria for the effectiveness
of this stage were the absence of com-
plaints, symptoms in the TMJ area and mas-
ticatory muscles during palpation, as well as
data from additional diagnostic methods —
the formation of symmetrical graphs of the
movement of the TMJ condyles during an
axiographic study, the presence of an opti-
mal location of the TMJ condyles on the
sagittal projections of MSCT and changes in
the bioelectrical activity of the masticatory
muscles towards higher and symmetrical
values on both sides.

Subsequent treatment was performed
by an orthodontist using fixed equipment
using a bracket system. Wearing an occlu-
sion splint continued until the bracket sys-
tem was placed on the teeth of the lower
jaw, at which time it was replaced by com-
posite overlays in the projection of the first
molars of the upper jaw.

CONCLUSIONS

Normalization of occlusal relationships
of dental arches by means of splint therapy
followed by the use of a bracket system for
intact dental arches and minor defects is a
minimally invasive and effective method of
treating TMJ diseases.
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A CLINICAL CASE OF SKIN LYMPHOCYTOMA IN A YOUNG WOMAN
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KJIMHUYECKHH CIVIAY IMMPOITUTOMBI KOKHU
Y MOJIOJOM JKEHIITUHDI

M.IO. Kobepnux*, B./]. Envkut, 3.A. Kpacunvnuxoaa, E.B. ILnomuuxosa

Ilepmckuii 20cyoapcmeenoiii MeOUUUHCKULL yHusepcumem umeny axaoemura E.A. Baznuepa,
Poccutickasn @eoepauus

A 25-year-old woman came to consult a dermatovenerologist. The woman complained of a rapidly progress-
ing painless lump on the right wing of her nose which developed after photo-rejuvenation treatment and the
development of herpetic infection.in the place of a previous lipoma removed by radio wave surgery. The
clinical picture was characterized by a solitary disc-shaped plaque, 2 cm in size, bluish-reddish-brownish in
color, of a doughy consistency, significantly protruding above the skin surface, with clear borders and a
smooth, shiny surface. There was a complex differential diagnostics, the final diagnosis was confirmed by the
results of a histological examination, which revealed changes characteristic of lymphocytoma. The patient
was treated with aminoquinoline preparations and topical glucocorticosteroids and rapid positive dynamics
with complete regression of the skin pathological process was observed.

A clinical case of skin lymphocytoma that occurred after several successive trigger factors such as lipoma for-
mation and removal, photo rejuvenation procedures, and herpes infection is presented in the article. This is a
fairly rare disease that does not have a pathognomonic clinical picture, so it is difficult to differentiate and di-
agnose it. The results of a pathomorphological examination are essential for the diagnosis. A positive effect
with a complete regression of skin changes can quickly occur if treated correctly.

Keywords. Skin lymphocytoma, trigger effect, solitary plaque, pathomorphological examination.
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[Ipeacrasnen KIMHAYECKUI CIydadl TUM(POLUTOMBI KOXU. K IEPMATOBEHEPOIOTY OOPATUIACH JKCHIIMHA,
25 JIeT, y KOTOPOH Ha NPABOM KPBUIE HOCA, HA MECTE MPEAMECTBYIOMEH JTUIIOMBL, YAAJIECHHON METOAOM pa-
JUOBOJIHOBOY XUPYPIUH, NOC/IE CEPUU IPOLEAYP (POTOOMOIOKEHUA U PA3BUTHUSA TEPHIETUIECKON HHPEKLMUH
BO3HUKJIO GBICTPO Hporpeccupylomee 6e360ne3HeHHOe 06pasoBanue. KIMHnueckas KapTHHA XapaKTepUs0-
BAJIACh COMUTAPHON OJLAMKON AUCKOOOPA3HOH (POPMBI PA3MEPOM 2 CM, CHHIOMHO-KPAaCHO-OyPOBATOIO 11BE-
T4, TECTOBATOM KOHCUCTEHIMY, 3HAYUTEILHO BBICTYIIAIONIEH HaJ IOBEPXHOCTBIO KOXKH, C YETKUMU IPAHULLA-
MH Y ITIaJIKOH, 6JIeCTAIEN NOBEPXHOCTBIO. [IpoBe/ieHa ClI0KHAA AU((pEPEHIUAIbHAA JUATHOCTHKA, OKOHYA-
TE/bHBII JUATHO3 NOATBEPAWIN PE3YAbTATAMU TUCTONIOTMYECKOIO UCCNEAOBAHUA, IPU KOTOPOM BBIABUIH
XAPAKTCPHBIC 1A JH/IM(pOL[I/ITOMbI u3MeHenus1. B neuenuu MPUMCHAIMCb AMUHOXWHOJIMHOBBIC TIPEITAPATHI U
TOIUYECKUE [MIOKOKOPTUKOCTEPOH/BL, KOTOPBIE IPUBENH K OBICTPOI MONIOKUTENBHON JUHAMUKE C TIOMHBIM
PErpeccoM KOKHOTO MATONOTMYECKOTO MPOLIECCa.

TaxuM 006pa3oM, B JAHHOM CJIy4ae ONpEAEIEHa TUM(POLUTOMA KOXKHU, BOZHUKIIAA [OC/IE HECKONBKUX I10-
CJICAOBATE/IBHBIX TPUITEPHBIX (DAKTOPOB: OOPA30BAHMUA JIMIIOMBl M €€ YIAIECHUA, IPOLEAYP (POTOOMOIIO-
JKEHUA, TEPHETUYECKON MH(PEKIUU. DTO JOCTATOUHO PEAKOE 3a00NEBAHUE, HE UMEIOMIEE TATOTHOMOHUY-
HOU KJIMHUYECKOU KAPTHHBI, TIO3TOMY €ro CIOKHO AU(dOEPEHIUPOBATh U IUATHOCTUPOBATE. Pemaiomee
3HAYCHHC JUI1 JUATHOCTUKU MMCIOT PE3YIbTATH IIATOMOP(ONIOIMIECKOIO UCCIENOBAHUA. [Ipy KOPPEKT-
HBIX JICUEOHBIX MEPONPHUATHAX MOXKET OBICTPO HACTYIUTD IIONOKUTENBHBIN IPQEKT € MOIHBIM PETPECCOM
KOXXHBIX U3MEHEHU.

Kirogessie ¢10Ba. JIMM(POIUTOMA KOKH, TPUITEPHOE BO3ACHUCTBUE, COMUTAPHAA OJMALIKA, TATOMOP(ONO-

T'MYECKOE UCCIECTIOBAHUEC.

INTRODUCTION

Lymphocytoma (benign lymphoplasia of
the skin, benign lymphadenosis of Befferstedt,
sarcoidosis of Spiegler-Fendt, lymphoid hy-
perplasia of the skin) is a rare dermatosis
caused by benign reactive hyperplasia of the
lymphoid tissue of the skin [1]. The disease
was first described by E. Spiegler in 1894 and
H. Fendt in 1900, but the term “lymphocy-
toma” was only proposed in 1921 by Kauf-
mann — Wolf [2]. It is observed mainly in
young women. The etiology is not fully un-
derstood. Provoking factors include trauma,
insect bites, infectious skin diseases, ultraviolet
radiation, and external irritating drugs [3].

There are several clinical forms of the
disease. The localized form is characterized
by the development of a solitary plaque or
node of a hemispherical shape, 2 cm in size,
sharply protruding above the skin level, of a

doughy or dense elastic consistency, pink-
bluish-brownish in color, with a smooth
shiny surface, without subjective sensations.
Diascopy reveals a yellowish color [4]. In the
superficial infiltrative form, slightly raised
above the skin disc-shaped infiltrates of a
pinkish-bluish color are determined [5]. The
disseminated form is characterized by the
appearance of multiple asymmetrically lo-
cated brownish-brown nodules the size of a
pea. A combination of several clinical forms
may be observed [6].

The pathological process affects the
skin of the face, ears, neck, genitals, inguinal
and axillary areas. The general condition
does not suffer. Blood tests show lymphocy-
tosis. The disease has a chronic relapsing
wave-like course lasting up to three years,
sometimes with spontaneous regression [7].

Lymphocytoma is quite difficult to di-
agnose, since it has clinical similarities with
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a number of dermatoses: cutaneous B-cell
lymphoma,  lymphosarcoma, lymphan-
gioma, leukemides, hypereosinophilic syn-
drome, sarcoidosis, discoid lupus erythema-
tosus, eosinophilic granuloma of the face,
Kimura disease, keratoacanthoma, basal cell
skin cancer, tuberculous lupus [8].

Of decisive importance in diagnosis is
the pathomorphological examination, which
reveals an intradermal lymphocytic infiltrate
with an admixture of other immunocompe-
tent cells, separated from the unchanged
epidermis by a strip of collagen. Sometimes
follicle-like structures with germinal centers
and macrophage reaction are observed [9].
Phagocytized material “polychromatic
bodies” — is found in the cytoplasm of
macrophages. An increase in the number of
vessels with hyperplastic endothelium and
proliferation of stromal elements with the
development of fibrosis are noted.

Nonsteroidal anti-inflammatory drugs,
aminoquinoline drugs, intralesional admini-
stration and external use of glucocorticoster-
oids are used in treatment. In case of infec-
tious predictors of the disease, antibacterial or
antiviral drugs are added to the therapy [10).

We present a description of a clinical
case of cutaneous lymphocytoma. Patient S,
born in 1998, complained of a formation on
the right wing of the nose, not accompanied
by subjective sensations or changes in the
general condition.

Anamnesis morbi: in 2020, a lipoma
was observed at the same place, which was
removed by radio wave surgery with the
formation of a normotrophic scar. From
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October 2023 to January 2024, a series of
facial photo rejuvenation procedures were
performed. In February 2024, a herpes sim-
plex appeared in the area of the scar, after
which the right wing of the nose turned red
and began to change shape. The pathologi-
cal process progressed rapidly. She repeat-
edly consulted dermatovenerologists, but
no diagnosis was made, an assumption was
made about the malignant nature of this
disease and it was recommended to com-
pletely remove the skin changes with their
subsequent histological examination.

Anamnesis vitae and objective condi-
tion are unremarkable. General blood
analysis shows minor lymphocytosis (lym-
phocytes — 4.22 x 109/l; in the leukocyte
formula they make up 56 %). The immu-
nogram also shows lymphocytosis -
4.26 x 109/1, with an increase in the level of
B-lymphocytes — 0.98 x 109/1; 24 %.

Status localis: the skin pathological
process is limited, localized on the right
wing of the nose, represented by a solitary
plaque of a disc-shaped form, 2 ¢m in size,
significantly protruding above the surface of
the skin, with clear boundaries, bluish-red-
brownish in color, doughy consistency, with
a smooth, shiny surface (Fig. 1). Diascopy
reveals a yellowish color of the element.

Pathomorphological examination of
skin biopsy: the epidermis is unchanged. In
the dermis around the skin appendages and
vessels, a lymphocytic infiltrate with inclu-
sions of eosinophils, plasma cells, histiocytes
is determined, separated from the epidermis
by a narrow strip of collagen.
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Fig. 1. Clinical presentation of cutaneous
lymphocytoma in a 25-year-old woman

l’f'l' \ & ! /

Fig. 2. Regression of the pathological process after
the therapy

Based on the presented data, a diagno-
sis was made: cutaneous lymphocytoma,
treatment was carried out: hydroxychloro-

quine 200 mg 2 times a day for two weeks
and externally clobetasol cream 0.05 % once
a4 day for a month, after which a complete
regression of the skin pathological process
was noted (Fig. 2).

The present disease developed in a
young woman aged 25 after a series of local
effects on the skin: the formation of a li-
poma and its removal, photo rejuvenation
procedures, herpes infection. The dermato-
sis was characterized by a rapidly progress-
ing course and was characterized by the
presence of a solitary disc-shaped plaque on
the right wing of the nose, 2 ¢cm in size, blu-
ish-red-brownish in color, sharply protrud-
ing above the surface of the unchanged
skin. Complex differential diagnostics were
carried out. The final diagnosis was estab-
lished based on the results of pathomor-
phological examination, which revealed
changes characteristic of lymphocytoma.
The treatment led to rapid and complete
regression of skin changes.

CONCLUSIONS

1. Surgical and cosmetic procedures
can be triggers in the development of cuta-
neous lymphocytoma.

2. It is difficult to clinically differentiate
cutaneous lymphocytoma from a number of
other dermatoses, therefore the diagnosis is
established based on the results of a
pathomorphological study.

3. This determines the correct choice of
treatment measures on which the patient’s
health depends.
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RETRO AND PROSPECTIVE ANALYSIS OF COMPLEX TREATMENT
OF A PATIENT WITH A POLYOSTOTIC FORM OF OSTEOCLASTOMA
OF THE MAXILLOFACIAL REGION: CLINICAL OBSERVATION

S.1. Rapekta*, N.B. Astashina, O.S. Tursukova, V.E. Kibanova
E.A. Vagner Perm State Medical University, Russian Federation

PETPO- U IIPOCIIEKTUBHBIN AHAJIN3 KOMIUIEKCHOTIO JIEYEHUA
MMAIIMEHTA C IIOJIMOCCAJIBHOY ®OPMOY OCTEOKJIACTOMBI
YETIOCTHO-TUIEBOM OBJIACTH: K INHUYECKOE HABJIIOJTJEHUE

C.H. Panexma*, H.B. Acmawuna, O.C. Typcyxosa, B.E. Kubanosa

Ilepmckuii 20cyoapcmeenoiii MeOUUUHCKULL yHusepcumem umeny axaoemura E.A. Baznuepa,
Poccutickasn Qeoepauus

In global literature there is not sufficient information on the course of the polyostotic form of osteoclastoma
and methods of its treatment. For this reason, the analysis of this clinical case may be interesting for oncolo-
gists, maxillofacial surgeons and dentists of various specialties, who can reveal both the onset and recurrence
of the disease. A characteristic feature of the course of this disease is the relapse of neoplasms with localiza-
tion of foci in various parts of the upper and lower jaw.

A clinical case of polyostotic form of jaw osteoclastoma and patient’s management tactics from 2006 to 2024
are described in the article. The disease was first diagnosed in 2006, when a neoplasm was revealed in the
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right part of the lower jaw. The neoplasm was removed by resection and mandibular defect was replaced by a
carbon implant with further prosthesis.

In 2011 a new neoplasm was detected on the left side in the frontal part of the upper jaw. At the same time a
relapse of the disease was diagnosed with a new tumor focus in the lower jaw on the right. Surgical treatment
was performed. Firstly, the neoplasm in the frontal area of the upper jaw was removed with replacement of
the defect with a resection prosthesis. And secondly, a removal of the tumor on the lower jaw with resection
of the chin within healthy tissues and replacement of the defect with an implant made of carbon-carbon ma-
terial "Uglecon M" were performed.

In 2023 the patient was invited to the dental hospital of the Clinical Multidisciplinary Medical Center of EA. Vagner
Perm State Medical University for dispensary observation and evaluation of the results of the treatment.

The obtained results indicate the need for medical follow-up of patients after surgery for osteoblastoclastoma.
The effectiveness of jaw implants made of carbon-carbon composite material " Uglecon M" was proved as well.
Keywords. Polyostotic form of osteoblastoclastoma, osteoblastoclastoma of the jaw bones, relapse, carbon
implant, complex treatment.

B oTeuecTBeHHOI U 3apyOEKHOM JTUTEPATYPE HEJIOCTATOUHO CBECHUI O TEYCHUU MOMUOCCATLHON (DOPMBI
OCTEOKIACTOMBI ¥ METO/AX JIEYEHUA TIALUEHTOB IIPU €€ BBIABIEHUY. B CBA3U C 9TUM Pa3bop [JaHHOIO KIU-
HUYECKOTO CTy4ast MOXKET NPEACTABIATh HHTEPEC U1 YETIOCTHO-NUIEBBIX XUPYPIOB, OHKOIOIOB U JYI CTO-
MATOJIOTOB PA3HOTO NPO(IIIsL, KOTOPBIE MOTYT BBIBUTD KaK ICOIOT, TAK 1 PELUANB 32001€BaHus. OCOOEHHO-
CTBIO TEUECHHUA NONUOCCAILHON (POPMBI OCTEOKIACTOMBI ABJLACTCA IIOBTOPHOE HOSABJIECHUE HOBOOOPA30BAHUA
HOCJIE YAAICHNA C TOKAIU3ALKUEN 09Ar0B B PA3TUYHBIX YIACTKAX BEPXHEN U HIKHEN YEMOCTH.
[IpeacTaBneHo OnuCaHue KIMHUYECKOTO CIy4as U TAKTUKA BEACHUA MALMEHTKU C HONTUOCCAILHON (POPMOM
OCTEOKTACTOMBI YemocTei B eproft ¢ 2006 o 2024 1. 3a601€BAHHUE Y TTAIMEHTKH BIEPBbIE IMATHOCTUPOBA-
HO B 2000 T., KOI/Ia BbIIO BbIABIEHO HOBOOGPA30BAHKUE B OOIACTU HIKHEH YEIIOCTH CIPABA. JIedeHue 3aKIIo-
YJI0Ch B YAJICHUN OIYXOJIU IYTEM PE3CKLUU HIDKHEH YETIOCTH, 3AMEIECHNUH AC(DEKTA YEMOCTHBIM UMILIAH-
TATOM U3 YIVIEPOA-YIVIEPOJHOTO MaTeprana «YIneKoH-M» 1 mocnezyiomero nporesuposanns. B 2011 1. 6bu10
OOHAPYXEHO HOBOOOPA30BAHHUE BO (DPOHTATIEHOM OTJIENE BEPXHEN YEMOCTH CIEBA U JUATHOCTUPOBAH PEIU-
JUB 3a00JIEBAHKA B BUAE HOBOIO 0Ydra OMYXOMW B OGIACTH NOAOOPOAOYHOIO OTAENA HIDKHEH YeNOCTH
cpasa. [IpoBeEHO ONEPAaTUBHOE JIEYEHYE — YAANEHUE HOBOOOPA30BAHUA B 0OIACTH (PPOHTATIBHOTO OT/ENA
BEPXHEN YEMIOCTH CIEBA C 3AMEIICHUEM JE(PEKTA PE3EKIMOHHBIM IPOTE30M U HA HIDKHEH YEMOCTH — yAaJIe-
HUE ONYXONHU C PE3EKIUEN NMOAOOPOOYHOIO OTAENA B IIPEAEIAX 3/I0POBBIX TKAHEN 1 3aMEMEHUEM Ie(EKTa
UMIUIAHTaTOM U3 YIVIEPO/I-YITIEPOJHOTO MaTepHaa «YIIEKOH-M.

B 2023 r. manueHTKa 6bUIa BBI3BAHA B CTOMATONOTUYECKYIO OOJMBHUIYY KIMHUYECKOTO MHOTOIPO(MHILHOIO
MEAULMHCKOIO LieHTpa [1epMCKOro rocyapcTBEHHOIO MEAUIMHCKOIO YHUBEPCUTETA UMEHY aKajieMuKa EA.
Barnepa Munszapasa Poccun (ranee — KCb IIIMY) 151 ipoBe/ieHUst IUCITAHCEPHOTO HAGMIOACHUS U OIICHKU
PE3YIBTATOB IPOBEACHHOTO JIEUEHUS.

[TonydeHHbIE PE3YIbTATHl CBUAETEALCTBYIOT O HEOOXOAUMOCTU AUCIIAHCEPHOIO HAOMOAEHUS TIALUEHTOB I10-
CJI€ OEPATUBHOIO BMEWIATEIBCTBA IO OBOAY OCTEOONACTOKIACTOMBL, 4 TAKAKE 00 3(PMEKTUBHOCTU UCTIOND-
30BAHMA YEMOCTHBIX UMIUIAHTATOB U3 YITIEPOL-YIIEPOAHOIO KOMIIOZULIMOHHOIO MATEPUANA «YITIEKOH-M.
KiroueBsie cimoBa. [lonmmoccanbHas (PopMa OCTEOOTACTOKIACTOMBI, OCTEOOIACTOKIACTOMA YEMIOCTHBIX
KOCTEH, PELUUB, YITIEPOAHBIN UMIUIAHTAT, KOMIUIEKCHOE JIEYEHHE.

INTRODUCTION ties of differential diagnosis and the possi-
ble long-term asymptomatic course of the
Currently, benign tumors and tumor- disease [1-7]. One example of such tumors

like bone lesions account for 40-50 % of
all cases of bone neoplasia. However, these
figures may be reduced due to the difficul-
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is osteoblastoclastoma  (osteoclastoma),
localized in various parts of the skeleton,
often in the jaw bones, especially in the
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body of the lower jaw. The prevalence of
this disease in women of reproductive age
(18 to 35 years) is twice as high as in men.

There are cellular, cystic and lytic forms of
osteoblastoclastoma, which differ in growth
rates and the nature of bone tissue lysis. Resec-
tion of the affected bone areas with simultane-
ous reconstructive restoration of the integrity
of the jaw is the optimal and most rational sur-
gical method for treating this pathologyl [1; 2].
Malignant variants of osteoblastoclastoma are
less common and are classified by origin and
degree of lytic destructive activity [8-10).

The literature, both domestic and for-
eign, covers in detail aspects of surgical
technique and tactics of managing patients
with osteoblastoclastoma of the jaw bones
[3]. However, there is very little information
on the treatment of the polyostotic form of
the disease. In this regard, the analysis of the
presented clinical case is relevant.

The aim of the study is to analyze a
clinical case of complex treatment of a pa-
tient with a polyostotic form of osteoclas-
toma of the jaw bones.

CLINICAL CASE

Patient M, 19 years old, came to the
clinical dental hospital of Perm State Medical
University in 2006 with complaints about the
presence of a neoplasm in the area of the
lower jaw on the right (Fig. 1, g, b), mobility
of the lower teeth and paresthesia in the area
of the lower lip on the right.

The diagnosis of osteoclastoma of the
lower jaw on the right (ICD code - D 16.5)
was verified by performing an incisional biopsy
followed by pathohistological examination.

An individual comprehensive treatment
plan was developed by an interdisciplinary
team consisting of a maxillofacial surgeon,
an orthopedic dentist and an anesthesiolo-
gist, and consisted of the following stages:
planning the resection zone; conducting an
anthropometric study to select an implant;
preliminary orthopedic preparation for sur-
gery, planning anesthesia; surgical treat-
ment; delayed prosthetics; rehabilitation.

At the stage of choosing surgical treat-
ment options, autoplasty, replacement of
the postoperative defect with a reconstruc-
tive plate or an orthotopic implant made of
carbon-carbon material "Uglekon-M" were
considered. Taking into account the proper-
ties of implant systems made from the
“Uglekon-M" material, in particular high
biological inertness, dimensional stability
over time, compliance of the structure and
physical and mechanical characteristics
with the native bone indicators, the possi-
bility of restoring the shape of the face, and
the absence of the need for additional sur-
gical interventions, the choice was made in
favor of this implant material.

At the first stage, preliminary orthope-
dic preparation was carried out, which con-
sisted of the manufacture and fixation of a
non-removable orthopedic structure to
hold the fragments of the lower jaw. Then
we proceeded to the next stage — the surgi-
cal treatment itself. Under endotracheal an-
esthesia, the tumor was removed with par-
tial resection of the lower jaw and simulta-
neous replacement of the postoperative defect
with an orthotopic carbon implant “Uglekon-
M” (Fig. 2), wound suturing and drainage in-
stallation. Since the implant was individually
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Fig. 2. Installation of an orthotopic implant made
of Uglekon-M material

modeled according to the shape and dimen-
sions of the suspected defect, a good aesthetic
and functional result was ensured.

Based on the results of the pathohis-
tological examination, the diagnosis was con-
firmed: osteoblastoclastoma of the lower jaw.

On the control orthopantomogram, an
implant is fixed in the area of the defect of
the lower jaw on the right, the fixation is
satisfactory. The shadows of metal-density
ligature sutures are visible in the area of the
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right lower jaw branch and the chin section
of the lower jaw (Fig. 3).

The patient was discharged in satisfactory
condition on the 10th day after the operation.

Six months after the surgery, a removable
dental prosthesis with a metal base and clasp
fixation was made and fixed to the patient's
lower jaw. The patient had no complaints and
did not attend examinations as part of the
dispensary observation due to her residence
in a remote area of the Perm Territory.

In 2011, during pregnancy, the patient
noticed the appearance of a neoplasm and
its growth in the frontal region of the upper
jaw on the left. In the postpartum period he
contacted the Clinical Hospital of Perm
State Medical University.

A CT scan of the upper jaw was per-
formed. In the area of the frontal part of the
upper jaw on the left, a neoplasm of a non-
uniform structure, cellular in shape in the
projection of teeth 1.3-1.1, with a cuff-
shaped thickening of the alveolar part was
found (Fig. 4).
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Fig. 3. Orthopantomogram, condition six months
after surgery (removal of osteoclastoma of the lower
Jaw in the body area on the right with simultaneous
replacement of the defect with an orthotopic carbon

implant "Uglekon-M")

Fig. 4. CBCT: tumor in the upper jaw area, 2011

After receiving the results of an incisional
biopsy, a diagnosis of osteoclastoma of the
frontal maxilla was established (ICD 10 code —
D164). A resection dentofacial prosthesis for
the upper jaw was made according to the de-

fined boundaries of the partial resection of
the upper jaw. Surgical treatment was per-
formed — removal of a neoplasm in the area
of the frontal part of the upper jaw on the left
with partial resection of the upper jaw, with
closure of the surgical wound with a flap from
the mucous membrane of the cheek and one-
stage replacement of the defect with a resec-
tion prosthesis. In the postoperative period, a
course of anti-inflammatory therapy was ad-
ministered. As a result of additional examina-
tion, a control CBCT scan revealed a neo-
plasm in the frontal part of the lower jaw on
the right side from the lingual side. An inci-
sional biopsy was performed. The diagnosis
was established: D16.5 — osteoclastoma of the
lower jaw on the right, relapse (Fig. 5), con-
firmed by the results of pathohistological ex-
amination.

Patient M. was re-hospitalized for
planned surgical treatment.

Due to the presence of a polyostotic
form of osteoclastoma of the jaw bones in
the patient, autotransplantation was contra-
indicated. After conducting an anthropom-
etric study and selecting an orthotopic car-
bon implant, the neoplasm was removed
with partial resection of the chin section of
the lower jaw and replacement of the carbon
orthotopic implant of the lower jaw "Ugle-
kon-M" with a new one.

During the surgical intervention,
complete osseointegration was revealed
and formation of a bone-implant unit with
the ingrowth of bone tissue into the struc-
tures of the implant made of carbon-carbon
composite material (Fig. 6).
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Fig. 6. Osteoclastoma of the lower jaw on the right,
relapse (intraoperative), 2011

RESULTS AND DISCUSSION

In December 2023, the patient was
called to the Clinical Hospital of Perm State
Medical University for a follow-up examina-
tion. Upon examination, the facial configura-
tion and shape of the lower jaw were satis-
factory, the scar in the submandibular region
was pink, smooth, and even. The movements
of the temporomandibular joints are syn-
chronous, smooth, and painless. The mouth
opens freely, up to 4.0 cm. In the oral cavity:
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the crown of tooth 3.7 is completely de-
stroyed, its roots are pigmented. On the lin-
gual side in the projection of tooth 3.7, a
bulge of the outer cortical plate of a round
shape with a diameter of up to 1.5 cm was
found, painless upon palpation. Percussion
of tooth 3.7 is moderately painful. The mu-
cous membrane above the neoplasm is not
changed in color, there is a pale pink scar in
the area of the implant. The midline is lo-
cated centrally, the defects of the dental
arches are replaced by removable dentures
for the upper and lower jaw. When palpating
the lower jaw, no mobility is determined in
the area of the bone-implant junction. The
patient is satisfied with the achieved treat-
ment result (Fig. 7).

When collecting the patient's life his-
tory, it was found that in 2016 there was a
second pregnancy, which ended in child-
birth. In the summer of 2023, the patient
noticed a change in the shape of the alveo-
lar part in the area of tooth 3.7, but did not
seek medical help. CBCT was performed —
a focus of bone rarefaction was found,
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Fig. 8. OPIG: neoplasm in the lower jaw area on the
left, 2023

heterogeneous in density in the projection
of tooth 3.7, up to 1.5 cm (Fig. 8). Bulging
of the cortical plate on the lingual side. here
are no signs of relapse of the neoplasm in
the upper jaw and in the area of implant
fixation on the lower jaw. Osteointegration
is observed at the border of the bone-
implant unit. A preliminary diagnosis is
chronic periodontitis of tooth 3.7, neoplasm
in the area of the alveolar process of the
lower jaw on the left.

Patient M. underwent extraction of
tooth 3.7, scraping of the neoplasm was
performed, the material was sent for cyto-
logical examination. Given the clinical pic-

ture of the polyostotic form of osteoclas-
toma, in terms of differential diagnostics, it
was recommended to conduct an X-ray ex-
amination of all bone structures in order to
exclude myeloma disease. After receiving
the research results, myeloma disease was
not confirmed.

As a result of X-ray, cytological exami-
nation and subsequent pathohistological
examination, the diagnosis was established:
fibroma of the lower jaw on the left, the
presence of relapse of osteoblastoclastoma
was not confirmed. In April 2024, the fi-
broma of the lower jaw on the left was re-
moved at the Clinical Hospital of Perm State
Medical University using intraoral access. At
the time of discharge, the patient's condi-
tion was satisfactory, orthopedic treatment
and further dispensary observation were
recommended for the patient.

CONCLUSIONS

A rare clinical case of treatment of a
patient with localization of osteoclastoma
in the lower jaw on the right, in the frontal
part of the upper jaw on the left, with re-
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currence of the formation in the lower jaw
on the right in the late stages after treat-
ment is presented, which indicates the
presence of a polyostotic form of osteoclas-
toma of the jaw bones in the patient.

The emergence of a new focus and re-
lapse of the neoplasm occurred after a
previous pregnancy, therefore, a connec-
tion between this pathology and changes
in hormonal levels occurring during preg-
nancy cannot be ruled out, however, this
factor has not been confirmed and re-
quires study.

The analysis of the described clinical
situation allowed us to prove that timely
surgical treatment and verification of the
diagnosis provide a good result, while regu-
lar dispensary observation in the form of
examination at least once a year for patients
who underwent surgery to remove 0Steo-
clastoma is strictly mandatory. Particular
attention in this aspect should be paid to
women of reproductive age.

The use of implants made of carbon-
carbon composite material "Uglekon-M" in
the polyostotic form of osteoclastoma is the
method of choice, which has proven its ef-
fectiveness in replacing post-resection de-
fects of the lower jaw.
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STUDY OF ANTI-INFLAMMATORY ACTIVITY AND ACUTE TOXICITY
INDICATORS OF NEW SILVER SALT OF PYRAZOLE-3-CARBOXAMIDE
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N3YYEHUE IIPOTUBOBOCIAJIUTEJIBHON AKTUBHOCTH
1 IIOKA3ATEJIEN OCTPOY TOKCUYHOCTH HOBOM

CEPEBPAHOMN COJIN ITUPA30J1-3-KAPBOKCAMHUJIA

H.II. Pyoaxoea*, B.B. Hoeuxoea, O.B. Boopoeéckas, B.JI. I'etin
Iepuckas zocyoapcmeennas papmavesmuveckas axaoemus, Poccutickas Peoepauus

Objective. To study the anti-inflammatory activity and some toxicological indicators of the new derivative of
pyrazole-3-carboxamide SSP.

Materials and methods. To assess the biological activity of the compound, its anti-inflammatory effect was
studied in the model of acute inflammatory edema caused by sub-plantar injection of carrageenan solution
into a rat’s hind leg. The duration effect was assessed by the intensity of suppression of the inflammatory re-
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sponse in relation to the control level. In order to study the safety of the substance, the local irritant effect
was determined when applied cutaneously in the experiments on rats. The severity of the irritant effect was
assessed by the erythema degree, the amount of edema and the increase in local skin temperature. In addi-
tion, acute toxicity of the substance under study was determined. The test compound and reference drugs
were applied to the skin.

Results. The study of acute toxicity of the compound SSP and the reference drug nystatin when applied cu-
taneously to rats showed that LD, of both substances was more than 2500,0 mg/kg. Indicators of the degree
of local irritating effect of the drugs demonstrate its absence. At the same time, the studied SSP compound has
no anti-inflammatory effect administered either orally or cutaneously.

Conclusions. The data obtained allow us to classify the new silver salt of pyrazol-3-carboxamide SSP as a
class 5 non-toxic substance. The studied SSP compound has no local irritant effect and does not demonstrate
anti-inflammatory activity in the carrageenan inflammation model.

Keywords. Silver salt of pyrazol-3-carboxamide, acute toxicity, carrageenan inflammation model, local irri-
tant effect, nystatin, nimesulide.

Ieab. M3ydnTb TPOTUBOBOCHAIUTENBHYIO AKTUBHOCTD M HEKOTOPBIE TOKCHKOJIOTMYECKUE TOKA3ATEN HOBO-
IO MPOU3BOJIHOTO MUPA3011-3-KapOoKcamuyioB SSP.

Martepuanasl B METOABL. [l OLEHKYM OMOJOIMYECKON aKTUBHOCTH COEAUHEHUA UCCIELOBANH €TI0 IIPO-
TUBOBOCIIAIUTENBHOE AEHCTBUE HA MOZEIN OCTPOT'O BOCHANTUTENBHOIO OTEKA, BRI3BAHHOIO CYOILIAHTAP-
HBIM BBCJCHUEM B 33[HIOIO JIANY KPBICH PACTBOPA KApPareHuHa. dPPEKT AMUTENbHOCTU OLECHUBAIN 110
BBIPQKEHHOCTH TOPMOXEHUSA BOCIAIUTEABHON PEAKLMU 110 OTHOWIEHUIO K KOHTPOJIBLHOMY YPOBHIO. C
LEMBI0 U3YYEHHA OE30IIACHOCTU BEWIECTBA ONPEACIAIN MECTHO-PA3APAKAOLEE ACHCTBUE B IKCICPH-
MEHTAX H4 KPBICAX NIPU HAKOKHOM HAHECEHUU. BERIPAKEHHOCTb PA3APAKAOLMIETO JEHCTBUA OLICHUBAIN
10 CTENEHH 3PUTEMBI, BEINUMHE OTEKA U YBENTMYEHUIO MECTHON TEMIIEPATYPhl KOXU. Kpome Toro, om-
PENENANACh OCTPAss TOKCHYHOCTD M3y4aEeMOr'0 BEIMECTBA. YcCmenyeMoe COeIMHEHNE U NPENAPAThI CPAB-
HEHUA HAHOCUIMCH HA KOKY.

PesyabTarsl. Mccnefosanue OCTPON TOKCMYHOCTH COEAUHEHUA SSP M Ipenapard CpABHEHUA HUCTATHHA
IPY HAKOKHOM HAHECEHUH KPBICaM MOKa3ano, uto JIJI, obonx semects cocrasuia oonee 2500,0 mr/kr. Ilo-
Ka3aTe/y, IO3BOJIIOMUE OLECHUTD CTEIEHb MECTHO-PA3APAKAIOMIETO AEUCTBUA TIPENAPATOB, CBUACTENCTBY-
I0T O €10 OTCYTCTBUM. [Ipy 3TOM HCcnefyeMoe coennuenne SSP He IPOABIAET IIPOTUBOBOCIIATUTENBHON dK-
TUBHOCTH HY IIPY NEPOPATBHOM, HY IIPH HAKOKHOM NPUMEHEHHUN.

BorBoapl. [10/1y4eHHBIC JaHHBIE TO3BOJIAIOT OTHECTH HOBYIO CEPEOPAHYIO COJb TUPA3071-3-Kapookcamuza SSP k
5-My KIACCY HPAKTMYECKA HETOKCHYHBIX BemleCTs. CoenuHenue SSP He MPOABIAET MECTHO-PA3APLKAIOMETO
JEYCTBYA U He 00/1aJaeT IPOTUBOBOCIATUTENBHON AKTHBHOCTBIO Ha MOJE/HU KAPPATCHUHOBOI'O BOCIIAJICHI.
Kirouesnie cnoBa. CepeOpsHasd COMb MUPA30IN-3-KapOOKCAMUIA, OCTPas TOKCHMYHOCTh, KappareHUHOBAA
MOJIE/b BOCITAJIEHHS], MECTHO-PA3APAKAIOLIEE AEHCTBHE, HUCTATHH, HUMECYIII,

ket and account for more than 90 % of sales
of all antimycotics [5].

INTRODUCTION

Superficial mycoses that are caused by
dermatophytes and also yeast fungi are an
important public health problem affecting
different age groups of the population [1-4].
Topical agents are more often used for the
treatment of this pathology. They are the
most popular on the pharmaceutical mar-

In this regard, the search for new com-
pounds with antifungal activity, which can
potentially be used for topical therapy of
mycoses, is an actual direction of pharmacy.
The fact that the substance has additional
pharmacological effects, such as anti-
inflammatory activity, may contribute to the
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acceleration of the recovery process during
this pathology.

The most important characteristic of
the supposed pharmaceutical substance is
the absence of negative effects on the hu-
man body, which is reflected by such indi-
cators as acute toxicity, irritant effect.

The aim of the study is to investigate
the anti-inflammatory activity and some
toxicological indicators of a new pyrazole-
3-carboxamide derivative SSP.

MATERIALS AND METHODS

The biological activity of a new silver
salt of pyrazole-3-carboxamide, SSP was
evaluated. It showed high antifungal activity
in planktonic culture (pMIC501.0 mg/L,
pMIC90 156 mg/L) and biofilm (SMIC50
11.8 mg/L) [6]. The studies were conducted
in experiments on animals obtained from
the nursery “Andreevka”, Moscow region.
The animals were kept in compliance with
the rules of laboratory practice (GLP) and
the Order of the Ministry of Health of
the Russian Federation No. 199n dated
01.04.2016 “Rules of Good Laboratory Prac-
tice”, as well as the terms of the guidelines
for conducting preclinical studies of phar-
maceuticals [7]. The conducted studies were
approved by the Bioethics Commission of
the Federal State Budgetary Educational In-
stitution of Higher Professional Education
PGFA of the Ministry of Health of the Russian
Federation (protocol No. 7 of 20.01.2023).

Indomethacin ointment for external
use produced by BIOSINTEZ PJSC (Russia),
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nimesulide produced by Ozon LLC (Russia)
and nystatin produced by BIOSINTEZ PJSC
(Russia) were used as reference pharma-
ceuticals.

Determination of acute toxicity of the
compound at the dermal application was
realized according to the guideline
P 1.2.3156-13 “Assessment of toxicity and
danger of chemical substances and their
mixtures for human health ”. The study in-
cluded experiments on rodents (rats). Ani-
mals were randomly divided into groups by
randomization. The absence of external
signs of disease and homogeneity of groups
by body weight (+ 10 %) were considered
as criteria for acceptable randomization.

The experimental medication in the
suspension form in dimethyl sulfoxide and
the comparison medication were applied
on the skin in the back area using a dis-
penser in increasing doses according to
Litchfield-Wilcoxon method. The fur of the
animals was removed at the site of applica-
tion 24 h before the beginning of the ex-
periment. Control animals were dosed with
diluent, which was dimethyl sulfoxide. Dos-
ing was carried out according to the total
mass of the sample. Groups of five animals
of the same sex were used for the study of
each medication dose. Besides, there were
similarly sized groups of control animals,
which were applied to comparison medica-
tions in the same way in an amount equiva-
lent to the maximum tested dose of the
medication.

The animals were observed for 14 days
from the beginning of the experiment. Mor-
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tality, time of animal death, symptoms of
poisoning, daily observation of general
condition and behavior, weighing, evalua-
tion of feed and water consumption were
recorded. The dead animals were autopsied
and macroscopically examined. All intoxi-
cated animals were euthanized in a CO,
chamber and autopsied after 14 days. Mac-
roscopic description and determination of
mass ratios of internal organs and histologic
studies were conducted.

Anti-inflammatory activity was deter-
mined on non-linear white rats weighing
180-250 g, both sexes, sexually mature —
on the model of acute inflammatory edema
caused by subplantar injection of 0.1 ml of
1 % aqueous solution of carragenin into the
back paw of the rat at different routes of
injection into the body [7]. The studied
compound in the form of a suspension in
dimethyl sulfoxide in the amount of 0.5 ml
was applied on the skin of the foot of rats
of the first group 1 h before injection of the
phlogogenic agent. The second group of
animals was injected orally at a dose of
50 mg/kg 1 h before carrageenan injection.

Animals that did not receive the medi-
cation served as a control. The increase in
foot volume, indicating the development of
edema, was evaluated oncometrically after
3 h after injection of the phlogogenic agent,
which means at the peak of edema forma-
tion. The anti-inflammatory effect was evalu-
ated by the expression of inhibition of the
inflammatory reaction in relation to the con-
trol level. If this indicator was more than
30 %, the result was considered as positive.

The local irritant effect of the medica-
tion was studied in experiments on non-
linear white rats weighing 180-210 g, of
both sexes, sexually mature — by dermal
application. The studied substance was
placed in an amount of 0.5 g in the form of
a paste on a previously depilated skin area
of about 6 cm2. These skin areas were cov-
ered with gauze attached with a plaster. The
exposure period lasted 4 h, after which the
substance was removed. The evaluation of
the irritant effect was conducted for 14
days. The expression of irritant effect was
evaluated by the degree of erythema, the
amount of edema (thickness of the skin
fold at the application site) and the increase
of local skin temperature. The degree of ery-
thema was evaluated using colorimetric rul-
ers of SV. Suvorov in points. Skin fold
thickness was measured using a thickness
gauge TR-1-10 in millimeters. Skin tem-
perature was measured using an electro-
thermometer. Animals, to which the com-
parison medication was applied in the same
way, were used as control.

Statistical analysis of the results was
conducted using the following program
package Statistica 8.0. The results were ana-
lyzed by variation statistics using the Fisher-
Student method [8].

RESULTS AND DISCUSSION
Evaluation of the acute toxicity of the
compound SSP and the comparison medi-
cation nystatin by dermal application on

rats showed that the LD50 of both sub-
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stances was more than 2500.0 mg/kg. The
obtained data indicate that sex differences
in the acute toxicity indices of the two sub-
stances do not appear. There were no lethal
effects when applied it on the skin. The use
of the compared compounds in doses
higher than 2500.0 mg/kg was practically
impossible.

Thus, the compound SSP and the
comparison medication nystatin are practi-
cally equivalent (equitoxic) in terms of
acute toxicity. The clinical picture of intoxi-
cation at their single use in maximum pos-
sible amounts is characterized by the ab-
sence of signs of toxic effect, changes in the
general condition and behavior of animals.
Species and sex differences were not ob-
served in the course of intoxication. The
clinical picture of intoxication, caused by
both compared medications, is the same.

The results of body weight measure-
ments of the animals that experienced in-
toxication when the medications were ap-

plied topically at maximum doses are pre-
sented in Table 1.

Dynamics of body weight of experi-
mental animals in all groups does not sig-
nificantly differ from control data. There are
no statistically significant deviations in body
weight of animals in the groups receiving
the compared medications.

All animals that survived intoxication,
as well as animals of the control group,
were euthanized in a CO2 chamber at the
end of the study. External examination of
rats that were killed after 14 days from the
beginning of the experiment, did not reveal
any significant differences between the ex-
perimental animals and the control animals.
All rats are of standard proportions, with
average weight. Fur is shiny, clean looking,
there are no bald areas. There is no dis-
charge from natural orifices. Visible mucous
membranes are pale, shiny, smooth. Accord-
ing to the data of autopsy and macroscopic
examination dermal application of the

Table 1

Effect of the compared medications on body weight (g) of rats after a single
dermal application, M £ m

Experimental group and sex
Observation time “Control” “SSPp” “Nystatin”
male female male female male female
Background 1769+40 | 1758%19 | 171.6+36 | 177.0%27 | 173934 | 179234
2nd day 1799+33 | 1794+30 | 173332 | 1729+31 | 1686%37 | 176135
7th day 187.1+4.2 | 1882+32 | 1893£54 | 180.6+33 | 183.6%47 | 1874+28
14th day 1939+44 | 1996+36 | 1934+52 | 1955+28 | 191.7+34 | 1965%27
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compared preparations in the studied doses
to rats of both sexes does not cause visible
changes of internal organs, including endo-
crine glands, gastric and intestinal mucous
membranes, as well as the brainlt was
found in the course of histologic study that
the skin and soft tissue material of labora-
tory animals showed focal epidermal
sloughing foci with keratin, which is a result
of mechanical impact in the framework of
the experiment. Inflammatory cell infiltra-
tion in the underlying dermis in areas of
epidermal sloughing is not detected in all
examined samples. Single perivascular der-
mal mononuclear cells are normal un-
changed elements of skin-associated lym-
phoid tissue (SALT-structures). Dystrophic,
alterative and inflammatory changes were
not revealed in the liver and kidneys of
laboratory animals. Focal disorders of blood
circulation in the form of full blood of cap-
illaries of kidneys, liver are expressions of
blood redistribution in the agonal period.
The obtained data allow to refer to the

compound SSP to the 5th class of practi-
cally non-toxic substances (GOST 32419-
2022 “International Standard. Hazard classi-
fication of chemical products. General re-
quirements").

The results of the anti-inflammatory
activity of the compound are presented in
Tables 2 and 3.

The injection of phlogogenic agent
into animals causes a significant increase in
foot volume by the third hour of observa-
tion, the increase reaches 104.8 %, this in-
dex was taken as a control value. The use of
such a medication as “Indomethacin” oint-
ment showed that the increase in carra-
geenan edema statistically significantly de-
creased, compared to control data, to
13.7 %, that is, the inhibition of the inflam-
matory response reaches 86.9 %. It is suc-
cessfully used in practical medicine as an
anti-inflammatory agent. Pre-application of
the studied compound on the skin of the
foot of rats causes inhibition of the inflam-
matory response, as compared to the

Table 2

Anti-inflammatory activity of the silver salt of pyrazole-3-carboxamide

by dermal application, M + m

Compound Volume gain of the foot Inhibition of reaction
after 3 h, % after 3 h, %
94.32+£748,
SSP suspension b= 0220, 10.0
p'=0.005
“Indomethacin” ointment 110327 (;_L 010'? 86.9
Control group 1048 +12.1

Note: p — level of statistical significance in comparison with control data; p' — level of statistical signifi-
cance in comparison with “Indomethacin” ointment.
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Table 3
Anti-inflammatory activity of the silver salt of pyrazole-3-carboxamide during
oral injection, M+ m
Compound Volume gain of the foot Inhibition of reaction
pou after 3 h, % after 3 h, %
103.1 %99,
SSP p=0845, 165
2'=0001
. . 39.2+209,
Nimesulide »=0001 62.59
Control group 104.8 £ 12.1

Note: p — level of statistical significance in comparison with control data; p' — level of statistical signifi-

cance in comparison with nimesulide.

control data, only by 10 %, which is not a
statistically significant result (p > 0.05).

It was found that under the action of
the comparison compound nimesulide the
growth of carrageenan edema was statisti-
cally significantly inhibited compared to the
control data. The increase of the foot volume
in rats is 39.2 % (p < 0.001), i.e. inhibition of
the reaction reaches 62.59 %. At the same
time the studied compound SSP does not
show anti-inflammartory activity, the increase
of inflammatory edema by the third hour of
the experiment goes with the same intensity
as in the control experiments.

In the process of studying the biologi-
cal activity of SSP compound, the study of
local irritant effect of the compound had a
special importance. It was evaluated by the
degree of erythema, the amount of edema
(thickness of the skin fold at the application
site) and the increase in local skin tempera-
ture. The results of the study are presented
in Tables 4-0.

There is no increase in the thickness of
skin folds during the dermal application of
SSP and nystatin. Thus, it is established that
the medications do not cause the develop-
ment of edema.

Table 4
Skin fold thickness in rats after dermal application, M = m
Thickness of skin fold in the area of medication injection, mm
Group Study terms, days
Control Ist 3rd 5th 14th
“SSP” 3.3+0.2 3402 3.5+03 3.5+04 3402
“Nystatin” 34£03 35+£03 36+0.2 36£03 34£03
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Table 5
Surface skin temperature in rats after dermal application, M + m
Surface temperature 7, °C
Group Study terms, days
Control Ist 3rd 5th 14th
“SSP” 376+05 37805 377+04 377+£06 37704
“Nystatin” 375+03 375+04 37603 378+03 375+03
Table 6
Severity of skin erythema in rats after dermal application
Level of erythema in points
Group Study terms, days
Control Ist 3rd 5th 14th
“SSP” 0 1 0 0 0
“Nystatin” 0 0 0 0 0

The temperature of the skin areas at
the application site did not increase when
applying the SSP compound and nystatin.
There were no statistically significant differ-
ences between the parameters and control
data (at p <0.05).

Analysis of the level of erythema
showed that, in general, with both nystatin
and the SSP compound, it was rated as zero,
i.e., absent.

CONCLUSIONS

1. The obtained data allow to assign
the new silver salt of pyrazole-3-car-
boxamide SSP to the 5th class of practically
non-toxic compounds.

2. The compound SSP does not show
local irritating effect.

3. The studied silver salt of pyrazole
pyrazole-3-carboxamide does not show

anti-inflammatory activity on the model of
carrageenan inflammation.

REFERENCES

1. Novikova V.V., Kuchevasova M.V.
Epidemiological features of mycoses of the
scalp in the Perm region. Sibirskoe medicin-
skoe obozrenie 2023; 1(143): 46-51 (in
Russian).

2. Belousova T.A., Kail-Goryachkina M.V.
Dermatophytosis of the feet: problems of
comorbidity and personalized choice of
therapy. Comsilium Medicum. Dermatolo-
giya (Pril.) 2019; 1: 27-31 (in Russian).

3. Pal M., Dave P., Dave K., Guiama K.P.,
Thangavely L., Paula C.R. et al. Etiology,
clinical spectrum, epidemiology, new devel-
opments in diagnosis and therapeutic man-
agement of onychomycosis: an update.
Am. ]. Microbiol. Res. 2023; 11 (1): 19-24.

145



BIOLOGY AND EXPERIMENTAL MEDICINE

4. Nabieva D.D., Abdullaev M.I. Skin
manifestations and clinical and laboratory
features in HIV-infected children. Original
medicine 2023; 1: 77-84 (in Russian).

5. Egorova E.A., Shejbmambetova L.R.,
Bekirova E.Yu. Marketing analysis of the
range of antifungal drugs for topical use on
the pharmaceutical market of the Russian
Federation. Modern organization of drug
supply.  Sovremennaya  organizaciya
lekarstvennogo obespecheniya 2021; 8 (1):
7-13 (in Russian).

0. Novikova V.V., Bobrovskaya O.V.
Gejn V.L. Antifungal activity of silver salts of
pyrrolo[3,4-c]pyrazol-3-ones and pyrazol-3-
carboxamides containing a sulfamide group.
Himiko-farmacevticheskij  zburnal — 2023;
57 (8): 41-45 (in Russian).

7. Guidelines for conducting preclinical
studies of medicinal products. Ed. by

AN. Mironova. Moscow: Grif i K 2012; 944
(in Russian).

8. Prozorouvskiy V.B. Statistical process-
ing of the results of pharmacological stud-
ies. Psikbofarmakologiya i biologicheskaya
narkologiya 2007; 3-4: 2090-2120 (in
Russian).

Funding. The study was conducted
within the framework of the state
assignment of FSBEI of HE “Perm State
Pharmaceutical Academy”, topic No.
720000F.99.1. BN62AB05000, 2024.

Conflict of interest. The authors de-
clare no conflict of interest.

Author contributions are equivalent.

Received: 07/08/2024
Revised version received: 18/25/2024
Accepted: 09/16/2024

Please cite this article in English as: Rudakova 1P, Novikova V.V., Bobrovskaya O.V., Gein V.L Study of
anti-inflammatory activity and acute toxicity indicators of new silver salt of pyrazole-3-carboxamide. Perm
Medical Journal, 2024, vol. 41, no. 5, pp. 138-146. DOL 10.17816/pmj415138-146

146



Perm Medical Journal 2024 volume XLI no. 5

Scientific Article
UDC 616.419-089.847: [612, 622, 34: 612.111.94]-092.9
DOL 10.17816/pmj415147-159

INFLUENCE OF GLYCODELIN ON THE FORMATION OF IMMUNE
RESPONSE AT THE LEVEL OF T-HELPERS AND T-REGULATORY CELLS

IN AN IN VIVO EXPERIMENT

S.A. Zamorina', Ya.N. Troynich’, N.P. Loginova’*, N.V. Chemurzieva’,
M.S. Bochkova', V.P. Timganova', V.V. Vlasova', M.B. Rayev'
"Institute of Ecology and Genetics of Microorganisms, Ural Branch of the Russian Academy
of Sciences (‘IEGM UB RAS”) — a branch of the Perm Federal Research Center of the Ural Branch

of the Russian Academy of Sciences, Perm,
°E.A. Vagner Perm State Medical University, Russian Federation

© Zamorina SA, Troynich YaN, Loginova N.P, Chemurzieva N.V,, Bochkova MS, Timganova V.P, Vlasova V.V,
Rayev M.B, 2024

tel. +7 902 475 90 67

e-mail: natalitsa@yandex.ru

[Zamorina SA. — DSc (Biology), Leading Researcher of the Laboratory of Cellular Immunology and Biotechnology.
ORCID: 0000-0002-6474-1487; Troynich YaN. - Lecturer of the Department of Histology, Embryology and Cytology,
ORCID: 0000-0002-1053-6031; Loginova N.P. (*contact person) — DSc (Medicine), Associate Professor, Head of the De-
partment of Histology, Embryology and Cytology, ORCID: 0000-0001-8597-2682; Chemurzieva N.V. — PhD (Biology),
Head of the Department of Educational, Methodological and Scientific Support, ORCID: 0009-0006-0228-0896; Bochkova M.S. -
PhD (Biology), Researcher of the Laboratory of Cellular Immunology and Biotechnology, ORCID: 0000-0001-5784-6224;
V.P. Timganova — PhD (Biology), Researcher of the Laboratoty of Cellular Immunology and Biotechnology, ORCID: 0000-0003-
4581-1969; Vlasova V.V. — Junior Researcher of the Laboratory of Molecular Immunology, ORCID: 0000-0002-1656-7277,
Rayev M.B. - DSc (Biology), Head of the Laboratory of Cellular Immunology and Nanobiotechnology. ORCID: 0000-0001-
0882-4928.

© 3amopuna CA, Tpoitauy fLH, Jlorunosa HIL, Yemypauesa HB, boukoa M.C, Tumranosa BIL, Bracosa BB, Pa-
e M.b,, 2024

e +7 902 475 90 67

e-mail: natalitsa@yandex.ru

[3amopuHa CA. — TOKTOp GUONOTMYECKNX HAYK, BEAYIINI HAYYHBINA COTPYAHHUK 1a60PATOPUN KIETOUHOH UMMYHO-
qoruu u 6uoTexHomnoruy, ORCID: 0000-0002-6474-1487; Jlorurosa HIL (*KOHTAKTHOE MUIO) — JOKTOP MEMITUHCKIX
HAVK, JIOIEHT, 3aBeAyiomas Kadeapoi rucronoruy, am6puonornd u mwronorud, ORCID: 0000-0001-8597-2682;
Tpoviaia SLH. — npenofasatens Kapeapsr rucronoruy, amGpuonorud u muronorid, ORCID: 0000-0002-1053-6031;
Yemypauesa HB. - kaHpupaT 6HONOrMYECKUX HAYK, HAYAJIBHUK OT/ENA YYEOHO-METOAMYECKOTO U HAYYHOIO OOecIede-
uist, ORCID: 0009-0006-0228-0896; Boukosa M.C. — KaHnaT 6HOIOIMHYCCKUX HAYK, HAYYIHBIA COTPYAHIK J1A60PATOPHI
KIETOYHOV uMMyHOMorui U 6uorexronorun, ORCID: 0000-0001-5784-6224; Tumranosa BIL — kaHauar 6uonoruye-
CKVIX HAVK, HAYYHBII COTPYIHHK JA60PATOPHH KIETOUHOM uMMyHOMOTHH 1 Grotextonorns, ORCID: 0000-0003-4581-1969;
Bracosa BB. — Ml HAYYHbIA COTPYIHHUK TA60PATOPHA MOMEKy/ipHOi mmmysosorie, ORCID: 0000-0002-1656-7277,
Paes M.B. — IOKTOp GHONIOTMYECKUX HAYK, 3aBEAYIONIHI TAO0PATOPUY KIETOUHON UMMYHOIOTHUN U HAHOOUOTEXHOIOTUY,
ORCID: 0000-0001-6882-4928].

147



BIOLOGY AND EXPERIMENTAL MEDICINE

BJIUAHUE INTMKOAE/IMHA HA ®OPMUPOBAHUE UMMYHHOTI'O
OTBETA HA YPOBHE T-XE/IIIEPOB U T-PEI'YJIATOPHBIX KIIETOK
B DKCIIEPUMEHTE IN VIVO

C.A. 3amopuna', 4.H. Tpoinuy’, H.I1. lozunoea’*, H.B. Yemyp3ueed’,

M.C. Bouxoga', B.II. Tumzanoea', B.B. Biacosa', M.B. Paeg'

"Urcmumym sKon02uu u 2eHemuKy MUKpoop2anumos Ypansckozo omoenenus PAH — gunuan
Ilepmcko20 gpedepansozo Uccaeoo8amensckozo yermpa Ypansckozo omoenenus PAH, e. Ilepm,
*[epmckuii 20CyOapcmeeniblii MeOUUUHCKULL YrHusepcumem umenu axaoemura E.A. Baznepa,
Poccutickasn @eoepaus

148

Objective. To study the influence of glycodelin on T-helpers and Tregs level in the process of forming an immune
response to the introduction of allogeneic bone marrow (BM) cells in a dynamic experiment on Wistar rats.
Materials and methods. The original experimental model "host versus transplant reaction" on male Wistar
rats without preliminary conditioning in recipients was used in the study. Animals were administered recom-
binant glycodelin against the background of allogeneic intraperitoneal transplantation of BM cells in a dy-
namic experiment. The level of peripheral T-helpers (CD4") and Tregs (CD4'CD25'FOXP3"), and the expres-
sion of FOXP3 in the spleen and mesenteric lymph nodes were assessed. The material was collected on the 3
and 21" days of the experiment.

Results. Glycodelin was shown to reduce the absolute number of T-helpers in the peripheral blood (on the 3" and
21" days) and to increase the proportion of Tregs on the 21" day of the experiment against the background of the
introduction of allogeneic BM cells. It was found out, that glycodelin reduced the level of Tregs in the white pulp of
the spleen on the 3rd day of the experiment, while the number of these cells on the 21st day increased, reducing the
number of T-helpers at the same time. At the level of the mesenteric lymph nodes, glycodelin reduced the level of T-
helpers on the 21st day of the experiment, simultaneously increasing the number of Tregs. In general, a unidirec-
tional and distributed effect of glycodelin on the immune response at the level of T-helpers was observed, that was a
decrease of T-helpers, but an increase of Tregs on the 21st day of the experiment.

Conclusion. Thus, glycodelin had an immunomodulatory effect on T-helpers and Tregs formation. The vec-
tor of the obtained effects was immunosuppressive in nature and contributed to the suppression of the im-
mune response to allogeneic cells.

Keywords. Glycodelin, allogeneic transplant, immune response, T-helpers, T-regulatory lymphocytes, FOXP3,
Wistar rats.
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Ieas. Mccnepopanue 3(p¢GEKTOB IMUKOAEINHA HA KOMMYECTBO T-Xemnepos u Treg B XOf€ PA3BUTHA MMMYH-
HOTO OTBETA HA BBEJCHUE A/UIOTEHHBIX KIETOK KPbICaM Wistar B JUHAMUKE.

MaTtepHaibl M METOABL YUUTBIBAA TOT (DAKT, YTO IIMKOAC/INH ABIAETCS (DETOIUIALIEHTAPHBIM OEIKOM C UM-
MYHOCYIPECCOPHOH AKTMBHOCTBIO, U3YIAIH TCPANEBTMYECKUI HOTCHLIMAN TOIO OEJIKA B IKCIEPUMEHTE i1 Viv)0.
Pabory npoBogmIu ¢ UCHONB30BAHUEM ABTOPCKON 3KCIEPUMEHTAIBHON MOJEIH PEAKIUN «XO3AMH IIPOTHB
TPAHCIVIAHTATa>, Penunuentamu 6pumd camup! Kppic Wistar, He IOABEPIaBIIAecs IPEABAPUTEILHON IATOCTATH-
YECKOH Teparuu. JKUBOTHBIM BBOAWIM PEKOMOMHAHTHBIN IMIMKOAEIUH HA (POHE AJUIOTEHHON BHYTPHOPIOLIMH-
HOU TPAHCIUIAHTALMY KIETOK KM B IMHAMUYECKOM SKCIIEPUMEHTE, OLICHUBAA CIEAYIOMHUE IAPAMETPLL: YPOBEHbD
nepuceprdeckux T-xemmepos (CD4) u Treg (CD4°CD25'FOXP3"), axcrpeccrio CD4 i1 FOXP3 B ceneseHke u
OPBLKECYHBIX JTUM(DATIYECKHX Y3/IaX. MaTepuai 3a6upanu Ha 3-1 U 21-€ CyT SKCIEPUMEHTA.

Pe3ynbTarhl. YCTAHOBIECHO, UTO B IPOLIECCE PA3BUTUA MMMYHHOI'O OTBETA HA A/UIOAHTUIEHBI ITIUKOAEIUH
CHIEKAJI A0COMIOTHOE KOMAYECTBO T-XeNmepos B NEpU(EPUIECKOl KPOBU KPBIC Ha 3-I 1 21-1i ieHb mocre
AUIOTPAHCIVIAHTALMY U YBEIMYUBAI YUCIO Treg depes Tpy Hefen IKCIepuMenTa. Ha 3-1 cyr Gbu1o oTMeE-
YEHO CHIDKCHYE YPOBHA Treg B OO MyJIbIIE CENE3EHKY, B TO BPEMA KaK HA 21-€ CyT HAOMOAIOCh YBEIUYE-
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HUE KOJMYECTBA 3TUX KIETOK IIPY O/JHOBPEMEHHOM CHIDKEHUM T-Xelepos. B OpbixeeuHbIx muMpaTude-
CKHX Y3/1aX TVIMKOJIEJUH TAKKE CHIKAM YPOBEHb T-XEMIepoB Ha 21-¢ CyT AKCEPUMEHTA, OJHOBPEMEHHO MO-
BBIIIAA KOJIMYECTBO Treg. B 1ienoM HaGMIOAAICA OfHOHANPABIEHHBIN 1 PACIPEAENEHHBIN 3(PEKT IMuKoze-
JIMHA Ha (POPMUPOBAHUE UMMYHHOI'O OTBETA Ha YPOBHE T-XeJIIEPOB, 3AKTIOYAIOMUIAC B CHIDKEHUH KOJIMYe-
ctBa T-xenmepos, HO MOBBIMIEHUH YPOBHSA Treg Ha 21-€ CYT SKCIEPUMEHTA.

BoiBogpl. TakuM 00pa30M, IMIMKOJICIMH OKA3bIBAI MMMYHOMOJYIUpYIOMEE ICHCTBUE HA (DOPMUPOBAHUE
T-xemmepos u Treg. Bexrop nosmydeHHbX 3P(EKTOB HOCHII UMMYHO/ETIPECCUBHBIH XapaKTep U CLIOCOOCTBO-
BAJI TIO/[ABJIEHUIO UIMMYHHOTO OTBETA HA AJUIOTCHHBIC KICTKU.

KiroueBrbie c10Ba. [TUKO/IC/INH, AJUIOTCHHBIN TPAHCIUIAHTAT, UIMMYHHBIH OTBET, T-xemepsl, T-peryasrop-

Hble tuMponuTel, FOXP3, kpbichl Wistar.

INTRODUCTION

Glycodelin (PP14, PAEP, alpha-2-micro-
globulin) is a dimeric glycoprotein with a
molecular weight of 42-56 kDa, a biomarker
of endometrial receptivity that predeter-
mines successful implantation. In 2018,
A. Dixit with co-author in an experiment on
mice showed that processing of alloactivated
mononuclear cells with glycodelin prevented
graft rejection [1]. This study revealed the
potential of this protein as a basis for a bio-
preparation that debilitates post-transplan-
tation complications. For example, Schneider
and co-author suggested the possibility of
using glycodelin in lung transplantation [2].
It is obvious that glycodelin can be used as a
pharmacological agent not only in trans-
plantology, but also in immunotherapy of
autoimmune diseases [3]. Despite the fact
that the immunosuppressive effects of gly-
codelin are well known [4], its role in the
regulation of the immune response at the
level of T-helper (Th) and T-regulatory cells
(Treg) is not studied well.

The immune response is a chain of se-
quential complex cooperative processes oc-
curring in the immune system in response to
an antigen. T cells, namely T-helper cells, play

one of the key roles in these processes. These
cells help B-cells in the production of anti-
bodies. They stimulate macrophages to in-
crease bactericidal activity, involve phagocytes
in sites of infection and inflammation, and
regulate the immune response with the help
of cytokines and chemokines. T-helper cells
can differentiate into different subpopulations
that differ in the spectrum of the produced
cytokines. Activation of these cells is accom-
panied with the appearance of CD25 mole-
cule on their membrane, which is the a sub-
unit of interleukin-2 receptor (IL-2Ra)) [5].
The activated T helper cells (CD4+CD25+ T
cells) are a heterogeneous population that
includes several subpopulations which differ
phenotypically and functionally. These also
include CD4+CD25highFOXP3+ regulatory
T lymphocytes (Treg) [6]. These cells show
highly suppressive functions and play an im-
portant role in many immunologic processes.
Thus, they are involved in the prevention of
hypersensitivity, autoimmune diseases and
suppression of graft versus host reaction
(GvHD), they maintain T-cell homeostasis.
The regulator of Tregs differentiation and
function is the FOXP3 transcription factor
expressed only in this subpopulation. There-
fore, the human and rodent Treg phenotype
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can be defined as CD4+CD25+FOXP3+ [7]. It
should be noted that these Treg function not
only directly in the site of alloantigen penetra-
tion and immune organs, but also in the pe-
ripheral blood.

The spleen is the most important
secondary organ of the immune system.
The content of lymphocytes in the white
pulp of the spleen reaches 85 % of the to-
tal number of cells, which is almost 25 %
of all lymphocytes in the body [8]. Thus,
the spleen with lymph nodes provides an
adequate immune response, and that is
the reason why we evaluated the differen-
tiation of T-helper cells and Treg both in
peripheral blood and in spleen and mes-
enteric lymph nodes.

The aim of the study is to analyze the
effect of recombinant form of glycodelin on
the number of T-helper cells and Treg in
peripheral blood, spleen and mesenteric
lymph nodes in the dynamics of develop-
ment of immune response to allogeneic
cells administration to Wistar rats.

MATERIALS AND METHODS

The experiments were conducted in the
vivarium of the Perm State National Research
University on 2-3-month-old male white
Wistar rats with an average weight of 250 g
(n= 38). The animals were held in conditions
appropriate to the all-Union State Standart
33216-2014 (“Rules for working with labora-
tory rodents and rabbits”). Bioethical stan-
dards (European Convention for the Protec-
tion of Experimental Animals (86/609/EEC;
1986)) were followed in all experiments,

150

The study was conducted with the au-
thor's experimental model of the “host vs.
graft” reaction described earlier [9).

BM cells from femoral bones were
tested by cytostatic camptothecin to pre-
vent the development of an immune re-
sponse of donor cells against recipient cells
(“graft versus host” reaction). The animal's
mortification was conducted by decapita-
tion in accordance with international rules
of work with experimental animals at early
(3 days) and late (21 days) development of
immune response. At the same time, pe-
ripheral blood, spleen and mesenteric
lymph nodes were sampled. A minimum of
four different preparations of each organ
for an individual animal was examined.

Rats were divided into three experimen-
tal groups: The first group (n = 8) — intact
rats; the second group (n = 12) — glycodelin
control (animals were injected with alloge-
neic bone marrow cells intraperitoneally); the
third group (n = 12) — experimental animals
proper (after intraperitoneal injection of al-
logeneic cells intramuscular injections of re-
combinant glycodelin (*MBS718444, “MyBio-
Source”, Germany) on the 1st, 5th, 9th and
12th days). The calculated achievable concen-
tration of the medicine in the blood of ani-
mals was = 0.75 pg/mL.

Assessment of Th and Treg levels. The
level of these cells was evaluated according to
the previously described method [9]. Cytomet-
ric determination of the cells number in sub-
populations was conducted by using a ready-
made antibody set to rat T-cell surface mole-
cules FlowX Rat Regulatory T Cell Kit (R&D
Systems, USA), which includes anti-CD25-PE,
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anti-CD4-FITC and  anti-FOXP3-AlexaFluor
047 antibodies. Thawed blood samples were
analyzed. They showed no signs of hemolysis
and the cells remained well viable. CytoFLEX §
flow cytometer (Beckman Coulter, USA) was
used for this purpose. The results of cytometric
analysis are presented as the percentage of cells
in CD4+ (T-helper), CD4+CD25+FOXP3- (ac-
tivated T-helper), and CD4+CD25+FOXP3+
(regulatory E-cells) populations.

In addition to relative counts (per-
centage), the data were recalculated into
absolute values based on the total number
of lymphocytes per ml of peripheral blood.

Immunobistochemical study was con-
ducted by the previously described method
[10]. Monoclonal antibodies (Cloude-Clon
Corp, USA) to CD4 (SP35) and FOXP3 (re-
combinant; Tyr191-Glu412) were used to de-
termine the qualitative composition. The posi-
tive result of immunohistochemical reaction
was specific staining of cells. The results of the
enumeration are presented in the form of the
number of cells with positive expression of
CD4 or FOXP3 in the field of view.

Statistical processing of data was pet-
formed in the GraphPad Prizm 8 program
using two-factor dispersion analysis and
Tukey's posterior test.

Pearson correlation coefficient be-
tween CD4/FOXP3 expression values and
the number of helper and regulatory T cells
was also calculated. The significance level
was taken as 0.05.

RESULTS AND DISCUSSION

T-helper cells (CD4+ T cells) play a
central role in immune defense. Naive CD4+

T cells after encountering an antigen can
differentiate into key subpopulations of Thl,
Th2, Th17 and Treg cells under the influence
of a set of signals [6]. Treg have suppressive
activity toward effector immune cells. Treg
have suppressive activity toward effector
immune cells, controlling the preservation of
autotolerance, which prevents the develop-
ment of inflammatory autoimmune diseases.
They control the preservation of autotoler-
ance, which prevents the development of
inflammatory autoimmune diseases. Besides,
Treg are important in controlling the im-
mune response to allograft [11].

Effect of glycodelin on the level of
T-belpers and Treg in the peripheral
blood of experimental animals. 1t was
found that BM injection did not affect the
percentage and absolute content of T-helper
cells in the peripheral blood of rats (Fig. 1).
Glycodelin injection caused a decrease of the
absolute number of these cells both on the
3rd and on the 21st days of the experiment.
The decrease was significant both in relation
to intact animals and animals that received
allogeneic BM. Thus, glycodelin reduced the
Th level in this experiment.

At the same time, it was found that
the transplantation of BM to rats did not
affect the level of activated T-helper cells
(CD4+CD25+). Glycodelin injection also
had no impact on the content of activated
Th (see Fig. 1).

Besides, it was found that the percent-
age and absolute number of Treg in the to-
tal population of CD4+ T-cells significantly
decreased on the third day after administra-
tion of allogeneic cells to animals in relation
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Fig. 1. Percentage content and absolute number of T-belper (CD4+), activated T-helpers
(CD4+CD25+FOXP3-) and Treg (CD4+CD25+FOXP3+) in the peripheral blood of rats during injection of
allogeneic BM cells and glycodelin therapy on the background of allogeneic transplantation (n =4, M = m):
data are presented as the average and standard error of the average; * — p < 0.05; ™ —p < 0.01;
" — p <0.001 (two-factor ANOVA Tukey's a posteriori test for multiple comparisons)

152



Perm Medical Journal

2024 volume XLI no. 5

4 Intact Control (BM) BM + Glycodelin
Treg Treg
251 8,53 431 10,2 2,92
3rd day
<
o
w 65,1 81,7 5,44 7241 148
Y]
a
(@) Treg
116 1.8 3,06 6,44
21st day
59,0 728 123 62,5
FOXP3 APC-A

Fig. 2. The Treg level in the blood of experimental animals on the 3rd and 21st days afier BM iransplantation

and glycodelin injection as an example of one experiment: on the abscissa axis is the fluorescence intensity of

cells stained with anti-FOXP3-antibodies; on the ordinate axis is the fluorescence intensity of cells stained with
anti-CD25-antibodies

to the indexes of intact rats. Glycodelin injec-
tions did not result of the changes in these
indices (see Fig. 1). Apparently, the injection
of allogeneic BM cells itself decreased the
number of Treg, which is consistent with the
data of Korsunsky and co-author [12]. On the
21st day after injection of allogeneic BM cells
in the 2nd group of animals (glycodelin con-
trol), the percentage and absolute amount of
Treg per ml of blood were also lower than in
the group of intact animals. At the same time,
glycodelin increased the percentage of Treg,
bringing the level of these cells closer to that
among the intact animals in the 3rd group of
animals (experiment) (see Fig. 1). Apparently,
on 21 days of the experiment we can talk
about antigen-specific Treg. Thus, glycodelin

is able to increase the level of Treg in the case
of immune response.

Thus, injection of glycodelin on the
background of allogeneic BM transplanta-
tion caused a decrease in the absolute num-
ber of T-helper cells. At the same time, the
level of activated T-helper cells in the blood
of the experimental groups of animals re-
mained unchanged. The increase of the
proportion of peripheral Treg in the final
experiment was demonstrated (on the 21st
day) under the influence of glycodelin in
comparison with the group to which BM
was injected.

Generally, the increase of Treg under
the influence of glycodelin is a highly im-
portant immunomodulatory effect that re-
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sults in suppression of the immune re-
sponse to allogeneic cells.

The effect of glycodelin on the
number of T-belper cells and Treg in the
spleen of experimental animals. Well-
developed functional areas were seen in the
spleen of rats without any exposures (group 1).
Wide cell-filled Billroth cords were clearly
defined in the red pulp. A moderate accu-
mulation of CD4+ lymphocytes (T-helper
cells) was observed in them. The vessels of
the red pulp were moderately dilated and
filled with blood cells. Visual assessment
showed that the white pulp covered about
one-third of the organ area. The periarterial
lymphoid muff (PALM) looked large and
multicellular. Lymphocytes formed clusters
with predominance of CD4+ cells along the
edge of the PALM. The observed lymphoid
nodules (B-area) varied in the size, most of
them were active. CD4+ -lymphocyte clus-
ters were detected in the marginal area. The
volume of white pulp increased in the
spleen of injected animals with only alloge-
neic BM (group 2) starting from the
3rd day. There was moderate, occasionally
single presence of positively stained
CD4+-cells in its areas.

Cells expressing CD4 molecule were
detected in the marginal area. The white
pulp areas looked active and large until the
21st day of the experiment. Multiple lym-
phocytes were seen, which formed diffuse
clusters or lymphocyte sheaths around
brush arterioles in the pulp. There was a
high level of CD4 T-helper molecule ex-
pression mainly detected in the marginal
area of the white pulp. More intense stain-
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ing of CD4+ cells was found in the Billroth
cords of the red pulp (Fig. 3).

Large and small vessels of the venous
channel with a wide lumen and with blood
cells were determined in the spleen of rats
in the experimental (3rd) group (allogeneic
BM + glycodelin) on the third day after al-
lotransplantation. Large accumulations of
CD4+-lymphocytes were observed in the
Billroth's cords, overfilled with cells. The
white pulp covered more than 40 % of the
organ area. All its areas looked developed
and active, B-area was represented by large
lymphoid nodules with signs of prolifera-
tion, and T-areas constituted a significant
part of the white pulp, forming a dense
cluster around the central artery. The ex-
pressing CD4-lymphocytes were located
along the edge of the PALM. Although the
functional areas of the white pulp remained
active until the end of the experiment, the
sizes of the T- and B-areas were reduced or
unchanged. Visually, the number of CD4+-
cells decreased, proliferation was slightly
reduced, however, there was an accumula-
tion of T-helper cells in the Billroth cords
masses, where their differentiation process
is usually completed (Fig. 3).

Statistical processing of the obtained
data was conducted for detailed analysis by
comparing the expression of CD4 molecule
and transcription factor FOXP3 in the white
pulp of the spleen of different animals groups.
As a result, it was found that in intact animals
the number of T-helpers (CD4+) were higher
than the number of T-effectors (CD8+). BM
injection (2nd group) resulted in a rapid in-
crease in the level of T-helper cells in the



Perm Medical Journal

2024 volume XLI no. 5

white pulp of the spleen, which was observed
on the 3rd and 21st days of the experiment.
The use of glycodelin (3rd group) did not af-
fect the level of T-helper cells, but on the 21st
day of the experiment resulted in a decrease
in the number of these cells in the white pulp
of the spleen. Thus, glycodelin reduced the
level of T-helper cells on the 21st day of the
experiment (Table).

It was shown that BM injection did
not change the level of FOXP3 expression
in the white pulp of the spleen in experi-
mental animals. The use of glycodelin on
the background of BM injection led to a
reliable decrease in the level of FOXP3 on
the 3rd day, but on the 21st day the effect
was opposite, and the differences were also
reliable in relation to the group of compari-
son (see the table).

Thus, glycodelin has an independent
increasing effect on the expression of the
Treg marker FOXP3, which may lead to a
localized decrease of the immune response
to alloantigens. This aspect of glycodelin is
the most important and interesting if we
consider this protein from the approach of
immunopharmacology.

Effect of glycodelin on the level of
T-belper and Treg in mesenteric lymph
nodes in experimental animals. 1t was
shown by evaluating the dynamics of CD4
expression in the mesenteric lymph nodes
that when allogeneic BM cells were injected
into the lymph nodes from the first days of
the experiment, the expression of the T-
helper marker was verified in the lymph
nodes in the sinuses of the cortical sub-
stance and in the form of clusters in the

cortical areas. The positively stained cells
were present in groups in deep layers of the
cortical substance, in the inter-nodal spaces
and formed large clusters in the medullary
substance cords by the 21st day.

Glycodelin injection at the beginning of
the experiment (3rd day) did not affect the
level of T-helper cells (CD4+), but increased
this index on the 21st day. Analysis of FOXP3
expression showed that BM injection did not
affect the level of Treg on the 3rd and 21st
days. FOXP3 expression on the 3rd day was
observed in single cells located diffusely
within the cortical substance of the organ, in
the inter-nodal spaces and in the subcapsular
sinus. FOXP3 expression was verified in dif-
fuse single cells within the cortical substance
and in the form of clusters in the subcapsular
sinus of the organ by the end of observation
(21st day). Glycodelin injection significantly
increased the expression of Treg marker on
the 21st day of the experiment.

Correlation analysis showed that there
is a close direct correlation between CD4
expression parameters in the spleen and
mesenteric lymph nodes under the influ-
ence of glycodelin (r = 0.88; p < 0.05),
whereas there are no correlations with the
level of peripheral T-helper cells. A correla-
tion between peripheral Treg levels and
FOXP3 expression in the spleen was found
in regard to FOXP3 expression under gly-
codelin exposure (r=0.74; p < 0.05).

Thus, glycodelin reduced the level of
T-helper cells at the level of mesenteric lymph
nodes on the 21st day of the experiment, at
the same time increasing the number of
Treg. In general, increased Treg level leads
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3 day (CD 4) spleen
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21 days i

Intact (x400) BM (x200) Glycodelin + BM (x400)
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Fig. 3. CD4/FOXP3 expression in the spleen of experimental animals, immunohistochemistry,
x200, %400, based on individual slices
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Effect of glycodelin on CD4 and FOXP3 expression in the white pulp of spleen,

Mxm
Marker expres- Intact BM, BM, BM+Gd, BM+Gd,
sion, . 8’ 3rd day, 21st day, 3rd day, 21st day,
% of cells n=12 n=12 n=12 n=12
Spleen
CD4 1534 +4.56 2583 £ 043" 2011 £7.23 21740624 | 2057 £7.76'#
FOXP3 954+3.13 9.06 £ 4.22 6.14£243 633 +£2.78# 1211 £642#
Mesenteric lymph nodes

CD4 12.04 £4.87 14.08 544 1477 +6.14 2243£7.76 15.02 £ 5.69#
FOXP3 9.76 £ 4.74 955 +5.12 7.03 +4.32 7.87 £5.02 1206 +7.13"%#

Note: # — differences between time-matched BM and BM + Gd groups, * - differences with regard to
the group of intact animals, indicated only significant (p < 0.05) differences (two-factor ANOVA, Tukey's pos-

terior test for multiple comparisons).

to more successful transplantation of al-
logeneic cells.

CONCLUSIONS

It was found that glycodelin reduced
the absolute number of T-helpers in the pe-
ripheral blood of rats on the 3rd and 21st
day after allotransplantation and increased
the number of Treg on the 21st day of the
experiment. In the white pulp of spleen gly-
codelin decreased the level of Treg on the
3rd day, but increased their number on the
21st day, while decreasing the number of
T-helpers. At the level of mesenteric lymph
nodes, glycodelin decreased the level of
T-helpers on the 21st day of the experi-
ment, while increasing the number of Treg.
In general, a unidirectional and distributed
effect of glycodelin on the formation of
immune response at the level of T-helpers
was observed, which consisted in the de-
crease of T-helpers but increase of Treg on
the 21st day of the experiment. Obviously,

we observed a more expressed effect of gly-
codelin on the 21st day of the experiment,
when antigen-specific Treg are formed.

Generally, glycodelin decreased the
number of T-helper cells both in secondary
organs of the immune system and in the
peripheral blood, with a correlation be-
tween the pool of CD4+ cells in the spleen
and lymph nodes. Typical for this experi-
ment is that a correlative connection be-
tween Treg in the periphery and the level of
FOXP3 in the spleen also appears.

It is important to mention that previ-
ously we have shown that glycodelin in
similar experiments provided normalization
of the content of proteins of the acute
phase of inflammation (CRP, orosomucoid
and o-2M) to the level of intact animals [9],
and also reduced the level of proinflamma-
tory cytokine IL-17A [13]. Histologic study
of spleen slices revealed that glycodelin ac-
tivated immune system cells by stimulating
their proliferation (Ki-67) and their differ-
entiation, which was demonstrated by an
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increase in the number of plasma cells. The
content of macrophages (CD68+) signifi-
cantly decreased by the end of the study
(21st day), and eosinophilic infiltration was
observed [14]. Thus, glycodelin is able to
realize immunosuppressive effect in relation
to allogeneic cells, which leads to more suc-
cessful graft implantation.

It is known that at the level of human
cells recombinant glycodelin under condi-
tions of long-term cultivation in vitro in-
creased the level of antigen-specific Treg
and FOXP3 de novo expression with simul-
taneous inhibition of the functions of effec-
tor T-cells. The authors conclude that gly-
codelin has a potential therapeutic effect in
autoimmune diseases by preventing the de-
velopment of effector T-cells and inducing
antigen-specific Treg [15]. Thus, our data
also demonstrate an immunosuppressive
effect of glycodelin, leading to suppression
of the immune response to allogeneic cells.
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