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Introduction. In the last 25 years, human umbilical cord blood (UCB) has become
widespread as a source of hematopoietic stem cells [1]. The provision of clinical needs in this material
is carried out mainly through public low-temperature banks, where the UCB is stored in a
cryopreserved state at the liquid nitrogen temperature [2].

It has been repeatedly shown that the formation of reactive oxygen species is one of the
additional factors of cell damage during low-temperature storage [3]. In particular, it is believed that
oxidative stress triggers mitochondrial or internal apoptotic mechanisms of cell death [4]. There are
intensive biomolecule cell damages, uncontrolled release of calcium ions into the cytoplasm,
disruption of enzyme systems, difficulties in conducting signals, and so on. Further accumulation of
degradation products leads to an increase in membrane pathochemical and pathophysiological
processes [5, 6]. The intensification of the processes of free radical oxidation leads to the enhanced
formation of highly toxic substances, in particular, lipid peroxidation (LPO) products [7].
Simultaneous determination of intermediate and final molecular LPO product levels provides
information about both the depth of violations and possible ways of their correction.

Aim. Carry out a comparative analysis of the safety of UCB nuclear cells (NCs) on the
indicators of peroxidation of neutral lipids and phospholipids when using antioxidant-
membraneprotective compounds (AOM) for cryopreservation.

Materials and methods. Human umbilical cord blood units were seized after obtaining prior
informed consent and during physiological delivery. The method of collection in a "closed" system
using a double plastic blood bags (250/100 ml (Baxter)) with a stabilizing solution CPDA-1 in a
volume of 22 ml was used to obtain UCB units. Containers were stored in controlled temperature
conditions ((21.5+3.5) °C) for no more than 24 hours. The fraction of UCB NC before and after its
freezing (n = 44) was the object of research. Dimethyl sulfoxide (DMSO, Sigma, USA) was used as
the main cryoprotective agent in a final concentration of 5%. A number of AOM in pharmacological
form for intravenous use (B-complex vitamins (B1, B6 and B12) (Janssen Pharmaceutica, Belgium);
a-lipoic acid (JSC "Farmak", Ukraine); thiazotic acid morpholinium salt (Halychpharm, Ukraine); 2-
ethyl-6-methyl-3-hydroxypyridine succinate (JSC Lekhim, Ukraine)) was used for comparative studies
on methods of UCB NCs preparation for freezing. UCB samples were divided into groups (I, 11, 111,
IV) according to the used antioxidant compound. In all cases, the following treatment regimens were
used: 8 pl of AOM per 10 ml of suspension was added 10 min before cryoprotectant (DMSO). The
material was frozen in cryotubes with a volume of 4.5 ml at a rate of 1.0 £ 0.5 °C/min from a
temperature of 10 °C to -156 °C (according to the technology of the State Institution "Institute of
Hematology and Transfusiology of the National Academy of Medical Sciences of Ukraine" [8]).
Defrosting was carried out in a water bath at a temperature of 38.0 = 0.5 °C.

The activity of lipid peroxidation (LPO) processes was investigated using the method of
I.A. Volchegorsky et al. [9] in our modification [10]. The optical density of the lipid extract was
measured on a spectrophotometer Helios a (England). The method is characterized by differentiated
determination of acyl peroxidation in the structure of the phospholipids (extracted to the isopropanol
phase) and the unesterified intermediates of the neutralized lipids under fatty acid peroxidation
(extracted to the heptane phase) according to the concentration of dienic conjugates (DC), trienic
conjugates (TC), oxodienic conjugates (ODC) and final products by type Schiff basics (ShB) and
substrates of the lipid peroxidation (the content of isolated double bonds (IDB). The LPO indicators
are calculated in re-count of the NC content in 1 ml of suspension (accordingly, units on 1-10°NCs).

Statistical processing and data analysis were performed using STATISTICA 10 (StatSoft,
USA). Since the distribution of the trait was not normal, a one-way nonparametric analysis of variance
(ANOVA) was applied for independent groups - the Kruskal-Wallis method (Kruskal-Wallis
ANOVA). If the null hypothesis of the absence of differences was rejected, a pairwise comparison of
groups was performed using the nonparametric Mann-Whitney test. The Bonferroni correction (p =
0.00833) was used to overcome the so-called multiple comparison problem [11].

Results and its discussion. Four groups of UCB NCs suspensions were compared in terms of
the AOM efficiency. The drugs were used in one concentration, which was determined as the best in
previous studies on cryopreservation [12]. Analysis of the obtained data using the Kruskal-Wallis
ANOVA showed that the studied groups of cell suspensions, which were under the influence of four
different AOMs, did not have a statistically significant difference for most LPO indicators in the ratios
before (a) and after (b) thawing (a/ b) (Table 1, Table 2).
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Table 1. The ratio of neutral lipids peroxidation before (a) and after (b) freezing with the
addition of the studied antioxidants

Groups Indicators
a/b IDB a/b DC albTC" a/b ODC a/b ShB
Me 1,070 1,128 1,063 1,040 1,017
25% 1,047 0,883 0,796 0,791 0,810
1 75% 1,318 1,506 2,833 2,722 2,967
95% Cl.g 1,032 0,876 0,769 0,759 0,722
95% Clus 1,377 1,506 2,833 2,722 3,810
Me 0,872 0,730 0,444 0,454 0,834
25% 0,723 0,5664 0,319 0,314 0,741
II 75% 0,997 0,953 0,971 0,947 1,199
95% Cl.g 0,662 0,533 0,301 0,302 0,710
95% Clus 1,055 0,998 1,081 1,019 0,818
Me 0,806 0,378 0,317 0,232 0,670
25% 0,679 0,248 0,225 0,182 0,579
11 75% 1,431 1,682 1,717 1,630 1,080
95% Clig 0,461 0,236 0,176 0,150 0,383
95% Clus 1,431 1,682 1,769 1,630 1,080
Me 0,951 0,952 1,000 0,929 0,839
25% 0,743 0,669 0,602 0,603 0,616
v 75% 1,402 1,669 1,852 1,671 1,051
95% Clg 0,799 0,756 0,689 0,732 0,696
95% Clus 1,251 1,195 1,294 1,037 1,000

Me — Median; CI — confidence interval (s - lower bound; ys - upper bound; (a/b) - ratio of indicators
before (a) and after (b) freezing; "Kruskal-Wallis test — KW-H(3;56) = 8,57976084; p = 0,0354.

Table 2. The ratio of phospholipids peroxidation before (a) and after (b) freezing with the
addition of the studied antioxidants

Groups Indicators
a/b IDB a/b DC albTC" a/b ODC a/b ShB
Me 0,999 0,987 0,993 0,994 0,875
25% 0,944 0,968 0,850 0,866 0,636
1 75% 1,033 1,122 1,030 1,061 1,100
95% Clig 0,908 0,968 0,824 0,832 0,635
95% Clus 1,043 1,220 1,030 1,061 1,264
Me 0,964 0,978 0,897* 0,898 0,771
25% 0,948 0,935 0,853 0,770 0,576
11 75% 0,977 1,111 0,964 0,949 0,962
95% Clg 0,947 0,935 0,841 0,740 0,505
95% Clus 0,981 1,130 0,984 0,950 1,015
Me 0,9856 1,021 0,915? 0,880 0,733
25% 0,643 0,928 0,792 0,700 0,623
I 75% 0,990 1,096 1,055 1,093 0,870
95% Clg 0,936 0,853 0,674 0,627 0,421
95% Clus 1,007 1,095 1,079 1,093 0,457
Me 0,956 1,043 1,097 0,900 0,716
25% 0,877 0,992 1,050 0,750 0,470
v 75% 1,290 1,242 1,334 1,058 1,110
95% Clg 0,888 1,001 1,052 0,828 0,515
95% Clus 1,195 1,199 1,225 1,039 1,027

Me — Median; CI — confidence interval (.s - lower bound; us - upper bound; (a/b) - ratio of indicators
before (a) and after (b) freezing; “Kruskal-Wallis test — KW-H(3;56) = 15.8305697; p = 0.0012;
12 - Mann-Whitney test: the difference between IV and 11 (p = 0.00075) IV and 111 (p = 0.00605) groups.
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Rank analysis of variance revealed a statistically significant (p <0.05) intergroup difference
only for TC indices, and in both studied fractions (neutral lipids (TCn, Table 1) and phospholipids
(TCph, Table 2, Fig.). In contrast to the other three AOMs, the addition of 2-ethyl-6-methyl-3-
hydroxypyridine succinate (group 1V) promoted a decrease in the level of DC and TC after thawing of
cell suspensions. At the same time, after refinement by the Mann-Whitney test with Bonferroni
correction (with a significance level of p <0.00833), the intergroup difference in the ratio (a/b) was
statistically confirmed only in the case of phospholipid peroxidation.
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Fig. 1. Range charts by comparison group. The ratio of the content of triene conjugates (TC) before
and after freezing depending on the antioxidant: (a) - TCn (with neutral lipids peroxidation), Kruskal-
Wallis test: KW-H (3; 56) = 8.57976084; p = 0.0354; (b) — TCph (with phospholipids peroxidation,
KW-H (3; 56) = 15.8305697; p = 0.0012.

An increase in the loss of hematopoietic cells due to the accumulation of free radicals during
cryopreservation has been previously reported. The intensification of free radical oxidation reactions
leads to the initiation of apoptosis with the onset of structural and functional changes in cell
membranes up to cell death [13, 14]. Significant activation of lipid peroxidation occurs during
freezing-thawing. When the cryoprotectant DMSO is used, LPO initiation is associated with the
activity of secondary radicals of this substance [15]. The greatest changes were recorded at the stage of
introducing the cryoprotectant DMSO into the NCs suspension, which upsets the balance of pro- and
antioxidants [16]. Therefore, additional protection is the treatment of cells at the stage of preparation
for cryopreservation with compounds that have antioxidant and membraneprotective effects.

An in-depth comparative analysis of the use effectiveness of antioxidants-membraneprotectors
with different action mechanisms (including B-complex vitamins, o-lipoic acid, thiazotic acid
morpholinium salt, and 2-ethyl-6-methyl-3-hydroxy pyridine succinate) in the same concentrations at
the preparatory stage for cryopreservation showed that these substances were similar in their
influencing on the oxidative status of UCB NCs suspensions. At the same time, the dynamics of the
conjugates formation demonstrated the relative advantage of one among the used compounds, namely
2-ethyl-6-methyl-3-hydroxy pyridine succinate, as such, which had a direct mechanism of antioxidant
action in combination with the activation of key enzyme antioxidant protection (glutathione reductase
and glutathione peroxidase) [17, 18].

Conclusions. A number of membrane-protective antioxidants (B vitamins complex; a-lipoic
acid, thiazotic acid morpholinium salt, 2-ethyl-6-methyl-3-hydroxy pyridine succinate) have a similar
positive effect on lipid peroxidation processes. However, based on the dynamics of changes in the
concentrations of diene and triene conjugates in the phospholipid fraction during cryopreservation,
certain advantages of the direct-acting antioxidant 2-ethyl-6-methyl-3-hydroxy pyridine succinate
have been established.

Declaration of interest statement. No conflict of interest exists.
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KEYWORDS dysfunction in pu_berty, the dete_rmination of qualitqtive and_ quantitative
parameters of uterine hemodynamics can be useful while choosing treatment

menarche, oligomenorrhea, tactics, evaluating its effectiveness, and will also provide significant assistance

pubertal bleeding, uterine in predicting the prospects for their reproductive health.

hemodynamics, endometrial The purpose of the study. To examine the hemodynamics of uterus and assess

proliferation, dopplerometry. the ability of endometrium to implant in women with menstrual dysfunction in

puberty with the help of ultrasound and dopplerometry.
Materials and methods. To achieve the set goals, 120 women of reproductive age from 19 to 32 years old were
examined. By the nature of the disorders, the main group of women (n = 90) with menstrual dysfunction in puberty
were divided into 3 subgroups (n = 30): the first group - women with primary oligomenorrhea, the second one -
with late menarche, the third one - with pubertal bleeding. The control group consisted of women (n = 30) with the
correct rhythm of menstruation in puberty.
Results. On the basis of a comparative analysis of the echographic parameters of the size of the uterus in women
with menstrual dysfunctions in puberty (main group) and women with the correct rhythm of menstruation (control
group), it was found that, on the average stage of endometrial secretion, the volume of the uterus is 1, 2 times
smaller in women of the main group (p<0.05) due to the width of the body of the uterus (p<0.001). The ratio
between the length of the body and cervix in the examined groups did not differ significantly. The thickness of the
anterior wall of the uterus is less than the control values in women with late menarche (p<0.05) and pubertal
bleeding (p<0.01), which was a predictor of the absence of combined uterine pathology.
Echographic examination of the thickness of the endometrium at a late stage of the proliferation phase in the
examined women did not reveal significant differences with the control group. In the middle stage of the secretion
phase, the thickness of the endometrium was less in women, who had menstrual dysfunction in puberty - 9.50 +
0.27 mm versus 11.38 + 0.48 mm in the group with the correct menstruation rhythm (p <0.001), but remained
within the reference values.
Dopplerometry of uterine arteries was performed to assess the functional activity and the possibility of sectorial
transformation of the endometrium, which did not reveal significant differences in women of the main and
control groups.
Conclusions. An analysis of the ratio between the body length and the cervix of the uterus proves the absence of
signs of genital infantilism in patients with menstrual dysfunctions in puberty. Doppler studies of hemodynamics in
the arteries of uterus in this group of women in different phases of the menstrual cycle indicate an adequate blood
supply to the uterus. Although the inferior phase of proliferation of endometrial thickness in its middle stages
remained insufficient secretion (9,52 + 0,42 mm; p <0.01), however, the normal blood flow in the radial and basal
uterine arteries contributed to the successful implantation of the blastocyst.
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In recent years, there has been an increase in the frequency of diseases of the reproductive
system among women of reproductive age, which leads to a decrease in the quality of life and
reproductive function [1]. The increase in the number of complications of pregnancy and childbirth is
mostly caused by the lack of readiness of woman's body for pregnancy, failure to carry out timely
medical correction of pathological conditions before pregnancy [2], therefore, it is a time requirement for
the search for new diagnostic methods that can effectively assess the state of the reproductive system.

The current stage in the development of medicine is characterized by the widespread
introduction into clinical practice of non-invasive methods of radiation diagnostics, one of which is
transvaginal echography with dopplerometry measurements of the uterine and ovarian vessels [3]. The
study of hemodynamic features of the pelvic organs in women is of great clinical importance.

Knowledge of the qualitative and quantitative parameters of hemodynamics provides
significant assistance in predicting the onset of pregnancy during in vitro fertilization, in the
assessment of various clinical situations and contributes to more effective treatment of various
pathological conditions [3].

Blood circulation is a high-volume and high-speed system with significant fluctuations
throughout the reproductive period [4]. It is known, that the qualitative and quantitative indicators of
blood flow change depend on age, phase of menstrual cycle, and the presence of ovulation throughout
the reproductive period [3]. A significant negative correlation was established between the resistance
index of the basal arteries, the pulsation index of the spiral arteries and the onset of pregnancy on the day
of the ovulation trigger injection and since two hours the embryo has been transferred. Assessment of
dopplerometry parameters in the spiral arteries has a good prognostic value in the onset of pregnancy,
but is not always possible due to the weak and unstable strength of their doppler signals [5].

The most intense blood supply to the uterus is observed at the maximum functional activity of
the corpus luteum, that is, at the time, of the most probable implantation. It should be noted that
patients with an irregular menstrual cycle during the "window of implantation™, are observed with the
endometrial thinning by less than 7 mm, at which there is a highly resistant blood flow in the uterine
vessels and a significant decrease in visualization of the basal and spiral arteries [6]. High indices of
vascular resistance in arteries of medium caliber lead to a deterioration in the growth of the glandular
epithelium and a decrease in the level of vascular endothelial growth factor in the endometrium, which
contributes to a further decrease in blood flow velocity and impairment of endometrial receptivity.
However, no relationship has been found between the blood flow in the uterine vessels and the
histological structure of the endometrium [6].

Three-dimensional echography and Doppler ultrasonography allow assessing the state of the
subendometrial zone and blood flow, which can predict complications at the stage of blastocyst
implantation [7]. For women, with menstrual dysfunctions in puberty, the study of hemodynamic
parameters in the uterine artery system and the state of the endometrium during the period of the
proposed "implantation window", can be useful developing treatment tactics, assessing its
effectiveness, and will allow prognostically assessing the prospects for restoring their reproductive
health, became the basis for our study.

The purpose of the study: to study the hemodynamics of the uterus and assess the ability of
the endometrium for implantation in women woth menstrual dysfunction during puberty using
ultrasound and dopplerometry.

Materials and methods. The study examined 120 women of reproductive age from 19 to 32
years. The main group included 90 women (mean age 22.42 + 0.21 years) who had menstrual
dysfunctions in puberty. Criteria for inclusion in the main group were women with the absence of
independent menstruation from menarche from 45 days to 6 months with timely average age of
menarche; women with late menarche (from 15 years); women with heavy menstrual bleeding in
puberty in a form of puberty bleeding. According to the nature of disorders in the main group, 3
subgroups were identified as the following: 1 - women with a primary oligomenorrhea (n = 30); 2 -
with late menarche (n = 30); 3 - with pubertal bleeding (n = 30). The control group consisted of 30
women (mean age 22.34 + 0.31 years) with the correct rhythm of menstruation in puberty.

Exclusion criteria from the main group were the following: overweight, hyperandrogenism,
use of hormone therapy during the study, somatic and endocrine pathology, congenital anomalies and
chromosomal abnormalities, surgical interventions on the pelvic organs in adolescence, benign
(leiomyoma) and / or malignant neoplasms.
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Anamnesis was collected according to the generally accepted scheme: period of the formation
of menstrual function, age of menarche, duration and regularity of the menstrual cycle, the nature of
menstrual bleeding, and gynecological diseases.

Transvaginal ultrasound examination of the pelvic organs was performed on days 11-14 (late
stage of endometrial proliferation phase) and on days 20-22 (middle stage of secretion phase) of the
menstrual cycle with the help of expert-class ultrasound devices, measurements were carried out in real
time with intracavitary transducer with a frequency of 5 -9 MHz. They investigated the size of the uterus
and the thickness of the endometrium. Doppler ultrasound study was performed during the preovulatory
period and the period of the supposed "window of implantation™ in the uterine, arcuate, radial, basal and
spiral arteries. The state of blood flow was assessed according to the following indicators: maximum
systolic velocity (Vmax, cm / sec), end-diastolic velocity (Vmin, cm / sec); vascular resistance indices
(RI - resistance index, Pl - pulsation index), which were calculated according to the formulas of Purcell
and Gesling; systolic-diastolic ratio (SDR), defined as Vmax / Vmin.

Mathematical and statistical processing of the obtained data was carried out with the help of
statistical software package Microsoft Office Excel 2007, "Statistica 6.0". Statistical significance of
differences was assessed with the help of parametric Student's t-test for independent samples (M + o),
the differences were considered significant at p <0.05. The strength of the correlation between the
studied characters was determined by Spearman’s correlation criterion.

Results and discussion. One of the signs of genital infantilism in women with menstrual
dysfunction in puberty is the ratio between body length and cervical length. When examining the size
and volume of the cervix in women of the main and control groups, the differences were not
statistically significant. The ratio between the length of the uterine body and the length of the cervix in
women of the control group in the late stage of the endometrial proliferation phase was 1.48 + 0.03,
the average stage of the secretion phase was 1.52 + 0.02, in the main group, respectively, 1.55 + 0,03
and 1.49 + 0.02 (p> 0.05), the differences between the subgroups of the main group are not significant.

The volume of the uterine body in women of the main and control groups in the late stage of
the endometrial proliferation phase did not differ significantly (table 1). There were no statistically
significant differences between the subgroups of the main group.

In the middle stage of the endometrial secretion phase in patients of the main group, the volume
of the uterine body is 1.2 times less than in the control group (p<0.05), due to the width of the uterine
body (p<0.001). In the comparative aspect between the subgroups, the differences in uterine body
volume are accurately insignificant (Table 1). It is noteworthy that in the late stage of the endometrial
proliferation phase, the thickness of the anterior wall of the uterus, as an echographic sign of combined
pathology (adenomyosis), in women of the main group and subgroup with late menarche is less than in
the control group (p<0.05). This pattern persisted in the middle stage of the secretion phase, the smallest
thickness of the anterior wall of the uterus was observed in women with pubertal bleeding (p<0.01).

The thickness of the endometrium in the late stage of the proliferation phase between the
control and the main groups did not differ significantly. In the middle stage of the secretion phase, the
thickness of the endometrium in the control group and subgroups of the main group is more than in the
late stage of the proliferation phase (p<0.001). The maximum increase in endometrial thickness by 4.6
mm (66%) was recorded in the control group of women, in the main group - by 2.9 mm (45%). In
women with primary oligomenorrhea (subgroup 1) and with late menarche (subgroup 3), the thickness
of the endometrium in the middle stage of the secretion phase increased by 2.8 mm, which is less than
in the control group (p<0.010 does not respond for 20-22 days of menstrual cycle). In women with
pubertal bleeding (subgroup 3), the thickness of the endometrium on the average stage of the secretion
phase is 3.5 mm more than in the late stage of proliferation (p<0.001) and does not significantly differ
from the control group (Table 1).

The dynamics of the menstrual cycle are visualized with ultrasound in the endometrium,
structural and morphofunctional changes. In the late stage of the proliferation phase, the endometrium
was characterized by an average echogenicity with a pronounced line with the myometrium and a
smooth hyperechoic line of closure of the anterior and posterior leaves (three-layer structure). A
hyperechoic homogeneous endometrium was visualized in the middle stage of the secretion phase,
which had lost its three-layer structure.
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Table 1. Ultrasound parameters of uterine body size and the thickness of endometrium in the
late stage of the proliferation phase and the middle stage of the endometrial secretion phase in
surveyed women

. Control Main group | Subgroup
Ultrasonic parameters group (n=30) | (n=90) |1(n=30) [2(n=30) |3 (n=30)
Length of the uterus
body (mm) 46,7+1,0 46,6+0,5 45,9+0,9 46,9+0,8 47,0+£0,9
@ | Anterior-posterior
§ dimension (mm) 33,4+0,7 33,9+0,7 35,4+1,6 32,6+0,7 33,7+0,9
o n
Width of the
c
& | uterus body (mm) 45,2409 43,240,7 43,3+1,2 42,7+1,0 43,7+1,3
S | Volume of the uterus
% body (cm3) 36,4+1,9 34,3+1,2 33,5+2,1 34,8+2,1 34,6+1,8
= | Anterior wall 11,7+0,3 11,2+0,4
o s s b s
2 | thickness (mm) 12,9+0,5 p<0.05 11,8+0,6 190,05 12,340,4
o | Posterior wall
g’) thickness (mm) 13,3+0,4 12,84+0,3 13,4+0,5 12,7+0,4 12,3+0,5
@ | Endometrial
= | thickness (mm) 6,8+0,4 6,6+0,2 6,3+0,3 6,7+0,3 6,6+0,4
Length of the uterus
% body (mm) 48,5+0,8 46,8+0,5 46,3+0,9 47,3+0,8 47,2+1,1
< | Anterior-posterior
o
= dimension (mm) 35,8+0,8 35,0+0,7 35,0£1,1 35,4+1,1 34,5+1,3
‘2 | Width of the 47 840.9 43,84+0,6 44,1+0,9 44,4+1,1 42,5+0,9
S | uterus body (mm) T p<0,001 p1<0,01 p1<0,05 p1<0,001
2 | Volume of the uterus 36,4+1,0
_g body (cm3) 41,5+2,1 p<0,05 36,7+1,9 36,8+1,3 35,742,2
@ [ Anterior wall 12,5+0,3 12,8+0,3 11,9+0,5
§ | thickness (mm) 14,1£0,5 p<0,01 129405 | 12005 | pi<0,01
S | Posterior wall
2 | thickness (mm) 13,7+0,4 13,4402 13,9+0,3 13,5+0,4 12,8+0,6
>
©
% | Endometrial 11,440,5 9,540,3 9,204 19,5804 10,140,6
2 | thickness (mm) <0,001 <0001 | P<00L | pi<00L, <0,001
g Pp2<U, Pp2<U, p2<0,001 p2<0,001 p2<Y,
=

Note: p - the degree of reliability of differences in the parameters of the main and control groups;
pl - between the control group and the subgroups of the main group; p2 - between the late stage of
proliferation phase and the middle stage of endometrial secretion phase.

So, the volume of the uterus in the late stage of proliferation phase of the endometrium in
women of reproductive age, who had menstrual dysfunction in puberty, did not significantly differ from
the volume of the uterus in women with the correct rhythm of menstruation, the thickness of the anterior
wall of the uterus is less in women with late menarche (p <0.05). In the middle stage of the endometrial
secretion phase, the volume of the uterus is less in women who had menstrual dysfunction in puberty,
due to the width of the body of the uterus (p<0.05). The thickness of the anterior wall of the uterus is less
than the control values in women with late menarche (p<0.05) and pubertal bleeding (p<0.01), which
was a predictor of the absence of associated uterine pathology (adenomyosis). The ratio of body length
and cervix in women of the main group did not significantly differ from the control values.

The thickness of the endometrium in the middle stage of the secretion phase in women of both
groups is greater than the thickness of the endometrium in the late stage of the proliferation phase
(p<0.001). Significant thickness of the endometrium in women with impaired puberty in comparison
with the control one (p<0.01), is corresponded to the lower limit of the standard values for the middle
stage of the endometrial secretion phase (Table 1).

The results of the study of blood flow in the uterine arteries, in the arteries of the myometrium
and the subendometrial zone are shown in Table 2.
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Table 2. Doppler parameters in the uterine arteries in the late stage of the proliferation phase
and in the middle stage of the endometrial secretion phase in women of the examined groups

Doppler Arter Cc;gturol Main group Subgroup
parameters y (%:38) (n=90) 1 (n=30) 2 (n=30) 3 (n=30)
= Vmax right 33,1£2,1 33,4+1,5 31,3+£2,2 34,1£2.8 35,0£2,7
.GE) (cm/sec) left 34,742.4 32,4+1.3 29,942 4 33,5+£2,5 34,0£2,0
E o Vmin right 4,9+0,5 5,404 4,9+0,6 5,7£0,6 5,6+0.,7
g S| (cm/sec) left 4,8+0.4 5,1+0,4 4,4+0,7 5,3+0,6 5,840,7
o g RI (con.un.) right 0,9£0,01 0,8+0,01 0,8+0,02 0,8+0,02 0,8+0,02
o= T left 0,9+0,01 0,8+0,01 0,8+0,02 0,8+0,01 0,8+0,03
S 2 . right 1,5+0,03 1,5+0,03 1,5+0,04 1,4+0,05 1,4+0,05
> left 1,5+0,03 1,5+0,03 1,5+0,06 1,540,04 1,4+0,05
= SDR right 7,4+0,6 7,1£0,5 7,2+0,6 6,5+0,6 7,611
~ left 7,7£0,5 7,3+£0,4 7,9+0,7 6,8+0,5 6,9+0,8
right 37,3+2,1 33,0£1,4 33,4423 34,9+2.7 30,5421
VmaX g ) ’ ’ 9 s ) s ) pl<0105
® (cm/sec) 30,9+1,0
f;rg left 36,5+1,9 32,6+1,2 31,2422 35,44+2,6 p,<0,05
o
. 6,8+0,6
S oA + + + +
% vmin right p<0,05 5,6£0,3 5,5+0,7 6,1+£0,6 5,1+0,4
P +
5| (emiseq) | g g{o%g 57603 | 54207 | 5905 | 5.8:04
72} 5 y
= . 0,8+0,01
g RI right p<0,01 0,8+0,01 0,8+0,01 0,8+0,01 0,8+0,01
=) (con.un.) 0,8+0,01
g left p.<0,001 0,8+0,01 0,8+0,02 0,8+0,01 0,8+0,01
S . +
; right 1§j<c§), 6)53 140,02 | 1,5+0,03 | 1,4+0,04 | 1,4+0,03
= Pl left 1,4+0,03
% e p<0,01 1,4+0,02 1,4+0,04 1,4+0,04 1,4+0,03
=t . +
S right 3;20062 6,4+0,3 6,7+0,5 6,2+0,5 6,3+0,5
SDR
5,9+0,4 6,2+0,3
left p.<0,01 p<0,05 6,6+0,6 6,5+0,6 5,6+0,4

Note: pl - the degree of reliability of differences in the parameters of the control group and the
subgroups of the main group; p5 - between the late stage of proliferation and the middle stage of
endometrial secretion phase.

In women of the control and main groups in the late stage of endometrial proliferation, the
indices of vascular resistance in the uterine arteries did not differ significantly. In women of the
control group in the middle stage of the endometrial secretion phase, the blood flow velocity in the
uterine arteries was characterized by a higher Vmin in comparison with the late stage of the
proliferation phase (p<0.05). The indices of vascular resistance in the uterine arteries were lower and
more significant in terms of IR (p<0,001), which indicated an increase in blood flow in uterine arteries
in the middle stage of the secretion phase. In women with menstrual dysfunctions in puberty, Vmax
and Vmin in the uterine arteries in the middle stage of the endometrial secretion phase did not
significantly differ from similar blood flow rates in the late stage of the proliferation phase. The
decrease in SDR in the middle stage of the endometrial secretion phase in comparison with SDR in the
late stage of the proliferation phase has difference in the left uterine artery (p<0.05).

Thus, in women with menstrual dysfunctions in puberty, the resistance to the blood flow
velocity in the uterine arteries according to the value of SDR in the middle stage of endometrial
secretion phase is lower compared to the late stage of the proliferation phase. Normal hemodynamics
was evidenced by the absence of significant differences in the indices of vascular resistance in the
uterine arteries in the late stage of endometrial proliferation phase and the middle stage of the
secretion phase in women of the main and control groups (Table 2).
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In the arcuate and radial arteries that supply the myometrium, in women of the main and
control groups, the indices of vascular resistance indices in the late stage of the proliferation phase and
the middle stage of the endometrial secretion phase were statistically insignificant (Table 3). In a
comparative assessment between the subgroups of the main group in the late stage of endometrial
proliferation phase, the Pl and SDR values in the arcuate arteries in women with late menarche were
lower than in women with primary amenorrhea (p<0.05). In the middle stage of the secretion phase,
there were no differences between the indices of vascular resistance in women of these subgroups. In
the radial arteries, the RI value in the middle stage of the endometrial secretion phase in women with
late menarche was lower than in women with primary oligomenorrhea (p<0.05).

The morphofunctional state of the endometrium during the formation of the "window of
implantation™ depends on the blood supply to the subendometrial zone, which is represented by the
basal and spiral arteries. In the studies, the values of vascular resistance indices in the basal arteries of
the uterus in the late stage of endometrial proliferation phase in women of the control group, main
group and its subgroups had not statistically significant differences (Table 3).

Table 3. Doppler parameters in uterine arteries in the late stage of endometrial proliferation

hase in women of the examined groups

Doppler Artery Control Main group Subgroup
parameters group (n=30) (n=90) 1 (n=30) 2 (n=30) 3 (n=30)
arcuate 22,4+1,8 25,5+1,2 22,7£1,6 28,2421 26,3+£2,5
p1, p2<0,05
radial 13,9+1,2 15,8+0,8 14,2+1,0 17,916 15,8+1,3
Vmax p1<0,05
(cm/sec) 13,1£1,5
basal 8,9+0,7 10,7+0,7 8,8+0,8 p1<0,01, 10,4+1,0
p2<0,05
. 8,3+0,5 8,4+0,9 9,0+0,5
spiral 5,94+0,5 p<0.01 7,2+1,1 11<0,05 11<0,001
8,0+0,7
arcuate 5,4+0,5 6,6+0,4 5,44+0,5 6,4+0,6
P1, p2<0,01
6,3+0,5
radial 4,5+0,4 5,3+0,3 4,5+0,4 p1<0,01 5,2+0,6
Vmin p2<0,05
(cm/sec) 5,8+0,6
basal 4,1+0,3 4,6+0,3 3,840,3 p1<0,05, 4,4+0,4
p2<0,01
. 4,34+0,3 4,440,5 4,3+0,2
spiral 3,1+0,2 <001 4,0+0,3 1<0,05 p1<0,01
arcuate 0,8+0,01 0,7+0,01 0,7+0,01 0,7+0,01 0,7+0,02
IR radial 0,7+0,01 0,7+0,01 0,7+0,02 0,7+0,02 0,7+0,02
(con.un.) basal 0,5+0,01 0,5+0,01 0,5+0,02 0,6+0,01 0,6+0,02
spiral 0,5+0,01 0,5+0,01 0,4+0,03 0,5+0,01 0,5+0,03
arcuate 1,2+0,04 1,2+0,02 1,2+0,04 1,1£0,03 1,2+0,05
p2<0,05
PI radial 1,0+0,03 1,0+0,02 1,1+0,04 0,9+0,03 1,0+0,05
basal 0,7+0,03 0,8+0,02 0,8+0,03 0,8+0,02 0,8+0,03
spiral 0,6:£0,04 0,6+0,02 0,6+0,07 0,6+0,03 0,7+0,03
arcuate 4,2+0,2 4,0+0,2 4,3+0,3 3,6£0,2 4,240,3
p2<0,05
SDS radial 3.240,1 3.140,1 34402 2,8+0,1 32402
p1<0,05
basal 2,2+0,07 2,3+0,05 2,3+0,09 2,3+0,06 2,4+0,09
spiral 1,8+0,1 1,9+0,05 1,84+0,2 1,9+0,06 2,1+0,06
Note: p - the degree of reliability of differences in the parameters of the main and control groups; pl
- between the control group and the subgroups of the main group; between subgroups: p2 - 1 and 2,
p3 -1and 3, p4-2and 3; p5 - between the late stage of proliferation phase and the middle stage of
endometrial secretion phase.
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High values of PI (p<0.05) and SDS (p<0.01) in the basal arteries of the uterus in women with
primary oligomenorrhea indicated highly resistant blood flow due to progesterone deficiency in women of
this group. In women with late menarche, Pl and SDS in the basal arteries of the uterus are lower in
women with primary oligomenorrhea (p<0.05). In women with pubertal bleeding, IR in the basal arteries
of the uterus is higher in comparison with women of the control group and late menarche (p<0.05).

Table 4. Doppler parameters in uterine arteries in the middle stage of endometrial secretion
hase in women of the examined groups

Doppler Arter Control Main group Subgroup
parameters y group (n=30) (n=90) 1 (n=30) 2 (n=30) 3 (n=30)
arcuate 26,4+1,5 24,7+1,2 24,5+2,0 26,1£2,3 22,9+1,8
. 14,0+0,8 12,2+1,1
Vimax radial 16,6+0,9 p<0,05 14,7+1,3 p1, p5<0,01 15,6+1,4
8,9+0,7
(cm/sec) basal 10,5+0,7 9,5+0,4 9,0+0,6 14<0,05 11,0+0,8
. 7,3£0,5 8,4+0,6
spiral p<0.05 7,4+0.3 7,5+0,6 6,9+0.4 p4<0,05
arcuate 6,8+0,5 6,5+0,3 6,4+0.6 6,8+0,5 6,4+0.6
. 4,4£0,5
vmin radial 5,5+0,3 4,9+0,3 4,8+0,6 ps<0,05 5,6£0,5
(cm/sec) 4,1+0,2 3,6+0,2 4,1+0,3 4,7+0,4
basal 4,903 p<0.05 1<0,01 <005 | ps<0,05
spiral 3,7£0,2 3,7£0,2 3,8+0,3 3,5+0,2 4,0+0,3
arcuate 0,7+0,01 0,7+0,01 0,7+0,01 0,7+0,01 0,7+0,02
radial 0,6£002 | 0,6£001 | 0,7£0,01 0’638)3)51 0,6+0,01
RI 0,6+0,01 b= 0,6+0,01
b :t b b b
(con.un.) basal 0,5+0,01 <0,05 0,6+0,01 0,5+0,01 p1, p4<0,05
. 0,5+0,01
spiral 0,5+0,01 0,5+0,01 ps<0,05 0,5+0,01 0,5+0,02
arcuate 1,2+0,04 1,2+0,02 1,2+0,04 1,2+0,04 1,1+£0,05
radial 1,0+£0,04 0,9+0,02 1,0£0,04 0,9+0,03 0,9+0,03
Pl 0,8+0,02 0,9+0,04 0,7+0,03
basal 0,7+0,02 1<0.05 11<0,05 10,05 0,8+0,03
spiral 0,7+0,03 0,7+0,01 0,7+0,01 0,6+0,02 0,7+0,02
arcuate 4,24+0,2 3,9+0,1 4,0+0,3 3,940,2 3,7+0,3
radial 3,2+0,3 2,940,1 3,240,2 2,940,1 2,8+0,1
2,4+0,06 2,5+0,1 2,24+0,07
SDR basal 2,2+0,06 <0.05 2<0,01 12<0,05 2,4+0,1
. 2,1+0,06
spiral 2,0£0,05 1,9+0,03 1,9+0,03 1,9+0,04 p4<0,05

Note: p - the degree of reliability of differences in the parameters of the main and control groups; pl
- between the control group and the subgroups of the main group; between subgroups: p2 - 1 and 2,
p3 -1and 3, p4 - 2and 3; p5 - between the late stage of proliferation phase and the middle stage of
endometrial secretion phase.

Some studies have found out that hemodynamic disturbances, which are assessed by high
vascular resistance indices, can lead to a deterioration in the growth of the glandular epithelium in the
endometrium. An inverse correlation has been established between the indices of resistance indices in
the basal and spiral arteries and the onset of pregnancy [5].

The curve of blood flow velocities in women of the main group in the late stage of
endometrial proliferation phase was characterized by an increase in Vmax and Vmin in comparison
with women of the control group (p<0.01). The values of the vascular resistance indices in the spiral
arteries in women of these subgroups did not differ significantly (table 3). A similar pattern was found
in the subgroups of women with menstrual dysfunctions in puberty.

In the middle stage of endometrial secretion phase, the values of vascular resistance indices in
women of the main and control groups did not differ significantly from these indicators in the late
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stage of proliferation phase (Table 4). In the study of hemodynamics on the uterus in the late stage of
endometrial proliferation phase, they found out a regular decrease in systolic and diastolic blood flow
and vascular resistance indices in the arteries that supply the myometrium and endometrium, which
was associated with a decrease in their diameter. It was able to assess the blood flow at the level of the
spiral arteries in the late stage of endometrial proliferation phase in 75% of women of the control
group and only in 66% of the main group; in other cases, locus blood flow was not determined due to
the morphological features of spiral arteries, explained by the reduction of the smooth muscle layer.

Conclusions.

1. When analyzing the echographic parameters of the uterus size, it was found that women of
reproductive age with menstrual irregularities in puberty, on the average stage of endometrial secretion
phase, the volume of the uterus was 1.2 times less than in women with the correct rhythm of menstruation,
due to the width body of uterus. The ratio between the length body and the cervix does not have
significant differences, confirming the absence of signs of genital infantilism in the surveyed women.

2. Doppler parameters of blood flow velocities and values of vascular resistance indices in the
uterine arteries and myometrial arteries did not differ significantly in the dynamics of the menstrual
cycle, which indicates a normal blood supply to the myometrium in women with menstrual
irregularities in puberty.

3. As a result of the defective phase of endometrial proliferation, its thickness in the middle
stage of secretion remained insufficient, however, normal blood flow in the radial and basal arteries of
the uterus contributed to the successful implantation of the blastocyst.

4. The study of hemodynamic features of the pelvic organs in women with menstrual
dysfunctions in puberty is of great clinical importance for assessing the degree of restoration of
endometrial regeneration after menstruation and the possibility of implantation of a fertilized egg.

5. Ultrasound determination of uterine size, endometrial thickness, qualitative and
quantitative parameters of uterine hemodynamics are prognostic criteria for assessing the prospects of
reproductive function in women with menstrual dysfunction in puberty.
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Throughout human life, the normal state of the thyroid gland is a necessary condition for the
harmonious functioning of the body. The thyroid gland is one of the most important parts of the
neuroendocrine system. The main function of the thyroid gland is to maintain normal cellular
metabolism by providing the body with thyroid hormones - thyroxine (T4) and triiodothyronine (T3),
an integral structural component of which is iodine [2, 10]. The thyroid gland produces about 100 mcg
of T4 per day and a small amount of T3, which is preferably formed extrathyroidally from T4 under
the action of type 1 5'-deiodinase. Thyroid hormones are necessary for the normal functioning and
development of almost all organs and functional systems of the body, and the level of their production
is determined by physiological needs and regulated by thyroid-stimulating hormone (TSH) of the
pituitary gland. Thyroid hormones regulate the processes of development, maturation, specialization
and functioning of almost all body tissues and are of exceptional importance for the establishment and
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development of the fetal brain, the formation of the child's intelligence, growth and maturation of the
bone skeleton, reproductive system; affect sexual development, menstrual function and fertility, breast
development [1, 2, 10, 11, 19].

A woman's reproductive system is a finely organized system of closely interconnected
structural and functional elements. The whole cascade of processes required for follicle maturation,
ovulation, fertilization, corpus luteum function, preparation of the endometrium for implantation, and
successful continuation of pregnancy depends on the preservation of neuroendocrine regulatory
pathways, the slightest disruption of which leads to dysfunction [14,15].

Nowadays, the factors that determine the relationship between the reproductive and thyroid
systems are well known. The function of the reproductive organs and the thyroid gland is regulated by
tropical hormones of the pituitary gland, the secretion of which is under the influence of the
hypothalamus and partly of the cerebral cortex. TSH is a glycoprotein hormone produced by
basophilic cells of the adenohypophysis, regulated by hypothalamic thyrotropin-releasing hormone, on
the one hand, and the level of free thyroid hormones, on the other. Thyroid hormones on the principle
of negative feedback suppress the production of TSH, maintaining a dynamic balance in the pituitary-
thyroid system. Most of T4 is in the serum in a form associated with transport proteins, and only
0.03% circulates in free form. Only free T4 (FT4) is available for transcapillary transport and entry
into cell. Thyroid hormones stimulate the synthesis of sex hormone-binding globulin (SHBH) in the
liver. Changes in the level of SHBH (decrease in hypothyroidism and increase in thyrotoxicosis) may
have some significance in the genesis of menstrual and reproductive disorders [2, 5]. Tyroliberin
stimulates the secretion by the pituitary gland not only TSH but also prolactin, so hypothyroidism
increases not only the level of TSH but also prolactin. Another factor is the structural similarity of
luteinizing, follicle-stimulating hormones, prolactin, human chorionic gonadotropin and thyroid-
stimulating hormone [1, 2, 7, 9, 14].

Autoimmune thyroiditis (AIT) (Hashimoto's thyroiditis, lymphocytic thyroiditis), which affects
3-4% of the world's population) is an organ-specific autoimmune disease of the thyroid gland, in which
due to chronic progressive lymphoid infiltration in women there is a gradual destructive disease of
thyroid gland that is the main cause of hypothyroidism in women of reproductive age [8]. The
prevalence of AIT is difficult to assess, because in the euthyroid phase it has almost no accurate
diagnostic criteria. The prevalence of both TPO Antibodies carriers and hypothyroidism as a result of
AIT is about 10 times higher in women than in men. Antithyroid autoantibodies as one of the signs of the
disease are found in 5-26% of women of reproductive age and 13-20% of pregnant women [2, 8, 9, 12].

In the euthyroid phase and the phase of subclinical hypothyroidism there are no symptoms.
The criteria, the combination of which allows to diagnose AIT, include [3, 6, 9, 10]:

- increase in levels of circulating antibodies to the thyroid gland (more informative is the
determination of TPO Antibodies);

- detection of typical ultrasound signs of AIT (hypoechoic thyroid);

- primary hypothyroidism - subclinical or manifest (according to the level of TSH in the serum).

In the absence of at least one of these criteria, the diagnosis of AIT should be considered
probable, because in itself an increase in the level of TPO Antibodies or hypoechogenic thyroid
according to ultrasound does not indicate the presence of AIT. Carrier means the detection of
antibodies to the thyroid gland on the background of its normal structure and function. The
pathological significance of this phenomenon remains ambiguous and reaches 10-20% in different age
groups, with antibodies 5-10 times more often found in women. Determination of TPO antibodies to
thyrocyte peroxidase (TPO Antibodies) is used to diagnose AIT, isolated carrier of AT-TG is rarely
diagnosed. At the same time, most researchers consider it meaningless to study the level of blood
pressure to assess the dynamics of treatment and prediction of AIT, as well as treatment only in the
presence of antobodies to the thyroid gland [2, 4, 9, 13].

Normal development of the reproductive system occurs under the influence of gonadotropic
hormones of the pituitary gland and the normal functioning of the thyroid gland. In turn, the state of
the reproductive system has a pronounced effect on thyroid function, as evidenced by changes in its
function during pregnancy and lactation, in patients with abnormal uterine bleeding, in girls during
puberty and women during the menstrual cycle.

Hypothyroidism is a clinical syndrome caused by a persistent deficiency of thyroid hormones
in the body. There are primary, secondary, tertiary and peripheral hypothyroidism. In the case of the
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primary form, which accounts for the majority of cases of this syndrome (95%), the process that leads
to the development of hypothyroidism is localized directly in the thyroid gland. If the decrease in
function is due to lack or absence of stimulating effect of thyroid-stimulating hormone, it is a
secondary and tertiary hypothyroidism of pituitary or hypothalamic origin, respectively (central
hypothyroidism). Peripheral or tissue hypothyroidism is much less often diagnosed [2, 8]. The
prevalence of hypothyroidism in the population, according to various researchers, is from 5 to 10%,
more often in women and with increasing prevalence with aging [1, 4, 5, 13, 16].

Researchers and clinicians pay special attention to the problem called “extrathyroid
pathology", which is caused by a lack of thyroid hormones. The clinic of primary hypothyroidism is
often dominated by manifestations of damage to various organs and systems, including cardiovascular,
urinary, hematopoietic systems, digestive tract, skin diseases, mental disorders, immune disorders. At
the same time, some symptoms are mistakenly defined as an independent disease that masks the
presence of hypothyroidism for a long time and leads to its delayed diagnosis. Cardiovascular
manifestations - hypertension, arrhythmias (sinus bradycardia), coronary heart disease, dyslipidemia -
occupy the first place in the clinical manifestation of non-thyroid manifestations of hypothyroidism.
From the digestive organs, there may be constipation, diarrhea, dysbiosis, gastritis, pancreatitis,
dyskinesia of the biliary tract. On the part of the nervous system, hypothyroidism is manifested by
headache, drowsiness, depression, inability to concentrate, memory impairment [1, 12, 17, 18].

Reducing the supply of tissues with thyroid hormones reduces resistance to infections, which
is realized by chronic inflammatory processes of the upper respiratory tract, chronic tonsillitis,
inflammation of the genitourinary system [1, 5, 8, 13]. A number of studies in recent years have
shown that structural and functional disorders of the thyroid gland can initiate imbalance of the
hypothalamic-pituitary-ovarian system [3, 10, 14]. Dysfunction of one or another part of the endocrine
system is determined not only by hyper- or hypoproduction of hormones, but also by changes in
biological activity against the background of their normal content in the serum [1,12, 17].

Insufficiency or excessive levels of thyroid hormones affect almost all vital processes, as their
impact is realized at the cellular and even molecular levels of all organs and systems of the body [9,
19]. In the case of a decrease in thyroxine levels (T3) and triiodothyronine (T4) by the feedback
mechanism significantly increases the production of thyrotropin-releasing hormone and, accordingly,
thyroid-stimulating hormone, which, in turn, stimulates the production of prolactin, initiates the
secretion of inhibin B in the ovaries, inhibits the production of somatotropic hormone, causes the
formation of relative hyperestrogen ovarian aromatase, decreased production of sex-binding steroid
globulin, luteal phase deficiency of the menstrual cycle, ovulation and fertility disorders. Disorders of
peripheral estrogen metabolism and hypoprogesteronemia in hypothyroidism are now considered as
one of the mechanisms to increase the frequency of proliferative processes in target organs [4-7, 14].

Primary hypothyroidism is accompanied by menstrual cycle (MC) disorders. The most
pronounced form of MC disorders in hypothyroidism is amenorrhea, the frequency of which in this
type of thyroid pathology ranges from 1.5 to 6%. MC disorders in hypothyroidism are diagnosed 3
times more often than in the general population, and some reports indicate that MC disorders were
noted in 68% of women with hypothyroidism in 12% of cases in the control group [3, 10]. It should be
noted that in patients with hypothyroidism, reproductive dysfunction is detected in regulatory MC,
with 10 to 25% of women complaining of infertility, which is associated with a defective luteal phase
or anovulation [11, 14]. With long-term hypothyroidism, the development of secondary
hyperprolactinemia, galactorrhea and MC disorders is possible, which is due to hyperproduction of the
hypothalamus TSH-RH and its stimulating effect on the production of TSH and PRL [2, 5].

Data from a 20-year follow-up study in the Wickham research showed that a positive reaction
to TPO antibodies is an early predictor of hypothyroidism in cases where TSH levels are above
2.0mlU /1[13, 16].

According to the recommendations of the American Thyroid Association (ATA, 2017) [6], all
patients who are preparing for pregnancy or become pregnant again should undergo a clinical
examination. It is recommended to study the content of TSH for the following risk factors:

1. Presence of a history of hypothyroidism / hyperthyroidism or current symptoms / signs of
thyroid dysfunction.

2. Positive antibodies to the thyroid gland or goiter are detected.

3. Presence of a history of previous thyroid surgery.
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Age over 30 years.

Type 1 diabetes or other autoimmune diseases.

History of miscarriage, premature birth, infertility, more than two pregnancies.
Presence in the family history of thyroid disease.

Pathological obesity (BMI >40 kg / m2).

Recent introduction of iodine-containing X-ray contrasts.

10 Living in areas with iodine deficiency (from moderate to severe).

According to the latest recommendations, subclinical hypothyroidism in women planning a
pregnancy should be treated with levothyroxine, and the goal of treatment is to achieve a TSH
concentration <2.51U /1[6, 8, 9].

With age, the overall risk of hypothyroidism increases. Often the symptoms are ignored or
incorrectly attributed to other causes, which complicates the diagnosis. Accordingly, ACOG recommends
determining TSH levels even in asymptomatic women starting at age 50 and every 5 years thereafter [7].
The American College of Physicians (ACP) also recommends starting periodic screening at age 50, while
the ATA recommends starting screening at age 35 [10,17]. According to recent recommendations of
thyrological associations it is worth considering L-thyroxine replacement therapy in younger patients (<65
years and TSH level 10 IU / I) with symptoms suggestive of hypothyroidism [6, 8, 11].

Although there is insufficient evidence to date that levothyroxine therapy improves fertility in
euthyroid TPO Antibodies-positive women, it is possible to use L-thyroxine for euthyroid TPO
antibodies positive women with a history of fetal loss starting at a dose of 25-50 ug/ day. In other
cases, there is insufficient evidence for its use in euthyroid women. With TSH> 4.21U /1 in the
absence of symptoms of hypothyroidism and unrealized reproductive plans for women of reproductive
age, levothyroxine therapy is applicable, as the optimal level of TSH for pregnancy planning in
women with subclinical and overt hypothyroidism is 0.4-2.0 MO / | [2, 4, 11, 13].

Today, about 30,000 women serve in the Armed Forces of Ukraine, 17,000 women took part
in the war in eastern Ukraine [1].

On October 27, 2018, the Law “On Amendments to Certain Laws of Ukraine on Ensuring
Equal Rights and Opportunities for Women and Men During Military Service in the Armed Forces of
Ukraine and Other Military Formations” came into force, which equalized the rights of women and
men, and duties, and workload, and responsibilities.

The consequences of military service and hostilities often lead to poor health. However, the
health of veteran women has not yet been given due attention and care, limited to general military
preventive examinations once a year [2].

Among the women participants in the hostilities there are those who have suffered contusions
(mild traumatic brain injury), but continue their military service, or, having resigned from it, are active
in society.

It should be noted that contusion (concussion and mild concussion) in 73% of injured is
accompanied by mental disorders of the "pre-disease” level (asthenic symptoms, vestibular and
autonomic dysfunction, anxiety-depressive inclusions), in 27% there is a more pronounced
psychopathic symptoms [3].

Cognitive and behavioral symptoms include impaired memory and attention, difficulty in
making decisions, fatigue, anxiety, depression, irritability, and emotional lability. Patients with such
symptoms often describe a slowing of thought processes. These symptoms are usually mild and
difficult to detect during routine testing. They decrease in the first 2-4 weeks after injury, but in a
small percentage of patients may occur over a long period.

Behavioral symptoms that may occur after a mild TBI include irritability, mood swings, sleep
disorders, fatigue, daytime sleepiness, and emotional lability. People with anxiety or depression, post-
traumatic stress disorder, and people who abuse alcohol or drugs have a much higher risk of
developing these symptoms [4].

At the same time, the problem of health of women veterans and servicemen is not only
medical but also social, because not only on the state's defense capabilities depend on the physical,
mental and social well-being of this part of the people of Ukraine, but also demographic, socio-
political and social stability.

The aim of the study: assessing the prevalence and effectiveness of the diagnosis of thyroid
dysfunction in women of childbearing age with impaired reproductive health who participated in
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hostilities and suffered contusions, to improve treatment and rehabilitation measures and quality of life
of these women.

Materials and methods. The study was conducted at the Department of Obstetrics,
Gynecology and Reproductology of the Ukrainian State Institute of Reproductology Shupyk National
Medical Academy of Postgraduate Education (NMAPE). The study included 301 women of
reproductive age who participated in hostilities and suffered contusions, the average age of the
subjects was 27.08 + 4.23 years. The period of stay in the combat zone is 29.34 + 9.21 months, the
time from the moment of receiving a mild traumatic brain injury (contusion) is 18.8 + 9.2 months.

At the first stage of the prospective study, the veteran women were interviewed. The
structured questionnaire contained questions related to family and personal history, the presence of
non-specific symptoms that may be associated with thyroid dysfunction (weakness, fatigue, memory
impairment, swelling of the face and extremities, sleep disturbances, dry skin, weight gain body,
lethargy, drowsiness, paresthesias, constipation, hair loss, hypochromic iron deficiency anemia,
depression, etc.).

Symptoms of the consequences of contusion at the time of examination were determined by
the Cicero questionnaire [5]. At the same time, patients performed self-assessment of their own
symptoms in view of the present. A PCL questionnaire (military version) was used for PTSD
screening [6]. The study of the state of autonomic regulation was carried out by filling out a
guestionnaire of subjective assessment of dystonia (according to the A. Wayne questionnaire, 1998)
[7]. Assessment of the state of the cardiovascular system and autonomic regulation was performed by
the method of heart rate variability, which was performed on a heart recorder Solveig DC-06000 and
by analyzing the data obtained on the software platform "Cardiolyse". Assessment of the functional
state of the organism was performed using a quantum magnetic resonance analyzer "MEDIACOMAT-
29" with the calculation of the coefficient of pathology for each system (Kp = Xn/ Nmax) and the
integrated indicator of pathology (1IP = ZKp).

According to the results of the survey, out of the 203 women who were aware of the family
history of the disease, 115 (38,2%) noted the presence of thyroid pathology in one of the parents (in
89.8% of cases - in mother). Nonspecific complaints were noted in 284 (94,4%) of the 301 available
guestionnaires. Ultrasound examination of the thyroid gland previously underwent 282 (93,7%)
women, however, the study of thyroid function (determination of the level of TSH, TPO Antibodies,
free T4 and T3) was conducted only in 169 (56,1%) of 301 patients, with subclinical hypothyroidism
(TSH from 4.5 to 8.9 IU / I) was diagnosed in 64 (37,9%) of those who underwent examination,
manifest hypothyroidism - in 7 women (4.2%). Only 11 (6.5%) patients (7 with manifest and 4 with
subclinical hypothyroidism) received levothyroxine treatment as prescribed by an endocrinologist.

According to the results of verification of gynecological pathology, 164 patients who gave
informed consent to participate in the second stage of the study, for further comparative analysis of the
prevalence of thyroid dysfunction were divided into clinical groups:

e Group | included 55 (33,5%) patients with combined dyshormonal benign proliferative
pathology of the reproductive organs and dyshormonal pathology of the breast (genital endometriosis,
adenomyosis / uterine leiomyoma in combination with endometrial hyperplasia);

e Group Il included 31 (18.9%) a woman with PCOS;

e Group Il - 33 (20.1%) patients with endometrioid disease;

e Group IV - 37 (22,6%) women with uterine leiomyoma;

e The absence of gynecological pathology and pathology of the breasts at the time of
examination was found in 38 (23,2%) women who were included in group V.

Research results and discussion. Structural and functional changes of the thyroid gland were
detected in 164 (34,5%) women, with the frequency of detection of diffuse goiter I-Il stages did not
differ between clinical groups (p> 0.05).> At the same time, the prevalence of AIT was higher in patients
with dyshormonal pathology of the reproductive system (group 1) compared with group V (p = 0.0001).
Euthyroid status in patients with combined dyshormonal and proliferative pathology (group I) was
diagnosed 1.5-1.9 times less often than in patients of groups Il, 111, IV and V (p<0.0005).

Subclinical hypothyroidism was diagnosed in 33,5% of women in group | with 18.9%, 20.1%
and 22,6% in groups I, Il and IV, respectively. All patients received levothyroxine at doses
calculated according to TSH levels (50 to 75 ng/ day). At the same time, for group | women with
diffuse goiter and / or AIT, the incidence of subclinical hypothyroidism was 60.6% compared to 8.6%
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of manifest hypothyroidism not detected in women with PCOS, and the prevalence of endometrioid
disease and uterine leiomyoma was respectively 1.9% and 3.5%.

Conclusions. So, the results of a two-stage study of the prevalence of thyroid dysfunction in

women who participated in hostilities and suffered contusions with dyshormonal pathology of
reproductive organs of non-inflammatory origin confirm that thyroid dysfunction, especially
hypothyroidism, is a serious reproductive health problem in veteran women, which requires changes in
diagnostic and treatment approaches.
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dacryocystorhinostomy. informativeness of computed tomography (CT) techniques of the lacrimal ducts

(LD) and the possibility of effective use of the obtained CT data, patients of the

1st and 2nd groups were divided into 2 subgroups: 1A and 2A were included

patients whom CT LD was performed according to the developed method,

and patients of subgroups 1B and 2B — according to the traditional algorithm.
Hyperpneumatization of agger nasi cells was detected in 14.7% of the examined, inflammatory pathology in the
paranasal sinuses — in 38.5% (p> 0.05). The lacrimal fossa was located at the level of the anterior end of the
middle turbinate (MT) in 39.4% of cases, anteriorly in 32.1%, and posteriorly in 14.7%. In 13.8% of cases, it
was difficult to determine the ratio of the lacrimal fossa to the anterior end of the MT, these cases were in
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2B — less than 50%, and in group 3 — in 25% of patients (p <0.05). Thus, the anatomical and topographic
features of the LD must be determined and taken into account in the surgical treatment and observation of
patients with chronic dacryocystitis. The developed technique of CT with contrasting LD is more effective than
the traditional one, and the performance of surgical intervention when using it is sparing.
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Beryn. Y Ham wac mis yCHINTHOTO BiHOBJICHHS CILO30BIJIBEJCHHS NPU XPOHIYHOMY
nJakpionuctuTi (X)) 10 mepemonepariiHoro 0O0CTEKEHHS XBOPUX BHCYBAlOTbCS MPHHIIMIIOBO HOBI
BUMOTH. 3araibHONMPUHHATAM JikyBaHHsIM X]I € xipypriune [9], a eHmoHa3aIbHUI €HIOCKOMIYHUIT
JOCTYII JI0 CITI3HOTO Milllka Ma€ 3HauHi nepesaru [4, 1, 12, 13]. Pa3om 3 TuM, y MiATOTOBIII MAI[i€HTIB
JI0 XIpypriyHOrO BTpPYYaHHS HEOOXiJHO 3’SCOBYBaTH OCOOJIMBOCTI aHATOMO-TOMOTPad)ivYHOTO
B3a€MOpO3TalTyBaHHs Cib030BiABILIHUX twisxiB (CBIL) i BHyTpimmHbOHOCOBUX CTPYKTYP [2, 3]. Mo
KIIIHIYHO 3HAYyIIUX BiIHOCATH TomorpadiuHi B3a€MO3B’SI3KM IPATYACTOrO JAOIPUHTY 31 CII3HOIO
SIMKOIO Ta HOCOCJII3HMM KaHaJIOM, BapiaHT BIIHOIICHHS CIII3HOI SIMKH JIO TIEPEIHBOTO KIiHIII CePEeaHbOI
HocoBoi pakoBuHu (CHP), BapiaGenpHICTh TOBIMWHN KiCTKOBOI CTIHKH CITI3HOI SIMKH 1 PO3TalTyBaHHS
i HAMTOHIIIOTO MiCIIs, TIOJIOKEHHS HOCOCTI3HOTO KaHaly.
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Crni3Ha sIMKa HaiyacTillle JIOKaJi3yeTbcs Oe3MOcepeaHbO AOMepely BiA MepeaHbOTO KiHIIST
CHP. Ane e BapiaHTH, KOJHM HPOEKILis CIi3HOI SIMKH MOXXe OyTH 4acTKOBO UM TOBHICTIO TPUKpUTA
HUM, 1 HaBiTh 3HAXOJUTUCH 3HAYHO J03aay Bix nepeanporo kinisg CHP. Haiitonme micue ciizHOT
SAMKH, 7€ HaWIOpoCTimleé BChOTO BWUKOHYBATH JOCTYI O CII3HOTO MIIIKa TPW EHIOHA3aIbHIN
JAKPIOIMCTOPUHOCTOMII, 3a3BHYail, yTBOPEHO CITI3HOIO KiCTKOIO O€3MocepeTHbO M03ay 3POIIEeHHS 11 3
J000BUM BiJIPOCTKOM BEPXHBOI IIENEIH i CIIBCTABHO MO TOBIIMHI 3 SIEYHOIO IKAPATYTIOHO.

[Ipaktnuno 3axau (6ins 95% BHUIIAAKIB) KIIITHHU PEIIiTYACTOrO JIAOIpHUHTY MO-Pi3ZHOMY
NPWIATAIOTh OO CIi3HOI SMKH (CHi3Hl KiIiTHHM): Y 20% BUNAIKiB MOKYTh MPUKPHUBATH CIi3HY SIMKY
HaIloJIOBHHY, a ¥ 2% — moBHIicTIO. Yepe3 Taky TomorpadiuHy ocoOiaMBICTh NpU €HIOHA3aJIbHOMY
JOCTYII JI0 CIII3HOTO Milllka MOYXYTh BHHHKATH TEBHI ckiamHoili [4], a BYaCHO He po3Mi3HaHA i He
YCYHEHa 3amajbHa IaTOoJOTisd LUX KIITHH MOXXE CIPHUATH BUHHKHEHHIO PELUAMBY 3aXBOPIOBaHHSA
TicIIsl XipypriuHOro JIiIKyBaHHSI.

[cHYIO0TH TIEBHI BaXKJIMBI aHATOMO-TOMOrPagivHOro OCOOIMBOCTI Y PO3TALIYBaHHI HOCOCII3HOTO
kaHaiy. [Ipu 3Ha4Hil THeBMaTH3alii raliMOPOBOT Ma3yXxy HOCOCHI3HUM KaHAI MOYKE 3HAYHO BHCTYMATH
Ha JIaTepalbHIN CTIHIII MOPOKHIUHMA HOCA Y CEPEIHBOTO HOCOBOTO XOXy, YTBOPIOIOUHM torus lacrimalis
internus. JlocuTh HewacTi BapiaHTH pO3TAIIOBYBaHHS MIPOTOKH JOMEpeNy Bil Mma3zyxu, Oe3mocepeHpo 3a
ii TAIIBOBOIO CTIHKOIO, II€ CIIOCTEPITracThCs IMPH IMITMHOMOAIOHOMY 3BY)KEHHI NepeIHBO-MEliaIbHOTO
BiJTUTY IIbOTO CHHYCY, TiNOIIa3ii Ma3yXH, «CHHAPOMI MOBYAa3HOTO CUHYCYY.

JloaTKOBHX J1arHOCTUYHUX METOJIB JIJIS YTOYHCHHS MaTOJIOTIi BepTuKaibHoro Binairy CBILI
JnoctaTHpo Oarato (peHtreHorpadis, cuunturpadis, KT, MarHuTHO-pe3oHaHCHA ToMOrpadisi TOIIO),
ane Moaudikaii iCHyFOUnX METOIWK 1 TMOIIYK ONTHMAaIbHOI, IO J03BONMIA O MaKCHMaabHO TOYHO
omiantu TomnorpacdiuHi ocobmuBocti CBIIl 1 BHYTpIITHROHOCOBUX CTPYKTYp, HMPOJOBXKYIOTHCA [2].
Benuke 3nauenss B miarHoctumi Xl mae komn’rorepra tomorpadis (KT), 60 m03Bosie BCTaHOBUTH
ocTaTo4Hui moBHUH miarno3 [1, 5, 6]. JocimkeHHS Mae MPOBOJUTHCH, HA IYMKY PsTy aBTODIB 1 3a
HAIlUM TEPEeKOHaHHIM, 3 OOOB’SI3KOBUM KOHTPACTYBAHHSAM MPOCBITY CII3HUX LUIAXiB, 100 Oyna
MOJIMBICTH ~ MaKCMMaJbHO  TOYHO  OLIHUTH  MPOCTOPOBI  B3a€MO3B’SI3KH  OpOITaNbHUX,
103a0p0iTaTbHUX 1 BHYTPIMIHBOHOCOBHX CTPYKTYp [7, 8]. 11l0o10 KOHTpAacTHOI PEYOBHHH, TO TYT
TaKOX HEMAa€ €JMHOI lyMKHU: SIKYy CaMe PiJUHY 1 SIKOi B’SI3KOCTi ONTUMAJIBHO 3aCTOCOBYBATH, SIK 1 KOJIU
BBOJUTH, CIIPOTHO3YBAaTH HETaTUBHI HACHIAKM OOCTE)XEHHS Ul NAali€HTa; TOMY HpPOJOBXKYIOTHCS
KJIIHIYHI JOCTIIPKEHHS Ta pO3p00Ka aJIrOPUTMIB 3aCTOCYBaHHS 1[bOI'0 METO/IA.

PazoM 3 TuM, He3BakKaruud Ha TpuBaIMKA 4ac icHyBaHHs Meronay KT, BigHOCHY mpocToTy
BHKOHAHHSI, BIIMIiYa€eThCs Jesika OOMEXeHICTh y Horo 3acrocyBanHi mpu martosorii CBII [9]. Ilpu
TpaauIiHNX Tiporokonax ckanyBaHHs HHII i cmi3Hux nomxi, Jikap 4acTo He OTPUMYE IOCTATHBOI
KOpHCHOI iH(opMariii mpo Tororpado-aHaTOMIYHI B3a€MO3B’SI3KM CIII3HOTO MIIIKa Ta OTOYYOUMX
BHYTPILIHBOHOCOBUX CTPYKTYP, ILIO0 MOXE 3HAUYHO YTPYJHIOBATH IUIaHYBaHHs X0Ay MaiOyTHBOI orepaii
Ta BHU3HAUCHHSA ONTUMAJIBHOTO JIOCTYIy JO CJI3HOrO Mimika. TepuropiaibHe pPoO3’€qHAHHS
OTOJAPUHTOJIOra, o TanbpMoIIora 1 HeHTpy npoBeaeHHsT KT-nocikeHHs — 3aIMIIaloThCsl YAHHUKAMH, SIKi
CTPUMYIOTh IIMPOKE BIPOBAPKEHHSI IOT0 METOY y TMOBCSKICHHY KITIHIYHY MPaKTUKY. TakuM YHHOM,
npoBeaeHHst KT namierram 3 matonoriero CBI moTpedye momanbIioi onTuMizariii Ta yI0CKOHaISHHS.

MeTo10 HaIOro AOCHiIKEHHS OyJI0 pO3pOOUTH CIIOCiO BU3HAYEHHS TONOTrpad)o-aHaTOMIYHOTO
B3a€MO3B 513Ky CIII3HOTO MiIlIKa 3 OTOYYIOUMMH CTPYKTYpaMmu Ta OLIHHUTH HOro e()eKTUBHICTH NpHU
IJIaHyBaHHI Ta BUKOHAHHI €H0HA3aIbHOT SHIOCKOMIYHOT JaKPiOIUCTOPHHOCTOMII.

Martepiaan i metoau. Ha 6a3ax xadenpu oTOpUHONAPUHTONOTIT (aKyIbTeTy iHTEPHATYPH i
HICIISUILIOMHOT OCBITH JIOHEIBKOTO HallioOHaJbHOrO MeaudHoro yHiBepcutery MO3 Vkpainu y
nepion 2004-2014 pp. obcrexxeHo ta npoomnepoBano 109 mauientis 3 X/. I3 Hux Oyno 86 xiHok i 23
yoJoBikd y Bimi Big 18 mo 78 pokiB (cepemniii Bik — 49,1+16,2 pokiB). TpuBanicte ckapr Ha
CIIb030TEYy CKJlazana Big 2 mic. 10 9 pokiB. Y BCiX Mali€eHTIB XpOHIYHUH JaKPiOUUCTUT 3HAXOIUBCS B
craaii pemicii. BciM XBOpHUM BiJTHOBIIIOBAJIU CJIbO30BIABEACHHS IIIISIXOM BUKOHAHHS €HJIOHA3aJIbHOT
eniockonivHoi gakpionucropuHoctomii (EEALPC).

Jo 1-i rpynu (mocmipkyBana) ysidiuim 45 marientis, korpum EEJIIIPC Oyna 3milicHeHa 3a
po3pobiieHoro Hamu MeToaukoro [10]. o 2-i rpynu (mopiBHsHHS) OyJ10 BKIFOUEHO 36 XBOPHUX, SKUM
miciss BUKOHaHHs po3poOnenoi Hamu EEJIIIPC B 30Hy makpiopuHocTomMH BcraHoBiioBain [IXB-
npoBigHuK. o 3-i (KOHTpoOJdbHOI) TpynH yBiMmuM 28 mnamieHTiB (apXiBHUH MaTepiai), KOTPHUM
EEJIIIPC BukoHYBaJIM 3a 3araJIbHONPHHHATOI METOIUKOIO: 31 30EpeKCHHSIM 1 IUTACTHIHUM
VKIQJaHHIM BHUKPOEHHX KIANTIB CIU30BOI OOOJOHKH TMOPOKHWHM HOCA 1 CII3HOTO MiIKa Ta 3
yctaHoBieHHsM [IXB-ipoBinHuKa.
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Hns ouinioBaHHs iH(opmatuBHOCTI MeToauk mpoBedenHs KT CBII 1 moxiauBocTi
epeKTHBHOrO 3acTocyBaHHS oTpuMaHux KT-maHux mnpu TlaHyBaHHI CHpSMOBAaHOCTI W obcsary
XipypriuHoro BTpyd4aHHs, maiieHTd 1-i Ta 2-i rpyn Oynu posnoaineHi Ha 2 miarpymu (puc. 1). o
miarpyn 1A 1 2A Oynu BKIIIOYEH] MAalli€eHTH, KOTPUM Y niepenonepariiinomy odcrexkxenni KT CBII i3
KOHTPACTYBaHHSIM MPOBOJIWIH 32 po3pobiieHo0 Hamu metonukor. [linrpymu 1B i 2B ckianu xBopi,
sakuM KT CBIL BukoHyBanu 3a TpaauLiiHUM anroputMoM. llanieHTaM KOHTPOJIBHOI KIiHIYHOI Ipynn
y mepenonepaniiinoMy o0cTeXeHHI BHKOHYBanu Aakpiouuctorpadito 3 koHTpacTtyBanHsm CBII, a
JUIs yTOUYHEHHS CTaHy BHYTpilIHbOHOCOBUX cTpyKTyp — KT ITHIL

| Kainiuni rpynn |

pi | I K
1A 1B 2A 2B 3
Pospobaena Jaranbno- Pospodiaena Jaransno-
npuinATa npuitnaTa
KT CBLU KT CBLL KT CBLU KT CBLUI

Puc. 1. Cxema po3nodiny nayicumia y KIiHiyHUX 2pynax 3a 0iazHOCMUYHUM KpUumepiem
(4 — 0ocnioxcysana epyna, I1 — epyna nopienanns, K — koumponvha epyna).

3anpornoHoBanuii Hamu crocid mnpoBeneHHs KT CBII 3 konrpactyBanHsMm («Cmocio
BU3HAYEHHSI TOMOTPado-aHATOMIYHUX B3a€MO3B’SI3KiB CII3HOTO MIIIKa 3 OTOUYIOUUMH CTPYKTYPaMU»,
nateHT YKpaiHu Ha KopucHy Mozeiab Ne66910 Bim 25.01.2012, OGronm. Ne 2/2012) mnonsiraB y
HacTymHOMY: mepen aociipkerasm CBII nmpomwuBanm, BUAanstouu THIMHWIA BMICT; Jaii B MPOCBIT
CBIII BBOAMIIN BOJOPO3YHHHY KOHTPACTHY PEUOBUHY (amigoTpuszoar Hatpiro 60%); nOTiM He mi3Himre
HDK yepe3 5 xB. po3nournHanu KT-ckaHyBaHHS y KOpOHApHil MPOEKLii 3 KpOKOM He Oiblie HiX 1 MM
BiJl TIpUCIHKa HOCAa O MEXiI MDK MEepeJHIMH 1 33JHIMK KIITHHAMH PEIIiT4acToro labipuHTy —
0a3aapHOI IIACTHHKH (30HA iHTEpeCy), a Aaji 10 KJIMHOMOMIOHOT Ma3yXxu 3 KpoKoM 5 M (puc. 2, 3).

Puc. 2. KT CBIII 3 koumpacmysannsm nayichma b., koponapua (A), axcianona (B, D) i cacimanvua
npoexyii (C). CuizHutl MiwoK 2ycmo HaKOnuuye KOHMpAcmmuy peyosury 3 2opuzonmanshum pienem (C,
D), 3anosuroe kynon miwika (4), HococaizHuil Kanan 06mypo8arull no 6Citl Q0BAHCUHI, GIOCYMHICMb
Haxkonuuenusi Konmpacmy 6 Hoomy (D).
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Puc. 3. KT CBIII 3 koumpacmyeannsam nayicumku b., koponapna (A) ma axcianona (B) npoexyii. Cniznui
MIUWOK 000pe KOHMPACHYEMbCA, NOMIPHO POSUUPEHUL, 3A0HI0 NOLOGUHY MIUUKA NPUKPUBAE KITNMUHA
agger nasi (4), giocymmuicms HAKONUYEHHSI KOHMPACMHO20 NPENApamy 8 HOCOCII3HOMY KAHAJII.

Otpumani aani KT-mociimkeHs aHamizyBaid 3a TakuM anroputMoM. CKaH-300paXKeHHsI
BUBYAIM Yy CTAaHJAPTHUX NpoTpamMax-TieperisaaalbHUKaX, aHali3yBalH 3HIMKH y «KICTKOBOMY» 1
«M’IKOTKaHHHHOMY» BIKHaX PEKOHCTPYKIii, MPOTIISIAan y KOpOHApHil, akcianbHIA Ta cariTambHIil
MPOEKLIsIX, TakoK BUBYaAIH 3D-pexkoncTpykuito. OuiHIOBaIN MOXINBI aHOMalii BHYTPIIIHBOHOCOBUX
CTpyKTyp Ta 3Haxigku B HHIL.

Hactynaum eranom B ouintoBanHi KT-pe3ynbrariB Oyno supuenHss CBIL Ta Bu3HayeHHs iX
BITHOIIECHHS 70 BHYTPIIIHBOHOCOBUX CTPYKTyp. st mporo ouiHroBamu apxitekToHiky CBIL,
BUBYAIIA 3allOBHIOBAHICTh KOHTPACTHOIO PEYOBHMHOKO CII3HUX KaHANBIB, CII3HOTO MilIKa Ta
HOCOCJII3HOTO KaHaily. 3a XapakrepoM o0’eMHoro konrpactysanHs CBIL Bu3Havany, Ha sIKOMy piBHI
€ JaKpiOCTeHO3, YTOYHIOBAIH JIOKAJI3aIlil0 T4 PO3MIPH CII3HOTO MiIllKa, HOTO CIiBBiTHOMIEHHS [0
CII3HOT SIMKH, IPUIYCKaX (OopMy JaKpiOMUCTUTY 1 MOXKIIHMBI iHTpaonepamiiini 3Haxinku. OcobnuBy
yBary 3BepTajd Ha JIOKaJi3allil0 HaWTOHIIOI KICTKOBOI CTIHKM CJIi3HOI SIMKM 1 Ha ii po3TallyBaHHS
BiTHOCHO mepeqHboro Kinmsg CHP. BpaxoByBaiu KIIITHHH pelniT4acToro JadipuHTy, sSKi HOBHICTIO 200
YaCTKOBO MOIVIM IPHUKPUBATH ONTUMAIbHUHA JOCTYN JO Cili3HOro wimka. Ha migcrasi
NPOaHaTi30BaHMX JAaHUX IJIaHyBaJIl HAPABJIEHICTh Ta 00’ €M Xipypri4YHOro BTpyYaHHS.

Sk KpuTepii «ycCIiMHOCTI» nepediry eHI0Ha3aIbHOI eHIOCKOIIUHOI 1aKpioUCTOPHHOCTOMIT
pO3TIIsiIaNK CTYIiHB Bi3yallizalii XipypriyHoro mosi. [ 1p0ro BUKOPHCTOBYBAIN JU(EpEeHIiATbHY
mikany Andre P. Boezaart [11]. Sk momaTtkoBuii HEPSMUIA KPUTEPiii, BpaXOBYBaBCsl YaCOBUI YMHHHUK,
TOOTO TPUBAJIICTEL Oe3mocepeHboro BukoHaunus etary EEJILIPC.

Jisi OLiHKM CTATHCTUYHOI 3HAYYLIOCTI BIAMIHHOCTEH MIDK JOCHIIKyBaHUMH TIpyNaMH,
XapakTep pO3MOIUTy JAaHUX SKHX BIANOBiIAB HOPMalbHOMY, BHKOPUCTOBYBAIM t-KpUTEpid
CrpIofieHTa, U JaHUX 3 HEHOPMAaJIbHUM PO3IOI1IOM BUKOPUCTOBYBaIH KpuTepiit Kpackena-Yoneca,
JUIS TIOPiBHAHHSA 4acTOT BMKOPMCTOBYBAJIM KpUTepiii x? Ta Tounuil kputepiii ®imepa. Bixminnocti
BBa)KaJIM JIOCTOBIpHUMHM TIpH piBHI 3Hauymocti merme 5 % (p<0,05). Jani y Tabaunsgx HaBeaeHi y
abcomoTHHx (abc.), BijcoTkoBUX (%), Memianaux (Me) 3HAYEHHsX 13 BKa3zaHHAM 95-BiJICOTKOBOTO
nmosipuoro inTepBany (95 % MI). CraructudHui aHaji3 TPOBOIWIM 3a JOIOMOTOIO JIiIIEH30BaHOI
nporpamu MedCalc (MedCalc Software bvba, Ostend, Belgium; 2017).

PesyabTaTn.

lNneprnueBmMaru3anis KIITHH agger nasi BusiBieHa y 16 (14,7 %) xBopux, mo Hagani Oyio
BaYXIMBUM YMHHHUKOM IPH IUTAHYBaHHI JOCTYIy IO CJIi3HOro Mimika. 3ananbHa natojoris B HHIT
BusiBnieHa y 42 (38,5 %) oOcrexenux: ermoimut — y 29 (26,6 %), raiimopur — y 15 (13,8 %),
cenoimut —y 2 (1,8 %). YpaxkeHp 1000BUX MMa3yX HE BHUSBIICHO, a OJHOYACHE 3aIlajieHHS B KIITHHAX
rpar4acToro jJabipuHTY i B TaiMOpoBiil masyci crocrepiraiocs y 4 (3,7 %) xBopux. IlaTonoriuauii
nporec y HHITy 26 (23,9 %) xBopux MaB oaH0GiuHMI XapakTep, a 'y 8 (7,3 %) — ABoOiYHuiA.

Po3nozin mamieHTiB 1o rpymnam 3a HasBHICTIO 30iNbIICHUX KIITHH agger nasi Ta 3amaibHuX
3miH B HHIT naBeneno B Tabmumi 1.
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Tabmuns 1. Po3nofin mamieHTiB MO TpymnaM 3a HasBHICTIO 301IbIICHUX KIIITHH agger nasi Ta
sananpHux 3Mid B HHIT (n=109)

1A 1B 2A 2B 3
[ToxazHuk n=28 n=17 n=21 n=15 n=28

aobc. | % |abc.| % [abc.| % |abc.| % |abc. | %
lNnepnHeBMaTH3amisg Agger nasi 4 14,3 3 17,6 3 14,3 2 13,3 4 14,3
Talimoput 3 10,7 1 59 2 9,5 1 6,7 4 14,3
Cdenoimur 1 3,6 0 0 0 0 1 6,7 0 0
Ermoinut 7 25 4 23,5 5 23,8 3 20 6 214
EtMmoigut + raliMmopur 0 0 1 59 1 4,8 1 6,7 1 3,6
be3 3ananpHux mposiBiB y mazyxax | 17 | 60,7 | 11 | 64,7 | 13 |619| 9 60 17 | 60,7

[lpr mpoBeneHi CTATHCTUYHOIO aHAJi3y pO3MOAIN TMAIiEHTIB cepei KIIHIYHUX Tpym 3a
aHATOMIYHMUMHU OCOOJMBOCTSMH KJIITHH agger nasi Ta 3a HAsSBHICTIO 1 JIOKaNi3alli€l0 CHHYCHUTIB OyB
PIBHOMIPHHUM 1 CTaTUCTHYHO 3HAYYIIOI BiAMIHHOCTI HE OyJ10 (p>0,05).

3a marnmu anamizy KT, ciizHa siMka po3TamoByBaiachk Ha piBHI nmepenaboro Kinisg CHP y 43
(39,4 %) namienris, nonepeay Big Heoro —y 35 (32,1 %), a nosany —y 16 (14,7 %). V 15 (13,8 %)
crioctepexxeHHsAX 3a MaHuMu KT BH3HAYUTH BiTHOIIEHHS CII3HOI SIMKH 10 Tepeanporo kiumsg CHP
oyno yrpynaennm. 3 Hux 11 (10,1 %) nauwienTiB Oy i3 KOHTpOIbHOI rpynu i 1o 2 (o 1,8 %) xBopux
—i3 miarpyn 1B i 2B (puc. 4).
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Puc. 4. Pozmawysanus cuiznoi smxu 8ionocHo nepeonvoeco kinys CHP y nayienmis KAiHIuHUX 2pyn 3d
Odanumu KT, n=109
(OyiHKa CIMAMUCMUYHO SHAUYWUX GIOMIHHICIIL Midic 2pynamu 3a Kpumepiem x?, p<0,05).

%o

Sk BUAHO 3 JaHUX, HABEJICHUX HAa PUCYHKY 4, Ta MicJsl IPOBEJACHOT0 CTATHCTUYHOIO aHAIi3y,
y xBopux miarpym 1B, 2B Ta 3-1 rpynu J0CTOBIpHO HE BIaBajoCs OLIHUTH Bi3yalli3allifo CIi3HOI SMKH
BijiHOCHO mepenHboro kit CHP (p<0,05). V Bumamky po3raiiyBaHHs CIII3HOI SIMKH J1033]y Bij
nepenrporo kiHmg CHP Ta wHasBHOcTi cymytHboi concha bullosa i/abo medopmarii HOcoBOi
NIEPEropoJIKK y Wil 30Hi, mepepaxoBaHi 3MiHM MEPEIIKOHKAIN ONTUMAIBFHOMY AOCTYIY IO CIi3HOTO
MiIlIKa Ta CTBOPIOBAJIM MEBHI TPYAHOLLI NP XipypriyHOMY BTpYYaHHi.

Cryminbe iHTpaonepaniiinoi Bizyamizamii Xipypriunoro moss mnpu BukoHanHi EEJ[LPC
MIPUBEICHO HAa PUCYHKY 5.

Sk BUAHO 3 JIaHUX, HABEJICHUX Ha PUCYHKY 5, Ta Iicisl MPOBEIEHOTO CTATHCTHYHOTO aHawi3y,
IHTpaonepariitia Bizyaiizaiis Oyyia JOCTOBIpHO KpalIoro y MmarienTiB marpyr 1A ta 2A, ne monax 90 %
Oymu xBopi 3 1-2 crynenem (p<0,05). ¥ Toii ke yac ripma Bizyamizanis Oyna y miarpynax 1B ta 2B, ne
nonax 50 % xBopux Oyio 3 3-4 crynenem Bizyamizaii (p<0,05). Haiiripii pe3ynsraTu criocTepiraimcs
y rpymi Ne 3, ne 75 % nauienTiB Oymu 3 3-4 cTynenem Bizyaunizauii xipypriunoro nois (p<0,05).
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Puc. 5. Cmynins inmpaonepayitinoi izyanizayii Xipypeiuno2o nois y KiiHiYHUX epynax 32i0Ho 3i
wixanoiw Andre P. Boezaart, N=109 (oyinka cmamucmuyro 3Ha4yuux iOMIHHICIb MIdC 2pynamu 3a
kpumepiem x*, p<0,05).
Sk gomaTkoBWA 1 HENMPSAMUN MOKA3HUK MU BUPIIIWIM TpOaHATi3yBaTH BUTPAYCHUH dYac Ha
6e3mocepente BukoHanus EEJILPC (puc. 6).
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Puc. 6. Tpusanicmov 6esnocepeonvoco emany EEJ{IIPC y nayicumie KiiHiuHux pyn, X6uiuru (OyiHka
CIMAmMUCMUYHO 3HAUYUWIUX BIOMIHHICTIL Midic 2pynamu 3a kpumepiem Kpackena-Yoneca, p<0,05).

SIK BUIHO 3 HaBEACHUX JaHUX HA PUCYHKY 6 Ta Micis MPOBEIEHOr0 CTaTHCTHYHOIO aHai3y,
HaMKOPOTILOO TpUBAJiCcTh onepauii Oyna y miarpynax 1A i 2A (menianne 3Hauenns 45 1 40 xB; 95 %
I 35-45 xB, p>0,05), npu NOpiBHSIHHI 3 IHITKMHU TPYIIaMH BiIMiHHICTh OyJia CTATUCTUYHO 3HAYYIIIOKO
(p<0,05). V¥ mnartienTiB 3-1 rpynu omnepailisi TpHBaia HaWJIOBIINKA MEPioj Yyacy — MeiaHHEe 3HAYCHHS
cknano 101,5 xB, a BiAMIHHICTB BiJ IHIIUX Tpyn Oyna cratucTHYHO 3Hauymowo (P<0,05). XBopi
miarpyn 1B Ta 2B 3aiiManu mpoMiKHE IOJIOKEHHS MK BHIICBKa3aHHMMHU Tpynamu (MeliaHHe
3HAYEHHS CKIIAJIO 65 XB) 31 CTATHCTHYHO JAOCTOBIpHOIO pizHuIE (P<0,05).

OOroBopenHsi pe3yabTariB. BuBuaioun iHQOpMATHUBHICTH JOAATKOBUX MNPOMEHEBUX
JIIarHOCTUYHKX METOJIIB IPH 00CTEXKEHHI NallieHTiB 3 X/, HAyKOBIli HE 3aBXK/1 BUKOPUCTOBYIOTH €IHHI
CTaHIAPTH30BaH1 KPUTEPIl 1 BIJHOCHO PIAKO 3ICTAaB/ISIOTh OTPUMAaHI Mepeonepaliiiti JiarHOCTUYHI JaHi
3 HaCTYITHUM TepediroM XipypriuHoro BTpy4YaHHs Ta 3 IiICYMKOBUMH pe3yJbTaTaMu JiKyBaHHs [14].

VY Hawiii poOoTi mpu 3acrocyBanHi po3pobnenoi merogukun KT CBIL B nepenonepauiiinoMy
o0cTexeHHl XBOpUX 3 X/I BiJIMIiYArOThCS JIOCTOBIPHO KpaIlli pe3ysibTaTH Yy MallieHTiB marpyn 1A ta 2A.
IIpoanaiizoBaHa Buille pi3HHI OyJia [TOB’s3aHa 3 TUM, 1110 Y miarpynax 1B i 2B, a takox y 3-i rpymi mpu
TUIaHYBaHHI CIPSIMOBAHOCTI i1 00CATY XipypridHOTO BTpy4YaHHs OyJI0 HEAOCTATHBO JiarHOCTUYHHX JaHHX,
OTPUMAHUX IPH PEHTTCHOJIONTYHOMY OOCTEXEHHI MAIli€HTIB. SIK HACTIIOK, HE 3aBKId OYJI0 MOXKIMBUM
OI[IHUTH CITIBBIIHOIIIEHHS IIATOJOTTYHO 3MIHEHOI'O CJII3HOI'O MIIIKA 1 CII3HOI IMKH, BU3HAUMTH TOJI0KESHHS
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CNII3HOI SIMKH BiJIHOCHO Tepennboro kinmsg CHP, mepemieskaHHs KIITHH PENIiTIACTOro JIabipuHTY abo
TaYKOMOAIOHOTO BiPOCTKA, JOKATi3yBaTH HAWTOHIIY KICTKOBY CTIHKY Ha NDIAXY JOCTYITy IO MIillKa.
Uepes me mpu (opMyBaHHI «KICTKOBOTO BIKHA» HE 3aBXKIM BIABAaJOCh TOYHO 1AEHTHU(IKYBAaTH MiCIle
TpenaHanii B «ONTUMaJIbHII» JOKallii, HAHOCHIIACh OLIbIIIa KICTKOBa TpaBMa, BUTpavaBcs Oubimii yac. Ha
3aKJIFOYHOMY €Talll BUKOHAHHS JaKpPiOMHCTOPUHOCTOMII 3HaYHy YaCTHHY Yacy BiOMpPaB IMONIYK CITi3HOTO
MIIIIKa, 10 TIPU3BOAMIIO JI0 3aiBO1 TpaBMaTH3AIlii Ta KPOBOTOUYMBOCTI OTOYYIOUNX TKaHHH.

BucnoBku. 1. Anaromo-tomorpadiuni ocobmuBocti CBIIl HeoOXigHO BH3HAYaTH Ta
BPaxOBYBATHU MPH XipypriyHOMY JIIKyBaHHI Ta CHOCTEPEKEHHI XBOPHUX 3 XPOHIYHUM JAKPiOLHCTUTOM.

2. Bukonanuss KT CBIII 3a po3po0iieHOI0 METOAMKOIO JT03BOJIIE OTPHUMATH MAaKCHMAaIbHO
TOYHI ¥ HEOOXimHI JaHi, a X PEeTeTbHUI aHajli3 3a BHUINCBKAa3aHUM aITOPUTMOM HEOOXiTHHMA IS
TUTaHYBaHHS CIIPAMOBAHOCTI i1 00CATY XipypriyHOTO BTpY4aHHS.

3. Pospobiena namu wmerommka KT CBII npu oOCTeXeHHI MAIEHTIB 3 XPOHIYHHM
JTAKPIONMCTUTOM JIO3BOJISIE CTATHCTUYHO 3HAYYIIE MiABUINMATH iHPOPMATHBHICTH IOCTIIKEHHS Ha
25% Ta € eeKTUBHINIO B OPIBHAHHI 3 TPAAULIHHOIO, & BAKOHAHHS XipYPri4YHOTO BTPYYaHHS MpH il
3aCTOCYBaHHI — OIIAHUM.
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In pain syndrome in clinical practice, an important component is the appointment of opioid
drugs [12]. Long-term use of opioids often begins with the treatment of acute pain, however, to date
there are insufficient data to characterize the transition from acute to chronic opioid use [13].
Prolonged abuse of opioids leads to various complications with systemic organ damage. Among the
pathology of the oral cavity, periodontal tissue lesions occupy one of the leading places, because these
tissues reflect the influence of harmful factors and homeostasis, and the mucous membrane is one of
the first target organs that responds to intoxication by harmful factors [1, 5, 10, 11]. In opioid-
dependent individuals, the heterogeneity of the microbiocenosis prevails in both qualitative and
quantitative composition of the bacterial flora, which also depends on the duration of drug abuse [2,
6]. Since one of the main etiological factors is recognized as microbial, there is a need to focus on the
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basic principles of therapy primarily to eliminate plaque and dental plaque, which cause the
development of inflammation in the oral cavity [3, 4, 8, 14]. Due to the great variety of mechanisms of
colonization and virulence of pathogenic microorganisms of dental plaque, the use of local and
systemic antibiotics is extremely necessary [8]. An important aspect for the selection of effective
etiotropic treatment is testing the degree of sensitivity of bacterial isolates to antibiotics [7, 9].
However, in the available sources we did not find data on the peculiarities of microbiome changes in
the cervical part of the teeth and gingival margin at different stages of opioid exposure and,
accordingly, etiopathogenetic treatment with antibacterial drugs under such conditions.

The aim of the study was to determine the changes in the qualitative and quantitative
composition of the microbiome in the cervical part of the teeth in the gingival margin of the oral cavity
of rats under experimental opioid exposure, its cancellation and complex drug correction using a
course of antibiotic therapy with ceftriaxone.

Materials and methods. The study material was white outbred male rats (58), average body
weight 180 g, age 4.5 months. The duration of the experiment was six weeks. Experimental animals
were divided into 5 groups. The first group consisted of 10 intact rats. Each experimental group
included 12 individuals. In the second group, the opioid analgesic nalbuphine was administered daily
intramuscularly for six weeks, and the average therapeutic dose for rats was 0.212 to 0.252 mg / kg.
The third group - rats were injected with nalbuphine - 0.212 mg/kg during the first two weeks,
followed by its cancellation. In the fourth group, the animals were administered an opioid analgesic at
a dose of 0.212 mg / kg for two weeks, followed by a four-week drug withdrawal and drug correction
with pentoxifylline (4 weeks) and ceftriaxone (11 days) at doses of 2.86 mg / kg. The fifth group - rats
for six weeks were injected with nalbuphine (from 0.212 to 0.252 mg/ kg.), As well as pentoxifylline
in the period from the third to the sixth week and 11 days of the antibiotic ceftriaxone (32-42 days) - 2,
86 mg/ kg. The animals were kept in standard vivarium conditions and all experiments were
performed in compliance with the provisions of the "European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes” [Strasbourg, 1985].

Collection of microflora for bacterioscopic and bacteriological studies was performed in the
cervical part of the teeth in the gingival margin of the oral cavity of rats. In the previous stage, it was
found that the studied bacterial strains were more sensitive and sensitive to ceftriaxone compared to
other antibacterial drugs. According to the instructions for medical use, the duration of therapy with
ceftriaxone is from 4 to 14 days, however, in chronic infections, longer use is recommended, and in
the presence of Streptococcus pyogenes - at least 10 days. In this case, the maximum allowable dose
of antibiotic - up to 4 g per day. Therefore, we chose a regimen of ceftriaxone therapy - 11 days, at a
dosage of 1 g per day. In terms of rats, the dose was 2.86 mg / kg. In bacterioscopic studies, the
assessment of prokaryotic gram-positive and gram-negative microflora was performed on the
quantitative relationships of the main elements in the smear. To identify the characteristic cultural
characteristics and quantitative characteristics of the microflora, bacteriological studies were
performed by performing cultures on standard nutrient media. The obtained data, for further statistical
analysis, were tested for normality by calculating the coefficients of asymmetry and excess using the
Shapiro-Wilk test (significance level p <0.05). Because all data obtained were of a normal distribution,
the central trend was presented as M = SD (mean + standard deviation). All statistical calculations
were performed using RStudio v. 1.1.442 and R Commander v.2.4-4.

Research results. In the third group of animals, the analysis of the species and quantitative
composition of the microbiota of the studied subbiotope of the oral cavity of rats was performed at the
end of the sixth week of the experiment. The study of microbiota features in the studied subbiotope of
the oral cavity of rats showed changes in the aerobic microflora, especially in the quantitative
characteristics of individual species. According to the results of a statistical study, the significance of
the difference for all microbial groups at different terms of opioid exposure during the experiment was
proved (p <0.0001).

Bacterioscopic examinations revealed mainly gram-positive microflora in the form of rod-
shaped or filamentous bacteria, individual clusters of coccal flora. Gram-negative rods and yeast-like
cells were found singly in the smears. Neutrophilic leukocytes, degeneratively altered and destroyed
epitheliocytes, as well as epithelial cells with adsorbed coccal microflora up to 15 in the field of view
were visualized.

In bacteriological studies, it was found that the state of the microbiocenosis in the studied
subbiotope of the oral cavity varied compared with the intact group of rats, as well as with group 2
animals treated with nalbuphine for six weeks. Quantitative indicators of normal microflora in group 3
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increased in comparison with similar indicators of intact rats. Thus, the number of non-hemolytic
streptococci increased 1.3 times compared to the intact group - up to 60.78 + 6.72 CFU / 0.02 ml. and
gram-positive non-spore rods 1.7 times - 15.22 + 4.99 CFU / 0.02 ml. At the same time, there was no
significant difference with the corresponding indicators in animals of group 2, which were
administered opioids for six weeks. The number of gram-positive spores was 13.22 + 2.17 CFU / 0.02
ml, which did not differ significantly from similar intact animals and decreased 1.4-fold compared to
animals treated with opioids for six weeks.

Quantitative composition of opportunistic pathogenic microflora was characterized by
different indicators. Quantitative indicators of a-hemolytic streptococci in group 3 did not differ from
the corresponding indicators of intact animals and amounted to 65.33 = 7.57 CFU / 0.02 ml., However,
were 1.6 times higher than similar indicators of group 2 animals. There was a significant increase in
the number of coagulase-negative staphylococci to 61.56 = 4.07 CFU / 0.02 ml, which was 5.9 times
more than in the intact group of rats and 1.7 times compared with the corresponding indicators in
animals with opioid administration for six weeks (2 groups). The number of enterococci did not differ
from the intact group of rats, which was at this time - 19.22 + 5.24 CFU / 0.02 ml and decreased 1.6
times compared with animals with six weeks of opioid administration. A significant decrease in the
quantitative indicators of enterobacteria was recorded. Thus, the number of Escherichia coli colonies
was 4.00 = 0.71 CFU / 0.02 ml, which was 1.7 times less than in intact animals and 7.0 times
compared to similar indicators in group 2.

At the same time, a small number of Escherichia coli colonies was noted - 3.11 + 0.93 CFU /
0.02 ml, which was 6.8 times less than in the 2nd group of animals.

However, these enterobacteria, which show signs of pathogenicity, were absent in intact rats.
Attention was drawn to the appearance of Staphylococcus aureus - a microbial group of coagulase-
positive staphylococci - in the amount of 6.00 = 0.71 CFU / 0.02 ml. This species was not sown in
intact animals, and in the group of animals exposed to six weeks of analgesics, their number was
greater. Fungal microflora in the amount of 6.00 + 0.50 CFU / 0.02 ml and single colonies (1-2) of
Klebsiella were sown on standard nutrient media. Colonies of beta-hemolytic streptococci, bacteroids,
and Pseudomonas aeruginosa were not sown in this subgroup (Table 1).

Table 1. Species and quantitative composition of the microflora of the cervical part of the teeth
and gingival margin of rats at the end of the sixth week of the experiment, under conditions of opioid
withdrawal and drug correction (CFU / 0.02 ml).

Ne Bacterial groups Intact group | After 6 weeks 2 weeks - 2 weeks - 6 weeks -
of opioid opioid, 4 opioid, 4 opioid, 4
action weeks - weeks - weeks -
cancellation cancellation correction
and
correction
1. | Non-hemolytic 45.11+£5.16 60.67+5.55 60.78+6.72 4.00+0.71 16.11£2.03
streptococci
2. | Gram-positive non- | 9.00+1.22 18.00+2.45 15.22+4.99 - -
spore rods
3. | Gram-positive 9.00£1.12 19.0042.65 13.2242.17 - -
spores rods
4. | a-hemolytic 65.44+4.36 40.56+6.02 65.33+£7.57 9.11£1.05 7.00+£0.71
streptococci
5. | Coagulase-negative | 10.33+3.67 35.78+4.66 61.56+4.07 4.00+0.87 14.11+1.54
staphylococci
6. | Enterococci 18.33+2.96 30.22+6.40 19.22+5.24 21.33+5.85 14.22+1.92
7. | Escherichia coli 7.00£1.50 28.11+£2.71 4.00+0.71 9.2242.22 10.11+2.09
8. | Hemolytic - 20.33+5.00 3.11£0.93 - -
Escherichia coli
9. | B-hemolytic - 27.11+£5.93 - - -
streptococci
10 | Coagulase Positive | - 16.11£2.03 6.00+0.71 - -
staphylococci
11 | Klebsiella - 12.00+1.50 1-2 - -
12 | Fungal microflora - 1-2 6.00+0.50 16.33£2.29 14.22+3.07
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According to the experimental scheme, animals of group 4 were exposed to opioid for two
weeks, followed by withdrawal and drug correction for four weeks, using an 11-day course of
ceftriaxone at the end of the experiment. Bacterioscopic smears mainly visualized gram-positive
microflora in the form of small clusters or short chains of coccal microorganisms, as well as a small
number of epithelial cells with cocci adsorbed on their surfaces. Obligatory anaerobic gram-negative
bacteroids were not detected in the field of view.

Bacteriological studies after a course of antibiotic therapy revealed a decrease in the
quantitative composition of non-hemolytic streptococci in 11 times compared with intact animals - up
to 4.00 = 0.71 CFU / 002 ml. and, accordingly, 15 times compared to similar animals when opioid was
administered for six weeks. Gram-positive non-spore and gram-positive spore bands naturally
sensitive to antibiotics were not detected.

Quantitative indicators of opportunistic bacterial species also decreased. Thus, the number of a-
hemolytic streptococci decreased 7.2 times compared with the intact group of rats - up to 9.11 + 1.05
CFU / 002 ml and 4.5 times compared with six weeks of opioid administration. The number of
coagulase-negative staphylococci was halved to 4.00 = 0.87 CFU / 002 ml compared to intact animals
and 8.9 times compared to similar animals in opioid administration for six weeks. Significant differences
in the quantitative indicators of enterococci (21.33 + 5.85 CFU / 002 ml.) Compared with the intact
group of animals were not detected, however, their number decreased by 1.4 times, compared with the
corresponding indicators in animals with six weeks of opioid action. During this period of the study, the
quantitative indicators of Escherichia coli (9.22 + 2.22 CFU / 002 ml.) Remained close to the indicators
of the intact group of animals, however, decreased by 3.1 times compared with the corresponding
indicators in animals with opioids for six weeks. In animals of this subgroup were also sown Candida
albicans fungal microflora in the amount of 16.33 + 2.29 CFU / 002 ml. It should be noted that
pathogenic bacterial species, such as f-hemolytic streptococci and coagulase-positive staphylococci were
eliminated as a result of experimental antibiotic therapy (table 1).

In group 5 animals, in order to study the effectiveness of pathogenetic treatment of cervical
and gingival dysbiosis, which developed with prolonged opioid exposure for six weeks, antibacterial
therapy with ceftriaxone was used as part of a comprehensive drug correction 32 days at the end of the
experiment. Bacterioscopic studies of smears in the study area indicated a decrease in the activity of
formation of extracellular structures in the form of a biofilm, the predominance of gram-positive
microflora and epitheliocytes with adsorbed coccal microflora.

Bacteriological studies in group 5 of animals showed changes in the species and quantitative
composition of the microbiota of this subbiotope of the oral cavity. In particular, the quantitative values
of non-hemolytic streptococci decreased 2.8 times - up to 16.11 £ 2.03 CFU / 002 ml compared to the
intact group of animals and 3.7 times compared to the group in animals treated with opioids for six
weeks without corrective action. Gram-positive non-spore and spore rods that were naturally sensitive to
antibiotics were not sown on standard nutrient media (Table 1). The quantitative composition of
opportunistic bacterial species also changed significantly. Thus, the number of a-hemolytic streptococci
decreased 9.3 times - up to 7.00 £+ 0.71 CFU / 002 ml compared with the intact group of animals and 5.8
times compared with those in animals with six weeks of opioid administration without antibiotic therapy.
There was a slight increase in the quantitative indicators of coagulase-negative staphylococci - up to
14.11 + 1.54 CFU / 0.02 ml. compared with intact animals, however, the rates decreased 2.5-fold
compared with opioid-treated animals for six weeks without corrective action.

The number of enterococci (14.22 £ 1.92 CFU / 002 ml.) Was slightly reduced compared to
the corresponding values in intact animals, and was twice lower than in animals with six weeks of
opioid administration without drug correction. The quantitative composition of Escherichia coli was
10.11 £ 2.09 CFU / 002 ml, ie did not differ significantly from intact animals, but decreased by 2.8
times compared to animals treated with opioids for six weeks without the use of antibacterial drugs.
Under the action of ceftriaxone, hemolytic Escherichia coli was eliminated at the sixth week, but the
fungal microflora remained in the amount of 14.22 + 3.07 CFU / 002 ml. In almost all cases, under the
conditions of antibiotic administration, at the end of the experiment there were signs of significant
restriction of pathogenic bacterial groups, in particular, no f-hemolytic streptococci and coagulase-
positive staphylococci were sown (Table 1).

Conclusions. 1. Detected changes in the microbiome under the action of opioids for two
weeks and its four-week withdrawal indicated a violation of microbiocenoses in the neck region in the
gingival margin and as a consequence - a probable violation of protective antimicrobial factors of the
oral cavity of animals.
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2. In animals exposed to nalbuphine for two weeks, followed by discontinuation and

administration of ceftriaxone antibacterial therapy, there were signs of elimination or reduction in the
quantitative composition of bacterial species that are potentially etiological agents of inflammatory
processes.

3. With the introduction of ceftriaxone on the background of opioid activity for six weeks

eliminated bacterial species that are likely to cause inflammation, and the number of other indicator
species decreased, indicating the normalization of microbiocenoses of the studied biotope compared
with animals correction under such conditions.

10.

11.

12.

13.

14.
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Beryn. [loBepxHEBO-aKTHBHI PEUOBHHH — XIMI4HI MPOJYKTH, IO CHOXHBAIOTHCS Y BEIUKIH
KUTBKOCTI y cBiTOBOMYy MacmiTabi. [loBepXHEBO-aKTHBHI PEUYOBHHH BUKOPHUCTOBYIOTHCS B PI3HHX
ragy3six NPOMHUCIOBOCTI: B Xapd4oBid, (apMaleBTWUHiH, TEKCTHJIbHIH, y BHPOOHMUTBI 3aco0iB
0cOoOHUCTOT TirieHn, MUIOYHUX 3ac00iB, moyIiMepiB, (apd Ta MOKPUTTIB Ta iHmi. Ha Bigminy Big Muia ta
MHUIOYMX 3ac00iB, BUTOTOBIEHUX MO MOYaTKy XX CTONITTS, OUIBINICTH 3 SKUX BUTOTOBIISUIHCS 3
TBapUHHMUX KUPIB a00 POCIWHHHUX OJiH, MOBEPXHEBO-aKTUBHI PEUOBHHM, BHUPOOJIEHI TMPOTATOM
OCTaHHIX CTa POKiB, BCe OijIbIle 3a1ekKaTh Bl HAPTH.

3 TuX mip, K CTajJO BiZAOMO, L0 TOBEPXHEBO-aKTUBHI PEUOBHHU MOXKYTh HECHPHUSITIUBO
BIUTMBATH Ha BOJIHE MJOBKULIA, 3matHicTh [IAP mo OGiosorigHoro poskiamaHHa Ta OioJjorigdHa
CYMICHICTb CTaJIM TAKMMH 3K BOKJIMBUMHU JUTS CTIOXKKBAYA, SIK 1 iX QyHKIIOHATBHI BIacTUBOCTI [1-2].

OcTaHHIM 4YacoM Yy €KOJIOTiB Ta HayKOBLIB BHKIHMKAaEe CTypOOBaHICTH JOBIOCTPOKOBA
ekojorigyHa CTikicTh [IAP Ha OCHOBI BHKOITHWX BH[IB TaJIMBA, IO MPU3BOIUTEH IO BiTHOBICHHS
iHTepecy 1m0 OioyoriyHoi cupoBuHH. JIKepemom OlOMOTIYHOI CHPOBWHH, SKHH HaWdacTimie
BUKOPUCTOBYETBCS JJIsl BUTOTOBJICHHS MOBEPXHEBO-aKTUBHHUX PEUOBHH, € JKMPHA alWbHA IpyIa,
OoTpuMaHa 3 POCIMHHUX oiyid. ['igpodinpbHa YacTHHA MOBEPXHEBO-aKTUBHUX PEUOBHH TAKOXK MOXKE
OyTH OTprMaHa 3 TOHOBIIOBAHUX JDKEPEN, TAKNUX AK IyKPH, TIIIEPUH, aMiHOKACIIOTH Ta 1X MOX1IHI.

Merta poGoru. IIpoBeneHHS aHANITUYHOTO OMISAY  CHOCOOIB OTPHUMAaHHS IOBEPXHEBO-
AKTHBHHUX PEYOBUH — CKJIAJAHUX e]ipiB )KUPHUX KHUCIOT i IyKpiB. BU3HaUeHHS HAMOIBII €KOJIOTIHHOTO
1 TEXHOJIOTIYHO OOTPYHTOBAHOTO MIAXOY JIJIsl OTPHUMAHHS KUPHOKUCIOTHUX eipiB IYKpiB.
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AHai3 OCHOBHHUX JI0CSTHeHb i JiTepaTypu. [loBepXHEBO-aKTHBHI PEUOBHHH TPaTUILIHHO
BUTOTOBJISIIOTh 32 JOIOMOTOI0 XIMIYHHX IIPOIECIB, SIKI CITOKMBAIOTh BEIHKY KIUIBKICTh EHEprii,
HaNpUKIaA, TIpH Temmeparypax, mo mnepeBumnyoTh 100 °C, BUMararoTb BHCOKOI KHCIOTHOCTI abo
JY»KHOCTI PEeakLifHOTro cepeloBHIa a00 BUKOPUCTAHHS OPTaHIYHUX PO3YMHHHUKIB. 3aMiHa XIMIYHHX
TIporieciB Ha PEpMEHTHI, € IPUKIIAIOM "3eJIEHOTO BUPOOHHUIITBA" .

Buxopucranas pepMEHTHHX KaTali3aTOpiB Ma€ Psij MepeBar y MOPiBHAHHI 3 XIMITHUMHU:

-3HIKYETBCS TeMIepaTypa npouecis, (0TI HU3bKE SHEPTrOCIIOKUBAHHS, 10 PU3BOIUTH J10
sHmkeHHst BUKUiB CO2 Ta IHIIMX NAPHUKOBUX T'a3iB B HABKOJIUIIIHE CEPEIOBUIIIE),

-3MEHIITY€EThCS KITBKICTh BIIXOIB BHPOOHHUITBA Ta MOOIYHUX MPOAYKTIB, BIICYTHI TOKCHYHI
MeTaJiyHi KaTaji3aTopH, KUCIOTH Ta JyTH (MiABUIIYEThCS Oe3rmeka Ha podoYoMy Micmi Ta y
HaBKOJHMITHHLOMY CEPEIOBHIIII ).

binpmr HM3BKI TeMmepaTypd 3HIDKYIOTh HeOakaHi TMOOIUHI peakiii, Taki sK Jerpamarmist
MTOABIHHUX 3B’S3KiB Y HCHACHUCHUX AIlMIBHUX TPYIax. 3aMiHa METaJIeBUX, KUCIOTHUX a00 JTy)KHHX
KarajizaTopiB Ha (DEpMEHTHI 3MEHIIY€E BUKHJ BAKKUX METAJIB 1 IHIIUX MOTCHIIHHO HIKIIJIMBUX
PCUYOBUH y HABKOJIMIIHE CEPEOBHIIE, & TAKOX iX BMICT Y KiHIEBOMY MpoaykTi. Kpim Toro, depe3
BHUCOKY CEJEKTHBHICTh 0ioKaTami3aTopiB pO3MOALT TPOAYKTIB YacTO 3BYXKYEThCS IIOPIBHSAHO 3
XIMIYHIMH ~ cHUHTe3aMHu. lIpu BHUKOpUCTaHHI CTEXiOMETPUYHUX TPOIOPIIA  cyOcTpaTiB y
(epMEHTATHBHUX TPOLECaX 3MEHIIYEThCS KUIBKICTh HEBUKOPUCTAHUX CyOCTpaTiB y KiHIIEBOMY
HPOAYKTI, TAKUM YHHOM 3MEHIIYEThCSI HABAHTAKCHHSI I OUnILeHHs [3].

Jo HemomikiB (pepMEHTHOTO OTpUMaHHS IMOBEPXHEBO-aKTUBHUX PEUOBHH MOXHA BiTHECTH
HACTYIIHI: BHCOKa BapTicTh ()EPMEHTIB, HHU3bKAa IIBUJAKICTh peakiii, HEOOXiIHICTb BHKOPUCTAHHS
BHCOKO OYMIICHUX BHUXIJHUX MaTepiaiiB, OOMEXEeHHs OIepallifHuX yMOB, a caMe TeMIIEpPaTypPHOTO
iHTepBany Ta 3HadeHHa pH. L{i Hemomikn CTPUMYIOTh Cy4acHE BUKOPUCTAHHS ()epMEHTHHX IPOIIECIB,
OCKIUTbKM BOHM BUMAraroTh IOMEPeJHIX MpOIECiB OYMILIEHHS Ta CTBOPIOIOTH OOMEKEHHS POOOUMX
yMmoB (temnepatypa Hmwkde 100 °C, mo0 yHUKHYTH aeHarypanii ¢epmeHTiB). HoBi mocsrHeHHS B
ramysi €H3UMOJIOTil, Taki SK po3poOKa TeXHOJorii iMMoOimi3arii ¢epMeHTIB, OTpUMaHHS OiTBII
AKTUBHHX Ta CTaOUIBHUX (DEPMEHTHUX IMpenapariB J03BOJSIOThH 30UTBIINTH TEPMiH IX BUKOPUCTAHHS 1
3po0HUTH epMEHTATHBHI TEXHOJIOTIT O1IbII MPUBAOIMBUMH i TIEPCIIEKTUBHUMU [3].

Edipu mykpiB Ta )KUpHHUX KUCIOT BUPOOISIOTHCS 3 BiTHOBIIOBAHUX PECYPCIB, TAKHUX SK IIYKPH
Ta KUPHI KUcI0oTH. BoHM 610J10T4HO PO3KIIAAAI0THCS, HE MAlOTh 3allaxy, He TOKCUYHI, He BUKIUKAIOTh
NOJJpa3HEeHHs, 3HAWJIeHO IX IIMPOKE 3aCTOCYBaHHS B XapyoBil, KOCMETHYHil Ta (apmameBTHUHIN
rany3sax. CkianHi eipu MyKpiB Ta )KUPHUX KHCIOT MOXKYTb OyTH CHHTE30BaHI NUIIXOM eTepudikarii
JKUPHAMH KHCIIOTaMU a0o repeerepudikariii 3 kapOOHOBUMU edipaMyl y HEBOJHHUX CEPEOBUINAX IS
3ano0iraHHs MOKIJIMBOTO Ti[poJIizy eipHOTO MPOAYKTY.

Tpaguuifino edipy IykpiB H KUPHUX KHUCJIOT CHHTE3YIOTHCS XIMIYHMMH METOJaMU B
EKCTPEMaJIbHUX YMOBaXx (3 3aCTOCYBaHHSIM BHCOKOI TEMIIEpaTypH ¥ TUCKY, Y MPUCYTHOCTI JIYKHUX a0o
KHUCJIOTHUX KatainizaTopiB [4-5]. Tak, cuaTe3 criagaux edipiB copbiTaHy Ta JKUPHUX KHCIOT BKIFOYAE
JIBOCTAIIMHUIA ITPOIIEC, 110 CKJIAJAEThCS 3 Jeriapartailii copditany B mpucytHocTi NaHPOs mpu 150-
200 °C, a moTiM B IPHCYTHOCTI KaTtayizaTopa KapOOHaTy Harpito eTepu]ikallisl >KUPHUMH KUCIOTaMHU
npu 200-250 °C [6]. Edipu caxapo3nm CHHTE3YIOTb y HPHUCYTHOCTI KaTaji3aTropa KapOOHaTy KaJlilo
nepeerepudikaliiero 3 METUIOBUM ehipoM KUPHOT KUCIOTH B quMetuiipopmamizi mpu 90 °C [6-7].

Junst orpriMaHHst eipiB IYKpiB i KUPHUX KUCIIOT 3 BUKOPHCTaHHAM (DEPMEHTHHUX IpETapaTiB
B JaboparopHOMy MacmTabdi y HEBOAHUX CEpENOBHIIAX AaBTOPM 3aCTOCOBYBAIM OpTaHiuHi
PO3YMHHUKH, HAJKPUTUYHUHN JIOKCUH BYTJICIO, 10HHI PiJIMHU, €BTEKTHYHI CYMIIlli Ta CEepPEIOBHINA,
IO HE MICTATh PO3YMHHHUKIB. DEpMEHTH KaTali3yloTh peakilii B HEBOAHOMY CEpPEIOBHII 3a M’SIKHX
YMOB, JI03BOJISIIOTh OTPUMATH BY3bKHUH DPO3MOJIT HPOIYKTIB MPHU MOPIBHSHO BHCOKUX IIBUIKOCTSIX
peakuii [8]. Po3unmHHMKM 3a3BHYall BUKOPUCTOBYIOTH AJIsi (PEPMEHTHOrO CHHTE3y edipiB LYKpiB i
KUPHHUX KHCJIOT Yy JIAOOPAaTOPHUX MacmTadax, Mo0 JOMOMOITH COJOOUTI3yBaTH PEAKIiiHY CyMIll.
Tun po3YMHHUKA YUHWUTH Pi3HUHU BIUIMB Ha (EpMEHTHY peakuito. B mitepaTypi Oarato mpukianiB
NOPIBHSIHHS BUKOPHCTAHHA PI3HUX THIIB PO3YMHHHKIB (ALETOH, IiOKCaH, 2-MeTHJ-2-OyTaHOI,
ETHUJIMETHIIKETOH, TeTpariipodypaH, alleTOHITP1JI, FeNTaH, TOJIYOJI Ta 1HIII) Ta IHKEPeS JIMOJITHIHNX
(bepMeHTIB JJIs ONTHMI3aIli1l IIBUAKOCTI peakilii Ta Buxoxy edipis [9-17].

Cunte3 MOHO- Ta AieipiB Tperamso3u KampuioBOi, JaypWHOBOI Ta MajJbMITHHOBOi KHCIOT
KaramizyBanu Jinazoro Fermase CALB ™ 10000. AKTHBHICTE (PEPMEHTY CHIBHO 3aJICKHUTH Bif
MPUPOJIN PO3YMHHUKA. BibImicTh ()EPMEHTIB AEMOHCTPYIOTh KpaIlly CTaOLIbHICTh Y HEMOJSPHUX
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PO3YMHHHUKAX a OTKE, 1 BUCOKY aKTUBHICTh. OIHAK HEMOJSPHI PO3YMHHUKH HE € KPAIlUM peaKkiiHuM
CepeIoBHINEM /IS eTepudikallii 4epe3 HU3bKY PO3YHHHICT MOJSIPHHUX CIIONYK, TAKUX 5K TUCAXaPH/IH.
OTxe, BIAMOBIAHUIA PO3YMHHUK AaB OM Kpamui BHXiJ IyKPOBOro edipy, JEMOHCTPYIOUYH Kparry
PO3UYMHHICTh Aucaxapuay Ta / abo JEeMOHCTPYIOUM Kpamly cTabiibHicTh (epMeHTy. OCKiTbKU
erepudikamis € peakIliero AerimpaTarii, peakIiiifHe CepemoBHINE I OIMOCEPEIKOBAHOTO JIINA30i0
cuHTe3y e(ipiB )KUPHUX KUCIOT Ma€ OyTH HEBOAHHUM. [/lealbHIM PO3YMHHHUKOM /ISl CHHTE3Y edipiB
IYKPOBHX XUPHHUX KHCIOT OyJe TOMW, SIKMH MOKa3ye MaKCHMalbHY PO3YMHHICTb 000X pPEarcHTIiB 1 He
NepelKoKae akTUBHOCTI (epMeHTiB. Cepell ITOCTIKYBaHUX PO3UYMHHMKIB JIMILIE aleTOH MOKa3aB
MIEPETBOPEHHS TPETANO3H B CKJIAIHI €hiph KUPHUX KACIOT. JKOJEH 3 IHIMMUX PO3YNHHUKIB HE BUSBUB
HisfKOi erepudikarnii. CuHaTe3 MOHO- Ta miedipiB Tperamo3u OyB YCHIIIHO MPOBEACHHWN B areToHi 3
BUKOPUCTAHHIM JWTiApaTy Tperajo3d Ta NadbMITUHOBOI KuCiIOTH. ONTUMi30BaHE MOJSIpHE
nepeTBopeHHs 35% Tperanosu B ii ckiagHi edipu maapmiTaty Oyino oTpuMano B aneToHi mpu 60 °C 3
MOJISIPHUM CITiBBiJHOIIIEHHSAM Tperajao3a: HaJlbMITHHOBA KuciioTa 1: 5 3a 4 rom. [18].

JIBi imo6inizoBani minmasu 3 Candida antarctica (SP 382) i C. Cylindracea 6ynu BuKopucTaHi
JUTSL CHHTE3y HOBHX alleTHIILOBaHUX e(ipiB KUPHHUX KUCIIOT Ta TIIOKO3H 3 TICHTAALlETaTOM TIIIOKO3H Ta
pocnuHHEM MacsioM (80 % oneiny) sik cyOcTpaTamMu B OpraHIYHMX PO3YMHHUKAX. BimHOCHMI BuXin
NPOAYKTIB peakuii ckiaB 6,4-52 %, a BKIIIOYEHHS OJETHOBOI KHCJIOTH B TJIIOKO3y CTaHOBMIA 31-
100 %. Kpim Toro, mi aBa pepMeHTa 3MOTIIN KaTalli3yBaT CUHTE3 CKIAIHUX e(ipiB KUPHUX KUCIOT i
TJTFOKO3M 3 BUTBHOIO TITFOKO3010 SIK cyocTpaTtom. [19].

Walsh M.K. nopiBatoBaB pi3Hi ninasu (3 Pseudomonas cepacia, R. miehei, Candida antarctica
i Thermomyces lanuginosus) Ta pPO3YMHHUKH (2-METHI-2-OyTaHOJN, alleTOH i METHJICTUIIKETOH) Y
(epMEHTHOMY CHHTE31 MOHOJAypaTy JIaKTO3M Ta MOHOJaypary caxapo3u. OnTuMmanbHI yMOBH
CHHTE3Y CIOCTEPIirainuch NPy BUKOPHUCTaHHI 2-MeTui-2-0ytanoiy Ta jinma3u R. miehei (Lipozyme IM,
Novozymes) npu 61°C, npu moyaTKOBOMY MOJIBHOMY CITiBBIIHOIIEHHIO BiHILIaypar : jJakTo3a 3,8:1, 3
Buxoaom 99,3 % [9].

B poboti Sabeder S. M. Ta iH. MOCHI[KEHO BIUIMB OPraHiYHUX PO3YMHHHUKIB (2-MeTHIi-2-
OyTaHONa, TpeTOyTaHONa, alleTOHA, METHJCTUIIKETOHAa) Ha CHHTe3 mnaibmitaty ¢pykrozu. CrymiHb
niepeTBopeHHs 82 % OyJi0 OTpUMaHO JJIsi METHICTHUIIKETOHA 32 72 roaunau rpu 40 °C 3 BUKOPUCTAHHSIM
10 % wmaccoBUX MOJIEKYJSIPHUX CHUT ISl BHIAJICHHS peakuiidHoi Boau. IMmoOini3oBani mpemapaTu
nina3u Candida antarctica B (SP 435 ta SP 382 Big Novozymes) ycmilHO KaTajisyBajau eTepudikaiito
(bpyKTO3H Ta NATBLMITHHOBOT KUCJIOTH 3 OTpUMaHHsM 53 % Ta 44 % nanemitaty QpykTos3u B 2-MeTHII-2-
Oytanom npu 40°C, mBuakocti nepeMimryBands 600 o0/XB 3 moIaBaHHIM MOJIEKYJSIpHUX cuT [20].
Edipn nmakTo3u >kupHHX KHCIOT OysM (PepMEHTAaTUBHO CHHTE30BaHI 3 JKMPHUX KHCIOT Ta JIAKTO3U 3
BukopuctanusM Jinazu Candida antarctica B (CALB) B opraniuHux po3uMHHHKax. Pe3ynbratu
MOKa3aJIi, [0 TEeKCaH Ta aleTOHITPHI 3a0e3MeUy0Th HAWBUIINI TTOKA3HUKU TIEPETBOPEHHS SK BUIHHUX,
Tak 1 iMmoOimi3oBanux Jnina3, 10 77% Ta 93% BiamoigHO. IlIBHKicTh mepeTBOpeHHs erepudikarii
3aJIeKUTh BiJl PO3UYMHHMKA ISl BUTBHOI JliNas3W; CTYIiHb IIEPETBOPEHHS IMMOOLTI30BaHOI Jimas3u
JIEMOHCTPYE 3aJICKHICTD Bijl PO3UMHHUKA, ajie B MEHIIIH Mipi [21].

Bucoka akTuBHiCTH (DEpPMEHTIB Ta CTaOLIBHICTD AOCITA€THCS IPU BUKOPUCTaHHI HEMOJISIPHUX
PO3YMHHUKIB, SIKI TaKOX MpHUAaTHI Ans QepMeHTHOI mepeerepudikamii omiid Ta *upiB [22], omHak
PO3UYMHHICTH IYKPIB Y HUX Jy»e HH3bKa. ICHye oOMeXeHa KiJbKICTh OpTaHiYHUX PO3YUHHHUKIB, IO
MOXYTh OyTH €(EeKTHBHO BUKOPHUCTaHI JIJIsl CHHTE3Y CKJIQJIHUX e(ipiB IYKpiB Ta XUPHUX KHCIIOT:
TpeT-OyTaHo, TPeT-NIEHTaHoJI, alleToH 1 TeTpariapodypaH. binbi nospHi pO3UMHHUKY, HE3BAXKAIOUN
Ha 1X 37aTHICTH CONFOOUTI3YBaTH IIyKpH, MPAIOIOTh IOTAHO, OCKUIBKH MPU3BOMSATH JI0 BTPATH
(epMEHTHOI aKTHBHOCTI 3aBASKH 3JaTHOCTI BHAAISATH MOJIEKYJIHM BOJU 3 MIKPOCEPEIOBHINA
depMeHTy, Ta CHOpPHUAIOTH TiApomizy e(dipHHX NPOAYKTIB 1 YTBOPEHHIO NOOIYHMX MPOAYKTIB,
3MEHIIYIOTh BHXiJl LIBOBOTO MpoAyKTy [23-24]. OkpiM momimiieHHs comoOinmizamii i BiacyTHOCTI
iHaKTHBAILlii epMEHTY, 1JleallbHe OpTaHiYHEe CEePeIOBUINE TIOBUHHO OYTH €KOJIOTIYHO YHCTHM 1 JIETKO
BiZTHOBJIIOBATHUCS 1 IepepoOIsSTHCS MIiCIs 3aBepIIeHHs peakuii [25-26]. Cepen po3UMHHUKIB cepeIHbOT
NOJISIPHOCTI, sIKi Halkpalue miaxoasTs it GepMeHTHOI eTepudikaiii yKpiB XKUPHUMU KHCIOTAMHU,
areToH HaMOLIBII BiJMOBIAE YMOBaM ifieabHOr0 po3unHHUKA [27]. KopucHumu ans cunTely Oynu
CHCTEMH PO3YMHHHMKIB, IO MTOEAHYIOTH 1Ba a00 OUTBINIE OpraHiYHUX PO3YMHHUKIB. biHapHa cuctema
PO3UMHHUKIB 2-MeTHUA-2 OyTaHos: auMeTwicyinspokeus (4:1) Oyna BUKOpucTaHa Ul eTepUdikamii
[JIFOKO3HM, Caxapo3d Ta MajibTo3u B mpucyTHocti Jimasu 3 Candida antarctica i Thermomyces
lanuginosus MNIISIXOM TO€AHAHHS HEBEIMKOI YaCTKM pPO3YMHHUKA, IO 3HAYHO MOKpAIIye
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comoOimizariro edipiB (IUMETHICYIb(OKCHA) 3 OUIBIIO YaCTKOI PO3UYMHHHUKA, IO JO03BOJISE
30eperTd BUCOKY aKTHUBHICTh (DEPMEHTIB, aje IMOraHO CONOOUTI3ye akientop ammity (2-MeTHi-2-
OyraHom). 3a TOTIOMOTOI0 TAaKOTO MiAXOMy BHUXiJ MOHOJIAypaTy caxapo3u cTaHoBHUTH Oimbmie 80 %
[28]. Xoua BUKOpHUCTAHHS OpraHiYHUX PO3UYMHHHKIB Y (DEPMEHTHOMY CHHTE31 Ma€ MeBHE 3HAYCHHS,
ICHy€e NeKiTbKa HeMOJNIKIB s iX MHUPOKOMAcCIITaOHOTO BIPOBA/DKEHHS y MPOMHUCIOBOMY CHHTESI,
Taki SIK BTpaTa aKTUBHOCTI (DEpMEHTIB, Ky BOHH YacTO CIPHYUHSIOTH, TypOOTa IMpO BIUIMB Ha
EKOJIOTiI0 Ta ocobucTy Oe3neky. TakuM YnHOM, HEOOXiTHO BECTH IMOIIYKH aJIbTEPHATHBHUX ITiIXO/IiB.

[Hmmit migxin, BUHaWAEHUN Uit PEpMEHTHOTO CHHTE3y CKIAAHUX e(ipiB IYKpiB Ta >KUPHUX
KHCJIOT, TIOJISITa€ Y BUKOPHUCTaHHI MePEeBayKHO TBEPAO(A3HOT CHCTEMH, IO CKIIAIAETHCS 3 IYKPiB, JKUPHOT
KHCJIOTH Ta MPOAYKTY PEaKIii y IPUCYTHOCTI HEBEITMKOI KUTHKOCTI OPraHIYHOTO PO3UNHHUKA, HAIPHKIIA,
Tper-OyTanony abo aneroHy [29]. [lopiBHSHO 3 peakilissMd B CEPEAOBUINI OPTraHIYHOTO PO3UMHHHKA
MOYaTKOBA IIBUJIKICTH PEakilii Ta 3arajbHa MPOIYKTUBHICT PEAKIIii B TBepAil (a3l 9acTo BHIIA B KiJIbKa
paziB [11]. Ycmix Takoro miaxomy MOXKHA MOSICHUTH TBEPA0(Ha3HOIO TiIKII KO0, IO € K «pe3epByap»
JUIsl TIOTIOBHEHHS pifikodazHOro cyOcTpaTy, IO MEpeTBOPIOETHCS Y MpOoAyKT. KpiMm Toro, ocakeHHS
NPOAYKTY CIPOIIYE TOAAIBIIE OYMINCHHS MPOAYKTY 1 MOXKE MOCHINTH BHOIPKOBICTH TMPOAYKTY.
Hanpukiran, moroedip caxapo3u Ta )KHPHOI KHCIOTH, YTBOPEHUH y TBepo(ha3HOMY CEepeIOBHII, JIETKO
BUITQIa€ B 0Ca, 3MEHIIYIOUH 3JaTHICTh JIiNIa3u KaTaji3yBaTH yTBOpeHHs nuedipiB. EBTekTHYHa cymir,
IO CKJIQJAEThCSI 3 TBEPAOI Ta pinkoi (as3u, 3ade3medye crociO, Mpu sIKOMY 3MEHIIYEThCS TeMIepaTypa
miaBieHHs cywimi. OpraHiyHWA pO3YMHHHK 3a3BHYall 3MEHINYE TEMIleparypy IUIaBJICHHS, IO
MIPU3BOIUTH IO €BTEKTUYHOI CyMIIl MpH KiMHATHIM Temmeparypi abo Hikde [29]. EBTrextnyna cymim
MICTUTh TMEPEBKHO MOJIEKYJH CyOCTpary i HeBENUKY KUIbKICTh OPTaHigYHOr0 pO3YMHHMKA. EBTEKTHYHI
CEpEeNIOBHIIA JIEMOHCTPYIOTh CTaOUIbHY OlOKaTamiTHUHY piaky ¢a3ly 3 Haa3BHYaWHO BHCOKOIO
KOHIIEHTpamielo cyoctpariB. HaifHmk4ya TemrepaTypa IUIaBIE€HHS HAa3WBAETHCS €BTEKTHYHOIO TOYKOIO,
Ky MOXXHA BHM3HAUMTH 3a TIEBHUM CKJIaJOM CyMilli. 3aBAsSKd BHKOPHCTAHHIO HEBEIUKOI KiIBKOCTI
OpraHiYHUX PO3YMHHUKIB Y CBTEKTHYHOMY CEPEIOBHINI, iX MOKHA BBaKaTH OLTBII OIOCYMICHUMH Ta
CIPUSTINBAMHU I (EPMEHTHHUX peakiiid, HDK y YHCTOMY Opra"idHoMy po3unHHUKY [30-31]. B
pe3ynbraTi anmmoBaHHs [-D-Toko3u ManbMITHHOBOIO KHCIOTOK Yy TpeT-OyTaHodi y MPUCYTHOCTI
minazu 3 Candida antarctica B y TtBepmodasHiii cuctemi OyB cuHTe30BaHHMH edip 3 BHCOKOIO
cenekTuBHICTIO (98 % MoHoarwroBanHs). CelleKTHBHICTh B AIWIFOBAHHI CYTTEBO TIOB’S3aHI 3 THUIIOM
OpraHiYHOTO PO3YMHHHUKA. MOHOANMIIOBaHHS BiAOYBalOCh B IPUCYTHOCTI MEHII TiapodoOHOro
PO3UMHHWKA, HaNpUKIaJ, TpeT-Oyranony [32]. Xoua cuHTE3 edipiB KHPHUX KHCIOT B TBepAOQa3Hii
CUCTEMI JIEMOHCTPYE BHCOKY MIBHJKICTh Peakilii, KUTbKICHUH BUXia eipiB IyKpiB Ta KUPHUX KHCIIOT,
BUCOKY CEJIEKTUBHICTh PEaKilii, BIH € peakilicl0 Ha OCHOBI OPraHiYHWX PO3YMHHUKIB, IO BeAe JO
30UIBIIEHHSI BAPTOCTI MPOIIECY Ta HETATUBHO [MO3HAYAETHCS HA OS3MePEPBHOCTI MPOLIECY.

Hankputnynauii ByrJieKUCauii ra3 — npuBaOIMBE albTEPHATUBHE CEPEIOBUINE I CHHTE3Y
edipiB MyKpiB 1 KUPHUX KUACIOT. BiH Mae psiji epeBar y MopiBHAHHI 3 OpraHIiYHUMH PO3YHHHUKAMH SIK
peakiiiiHe CcepenoBHUIle Yepe3 BiJICYTHICThP TOKCHYHOCTI, HETOPIOYICTh TOPIBHSHO 3 TPaJUIiHHUMH
miIxonaMu XiMigyHOro cuHTe3y. PoOouwmii crtan: temmeparypa Oimbmie 31°C, tuck Oimbin 7,3 MIla.
[oTyxHicTe po3unHHMKA HagKpUTHUHOr0o CO; KOHTPOJIOETHCS 3a JOMNOMOIOI PEeryJOBaHHS
TeMIlepaTypH Ta THCKY. [IpocTuii mporec BiTHOBICHHS MPOIYKTIB i YaCTUHOK (DEpMEHTHOTO Mpemnapary 3
peakiiii npeacTapisie 10AaTKoBy nepepary [33]. ExciepuMeHTH IeMOHCTPYIOTh 3a/I0BUIbHY CTaOlIbHICTD
¢depmentiB y HagkputiaaoMy CO2 y MOpIBHSIHHI 31 CTa0UIBHICTIO EPMEHTIB B OPraHIYHIX PO3UMHHUKAX
[34]. CrBopeno mpucTpiii 3 mepeMilryBaHHIM It eTepudikaliii (pyKTO3u MaTbMITHHOBOK KHCIIOTOO 3
karajizatopoM Jjimazor Candida antarctica B (HoBo3zum 435) B HaAKpUTHUYHOMY JIOKCHII BYIJICIIO.
Byno ortpumano cryminb neperBopeHHs 60 % npu 60°C ta 10 MIla 3a 24 romuuu [35]. Xoua
HaJIKPUTUYHUNA BYTJIEKUCIHN Ta3 € KOPUCHOIO Ta MEPCIEKTHUBHOIO 3aMiHOK OPTaHiYHMX PO3YMHHHKIB Y
CHHTE31 CKJIaJHHUX e(ipiB LYKPiB Ta )KUPHHUX KHUCIIOT, ICHYIOTh JIBA OCHOBHHMX HEIOJNIKH, SIKi HEOOXiTHO
MOJIONIATH TPU BUKOPUCTAHHI TAaKOTO PEAKIIHOTO CEepe/OBHUINA: HU3bKA PO3UMHHICTH HETIOISIPHUX
CIOJTYK Ta BEJIMKI KalliTalbHI 3aTPaTH Ta eKCIUTyaTaliiHi BuTpatH [36].

loHHI piguHU, MO CKIAJAIOTHCSA 3 OPraHIYHUX COJIeH, SIKI 3HAXONATHCS B piakii ¢dasi mpu
TeMIIepaTypi HaBKOJIHUIIHBOTO CEPEOBUINA, TPECTABISIOTh YHIKATBHUHN KJIAC HEBOJIHUX Ta MOJISIPHUX
CEpEIOBHINl PO3YMHHHKIB, IO IPHUBEPTAIOTH BCE OUIBINE yBarm B OPraHIYHOMY CHHTE31 dYepe3
BIJICYTHICTh THUCKY MapiB Ta BiIMiHHY XiMiuHy Ta TepMiuHy cTabinbHicTh [36-38]. Uepe3 HHU3BKI
TeMIIepaTypy IUIABICHHS Ta HEJIETydy NIPHPOAY 1OHHI PIAMHHM , SKI HA3WBAIOTHCS «3EJICHUMM)
PO3YMHHUKAMH, € MPUBAOIMBOIO aTLTEPHATHBOIO JICTKUM OpraHiYHUM po3urHHHKaM [39]. Kpim Toro,
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iX IIMPOKO peryjboBaHi BIACTHBOCTI MIOAO MOJIIPHOCTI, TiApodoOHOCTI, XapakTepy 3MiIlyBaHOCTI
MOJKHA 3MIiHWTH, BHOPABIIN XIMIYHY CTPYKTYpy iX KaTioHHHX Ta aHioHHHX ¢parmeHTiB [40]. s
O1MBIIOCTI HEBOMHUX JIOCIIIKEHb B €H3UMOJIOT1{ BiTHOCHO HEMOJISIPHI 10HHI piIWHM, Taki Sk 1-OyTui-
3-mMetun  iMmigaszonii  rekcadropdochar abo 1-Oytmin-3-meTmn iMigasoniii  TerpagTopbopar
([Bmim][PF6], [Bmim][BF4] BimmoBigHO) MOXyTh OyTH BHKOPHCTaHI K 3aMIHHUKH OPTaHIYHHX
po3unHHUKIB. bymo mocmimkeno, mo mimaza B Candida antarctica Ta TepMomi3iH HE BUSBISIIOTH
pi3HMLI B CTaOiMBHOCTI Ta CENEKTUBHOCTI B 1OHHMX piIMHAX TOPIBHSAHO 3 TEKCAHOM,
TeTparigpodypaHoM Ta aleToHITpiAoM y OiokartamiTHUHUX peakuisx [38, 41]. Byno BusBieHo, 1m0
mimaza B Candida antarctica, mMomudikoBaHa KOBaJICHTHHM TIPHUETHAHHSAM ITOJIIETHIICHTIIIKOIIO,
KaTajizyBajia eTepudikaIlito TIIIOKO3H Ta JKAPHUX KUCIOT ¥ unctomy [Bmim][BF4] Ta [Bmim][PF6] 3i
crynereM neperBopenHs 30 % Tta 35 % Bignosigno. Xoda crymine neperBopenHs 30 % Tta 35 % €
HU3bKHM, JI0JIaBaHHS TpeT-OyTaHOIY A0 I0HHHUX PiIUH 3 YTBOPEHHSIM IBO(GA3HOI CHCTEMH, 301IBIIIITO
CTymiHb TiepeTBopeHHs 10 89 % [42]. CeneKkTUBHUI KaTaTi30BaHHUH JIIIIAa3010 CHHTE3 €(ipiB TIIIOKO3H
KUPHUX KHUCIOT Yy JBOGA3HUX CHUCTEMaX, IO CKIAJalThesi 3 1oHHOI piguan  (1-OyTmin-3-
MeTWIiMiga3onid  terpadropbopar [BMIM] [BF4] ab6o  1-Oyrun-3-metun  imiga3odiit
rekcadropdpochar [BMIM] [PF6]) ta T-OyTanon sik opraniunuii po3unHHUK. Haiikpammm GpepmeHTOM
Oyna koMepiiiftHo moctynHa jinaza B 3 Candida antarctica. [Ticis perenbHOI onTHMi3alii KiTbKOX
YMOB peakIii (IOBKMHA JIAHIIOTa Ta THUI JOHOpa alWily, TeMIepaTypa, 4yac peakiii, BiJICOTOK
CHIBPO3YMHHMKA) MOXKHA JOCSTTH IepeTBopeHb 10 60%, BUKOPUCTOBYIOUN BiHIIOBHH edip KUPHUX
KHCTIOT K goHopiB ammry B [BMIM] [PF6] y mpucyrrocti 40% t-BuOH 3 CAL-B mpu 60°C [24].
Lee S.H. Ta cmiBaBTOpH JOCTIKYBaIU eTepUdIKallito IEPeHACUUYCHOr0 po3unHy D-Titoko3u B i0HHHX
piamHax, M0 KaTamizyeTbes Jinazor. OtpuMano Buxin MoHoedipy (6-O-nmaypoin- D-rarokosn) 96 %.
Bucoky novatkoBy mBHIKICTh y [Bmim] [TfO] Oyio gocsrayTo mpu 3acTOCyBaHHI HMEPEHACHIEHOTO
PO3YMHY TIIIOKO3H Yy 10HHIH piamHi. Lli pe3ynbratu BKa3yroTh Ha KOPUCHICTH NEPEHACHYCHUX PO3UMHIB
Uit pepMeHTHOI eTepudikanii yKpiB 3 )KUPHUMHU Kuciotamu [43].

PeakmiifHe cepenoBuile, 0 HE MICTHTh PO3YMHHHKA, OXKAHO IS CHHTE3Y CKJIAITHHUX e]ipiB
MYKPIB Ta >KUPHUX KHUCJOT, 10 KaTalli3yIOThCs JIMA3010 3aBISKU HU3bKiH BapTOCTi, MiJBUIIEHIH
Oesmeri excruIyaTallii Ta MOKpaIieHii 010CyMICHOCTI JIUIS 3aCTOCYBaHHS B XapyoBil, KOCMETHUHIH,
bapmarieBTHUHII Tany3sx [44-45].

Edipn mykpiB Ta XKUpHUX KHCIOT Oy CHHTE30BaHI NpPHU MOJSPHOMY CITiBBiHOIIEHHI
aIWIBHOT TPYIH KUPHUX KHUCIOT JI0 aKuenTopa auwry uykpy 1:1 Ta 2:1 mpu 3HHKEHOMY THUCKY JUIS
BUJIAJICHHS TIOOIYHUX MPOAYKTiB (BoAM a00 METaHOIy, IO YTBOPIOIOTHCA MPHU BUKOPHUCTaHHI BIIbHOT
JKUPHOT KHCIIOTH a00 METWJIOBOTO edipy XHUPHOI KHCIOTH SK JIOHOpa ammiy BiAmoBigHO) [46].
CknazHi edipu TEXHIYHOTO KJIacy OJI€iHOBOI KHCJIOTH Ta caxapo3u Ta (pyKTO3W OYyJiHM CHHTE30BaHi
OlokaraniTiuHO Oe3 po3unHHHMKA mpu 65°C 0€3 MomanbIIoro OYuINeHHs. J1Jis 30UIbIICHHS CTYIICHS
MIEPETBOPEHHS OJIeaTy caxapo3u Ta (PPyKTO3H, OTPUMAHOTO paHilre 0i0KaTaliTHIHO eTeprdiKaiiero
0e3 po3unHHMKA y nprcyTHOCTI jdina3su Rhizomucor miehei (3 Buxomzom 81 % Tta 83 % BiAmoBiaHO),
yMOBU (DEpMEHTATUBHOI peakilii MpOJOBXKYBalH Yy MPHCYTHOCTI cynbaTy Kajbllifo 1 Jinazu B
Candida antarctica 3 rizpodoOHol0 MaTpuLero aist 3a0e3nedeHHs] HU3bKO1 BOJAHOI aKTUBHOCTI, Ta 3
TOMOTEHI3ali€l0 IMiJ BHCOKUM THCKOM JUIsI YTBOPEHHs MeTacTaOlnbHOI CycleH3il caxaphIHHX
yaCcTMHOK po3Mipom 2,0-3,3 MkM y piakoda3zHoMy peakiiiiHoMy cepemopuili. lle mpusseno a0
30UIBIICHHST BMICTY CKIaaHuxX edipiB caxaposu 1 (pykrosu 10 89 % ta 96 % BiamosigHo. Lle
JOCHIDKEHHS IEMOHCTPY€E BayKJIMBICTh KOHTPOJIIO aKTUBHOCTI BOJM 0i0KaTami3aTopiB AJs HOCATHEHHS
BHCOKOT'O CTYIICHS TTepeTBOpeHHs [47].

Jist  3acTOoCyBaHHS TIOCHIJICHOT 3MIlTyBaHOCTI B CHHTe31 e(dipHHX TPOJYKTIB IIyKpiB
D.G. Hayes Ta iioro xojeru po3poOnin cucteMu 0iopeakTopiB Ui eTepu(ikaiii KUPHUX KHUCIOT Ta
IYKpiB, KaTaJi30BaHHUX JIIMAa30l0 Y CEpeIOBHUILI Oe3 pO3UMHHUKIB Ipu Temneparypi 65 °C [48-49].
Bucokwuii Buxin (85%) OyB JOCSATHYTHI TP BUKOpHCTaHHI OiopeakTopa 3 YMaKOBaHUM INApOM 3
0e3mepepBHOI0 PEHUPKYJIISIIELO.

BucnoBku. Po3poOka HOBHX €KOJIOTTYHO YUCTUX HOBEPXHEBO-aKTHBHUX PEUOBHH 3aIUIIAETHCS
aKkTyasbHUM TUTaHHAM. OTpHMaHHS CKIaAHUX e(dipiB JKUPHUX KHCIOT W IyKpiB OlOKATATiTHYHOIO
eTepudiKaIli€ero 3a JOIMOMOTO0 JIiNa3 MPU3BOIUTD 10 3MEHIICHHS CIIOKUBAHHS PO3YMHHUKIB, 3HUKEHHS
TEMIIEpaTypu Ta 3HIDKCHHS BiJIXOMIB. BIbII €KOJIOTIYHUI MiIXiJ y CepeNoBUIll 0e3 BHUKOPUCTAHHS
PO3UMHHUKA 3a0e3redye 30epe)KeHHS aKTUBHOCTI (DepMEHTIB, MiHIMajbHI BUMOTH JIO MOAAJIBIIOrO
OYMITICHHS, BICYTHICTh BUTPAT, TIOB’I3aHUX 3 BUKOPHCTAHHSIM Ta BiTHOBJICHHSIM PO3YNHHUKA.
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BBenenue. Bribop achanbTUpOBaHHBIX JOPOT W aBTOMOOWIJICH, WM JK€ MPOTYJIKH IO
BEJIOCUTICIHBIM JIOPOYKKaM M JIECHBIM TPOIMHKAM 3aBUCHT OT BKYCa M CLIOCOOHOCTEH TypuCTOB. B mro00M
Cllydae OTBET Ha BOIIPOC, HACKOJBKO MPUBIEKATENCH MEW3a), 3aBUCUT OT YPOBHEW >KUBOIMCHOCTU
nmaHAmAa(TOB, COCTABIIAIONINX €r0, U OCHOBAH Ha HA0OPE KPUTEPHUEB, HCTIONIBL3YyEMbIX IPHU UHTEPIIPETAITIH
BU3YyaJIbHBIX XapaKTEPUCTHK. DTO CO3/aeT KHUBOIMCHYIO MPUBIICKATEIILHOCTD JIaH IagTa.

AHanmu3upys 4eI0BEUECKOe BOCTIPUATHE, YUCHBIC U3 PA3TMIHBIX 00JacTeil 3HAHWA MPUIILIH K
WHTEPECHBIM BBIBOJIaM. AHAIM3BI MIOKA3BIBAIOT, YTO YEIIOBEK BOCTIPUHUMAET OKPY’KAIONIYIO CPEy Kak
MUHUMYM 4epe3 BKyC - 1%, oUTH CTONBKO ke Yepe3 ocs3anue - 1,5%, uyepes obousHUE - 3,5%, uepe3
ciyx 7% u HanOobINast OIS MPUXOJUTCS Ha ONTHYECKOE BoCIpusiThe - 87%. DTO 03HAYAET, YTO MBI
B OCHOBHOM BOCITPUHUMAEM Meii3a) Ha OCHOBE €r0 BH3YaIbHBIX XapakTepUCTHK [3].

Bricokasi cTerneHb MPUBJICKATEILHOCTH JIOCTHIACTCs COUECTaHUEM TpeX MM Oonee (akTopos,
BJIMSIIOIIMX Ha BOCIIPHUATHE, TAKUX KaK IIOCKOCTE, JIMHUS, CBET, BPEMSI, KOIHYIeCTBO [1].

Martepuanasl U MeToAbI. Ileif3ax 1 )KUBOMMMCHBINA MHTEPEC MPECTaBIAIOT cO00i coueraHue
nByx yacted. C OJHOW CTOPOHBI, OTHOIIEHHE HAOIIIOJATENI U TO, YTO €ro BOJHYET, a C APYrou -
IyOWHA TIEPCIIEKTUBHI, T.€. paccrosHue OoT HaOmomatens [2]. CymIiecTBYIOT pas3HBIE METOJbI
MOCTPOEHUS MEH3a)KHOTO BUA BAOJb MEMIEXOAHBIX KOMMYHHUKAIIUI B 3aBUCUMOCTH OT BO3MOXKHOCTEH,
MIPEIOCTABIIIEMBIX COITYTCTBYIOIMME JaHamadTamu [4]. Ilpum MomenupoBaHMHM TPHOPESKHBIX U
NPUOPEKHBIX JaHTIAPTOB COOMIOaeTcs TpeOOBaHWE ONTHMAIBHOIO KOJIWYECTBAa AaKIEHTOB, a
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nepudepuss HacaxkacHU (HOPMUPYETCS TaKUM 00pa3oM, 4TOOBI OOCCICUUTHh JAWHAMHKY OYEepTaHUS
MaccuBoB [5]. Co3maHue BHYTpEHHEW JIMHEHHOW MEPCIEKTHBBI KOMOMHHUPYETCS M YEpPEeayeTCs C
KOMOWHAIIMEH HECKOJIIbKMX BHYTPCHHUX JIMHEHHBIX TEPCICKTUB Ha OTBETBICHUIX alUICH U
MOJICJTUPOBAHUEM MPOCTPAHCTBA BIOJIb JIMHEHHBIX 00BEKTOB (pUCYHOK 1-4). DaKkTOpsI, BIUSIONIAE Ha
BOCIIpHATHE JIaHmMmadTa, SBISIOTCS OCHOBHBIMA W pa3HOOOpa3HBIMH. OCHOBHBIC 3(PPEKTH — 3TO
TOYKa, JIMHUS, TNIOCKOCTh KaK TEOMETPUYECKOE TTOHSATHUE, 3alI0JTHCHHBIC U OTKPBIThIC 00beMbl. C TOUKH
3pEHUs] CEHCOPHOT'O BOCIIPUSATHS, TOUYKA — 3TO OOBEKT, KOTOPBIA MrpaeT poib (OKYCHOTO IEHTpa U
npuBJieKaeT K ceOe Hamie BHUMaHue [3]. BO3MOXKHBIME BapHaHTaMU 37€Ch SBISIOTCS JEPEBO, KYCThI
WITH CKaJla C JICKOPATUBHBIMHU KadeCcTBaMH (pUCYHOK 5-8).

Puc. 5-8. lleHmp GHUMAHUA 6 6U3YATIBHBIX NEPCNEKMUBAX 600J1b 1€CHbIX MpPONUHOK.
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K mepemenHbM 3¢¢exTaM OTHOCATCS: KOJIMYECTBO (UHCIO), IMOJOXKECHUE, HANpaBJICHUE,
OpHUeHTalHsA, pa3Mep, GopMaT, HHTEPBAIl MEKAY 3JEMEHTaMH, TEKCTYpa, TNIOTHOCTH LIBETa, 0YacoBOe
BPEMsI BMECTE C CE30HHBIM, CBET, PE3KOCTh (KaTEerOPUYHOCTH) 00bekTa [1].

Pa3BuTHIO JKMBOMHMCHOTO HHTEpeca JOMOJHUTEIBHO CIIOCOOCTBYET OTKPBITHE TTyOOKHX
JUHEHHBIX TEPCHEeKTHB ¢ HEPAaBHOMEPHBIMH MHTEpBAJlaMH M BHEIIHHX NepcreKTHB. DakTop cBera,
BpeMsI M CHJIa 3pEHUS YCHIIMBAIOT )KUBOMHMCHBII HHTEpEC.

dopMupoBaHre BU3yalIbHBIX PAMOK, UTPAIOIINX POJIb CLIEH, 33 KOTOPBIMH YTO-TO MTPOUCXOINT,
CO3/IAI0T Y TypPHCTA IPUSATHOE HATPSDKCHUE U OIYIICHHE aKTUBHOCTHU (pUCYHOK 9-12).

Brone memexomHBIX MapmipyTOB B TOPHBIX pailOHaX OTKPBITBIC IPOCTPAHCTBA W
OTKpBIBAIOIINECS ITAHOPAaMBbl CO3JAIOT OIIyINICHHE AWHAMH3Ma M TPOCTPAHCTBA M OCHOBAHBI Ha
(buU3MUECKUX BU3YATBHBIX PACCTOSHUAX [2].

Puc. 9-12. Buzyanvhuvle pamku 8 1eCHbIX NeL3axicax.

o = 3 X e

Puc. 13-14. Jlunevinvie 06wexkmol 6 1€CHbIX NEU3aANCAX.

O0cyxneHue pe3yjabTaToB uccjaenoBanus. OnpeeniB BeIyNyI0 POJIb TOUYEUHBIX 0OBEKTOB
KaK aKIIEHTOB M BU3YaJIbHBIX (JOKYCOB, MBI JJOJDKHBI TOCTABUTh HAa BTOPOE MECTO JIMHEHHBIE OOBEKTHI
("ame Bcero TPONMHKM WM PyYbd) Kak HaumOoiee BIMATENBHBIE M3 BCEX JPYTUX peajbHO
CYIIECTBYIONUX 00BEKTOB, COMPOBOKAAIONINX TYPUCTHUECKIE MapIIPyThl (pucyHOK 13-14). 3a HuMun
CJIEAYIOT TUIOCKHE OOBEKTHI Pa3HO (POPMBI. ITO MOXKET OBITH TOPHOE 03€PO, OTKPBITHIA CKIOH WIIH
m1000€¢ OTKPBITOE TUIOCKOE MPOCTPAHCTBO, B TOM YHCJIE AHTPOIOTEHHOE, WM HCKYCCTBEHHBIC
KOHCTPYKIIMH, TAKUE KaK CTCHBI, KPBIIIN MM aBTOCTOSHKH (prcyHOK 15-16).
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Henb3s He yOMSIHYTh TPEXMEPHBIC OOBEKTHI, B KOTOPBIE BXOAAT KaMHH, MAaCCUBHBIC CTBOJIBI
JIEPEeBBEB, 3/IaHUS U MHOTOE Jipyroe. Yacto 3puTens HaOMOAaeT 3a 3TUMH 00BeMaMH H3HYTPU. JTO
CJIy4au, KOTJIa TYPHCT HAaXOIUTCS IOJ MOJIOTOM Jieca B aKYPHOM JIECHOM MacCHBE, B KaHbOHE WU
yIIenbe peKu U T.1. (pucyHok 17-18).

|

7 e S o Moo
Puc. 17-18. Tpexmepnvie 0b6vexmul 8 1€CHbIX NEUZANCAX.

BusyasnpHbple XapakTepuCTHKH JTaHAMAPTa — 3TO TO, YTO KOHTPOJIHUPYET BU3yallbHbIE KauecTBa
mpocTtpancTBa. Korma 3TH  KadecTBa  TOJMIOKHUTEIBHBI, OHH  ONPENCIAIOT  KUBOIMUCHYIO
MPUBJICKATENBHOCTh  NEH3aKHBIX BUIOB, MPHUBJICKATENbHbBIE BU3YalbHblE IEPCIEKTUBB U
OTKpHIBarOMMecs MaHopaMbl. [0 caMbiM OOIIMM KPUTEPUSM MOXKHO BBIJCIUTH CIEAYIONIHE ST
KJIACCOB NEN3aKHOM KMBOMMCH, OCHOBAHHBIE HA OCHOBHBIX 3JIEMEHTaX Mei3axa:

1. [TonmHOCTBIO COXpaHUBINMECS TMel3aXu. B 3Ty KaTeroputo OOBIYHO BXOJAT TOJBKO
HEKOTOpBIE OXpaHsEMbIE€ TEPPUTOPHUH, IJl€ MUHHMAIBLHOE BMEIIATENbCTBO UYEJIOBEKA HE MPUBEIO K
BUIUMbBIM HApYyIICHUSIM OKPYIKAIOIICH CPE/Ibl MITH SKOJIOTHYSCKUM MTPodieMam.

2. [Nei3axu COXpaHWIN CBOIO JKMBOIMUCHOCTh. K 3TOW KaTeropuu OTHOCSTCS TEPPUTOPUH, HA
KOTOPBIX YMEJIO BEJIETCS paboTa MO CTPOUTENBCTBY MEMIEX0HBIX KOMMYHHKAIIUN, @ CAaMH JIOPOXKKU U
ajien “KOmMpyroT penbed”, a pacTeHHs U Jpyrue 00beMbl, I[BETA U TEKCTYPBhI COXPAHEHEI, IIOCKOJIBKY
OHM XapaKTEePHBI JJII COOTBETCTBYIOIIEro JjaHamiadra, a He IODKEH H3MEHHUTHCS B OyIyIneM.
CymiecTBytoliue HeyJ00CTBa BCe €Il He OYSBUIHBI JUIT 0OBIYHOTO TypHUCTA.

3. [leit3axu, 9aCTUYHO COXPAHUBIIHME CBOI KHBOIMUCHOCTh. JlOmycKkaeTcss BBEICHUE JIMHHIA,
dhopM, 00BEMOB MJIM TEKCTYp, HE THUIHYHBIX JJII COOTBETCTBYIONIErO JaHamadTa, HO €CIAH OHHU
OCTaHYTCS B 3THUX M3MEPEHHUSIX, OHM HE HaHecyT (aTaJlbHOTO Bpelda BU3YaJbHOMY COICPKAHHIO
nanamadTa. B oTimume ot npeapiayiei KaTeropuy MeJIKie HapyIIeHUs] 3aMETHBI, HO HE HABS3UUBBI
Y HE MPUBJIEKAIOT BHUMaHUSI.

4. leii3aku, yTpaTUBIINE >KMBOMMCHOCTh. MoJu(UKalKsi AOBOJIBHO OOJIbIIAs, H3MEHEHHS
JITKO 3aMETHBl M TPUBIEKAIOT BHUMAaHUE TYpHCTOB. B manmmadre npeoOlianaloT CHIbHBIE W
OUEBHJIHBIE JJIsl BCEX HAPYIIIEHHS, HO OHH 10 (hopMe HAIIOMUHAIOT OKPYXArIIyr0 cpeny. CoopyxeHus,
JIOPOXKHBIE COOPYKEHHUs, OOJIbIINE KOTIOBAHBI M HACKHIIK U JIp. NI3MEHUIIM B HETAaTHBHOM HAITPaBICHUN
0OIIHiA BUJT MECTHOCTH, K HEOOXOTUMBI MEPOIIPUATHS JIJIsl YITyUYIICHHUSI XapaKTePUCTUK JTaHamadra.

5. [le#i3axu, CHIILHO HApYIICHHBIE W HYXJIAIONIUECS B CPOYHON peaOWiIuTaliy, TOTHOCTHIO
YTPaTHIH CBOIO JKHUBOIUCHOCTh. B 3Ty KaTeropwro BXOIAT NaHMMA(THI, MOKPHIBAIOIINE YYACTKH,
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PE3KO OTIMYAIONIUECS OT MPHUPOIHOTO JaHAmadTa, KOrJAa MO KaKOW-TO MPUYMHE TOJOXKHUTEIhHBIC
BH3YaJIbHBIE XapaKTEPUCTUKN CMEHSIOTCS HEXKENaTeIbHBIMI BU3YAIIbHBIMH 3P eKTamMu, He00X0IUMO
BOCCTaHOBUTH NMPHUPOAHBIN HaHamadT. B GompIMHCTBE CiydaeB 3TO MEJICHHBIN MPOIecc, KOTOPHIi
JIOCTUTAETCS TIyTEM M3MCHEHUS, 3aKPBITHS WM yAAJICHHUS MEIIAIONUX 3JIEMEHTOB, YTOOBI yIaICHHAS
pacCTHTENHHOCTh HE CO3/1aBajla HaBS3YMBBIX KpaeB, (OpM H IIBETOB, W3MEHEHHs JaHamadTa
CIIMBAJIUCh C €CTECTBEHHBIMH CKJIOHAMH, YTOOBI 3aKpbITh, M3MEHUTh WU YIAJIUTh KOHCTPYKIHH,
COJICpIKaIlINe HABA3YUBBIC (DOPMBI U I[BETA, 3aKPHITh CTPOUTEILHBIA MYCOp U T.1.

BeiBoabl. BusyanbHble XapakTepuCTHKH JaHamadta — 3To (akTop, Hamboiee TECHO
CBSI3aHHBIM C €CTECTBEHHBIM >KEJTaHWEM 3pPUTENS BOCIPHHUMATH W CPaBHUBATH Pa3IIUYHbIE TOUKH,
JUHHH, THIOCKOCTH U 00beMbl anamadTa. O4eBuIHBIC THHUH, TAKHE KaK W3BHIIIUCTAs TPOTA, T0pOTa
WM PeKa, MPUIIIAMIAI0T HAC IPOCIICAUTh 33 HUMU IJ1a3aMH U CO3JIaI0T TIIyOUHY MPOCTPAHCTRA.

VY kaxporo maHgmadTa eCTh BO3MOXHOCTh U3MEHSTh CBOW XapaKTEPHCTHUKH B pe3yJsbTaTe
B3aMMOJICUCTBUS penbeda, pacTUTETBPHOCTH W INIOJOPOMWS TIO4YBHI, KiuMmara W T.A. OmHako
BU3YAJIbHOC BOCIIPHUATHEC J'IaHI[H_Ia(i)Ta — OTO Iporuecc, KOTOpLIfI 3aBUCHUT HC TOJIBKO OT CYIICCTBYIOIINX
XapaKTePUCTUK JaHamadra, HO M OT MECTOIOJOXKEHHUI 3pHUTEII. HAONIOJEHUE U JPYrHUe
KOHBIOHKTYPHBIE (P)aKTOPHI.

Y pa3HbiXx JaHAMAPTOB €CTh CBOM OCOOBIC CIOCOOHOCTH BIIMTHIBATH M BIIUTHIBATH
BU3YAJIbHBIC MW3MCHCHMUA. CreneHb KOHTpacTa MCXKAY CYUWCCTBYIOIIMMU YCIOBUAMHU PUCOBAHUA H
W3MEHEHUSMH MOXKHO H3MEPUTh C TOYKH 3PEHHS OCHOBHBIX XapaKTepUCTHK JaHmmadra (pembed,
PacTHTENHHOCTH, CKaJbHBIE 00pa30BaHus, BOJAa U T.J.), a 3aT€M CIIPOTHO3HPOBATH Pa3BUTHE C TOUYKU
3peHUsi OCHOBHBIX 3JIEMEHTOB ((hOpMBI, JIMHKH, [[BETA, TEKCTYPa H T.1I.).
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