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The organization of walking and its disorders remain one of the most difficult sections
of the physiology of the nervous system and neurology. The purpose of the work is to
analyze the sexual features of the spatio-temporal parameters of the person walking
and the directions of their changes in the conditions of performing additional cognitive
tasks. Sex-related features of human walking with cognitive tasks are investigated. 608
individuals of both sexes aged 12-43 years were examined by GAITRite®. Consistent
naming of animals and consistent subtraction of 7 starting at 100 were used as cognitive
tasks. Statistical processing of the obtained results was performed in the license
package "STATISTICA 5.5" using parametric estimation methods. At performing the
first (simpler) cognitive task in all age groups of men step length, stride length, step
extremity ratio, support base, toe-in-out were increased. Temporal parameters in
adolescents of both genders did not differ. Girls have longer step time, cycle time,
single support, swing time and a slower velocity. The integral index of walking quality
(FAP) tended to decrease in all examined groups: in adolescent males by 13.3+3.9 %;
in young men by 14.6x2.2 %, in adolescent women by 15.3+1.8 %;, in young women by
14.4+1.1 %, in middle-aged women 7.3+4.8 %. Boys and girls performed more complex
cognitive tasks with reduced spatial and temporal parameters (primarily by increasing
the double support and swing time), the support base and toe-in-out were stable. The
step cycle was rebuilt. The support base and toe-in-out remained unchanged both in
boys and girls. The boys were moving at a faster velocity, taking more steps per minute.
The step time right, cycle time for each leg, single support time and double support
time in girls lasted much longer. FAP declined sharply by 30.4 % in boys and by
33.4 % in girls, indicating a major reorganization of basic mechanisms for regulating
walking stability. Such a decrease in FAP leads to a decrease in the level of the balance
maintaining and a decrease in body stability during movement, which means that it
increases the risk of falls. A complex cognitive task led to a decrease in walking
performance and a more critical decrease in the quality of walking in favor of moving
forward and maintaining the balance. Thus, walking is not an automated process, but
requires the use of a variety of additional CNS resources, primarily attention and
cognitive resources.

Keywords: spatial parameters of walking, temporal parameters of walking, different
gender groups, gait with an additional cognitive task.

Introduction

Free walking in everyday life is a prerequisite for
independent and safe performance of multifaceted daily
tasks, take care of yourself, maintaining social relationships
and ensuring life quality. Therefore, the study of walking is of
great importance for both physiologists and clinicians. There
are daily situations with dual motor or cognitive tasks, such
as a phone conversation while crossing a street. Walking is
a complex motor and cognitive process that, when
performed, integrates significant CNS resources [2, 9, 11,

12]. Elderly people [5, 9] and neurological patients [4, 28]
have impaired walking while performing additional tasks.
There are some studies of walking while performing
additional tasks in young healthy people. In the most studies
some gait indicators were studied without regard to age
and gender [10].

The organization of walking and its disorders remain
one of the most difficult section of nervous system physiology
and neurology, not only because of the complexity and
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insufficient study of intimate mechanisms, but also
methodological problems of study of walking act. The advent
of modern electronic equipment allows to obtain the
parameters of a person's free walking in real time and to
study its changes within different experimental paradigms,
created a new opportunity for comparative analysis of this
motor act and opened the prospects for clinical and
instrumental comparisons [1].

After analyzing 62 publications on the results of study of
the cognitive tasks impact on walking parameters in 2300
people [2], the team of authors concluded that the use of the
dual task methodology (walking and cognitive task) has
become a leading topic for research. However, despite the
growing body of research on walking and its disorders, there
are a lot of unknown issues.

The purpose of the work is to analyze gender features of
human walking spatio-temporal parameters and directions
of their changes while performing additional cognitive tasks.

Materials and methods

608 clinically healthy individuals of both sexes were
examined to study the function of normal walking and to
determine the organization features of its spatio-temporal
parameters and trend of changes. At the time of the study
the examined individuals should not have any injuries and
diseases of different systems, which could lead to changes
in gait parameters. Also, the examined volunteers were not
required to consume alcohol, sedatives, drugs in the last 72
hours before the study.

Distribution of the examined individuals for age groups
was as follows: 69 teenagers - 36 girls (12-15 years) and 33

- .

-,

& Leftlegstep »

boys (13-16 years); 502 young people - 241 young men (17-
21 years) and 261 young women (16-20 years); 37 middle-
aged women (21-43 years).

In our studies, spatio-temporal gait parameters were
studied with the use of an automated GAITRite® system,
produced in the USA (CIR Systems Inc., Clifton, NJ), which
is a 4.2-meter-long and 1.5-meter-wide polymer track with
22,000 integrated sensor elements that respond to pressure.
When walk along the track, the system scans sensors with
80 Hz frequency, processes them, saves and calculates
walking' integral spatio - temporal parameters of the
examined. In total, two trials were considered for each
person. The data were combined and thus walking at a
distance of 7-8 meters in each series was estimated. Spatio-
temporal gait parameters were determined separately for
the right and left legs. Walking studies were performed
without shoes, as more accurate changes in spatio-temporal
parameters were obtained [23]. We determined the following
parameters: walking speed, steps number in passage of
track, steps number per minute, step length, double step
length, ratio of step length to the length of lower extremity,
reliance (support) width, step time, step cycle time, foot
transfer time, time of support, time of reliance on both feet,
stepping cycle structure, integral indicator of quality,
"normality” of walking - FAP.

Figure 1-4 shows graphical representation of footprints
and methods for some parameters measuring, using
GAITRite®.

The following walking parameters while performing
additional cognitive tasks were analyzed: 1) consistent,
without repeating pronounce of name of any known animals;

L
Right leg

step
**

<€— Movement direction

Fig. 1. Principle of step length determination (distance in cm from heel point of the previous step of one foot to the heel point of the current

step of the other foot).
Right leg double step
<« —>
o g
f Left leg double step S
<— Movement
direction

Fig. 2. Principle of double step length determination (distance in cm between heel points of two consecutive steps of one foot).
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Fig. 3. Principle of step time determination (time period from the first contact of one foot to the first contact of the opposite foot).

Movement
direction

left
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€ Leftleg step cycle time )

Swing phase
Support phase

Swing phase

right |

| Support phase

& Right leg step cycle time

> time

Fig. 4. Principle of step cycle time determination (time between the first contacts of two consecutive steps of one foot).

2) sequential subtraction 7, starting at 100. The quality of
walking and the quality of cognitive task performance were
assessed.

Statistical processing of the obtained results was carried
outin the package "STATISTICA5.5" (NeAXXR910A374605FA)
using parametric estimation methods.

Results

The spatio-temporal parameters of walking while
simultaneously name known animals in male teenagers
were as follows: average speed 118.6+3.5 cm/s; number of
steps per minute 101.8+2.0; step length of the right leg
69.41+£1.46 cm, left - 70.03+1.42 cm; ratio of step length to
leg length was 0.771£0.021 on the right and 0.781%
0.021 on the left; double step length of the right leg was
139.34+2.83 cm, of the left one was 139.38+2.81 cm; width
of support base for the right leg 10.62+0.59 cm, for the left -
10.25+0.58 cm; right foot turning angle is 9.231+1.041°, for
the left one is 7.401+1.082°. Duration of the right and left foot
steps was equal to 0.602+0.011 s; duration of stepping cycle
for the right leg was 1.191+£0.032 s, for the left leg -
1.19240.021 s; duration of transfer of the right and left legs
was the same and amounted to 0.502+0.011 s; support
(reliance) time for the right and left legs was the same and
lasted 0.701+0.022 s; duration of the single support was
0.502+0.010 s on both sides; reliance on both legs when
performing a step, both by right and left leg lasted the same
time - 0.210+£0.010 s. FAP was 83.15+3.88 %, which
indicates a decrease in walking quality under these
conditions.

In young men, the average velocity was 124.11+
3.29 cm/s; steps number per minute was 102.09+1.68; step
length for the right leg was 72.17+£1.21 cm, for the left one

was 72.98+1.18 cm; ratio of stride length to leg length was
the same on both sides and was 0.792+0.011; double step
length of the right leg was 145.57+2.32 cm, of left one was
144.97+2.20 cm; width of support base for the right leg was
10.48+0.48 cm, for the left - 10.51+0.46 cm; right foot rotation
angle was 10.36+0.85°, for the left - 7.976+0.759°. Duration
of the right leg steps was 0.587+0.012 s, for the left one -
0.596+0.010 s; duration of the stepping cycle for the right leg
was 1.192+0.031 s, for the left leg - 1.188+0.019 s; duration
of right and left foot movements was the same and amounted
to 0.502+0.009 s; support time for the right leg lasted
0.701+0.010 s, for the left - 0.693+0.008 s; duration of the
single support was 0.502+0.011 s on both sides; reliance
on both feet when performing a step, both right and left leg
lasted the same time - 0.210+0.010 s. FAP was 82.1+2.2 %,
which indicates a decrease in walking quality under these
conditions.

The spatio-temporal parameters of walking while naming
known animals in teenager girls were as follows: mean
speed 103.26%+4.51 cm/s; number of steps per minute
95.53+2.71; stride length of the right leg 64.01+£1.37 cm, of
the left leg 64.09+1.32 cm; ratio of stride length to leg length
was 0.761+0.019 on the right and 0.761+0.009 on the left;
double step length of the right leg was 128.33+£2.62 cm, of
the left one was 128.16+2.67 cm; width of support base for
the right leg was 7.101+£0.592 cm, for the left - 7.03%
0.591 cm; rotation angle for the right foot was 2.511+0.892°,
for the left - 0.402+0.841°. Length of the right and left legs
steps were the same and amounted to 0.6541+0.021 s;
duration of stepping cycle for the right and left legs was the
same and was 1.302+0.041 s; duration of the right leg
transfer was 0.543+0.019 s, of the left - 0.536+0.020 s;
support time for the right leg was 0.768+0.029 s, for the left
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- 0.764+0.031 s; duration of the single support was
0.502+0.011 s on both sides; reliance on both feet when
performing a step, both right and left leg lasted the same
time - 0.3104£0.010 s. The FAP was 81.8+1.8 %.

In the study of spatio-temporal parameters of walking
with simultaneous naming of known animals in juvenile girls
we found that the average speed was equal to 98.974+3.32
cm/s; number of steps per minute was 93.56+2.27; step
length of the right leg was 62.53+0.87 cm, of the left leg
62.98+0.93 cm; ratio of stride length to leg length was
0.733+0.009 on the right and 0.741+0.011 on the left; double
step length of the right leg was 125.7+1.8 cm, of the left one
was 125.6+1.8 cm; width of support base for the right leg
was 6.619+0.494 cm, for the left - 6.553+0.484 cm; rotation
angle of the right foot was 2.952+0.658°, of the left -
0.501+0.687°. Duration of the right leg steps was
0.658+0.017 s, of the left one was 0.681+0.020 s; duration
of the stepping cycle for the right leg was 1.341+0.039 s, for
the left - 1.337+0.041 s; duration of the right leg transfer was
0.54310.021 s, of the left - 0.562+0.020 s; support time for
the right leg was 0.788+0.031 s, for the left one - 0.769+0.018
s; duration of the single support was 0.568+0.021 on the
right and 0.538+0.019 on the left; reliance on both feet when
performing a step, both right and left leg lasted the same
time - 0.26210.011 s. FAP was 82.3+1.1 %.

In the study of spatio-temporal parameters of walking
with simultaneous naming of known animals in middle-aged
women, it was found that the average speed was
101.32+4.48 cm/s; number of steps per minute was
94.24+3.11; right leg step length was 63.68+1.12 cm, for the
left leg 63.78+1.07 cm; ratio of stride length to leg length
was 0.738+0.018 on the right and 0.751+0.009 on the left;
double step length of the right leg was 127.5+2.1 cm, for the
left one was 127.94+2.2 cm; width of the support base for the
right leg was 6.452+0.576 cm, for the left - 6.482+0.568 cm;
rotation angle of the right foot was 2.281+0.802°, for the left
- 4.148+0.942°. Duration of the right and left foot steps was
the same - 0.669+0.028 s; duration of stepping cycle for the
right leg was 1.342+0.051 s, for the left - 1.323+0.048 s;
duration of the right and left legs transfer was 0.542+
0.021 s; reliance time for the right leg lasted 0.803+0.038 s,
for the left one - 0.792+0.032 s; duration of single reliance
was 0.538+£0.019 s on both sides; reliance on both feet
when performing a step, both right and left leg lasted the
same time - 0.27910.018 s. FAP was 79.48+4.71 %.

There were no significant differences in cognitive task
performance quality in intergender comparisons in the study
groups (p>0.05).

In the study of spatio-temporal parameters of walking
with simultaneous performance of more complicated
cognitive task (the examined person during normal walking
had to subtract consistently 7 starting from the 100 and tell
the result without giving priority to any of the tasks) in
adolescent boys it was found, that the average walking speed
was 61.68+2.77 cm/s; steps number per minute was
61.41+£2.43. Step length of the right leg was 60.23+

1.042 cm, of the left leg 60.09+1.09 cm; ratio of stride length
to leg length was the same for the right and left legs and
was 0.653+0.012; the difference between step length of the
right and left legs was 2.682+0.248 cm; double step length
of the right leg was 120.36+2.11 cm, of the left one was
120.17+2.14 cm; width of the support base for the right leg
was 10.06+0.49 cm, for the left - 10.01£0.49 cm; rotation
angle of the right foot was 8.232+0.691°, of the left -
5.518+0.672°. The average length of steps for the right leg
was 1.187+0.079 s, for the left one - 1.173+0.068 s; duration
of stepping cycle for the right leg was 2.35+0.136 s, the left -
2.368%0.136 s. Duration of the right leg transfer was
0.931+0.062 s, of the left - 0.918+0.057 s; reliance time for
the right leg lasted 1.413+0.078 s, for the left one
1.449+0.087 s; duration of single reliance of the right leg
was 0.921+0.058 s, of the left one 0.928+0.059 s; time of
double reliance while performing a step by the right leg lasted
0.513+0.041 s, by the left - 0.519+0.039 s. The difference in
step duration between the right and the left leg was
0.20940.038 s, and the difference in step cycles duration for
both legs was 0.091+0.019 s. In the structure of walking
cycle with simultaneous performance of cognitive task in
boys, the following ratios were obtained: the duration of foot
transfer from the total duration of the walking cycle was
38.940.5 % for the right leg, 38.8+0.6 % for the left leg; reliance
duration for the right leg was 61.1+0.5 % of the total duration
of stepping cycle, for the left leg - 61.2+0.6 %; single reliance
duration of the right leg in examined boys was 39.2+0.6 %,
of the left - 38.8+0.7 % of the total duration of the respective
step cycle; reliance on both feet for the stepping cycle for the
right leg was 22.3+0.8 %, for the left leg - 22.6+0.8 %.

FAP of walking with simultaneous performance of
cognitive task in adolescent boys was 67.6+1.7 %, which
indicates a significant decrease in quality of walking under
the given physiological paradigm.

The spatio-temporal parameters when walking with
simultaneous performance of the same cognitive task in
girls were as follows: average speed of movement
47.16+£2.38 cm/s; per minute the girls performed
54.38+2.18 steps; the right leg step length was 51.19+0.91
cm, for the left leg 50.58+0.88 cm); ratio of stride length to
leg length was the same for the right and left legs and was
0.602+0.009; difference between step length of the right and
left legs was 2.602+0.201 cm; double step length of the
right leg was 101.7+1.8 cm, of the left one was 102.0+
1.8 cm; width of the support base for the right leg was
6.209+0.428 cm, for the left leg - 6.138+0.418 cm; the right
foot rotation angle was 4.019+0.621°, for the left -
0.501+0.658°. Right leg steps duration was 1.348+0.068 s,
for the left one - 1.279+0.057 s. Stepping cycle duration for
the right leg was 2.62+0.127 s, for the left 2.581+0.117 s;
duration of the right leg transfer was 1.009+0.058 s, of the
left one - 0.948+0.048 s; reliance duration for the right leg
was 1.608+0.082 s, for the left one - 1.638+0.079 s; single
reliance duration of the right foot was 0.947+0.049 s, of the
left one was 1.012+0.058 s; reliance on both feet when
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performing a step with the right leg lasted 0.662+0.043 s,
left - 0.668+0.044 s; difference in step duration between the
right and left legs was 0.212+0.031 s, and the difference in
step cycles duration for both legs was 0.139£0.017 s; foot
transfer duration from the total duration of stepping cycle
was 37.9+0.6 % for the right leg, 36.6+0.6 % for the left leg;
reliance duration for the right leg was 62.2+0.6 % of the total
duration of stepping cycle, for the left leg it was 63.4+0.6 %;
duration of a single reliance for the right leg was 36.5+0.6 %
of the total duration of stepping cycle, with the left - 38.1%
0.7 %; both feet reliance for stepping cycle for the right leg
was 25.7+0.8 %, for the left leg - 26.3£0.9 %. FAP when
walking with simultaneous cognitive task in girls was
63.4£1.5 %.

In_inter-gender comparison of spatio-temporal
parameters of walking with simultaneous performance of
more simple cognitive task (naming known animals) in
teenager groups found that stride length in girls is shorter
than in boys (left 9.4+1.3 %, right 8.5+1.2 %) (p<0.05), double
step length in girls is shorter than in boys (on the left by
8.942.8 %, on the right by 8.7+2.2 %) (p<0.05), support base
width on both sides is smaller for girls than for boys (left
45.848.4 %, right 49.948.3 %) (p<0.05), rotation angles of
both feet in girls were significantly smaller (in boys they were
left 7.401+1.082°, right 9.231+£1.041°, in girls on the left
0.402+0.841°, right 2.511+£0.8927, p<0.001). Unlike spatial,
all temporal indicators in male and female teenager groups
had no statistically significant differences (p>0.05).

In adolescent groups, girls had a shorter step length (by
16.0+£1.8 7% left, by 15.5+1.7 % right), double step length
(by 15.5+1.7 % on the left, by 15.9+1.7 % on the right), support
base width (left by 60.4+7.2 %, right by 58.6+7.4 %), rotation
angles of both feet (in women left 0.501+0.687°, right
2.952+0.658°, men left 7.976+0.759°, right 10.36+0.85°,
p<0.001), ratio of stride length to leg length (by 6.8+1.4 % on
both sides, p<0.001).

Considerable part of temporal indicators was higher in
female group: step duration was longer on the left by 11.8+2.2
%, on the right by 10.6+2.3 %, step cycle duration on the left
by 10.6+1.2 %, on the right by 11.3£1.2 %, time of single
reliance on the left by 7.4+2.8 %, on the right by 10.7+2.7 %,
time of transfer on the left by 10.8£2.8 %, on the right by
7.5+2.9 %, reliance duration on the left by 10.4+1.9 %, on the
right by 11.44+2.5 % (p<0.05), passage time by 27.6+4.0 %.
Speed in women is less by 25.4+3.3 % (p<0.001).

Therefore, the study of spatio-temporal parameters of
walking with simultaneous performance of simpler cognitive
task (naming known animals) found an increase in step
time duration, step cycle, time of foot transfer, support time
and double support, decrease in walking speed and number
of steps per minute. Inter-gender differences in the study
groups had similar characteristics: in men, greater stride
and double stride length, ratio of stride length to limb length,
width of support base, significantly different feet rotation
angles. There were no differences in temporal parameters
while comparing teenager groups of boys and girls. However,

in inter-gender comparison of temporal parameters of
walking with additional cognitive task in adolescent groups,
differences were found in most of the parameters: women
had longer stride time, stepping cycle, single support, transfer
time, support time, passage time, and lower speed.

When comparing spatio-temporal parameters of walking
in young men and young women with simultaneous
performance of a cognitive task, which consisted of
sequential subtraction 7, starting from the number 100, such
differences were established. The average movements
speed of young men was statistically significantly higher
(p<0.001). Number of steps, taken by young men to overcome
the track length was statistically significantly smaller
(p<0.001), and the number of steps per minute in boys was
statistically significantly greater (p<0.05). Among the spatial
parameters in young men statistically significantly greater
were the usual steps length, double steps length, ratio of
steps length to the corresponding leg length, as well as the
width of support base for both right and left feet and feet
rotation angle (p<0.001 in all cases). In boys and girls, the
asymmetry of stride length for the right and left leg was not
significantly different (p>0.05).

Among temporal indicators statistically significantly were
smaller in boys: right foot step time, step cycles time for
each extremity, support time for both the right and the left leg
(p<0.05 in all cases) and double support time (on both feet)
when performing steps by each leg (p<0.01). Left foot step
time, right and left foot swing time, support time only for the
right or left foot, as well as the difference in the right and left
foot stride time, difference in step cycles time for both legs
were not significantly different (p>0.05 in all cases).

In young men, in the structure of step cycle when walking
with additional cognitive task the proportion of the left leg
swing time and single support time for the right leg was
statistically significantly greater in comparison with the total
step cycle time (p<0.01). The percentage of the right foot
swing time, the left leg single support time, and the right leg
support time did not differ significantly (p>0.05). The
percentage of the left leg support time (p<0.01) and the
percentage of double support time for each leg were
significantly lower in comparison with the total step cycle
time of the corresponding lower limb (p<0.001).

Thus, in adolescent boys and girls while walking with
simultaneous performance of cognitive task did not differ
much such indicators as: asymmetry of the right and left foot
steps length (among the spatial parameters); left foot step
time, the right and left foot swing time, support time on the
right or left foot only, as well as the difference in the right and
left foot step time and step cycles time for both feet (among
temporal parameters). The average walking velocity, steps
number per minute, all the spatial parameters, except for
the abovementioned, were statistically significantly higher
in boys than in girls under the same conditions. The number
of steps performed by the boys to overcome the track length
and the right foot step time, step cycles time for each leg,
right and left legs support time, support time on both feet
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when performing steps with each leg were less in boys. In
step cycle structure when walking with a cognitive task in
boys, statistically significantly higher were the proportions of
the left leg swing time and right leg single support time from
the total time of step cycle of the corresponding leg, and the
share of the left leg support time and the share of double
support time for both legs were smaller. The proportion of
right foot swing time, left leg single support time, and right
leg support time did not differ in stepping cycles of boys and
girls while walking with simultaneous performance of a
cognitive task.

In detailed analysis of actual cognitive task quality, it was
found that standing in the general group of adolescents, out
of 14 possible numbers to calculate, the average number of
errors for them was 1.1+1.4, which is equal to 7.919.8 %.
When performing a cognitive task while walking on a track in
adolescents group, the average total number of calculated
numbers was 8.3+3.2, and the average number of errors in
calculations - 1.3+1.5, which is equal to 17.4+18.3 %.

Discussion

Contrary to the traditional notions of anatomical and
functional separation of motor systems from cognitive ones,
modern research can reasonably claim that these systems
are interconnected [7, 9]. The basis for motion-building is
the coordinated activity of different brain systems, both for
those that directly control the implementation of motor act
and those related to the processes of perception, attention,
and memory [17].

It should be noted that the direction of changes in walking
indicators while performing the cognitive task in our studies
only in some cases coincided with those, reported in
scientific literature.

When analyzing the effect of more simple cognitive task
(sequential without repeating naming any known animal)
on spatio-temporal walking parameters, it was found that
gender differences of walking parameters with performance
of additional cognitive task had similar directions in all
studied age groups: in men longer stride and double stride
length, stride length to limb length ratio, support base width,
larger foot rotation angles, what probably related to
anthropometric differences. Differences in temporal
parameters of walking with additional cognitive task were
not detected when comparing teenager groups (boys and
girls). And in inter-gender comparison of walking temporal
parameters with performance of additional cognitive task in
adolescent groups we revealed differences in most
parameters, namely: in women longer stride time, stepping
cycle time, single support time, swing time, support time,
longer passage time and less speed in relation to young
men groups. Such changes in adolescence are likely to be
associated with not only significant anthropometric gender
differences (as in adolescents) but also significant neuro-
humoral changes.

It should be noted that there are conflicting results of
studies of cognitive tasks effect on human walking

parameters. There are reports of cognitive tasks no influence
on walking of young healthy people as well as on healthy
elderly people [22, 24]. The authors used easy cognitive
tasks as additional ones (verbal response to auditory
stimulus, verbal response to visual stimulus, etc.) that
required little cognitive effort, or perhaps gave priority
exclusively to walking, which was studied less accurately,
mostly using electronic footswitch systems or kinematic body
data estimation using video cameras [18, 21]. The study of
walking using miniature gyroscopes found [4] in healthy
young people performing verbal speed task caused
significant changes in walking, but not in cognitive task
performance: walking speed decreased and step time
increased, stride length parameters did not change
significantly.

In our case, the cognitive component (animal naming),
apparently, was such by influence force that led to changes
not in all walking parameters, but changed only some
temporal parameters. Thus, it can be reasonably assumed
that walking temporal parameters with additional cognitive
task begin to change as soon as the simplest cognitive
tasks are performed, and therefore they are more labile than
spatial parameters, which change as the cognitive task
complexity increases. It is important that walking speed
decrease in dual tasks indicates to involvement of high-
order cognitive systems in speed control [2]. The authors
suggest that walking speed control zones are associated
with networks of high-level cognitive functions, in particular
prefrontal cortex.

When walking with more complex arithmetic cognitive
task, speed decreased by 52.5 % in adolescent boys and
61.5 % in girls. The same effect of cognitive task performance
on walking speed, but less significant, was also observed
in other studies [8-10, 13, 27]. Thus, reducing walking speed
with simultaneous additional task is likely to be a defensive
reaction to maintain movement stability. On the other hand,
there are data that slow walking speed, which is often
accompanied by step cycle time variability increase,
contributes to gait instability [17]. Therefore, in our case, in
the context of simultaneous arithmetic counting walking,
decrease in speed may indicate that such walking becomes
less stable than normal walking. Instability may be
associated with less effective walking control in speed
decrease. In our studies, it was revealed that not only usual
step and double step length decreases (right foot in boys by
14.9 %, in girls by 19.6 %; left foot in boys by 15.2 %, in girls
by 20.8 %), but also steps length, performed by each leg to
corresponding leg length ratio (in boys by 14.5 %, in girls by
20 %).

Invariability of support base width and feet rotation angles
in both boys and girls may indicate that functional support
base dimensions in normal walking is sufficient to maintain
posture and balance even in walking with simultaneous
performance of cognitive task, as well as on more rigid
mechanisms of these two parameters regulation.

We have determined that both in boys and in girls'
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decrease in walking speed with simultaneous calculus
occurs due to increase of all without exception temporal
parameters and first of all, due to increase of support time
and foot swing time. With the help of special shoes, in sole
of which were mounted touch sensors, we also found
increase in mean step cycle time in group of healthy elderly
people in walking with simultaneous counting. Although,
researchers team, led by J.M. Hausdorff, in study of walking
with cognitive load in healthy elderly people, found decrease
in foot swing time [9].

The stepping cycle was adjusted in the direction of
reducing percentage of each leg swing time and single
support time for each lower extremity from their stepping
cycles time (in boys by 3.9 % and 3.7 %, respectively; in girls
in average by 7.6 % and 7.4 %, respectively), and increase in
percentage of each leg support time and both legs support
time in stepping cycles of corresponding lower extremities
(in boys by 2.7 % and 18.5 %, respectively, in girls by 5.2 %
and 34.7 % respectively). Therefore, to maintain equilibrium
when walking with simultaneous arithmetic task helps longer
support period in the stepping cycle of such walking.
Moreover, the increased instability of walking with
simultaneous calculation in comparison with normal walking
is indicated by the increase of asymmetries of step time
(from 0.010£0.001 to 0.210+0.040 s), step cycle time (from
0.01040.001 to 0.100+0.020 s), and girls also have an
asymmetry of stride length (from 1.620+0.120 to 2.600+
0.200 cm).

The overall quality ("normality") of walking index with
simultaneous cognitive task is critically reduced by 30.4 %
in boys and 33.4 % in girls, indicating significant
reorganization of basic mechanisms of walking stability
regulation with participation of spinal and super-segmental
structures under the influence of powerful commands from
the highest cortex centers.

It should be noted that there are conflicting results of
studies of cognitive tasks effect on human walking
parameters. There are reports that cognitive tasks have no
influence on walking of young healthy people as well as on
healthy elderly people [19, 22]. The authors used easy
cognitive tasks as additional ones that required little cognitive
effort, or perhaps gave priority exclusively to walking.

Differences in spatio-temporal parameters of walking
with simultaneous more complex, arithmetic cognitive task
between boys and girls indicate that boys moved faster,
performing more steps per minute. Right leg step time, step
cycles time for each leg, support time for both right and left
legs, and support time for two legs in girls was much longer
than in boys. Probably, in girls the mechanisms of walking
stabilization are more aimed at increasing contact time with
support surface. When walking with simultaneous cognitive
task, we found a certain sexual dimorphism of step cycle
structure, which is not observed in ordinary walking. In boys
stepping cycle, unlike girls, the percentage of double support
time for each leg, as well as the percentage of left leg support
time, are smaller, and the percentage of left leg swing time

and right leg single support time are greater. Perhaps, in
significant complications of walking conditions, young men
to maintain balance prioritize a particular leg, namely the
right one in our research.

When assessing changes in walking parameters, which
were caused by additional task performance, it is important
to keep in mind that according to spatial and temporal
parameters of walking we can indirectly assess the state of
CNS structures, responsible for forming walking
parameters.

Dynamic walking control includes a number of critical
interaction criteria: external environmental data, goals,
biomechanical constraints, and sensor integration. Dynamic
walking control is based on coordinated motor
neurophysiological pattern, in which appropriate interaction
of body segments with each other and the environment is
made to ensure progress and stability while walking. State
of activity of such coordinated motor pattern, step-by-step
and at long intervals is also a key factor, as walking variability
is a unique area that provides data on intellectual awareness
of falls risk and future mobility impairment. Dynamic walking
control of higher level requires adaptability in the context of
additional proposed tasks. Assessment of walking data
obtained is the key to a comprehensive assessment and
study of dynamic walking control [6].

It is reasonably believed [15] that step length and speed
are controlled by phase output from basal ganglia into
additional motor area, whereas spinal cord structures and
brain stem determine the rhythm.

Locomotor phase control function is performed by
cerebellar loop, which includes spinal cord, cerebrospinal
tract, cerebellum, and descending pathways from brain stem.
Each of these descending tracts carries both tonic (non-
paternal) and phase (paternal) signals into spinal cord.
These signals regulate upper and lower extremities
movements by stimulation and inhibition of spinal
interneurons and motoneurons activity. Change of such
walking spatial parameters as stride length and double
stride length, can be a sign of cerebellum pathology [26].

Closed cerebellar spinal circuits act as a control system
for locomotor phase. In this case, pontomedullary reticular
formation cells affect not only rhythm, but also force and
phase of moving locomotor movements, increasing the
importance of ventromedial system, which fibers primarily
separated from vestibular nuclei, tectum, bridge and medulla
oblongata reticular formation for locomotion control [6].
Based on these data, it can be predicted that changes in
certain walking parameters as well as phase disturbances
in overall walking pattern may indicate a shift in ventromedial
system of locomotion control.

The data of our study argue the possibility of using
additional tasks as a tool of isolated influence on temporal
(cognitive task similar to ours in type and complexity - animal
naming) and spatial (motor task) walking parameters, which
allows indirectly evaluate the functional state of different parts
of nervous system.

Vol. 25, Ne2, Page 5-15

1"



Sex-related features of walking with cognitive tasks

It is important to establish the fact that support base is
characterized by the highest stability and plays a key role in
locomotor tasks performance in difficult walking conditions.
Stability of support base is required to maintain medio-lateral
and anterior-posterior stability of walking. Support base is
the most stable parameter, which does not change with
different walking paradigms. In our study, the above-
mentioned parameter did not change while performing all
the additional tasks.

Thus, maintaining balance and preventing falls, which is
the primary walking task, while walking with simultaneous
additional tasks can be ensured by constant support base
width - one of the most important components in control
mechanism of balance and stability of walking.

We did not find differences in performance quality of simple
cognitive task (naming animals) between gender groups.
Walking quality with additional cognitive task tended to
decrease in all study groups, as indicated by the results of
FAP comparison. Accordingly, FAP decreased in teenager
males from 96.4+4.04 % to 83.14+3.9 %, in adolescent males
from 96.7+4.9 % to 82.1+2.2 %, in teenager women from
97.11£3.9 % to 81.8+1.8 %, in adolescent women from 96.7+4.0
% to 82.3+1.1 %, in middle-aged women from 96.8+5.3 % to
89.5+4.8 %. Obviously, such FAP decrease proves that
performing a cognitive task while walking leads to a decrease
in balance level and body stability during movement, and thus
increases falls risk, so significant FAP decrease can be used
as a diagnostic criterion in neurological practice.

Significantly, when walking with simultaneous complex,
arithmetic cognitive task, three girls refused to participate in
this physiological paradigm (to perform both walking and
counting) although the performance of these tasks
separately, of course, did not cause any problems to them.

Decline in quality of dual tasks performing (walking and
cognitive tasks) can be explained by neuropsychological
theory of "resource allocation", according to which, if both
tasks performed simultaneously they require the use of
resources that exceed the resource of central general ability,
then performing a single task, or, even, both will worsen,
regardless to the specific nature of the tasks. According to
the modified version of the theory of "resource allocation”,
due to the ability of attention to be distributed, when it is
dispersed to perform two tasks that need attention, it may
deteriorate, even if the capacity of the resource is not
exceeded [16, 25].

There is an opinion that articulation may affect late control
in healthy people [3]. Since naming animals requires
coordination between the processes of articulation,
phonation and respiration, this additional task can also be
considered as a complex motor task. Sequent subtraction 7
and result pronunciation also requires coordination between
the processes of articulation, phonation and respiration, and
this additional task can also be seen as a complex motor
task. Naming animals while walking can be classified as a
rhythmic activity. In the scientific literature there are some
data that, while performing two rhythmic tasks of different

frequencies, their powerful interference can occur [14].
Obviously, in our study, the rhythmic nature of naming animals
could interfere with walking rhythm and thus provoke
significant changes in walking.

You can reasonably argue about the interference of
walking and counting in our study. We found a significant
decrease in walking quality (decrease in FAP indices) as
well as in arithmetic counting (critical increase in the number
of errors in calculations from 7.9+9.8 % in standing to
17.4£18.3 % while walking). This can be explained by the
neuropsychological theory of "resource allocation", according
to which, if both tasks performed simultaneously they require
the use of resources that exceed the resource of central
general ability, then performing a single task, or, even, both
will worsen, regardless to the specific nature of the tasks.
According to the modified version of the theory of "resource
allocation", due to the ability of attention to be distributed,
when it is dispersed to perform two tasks that need attention,
it may deteriorate, even if the capacity of the resource is not
exceeded [16].

And according to the theory of the "bottle neck", the
performance of two similar tasks reduces their performance
quality [9, 20]. But it is essential, that studies on cognitive
tasks influence on walking process show that the latter
change walking even when the cognitive task does not have
a motor component [8].

Thus, in practically healthy boys and girls, walking
regulation with simultaneous performance of such cognitive
task (arithmetic counting) is carried out by reducing spatial
and increasing temporal parameters of walking, constant
width of support base and foot rotation angle, restructuring
of step cycle towards reducing the percentage of swing time
and single support time and increase in percentage of
support time for each leg and support time on both legs. We
have used one of the complex cognitive tasks that needs
maximum attention and memory. As a result, the quality of
both walking and cognitive performance decreased, but the
quality of counting (more than twice) declined more critically,
in favor of moving forward and maintaining balance. Thus,
the examined individuals subconsciously gave priority to
walking.

This is coordinated with the "first pose strategy" put
forward by A. Shumway-Cook, according to which, in case of
increasing threat of falling, the subject prefers late control or
stability of walking over the performance of additional,
secondary task in order to reduce risk of falling and injury
[24].

It should be emphasized that changes in spatio-
temporal pattern of walking with simultaneous performance
of certain tasks depend not only on task nature, but also
increase in accordance with its difficulty. The greater impact
of complex cognitive task on walking can be related to the
mechanisms of information processing in CNS. Probably,
in case of arithmetic counting, they were activated to a greater
extent. In addition, counting is dependent on operative brain
memory and thus directly on executive function. Competition
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for executive function resource of two simultaneously
performed tasks in walking conditions with additional
cognitive task turned out to be quite intense.

Of course, the influence of articulation component on
walking as a part of our chosen cognitive task cannot be
excluded.

Therefore, regulation of spatio-temporal parameters of
walking depends on the work of all levels of nervous system.
The basic spatio-temporal pattern is initiated by central
generators of spinal cord rhythm, whose work is set up and
modulated by supra-segmental structures, and layered
commands from cerebral cortex can substantially change
the basic pattern by creating an appropriate spatio-temporal
model of walking.

References

[1]Abbruzzese, L. D., Rao, A. K., Bellows, R., Figueroa, K., Levy,
J., Lim, E., & Puccio, L. (2014). Effects of manual task
complexity on gait parameters in school-aged children and
adults. Gait & posture, 40(4), 658-663. doi: 10.1016/
j.gaitpost.2014.07.017

[2] Al-Yahya, E., Dawes, H., Smith, L., Dennis, A., Howells, K., &
Cockburn, J. (2011). Cognitive motor interference while
walking: a systematic review and meta-analysis.
Neuroscience & Biobehavioral Reviews, 35(3), 715-728. doi:
10.1016/j.neubiorev.2010.08.008

[3] Dault, M. C., Yardley, L., & Frank, J. S. (2003). Does articulation
contribute to modifications of postural control during dual-
task paradigms? Cognitive Brain Research, 16(3), 434-440.
doi: 10.1016/s0926-6410(03)00058-2

[4] Dubost, V., Annweiler, C., Aminian, K., Najafi, B., Herrmann, F.
R., & Beauchet, O. (2008). Stride-to-stride variability while
enumerating animal names among healthy young adults: result
of stride velocity or effect of attention-demanding task? Gait
&posture, 27(1), 138-143. doi: 10.1016/j.gaitpost.2007.03.011

[5] Dubost, V., Kressig, R. W., Gonthier, R., Herrmann, F. R., Aminian,
K., Najafi, B., & Beauchet, O. (2006). Relationships between
dual-task related changes in stride velocity and stride time
variability in healthy older adults. Human movement science,
25(3), 372-382. doi: 10.1016/j.humov.2006.03.004

[6] Earhart, G. M. (2013). Dynamic control of posture across
locomotor tasks. Movement disorders, 28(11), 1501-1508.
doi: 10.1002/mds.25592

[7] Gonzales, J. U., James, C.R., Yang, H. S., Jensen, D., Atkins, L.,
Thompson, B. J., ... & O'Boyle, M. (2016). Different cognitive
functions discriminate gait performance in younger and older
women: A pilot study. Gait & posture, 50, 89-95. doi: 10.1016/
j-gaitpost.2016.08.021

[8] Grabiner, M. D., & Troy, K. L. (2005). Attention demanding tasks
during treadmill walking reduce step width variability in young
adults. Journal of neuroengineering and rehabilitation, 2(1),
25. doi: 10.1186/1743-0003-2-25

[9] Hausdorff, J. M., Schweiger, A., Herman, T., Yogev-Seligmann,
G., & Giladi, N. (2008). Dual-task decrements in gait:
contributing factors among healthy older adults. The Journals
of Gerontology Series A: Biological Sciences and Medical
Sciences, 63(12), 1335-1343. doi: https://doi.org/10.1093/
gerona/63.12.1335

[10] Hollman, J. H., Kovash, F. M., Kubik, J. J., & Linbo, R. A. (2007).
Age-related differences in spatiotemporal markers of gait
stability during dual task walking. Gait & posture, 26(1), 113-

Conclusions

1. The regulation of space-time parameters of walking
depends on the work of all levels of the nervous system.
The basic spatio-temporal pattern is initiated by the central
generators of the spinal rhythm, whose work is set and
modulated by supra-segmental structures, and the layered
commands from the cerebral cortex can significantly change
the basic pattern by creating an appropriate spatiotemporal
model of walking.

2. Given the changes in quantitative and qualitative
indicators of walking in different physiological paradigms,
we can confidently state that walking is not an automated
process, but requires the use of a variety of additional CNS
resources, especially attention and cognitive resources.

119. doi: 10.1016/j.gaitpost.2006.08.005

[111Hung, Y. C., Gill, S. V., & Meredith, G. S. (2013). Influence of
dual-task constraints on whole-body organization during
walking in children who are overweight and obese. American
Jjournal of physical medicine & rehabilitation, 92(6), 461-
471.doi: 10.1097/PHM.0b013e31828cd59d

[12] Hung, Y. C., Meredith, G. S., & Gill, S. V. (2013). Influence of
dual task constraints during walking for children. Gait &
posture, 38(3), 450-454. doi: 10.1016/j.gaitpost.2013.01.009

[13] Lajoie, Y., Teasdale, N., Bard, C., & Fleury, M. (1996). Upright
stand- ing and gait: are there changes in attentional
requirements related to normal aging? Exp.ging. Res., 22(2),
185-198. doi: 10.1080/03610739608254006

[14] Montero-Odasso, M., Verghese, J., Beauchet, O., & Hausdorff,
J. M. (2012). Gait and cognition: a complementary approach to
understanding brain function and the risk of falling. Journal of
the American Geriatrics Society, 60(11), 2127-2136. doi:
10.1111/.15632-5415.2012.04209.x

[15] Parihar, R., Mahoney, J. R., & Verghese, J. (2013). Relationship
of gait and cognition in the elderly. Current translational
geriatrics and experimental gerontology reports, 2(3), 167-
173. doi: 10.1007/s13670-013-0052-7

[16] Posner, M. I., Sheese, B. E., Odludas, Y., & Tang, Y. (2006).
Analyzing and shaping human attentional networks. Neural
networks, 19(9), 1422-1429. doi: 10.1016/j.neunet.2006.08.004

[17] Priest, A. W., Salamon, K. B., & Hollman, J. H. (2008). Age-
related differences in dual task walking: a cross sectional
study. Journal of neuroengineering and rehabilitation, 5(1),
29. doi: 10.1186/1743-0003-5-29

[18] Qu, X. (2014). Age-related cognitive task effects on gait
characteristics: do different working memory components
make a difference? Journal of neuroengineering and
rehabilitation, 11(1), 149. doi: 10.1186/1743-0003-11-149

[19] Regnaux, J. P., Robertson, J., Smail, D. B., Daniel, O., & Bussel,
B. (2006). Human treadmill walking needs attention. Journal
of neuroengineering and rehabilitation, 3(1), 19. doi: 10.1186/
1743-0003-3-19

[20] Ruthruff, E., Pashler, H. E., &Klaassen, A. (2001). Processing
bottlenecks in dual-task performance: Structural limitation or
strategic postponement? Psychonomic bulletin & review, 8(1),
73-80. doi: 10.3758/bf03196141

[21] Schaefer, S., Jagenow, D., Verrel, J., & Lindenberger, U. (2015).
The influence of cognitive load and walking speed on gait
regularity in children and young adults. Gait & posture, 41(1),
258-262. doi: 10.1016/j.gaitpost.2014.10.013

Vol. 25, Ne2, Page 5-15

13



Sex-related features of walking with cognitive tasks

[22] Schrodt, L. A., Mercer, V. S., Giuliani, C. A., & Hartman, M.
(2004). Characteristics of stepping over an obstacle in
community dwelling older adults under dual-task conditions.
Gait & posture, 19(3), 279-287. doi: 10.1016/S0966-
6362(03)00067-5

[23] Schulze, C., Lindner, T., Woitge, S., Schulz, K., Finze, S.,
Mittelmeier, W., & Bader, R. (2014). Influence of footwear and
equipment on stride length and range of motion of ankle, knee
and hip joint. Acta of bioengineering and biomechanics, 16(4),
45-51. doi: 10.5277/ABB-00043-2014-02

[24] Shumway-Cook, A., Woollacott, M., Kerns, K. A., & Baldwin,

and parallel processing during dual-task performance. Journal
of Neuroscience, 28(30), 7585-7598. doi: 10.1523/
JNEUROSCI.0948-08.2008

[26] Takakusaki, K. (2013). Neurophysiology of gait: from the spinal
cord to the frontal lobe. Movement Disorders, 28(11), 1483-
1491. doi: 10.1002/mds.25669

[27] van lersel, M. B., Ribbers, H., Munneke, M., Borm, G. F., &
Rikkert, M. G. O. (2007). The effect of cognitive dual tasks on
balance during walking in physically fit elderly people. Archives
of physical medicine and rehabilitation, 88(2), 187-191. doi:
10.1016/j.apmr.2006.10.031

M. (1997). The effects of two types of cognitive tasks on
postural stability in older adults with and without a history of
falls. The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences, 52(4), M232-M240. doi:
10.1093/gerona/52A.4.M232

[25] Sigman, M., & Dehaene, S. (2008). Brain mechanisms of serial

[28] Yogeyv, G., Giladi, N., Peretz, C., Springer, S., Simon, E. S., &
Hausdorff, J. M. (2005). Dual tasking, gait rhythmicity, and
Parkinson's disease: which aspects of gait are attention
demanding? European journal of neuroscience, 22(5), 1248-
1256. doi: 10.1111/j.1460-9568.2005.04298.x

CTATEBI OCOBNMBOCTI XOAbbW NP OAHOYACHOMY BUKOHAHHI KOTHITUBHUX 3ABOAHb

Mopo3 B.M., ﬁo.nmyxiecu(u& M.B., BnaceHko O.B., Mockoeko I'.C., Bozoma3 O.B., PokyHeuyb I.J1., TuweHko I.B., Kocmiok
J1.B., CynpyHoe K.B.

OpezaHisayis xo0bbu ma i nopyweHHs 3anuwarombscsi 00HUMU i3 HalicknadHiwux po3dinie ¢hizionoeii Hepeogoi cucmemu ma Heeporsioaii.
Memoto pobomu € aHania cmamesux ocobnusocmeli MPOCMOPOBO-4acosux napamempie xo0bbu MOOUHU ma HarnpsMKie iX 3MiH 6
yMoBax 8UKOHaHHs1 000amKo8UX KoeHImuUeHUX 3aedaHb. [JocnidxeHi cmameai ocobriugocmi xo0b6u fi0OUHU NPU 8UKOHaHHI KO2HIMUBHUX
3as0aHb. ObcmexeHo 608 oci6 ob6ox cmamel gikom 12-43 pokie 3a dornomoeoto cucmemu GAITRIte®. B sskocmi Koe2HImugHuUx
3agdaHb 8UKOPUCMAHO Mocni008He HasusaHHs meapuH ma nocnidosHe 6iOHIMaHHs 7, rnodyuHatoqu 3i 100. Cmamucmu4yHy ob6pobKy
ompumaHux pe3ynbmamie rnpoeodurnu 8 niyeH3sitiHomy nakemi "STATISTICA 5.5" 3 sukopucmaHHsIM napamempuyHUX memoodie OUiHKU.
lpu 8UKOHaHHI Nepuwoeo (MpPocmiwo20) KoeHImuUeHoO20 3a80aHHSsI 8 yCiX 8iKOBUX 2pynax y Yosnosikie bynu 6inbwumu AoexuHa KpoKy ma
Mod8iliHo2o KPOKY, crniegiOHOWeEHHs O08XUHU KpOKy 00 G08XUHU KiHUieKu, wupuHa 6a3u oropu, Kymu po3gopomy cmor. Yacosi
napamempu y nidnimkie 060x cmamel He 8i0pi3HsnuUck. Y digdam 6ynu binblwumu MOKa3HUKU mpueanocmi KPOKY, KPOKOB020 UUKITY,
O0OUHOYHOI ornopu, nepeHocy, nNpoxody U MeHWOor weudKicmb. IHmeepanbHUl NokasHUK sikocmi, "HopmanbHocmi" xo0bbu (FAP) mas
meHOeHUjto 00 3HUXEHHS 8 ycix OocnidxysaHux epynax: y xmnon4qukie-nionimkie Ha 13,3+3,9 %, y yonosikie oHakie Ha 14,6+2,2 %, y
diguamok-nionimkie Ha 15,3+1,8 %, y die4am toHaubKkoeo eiky Ha 14,4+1,1 %; y XiHOk cepedHbo20 8iKy Ha 7,3+4,8 %. B toHakie ma
dig4am rpu 8UKOHaHHI CKI1adHIW020 KO2HIMUBHO20 3as0aHHsI 3MEeHWysarnucsi npocmoposi ma 36inbuwysanucs Jyacosi napamempu (y
nepwy 4epay, 3a paxyHoK 3binbWweHHs mpueanocmi ornopu Ha obudei Hoeu ma mpugasnocmi nepeHocy Hoau), bynu cmabinbHuMu
wupuHa basu ornopu ma Kymu posgopomy cmori. [lepebydosysascsi Kpokosuli Yuk. HeamiHHUMU 3anuwanucs wupuHa 6a3u ornopu ma
Kymu po38opomy cmorl 5iK y toHakie, mak i y dieuam. KOHaku pyxanucs 3 6inbuworo weudKicmio, BUKOHYrHU binbuwly KinbKiCmb KPOKie 3a
XeurnuHy. Hac KpoKy npasoro HO2010, Yac KPOKO8UX UUKIi8 Onsi KOXHOI Hoau, Yac onopu 0r1s 060x Hiz ma Ha dei Hozau & dig4am mpuearnu
3HayHo doswe. NokasHuk FAP kpumuyHo 3Huxyeascs Ha 30,4 % y toHakie i Ha 33,4 % y dieyam, wjo ceid4umb Mpo 3Ha4yHy peopaaHizauyito
6a3osux mexaHismie peeaynsuii cmabinbHocmi xo0bbu. Take 3HUXeHHs1 FAP npu3godumb 00 3HUXEHHS PieHs MiOMpUMKU pigHo8az2u
ma 3HWxeHHs1 cmabinbHocmi mina nid yac pyxy, a 3Hadumsb - 36inbwye pusuk nadiHb. CknadHe KoeHimueHe 3as0aHHs npu3eesno 0o
3HU)KEHHS IKOCMIi 8UKOHaHHS X00bbu ma binblW KpUMUYHO20 3HUXEHHS IKOCMI paxyeaHHs Ha Kopucmb pyxy erneped i 36epexxeHHs1
npu ybomy pigHosazu. Takum 4HuHoM, xo0bba He € asmomamu308aHUM MPOUecoM, a rnompebye 8UKOPUCMAaHHS Pi3HOMaHIMHUX
dodamkosux pecypcie LUHC, Hacamneped ysacu ma Ko2HImUBHUX pecypcis.

KntouoBi cnoBa: npocmoposi napamempu xo0bbu, pi3Hi eeHOepHi epynu, xoObba 3 000amKO8UM KO2HIMUBHUM 3a80aHHSIM.

MONoBbIE OCOBEHHOCTU XOAbBEbI MNP OQHOBPEMEHHOM UCMONMHEHUU KOTHUTUBHbLIX 3A0AHUN

Mopo3 B.M., ﬂo.nmyxoecxu& M.B., BnaceHko O.B., Mockoeko I.C., Boeoma3 O.B., PokyHey WU.JI., TuweHko U.B., Kocmiok
J1.B., CynpyHoe K.B.

OpzaHusayusi xo0bbbl U €€ HapyweHusi ocmaromcsi 0OHUMU U3 Hauborniee CroXHbIX pa3desiog ¢husuonoauu HepeHoOU cucmembl U
Heeponoeuu. Llenbio pabombl ecmb aHanu3 rosioebix 0CobeHHocmel nMpocmpaHCMB8eHHO-8PEMEHHbLIX napamempos xo0bbbl Yeriogeka
U HanpasneHul ux UsMeHeHul 8 ycri08Usix 8bIMoHeHUs O0MNOIHUMEbHbIX KO2HUMUBHbIX 3aday. ViccriedoeaHbl 110108bie 0CobeHHOCMU
X00bbbI Yesioeeka Mpu 8bINOIHEHUU KO2HUMUBHbIX 3adaHul. O6cnedosaHo 608 nuy oboeeo rnona eo3pacmom 12-43 iem ¢ nomMouwbro
cucmembl GAITRIte®. B kadyecmee KO2HUMUBHbIX 3adaHull UuCrofib308aHO rocredosamesibHOE Ha3bl8aHUE XUBOMHbIX U
rnocrnedosamernbHoe 8bldumaHue 7, Ha4uHasi co 100. CmamucmuydecKkyro obpabomKy Mosny4YeHHbIX pe3ynbmamos nposodusnu 8
nuyeHauoHHom nakeme "STATISTICA 5.5" ¢ ucnonb3oeaHuem napamempuyeckux memodoe oueHku. llpu ebinonHeHUU nepgozo
(6onee npocmozo) Ko2HUMUBHO20 3a0aHuUsi 80 8CEX 803PacMHbIX 2pyrnax y Myx4uH bbinu 6onbwe OnuHa waea u 080UHO20 wWaea,
COOmHoweHuUs1 OnuHbl Waaa K OfuHe KOHeYHocmu, wupuHa 6a3bl 0riopskl, yeribl pa3gopoma cmor. BpemeHHbie napamempsbi y nodpocmKos
oboezo nosa He omnuyanuce. Y desywek bonbwe nokasamesiu 01umesbHOCMU waaa, Waz2o8020 Yukiia, 0OUHOYHOU Oropbl, nepeHoca
Hoau, rpoxoda u MeHbwasi cKopocmb. VIHmezparbHbIl Mnokasamerb Kadecmea, "HopmasnbHocmu" xo0bbbl (FAP) umen meHOeHUuro K
CHUEHUI0 80 8Cex uccriedyeMbixX 2pynnax: y Manb4ukos-noopocmkos Ha 13,3+3,9 %, y toHowel Ha 14,6+2,2 %, y 0eso4eKk-ModpocmKos
Ha 15,3+1,8 %, y desywek Ha 14,4+1,1 %, y xeHWuH cpedHe20 8o3pacma Ha 7,3+4,8 %. Y roHowel u desyw ek rpu 8binonHeHuu é6onee
CJI0KHO20 KO2HUMUBHOZ0 3a0aHusi yMeHbLanuchk MpOCMpPaHCIMBEHHbIe U y8eriudueanuch epeMeHHble napamempsi (8 nepayro o4epeosb,
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3a cyem ygenu4yeHusi OnumersibHOCMU Oropbl Ha 0be Hoau u OnumesibHoCMmuU fepeHoca Hoeu), bbiu cmabunbHbIMU WUpuHa 6asbi
oropsl U yerbl pasgopoma cmor. [lepecmpausaricsi wa2o8bil Yukr. HeusmeHHbIMU ocmasanuck wupuHa 6asbl 0ropsbI U yarsl pa3gopoma
cmon Kak y toHowel, mak u y desywek. FOHowu dsuzanuck ¢ 6osnbweli CKOpoCMbiO, 8bIrOMHAA bonbwee Konu4yecmeo wazos 3a
MuHymy. Bpems waza npasou Ho2ol, 8pemMsi waz2o8biX UUKI108 0151 Kaxdoul Hoau, 8peMsi oropbl 0111 0beux Ho2 U Ha 0ge Hoau y Oesyuiek
dnunucek 3HayumernbHo donbwe. [Mokazamens FAP kpumuydecku cHuxarncsi Ha 30,4 % y toHowel u Ha 33,4 % y Oesywek, ymo
ceudemernibcmsayem O 3HayumesnsHOU peop2aHu3ayuu 6a308bix MexaHu3Mos pezynsayuu cmabunbHocmu xo0bbbl. Takoe CHUXeHue
FAP npusodum K CHUXeHUIO ypo8Hsi MOOOEPXXKU pasHOBECUST U CHUXEHUK cmaburbHOCmuU mesna 80 epemMsi O8UXEHUs, a 3Hadum -
ysenuyusaem puck naderull. C/10XHOe KO2HUMUBHOe 3adaHue Mpueesio K CHUXEeHUK Kadecmea 6blofIHeHUs1 xo0bbbl u 6onee
Kpumu4eckoMy CHUXEHUI0 Kadecmea cyema 8 ronb3y 08uxeHusi eneped u coxpaHeHue rpu 3mom pasHosecusi. Takum obpa3om,
xo0bba He fA8rssemcs agmomamu3upo8aHHbIM MPOYECCoM, a mpebyem ucrnob308aHUs pa3Hoobpa3HbIX OMOIHUMEbHLIX Pecypcos
LIHC, npexde ecez20 8HUMaHUsI U KO2HUMUBHbIX Pecypcos.

KnioueBble cnoBa: rnpocmpaHcmeeHHble napamempbi Xo00bbbl, 8peMeHHbIe napamemphbi X00bbbl, pasHble 2eHOepHbIe epynbl, XoObba
¢ 00ronHUMersibHbIM KO2HUMUBHbIM 3adaHueM.
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The use of existing infusion solutions, as well as the development, scientific substantiation
and implementation of the latest nephroprotective detoxification solutions, remain an
urgent problem for combustiologists. The aim of this work is to compare the effects of
various detoxification solutions (0.9 % NaCl solution and complex colloid-hyperosmolar
solutions - lactoprotein with sorbitol and the newly developed HAES-LX-5 % solution) on
the kidney structure in experimental burn disease in rats. The experimental rats were
divided into seven groups (fifteen animals each): the first group was intact rats; the
second, third and fourth groups were rats without reproduction of experimental burn
disease, which had a separate intravenous infusion of 0.9 % NaCl solution, lactoprotein
with sorbitol and HAES-LX-5 % at a dose of 10 mi/kg; the fifth, sixth and seventh groups
were rats with experimental burn disease (by causing burn injury of the skin with an area
of 21-23 % of the body surface), which under the same scheme had an intravenous
infusion of the investigated solutions. All studies and the removal of rats from the experiment
were performed under deep thiopental intraperitoneal anesthesia. Histological preparations
of the renal cortex of the rat were stained with hematoxylin-eosin and examined on an
Olympus BX51 microscope. Using ultramicrotome LKB-3 (Sweden) obtained semi-thin
sections which were stained with toluidine blue and methylene blue - Azur Il; and ultrathin
sections were counterstained with uranyl acetate and lead citrate according to Reynolds
and examined using a PEM-125K electron microscope. Morphometric measurements
(estimation of the area of the vascular glomeruli, the area of the urinary lumen of the
capsule of the renal corpuscles; the area of the renal tubules of the nephrons and the
area of their lumens, the area of the renal corpuscles, the area of cytoplasm and nuclei of
epithelial cells of tubules, and also their nuclear-cytoplasmic ratio) was carried out using
the VideoTest-5.0, KAARA Image Base and Microsoft Excel on a personal computer.
Statistical analysis of the obtained quantitative indicators was performed using the IBM
SPSSv. 22.0. for Windows. Functionally different cells of nephrons have been found to
die by necrosis, apoptosis and anoikis when infused with detoxification solutions during
the development of burn disease; in epithelial cells of nephron tubules, mitophagy and
mitoptosis occur. Mitoptosis in epithelial cells of rat tubules of nephrons with experimental
burn skin injury is carried out in two ways related to: 1) destruction of the outer mitochondrial
membrane; 2) preservation of the outer mitochondrial membrane and involvement of
autophagic (mitophagic) mechanisms to release the cell from degraded mitochondrial
material. In the first case, the mitochondria first condense, after which its matrix swells
and the fragmentation of the cristae occurs due to the destruction of the junction of the
cristae. Finally, the outer mitochondrial membrane breaks and the remnants of the
cristae (in the form of vesicles) go into the cytoplasm. In the second case, the mitochondria
condense, vesicular fragmentation of the cristae occurs, but the rupture of the outer
mitochondrial membrane does not occur and the mitochondria are absorbed by the
autophagosome (or transformed into the autophagosome). Next is the merger of
autophagosomes with lysosomes and the formation of autophagolysosomes, which, under
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the conditions of effective digestion of the contents, are transformed into vacuoles. The
latter are emptied by exocytosis and ensure the release of cells from degraded material.
Only lactoprotein with sorbitol has a membrane-plastic effect on the strengthening
(enhancement of structuring) of the mitochondrial membrane in part of the mitochondria
of epithelial cells of nephron tubules, which is ultrastructurally manifested by an increase
in the electron density and thickness of all components of the mitochondria. The maximum
membrane effect of lactoprotein with sorbitol against mitochondria manifests itself fourteen
days after the experimental burn skin injury and gradually (after twenty-one and thirty
days) disappears, which is correlated with an improvement in the overall clinical condition
and an improvement in the structural changes in the kidney of animals with burn disease.
There is every reason to believe that increased structuration of mitochondria is a preventer
of the spread of mitoptosis and mitophagy, the excess of which can lead to cell death.

Keywords: burn disease, detoxification solutions, reactive and destructive changes of

the kidneys.

Introduction

Severe and large skin burns cause structural and functional
pathological changes in all organs and systems of burned
persons, which initiates the development of burn disease
[14], a disease that has become increasingly widespread in
recent years [9, 26].

According to researchers [14], burn disease is a disease
that involves a set of clinical, morphological and biochemical,
metabolic and other related disorders in all organs and
systems. One of the leading factors in these disorders is the
direct burn of the local destruction of large tissue arrays, which
becomes a source of endotoxins and a factor in the formation
and distribution of various biologically active substances. A
powerful source of endotoxins and other biologically active
substances are also tissue components of organs that were
not initially subjected to thermal alteration but were in a state
of discirculating hypoxia and histotoxic ischemia for some
time.

It should be noted that thermal damage and gradual
endogenous intoxication cause imbalance of water-salt
homeostasis, increased permeability and destruction of the
hemocapillary wall. In the treatment of burn disease (caused
by severe burn injuries), the main goal of intravenous infusion
therapy is to ensure an adequate level of tissue perfusion at
the initial stages of the burn disease; normalization of tissue
metabolism; prevention of severe toxic, hypoxic and
reperfusion damage of cells and tissues [21, 23, 25].

Therefore, for a long time, scientific justification for the use
of existing infusion solutions for reducing the level of toxins in
the body and for normalizing the function of the kidneys, aimed
at maintaining water-salt metabolism, remains relevant for
combustiologists [3, 5, 6, 8, 15, 17, 18, 25], as well as the
development and implementation of the latest
nephroprotective detoxification solutions.

The aim of this work is to compare the effects of various
detoxification solutions (0.9 % NaCl solution and complex
colloid-hyperosmolar solutions - lactoprotein with sorbitol and
the newly developed HAES-LX-5 % solution) on the kidney
structure in experimental burn disease in rats.

Materials and methods
Comparative analysis of structural changes in rat kidney
after experimental skin burn under the conditions of

intravenous infusion, namely: isotonic sodium chloride
solution (0.9 % NaCl solution) and colloid-hyperosmolar
solutions (lactoprotein with sorbitol and HAES-LX-5 %) was
performed on 105 white male rats weighing 155-160 grams.

Detention in the vivarium and all manipulations with rats
were carried out in full compliance with the provisions of the
"General Ethical Principles for Animal Experiments",
approved by the First National Congress on Bioethics (Kyiv,
2001), with strict adherence to the recommendations of the
"European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes" (Concil of Europe, Strasburg, 1986).

The experimental rats were divided into seven groups
(fifteen animals each): the first group was intact rats; the
second, third and fourth groups were rats without reproduction
of experimental burn disease, which had a separate
intravenous infusion of 0.9 % NaCl solution, lactoprotein with
sorbitol and HAES-LX-5 % at a dose of 10 ml/kg; the fifth, sixth
and seventh groups were rats with experimental burn
disease, which under the same scheme was administered
an intravenous infusion of the test solutions.

For the simulation of burn disease, an experimental skin
burn was performed by pressing four heated copper plates
(two plates on each side, an area of each 13.86 cm2) which
were previously kept for six minutes in water at a constant
temperature of 100°C. To determine the extent of damage in
the experimental burn injury, the severity index was used,
which considers the parameters of the area and depth of
burns, as well as the total skin area of the burn. The calculation
data show that the experimental burn injury covered 21-23 %
of the animal's body surface, which is sufficient for the
formation of grade II-lll burns, the development of moderate-
severity burn shock, and the initiation of burn disease.

The infusion of solutions at a dose of 10 ml/kg was carried
out for five minutes in a caudal vena cava after its introduction
of the catheter in aseptic conditions through the femoral
vein. The course of infusion therapy lasted for seven days
(the first intravenous infusion was performed one hour after
the experimental burn injury, the subsequent injections were
carried out once a day).

The experimental burn injury, catheterization of the main
vessels was performed under anesthesia caused by
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intraperitoneal injection of propofol at a dose of 60 mg/kg.

Material was removed from rats for morphological
examination of the kidneys under deep thiopental
intraperitoneal anesthesia fourteen, 21 and 30 days after the
experimental burn skin injury. For histological examination,
the obtained biopsies were treated according to the
conventional procedure and stained with hematoxylin-eosin.
Histological preparations of the rat renal cortex were examined
on an Olympus BX51 microscope.

When receiving material for electron microscopic
examination of rats under deep thiopental intraperitoneal
anesthesia, the opening of the abdominal cavity was
performed. The rat kidney biopsies were crushed into small
blocks and fixed in glutaraldehyde solution. After standard
wiring, the material was poured into an araldite mixture with
epon.

Semi-thin and ultra-thin sections were made using an
ultramicrotome LKB-3 (Sweden). The resulting semi-thin
sections were stained with toluidine blue and methylene
blue - azure Il. Ultrathin sections were contrasted on copper
support meshes with uranyl acetate and lead citrate
according to Reynolds. Electron microscopic examination
was performed using a PEM-125K electron microscope.

To objectify comparative analysis of the course of reactive
and destructive processes in the renal cortex of burned rats,
a morphometric study was performed. Evaluated: areas of
vascular glomeruli, areas of urinary lumen of the capsule of
the renal corpuscles; the renal tubule area of nephrons and
the area of their lumen, the area of the renal corpuscles, the
area of cytoplasm and nuclei of epithelial tubular cells, as
well as their nuclear-cytoplasmic ratio.

Images from histological specimens stained with
hematoxylin-eosin were taken to a computer monitor using
a MICROmedSEOSCAN microscope and using a Vision
CCD Camera. Morphometric measurements were
performed using VideoTest-5.0, KAAPA Image Base, and
Microsoft Excel on a personal computer.

Statistical analysis of the obtained quantitative indicators
was performed using the IBM SPSS v. 22.0. for Windows.
The values of the arithmetic mean (M), the error of the
arithmetic mean (m) were calculated for all investigated
parameters and the standard deviation (o) was determined.
The significance of the difference of values between the
independent quantitative values was calculated under the
conditions of normal distribution (the estimate of the type of
distribution was verified by the x? - Pearson criterion) by the
Student's t-test (using the Bonferroni correction for more
than two groups), and in other cases the Mann-Whitney U-
test was used. Comparison of qualitative features was
performed using criterion x2. The differences at p<0.05 were
considered significant.

Results

Studies have shown the unconditional positive benefits
of intravenous infusion of colloid-hyperosmolar solutions
over infusion of 0.9 % NaCl solution, which is further

substantiated by statistical analysis of the data obtained
from morphometric measurements. There are also
differences in the influence on the structure of the renal cortex
of burned rats of lactoprotein with sorbitol and HAES-LX-
5%.

The study showed that experimental burn skin injury and
the resulting burn disease lead to significant structural
changes in the components of the kidney after fourteen,
twenty-one and thirty days (in the stages of late toxemia and
septicotoxemia of burn disease, manifestations of which
were manifested by timely infusion therapy). In temporal
terms, the process of destruction and structural restructuring
in the renal cortex of experimental burned rats in the
investigated time of the experiment does not fade, but is
only modified.

Fourteen days (Fig. 1, 2) after experimental burn injury of
the skin with the introduction of 0.9 % NaCl solution, the
destruction of hemocapillaries, edema and hemorrhage in
the interstitium of the renal cortex occurs (this process is
mosaic and widespread). Twenty-one days and thirty days
after, structural changes deepen and become focal, limited
in nature: the necrosis and hemorrhage areas become
larger, but their number decreases. A characteristic feature
of these terms of burn disease is the involvement in the
process of structural damage to the immune component,
which is evidenced by the appearance of foci of lymphocytic
and plasmacytic infiltrates in the renal cortex. The efficacy of
recorded lymphocytic and plasmacytic infiltration of the renal
cortex is questionable, because infiltrate plasmocytes are
substantially structurally altered and subject to apoptotic
transformation.

Summarizing the results of the study of the structural
changes of the renal cortex of rats with skin burns, which
were injected with 0.9 % NaCl solution, we can conclude
that its infusion does not cause pronounced nephroprotective
effects, and the structures of the renal cortex are characterized
by the presence of morphological changes in the
composition of the glomerular and tubular apparatus.
Positive substantially compensatory-adaptive reactions
include structural features of the presence of the functional
potential of podocytes due to the preservation of podocytes
and stabilization of the thickness of the basement membrane.
The reactive manifestations can also be attributed to the
process of eliminating damaged mitochondria by mitoptosis,
but the dualism of this process should be emphasized.
Mitoptosis is able to inhibit apoptosis, but its spread can
lead to macroautophagy and necrotic cell death.

The use of infusion monotherapy alone with the effects
of severe skin burns with 0.9 % NaCl solution has a certain
positive effect on the body of burned rats (by reducing the
level of endogenous intoxication, which is reflected in the
mortality rate recorded in the study). At the same time, the
results of the study indicate the benefits of using combined
colloid-hyperosmolar infusion solutions, endowed with
nephroprotective properties, which improves the
regenerative capacity of kidney cells.

18

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Cherkasov V.G., Lachtadyr T.V., Fedoniuk L.Ya., Shypitsyna O.V.

" R ¥ '-:7‘

Fig. 1. Destruction of the wall of the peritubular hemocapillary,
edema and hemorrhage in the interstitium of the renal cortex of the
rat 14 days after the experimental burn injury with the introduction
of 0.9 % NaCl solution. 1 - nucleus of destroyed endothelial cell; 2
- erythrocyte in swollen interstitial space; 3 - basal pole of the
epithelial cell of the distal tubule of the nephron. Electronic
micrograph. x10000.

the formation of sludge erythrocyte conglomerates (1) and with
partial destruction of the vascular wall in the renal cortex of the rat
14 days after the experimental burn injury under the condition of
0.9 % NaCl solution. Photomicrograph. Hematoxylin-eosin staining.
x100.

We have found that due to hyperosmolarity, lactoprotein
with sorbitol and HAES-LX-5 % provide the transfer of excess
fluid (resulting from the inflammatory response to burn injury)
from the intracellular sector to the vascular bed. It optimizes
the hemomicrocirculation and stabilizes the perfusion in the
kidneys, which is morphologically determined and histo-
physiologically justified in the analysis of the results of this
study.

Histological, electron microscopic and morphometric
studies indicate that (unlike 0.9 % NaCl solution) lactoprotein
with sorbitol and HAES-LX-5 % exert a cytoprotective effect
on the structure of the rat kidney with experimental burn injury,
thus revealing nephroprotective properties. The analysis of

morphometric data indicates statistically significant
(p<0.001) changes in different size of renal corpuscles, which
can be divided into two groups: | - large (hypertrophied) renal
corpuscles; Il - small (atrophied) renal corpuscles. The size
and structural organization of these renal corpuscles indicate
the different degree of their functional load and the potential
for the implementation of the filtration function. Fourteen days
after the experimental burn skin injury, their average area
under infusion of 0.9 % NaCl solution was 8453+203 pym?
and 46871128 um?, respectively. Comparison of the range
of oscillations of the sizes of the average area of the large
and small renal corpuscles at different periods of the
experiment after the experimental burn skin injury (after
fourteen, twenty-one and thirty days) shows a significant
increase of the average area of the large renal corpuscles
(p<0.001), the size of the average area of the vascular
glomerulus (p<0.01) and mean area of the urinary space of
the kidney capsule of renal corpuscles (p<0.01) under the
conditions of infusion of lactoprotein with sorbitol and HAES-
LX-5 %, which indicate positive (compared to 0.9 % NaCl
solution) positive effect of colloid-hyperosmolar solutions
on the course of reactive processes in kidney cells of burned
rats.

The influence of lactoprotein with sorbitol on the structural
changes of the kidneys is reflected in the statistically
significant difference of the majority of the investigated
morphometric parameters characterizing the functional
abilities of the filtration and reabsorption apparatus of the
kidneys of burned rats of this experimental group, from the
similar ones that characterize the state of the renal cortex of
burned rats administered 0.9 % NaCl solution.

Only lactoprotein with sorbitol has a membrane-plastic
effect on the strengthening (enhancement of structuring) of
the mitochondrial membrane in part of the mitochondria of
epithelial cells of nephron tubules, which is ultrastructurally
manifested by an increase in the electron density and
thickness of all components of the mitochondria. The
maximum membranoplastic effect of lactoprotein with
sorbitol on mitochondria manifests itself fourteen days after
the experimental burn skin injury and gradually (twenty-one
and thirty days later) disappears, which correlates with an
improvement in overall clinical status and dynamics disease.
There is every reason to believe that increased structuration
of mitochondria is a preventer of the spread of mitoptosis
and mitophagy, the excess of which can lead to cell death.
This effect is not a consequence of the direct action of
lactoprotein with sorbitol, but is a consequence of the action
of lactoprotein with sorbitol under conditions of the
development of burn disease (Fig. 3) and is absent under
normal conditions (Fig. 4).

Summarizing the results of our study of structural
changes in the renal cortex of the rat with experimental burn
skin injury, which was administered lactoprotein with sorbitol,
we can conclude that intravenous infusion of this solution
leads to inhibition of nephrocyte alteration. The kidneys in
rats of this experimental group have less pronounced
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ST ' F SN2 . .3
Fig. 3. The accumulation of over-structured mitochondria in the
cytoplasm of the epithelial cell of the proximal tubule in the renal
cortex of the rat 14 days after the experimental burn injury under
the conditions of the introduction of lactoprotein with sorbitol. 1 -

basal striations. Electronic micrograph. x40000.
. - v p i

located in the cytoplasm of the epithelial cell of the proximal tubule
in the renal cortex of the rat without experimental burn skin injury
(normal). Electronic micrograph. x40000.

changes in the structure and, accordingly, more preserved
functionality of the cells of nephrons, compared with those
in the burned rats who were administered 0.9 % NacCl
solution.

The intensification of the regenerative processes in the
vascular component of the nephron tubules and renal
corpuscles leads to an overall improvement in
microcirculation and, consequently, a normalization of their
functions. The protective effect covers not only the organelles
of the epithelial cells of the tubules, but extends to the
organelles of podocytes and endothelial cells of the
hemocapillaries of the vascular glomerulus and to the
common basement membrane, which inhibits the integrity
of the filtration barrier.

Our studies indicate that a number of interrelated

pathological consequences of severe experimental burn skin
injury are capable of producing renal damage at the cellular
level, and the use of infusion of colloid-hyperosmolar
combined solution of lactoprotein with sorbitol, which
intentionally stimulates organelles protein-synthesizing
apparatus and corrects the metabolic substrate of nephron
cells, significantly limiting the gradient morphofunctional
changes in the renal cortex in burned rats.

Like lactoprotein with sorbitol, the influence of HAES-LX-
5 % under the development of burn disease manifests itself
in nephroprotective action. Just as in the case of lactoprotein
infusion with sorbitol, the structural features of HAES-LX-5
% influence are reflected in the statistically significant
difference of the majority of the studied morphometric
parameters characterizing the state of the filtration and
reabsorption apparatus of rats with experimental burn skin
trauma from similar, characterizing condition of the renal
cortex of rats with experimental burn skin injury, which was
administered 0.9 % NaCl solution.

Comparing the effects of the hyperosmolar solutions
applied, it should be noted that the HAES-LX-5 % infusion
provides a more harmonious effect on the renal cortex
structure of the rat with experimental burn skin injury. The
less pronounced manifestations of repair in this case are
associated with a lower degree of destruction in the renal
cortex of experimental animals, which is evidence of the
nephroprotective properties of HAES-LX-5 % (Fig. 5, 6).

We found that mitochondria of epithelial cells are the
most active organelles under normal conditions and the
most vulnerable ones under experimental burn skin injury.
Increased functional load leads to an acceleration of the
aging of their mitochondria, and in worse conditions - to the
destruction of not only old but also defective mature and
young mitochondria. Infusion of HAES-LX-5 % promotes the
ordering and normalization of mitoptosis in epithelial cells
of nephron tubules (see Fig. 6).

In rats with experimental burn skin injury, we observed
mitoptosis of mitochondria of epithelial cells of nephron
tubules. These mitochondria undergo microautophagic
changes, including fusion of lysosomes with small
damaged mitochondria or with small isolated fragments of
branched mitochondria. Autophagolysosomes thus formed
undergo a step-by-step transformation that can be defined
in spatial dimension as the "base apical transformation
sequence". In this sequence, the transformation of the
autophagolysosome occurs in the direction from the electron-
dense autophagolysosome in the basal zone of the
cytoplasm of the epithelial cell to the vacuole with electron-
transparent content in the apical zone of the cytoplasm.
Infusion of HAES-LX-5% leads to the stabilization of this
sequence, which reflects the protective properties of the
solution relative to mitochondria.

Summarizing the results of the study of the structural
changes in the renal cortex of the rat with experimental burn
skin injury, which was injected with HAES-LX-5 %, we can
conclude that the use of infusion of HAES-LX-5 % does not
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Fig. 5.
experimental burn injury with the introduction of HAES-LX-5 %.
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Fig. 6. Fusion of mitochondria, as well as their mitoptosis in the
epithelial cell of the proximal tubule of nephron in the renal cortex
of the rat 14 days after the experimental burn injury under the
conditions of administration of HAES-LX-5 %. Arrowheads indicate
zones of accumulation and confluence of mitochondria at different
stages of their degradation. 1 - nucleus of epithelial cell; 2 - brush
border. Electronic micrograph. x25000.

lead to a rapid complete restoration of the structural
organization of the cells of the components of the nephron.
However, the positive effect of such infusion therapy
contributes to the activation of the organelles of the metabolic
plan, improves hemomicrocirculation, and, accordingly,
filtration and reabsorption functions. Such a normalizing
effect makes it possible to recommend the use of a new
colloidal-hyperosmolar HAES-LX-5 % solution to ensure
timely prevention and optimization of complex treatment of
the harmful effects of severe burn injuries to the skin.
Some dynamics and selectivity of cell death in the renal
cortex of burned experimental rats were revealed. We have
found that under the infusion of 0.9 % NaCl solution, part of
all cells of the rat renal cortex perish by necrosis; part of the
epithelial cells of nephron tubules, epithelial cells of the
parietal layer of the glomerular capsule, and endothelial cells
of the blood microvessels perish by anoikis; some
mesangiocytes die by apoptosis; in the epithelial cells of

the tubules of the nephron there is a mitoptosis. The use of
hyperosmolar colloidal solutions inhibits cell necrosis and
modifies the remaining irreversible cell changes. It is worth
noting that in all cases, the most resistant cells to the harmful
effects of burn skin injury are podocytes. Podocytes maintain
the structural integrity of the basement membrane and, as a
result, stabilize the endothelial cells of the hemocapillaries
of the vascular glomeruli, which exhibit a greater degree of
resistance compared to the endothelial cells of the walls of
the blood vessels of the peritubular mesh. The expression
of reactive transformations of podocytes is the variability of
the shape and size of cytotubules, cytopodia and soles of
attachment of cytopodia. Their deformation modulations,
together with changes in the basement membrane, are
combined with an increase in the structure of the
cytoskeleton elements (microfilaments and microtubules)
located in the cytoplasm, which, in the aggregate, causes
changes in the sizes and configurations of filtration slits and
filtration diaphragms, thus changing.

We have noted that in some cells of the renal cortex of rat
with experimental burn skin injury, structural changes of
mitochondria occur by the mechanism of "out membrane
mitoptosis”. In this case, the mitochondria first condense,
after which its matrix swells and the fragmentation of the
cristae occurs due to the destruction of the junction of the
cristae. Finally, the outer mitochondrial membrane breaks
and the remnants of the cristae (in the form of vesicles) are
released into the cytoplasm. As a rule, the mitochondria of
the epithelial cells of the nephron tubules have an elongated
rod-like shape, and when swollen, they fragment and
become rounded (oval or spherical). However, in most
epithelial cells of rat nephron tubules with experimental burn
skin injury, a mixed type of mitoptosis has been reported. In
this case, the mitochondria condense, there is a bubbling
fragmentation of the cristae, but the rupture of the outer
mitochondrial membrane does not occur and the
mitochondria is absorbed by the autophagolysosome (or
transformed into the autophagolysosome). Therefore, the
final step in the transformation of the autophagolysosome
is the formation of a vacuole with a transparent content
(effective digestion of the content of the autophagolysosome),
which by exocytosis releases its contents from the cell
outside. Thus, mitoptosis can be accomplished both with
and without the involvement of autophagic (mitophagic)
mechanisms.

It is recognized that the mitophagy of damaged
mitochondria of epithelial cells of nephron tubules inhibits
the mitochondrial pathway of apoptosis activation. On the
other hand, mitochondrial destruction and intense mitophagy
contribute to cell death by accidental and unregulated or
programmed necrosis involving lysosomal enzymes.
Morphologically, both types of such cell death are
accompanied by cell swelling, destruction of the
plasmalemma, and release of cellular detritus into the
extracellular space.

The stability of the mitochondrial shape in the basal
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divisions of the epithelial cells of the proximal tubules of rat
nephrons with experimental burn skin injury is lost, the basal
streakiness is deformed. In this case, the mitochondria are
snug against each other. This process can be interpreted
as the fusion of mitochondria and the formation of giant
branched or annular mitochondria. It is not excluded that, in
fact, we observe as giant branched mitochondria fragment
and their fragments merge into their ends, forming
mitochondria of the annular shape. That is, "mitochondrial
fission and fusion" and "membrane tethering" [30] ocuur,
result in the formation of separate and united "mitochondrial
complexes".

In rats with experimental skin trauma administered
0.9 % NaCl solution, significant changes in the basal
membrane in all components of the renal cortex were noted:
loosening and local destruction of the basement membrane;
loss of its characteristic structure and electron density. These
structural shifts occur in the basement membrane of the
walls of the blood microvessels, the parietal and visceral
layers of the glomerular capsule, tubules of the nephrons.
The dynamics of these transformations are in accordance
with the severity of the destructive changes of cells for which
the basement membrane is a subordinate extracellular
matrix. In our worst-case scenario, the damaged cells merge
into the corresponding spaces and the basement
membrane becomes exposed.

Against the background of the described changes, the
membrane-plastic effect of the infusion of lactoprotein with
sorbitol, the structural expression of which is to stabilize the
normal structure of the basement membrane, and also to
the hyperplastic repair of the damaged basement
membrane, which has the character of excess and uneven,
is most clearly manifested. The latter, in particular, concerns
the basal membrane in the wall of the tubules of the proximal
divisions (at separate loci, the thickness of the basal
membrane increases 3-6 times). Producer components of
the basement membrane are adjacent cells, which show
the structural features of activation of the protein-synthesizing
apparatus of cells (first of all - the expansion of the tubules of
the granular mesh, which are completely filled with fine-
grained content of average electron density).

The above-mentioned transformation of the basement
membrane (the appearance of local defects and their
inappropriate repair) reflects significant disorders of matrix-
cytoplasmic relationships in the kidney of rats with
experimental burn skin injury. Loss of typical adhesive ties
in the areas of the distorted basement membrane leads to
autophagic (in the worst case, necrotic) or apoptotic (anoikis)
changes of epithelial and endothelial cells and their
attachment to the lumen of the hollow.

Discussion

In accordance with the above, the data obtained by us
about autophagic, necrotic and apoptotic cell changes in
the rat kidney with experimental burn skin injury indicate that
selectively stimulated microautophagy (and, in particular,

mitophagy) allows cells to survive when they have lost normal
levels of extracellular matrix attachment for some time and
then attach to it again. The latter is best manifested in the
epithelial cells of the tubules of the proximal departments of
the nephrons of rats with experimental burn skin injury, when
the cytoplasmic processes (folds) of the basal striations
are deformed, and the renewal of its typical architectonics
(as a manifestation of the positive action of lactoprotein with
sorbitol and HAES-LX-5 %) accompanied by the
establishment of matrix-cytoplasmic contacts
(establishment of a certain number of contacts and renewal
or increase of the area of contact between the plasmalemma
and the basement membrane).

Therefore, selective microautophagy in the form of
mitophagy in the cells of the renal cortex of the rat with
experimental burn skin injury is a manifestation of a
compensatory-adaptive reaction whose balance has certain
limits. If microautophagy is not adequately amplified, it leads
to macroautophagy and may result in necrosis of the
excessively vacuolated cell. If microautophagy is not
adequately inhibited, it can lead to apoptotic changes in the
cell. We found that the infusion solutions used lead to
different variants of the destructive changes in the cells. Under
the conditions of infusion of 0.9 % NaCl solution, mainly
necrotic cell changes occur, which are accompanied by the
development of interstitial edema, hemorrhage and
lymphocytic infiltration. Under conditions of infusion of
lactoprotein with sorbitol and HAES-LX-5 %, the spread of
destructive changes in the renal cortex of burned rats is
inhibited and substantially altered in both temporal and
spatial dimensions. Intravenous infusion of applied colloid-
hyperosmolar solutions provides inhibition of cell necrosis,
thus suppressing the intensity of the inflammatory response,
changing the way of realization of mechanisms of mitoptosis
(the main is "out membrane mitoptosis" or mitoptosis with
wide involvement of autophagic localized processes) and
contributes to the limited, local nature of autophagic and
apoptotic changes. The effects of the components of the
combined colloid-hyperosmolar solutions on the
mitochondria require further study, but there is no doubt that
the regulation of mitoptosis is a "switch" to prevent irreversible
changes in the cells of the kidney of rats that cause disorders
of renal detoxification function and are a consequence of the
effects of burn disease factors in experimental burn skin
injury.

Mitochondria have a leading role in cell function, not only
by providing them various metabolic responses and energy
production, but also by being the main site of reactive oxygen
species formation and a key player in initiating cell death
[20, 30]. Therefore, mitochondrial dysfunction or damage
can have serious consequences. Mitophagy (autophagic
degradation of mitochondria) and mitoptosis (programmed
destruction of mitochondria) are the processes by which
cells are released from damaged mitochondria [2, 11, 13,
19, 22, 24, 27]. The effectiveness of these processes can be
a factor that promotes or inhibits the development of various
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pathological conditions [20, 28].

We have found a specific lactoprotein with sorbitol
membrane-stimulating ultrastructural effect in the
development of burn disease, which is to enhance the
structuring of the mitochondria of epithelial cells of nephron
tubules, which can be regarded as strengthening the
mitochondrial membrane. It is known [24] that, under
conditions of intense functioning, under the influence of
pathogenic factors, mitochondria are particularly vulnerable
to mutations of their own DNA and protein misfolding in the
tubules of the granular endoplasmic reticulum. Under normal
conditions it is in the tubular cavity of the granular
endoplasmic reticulum that the linear chains of amino acids
are subject to post-translational modification and collapse,
acquiring the necessary three-dimensional configuration.
The answer to misfolded proteins is endoplasmic reticulum
stress (endoplasmaticum stress or ER-stress), which
usually involves the involvement of autophagic mechanisms
for the disposal of misfolded proteins. Given that
mitochondria are constructed from proteins encoded by both
the nuclear and mitochondrial genomes, this adds even
more complexity to the coordination of protein synthesis and
import to the mitochondria of proteins encoded by the
nuclear genome. In the study by Tinari A. et al. [27], it has
been proved that several protein molecules can cause such
reconstruction of mitochondrial membranes, leading to
rupture of the mitochondrial membrane and to complete
destruction of mitochondria. In view of the foregoing, we have
noted that the strengthening of the mitochondrial membrane
of mitochondria of epithelial cells is a regulator and a
potential inhibitor of the spread of mitoptosis degradation.

In view of the above literature, the membrane-plastic effect
of lactoprotein with sorbitol, aimed at enhancing the
structuralization of the outer and inner mitochondrial septum,
is a preventer of the spread of mitoptosis and mitophagy.

We have investigated and compared the effects of the
influence of different infusion solutions on the structure of
the renal cortex of burned rats: 1) a typical crystalloid (0.9 %
NaCl solution); 2) hyperosmolar colloidal solutions
(lactoprotein with sorbitol and HAES-LX-5 %). Structural
changes of the filtration and reabsorption apparatus of the
kidneys under these conditions differed in the nature and
temporal parameters of the compensatory-adaptive
reactions, as well as the degree of expressiveness of
destructive and reparative processes (which is a
manifestation of the protective and therapeutic effect of the
solutions). The success of the positive effects of infusion
solutions is largely determined not only by their osmolarity,
but also by the physicochemical characteristics of their
components (which was planned when designing these
drugs by the developers).

The studies have shown the unconditional positive
benefits of intravenous infusion of colloidal-hyperosmolar
solutions over infusion of isotonic solution, which is 0.9 %
NaCl solution, which is confirmed and objectified by the data
of the morphometric study. There are also differences in the

influence on the structure of renal cortex of burned rats of
lactoprotein with sorbitol and HAES-LX-5 % groups.

It should be noted that the scientific literature continues
to discuss the presence or absence of nephrotoxic effects
of infusion colloid-electrolyte-hyperosmolar solutions based
on hydroxyethyl starch of different generation [1, 4, 7, 10, 12,
16, 21, 23, 29]. The data obtained indicate the
nephroprotective properties of a new (created on the basis
of the hydroxyethyl starch of the third generation HES 130/
0.4) balanced plasma substitute HAES-LX-5 %, which exerts
a cytoprotective effect on the structure of the renal cortex of
rats with experimental burn skin. These data are consistent
with those of other researchers [3, 5, 6, 8, 15, 17, 18] regarding
the positive effects of HAES-LX-5 %. All this gives reason to
agree with the statement that colloid-hyperosmolar HAES-
LX-5 % opens new opportunities in the treatment of burn
disease. Prospects for further scientific research in this
direction are to study the effects of different colloid-
hyperosmolar infusion solutions on the structure of the
kidneys in various pathological conditions.

Conclusions

1. Comparative analysis of the effects of intravenous
infusion of 0.9 % NaCl solution and complex colloid-
hyperosmolar solutions (lactoprotein with sorbitol and
HAES-LX-5 %) on the structure of the kidneys under
experimental simulation of burn disease in rats (by causing
burn injury of 21-23 % skin area of the body surface) indicates
that each solution is characterized by the peculiarities of the
action on the course of reactive and destructive processes
in cells. Functionally different cells of nephrons under
conditions of infusion of detoxification solutions in the
development of burn disease die by necrosis, apoptosis
and anoikis; in epithelial cells of nephron tubules, mitophagy
and mitoptosis occur.

2. With intravenous infusion of detoxification solutions
applied, the most resistant cells to the harmful effects of
experimental burn skin injury are podocytes. Podocytes
maintain the structural integrity of the basement membrane
and, as a result, stabilize the endothelial cells of the
hemocapillaries of the vascular glomeruli, which exhibit a
greater degree of resistance than the endothelial cells of
the vessel wall of the peritubular mesh. The expression of
reactive transformations of podocytes is the variability of the
shape and size of cytotubules, cytopodia and soles of
attachment of cytopodia. Their deformation modulations,
together with changes in the basement membrane, are
combined with an increase in the structure of the
cytoskeleton elements (microfilaments and microtubules)
located in the cytoplasm, which, in the aggregate, causes
changes in the sizes and configurations of filtration slits and
filtration diaphragms, thus changing.

3. Mitoptosis in rat epithelial tubule cells with
experimental burn skin injury is carried out in two ways related
to: 1) destruction of the outer mitochondrial membrane; 2)
preservation of the outer mitochondrial membrane and
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involvement of autophagic (mitophagic) mechanisms to
release the cell from degraded mitochondrial material. In
the first case, the mitochondria first condense, after which
its matrix swells and the fragmentation of the cristae occurs
due to the destruction of the junction of the cristae. Finally,
the outer mitochondrial membrane breaks and the
remnants of the cristae (in the form of vesicles) go into the
cytoplasm. In the second case, the mitochondria condense,
vesicular fragmentation of the cristae occurs, but the rupture
of the outer mitochondrial membrane does not occur and
the mitochondria are absorbed by the autophagosome (or
transformed into the autophagosome). Next is the merger
of autophagosomes with lysosomes and the formation of
autophagolysosomes, which, under the conditions of
effective digestion of the contents, are transformed into
vacuoles. The latter are emptied by exocytosis and ensure
the release of cells from degraded material.

4. Detoxification solutions used in the study give rise to
different variants of reactive and destructive changes in the
cells of renal cortex of rat with experimental burn skin injury.
Under the conditions of intravenous infusion of 0.9 % NaCl
solution, mainly necrotic changes of the cell occur, which
are accompanied by the development of interstitial edema,
hemorrhage and lymphocytic infiltration. Given the
intravenous infusion of lactoprotein with sorbitol and HAES-
LX-5 %, the spread of destructive changes in the renal cortex
of rats with experimental burn skin injury is inhibited and
substantially altered in both temporal and spatial
dimensions. Intravenous infusion of applied colloid-
hyperosmolar solutions provides inhibition of cell necrosis,
thus suppressing the inflammatory response and
contributing to the limited, local nature of mitoptosis and
apoptotic changes. Limited selective microautophagy in the
form of mitophagy in the cells of the renal cortex of rat with
experimental burn skin injury is a manifestation of a
compensatory-adaptive reaction whose balance has certain
limits. If microautophagy is not adequately propagated, it
leads to macroautophagy and may result in necrosis of the
excessively vacuolated cell. If the spread of microautophagy
is not adequately restricted, it can lead to apoptotic changes
in the cell.

5. In rats without experimental burn skin injury,
unstimulated mitoptosis of individual mitochondria of
nephron epithelial cells occurs. Such mitoptosis can be
considered as a manifestation of basic control of
mitochondrial homeostasis whose effectiveness is
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MOPIBHANbHWUIA AHATI3 BMMUBIB PI3HUX OE3IHTOKCUKALIMHUX PO34YMHIB HA CTPYKTYPY HUPOK MPU

EKCMEPUMEHTAIbHIA OMNIKOBIN XBOPOBI Y LLYPIB

Yepkacoe B.I., Jlaxmadup T.B., ®edoHrok J1.51., WuniyuHa O.B.

BacmocyeaHHs iCHy4UX [HQY3ilHUX PO34UHi8, a makox po3pobka, Haykoge obrpyHmyeaHHs i 8npoeadxeHHs HO8IMHiIX
HeghpornpomeKmopHUX de3iHmMOoKCcUKaUiliHUX pO34UHI8 3anuwiaembCcsi akmyarbHor rpobnemoro Ona kombycmionozie. Memotro pobomu
€ r1opi8HANBHUL aHari3 ernnueie piaHux dediHmokcukayitiHux posyuHis (0,9 % posduHy NaCl ma KOMIeKCHUX KOrOiOHO-2inepocMornsipHUX
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pO34yuHie - nakmornpomeiHy i3 copbimonom ma Hew,00a8HoO po3pobreHoz2o po3yuHy HAES-LX-5 %) Ha cmpykmypy HUPOK rpu
ekcriepumMeHmarbHitl ornikosi xeopobi y wypis. [1iddocnidHi wiypu 6ynu po3nodineHi Ha cim epyn (Mo 15 meapuH y KOXHill): nepwa epyna
- IHmakmHi wypu, dpyaa, mpems U Yemeepma 2pyrnu - wypu 6e3 8idmeopeHHs1 excriepuMeHmarnbsHOI 0nikogoi xeopobu, kompum 6yrio
30ilICHEHO OKpeMo 8HympilHb08eHHY iHgby3ito 0,9 % posduHy NaCl, nakmornpomeiHy i3 copbimonom ma HAES-LX-5 % y dosi 10 mn/ke;
n'ama, wocma ma cboMa 2pynu - Wypu 3 eKcriepuMeHmasbHOK OfiKO8OK X80pobOoK (WIISIXOM HaHEeCeHHS OMiKogoi mpasmu WKipu
nnowero 21-23 % rnosepxHi mina), SKUM 3a aHaso2i4Ho cxemoro 6yrio 30ilCHEHO 8HYMPIWHBOBEHHY iHQDY3ito OOCMIOXKY8aHUX PO3HUHIES.
Yci docnidxeHHs | susedeHHs wypis i3 ekcriepumeHmy rpogodusnu nid enubokuM mioneHmanosum 8HympiluHbOYEPE8HUM HapPKO30M.
licmonoeiyHi npenapamu KipKkogoi peHo8uHU HUPOK wypie 3abapertosarnu eemamoKCcuiHOM-e03UHOM i aug4yanu Ha mikpockoni Olympus
BX51. OdepxaHi 3a doromoeor ynbmpamikpomomy LKB-3 (LLigeuisi) HaniemoHKi 3pisu 3abapesntosanu mosnyiQuHo8UM CUHIM ma
MemurneHo8UM CuHiM - a3yp Il; a ynempamoHki 3pi3u - KOHmpacmysanu ypaHinauyemamom i yumpamom CceuHyto 3a PeliHons0com i
sues4anu 3a 00roMo20t0 enekKmpoHHo2o mikpockona MNEM-125K. MopgomempuyHi sumiptogaHHs1 (ouiHka rnrowyi cyOUHHUX KilybouKis,
rnowji ceyoeo20 Mpoceimy Karcynu HUPKO8UX Mmineyb; Miow,i HUPKOBUX KaHarbuie HeghpoHie ma nnowi ixHix npoceimie, naowi
HUpKosuUX mineub, nNIowji yumonna3mu ma ssi0ep enimenianbHUX KAIMUH KaHanbuig, a makox ix sdepHo-yumornnadmamu4yHe
criiggioHoweHHs1) 30ilicHosanu 3a doromoezoro rpoepam BudeoTecm-5.0, KAAPA Image Base ma Microsoft Excel Ha nepcoHanbHoMy
komm'tomepi. CmamucmuyHuUl aHarnisa ompuMaHUX KiflbKICHUX MOKa3HUKI8 8UKOHaHUl 3 8UKOPUCMAaHHSM cmamucmu4yHo20 rnakemy
IBM SPSS v. 22.0. for Windows. BcmaHoeneHo, wo yHKUiOHanbHO Pi3Hi KIimuHU HegpoHie 3a yMos iHby3ii 0e3iHmoKcuKauitiHux
PO34UHI8 MPU PO38UMKY OriKOBOI X8OPOBU 2UHYMb WIISIXOM HEKPO3y, aronmo3y ma aHoiKicy; & enimernianbHuX KrimuHax KaHarnbuie
HegpoHie gidbysaombcs Mimoghaeis ma mimonmo3. Mimonmo3 e enimenianbHUX KAiMUHax KaHanbyie HegpoHie wypis 3
eKkcriepuMmeHmarsbHOK OMiKO8O mpasMor wkipu 30ilicHoembcs d8oma wiisixamu wo nos'sa3axi 3: 1) pylHauieo 308HIWHBOI
MimoxoHOpianbHoi membpaHu; 2) 36epexXeHHSM 308HiWHbLOI MimoXoHOpianbHOI MemMbpaHu ma 3any4yeHHAM aymogazilHux
(MimogbaeiliHux) mMexaHismie Onsi 38iNbHEHHS KAimuHU 8i0 deepadosaHO020 MimoxoHOpianbHO20 Mamepiana. Y nepwomy sunadky
MIimoxoHOpis crio4amky KOHOeHCYyembCsi, ricnsi 4oeo 8i0bysaembcsi HabyxaHHS if Mampukcy i chpaemeHmauis Kpucm 3a paxyHoK
pylHauii 3'eOHaHb kpucm. Hapewmi, 308HiWHS MimoxoHApianbHa membpaHa po3pusaembcs i 3anuwku Kpucm (y euensadi ee3ukyn)
8uxo00smb y yumonna3smy. Y dpyaomy sunadky mMimoxoHOpisi KOHOeHCcyembCsi, 8i0bysacmbcsi 8e3UKynspHa hpaeMeHmauis Kkpucm, ane
po3pusy 308HIWHBLOI MIMOXOHOpianbHOi MembpaHu He 8i0bysaembcs i MIMOXOHOPIA Moa2nuHaembcsi aymogacocomor (abo
nepemeoproembcsi Ha aymocgbazocomy). Hani eidbysaembcsi 3nummsi aymogha2ocoM 3 J1i30COMaMu i ymeOpPeHHs aymoghazoriisocom,
SKi, 3@ yM08 eheKmueHo20 riepempassieHHs1 eMicmy, mpaHcghopMyrombcsi y 8akyori. OcmaHHI 8UNOPOXHIOIOMbCS WITSXOM €K30U4umosy
i 3abesrneyyomb 8uBINIbHEHHS KAimuHU 8i0 deepadosaHoz20 Mamepiany. [lpumamaHHa minbKu nakmornpomeiHy 3 copbimonom
membpaHonnacmu4yHa 0is Wodo YKpinneHHs1 (MOCUMeHHs cmpyKkmyparidauii) MimoxoHApianbHOI 060M0HKU Yy YacmuHu MimoxoHOpiIl
enimenianbHUX KITiMUH KaHanbyie HegpoHie yribmpacmpyKmypHO NPOAIsembCs Mid8UWEHHSIM efTeKMPOHHOI WinbHOCMi ma mosujuHU
ycCix cknadosux MimoxoHOpianbHOi 060510HKU. MakcumarnbHO 3a3HadyeHul membpaHonnacmuyHul egekm Oii makmornpomeiHy i3
copbimosnom w000 MimoxoHOpil nposiengemscsi yepes 14 0i6 nicria ekcriepumeHmMarnsHOI OMiKogoi mpasmMu WKipu i mocmynogo
(yepe3s 21 ma yepe3 30 0ib) 3HUKaE, WO KOPETHOE 3 MNONINWEeHHSIM 3a2aribHO20 KIiHIHHO20 cmaHy | MOKpauleHHsIM NMOoKa3HUKI8 CMpYKMypHUX
3MIH HUPOK meapuH 3 0rikogoto xeopoboro. € yci nidcmasu esaxamu, WO MOCUNeHHs1 cmpykmyparnisauii MimoxoHApil € 3arnobiXKHUKOM
nowupeHHss Mimonmo3y ma mimocpaeii, HadnuwkKosul xapakmep SKUX Moxe rpu3secmu A0 KiimuHHOI 3azuberii.

Knio4voBi cnoBa: onikosa xeopoba, 0e3iHMOKcuKauyiliHi pO34UHU, peakmueHi ma 0ecmpyKmueHi 3MiHU HUPOK.

CPABHUTENbHbLIN AHANU3 BITUAHUIA PA3HbIX JE3UHTOKCUKALIMOHHbIX PACTBOPOB HA CTPYKTYPY NOYEK NPU
OKCMNEPUMEHTAIIbHOM OXXOrOBOM BEONE3HU Y KPbIC

Yepkacoe B.I., Jlaxmadbip T.B., ®edoHrok J1.51., lunuysiHa A.B.

lMpumeHeHue cyujecmesyouux UHQY3UOHHbIX pacmeopos, a makxe pa3pabomka, HayyHoe obocHo8aHUe U gHedpeHue Hoselwux
HeghpornpomeKkmMopHbIx 0e3UHMOKCUKaUyUOHHbIX pacmeopog ocmaemcsi akmyarnbsHol rnpobnemol 05151 kombycmuornozos. Llenbto pabomsi
sensaemcs cpasHUMesbHbIU aHanu3 eusHUsl pasnuyHbix 0e3uHmMoKcuKayuoHHbIx pacmeopos (0,9 % pacmeopa NaCl u KOMMIeKCHbIX
KOJ1710UGHO-2UrNepoCMOIISIPHbIX Pacmeopos - 1aKmorpomeuHa ¢ copbumoriom u HedasHo pa3pabomaHHo2o pacmeopa HAES-LX-5 %)
Ha cmpyKkmypy Moyek rpu aKcrnepumMmeHmarsibHoU 0020800 60/1e3HU y Kpbic. Mcribimyemble Kpbichbl bbinu pa3desieHbl Ha ceMb 2pyni (o
15 )ueomHbix 8 KaxxdoU): nepeasi 2pyrina - UHMaKmHble KpbICbI; 8mopasi, mpembs U Yyemeepmasi epynibl - Kpbicbl 6€3 8ocrpoussedeHus
3KcrepuMeHmarbHol 002080l 6051e3HU, KOMOpbIM bbina ocywecmeneHa omderibHo uHgpy3us 0,9 % pacmeopa NaCl, nakmornpomeuHa
¢ copbumornom u HAES-LX-5 % e do3e 10 mn/ke nsamas; wecmasi u ceObMasi epyrnrbl - KPbICbl C 3KCrepuMeHmarnbHOU 0X02080U
bone3Hbio (Mymem HaHeceHuUs1 002080l mpasMbi KOoXu riouwadsto 21-23 % nosepxHocmu mesa), KOMOPbIM 10 aHano2uyHol cxeme
6bina ocyuwjecmeneHa uHgy3usi uccnedyeMbix pacmeopos. Bce uccrnedosaHus u 8bi800 KpbIC U3 IKCrepuMeHma nposoousnu rnood
eny6oKuUM muoreHmanosbiM 8HympubpoWHbIM Hapko3oM. [ucmonoaudyeckue npenapamsl KOPbl MOYEK KPbIC OKpawusanu
2eMamoKCUIIUH-303UHOM U u3dyyanu Ha mukpockorne Olympus BX51. [MonyyeHHbie ¢ nomowbto yribmpamukpomoma LKB-3 (Lliseyus)
M0/TYMOHKUE CPEe3bl OKpawusanu mosyuouHO8bIM CUHUM U MEMUIIEHOBLIM CUHUM - a3yp II; a yribmpamoHKue cpesbl - KoHmpacmuposanu
ypaHunayemamoM U yumpamomM c8uHya rno PeliHonbOcy u u3yyanu ¢ MOMOWbLIO 3/1€KMPOHHO20 MuKkpockona MOM-125K.
Mopghomempuyeckue usmepeHusi (oueHka now,adu cocyducmbix Knyboykos, rnnouwjadu Mo4yego20 fnpoceema Karcyrbl MOYEeYHbIX
meneu; nnow,adu noYeyHbIX KaHasbyee HehpoHO8 U pa3mepbl UX 1poceemos, nioujadu noYeyHbIx mesneu, niaowadu yumonnasmbi u
A0ep anumernuanbHbIX KIEMOK KaHalbUes, a makxe ux ss0epHO-4umonia3mamuyecKkoeo COOMHOWEHUS]) OCyUW,ecmensifiu ¢ MoMoUbio
npoepamm BudeoTecm-5.0, KAAPA Image Base u Microsoft Excel Ha nepcoHanbHOM Komrbomepe. Cmamucmuyeckul aHanus
roy4eHHbIX KOUYEeCMBEHHbIX rokasamesiel 8bIMNOfIHEH C UCMOMb308aHUeM cmamucmu4yeckoeo nakema IBM SPSS v. 22.0. for
Windows. YcmaHoeneHo, 4mo gbyHKUUOHabHO pa3sHbie KITemKu HeghpOoHO8 rpu UHY3uu 0e3UHMOKCUKaUUOHHbIX Pacimeopos 8 yCriosusix
passumusi oxozo8ol 6osne3Hu noaubarom rnymem HeKpo3a, arornmo3a U aHoUKUCa; 8 3rumeruanbHbIX KemkKax KaHanbyes HeghpoHos
npoucxodam mumoghbaaus u Mumonmo3s. Mumonmo3 e anumernuarbHbIX KIlemkax KaHanbuyee HeghpoOHO8 KpPbIC C 3KCIIEPUMEHMarnbsHOU
0020800 mMpasMol KOXU ocyuecmernsemcsi 08yMsi nymsiMu, KOmopble c8si3aHbl C: | - paspywieHuem HapyXHoU MumoxoHOpuanbHoU
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membpatbl; Il - coxpaHeHUeM HapyXHOU MUMOXOHOpUanibHOU MembpaHbl U MpucoeduHeHUeM aymoghacudeckux (Mumoghasuyeckux)
MexaHu3moe Oris1 0c8obox0eHUs Kremku om 0e2padupo8aHHO20 MUIMOXOHOpUanbHo20 Mamepuana. B nepeom cryyae MumoxoHOpusi
CcHavana KoHOeHcupyemcs, rocre yeao rpoucxodum HabyxaHue ee Mampukca U ¢hpaeMeHmauyusi Kpucm 3a cyem paspyweHusi
coeduHeHul Kpucm. HakoHey HapyxHasi MUMOXOHOpuanbHass MemMbpaHa pa3pbieaemcsi U 0OCmamku Kpucm (8 sude 8e3uKyJ1) 8bIX00sm
8 yumonna3my. Bo emopowm criydae MmumoxoHApusi KoHOeHcupyemcsi, npoucxodum 8e3uKyrnspHas chpaeMmeHmauusi Kpucm, HO HapyXHasi
MumoxoHOpuasnbHas MembpaHa coxpaHsiem C80l0 UesloCMHOCMbL U MUMOXOHOpuUs roanouwaemcs aymogacocomoul (unu
npespawjaemcs 8 aymoghazocomy). danee npoucxodum cnusiHue aymoghazocom ¢ fu3ocomamu U obpasosaHue aymoghaz2oriu3ocom,
Komopble, rpu ycrosuu 3ghghekmueHoU rnepepabomku co0epxumMo20, mpaHcghopmupytomces 8 8akyonu. [locrnedHue ornopoXHsMCs
nymem 3k3ouyumo3a u obecriequsarom oceoboxoeHue Kiemku om AezpaduposaHHo20 Mamepuana. [lpucyuwe monbKo J1akmonpomeuHy
¢ copbumosniom membpaHonnacmuyeckoe Oelicmeue, HanpaesieHHOe Ha yKkperseHue (ycurneHHas cmpyKkmypanu3ayus)
MumoxoHOpuanbHol 060/04YKU y Yacmu MUmMoXoHOpul anumernuasnbHbIX KIemoK KaHanbuee HeghpoHa yrnbmpacmpyKmypHo
rposensiemcs Mo8biWeHUeM 3/1eKMPOHHOU MNIOMHOCMU U MOWUHbI 8CeX COCMasaaouux MUmoxoHopuansHol 06004KU.
MakcumarnbHo membpaHonnacmuyeckuli aghghekm Oelicmeusi nakmornpomeuHa ¢ copbumornioM Ha MUmoxXoHAPUU rPOosIBISAEMCcs Yyepes
14 cymok nocne akcriepuMeHmarsnbHOU 0X02080U mMpasMbl KOXU U rocmeneHHo (Yepe3 21 u yepe3 30 cymok) ucyesaem, 4mo
cosnadaem c yny4uieHuem obuwjeeo KIUHUYEeCKO20 COCMOSIHUSI U rokasamesel cmpyKmypHbIX UBMEHeHUU 8 MoYykax XU8OMHbIX C
002080l 60s1€3HbI0. ECMb 8Ce OCHOBaHUS cyUmams, Ymo ycuneHue cmpyKmypanusayuu MumoxoHOpul siensemcs npedoxpaHumernem
pacripocmpaHeHuUsi Mumornmo3a u Mumocgbaauu, Ype3mMepHbIl Xxapakmep KOmopbiX MOXem rpugsecmu K Kemo4yHou eubenu.
KntoueBble cnoBa: oxozosas 601e3Hb, 0e3UHIMOKCUKaUUOHHbIE pacmeopsbl, peakmueHsie U 0ecmpyKmueHble U3MEHEHUS MOYex.
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ARTICLEINFO The aim of the study was to study the structural changes of the intestinal epithelial barrier
Received: 21 February, 2019 in the duodenum in burn injury of skin in rat under experimental streptozotocin-induced
Accepted: 20 March, 2019 diabetes mellitus. The study was carried out on laboratory white adult rats-males weighing

180-210 9. The control group consisted of 21 animals without somatic pathology, the first
experimental group was 21 rats with burn skin injury, the second experimental group was
21 rats with burn skin and experimental streptozotocin-induced diabetes mellitus. The
experimental diabetes model was reproduced by administering streptozotocin to the rats
intraperitoneally at a single dose of 50 mg/kg. Thermal burn skin damage in rats

UDC: 616.342:616-001.17:616.379-
008.64:599.323.4:612.08

CORRESPOND|NG AUTHOR corresponded to Il - A-B degrees of dermal surface burn (according to the old classification
e-mail: iryna.tymoshenko@i.ua Il - A degree) with a total area of 21-23 % of the bodly surface with the development of burn
Tymoshenko I.O. shock. Duodenum was selected for morphological studies, fragments of which were

processed by conventional methods of light and electron microscopy. The main criteria
for assessing damage to the duodenal mucosa enterocytes were the results of a study
comparing histological and ultrastructural data in dynamics at 7, 14, and 21 days after
skin burns. The results of the studies showed that the base of damage to the intestinal
epithelial barrier of the duodenum are deep destructive changes, which after 21 days (in
the stage of septicotoxemia), as a rule, are not reverse and develop on the background
of significant intoxication of the body. There was a decrease in the number of tight
junctions in the intestinal epithelial barrier of the duodenum of rats of the first and second
experimental groups and a loss of ordering (acquisition of some chaotic nature) of their
localization as the time after burn injury increased. For the most part, the intestinal
epithelial barrier loses the integrity of the cellular component with partial preservation of
the basement membrane (the first occurs both due to necrosis of the enterocytes with a
brush border and due to complete destruction of goblet cells). In all cases, defects exist
in the intestinal epithelial barrier, which are potential pathways for paracellular translocation
of the pathogenic contents of the duodenum. It is not inconceivable that part of this
intestinal pathogenic content can be translocated also by partially damaged cells. Evidence
of the latter is the presence of microbial bodies in the cytoplasm of cells with partially
destroyed plasmalemma (but preserved organelles and nucleus). An adaptive mechanism
for ensuring the repair of damaged enterocytes is selective autophagy, which acts as a
factor in the recycling of destroyed organelles and the cytoplasmic matrix, aimed primarily
at maintaining cell viability.

Keywords: burn injury, streptozotocin-induced diabetes mellitus, intestinal epithelial
barrier.

Introduction

Nowadays, due to the acceleration of urbanization and  and social challenge of the 21st century [21]. Diabetes
the growth of industrial use of heat energy, severe thermal  mellitus and its related complications are becoming more
burn injury resulting in burn disease is becoming one of the common. The complex of gastrointestinal symptoms
most important problems of practical medicine [26]. associated with diabetes is now known as diabetic

Diabetes has also been recognized as a global health  enteropathy and can manifest as diarrhea, fecal

28 © 2019 National Pirogov Memorial Medical University, Vinnytsya



Tymoshenko 1.0.

incontinence, constipation, dyspepsia, nausea and vomiting
[11]. The ancient theory that autonomic neuropathy is a major
contributor to diabetic enteropathy [17, 18, 25] has recently
been supplemented by new theories of disease development
[2]. In particular, it is now believed [11] that hyperglycemia
and its associated oxidative stress in neural networks,
including nitrergic neurons and interstitial cells of Cajal [2,
23], play a central role in the development of diabetic
enteropathy. The authors of the latest (at the time of
publication) scientific review article "Diabets and the small
intestine” [11] indicate that the latest scientific results are
promising, but there is still a great need for further studies of
the pathogenesis of diabetic enteropathy.

As of today, the leading role of intestinal dysfunction in
the development of complications of diabetes has been
demonstrated [2, 11, 17, 18, 25, 28] and caused by severe
burns of burn disease [9, 10, 21]. However, until now, the
study of structural changes in the intestinal epithelial barrier
of the duodenum in burn skin injury under its association
with diabetes has not been the subject of special studies.

The aim of this work was to study the structural changes
of the intestinal epithelial barrier in the duodenum in burn
injury of skin in rat under experimental streptozotocin-induced
diabetes mellitus.

Materials and methods

This study was conducted on laboratory white adult rats-
males weighing 180-210 g. The control group consisted of
21 animals without somatic pathology, the first experimental
group was 21 rats with burn skin injury, the second
experimental group was 21 rats with skin burn and
experimental streptozotocin-induced diabetes. All studies
and control of the animals were conducted in accordance
with the rules for the use of the animals in the experiments,
adopted by the "European Convention for the Protection of
Vertebrate Animals Used for Experimental and other Scientific
Purposes" (Strasbourg, 1986), "General Ethica Principles
of Animal Experiments", adopted by the First National
Congress On Bioethics (Kyiv, 2001), "Ethical Principles and
Guidelines for Experiments on Animals: 3rd Edition"
(Switzerland 2005) and the Law of Ukraine "On the Protection
of Animals from Cruel Treatment" (2006).

The model of experimental diabetes mellitus [20] was
reproduced by administering streptozotocin to rats
intraperitoneally at a dose of 50 mg/kg, pre-dissolving it in
0.1 M citrate buffer solution (pH-4.5). The duration of the
experiment was 1 month. The control of the development of
hyperglycemia in the second experimental group was blood
glucose level - 24.24+0.79 mmol/L. In the control group
8.03+0.4 mmol/L. In our study, burn injury of skin caused in
accordance with the widespread model of researchers
Regas F.C. and Ehrlich H.P. [24], which was slightly modified
and optimized by Gunas I., Dovgan |. and Masur O. [12]. In
the experimental simulation of skin burns, two copper plates
in the form of an ellipse were kept in water at 100°C for 10
minutes and, under the conditions of ether anesthesia, were

applied simultaneously symmetrically to both exposed rats
with an exposure of 10 seconds. Burning skin damage in
rats was Il -A-B degree of dermal surface burn (according to
the old classification Ill - A degree) with a total area of 21-23
% of the body surface with the development of burn shock.
Many researchers [4, 5, 7, 13, 14] have shown that under the
conditions of using this model of experimental burn, the
development of burn disease with such characteristic
features as endogenous intoxication, generalized catabolic
reaction, systemic inflammatory and apoptotic responses,
polyorganic dysfunction is initiated. Duodenum was selected
for morphological studies, fragments of which were
processed by conventional methods of light and electron
microscopy. Semi-thin and ultrathin sections from epoxy
blocks were obtained on an LKB ultramicrotome (Sweden).
Ultra-thin sections after appropriate contrast were examined
under a PEM-125K electron microscope. Semi-thin sections
were stained with methylene blue and toluidine blue.
Sections of paraffin blocks were stained with hematoxylin-
eosin. The main criteria for assessing damage to the
duodenal mucosa enerocytes were the results of histological
and ultrastructural data in dynamics 7, 14, and 21 days after
skin burn. At that time, rats were given a single
intraperitoneally high dose of sodium thiopental and were
removed from the experiment by decapitation.

Results

In enterocytes of the mucous membrane of the duodenum
of animals of the first experimental group 7 days after burns,
the most characteristic feature of structural changes is the
destruction of microvilli of the brush border of enterocytes,
as well as changes of tight junctions. These contacts are
clearly visualized on electron micrographs at the loci between
the apicolateral surfaces of adjacent enterocytes with a
brush border because the outer hydrophilic layers and the
glycocalyx of adjacent plasmalemma seem to merge at one
point into a public electron-dense layer with electron density
(Fig. 1, 2). Note some chaotic arrangement of tight junctions

s = 5
Fig. 1. Crypt of the mucous membrane of the duodenum of the rat
of the first experimental group 7 days after burn. The arrows
indicate dense contacts between the enterocytes with the brush
border. 1 - crypt lumen. EM, x10000.
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ig. 2. rypt of the duodenal mucosa of the rat under normal
conditions (control group of animals). 1 - crypt lumen; 2 - cytoplasm
of goblet cells. EM, x8000

Fig. 3. Autophagolysosome (1) with heteromorphlc electron-dense
content in the cytoplasm of enterocyte with the remains of the
brush border in the duodenal mucosa of the first experimental
group 7 days after burn. The arrow marked the phagophore. EM,
x25000

Fig. 4. Typlcal autophagolysosome (1) in the cytoplasm of the
enterocyte with a brush border that has lost dense contact with
adjacent enterocytes, in the mucous membrane of the duodenum
of the rat of the first experimental group 21 days after burn. Arrows
marked phagophore. EM, x25000.

in the epithelial monolayer (intestinal epithelial barrier) of
the duodenum in rats of the first experimental group (see
Fig. 1), which deepens with increasing time after burn.

The intestinal barrier of the duodenum also includes
goblet cells (see Fig. 2), which, under normal conditions,
have a holistic plasmalemma (which, however, does not
form dense contacts with adjacent enterocytes with a brush
border), and numerous secretory vesicles, medium electron
density material.

Widespread phenomenon in this time interval is a variety
of ultrastructural changes of enterocytes against the
background of swelling of their cytoplasm (an indicator of
which is the enlightenment of the cytoplasmic matrix): from
the vacuolation of tubules of the endoplasmic reticulum and
damage to the mitochondria (manifestation is their intense
swelling, fragmentation of the cristae and inner membrane)
to the complete destruction of organelles, the appearance
of defects of plasmalemma and karyolemma.

In sections of cytoplasm of enterocytes with partially lost
brush border are located rounded autophagosomes and
autophagolysosomes of different size with heteromorphic
electron-dense contents (Fig. 3).

Morphological evidence of the initial stage of autophagy
is the grouping of damaged cell organelles in certain loci of
the cytoplasmic matrix and their sequestration by concentric
coverage of the characteristic autophagosome structure -
phagophore (double insulating membrane). In the future,
autophagosomes merge with lysosomes and form
autophagosomes with different electron density and
structure (which is an indicator of the stages and efficiency
of digestion of the sequestered material).

Digestion of the content of autophagolysosomes is
accompanied by destruction of the inner membrane of the
phagophore (under these conditions, the products of
digestion are likely to be absorbed and assimilated by the
cytoplasm of the enterocyte). If part of the material remains
undigested, then the autophagolysosome is transformed
into an autophagic vacuole, which is directed to the
plasmalemma of the apical region of the enterocyte and
releases its contents outside.

In animals of the first experimental group, 14 days after
burn in the duodenum, sections of the epithelial monolayer
of enterocytes with preserved brush border alternated with
areas free of brush border. The enterocytes of the epithelial
monolayer were adjacent to desquamated cells of varying
degrees of conservation. In the apical part of most
enterocytes with partially lost brush border were located
groups of rounded autophagosomes  and
autophagolysosomes of different size and content.

In the cytoplasm of many enterocytes with the presence
of structural site defects of the plasmalemma and
karyolemma in combination with local damage of the
cytoplasmic matrix (which, given their variability, can probably
be repaired) the signs of increase of functional activity of
organelles are revealed (the evidence of which is a moderate
expansion of the tubules of the granular endoplasmic
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Fig. 5. Deformity of the lumen of the crypt of the mucous membrane
of the duodenum of the rat of the second experimental group 7
days after burn. 1 - remnants of goblet cells in crypt lumen; 2 - the
remnants of the b
CUE T T2 e h

Fig. 6. Deformed villi and crypts of the mucous membrane of the
duodenum of the rat of the second experimental group 21 days
after burn. 1 - villi of the mucous membrane; 2 - intestinal lumen.
Semi-thin section. Toluidine blue. x100.

Fig. 7. Necrosis of the duodenal mucosa enterocyte of the
duodenum of the rat of the second experimental group 21 days
after burn. The arrows marked the "exposed" basement membrane
of the epithelial monolayer. 1 - intestinal lumen; 2 - the lumen of the
blood capillary. EM, x15000.

reticulum, an increase in the number of ribosomes, the
presence of polysome, the aggregation of intact
mitochondria, the integrity of the nucleus).In other enterocytes,
atthis time, the cytoplasm is vacuolated in the form of various
enlargement of the tubules of the endoplasmic reticulum
with enlightenment of their contents, vacuolar transformation
of mitochondria, which is completed by complete necrotic
destruction and cell fragmentation with the formation of
cellular detritus.

In animals of the first experimental group after 21 days,
after burns, morphologically focal atrophy of the mucous
membrane was manifested by thickening and shortening
of the villi; in some places they were completely absent. The
erosions that have resulted from necrosis of enterocytes
with a brush border and destruction of goblet cells were
quite often found. In many areas of the intestinal epithelial
barrier (due to loss of tight contacts) adjacent brush-
bordered enterocytes were separated from each other,
forming extended interepithelial spaces. Typical
autophagolysosomes were detected in the cytoplasm of
some of these enterocytes (Fig. 4).

The animals of the second experimental group after 7
days after the burn is common subtotal necrosis of
enterocytes brush border, when the preservation of the
cytoplasm of intact border area of necrotic cells subject to
degeneration and cell detritus formed with microvilli border
enters the intestinal area. Most goblet cells, which completely
collapse after accumulation of secret, are destructive. If this
occurs in crypts (Fig. 5), then the remains of goblet cells are
included in the contents of the crypts and (along with
enterocyte residues) deform their lumen.

14 days after burn in the mucous membrane of the
duodenum of animals of the second experimental group,
enterocytes in certain areas of the epithelial monolayer are
subject to complete necrotic decay. In these areas, the
basement membrane becomes "exposed". It is quite well
preserved and even, it is somewhat thick compared to
normal (in the control group of rats).

The structural changes described above are
accompanied by deformation and destruction of the villi of
the duodenal mucosa. The villi lose their typical leaf-like
shape, often take on a "twisted" appearance, and filamentous
villi appear, surrounded by groups of desquamated
enterocytes and cellular detritus.

21 days after burns in animals of the second experimental
group in some parts of the mucous membrane of the
duodenum of the crypt and villi are clearly deformed. The villi
lose their typical cytoarchitectonics and have the appearance
of clustered (and sometimes mushroom) conglomerates
of enterocytes of varying degrees of structural conservation
(Fig. 6). To a greater extent, the intestinal epithelial barrier
loses (Fig. 7) the integrity of the cellular component with
partial preservation of the basement membrane (the first
occurs both due to necrosis of the enterocytes with the brush
border and due to complete destruction of the goblet cell). In
all cases, defects exist in the intestinal epithelial barrier,
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léig. . MiErobiaI bodies (1)in thé cytoplasm of cells of the mucous
membrane of the duodenum of the rat of the second experimental
group 21 days after burn. 2 - the nucleus of the cell. EM, x20000.

by
.

which are potential pathways for paracellular translocation
of the pathogenic contents of the duodenum. It is not
inconceivable that part of this intestinal pathogenic content
can be translocated and partially damaged by cells. Evidence
of the latter is the presence of microbial bodies (Fig. 8) in the
cytoplasm of cells with partially destroyed plasmalemma
(but preserved organelles and nucleus).

Discussion

Many unresolved issues remain regarding the role of
structural and functional changes in the small intestine in
the pathogenesis of burn disease, and in particular,
regarding dysfunction in the context of burns of the intestinal
epithelial barrier [15].

The data obtained indicate the structural manifestations
of a barrier violation (destruction of dense interepithelial
contacts, disappearance of interdigitations of cytoplasmic
processes of adjacent enterocytes) in burn skin injury under
experimental streptozotocin-induced diabetes. In addition,
we confirmed the Huang Ya. et al. data [16] regarding the
involvement of autophagic processes in the development of
gradual structural disorganization of the intestinal epithelial
barrier, but unlike these authors, we consider their
manifestation of an adaptive response.

It is worth noting that the role of autophagy in cell death is
now widely regarded by researchers as quite controversial
[16]. According to modern data [1], autophagy is the process
of digestion of its own distorted organelles and sections of
the cytoplasm by lysosomes (thus autophagy is both a type
of programmed cell death and a strategy for cell survival by
recycling cellular material). Thus, the adaptive response of
the duodenal mucosa enterocytes to the destructive effects
of burn disease factors involves the use as part of the plastic
and energy resources of the degraded cellular material to
repair the damaged enterocyte and to maintain its viability.
Under the conditions of our experiment in rats of the first
experimental group, the course of structural changes of
enterocytes of the duodenal mucosa is slow enough to

include the adaptive mechanism of autophagy of distorted
organelles. In the animals of the second experimental group,
destruction of cytoplasmic and organelle enterocyte sites
(due to the summation of the factors of burn disease and
diabetes) is accelerated and cells die by necrosis.

It should be noted separately that Nighot P.K., Hu C.A.,
and Ma T.Y. [22] suggest that autophagy promotes restrictive
tight junction function and enhances the intestinal epithelial
barrier by targeting claudin-2 protein degradation. In the
context of this view, Elshaer D. and Begun G. [8] emphasize
the crucial role of the barrier function of intestinal epithelium,
autophagy and cytokines in providing intestinal
homeostasis.

It is now widely accepted that intact intestinal epithelial
barrier is critical for maintaining homeostasis in human
health and disease, and tight enterocyte contacts are an
integral part of this barrier [27]. It is known [6, 16] that
permeability proteins occludin and zonulin-1 are involved in
ensuring the functioning of tight junctions in the intestinal
epithelial barrier. Severe burns of the skin have been found
to increase the permeability of the intestinal epithelial barrier,
which is accompanied by decreased expression and
localization of occludin and zonulin-1 [6, 16].

We obtained data on structural changes of the intestinal
epithelial barrier of the duodenum of rats in burn skin injury
under experimental streptozotocin-induced diabetes
mellitus, indicating an increase in the paracellular
permeability of the barrier. In animals of the second
experimental group, intestinal microbes were found to
penetrate the defective intestinal epithelial barrier of the
duodenum, which is consistent with the data [3] on the role
of intestinal microbiota translocation in the pathogenesis of
diabetes.

With the development of burn disease, the translocation
of pathogenic microflora from the lumen of the intestine to
other organs leads to deepening of the systemic
inflammatory response syndrome, hypermetabolism,
multiple organ failure, sepsis. Such translocation is a factor
in the worsening of diabetes mellitus [3, 19], which was
once witnessed by Vaarala O. et al. [28], calling the intricate
relationship between gut microbiota, permeability of the
intestinal epithelial barrier and mucosal immunity a "perfect
storm" for diabetes.

Summarizing, in the duodenal mucosa of rats of the
second experimental group, the dynamics of morphological
changes during different periods after burns (7 days - the
stage of shock and early toxemia; 14 days - the stage of late
toxemia; 21 days - the stage of septicotoxemia) differ from
animals of the first experimental group. Comparison of the
data obtained with those previously revealed suggests that
the time intervals and the nature of the adaptive duodenal
intestinal epithelial barrier are largely prolonged and
impaired. Significant lesions of the intestinal epithelial
barrier should lead to disruption of the processes of the
digestive system, parietal digestion and absorption, as well
as immunological protection (considering that the intestinal
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epithelial barrier is the first zone of contact of the organism
with environmental antigens and and the leading element
of the immune system), which undoubtedly affects the
condition of the body with burns and, to a large extent,
determines the development of burn disease, as well as
the course of diabetes. The prospect of further research in
this direction is related to the study of the effects on the
duodenum of drugs that reduce the intoxication of the body
and blood sugar level.

Conclusions

1. In the basis of damage to the enterocytes of the
duodenal mucosa of rats with burn skin injury there are
deep destructive changes, which after 21 days (in the stage
of septicotoxemia), as a rule, are not reverse and develop
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CTPYKTYPHI 3MIHU IHTECTIHANBLHOIO ENITENIANBHOIO EAP'€PA OBAHAOUATUMANOI KALLIKU LLYPIB MPU OMIKOBIN
TPABMI LLUKIPU 3A YMOB EKCMEPUMEHTAIIbHOINO CTPENTO30TOLUMHIHOYKOBAHOIO LIYKPOBOI'O OIABETY

TumoweHko 1.0.

Memoto pobomu 6yrno sug4yeHHs1 CmpyKmypHUX 3MiH iHmecmiHanbHo20 ernimerianbHo20 bap'epa 0saHadussmunanoi KUWKU npu orikosit
mpaemi WKipu wypa 3a yMo8 eKcriepuMeHmasnbHO020 CMpermo30moyuHiHOyYKogaHo20 UyKposozo Oiabemy. [JocnidxeHHs1 30ilicHeHe
Ha nabopamopHux 6inux cmameeso3pinux wypax-camusx macoro 180-210 a. [pyny koHmponto cknanu 21 meapuHa 6e3 comamuyHoi
rnamornoaii, nepwy ekcriepumeHmarsHy epyry cknanu - 21 wyp 3 oniKogor mpasmoro WKipu, Opyey eKcriepuMeHmarbHy epyrny cKnamu
- 21 wyp 3 orikoM WKipu ma ekcriepumeHmarbHUM Cmpernmo3omouyuHiHOykoeaHuUM Giabemom. Modesb ekcriepumeHmasnbHO20 UyKpo8o20o
diabemy eidmeoprosariu WiisiXoM 88e0eHHS LypamM Cmpernmo30moyuHy 8HympiuHb004Yepe8uUHHO 00HOPa3080 8 003i 50 me/ke. TepmiyHe
orikose nowKoOXeHHs Wkipu y wypie gidrnosidano Il - A-b cmyneHio depmarnibHO20 NO08EPXHEBO20 OMiKY (3@ cMaporo Krnacugpikaujeto
Il - A cmyniHb) 3a2anbHor nnowero 21-23 % nosepxHi mina 3 po38UMKOM 0r1iKogo2o WoKy. [nsa mopghonozidHux 0ocnioxeHb
sunyyanu 8iddin 0eaHadusamunanoi KUWKU, hpaeMeHmu siKo2o obpobnsanu 3azanbHONpPUUHAMUMU MemodamMu c8immno8oi ma
e51eKmMpPOHHOT Mikpockorii. OCHOBHUMU KpumepisiMu OUIHKU MOWKOOXeHHST eHmepoyumig c/1u3080i 060/10HKU 0eaHadussimunasnol KUWKU
cmanu pesyrnbsmamu 00CiO)eHHs1 Wod0 MOPIBHAHHS 2icmOoo2iYHUX ma yrnbmpacmpykmypHux daHux e uHamiuj yepes 7, 14, ma 21
006y niicnis oniky wKipu. Pe3ynbmamu rposedeHux 0ocnidxeHb noka3arsnu, Wo 8 0CHO8I MoOWKOOXeHb iHmeCcmiHabHO20 ernimeniaibHo20
b6ap'epa dsaHadussimunanoi KUWKU fexams 2nuboki decmpykmueHi 3miHu, siki Yyepe3 21 doby (e cmadii cenmukomokcemii), ik npasurio,
Maromb He380pOMHIll Xxapakmep i po3eusarombCsi Ha ¢hOHIi 3Ha4YHOI iIHMOKCUKayii opeaHiamy. BiOMiYeHO 3MEeHWEeHHST KilTbKoCmi WirbHUX
KOHmMakmie 8 iHmecmiHanbHoMy enimenianbHoMy b6ap'epi 0saHadusmunanoi KUWKU wlypie nepwoi ma Opyaoi ekcriepumMeHmarsnbHUX
epyn ma empama yrnopsiokogaHocmi (Habymmsi neeHoi xaomu4yHocmi) iXHbOI f1oKkanizauii y mipy 36inbweHHs Yacy nicnsi onikoeor
mpasmu. Ha 6inbwil ceoili npomsixxHocmi iHmecmiHanbHUU enimenianbHull 6bap'ep empadyae UinicHicmb KAimMuHHOI cknadoeoi npu
yacmkoeil 36epexeHocmi ba3anbHoi membpaHu (nepwe 8i0bysaembcs SK 3a paxyHOK HEKPO3y eHmepoyumie 3 w,imo4YyKkogor
0bs1siMieKol0, mak i 3a paxyHOK Moe8Hoi decmpykuii kenuxonodibHUX KimuH). Y ecix eunadkax 6 iHmecmiHanbHOMYy erimeniaribHOMy
6ap'epi 3'asnsrombcs deghekmu, SKi € MTOMeHUTHUMU Wiisxamu napauenonsapHol mpaHciokauii namoeeHHo2o emicmy dgaHadusimunanol
KUWwKU. He 8uUKYHO, W0 YacmuHa yb020 iHmecmiHanbHO20 namoaeHHo20 eMicmy Moxe 6ymu mpaHCrioKogaHa i Yepes 4acmikogo
rowkoOxeHi KrnimuH. Ce8id04eHHsM 0CmaHHb020 € 8USI8IIEHa Hasi8HICMb MIKPOOHUX minl 8 yumoriasmi KiimuH 3 4acmkKoeo 3pyUHO8aHO
rnnasmosnemoro (ane 3bepexeHuMu opzaHenamu ma s10pom). AGarnmueHUM mexaHismom wWodo 3abesrneyeHHs pernapauii yUKoKeHUX
eHmepouyumie € cenekmusHa asmocghazia, siKka eucmynae YUHHUKOM peyuknizauyii mamepiany 3pyluHo8aHux opaaHen i
yumonnasmamu4Ho20 MampuKcy, CrpsIMOB8aHO20, 8 nepwy Yyepay, Ha nidMpuUMKy Xumme30amHOoCmi KITimuH.

KniouoBi cnoBa: onikoga mpasma, cmpenmo3omoyuHiHOykosaHull yykposul diabem, iHmecmiHanbHul enimenianbHull 6ap'ep.

CTPYKTYPHbIE UBMEHEHUSA MUHTECTUHAINBHOIO 3NMUTENUAIIBHOIO BAPLEPA ABEHALOUATUNEPCTHOW KULLKU KPbIC
MPU 0)XXOrOBOW TPABME KOXW B YCITOBUAX 9KCMEPUMEHTAJIbHOO CTPENTO30TOLUWMHUHOYLIMPOBAHHOIO
CAXAPHOIO OAMABETA

TumoweHko U.A.

Llenbto pabomb! 6b1710 U3yYeHUE CMPYKMYPHbIX USMEHeHUl UHMecmuHasibHo20 anumenuanbHo2o bapbepa dseHaduyamunepcmHou
KUWKU 1pU 0X02080U mMpasMe KOXU KPbICbl 8 YC/I08USX SKCMepUMeHmasnbHO20 cmpernmo3omoyuHuHOyyupo8aHHO20 caxapHo20
duabema. MccnedosaHue ocywecmeneHo Ha nabopamopHbix 6eribix 10710803pefbIX Kpbicax-camuyax maccol 180-210 a. pynny
KoHmpons cocmasunu 21 xueomHoe 6e3 comamuyeckol namosoauu, nepsyro KCcrepuMeHmarbsHyo 2pynny cocmasunu - 21 Kpbica
C 0X02080U mMpasmMoli KOXU, 8MOpYyH 3KCrepuMeHmarnbHy 2pynny cocmasusnu - 21 Kpbica C 0XX020M KOXU U 3KCrepuMeHmasbHbIM
cmpenmo3omoyuHUHOyyuposaHHbiM duabemom. Modenb 3KkcriepumMeHmanbHo20 caxapHoeo duabema eocrnpou3sodusnu nymem
88e0eHUsI KpbICaM CcmMpernmo3omouyuHa 8HympubprowuHHO 0OHokpamHo 8 dose 50 me/ke. TepMuyecKoe 0X02080€ M08PEXOEHUE KOXU
y Kpbic coomeemcmeosaro Il - A-b cmeneHu depmarnibHO20 M08EPXHOCMHO20 OXxoea (Mo cmapou knaccugukayuu Il - A cmeneHb)
obuwiel nnowadsio 21-23 % nosepxHocmu mena ¢ pa3sumuem 00208020 woka. [ns mopgonozudeckux uccrnedogaHull usbimanu
omoden dseHaduamurnepcmHoU KUWKU, chpazMeHmbl Komopo20 0bpabambigarnu obwenpuHsmsiMu Memoodamu ceemosoll U 371eKMPOHHOU
mukpockornuu. OCHOBHbLIMU KpUMePUSIMU OUEHKU rospex0eHusi aHmepoyumos crnusucmou obonouku deeHaduyamunepcmHoU KUWKU
cmanu pesynbmaimbl CpasHeHUs 2UCMOIo2UYEeCKUX U yribmpacmpyKmypHbIX 0aHHbIX 8 OuHamuke yepes 7, 14 u 21 cymku nocne
0Xx02a Koxu. Pe3aynbmamai npogedeHHbIX uccredosaHuli nokasasu, 4mo 8 0CHO8e ogpex9oeHuUl UHMeCmMuUHaabHo20 3rnumenuanbHo20
bapbepa dseHaduyamurnepcmHoU KUWKU f1exam eanybokue decmpykmueHbie U3MeHeHUs, Komopbie Yyepe3 21 deHb (8 cmaduu
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CernmuKOMmoKceMuuU), Kak rnpasuso, umerom Heobpamumbll xapakmep U pasgusaromcsi Ha ¢hoHe 3Ha4yumesibHOU UHMOKCcUKauuu
opeaaHu3ma. OmmeyeHO yMeHbWeHUe Konuyecmea niomHbIX KOHMakmos 8 UHmeCcmuHanabHOM 3rumesnuansHom bapbepe
dseHaduyamurnepCcmHoU KUWKU KpbIC nepsol u 8mopol IKCrepuMeHmarsbHbIX epyrn U nomepsi yrnopsido4yeHHocmu (npuobpemeHue
onpedenieHHOU Xaomu4yHOCMU) UX JioKanu3ayuu rno Mepe yeeriudeHusi 8peMeHU rocsie oxoeoeoll mpasmbl. Ha 6onbwel Yacmu ceoel
npomsiXeHHoCmu UHmecmuHarbHbIl anumenuasnbHbll bapbep mepsem uesrnocmHOCMb KIemoyHol cocmasrnsowel rnpu 4yacmu4yHou
coxpaHHocmu 6a3anbHol MembpaHbi (Mepgoe npoucxodum Kak 3a cHem HeKpo3a SHmMepoyumos C wemoyHou KaliMol, mak u 3a cuem
rosnHol decmpykyuu 6okanosudHbIX Kremok). Bo ecex criyyasix 8 uHmecmuHaibHOM sriumenuarnbHom 6apbepe rnosensromces deghekmel,
Komopble A8MANMCA NOMeHyuanbHbIMU MymsaMu napauyennioasapHol mpaHcaoKayuu namo2eHHo20 Cc00epxumozo
dseHadyamurnepcmHol KUWKU. Yacmb 3mo20 UHMecmuHaabHO20 Namo2eHHO020 codepxaHusi Moxem bbimb mpaHcioyuposaHa u
4yepe3 YacmuyHoO rospexoeHHble Knemku. CeudemesibCmeomM rnocredHe20 S6M9emcs 8biA8eHHOe Hanu4yue MUKPOBHbIX men 8
yumonnasme KremoK C Y4aCcmu4yHO paspyweHHOU nna3mMoneMmol (HO CcOXpaHUSWUMUCS op2aHesnnamu u si0pom). AdanmueHbiM
MexaHU3MOM Mo obecrieyeHuIo penapayuu nospexo0eHHbIX 3HMEPOUUIMO8 Ae1semcs cenekmueHas aymogazausi, Komopas ebicmynaem
hakmopom peyuknulayuu Mamepuarna paspyweHHbIX opaaHes u JumorniasmMamu4yeckoeo Mampukca, HarnpaeneHHo20, 8 nepeyto
oyepedb, Ha noddepxxaHue Xu3HecrrocobHOCMuU K1emox.

KnroueBble cnoBa: oxozos8asi mpasma, Cmpernmo30moyuHUHOYUUpo8aHHbIl caxapHbil Ouabem, UHmMecmuHasabHbIl anumenuanbHbll
b6apbep.
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The paper presents and analyzes data from an experimental study conducted on white
rats in females and males of reproductive age. Obesity is one of the leading causes of
premature death worldwide. The purpose of the research is to establish the morphometric
and histological changes of the rat spleen parenchyma in experimental obesity and after
the abolition of the high-calorie diet (HCD). We conducted a study on 70 white rats of
reproductive age (2.5-6.5 months) weighing 120-280 g. High-calorie diet was achieved
due to the fact that food was added sodium glutamate at a dose of 67 mg/kg of body weight
of the rat. Controls were 10 white rats that received a standard vivarium diet instead of a
high-calorie diet. Statistical processing of digital data was performed using Excel software
and STATISTICA 6.0 using the parametric methods. Eight weeks after HCD, there was a
significant decrease in the relative area of white pulp in the spleen parenchyma of white
rats in males and females by 16.2% and 17.4%, respectively, and an increase in the
relative area of red pulp by 5.6% and 6.2%, respectively. There is an immuno-inducing
effect with enhanced proliferation of activated lymphocytes and their subsequent
differentiation into plasma cells. Eight weeks after the abolition of HCD, the relative area
of white pulp in the spleen parenchyma of white rats in males and females was 16.8% and
16.9% less than the parameters of the intact group of animals. Accordingly, the relative
area of the red pulp by 5.8% and 6.1% exceeds the parameters of the intact group of
animals. The area ofthe lymph nodes and the size of their reproductive centers decrease.
The number of monocytes, macrophages and plasmocytes increases in the organ
parenchyma. Hemosiderin residues occur both in the cytoplasm of macrophages and in
intercellular spaces. Arteries with thickened wall, full-blooded, veins enlarged and full-
blooded. The venous sinuses of the red pulp are dilated to contain hemosiderin residues.
Thus, the depletion of lymphoid tissue with progression of mainly white pulp atrophy has
been established. In the conditions of the eight-week abrogation of the HCD, no reverse
changes in the structure of the parenchyma of the spleen were detected.

Keywords: obesity, rat, spleen, white pulp, red pulp.

Introduction

Obesity is one of the leading causes of premature death
worldwide [5]. This is due to the fact that obesity increases
the risk of cardiovascular disease (coronary heart disease,
congestive heart failure, hypertension) [1, 11, 21], type Il
diabetes [10, 17], obstructive sleep apnea syndrome,
neuropathy [6], osteoarthritis, dementia, splenomegaly [4,
8], fatty liver disease [19], and others [12, 16]. Obesity is
also associated with a wide range of cancers (colon, breast,
endometrium, kidney, esophagus, stomach, pancreas, and
gall bladder), and along with insulin resistance (IR) is a
risk factor for developing hepatocellular carcinoma [14, 17].
In chronic diseases, obesity as a concomitant pathology
complicates the course of the underlying disease [5, 16,
22, 23].

In the current scientific literature there is not enough
information about the effect of obesity on the immune
(lymphoid) organs, which provide protection of the body
against foreign antigens. Adipose tissue is a complex
endocrine organ whose effect on organs and tissues is
significant and diverse, increasing the likelihood of multiple
diseases [9, 15, 18, 20]. Investigations into the dynamics
of changes in the structural organization of organs and
tissues, as well as possible methods for their correction,
remain relevant and important for both theoretical and
practical medicine.

Aim of the study: to study the morphometric and
histological changes of the rat spleen parenchyma in
experimental obesity and after abolition of the high-calorie
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diet.

Materials and methods

This study is part of the complex theme "Structural
organization, angioarchitectonics and anthropometric
features of organs in the intra- and extracorporeal periods
of development, under the influence of exogenous and
endogenous factors" - state registration number
0115U000041.

The study was performed on 70 white rats of
reproductive age (2.5-6.5 months) weighing 120-280 g.

Microanatomy of the structural components of the white
rat's spleen under physiological norms was examined in
10 intact animals (first group). The experimental animals
were divided into 5 groups: a second group of animals (10
rats) fed a high-calorie diet (HCD) for 8 weeks; a third group
of animals (10 rats) fed HCD for 8 weeks, followed by 2
weeks of withdrawal (standard vivarium diet); a fourth group
of animals (10 rats) fed HCD for 8 weeks followed by 4
weeks of withdrawal; 5 group of animals (10 rats) fed HCD
for 8 weeks followed by 6 weeks of withdrawal; 6 group of
animals (10 rats) that were fed HCD for 8 weeks, followed
by 8 weeks of withdrawal. Each group had 5 male rats and
5 female rats. HCD was achieved due to the fact that
glutamate sodium was added to food at a dose of 67 mg/
kg of body weight of the rat. Controls were 10 white rats that
received a standard vivarium diet instead of a high-calorie
diet.

All experimental animals were kept in the vivarium of
Danylo Halytsky Lviv National Medical University. The
studies were conducted in accordance with the provisions
of the "European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes" (Strasbourg, 1986), Council of Europe Directive
86/609/EEC (1986), Law of Ukraine No. 3447-1V "On the
protection of animals against abuse", the general ethical
principles of animal experimentation, approved by the First
National Congress of Ukraine on Bioethics (2001).

Morphometric studies were performed using a system
of visual analysis of histological preparations. The studies
were performed at certain times of the experiment in
samples stained with hematoxylin and eosin. Images from
histological specimens of the spleen were taken to a
computer monitor using a MICROmed SEO SSCAN by
microscope and using a Vision CCD Camera.
Morphometric studies were performed using VideoTest-
5.0, KAAPA Image Base, Stepanizer and Microsoft Excel on
a personal computer.

Statistical processing of digital data was performed
using "Excel" and "STATISTICA 6.0" software using
parametric methods. The numerical values of the
parameters are represented by sample averages (M),
standard deviation (o), standard error of the mean (m),
Student's t test (t). The results of the calculations were
presented in graph form in histograms using Microsoft
Office, with confidence intervals.

Results

The spleen belongs to the secondary lymphoid organs,
in which there is antigen-dependent proliferation and
differentiation of T and B lymphocytes. The histological
structure of the spleen of intact animals corresponds to
the species norm. Outside, the organ is surrounded by a
capsule from which the lugs depart. The spleen is
consisting of red and white pulp. The red pulp contains
blood cells surrounded by reticular cells. The white pulp
consists of splenic lymph nodes and surrounding arteriolar
lymphoid vagina (Fig. 1).

After 8 weeks of HCD, a significant decrease in the
relative area of white pulp in the spleen parenchyma of
white rats of males and females was observed to
21.59%1.22% and 21.78+1.31%, which is 16.2% and 17.4%
less than the parameters of the intact group of animals
(Table 1). Accordingly, the relative area of the red pulp
increases to 78.41+1.45% in male rats and to 78.22+1.54%
in female rats. These figures are 5.6% and 6.2% higher
than the parameters of the intact group of animals (see
Table 1).

After 8 weeks of high-calorie diet (second group of
animals) in both male and female rats, the number of
monocytes, macrophages and plasmocytes increased.
Hemosiderin residues occur both in the cytoplasm of
macrophages and in intercellular spaces (Fig. 2). The
presence of iron-containing pigment is evidence of
erythrocyte death. The proportion of reticular connective
tissue in Billroth cords is increasing. The veins of the red
pulp are full-blooded. There is an immuno-inducing effect
with enhanced proliferation of activated lymphocytes and
their subsequent differentiation into plasma cells. Around
small vessels, eosinophilic aggregation and lipid
accumulation in the enlarged sinuses are found.

At 2 weeks after the abolition of HCD (third group of
animals), the relative area of white pulp in the spleen

200 jam

Fig. 1. A fragment of the spleen of an intact white male rat.
Hematoxylin-eosin. Objective lens x10, eyepiece x10. 1 - capsule;
2 - red pulp; 3 - white pulp; 4 - center of reproduction of the lymph
node; 5 - central artery.
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Table 1. Dynamics of changes of relative areas (%) of red and white pulp of spleen of white rats of control and experimental groups

(M£m).
Male rats Female rats
Group of animals
Swhite pulp Sred pulp Swhite pulp Sred pulp

Group 1 - intact animals 25.78+1.18 74.22+1.33 26.38+1.02 73.62+1.42
Group 2 - 8 weeks of HCD 21.59+1.22* 78.41+1.45* 21.78+1.31* 78.22+1.54*
Group 3 - 8 weeks of HCD, 2 weeks of discontinuation 21.65+1.43* 78.35+1.87* 21.53+1.21* 78.47+1.65*
Group 4 - 8 weeks of HCD, 4 weeks of discontinuation 21.51+1.09* 78.49+1.56* 21.19+0.69* 78.81+1.23*
Group 5 - 8 weeks of HCD, 6 weeks of discontinuation 21.53+1.03* 78.47+1.34* 21.88+0.98* 78.12+1.76*
Group 6 - 8 weeks of HCD, 8 weeks of discontinuation 21.46+1.05* 78.54+1.54* 21.914£1.23* 78.09+1.43*

Note: * - values that are statistically significantly different from those of the intact animal group (p<0.05).

i RO -
Fig. 2. Afragment of the white rat female spleen after eight weeks
of HCD. Hematoxylin-eosin. Objective lens x20, eyepiece x10. 1 -
red pulp; 2 - white pulp, secondary lymph node 3 - center of
reproduction of the lymph node; 4 - boundary zone; 5 - central
artery; 6 - accumulation of hemosiderin and lipids in the venous
sinuses of the red pulp.

Fig. 3. A fragment of the spleen of a white rat female after two
weeks of HCD cancellation. Hematoxylin-eosin. Objective lens x20,
eyepiece x10. 1 - central artery with a swollen wall and a narrowed
lumen; 2 - white pulp, unclear border of mantle zone, 3 - accumulation
of hemosiderin and lipids in venous sinuses of red pulp.

parenchyma of white rats in males and females was almost
unchanged from the previous group of animals and was
21.65+1.43% and 21.53+1.21%. These figures are 16.0%
and 18.4% lower the parameters of the intact group of
animals (see Table 1). Accordingly, the relative area of the
red pulp is 78.35+1.87% in male rats and up to
78.47+£1.65% in female rats. These figures are 5.6% and
6.6% higher than the parameters of the intact group of
animals (see Table 1).

Histological specimens show thickening of the central
artery wall and narrowing of the lumen, which may be
associated with edema (Fig. 3). Vascular edema is
observed. Venous sinuses of red pulp are enlarged,
containing hemosiderin and accumulation of lipids.
Macrophages are filled with drops of hemosiderin.

4 weeks after abolition of HCD (4 group of animals), the
relative area of white pulp in the spleen parenchyma of
white rats of males and females decreased by 0.7% and
1.6% compared with the previous group of animals and is
21.51£1.09% and 21.19+£0.69%. These figures are 16.6%
and 19.7% below the parameters of the intact group of
animals (see Table 1). Accordingly, the relative area of the
red pulp increases by 0.2% and 0.4% compared to the
previous group of animals and is 78.49+1.56% in male
rats and 78.8111.23% in female rats. These figures are
5.8% and 7.0% higher than the parameters of the intact
group of animals (see Table 1).

Six weeks after discontinuation of HCD (5 group of
animals), the relative area of white pulp in the spleen
parenchyma of white rats of males and females increased
by 0.1% and 3.3% compared to the previous group of
animals and is 21.53+1.03% and 21.88+0.98%. These
figures are 16.5% and 17.1% less than the parameters of
the intact group of animals (see Table 1). Accordingly, the
relative area of the red pulp decreases by 0.04% and 0.9%
compared to the previous group of animals and is
78.47+1.34% in male rats and up to 78.12+1.76% in female
rats. These figures are 5.7% and 6.1% higher than the
parameters of the intact group of animals (see Table 1).

Eight weeks after abolition of HCD (6 group of animals),
the relative area of white pulp in the spleen parenchyma of
white rats in males and females is almost unchanged from
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Fig. 4. Afragment of the spleen of a white rat female four weeks
after abolition of HCD. Hematoxylin-eosin. Objective lens x100,
eyepiece x10. 1 - macrophages with drops of hemosiderin in the
cytoplasm; 2 - necrotic altered lymphocytes; 3 - drops of
hemosiderin in the intercellular space of the red pulp; 4 -
lymphocytes.

¥ - A 3 Y - i
Fig. 5. Afragment of the red pulp of the white rat male spleen eight
weeks after abolition of HCD. Hematoxylin-eosin. Objective lens
x40, eyepiece x10. 1 - thickened and swollen Billroth cord; 2 -
adhesion of erythrocytes and platelets in the enlarged and full-
blooded venous sinuses; 3 - accumulation of hemosiderin and
lipids in the red pulp.

the previous group of animals and is 21.46+£1.05% and
21.91+1.23%. These figures are 16.8% and 16.9% less
than the parameters of the intact group of animals (see
Table 1). Accordingly, the relative area of red pulp is
78.54+1.54% in male rats and up to 78.09+1.43% in female
rats. These figures are 5.8% and 6.1% higher than the
parameters of the intact group of animals (see Table 1).
The depletion of lymphoid tissue with progression of
mainly white pulp atrophy has been established. The area
of the lymphoid nodules and the size of their centers of
reproduction decreases, the boundaries between the
nodules become not clear, differentiation into zones is not
followed everywhere (Fig. 3). Billroth cords of red pulp
thicken, become more tortuous. In the nuclei of cells, the

phenomena of karyorrhexis and apoptosis are observed.

Therefore, no changes in the structure of the
parenchyma of the spleen were detected in the 8-week
abrogation of HCD.

Discussion

Similar structural changes, namely the enlargement
and filling of the venous sinuses of the red pulp of the
spleen were found in the spleen of rats with 30-day
administration of Loratadine [7].

The authors describe that the administration to white
rats of SiO, nanoparticles, together with lead acetate, leads
to hypoplasia of the white pulp of the spleen with a decrease
in the T-lymphocytic zone, causes karyorrhexis and
apoptosis of red pulp cells. There was also a sharp
increase in the amount of iron-containing pigment, reflecting
the process of erythrocyte death. In addition, the formation
of diffuse small-focal lymphocyte clusters among the red
pulp along the course of the vessels was revealed [3].

Intraperitoneal administration of extracts of mountain
arnica and tormentil at a dose of 30 pl per 20 g of mouse
weight leads to a significant advantage of white pulp over
red, lymphoid follicles have lost a distinct structure. Among
the red pulp there are single megakaryocytes, and their
number in the field of view of the microscope is higher,
compared with the control samples [19].

The authors of studies showed that a high-nutrition diet
reduced the expression of CD20, a surface molecule
present on B-cells, which plays a large role in the immune
response and produces IL-10 mainly in the spleen [13].
Moreover, splenocyte proliferation stimulated by T-cell and
B-cell mitogens was significantly lower in obese
individuals; thus, the functions of both T-cells and B-cells
in the spleen can be impaired in obesity. The authors
suggest that obesity-induced decrease in IL-10 synthesis
in the spleen can lead to inflammatory reactions in the
kidneys and metabolic disorders [13].

The authors describe that obesity reduces the size of
inguinal lymph nodes, impairs lymphatic fluid transport and
migration of dendritic cells to peripheral lymph nodes, and
reduces the number of T-lymphocytes in lymph nodes. In
general, obesity impairs the integrity of the immune system
and leads to changes in the development of leukocytes,
their migration and diversity [2].

Decreasing the population of "naive" T-cells (helpers)
leads to a worsening of the immune system, which occurs
with the onset of age. In animal model studies, obesity
compromises the T-cell immune system due to increased
adipogenesis in primary lymphoid organs and systemic
inflammation. Due to the fact that obesity increases the
risk of multiple age-related diseases, impaired immune
competence is a possible mechanistic link between obesity
and disease development in the elderly [24].

The prospects for further development are related to
the further study of the morphometric and electron
microscopic changes of the structural components of the
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rat spleen through different terms of experimental obesity
and its correction.

Conclusions

1. After 8 weeks of HCD there is a significant decrease
in the relative area of white pulp in the parenchyma of the
spleen of white rats-males and females by 16.2% and
17.4%, respectively, and an increase in the relative area of
red pulp by 5.6% and 6.2%.

2. At 8 weeks after HCD withdrawal, the relative area of
white pulp in the spleen parenchyma of white male rats
and females was 16.8% and 16.9% less than that of the
intact animal group. Accordingly, the relative area of the red
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CTPYKTYPHI 3MIHMN CENE3IHKU NPU EKCMEPUMEHTAIIbHOMY OXWPIHHI

lrapanko T.B.

B cmammi HasedeHi ma npoaHanizosaHi 0aHi ekcriepuMeHmanbHo20 OOCTiOXeHHs, sike nposodusiocs Ha binux wypax camkax ma
camuysix pernpodykmueHoz2o 8iKy. OXUPIHHSI € OOHIEID 3 20MT08HUX MPUYUH nepeddyacHoi cmepmi y ecbomy ceimi. Memoto AocnidxeHHs
Oyro 8us4yeHHs MOPOMEMPUYHUX ma e2iCmosoegiYHUX 3MiH napeHXiMu cenesiHKu wWypie rpu ekcrepuMeHmanbHOMY OXUPIHHI ma
nicnsi 8idmiHu 8ucokokaropitiHoi diemu (BKM). docnidxeHHs1 nposedeHo Ha 70 b6inux wypax pernpodykmueHozo eiky (2,5-6,5 micsuie)
macoro 120-280 e. BucokokanopitiHa diema docseanacs 3as0sKu momy, wo 8 ixy dodaeanu anymamam Hampito 8 003i 67 ma/ke Macu
mina wypa. Konmponem crnyaysanu 10 6inux wlypis, siki 3amicmb 8UCOKOKanopiliHoi diemu ompumysanu cmaHOapmHul xap4yosul
paujoH eigapito. Cmamucmuy4Hy 06pobky yugposux OaHux rpoeodusiu 3a AorOMO20t0 fpoepamHozo 3abesnevyeHHs "Excel” ma
"STATISTICA 6.0" 3 sukopucmaHHAM fapamempuyHuUx memodis. Yepes 8 muxHie BK criocmepieacmbcsi docmosipHe 3MEeHWEHHS
8iOHOCHOI nowi 6irol nynbnu e napeHximi cenesiHku binux wlypie camuie ma camok Ha 16,2% ma 17,4%, ma 8i0rnogioHO 36inbWeHHs
8I0OHOCHOI nniowi Yep8oHoi nynbnu Ha 5,6% ma 6,2%. Crnocmepiecaembcsi iMyHOIHOYKyO4UU egbekm 3 MoCcuneHor nposnigepauicto
akmueosgaHuXx nimghoyumie ma ix nodanbwum OughepeHUito8aHHAM y rnasMamuyHi KnimuHu. HYepes sicim muxHie nicns eiomiHu BK/L]
siOHocHa rnnowa 6inoi nynbnu 8 napeHximi cenesiHku 6inux wypie camuyie ma camok Ha 16,8% ma 16,9% meHwe napamempis
iHmakmHoi epynu meapuH. BidnoeidHo eidHocHa nowa Yepe8oHoi nynbnu Ha 5,8% ma 6,1% nepesuwye napamempu iHmakmHoi epynu
meapuH. nowa nimgoidHUX 8y3/uUKi8 ma po3Mipu iX UeHmMpie PO3IMHOXEHHS 3MEHWYombCS. B napeHximi opaaHy 3pocmae KinbKicmb
MOHoYumie, Makpoghazie ma nnasmoyumis. 3anuwku eeMocudepuHy mparnistombscs SK 8 yumornadmi Makpoghaeie, mak i 8 MiKKITIMUHHUX
rnpocmopax. Apmepii 3 MOMOBWEHO CMIHKOI, MOBHOKPOBHI, 8€HU PO3WUPEHI Ma MOBHOKPOBHI. BEHO3HI na3yxu 4epeoHOi nynbnu
pO3WuUpeHi, Micmsame 3anuwku eemocudepuHy. Takum YUHOM, 8CMAaHOBIEHO BUCHaXXEHHS JTiMGbOIOHOI mKaHUHU 3 Mpoepecy8aHHsIM
ampodpii nepesaxHo 6inoi nynenu. B ymoeax 8-muxHeegoi gidmiHu BK[ 360pomHuXx 3MiH y cmpyKmypi napeHxiMmu cesfe3iHku He
8USIB/IEHO.

KnroyoBi cnoBa: oxupiHHS, wyp, cenesiHka, bina nynbna, YepeoHa rysbna.

CTPYKTYPHbIE UBMEHEHUA CENE3EHKU NMPU 3KCNEPUMEHTANIbHOM OXKUPEHUU

lrapanko T.B.

B cmambe npusedeHbl U npoaHanu3uposaHbl 0aHHbIe 3KCIepuMeHmarnbHo20 ucciedosaHusi, Komopoe npoeoousnu Ha 6erbix Kpbicax
camkax u camuyax perpodykmueHo20o go3pacma. OxupeHue sesissiemcss 00HOU U3 2r1asHbIX MPUYUH rnpexoespeMeHHoU cMmepmu 80
ecem mupe. Lenbio uccriedogaHus 6bu10 U3ydeHUe MOPGHOMEMPUYECKUX U 2UCMOo2U4eCcKUX U3MEeHEeHUU rnapeHXUMbl Cere3eHKU
KpbIC 1puU 3KCrepuMeHmanbHOM OXUPeHUU U rocsie omMeHbl 8bICOKoKanopuliHot duemsi (BK). ViccnedosaHue riposedeHo Ha 70
benbix Kpbicax pernpodykmusHoeo so3pacma (2,5-6,5 mecsayes) maccoli 120-280 2. BoicokokanoputiHasi Ouema docmuzanack 6rniazodaps
momy, Yymo 8 nuwy dobaensnu anymamam Hampusi 8 0o3e 67 Mme/ke maccbl mena Kpbicbl. KoHmponem cryxunu 10 6enbix Kpbic,
KOmopble 8Mecmo 8bICOKOKanopuliHolU duemsl nosyYanu cmaHOapmHbIl nuujesol payuoH susapusi. Cmamucmuyeckyro obpabomky
yughposbix GaHHbIX MPOBOOUAU C MOMOWbIO npoepamMMHo20 obecneveHuss "Excel” u "STATISTICA 6.0" ¢ ucronb3ogaHuem
napamempuyeckux memoodos. Yepes 8 Hedenb BK/] Habnodaemcsi 0ocmogepHoe yMeHbleHUe omHocumerbHol nnowadu 6ernol
nynbribl 8 NapeHxume cene3eHKU berbiX KpbiCc camyo8 u caMok Ha 16,2% u 17,4%, u, coomeemcmeeHHO, ygenuyeHue omHocumenbHou
nnowadu kpacHol nynbnbl Ha 5,6% u 6,2%. Habnrwdaemcs ummyHouHOyyupyowul aghgpekm ¢ ycuneHHou nponugepayuel
aKmueuposaHHbIX NUM@OoyUMos u ux nocnedyrouum dugpgepeHyuposaHueM 8 nnasmamudeckue kinemku. Yepes 8 Hedesnb nocne
ommeHbl BK[] omHocumenbHas nnowads 6enol nynbnbl 8 napeHxume cene3eHKU berbix Kpbic camyos u camok Ha 16,8% u 16,9%
MeHbWe rnapamempos UHMaKkmHoU 2pyrrbi xueomHbiX. CoomeemcmeeHHo, omHocumerbHas riowadb KpacHoul rnynbnbl Ha 5,8% u
6,1% npesbiwaem napamempb! UHMaKMHOU 2py bl XUBOMHbIX. [Trnouwjadb UMGOUOHBIX y3€/1K08 U pa3Mepbl UX UEHMPO8 Pa3MHOXEHUS
yMeHbwaromesi. B napeHxume opeaHa pacmem Konu4ecmeo MOHOUUMos, Makpoghazos u rnasmoyumos. Ocmamku eeMocudepuHa
crnyyarmcs Kak 8 yumornnasme Makpoghazos8, maK u 8 MEXKIEeMOYHbIX pocmpaHcmeax. Apmepuu ¢ ymonuweHHolU cmeHKoU,
MOSTHOKPOBHbIE, 8€HbI PaclWupPeHbl U MOTHOKPOBHbIE. BeHO3Hble madyxu KpacHoU nyrbrbl pacWupeHbl, cooepxam ocmamku
eemocudepuHa. Takum obpa3om, ycrmaHo81eHo ucmouweHue TUM@oudHoOU mKaHU ¢ pozpeccuposaHuem ampoguu npeumyu,ecmeeHHO
6enoli nynbrbl. B ycrnosusix 8-HedesnnbHol ommeHbl BK obpamHbix udmMeHeHUl 8 cmpyKkmype napeHxuMbl cerie3eHKU He 0bHapyXeHo.
KnioueBble cnoBa: oxupeHue, Kpbica, ceneseHka, benas nynbna, KpacHasi nynbna.
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Oral mucositis (OM) is a common complication against the background of modern
leukemia therapy, which significantly impairs patients’ quality of life. The purpose of the
study was to evaluate the effectiveness of the use of local Cyanocobalamin and
Decamethoxine therapy for the prevention and treatment of OM. The study was conducted
on the basis of the hematology department of Vinnytsia Regional Clinical Hospital n.a.
M.l. Pirogov in 2013-2019 (58 patients were studied with standard combination
chemotherapy with Cytarabine, Methotrexate and anthracycline antibiotics). In addition
to the standard clinical and laboratory study, dental examination was performed before
treatment, at 7 and 14 days of treatment with determination of the degree of mucositis
according to the NCI-CTC criteria and determination of quality of life indicators. At the
same time, a sample incisional biopsy of the oral mucosa was performed with photo-
fixation of histopreparations. In a group of 28 patients, 7 days orally administered a
combination of Septefril (Decamethoxine) 0.2 mg 4-6 times daily, and Cyanocobalamin
500 mg 3 times daily. Statistical processing of the obtained results was carried out in
the license package "STATISTICA 6.1" using non-parametric methods of evaluation of
the obtained results. Prior to the onset of cytostatic therapy, no signs of inflammatory
lesions were reported. However, patients with pre-established signs of caries, periodontal
disease and lack of teeth subsequently experienced OM, even with the use of
Cyanocobalamin and Septefril. Thus, after 7 days in 8 patients on the background of
medication correction I-1l degree of OM according to NCI-CTC was recorded, and only
in 2 - lll degree, unlike the group without correction. In the group where this combination
of drugs was used, OM was recorded after 7 days in 12 patients, in contrast to the
indices where the correction was not performed and the development of OM had a more
pronounced course and was present in all patients. According to the morphological
study, several degrees of OM were observed in patients. Initially, catarrhal stomatitis
with pronounced plethora and swelling of the mucous membrane was detected. During
the transition to the second stage of mucositis, the aphthous stomatitis was
morphologically observed, as well as dead epithelial cells and the cells undergoing
parakeratotic transformation. After the application of the proposed therapy, erosion
remained after the film rejection, which recovered without scarring. Thus, cytostatic
therapy in patients with leukemia always causes manifestations of OM, which are more
pronounced in patients with concomitant risk factors. The use of a combination of
Cyanocobalamin and Septefril significantly reduces the manifestation of OM and
improves the quality of life of patients against cytostatic therapy.

Keywords: cytostatic therapy, oral mucositis, Septefril, Cyanocobalamin, quality of
life, morphological examination.

Introduction

Oral mucositis (OM) is a common complication that leading to the need to discontinue treatment of the underlying
develops against the background of modern leukemia  disease and the appointment of concomitant treatment [10].
therapy, significantly impairing the quality of life of patients, = Despite the emergence of new targeted therapies for

42

© 2019 National Pirogov Memorial Medical University, Vinnytsya



Lysenko D.A., Lukianovych O.l., Sergyeyev S.V., Bobrowska O.A., Gurova 0.0.

leukemia, OM remains a frequent complication and, while
continuing to significantly affect the patient's condition,
requires active therapeutic tactics [9, 16]. This problem is
constantly in the focus of attention of pathomorphologists,
in order to obtain new data on the pathogenetic features of
the emergence and course of OM. This will provide an
opportunity to offer new methods of treatment for
hematologists, dentists, pharmacologists [11, 16]. According
to many studies, with standard cytostatic treatment, the
frequency of OM was 80-90 %, and in high-dose
chemotherapy - up to 100 % of patients had manifestations
of this complication [7, 10].

At the same time, inadequate oral hygiene, neutropenia,
the elderly, progression of the underlying disease was
among the aggravating factors contributing to exacerbation
of OM [2, 8]. Accordingly, at the cellular level, factors of
impaired OM development were damage to epithelial cells,
development of local inflammation with induction of
apoptosis of cells of different layers of the mucosa [1, 10]. As
a consequence, additional infectious agents penetrate into
the depths of the mucosa through the damaged epithelium,
the rapid spread of which is due to cytostatic
immunosuppression [3, 9]. Thus, the development of OM,
as a phenomenon with complex pathogenetic character,
requires complex therapy [20, 21].

To date, the recommendations and guidelines for
cytostatic treatment observed the actual absence of a
consistent algorithm for the prevention and treatment of OM
[6, 20]. Among the remedies recommended for the
prevention and treatment of OM include: caphosol, zinc
sulfate, povidone iodide, palifermin as a topical
cytostimulatory factor, cryotherapy, other local anti-
inflammatory drugs, vitamin complexes [5, 13, 14, 15, 19].
However, their use does not fully control the occurrence and
course of OM. And this is the reason for the further search for
both new pharmacological agents and the use of well-known
medicines [10].

Based on our own previous research, the decision was
made to combine topical use of cyanocobalamin and
decamethoxine as a pathogenetic effect on infectious
pathogens that triggered the development of OM in the event
of damage to the oral mucosa. After all, vitamin B12
(cyanocobalamin), being a well-known factor in the
stimulation of DNA synthesis, which is particularly vulnerable
to the action of cytostatics, in combination with
decamethoxine, a drug with proven antiseptic effect on the
oral flora [11, 18].

A complicating factor for the development of effective OM
therapy regimens is the lack of data on the clinical and
morphological features of the course of this complication,
as well as the lack of clear criteria for both diagnosis and
treatment effectiveness [9, 10].

The aim of the study is to evaluate the clinical and
morphological features and effectiveness of local
cyanocobalamin and decamethoxine therapy for the
prevention and treatment of OM.

Materials and methods

The study was conducted at the hematology department
of Vinnitsa Regional Clinical Hospital in 2013-2019. The
study monitored 58 patients receiving standard combination
cytostatic chemotherapy using cytarabine, methotrexate and
anthracycline antibiotics [17]. All patients were divided into
the following observation groups: 23 of them had acute
myeloid leukemia; 20 acute lymphoid leukemia; the
remaining 15 are other oncohematological diseases.
Treatment protocols for all patients included the use of
combined cytostatic chemotherapy. Observed patients
ranged in age from 18 to 60 years, including 30 women and
28 men. Patients were divided into 2 comparison groups,
randomization was blind in nature to maintain compliance.
In addition to the standard clinical and laboratory
examination, a dental examination was performed to
determine the degree of mucositis according to the NCI-
CTC criteria and to examine the quality of life indices
according to the methodology proposed by us earlier [12].
The production of histological preparations from the affected
areas of the oral mucosa was performed according to the
standard method, including incisional biopsy, fixation of small
pieces of material in 10 % buffered formalin solution. The
paraffin sections obtained on the dome microtome are
processed in three steps: dehydration, deparaffinization and
staining with hematoxylin-eosin followed by confinement in
polystyrene. The results of the study were recorded using
an Olympus B-41 light microscope with an Olympus E-410
digital camera.

Dental checkpoints were 0 days of therapy, 7 and 14
days of treatment. A group of 28 patients was prescribed a
combination of 0.2 mg septefril (decamethoxine) 4-6 times
a day and orally 500 mg cyanocobalamin 3 times a day for 7
days. In 30 patients, no specific local treatment was
performed. All studies were performed with the informed
consent of the patients.

Statistical processing of the obtained results was
performed in the license package "STATISTICA 6.1" using
non-parametric methods of estimation of the obtained
results according to the recommendations of F. Bonnetain
and others [4]. The correctness of the distribution of traits by
each of the variations obtained, the mean values of each
trait studied and the standard deviation were evaluated. The
significance of the difference in values between the
independent quantitative values was determined using the
Mann-Whitney U test.

Results

The previous distribution of groups showed that by age,
gender representation and administration of cytostatic
drugs we maintained the representativeness and
randomization of groups.

The age distribution of both groups from 18 to 60 years
was due to recommendations for high-dose cytostatic
therapy only in patients less than 60 years of age. In patients
over 60 years of age, this mode of cytostatic therapy has no
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benefits in terms of results and significantly increases the
risk of side effects and even recorded an increase in mortality
with prolonged use.

The mean age of patients in both groups was 45 and 48
years. The correction and non-medication group, therefore,
did not have a significant age difference that could not be a
risk factor for OM. During the dental examination, no signs of
inflammatory lesion of the oral mucosa were detected prior
to the initiation of cytostatic therapy in all patients examined.
However, in 10 and 9 patients in the group with correction
and without, respectively, pre-established signs of caries,
periodontal disease and uncorrected absence of teeth,
which are recognized [11] risk factors for OM were found. It
should be noted that all of these patients subsequently
experienced OM, even when using a combination of
cyanocobalamin and septefril. However, when using this
combination after 7 days in 8 patients on the background of
correction I-1l degree of OM according to NCI-CTC was
recorded and only in 2 - Il degree. Unlike in the group without
correction, no cases of grade | stomatitis were detected in 9
patients without correction on the background of dental
pathology. According to the NCI-CTC, all cases of OM in this
group showed signs of grade lI-lll, which was confirmed by
histological examination. This difference indicates that there
is a protective effect of the proposed combination of drugs in
the presence of the patient of this risk factor for OM.

All patients in both groups had moderate and severe
neutropenia according to the NCCN Clinical Practice
Guidelines in Oncology criteria [20], with no significant
differences in leukocyte counts after 7 and 14 days, following
standard cytostatic therapy. Given the nosological diversity
and differences of cytostatic therapy of individual nosologies,
we did not analyze the leukocyte formula in all patients
studied. It should also be noted that granulocyte-
macrophage colony-stimulating factors were standardized
to achieve 1.5x109/L leukocyte levels in all patients with
neutropenia, as recommended by national and international
protocols [6, 17, 20]. In the case of neutropenic fever, which
was recorded in 27 out of 28 and 29 out of 30 patients of the
respective groups, standardized antibacterial therapy was
also prescribed [6, 20], which did not affect the development
and course of OM. This can be explained by the appearance
of neutropenic fever 10-12 days after the start of cytostatic
therapy, and histological signs of OM were recorded from
the 7 day of therapy. We will also note that patients have
noted clinical manifestations of oral irritation at 4-5 days
from the beginning of treatment.

That is, all the patients we examined had this risk factor
for OM, and a further discrepancy in the frequency and course
of this complication was only due to the use of a combination
of cyanocobalamin and septefril. In general, OM in the group
where the use of this combination was recorded after 7
days in 12 patients, in contrast to the group (p<0.05), where
no medical correction was performed and the development
of OM had a more severe course and was found in all
patients.

Also, according to our findings, quality of life indicators
was reduced in the group that did not use a combination of
cyanocobalamin and septefril. In particular, the overall quality
of life score in the group using the above scheme after 7
days was 57+12 points, and without the combination - 34+7
points (p<0.05). Among the components of quality of life, the
indicators of role social functioning of 2.7 points in the group
without correction were the lowest and 11 points with
correction (p<0.05). After 14 days, the quality of life indicators
and their constituents did not differ significantly in the two
groups.

Fig. 1. Catarrhal mucositis. There is hemorrhage into the epithelial
layer of the mucous membrane (1), dyskeratosis of the
integumentary squamous epithelium (2), single segmented
nucleotides (3). Hematoxylin-eosin. x400.
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Fig. 2. The area of ulcerative stomatitis after demarcation. Massive
hemorrhages (1), dystrophically altered cells, sharp swelling of
the submucosal base (2), tissue detritus with cells of inflammatory
infiltration (3). Hematoxylin-eosin. x200.

44

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Lysenko D.A., Lukianovych O.l., Sergyeyev S.V., Bobrowska O.A., Gurova 0.0.

Fig. 3. Catarrhal mucositis with signs of reparation. Foci of
inflammatory infiltration in the submucosa involving the squamous
epithelium (1), tangles of thin-walled full-blood vessels forming
granulation glomeruli (2), dyskeratotic changes of the superficial
layers of the squamous epithelium (3). Hematoxylin-eosin. x200.

Fig. 4. Ulcerative mucositis. Active ulcer, perifocal inflammation
with a large number of segmented neutrophils, tissue detritus (1),
dyskeratotic phenomena in desquamated epithelium (2). Severe
submucosal edema (3). Hematoxylin-eosin. x200.

Histological examination revealed that I-1l degree of OM
according to NCI-CTC corresponded to catarrhal

: ol P )
Fig. 5. Hyperplastic reaction in the area of uncorrecte
of tooth. Purulent-proliferative inflammatory reaction with the area
of ulceration (1). Hyper- and parakeratosis of the squamous
epithelium (2). Granulation tissue (3). Hematoxylin-eosin. x200.

inflammation (Fig. 1).

Catarrhal mucositis in macroscopic examination was
characterized by pronounced plethora and swelling of the
mucous membrane. The desquamated epithelium
accumulated on the lips and tongue in the form of a thick,
dirty gray in color, layer. Microscopically, the surface of the
mucous membrane was covered with serous exudate with
impurities of segmented neutrophils. Also, a significant
amount of mucus was determined, which was strongly
secreted by the glandular cells of the mucous membrane.
Desquamated cells of the superficial layers of the epithelium
were present, both keratinized and alive, many of which with
dystrophic changes, the phenomena of dyskeratosis and
parakeratosis. Depending on the nature of the exudate and
the prevalence of mucus, leukocytes, or fused cells, it could
be referred to sero-mucoid, purulent or desquamative catarrh
(Fig. 2).

With a large number of leukocytes that have passed
through the epithelium, macroscopic opacification of the
mucous membrane is observed, masking inflammatory
redness. However, the majority of patients had a pattern of
minor local inflammation due to neutropenia. The use of
the proposed combination of cyanocobalamin and septefril
alters the course of cytostatic mucositis at the morphological
level (Fig. 3).

In the development of ulcerative mucositis, we found
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the appearance of hyperemic, swollen mucous membrane,
limited areas of necrosis of grayish-yellow color, which
represent foci of necrotic or necrotic-fibrinous inflammation
(Fig. 4). The rejection or melting of necrotic areas leads to
the formation of ulcers. Ulcerative mucositis is particularly
characteristic of the gangrenous disintegration of dead
tissue sections, in which spirochetes and spindle-shaped
sticks are observed. After demarcation and rejection of the
dead tissue sections, the ulcers are filled with granulations,
their scarring and recovery of the epithelial layer occurs
(Fig. 5).

We also note that we observed a clear correspondence
between the degree of clinical manifestations of OM, quality
of life and histological examination data, in our opinion, the
classification of NCI-CTC should be supplemented given
the complex results we received, which will allow to
differentiate more clearly the manifestations of this
complication and to predict further therapeutic
management.

Discussion

The small sample size of the study does not allow us to
conclude on the expediency of standardized use of the
proposed combination of drugs. Also, for the sake of proof, a
comparison of this regimen with the previously proposed
drugs should be made. Similar studies have already been
conducted regarding the use of topical antiseptic agents,
recombinant keratinocyte growth factor (palifermin), and
other means of preventing and treating of OM [6, 7, 8, 9, 10].

There is no doubt about the importance of the prevention
of mucositis. According to the data obtained by us and other
researchers [5, 15, 19], the presence of risk factors requires
careful dental examination and correction prior to cytostatic
therapy. But even the absence of these factors or their
correction does not reduce the percentage of manifestations
of OM in this category of patients in the treatment of patients
with leukemia with high doses of cytostatic drugs. In
particular, as established in our study, it is consistent with
the data obtained in similar works [5, 19], devoted to the
study of clinical manifestations of OM against the use of
cytostatic agents. In our opinion, this issue requires further
study to identify possible latent risk factors for the
development of OM in patients with oncohematologic
pathology.

Also, the use of preventive agents has a significant
positive effect on the quality of life of patients, which has
been recorded, both in our study and in similar studies
devoted to the prevention and treatment of OM [2, 3]. Given
that this complication is frequent and significantly affects
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®APMAKONOINYHA KOPEKLIA PI3HUX MOP®OJIOMNYHUX ®OPM OPANIbHOIO MYKO3UTY Y XBOPUX HA IEUKEMIIO
JluceHnko A.A., Jlyk'aHoeu4 O.l., Cepzeee C.B., bo6poecska O.A., 'ypoea O.0.

OparnbHuti mykosum (OM) € yacmum ycknadHeHHsM Ha bOHI cydacHoi mepanii nelikemil, wjo0 Cymmesgo fnozipwye siKicmb Xummsi
nauieHmie. Mema 0ocnidXXeHHs1 - ouiHUMU egbeKmueHicCmb 8UKOpPUCMaHHSI Micyeeol mepanii uiaHkobanamiHoM ma 0eKkaMemoKCUHOM
3 Memoro ripoghinakmuku ma sikysaHHss OM. JocnidxeHHsi 6yno nposedeHe Ha basi eemamono2iyHo20 8id0dineHHs1 BiHHUUbKOI 061acHol
KriHi4HOI nikapHi iM. M.I. MMupozosa & 2013 - 2019 pokax (sus4eHi 58 nauieHmis, 3i cmaHdapmHow KoMbIHO8aHO XiMiomepariieto
yumapabiHomM, MemompeKkcamom ma aHmpauyukniHogumu aHmubiomukamu). Kpim cmaHOapmHo20 KiiHiko-nabopamopHo20
docidxeHHs, npogodunu cmomamosio2iyHe obcmexeHHs 00 riKysaHHs, Ha 7 ma 14 doby niKyeaHHS i3 8U3HAYEHHSM CMYeHs
myko3umy 3a kpumepiamu NCI-CTC ma nokasHukie sikocmi xumms. OOHo4acHo npoesenu 8ubipkosy iHUi3iliHy 6ioncito crnu3osoi
060/10HKU POMOBOI MOPOXHUHU 3 ghomodpikcayjieto eicmonpenapamis. Y epyni i3 28 nauieHmie 7 di6 nepoparnbHO npu3Hayanu KoMmbiHaujo
cenmegpurny (GekamemokcuHy) 0,2 me 4-6 pasie Ha 006y, ma uiaHokobanamiHy 500 me 3 pa3u Ha 0o06y. Cmamucmu4yHy obpobKy
ompumaHux pesynbmamie rposenu 8 niyeHsitiHomy nakemi "STATISTICA 6.1" i3 3acmocysaHHsIM HerapaMempuyHUX Memooie OUiHKU
ompumaHux pe3ynbmamig. [Jo noyamky yumocmamu4yHoi mepariii 03HaK 3anasbHO20 ypaxXeHHs C/1u3080i 060/10HKU MOPOXHUHU poma
susiennieHo He byro. OOHak, y nauieHmig 3 rornepedHbO 8CMaHo8/IeHUMU O3HaKaMu Kapiecy, napodoHmo3y ma eidcymHicmio 3ybie y
nodanbwomy suHuk OM, Hasimb rpu sukopucmaHHi uiaHokobanamiHy ma cenmedbpuny. Tak, y 8 nauieHmie 4yepe3 7 0i6 Ha ¢hoHi
medukaMeHmMOo3HOI Kopekuii 6yna 3adgpikcosaHa I-1l cmyniHe OM 3a NCI-CTC, i nuwe y 2 - Il cmyniHb, Ha 8idmiHy 8id epyrnu 6e3
Kopekuii. B epyni, de byna sukopucmaHa OaHa KombiHauyisi npenapamis, OM 3aghbikcosaHo Yepe3 7 0ib y 12 nauieHmis, Ha 8iOMiHy 8id
rokasHukig epynu, e Kopekuito He rpoesodurnu i possumok OM mae binbw eupa3Hulli nepebie i 6ye HassHUU y &cix nayieHmis. 3a
OaHumu mopghborioeiyHoeo 0ocnidxeHHs y nayieHmie criocmepizanu Oekinbka cmyneHie OM. Ha rnoyamkosili cmadii gusieneHul
KamapanbHull cmoMamum i3 8upaxeHUM 08HOKpI8'ssM ma Habpsikom criu3oeoi oboroHku. lpu nepexodi 8 dpyey cmadito MyKo3umy
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MopghosioziyHO criocmepieanu aghmo3HUli cmomMamum, a makox eiOMepsii KnimuHu enimenito ma KnimuHu, wo nidnszanu
napakepamomuyHiti mpa+Hcgopmauii. [licriss 3acmocyeaHHs1 3anporoHo8aHoi meparnii ma 8i0mopeHeHHs M1ieKU 3anuwanacs epoasis,
sika giOHosoeanack be3 pyburosaHHs. Takum YUHOM, yumocmamuyHa mepariisi y Xeopux Ha fielikeMmito 3aexou suknukae nposieu OM,
Kompi 6inbw 8upa3Ho NPoSASIOMbCS y nayieHmisg 3i cyrnymHiMu ghakmopamu pu3uky. 3acmocyseaHHs1 KoMbiHauyii yiaHokobanamiHy ma
cenmegpury cymmeego 3meHuwye nposisu OM ma nokpauwlye skicme xummsi nauieHmig Ha gboHi MpoeedeHHs yumocmamuyHoi mepariii.
KnrouoBi cnoBa: yumocmamuyHa meparnis, opanbHull Myko3um, cenmecppuri, yiaHokobamamiH, sKicmb Xumms, mMopgoroziyHe
00CniOXeHHS.

DAPMAKOJNIOMMYECKAA KOPPEKLIUA PA3NTNYHbLIX MOP®OITIOMNMYECKUX ®OPM OPAJIbHOIO MYKO3UTA Y BOJIbHbIX
NEVKEMUEN

JlbiceHko .A., JlykbsiHoeuy O.U., Cepzeee C.B., Bo6poeckasi O.A., 'ypoea O.0.

OpanbHbiti myko3um (OM) sensemcsi 4acmbiM OCIIOXHEHUEM, KOmopoe pa3gusaemcsi Ha ¢hoHe cospeMeHHOU mepanuu nelKkemuu,
Ymo cyuwecmeeHHo yxydwaem Kayecmeo XU3HU rnayueHmos. Llenb pabomsl - oueHums 3¢hgheKmusHOCMb UCMOIb308aHUS MECMHOU
mepanuu yuaHokobanamMuHOM U OeKaMemOKCUHOM C Ueslbio Npoghunakmuku U 5le4eHUs pasfuyHbiXx mopghornoaudeckux ¢opm OM.
UccnedosaHue bbino rnposedeHo Ha base 2emamoroaudyecko2o omoeneHuss BuHHUUkol obrnacmHoU KnuHU4Yeckol 605bHUUbLI UMEeHU
H.U. lNupoeosa e 2013 - 2019 20dax (usy4eHb! 58 nayueHmos co cmaHdOapmHoU KOMOUHUpOBaHHOU xumuomepanuel yumapabuHa,
Memompekcama U aHmpauukiuHo8bix aHmubuomukos). Kpome cmaHGapmHo20 KruHUKo-nabopamopHoz2o obcriedosaHus rpogoousu
cmomamorioauyeckoe obcriedosaHue 00 rieyeHusi, Ha 7 U 14 cymku nedyeHusi ¢ onpedeneHueM cmereHu Myko3uma o Kpumepusim
NCI-CTC u onpedeneHuem riokasamenel kadecmea xu3Hu. OOHospeMeHHO nposedeHa uzbupameribHasi UHUU3UOHHas buorncusi
cnuaucmou obonoyku pomosou nosiocmu u nocnedyrouwas ghpomogukcayusi eucmonpernapamos. B epynne u3 28 nayueHmos 7 OHel
rnepopasibHO HasHayanu KkombuHayuto cenmegppuna (dekamemokcuHa) 0,2 me 4-6 pa3 8 cymku u yuaHkobanamuHa 500 me 3 pasa 8
cymku. Cmamucmuyeckasi obpabomka nony4YeHHbIX pe3ynbmamosg rpogedeHa 8 nuyeH3uoHHom nakeme "STATISTICA 6.1" ¢
rpuMeHeHUeM Herapamempu4yecKux Memodo8 OUEHKU MosyYeHHbIX pe3yribmamos. [Jo Ha4yana yumocmamuyeckol meparnuu rnpu3Hakos
gocrnanumesnbHO20 fopaxeHus crusucmoul obonoyku pomoeoul nosocmu He 6bino obHapyxeHo. OOHako y nayueHmos ¢
rnpedsapumernibHO ycmaHOo8MeHHbIMU MpU3Hakamu Kapueca, napodoHmo3a u omcymcmeusi 3yboe & danbHelwem 803HUK OM, daxe
Mpu ucnonb308aHUU yuaHokobanamuHa u cenmecppuna. Tak, yepes 7 OHel y 8 nayueHmos Ha gpoHe MeduKkamMeHmMO3HOU KoppeKyuu
6611 3agpuxkcuposaH OM I-Il cmeneHu no NCI-CTC u monbko y 2 - Ill cmeneHu, 8 omnu4uu om riokazamerneu 2pynibl 6e3 Koppekyuu.
B epynne, ede ucrionb3o8anu ebiwenpusedeHHyo kKombuHayuo rpenapamos, OM bbin 3aghukcuposaH y 12 nayueHmos yepe3 7 Cymokx,
8 omsu4uu om riokazamesneu 2pynnbl, 20e Koppekyuto He rnposodurnu u OM npucymemeosan y ecex u npomekan 6onee msxerno. 1o
OaHHbIM MOpEoIo2uU4ecKo20 uccrnedosaHus y nayueHmos Habnwdanu Heckonbko cmeneHel OM. Ha HavyanbHol cmaduu ebisieneH
KamaparbHbIl cmoMamum C 8blpaxeHHbIM [O/IHOKpo8UEM U OomeKoM criuducmol obonoyku. [pu nepexode 80 emopyto cmaduto
MyKo3uma mMopgboriocuyecku Habnrodanu aghmosHbIl cmomamum, a makxe oMepmeesLwiUe KemkKu 3rumeriusi U Kremku, noosepauiuecs
napakepamomuyeckol mpaHcghopmayuu. locne npumeHeHus1 npednoxeHHOU mepanuu U OMmopP)XeHUs NIeHKU ocmasasach 3po3us,
Komopasi eoccmaHasnueanacb 6e3 pybuesaHus. Takum obpasoMm, yumocmamuyeckass mepanusi y b6onbHbIX nelikemuel eceada
8bi3bigaem riposisrieHusi OM, komopsbie 6ornee 8bipaxeHbl y nayueHmos ¢ cornymemeyruwumu gakmopamu pucka. [NpumeHeHue
KoMbuHayuu yuaHokobanamuHa u cernmecgbpuria cyujecmseeHHo ymeHbwaem rposierieHuss OM u yryyuwiaem Ka4ecmeo XU3HU nayueHmos
Ha ¢hoHe nposedeHuUU yumocmamuyeckol mepanuu.

KnwoueBble cnoBa: yumocmamu4yeckas mepanusi, opanbHbil Myko3um, cenmecgpurs, yuaHokobanamMuH, Ka4ecmeo XU3HU,
mopghonoauyeckoe uccredosaHue.
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Ultrastructural condition of rats periodontal tissue in opioid
influence during two weeks and after its four-week withdrawal on

correction

Fik V.B.", Paltov Ye.V.", Kryvko Yu.Ya.?
'Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
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ARTICLE INFO Given that the dental status of drug addicts is burdened with numerous diseases of the
Received: 22 February, 2019 tissues and organs of the oral cavity, the issues of developing an optimal scheme of
Accepted: 20 March, 2019 therapeutic tactics for the purpose of restoring their trophic and balance of the oral

microflora against opioid background remain relevant in modern periodontology. The
aim of the study was to investigate the ultrastructure of periodontal tissues with
experimental two-week opioid action and after its abolition for four weeks under conditions
of complex medical corrective action. The study material was white male rats (22) of
reproductive age (4.5-6 months), Wistar line, with an average body weight of 200 g. The
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CORRESPONDNG AUTHOR animals were injected with nalbuphine for two weeks, the dose was 0.212 mg/kg and its
e-mail: fikvolodymyr@ukr.net subsequent withdrawal for four weeks. In order to correct pathological changes arising
Fik V.B. from the action of opioids in periodontal tissues, pentoxifylline and the antibiotic ceftriaxone

were used. Pentoxifylline was administered intramuscularly daily for four weeks after
opioid withdrawal (3-6 weeks) at a dose of 2.857 mg/kg. Ceftriaxone was administered
once for 11 days at the end of the experiment (5-6 weeks) at a dose equivalent to rat (2.857
mag/kg). Periodontal tissue sampling was performed in the area of the papilla, followed by
ultrastructural examination. Submicroscopically found that the structural components of
the periodontium have minor changes, their organization is close to normal. The
ultrastructure of all sections of the epithelial lining of the mucosa is characterized by a
layered arrangement of cells. In epitheliocytes, part of the nuclei has invaginations of the
nuclear membrane, indicating their functional activity, clear outlines of compact nucleolus
and plasmalemma. In the cytoplasm, most organelles are virtually unchanged, in the
mitochondria there are cristae, clearly identified tonofilaments, desmosomal contacts
and the basement membrane. Plasmalemma contours are clear, the intercellular contacts
are preserved, and the individual intercellular regions appear thickened. The periodontium
is represented by well-ordered collagen fiber bundles, the cellular components are
unchanged. The detected submicroscopic structure of fibroblasts indicates their synthetic
activity aimed at updating the intercellular substance of connective tissue. Electron
microscopic studies of the hemocapillaries of the mucous membrane of the gums of
animals of this group showed that in their wide lumens there are formed blood elements,
mainly erythrocytes. The nuclei of the endothelial cells have an ellipsoidal shape, small
invasions of nuclear membrane, clear nuclear membranes, organelles are few.
Perivascular spaces without signs of edema. Venules are unaltered, have wide lumens,
cytoplasmic portions of endothelial cells are not wide, their nuclear parts protrude into
the lumen, the basement membrane is thickened in places. Thus, sub-microscopically
established that when canceling opioid analgesic and drug correction at the end of the
two-week action of opioid there are signs of positive dynamics in the structural components
of periodontium, which is explained by the pathogenic reasonableness of pentoxifylline
when disturbed by the opioid analgesia and by medication of the opioid analgesia and
medication. effect on the ulfrastructural and functional organization of periodontal tissues.
Keywords: electron microscopic studies, periodontal tissues, rats, opioid analgesic,
correction.
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Introduction

Uncontrolled or deliberate misuse of opioid medications
in chronic pain is a determining risk of patient addiction,
leading to the development of withdrawal syndrome and
high overdose death rates [3, 10]. Diseases of the organs
and tissues of the oral cavity are most commonly found in
drug addicts, whose dental status is burdened with
numerous diseases of the tissues of the tooth and mucous
membrane of the oral cavity [18, 19, 23]. According to the
professional scientific literature, the main features of the
pathology of the oral cavity in drug addicts include the slow
course of the disease, the inhibition of the blockade of acute
phenomena and the progression of bone damage [22].

In the pathogenesis of periodontitis, which also takes
place under the influence of narcotic substances, the leading
role belongs to disorders of the microcirculation, lack of
antioxidant protection and dysbiotic changes of the
microbiota in the oral cavity [4, 5, 13, 14, 17, 18, 20, 21, 23].
The course of periodontitis in the chronic process develops
against the background of inhibition of phagocytic protection,
where the immune response does not depend on the severity
of pathomorphological changes, and the function of
macrophages when interacting with bacterial flora can
cause excessive production of toxic substances that damage
the periodontal tissues [18]. Therefore, there is a need to
develop the optimal treatment tactics for opioid agents, with
the aim of restoring tissues and organs, improving their
trophism and restoring the balance of microflora [7, 11, 12,
18]. Since we cannot study periodontal tissues in patients in
dynamics at different timing of opioid exposure, the
experimental study allows us to simulate the pathological
process in periodontal animals and to apply a complex
medication correction of the destructive changes that occur
during opioid exposure.

The aim of the study was to investigate periodontal tissue
biopsy specimens under the experimental action of opioid
for two weeks and after its four-week withdrawal under
conditions of complex medical corrective action at the
ultrastructural level.

Materials and methods

White rats of reproductive age of the Wistar line (n=22),
with an average weight of 200 g, 4.5-6 months old, were
used as the study material. The experimental animals were
divided into 2 groups. The first group consisted of intact
animals (n=10), the second group was rats injected with
nalbuphine, the opiate receptor antagonist agonist group
for the first two weeks at 0.212 mg/kg, and the subsequent
withdrawal of the opioid drug over the four weeks. In order to
correct pathological changes arising from the action of
opioids in periodontal tissues, pentoxifylline and the antibiotic
ceftriaxone were used. Pentoxifylline was administered
intramuscularly daily for four weeks after opioid withdrawal
(3-6 weeks) at a dose of 2.857 mg/kg. Ceftriaxone was
administered once for 11 days at the end of the experiment
(5-6 weeks) in a dose equivalent to rat - 2.857 mg/kg. As a

control, 3 male rats were injected with 0.9 % sodium chloride
solution. Animals were kept under standard vivarium
conditions and experiments were carried out in accordance
with ethical principles in accordance with the provisions of
the "European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes". For electron microscopic examination, fragments
of periodontal soft tissue were used in the area of the gum
margin. The tissue pieces were fixed in a 2.5 % solution of
glutaraldehyde and in a 1 % solution of osmium tetroxide on
phosphate buffer pH 7.2-7.4, dehydrated in alcohols and
propylene oxide and poured into a mixture of epoxy resins
with araldite [9]. UMPT3m ultramicrotome produced ultra-
thin sections that were counterstained with uranyl acetate
and lead citrate and studied in an electron microscope PEM-
100-01.

Results

Conducted electron microscopic studies have shown
that in the rats of this subgroup structural components of the
periodontium have minor changes, their organization is close
to normal. The ultrastructure of all sections of the epithelial
lining of the mucosa is characterized by a layered
arrangement of cells. In the basal layer, the epithelial cells of
the free part of the rat gums have an oval or rounded nucleus
with clear outline of the nuclear membrane, a small
perinuclear space. The cytoplasm includes numerous
tonofilaments, small mitochondria, many ribosomes and a
polysome. The basal membrane to which cells of the basal
layer are attached by means of a hemidesmosome is clearly
defined (Fig. 1).

The epitheliocytes of the spinous layer are smaller in

Fig

epithelium of the rat gingiva after six weeks: two weeks of opioid
administration, four weeks after its abolition and correction with
pentoxifylline and ceftriaxone. 1 - rounded nucleus, 2 - cytoplasm
of epitheliocytes, 3 - basement membrane. x14000.
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Fig. 2. Ultrastructure of the epitheliocyte spinous layer of the rat
gingival epithelium after six weeks: two weeks of opioid administration,
four weeks after its abolition, and correction with pentoxifylline and
ceftriaxone. 1 - nucleolus, 2 - intussusception of nuclear membrane,
3 - mitochondria, tonofilaments, 4 - intercellular contacts. x14000.
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Fig. 3. Ultrastructure of the epitheliocyte spinous layer of the
epithelium of the attached part of the rat gingiva after six weeks:
two weeks of opioid administration, four weeks of its abolition,
and correction with pentoxifylline and ceftriaxone. 1 - nucleus, 2 -
cytoplasm of epitheliocyte, 3 - mitochondria. x12000.

size, separated from each other by narrow intercellular
spaces, but tightly interconnected by desmosomal contacts.
In their cytoplasm many thin tonofibrils. The density of
organelles is low, there are separate tubules of granular
endoplasmic reticulum, small mitochondria, primary
lysosomes. Ultrastructural studies of the epithelial plate of
the furrow of animals in this group showed that the cells in
its layers are also unchanged. No cytoplasm swelling of the
epitheliocytes of the basal and spinous layers is noted.
However, part of the nuclei of the cells have invasions of
nuclear membrane, which indicates their functional activity.
Clear outlines of compact nucleolus and plasmalemma are

observed. In the cytoplasm, most organelles are virtually
unchanged, with clear tonofilaments and desmosomal
contacts (Fig. 2). In the granular layer, the epitheliocytes have
small elongated, osmiophilic, with irregular contours of the
nuclear membrane nucleus. Characteristic of the cytoplasm
is the presence of electron-density keratohyalin granules.
The stratum corneum is formed by rugose scales formed by
degeneratively altered epitheliocytes. This layer is thick in
the free part of the mucous membrane of the gums, thin in
the area of the epithelium of the gums, and absent in the
attached part of the gums.

At the ultrastructural level, it has been found that the
epithelium of the attached part of the gums of animals has
moderate changes and they reflect its functional activity. This
applies to the nuclei of cells, which are predominantly
elongated with shallow invasions of the nuclear membrane,
and euchromatin is noted in the karyoplasm. In the
cytoplasm, mitochondrial hyperplasia is observed, they are
small, elongated or rounded, and cristae are present in their
moderately osmiophilic matrix. Plasmalemma contours are
clear, intercellular contacts are preserved, and individual
intercellular areas appear thickened (Fig. 3).

Submicroscopic studies of the periodontal organization
showed that it is represented by well-ordered collagen fibers,
between which are layers of loose connective tissue. Cellular
components of the periodontium - fibroblasts, fibrocytes,
tissue basophils, lymphocytes, plasmocytes, macrophages
are also unchanged. In fibroblasts the nuclei have a long or
rounded shape, a developed cytoplasm and a small
process. In their cytoplasm there are organelles of general
purpose, granular endoplasmic reticulum, Golgi complex,
mitochondria, ribosomes, as well as primary polyribosomes,
rarely secondary lysosomes (Fig. 4).

Fig. 4. The ultrastructure of the rat periodontium after six weeks:
two weeks of opioid administration, four weeks after withdrawal,
and correction with pentoxifylline and ceftriaxone. 1 - nucleus and
cytoplasm of fibroblast, 2 - collagen fibrils, 3 - amorphous component
of intercellular substance. x17000.
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Flg 5. The uItrastructure ofthe rat perlodontlum after six weeks
two weeks of opioid administration, four weeks after withdrawal,
and correction with pentoxifylline and ceftriaxone. 1 - nucleus and
cytoplasm of fibrocytes, 2 - collagen fiber. x17000.

Fig.6. The hemocaplllary uItrastructure of the rat after six weeks
two weeks of opioid administration, four weeks after its abolition,
and correction with pentoxifylline and ceftriaxone. 1 - a small
lumen with erythrocyte, 2 - the nucleus and cytoplasm of endothelial
cell, 3 - the basement membrane, 4 - perivascular space. x12000.

The detected submicroscopic structure of fibroblasts
indicates their synthetic activity aimed at updating the
intercellular substance of connective tissue. Between the
tufts of collagen fibrils, fibrocytes with a much smaller
volume of cytoplasm, few organelles, and an elongated
nucleus are also found (Fig. 5).

Electron microscopic examination of the
hemocapillaries of the mucous membrane of the gums of
the animals of this group showed that in their wide lumens
there are formed elements of blood, mainly erythrocytes.
The wall of the blood capillary is formed by endothelial
cells and the basement membrane. The nuclei of the
endothelial cells have an ellipsoidal shape, small invasions
of the nuclear membrane, and clear nuclear membranes.

Fig. 7 The ultrastructure of the venous rat after six weeks two
weeks of opioid administration, four weeks after its abolition, and
correction with pentoxifylline and ceftriaxone. 1 - a wide lumen
with the formed elements of blood, 2 - cytoplasm of endothelial
cell, 3 - basal membrane. x15000.

The organelles are few and they are located mainly in the
paranuclear regions of the cytoplasm. The cytoplasmic
areas are not wide, with foamy vesicles and caveolae. The
luminal part of the endothelial cell plasmalemma forms
cytoplasmic patches and microvilli. The basal membrane
is narrow, in the form of a relatively uniform ribbon separating
the endothelium from the loose connective tissue of its
own lamina. Perivascular spaces without signs of edema
(Fig. 6).

Submicroscopically during this term, the venules are
unchanged. They have a wide lumen, available red blood
cells, platelets, rarely neutrophils, lymphocytes. The
cytoplasmic regions of the endothelial cells are not wide,
their nuclear parts protruding into the lumen. There are few
organelles in the cytoplasm, separate non-elastic tubules
of the endoplasmic reticulum, small mitochondria, different
sizes of vacuoles and vesicles. The basal membrane is
thickened in some places, the perivascular spaces are
small (Fig. 7).

Discussion

Given that narcotic substances cause intoxication of
many systems and organs, pronounced pathomorphological
changes are also observed in periodontal tissues, with
further progression of inflammatory process and
development of generalized periodontitis [18, 23]. The
morpho-functional condition of the periodontium, in particular,
the mucous membrane of the gums, as a universal
nonspecific criterion for periodontitis, determines the tactics
of therapeutic measures that are required for disorders of
peripheral microcirculation that cause the development of
tissue hypoxia and their energy deficiency [1, 15]. According
to the medical literature, the drug pentoxifylline has a
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pathogenetic validity not only in dysfunction of peripheral
circulation, but also it is characterized by anti-inflammatory
and antioxidant effects, which was confirmed during
experimental and clinical studies [2, 8, 16]. In the
pathogenesis of diseases of the mucous membrane of the
gums under the action of narcotic drugs is also important
dysbiosis and pathogenic microflora of the oral cavity on the
background of caries and its complications, which
necessitates the need for antibacterial therapy with
determination of sensitivity to antibiotics [6, 11, 12, 18].
Thus, despite the long-term withdrawal of opioid after
two weeks of its action in animals, we considered it
necessary to apply in the experiment a complex corrective
action to accelerate reparative processes and normalize
the ultrastructural organization of periodontal tissues. At the
ultrastructural level, the organization of the gum components
is close to the structure of intact animals. Reactive changes
in the nuclei and organelles of the cytoplasm of cells of the
epithelium of the mucous membrane of the gums are noted.
The submicroscopic organization of the periodontal animals
of this group is also not significantly different from the norm.
The ultrastructure of fibroblasts and macrophages indicates
their active state. The positive effect of the complex application
of drugs causes a significant normalization of the
ultrastructure of the links of the hemomicrocirculatory bed.
Moderately blood-filled hemocapillaries and venules are
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Dynamics of oral dysbiosis in patients with generalized

YNBTPACTPYKTYPHUN CTAH TKAHMH MAPOLOHTY LUYPIB NPU OMNIOIAHOMY BMMMBI YNIPOAOBX ABOX TUXKHIB TA
nicns noro YOTUPUTUXKHEBOI BIAMIHWU 3A YMOB KOPEKLII

@ik B.B., Manbmoe €.B., Kpueko KO.51.

Bpaxosytodu, wo cmomamornogiqHull cmamyc HapKo3asexHUX ocib obmsixkeHul YUCIIEHHUMU 3aX80pH8aHHSIMU MKaHUH | opaaHis
MOPOXHUHU poma, y CyyacHil napodoHmosozii 3anuwarmbscsi akmyabHUMU NUmaHHs po3pobKu onmumarsbHOI CXemMu JliKyearbHOI
maKkmuKku 3 Memoro 8iOHOBMEeHHS iX mpogiku ma banaHcy MiKpoghsiopu pomoeoi MOPOXHUHU Ha ¢hoHi omnioidHozo ennusy. Memoro
pobomu 6yno docnidumu ynempacmpykmypy mkaHuH napodoHmy rpu ekcriepumeHmarnsHili dsomuxHesit Oii onioidy ma nicns to2o
8iOMIHU yripoO08X HOMUPbLOX MUXHI8 3a YMO8 KOMI/IeKCHO20 MeOUKaMeHMO3H020 Kopuaytoyozo ennusy. Mamepianom 0ocnioxeHHs
cnyaysanu 6ini wypu-camui (22) penpodykmugeHoz2o 8iky (4,5 - 6 micauig), niHii Wistar, cepedHboro eazoro mina 200 e. TeapuHam
rpoeoduru iH'ekyii npenapamy HanbygiH y 003i 0,212 ma/ke 8rpodosx 080X MUXHig 3 10dasibWok i020 8IOMIHOK NMPOMSA20M YOMUPbLOX
MUXHI8. 3 Memoro Kopekuii namornoaidyHux 3MmiH, wWo euHukatompe rpu Oii onioidy 8 mkaHuHax napoOoHMY, 3aCMOCO8aHO NiKapChKi
3acobu neHmokcudiniH ma aHmubiomuk uegpmpiakcoH. lNeHmokcucbiniH eeodunu w0deHHO 8HymMPiWHbOM'I3080 IPOMSA20M YOMUPbLOX
muxHig nicris 8ioMiHuU onioidy (3 - 6 muxdeHb) y 003i 2,857 me/ke. LlegpmpiakcoH 880dusiu 00HOPa3080, 8HYMPIUHLOM'3080 yripod08X
11 0i6 HanpukiHyi ekcriepumeHmy (5 - 6 muxHi) 8 003i, eksieaneHmHIl 0ns wypa (2,857 ma/ke). 3abip mkaHuH napodoHmy 30ilicHo8anu
8 OifisiHUi ICEHHO20 COCOYKa 3 ModasbUUM rPo8edeHHSIM /1€ KMPOHHO-MIKPOCKOMYHO20 AocidxeHHs. CyOMIKpOCKOMNiYHO 8CMaHOBEHO,
W0 CmpyKmMypHi KOMIOHEHMU napoO0OHMy Marmb He3Ha4yHi 3MiHU, iX opaaHidayisi HabnuxeHa 0o Hopmu. s ynempacmpyKkmypu 6cix
OinsiHOK ernimenianbHOi NacmMUHKU Cu3080i 0O0MTOHKU SICeH XapakmepHO nowapose po3mauwlyeaHHs KnimuH. B enimenioyumax
yacmuHa si0ep marome iH8aeiHauii kapionemu, wo ceidyums rpo ix oyHKUioHanbHy akmueHicmb. Yimki KOHmMypu KoMnakmHux sdepeyb
i nnasmonem. Y yumonnasmi 6inbwicme opaaHes npakmu4yHo He 3MiHeHa, y MImOXOHOpPISX Hasi8Hi Kpucmu, 4imKo eu3HadyarombCsi
moHogbinameHmu, decMocomaribHi KoHmakmu ma basanbHa membpaHa. KoHmypu nna3monem Yimki, MKKITimuUHHIi KOHmakmu 36epesxeHi,
OKpeMi MXKKIImUHHI OinsiHKu guansidaroms rnomosuweHumu. lNepiodoHm rnpedcmasneHuti dobpe yrnopsadkogaHUMU nyyKamu KornazeHo8ux
B0JIOKOH, KIIIMUHHI KOMIMOHEeHMU He3MiHeHi. BuseneHa cybmikpockoniyHa 6ydosa ¢hibpobnacmie ceid4umpb npo ix CUHmMemuyHy
aKkmueHicmb, HarpaeneHy Ha OHOB/IEHHSI MIXKIMUHHOI peqo8UHU Crony4YHOi mKaHuHU. EnekmpoHHO-MiKpOCKomnivyHi AoCnidxXeHHs
eeMoKarninsipie cnu3080i 060/I0HKU siceH meapuH 0aHOI epynu rokasasnu, Wo y HeWUpPOKUX iX npoceimax HasieHi ¢hbopMeHi eremeHmu
Kposi, nepesaxHo epumpouyumu. 50pa eHdomernioyumie mManu enincornodibHy ¢opmy, Heeenuki iHeaziHauii kapionemu, 4imki s0epHi
membpaHu, opeaHesn byno Hebazamo. NepusackKynspHi npocmopu 6e3 o3Hak HabpsiKy. BeHynu ManosmiHeHi, Maromb WUpPOKi npoceimu,
yumonnasmamuyHi dinsiHku eHOomerioyumie Hewupoki, ix 0epHi YacmuHu eunuHarme y npoceim, basanbHa mMembpaHa Micusmu
rnomosujeHa. Takum YUHOM, CyOMIKPOCKOMIYHO 8CmaHO8IeHO, WO Mpu 8iOMiHI ornioidy ma 3acmocyeaHHi MeduKkaMeHmMO3HOI KopeKuy,i
yepes 2 muxHi ornioidHo20 ernusy, Hasi8Hi 03HaKu MO3UMmMueHoOI OUHaMIKU 8 CMPyKMYypHUX KOMIOHEeHmax napodoHmy, W0 NOsiICHIOEMbCS
rnamoaeHemuy4Hor 0b62pyHmMoeaHicCmo NPuU3HaYeHHs MeHMOoKcUiniHy npu poanadax MIKpOUUpKynsauii, doeo npomu3ananbHow |
aHmuokcudaHmHoro Oieto ma y noedHaHHi 3 aHmubakmepianbHUM 3acobom yegpmpiakcoH 3abesnedyroms sikysasnbHy 0it0 Ha
ynbmpacmpyKmypHy ma QyHKUioHanbHy opaaHi3auito mkaHuH rnapoooHmy.

KnrouoBi cnoBa: e1eKkmpoHHO-MIKPOCKONiYHI OOCIOXEeHHS, mKaHUHU napodoHmy, Wypu, onicidHUl aHaneemuk, KOpeKuyis.

YNbTPACTPYKTYPHOE COCTOAHUE TKAHEN NAPOLOOHTA KPbIC NPU AENCTBUN ONUOUAA HA NMPOTSAXXEHUN OBYX
HEQENb U NOCNE Er0 YETLIPEXHEOQENBHOW OTMEHbBI B YCITOBUAX KOPPEKLIMA

Quk B.B., lNanbmoe E.B., Kpbieko O.51.

Yuumeieas, ymo crmomamorno2udeckuli cmamyc HapKo3asuCUMbIX ObpeMeHeH MHO204UCIeHHbIMU 3ab01eeaHUsIMU MKaHel U Op2aHos
rnonocmu pma, 8 cospeMeHHOoU napoOoHMOoI02UU 0CMarmcsi akmyarnbHbIMU 80MPOChl pa3pabomku onmumasnbHOU cxeMbl rie4ebHoU
maKmuKu C Yesibio 80CCMaHO8IeHUST UX mPoguku U banaHca MUKpPOghriopbl pomosol noocmu Ha ¢hoHe onuoudHo20 8030elicmeaust.
Llenbto pabombi bb1r10 uccriedosamps yrbmpacmpykmypy mkaHel napoOoHma 8 akcriepumeHme rpu 08yxHederibHOM go3delicmeuu
onuouda u rocse e20 OMMeHbl 8 medyeHue Yyembipex Hedeslb C UCMO0b308aHUEM KOMIIEeKCHOU MeOuKaMeHmMO3HOU KOppeKyuu.
Mamepuarnom uccnedosaHusi nocrayxunu bernbie Kpbicbl-caMubl (22) pernpodykmueHoeo go3pacma (4,5 - 6 mecsyes), nuHuu Wistar,
cpedHeli maccol mena 200 2. [1pogoduriu XUu8omHbIM UHbEKUUU rpenapama HanbyguH 8 meyeHue 08yx Hederb, do3a cocmaensna
0,212 me/ke, ¢ nocnedyoueli eeco omMeHolU 8 medyeHue Yembipex Hedenb. C Uenbio KOPPEeKyUU rnamoso2uyeckux usmeHeHud,
803HUKaloWUX npu eosdelicmeuu ornuouda 8 mKaHsIX napo0oHmMa, NPUMEeHeHb! f1eKapcmeeHHble cpedcmea MeHMmMoKcUuuIuH u
aHmubuomuk yegpmpuakcoH. [NeHmokcuguniauH 8800unNU eXXeOHEBHO 8HYMPUMbILIEYHO 8 MeYeHUe Yyembipex Hederlb Nocsie OmMeHb!
onuouda (3 - 6 Heders1) 8 0o3e 2,857 me/ke. LlepmpuakcoH egodunu 0OHOKpamHo 8 meyeHue 11 cymok 8 KoHue akcriepumeHma (5 - 6
Hedenb) 8 003e, aksusaneHmHol 0Ons Kpbickl (2,857 ma/ke). 3abop mkaHel napodoHma ocywecmensanu 8 obnacmu AecHego2o
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cocoyka ¢ rocredyrouwum nposedeHuemM 31eKmpoHHO-MUKPOCKonu4yecko2o uccriedogaHusi. CyObMUKPOCKOMUYECKU yCMaHOB8/1eHO, Ymo
CMpPyKmMypHbie KOMMIOHEeHMblI NapodoHma UMerm He3HadumerslbHble USMeHeHUs, UX opaaHu3auyusi 6ruska K Hopme. [ns
yrbmpacmpyKkmypbl 8CeX y4acmkos anumesnuanbHoU MiacmuHKU causucmout 060/104Ku OeCHbI XapakmepHO MoC/10lUHOe pacrionoxeHue
Kremok. B anumenuoyumax 4acme a0ep umerom UHeacUHayuu KapuosieMbl, Ymo ceudemesibcmeyem 06 ux yHKUUOHanbLHOU
akmusHocmu. Yemkue KOHMYypPbl KOMIakmHbIX S0pbIlWeK u nnasmonemMM. B yumonnaame 6071bWUHCMBO Op2aHess npakmu4yecku He
U3MeHeHa, 8 MUIMOXOHOPUSIX UMEomMCs KpUCMbI, YemKo onpedesisiomes moHogunameHmsl, 0eCMOCoMarbHble KOHMaKmel U 6a3ansHas
membpaHa. KoHmypbl nna3monemMm omyemsueble, MEXKIemoYHble KOHMaKmbl COXpaHeHbl, 0mOesbHbIE MEXKIemoYHble y4acmKu
8b125190551M ymonuwieHHbIMU. [TepuodoHm npedcmasneH XOpowo cmpyKmypupo8aHHbIMU ry4YKaMu KOria2eH08bIX 80/I0KOH, KIeMOYHbIe
KOMMoHeHMbI udmeHeHbl. Cybmukpockonuyeckoe cmpoeHue ¢hubpobrnacmos caudemernbcmayem 06 ux cuHmemu4eckol akmugHocmu,
HarpaesieHHOU Ha 0OHOBITeHUE MEXKITemoYHo20 8ewecmsaa coeduHUMenbHoOU mKaHU. QMeKmpOoHHO-MUKPOCKONMuUYecKue uccriedosaHusi
2emMoKanunisapos causucmol 060/104KU OeCHbl XUBOMHbIX OaHHOU epyrnbl fokasasu, Ymo 8 HeWUPOKUX UX rpoceemax umeromcsi
OpPMeEHHbIE 3IeMeHMbl KPo8U, MPeuMyu,ecimeeHHo apumpoyumsl. S0pa sHOOmMenuoyumos umerom 3auncoobpasHyo gopmy,
Hebonbwue UHeas2UHaUUU KapuoseMbl, Yemkue si0epHblie MemMbpaHbl, HeMHO20 opaaHens. [lepusacKynspHbie npocmpaHcmea 6e3
Mpu3HaKos omeka. BeHynbl Manou3MeHeHHbIe, UMem WUpPOKUe npoceemsl, yumoria3mamuyeckue yd4acmku 3HO0menuoyumos
Hewupokue, ux si0epHble yacmu ebins4yugarom 8 rpoceem, basanbHas MembpaHa Mecmamu ymornujeHa. Takum obpa3om,
CYOMUKPOCKOMUYECKU yCmaHOo8s1eHo, 4Ymo fnpu ommMeHe onuoudHO20 aHarbaemuka U npuMmeHeHUU mMeduKkaMeHmMO3HOU KoppeKuyuu
yepes 2 Hedenu onuoudHo20 8o3delicmausi, uMeemcsi MonoxumerbHasi OuHaMuka 8 CmpyKmMypHbIX KOMIOHeHmax napodoHma, 4mo
06BsICHSIEMCA Mamoz2eHemuy4ecKol 060CHO8aHHOCMbIO Ha3HaYeHUs NMeHMOKCUQUIIIUHA pu paccmpolcmeax MUKPOUUPKYnayuu,
e20 npomueoeocnanumesibHbIM U aHMUOoKcUOaHMmMHbIM 3¢hgheKmom u 8 codemaHuu ¢ aHmubakmepuarnbHbiM cpedcmeoM uehmpuakcoH
obecrieyusatom neyebHoe 8o3delicmaue Ha ynbmpacmpyKmypHYI0 U QOYHKUUOHabHYIO Op2aHu3ayuro mkaHel napodoHma.

KnroueBble cnoBa: 3/1eKmMpoHHO-MUKPOCKONUYecKue uccriedosaHusi, mkaHu napodoHma, KpbiChbl, OUOUOHbIU aHarnbeemukK, KOppeKyus.
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ARTICLE INFO The pathogenesis of burn immune dysfunction and burn enteropathy needs further
Received: 25 February, 2019 clarification given that the cellular lesions of lymphoid tissue associated with mucous
Accepted: 21 March, 2019 membranes are the least studied. The purpose of the study was to establish reactive

and destructive changes in Peyer's patches of rats after burn injury of the skin with
the use of intravenous infusion of isotonic sodium chloride solution and combined
colloid-hyperosmolar solutions. White male rats weighing 160-200 g at 6 months of
age were divided into 4 groups (18 animals in each group): 1, Il, Il - rats with burn skin
injury (grade II-1ll burn with an area of 23% of body surface area and the development
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CORRESBONDWG AUTHOR ) of moderate-severity shock state) which was administered a separate intravenous
e-mail: rUJe.na01 1279@gmail.com infusion once a day for the first 7 days of the experiment with isotonic sodium chloride,
Matkivska R.M. lactoprotein with sorbitol and HAES-LX-5%, in each case at a dose of 10 mi/kg; IV -

intact animals. The material was collected from rats under deep thiopental
intraperitoneal anesthesia after 1, 3, 7, 14, 21 and 30 days after burn injury. Biopsies
from Peyer's patches for histological and electron microscopic examination were
processed using conventional methods. Investigation of histological preparations
stained with hematoxylin-eosin was performed on an Olympus BX51 microscope.
Ultrathin sections were contrasted on copper support meshes with uranyl acetate and
lead citrate according to Reynolds and studied using a PEM-125K electron microscope.
Electron and light microscopy data indicate that intravenous infusion of colloidal-
hyperosmolar solutions (lactoprotein with sorbitol and HAES-LX-5%) promotes
suppression of inflammatory response, inhibits necrosis, and optimizes lymphoid
apoptosis at Peyer's patches of rats with experimental burn disease caused by burn
injury to the skin of 21-23% of the body surface. Apoptotic lymphocytes and their
apoptotic bodies are effectively phagocytosed by macrophages and are digestible in
heterophagolysosomes. The apoptotic altered dendritic cells in Peyer's patches are
characterized by osmiophilic cytoplasm and a nucleus with high electron density
amorphous nucleoplasm. In the cytoplasm are located mitochondria with enlightened
matrix and destroyed cristae, irregularly expanded tubules of variable configuration
of a granular endoplasmic reticulum with electronically transparent content and
numerous derivatives of their vacuole transformation, which are sharply darkened.
The fusion of vacuoles leads to the formation of large electron-luminous cavities
filled with various residues of compacted degraded cellular structures. Vacualization
promotes site segmentation of condensed cytoplasm of apoptotic dendritic cells and
formation of apoptotic blebs, which are subject to entrapment and subsequent
sequential degradation with the participation of neighboring macrophages. The
structural changes of the organelles of the protein-synthesizing apparatus found in
Peyer's plaque cells in rats with experimental burn disease can be regarded as a
manifestation caused by functional overload of the granular endoplasmic reticulum
(ER-stress). The consequence of optimal development of ER-stress and subsequent
unfolded protein response is the apoptotic degradation of the corresponding cell, the
course of which is modified by the use of colloid-hyperosmolar solutions.

Keywords: Peyer's patches, structural changes, burn disease, detoxification solutions.
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Introduction

It is generally accepted [16] that severe thermal skin
burns cause the development of burn disease, the main
factor of which is endogenous intoxication. That is why
infusion of detoxification solutions is considered to be a
mandatory component of the treatment of burn disease,
which makes it possible to correct its course or, even, to
prevent the development of some of its stages and
complications [5, 24].

Considering the stage of burn disease and the different
orientation of the individual parts of its pathogenesis,
infusion therapy raises not only the question of restoration
of water-electrolyte balance and detoxification of the
organism, but also a number of tasks for the protection of
intact and repair of damaged cells, normalization and
stabilization of vital (including immune) functions of the
body. It stimulates the development of new infusion drugs
and studies the differences of their effect on different
organs, tissues and cells [4, 6, 7, 9, 11, 12, 17, 20, 21].

The benefits of widespread introduction of colloidal
solutions have, until recently, seemed convincing and valid
[4, 10, 18, 23]. However, in recent times the discussion
regarding the feasibility and benefits of using colloidal and
crystalloid drugs in infusion therapy has become more
acute [13, 14, 22, 29].

One of the components of burn disease is immune
system dysfunction [16] and burn enteropathy [7, 9].
However, the pathogenesis of burn immune dysfunction
and burn enteropathy needs further clarification given that
the cellular damage of the lymphoid tissue associated with
the mucous membranes (quantitatively the largest part of
the immune system) is the least studied. In turn, it does
not allow adequately developing and effectively improving
the means of correcting the immune status of burns and
the treatment of burn enteropathy. This actualizes the study
of the structural changes of Peyer's patches in burn disease,
which by modern definition [15] are immune sensors of
the small intestine, which provide the induction of immune
tolerance to commensal bacteria and dietary antigens, as
well as provide protection against pathogenic intestinal
content [3, 8, 19].

The aim of this study is to establish reactive and
destructive changes in Peyer's patches (clusters of lymph
nodes of the ileum) of rats at the stages of development of
burn disease caused by experimental thermal burn injury
of the skin under the conditions of intravenous infusion of
isotonic tonic solution and combined colloid-hyperosmolar
solutions (lactoprotein with sorbitol and HAES-LX-5%).

Materials and methods

Reactive and destructive changes in Peyer's patches
in rats with experimental burn disease under infusion of
detoxification solutions (isotonic sodium chloride solution
and colloid-hyperosmolar solutions) were studied in 72
white male rats weighing 200-200 g in age 6 month.

Animal retention, as well as experimentation with

thermal burn injury of the skin, infusion of detoxification
solutions and other related manipulations were carried
out in full compliance with the requirements of the "General
Ethical Principles of Animal Experiments", approved by the
First National Congress on Bioethics (Kyiv, 2001), in
compliance with all the recommendations of the "European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes"”, and the
provisions of the Methodological Recommendations for
the "Preclinical study of medicines".

The experimental animals, the material of which was
subjected to histological and electron microscopic
examination, were divided into 4 groups (18 animals in
each group): 1, II, lll - rats with burn injury to the skin, which
were subjected to a separate infusion of isotonic sodium
chloride solution, lactoprotein with sorbitol and HAES-LX-
5%, in each case at a dose of 10 ml/kg; IV - intact animals
(control group).

Simulation of burn disease was performed by applying
to the side surfaces of the trunk of animals four copper
plates (two plates on each side, the surface area of each
plate was 13.86 cm?), which was previously kept for 6
minutes in water at a constant temperature of 100°C. The
severity of injury in burn injury was assessed by the severity
index of the injury, which takes into account the parameters
of the area and depth of burns. The results of the calculation
showed that the total area of skin burn in rats was 21-23%
of the body surface, the exposure was 10 s, which is
sufficient for the formation of burns II-lll degree and the
development of a shock state of moderate severity.

Intravenous infusion of detoxification solutions at a dose
of 10 ml/kg was performed for 5 minutes in a caudal vena
cava after its catheterization in aseptic conditions through
the femoral vein. The first infusion was performed 1 hour
after burn, subsequent injections were performed once a
day for the first 7 days of the experiment.

Material extraction from rats was performed under
conditions of deep thiopental intraperitoneal anesthesia
after 1, 3, 7, 14, 21 and 30 days after the experimental burn
injury of the skin.

The material for histological and electron microscopic
examination (biopsies from Peyer's patches) was
processed using conventional methods. Investigation of
histological preparations stained with hematoxylin-eosin
was performed on an Olympus BX51 microscope. Ultrathin
sections were contrasted on copper support meshes with
uranyl acetate and lead citrate according to Reynolds and
studied using a PEM-125K electron microscope.

Results

In rats with burn disease that underwent intravenous
infusion of isotonic sodium chloride in Peyer's patches
cells, destructive changes outweigh the reactive ones. A
common manifestation of destructive changes is necrosis
and apoptosis of functionally different cells, which occur
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on the background of expressive changes in blood vessels
of the hemo- and lymphomicrocirculatory bed. Crucial in
this process is the change in cell death types of
lymphocytes and dendritic cells - the main
immunocompetent cells of Peyer's patches. It should be
noted that under normal conditions, only single dendritic
cells and individual lymphocytes are asynchronously killed
by apoptosis; it is characterized by all classical structural
manifestations and is terminated by a macrophage reaction
that provides phagocytosis of apoptotic bodies and cells.

Under conditions of burn disease, apoptosis and the
necrotic changes of lymphocyte and dendritic cell groups
occur, to which necrosis of initially apoptotic altered dendritic
cells and lymphocytes is involved. Under these conditions,
the macrophages of Peyer's patches shift to a state of
phagocytic over-voltage, which often ends in their necrotic
death.

In phagocytic macrophages, the concentration of dilated
and electron-dense contents of tubules of granular
endoplasmic reticulum is associated with an increase in
the number of lysosomes in the cytoplasm. Lysosomes
coalesce with phagosomes and ultimately form different
sizes of heterophagolysosomes with varying degrees of
structure. The cytoplasm of these macrophages looks
swollen, sometimes vacuolated; some mitochondria
contain an enlightened matrix, partially destroyed cristae,
and a locally defective inner mitochondrial membrane (Fig.
1). The expression of the combination of necrotic and
apoptotic changes in lymphocytes and dendritic cells of
Peyer's patches is the presence in the focal necrotic cell
detritus of apoptotic cells and apoptotic bodies (Fig. 2).

In Peyer's patches of rats with burn disease under
conditions of infusion of isotonic sodium chloride solution
in dendritic cells, vacuolation of the cytoplasm was
observed, which was combined with an increase in cyto-
and nucleoplasma osmiophylia. Such dendritic cells are
characterized by destruction of the mitochondria (most often
in the form of destruction of the inner membrane and
cristae, the remains of which are well contoured against
the background of the enlightened mitochondrial matrix).
Fragmentation of the tubules of the granular endoplasmic
reticulum occurs, which leads to disruption of the ordering
of the tubules and their transformation into a vacuole-like
formation. The formation of different vacuoles in the
cytoplasm of dendritic cells indicates the depletion of the
reparative capacity of the cell and the beginning of its death.

Vacuoles originating from tubules of the granular
endoplasmic reticulum have an irregular (sometimes wavy)
shape, often turning into cavities with uneven edges, but
single ribosomes are attached to their surrounding
membranes. Transformation of the tubules of the granular
endoplasmic reticulum in the vacuole is a transitional stage
to the ultimate disintegration of these organelles and is
identified, most often, in hyperchromic shrunken dendritic
cells. A large number of light vacuoles (Fig. 3, 4)
compressing the cytoplasm to the level of transitions

o
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Fig. 1. Macrophage phagocytosed (and partial
phagolysosomes) apoptotic body and its fragments in a Peyer's
patches 14 days after experimental burn injury under conditions of
Isotonic Sodium Chloride infusion. 1 - large phagolysosome. Electronic

micrograph. x20000.

Fig. 2. Focal ultrastructural changes of cells in the Peyer's patches
of the rat with experimental burn injury under the conditions of
infusion of Isotonic Sodium Chloride Solution. The combination of
apoptotic and necrotic signs of cell death. The arrow indicates the
lumen of the blood capillary. 1 - dendritic cell necrosis; 2 - nucleus of
apoptotic lymphocyte; 3 - erythrocyte. Electronic micrograph. x4000.
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Fig. 3. Blebbing in the cytoplasm of apoptotic dendritic cells of Peyer's
patches of rat 21 days after the experimental burn injury under the
conditions of infusion of Isotonic Sodium Chloride Solution. 1 - nucleus
of apoptotic dendritic cell; 2 - a bubble (surrounded by small vesicles
and vacuoles) in the cytoplasm of an apoptotic dendritic cell; 3 - neutrophil

leukocyte cytoplasm; 4 - lymphocytes. Electronic micrograph. x7000.
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Fig. 4. Intense blebbing in the cytoplasm of the apoptotic dendritic
cell of a Peyer's patches of rat 30 days after the experimental burn
injury under the conditions of infusion of Isotonic Sodium Chloride
Solution. Dystrophic cytopathological changes of cells, swelling
and destruction of cristae mitochondria. 1 - shrunken cytoplasm of
apoptotic dendritic cell; 2 - a bubble (surrounded by small vesicles
and vacuoles) in the cytoplasm of an apoptotic dendritic cell; <
damaged mitochondria. Electronic micrograph. x10000.
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Fig. 5. Phagocytosis by m phage of apoptotic bodies in a Peyer's
patches of the rat 3 days after the experimental burn injury under
infusion of Lactoprotein with Sorbitol. 1 - macrophage nucleus.
Electronic micrograph. x15000.
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Fig. 6. Blebbing in the process of supercondensed dendritic cellina
Peyer's patches of the rat 14 days after the experimental burn injury
under infusion of HAES-LX-5%. 1 - cytoplasm of a "dark" dendritic
cell of normal structure; < blebbing. Electronic micrograph. x15000.

between transparent vacuoles, creates a common
enlightened honeycomb background, contrasting with a
homogeneous dark osmiophilic nucleus framed by a
narrow electron-light band around the nucleus. The
described destructive changes are a classic morphological
manifestation of apoptotic "bubble formation" or "blebbing".
Subsequently, the long, narrow, branched branches of
apoptotic dendritic cells are fragmented into apoptotic
blebs, and the separated nucleated dendritic cell section
is transformed into a larger apoptotic body.

Our findings indicate that intravenous infusion of
colloidal-hyperosmolar solutions (lactoprotein with sorbitol
and HAES-LX-5%) promotes suppression of inflammatory
response, inhibits necrosis, and optimizes apoptosis of
lymphocytes and dendritic cells in in Peyer's patches of
rats with experimental burn disease. Apoptotic lymphocytes
and their apoptotic little bodies (Fig. 5) are effectively
phagocytosed by macrophages and are digestible in
heterophagolysosomes.

Dendritic cells with osmiophilic cytoplasm in Peyer's
patches are characterized by a nucleus with high electron
density amorphous nucleoplasm. In the cytoplasm are
located mitochondria with enlightened matrix and destroyed
cristae, irregularly expanded tubules of variable
configuration of a granular endoplasmic reticulum with
electronically transparent content and numerous derivatives
of their vacuole transformation, which are sharply darkened.
The fusion of vacuoles leads to the formation of large
electron-luminous cavities filled with various residues of
compacted degraded cellular structures (Fig. 6).
Vacualization promotes segmental segmentation of
condensed cytoplasm of apoptotic dendritic cells,
fragments of which are subject to entrapment and
subsequent sequential degradation with the participation
of neighboring macrophages.

Discussion

We have established significant reactive and destructive
transformations of Peyer's patches lymphocytes and
dendritic cells in rats with experimental burn disease under
the conditions of intravenous infusion of various
detoxification solutions.

According to modern concepts [15], dendritic cells are
the major antigen-presenting cells in the immune system
(and, in particular, in Peyer's patches). The presentation of
antigens to lymphocytes is a finely coordinated and
multicomponent process that includes: 1 - capture of native
(unchanged) antigenic material by phagocytosis,
pinocytosis or receptor-mediated endocytosis; 2 - partial
proteolysis (processing) of antigenic material in
endosomes (or lysosomes) with the release of epitopes
of antigens (antigenic determinants); 3 - under these
conditions, the synthesis of Major Histocompatibility
Complex (MHC) molecules and the binding of the
synthesized MHC molecules to the antigen epitopes; 4 -
transport of complexes of MHC molecule antigen epitope
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to the surface of the dendritic cell, where they are
represented by their recognizing lymphocytes. 5 - secretion
of soluble mediators (preferably IL-1) that cause lymphocyte
activation. To determine the critical threshold of reactive
and destructive changes of dendritic cells and lymphocytes
of Peyer's patches revealed by us in the conditions of burn
disease is difficult, but the ordering of the course of this
complex process of presentation of antigenic material from
the lumen of the small intestine is, at least, impaired and
impaired hyperosmolar solutions.

We found structural changes of organelles of protein-
synthesizing apparatus in cells of Peyer's patches in rats
with experimental burn disease, which coincides with the
scientific literature [16] about the characteristic of burn
disease syndrome of hypermetabolism and its component
- hypercatabolism. Our study found that the most sensitive
organelle of Peyer's patches cells is a granular endoplasmic
reticulum, structural changes of which can be regarded as a
manifestation caused by functional overload of the granular
endoplasmic reticulum (ER-stress) [25, 26, 30], which
results in a response to unfolded protein response. Under
the norm [25], protein folding occurs in the tubules of the
granular endoplasmic reticulum, in which the synthesized
proteins undergo post-translational modification, acquiring
a characteristic three-dimensional configuration. Unfolded
protein response occurs due to the accumulation in the
lumen of the tubules of the granular endoplasmic reticulum
of uncoiled or misfolded proteins [27, 28].

The sequence of structural and molecular
manifestations of unfolded protein response [2] indicates:
an adaptive attempt to restore normal cell function by
arresting protein translation and subsequent degradation
of misfolded proteins, as well as activation of signaling
pathways leading to increased production of molecular
chaperones, proteins. Thus, unfolded protein response,
under normal conditions, is a stresspathway to
homeostatic regulation [27]. If the constant overvoltage of
unfolded protein response is not eliminated within a certain
period of time, apoptotic degradation of the corresponding
cell occurs, leading to the development of various
pathological conditions [26, 28, 30].

Manifestations of the typical crystalline solution, which
is an isotonic solution of sodium chloride, lactoprotein with
sorbitol (protein-saline colloidal-hyperosmolar solution)
and HAES-LX-5% (infusion colloid-hyperosmolar plasma
replacement of the new generation, created on the basis
of third generation hydroxyethyl starch HES 130/0.4) have
been the subject of our previous research [20, 21], as well
as of other scientists [6, 9, 11, 12, 17], and have proved
their differences in influencing the course of experimental
burn disease. The study of reactive and destructive changes
in Peyer's patches of rats with experimental burn disease,
as well as the impact of ER-stress on the dynamics of
necrotic and apoptotic cell changes, was updated by a new
wave of controversy regarding the official assessment of
possible limitations on the use of colloidal solutions based

on hydroxyethyl starch. The divergent opinions of
pharmacology scientists and experts found their symbolic
reflection in a name published [1] in the 2019 scientific
review "Starch Wars - New Episodes of the Saga. Changes
in Regulation on Hydroxyethyl Starch in the European
Union". At the same time, it should be noted that, for the
first time in the 1960s, various infusion solutions based on
synthetic hydroxyethyl starch became widely known in
intensive care units and veterinary medicine worldwide (for
example, over 60 drugs were registered in 2010 in Europe
and 4 in the United States). The flow of "crystalloid-colloidal
debate" and "starch wars" in the scientific literature does
not stop until this time, it has a wavy chain character (when
one article causes the appearance of several articles with
opposite conclusions, which, in turn, stimulates the
publications of the authors-opponents).

Conclusions

The question about the benefits and feasibility of "use -
not use" infusion solutions based on hydroxyethyl starch of
different generation is still open, but there is no doubt
reliable experimental evidence that demonstrates the ability
of colloidal infusion vessels improve intravascular osmotic
pressure improve hemomicrocirculation, limit swelling of
tissues of primary intact organs in burn disease [5, 14]. We
agree with the opinion of many researchers that the answer
to this question should be further experimental and clinical
studies of the action of specific crystalloid and colloidal
infusion solutions, judiciously applied on the principle of
"What? Where? When? What dose?" The results of our
study indicate that timely administration of colloid-
hyperosmolar solutions such as lactoprotein with sorbitol
and HAES-LX-5%, in a timely manner, positive effects on
the manifestations of reactive and destructive changes in
Peyer's patches in burn disease caused by severe skin
burns.

Conclusions

1. Intravenous infusion of colloidal-hyperosmolar
solutions (lactoprotein with sorbitol and HAES-LX-5%)
promotes suppression of inflammatory response, inhibits
necrosis, and optimizes apoptosis of lymphocytes and
dendritic cells in Peyer's patches of rats with experimental
burn disease. Apoptotic lymphocytes and their apoptotic
bodies are effectively phagocytosed by macrophages and
are digestible in heterophagolysosomes.

2. Osmophilic cytoplasm and a nucleus with high
electron density amorphous nucleoplasm are
characteristic of apoptotic altered dendritic cells in Peyer's
patches. In the cytoplasm are located mitochondria with
enlightened matrix and destroyed cristae, irregularly
expanded tubules of variable configuration of a granular
endoplasmic reticulum with electronically transparent
content and numerous derivatives of their vacuole
transformation, which are sharply darkened. The fusion of
vacuoles leads to the formation of large electron-luminous
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cavities filled with various residues of compacted degraded
cellular structures. Vacualization promotes segmental
segmentation of condensed cytoplasm of apoptotic
dendritic cells, and the formation of apoptotic blebs, which
are subject to entrapment and subsequent sequential
degradation with the participation of neighboring
macrophages.

3. Structural changes of organelles of protein-
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PEAKTUBHI TA OECTPYKTUBHI 3MIHW BNALLOK NEWUEPAY LLIYPIB 3 EKCMEPUMEHTANBLHOIO OMIKOBOK XBOPOEOIO 3A
YMOB IH®Y3Ii AE3IHTOKCUKALIMHUX PO3YUHIB

Yepkacoe B.I., Mamkiecbka P.M., Yepkacoe E.B., KamiHcbkul P.®., SipemeHko JI.M.

MamoezeHe3 onikoeoi iMyHHOI ducghyHKUii ma ornikogoi eHmepornamii nompebye nodanbwo20 ymoyHeHHs1 3 02110y Ha me, W0 KIimuHHI
MOWKOOXeEHHS NiM¢boiIOHOI mKaHUHU, acoyitiosaHol 3i cnu3osumu 060/10HKaMu, € HaliMeHw eusd4eHUMU. Mema 0ocCniOXeHHs -
8cmaHo8UMU MOXIUBI peakmugHi ma decmpykmueHi 3miHU 8 brnsdwkax [leliepa wypie nicnsi onikoeoi mpasmu WKIipu 3a ymo8
3acmocyeaHHs 8HYMPIiUWHbOBEHHOI iHGby3ii i30MOHIYHO20 pO34UHYy Xsopudy Hampito ma KOMb6iHO8aHUX KON0IOHO-2inepoCcMOonsapHUX
posyuHie. bini wypi-camui macoro 160-200 e sikom 6 micsiuie bynu po3dineHi Ha 4 epynu (no 18 meapuH y KoxHit epymi): I, I, 1l - wypu
3 onikosoro mpasmoro wkipu (onik Il-Ill cmyneHs nnowero 23% nosepxHi mina ma po38UMKOM WOKOB020 cmaHy cepeOHb020 CMyrneHs
8aXKOCMI), KOmMpPUM fPo8oAUSIU OKpeMY 8HymMpiluHbOBEHHY iHGby3ito 1 pa3 Ha doby pomsizoM nepwux 7 0ié excriepumeHmy i30MOHIYHO20
po34uHy Hampito xrnopudy, nakmornpomeiHy i3 copbimonom ma HAES-LX-5%, y koxHomy sunadky y 0osi 10 mn/ke; IV - iHmakmHi
meapuHu. 3abip Mmamepiarny 6i0 wypie nposodusiu 3a ymos 21uboKo20 mioneHmasno8o20 8HymMpillHbOOYePEBUHHO20 HapKo3y Yyepes 1,
3, 7, 14, 21 ma 4epe3 30 0i6 nicnsi HaHeceHHs1 onikogoi mpasmu wkipu. bionmamu i3 65swok lNelepa 0nsi 2icmonozidyHo20 ma
€/1eKMPOHHO-MIKPOCKOMiHHO20 OocnidxeHHs1 06pobrisinu 3a A0NOMO20t0 3a2arnbHonpulHImMux memodis. [JocnifxeHHs 2icmornoaiyHux
npenapamis, 3abapefieHUX 2eMamoKCcUusliHOM ma eo3UHOM, 8UKOHyeanu Ha mikpockorni Olympus BX51. YnbmpamoHki 3pi3u
KOHmMpacmysaru Ha MiGHUX OrOPHUX CimoJyKax ypaHinauyemamom i yumpamom c8UHUt0 3a PeliHornbAcom ma sug4yanu Ha efieKmpoHHOMY
mikpockoni NMEM-125K. OdepxaHi MemoOamu efieKmpoHHOI ma c8imnosoi Mikpockonii 0aHi ceifyunu, wo eHympiluHbOBEHHa IHQY3is
KOs10iOHO-2inepocMonapHUX po3yuHie (nakmonpomeiHy i3 copbimonom ma HAES-LX-5%) cripusie npueHideHHIo0 3ananbHoi peakuil,
eanbMye HeKpo3 ma onmumidye anonmo3 nimgoyumie ma deHOpumHuUx KnimuH 6 bnswkax [lNeliepa wypie 3 eKcrepuMeHmarsnbHOK
0niko8oK X80p0b6OI, BUK/IUKAHOK OMIKO8OK mpasmor wkipu naoweto 21-23% nosepxHi mina. AnonmosHi nimgpoyumu ma ixHi
anonmo3sHi minbysi echekmusHoO ¢hazoyumyrombscsi Makpoghazamu ma nidnsearome rnepempasrieHHIo 8 2emepoghazornizocomax. [ns
arnonmo3sHo 3MiHeHuUx deHOpuUmMHuUX KnimuH 6 bridawkax [lelepa xapakmepHot € ocmioinbHa yumornasma i 10po 3 aMopgHOLO
HYK/1eornnasmMor 8UCOKOI efleKmpoHHOI winbHocmi. B yumonna3mi nokanizoeaHi MimoxoHOpii 3 npoceimneHumM mMampuKkcoMm |
3pyliHOBaHUMU Kpucmamu, HEPIBHOMIPHO PO3WUPEHi KaHanbui eapiabenbHOI 3a KOHgbi2ypauieto epaHynsipHoOi eHdonnasmamu4yHor
CimKU 3 esIeKmpPOHHO MPO30PUM 8MICMOM ma YUCeHHI NMoXiOHi iXHbOI 8aKyoribHOI mpaHcgopmauii, sKi pidko eudinsarombcs y euansdi
ceimnux nasM Ha meMHoMy ¢hoHi yumonnasmu. 3numms eakyonel npu3sodums 00 ¢hopMy8aHHS 8E/IUKUX €/IeKMPOHHO C8Imux
MOPOXHUH, 3arMno8HEHUMU PI3HOMaHIMHUMU 3anuwKamu ywinbHeHux deepadosaHux KimuHHUX cmpykmyp. Bakyonisauis cripuse
OinsiHKosIl ceameHmauii KoHdeHco8aHOI yumonaasmMu arnonmo3Hux 0eHOPUMHUX KTimuH i ymeopeHHIo anonmo3Hux bnebie (apoptotic
blebs), ski nidnsearome 3axonseHHro i HacmyrnHit nocnidosHiti deepadauii 3a yyacmi cyciOHix makpoghaeie. BusieneHi cmpykmypHi
3MiHU opeaHen bifoK-cuHmMe3y4yo20 anapamy 8 KraimuHax 6nsawok [letiepa y wlypie 3 eKkcriepuMeHmarbHO OriKo8o X80pobolo,
MOXymb 6ymu po3uiHeHi SIK Mposie, UKMUKaHUU OyHKUIOHaNbHUM repeHasaHmMax)eHHsM epaHyrnspHoi eHOonna3mMamuy4Hoi Cimku,
cmpecy eHOonnasmamuyHo2o pemukynymy (ER-cmpecy). Hacnidkom onmumarnbHo2o po3sumky ER-cmpecy i nodansbwoi 8idnosidi
Ha He3z2opHymi binku (unfolded protein response) € anonmosHa Aezpadayisi 8i0rnoeiOHOI KrimuHu, nepebie kompoi Modugbikyembcsi 3a
YyMO8 8UKOPUCMAaHHSI 3aCmMoOCO8aHUX KOMOIOHO-2iMepOCMOISAPHUX PO3YUHIB.

KntouvoBi cnoBa: 6nswku [Meliepa, cmpykmypHi 3MiHU, orikoga xeopoba, 0e3iHmoKcuKayiliHi pO3HUHU.

PEAKTUBHbIE U AECTPYKTUBHbIE U3MEHEHUS BNALLEK NEVEPA Y KPbIC C 3KCMEPUMEHTAJIbHOW OXXOrOBOU
BONE3HbIO B YCNOBUAX NH®Y3NN OE3UHTOKCUKALIMOHHbLIX PACTBOPOB

Yepkacoe B.I., Mamkueckas P.M., Yepkacoe 3.B., KamuHckuli P.®., SipemeHko JI.M.

lNamozeHe3 0020800 UMMYHHOU QUCGhYHKUUU U 002080l 3HmMepornamuu mpebyem GanbHelweao ymoYHeHUs C y4emomM moao, Ymo
KnemoyHble rnospexoeHusi nuMgoudHOU mKaHU, accoyuuposaHHol €O cnu3ucmsiMu obosioykamu, HaumeHee u3ydyeHsbl. Lenb
uccredosaHusi - yCmaHo8UIMb 803MOXHbIe peakmusHble U OecmpyKmusHble usMeHeHUs 8 [Neliepoebix bisiwKax KpbIC M0C/1e 0020800
mpasMbl KOXU 8 yCrI08UsIX MPUMEHEHUS1 8HYymMpPUBEHHOU UHGbY3UU U30MOHUYECKO20 pacmeopa xropuda Hampusi U KOMOUHUPOBaHHbIX
KOJIITIOUGHO-2UNepoCMOsIsSiPHbIX pacmeopos. benbie Kpbickl-camubl maccol 160-200 e 8 sospacme 6 mecsyes bbinu paszdenieHbl Ha 4
epynnbi (Mo 18 xusomHbix 6 kaxdou epynne): I, Il, Il - kpbicbl ¢ 0xo02080U mpasmoli Koxu (oxoe ll-Ill cmeneHu nnowadso 23%
rogepxHocmu mejsia u pa3gumuem WOKO8020 COCMOSIHUSI CpedHell cmerneHU msiXecmu), KomopbIM Mpoe8odusniu omoesibHy UHY3Uto
1 pa3 8 cymku 8 meyeHue nepsbix 7 OHel 3KcrepuMmeHma U30MOHUYECKO20 pacmeopa Hampusi xsiopuda, flakmorpomeuHa ¢ copbumonom
u HAES-LX-5%, & kaxdom cryyae 8 do3e 10 mn/ke; IV epynna - uHmakmHblie xueomHbie. 3abop Mamepuana om KpbiC Mpogodusnu 8
ycnosusix a2r1yb0Kko20 mMuOneHmano8020 8HympubprowWUHHO20 Hapko3a Yepe3 1, 3, 7, 14, 21 u yepe3 30 cymok nocrne HaHeceHusi
002080l mpasmbl KOXU. buonmamel u3 lNeliepossix bnsawek 0551 2UCMOM02UYECKO20 U 3/TeKMPOHHO-MUKPOCKOMUYEeCKO20
uccriedosaHusi obpabambiganu ¢ NoMowbo obuwienpuHsimbeix Memodos. MccriedogaHue aucmorio2udeckux rpernapamos, OKpaweHHbIX
2eMamoKCUTUHOM U 303UHOM, nposodunu Ha mukpockore Olympus BX51. YnbmpamoHKue cpesbl KOHmpacmupoeanu Ha MeOHbIX
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OMOPHbIX cemoyKax ypaHunauemamom U yumpamom ceuHuya no PeliHonbOcy u usydanu Ha 31eKmpoHHOM Mukpockone [NOM-125K.
lMony4yeHHble Memodamu 311eKMPOHHOU U C8emoe8oll MUKPOCKONUU OaHHble ceudemeribcmeayom O MOM, YmOo 8HymMpUBEHHas UH(by3usi
KonnoudHo-2urnepocMonsapHbIX pacmeopos (nakmornpomeuHa ¢ copbumosnom u HAES-LX-5%) cnocobcmeyem y2HemeHuto
socrnanumesibHOU peakyuu, MopMO3Um HEeKPO3 U OMUMU3Upyem arnonmo3 numgoyumos u 0eHOPUMHbIX KIiemok & brnawkax [Netiepa
KpbIC C 3KCriepuMmeHmarbHoOU 002080l 60/e3HbI0, KOMopas 8bl3gaHa 0X02080U mpasmol Koxu rnowadsto 21-23% nosepxHocmu
mena. AnonmosHbie nuM@oyumsl U UX arornmo3Hbie menbuya 3¢hhekmusHO thazoyumupyromes Makpoghazamu u roodnexam
rnepesapusaHuto 8 eemepocghazoniuzocomax. [na anonmo3HO U3MeHEeHHbIX OeHOpUMHbIX Krnemok bnswek [lleliepa xapakmepHoU
sengemcs ocMuoghunbHas yumonnaama u si0po ¢ amopghHOU HyKreonna3mol 8bICOKOU 311eKmpPOoHHOU riomHocmu. B yumonnasme
J1I0Kanu3yomesi MUmoxoHOPUU C Mpoce8emiieHHbIM MampuUKCOM U paspyWweHHbIMU Kpucmamu, HepagHOMEPHO PacuUpEeHHbIe KaHabuyb!
gapuabenbHOU M0 KOHueypayuu 2paHynsapHoU 3HOonna3Mamu4eckoli cemKku ¢ 371eKMPOHHO PO3payHbiM COOepPXUMbIM U
MHO204UCIIEHHbIE NMPOU380OHbIe UX 8aKyOrbHOU mpaHcghopmayuu, KOmopble PesKo 8bIOesImCcs 8 aude C8eMIbIX sIMeH Ha MeMHOM
oHe yumonnasmbi. CriusHue 8akyosnel npugodum K ¢hopMupo8aHuto b0TbUUX 37TEKMPOHHO C8eMIlbiX M010CMel, KOmopble 3arnoiHeHb!
pasHbIMU ocmamkamu yrniomHeHHbIX OeepadupoBaHHbIX KIIemMOYHbIX cmpykmyp. Bakyonusayusi cnocobcmeyem yyacmkoegoUl
ceamMeHmayuu KOHOeHCcUpo8aHHOU Yumonna3mbl anornmo3Hbix OeHOPUMHbLIX KemokK u obpa3oeaHuro anonmo3Hbix breboe (apoptotic
blebs), komopbie nodnexam 3axeamy u nocnedywuwel Oeepadayuu npu yyacmuu cocedHUxX makpoghaeos. ObHapyxeHHble
CMPyKMypHble U3MEeHeHuUs1 opaaHesi 6erloKCUHmesupyowe2o annapama 6 Knemkax bnawek [letiepa y KpbiC ¢ 3KCriepuMeHmarbHOU
0x02080U 6051e3HbI0 MO2ym Obimb OUEHEHb! KaK rposierieHue, 8bI38aHHOE (hYHKUUOHAasIbHbIM MepeHanpsXXxeHuemM 2paHynspHou
sHOonnasMamuyeckol cemku, cmpecca sHoonnasmamu4yecko2o pemukynyma (ER-cmpecca). Cnedcmeuem onmumarnbHOE0 pa3gumusi
ER-cmpecca u nocnedyrouweeo omeema Ha HecgepHymblie besnku (unfolded protein response) siensiemcsi anonmo3sHasi deepadayusi
coomeemcmesyrouwell Knemku, xod Komopol mMoouguyupyemcs 8 ycrosusx UCMOMb308aHUs NPUMEHEHHbIX KOJ110UOHO-
2urnepoCcMorsiPHbIX Pacmeopos.

KntoueBble cnosa: 6rswku [leliepa, cmpyKmypHble U3MEHeHUs, 0X0208as 60/1e3Hb, 0e3UHMOKCUKaUUOHHbIE pacmeopbI.
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Topicality of the study is stipulated by the importance of objective data for medicine
concerning formation of the structure and topographic-anatomical interrelations of
the uterine tubes with adjacent organs and structures during the prenatal period of
human ontogenesis. Objective: to find and compare tendencies of changes of the
uterine tube morphologic parameters in the two groups of fetuses remote in time, and
determine age peculiarities of their topography during perinatal period of development.
The experimental material (specimens of fetuses) was divided into two groups: |
group - 35 specimens of fetuses deceased during 2017-2019; Il group - 105 specimens
of fetuses taken from the Museum of the Departments of Anatomy, Clinical Anatomy
and Operative Surgery at Higher State Educational Establishment of Ukraine
"Bukovinian State Medical University", collected during 1970-1990. Every group was
subdivided into 7 subgroups according to 10 months of the fetal period of development
(from the 4th to the 10th months). The results obtained were statistically processed
in the licensed statistical package "Statistica 6.0" using nonparametric methods to
evaluate the results. Regular changes in the topography of the right and left uterine
tubes, changes in their shape and histological structure are observed. Both uterine
tubes were found to occupy an ascending position in thirty cases out of sixty examined
specimens of early fetuses (4-6 months of age). In twenty cases one uterine tube was
found to be in an ascending position, and in ten cases both uterine tubes were placed
practically horizontally. The study of uterine tube morphogenesis in 7-month fetuses
found that the structure and topography of the uterine tubes in different age periods
differ. In two 7-month fetuses the uterine tubes were found to be in an ascending
position, in eight cases one uterine tube (the left one - in six cases out of eight) was
in a horizontal position, and in ten cases two uterine tubes were directed practically
horizontally. During the 8th month of the antenatal development one uterine tube was
found to be in an ascending position out of eight cases; in ten cases both uterine
tubes were in the position close to a horizontal one; and in two cases the left uterine
tube was in a descending position. In 9-month fetuses both uterine tubes were found
to be in a horizontal position in twelve cases, in eight cases one of the uterine tubes
was in the position close to a descending one. In fourteen fetuses 10 months of
development one uterine tube was in a descending position, and only in six cases
both uterine tubes were located horizontally. The length of the uterine tubes of 4-7-
month fetuses deceased during 2017-2019 was not found to differ reliably. Similar
regularity was found in the group of fetuses aged from 9 to 10 months. The length of
the uterine tubes of the archival specimens increases reliably every two months. In
this group of fetuses the parameters of the uterine tube length aged from 9 to 10
months were found to differ reliably contrary to the length of the uterine tubes in the
group of modern specimens of a similar age. Comparison of dynamics in changes of
the uterine tube length in the two groups of fetuses remote in time showed that within
the frame of one group differences in the morphometric parameters between the right
and left uterine tubes are not considerable. Therefore, the study of peculiarities in
the structure of the uterine tubes at every stage of the perinatal period found certain
peculiarities and regularities of their development.

Keywords: uterine tubes, fetus, anatomy, human.
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Introduction

The importance of studies dealing with spatial-temporal
dynamics of transformations of the human organ systems
during antenatal period of development is difficult to be
overestimated for modern morphological science. A number
of scientific works published in modern scientific periodical
editions deal with investigation of these processes. The
priority and importance of investigations of different organs
and/or systems is not possible to determine. Undoubtedly,
the study of embryotopography and perinatal morphology of
the female reproductive system will contribute greatly in
understanding of interrelations and interaction on shape-
generating processes and spatial-temporal organization of
anatomical structures, detection of time and morphological
preconditions of a possible development of variants in their
structure and congenital defects [4]. Though even now
literature contains disputable, fragmentary and non-
systematize information concerning age morphological
peculiarities of the organ systems of fetuses on the whole
and uterine tubes in particular. Certain data [2] determine
that close shape-generating interrelations are established
between the mesenchymal membrane of the
paramesonephral ducts and caudal ligament of
mesonephros (Wolffian body/inguinal fold) on the eighth
week of development. Some other data determined [3] that
the mucous membrane of the uterine tubes during early
reproductive age is covered with simple columnar epithelium
with a small amount of ciliated and secretory cells available.
Single lymphocytes are found in the submucous layer. The
serous layer is presented by the mesothelium. At the same
time, the muscular layer of the uterine tube wall is found [4]
to consist of the external layer (spiral), intermediate layer
(circular) and internal one (longitudinal). Moreover, certain
differences are found in the scientific literature in definition
of terms denoting the origin of the embryo and formation of
the paramesonephral ducts, the terms and mechanisms of
occurrence of congenital defects of the uterine tubes; different
data are contained concerning development of derivatives
of the paramesonephral ducts. Little attention is paid to the
investigation of the shape, length and diameter of the uterine
tubes, histotopography of their walls in the dynamics of the
fetal period of ontogenesis. Peculiarities of the structure and
structural transformation of the uterine tubes remain a topical
issue of morphologists and clinicians [5, 25].

A thorough examination of the perinatal processes of
morphogenesis will help to isolate trigger components
promoting development of congenital pathology. Defects of
the urogenital system are third by their occurrence, including
5,4% of developmental defects of the uterine tubes.

Determination of accurate and complete information
concerning regularities of topographic-anatomical
interrelations of the uterine tubes between themselves and
adjacent structures during the antenatal period of human
ontogenesis, specification of time and morphological
preconditions of possible occurrence of their variants of
structure and congenital defects is one of the important areas

of anatomical science [27].

An active introduction of ante- and perinatal prevention of
congenital defects of the internal organs requires modern
approaches and methods of investigation of the antenatal
period of human ontogenesis. Antenatal diagnostics,
therapy, surgical correction and prevention of fetal pathology
are the most considerable components of reproductive
strategy and perinatology. At the present stage of
development of perinatal medicine the main principle should
be realized - attitude to the fetus as a patient [26].

A wide introduction of computed tomography, magnetic-
resonance imaging, ultrasound diagnostics into clinical
practical work promotes timely detection and prediction of
development of perinatal pathology. Considering present
requirements, the relations between morphology and clinical
studies should be advanced.

Fragmentary and non-systematized character of the
scientific studies concerning typical and variant anatomy of
the uterine tubes promotes topicality of the study and
requirement of its solution. Therefore, topicality of the study
is caused by a medical importance of objective data
concerning the formation of structure and topographic-
anatomical interrelations of the uterine tubes with adjacent
organs and structures during the prenatal period of human
ontogenesis [21-24].

Objective: to find and compare tendencies of changes
of the uterine tube morphologic parameters in the two groups
of fetuses remote in time, and determine age peculiarities
of their topography during perinatal period of development.

Materials and methods

The scientific study was conducted at the Department
of Anatomy, Clinical Anatomy and Operative Surgery,
M.G. Turkevych Department of Human Anatomy, at Higher
State Educational Establishment of Ukraine "Bukovinian
State Medical University" (BSMU), and it is a fragment of
their planned scientific-research work "Peculiarities of
Morphogenesis and Topography of the Systems and
Organs during Pre- and Postnatal Periods of Human
Ontogenesis" (state registration Ne 0115U002769). The
materials of the scientific research have been considered
by the BSMU Biomedical Ethics Board. The Board approved
that the study was performed according to the European
Convention for the Protection of Vertebrate Animals Used
for Experimental and other Scientific Purposes
(18.03.1986), "Ethical Principles for Conducting Research
with Human Participants", approved by Helsinki Declaration
(1964-2013), ICH GCP (1996), EU Directives Ne 609
(24.11.1986), the Orders of the Ministry of Health of Ukraine
Ne 690 (23.09.2009), Ne 944 (14.12.2009), Ne 616
(03.08.2012). The experimental material (specimens of
fetuses) was divided into two groups: | group - 35 specimens
of fetuses deceased during 2017-2019; Il group - 105
specimens of fetuses taken from the Museum of the
Departments of Anatomy, Clinical Anatomy and Operative
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Table 1. Correspondence of fetal length to the term of the fetal
development.

Modern specimens
Months 4 5 6 7 8 9 10
165.0 | 210.0 [ 260.0 | 310.0 | 355.0 [405.0 [ 455.0
170.0 | 220.0 [ 260.0 | 310.0 | 360.0 [420.0 [ 455.0
170.0 | 220.0 [ 270.0 | 325.0 | 360.0 [430.0 [ 460.0
180.0 | 230.0 [ 280.0 | 340.0 | 370.0 [430.0 [ 465.0
180.0 | 240.0 | 300.0 | 340.0 | 380.0 [445.0 [ 470.0

Archive specimens

260.0 | 310.0 | 355.0

170.0 1 210.0 410.0 [ 455.0

170.0 1 210.0 | 260.0 | 310.0 | 355.0 | 410.0 | 455.0

170.0 1 210.0 | 260.0 | 310.0 | 355.0 | 410.0 | 455.0

Parietal- 170.0 | 220.0 | 265.0 | 320.0 | 360.0 | 420.0 | 460.0

calcaneal
length
(mm)

170.0 | 220.0 | 265.0 | 320.0 | 360.0 | 420.0 | 460.0

170.0
170.0
170.0
180.0
180.0
180.0
180.0
180.0
180.0
185.0

220.0
225.0
230.0
230.0
235.0
240.0
240.0
2450
250.0
250.0

270.0
270.0
275.0
275.0
290.0
290.0
300.0
300.0
300.0
300.0

320.0
330.0
335.0
340.0
340.0
340.0
340.0
345.0
345.0
350.0

360.0
360.0
365.0
365.0
370.0
370.0
370.0
380.0
380.0
380.0

4250
430.0
430.0
430.0
440.0
440.0
440.0
4450
4450
4450

460.0
460.0
465.0
465.0
465.0
465.0
470.0
470.0
470.0
470.0

Surgery at Higher State Educational Establishment of
Ukraine "Bukovinian State Medical University", collected
during 1970-1990. Every group was subdivided into 7
subgroups according to 10 months of the fetal period of
development (from the 4th to the 10th months) [1].

The age of fetuses and neonates was determined
immediately after obtaining them before preservation by
means of measuring the parietal-coccygeal length and
parietal-calcaneal length according to A.A. Zavarzin, A.G.
Knorre, B.M. Petten tables; recommendations by B.P. Khvatov
and Yu.N. Shapovalov, A.l. Brusylovsky and G.G. Avtandilov.
Correspondence of fetal length to the term of the fetal
development is presented in Table 1. The choice of the
preserving solution was caused by the fact that it is this
neutral formaldehyde solution according to V.I. Proniayev et
al. [20] that least changes the colour of the specimen. The
specimens of fetuses were first measured, preserved in 5-
7% formaldehyde solution during 2-3 weeks, and after that
kept in 3-5% formaldehyde solution. The specimens of
fetuses from the first group were examined directly in the
prosectorium of Chernivtsi Regional Municipal Medical
Institution "Pathologic-Anatomical Bureau" during planned
dissections.

The results obtained were statistically processed in the
licensed statistical package "Statistica 6.0" using
nonparametric methods to evaluate the results. The character

of distribution for every variation series obtained, mean values
for every sign examined, standard quadratic deviation, and
percentile scale of parameters were evaluated. Difference
reliability of parameters between independent quantitative
values was determined by means of Mann-Whitney U-
criterion [8, 18, 23].

Results

While examining peculiarities of the uterine tube structure
at every stage of the perinatal period we have found certain
peculiarities and regularities of their development.
Particularly, regular topographic changes of the right and left
uterine tubes, changes of their shape and histological
structure were observed. Peculiarities of the uterine tube
topography found by us should be characterized by a certain
compliance with the ovarian topography, since regular
interrelations in the development of these organs are found
in the fetal period of human ontogenesis. Numerous studies
dealing with investigation of the uterine tube topography of
fetuses conducted by scientists [26, 27] and published on
the pages of periodical scientific editions are indicative of
certain unconformity of results. Specifically it is indicated [7,
25] that at the beginning of the fetal period the uterine tubes
passing parallel to the dorsal-lateral abdominal wall in a
free upper margin of the broad uterine ligament till the end
of the fetal period descend synchronously into the pelvic
cavity and in all the cases they are located on the level with
the uterine fundus. At the same time, their skeletopia
changes from the level of the 5" lumbar vertebra at the
beginning of the fetal period to the 2™ sacral vertebra in
neonates. We can agree with a thesis concerning a
skeletopic change of the uterine tube position, but we cannot
agree with the thesis about synchronous descending of the
right and left uterine tubes to the level of the uterine fundus.
We have determined that in 30 out of 60 examined
specimens of the early fetuses (4-6 months of age) both
uterine tubes were found to be in an ascending position, in
20 cases one uterine tube was in an ascending position
and in 10 cases both uterine tubes were located practically
horizontally.

We have found successive stages of the uterine tube
shapes: conditionally straight, curved, zigzag, and spiral
(Fig. 1).

At the beginning of the fetal period (4-5 month fetuses) a
zigzag shape of the uterine tubes prevails over the rest of
variants of their shape practically twice as much (50%).
Cases with a spiral shape were found in 30%, and
conditionally straight uterine tubes were found in 20% cases
(Fig. 2).

Spiral and zigzag uterine tubes were found in 30 and
70% of cases respectively in fetuses of 6 months of age.

Examination of the uterine tube morphogenesis of 7-
month fetuses found that the structure and topography of
the uterine tubes at different terms differ. In two fetuses both
uterine tubes were in an ascending position, in 8 cases one
of the uterine tubes (the left one - in 6 cases out of 8) was in
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Fig. 1. Internal female reproductive organs of fetuses 210,0 (A)
and 300,0 (B) mm of the parietal-calcaneal length. Specimen. 1 -
uterine tubes; 2 - ovaries; 3 - uterus; 4 - urinary bladder; 5 -
rectum; A - conditionally straight or curve uterine tubes, B - spiral
or zigzag uterine tubes.

Zigzag shape;
50%

Fig. 2. Variability of shapes of the uterine tubes in 4-5-month
fetuses.

a horizontal position, and in 10 cases two uterine tubes
were directed practically horizontally.

During the 8th month of the antenatal development one
uterine tube was found to be in an ascending position out of

eight cases; in ten cases both uterine tubes were in the
position close to a horizontal one; and in two cases the left
uterine tube was in a descending position (Fig. 3).

In 9-month fetuses both uterine tubes were found to be
in a horizontal position in twelve cases, in eight cases one
of the uterine tubes was in the position close to a descending
one.

In fourteen fetuses 10 months of development one
uterine tube was in a descending position, and only in six
cases both uterine tubes were located horizontally (Fig. 4).

Analyzing the dynamics of changes of the right uterine
tube length in 4-10-month fetuses from the first group (Fig.
5 A), it should be noted that its length in 4, 5, 6 and 7 month

6 MONTH

Zigzag shape;
30%

7 MONTH

Zigzag shape;
20%

8 MONTH

Zigzag shap!
10%

Fig. 3. Variants of uterine tubes in 6-8-month fetuses.
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Zigzag shape;
30%

Curved; 20%

Conditionally
staight; 50%

Fig. 4. Variability of the uterine tube shape at the end of the fetal
period.

28

reliably shorter than in 6-10-month fetuses. This parameter
of 6 and 7-month fetuses does not differ reliably (p>0.05).
In the rest of cases the length of the right uterine tube in 8-
month fetuses is reliably shorter than that of 9 and 10-
month fetuses. In 9-month fetuses this parameter is shorter
than that of 10-month fetuses (p<0.05-0.01).

The dynamics of length of the left uterine tube in fetuses
from the first group (Fig. 6 A) is similar to that of the right
uterine tube. This parameter in 4-7-month fetuses does not
differ reliably (p>0.05), though it is reliably shorter than the
length of the left uterine tube in 8-10-month fetuses (p<0.05-
0.01). There is no reliable difference found in 7 and 8-month
fetuses except comparison with the length of the left uterine
tube in the first group. There is no reliable difference found
between the length of the left uterine tube in the first group of
9 and 10-month fetuses. The length of the left uterine tube in
this group of 8-month fetuses is reliably shorter than that of
9 and 10-month fetuses (p<0.01).

The length of the left uterine tube in the second group
has certain considerable peculiarities (Fig. 6 B), both in
comparison with the length of the right uterine tube in both
groups, and in comparison with the same parameter in
the first group. That is, there is no reliable difference found
between specimens of 4 and 5-month fetuses from the
second group in the length of the left uterine tube (p>0.05),

28
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Fig. 5. Length of the right uterine tube of fetuses from different
age groups. Here and further: A - first group, the studies of 2017-
2019; B - seconds group, specimens of 1970-1990.

fetuses does not differ reliably similar to that of 7 and 8, 9
and 10 month fetuses (p>0.05). Though, in 4-7 month
fetuses its length is reliably shorter than in the rest of terms
(p<0.05-0.01).

In fetuses from the second group (Fig. 5 B) the length of
the right uterine tube in 4-month fetuses does not differ
reliably from that of 5-month fetuses (p>0.05), though it is
reliably shorter than that of fetuses of the rest age groups.
In 5-month fetuses the length of the right uterine tube is

A
24
20 @ @
16 @
12 @
s
“T_ Mean+SD
8 Mean-SD
] Mean+SE
Mean-SE
4
4 5 6 7 8 9 10 o Mean
34
B
30
26
22 %
18 %I
1 % % [ Mean+SD
10 Mean-SD
% [ Mean+SE
Mean-SE
6
4 5 6 7 8 9 10 o Mean

Fig. 6. Length of the left uterine tube of fetuses from different age

groups.
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similar to that of 5 and 6-month, 6 and 7-month fetuses.
Though, the length of the left uterine tube in 4-month fetuses
from the second group is reliably shorter than that of 6-10-
month fetuses. Similar situation is observed in 5 and 6-
month fetuses. The length of the left uterine tube in 5-month
fetuses is reliably shorter than that of 7-10-month fetuses.
The length of the left uterine tube from the second group in
6-month fetuses is reliably shorter than that of 8-10-month
fetuses, though it is longer than that in 4-month fetuses
(p<0.05-0.01). In this case the length of the left uterine tube
in 9 and 10-month fetuses does not differ reliably (p<0.001).
During 7 month of development the length of the left uterine
tube in fetuses from the second group is reliably shorter
than that in 8-10-month fetuses. Though, it is longer than
that in 4 and 5-month fetuses and does not differ from that
of 6-month fetuses (p>0.05). The left uterine tube in 8-month
fetuses is reliably shorter than in 9-10-month fetuses and
longer than in 4-7-month fetuses.

Discussion

Summing up the above a conclusion can be drawn
concerning nonsynchronous descending of the uterine tubes
into the pelvic cavity. Immersion of the uterine tubes into the
uterine-rectal depression was often observed in late fetuses,
which differs considerably from the results of studies
conducted by the majority of authors [16-19].

During perinatal period certain transformations are found
in the shape of the uterine tubes. Numerous researchers [6,
15, 11] do not have agreed points of view concerning the
shape of uterine tubes and dynamics of its changes. Authors
differentiate straight uterine tubes in early fetuses, serpentine
uterine tubes - in 6-10-month fetuses. Moreover, they
differentiate curved uterine tubes, in the form of "corrugated
tube", L-like, C-like, in the form of a hook, etc. Though, the
results of our investigations do not allow complete
agreement with such definitions, since detection of the
uterine tube shape should be based on understanding of
regularities of a comprehensive morphological
transformations occurring in their walls. The authors have
certain reasons to consider that topography and location of
the uterine tubes depend on the degree of development and
position of the ovaries, that is: the longer ovarian length the
more inclined position of the uterine tube is.

The importance of the suspensory ligament of the ovary
concerning its topography and topography of the uterine tube
is a well-known fact [7-9, 24]. Of course, there are no grounds
to refuse it, but we think that the processes of morphogenesis
having a leading value during the embryonic period produce
less effect on morphological transformations during the
perinatal period. Since the 5th month of the antenatal
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XAPAKTEPUCTUKA MATKOBUX TPYB Y NNOAOBOMY MNEPIOAI: TOMOIPA®IYHI TA MOP®OMETPWUYHI NMAPANENI

lMponsiee A.B., Bynuk P.€.

AkmyarnbHicmb daHo20 00C/iOXeHHs1 3ymoerieHa saxnusicmio 0515 MeduyuHu ob'ekmueHuUX daHux fpo cmaHoeseHHs bydosu i
moroepaghoaHamoMiYHUX 83aEMO8IOHOWEHb MamKogux mpyb 3i CyMiKHUMU op2aHaMu ma cmpyKmypamu 8 rpeHamarbHOMY repiodi
OHmMozeHe3y nnduHu. Mema pobomu - ecmaHoeumu ma fopieHIMU meHOeHUii 3MiH Mopghoo2idyHUX napamempie Mamkosux mpy6
deox siddaneHux y 4aci epyn nnodie ma 3’sicyeamu eikosi ocobrnueocmi ix mornozpaii y nepuHamanbHOMYy repiodi po3sumky.
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HocnidHuti mamepian (npenapamu rnodis) 6yno po3nodineHo Ha 08i epynu: | epyna - 35 npenapamig nnodie, kompi nomepu 8rnpPodosx
2017-2019 pp; Il epyna - 105 npenapamie nnodis i3 Mmy3eto kaghedpu aHamomil, KniHiYHOI aHamomii ma onepamusHoi xipypeii Buujozo
OepxasHo20 Has4YaribHO20 3aknady YkpaiHu "BykosuHcbKull OepxasHul medudHul yHisepcumem”, wo 6ynu 3ibpaHi enpodosx 1970-
1990 pp. KoxHy i3 epyn 6yno po3nodineHo Ha 7 nidepyn 8idnosioHo 10-mu micsaysm nnodogoeo rnepiody po3eumky (3 4-eo no 10-U).
CmamucmuyHull aHanis ompumaHux pesynbmamig rnpogedeHull y niyeH3iliHoMy cmamucmu4yHoMy rakemi "Statistica 6.0" 3
8UKOpUCMaHHSAM HerapaMmempuy4yHUX Memodie oujiHKU pe3ynbmamis. BcmaHoeneHi 3akoHOMIipHI 3miHU mornoepadii npasoi ma nigol
Mamkosux mpyb6, 3miHa ix ¢oopmMu ma aicmosnoeiyHoi 6ydosu. BusierieHo, wo i3 60 docnidxeHux rnpenapamie paHHix rnnodis (sikom 4-
6 wmicayis) y 30 eunadkax obudsi mamkosi mpybu 3alimanu eucxioHe rnosnoxeHHs, y 20 sunadkax oOHa Mamkoea mpyba 3alimana
sucxiOHe nonoxeHHs1 i 8 10 sunadkax ds8i Mamkosi mpybu po3maliosysanuchb matixe 20pu3oHmarsbHo. [pu docnidxeHHi MopghoceHe3y
mamkosux mpy6 nnodie 7 micsuie 8HympiWHb0ympobHO20 PO38UMKY 8usienieHo, wo bydosa i monozpachis Mamkosux mpy6 y pisHi
sikosi nepiodu mae ceoi 8idmiHHocmi. Y deox nnodie sikom 7 micsuie 08i Mamkosi mpybu 3aliManu 8ucxiOHe MoroxeHHs, y 8 aunadkax
o0Ha 3 mamkosux mpyb (niea - y 6 eunadkax i3 8) 3alimana 2opu3oHmarnbHe nosnoxeHHs1 i 8 10 eunadkax 08i mamkosi mpybu
cripsimMosysarnucsi malixxe 20puU3oHmarnbHoO. Ha eocbMoMy micsiui HympilHboympobHo20 po3sumky y 8 sunadkax, oOHa 3 Mamkogux
mpy6 3alimana sucxioHe nosnoxerHsi, y 10 aunadkax obudsi mamkosi mpybu 3almarnu rnonoxeHH s, HabruxeHe 00 20pU30HMarnbHO20,
i 8 2 sunadkax nisa mamkosa mpyba 3aliMana HU3XiOHe ronoxeHHs. Y nnodie 9 micauie y 12 eunadkax obudsi mamkosi mpybu
3alimariu 20pu3oHmarbHe rosIoXeHHs], a y 8 aurnadkax - 00Ha 3 MamKkogux mpyb 3aliMana rosoxeHHs1, HabruxeHe 00 HU3XiOHoeo. Y 14
nnodie sikom 10 micsiyie o0Ha mamkosa mpyba 3alimana HU3XxiOHe MOoMoXeHHs | nuwe 8 6 sunadkax obudsi mamkosi mpybu
po3mauwiogysanuchb 20puU3oHmManbHo. BcmaHosneHo, wo dosxuHa Mamkosux mpy6b nnodie eikom 4-7 micsyis, wo nomepnu 8rnpooosx
2017-2019 pp., ocmoegipHO He 8idpi3HsAnach. AHanozidyHy 3aKOHOMIpHiCmMb ecmaHoeneHo 051 epyn nnodie sikom 9 ma 10 micsuie.
HoexuHa mamkosux mpy6 apxigHux npernapamie KoxHi 2 micayi docmosipHo 3b6inbwyembcs. B OaHil epyni makox 60cmosipHO
8i0pi3HsItOMbCS Napamempu Ao8xXuUHU Mamkosux mpyb nnodie sikom 9 ma 10 micsiuie Ha 8iOMiHy 8i0 doexuHu Mamkosux mpy6 nnodis
epyrnu cy4acHuX npernapamig aHanoei4Hozo 8iKy. IopieHsIHHA duHaMiku 3MiHU QO8XUHU Mamkosux mpy6 080X po3eedeHuUX y yaci epyrn
rnnodie rnokasano, Wo 8 Mexax OOHiei epynu 8iOMIHHOCMI 8 MOPhOMeMPUYHUX napamempax MK Npasor ma Jli80 MamkKo80t0
mpy6oro € HeaHa4yHUMU. Takum YuHOM, ripu docridxeHHi ocobrnugocmeti 6ydosu mamkogux mpyb Ha KOXXHOMY 3 emariie nepuHamanbHO20
nepiody susieneHi nesHi ocobrueocmi ma 3aKOHOMIPHOCMI iX PO38UMKY.

KnrouoBi cnoBa: mamkosi mpybu, nnid, aHamowmis, rroduHa.

XAPAKTEPUCTUKA MATOYHbIX TPYB B NNOAOBOM NEPUOAE: TONOrPA®UYECKUE U MOPPOMETPUYECKUE
NAPANNENN

lMpoxsiee A.B., Bynbik P.E.

AxkmyarnbHocmb 0aHHO20 uccriedosaHusi obycriosrneHa 8axxHOCMbIo 0nsi MeOUUUHbI 06BeKMUBHbIX aHHbIX O CMaHOBIeHUU CMPOeHUS
u mornozpagho-aHamoMU4eCKOM 83aUMOOMHOWEHUU MamoYHbIX mpyb CO CMeXHbIMU Op2aHaMu U cmpyKmypamu 8 rpeHamarnbHOM
rnepuode oHmMozeHe3a Yernoseka. Llenb pabomel - onpedenums U cpagHUMb MeHOeHUUU U3MeHeHUl MOPghorIo2UHEeCKUX napamempos
MamoyHbIx mpy6 d8yx omodarneHHbIX 80 8peMeHU epyrnn 10008 U 8bISCHUMb 803pacmHble ocobeHHocmu ux mornoepaguu 8
rnepuHamanbHoM repuode pasgumusi. Niccredyembili Mamepuan (npenapamsl nnodos) bbin pa3deneH Ha dge epynnbi: | epynna - 35
npenapamos nnodos, ymepwux 8 mevyeHue 2017-2019 e2; Il epynna - 105 npenapamos nnodos u3 my3es kaghedpbl aHamomuu,
KIuHU4YecKkol aHamomuu u oriepamugHoU Xxupypeuu Bbicwezo eocydapcmeeHHo20 yyebHozo 3agedeHus "BykosuHckul
eocydapcmeeHHbIlU MeduyUuHCKul yHusepcumem", cobpaHHbie 8 meveHue 1970-1990 ee. Kaxdyto u3 epynn pacripedenunu Ha 7 noozpyni
coomeemcmeeHHo 10-mu mecsyam ninodHo20 nepuoda pazsumusi (¢ 4-20 no 10-0). Cmamucmuydeckul aHanu3 rnosy4eHbIX pe3ynbmarmos
8bIMOSTHEH 8 JIUUEH3UOHHOM cmamucmu4yeckom rnakeme "Statistica 6.0" ¢ ucrnonb3oe8aHUeM HernapamempuyeKkux Memooo8 OUeHKU
pe3ynbmamos. YcmaHo8neHbl 3aKOHOMEPHbIe U3MeHeHUs1 morozpaguu npasol u 1ee8oli MamoyHbIX mpyb, UdMeHeHue ux ¢hopmbi U
eaucmornoeau4yecKko2o cmpoeHusi. BoisisrieHo, ymo u3 60 uccriedosaHHbIX npernapamos paHHUX n1odos (8 eospacme 4-6 mecsyes) 8 30
cnydasix obe MamoyHble mpybbl 3aHUMasu socxoodsuwee rnonoxeHue, 8 20 ciydasax oOHa MamoyHasi mpyba 3aHumarna socxodsuee
rnonoxeHue u 8 10 cnydasx dse mMamoyHble mpybbl pacrionazanucb noYymu 2opudoHmarnsHo. [pu uccnedosaHuu mMopgozeHesa
MamoyHbIX mpyb nnodoe 7 mecsues sHympuympobHo20 pa3eumusi, 8bIsI8/IEHO YMO CMpoeHuUe u morozpaghusi MamoyHbix mpyb &
pa3sHble go3pacmHblie nepuodbl umerom ceou omnuyus. Y dsyx nnodoe 8 eo3pacme 7 mecsayes 08e MamoyHbie mpybbl 3aHUManu
gocxodsuee ronoxeHue, 8 8 cnyyasix o0Ha u3 MamoyHbix mpyb (neeas - 8 6 criy4asix u3 8) 3aHUMasna 2o0puU3oHMarbHOe oI0XKeHUe
u 8 10 criyyasix dee MamoyHble mpybbl HanpasneHbl MoYMu 20pu3oHmareHo. Ha 8 mecsiue eHympuympobHozo pa3sumusi 8 8 criyqasix,
00Ha U3 MamoyYHbIX mpyb 3aHuUMarna gocxoodsujee nonoxeHue, 8 10 crydasx obe mamoyHbie mpybbl 3aHuUMarnu nonoxeHue, bruskoe
K 20pu3oHmMarnbHOMYy, U 8 2 cry4Yasix fieeasi MamoyHasi mpyba 3aHumara Hucxoosuwee nosoxeHue. Y nnodos 9 mecsiyes 8 12 criyyasx
obe MamouyHble mpybbi 3aHUMasnu 20pU30oHMarbHoOe ronoxeHue, a 8 8 cryyasix - 00Ha U3 Mamoy4Hbix mpy6 3aHuUMara rosioXeHue,
6nuskoe k Hucxooswemy. Y 14 nnodos 8 eospacme 10 mecsiyes o0Ha mamoyHas mpyba 3aHuMarna HUCX00su,ee MoIoKeHUe U MOoJIbKO
8 6 cnyyasix obe MamoyHble mpybbl pasmeu,anucb 20pU30HMarbHO. YcmaHosneHo, Ymo OriuHa MamoyHbix mpy6 nnodos 8 eo3pacme
4-7 mecsauyes, ymepuwux Ha npomsxkeHuu 2017-2019 ea., docmogepHO He omau4yaemcs. AHaro2u4yHy 3aKOHOMEPHOCMb YCMaHO8/1eHO
ona epynn nnodos gospacmom 9 u 10 mecsuyes. [AnuHa MamoyHbiX mpy6b apxueHbiX rpenapamos Kaxoble 2 mecsiua 00CMOBEPHO
yesenu4usaemcs. B daHHoUl epynne makxe 00cmoeepHO omsuyaromecs napamempbl OnUHbl MamoyHbIX mpy6 nnodoe eo3pacmom 9 u
10 mecsiyes 8 omsu4uu om OnuUHbI MamoYHbiX mpy6 nnodos epyribl COBPEMEHHbIX Mpernapamos coomeememeayoue2o eo3pacma.
CpasHeHue OuHaMUKu U3MeHeHUUl OnuHbl MamoyYHbiXx mpyb 8 08yx pa3gedeHHbIX 80 8peMeHU epyni n1odoe rnokasaso, Ymo 8 2paHuyax
00HOU epynnbl pasfnuyuss 8 MopgomMempuyeckux napamempax mexo0y rnpaeol u Aesol mMamoyHol mpyb6ol sensomcs
He3Ha4yumersnbHbIMU. Takum obpasomM, npu uccriedogaHuu ocobeHHocmel CmMpPOeHUsi MamoYHbIXx mpy6 Ha KaxdoMm u3 amanos
nepuHamarnbHo20 nepuoda 8bisierieHbl onpedesieHHble 0CO6eHHOCMU U 3aKOHOMEPHOCMU UX pas3gumusi.

KnioueBble cnoBa: mamoyHblie mpybbl, 17100, aHamoMUusi, YEII08€xX.
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In recent decades, diseases of the digestive system that require immediate, both
therapeutic and surgical treatment, have become widespread, and it is therefore a
natural task to find new and optimize existing technologies and methods for correcting
the above-mentioned nosologies. Preclinical studies of such developments are
conducted exclusively on laboratory animals and knowledge of the morphological
features of their structure for further comparison with the morphology of similar human
organs is an urgent task of modern medical and biological science. The purpose of the
study was to study the structural organization of the ileum of rabbits in comparative
species and to obtain control data on its morphological features. Adequate research
methods were used in the work according to the set goal, namely: histological,
histochemical, electron microscopic, morphometric and statistical and biopsies of the
ileum of 10 rabbits were studied. The correctness of the distribution of traits by each
of the variations obtained, the average values for each trait studied, standard errors
and standard deviations were evaluated. The significance of the difference of values
between independent micrometric values in the normal distribution of features was
determined by Student's criterion. The paper describes the main structural components
of the ileum of rabbits and compared with similar structures of the human ileum. The
ileum of rabbits, as in humans, has been determined to have four membranes: mucous,
submucosal, muscular and serous. The mucous membrane is constructed from the
epithelial layer, which is located on the basement membrane and the muscular plate
and contains cellular elements (exocrinocytes, enterocytes of various kinds, elements
of the diffuse endocrine system associated with the mucous membrane, intraepithelial
lymphocytes), blood and lymphatic vessels and nerve endings. The submucosa is
composed of loose fibrous connective tissue, which contains collagen and reticular
fibers, elements of diffuse lymphoid tissue, blood vessels, and nerve endings. The
muscular and serous membranes are constructed in the same way as in the human
ileum. Thus, after the study, it was determined that the morphological organization of
the ileum of rabbits at the optical and electron microscopic levels has general patterns
of structure similar to those in the ileum of the human.

Keywords: ileum, exocrinocytes, endocrinocytes, lymphocytes, arterioles, capillaries,
venules.

Introduction

Digestive diseases are one of the most widespread
not only in the territory of our country, but in the whole world.
Mortality from digestive diseases is a significant proportion
of all diseases [12, 13, 15]. In recent years, there has been
a steady increase in the incidence of malignant tumors of
the small intestine, including malignant non-epithelial
tumors, most often stromal tumors accounting for 4-10 %
[9, 14]. Despite the fact that the therapeutic options for
conservative therapy of small bowel disease have expanded

significantly over the last decade, about 20-60 % of patients
with inflammatory bowel disease may need surgical
treatment over the course of their lives [2, 17, 18].

In the available literature, data are available on the
morphological features of the structure of both the middle
section of the digestive tube as a whole and its individual
parts [3, 4, 5, 6, 7, 8]. However, these studies relate to the
morphology of the rat digestive tube, and the structural
features of the rabbit ileum have not been studied. The
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urgency of studying this issue is due to the fact that rabbits
are used as laboratory animals in the development of tactics
for surgical treatment of diseases of the small intestine,
which is related to the linear dimensions of the latter. Based
on the above study of morphology of the ileum of rabbits is
a normal medical and biological task, and the data obtained
will serve as reference indicators in the course of a series
of experimental developments.

The purpose of the study was to study the structural
organization of the ileum of rabbits in comparative species
and to obtain control data on its morphological features.

Materials and methods

This study used rabbits of the "Chinchilla" breed (n=10).
Animals were kept and all manipulations were carried out
in accordance with the "Rules for the Use of Laboratory
Experimental Animals" (2006, Annex 4) and the Declaration
of Helsinki on Animal Welfare, Law of Ukraine "On the
Protection of Animals against Cruelty" (No. 3447-1V of 21.02.
2006) in compliance with the requirements of the Bioethics
Commission of the Ukrainian Medical Dental Academy, in
accordance with the provisions of the "European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes" (Strasbourg,
1986).

Histological, ultramicroscopic, morphometric and
statistical methods of investigation were used in the work.
For this purpose, in the operating department of clinical
anatomy and surgery, surgery was performed on the small
intestine in the ileum. To determine the main
morphological parameters of the ileum biopsy was removed
and compacted into paraffin and epoxy resin according to
conventional methods. From paraffin blocks, semi-thin
sections of 4-5 ym thick were made, which were then
stained with hematoxylin and eosin, followed by Van Gizon
with Harte refinement. Thin sections 1-2 um thick were
made of epoxy blocks and stained with methylene blue
and toluidine blue. Further histological sections were
examined using an Olympus C 3040-ADU digital
microscope with programs adapted for this study (Olympus
DP - Soft, license no. VJ285302, VT310403,
1AV4U13B26802) and Biorex 3 (serial number 5604).
Morphometric studies were performed using a system of
visual analysis of histological preparations. Images of
histological specimens on a computer monitor were taken
from a microscope and using a Visiion CCD Camera.
Morphometric studies were performed using VideoTest-
5.0, KAAPA Image BaseTta Microsoft Excel software on a
personal computer. Ultramicroscopic investigations were
performed on the basis of the electron microscopy
laboratory of the Ternopil National Medical University named
after . Gorbachevsky in accordance with the concluded
agreement on scientific cooperation.

The average size of the intestinal wall was determined
morphometrically, namely: the average total thickness of
the intestinal wall; the average thickness of the mucous

membrane; the average thickness of the submucosa; the
average thickness of the muscle; the average thickness of
the serous membrane. The morphometric characteristics
of the elements of the hemomicrocirculatory bed were
determined in accordance with the guidelines [11, 12, 18]
and the index of their capacity (Wogenworth index) was
determined. We measured the average height of the villi,
the average apical width of the villi, the average basal width
of the villi, the average diameter of the lumen of the lymphatic
vessel of the villi, the average depth of the crypts, the average
diameter of the crypts. In parallel, the average number of
structural elements of the ileum of the ileum in the villi was
calculated: the average number of columnar epitheliocytes
with a border; the average number of goblet cells; average
number of endocrinocytes; average number of
intraepithelial lymphocytes; in crypts: average number of
columnar epitheliocytes; the average number of goblet
cells; average Paneth cell count; average number of
endocrinocytes.

The statistical methods of the study evaluated the
correctness of the distribution of traits by each of the
variations obtained, the average values for each trait
studied, standard errors and standard deviations. The
significance of the difference between independent
micrometric values in the normal distribution of features
was determined by the Student's test.

Results

The study found that the ileum of rabbits is a tubular
organ which is made of mucous, submucosal, muscular
and serous membranes. The total wall thickness averaged
401.312.4 pm.

The average thickness of the mucous membrane was
288.6+8.3 um. The mean thickness of the submucosa was
17.12+2.25 ym. The average thickness of the muscle was
determined in the range 97.47+1.35 ym, and the mean
thickness of the serous membrane was 8.161+1.871 um.
As part of the mucous membrane of the ileum was
determined epithelial plate, which was represented by a
single-layer columnar epithelium. Below it was a lining of
the mucous membrane, which in turn consisted of loose
fibrous connective tissue, and even more deeply visualized
a muscular lining of the mucous membrane, which was
built of several layers of smooth myocytes (Fig. 1).

On histological preparations the mucous membrane
of the ileum of the rabbits formed a kind of relief pattern in
the form of villi and crypts. The villi of the ileum of the ileum
had a finger-like shape, and their average height was
179.2+3.6 ym. The average thickness of the villi varied
depending on its topography. Thus, the mean apical width
of the villi was 33.97+0.54 ym and the mean basal width
was 39.22+0.55 ym. In the middle of the villus was a
lymphatic duct that was closely linked to the muscular plate
of the ileum of the ileum. Its average lumen diameter was
12.16+1.81 pym. Reticular fibers and a large number of
hemomicrocirculatory bed elements were visualized
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Fig. 1. enerl plan for th structure of the mucous membrane of
the ileum. Thin section. Methylene blue. x100.

h A’ . F-4
of the ileum. Semi-thin section.
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Fig. 2. Microenvironment of the villi
Hematoxylin and eosin. x400.
around it, but capillaries prevailed among the latter (Fig. 2).

The cellular composition of the ileum of the ileum was
represented by different types of epitheliocytes. On
histological preparations their varieties were clearly
visualized: enterocytes with banded edges, goblet
exocrinocytes, microfold cells. At the same time, prismatic
cells with oxyphilic cytoplasm and a well-developed nuclear
apparatus were visualized among the above-mentioned
epitheliocytes. In our opinion, these are stem cells, which
in humans are localized only in the crypts and in a small
number in the basal departments of the villi, and in rabbits
they are also available in the lateral departments.

Cells with a striped border were located mainly in the
apical departments of the villi and had a cylindrical shape,
an oval nucleus. A well-developed granular endoplasmic
reticulum and lysosome complexes were visualized in their
cytoplasm. The average number of columnar enterocytes
with a border in the composition of the ileum of rabbits was
92.35+1.84 in 10 fields of view. The goblet exocrinocytes
were located predominantly in the middle departments of

the villi. Their mean number was 10.98+2.14 in 10 fields of
view. They had an elongated shape that, in our opinion,
depended on the secretory cycle phase of these
exocrinocytes. At the ultramicroscopic level, they had a
variable shape: with the accumulation of secretions, the
apical part expanded and the basal part narrowed and
contained a nucleus and an endoplasmic reticulum. Above
the nucleus, a well-developed Golgi complex was
visualized (Fig. 3).

At the same time, elements of the diffuse endocrine
system were visualized among the cellular composition of
the epithelial layer of the ileum of the ileum. At the optical
level, endocrinocytes had a triangular or polygonal shape
with a sharply basophilic cytoplasm and, as a rule,
capillaries were visualized next to them. The average
number of endocrinocytes was 0.741+0.081 in 10 fields of
view. At the ultramicroscopic level, endocrinocytes had a
rounded nucleus with a large amount of heterochromatin.
The moderately developed granular endoplasmic reticulum
and the Golgi complex were determined in the nucleolar
zone. In the cytoplasm of these cells, a large number of
secretory granules with signs of polymorphism were
determined. It was noted that the cells of the diffuse
endocrine system had no direct contact with the lumps of
the villi and were separated from them by a group of little
differentiated cells. Also, intraepithelial lymphocytes with
classical structure were visualized among the cellular
composition of the epithelial layer of the ileum of the ileum,
and their average number was 0.382+0.041 in 10 fields of
view.

Also among the cellular composition of the epithelial
layer of the mucous membrane of the villi in its basal
divisions were found micro-folding cells, which on their
apical surface formed the invagination of the nuclear
membrane. Histotopographically, these cells were usually
located near the clusters of lymphoid tissue. When visualizing
the electronograms, it is noteworthy that under the micro-
folding cells there is no basement membrane, that is, the

. & nTN
Fig. 3. Ultrastructure of goblet exocrinocytes in the composition of
rabbit ileum villi. Electronogram. x10000.
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impression that the above cells perforate the latter and due
to such interaction is a close connection through the micro-
folding cells of the lymph nodes of the lining of the lamina.

Histological preparations between adjacent villi in the
depth of the mucous membrane closer to the submucosal
layer were determined by the ingrowth into the own plate of
the epithelial layer in the form of tubes. By analogy with such
structures in the human mucosa, we identified them as crypts
whose average diameter was 20.48+1.63 uym. These
structures were located with respect to the epithelial layer at
different and different depths, and their mean depth was
78.66+16.11 uym. The average number of crypts was
7.641+0.162 in 10 fields of view.

Among the cellular elements of the crypts were
determined: columnar enterocytes with a border whose
average number was 22.67+2.18 in 10 fields of view;
unbranched columnar enterocytes whose mean number
was 30.17+3.62 in 10 fields of view; goblet-shaped
exocrinocytes whose mean number was determined at
31.0243.62 in 10 fields of view; Paneth cells had an average
number 11.67+1.84 in 10 fields of view; endocrinocytes of
the diffuse endocrine system associated with the mucosa,
the average number of which was determined at
7.821+2.362 in 10 fields of view; intraepithelial lymphocytes
the average number of which was 1.242+0.061 in 10 fields
of view.

Among the elements of the hemomicrocirculatory bed
were identified arterioles, capillaries and venules. They were
located in both the mucous and submucosal membranes.
At the optical level, the arterioles were visualized as structures
that clearly contained three membranes and were formed
by a layer of endothelial cells located on an elastic
membrane; layer of smooth myocytes; and externally they
were covered with a non-continuous layer of adventitial
fibroblasts. In the mucosa, the mean outer diameter of the
arterioles was 11.08+0.84 um; their average lumen diameter
was determined at 7.222+0.911 pm; the mean wall thickness
was 3.86310.091 um. The capacity (Wogenworth index) of
the arterioles of the mucous membrane of the ileum of rabbits
was 135.5+4.4. The submucosal arterioles had an average
outer diameter at 10.43+0.81 ym. Their average lumen
diameter was determined at 9.732+0.412 ym, the mean
wall thickness was 0.712+0.061 ym, and the Wogenworth
index was 14.91+0.86.

Capillaries on histological specimens were defined as
vessels of small caliber whose wall was formed by a layer
of endothelium located on the basement membrane and a
discontinuous layer of serocytes, and unlike the arterioles,
the elastic membrane was absent. In the mucosa, the
capillaries had an average total diameter 6.153+£0.092 mm.
Their average lumen diameter was 5.283+0.084 mm, the
mean wall thickness was 0.872+0.093 mm, and the
Wogenworth index was 35.69+1.18. In the submucosal
layer, the average outer diameter of the capillaries was
6.913+0.042 mm, the average lumen diameter was
6.132+0.022 mm, the average wall thickness was

determined at 0.781+0.023 mm, and the Wogenworth index
was determined at 27.09+1.02.

Venules on histological specimens were defined as
irregularly shaped structures and endothelial cells on the
basement membrane were visualized as part of their walls,
which were covered externally by a continuous layer of
fibroblasts. In the mucosa, the outer diameter of the venules
was 12.06+0.81 mm, the average lumen diameter was
determined at 8.192+0.873 mm, the average wall thickness
was 3.873+0.841 mm, and the Wogenworth index was
116.8+3.24. In the submucosal layer, the mean outer
diameter of the venules was 12.96+0.77 mm, the average
lumen diameter was 10.19+0.85 mm, and the mean wall
thickness was 2.772+0.032 mm, and the Wogenworth
index was determined at 61.74+1.91.

Discussion

Summarizing and analyzing the results obtained, it
should be noted that the overall organization of the intestinal
wall corresponds to the basic laws of the structure of the
ileum of the person, which is confirmed by the data [1].
However, due to the type of nutrition, body placement in
space, body weight and linear size of rabbits, they have
non-human morphometric measures of medium size, both
the wall itself and its layers.

Structural and functional unit of the ileum in humans
and rabbits should be considered the crypt villus system.
Among the cellular composition of villi in rabbits, as in
humans, were columnar cells with a border, goblet
exocrinocytes, cells of the diffuse endocrine system
associated with the mucosa and intraepithelial
lymphocytes. In contrast to the cellular composition of the
human ileum, according to data [10], microfold cells that
were located in their basal compartments were found in
the composition of the villi of the rabbits ileum.

Among the cellular elements of the villi of the mucous
membrane of the ileum of the rabbits were columnar
enterocytes with a border of their percentage of the total
number of cellular elements of the villi was 88.34 %, which
is related to their main function. Goblet-like exocrinocytes
accounted for 10.51 %, endocrinocytes - 0.71 %,
intraepithelial lymphocytes - 0.36 % and poorly
differentiated epitheliocytes in the villus composition
accounted for 0.11 % of the total cell pool. Thus, the system
of the cellular pool of the villi of the ileum of the ileum in
rabbits provides the processes of absorption of
substances, the production and excretion of mucous
secretions in the cavity of the villi, and also participates in
endocrine regulation and maintenance of immune
surveillance. The poorly differentiated cells that are found
in the basal departments of the villi belong, in our opinion,
to the cambial elements.

Among the cellular elements of crypts, as well as in the
crypts of the ileum of the human are defined structural
components, namely: columnar enterocytes with a border,
columnar enterocytes without a border, goblet
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exocrinocytes, Paneth cells, endocrinocytes, intraepithelial
cells. Analyzing the distribution of cellular elements in crypts
as a percentage, another tendency for the cryptocurrency
to function as part of a morpho-functional unit is determined.
Thus, among the whole cell pool crypts, columnar
enterocytes with a border were 21.49 %, columnar
enterocytes without a border were 28.85 %, goblet-like
exocrinocytes - 29.66 %, Paneth cells - 11.16 %,
endocrinocytes diffuse endocrine system - 7.48 %,
intraepithelial lymphocytes - 1.24 %, low-differentiated cells
- 0.17 %. Thus, remodeling of the structural components of
crypts relative to similar components of the villi indicates a
redistribution of functional load toward mucous secretion
and secretion, local enhancement of secretion of digestive
enzymes and enhancement of local immune protection.
The original data obtained from the study are promising
in the future work. They will serve as controls for further
experimental development in surgery on the ileum to select
the optimal suture material for stitching its wound defect.
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CTPYKTYPHA OPTAHI3ALIS KITYEOBOI KALLIKU NABOPATOPHUX TBAPUH B HOPMI TA Y NMOPIBHANBHO-BUOOBOMY ACMEKTI

CudopeHko M.I.

B ocmaHHi ecamupiyysi WUpPOKO20 pO3ro8cioOXeHHs Habyru 3axeoprosaHHs mpasHoi cucmemu, siki nompebyroms Hez2aliHo20, K
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Sydorenko M.I.

mepanesmu4yHo20, mak i XipypaidyHo20 riKyeaHHsI i moMy rocmae 3aKOHOMIpHe 3ag0aHHs OnMmuMi3ayii ICHyro4uUx mexHosozili ma
rmowyky Hosux criocobie Kopekuyii suweseadaHux Hosonoeil. [okniHiyHi docnidxeHHS makux po3poboK rMpoeodsimb 8UKIIHOYHO Ha
nabopamopHuUxX meapuHax i 3HaHHs1 MopghosioeiyHUX ocobriugocmel ix 6ydosu 011t 10darbLo20 MOPIBHSIHHS 3 MOPGYOI0ZiE0 aHano2idHUxX
opzaHie fdUHU € aKkmyalrbHUM 3ag0aHHsIM Cy4acHoi Meduko-bionozidHoi Hayku. Memor pobomu 6yno eusyeHHs cmpyKmypHOI
opaaHizauii kry6oeoi KUWKU Kporig y MopieHsIbHO-8UO080MY acriekmi ma Orisi ompuMaHHs KOHMPObHUX daHux wodo i MopghonoaidHuX
ocobsiusocmel. B pobomi sukopucmaHi adekeamHi memoou 0ocnidxeHb 8idnogidHo o nocmaesnieHoi Memu, a came. 2icmosoeiyHul,
2icmoximiyHuUl, eneKkmpoHHO-MIKPOCKOMiYHUU, MopghomMempuyHUl i cmamucmuyHul ma 6ynu eusdeHi 6ionmamu kry6oeoi kuwku 10
Kporig. OuiHunu npasunbHicme po3nodiny 03HaK 3a KOXHUM i3 0mpuMaHux eapiauiliHux psidie, cepeOHi 3Ha4YeHHS 3a KOXXHOH 8UBYEHOI
03HaKol, cmaHdapmHi NoMUIKU ma cmaHO0apmHi 8idxuneHHs. [JJocmosipHicmb PisHUUi 3Ha4YeHb MK He3anexHUMU MiKpoMempuyHUMU
g8esluyuUHamu npu HopMasnbHOMY po3rodini 03HaK eusHadanu 3a Kpumepiem Cm'lo0eHma. B pobomi oxapakmepu308aHi OCHO8HI
CMpYKMypHIi KOMMIOHEeHMU Kiy60801 KUWKU KpOsig i MOPIBHSIHI 3 aHarno2iyHUMuU cmpyKkmypamu Kiy6080i Kuwku fmoduHU. BusHadeHo, uo
Kryboea Kuwka Kporig, siK i y nroOUHU cKradaembCsi 3 YomupboxX 0OOJIOHOK: Criu3080i, Midcau3080i, M's3080i i ceposHoi. Crusosa
oborioHka rnobydoeaHa 3 enimenianbHO20 riacmy, KUl po3mawosyembcs Ha basanbHil membpaHi i M'a308ili nnacmuHui i micmume
y ceoemy cknadi KNimuHHi enneMeHmu (eK30KpUHOUUMU, eHmepoyumu pisHux eudie, eremeHmu Ougy3HOi eHOOKPUHHOI cucmemu,
acouitiosaHoi 3i criu308010 060I0HKOK, iIHMpaenimesianbHi niMgoyuumu), KPOBOHOCHI | niMghamuyHi cyOUHU ma Hepeosi 3aKiHYeHHS.
llidcnuzoea 0b6os0HKa cknadaembCsi 3 MyXKOI 8OSTOKHUCMOI CrOAyYHOI mKaHUHU, Kompa y C80eMy cknadi Micmumb Konnaz2eHosi i
pemukyrnsipHi 80510KHa, enemeHmu Ougby3HOI n1iMgbOiOHOI MKaHUHU, KPOBOHOCHI CyOUHU | Hepe8osi 3aKiH4eHHs. M's3oea i ceposHa
0bos1oHKU nobydosaHi aHanoeiyHo kiy6oeil Kuwyi moduHU. TakuMm YUHOM, ricrsi npogedeH020 O00C/IOKEHHS 8U3HA4YeHOo, W0
MopgborioziyHa opeaHisayis Kiybo8oi KUWKU KpOonig Ha ceimmoonmuYyHOMY ma efeKmpOHHO-MIKPOCKOMIYHOMY PIBHSIX Mae€ 3azaslbHi
3akoHomipHocmi 6ydosu aHamnoeidHi Kry6osil Kuwuyi mooOuHU.

KnrouoBi cnoBa: knybosa kuwka, 060510HKU Kily6080i KUWKU, eK30KpUHouuUmu, eHOoKpuHouumu, nimgboyumu, apmepionu, Kaninspu,
8eHyIu.

CTPYKTYPHASA OPIAHU3ALINA NOAB300LHOM KAULLKW NNABOPATOPHbIX XXUBOTHBLIX B HOPME U B CPABHUTEJILHO-
BUOOBOM ACNEKTE

CudopeHko M. W.

B niocriedHue decssimuniemusi WUPOKOe pacrnpocmpaHeHue rnoay4unu 3abonesaHuss nuwesapumernbHoU cucmeMsl, mpebyoujue
HemeOneHHO20, KaKk meparnesmu4yecko2o, mak U XUpypau4yecKoeo JIe4eHUs U MO3MmoMy 803HUKaem 3aKOHOMepHasi 3adada roucka
HOBbIX U OnNMuUMU3ayusi cyujecmeayrowux mexHonoaul u cnocobo8 KoOppeKkyuu ebllieyKkasaHHblXx Ho3onoaul. [JoknuHuyeckue
uccriedogaHusi makux pa3pabomok npo8oosIMcs UCKIYUMENbHO Ha 11labopamopHbIX XUBOMHbIX U 3HaHUsi MOPghoro2u4ecKux
ocobeHHocmel ux cmpoeHusi 0nsi nocnedyrueao cpasHeHUs ¢ Mopghornozueli aHarno2uYHbIX OpeaHo8 Yeroeeka sierisemcs akmyarnbHol
3adayeli cospemeHHoU Mmeduko-buonoaudeckol HayKku. Llenbro pabombi ObI110 ulydeHuUe CmpyKkmypHOU opaaHu3ayuu rnooe30owHoul
KUWKU KPOJIUKO8 8 CpasHUMeIbHO-8UO080OM acrieKme U 071 0S1yYEHUsT KOHMPOIIbHbIX 0aHHbIX OMHOCUMEbHO €€ MOphorio2u4ecKux
ocobeHHocmel. B pabome ucrnonb3oeaHbl adekeamHbie Memoobl uccredogaHuli 8 coomeemcmeuu ¢ MocmasneHHol yernbio, a
UMEHHO: 2ucmorsioauyecKkull, 2ucmoxumMuyecKkull, 311eKmpoHHO-MUKPOCKONUYeCcKul, MopghoMempuyecKkuli u cmamucmuyeckul u 6biuu
u3yyeHbl buonmamel node3dowHoul Kuwku 10 kponukos. OueHunu npasusibHOCMb pacrpedesieHus MPU3HaKoe o Kaxoomy u3
M0MYyYEHHbIX 8apualyUOHHbIX psd08, cpedHUe 3HaYeHUsI 0 KaXXOoMy U3y4YeHHOMY rpu3Haky, cmaHOapmHbie owubKu u cmaHOapmHble
omkroHeHus. [JocmogepHocmb pa3nuyull 3Ha4eHuUl Mex0y He3asUCUMbIMU MUKPOMemPUYECKUMU 8esluduHaMu npu HopmMasbHOM
pacrnpedeneHuu npusHakos onpedensnu no Kpumepur CmbiodeHma. B pabome oxapakmepu3o8aHbl OCHOBHbIE CMPYKMYypPHbIE
KOMMOHeHMbl M008300WHOU KUWKU KPOUKO8 U CPaBHeHUI0 C aHano2u4yHbIMU cmpyKmypamu no0e300wHOU KUWKU YeroeekKa.
OnpederneHo, Ymo node300wWHas KUWKa KPO/UKO8, KaK U y Yesiogeka cocmoum u3 Yembipex obosoyek: criuducmod, nodcnuaucmod,
MbiweYHoU u ceposHol. Crusucmasi oborioyka nocmpoeHa u3 anumeruanbHOo20 riacma, kKomopbll pacronazaemcs Ha 6asanbHou
mMembpaHe U MbIWe4YHOU nnacmuHke U codepxum 8 C80eM COCmage KIemoyHble 311eMeHMbl (IK30KPUHOUUMbI, SHMEepoUuUMbI pa3nuyHbIX
8udos, anemeHmbl 0ughgy3Hol 3HOOKPUHHOU cucmeMbl, accoyuuposaHHoU co cnusucmol obosoykol, uHmpasnumenuanbHble
nuMeoyumsl), KPOBEHOCHbIe U fiuMgbamuyeckue cocyObl U HepeHble OKoHYaHusi. [Modcnusucmasi obonoyka cocmoum u3 pbixaol
80/10KHUCMOU coedUHUMesbHOU MKaHU, KOmopasi 8 CB0eM cocmage coOepXXum Kos/ia2eHo8ble U pemuKyisipHble 80JI0KHa, 3/1eMeHMbl
Ougpy3Hol nuMehoudHoOU mKaHU, KPOBEHOCHbIe COCYyObl U HEPB8Hble OKOHYaHusi. MbiweyHas u cepo3Hasi 060/I0YKU MOCMPOEHbI
aHanoauyHo node3dowHol Kuwke 4Yesnoeeka. Takum obpasom, rnocrie npoeedeHHO20 uccriedogaHusi ycmaHo8/1eHO, Ymo
Mopghbornozuyeckas opeaHu3ayusi no08300WHOU KUWKU KPOUKO8 Ha C8emoornmu4eCcKOM U 3/1eKMPOHHO-MUKPOCKOMUYECKOM YPOBHSIX
umeem obujue 3aKOHOMEPHOCMU CMPOeHUsI aHasoauyHble Mo08300WHOU KUWKe Yerloeeka.

KnioueBble cnoBa: nodssdowHas Kuwka, 060704KU 1008300WHOU KUWKU, IK30KPUHOUUMBbI, IHOOKPUHOUUMBI, TUMOouyumsl,
apmepuorbl, Kanumnispbl, 8eHyIbl.
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The study of the role of viral-bacterial associations in the etiology of acute intestinal
infections is considered new to medical microbiology. The purpose of the study was to
determine the effect of viral-bacterial associations on the manifestation of virulence of
pathogens and the degree of development of structural-morphological disorders of the
internal organs in animals with antibiotic-induced dysbiosis. In a study of 210 white
laboratory mice, BALB/c lines formed dysbiosis using antibacterial agents (ampicillin,
gentamicin, metronidazole) followed by simulation of the experimental infection. To
simulate salmonella infection, mice were infected with a clinical strain of Salmonella
typhimurium intraperitoneally. Similarly, the animals were infected with Coxsackie B3
test culture virus (dose 10° TCD, ). The sensitivity of mice to Coxsackie B and salmonella
viruses was examined for mortality and disease characteristics. The animals were
removed from the experiment 24 h after infection, electronically microscopically studied
structural and morphological changes of the internal organs were performed. There
was no statistically significant difference in morbidity (23.33-26.66 %) and mortality
(16.66-20.0 %) of mice infected with Coxsackie virus with dysbiotic disorders and
preserved microfiora. Dysbiotic conditions have been shown to lead to associated
viral-bacterial infections in animals and, accordingly, an increase in the incidence of
disease and death in experimental animals. Against the background of disturbance of
the composition of the normal intestine microbiota in viral bacterial infections,
pronounced degenerative changes in the internal organs of animals were established,
with signs of generalization. Electrogram data showed the appearance of activation of
immunocompetent cells of the body in viral-bacterial infection in animals with impaired
intestine microbiocenosis.

Keywods: antimicrobials, bacteria, viruses, dysbiosis, intestinal microbiocenosis,
intestinal infections.

Introduction

Acute intestinal infections (All) remain one of the world's
most pressing health care issues [19]. According to WHO,
about 1.7 billion cases of acute diarrhea are reported
annually alone in children [1]. Among microorganisms of
bacterial nature, the main agents of All are representatives
of the family Enterobacteriaceae [14, 15]. Viruses are also
important etiologic factors of All in children, especially in
early childhood. Viruses are the cause of acute
gastroenteritis due to noroviruses, which account for almost
a fifth of All; rotaviruses, especially in young children, cause
more than 200,000 deaths annually worldwide [1, 6, 8].
Enteroviruses also occupy a significant niche in this respect
[9, 13].

An important part of the All problem is associated
infections due to the impact of microorganisms of different
species. In recent years, there has been evidence of an
increase in the number of such infections, including virus-
bacterial infections, especially in the young group.
According to scientific literature, it is known that in the
conditions of the present virus-associated intestinal
infection is recorded in 80-90 % of cases [10].

The issue of viral-bacterial associations is not new to
medical microbiology. Back in the middle of the last century,
Academician G. Burgwitz proved the ability of yeast cells
under the influence of the virus to change their
morphological and physiological properties [16]. Interesting
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and valuable, especially for practical medicine, is the
degree of manifestation of virulent properties of pathogens
in conditions of mixed infection. The enhancement of the
pathogenic effect of one microorganism by another has
been repeatedly shown in experiments aimed at
determining virulence [18]. It should be noted that some
virulent bacterial strains, in contrast to avirulent, on the
contrary, can have an inhibitory effect on the reproduction of
viruses, although in general, viral-bacterial associations
are more often characterized by mutual enhancement of
pathogens of both microorganisms [5].

However, if the issue of viral-bacterial associations is
generally studied extensively, the idea of modeling the
pathogenic impact of such associations on animals with
dysbiosis is new. This is extremely important today also
because the problem of impaired composition of the
intestinal microflora is of particular importance in
connection with the growth of chronic diseases of the
digestive system, as well as the widespread use of
antibiotics. Undoubtedly, the gastrointestinal tract is an
environment for one of the most complex microbial
ecosystems and further research in this area will open up
new opportunities for the treatment of infectious diseases.

The purpose of this work is to investigate the effect of
viral-bacterial associations on the manifestation of
virulence of pathogens and the degree of development of
structural-morphological disorders of the internal organs
in animals with antibiotic-induced dysbiosis.

Materials and methods

The research subjects were white laboratory mice of
the BALB/c line. In total, 210 mice were used in the
experiment, which were bred in the vivarium of Bogomolets
National Medical University.

Antibacterial drugs were used to form dysbiotic
conditions, the daily dose of which for animals was 10 mg
for ampicillin and metronidazole, and 2.9 mg for gentamicin
[3]. The simulation of experimental infections was started
48 hours after discontinuation of antibacterial agents for
dysbiosis formation. Experimental salmonellosis was
modeled by infecting mice with a pathogenic strain of
Salmonella typhimurium isolated and identified at the Kyiv
City Clinical Hospital No. 4 (Clinical Isolate No. 7683). The
infection of the animals with bacteria was performed
intraperitoneally (i/p) in a volume of 0.5 ml (1 billion
microbial bodies) per person. Coxsackie B3 viruses were
used as test viruses. Infection of animals by viruses was
also performed intraperitoneally at a dose of 10° TCD,, per
animal.

All experimental animals were divided into 7 groups
(30 animals in each group). Group 1 - animals with no
dysbiotic disorders infected with Coxsackie B3; group 2 -
animals with no dysbiotic disorders, infected with
salmonella; group 3 - animals with no dysbiotic disorders,
infected with Salmonella and Coxsackie B3; group 4 -
animals with dysbiosis infected with Coxsackie B3; group

5 - animals with dysbiosis infected with salmonella; group
6 - animals with dysbiosis infected with Coxsackie B3 and
salmonella; group 7 - intact, control. The observation period
for animals was 21 days. The comparative susceptibility of
mice to Coxsackie B virus and salmonella was studied in
terms of mortality and disease (decreased activity, lethargy,
trembling, furiousness, diarrhea). The death of animals
when infected with Coxsackie B3 virus was observed for 3-
6 days, and for Salmonella infection for 3-4 days. Removal
of some animals from the experiment and study of structural
and morphological changes of internal organs were carried
out 24 hours after infection.

For electron microscopic examination, small intestine,
spleen, and liver pieces of 1 mm?® size were selected. They
were first fixed with a buffer solution of glutaraldehyde retainer
for 1 h, then, after washing with buffer, was fixed for 1 h with
a buffer solution of 1% osmium tetroxide. The sections were
obtained using glass knives on an ultramicrotome "LKB III"
(Sweden) and examined using an electron microscope
"PEM-125" (Ukraine). Before microscopy, sections were
counterstained with uranyl acetate and lead citrate according
to the standard procedure.

According to the results of the study, statistical
processing was carried out using the software for statistical
data processing Microsoft Excel 2016 and "Statistica 5.5"
(owned by the Pirogov National Technical University,
licensed number AXXR910A374605FA). Probability
analysis was performed by Student's t-test. The difference
between the indicators was considered statistically
significant when the probability of the null hypothesis was
less than 5 % (p<0.05).

Results

The study found that there was no statistically significant
difference in the incidence and mortality of animals in groups
of mice with dysbiotic disorders and animals with persistent
microflora infected with Coxsackie virus: the mortality of
mice in both groups was determined in the range of 16.66-
20.0 %, and diseases were observed in 23.33 % of cases
in animals with preserved microflora and in 26.66 % of
cases in animals with dysbiosis (Table 1).

It was proved that in the group of animals with preserved
microflora the mortality was 16.66 %, and in the group of
animals with dysbiosis it increased by 6.66 % and was
23.33 %, while the incidence of infection in the group of
animals with preserved microflora was 20.0 %, and in
animals with dysbiosis - 30.0 %.

In the group of animals in which virus-bacterial
infections were modeled against the background of
pronounced antibiotic-induced dysbiosis, there was an
increase in the death of animals by 20.0 % and an increase
in the incidence of disease by 16.66 %, compared with the
group of experimental animals with viral-bacterial infections
conducted the experiment without the formation of dysbiotic
states (see table. 1).

Electron microscopic examination of internal organs
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Table 1. Comparative sensitivity of mice with intestinal dysbiosis to Coxsackie B3 viruses, salmonella and their combinations.

Animals with preserved microbiocenosis Animals with dysbiosis
. i coxsacks B3 salmonella coxsacks B3 + coxsacks B3 salmonella coxsacks B3 +
Maniestaton (n=30) (n=30) salmonella (n=30) (n=30) (n=30) salmonella (n=30)
abs. % abs. % abs. % abs. % abs. % abs. %
Death 5 16,66 5 16,66 7 23,33 6 20,0 7 23,33 13 43,33
Signs of illness 7 23,33 6 20,0 9 30,0 8 26,66 9 30,0 14 46,66
No changes 18 60,0 19 63,33 13 43,33 16 53,33 14 46,66 3 10,0

Notes: the figures in the table indicate the average frequency of detection of a feature, abs. and %.
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Fig. 1. Electron micrograph. The intestine of mice with dysbiosis
after infection with Coxsackie B virus and Salmonella typhimurium.
Desquamation of microvilli of epitheliocytes (1), cytoplasm filled by
autophagosomes (2) and lysosomes (3). Magnification x19200.

(liver, spleen and small intestine) of animals with preserved
microflora infected with Coxsackie B virus (experimental
group 1) revealed no pathological changes.

As a result of the study of samples of internal organs (liver,

- 4l
L,

Fig. 3. Electron micrograph. The intestine of mice with dysbiosis after infection with Coxsackie -
B and Salmonella typhimurium: intestinal lumen (1), epitheliocytes microvilli (2) (A),
eosinocytes in the inflammatory zone (3) (B). Magnification x12000 (A), x9600 (B).

Lo : j
Fig. 2. Electron micrograph. The intestine of mice with dysbiosis
after infection with Coxsackie B and Salmonella typhimurium:
lymphocyte (1), reticular cells with apoptotic bodies (2).
Magnification x12000.

spleen and small intestine) in the intestines of laboratory
animals with dysbiosis after viral-bacterial infection, marked
structural changes were recorded, which were manifested by
total desquamation of microvilli, plasma membrane
smoothness, mitochondrial swelling
and autophagosome formation
(Fig. 1).
_ In some enterocytes, signs of
}., development of pronounced apoptotic
. changes were observed, which were
accompanied by compaction of
cytoplasm, organelles, and formation
of apoptotic bodies, which shifted to
the apical membrane and were
removed from a number of epithelial
t 4 cells (Fig. 2).
; Microbial cells were detected
both in the epithelial lining of the
mucous membrane and in the lumen
5 of the intestine surrounded by mucus
| and cellular detritus (Fig. 3A). Signs
' of minor disorders in the
. hemomicrocirculatory bed and
| dystrophic changes in the mucous
membrane and submucosal basis
of the intestine were noted. The
migration of neutrophils, monocytes
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Fig. 4. Electron micrograph. The spleen of mice with dysbisis
after infection with Coxsackie B and Salmonella typhimurium:
accumulation of white pulp lymphoblasts (1). Magnification x11200.

and lymphocytes into the intestine interstitium, expansion
and swelling of the interstitial space, in which free microbial
cells were found (see Fig. 3A, B). Activated macrophages
were detected in these sites, in the cytoplasm of which
microbial bodies were present with no signs of destruction,
which should be considered a phenomenon of
endocytobiosis. Dystrophy of superficial epitheliocytes and
an increase in the number of neutrophils were also noted.
The accumulation of microorganisms in the cytoplasm of
epitheliocytes with predominant localization around the
nucleus has been determined. In addition, increased
infiltration of the mucosa by macrophages was noted.

In animals with dysbiosis, changes in the
morphofunctional state of the organs of the immune
system were also observed in virus-bacterial infection, in
particular in the spleen a decrease in the volume fraction

Fig. 6. Electron micrograph. The spleen of mice
B virus and Salmonella typhimurium. T-lymphocyte (1), giant cell with inclusions in the
cytoplasm (2) (A), atrophy of epithelial cells at the periphery of the granuloma surrounded
by lymphoblast (3) and macrophage (4) (B). Magnification x7000.

Fig. 5. Electron micrograph. The spleen of mice with dysbiosis
after infection with Coxsackie B virus and Salmonella typhimurium.
Plasmocytes (1), macrophage fragment (2). Magnification x11200.

of periarterial lymphoid clutches and an increase in the
proportion of light centers of lymph nodes (Fig. 4) were
detected.

The introduction of salmonella to animals in the spleen
tissue revealed ultrastructural signs of an increase in the
number of lymphoblasts, plasma cells with enlarged
tubules of the granular endoplasmic reticulum (Fig. 5).

Studies of the morphological structure of the spleen
under these conditions allowed us to establish the signs
of epithelioid cell granuloma formation. The latter were
formed by giant, centrally located granuloma hypertrophic
and atrophic epithelial cells located along its periphery.
Specific inclusions were recorded in the cytoplasm of such
cells. It was found that giant cells were usually surrounded
by immunocompetent cells (lymphocytes, macrophages,
etc.; Fig. 6A, B).

As a result of the introduction of
experimental mice Coxsackie virus
and salmonella in the liver, necrotic
changes in the enlightenment of
the nuclei due to the violation of the
ratio of eu- and heterochromatin
were recorded. The cytoplasm of
such cells was characterized by
complete or partial cytolysis,
dissolution in the main cytosol (Fig.
7A-D).

The death of most organelles
was noted. Mitochondria were
condensed and partially or
completely subject to lysis. The
tubules of the granular and
agranular endoplasmic reticulum
were flattened and destructively
changed, and the granular mesh
lost ribosomes. These changes
were indicative of generalization.
Destructive changes of sinusoidal
capillaries were also recorded.

ackie
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Fig. 7. Electron micrograph. Liver of mice with dy

capillaries (2). Magnification x12000.

Discussion

The use of laboratory animals gives the opportunity to
obtain information as close as possible to the human body
regarding the features of the pathogenesis of infection,
clinical symptoms, immune response or other components
of the complex response of the organism to infection.
However, modeling of enterovirus infections in animals has
certain features that are primarily due to their selective
sensitivity to particular types of enteroviruses. Thus, for
Coxsackie B viruses effective models are laboratory mice
of 1-3 days of age, among polioviruses only 2 serotypes
cause clinical symptoms in adult mice, and only with
parenteral administration, and to mouse ECOS viruses
are not at all sensitive [2, 7, 11, 12]. In general, it should be
noted that despite the presence of a certain amount of
scientific work on modeling of enterovirus infection in animals,

. rJ‘ o Bt A
sbiosis after infection with Coxsackie B
virus and Salmonella typhimurium. Necrotic changes in hepatocytes (1) and sinusoidal

detailed information on the features of
the course and factors affecting the
infection process is not enough [17].

The choice of the Coxsackie B3
serotype to model infectious processes
is due to its proven virulence for mice
and clear multiorgan tropism, which
allows one to investigate the effect of
viral infection on different organs and
systems within one block of
experiments. In the simulation of
experimental salmonellosis, the
mortality of animals in the experiments
was slightly lower compared to the data
of other scientists who noted the
animal's death at about 50 % [4].

However, on the basis of a
comparative analysis of the
ultrastructure of the liver, spleen and
small intestine, the appearance of
pronounced changes in the internal
organs under conditions of viral-
bacterial infection was established,
which gave reason to believe that the
dysbiotic disorders significantly
exacerbate this process. In particular,
they cause disorders of the
morphofunctional state of the organs of
the immune system, in particular the
spleen.

Apparently, the introduction of
salmonella to mice leads to activation
of immunocompetent cells of the
spleen, which is manifested by an
increase in the number of detected
lymphoblasts, plasma cells with
enlarged tubules of the granular
endoplasmic reticulum, where gamma-
globes are known to be produced.

Our findings indicate that viral
bacterial infection often leads to the formation of epithelioid
cell granuloma in the spleen. As is known, such granulomas
are giant cells, consisting of hypertrophic, located in the
center of the granuloma, and atrophic at its periphery
epithelial cells. In the cytoplasm of such cells there are
specific inclusions, as a rule, giant cells are surrounded
by lymphocytes, macrophages or other immunocompetent
cells.

According to the data obtained in the study, it was proved
that the infection of the body with the Coxsackie virus and
Salmonella is accompanied by the appearance of
significant morphological changes both in the sinusoidal
capillaries of the liver and in hepatocytes. The morphological
picture is characterized by necrotic changes, which are
ultrastructurally accompanied by damage to cell nuclei,
cytolysis and death of most organelles. It is common
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knowledge that such changes in the liver may have a focal
character, but when modeling these viral-bacterial infections
against the background of dysbiotic disorders, we observe
their generalization.

Conclusions

1. Dysbiotic conditions contribute to the development of
associated, in particular virus-bacterial infections in
animals, which is primarily manifested by an increase in
the incidence and increase in the frequency of
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MO[EOBAHHS BIPYCHO-BAKTEPIANBbHUX IHOEKLIA HA TNl AHTUBIOTUKOIHAYKOBAHOIO AUCEIO3Y KULLIKIBHUKA
Bo6up B.B., CmeyeHko J1.0., llupo6okoe B.[., Kpusoweesa O.l., Hazap4yk O.A., lMoHssmoecbkuli B.A., Yyxpal C.M.

BusyeHHs poni gipycHo-bakmepianbHux acouyiayil 8 emionoeii 2ocmpux KUWKo8uX iHGeKyil esaxaromp HOBUM Ofisi MeOUYHOT
Mmikpobionoeii. Memoto docnidxeHHs1 Byrno 8U3Ha4YeHHs1 8rusy eipycHo-bakmepianbHUX acouiauili Ha nposi8 eipyneHmMHocmi 36yOHuUKig8
ma cmyniHb PO38UMKY CMPYKMYpPHO-MOPOI02iYHUX MOPYUWEeHb 8HYMPIWHIX op2aHie y meapuH 3 aHmubiomukoiHOykoeaHum 0ucbio3om.
Y QocnidxeHHi Ha 210 6inux nabopamopHux muwax niHii BALB/c ¢popmysanu ducbio3 3 sukopucmaHHsIM aHmubakmepianbHUX
npenapamis (amMniyuniH, eeHmamiyuH, MempoHida3or) 3 nodanbwum (d4epe3 48 200) Modero8aHHAM eKcriepuMeHmarbHOI iHGeKyji.
[ns modentosaHHs iHQeKUIT carnbmoHenbo3y muwel iHgikysanu KiHiYHumM wmamom Salmonella typhimurium eHympiwHb004epe8UHHO.
AHarnoeidHo 8UKOHY8aru iHbiKyesaHHsI meapuH mecm-Kynbmyporo eipyca Kokcaki B3 (0o3za 106 TL|[50). Busyanu 4yymnugicmb muweul
0o eipycie Kokcaki B ma canbMOHen 3a rnokasHukaMu CMepmHOCMi ma Hasi8HICMI0 O3HaK 3axeoptosaHHsi. Bueodunu meapuH i3
docnidy yepes 24 200 nicrisi iHQiKysaHHSI, eneKmpOoHHO-MIKPOCKOMIYHO 8usqanu CmpyKmypHO-MOPGOI02iyHi 3MiHU 8HYMPIWHIX op2aHie.
BcmarosneHo 8idcymHicmb cmamucmuyHO 3Hadyuoi pidHuyi 3axsoprosaHocmi (23,33-26,66 %) ma cmepmHocmi (16,66-20,0 %)
muwel, iHgbikosaHux sipycom Kokcaki, 3 ducbiomuyHumu posnadamu ma 3i 36epexeHoro mikpogrioporo. [losedeHo, wo oucbiomuyHi
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cmaHu npu3sodunu 0o acouiliosaHux gipycHo-bakmepianbHUX IHGEKUil y meapuH, ma, 8i0nosiGHO, 3pocmaHHs Yacmomu rposigie
x8o0pobu ma 3aeubeni ekcriepuMeHmanbHUX meapuH. Ha ¢poHi nopyweHHs1 cknady HoOpMasbHOI MIKPOGh/IOpU KUWKIBHUKA 1pu 8ipyCHO-
bakmepianbHUX IHGbeKUisX 8cCmaHo8UU 8UPaxeHi 0e2eHepamusHi 3MiHU y 8HYMPILUHIX Op2aHax meapuH 3 O3HakamMu 2eHepariizauii.
HaHi enekmpoHozpam 3aceioqurnu nosisy 03HaK akmueauil iMyHOKOMIemeHmMHUX KIimuH 8 opaaHi3Mi fpu eipycHo-bakmepianbHil
iHgbekyii y meapuH 3 nopyuweHuUM MikpobioUeHO30M KULWIKIBHUKA.

KntouoBi cnoBa: aHmumikpobHi npenapamu, 6akmepii, sipycu, ducbio3, MikpobiOUyeHO3 KUWKIBHUKa, KUWKO8I iHGheKUil.

MOLETMPOBAHUE BUPYCHO-BEAKTEPUATIbHBIX UHOEKLIMA HA ®OHE AHTUBMOTUKOUHOYLUPOBAHHOIO AUCEMO3A
KULLEYHUKA

Bob6bip B.B., Cme4yeHko JI1.A., LLlupo6okoe B.I., Kpueoweeea O.N., Hazapuyk A.A., [Tonsmoeckuli B.A., Yyxpai C.M.
U3yuyeHue ponu supycHo-bakmepuarbHbIX accoyuayuli 8 3muonoauu 0CmpbiX KUWEYHbIX UHGheKUyul cHumarom Ho8biM 0118 MeOUUUHCKOU
mukpobuonoauu. Llenbio uccnedosaHus 6bino onpedenieHue 8USHUS 8UPYCHO-6akmepuarbHbIX accoyuayull Ha rnposesieHue
supyneHmHocmu 8o3bydumenel U cmeneHb pa3gumusi CMpyKmypHO-MopghoI02U4eCKUX HapyWweHUl 8HyMpPeHHUX 0paaHo8 y XUBOMHbIX
¢ aHmubuomukouHAyyuposaHHbIM ducbuo3dom. B uccnedosaHuu Ha 210 6erbix nabopamopHbIX Mbiwax nuHuu BALB/c ¢oopmuposanu
ducbuos ¢ ucronb3osaHueM aHmubakmepuasnbHbIX rpenapamos (amMnuyumiiuH, 2eHmamMuyuH, MempoHudasorsn) ¢ nocnedyuum
(yuepes 48 4) modenuposaHueM 3KcrepuMeHmanbHol uHgekyuu. [nsa modenuposaHus UHeKyuu caslbMoHesie3a Mbiwel
UHGbuyuposanu kKnuHudeckum wmammom Salmonella typhimurium eHympubprowUuHHO. AHarno2u4yHO 8bIMOHANU UHGUYUpPOo8aHue
JKUBOMHbBIX mecm-Kynbmypou eupyca Kokcaku B3 (0o3a cocmasuna 106 TL[J50). N3yyanu dyyecmeumenbHOCMb Mbiwel K supycam
Kokcaku B u canbMoHersnn no rokasamessiM CMepmHoCmuU U Hamuyuto rnpusHakos 3aborneeaHusi. Bbigeodunu xueomHbIx U3 ofbima
yepes 24 4 iocrie UHULUUPOBaHUS, 3/IEKIMPOHHO-MUKPOCKOMUYECKU U3y4Yarnu CmpyKmypHO-MOpghorno2udecKue USMeHeHUs1 8HyMPeHHUX
opzaHo8. YcmaHOo8/1eHO omcymemeue cmamucmuyecku 3Hayumol pasHuubl 3abonesaemocmu (23,33-26,66 %) u cmepmHocmu
(16,66-20,0 %) mbiwel, uHghuyuposaHHbIx supycom Kokcaku, ¢ ducbuomuyeckumu paccmpoticmeamu U ¢ COXpaHeHHOU MUKPOoghiopol.
HokasaHo, ymo ducbuomuyeckue COCMOsIHUSI NMPuU8oOUsIU K accouyuupo8aHHbIM 8UPYCHO-bakmepuarbHbIM UHEKUUSM Y KUBOMHbIX,
U, COOM8EMCMEEHHO, POCMy Yacmomsl fposieneHull 6one3Hu u subenu sKcrepuMeHmarnbHbIX XU8OMHbIX. Ha ¢oHe HapyweHus
cocmasa HopMarnbHOU MUKPOGIOPbI KUWeEYHUKa pu 8upycHo-6akmepuarnbHblX UHGEKUUSX yCmaHOo8/1eHbl 8blpaXxeHHble
OeceHepamugHbIe USMEHEHUS 80 8HYMPEHHUX Op2aHax XU8OMHbIX C MpusHakamu 2eHepanusayuu. [laHHble 35iekmpoHoepaMm rokasanu
rosigrieHuUe rnpu3HaKoe akmusayuu UMMYHOKOMIeMEHMHbIX KIIeMOoK 8 Op2aHU3Me rpu 8upycHo-b6akmepuanbHOU UHGOeKUUU Y XUBOMHbIX
C HapyweHHbIM MUKPOOUOUEHO30M KUUWEYHUKA.

KnroueBble cnoBa: aHmuMuKkpobHble ripenapamsl, bakmepuu, 8upychkl, Oucbuo3, MUKPOBUOUEHO3 KUWEYHUKa, KUWEeYHbIe UHGheKyuu.
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