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Relevance. To relieve alcohol withdrawal syndrome, intravenous infusion of glucose and antidotes to neutralize ketone bodies are
used. But after treatment, the craving for alcohol remains, and relapses of alcohol consumption are observed in 60-90% of patients. It
remains unclear if there is a connection between hypoglycemia, ketosis, on the one hand, and the craving for alcohol consumption, on
the other hand.

Objective: to find out the effect of glycemic level normalization and prolonged maintenance of normal blood glucose concentration
on ethanol consumption in alcoholized rats. At the same time, we have chosen two alternative ways to eliminate hypoglycemia: 1) by
providing animals with unlimited access to a water trough filled with glucose solution; 2) by forced feeding of animals with a high-car-
bohydrate diet.

Materials and methods. 70 rats were housed in the individual cages. First, two water troughs were placed in each cage for one week:
first one was filled with pure water and another one contained 5% glucose solution. Second, forced alcoholization of rats was performed
by leaving one trough filled with 10% ethanol solution in each cage. Duration of alcoholization was different: 3 weeks for the 1st group
of rats (n=20), 6 weeks for the 2nd group of animals (n=20), and 16 weeks for the 3rd group of rats (n=20). Animals of the control group
(n=10) received pure water. Third, after forced alcoholization, animals of the experimental groups had a free access to three different
troughs for three weeks: the first trough was filled with pure water, the second one — with 5% glucose solution, and the third one con-
tained 10% ethanol solution. Rats of the control group were able to choose between water and 5% glucose solution. At the third stage,
animals of the experimental groups were divided into two subgroups with 10 rats in each one. Animals of one of the subgroups from
each experimental group were kept on high-carbohydrate diet: they were administered 1 ml of 40% starch kissel (2.0 g/kg, in terms of
glucose) per os 3 times a day. The volumes of all consumed fluids were recorded daily throughout the experiment. The results were
processed using the MedStat program.

Results. Healthy rats drank 2.5+0.6 ml of water and 1.6+0.6 ml of glucose solution per 100 g of body weight daily. In the first 7 days
of forced alcoholization, the animals drank 3.1+0.7 ml of ethanol solution per 100 g of body weight. By the end of the third week, con-
sumption of ethanol solution increased up to 4.94+0.8 ml per 100 g of body weight (p<0.001), which indicated development of adapta-
tion. By the end of the sixth week, there was a prominent elevation of ethanol consumption up to 6.4+0.9 ml per 100 g of body weight,
and the total volume of consumed alcohol solutions was 1.3 times higher than that of the third week (p<0.001). At the sixth week of ob-
servation, alcohol intake reached its climax, since further alcoholization up to 16 weeks did not lead to any changes in drinking behavior
(p=0.712). We consider that the minimal duration of forced alcoholization is 6 weeks. During the process of alcoholization, the total daily
consumption of fluids by animals was increasing, compared to healthy rats, and, by the end of the 16th week, it exceeded the indicator of
healthy rats by 1.8 times. In alcoholized rats, glucose loses its hedonic properties. By the end of the 16th week of alcoholization, under
condition of free choice of drinks, glucose consumption was 8 times lower than that of in healthy animals. Rats consumed less ethanol
if they were receiving additional high-carbohydrate diet. The duration of metabolic correction with a starch solution is important: the
longer it is, the less alcohol craving will be.

Conclusions. Alcohol-dependent rats reject the glucose solution offered as a drink. But prolonged and forced administration of glu-
cose leads to a decrease in alcohol consumption.

Keywords: alcoholized rats, hypoglycemia, loss of hedonic properties of glucose, forced correction of glycemia.

Relevance. Alcoholism is characterized by hy-
poglycemia, which develops because of inhibition of
gluconeogenesis in the liver. The metabolism of brain
cells is rearranged to utilize ketone bodies, which are
excessively produced from acetyl-CoA in the liver.
Ketone bodies are high-energy fuel molecules. Oxida-
tion of one molecule of beta-hydroxybutyrate results
in generation of 26 ATP molecules. The initiation of
ketone bodies production occurs due to the shift of the
NADPH/NADP ratio towards the excess of NADPH. In
turn, the shift towards NADPH accumulation is the re-

sult of the increased activity of alcohol dehydrogenase
in the presence of high concentration of ethanol. There-
fore, alcoholic ketosis is considered to be an adaptive
response to hypoglycemia. [1, 5, 9, 14]. Alcohol ketosis
is suspected to occur significantly more often than it is
diagnosed [1, 5, 9, 14]. In studies on alcoholized rats,
we also recorded pronounced ketosis [10].

However, when ketosis reaches high levels, it
turns from a useful adaptive reaction into pathological
one. In high concentration, ketone bodies have a
number of negative effects: metabolic acidosis, up to
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decompensated stage; high osmotic activity, leading
to tissue dehydration; decreased oxygen binding
by hemoglobin; ionization of functional groups of
blood plasma proteins, leading to changes of their
conformation and function; neurotoxicity (nausea,
vomiting, malaise, headache) [5, 11]. Therefore,
antidotes that neutralize ketone bodies are used in the
treatment of alcohol withdrawal syndrome [3, 11]. At
the same time, it is noted that suppression of ketosis
is impossible to reach by a single administration of
the antidote. That is why, to achieve a satisfactory
effect, therapeutic regimens include two- and three-
week courses. Simultaneously, intravenous glucose
infusion is used to improve brain nutrition [3, 11].
Nevertheless, after the end of treatment, relapses
of alcohol consumption are observed in 60-90% of
patients, according to various sources [2, 6, 12]. This
suggests a link between hypoglycemia, ketosis, on the
one hand, and craving for alcohol consumption, on the
other hand.

Objective: to find out how the elimination of
hypoglycemia and long-term maintenance of normal
glycemic level will affect the craving for ethanol
consumption in alcohol-dependent rats.

At the same time, we have chosen two alternative
ways to eliminate hypoglycemia: 1) by providing
animals with unlimited access to a water trough filled
with glucose solution; 2) by forced administration of
starch per os.

MATERIALS AND METHODS

The experiment was carried out on 70 rats of both
sexes weighing 200-350 g. The animals were kept in a
vivarium with forced ventilation in the autumn-winter
period. The temperature was maintained at the level of
18-22 °C, which excluded excessive thirst. Rats were
housed in the individual cages with free access to food.
Food composition was given a lot of attention and kept
constant in order to achieve a stable drinking behavior
without provoking an excessive thirst for salty food or,
conversely, refusal to drink due to the consumption of
large amount of juicy fruits and vegetables.

The experiment was performed in three stages.
However, access to drinking was not always the same.

At the first stage, two water troughs were placed
in each cage for one week. The first troughs were
filled with pure water and another one contained
5% glucose solution, so the rats had a free choice
of drinking. The volume of drunk fluid from each
trough was recorded daily. In this way, the hedonic
properties of glucose were determined for each animal.
Measurement accuracy was 0.5 ml (graduation scale on
the trough was 0.5 ml).

Then, at the second stage, forced alcoholization was
carried out for several weeks: there was only one trough
with 10% ethanol solution in each cage. Duration of

alcoholization was different: 3 weeks for the 1st group of
rats (n=20), 6 weeks for the 2nd group of animals (n=20),
and 16 weeks for the 3rd group of rats (n=20). Animals
of the control group (n=10) received pure water.

At the third stage, after the end of the specified
period of forced alcoholization, the animals of the
experimental groups had a free access to three different
troughs for three weeks: the first trough was filled
with pure water, the second one contained 5% glucose
solution, and the third one had 10% ethanol solution
inside. The criterion for the formed alcohol addiction
was the preference for ethanol. Since the animals
differed in weight, the volume of drunk liquids was
calculated per 100 g of body weight. Rats of the control
group had a choice between pure water and 5% glucose
throughout these three weeks.

In addition, at the third stage of the experiment,
each of the experimental groups was divided into
two subgroups with 10 animals in each one. All rats
were injected with 1.0 ml of liquid per os three times
a day, with an interval of 5 hours, from a syringe
without a needle. Animals of the first subgroups
received 0.9% sodium chloride, and the animals of
the second subgroups were given 40% boiled starch
kissel (2.0 g/kg, in terms of glucose). The choice of
starch was determined by the properties of this complex
polysaccharide with a branched chain. It is broken down
in the gastrointestinal tract for a long time, and the
formed glucose is absorbed gradually, which ensures
the maintenance of a stable level of glucose in the blood
for a long period and does not provoke an overload to
the insular apparatus.

The experimental results were processed using the
MedStat program.

Since the distribution of the values of drunk liquid
volumes did not differ from the normal one, parametric
methods of statistical analysis were used. To present
the data in the work, the average value of the drunk
liquid volume X (ml/100 g) and the standard deviation
s (ml/100 g) are given.

In the analysis of variance, multiple comparisons
were performed using the Scheffe’s test to determine
the differences in means between groups and inside each
group at different periods of time. Paired comparisons
of the means in the samples were carried out using the
Student’s test, and comparisons with the control group
were performed using the Dunnett’s test.

During the experiments, we followed all the
regulations and principles approved by the Decree of
the First National Congress on Bioethics (Kyiv, 2001);
by the Law of Ukraine No. 3447-IV “About protection of
animals from cruel treatment” (February 21, 2006), with
amendments No. 1759-VI (December 15, 2009); by the
European Convention for the Protection of Vertebrate
Animals used for Scientific and Other Purposes
(Strasbourg, 1986).
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DRINKING AND HEDONIC BEHAVIOR OF ALCOHOLIZED RATS

RESULTS AND DISCUSSION

Before the start of the experiment, rats drank, on
average, 2.5+0.6 ml of pure water per 100 g of body
weight daily. For each animal, the range between the
minimal and maximal volumes of water consumption
was less than 2.3 ml per 100 g of body weight, which
indicated a stable drinking behavior determined by the
balanced diet. In addition, the animals drank 1.6+0.6 ml
of glucose solution per 100 g of body weight daily. It has
to be emphasized that the animals consumed the glucose
solution when there was an excess of pure water in the
cage. This indicates the hedonic properties of glucose.
The total volume of drunk liquid averaged 3.9+1.1 ml per
100 g of animal weight. The data of the drinking regimen
in rats before alcoholization and by the end of forced
alcoholization periods is presented in Table 1.

The ethanol consumption during forced alcoholization
was as follows. In the first seven days, the animals drank,
on average, 3.1+0.7 ml of ethanol solution per 100 g of
body weight. We consider that the slight decrease in the
total amount of drunk liquid can be explained by the
unpleasant taste of ethanol for rats (before alcoholization,
it was 3.9+1.1 ml of pure water and glucose solution per
100 g of body weight).

According to the results shown in Table 1, further
analysis of the drinking regimen of rats suggested that
changes in cell metabolism were accumulating not in
linear, but abrupt manner during alcoholization. Our
observations showed that this elevation approximately
occurred at the third and sixth weeks of alcoholization,
because the most significant changes in drinking
behavior were noted during these particular periods
(according to the volume of consumed ethanol and
glucose solutions).

By the end of the third week, the volume of consumed
ethanol solution increased up to 4.9+0.8 ml per 100 g
of body weight (p<0.001), which probably indicated
development of adaptation.

By the end of the sixth week, there was another peak
in the consumption of ethanol solution: up to 6.44+0.9 ml
per 100 g of animal weight. On average, the volume of
drunk liquids increased by 1.3 times (p<0.001), compared
with the indicator of the third week.

At the same time, during the experiment, it was noted
that alcohol intake reached its climax, since further
alcoholization up to 16 weeks did not lead to any principal
changes in drinking behavior. When comparing the
average volumes of ethanol solution drunk by rats from
week to week, up to the sixteenth week of observation, the
level of alcohol consumption remained stable. And when
comparing the volumes of alcohol consumed at the end of
the sixth and sixteenth weeks, no statistically significant
differences were found (p=0.712). The stable consumption
of ethanol solution during this period indicated the formed
alcohol adaptation/preference/addiction.

Our attention was drawn to the fact of time-
dependent manner in climax formation of alcohol
consumption. It happened by the end of the sixth week
of forced alcoholization. In our opinion, this can be
the rationale for the minimal time period required for
forced alcoholization development. Changes in the
consumption of ethanol and glucose solutions during
forced alcoholization are shown in Figure 1, A.

During the process of alcoholization, the daily total
consumption of liquids by rats was increasing, compared
to healthy rats. By the end of the sixteenth week, it exceeded
the parameter of healthy animals by 1.8 times (Fig. 2, B).
The increased thirst was probably caused by the osmotic
properties of ethanol and its metabolite, acetaldehyde.

Table 1

The volume of consumed liquids in condition of free choice and at different periods of forced alcoholization of rats

The volume of drunk liquid, ml
Group of animals
Pure water 2 gllfcose s et!lanol Total volume
solution solution
Healthy rats before alcoholization (n=70) 2.5+0.6 1.6+0.6 - 3.9+1.1
Thelst experimental group (n=20), alcoholization 07406 * 11404 ° 4.940.8 6.740.8 *
for 3 weeks
The 2nd experimental group (n=20), alcoholization 0.5:0.4 0.7£0.4 6.440.9 * 700.9
for 6 weeks
The 3rd experimental group (n=20), alcoholization 0.540 5 02402 @ 6.5206 71407
for 16 weeks
The control group (n=10), after 3, 6 and 16 weeks 2.540.6 1.6+0.6 - 3.9+1.1

Note: * - statistically significant difference (p<0.001), compared to the parameters of healthy rats; # - statistically significant
difference (p<0.001), compared to the parameters of the 1st group; @ - statistically significant difference (p<0.001), compared to the

parameters of the 2nd group.
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Fig. 1. Dynamics of 5% glucose and 10% ethanol solutions consumption
(A) and the total volume of consumed liquids (B) at different periods
of forced alcoholization.

Horizontal axis includes periods of forced alcoholization: healthy rats before
alcoholization; 3 weeks, 6 weeks, and 16 weeks of alcoholization.
Vertical axis represents the volumes of consumed alcohol: per 100 g weight of
the animal (m1/100 g), X .

Observations of glucose consumption have shown
that in alcoholized rats, glucose loses its hedonic
properties. The conclusion was made due to reduced
glucose preference by alcoholized rats, compared to
healthy animals. Our results are consistent with the
data of other researchers who showed that in rats with
a formed alcohol addiction, the preference for alcohol
intake did not decrease when there was a free choice
between alcohol and pure water sweetened with sugar
[7, 13]. The experiment has revealed that the duration
of alcoholization, and, consequently, the degree of
alcoholization affect the volume of consumed glucose
solution. The longer alcoholization lasted (3, 6 or
16 weeks), the less volume of glucose solution was
consumed by animals under condition of free choice.
Table 1 indicates that the level of glucose consumption
significantly decreases when comparing the volumes of
drunk glucose solutions in different reporting periods.
Thus, by the end of the 16th week of alcoholization,
under condition of free choice, the glucose consumption
is, on average, 8 times lower than that of healthy animals.
This dynamic is clearly represented in Figure 1.

So, why has an alcoholized rat stopped enjoying
such a delicious glucose? After all, glucose is a favorite

delicacy for almost all mammals for the reason that it
is probably the only nutrient substrate for brain cells.
We suggest that the answer to the question may be a
decrease in the functional activity of glycolysis enzymes.
According to the general biological principle of feedback
loop, a decrease of the substrate level inevitably leads
to a decrease in both the activity and the number of
enzymes for this substrate. In the absence of glucose,
the metabolism of neurons is rearranged to the synthesis
of macroergic molecules by the oxidation of ketone
bodies. And we assume that as a result of prolonged
alcoholization, the brain not only switches its metabolism
to nutrition with ketone bodies, but also loses the ability
to utilize glucose. That is why, “being unnecessary”,
glucose loses its hedonic properties for alcoholized
animals.

Ethanol stimulates the synthesis of ketone bodies in
the liver. The liver biochemistry creates a vicious circle:
excess of ethanol leads to hypoglycemia — hypoglycemia
leads to ketosis — ketosis requires ethanol [1, 5, 9].
Ketone bodies become the only stable nutrient for the
brain. That is why alcoholized rats probably “require”
only ketone bodies and refuse glucose, regardless of the
degree of hypoglycemia.

We propose to look at the problem of alcohol
addiction in this way: the essence of alcoholism is not a
dependence on ethanol, but on ketone bodies.

After the termination of alcoholization, the drinking
behavior of the animals was observed for another three
weeks. The volume of consumed liquid in all groups and
subgroups was different (Tables 2-4). This depended on
three factors:

- on the duration of preliminary forced alcoholization;

- on the time elapsed after the end of forced
alcoholization;

- on the forced administration of a starch solution
per os.

Analyzing of the data in Tables 2-4, we are able to
make a number of assumptions.

When comparing the levels of glucose consumption
in one reporting period, in the second subgroups of
experimental groups 1 and 2, they were significantly
less than the same indicators in the first subgroups. It is
obviously related to the fact that the rats of the second
subgroups were additionally receiving glucose (a starch
solution) per os.

Probably, for the same reason, the total consumption
of all types of liquids was always lower in animals of the
second subgroups.

Water consumption in the same reporting period was
always higher in rats of the second subgroups. Obviously,
it was caused by the osmotic activity of glucose, added
in the form of a starch solution per os.

Under other equal conditions (the same duration
of alcoholization, its termination, free access to all
types of drinking), the consumption of ethanol in the
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Table 2

The volumes of consumed liquid by rats in 3 weeks of forced alcoholization of the 1st experimental group, under the
condition of free choice

Weeks after the end The volume of drunk liquid, ml
Sub-group Drinking conditions s
of alcoholization Pure water 5% glucose 10% ethanol Total volume
One 0,6+0,7 1,1+0,6 4,9+0,7 6,6+0,9
Ist Free choice Two 0,6+0,5 1,50,5 4,404 6,7+0,6
nzlb and 0.9% NaCl
per os Three 1,040,6 1,740,4 3,9+0,5 6,7£1,0
nd, | Freechoice One 2,104 0.8+0,4 * 2,140,7° 5.4+0,8
n=l(’) and a starch solution Two 2,7£0,8 0,6+0,5 1,2+0,6 *# 4,5+0,7 "
per os Three 3,2+0,5 0,7+0,6 " 0,6+0,4 @ 4,5+£0,8

Notes for tables 2-4: * - statistically significant difference (p<0.001), compared to the parameters of the Ist group at the same

time period; # - statistically significant difference (p<0.001), compared to the parameters of the 2nd subgroup in one week after
alcoholization; @ - statistically significant difference (p<0.001), compared to the parameters of the 2nd subgroup in two weeks after

alcoholization.

Table 3

The volumes of consumed liquid by rats in 6 weeks of forced alcoholization of the 2nd experimental group,
under the condition of free choice

Sub-group Drinking conditions | Weeks after the end of The volume of drunk liquid, ml
Al Pure water 5% glucose 10% ethanol Total volume

Ist, Free choice One 0,5+0,4 0,7+0,5 6,4+0,8 7,0£0,6

n=10 | and 0.9% NaCl Two 0,8+0,7 0,5+0,8 5,9+0,8 6,5+1,0

peros Three 1,0+0,7 0,7+0,7 6,1+0,5 6,4+0,8
2nd, Free choice One 1,6£0,5 0,4+0,6 * 3,9+0,6 " 5,6+0,8
n=10 and a starch solution Two 1,740.7 0340,6 2,140,5 * 4340,7"
peros Three 21410 0.4+0.,5° 1,940,5 '@ 44409

Table 4

The volumes of consumed liquid by rats in 16 weeks of forced alcoholization of the 3d experimental group,
under the condition of free choice

Sub-group Drinking conditions | Weeks after the end of The volume of drunk liquid, ml
alcoholization Pure water 5% glucose 10% ethanol Total volume

Ist, Free choice One 0,84+0,3 0,2+0,2 6,5+0,6 7,1+£0,8

n=10 | and 0.9% NaCl Two 0,9+0,5 0,2+0,1 6,3+0,4 7,0+0,5

peros Three 0,9+0,4 0,3+0,1 6,4+0,5 7,1+0,7
2nd, Free choice One 1,2+0,6 0,1+0,1 5,5+0,6 5,9+0,8 "
n=10 and a starch solution Two 1,4+0,4 0,1+0,1 3,1£0,6 4,940,7
peros Three 1,6+0,5 0.240,2 2,740,7 @ 47409°

second subgroups decreased to a greater extent than in
the first ones within three weeks. Thus, at the second
week of metabolic correction of glycemic level (and
even at the first week in groups 1 and 2), the level of
ethanol consumption in the second subgroups of all
experimental groups significantly decreased, compared
to the same parameters of the first subgroups (in which
the rats did not receive a starch solution).

Moreover, the duration of metabolic correction
with a starch solution matters: the longer it is, the

less craving for alcohol will be. This can be seen
from the dynamics of ethanol consumption within
the second subgroups from the first to the third week
of observation. By the end of the second week of
alimentary correction, the level of ethanol consumption
in the second subgroups of all experimental groups
decreased (p<0.001), compared to the same indicators
in the first week. By the end of the third week, the
ethanol consumption was lower than in the second
week (p<0.001).
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The obtained data allows us to suggest that the
forced excess of glucose in the body (due to alimentary
correction of glycemic level) helps to restore the activity
of glycolysis enzymes. Under this condition, ketone
bodies become “unnecessary”. Therefore, there is no
need for ethanol as a ketone formation stimulator.

Our conclusion is consistent with studies in which the
use of appetite-enhancing drugs led to an increase in food
intake and a decrease in alcohol consumption in patients
in a state of withdrawal [8]. And additional physical
activity (and, consequently, an increase in glycemia
— author’s note) reduces the risk of relapse of alcohol
consumption [12].

From the proposed position, it is quite easy to explain
the direct effect of forced alcoholization duration (and,
consequently, the degree of alcoholization) on level
of glucose consumption (of hedonic significance): the
longer alcoholization (3, 6 and 16 weeks) lasts, the less
glucose will be consumed by rats under condition of free
choice (Fig. 1).

The similar conclusions were drawn by the other
researchers. Thus, they state that hedonic stimuli
probably act as irritants for the rewarding system only
in a healthy brain or in the early stages of addiction
formation, but completely lose their significance as
stimuli at later stages of addiction [7, 13]. Alcoholized
animal models show a decrease in the importance of both
vital and behavioral components of life that have hedonic
significance [4].

CONCLUSIONS

Alcohol-dependent rats reject the glucose
solution offered as a drink. But prolonged and forced
administration of glucose leads to a decrease in alcohol
consumption.
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IIUTHA TA TEJOHIYHA MMOBEJIHKA AJIKOT'OJII3OBAHUX II[YPIB
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AKTyaJabHicTh. J[1s1 KynipyBaHHS aJIKOTOJILHOTO a0CTHHEHTHOTO CHHAPOMY 3aCTOCOBYIOTh BHYTPIIIHBOBEHHY iH(Y3iI0 IIIOKO3H i
AHTHUJOTH, 1[0 HEHTPaIi3yI0Th KETOHOBI TiJIa. AJIe MICJIs JIIKYBAHHS BCE OJJHO 30€piraeThCs MOTST J0 AJIKOTOJIO, i PSIUJINBU BKHUBAHHS
QJIKOTOITIO criocTepiraloThest y 60-90% xBopux. 3aHIIaeThes He3 ICOBAaHUM ITUTAHHS, YU ICHY€ 3B’ 30K MIXK TilTOITIKEMi€I0, KETO30M, 3
OJTHOTO OOKY, 1 TOTSITOM JI0 aJIKOTOJIIO, 3 1HILIOTO.

Merta: 3’scyBary, SIK BIUTUBA€ Ha CIIOKMBAHHS €TAHONY Y AJKOTOJII30BaHUX LIypiB YCYHEHHS TINOMIIKEMIl 1 TpuBaje miaATpUMaHHs
riiikeMii Ha piBHI HopMu. [IpH 1IbOMY MK BHOpasIH iBa albTePHATHBHI CIIOCOOM yCyHEeHHsI rinortikeMii: 1) HagaHHs TBapUHAM BiIBHOTO
HEOOMEKEHOTO0 JIOCTYITY 10 MOIIKU 3 ITI0K03010; 2) IPUMYCOBE MOCHIICHE BYIJICBOIHE XapuyBaHHs.

Marepiaan Ta Metoan. 70 mypiB MicTHIM 110 ogHOMY B KJIiTHi. Ha mepmiomy erari, IpOTSATOM OZHOTO THXKHS, B KOXKHY KIITHHY
OyJu TIOMIIIEH] 110 JIBi MOTIKH — 3 YHCTOIO0 BOZOIO 1 5% mimoko3oto. Ha apyromy erarmi nmpoBOAMIN IPUMYCOBY aJIKOTOJII3AMiI0: B KOXKHIN
KTiTHHI Oyna Tinbkn oxHa moinka — 3 10% eranonom. Tepminn ankoromizamii Oymu pizHEME: 1uist IrypiB 1-1 Tpymu (n = 20) — 3 TmokHI,
2-i rpymu (n = 20) — 6 TrxkHIB, 3-1 rpynu (n = 20) — 16 TiwkHIB. TBapuHM KOHTpONBHOT TpynH (n = 10) B AKOCTI MUTTSA OTPUMYBAJIH BOLY.
Ha tperpomy erari, micist 3aKiHYEHHST IPUMYCOBOI ajKoroi3auii, y TBAPHH MPOTIArOM TPhOX THIKHIB OyB BiIbHHN BHOIp MK BOJOIO,
5% mimoko30t0, 10% eTaHoNIOM, a Y KOHTPOJIBHHX HIypiB — BUOIp Mixk Bomoro i 5% miroko30r0. Ha TpeThoMy eTari KOXKHY 3 eKCIepHu-
MEHTaJIbHUX IPYH PO3IUIMIHN Ha JBI miarpynu: no 10 ocobun y xoxHii miarpymni. TBapuH Apyrux miArpyn MiCTHIM HA IOCHICHOMY
BYIJICBOJHOMY XapdyBaHHI: 3 pa3u Ha AeHb per os BBOAWIH 1 M1 40% KpoXMalIbHOTO KHCEIIIO (B IIepepaxyHKy Ha roko3y —1e 2,0 T/
Kr). [IpoTATOM yChOTO €KCIIEpUMEHTY IIOAHS PEECTPYBAIN KITBKICTh BUIIUTOTO MHTTS BCiX BUAIB. [Ipu 00poOIIi pe3yapTaTiB BAKOPHCTO-
ByBaiu naket MedStat.

PesyabraTu. 310pOBi 11ypH HIOAHS BUMMBAIU Boau 1o 2,5 = 0,6 mu / 100 r Bary, i mroko3u — 1o 1,6 + 0,6 mut / 100 r Baru. Y nepuri
7 nHIB IPUMYCOBOI JIKOTOi3alii TBAPHHU BUMUBAIX ankoroiio 1o 3,1 £ 0,7 mir/ 100 r Baru. J1o KiHIs 3 THXKHS KUTBKICTh CHOKMBAHOTO
eranomy 3pocia (p <0,001) 1o 4,9 = 0,8 mur / 100r Baru, mo CBiqUUTh Mpo afanTaiito. J1o KiHI 6 THKHI CTaBCs «CTPUOOK) CIIOKHUBAHHS
pozunHy etanory — 1o 6,4 + 0,9m / 100 r Baru TBapuHu. KidbKicTh BUNUTOTO, B TIOPIBHAHHI 3 TOKa3HUKAMU Ha 3 TIDKHI, 3pocia B 1,3
pasu (p <0,001). Crio’)kuBaHHS aJIKOTOJIO Ha 6 THKHI OYIIO «CTENEI0», OCKIUTBKH TOJAIIbIIE TIOOBKEHHS TEPMiHY alKoTroi3amii (ax 10
16 TrkHS) 3MiH B MUTHOMY TOBeniHIl He cnpuuuHmio (p = 0,712). Beaxkaemo, mo 6 THKHIB — IIe MiHIMAIBHUHA TEPMiH MIPUMYCOBOT
ankorosmizanii. B mpoueci ankorosmizarii, 111071000Be 3arajibHe CIIOXKUBAHHS TUTTS B MOPIBHSHHI 31 3[0POBUMH IlypamMH 3011bLIyBajIacs,
1 10 KiHI 16 THXKHS IEPEBUINNIIO TIOKA3HUKH 3I0POBHX TBAapUH B 1,8 pasu. Y ajkoroiizoBaHMX IIypiB INIIOKO3a BTpayae CBOI TeJOHIYHI
BiactuBOCTI. J[o KiHI 16 THXKHS ayKoroizamii CIOKMBaHHS IUTIOKO3M B yMOBaX BUIEHOTO BHOOPY y 8 pa3iB HMKYE, HIXK Y 370pPOBUX
tBapuH. [llypH, sIKi OTpUMyBaIN J0JaTKOBE IOCIICHE BYIJICBOIHE XapUyBaHHs, CIIOKHBAJIM €TAHOITy MEHIIe. TpHUBaicTh MeTabOIIYHOT
KOPEKIIiT PO3YNHOM KPOXMAJIIO Ma€ 3HAYCHHS: YUM BOHA TPHUBAJIIIA, THM MEHIIIE MOTSAT /10 aJIKOTOJIIO.
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BucHOBKH. AJIKOroni3oBaHi HIypH BiJKHIAaIOTh 3alPONOHOBAHY B IHMTBO IIIIOKO3Y. AJie TpHUBaJie MPUMYCOBE BBEICHHS IIIOKO3U
CIpHsI€ 3MEHIIICHHIO CIIOKUBAHHS €TAHOILY.
KurouoBi cjioBa: ankoromizoBaHi OIypH, TiOTIiKeMis, BTpaTa reJJOHIYHUX BIACTUBOCTEH TITFOKO3H, IIPIMYCOBA KOPEKIIis TIIIKeMii.

IUTBEBOE U TEJOHUYECKOE ITIOBEJEHUE AJTIKOI'OJIM3UPOBAHHBIX KPBIC
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AKTyaJIbHOCTB. J[JI1 KyITMpOBaHUS aJKOTOJIBHOTO a0CTHHEHTHOTO CHHJPOMA NMPUMEHSIOT BHYTPHBEHHYIO MH(Y3HIO IIIOKO3BI U
AHTHUJIOTHI, HEHTpann3ylomue KeToHoBEIe Tena. Ho mocite gedeHns BCE paBHO COXPaHSETCs BICUCHUE K aJIKOTOJII0, 3 PEIUANBEI yIIOTpe-
Omenus ankoromst Habmonarorest y 60-90 % 6ompHBIX. OcTaéTcs HeBBLICHEHHBIM BOIIPOC, CYIIECTBYET JIN CBSI3b MEXK/y THIONINKEMHUEH,
KETO30M, C OJJHON CTOPOHBI, U BJIEYEHUEM K AJIKOTOJII0, C APYTOH.

Ileab: BEIACHUTD, KaK BIMSET Ha MOTpeOIeHNE ITAHONA Y aJIKOTOIM3UPOBAHHBIX KPBIC YCTPAHEHNE TUTIONIMKEMUHN U JAIUTETBHOE
HOJyIepKaHKUe IIMKEMHUH Ha ypOBHE HOPMBI. [Ipy 5TOM MBI BBIOpAJIM J1Ba allbTEPHATUBHBIX CrIoco0a yCTpaHeHUs TUIONIHKeMUH: 1) mpe-
JIOCTaBJICHHE YKUBOTHBIM CBOOOJHOTO HEOIPAHMUYEHHOTO JIOCTYIIA K ITOMJIKE C IIIIOKO030H; 2) NPHHYIUTEIFHOE YCHICHHOE YIIIEBOJHOE
MTUTaHHE.

MarepuaJjibl 4 MeTobI. 70 KpBIC coep kanu 1o ofHOH B ki1eTke. Ha mepBoM srarie, B TedeHHE OAHON HEIENIH, B KaXKIYIO KIETKY
OBbIIM TTOMEIEHBI 110 JIBE TIOMJIKK — C YUCTOH BO#O#H 1 5 % rmoko3oi. Ha BTopoM 3Tame mpoBoauiIN NPUHYAUTETbHYIO aIKOTOIH3AIHIO:
B KaX/I0H KJIeTKe Obli1a TOIbKO ofHa momika — ¢ 10 % stanonom. Cpoku ankoroan3anyuu 6butd pasHeIMu. [t kpeic 1-if rpynmsl (n = 20)
— 3 Heneny, 2-i rpynnsl (n = 20) — 6 Hexeunb, 3-i rpynmnsl (n = 20) — 16 Hegens. JKuBoTHBIE KOHTPOIbHON Ipynisl (n = 10) B kauecTBe
TIUTHS OJTy4ain Body. Ha TpeTbem srare, mocie OKOHYaHHs NPUHYAUTEILHON AJIKOTONN3ANNY, Y )KUBOTHBIX B TEUCHHE TPEX HEIelb
ObLI CBOOOIHBII BEIOOP MEXK Ty BOIOH, 5% rmroko30i, 10% 3TaHOIOM. A y KOHTPOJIBHBIX KPBIC — BBIOOP MEXTy BOJOH U 5 % TIIIOK030i1.
Ha TpetbeM sTare kakay1o U3 3KCIepUMEHTAIBHBIX TPYIIT pa3AeIiin Ha JBe MoArpynmsl: o 10 ocobeit B kaxaoi moarpymme. XKusot-
HBIX BTOPBIX TIOATPYIIT COAEPrKaIN Ha YCUIEHHOM yITIEBOAHOM MUTAHUM: 3 pa3a B IeHb per 0s BBOAMIH 1 Mt 40 % KpaxManbHOTO KHCe-
151 (B mepecuére Ha nioko3y — 310 2,0 r/kr). Ha npoTshkeHne Bcero SKCHepuMEeHTa eKEHEBHO PErHCTPHPOBAIIM KOJIHYECTBO BBIITUTOTO
nuThst Becex BUIOB. [Ipu 0OpaboTke pe3ynbraTtoB HCnosb3oBaiu naket MedStat.

Pe3yabTarsl. 310pOBbIC KPBICHI KETHEBHO BBIMUBAIN BOjbI 10 2,5+0,6 Mi1/100 1 Beca, u miroko3sl — o 1,6+0,6 mui/100 T Beca. B
niepBble 7 JHEH IPUHYIUTEILHON aIKOTOIH3aIMH KUBOTHBIC BRIMMBAIH astkorouts o 3,1+0,7 mi/100 r Beca. K xonity 3 Henenn konmde-
CTBO NOTpebisieMoro sranona Bozpocio (p < 0,001) mo 4,9+0,8 mu/100r Beca, 4TO CBHACTENBCTBYET 00 ananTanuu. K KoHIy 6 Henmenu
MIPOM30IIENT «CKa4OK» MOTPeOIeHUs pacTBopa 3taHona — 10 6,44+0,9m1/100 r Beca sxuBoTHOTO. KONM4ECTBO BRITUTOTO, TIO CPAaBHEHUIO
¢ ToKa3aresisiMu Ha 3 Hezene, Bo3pociio B 1,3 pasza (p < 0,001). ITorpebnenne ankoroist Ha 6 Henese ObIIIO «IOTOJIKOM», MOCKOIBKY
JlaJibHEHIee YIUTMHEHUE CPOKa aJIKOroJIM3aluu (BIUIOTH 10 16 Helenu) u3MEeHEHU B MUTheBOM NOBeIeHUN He noiekiio (p=0,712). [To-
nlaraem, 4to 6 HeJeib — TO MHHUMAJIBHBIH CPOK MPUHYIUTEIBFHOH alKoroim3anuy. B mporecce ankoroin3anmy, execyToqHoe ooree
NoTpeOIICHNe MUTHS [0 CPABHEHUIO CO 30POBBIMH KPBICAMH YBEIMUHBAJIOCH, U K KOHITY 16 HEIeNN MPEBBICHIIO MTOKA3aTelIH 30POBBIX
JKUBOTHBIX B 1,8 paza. Y aJKoroaM3MpoOBaHHBIX KPBIC INIIOKO3a yTPauyHBAeT CBOU I'eIOHMYECKHE cBoicTBa. K KoHIly 16 Henmenmu amko-
TOJIM3AIMU TTOTPeOIeHNE TIIIOKO3BI B YCIOBUSIX CBOOOZHOTO BEIOOPA B 8 pa3 HUKE, YEM Y 3MO0POBBIX KHUBOTHBIX. KpBICHI, TOMyJaBIITe
JIOTIOTHUTENBbHOE YCHIEHHOE YITIEBOAHOE MUTaHUE, NOTPEOISIH ITaHoNa MeHbIIe. [IpoomKnTeIbHOCTh META00INIECKOH KOPPEKIINH
pacTBOpOM Kpaxmalla UMEeT 3Ha4CHHUE: YeM OHa JUINTEJIbHEE, TEM MEHBIIIE BICUCHUE K aJIKOTOJIIO.

BrIBOABI. ANKOTOIN3UPOBAHHBIE KPHICH OTBEPrafoT NMpeJylaraeMylo B MUThE NIF0K03y. Ho mpoomknTeIbHOe MPUHYANTEIEHOE BBE-
JICHHE TIIFOKO3bI CIIOCOOCTBYET YMEHBIICHHUIO TOTPEOICHHS 3TaHOIA.

KoroueBbie c/10Ba: aqKOTOIM3UPOBAHHBIE KPBICHI, THITOTTIMKEMHS, yTPaTa reJJOHNIECKUX CBONCTB IIIOKO3bI, IPHHYUTEIbHAS KO-
PEKIus IUKEMHUH.
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Relevance. The problem of effective prevention and treatment of traumatic brain injuries (TBI) of various etiologies has not been
resolved in all countries of the world. Primary brain damage from trauma initiates secondary damage to the nervous tissue. As a result,
the interaction of brain neural networks is disrupted and the control of somatic and visceral functions of the body is weakened. The article
is based on our own clinical observations and comparison of results with literature data and provides discussion of the prospects for the
use of cell technologies in prevention of fatal disorders of vital functions control in traumatic brain injuries.

Objective. To evaluate effectiveness of intranasal perineural implantation of mesenchymal stem cells (MSCs) in the complex ther-
apy of patients with TBI.

Materials and methods. The technique intranasal perineural administration of MSCs was used in complex therapy of 15 patients
with severe TBI. The patients were 19+69 years old, 13 men and two women. A cell suspension was isolated from the adipose tissue of
patient’s abdominal wall and centrifuged for 10 min at 1500 rpm. The cell pellet was washed in phosphate buffered saline and DMEM.
Cells were cultured in plastic culture flasks in humidified atmosphere with 5% CO2 content. The cell mass was trypsinized according
to standard technique and resuspended in physiological saline on the day of implantation. Dynamics of culture growth, pluripotency,
phenotyping of MSCs were monitored. MSCs were injected under general anesthesia into the submucosa of nasal cavity 3-4 times with
an interval of 3-7 days, depending on the growth rate of MSCs, in a single dose from 12.0x106 to 35.0x106 cells.

Results. The use of allogeneic and predominantly autologous MSCs of adipose tissue in the complex treatment of patients with
severe TBI by intranasal perineural delivery to the area of traumatic brain injury does not cause complications and is a safe technique.
8 patients with severe TBI showed from 4 to 7 points according to the Glasgow Outcome Scale Extended, with an average of 5.4+1.1
points after 6 months. The main result is that complex therapy, including intranasal implantation of MSCs in acute and subacute periods
of severe TBI, contributes to survival of patients and restoration of neurological — including cognitive — functions control.

Conclusions. The effectiveness of intranasal perineural implantation of MSCs in the complex therapy of patients with TBI has been
demonstrated. The mechanisms of the beneficial effects of perineural implantation of MSCs in patients with TBI require further research.

Keywords: traumatic brain injury, patients, cell therapy, intranasal technique, mechanisms.

Relevance. Traumatic brain injury (TBI) is currently
one of the socially significant health problems in the
world. TBI accounts for 9% of population deaths and
about one third of all deaths from external causes. Injury,
homicide and suicide are the leading causes of death in
the US and EU in people under 45 years of age [1]. Every
year in the world about 10 million people receive TBI,
which leads to hospitalization or death [2]. TBI is some-
times called a “quiet epidemic” due to the growing scale
of this problem and low public awareness of significance
of the consequences [3].

Primary brain injury in TBI provokes secondary brain
damage that develops as a cascade of multiple patho-
physiological mechanisms, including cytotoxicity, gene
activation, oxidative response, cerebral edema, and in-
flammation [2]. Functional restoration of damaged neu-
ronal and glial structures is the main task of regenerative
medicine, which considers the use of stem cells (SCs) as
the most promising direction [4].

Most of the research in this area are carried out in ex-
periments on animals [4-6]. The clinical implementation
of these methods remains a problem and requires devel-
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opment of reliable methods for SCs delivery, the study of
mechanisms of specific action of mesenchymal stem cells
(MSCs) on tissues, and other issues, that limit successful
implementation of the method in clinical practice [7, §].

Pathophysiology of TBI. Although the brain damage
associated with TBI is usually acute, the further patho-
physiological response proceeds in two stages. The first
stage is direct physical damage to cellular elements, mi-
crovasculature and blood-brain barrier (BBB) [9, 10].
Primary TBI leads to ischemia, a decrease in oxygen
and glucose delivery to cells, which changes respiration
into anaerobic and leads to accumulation of lactic acid.
Depletion of ATP reserves in cells is followed by disrup-
tion of membrane permeability, which is accompanied
by the accumulation of calcium ions excess in cytoplasm
and mitochondria and formation of free radicals, which
enhance the damaging effect [11-15]. An intense local
inflammatory reaction develops, aggravating the prima-
ry injury and increasing its area with the involvement
of neurons and glia of neighbor tissues. Inflammatory
response consists in activation and migration of leu-
kocytes and microglia to the site of injury and release
of cytokines possessing pro-inflammatory (IL-1, IL-6,
IL-12, TNFa, IFNa, IFN, IFNY) and anti-inflammatory
(IL-4, IL-10, TGFp, IL-10) functions. A cytokine storm,
in addition to oxygen radicals, gaseous mediators, pro-
teinases, chemokines and other factors with cytotoxic
effects, multiplies the death of nerve and glial cells [13,
16-18]. This complex cascade is known as secondary
brain injury in TBI. Astrocytes, which form the basis of
the BBB and are a key link in brain defense, surround the
damaged area with a kind of glial scar that protects the
intact part of the brain after TBI. However, the formed
scar restricts the influx of macrophages, immunocompe-
tent cells responsible for removal of inhibitory myelin
from the damaged area, which ultimately inhibits the
process of functional recovery of damaged brain area
[19-22] and restoration of BBB [23].

Effect of MSCs on focal brain lesions. MSCs are mul-
tipotent stromal cells that are extracted from virtually
any mature tissue and have potential to differentiate into
a variety of cell types, including osteogenic, adipogenic,
cartilaginous, and neural [24-28].

MSCs are able to migrate to sites of brain damage
[7, 29-32]. Ponte A.L. et al. (2007) showed that MSC
migration depends on a number of chemical agents and
growth factors [33]. Another mechanism involves vas-
cular cell adhesion molecule VCAM-1 [34, 35]. There is
more evidence for how MSCs find damaged cells with-
in healthy tissue. Introduction of MSCs into damaged
tissue promotes endogenous tissue repair process by
releasing active growth factors [36-39]. MSCs also have
immunosuppressive properties that can be used to reduce
secondary brain damage in severe TBI [40, 41].

The mechanisms of regenerative effect of MSCs in
brain lesions are widely studied in experimental animal

models. Until recently, it was believed that SCs admin-
istered intracerebrally migrate to TBI focus, where they
survive for two months and differentiate into functional
neurons, astrocytes, and oligodendrocytes [42]. How-
ever, this opinion is criticized because there is no clear
evidence that SCs are capable of generating several de-
terministic subtypes of neurons with axons at the lesion
locus, which form new synaptic contacts [43]. By the
way, it has been shown in vivo that neuron-like cells
derived from MSCs do not have the ability to generate
an action potential [44, 45].

Transplantation of SCs activates efficiency of func-
tioning of preserved neural networks, which contributes
to restoration of sensory and motor functions and ex-
plains their reparative potential [6, 46]. It is all the more
difficult to imagine a different opinion, for example, on
the activation of neurogenesis in the form that was com-
pleted at the embryonic stage of development at a low
Hayflick limit (0.1) for nervous tissue [47]. From our
point of view, neuroplasticity is not the ability to generate
new neurons, but the ability to “reanimate” the functions
of neural networks preserved after injury.

It has been established that MSCs, mononuclear cells
of umbilical cord blood and bone marrow, are able to
improve neurological function in experimental models of
cerebral ischemia through a combination of effects such
as neuroprotection, angiogenesis, immunomodulation
and stimulation of neuronal plasticity, but these effects
are not necessarily associated with the presence of cells at
the site of injury [48-51]. These mechanisms of action are
fully explainable by secretion of neurotrophic factors and
immunomodulatory molecules by transplanted MSCs, the
effect of which is additionally potentiated by microenvi-
ronment of damaged brain (paracrine mechanisms) [52].
It has been shown that MSCs exhibit reparative potential
due to release of many neurotrophic factors (nerve growth
factor, glial-derived neurotrophic factor, brain-derived
neurotrophic factor, vascular endothelial growth factor,
etc.) and the mechanism of exosome-mediated microRNA
transfer to neurons and astrocytes [53-55]. It is believed
that several injections are required to optimize release of
required factors from MSCs [56]. These results support
the idea that the presence of MSCs promotes restoration
of nervous system functions through secretion of soluble
growth factors [39, 57, 58].

MATERIALS AND METHODS

15 patients with severe TBI (4-8 Glasgow Coma
Scale (GCS) points) were selected in accordance with
developed list of indications and contraindications for
complex treatment with MSCs of adipose tissue. Patients
were aged 19+69 years (41.8+17.6 years), 13 men, 2
women. 10 (66.6%) of these patients received surgery
due to intracranial hematomas and brain contusions,
including 7 (46.7%) patients subjected to decompressive
hemicraniectomy.
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The biological material was prepared as follows.
Adipose tissue from the patient’s abdominal wall was
excised with scissors under intravenous anesthesia,
washed in phosphate buffered saline (Sigma-Aldrich,
USA, pH=7.4), placed for 30-40 minutes in 0.075%
type I collagenase solution (Sigma-Aldrich, USA) or
for 30 min in 0.25% EDTA trypsin solution (Sigma-Al-
drich, USA). Then an equal volume of DMEM medium
(Sigma-Aldrich, USA) was added to neutralize enzyme
activity. Resulting cell suspension was centrifuged for
10 min at 1500 rpm. The cell pellet was washed twice
in phosphate buffered saline for 10 min at 1500 rpm
and then in DMEM medium, plated into plastic culture
flasks, which were placed in humidified atmosphere with
5% CO2 content (Revco Elite II incubator, USA). The
medium was removed from the vials in 48 hours, cells
were washed with phosphate buffered saline, 1 ml of
trypsin solution was added and incubated for three min-
utes at 37°C. Then the cells were washed from trypsin
and resulting precipitate, if necessary, was sown again
in culture flasks. Cell mass was trypsinized according to
the standard technique and resuspended in saline on the
day of implantation of autologous MSCs in a specific
TBI patient [59].

The cell material control algorithm included morpho-
logical analysis of MSCs; dynamics of culture growth;
pluripotence; phenotyping of MSCs (CD90, CD105,
CD13, CD44, CD73, CD29, CD34, CD45); percentage of
viable MSCs; bacteriological culture to control sterility
of MSCs. Preparation of MSCs took from 8 to 14 days
from the collection of biological material.

Two (13.3%) patients died after taking biological ma-
terial before the start of cell therapy, two more (13.3%)
- before its end (1-2 MSCs injections were performed).
These patients are not included in analytical design. Cell
therapy was started on the 16-30th day from the moment
of injury in 7 (63.6%) patients, in the period from 2 to 12
months after the injury — in 4 (36.4%).

Perineural implantation of autologous MSCs through
the submucosal layer of nasal cavity was performed un-
der general anesthesia using the endoscopic technique
developed by the authors of the article. Endoscopic Karl
Storz stand (Germany) was used. The area of brain dam-
age and the side of predominant lesion were determined
according to CT data. Taking into account somatotopic
principle of MSCs distribution in brain, the zone of in-
tranasal implantation was selected: receptor fields of the
olfactory nerves in case of predominant lesion of supra-
tentorial parts of brain and receptor fields of trigeminal
nerves in case of predominant lesion of subtentorial parts.

MSCs were injected 3-4 times with an interval of 3-7
days, depending on their growth rate, in a single dose
from 12.0x106 to 35.0x106 cells, with a total dose from
52.2x106 to 145.5%106 cells. One injection of allogeneic
MSCs was performed before the start of therapy with
autologous MSCs on the day of biomaterial sampling at a

dose 0of 20.0x106 cells to reduce waiting period in the last
five (45.5%) observations. In another (9.1%) case, due
to biological limitations of conduction, three injections
of allogeneic MSCs were administered at a total dose of
60.0x106 cells.

Changes in the level of consciousness were assessed
by GCS, features of neurological status, dynamics of
changes on brain CT throughout the treatment period.
Skull defect plastics was performed in all patients in
need within 1.5 to 2.5 months after the injury. GCS
treatment outcomes were assessed in 10 patients after
6 months (one patient received MSC therapy 12 months
after injury).

RESULTS AND DISCUSSION

The use of autologous and allogeneic MSCs of ad-
ipose tissue in the complex treatment of patients with
severe TBI by means of their perineural delivery to the
area of traumatic brain injury turned out to be safe and
did not cause complications.

Despite cell therapy with MSCs, one (10.0%) patient
died, vegetative state remained in one patient (10.0%)
after 6 months. Remaining 8 patients showed Glasgow
Outcome Scale Extended, GOSE [60] score from 4 to 7
points, with an average of 5.4+1.1 points after 6 months.
The control group was selected by the “copy-pair” meth-
od, in the maximum similarity of age, sex, clinical condi-
tion of patients and CT picture of brain upon admission
to hospital.

At this stage, it can be noted that a relatively early
start of cell therapy contributed to restoration of higher
level of cognitive functions. Those patients who received
MSCs at a dose more than 80.0x106 had better neuro-
logical outcomes. Here is a brief example of clinical
observation.

Patient L., 28 years old, received severe TBI on July
10, 2020. Operated, acute subdural hematoma on the left
was removed, decompressive hemicraniectomy on the left
was performed. Coma duration was 9 days. Biological
material was taken from the patient in this state and
20.0x106 allogeneic MSCs were injected. Then, during
the course of therapy, another 145.5%106 autologous
MSCs were injected by three injections at weekly inter-
vals. Plastic surgery of the skull defect was performed
in two months after decompression. The patient s apha-
sic disorders were completely rebuilt, motor disorders
recovered. Minimal limitation of movement in the right
hand is maintained. Outcome assessment according to
GOSE - 7 points (Fig. 1).

The use of MSCs in the late period (one year after suf-
fering severe TBI) provided a patient with severe aphasic
disorders with complete recovery of speech function.
Here is a brief example of clinical observation.

Patient G., 39 years old, received severe TBI on June
29, 2018. Acute subdural hematoma removed, depressed
fracture of the left temporal bone eliminated, then decom-
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pressive hemicraniectomy performed. Dynamic recovery
of cognitive and motor functions was observed in post-
operative period after 5 days of coma. However, speech
did not recover one year after the injury, despite active
training with a speech therapist. Biomaterial was taken
on May 27, 2019 and three implantations of autologous
MSCs of adipose tissue were performed in a total dose
of 87.4x106 cells from June 09, 2019. Speech recovery

22.11.19
239990/17

160 ]

occurred up to one month after cell therapy, although
some reversal of speech dysfunction was noted after each
administration of MSCs. Now speech has recovered, the
GOSE score is 7 points (Fig. 2).

Thus, the conduct of complex therapy, including MSCs
implantation in acute and subacute periods of severe TBI,
contributed to survival of patients and recovery of neuro-
logical, including cognitive, functions in our study.

81
22:110.2020

23951

Fig. 1. Patient L., 28 years old. Severe TBI. A - Acute period, CT after decompression craniotomy, before cell therapy;
B - CT after the end of cell therapy, before the plastic of the skull bone defect

Fig. 2. Patient G., 39 years old. Severe TBI. A - Acute period, CT after decompression craniotomy, before cell therapy;
C - CT after the end of cell therapy, after plastic surgery of the skull bone defect
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Intracerebral stereotaxic injection of SCs into the
focus of cerebral infarction demonstrated significant
positive effect on restoration of neurological functions
upon initiation of cell therapy at the early stage of disease
(first week) [61] and significant variability of recovery
process upon initiation of cell therapy at the later stages
of disease [62-66]. Some doubts are raised by the press
reports about the positive effects of treatment within
3-8 years after the disease onset, when the processes of
apoptosis and functional restructuring of the nervous
system have already been completed. Despite the fact
that intracerebral transplantation allows a large number
of cells entering the lesion focus, this method is accom-
panied by uneven distribution of SCs in brain [67].

Intrathecal administration of SCs is accompanied
by short-term fever and meningeal symptoms, but, in
general, is an effective method of treatment [68, 69]. The
phenomena of meningism are caused by destruction of
SCs in osmotic conditions of cerebrospinal fluid. Cra-
nial movement of SCs against CSF flow during lumbar
punctures is questionable. A certain effectiveness of this
method is probably due to the influence of growth factors
from the contents of exosomes released into cerebrospi-
nal fluid after destruction of SCs.

Intra-arterial administration of SCs in focal brain
lesions sometimes has a positive effect; however, less
than 2% of the total amount of injected SCs accumulate
in brain [70-73]. It is important that intra-arterial injec-
tion of SCs can lead to embolism, significant decrease
in cerebral blood flow, and is accompanied by increase
of mortality [67, 74].

Intravenous administration of SCs is the simplest
method for delivering cellular material to brain lesions.
It has been demonstrated [75] that SCs labeled with iron
oxide nanoparticles, according to MRI data, in rare cases
migrate to the focus of cerebral infarction after intrave-
nous administration of SCs. A number of authors point
at persistent or transient positive effects of intravenous
cell therapy [76, 77], while other authors, on the contrary,
point at their absence [78]. Rosado-de-Castro P.H. et al.
[71] showed that intravenous injection of SCs leads to
small accumulation in the affected hemisphere compared
to intra-arterial route. But the final results of therapy in
both groups [71] were very similar.

Kamiya N. et al. [79] showed that intra-arterial ad-
ministration of SCs provides their higher content in brain
and better results in comparison with intravenous admin-
istration. However, Vasconcelos-dos-Santos A. et al. [80]
found that intravenous and intra-arterial infusions of SCs
in the model of permanent ischemia are accompanied
by equivalent recovery of brain functions with a low
level of SCs deposition in brain (less than 2% of the total
number of injected SCs). Zhang L. et al. [81] noted that
intra-arterial, intravenous, intracerebral, intracisternal,
and lumbar intrathecal delivery of SCs in an ischemic
model led to similar structural improvements. Meta-anal-

ysis of preclinical studies of stroke by Lees J.S. et al. has
not revealed any effect of SCs delivery pathway on the
effectiveness of cell therapy [82].

It is known that SCs migrate along the afferent peri-
neural spaces and have positive taxis for damaged tissue
[83]. The authors of the article proposed a hypothesis
about the use of these properties for SCs migration to
the brain [84, 85]. The areas of olfactory and trigeminal
nerves terminals were proposed as zones for implanta-
tion. By the way, there is a pool of endogenous olfactory
SCs in nasal cavity [86]. Experiments on laboratory rats
have shown the presence of somatotopic distribution of
SCs in brain [87]. Injected of SCs into olfactory nerve
receptor field led to distribution of fluorescent cells in
supratentorial regions of brain, while SCs injection into
the region of trigeminal nerve receptor endings was fol-
lowed by SCs migration to the affected areas of posterior
cranial fossa [87].

The technique of MSCs endoscopic intranasal im-
plantation has been experimentally developed for clinical
use [88]. Taking into account the properties of MSCs, it
was assumed that the efficiency of delivery of implanted
cells to the area of brain damage (cerebral infarctions,
intracranial hemorrhages, TBI, and other brain diseases)
will increase due to their directed migration along the
afferent fibers of cranial nerves, which contributes to
increase in the treatment effectiveness. It is necessary to
implant MSCs in the region of receptor endings of olfac-
tory nerves (upper and middle floors of the nasal cavity)
when the destruction site is located in supratentorial parts
of the brain. And it is advisable to implant MSCs in the
region of receptor endings of trigeminal nerves (lower
and middle floors of nasal cavity) or in the Meckel space
when the destruction site is located in posterior cranial
fossa. Such method of implantation will significantly re-
duce the amount of implanted material and surgical trau-
ma to patients. The proposed technique for implantation
of MSCs is distinguished by its simplicity of performing
the manipulation for a trained neurosurgeon.

Schepici G. et al. [69] presented analysis of clinical
studies on the use of SCs in TBI, registered at https://
clinicaltrials.gov/. The site has a list of clinical trials
approved by local ethics committees — a total of 18 stud-
ies. No definitive conclusions have been drawn as the
recruitment of patients continues [69].

C.S. Cox Jretal. [89] implanted MSCs in 10 children
with severe TBI with GCS score of 5 to 8 and followed
them up for 6 months. 7 children showed positive result
per GCS. The other three children did not have a signif-
icant improvement in their quality of life. None of the
children died or suffered from side effects due to the use
of MSCs in combination therapy. The same authors have
used MSCs in the treatment of cerebral stroke in adults
with positive results [89].

C.S. Cox Jr. et al. [90] assessed safety and efficacy of
autologous bone marrow mononuclear cells (ABMMC)
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transplantation at high doses. 25 patients (aged 18 to 55
years) with severe TBI (GCS 5-8 points) were enrolled.
Final doses of ABMMC — 6x106 cells/ml/kg, 9x106 cells/
ml/kg, or 12x106 cells/ml/kg in 0.9% saline containing
5% human serum albumin were injected intravenously.
None of the patients experienced severe side effects after
ABMMC transplantation., The pools of IL-1f, IFN-y and
TNF-a showed a significant decrease in concentrations
after ABMMC transplantation in patients, which corre-
sponds to suppression of inflammatory response to trauma.
In summary, ABMMC transplantation in patients with
severe TBI is effective in maintaining brain function by
attenuating inflammatory response [90].

The study by S. Wang et al. [91] was aimed at eval-
uating efficacy of cord blood MSCs transplantation in
patients with TBI. Patients from the main group were
injected four times with 2 ml of suspension containing
1x107 MSCs through lumbar puncture for 5-7 days.
These patients showed a significant improvement in mo-
tor function, sensitivity and coordination of movements,
as well as improved mobility, communication and the
ability to be independent after 6 months of MSCs addi-
tion to the complex therapy. In summary, transplantation
of cord blood MSCs by lumbar puncture is associated
with improved brain function after TBI [91].

Retrospective cohort study by G.P. Liao et al. [92]
included 29 children (5-14 years old) on the first day
of severe TBI (GCS 5-8 points). Patients from the main
group were injected with ABMMC intravenously at the
dose of 6x106 cells/kg of body weight within 48 hours
after injury. The volume of intensive care was significant-
ly reduced to maintain normal intracranial pressure in
24 hours after ABMMC transplantation, and movement
disorders began to recover in one week. These results
are presumably due to therapeutic effect of cell therapy
[92] by reducing the effects of inflammation in the early
period of severe TBI [92].

C. Tian et al. [93] showed that the use of ABMMC
has a window of effectiveness after TBI. ABMMC were
implanted by lumbar puncture in 97 patients, 24 of whom
were in vegetative state. Signs of recovery of brain func-
tions were noted in 38 out of 97 patients in 14 days after
transplantation. Specifically, 11 out of 24 patients in veg-
etative state showed improvement of consciousness level.
Motor activity improved in 27 out of 73 patients with
motor dysfunction. Younger patients showed more sig-
nificant recovery than the elderly, and the effectiveness
of cell therapy was the higher the earlier the implantation
of cells was started.

Z.X. Zhang et al. [94] showed that the use of MSCs
in patients with TBI is a safe and effective procedure that
potentially accelerates recovery of brain function. The
procedure consisted of injecting 107-109 MSCs directly
into the damaged area of the brain during cranial surgery,
followed by intravenous injection of 108-1010 cells. Cell
therapy was administered to eight patients. There were

no side effects and only one patient had two episodes of
epilepsy in the first two months. The Barthel index in all
patients have been constantly increasing during 6 months
of treatment. The results of the authors’ studies indicate
that cell therapy in the treatment of severe TBI using
adipose tissue MSCs is safe and does not cause complica-
tions. Perineural implantation of MSCs is capable of de-
livering biological material to critical areas of the brain,
as evidenced by positive transplant result. The effect of
cell therapy was obtained both in acute and long-term
periods of TBI. The small size of the main group does
not allow reflecting reliability of the obtained results, but
the data indicate the prospects and effectiveness of cell
therapy in the treatment of severe TBI.

Despite the abundant evidence that MSCs are
promising in the treatment of TBI, a number of ob-
stacles remain for the widespread adoption of this
approach. One of the main problems in the use of
MSCs is the limited understanding of how these cells
“target” damaged tissues [7] and what specific neuro-
trophic factors contained in MSCs are responsible for
the therapeutic mechanisms of action of MSCs [95].
It should be noted that there is objective evidence that
MSCs exhibit immunosuppressive effects in inflam-
matory conditions [96, 97]. Given that the secondary
mechanisms of brain injury in TBI involve inflamma-
tory response [98], the use of MSCs in treatment may
cause unexpected effects [99].

H.J. Kim et al. [100] reported that although trans-
planted SCs in animal models survived for a long time,
a small number of SCs differentiated into neurons and
astrocytes. But the authors explain restoration of brain
functions not by this effect, but by an increase in the
levels of NGF, BDNF, and neurotrophin-3 in brain, since
the release of these neurotrophic factors from SCs was
accompanied by inhibition of apoptosis. This confirms
the opinion of the authors of the article that SCs affect
the focus of brain damage through trophic factors secret-
ed with exosomes, but not through restoration of brain
cellular pool.

The use of MSCs to treat TBI has generated tremen-
dous interest over the past decade. This is because the
technology for MSCs culturing is available. The sup-
posed role of MSCs in TBI treatment is determined by
the effect of trophic factors secreted by MSCs on “sur-
vived” neural networks of patient’s brain. Neurotrophic
factors of MSCs reduce inflammation in brain tissue of
the recipient, which altogether contribute to increase in
efficiency of preserved neural networks functioning in
the brain of patients after TBI [101, 102].

The paracrine mechanisms of MSCs action in resto-
ration of damaged tissues in TBI require further research
[103]. Recently, there have been concerns about the pos-
sible role of MSCs in development of cancer and auto-
immune diseases. This potential side effect also requires
further research [11, 104].
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CONCLUSIONS

The effectiveness of intranasal perineural implanta-
tion of MSCs in the complex therapy of patients with TBI
has been demonstrated. The mechanisms of the beneficial
effects of perineural implantation of MSCs in patients
with TBI require further research.
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AxTyanabHicTs. [Ipobiema epekTHBHOI TPOQINTAKTUKY 1 Teparii TpaBM roJIOBHOTO MO3KY Pi3HOI €TioJorii He BHpillleHa B YCiX Kpa-
THax cBiTy. [lepBUHHE ypaskeHHsI MO3KY IPH TpaBMi iHINIIO€ BTOPUHHI MOIIKO/DKCHHS! HEPBOBOT TKAaHUHU. B pe3yibTari mopyIryeTsest
B3a€MOIisl HEUPOHHUX MEPEK TOJIOBHOTO MO3KY 1 MOCTA0IIOETHCST KOHTPOJIb COMAaTHYHUX 1 BicIepalbHUX (YHKIIIH opraHi3my. Y crarti
HA IiJICTaBi BIACHUX KIIHIYHHUX CIIOCTEPEKEHD 1 31CTaBICHHS PE3YJbTATIB 3 JIITepaTypHUMH BiJOMOCTSIMH OOTOBOPIOIOTHCS TIEPCIICKTH-
B 3aCTOCYBAHHS KJIITHHHUX TEXHOJOT1H A1 3ar100iraHus (aTaJbHUX NOPYIICHb KOHTPOJIO BITANbHUX (QYHKIIH HiCIs TPaBMaTHIHOTO
TOIIKO/KEHHST MO3Ky — traumatic brain injury (TBI).

Merta: owiHNTH e(eKTUBHICTH 3aCTOCYBAHHS IHTPaHA3aJIbHOI NEepiHEeBPAILHOT IMIUIAHTALlii ME3eHXIMaJIbHUX CTOBOYPOBHX KIIITHH
(MSCs) y xomIutekcHii Teparii mamientis 3 TBI.

Marepiaau ta Metoau. Y 15 mamienTiB 3 Bakkoro TBI 3acTocoByBanm y KOMIUIEKCHIH Teparii METOANKY iHTpaHa3aJIbHOTO Iepi-
HeBpaibHOTO BBeieHHs MSCs. Bik mamienTiB 19 + 69 pokiB; 9omoBikiB 13 i1 2 skiHKH. 3 KUPOBOT TKAHWHH YEPEBHOI CTIHKH TAIli€HTa
BUIUISUIN CYCHEH3110 KITITHH, K1 neHTpudyrysanu 10 xB 3i mBuakictio 1500 06/xB. Kiitunnuii ocan BigMusanu y pocdaraomy Oydep-
HOMY po3uuHi i B cepenosuii DMEM. KitiTHHY Ky/nbTHBYBaJIN B IIIIACTHKOBHX KyJIBTYpalIbHUX (IAKOHAX Y 3BOJIOKEHIH arMocdepi 3 5%
Bmictom CO,. YV ieHb iMIUIaHTaIli{ KITITUHHY Macy TPUIICHHI3YBaJIi 3a CTaHapTHOK METOIMKOKO i peCyCHeHIyBaH y (izionorianomy
pozunni. KoHTpoIIOBaIM JUHAMIKY POCTY KYJIBTYpPH, HONINOTEHTHICTH, (heHoTuryBanHs MSCs. MSCs BBoAWIN ITijl 3arajibHUM HapKo-
30M B ITiACTN30BY 00O0JIOHKY ITOPOXKHUHHM HOca 3-4-KpaTHO 3 iHTepBasioM 3-7 AHIB, B 3aJISKHOCTI Big TemmiB 3poctaHast MSCs, B pa3oBii
11031 Bix 12.0x106 1o 35.0x106 kniTuH.

Pe3yabTaTn. BukopructanHs B KOMIZIEKCHOMY JIIKyBaHHI XBOPHX Ha BakKy TBI amoreHHux i nmepeBakHo aytonoriyaux MSCs xu-
POBOT TKAaHMHHM LIIAXOM iX IHTpaHa3aJIbHOI NEpPiHeBPAIbHOI ZOCTABKU B 00JIACTh TPABMATHYHOTO YIIKOMKEHHS T'OJIOBHOTO MO3KY HE
BUKJIMKAE YCKIIAHEHb 1 € Oe3meuHrM MeToioM. Y 8 marieHTiB 3 Bakkoro TBI ¢yHkiii Mo3ky uepes 6 micsis 3a Glasgow Outcome Scale
Extended ouninroBanucs Big 4 1o 7 6aii, B cepenHboMy 5.4+1.1 6ana. OCHOBHHMIT pe3ylbTar MOJSTae B TOMY, IO IPOBEICHHS KOMII-
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JIEKCHOI Tepaltii, sKa BKJIIOYaE iHTpaHa3aibHy iMIuianTanito MSCs B roctpoMy i migroctpomy rnepiofi Baxkkoi TBI, cnpusic BUuxuBaHHIO
TMAIi€HTIB 1 BiIHOBJICHHIO KOHTPOJIIO HEBPOJIOTIYHUX, B TOMY YHCIIi KOTHITUBHUX, (DyHKIIIH.

BucnoBku. [TpogemMoncTpoBano eheKTHBHICTD 3aCTOCYBaHHs IHTpaHa3aIbHOI HepineBpanbHol iMiutanTaiii MSCs y KOMITIEKCHIH
teparii nanieHtis 3 TBI. Mexauizmu no3utuBHux edekris nepinespanpHoi iMmuianrtanii MSCs nauientam 3 TBI Bumararorts n1oparko-
BOTO BUBYEHHSI.

KuiouoBi cioBa: TpaBma MO3Ky, alieHTH, KJIITHHHA Teparlis, iHTpaHa3albHUN METOM, MEXaHI3MH.

ME3EHXNUMAJIBHBIE CTBOJIOBBIE KJIETKHW B KOMIIVIEKCHOM JIEYEHUU TPABMbI MO3TI'A
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AxTtyanbHocTb. [Ipobiema 53¢ hekTrBHON MPOGHUIAKTUKY U TEPAITUK TPABM I'OJIOBHOTO MO3Ta Pa3iIM4HOM 3THONOTMH HE PelleHa BO
BCEX cTpaHax Mupa. [lepBuuHOE mopa)keHHe MO3ra IpH TPaBMe HHHULMHUPYET BTOPHUYHbIC MOBPEKACHHS HEPBHOH TKaHU. B pesynbrare
HapyImaeTcs B3aMMOJICHCTBHE HEHPOHHBIX CEeTel FOJIOBHOTO MO3ra M 0CIa0IsIeTCsl KOHTPOJIb COMaTHYECKUX M BUCIEPATBbHBIX (yHKIHN
opranu3Ma. B crarbe Ha OCHOBaHNMH COOCTBEHHBIX KIMHHYECKUX HAOIIOAEHUH U COTIOCTABICHUS PE3YJITaTOB C JINTEPATYPHBIMH CBE-
JESHUSIMH 00CYKIAI0TCsl MEPCIEKTUBHI IIPUMEHEHNUS KICTOYHBIX TEXHOJIOTUH JUIs MPeJOTBPAIIeHNs (haTaabHBIX HAPYIICHUH KOHTPOIS
BUTAJIBHBIX (DYHKIMHI TOCIIE TPABMATHYECKOTO MOBPEKACHU Mo3ra — traumatic brain injury (TBI).

Henn: oneHnTh 3G PEKTUBHOCTD MPUMEHEHHUS HHTPaHA3aIbHON EPHUHEBPATBHON HMIITAHTAIIMU ME3EHXUMAJIbHBIX CTBOJIOBBIX Kile-
ToK (MSCs) B KOMIUIEKCHO# Teparnuu naureHToB ¢ TBI.

Marepuaibl u MeTobl. Y 15 manuenTtoB ¢ Tsxenodl TBI npuMeHsun B KOMIIEKCHOH Tepanuu METOJUKY MHTPaHa3aJIbHOIO I1e-
punespanbHoro BBenaeHus MSCs. Bospact manuentoB 19+69 ner; myxuun 13 u 2 sxeHImHBL. 13 )KUpOBOi TKaHU OPIONIHON CTEHKH
MalUeHTa BBIICISUIN CYCIICH3MIO KIIETOK, KOTopble HeHTpudyruposanmu 10 Mun co ckopocthio 1500 06/Mun. Knerounstii ocanok oT-
MbIBau B QocdarHom OydepHom pactBope U B cpeae DMEM. KiteTkn KyJIbTHBHPOBAJIN B IUTACTHKOBBIX KYJIBTYypalbHBIX (IIaKOHAX
B yBIaXHEHHOH arMocdepe ¢ 5% conepxxannem CO,. B eHb MMIUTAHTALMA KIETOYHYIO MACCy TPUIICHHA3UPOBAJIU 1O CTAHIAPTHOM
METO/IMKE U PECYCICHANPOBAIU B (PU3NOIOrHIeCKOM pacTBope. KoHTpoinpoBanu AMHaMHUKY pOCTa KYJIBTYPBI, TIOJIUIIOTEHTHOCTb, (e-
HotunupoBanue MSCs. MSCs BBOIMITH 1O/ OOIIMM HAPKO30M B MOJCIU3UCTYIO0 000IOUKY MOJOCTH HOCa 3-4-KpaTHO ¢ HHTEpBaioM 3-7
JIHEH, B 3aBUCUMOCTH OT TeMnoB pocta MSCs, B pa3zoBoii 1o3e or 12.0x106 no 35.0%106 kierox.

Pesyabrarsl. Vcnonp3oBaHne B KOMIUIEKCHOM JISIEHHH MAIEHTOB ¢ TspKenoi TBI ammoreHHBIX M MpeMMyIIeCTBEHHO ayTONO-
rugHbIX MSCs >KHpOBOI TKaHH ITyTeM MX MHTPAHA3albHOH NMEpHHEBPAlbHON TOCTaBKH B O0NACTh TPaBMAaTHUECKOTO MOBPEXKICHHS
TOJIOBHOTO MO3Ta HE BBI3BIBACT OCJIOKHEHUH U sIBJIsieTcsl Oe30macHbIM MeTooM. Y 8 mauneHTos ¢ Tskenoi TBI ¢pynkunu mosra yepes
6 mecsueB o Glasgow Outcome Scale Extended onenuBanuce ot 4 1o 7 6amioB, B cpensem 5.4+1.1 G6amna. OcHOBHO# pesynbrar
3aKJIF0YAETCs B TOM, YTO IIPOBE/ICHNE KOMIIEKCHON Tepanuy, BKIIOYAoIel HHTpaHa3a bHyI0 nMILIanTanuio MSCs B 0OCTpOM U 110J0-
cTpoM mepuoze Tspkenoi TBI, cnocoOcTByeT BBDKMBAHHIO NMAIIMEHTOB U BOCCTAHOBJICHHUIO KOHTPOJISI HEBPOJIOTHYECKHX, B TOM UHCIIe
KOTHUTHUBHBIX, (ByHKITHH.

BruiBoawbl. [IponemoncTpupoBana 3¢pheKTHBHOCTh TPUMEHEHNSI HHTPaHA3aIbHON NepuHeBpanbHoil nMmanTaimid MSCs B KoMIl-
JeKcHOW Tepanuu nanueHToB ¢ TBI. Mexanusmbl mO3UTUBHBIX 3((eKToB nepuHeBpanpsHol uMmmutanTannu MSCs nanuentam ¢ TBI
TpeOYIOT JOMOIHUTEIFHOTO H3yYeHHSI.

KuroueBble ciioBa: TpaBMa Mo3ra, Ial[MeHTh, KJIETOUHAS Teparnysl, HHTPaHA3aJIbHBIH METO, MEXaHU3MBL.
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Relevance. In 2020, children were hospitalized with fever and multisystem inflammation throughout the world during the COVID-19
pandemic. In the United States, this condition is called MIS-C (Multisystem Inflammatory Syndrome in Children). This syndrome is
thought to be similar to the severe course of COVID-19 in adults (cytokine storm).

The objective of the work is to evaluate the features of the course and pharmacotherapy of multisystem inflammatory syndrome in
children.

Materials and methods. The study included 17 children (10 boys and 7 girls) aged 3-16 years (on average — 9.5+3.4 years). Diagnosis
of coronavirus infection was performed by polymerase chain reaction with real-time detection, determined the level of immunoglobulins
M and G before coronavirus infection.

Results. The duration of fever in patients was 5-21 days (average 8.1+4.0 days), the duration of inpatient treatment — 7-35 days
(average 15.7+7.0 days). Blood albumin levels were reduced in 53.8% of children; the level of fibrinogen was increased in 88.2%
of children, the level of C-reactive protein, ferritin and D-dimer — in all patients. 15 (88.2%) children had pathology of the digestive
system, 13 (76.5%) — cardiovascular system (7 children were diagnosed with carditis, 2 — dilation of coronary arteries, 7 — cardiac
arrhythmia). Acute respiratory distress -syndrome was found in a 13-year-old girl, shock - in an 11-year-old boy, 11 children (64.7%)
were diagnosed with pathology of the respiratory system (pleurisy, pneumonia), skin and mucous membranes, and 4 children (23.5%)
there were manifestations of central nervous system disorders (meningism, decreased reflexes, ataxia), in 2 (11.8%) — renal failure. On
average, each patient had lesions of 3.9 +1.2 systems.

Conclusions. MIS-C was manifested by prolonged fever, high levels of laboratory markers of inflammation, hypoalbuminemia,
hypercoagulation, often — pathological manifestations of the cardiovascular, digestive, respiratory systems, skin and mucous membranes.

The treatment included intravenous immunoglobulin, steroids, anticoagulant and antibacterial therapy and was effective.

Key words: multisystem inflammatory syndrome, children.

Relevance. In 2020, hospitalization of children who
developed fever and multisystem inflammation during
the COVID-19 pandemic was registered in different
countries of the world. Although most children had
a mild course of COVID-19 infection [9], some were
hospitalized in critical condition with shock and mul-
tiorgan failure and required intensive care, some had
symptoms similar to those seen in Kawasaki syndrome
(but the disease was accompanied by shock). In the
United States, this condition is called MIS-C (mul-
tisystem inflammatory syndrome in children), in the
UK — PIMS-TS (pediatric inflammatory multisystem
syndrome temporally associated with COVID-19) [1].
The definition states that this syndrome is associated
with coronavirus infection over time. Thus, many chil-
dren who developed this syndrome were found to have
antibodies to SARS-CoV-2 [12], although virus tests did
not always show a positive result. Some doubts about
the association of this syndrome with COVID-19 in-
fection were due to the fact that only in a small number

of patients the manifestations of MIS-C were detected
against the background of acute SARS-CoV-2 — this
led to think that these are manifestations of various
diseases [3].

Over the past six months, both individual cases of
the disease [10,11] and literature reviews have been
published and the results of many individual studies
have been summarized. It has been proven that
multisystem inflammatory syndrome often occurs in the
late stages of the disease, can be observed in children
who were previously completely healthy, 3-4 weeks
after asymptomatic infection.

It is believed that this syndrome is analogous to
the severe course of COVID-19 in adults (cytokine
storm). It is caused by the body’s excessive immune
response to COVID-19. This develops a variant of
virus-induced secondary hemophagocytic syndrome [7],
which is massive, uncontrolled, often fatal activation
of the immune system, the release of pro-inflammatory
cytokines (TNF-alpha, IL-1, IL-2 IL-6, IL-8, IL -10,
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granulocyte colony-stimulating factor, monocyte
chemoattractive protein-1 and markers of inflammation
(C-reactive protein, serum ferritin), which can lead to
the development of acute respiratory distress syndrome,
multiple organ failure and can cause patient death.

Mostly MIS-C was found in children aged 3-12
years, less common in adolescents and young children,
but also described in newborns [2]. There were mainly
lesions of the heart, blood vessels, kidneys, digestive
system, brain, skin and eyes. The following symptoms
are typical: fever that lasts more than a day; feeling tired;
intense abdominal pain, which may be accompanied by
vomiting and/or diarrhea; chest pain; rapid heartbeat;
dyspnea; lowering blood pressure; cyanosis of the lips or
face; «Brain fogy, skin rash; redness of the eyes; swelling
of the extremities, lips and tongue. Thus, according to
Indian researchers, 100% of children with this syndrome
have a fever, 80% — neurological disorders, half —
pathology of the lower respiratory tract, 35% — rash,
25% — acute gastroenteritis [5].

The objective of the work is to evaluate the features
of the course and pharmacotherapy of multisystem
inflammatory syndrome in children.

MATERIALS AND METHODS

The study included 17 children (10 boys and 7 girls)
aged 3-16 years (on average — 9.5+3.4 years). All patients
were of normal physical development (average body
mass index was 18.8+£2.8 kg/m?2).

The examination plan included a general clinical
study, also determined the levels of albumin, C-reactive
protein, ferritin, fibrinogen, procalcitonin, D-dimer in
plasma. Ultrasound examination was performed using
a MyLab X6 device according to a standard protocol.
General clinical blood test was performed on an automatic
hematological analyzer SwelabAlfa, MedonicM-series,
Quintus.

Diagnosis of coronavirus infection was performed
by polymerase chain reaction with real-time
detection using a test system for COVID-19 (Korea).
Determination of immunoglobulins M and G for
coronavirus infection, D-dimer was performed on an
automatic immunofluorescence analyzer miniVIDAS,
coagulogram - on a semi-automatic hematological
coagulometer CAS52.

Statistical processing of the research results was
carried out using a licensed office suite Microsoft Excel
2010 and SPSS 22.3. The results were considered reliable
at p<0.05.

RESULTS AND DISCUSSION

In most cases, children complained (Table 1) of a
prolonged increase in body temperature (body temperature
above 38.0°C was registered in 1 child, above 38.5°C —
in the remaining 16 children); abdominal pain (88.2%);

nausea (82.3%); vomiting (70.6%); diarrhea (29.4%);
muscle weakness (82.3%); skin rash (64.7%); redness of
the eyes (70.6%), difficulty breathing (17.6%).

Table 1
Frequency (%) of complaints in children with MIS-C

Complaint The number of children
absolute %
Headache 9 52,9
Muscle weakness 14 82,3
Abdominal pain 15 88,2
Nausea 14 82,3
Vomiting 12 70,6
Diarrhea 5 29.4
Conjunctivitis 12 70,6
Skin rash 11 64,7
Difficulty breathing 3 17,6

According to the results of objective and instrumental
research (Table 2), in 15 (88.2%) children revealed
pathology of the digestive system. 13 children (76.5%)
were diagnosed with cardiovascular lesions, including 7
children with carditis, 2 children with dilation of coronary
arteries, and 7 with cardiac arrhythmia. Acute respiratory
distress syndrome was detected in 1 child (13-year-old girl),
shock — in an 11-year-old boy. Eleven children (64.7%)
were diagnosed with pathology of the respiratory system
(pleurisy, pneumonia), skin and mucous membranes. In
4 children (23.5%) there were manifestations of central
nervous system disorders (meningism, decreased reflexes,
ataxia), in 2 children (11.8%) — renal failure.

On average, each patient had lesions of 3.9+1.2
systems, often with a combination of lesions of
the digestive tract, skin and mucous membranes,
cardiovascular and respiratory disorders.

Generally, the level of fibrinogen was increased
in 88.2% of children, the level of C-reactive protein,
ferritin and D-dimer was increased in all patients. The
average values of laboratory parameters are shown in
table 3. The average level of ferritin was 403,0+314,3
ng/ml, C-reactive protein — 75,4+£56,7 mg/l, D-dimer
—3033,1+2395,0 ng/ml, Albumin — 36,0+4,4 g/l,
Fibrinogen —4,9+1,7 g/1, Procalcitonin — 2,6+4,5 ng/ml.

The level of blood albumin was reduced in 53.8% of
children and was at the level of 27-37 g/, while in other
patients the level of albumin, although within the age
limit, but close to the lower limit (38-43 g/l), a significant
(p<0.05) negative correlation was found between the
level of albumin in the blood and the duration of the fever
period (r=-0.71).

The treatment of 11 children included intravenous
immunoglobulin, all children — dexamethasone,
10 children — methylprednisolone, 14 children —
acetylsalicylic acid, 1 child — epinephrine, 1 child —
heparin, 5 children — enoxyparin.
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Table 2
Frequency (%) of lesions of different systems in children
with MIS-C
Affected system Number of children
absolute %
Cardiovascular (carditis, pericarditis, 13 76,5
cardiac arrhythmias)
Respiratory (shortness of breath, 11 64,7
pneumonia, pleurisy)
Shock 1 5,9
Acute respiratory distress syndrome 1 5,9
Digestive (abdominal pain, loss of 15 88,2
appetite, nausea, vomiting)
Renal failure 2 11,8
Central nervous (ataxia, meningism) 4 23,5
Skin and mucous membranes 11 64,7
Table 3

Average values (X+SD) of laboratory parameters of
children with MIS-C

Characteriszihcisl (;):et,:]e examined I e )
Ferritin, ng/ml 403,0+314,3
C-reactive protein, mg/l 75,4+56,7
D-dimer, ng/ml 3033,1+2395,0
Albumin, g/l 36,0+4,4
Procalcitonin, ng/ml 2,6+4.5
Fibrinogen, g/l 49+1,7
Neutrophils x 101 8,3+4,6
Lymphocytes x 10°/1 1,6+1,0

Considering the risk of bacterial infection, all pa-
tients received antibiotic therapy, mainly 3rd genera-
tion cephalosporins: 13 patients received ceftriaxone,
including 9 as monotherapy, 2 children - ceftazidime
and cefixime, 1 child was included in the treatment
regimen of cefipime, 3 children received amikacin,
3 children — vancomycin, 2 children — levofloxacin.

The duration of fever in the examined patients was
5-21 days (average 8.1+£4.0 days the length of stay in
hospital was 7-35 days (on average 15.7+£7.0 days).

Thus, we considered the course of a new disease in
children associated with the SARS-CoV-2 virus. The
syndrome involves many organs: the heart, lungs, gas-
trointestinal tract, nervous system, skin and mucous
membranes. The results of our study coincide with
those previously described in the literature [8]. We
confirmed that this condition is mainly observed in
children aged 3-12 years (76.5%) and in all patients
laboratory manifestations of inflammation and hy-
percoagulation (sharply elevated levels of C-reactive
protein, ferritin, fibrinogen and D-dimer). We found
a close inverse correlation between the length of the
fever and the blood albumin levels of children with

MIS-C. Other researchers have also found low albu-
min levels in MIS-C [6].

It should be noted that in clinics abroad, the complex
treatment of MIS-C patients included an interleukin-1
receptor antagonist anakinra [4], interleukin-6 receptor
blockers (example tocilizumab) and a tumor necrotic
factor antagonist (example infliximab). Our experience
has confirmed the effectiveness of intravenous immuno-
globulin, dexamethasone, anticoagulant therapy in the
treatment of children with multisystem inflammatory
syndrome.

CONCLUSIONS

Multisystem inflammatory syndrome in children is an
analogue of the cytokine storm in COVID-19 infection
in adults. The disease is manifested by prolonged fever,
high levels of laboratory markers of inflammation,
hypoalbuminemia, hypercoagulation, often pathological
manifestations of the cardiovascular, digestive and
respiratory systems, skin and mucous membranes.
The complex of treatment, which included intravenous
immunoglobulin, steroids, anticoagulant and antibacterial
therapy, proved to be effective.
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MYJABTUCUCTEMHUM 3ATTAJIBHU CUHJIPOM VY JITEM: )
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Xaumosuu M.B., > Bopouiok JI.M., *Bopucoea I'IO., *Tiooenxo H.B., *Mazxa H.M.

!Hayionanonuit meouunuii ynisepcumem imeni O.0. Boecomonvys, Kuis, Ykpaina
’KHII «Kuiscoka micbka oumsua kiiniuna aikapus Ne 2», Kuie, Yxpaina

nik3061@gmail.com

AxTyanbHicTb. Y 2020 poui y pi3sHHX KpalHaX CBITY 3apeecTpOBAaHO rocmiTajizawito aitell, y skux B nepiog naugemii COVID-19
BHHHMKJIA JINXOMaHKa 1 MynsrucucteMHe 3ananeHus. Y CIIIA mannit cran orpumMas Ha3By MIS-C (multisystem inflammatory syndrome
in children). BBaxxaeTbcst, 110 TaHU# CHHAPOM € aHaoroM TspKkoro mepediry COVID-19 y nopociux (IMTOKIHOBHI ITOPM).

Merta — omiHUTH 0COOIMBOCTI epediry Ta hapmakoreparii MyIFTHCHCTEMHOTO 3aIlalbHOTO CHHIPOMY Y JTEH.

Marepiaau ta meroau. Ilin Harssnom 3Haxoamnock 17 aitedt (10 xmomyukiB Ta 7 AiB4aTOK) BikoM 3-16 pokiB (B cepernHbOMY —
9,5+3,4 poku). JliarHOCTHKY KOpOHABIpyCHOT iH(EKIIT MPOBOIMIN METOIOM TIOJIIMEPA3HOI JTAHIFOTOBOT PEaKIlii 3 JETEKIIE0 B PEKUMI
peasbHOTO Yacy, BU3HAYAIN PiBEHb iIMyHOII00yIMiHIB M Ta G 10 KOpOHaBipyCHOT iH(QEKIIii.

PesyabTaTu. TpuBagicTh TMXOMAaHKH Yy HALi€HTIB cTaHOBUIA 5-21 100y (B cepennbomy 8,1+4,0 nid), TpuBaiicTsh nepeOyBaHHs Ha
cTalnioHapHOMY JIiKyBaHHI — 7-35 116 (B cepenubomy 15,7+7,0 ni6). PiBens ansOyminy xposi OyB 3Hmkenuit y 53,8% niteit; piBeHb
¢ibpunoreny Oys nmiaBumenuii y 88,2% nitei, pisens C-peakTuBHOTO Oinka, peputuHy Ta D-qumepy — y Beix marienTis. ¥V 15 (88,2%)
JITel BUSIBJICHO MATOJIOTII0 TPaBHOI cuctemu, y 13 (76,5%) — ceprieBo-cynmurHOI cuctemu (y 7 AiTeil [iarHOCTOBAHO KapIuT, y 2 — poO3-
IIMPEHHS KOPOHAPHUX apTepiid, y 7 — apuTmiro cepiist. [ocTpuii pecniparopHuil JUCTpec-CHHAPOM BUSBICHO y 13-pidHOT JIBYMHKH, TIOK
—y 11-piunoro xsomuuka. Y 11 miteit (64,7%) 1iarHOCTOBAHO MATOJIOTII0 TUXAIBHOI CHCTEMH (TICBPHUT, THEBMOHIO TOIIO), MIKIpH Ta
CIM30BUX 0005I0HOK. Y 4 mitei (23,5%) BigMideHO MPOSBH MTOPYIISHHS IEHTPAIEHOI HEPBOBOI CHCTEMH (MEHIHT13M, 3HIKEHHS pedliek-
ciB, atakciio), y 2 (11,8%) — HupKoBoi HeocTaTHOCTI. B cepesiHboMy y KOXKHOTO mauieHTa Oyino BigMiueHo ypaxenns 3,9+1,2 cucrem.

Bucnosku. MIS-C BusiBisiBCst TPUBAJIOIO JINXOMAHKOIO, BUCOKMMY PiBHSIMH J1a00paTOPHUX MapKepiB 3amajIeHHs, rinoans0yMiHeMi-
€10, TIEPKOATryIAII€I0, YaCTO — MATOJIOTIYHIMHU NPOSBAMHU 3 OOKY CEpLEBO-CYAMHHOI, TPABHOI, IMXAIBHOI CUCTEM, IIKIPU Ta CIU30BHX
o6omnoHok. Komrureke JikyBaHHs BIIOYaB iIMyHOIJIOOYIiH BHYTPILIHEOBEHHO, CTEPOI/IH, aHTHKOATYJISIHTHY Ta aHTHOAaKTepiajbHy Tepa-
mito 1 OyB epeKTUBHHM.

KorouoBi ciioBa: MyJabTHCHCTEMHHUI 3aabHUNA CHHIPOM, JiTH.

MYJIBTACACTEMHBIN BOCITAJIMTEJIBbHBINA CUHIPOM Y JIETEM:
MAPKEPBI JUATHOCTUKHU U OCOBEHHOCTHU ®APMAKOTEPAIINN
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1Hayuonanvuwiii meouyunckutl ynusepcumem umeru A.A. boeomonvya, Kues, Ykpauna
2KHII «Kuegckas 2opoockas demckas kaunudeckas oonvruya Ne 2y, Kues, Yxkpauna
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AkTtyajbHocTb. B 2020 roxy B pa3HBIX cTpaHaX MHpa 3aperHCTPUPOBAHA TOCIUTAIM3ANUS JETCH, Y KOTOPBIX B MEPHOJ MaHAe-
muu COVID-19 Bo3HHKIa JHxopaaka ¥ MynbTHCHcTeMHOE BocmaieHne. B CHIA nanHoe coctostHMe momy4mio HasBaHume MIS-C
(multisystem inflammatory syndrome in children). Cauraercs, 4To JaHHBII CHHIPOM SIBIISIETCSI aHAJIOrOM Tspkenoro Tedernss COVID-19
Y B3pPOCIBIX (ITATOKUHOBBIN IITOPM).

Llesb — OLIEHUTH OCOOCHHOCTH TEUSHHMS U (papMaKOTEPAMU MYJIBTHCHCTEMHOTO BOCHAIMTEIBHOTO CHHAPOMA Y JEeTeH.

Marepuajbl u Metoasbl. [lox HabmoneHnem Haxonwioch 17 nereit (10 manbunkoB u 7 neBoyek) B Bozpacte 3-16 net (B cpeaHem
—9,5+ 3,4 rona). /lnarHocTUKy KOPOHABUPYCHOH MHPEKIIMU TPOBOIMIN METOIOM ITOJTUMEPA3HOH LEMHON Peakuy ¢ AETeKIHEH B pe-
KHUME PearbHOTO BPEMEHH, OTIPEIeIISTH YPOBEHb NMMYHOIIOOYyTHHOB M 11 G K KOpOHABHPYCHON MH(EKITHH.

Pe3yabrarsl. [IpogomKuTeIBHOCTD IMXOPaKH y 00CIeJOBAHHBIX ITAIIMEHTOB cocTaBmia 5-21 cyTtok (B cpexuem 8,1 + 4,0 cyTok),
MIPOJOJDKUTEIILHOCTD NPEObIBAaHMS HAa CTAlIMOHAPHOM JIedeHHH — 7-35 cyTok (B cpenneM 15,7 + 7,0 cyTok). YpoBeHb ab0yMHHA KPOBH
ObLI CHIDKEH y 53,8% nereit; ypoBeHb ¢puOpruHOreHa o1 noBbIieH y 88,2% nereif, ypoens C-peakTHBHOTO Oeika, pepputiHa 1 D-1u-
Mepa —y Bcex manueHToB. Y 15 (88,2%) nereii BbIsABIEHA MATONIOTHUs MUILEBAPUTENBHON cucTeMbl, y 13 (76,5%) cepaeuno-cocyaucToit
cucteMsl (y 7 neTeil IMarHoCTHPOBAH KapIuT, y 2 — pacInpeHne KOPOHAPHBIX apTepuid, y 7 — aputMus cepana). OCTpslil peciupartop-
HBII TUCTpEeCcC-CHHIPOM BBISIBIEH y 13-meTHel neBouky, mok —y 11-metHero mansunka. Y 11 gereit (64,7%) auarHocTupoBaHa maTo-
JIOTHS ABIXaTeNbHOM CHCTEMBI (IUICBPHT, THEBMOHUS H T.J.), KOJKH M CIM3UCTBIX obonouek; y 4 nereit (23,5%) BUSABICHBI HApyIICHUS
LEHTPAILHOM HEPBHOM CHCTEMBI (MEHUHTH3M, CHIDKEHHE peduiekcoB, atakcust), y 2 (11,8%) — mposiBieHHs T04eYHOH Hel0CTaTOYHOCTH.
B cpennem, y kaxaoro nauueHTa Obl1o OTMEUEHO ropaxenue 3,9 + 1,2 cucrem.

BoiBoabl. MIS-C BbISIBISIICS IIMTEIBHON JTUXOPAAKOH, BBICOKUMH YPOBHSIMH J1a00PAaTOPHBIX MapKEePOB BOCMAJICHHUS, THIIOATb0Y-
MHHEMHEH, THIePKOAryIAIHeil, 4acTo — MaTOIOTHIECKUMH MPOSIBIEHUAMHE CO CTOPOHBI CEPAEIHO-COCYINUCTOH, MUIEBAPUTENBHOM, JbI-
XaTeNbHOM CHCTEM, KOXKH U CITU3HUCTHIX 0001049eK. KoMImTeke neueHns Bodan IMMYHOITIOOYIHH BHYTPHBEHHO, CTEPOU/IBI, aHTHKOATY-
JISIHTHYIO U aHTHOAKTEPUAIbHYIO TEPaNuio U ObUT 3P QEKTHBEH.

KoroueBsbie c10Ba: MyJIBTHCHCTEMHBIN BOCHIAMTEIIBLHBINA CHHIPOM, JICTH.
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Relevance. In HIV-infected patients, renal disease, which is characterized by severe clinical manifestations, can significantly affect
the prognosis of life. Given the growing number of HIV-infected people in the world and the increase in the life expectancy of such
patients, an increase in the number of HIV-infected people in need of expensive renal replacement therapy, as well as kidney transplan-
tation, should be expected. But the question of the nature of kidney damage in HIV infection in Ukraine is still insufficiently covered.

The objective of the work is to establish the clinical and laboratory features of kidney damage in HIV infection.

Materials and methods. 292 patients with HIV were examined. Screening for markers of kidney damage (albuminuria/proteinuria)
was performed by test systems (using urine strips). The results obtained with the help of test strips were considered as indicative. In the
presence of >1+ proteinuria in the screening test, which corresponded to a gradation of 30 mg/l, repeated urine analyzes were performed
with quantitative determination of protein on a spectrophotometer, separated in time from 3 days to one week. The functional state of
the kidneys was assessed by an integrated indicator that characterizes the degree of preservation/loss of mass of active nephrons. The
criterion for renal impairment was a decrease in glomerular filtration rate (GFR) <60 ml/min by 1.73 m2. Chronic kidney disease was
diagnosed when proteinuria or proteinuria was detected in combination with a decrease in GFR for 3 months or more.

Results. Based on the main markers of renal damage (persistent proteinuria (PU) and glomerular filtration rate <60 ml/min/1.73m?2),
48 people were diagnosed with chronic kidney disease, which was often accompanied by dysfunction of these organs. Based on the
analysis of complaints, anamnestic data and clinical symptoms of kidney damage, patients were divided into 2 groups. The first group (n
=31, or 64.6%) - patients with tubulointerstitial, the second group (n = 17, or 35.4%) - patients with glomerular diseases. Increased PU
levels are accompanied by significantly significant renal impairment and more frequent combination with hypertension and hematuria in
the absence of significant differences in the frequency of opportunistic diseases.

Conclusions. In HIV-infected kidney damage is most often characterized by their tubulointerstitial lesions. At the same time, glo-
merular kidney damage, which is much less common, is accompanied by significantly higher levels of HIV RNA.

Key words: HIV infection, chronic kidney disease, tubulointerstitial lesions, glomerular kidney lesions.

Relevance. One of the most important problems
of our time is the HIV epidemic. In the 30-year history
of this disease, HIV has affected more than 75 million
people, of whom almost 30 million adults and children
have died [1, 8]. In the coming decades, the disease will
continue to play a significant role in global premature
mortality rates.

Kidney damage, which is often characterized by
severe clinical manifestations, can significantly affect
the prognosis of HIV-infected people [3]. Given the
growing number of people living with HIV in the world
and the increasing life expectancy of such patients, we
should also expect an increase in the number of people
living with HIV who need expensive kidney replace-
ment therapy, as well as kidney transplants.

The world scientific literature highlights factors as-
sociated with kidney disease in HIV infection: history
of kidney disease, uncontrolled HIV infection, time
spent on HAART, old age, female gender, African de-
scent (APOL1 genetic variant), CD4+-lymphocytes
count <200 cells/ml, as well as the use of nephrotoxic
drugs [5].

However, despite the large number of foreign publi-
cations devoted to this topic, the issue of kidney damage
in HIV infection in Ukraine still remains insufficiently
covered.

The objective of the work is to establish the clin-
ical and laboratory features of kidney damage in HIV
infection.

MATERIALS AND METHODS

We examined 292 HIV-infected patients who were
under outpatient care at the Chernivtsi Regional Center
for AIDS Prevention and Control.

In establishing the diagnosis, clinical and epidemio-
logical data and the results of laboratory research methods
were taken into account: serological and immunological
(including determination of CD4+-lymphocytes). The
initial examination of HIV-infected people was carried
out when they were registered at the dispensary in accor-
dance with CP Ne 580 dated 12.12.2003. The studies met
the established standards of the Declaration of Helsinki,
adopted in 1964 and revised by the 59th General Assembly
of the Military Medical Academy, Seoul, October 2008.
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The mean age of all patients was (29.3+£8.2) years
(range 19 to 55 years). Among the patients there were
188 (64.4%) men and 104 (35.6%) women. The study
mainly included young patients (25-44 years).

Among the patients included in the study, the first
clinical stage of HIV infection was detected in 26 (8.9%),
the second — in 40 (13.7%), the third — in 108 (37.0%)
and the fourth clinical stage — in 118 (40.4%) patients.

Correlation analysis of two quantitative traits was car-
ried out by Spearman’s ranking method: the relationship
between the indicators was considered weak at r<0.3,
moderate — at 0.3<r<(.7, strong —at 1>0.7. Also statistical
the significance of the obtained coefficient was evaluated
using Student’s t-test).

The amount of HIV in the blood of patients (vi-
ral load) was determined in the laboratory of the Iva-
no-Frankivsk Regional Municipal Center for AIDS Pre-
vention and Control using test systems on equipment
manufactured by Hoffman La Roche. The Amplicor
HIV-1 MONITOR Test used polymerase chain reaction
(PCR) technology to detect very little genetic material
(RNA) contained in human immunodeficiency viruses.
Virus concentration is described as the number of copies
per milliliter of blood plasma (copies/ml). The level of
viremia can range from 50 copies/ml to 20 million cop-
ies/ml and above.

The results of recent studies [8] suggest that the con-
centration of HIV virus affects the degree of risk of dis-
ease progression. High levels of virus in the blood plasma
(>100,000 copies of RNA in 1 ml of plasma) indicate
rapid progression in AIDS, regardless of the number of
CD4+ cells.

The study screened the markers of kidney damage
(albuminuria/proteinuria) by test systems using urinary
strips (AutionSticks-2EA). The results obtained with the
help of test strips were considered as indicative. In the
presence of >1+ proteinuria in the screening test, which
corresponded to a gradation of 30 mg/l, repeated urine
analyzes were performed with quantitative determination
of protein on a MICROLAB-600 spectrophotometer
using UNI-TEST-BM reagents, separated in time from
3 days to one week.

The functional state of the kidneys was assessed by
an integrated indicator that characterizes the degree of
preservation/loss of mass of active nephrons. The crite-
rion for renal dysfunction was a decrease in glomerular
filtration rate (GFR) <60 ml/min by 1.73 m2 [7, 9, 10].

Chronic kidney disease was diagnosed when protein-
uria or proteinuria was detected in combination with a
decrease in GFR for 3 months or more.

A screening study to identify markers of kidney
damage (persistent proteinuria, GFR in 3 months or
more) in HIV-infected individuals was conducted in
accordance with the recommendations of the National
Kidney Foundation (Kidney Disease Outcome Quality
Initiative, K/DOQI, 2002) and the American Associa-

tion for Infectious Diseases Society of America, IDSA,
2005 [2, 4, 9].

Among the examined patients there were 105 (36.0%)
persons with markers of renal damage — albuminuria/pro-
teinuria. Based on the main markers of kidney damage
— persistent proteinuria (PU) and GFR<60 ml/min/1.73
m2 — in 16.4% of cases diagnosed with chronic kidney
disease (CKD), which was often accompanied by im-
paired renal function.

HIV-associated nephropathy was found in 48 of 292
(16.4%) patients (31 men, 17 women), in whom the ex-
amination revealed and confirmed markers of kidney
damage - persistent proteinuria or proteinuria in combi-
nation with decreased GFR.

RESULTS AND DISCUSSION

48 HIV-infected individuals with renal impairment
had the following characteristic clinical symptoms and
CKD syndromes (Fig.1):

- urinary syndrome, characterized by isolated protein-

uria of various degrees, proteinuria in combination

with hematuria/leukocyturia;

- arterial hypertension (AH);

- acute nephritic syndrome;

- nephrotic syndrome;

- chronic renal failure.

It was found that every fourth HIV-infected per-
son with CKD had urinary syndrome with isolated PU
(27.1%). Most often PU was combined with changes in
urinary sediment: erythrocyturia and leukocyturia (17
people — 35.4%) or hematuria (14 patients — 29.2%), and
the latter was more often accompanied by PU>1.0 g/day,
compared with the group of patients with lower levels
of protein in the urine (90.5 and 51.9%, respectively,
p <0,01). In 4 patients (8.3%) PU was combined with
leukocyturia. It should be noted that more than half of
the patients had transient bacterial leukocyturia - more
often at PU<1.0 g/day.

%
60

Fig. 1. Frequency of symptoms and syndromes of chronic kidney
disease in HIV-infected (n = 48)
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AH was diagnosed in 15 patients (31.3%) in the pres-
ence of proteinuria compared with 2.5% in its absence
(p<0.001). Acute nephritic syndrome was found in 5
patients (10.4%), nephrotic syndrome - in 7 (14.6%),
decreased GFR <60 ml/min/1.73 m2 — in 23 people
(47.9%).

Based on the analysis of complaints, anamnestic data
and clinical symptoms of kidney damage, patients were
divided into 2 groups. The first group consisted of 31
(64.6%) with tubulointerstitial diseases, the second — 17
(35.4%) patients with glomerular diseases. As can be
seen from the above data, in HIV-infected kidney damage
is most often characterized by tubulointerstitial lesions.

Chronic tubulointerstitial kidney disease was char-
acterized by minimal or insignificant PU (0.4 [0.3; 0.8]
g/day) (median [interquartile range]), and only in 4
(12.946.0)% of patients it exceeded 1 g/day. Isolated
PU was observed in 9 (29.0£8.1)% of cases, but in most
individuals PU was combined with changes in urine
sediment. Thus, PU was accompanied by hematuria,
represented by isomorphic erythrocytes, and leukocyturia
in 8 (25.8+7.9)% of patients, hematuria —in 2 (6.5+4.4)%
and leukocyturia — in 4 (12.946.0)% of patients.

In tubulointerstitial diseases compared with glomer-
ular renal pathology, renal dysfunction was significantly
less frequently recorded (32.3+8.4% versus 76.5+10.3%,
p<0.01); also AH (9.7+5.3% and 70.6+11.0% respective-
ly, p<0.001).

Glomerular kidney damage was characterized by a
significantly lower glomerular filtration rate — 48.7 [30.2;
78.9] versus 84.5 [52.6; 107.2] ml/min/1.73m2 (p<0.05).
Accordingly, only 1 person with glomerular lesion GFR
exceeded 90 ml/ min/1.73m2, which was sharply inferior
to the corresponding frequency of this symptom in tubu-
lointerstitial pathology (48.4+£9.0%, p <0.001). The final
stage of CKD occurred in three (17.6+9.2)% of patients,
two of whom recommended renal replacement therapy
with programmed hemodialysis.

At glomerular damage of kidneys noted also essen-
tially higher level of PU (1,3 [1,4; 3.0] vs. 0.4 [0.3; 0.8]
g/day, p<0.05). In 8 patients it exceeded 3.0 g/day, and
in two of them it reached 8.0 and 9.0 g/day. Significantly
more often than in patients with tubulointerstitial diseases
found a combination of PU with hematuria (64.7 + 11.6%
vs. 6.5 £ 4.4%, p <0.001); with hematuria and aseptic
leukocyturia (52.9 + 12.1 vs. 25.8 + 7.9%, respectively,
p <0.05). In most cases, microhematuria represented
by dysmorphic erythrocytes was noted, while episodic
macrohematuria was observed in two patients.

7 (41.2+11.9%) of patients were diagnosed with ne-
phrotic and 5 (29.4+11.0%) with acute nephritic syn-
dromes. It is noteworthy that these syndromes are not
found in any member of the group with tubulointerstitial
disease. As expected, the level of hemoglobin in glomer-
ular kidney damage was significantly lower (99.1 [83.0;
123.6] versus 124.0 [112.5; 133.0] g/1, p <0.05).

In patients with glomerular kidney disease, compared
with tubulointerstitial diseases, significantly higher levels
of HIV RNA were determined (Fig. 2).
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Fig. 2. HIV RNA levels in patients with different variants
of kidney damage

This may indicate a direct effect of HIV on the glo-
merular apparatus, whereas tubulointerstitial kidney
damage is most likely due to exposure to opportunistic
infections and drugs with nephrotoxic potential, as well
as the use of psychotropic drugs and uncontrolled use of
nonsteroidal anti-inflammatory drugs.

The average number of CD4+ lymphocytes in the se-
rum of patients with proteinuria is significantly less than in
HIV-infected individuals without markers of kidney dam-
age (185.5 [25% — 60.9; 75% — 318.0] against 312.0 [25%
—175.5; 75% — 469.0] cells/ul, respectively, p <0,05).
Decreased levels of CD4+-lymphocytes <200 cells/pl
were found in 52.1+7.2% of patients with proteinuria and
in 30.0£7.2% in its absence (p<0.05). Significantly sig-
nificant is the difference between the values of the ratio
of CD4+/CD8+ lymphocytes in the analyzed groups (0.2
[0.1; 0.4] and 0.4 [0.2; 0.6], respectively, p <0.05).

There were no significant differences in other indi-
cators that characterize the course of HIV infection in
people with different clinical variants of chronic kidney
disease.

From this we can also conclude that the clinical man-
ifestations of kidney damage in the studied patients co-
incide with those characteristic of certain variants of
pathology in the general population of nephrological
patients.

Numerous studies have been conducted worldwide
to study the spectrum of kidney disease in HIV-infected
individuals [6, 8, 11]. Thus, in studies conducted in the
United States, it was found that, according to kidney
biopsy, 52.7% of patients with PU nephrotic level were
diagnosed with HIV-associated nephropathy. They were
all African Americans. The high prevalence of this pa-
thology is associated with racial affiliation, as well as
with a special variant of the antigen / receptor for Duffy-
type chemokines, which is found in renal tissue [4, 5].
According to multicenter studies conducted in France
and Italy, where the majority of patients were Caucasian,
immunocomplex lesions predominated among morpho-
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logically confirmed diagnoses in HIV-infected patients
with renal pathology [6, 11].

It is known that one of the defining laboratory criteria
for CKD is proteinuria. Therefore, the next stage of the
work was to establish the clinical and laboratory features
of renal dysfunction depending on the level of protein
in the urine.

Depending on the level of proteinuria, patients were
divided into two groups. The first group consisted of 27
of 48 (56.3%) people with PU less than 1.0 g/day, the
second group — 21 (43.7%) patients with PU more than
1.0 g/day, in 7 of which it reached nephrotic level — more
than 3.0 g/day.

Both groups were dominated by men (70.4+8.4% and
57.1£10.9% respectively) and persons aged 25-44 years
(66.74£9.1% and 61.9 £ 10.6% respectively), as in the
general population of HI V-infected.

Patients with HIV infection with a PU level of more
than 1 g/day were significantly more often diagnosed
with hypertension than in patients in whom proteinuria
did not exceed this level (52.4+10.9 vs. 14.84+6.8%,
p<0.01). Thus, an association was established between
PU levels and the presence of hypertension. It should
be noted that the level of blood pressure patients in the
groups were distributed as follows: Grade I hypertension
was diagnosed in 3 (11.1%) persons of the first and 3
(14.3%) of the second group; Grade II hypertension was
detected in 2 (7.4%) and 4 (19.0%) patients, respectively;
Grade III hypertension occurred in only one (3.7%) of
the first group and in 3 (14%) of patients with proteinuria
>1 g/day.

We found statistically significant intergroup differ-
ences in the severity of kidney damage depending on
the level of proteinuria. Thus, preserved renal function
(GFR>90 ml/min/1.73m2) was more often recorded in
patients of group 1 (48.1+£9.6%) and significantly less
often in individuals with proteinuria >1 g/day, 5+6.4%),
p<0.01. Conversely, GFR corresponding to stage 3 CKD
was recorded in half (47.6+10.9%) of patients with pro-
teinuria >1 g/day and only in 18.5+7.5% of patients with
PU (1 g/day (Fig. 3). Accordingly, end-stage renal dis-
ease (GFR <15 ml/min/1.73m2) was detected only in
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Fig. 3. Characteristics of the staged distribution of CKD in HIV-infected
people with different levels of proteinuria
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patients of the second group, in 2 of whom the level of
proteinuria exceeded 3.0 g/day.

Established an inverse medium-strength correlation
between proteinuria levels and glomerular filtration rate
—(r=-0.562, p<0.01) (Fig. 4).
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Fig. 4. Relationship between proteinuria levels and glomerular
filtration rate

Thus, it was found that the increase in PU levels is
accompanied by statistically significant renal impairment
and more frequent combination with hypertension and
hematuria in the absence of significant differences in the
frequency of opportunistic diseases.

CONCLUSIONS

1. In HIV-infected kidney damage is most often charac-
terized by their tubulointerstitial lesions. At the same
time, glomerular kidney damage, which is much less
common, is accompanied by significantly higher
levels of HIV RNA.

2. An increase in the level of PU is accompanied by a
significantly significant impairment of renal function
and, more often, by a combination of arterial hyper-
tension and hematuria in the absence of significant
differences in the incidence of opportunistic diseases.
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OCOBJINBOCTI YPA’KEHBb HUPOK Y BUI-IHOPIKOBAHUX XBOPUX

Mockanrwk B.J1., Auopywax M.O., Coxonenxo M.0., baranwk I.B., boiiko I0.1.
bykosuncvxuil deporcasnuil meouunu ynieepcumem, Yepuisyi, Yxpaina

margaritaassistent@gmail.com

AktyajbHicTb. Y BUI-iH(ikoBaHHX Malli€HTIB ypa)KeHHS HUPOK, SKE XapaKTEPU3YEThCS TSHKKMMHU KITHIYHUMU MPOSIBAMHU, MOXKE
ICTOTHO BIIMBATH Ha MPOTHO3 KUTTS. BpaxoBytoun 3poctanus urcia BIJI-iHdikoBaHUX y CBIiTI Ta 301IbIICHHS TPUBAJIOCTI )KUTTSI TAKUX
XBOPHX, CIIij YyeKaTu it 30inbienns kinbkocti BIJI-indikoBanux 0cib, siKi HOTpeOyIoTh JOPOroBapTiCHOI 3aMiCHOT HUPKOBOI Tepartii, a
TAKOX TPAHCIUIAHTAL] HUPKH. AJle TINTaHHS XapakTepy ypakeHHs HUpok npu BlJI-indekmii B Ykpaini qoci 3anumaeTsbest HeIOCTaTHBO
BUCBITJICHUM.

Linb: BcTaHOBUTHU KITiHIYHI Ta 1a00paTOpHi 0COOIMBOCTI ypaskeHHs HUPOK npHu BIJI-iHdekmii.

Marepiasu i metonu. O6ctexeHo 292 xsopux Ha BlJI-indekuito. 3aiiicHIOBaIN CKPUHIHT MapKePiB MOIIKOKEHHS HUPOK — alb0y-
MiHYpii/mpoTeiHypii — TeCT-cucTeMaMu 3a JIOMIOMOTOI0 CEUYOBUX CMYIKOK. Pe3ynbTaTH, OTpUMaHi 3a JJOIIOMOTOIO TECT-CMYIKOK, PO3IVIs-
JIaJIH SIK OPI€HTOBHI. 3a HAsIBHOCTI y CKPUHIHIOBOMY TeCTi IpoTeiHypii >1+, mo Bianosixana rpaxanii 30 Mr/i, 3iliCHIOBaJIN TOBTOPHI
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Moskalyuk V.D., Andrushchak M.O., Sokolenko M.O., Balanyuk I.V. Boyko Y.I.

aHaJI3¥ cedi 3 KUIbKICHIM BU3HAYCHHSIM OiIKa Ha crieKTpodoToMeTpi, po3isieHi B yaci Bif 3 ai0 10 omHOro TkHA. DyHKIIOHATBHUI
CTaH HUPOK OILIHIOBAJIN 32 IHTETPATbHUM MOKA3HUKOM, 1[0 XapaKTepU3ye CTYIIHb 30epeKESHHS/BTpaTH MacH Airounx HedpoHiB. Kpute-
piem nopyureHHst GyHKIIT HUPOK Oy10 3HIKEHHs IBHAKOCTI KiyboukoBoi dinprparii (LKD) < 60 mia/xs Ha 1,73 M2. XpoHiuHy XBOpO-
Oy HMPOK JiarHOCTYBAJIM IIPH BUSBICHHI MPOTeiHypii abo npoTeinypil y noeananHi 3i 3umwkeHHsM [IIK® npotsrom 3 i Ginbie MicsiB.

Pe3yabraTn. Ha mijcraBi 0CHOBHHX MapKepiB MONIKO/PKEHHS HUPOK — MepcucTeHTHOT npoteinypii (ITY) 1 mBrakocTi kiry6odkoBoT
obinprpanii < 60 mi/xs/1,73 M*> — y 48 ocib piarHocTOBaHa XPOHIYHA XBOPOOA HUPOK, SIKA 3 BEJIMKOK YaCTOTOIO CYIPOBOKYBAIIACS MO-
pyueHHsaM QyHKOii nux opraHiB. Ha mifcraBi aHami3y ckapr, aHAMHECTHYHUX B1IOMOCTEH Ta KIIIHIYHUX CHMIITOMIB YPa)KCHHS HHUPOK
xBopi Oymu poszineni Ha 2 rpynu. [lepma rpyna (n=31, a6o 64,6 %) — marienTu 3 TyOymoiHTepcTUIIHUMH, Apyra Tpyna (n=17, abo
35,4 %) — nauieHTy 3 IOMEpPYJIIPHUMH 3aXBOpIOBaHHAMH. [TinBuieHHs piBHA ITY CynpoBODKYETHCS JOCTOBIPHO 3HAYYIIIUM HOPYILIECH-
HsIM (YHKLIT HUPOK 1 YacTilIMM MO€HAHHSIM 3 apTepiajbHOIO TiepPTeH3I€I0 1 reMaTypi€ero 3a BiJICYyTHOCTI JOCTOBIPHUX BiAMIHHOCTEH
y 4acTOTi ONOPTYHICTHYHHX 3aXBOPIOBaHb. BCTaHOBMIM 3BOPOTHY CEPEAHBOT CHIIN KOPEJSILI0 MiXK PIBHSMH IPOTETHYPIT 1 MIBUAKICTIO
KiIy00ukoBoOi (insrpanii — (r=-0,562, p<0,01), a Takox Mix piBHAMHU poTeiHypii Ta remornodiny (r=-0,596, p<0,01).

BucnoBku. Y BlUI-iH}iKOBaHUX ypakeHHs HUPOK HaYacCTillle XapaKTePH3Y€EThCS IX TYOYIOIHTCPCTHLIHAM ypaskeHHSIM. BomHo-
Yyac IOMEPYISpHE YpaXEHHs HUPOK, 10 OyBa€ 3HAYHO PiJIIe, CYIIPOBOIKYETHCS T0CcTOBIpHO BUMM piBHeM PHK BIJIL.

KurouoBi ciioBa: BlUI-indexis, xpoHiuHa XBopoba HUPOK, TyOyI0IHTEpCTHIIIHE ypasKeHHsI, ITIOMEPYIISIPHE YPaXKSHHS HUPOK.

OCOBEHHOCTH IMOPAKEHUS MOYEK Y BUH-UHO®NIINPOBAHHBIX BOJIBHBIX

Mockaniok B.Jl., Anopywax H.A., Coxonenko H.A., bananwk H.B., boiiko I0.U.
bykosunckuil cocyoapcmeennulii meouyuHckuil yHueepcumem, Yeprosywt, Yrkpauna

margaritaassistent@gmail.com

AxTyanbHocTh. Y BUU-MHOUIMPOBAaHHBIX MAIMEHTOB MOPAXXEHUE MTOYEK, KOTOPOE XapaKTePU3YeTCsl TSDKEIBIMU KIMHUYECKUMU
TIPOSIBJICHUSIMHU, MOXKET CYILIECTBEHHO BIIMSTH Ha IIPOTHO3 JKM3HU. YUNTHIBas poct yncsia BUYU-uHGUIMPOBaHHBIX B MUpE U YBEIIHMUCHHUE
MIPOIOJDKUTEIILHOCTH JKU3HH TaKUX OOJIBHBIX, CIIEMyeT OJKUJIATh ¥ yBenmdeHus konrndecTsa BUY-nHGUINPOBAaHHBIX JINI, HY>KIAIOIIIX-
cs1 B TOPOTOCTOSAIIEH 3aMECTHTEIBHON TTOYETHOH TepanuH, a Takke TpaHCIUTaHTanuu modku. Ho Bompoc xapakrepa mopakeHus! modeK
npu BUY-undexunn B YkpauHe 10 CHX MOP OCTAETCS HEIOCTATOYHO OCBEIICHHBIM.

Ieab: ycTaHOBUTH KJIMHHYECKUE U JTa00paTOpHbie 0COOCHHOCTH MopaxkeHus1 no4yek npu BUY-undexuum.

Marepuaisl u Metonsl. O6cnenoBano 292 6ombHbIXx BUU-undekuueit. OcymecTBIsuI CKPHHUHT MAPKEPOB MOBPEKICHHUS MTOUCK —
IbOYMHUHYPUH/TIPOTENHYPUH — TECT-CUCTEMaMH C ITIOMOIIBIO MOUYEBBIX MOJIOCOK. Pe3yibrarsl, HOy4eHHBIE ¢ TOMOIIBIO TECT-M0JIOCOK,
paccMaTpuBalI KaKk OPHEHTUPOBOYHBIC. [Ipy HanM4MKM B CKPUHUHTOBOM TECTE IPOTEUHYPHH >1+, KOTOpasi COOTBETCTBYET IpaJlalluil
30 M/, OCYIIECTBISIN TOBTOPHBIE aHAIM3bI MOYM C KOJMUECTBEHHBIM OIpE/eNICHHEeM Oellka Ha CIEeKTPO(OTOMETpe, pasaeiIeHHbIe
BO BpEMeHH OT 3 aHel 7o omgHol Henenu. PyHKIMOHANIBHOE COCTOSHNE MOYEeK OIEHUBANN MO MHTETPANTbHOMY ITOKA3aTelNio, XapaKTe-
PH3YIOLIEMY CTEIeHb COXPAHEHMS/TIOTEPU MacChl ACHCTBYOMMX HepoHOB. Kpureprem HapyiieHust QyHKIMHU OYEK ObLIO CHUKEHHUE
ckopocTH Ki1y0oukoBoii Gpuisrparn (CK®) <60 mir/mus Ha 1,73 M2, XpoHudecKyio 60sie3Hb T0YeK AUarHoCTUPOBAIM IPH BBISBICHUH
MIPOTEHHYPUH WK IPOTEUHYPHHU B coueTaHuu co cHikeHneM CK® B teuenue 3 u Ooiee MecsiieB.

Pe3yabrarel. Ha ocHOBaHNM OCHOBHBIX MapKepoB ITOBPEX/CHUS MOUEK — MepcucTeHTHOI nporennypun (I1Y) u cropoctn xiry-
6oukoBoii pupTpanmu <60 mi/mMuH Ha 1,73 M2 — y 48 4enoBeK QHArHOCTHPOBaHA XPOHUYECKas OOJIE3HBb MOYEK, KOTOpask ¢ OONBIIOH
YaCTOTOH COMPOBOXK/ANIACH HApYIIEHNEM (yHKIIHH 3THX opraHoB. Ha ocHoBaHMM aHanmm3a skanod, aHaMHECTHUECKUX CBEACHUHN U KITH-
HUYECKUX CUMIITOMOB MOPAXKEHUS Mouek OonbHBIE ObLIN paszeneHsl Ha 2 rpynmnsl. Ilepsas rpynmna (n=31, nnu 64,6%) — HalueHTs ¢
TyOyJIOUHTEPCTHIHATBLHBIMHE, BTOpas rpymmna (n=17, wiu 35,4%) — HalueHThl ¢ IOMEPYIAPHBIMU 3a00sieBaHUAMHE. [0BBIIICHHE YPOBHS
ITY compoBoxgaeTcs JOCTOBEPHO 3HAYNMBIM HapyIIeHHEeM (YHKIUH MOYeK M Ooiiee YacThIM COYETaHUEM C apTepHalbHOI THIepTeH-
3MeH ¥ reMaTypuel py OTCYTCTBHM JOCTOBEPHBIX PAa3iIMYHil B 4ACTOTE ONIOPTYHUCTHUESCKHUX 3a00JeBaHUN. YCTaHOBMIN 00PaTHYIO
CpEIHEH CHIIBI KOPPEIALHUIO MEXTy YPOBHIMH MPOTEHHYPHU M CKOPOCTHIO KITy00uKoBO# (hrmbrpanuu — (r = -0,562, p <0,01), a Taxoke
MEXIy YPOBHIMHU MPOTEHHYPHH U reMorioduna (r = -0,596, p <0,01).

BeiBoabl. Y BUY-unpuuupoBaHHbIX OOJBHBIX MOPAYKEHUS MOYEK Yallle BCETO XapaKTEpU3yeTcs UX TyOyJOMHTEPCTHLHAIBHBIM
nopaxkeHneM. [1oMepyIsipHOe MopakeHHe TToYeK OBbIBACT 3HAUYMTEIILHO PEXKe, COMPOBOXKAACTCS TOCTOBEPHO O0Jiee BEICOKUM YPOBHEM
PHK BUY.

KunroueBsie cioBa: BUUY-nndexmnus, xponuyeckas: 001€3Hb I0YEK, TyOyITOMHTEPCTHIHANBHOE TTOpaXXeHHe, ITIOMEpYIISIpHOE 110pa-
JKEHHE TTOYEK.
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MOPIBHSUIBHUI AHAJII3 MACH IIJIOAIB ITPU HAPOJKEHHI
ITPHU PI3HUX TUITAX JABI€HDb
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AKTYaJbHICTb JOCITIKCHHS TIOJIATA€E B CYTTEBOMY 301IBIICH] KITBKOCTI OAaraToIuiIHUX BariTHOCTEH, OUTBIINM PU3UKOM IEpUHA-
TaJBHUX YCKJIQJHEHb, HAsSBHICTIO MPOTHUPIY CTOCOBHO BIUIMBY XOPiaJbHOCTI Ta CTaTi MAJIOKIB Ha iX Macy, HEOOXiJHICTIO CBOEYaCHOT
JIarHOCTHKH 3aTPUMKH POCTY ILIOJA.

Merta: nopiBHSIHHS Mac IDIOJIB NPH HAPOJDKEHHI B 3QJISKHOCTI BiJl XOPiaJIbHOCTI, T€CTAIIHHOTO BIKY Ta CTaTi.

Marepianan Ta metogu. [Iporsrom 2016-2020 poxkiB obctexxeno 440 map 6am3HIOKIB: 375 AMXOpiaJIbHUX AIaMHIOTHYHUX Ta 65
MOHOXOpianbHUX AiaMHioTHUHHX. Cepen nuxopiambHUX map Oymo 186 (49,6%) pisHocTareBux, 98 (26,1%) ogHOCTaTEeBUX YONOBIIMX Ta
91 (24,3%) ogHocTaTeBUX KiHOYMX. BumiproBanu macy MiofiB Mpy HapOIKEHHI, OI[IHIOBAJIH 11 3B’ 30K 3 XOPiaJdbHICTIO, CTATTIO MJIO/IB,
SIKOT cTari Apyruif i B mapi, recTaiifHiuM BiKOM.

Pesynbrarn. Cepenns maca 750 mionis 3 auxopiansHux map (2570,0 £ 506,43 1) noctoBipHO mepeBuinyBana Macy 130 miomis 3
MoHoXopianpHuX Tap (2333,4 £ 567,24 1, p <0,0001). Maca muxopiainbHUX IBi€EHB 40sioBiuoi ctarti (2603,8 + 532,29 1) Ta pi3HOCTATEBUX
(2595,6 = 490,17 r) nepeBuiryBana Macy BCix iHmux JBieHb (p < 0,05). B rpymi auxopialbHAX ABIEHB Maca XJIOMYHKIB IIEPEBHITyBaIa
Macy aiBdat (2638,1 + 525,96 r mpotu 2499,4 + 475,84 1, p = 0,0002), six B cepenuHi pizHOCTareBUX nap (2674,2 + 518,17 r mpotu 2517,1
+ 448,24 1, p = 0,0019), TaK i OAHOCTATEBUX Map XJIOMYMKIB MOPIBHAHO 3 OJHOCTATEBUMH MapaMu fiBdar (2603,8 + 532,29 r ta 2481,4
+ 503,08 1, BianosiaHo, p = 0,0224). He BusiBiIeHO CyTTEBOI Pi3HMII B Maci AiBYaT 3 Pi3HOCTATEBUX [BI€Hb HOPIBHIHO 3 OJJHOCTATEBUMH
napamu. B MOHOXOpialbHUX TTapax Maca IUIOIB YOJI0BIYO0T Ta JKIHOUOI cTaTi CYTTEBO HE BipisHsuiacs. JIMCKOPIaHTHICTh MacH TUIOIB
3ycTpivanacs Ipy BCiX THIAX JABi€Hb, HAWOLIBIINI BiICOTOK 3apeecTpOBaHHUI Y MOHOXOPIAIHUX XJIOMIHUKIB — 23,7%, Ha ApyroMy MicIi
Oy muxopianbHi gonosivi mapu — 20,4%. Cepen 30 AuCKOpIAHTHUX AMXOpIaIbHUX PI3HOCTAaTEeBUX IBieHb B 19 (63,3%) Bumaakax
BaXYUM OyB XJIOMUNK. He BUSBIIEHO CYTTEBOI pi3HUII B Maci IUIOJIB TPH 3aILTiTHEH] KIHOK MPUPOTHIM IUITXOM Ta 3 BUKOPUCTAHHSIM
JTOTIOMDKHHUX PETIPOLyKTUBHUX TexHONOT1i. CepeHs Maca AiTel, HApOoHKEHUX CypOTaTHUMHU MaTepsMH, TIEPEBUIITyBajia Macy JIiTel, Ha-
pomkeHnx HecyporarHumu Marepsivu (p = 0,0466). Maca rutoaiB Oys1a GiIbIIOI0, SKIO Y JKIHOK OYJIH BariTHICTh Ta MOJIOTH B aHAMHE3I.

BucnoBku. CepenHst Maca IUIOAIB AUXOPiabHUX JBI€Hb NMEPEBUIIlyBaa Macy IIOIIB MOHOXOpialnbHHX map. [IpeBamoBaHHs Macu
XJIOMYUKIB HAJl Macolo JiBYaT B JUXOPIaJbHUX Iapax Ta BIICYTHICTh CTATEBOI Pi3HUII B MOHOXOpIiaJbHUX ABIHHAX BKa3ye Ha MOXKIIHU-
BICTB Pi3HO{, 3yMOBJIEHOI CTATTIO, (PyHKI[IOHATBHOT aKTHBHOCTI IUTANleHT. MaJti ISt TeCTaIiifHOro BiKy IUIOAN Hal4acTiIe 3ycTpidanucs
B TPYIi MOHOXOpIaJbHUX JIBi€Hb JKIHOYOi CTATi Ta Pi3HOCTATEBHUX IHXOPIANbHUX TMapax. MCKOpJaHTHICTh MacH IUIONIB HaldacTime
3ycTpivasiacst pd MOHOXOpIiaJIbHUX JBIHHAX YOJIOBIYOi cTaTi. B AMCKOPIaHTHHUX Pi3HOCTATEBHX Mapax yacTille BaXYUM OyB IITi/T 400~
Biuof crari. He BusiBIIEHO CyTTEBOT Pi3HHIII B Maci TJIOIB PH 3aIlTi{HEH] )KiHOK MPUPOAHIM IUIIXOM Ta 3 BUKOPHUCTAHHSIM JIOMOMDKHUX
penpoayKTUBHUX TexHouorid. CepenHs Maca JiTeil, HApOPKEHHX CYypOTaTHUMH MaTepsMH, MEpeBHIIlyBala Macy AiTel, HapOKEHHUX
HecyporaTHUMH MarepsiMu. [1pu nepiiit BariTHOCTI HApOKYBAINCH JITH 3 MEHIIIOI0 MAacolo TiJjia, TOPIBHSHO 3 AITHMH, HAPOJPKCHUMHU
B pe3yJbTaTi MOBTOPHUX BariTHOCTEH! Ta MOJIOTIB.

KuarouoBi ciioBa: recrariitHuii Bik, ABiliHI, TUCKOPAAHTHICTh MAcH IUIOMIB, 3aTPUMKa POCTY IUTOJA, MUl TS TECTAIIITHOTO BiKy
I

AktyanbHicTh. Ha Macy mioniB npu HapomKeHHi
(MIIIT) BnmBaroTh pi3HOMAaHITHI (haKTOpH, TaKi SIK Te-
HETHYHi, COITIOEKOHOMIYHIi, HAsIBHICTh Y MaTepi 3aXBOPIO-
BaHb, B IIEPIIY Yepry, IyKPOBOro niabeTy, apTepiaabHol
rinepTensii Ta iHpexiitHoi npupoaw [1]. Llel mokazHuk
PO3MISAIAI0TH B IKOCTI MTPEAUKTOPA 3aXBOPIOBAHb MaTepi,
BHXOJy TOJIOTiB, IEpUHATAILHOT MOPOIAHOCTI Ta Je-
TaNBHOCTI 1 HABITh MEPCIEKTUB MalOyTHHOTO PO3BUTKY
nutuau [1-3].

Ipotsirom ocranHix 40 pokiB 3HAYHO 301LTBIIMIACE
KUTBKICTh Oaratorutiaux BaritHoctel (bB), mo moB’s-
3YHOTb 13 OLJIBII HIMPOKUM 3aCTOCYBAHHSM PETPOLYKTHB-
HUX TEXHOJIOT1H, TAKKX fK: THAYKIiS OBYJISALIT, CTUMYIISI-
I1isI CYTIepOBYIIALI Y IIporpamMax JOMOMIKHHUX PETIPOIyK-
tuBHEX TexHonorii (JIPT) [4]. B YkpaiHi, 3a BiacyTHOCTI
peectpy 0araTorutiIHUX BariTHOCTEH 1 MOJIOTIB, €JMHUM

MOKa3HUKOM, IO MiJJJa€ThCs aHali3y, € MUTOMA Bara
6araTornIiTHIX MOJIOTIB, 10 MPOTATOM OCTaHHIX POKIB
30uIbImMIack Ha monan 40 % [5].

BararomigHa BariTHICTh, y IOPiBHSAHHI 13 BariTHi-
CTIO OTHUM ILTOJOM, CYIPOBOIKY€ETHCS ITiIBUIICHUM
PHU3UKOM MEPTBOHAPOKCHHS, PAHHBOI HEOHATAJIBHOI
CMEPTHOCTI, IUTAY0T CMEPTHOCTI, IepeTYACHHUX TIOJIOTIB,
HI3BKOI Bard Y HAPOIDKEHHI, BPOUKEHUX BaJl PO3BHUTKY
[6]. Emigemionoriui AOCTIKSHHS Y JTFOACH TIEMOHCTPY-
I0Tb, 1[0 YAM MEHIIIA Maca Tijla HOBOHAPOKEHOTO, TUM
MEHIIIa BipOTiHICTh TOTO, 110 BiH BUXKUBE, BUILIUM Oy/e
PU3UK BUHUKHEHHS JETeHEpaTUBHUX 3aXBOPIOBAaHb J10-
POCIIOTO BiKY, TAKHX SIK TiIepTeH3ist, KOpOHapHa XBOpoba
cepud Ta yKpoBuit niabet npyroro tumy [1, 7]. Sk Bxke
MOBIJOMJISIIIOCH, 3aBASKH IIHPOKOMY BHKOPHCTAHHIO
JPT i3 mepeHocoM ABOX eMOPiOHIB, 3HAYHO 301IBIINIIACE
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KibKicTh came auxopiansHux (IX) nBiens. 3 akymep-
CBKOI TOUKH 30pY, OCTaHHI MalOTh KPaIHii MPOTHO3 TSI
BHHOIITYBAaHHSA, PO3PO/DKCHHS Ta JUII HOBOHAPOIHKEHHUX
IBIHAT, Hi’XXK MOHOXOpianbHi (MX) [8]. [lepunarans-
HI YCKIIQJIHEHHS Ta CMEPTHICTh ipu MX OJNM3HIOKaX B
3-5 pasiB yacrimi, nmopisasHO 3 JIX [9]. HacTkoBo 11e
3YMOBJICHO OIJIBIIIMM PiBHEM IMepeauacHUX MOJIOTIB, a
TaKOX PO3BUTKOM CHENU(IYHAX YCKIaTHEHb, 30KpeMa
CHHIpPOMY MDKOIH3HIOKOBOTO Tieperikanas (CMIT).
[MocTHaTanpHA OLIHKA MACH IUIOIB BAXIMBA IIE i
TOMY, IO 32 Pe3yJAbTaTaMK OCTaHHIX JIOCIiIKEHb, OHU3b-
K0 75% manux Juig recrauiHoro Biky ruionis (MI'BIT)
3aJIMIIAIOTHCS HE PO3MTI3HAHUMU JI0 MOMEHTY HapOJKEeH-
Hsl, 3BKYBaHHS Ta MOPIBHSAHHS 31 CTaHAAPTHUMHU IIIKa-
nmamu [10-12]. Ilmin, sxuid, 32 MpeHaTaIbHUMH KapTaMH
OIIIHKH MacH TUJIOJIiB, BBAXKAETHCS MAIIUM, MOXKE OyTH
MIPUPOJHHO MAJIMM 1 TIOBHICTIO BiJIIIOBIJIaTH TEHETUYHO
YCIIaIKOBAaHUM OCOOITMBOCTSIM PO3BUTKY. Y HBOTO HEMAE
PU3UKIB BHHUKHEHHS 3aXBOPIOBaHb, IIOB’I3aHUX 3 3a-
TpuMKOI0 pocta tiozaa (3PII) i BiAmoBiaHO, HEMa MOTpe-
OW B IPOBE/ICHHI 3aiBUX OOCTEKCHB B IIbOMY HAIIPSMKY.
MeTa: nopiBHSIHHS Mac IJIONIB ITPHU HAPODKEHHI B 3a-
JIEKHOCTI BiJ XOPiaJIbHOCTI, FeCTaLifHOTO BiKy Ta CTaTi.

MATEPIAJIN TA METOIHU

JocaimxeHHs mpoBOAWIOCS B KIIIHILI Kadeapu aky-
mepcTBa-riHekonorii Ne 1 HamionansHoro yHiBepcure-
Ty OXOpOHH 3710poB’s Ykpainu imeni I1.JI. Illynuxa Ha
6a3i KHIT KOP «KwuiBcbkuii obacHui neprHATaIbHUII
uentpy. [Iporsirom 2016-2020 pokiB obctexeno 440 map
omm3HIoKiB. Cepen Hux O0yino 375 nuxopiallbHUX JAiaMHio-

truHEX (JIXIA) nap Ta 65 MOHOXOpianbHUX JIaMHIOTHY-
HUX (MXIA). BicimuecsT i’ Th ABi€Hb OyJIH HapODKEHI
cyporarHUMHU Matepsmu. [IpoBeneHO MOPiBHSAHHS CTa-
Hy Ta MacH Tijla Ipy HapoIDKeHHI MaiokiB 186 (42,3 %
BiJl BCIiX CIOCTEPEKEHb) PI3HOCTATEBUX MMap ABIHHAT, 3
254 (57,7 %) omnocrareBuMu mapamu. Ceper OCTaHHIX
Oyio 136 (30,9 %) map xmomuukiB i 118 (26,8 %) map
niruar. Cepen 254 onqHocTareBux apiens MXJIA Oyno 65
(25,6 %), a AXJIA — 189 (74,4 %). B rpymi 3 375 AXJA
IBi€Hb pi3HOCTaTeBUX Oyi10 49,6 %, OMHOCTATEBUX YOO~
Bidoi ctari — 26,1 %, xxinouoi — 24,3 %.

Bik noponine xonuBascs Big 18 1o 47 pokis. 79,1 % 3
HUX Oynu y Bimi 21-35 pokis. 3picT, Maca Tija Ta iHIEKC
macu Tina (IMT) mopozine, 1110 Manu OHOCTaTEeBI Ta pi3-
HOCTATeBi JIBiiiHI, He BiapizHsmcs (Tabm. 1). OcKinbKu
B OUTBIIOCTI IPyTI 3MiHHI PO3MOIIIEHI HE CHMETPHYHO,
naHi HaBeneHi sik Me (Q1; Q3).

[Ipu npoBeicHI MHOXHHHOTO MTOPIBHSHHS BKa3aHUX
rpyn oouasa kputepist — Kruskal-Wallis Ta MmemianHui
— MIPOIEMOHCTPYBAJIH BIICYTHICTD PI3HHUII MK TpyHaMu
(tabm. 2).

[IpuponHuUM HIISIXOM BariTHICTh ABIHHEIO HACTYIIH-
nay 266 (60,5 %) obcrexxeHux xiHOK. JJomomixHi pe-
IPOIYKTUBHI TEXHOJIOT1i BUKOPHCTAHHI IIPH 3aILTiTHEH]
174 (39,5 %) nauienrok. Maiixe nojioBuHa JIX nBi€Hb
(45,6 %) Oyna po3pomxeHa B TepMiH 37-38 THXKHIB
(puc. 1). Ha 37 TioxaeHb npunagae i HalbiIbIIe YUCIIO
nostoriB (11) MX nBienb, mo ckiano 16,9 %. 3aranom
B TepMiHi (> 37 TwxKHIB) HapomKeHo 55,2% map (243
mapu). SIk omHOCTaTeBl, TaK 1 pi3HOCTATEBI JBiiTHI Hali-
YacTille HApOJKYBAIUCS B Tiepiox Mixk 36 Ta 38 Trk-

Ta6mui 1
3pict, maca Tisia Ta IMT kiHok B 3aJieskHOCTI Big TUMY ABi€Hb
Kiitn- 3picT Maca Tina IMT
Tunu nBicHBL KicTh (M) (xr) (kr/m?)
" Me Q1 Q3 Me Q1 Q3 Me Q1 Q3
XJomuuKku 38 1,65 1,61 1,70 79,5 70,5 91,0 284 26,0 32,4
MXJIA
JliBuara 27 1,66 1,62 1,70 73,5 66,0 83,0 26,4 24,5 30,1
Pisnocraresi 186 1,65 1,62 1,68 78,0 71,4 87,0 28,8 26,0 32,0
IXJIA XII0mIuKu 98 1,65 1,62 1,70 79,0 70,0 89,0 28,8 26,0 31,6
JliBuara 91 1,67 1,64 1,69 77,0 71,0 85,0 27,8 25,5 31,3
Bcworo 440 1,65 1,62 1,70 78,0 70,3 87,0 28,7 25,7 31,6
Tabmurs 2
IMopiBHSIHHSA AHTPONOMETPUYHHUX OKA3HHUKIB NOPOALIL B 32JIe2KHOCTI Bl THILY ABi€Hb
AHTpONOMeTPHYHI MOKA3HHUKH
CTaTHCTUYHI TeCTH NOPiBHAHHSA AEKIJIbKOX He3a1e;KHUX TPy 3picr Maca Tina IMT
P p P
Kpurepiit Kruskal-Wallis 0,3780 0,4729 0,3227
Menianuuii KpuTepiit 0,1492 0,4267 0,8276
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HsMH (pHc. 2). B anamuesi y 133 xiHOK BariTHoCTel He
Oyno, y 307 Oyno Big onHiei no 8 BaritHocTei. Y 307
o0cTexeHux KiHokK (69,8 % BiJ 3arajgbHOI KUIBKOCTI)
BariTHICTH ABiifHEIO Oyiia HE MEpIIOI0 BariTHICTIO. 3a
BIJICOTKOM ITAI[i€EHTOK 3 HEBHOIO KIJIBKICTIO BariTHO-
creid B anamHesi JIX pisHocraresi, JIX omHOCTaTEB1
Ta MX rpynu cTpykTypHO He BinpizHsmucs (Kpurepii
Kruskal-Wallis p = 0,9198, Menianauit Kputepii p =
0,8621). Cepen xinok 3 nsifiaero y 173 (39,3 % Bix 3a-
raJibHOI KUTBKOCTI) B aHaMHe31 He Oyi10 mouoris. Y 147
(33,4 %) nauieHToK B aHaMHe31 Oynu ofiH1 mosory, y 81
(18,4 %) xinku — nBoe mojoris, y 31 (7,0 %) — tpoe
nosoriB 1y 8 (1,8 %) — yeTBepo MOJOTiB.
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Puc. 2. Po3nozisi 32 TEpMiHOM IOJIOTIB OIHOCTATEBUX Ta Pi3HOCTATEBUX
JIBi€HB

Yepes npHUpO/IHi MOJIOTOBI IULIXH PO3POIKEHHS IIPO-
BesieHo B 177 (40,2 %) oOcTexeHNX BUTIAIKAX, TUITXOM
KecapeBa po3TuHy — B 254 (57,7 %), koMOiHOBaH1 OJIOTH
3actocoBaHi y 9 (2,0%) xiHOK.

Macy Tisnia mpu HapoOJKEHHI MaIIOKiB Ki1acu(piKy-
Balld BiJMOBIHO 10 MIXKHAPOJAHUX CTAaHJAPTIB OIiH-
Ku 3pocTaHHs 1wioaa [13]. BukoHaB1i Mi>kHapoOIHOTO
npoekty INTERGROWTH-21st BBaXkaroTh, 0 B yCiX
KpaiHax JOLIJIbHO BUKOPHUCTOBYBATH PO3POOIICHI HUMU
CTaHIIapTH, SKi TTOBHICTIO BiAMOBIJAIOTh CTaHIAPTaM
BOO3, ockiJIbKH 3aCTOCYBaHHS JIOKAJIBHHUX KapT, 0CO-
0JMBO B KpaiHax 3 HEJOCTaTHHO PO3BUHEHOO METUIHOIO
CUCTEMOI0, MOXKE 3aBayKaTH HAJaHHIO ONITUMAJIbHOT Me-
JIIHOI Joromord [14].

HuckopaantHicTh Macu Tl mioais (JMTII) npu Ha-
POIKEHHI po3paxoByBaiu 3a popmyioro [15]:

CryniHp pi3HHUII Mac TiJT OIM3HIOKIB OLIHIOBAJIHN Ha-
CTYITHUM YHHOM:

Maca Tijia O1IBIIOro OJIIM3HIOKA-

Maca Tija MEHIIIOro OJIM3HIOKA

= x 100
AMTII Maca Tijga OUIBIIOro OJIM3HIOKA

1) — 10% pi3HuL B Maci Tija — MJI0AW KOHKOPJIAHTHI;

2) — 10-20% — ¢izionoriyHa HEBiAMOBIAHICTS;

3) — Ginbire 20% — maToyIoriuHa HEBIMOBIAHICTD.

Craructuuny 00poOKy TaHUX IPOBOAMINA BUKOPUCTO-
BylouH mporpamy Statistica 8.0 (Statsoft Inc., CILIA) ta
craructnanui anmapar Microsoft Office Excel 2010. [ins
BUOIPOK 3 HOPMAJIBHIM PO3IIOLIOM PE3YIBTATH HABOIVIN
SIK cepenHe + cranmapTHe BiaxmwieHHs (M + o). JlocToBip-
HICTb PI3HUII IBOX HE3AIC)KHUX BUOIPOK 3 HOPMAaJIBHUM
PO3IIOIIIOM 1 OTHAKOBOIO JHCIIEPCIER0 OIIHFOBAIH LIS~
XOM JIBOOIYHOTO JTBOBHOIPKOBOTO t-KpuTepiro Student (t).
JIJI1 HecUMETPUYHUX BapiallitHUX PsJiiB BU3HAYAIN Me-
miany (Me), HikHil (Q1) 1 BepxHiit (Q3) kBapTuui (25-i
Ta 75-i1 npouenTuii) 1 nani HaBoawim 1k Me (Q1; Q3).
ITopiBHSHHA TPHOX Ta OliblIe HE3aJEKHUX TPYI, AKi HE
BIJIMIOB11a10Th HOPMAIFHOMY PO3IOAICHHIO, IPOBOIUIN
3a JJOMIOMOTOI0 HeMapaMEeTPUYHUX METO/IB: PAHTOBOTO
Jqucnepciitnoro anamizy 3a Kruskal-Wallis Ta MmenianHoTO
KpuTepiro. CTaTUCTHYHI TIOTE3H BBAYKAIN JOCTOBIPHUMH
IpH KPUTHYHOMY piBHI 3HawymiocTi p<0,05.

PE3YJIBTATH TA IX OBTOBOPEHHSI

Cepenns maca 750 mmonis 3 375 AXJIA map (2570,0
+ 506,43) r noctoBipHO nepeBunIyBaia macy 130 mio-
IiB 3 65 MXJIA map (2333,4 £ 567,24) 1, p < 0,0001.
[pencrapnene B TabnuLi 3 MOPiBHAHHS CEPEIHBOI Mach
TIPH HAPOKEHHI TUTOJIB, B 3aJICXKHOCTI BiJl TUITY JBilHI,
JIEMOHCTpYE, 1m0 pisHocTaTeBi X /A nBiliHi 3aiiMaloTh
Jpyre micne miciist ogHocrareBux JIXJ[A nBieHs yoio-
Bi4Oi CTaTi, MPOTE PI3HULA MiXK HUMH CTaTUCTHUYHO HE
JoCTOBipHA. BkazaHi iBa TUTIH IBi€EHB TIEpEeBaKalOTh 32
MAacoI0 BCi iHII BapiaHTH OIM3HIOKIB.

CepenHs Maca IUTOJIB YOIOBIYOi cTaTi 3 ycix Bapi-
anTiB JIX/IA nBi€Hb CTaTUCTUYHO OCTOBIPHO IEPEBHU-
nryBaja Macy Tija xyuom4ukiB 3 MXJIA map (2638,1 +
525,96 r Ta 2346,2 £+ 630,02 1, BigmosigHo, p < 0,0001).
AHaJOT19HOI0 OyJla CHTYaIlis CTOCOBHO OJM3HIOKIB XKi-
HOUo1 crari (2499,4 + 475,84 v Ta 2315,4 £ 469,98 1,
BignoBigHO, p = 0,0081).

3aranom B rpymi JIX/IA nBieHb Maca XJIOMYHKIB JI0-
CTOBIPHO NepeBuIllyBaia Macy AiByar (2638,1 £ 525,96
r npotu 2499,4 + 475,84 1, p = 0,0002). [Tpuyomy Taka
3aKOHOMIpHICTh criocTepiraiacs sk B CEpeAMHi pi3HOCTa-
TeBUX map (2674,2 + 518,17 r mpotu 2517,1 + 448,24 1, p
=0,0019), Tak i ofHOCTAaTEeBUX MAP XJIOMYHKIB, TOPIBHS-
HO 3 OJJHOCTaTeBUMH Napamu niBvat (2603,8 £ 532,29 r
ta 2481,4 + 503,08 1, BigmosiaHo, p = 0,0224). B MXJIA
mapax Maca IUIOZIB YOJIOBiYOi Ta )KIHOYOI CTaTi CYyTTEBO
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Tabmuis 3
Cepenns Maca IJI0iB B 3aJ1€KHOCTI Bi TUmy aBiifHi

e . Cepennsi Mmaca
N Tun aBidini ntois (1) M + 6 P
XA
! 40JI0BI4OT cTaTi 2603,8 532,29 p,,=0,8554
p,,= 0,0224*
2 | AXAA 2595,6+490,17 | p,,=0,0008*
pi3HOCTaTeBI
p,s = 0,0004*
i i =0,0109*
3 LLXI.[A HKIHOYOT 24814 + 503,08 Pys
crari P, = 0,0001*
MXJIA p,s=0,0001*
4 YOJIOBIYOI CTaTi 2346,2+630,02 p,, = 0,0697
p,5=0,0317*
5 | MXIAIHONOT | o315 4, 469,98 | Pas — 07014
crari

* — cmamucmuyHo 00CMOBIpHA PI3HUYS

He Biapisusaacs (2346,2 + 630,02 r npotu 2315,4 +
469,98 T, p = 0,7614). Maca miB4ar 3 pi3HOCTaTeBUX
OXJIA nBienn (2517,1 = 448,24 r) cTaTHCTUYHO HE3HA-
qyIIe IepeBHUIIyBalla Macy Tijla JiBYaT 3 OMHOCTATEBUX
IOXJIA map (2481,4 = 503,08 1, p = 0,4726).

[NopiBHSHHS MacH Tijla HA MOMEHT HapOIXKESHHSI, B 3a-
JISKHOCTI B BUKopucTanHs abo Hi JIPT, nponemoHcTpy-
BaJIO BIJICYTHICTh IOCTOBIPHOI Pi3HUIII MPAKTUYIHO B YCIiX
rpynax, okpim MXJIA xnonuukis. B HeBenukiit rpymi
MX uonosiuux asiens micns APT maca tina (3352,5 +
413,71 r) nmepeBuILyBata Macy Tina IiTei, 3a4aTuX MpH-
ponxiM nusixom (2290,3 + 593,16 T, p = 0,0007).

Cepen obcTexeHOol rpymu Oyio 85 cyporatHux Mare-
piB. 3BepTace Ha ceOe yBary (akT, 1110 cepeIHs Maca Tijia
HapOPKeHUX HUMHU Jitel (2607,4 + 475,61 1) nepeBuiye
CepenmHIo Macy IiTel, HapOIKeHUX HECypOTaTHIMH Ma-
tepsmu (2518,7 £ 531,68 1, p = 0,0466.

Cepenns Maca IUTIOZIB IIPY HEPIiil BariTHOCTI Oyia
MeH1ow (2422,6 = 507,32 r) nopiBHAHO 3 ABIHHAMHU,
HapOIKEHUMH B PE3YNbTaTi MOBTOPHUX BariTHOCTEH
(2584,9 + 521,39 1, p < 0,0001). AHaNOTiYHUM YUHOM

IIpY HasIBHOCTI MOJIOTiB B aHaMHe31 Maca miofis (2607,3
+ 504,50 r) nepeBuIIyBaga Macy IUIOAIB IPHU MEPIINX
mosorax (2421,9 + 527,89 1, p < 0,0001).

[TopiBHSHHS Mac Tijla IUIONIB NMPH HAPOIIKECHHI
MOKa3aJo, M0 MOBHA KOHKOPAAHTHICTh YacCTillIe CII0-
crepiraiacst npu XA neiitasax (xmomuuku 53,1 %,
pisHocraresi 48,4 %, miBuara 42,9 %). HaiOinpmmii
BigcoTok BupaxeHoi JIMTII 3apeectpoBanuii B rpymi
MXJIA xmomuukiB — 23,7 % (tadn. 4), yepe3 HeBeIH-
KWW BicOTOK (Pi3ionoriyHOl HEBIAMOBIAHOCTI ApyTe
micue 3aiimanu JIX/IA omHOcCTaTeBi mapu 40J0BiYOi
crari (20,4 %, p > 0,1). lewro HecnioaiBauum OyIo Te,
10 HaitMeHIUM BiH OyB B rpyni MXJIA onHOcTareBUX
nBieHb xkiHouoi ctaTti (14,8 %). IlpoTe B ocTanHi rpymi
Haigacrime (44,4 %) ¢ikcyBanu ¢izionoriuny HeBia-
MOBIJIHICTh Mac TiJla OIM3HIOKIB B MeXax OJHIET mapu.
Cepen 30 muckopaantHux JIX /1A pi3HOCTareBUX Bi€HD
B 19 (63,3 %) Bunaakax Bak9uM OyB ILTiJl YOJIOBIdOT
crari, B 11 (36,7 %) — xxiHo4oi. Pi3HHIIA y BiICOTKaX MiX
BciMa IpyllaMH HE € CTaTHCTHYHO AOCTOBipHOIO. Cepen
BXYMX IUJIOAIB MEPINUNA XJIOMYMK OyB B 12 BHUIaAKax,
JIPYTHH T XJIOMYHK — B 7, IEPIIUH TUTiJ] 1IBYNHKA — B
6 Ta qpyrUii T JIBYMHKA — B 5.

Masumu 17151 TECTaliHHOTO BiKY IIOJIaMU BBaXKalOTh-
Cs1 TaKi, sIki He TOCATal0Th Cenu(piyHOro 610METPUYHOTO
ab0 BaroBOro Mopory Ui BiAIOBIIHOTO T€CTalliiiHOTO
BiKy. [lecsta BaroBa MepIieHTIIIb HAHOUIBII YaCcTO BUKO-
pucroByetbest i BusHadeHHs MIBII [10]. TTopiBusHHES
Mac TiJla MaJIfOKiB 3 MDXXHApOJHUMH cTaHAapTamu [13]
MPOJIEMOHCTPYBAJIO, 110 HE 3BaXkatouu Ha Te, mo MI'BII
HaltgacTime 3ycrpivanucs npu MXJIA nBiHHAX )KiHOYOT
CcTari, g mpodsieMa XapakTepHa JJis BCiX BapiaHTiB JBi-
€Hb (Tabdm. 5).

[Ipuuomy Ha apyromy Mmicui 3HaxonaTecs XA
pi3HOCTaTeBi ABiHHI.

3HauHO pijlie HAPOHKYBAIUCS BEJIMKI 711 TecTalliii-
Horo Biky tionu (BI'BIT), maca sxux nepesuiyBaia 90
HEPIICHTHIIIB.

IcHy€e TouKa 30Dy, 0 HEAOIIEHO OI[IHFOBATH PU3H-
KM, TIOB’si3aHi 3 ABilHE0, 0a3yI0UNCh Ha CTaHJapTaXx,
PpOo3po0IIeHUX JJIsl OHOIUTITHKUX BariTHocTel [16]. B ne-
KIUTbKOX KpaiHaX, TaKuX K ApreHTuHa, ABcTpais, Ka-

Tabmus 4
CniBBiHOIIEHHs1 Mac IUIOAIB B Mapax /BicHb B 3a/1eskHOCTI BiJ XopiaibHOCTI Ta cTari
Cryninp pisHuni . q q q
MAC Ti GAH3HIOKIE MXJIA aisyata | MXJIA xnonuuku | JAX/IA pisnocraresi | JAXJIA piBuara | JX/IA xJom4uku Beboro
% n % n % n % n % n % n %
<10 11 40,7 15 39,5 90 48,4 39 42,9 52 53,1 207 47,0
10-20 12 444 14 36,8 66 35,5 35 38,5 26 26,5 153 34,8
>20 4 14,8 9 23,7 30 16,1 17 18,7 20 20,4 80 18,2
Bcworo 27 100 38 100 186 100 91 100 98 100 440 100
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Tabmuusg 5

BinxusieHHst MacH Tijia IUIOAIB Pi3HUX TUMIB ABi€HBb BiJl Mi>KHAPOAHUX CTAHAAPTIB 3POCTAHHS IUIOAIB BiANOBiIHO
J10 TecTaniifHoOro BiKy

MXJIA niBuata MXJIA xaonui | JIXJIA pi3HocTaTeBi JAXJIA niBuara JAXTA Xmonmi
KinbkicTs
ILI0iB 1 2 3 4 5
B rpyni
54 76 186 182 196
Maca < 10 BarQBOT n 23 23 67 46 31
TiepueHTII % 42,6 30,3 36,0 25,3 15,8
p,>01p ,>0,L;p < 0,02%; Ps< 0,001%; p,;>0,1;
p
p,,>0,1;p,,<0,05% p,, <0,05% p,, <0,001%; p, . <0,05*
Maca > 90 Bargsoi n 0 1 4 1 6
TiepueHTHII % 0 1.3 2,2 0,5 3,1
P >01;p,,<0,05%p ,>0,1;p <0,05%p,,>0,1;
p
p,.>0.1;p,,>0,1;p,,>0,05p,,>0,1;p,,>0,05
* — cmamucmuyHo 00CMOBIPHA PI3HUYSL
Tabmuus 6

BinxujenHs macu Tijia nJ1oAiB pi3HUX THIIB ABi€Hb BiJl CTAHIAPTIB Macl HA MOMEHT HAPOJKeHHSI ABi€Hb BiIMOBiTHO
A0 recraniiiHoro Biky Ta crari

o . MX/IA niBuara MX/A xmommi JXJIA pizHocrareBi AXJIA niBuara JAXTA Xmomui
IbKiCTh
ILI0iB 1 2 3 4 5
B rpymni
54 76 186 182 196
Maca < 10 Barogoi | 1 17 17 42 24 28
HCPLCHTIII % 31,5 22,4 22,7 13,2 14,3
p,,>0,1;p,,>0,1;p,,<0,01% p, . <0,02% p,.>0,1;
p p,.> 0,05; P, s> 0,1; Py, < 0,02%; Pys < 0,05%; Pys™ 0,1
Maca > 90 Barosoi | 1 0 1 22 1 8
HepPLEHTHII o, 0 1,3 11,8 6,0 4,1
5 p,>0,1;p ,<0,001% p, ,<0,001% p  <0,01% p, <0,001%;
p,,<0,05%p, >0,1;p,,<0,05%p,,<0,01*p, >0,1

* — cmamucmuyHo 00CMOBIPHA PI3HUYSL

Haja, Snonis, Hopeeris, Kuraii Ta TaiiBans, po3pobieHi
Ta OIyOJIIKOBaHI CTAHAPTH MACH Tijia IPH HAPOKESHHI1
Jutst Om3HIOKIB [16-20]. Ha skanb, B YkpaiHi Takux Kapt
HeMmae. ToMy MU TIpOBENH MOPIBHIHHS (Tabi. 6) 3 Tep-
LIEHTWIAMY MAacH Tijia OJIM3HIOKIB BIAOBIAHO OO recTa-
IIHHOTO BiKY, po3po0naeHuMHy B ABcTpaii [21].
IopiBHAHHS cTaHAAPTIB, PO3POOICHIX MiXKHAPOI-
HUMH EKCIEPTaMU [T OAHOIUTIIHUX BariTHOCTEH, Ta
aBCTPANIMCHKUX CTAHJAPTIB JIsl OJIU3HIOKIB MPOJAEMOH-
CTpYBaJIO MEHIITY CePEAHIO Macy Tijia py OaraTorIiIHii
BariTHOCTI, BiAnmoBinHo MeHmMMH € 10 Ta 90 nepreHTu-
mi. Tomy mpu OIiHII MacH Tija JIBi€Hb 3a CTaHAapTaMu
JUTs ONMU3HIOKIB MeHIIMM Oynu Bizcotkn MI'BII B ycix
obcTexxeHnx rpymnax. [Ipore cTaTHCTUYIHOT TOCTOBIPHO-
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CTi pi3HHIS Hocsria Tineku B rpynax AXJIA pisHOCTa-
TEBHX Ta OJHOCTATEBUX Imap kiHowoi ctari (p < 0,01).
B Toii e wac cyTTeBo 30UnbmmIacs Kinbkicts BI'BII,
ocobimmBo cepen pisHocrateBux XA (p < 0,001) Ta
omHocrateBux JIXJIA xiHouoi crati (p < 0,01).

Maca Tina Ha MoMeHT niosioriB JIX/IA pi3HOCTaTeBUX
JIBI€HB 3POCTAE MPH 301TBIIEHI FeCTaIiitHOrO BiKY (puc. 3).

KpuBa nemoHcTpye HalOUIBIINI TPUPICT MAC TUIOAIB
B iHTepBanax 33-34 TwxaeHb Ta Mixk 36 Ta 38 THKHIMU.

IMpuuomy TuHAMIiKa 3pOCTaHHS MacH Tijla Oyia mpax-
TUYHO OJIHAKOBA fK Y iBYar 3 pizHocTaTeBux JIX/IA map
(puc. 4), Tak 1y xaonuiB (puc. 5). OCKUIBKY B HACTYITHUX
rpymnax po3MOALT BiAPi3HABCS Bi HOPMAIBHOTO, 3aCTO-
coBanuii kpurepiit Kruskal-Wallis.
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Puc. 3. Maca rina roais IX/IA pi3HOCTaTeBUX JIBIEHB B 3aJI€KHOCTI Bijl
recrauiiiHoro Biky. BepTukanpHi niHil mo3Ha4Ya0Th
0,95 moBipuuii iHTEpBAL.
Homounuii epexm: F(11, 360)=30,786, p < 0,0001.
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Puc. 4. [lunamika MacH Tina Ipy HapomxkeHHi aisdar 3 JIXIA
PI3HOCTATEBUX IMap
Kruskal-Wallis mecm: H (11, N = 186) = 77,85493 p < 0,0001
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Puc. 5. /lunamika Macu Tina npu Hapo/pkeHH1 xionuis 3 JIX/1A
pi3HOCTATEBHX Hap
Kruskal-Wallis test: H (11, N = 186) = 72,05545 p < 0,0001

AHaJOTIYHUM YHHOM JOCTOBIpPHO 301JIBIIY€ETHCS 1
Maca TiJia TUIoJIiB XiHo4oi cTaTi B oqHocTareBux JIX/IA
nBiitHsax (puc. 6). Kputepiit Kruskal-Wallis: H (11, N =
182) = 65,54827, p < 0,0001.

VY ognoctareBux JIXJIA map 4onoBivoi cTaTi Tex
MaJio MicIle TTOCTYIIOBE JIOCTOBIpHE 301JIBIIEHHS MacH
TiJIa IPY HAPOKEHHI 31 3pOCTaHHIM T'eCTalliiHOTO BiKY
(puc. 7). Ha mo Bka3sye kputepiii Kruskal-Wallis, sikuit
cranoButh H ( 10, N = 196) = 87,82587 p < 0,0001.

3HavHe 3pOCTaHHs MacH Tijla IpU HAPOKEHHI MaJio
Micie npu 36isbLIeHi rectaniinoro Biky MX/IA map
yonoBiyoi ctati (puc. 8). Tect Kruskal-Wallis test: H
(10, N=76) = 50,56835 p < 0,0001.

B opHocTareBux AiBOUMX Mapax npubOaBKa MacH Tija
OyJla HEe TaKOK 3HAYHOIO, MIPOTE JTOCTOBIPHOIO (puc. 9).
Tect Kruskal-Wallis: H (7, N = 54) = 15,25761 p =
0,0328, naBaB MO3WTUBHUN PE3YIBTAT,

He BusiBIIeHO pi3HUIN B CepelHLOMY T'eCTAIlIHHOMY
Billi Mixk pizHUMH Bapiantamu JIXJIA neiens (p > 0,1).
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Puc. 6. 3anexHicTh MacH Tisla IpH HApOMKeHHI oqHocTaTteBux XA
JIBi€HB JKIHOYOI CTaTi BiJ recTaIliiHOTO BiKy
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Puc. 7. 3anexHicTh Macu Tia nNpu HapoJpKeHHI opHoctareBux XA
JIBI€HB YOJIOBIYOI CTaTi BiJ recTaliifHOro BiKy
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Puc. 9. Jlunamika macu tina MXJIA nBieHs xxiHOUOT cTaTi Npyu 301IbIICHI
TecTaIifHoro BiKy

Maca mofa € He TUIBKU IHAUKATOPOM HOTO CTaHy,
MOBHOTH J03PiBaHHS, BipOTiTHOCTI BHHUKHEHHSI IIEpHUHA-
TaJbHUX YCKIIAJHEHb, a 1 MOTEHIliary Maifl0yTHHOTO PO3-
BUTKY TUTHHU. € IiKaBi JOBIOTPUBAII JIOCIiHKEHHSI, SIKI
JIEMOHCTPYIOTh 3BOPOTHIH 3B’ 30K MK ITHM ITOKa3HUKOM
Ta KaplioBacKyJISpHUMH 3aXBOPIOBAHHIMH, Ta HABITh
PHU3UKOM CMepTI Bifl paKy [2, 22]. OcTaHHii OB’ I3yI0Th
3 IOPYIICHHSIM TOPMOHAIILHOTO OaJlaHCy B MATIIi ITiJ] 9ac
PI3HOILIIAHOT BariTHOCTI.

CriBBiTHOIICHHS KUJTBKOCTI Pi3HUX JBI€HD B HALIOMY
JOCHiIKeHH] Oylno MoAiOHUM 10 MeTa-aHali3y TPhOX
BEJIMKUX JIOCTIKEHb, poBeneHoro A.A. Freedman et al.
[23]: pisHocTaTeBuX — 46,6 %, OMHOCTATEBUX YOJIOBIYOI
crari — 26,0 %, xxinouoi crati — 27,4 %.

binpmry macy mioais B JIX/1A mapax jerko mosScHUTH
KPaIMMH YMOBaMH TX KPOBOIIOCTAYAHHsI TIPH HASIBHOCTI
JIBOX IDIAIICHT, IOPIBHSHO 3 ofHiero pr MXJIA nBiHSX,
MIPUIOMY I1€ CTOCYETHCS SK ITIOIB YOJIOBIYOT1, TaK 1 )KiHO-
yoi cTari. YHIKaJIbHUMH 0co0nmuBocTsIMH [IX OINM3HIOKIB
€ iX CIJIbHI TeHEeTHKA, TeCTAIlIfHNH BiK, BHYTPIITHBOYT-
poOHE cepeoBHUIIIE Ta XapaKTEPUCTUKU OaThKiB. J{nxo-

pianbHi OIM3HIOKH, 0€3yMOBHO, KOHKYPYIOTh 32 Miclie,
1 e Oyne BruMBaTH Ha ix Macy. [Ipore BaxxnuBuM Oyne
BILUIAB B3a€MOBIIHOIIEHHS IUIOAIB 31 CBOIMU ILIallEHTa-
MH, SIKUH 3aJTMIIAETHCS MOMIOHUMU 10 B3a€EMOBIIHOIICHE
TIpH OJHOILTIHIH BariTHOCTI [23, 24]. B IX/IA napax
O1ITBIITY Macy MaJTi XJIOITIHKH, IO JTIO3BOJISE TyMaTH Mpo
T€, 10 [EH IMOKa3HUK 3UEILICHHUH 31 CTATTIO 1, MOXKJIMBO,
MOP(OIOTTYHUMH Ta QYHKI[IOHATLHUMH BIIMIHHOCTSMH
IUTALICHT TUIOMIB Pi3HOI cTati. Ile mpumyIeHHs miakpi-
TUTIOE 1 (paKT BIJICYTHOCTI CTaTEBOI Pi3HUIII Mac TUIOAIB
B MXJIA nBifiHSX, K )KUBJIATBCS 3 OJHIEI IUIAIICHTH.
B nitepatypi AaHi CTOCOBHO CTaTeBUX 0COOIMBOCTEH
IJIaeHT HeoHo3HauHi [1, 25]. JloIinbHIM BBaXKa€ThCS
nepeBipKa TinoTe3Hu CTOCOBHO Pi3HOT METa00IIYHOT pH-
narHocTi ianenT y XA 6nusHiokiB pizHOi crarti. s
IILOTO NOTPiOHO MPOBECTH BUBUCHHS MOP(HOMETPHIHIX
nmoka3HuKiB mianeHt JJX/IA aBieHb, a TAKOXK OLIIHUTH TX
(yHKIIOHAIBEHY €(DeKTUBHICTb.

B nmocrtymHi#t niTeparypi € 3ragyBaHHS CTOCOBHO
TOTO, IO MPH OAHOILUIIIHUX BariTHOCTAX Maca XJIOI-
YUKIB TPOXM IEpeBUIyBaia Macy aisyar [1, 2, 26]. B
HEI0AaBHHOMY JOCIiKeHH]1 [27] Tex BUsBIIEHA PI3HULA
B Macax Tina JIXJIA OGIu3HIOKIB 4OJIOBIYOi Ta XKiHOUYOT
CTaTi, MPOTE B iX JOCIIIKEHHI cepel BaXKUMX IIONIB
y JABIMHAX OiNbIIy Macy MajH JiBYara, a Cepe] MEH-
IMX — XJIOMYUKH. AHaNI3 KapT CTaHAAPTIB MacH Tija
OIM3HIOKIB NIPH HAPOPKEHHI, po3p00IeHUX B ABCTpallii,
Taiiani, Kutai Ta HopBerii Tex mokasye aenio OubIry
Macy jaitei yonosiuoi crati [18-21, 28]. [Ipore B nux
myOITiKaIlissX HeMae JeTai3allii CTOCOBHO THUIIIB JIBI€Hb.
Binbin mBHAKUI PO3BUTOK YOJIOBIYOTO II0NAA, 30111h-
IICHHs 1OT0 MacH Ta 3MEHILIEHHS TPUBAJIOCTI recTarlil
OB’ S3YIOTh 3 aHA0OMIYHIM e(heKTOM aHIporeHiB [22].

JebaTyeTbesi MMTaHHA CTOCOBHO MOMKJIMBOTO BIUIUBY
Ha Macy Tiia OJIM3HIOKA HE TiJIbKK HOro cTarTi, a i cTati
iHmoro twioza [2]. OaHi AOCTIIHUKYA OTPUMANIH JaHHI,
II0 XJIOMTYMKH 3 PI3HOCTATEBUX Map BaXdi 3a XJIOMUIHKIB
3 OJJHOCTATeBUX ABi€Hb [29]. [HII Taki naHHI HE Mif-
TBepawIH [22]. 3a miTepaTypHUMHU JaHUMH, CEPEAHIN
recramiiHuii Bik ogHocTaTeBUx JX ABi€Hb 40I0BIUOT
CTaTi MEHIIIe, Hi’K B PI3HOCTATEBUX Ta OAHOCTATEBUX
napax iHodoi ctari [2]. BimemmM recrariitHuM BikoM
aBTOPH IMOSICHIOBAITM O1TBIY Macy YOJOBIYMX IUIOMIB B
PI3HOCTATeBUX JABIWHIX MOPIBHIHO 3 OJHOCTATCBUMU
YoJ10BiYMMH. Ha BigMiHy BiJ IIUX TOCIIHKEHB, B 00CTE-
>KeHil rpymi Taka BIIMIHHICTh He BUsBIIeHA. binb1 Toro,
Maca OJHOCTATEBUX XJIOMYAYMX JBIEHH MEPEBUIIyBaIa
Macy pi3HOCTaTeBUX, MPOTE CTATUCTUYHO HE JOCTOBIPHO.

Binbira maca 6au3HIOKIB "onoBivoi crati B XA
IBIMHAX fae B po3pi3 3 Teopiero «KiHOUo1 exo-cTa-
OLIBHOCTIY, sIKa CTBEPJDKYE, IIO JKiHOYi 0COOMHU MEHII
Yy TIUBI 710 30BHIIIHIX (aKTOpiB, SKi BIVITMBAIOTH HA OH-
TOTCHETUYHHUH PO3BUTOK, & YOJIOBIYI OUTBIN UyTIUBI 10
Hux [30].

€ nmesiki TOCHIHKeHHSI, K1 JIEMOHCTPYIOTh OlIbIITY
Macy IUTOJIIB XKIHOYOT CTaTi 3 pi3HOCTATEBUX JIBI€HH MO~
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PIBHSIHO 3 JiBYaTaMU 3 OJHOCTATEBHX Map. 3alporoHO-
BaHA Til0Te3a TeCTOCTEPOHOBOI Mepeaadi y OIM3HIOKIB
— AiB4aTa 3 pi3HOCTaTEBUX IMAp 3HAXOMAATHCS Iifl BILIU-
BOM BHCOKOTO PiBHS NPEHATAIBHOTO TECTOCTEPOHY, IO
crpusie ix OuTbIIOMy 3pocTanHmo [2]. Hamu Taka 3akoHO-
MIpHICTh HE MiATBEp/UKeHa. BimMiHHICTh B Macax Oyia
CTaTUCTUYHO He NocToBipHOIO (p = 0,4726). € poboTH,
B SIKUX Maca JiBUaT 3 OJHOCTATCBHX Iap HaBiTh Iepe-
BHIIY€ Macy B pi3HOcTaTeBuX [2]. bijblna Maca miois,
HapOJKEHUX CYpOTraTHUMH MaTrepsiMu, Moxe OyTH mosic-
HEeHa TUM, 110 Ha L0 POJib BIAOUPAIOTH 3A0POBHX KIHOK,
SIKi BYK€ MalOTh JIiTeH.

BupaskeHy TUCKOpIaHTHICTh MacH Tija IUIOMIB BBa-
5KAIOTh TUIOBOK came g MX IBI€HB 1 HOSICHIOKOTH
puHUKHEHHSM CMII [9]. | B HamoMy mociiakeHHi BU-
paxena (> 20%) AMTII vacrime 3ycTpidanacs cepen
MXJA nBiens (20,0%), mixk AXJA (17,9%). [pore,
Ha BIIMIHY BiJl 1HIIHUX JOCIIJKEHb, PI3HHIISI HE € CTa-
THCTHYHO NOCTOBipHOK. B my6mnikanii Zhao et al.,
(2016) [24]. AMTII BusiBenuit y 23% MXJIA nBicHb
ta 10% JAXIA nap. JIuBHO HU3bKA TUCKOPIAHTHICTH
MXJA nBieHpb x&iHO4O1 cTaTi B 00CTEek)EHIH rpymi
MOXe OyTH MOsICHEHA 3aTPUMKOIO0 PO3BUTKY MaJllO-
KiB, OCKIIBKM CaMe y HUX OyB HallBUIIUM BiJICOTOK
MI'BII ta nocToBipHO HAaWMEHIIOK CepeaHs Maca
nao/iB. 3BepTae Ha cebe yBary Te, 110 pi3HOCTaTeBi
AXJIA mapu X04 i MaloTh CEpeHIO Macy Tijla MaIOKiB
MIPHM HapOoPKEHHI O1bITy 3a iHII BapiaHTH ABi€HB (3a
BUKJIIOUEHHSIM ofgHocTaTeBuX JIXJIA nBi€Hb 4O0JIOBI-
401 cTaTi), IPOTe y HUX JOCUTh YaCTO 3yCTPIUarOThCs
BHCOKa TUCKOPJAHTHICTh TUIOAIB Ta po3BuTok MI'BII.

3apxau Tpeba mam’sATaTH, 0 Ha ChOTOIHIIIHIH
JIeHb HE iICHY€ €IMHOTO MOPOTOBOr0 3HAYCHHS Macu
IJIOJIB, BUIIE SIKOTO BCl AITH OyAyTb pO3BUBATHUCS
HOPMaJIbHO, a Ti, [0 MaIOTh MEHIIy Macy, He 3MOXYTh
JOCSITTH CBOTO 1HJUBIyallbHOTO MOTEHIIialy 3pOCTaH-
Hs. YuM MeHIINH nepreHTmIb Oyne BUOpaHuii B sIKO-
CTi IOPOTOBOTO 3Ha4YeHHA, TUM Oinbine 6yne MI'BII,
TOOTO y 01nbII0T KOTOPTH MAaTIOKiB BUHUKHE 103~
pa Ha 3PII [12]. Ilo mesikum ominkam, cepex MI'BII
60 % cranoBnATh AiTH 3 3PI1, a 40% € KOHCTHTYIIHHO
maneapkuMu [31]. Tomy akTyaabHUM 3aTUIIAETHCS
3aBIaHHs PO3POOKHU MPOCTHX, AOCTYITHUX Ta €(DEKTUB-
HHUX METOJIB paHHbOI miarHoctuku 3PII 3am1st BUSIB-
JIEHHS TUIOAIB 3 BUCOKUM PH3UKOM O€3MOCepeiHiX Ta
BiJiJaJIEHUX HETAaTUBHUX HACHIJKIB B pa3i, KO BOHU
OyoyTh HApOJKEH1 HE CBOEYACHO.

BUCHOBKHA

Cepennst maca mionis 3 JIX/IA nBieHp nepeBaxana
Macy mwiofis 3 MXJIA nap, 1o Moxe 6yTH pe3yasTaToM
Kparoi (yHKIIOHAIBEHOT 3AaTHOCTI ABOX IUTALICHT B IIEp-
IIi{ TPy, TOPIBHSHO 3 OIHIEIO IUIAIICHTOIO B IPYTiil.

[IpeBanroBaHHS Macy XJIOMYUKIB HAJ[ MACOFO JIiBYAT
B JIX mapax Ta BiJICYyTHICTh CTaTeBO1 Pi3HHMII B Maci
py HapoKeHHI B MX JBIHHAX BKa3ye HA MOXKITUBICTh

pi3HOi PyHKI[IOHANBHOT aKTUBHOCTI IUIAICHT Y TUIOIB
pi3HOI cTaTi.

Mani ajis recraiiiHoro BiKy Iutonu Haivacrime (3a
MDKHapOTHUMH cTaHmapTamu — 42,6 %, 3a ABcTpariii-
CBKUMHU CTaHJapTamu 1j1st ABieHb — 31,5 %) 3ycTpivanu-
cs1 B Tpymii MX/IA nBieHb KIHOYOT CTaTi, BiJl HUX CTATHUC-
TUYHO HE BIJIPI3HSBCS BiJICOTOK IJIOAIB 3 MACOK) HIXKUE
10 mepriertui B pisHoctareBux XA mapax (36 % Tta
22,7 %, BignosigHo). Ile Bkasye Ha te, mo 3PII moxe
3yCTpIYaTUCs MPH BCIiX BUIAX JBIEHD.

Ju1s1 Gi7bI TOYHOTO BUSIBJICHHS IJIOMIB 3 3aTPUMKOIO
PO3BUTKY JOLIBHO pO3poOUTH YKpaiHChKI KapTH MacH
TiJJa HOBOHAPO/KCHUX JBIEHD 3 YpaXyBaHHSM CTari.

[ToBHa KOHKOPJIAHTHICTH IUIO/IB B Mapi yacTile Maja
micue cepen AXIA nBiens (Bim 53,1 % mo 42,9 % B
3aJIe)KHOCTI BiJl KOMOiHAIIi cTaTi MatokiB). Bupaxena
JUCKOPAAHTHICTh HaiuacTtimor Oyna y MXJIA ogHo-
CTaTeBUX JIBi€Hb 40NOBiu0i crati (23,7 %), Ha Ipyromy
3a gacrotoro Mmicti (20,4 %) Oymu JXJIA nBiiiHi 9omo-
BIYOi cTaTi, IO BKa3ye Ha aKTyaJIbHICTb 1€l MpodaemMu
TP BCiX BUAX ABI€Hb HE3aJIEKHO BiJl XOpiaJIbHOCTI. B
JUCKOPJIAHTHUX Pi3HOCTATEBHX MMapax BayKYWM YacTille
(63,3 %) OyB mwIiA YOIOBIYOI CTATI.

He BusiBneHo cyTTeBoi pi3HULI B Maci MJI0AiB IpH
3aIUTITHEH] KIHOK MPUPOJHIM IIIJISTXOM Ta 3 BUKOPHC-
TaHHSAM JOIOMIKHHUX PENPOAYKTUBHUX TexHOOTiH. Ce-
penHs Maca JiTei, Hapo[KEHUX CypOraTHUMU MaTepsMHu,
MIepEeBUIyBaIa Macy AiTell, HApOMKECHNX HECypOTaTHH-
Mu Matepsmu. [Ipu nepimiii BariTHOCTI HApOAXKYBAJIUChH
JITHA 3 MEHIIIOI0 MAacCOI0 TiJia, MOPIBHIHO 3 AIThMU, Ha-
POIDKEHUMU B pe3yNbTaTi MIOBTOPHHUX BariTHOCTEH Ta y
JKIHOK, SIKI MaJIM [TOJIOTH B aHAMHE31.
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CPABHUTEJIbHBIN AHAJIN3 MACCHI IIJIOJIOB ITPU POKJIEHUM
ITPU PABHBIX BAPUAHTAX IBOEH

Tennaa U.B.
Hayuonanvuwiil ynusepcumem 30pasooxpanenusi Yxpaunvl umenu I1JI. [Llynuxa, Kues, Ykpauna

iryna.tepla@ukr.net

AKTyaJIbHOCTD HCCIIEIOBAHNS 00YCIIOBIIEHA CYIIECTBEHHBIM YBEITHMUEHHEM KOTHMYECTBA MHOTOTUIOAHBIX OepeMEHHOCTEH, 60IbIITIM
PHUCKOM BO3SHUKHOBCHUS NIEPUHATAIILHBIX OCHOH(HGHMﬁ, HaJIM4YuEM HpOTI/IBOpeLlI/Iﬁ OTHOCHUTEJIBHO BJIMSHUSA XOPHUAJIbHOCTH U 110J1a )leTeﬁ
Ha X Maccy IPH POXIAEHHN, HEOOXOMMOCTHIO CBOEBPEMEHHOM ANAarHOCTUKH 33/IeP)KKU POCTa IUIOJA.

Hens: cpaBHEHHE Macc IUIOAOB MPH POXKJICHUH PA3INYHBIX BAPHAHTOB JBOEH B 3aBUCHMOCTH OT XOPHAJIBHOCTH, F€CTAllMOHHOTO
BO3pACTa U MOJA.

Marepuagbl 1 MeToasl. B Teuenue 2016-2020 ronos odcienoBano 440 map O6inu3HenoB: 375 TUXOpUATBHBIX THAMHUOTHYECKHX U
65 MOHOXOpHANBHBIX AMaMHHOTHUeCKHX. Cpean quXopHuanbHbIX nap 010 186 (49,6%) pazHononsix, 98 (26,1%) 0AHOMONBIX MYKCKUX
u 91 (24,3%) opHOMONBIX KEHCKUX. M3Mepsiin Maccy M10J10B NPU POXKIACHUHN, OLIGHUBAJIM €€ CBS3b C XOPUAJIbHOCTBIO, MOJIOM IUIOJIOB,
KaKOTO IT0JIa JIPYToH II0] B IIape, FeCTAlHOHHBIM BO3PACTOM.

PesyabTarsl. Cpennsist Macca 750 miooB n3 quxopruansHbIx map (2570,0 + 506,43 1) noctoBepHO npeBsimana Macey 130 mronos u3
MOHOXOpHaIBHBIX map (2333,4 £ 567,24 1, p < 0,0001). Macca n1uxopHuaibHBIX IBOCH MY>KCKOTO 1ona (2603,8 & 532,29 1) 1 pa3HOIOIIBIX
(2595,6 490,17 r) npeBbImana Maccy Beex Apyrux asoeH (p < 0,05). B rpynme auxopraabHBIX ABOSH MAcca MaJIBIMKOB MTPEBhIIIaa
Maccy aeBodek (2638,1 + 525,96 r mpotus 2499.4 + 475,84 1, p = 0,0002), kak B cepeanHe pa3Hononasix nap (2674,2 + 518,17 r npotus
2517,1 +£448.24 1, p = 0,0019), Tak 1 OAHONOJBIX AP MAIBYUKOB 110 CPABHEHUIO C OJJHOIOJBIMHU MapaMu JeBouek (2603,8 £ 53229 r
u 2481,4 + 503,08 r coorBeTcTBeHHO, p = 0,0224). He BbIsIBIIEHO CYIIECTBEHHON pa3HUIIBI B MACCE JIEBOUEK U3 PAa3HOIMOJBIX JIBOCH 110
CPaBHEHHMIO C OJTHOIIONBIMHA ITapaMH. B MOHOXOpHaNBHBIX Mapax Macca IUIOI0B MY)KCKOTO H XKEHCKOTO I0J1a CYIECTBEHHO He OTIIHYa-
nack. JIMCKOPAAHTHOCTH MAcCHI IJIO/IOB BCTpeUaach PH BCEX THIIAX JBOCH, HAHOOIBIIHI MIPOILEHT 3aPETUCTPUPOBAH Y MOHOXOPHAITb-
HBIX MaJIBIUKOB — 23,7%, Ha BTOPOM MECTE 110 4acTOTe OBLIN AUXOpUAIbHBIE Mapbl Mykckoro nona — 20,4%. Cpeau 30 THCKOpAAHTHBIX
JUXOpHANbHBIX Pa3HOMOMNBIX ABOEH B 19 (63,3%) cnyuasx Tsokenee ObLT Manbduk. He BBISBICHO CyIIeCTBEHHOW paszHHIBI B Macce
IJIOAOB ITPU OINIOAOTBOPEHUH KEHIIUH €CTCCTBEHHBIM ITYTEM M C MCIIOJIB30BAHUEM BCIIOMOI'aTCJIbHBIX PEIIPOAYKTUBHBIX TEXHOJIOTHIA.
Cpennsist Macca JieTei, pOKJICHHBIX CyppOraTHBIMH MaTepsIMH, IIPEBEIIIaNa Maccy JeTel, pOKAEHHBIX HECYpOTaTHBIMH MaTepsiMu (p =
0,0466). Bonbieii Macca mI00B ObUIA y XKEHIIWH C IIOBTOPHOI OEPEMEHHOCTBIO U POJIaMH B aHAMHE3€.

BeiBoabl. CpeHsist Macca INIO0B AUXOPUATBHBIX ABOCH IIPEBBIIIaIa MAacCy IUIOZ0B MOHOXOpHANBHBIX nap. [IpeBannpoBanne mac-
CBI MAJBIMKOB HAJ MACCOH IEBOYEK B JUXOPHATBHBIX Mapax M OTCYTCTBHE IOJIOBOM PAa3HHUIIBI B MACCE ILUIOAOB B MOHOXOPHATBHBIX
JIBOIMHAX yKa3bIBaeT HAa BO3MOXXKHOCTb PA3JIMYHOMN, CIECIUICHHOH C T0IoM, (yHKIIMOHAIBHOW aKTHBHOCTH IUIALIeHT. Masible AJIst recta-
LIMOHHOTO BO3pAcTa IIO/bI Yallle BCEro BCTPEYAIUCH B IPYIIIE MOHOXOPHAIIBHBIX JJBOCH )KEHCKOTO 110J1a M Pa3HOMOJIBIX AUXOPUATIBHUX
napax. J[MCKOpAaHTHOCTh MAacChl IUIOIOB Yallle BCETO BCTpevaaach IPU MOHOXOPHAJBHBIX ABOWHIX MY)KCKOTro Ioia. B amckopnant-
HBIX PA3HOIIOJBIX Iapax daie Oosiee TSDKEIbIM OBLT IUTOA MY)KCKOTO IToja. He BBISBIEHO CyIIecTBEHHOH pa3HHIBI B Macce IUIO0B
IPH OILUTOAOTBOPEHHH XKEHIIUH €CTECTBEHHBIM ITyTEM U C HCIIOIb30BaHIEM BCIIOMOTaTeIbHBIX PEIPOXYKTHBHBIX TeXHOMOoruil. CpeqHss
Macca JIeTel, poxIeHHBIX CypPOraTHBIMI MaTepsIMHU, TIPEBBIIIANa MAacCy AeTeH, pOXKACHHBIX HECyporaTHeIMU Matepsmu. [Ipu mepsoit
6epeMEeHHOCTH POXKIATNCH AE€TH C MEHBIIEH Maccoil Tena Mo CPaBHEHMIO C IEThbMH, POXKACHHBIMH JKEHIIMHAMU C TOBTOPHBIMH Oepe-
MCHHOCTAMU U pOAaMH.

KuroueBble ciioBa: recTallmOHHBIN BO3pAcT, JBOIHH, AUCKOPJAHTHOCTh MAacCHl IIOJIOB, 33/IePKKa pOCTa IO/, MaJIbIH IS recTa-
IIHOHHOTO BO3PACTa IO,

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayxka Yrpainu, 2021, Vol. 17, Ne 1 45



Tenna I.B.

COMPARATIVE ANALYSIS OF THE NEONATE BIRTH WEIGHT
IN DIFFERENT TYPES OF TIN PREGNANCY

Tepla 1.
Department of Obstetrics and Gynecology No.l1, Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine
iryna.tepla@ukr.net

Relevance of the study lies in the significant increase in multiple pregnancies connected with the higher risk of perinatal complications,
the controversy over the effects of chorionicity and sex of the babies on their birth weight, the need for timely diagnosis of fetal growth
restriction and associated morbidity.

Objective of this study was to compare fetal weights at birth of different variants of twins depending on chorionicity, gestational
age and sex.

Materials and methods. During 2016-2020, 440 pairs of twins were examined: 375 dichorionic diamniotic and 65 monochorionic
diamniotic (38 — boys, 27 — girls). Among dichorionic couples there were 186 (49.6%) opposite-sex, 98 (26.1%) same-sex males and 91
(24.3%) same-sex females. Fetal weight was measured at birth, and its relationship to chorionicity, fetal sex, a combination of same-sex
or opposite-sex co-twins, and gestational age was assessed.

Results. The average weight of 750 fetuses from dichorionic pairs (2570.0 = 506.43 g) significantly exceeded the weight of 130
fetuses from monochorionic pairs (2333.4 = 567.24 g, p < 0.0001). The same-sex male (2603.8 + 532.29 g) and opposite-sex dichorionic
diamniotic (2595.6 + 490.17 g). twins’ masses significantly surpassed the mass of all other twins (p <0.05). In the group of dichorionic
twins, the weight of boys exceeded the weight of girls (2638.1 + 525.96 g vs. 2499.4 + 475.84 g, p = 0.0002). This pattern was observed
both inside the opposite-sex pairs (2674.2 = 518.17 g vs. 2517.1 + 448.24 g, p = 0.0019), and same-sex couples of boys compared to
same-sex couples of girls (2603.8 + 532.29 g and 2481.4 + 503.08 g, respectively, p = 0.0224). No significant difference in the weight of
girls of opposite-sex twins compared to same-sex couples was seen. In monochorionic pairs, the weight of male and female fetuses did
not differ significantly. Birth weight discordance was found in all types of twins, the highest percentage of discordance was registered
in monochorionic boys — 23.7%, second place in frequency took male dichorionic twins — 20.4%. Among the 30 discordant dichorionic
opposite-sex twins in 19 (63.3%) cases, the male fetus was heavier. There was no significant difference in fetal weight when women were
fertilized naturally and using assisted reproductive technologies. The average weight of children born by surrogate mothers exceeded
the weight of children born by non-surrogate mothers (p = 0.0466). In the first pregnancy, children were born with a lower body weight
compared to children born as a result of repeated pregnancies and in women who had a history of childbirth.

Conclusion. The average weight of the fetuses of dichorionic twins was higher than the weight of the neonates f monochorionic
pairs. The prevalence of the weight of boys over the weight of girls from dichorionic pairs and the absence of sex difference in fetal
weight in monochorionic twins indicates the possibility of different functional activity of the placenta in fetuses of different sexes. Small
for gestational age newborns were most often found in the group of female monochorionic twins and opposite-sex dichorionic pairs.
Discordance of fetal mass was most common in monochorionic same-sex male twins. In discordant opposite-sex couples, the male
fetus more often was heavier. There was no significant difference in newborn weight when women were fertilized naturally and with
the use of assisted reproductive technologies. The average weight of surrogate-born children exceeded the weight of children born by
non-surrogate mothers. In the first pregnancy, children were born with a lower body weight compared to children of multiparous and
multigravida women.

Keywords: birth weight discordance, fetal growth restriction, gestational age, small for gestational age newborn, twins.
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Relevance. Aging is a progressive process of decrease in organs functions and capacity, including the skin. Photoaging is extrinsic
aging mainly occur due to ultraviolet (UV) exposure. The effectiveness of oral SOD for premature aging is still not yet known.

Objective: we aimed to evaluate the effectiveness of this antioxidant on total antioxidant status (TAS), skin hydration (TEWL), and
sebum concentration in premature skin aging.

Methods. This study is a clinical trial research design with one group pre-post test. All subjects who were exposed to UV for
approximately 3-4 hours. All subjects signed an informed consent and were interviewed accordingly. Photoaging was diagnosed clinically
by three dermatologists according to Glogau type II classification such as dynamic wrinkles, palpable keratosis, visible lentigo senilis,
and smiley line. SOD 250 IU was given to all subjects twice daily for 60 days. Laboratory examinations such as TAS, TEWL, and sebum
concentration were done pre and post-intervention.

Results. A total of 25 subjects, Fitzpatrick skin type 4 were included in this study. There were 14 males and 11 females with 20
subjects age 30-40 years old and 5 subjects age 25-29 years old. Fourteen (56%) out of 18 subjects from low TAS group have normal
TAS post-treatment with SOD. McNemar test showed a significant increase in TAS value pre and post-treatment with SOD (p<0.05).
TEWL measurement on cheek showed 9 out of 10 subjects from the strained group have normal TEWL post-treatment, while all 3
subjects from the critical group have normal TEWL value. Measurement on the forehead showed 7 subjects from the strained group
have a normal TEWL. Sebumeter on the forehead showed 17 subjects from dry skin group 14 (56%) subjects have normal skin, 1 (4%)
subject becomes oily, and 2 subjects remains dry post-treatment with SOD for 60 days. All subjects with dry skin on U zone become
normal skin post-treatment.

Conclusion. SOD significantly increased TAS value, decreased TEWL, and improvement of skin dryness post-treatment with SOD

for 60 days.
Keywords: Superoxide Dismutase, TAS, TEWL, Sebum

Relevance. Aging is a progressive process of decrease
in organs functions and capacity, including the skin [1].
The aging process was divided into intrinsic and extrinsic
pathways. Intrinsic aging is a chronologically aging
process, associated with genetic factors, while extrinsic
aging is environmentally mediated. Extrinsic aging which
is also referred to photoaging, result in skin damaged due
to ultraviolet (UV) exposure [2]. Photo damaged skin
has acanthotic epidermis and more profound decrease in
Langerhans cell compared to intrinsic aging. Differences
in UV defense mechanism between white skin and darker
skin types provides differences in clinical manifestations.
Most common clinical signs in Asian skin are solar
lentigines and mottled pigmentation, while wrinkles only
occur in sixth decade and have intense sun exposure [1].
Histopathologically, photoaged skin has a significant
increase in fiber bundles spaces, thinning of fibers, and
increased disorganization of fiber proteins [3-5].

One of the main contributing factors in the cellular
aging process is the overproduction of Reactive Oxygen
Species (ROS) and resulted in oxidative stress [6]. ROS
is produced during normal intracellular metabolism and
has an important role in cell differentiation, proliferation,

and host defense response, but UV radiation is also
known as a potent initiator of ROS productions in the
skin [7-8]. ROS can be divided into oxygen molecules
that have unpaired electron (includes superoxide anion
radicals, hydroxyl radicals, lipid peroxyl radicals, nitric
oxide radicals) and in an excited state (singlet oxygen).
Superoxide anion radicals can be spontaneously
converted to hydrogen peroxide or metabolized by
superoxide dismutase (SOD) [8].

Enzymatic and non-enzymatic antioxidants act
systemically to scavenge free radicals. The enzymatic
antioxidant is the main defense mechanism against
ROS in vitro and consists of superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase
(GPx), and glutathione reductase (GR). Two main
types of SOD are CuZnSOD (SOD1) and MnSOD
(SOD2) [9, 10]. The non-enzymatic antioxidant (vi-
tamin C, E) as the second line defense system, not
only provide direct protection against oxidative dam-
age, but it also enhances the endogenous enzymatic
antioxidant synergistically [11]. SOD is a substantial
antioxidant defense against oxidative stress which
has anti-inflammatory properties and also prevents
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precancerous cell changes. It is commonly used in as
anti-aging and antioxidant that can reduce wrinkles,
fine lines, and age spots [12, 13].

Stimulation of sebaceous gland function due to oxi-
dative stress induced by UV radiation will subsequently
increase sebum secretion. It might be due to increased
levels of oxidized lipids, triglyceride hydroperoxides,
and cholesterol hydroperoxides [14].

The total antioxidant status examination is regarded
as one of the parameters used to evaluate the negative
effect of antioxidants, which is considered as an
oxidative stress indicator. Giving antioxidant in low total
antioxidant status can reduce the negative impact of free
radicals [15]. The antioxidant such as SOD can stimulate
the production of endogenous antioxidants, increase
antioxidant status, and prevent disease manifestation
due to free radicals.

Objective: The effectiveness of oral SOD for
premature aging is still not yet known, thus we aimed
to evaluate the effectiveness of this antioxidant on total
antioxidant status (TAS), skin hydration (TEWL), and
sebum concentration in premature skin aging.

METHODS

Study design. This study is a clinical trial research
design with one group pre-post test.

Premature aging
Glogau grade 11
(appearance of smile lines,

Total antioxidant status
TEWL
Sebumeter

early age spots, skin pores
more prominent,

SOD : 2 x250 IU
(60 days)

Total antioxidant status
TEWL
Sebumeter

Fig. 1. Study Flow Chart

Subject characteristic. The study population
was all patient with premature aging consulted at
Outpatient Department, Department of Dermatology
and Venereology, Dr. Wahidin Sudirohusodo Hospital,
Cosmetic Subdivision, Makassar. Inclusion criteria
were all patient diagnosed with photoaging clinically
with a good general condition, neither taking
antioxidant (vitamin C, E, B-carotenoid, Lycopene,
Leucoselect phytosome, etc), having dermatitis or skin
inflammation on the face and surroundings. Patients
with chronic disease, pregnant, on maintenance with
any cosmetics, rejuvenation treatment with topical
antioxidant, topical retinoid, or chemical peeling will
be excluded from this study.

Sample size. Total sample size 25 subjects and
sampling was done in a proportional manner where all
the subjects were sorted according to an initial visit at
OPD.

Study Protocol. All subjects signed the informed
consent and were interviewed accordingly. They filled
in a questionnaire and were examined clinically by three
dermatologists for signs of premature aging according
to Glogau type II classification such as wrinkles in
motion, palpable keratosis, visible lentigo senilis, and
smiley line. SOD 250 IU was given to all subjects twice
daily for 60 days. Laboratory examinations such as
TAS, TEWL, and sebum concentration were done pre
and post-intervention:

1. Evaluation of TAS. Venipuncture was done in each
subject to measure the total antioxidant serum
(TAS) level pre and post-treatment. The TAS level
examination was done using ELISA with human
total antioxidant capacity (T-AOC) kit (Bioassay
Technology Laboratory) following the instruction
from the manufacturer.

2. TEWL measurement. Interpretation of TEWL
measurement seen in Table 1, according to
the protocol in all samples using Tewameter/
Cornoemeter 350 (TC350) made by Courage &
Khazaka electronic GmbH, Jerman year 1997.

Table 1
Interpretation using Tewameter
TEWL values g/h/m’ Interpretation

0-10 Very healthy condition
10-15 Healthy condition
15-25 Normal condition
25-30 Strained condition

>30 Critical condition

Sebum concentration. Interpretation of sebum
concentration seen in the Table 2, according to protocol
in all samples using SebumeterO SM 815 made by
Courage & Khazaka electronic GmbH, Jerman year
2003.

Table 2
Interpretation using Sebumeter
¥ e ‘Whole face T zone (fore.head, U zone
(MSFE) nose, chin) (cheek)
Dry <88 <100 <70
Normal 88 —204 100 — 220 70 - 180
Oily >204 >220 >180

Data analysis. Collected data were analyzed using
SPSS version 11.5. McNemar test was being used for
the hypothesis to compare antioxidant value pre and
post-treatment. Significant value if p<0.05.
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RESULTS AND DISCUSSION

Subject characteristics. A total of 25 subjects, Fitz-
patrick skin type 4 were included in this study. There
were 14 males and 11 females with 20 subjects age 30-40
years old and 5 subjects age 25-29 years old. All patients
have to work outside for approximately 3-4 hours of UV
exposure.

On physical examination, all subjects have a dynamic
wrinkle, 23 subjects have seborrheic keratosis and smi-
ley line, 5 subjects have lentigo senilis. Eleven (44%)
subjects not a smoker, and from 14 smokers, 8 (32%)
subjects have 1 pack a week and 6 (24%) subjects have
1-2 packs per day.

Total antioxidant status (TAS). TAS value pre-treat-
ment with SOD was low in 18 (72%) subjects and nor-
mal in 7 (28%) subjects. It was found that 14 (56%)
out of 18 subjects from low TAS group have normal
TAS post-treatment with SOD. McNemar test showed
a significant increase in TAS value pre and post-treat-
ment with SOD (p<0.05). McNemar test p-value =
0,000.

Table 3

Mean value on TAS, TEWL, and sebum concentration
pre and post-treatment with SOD in premature
aging subjects

Mean + SD
Measurement N

Pre-treatment Post-treatment

TAS 25 1,187 £ 0,169 1,545+ 0,174

TEWL cheek 25 24,82 + 4,489 17,56 + 2,662

TEWL forehead | 25 24,52 + 4,869 18,54 + 3,214
Sebumeter cheek | 25 | 40,80 + 19,177 77,76 + 23,392
Sebumeter chin | 25 56,96 + 24,337 110,52 + 37,734

paired T test (p = 0,000)

Table 4

TEWL measurement on the cheek and forehead pre
and post-treatment with SOD

TEWL post-treatment
B Total
Pre-treatment Normal | Strained N (%)
Normal | 3(12) | 9(36) | 0(0) | 12(43)
Strained | 1(4) | 9(36) | 0(0) | 10(40)
Cheek
Critical | 0 (0) 3(12) | 0(0) | 3(12)
Total 4(16) | 21(84) | 0(0) | 25(100)
Normal | 3(12) | 11(44) | 0(0) | 14(56)
Strained | 0 (0) 728 | 14| 8(32)
Forehead
Critical 1(4) 14 |1 | 3312
Total 4(16) | 19(76) | 2(8) | 25 (100)

Transepidermal water loss (TEWL). TEWL
measurement on cheek showed 9 out of 10 subjects from
the strained group have normal TEWL post-treatment,
while all 3 subjects from the critical group have normal
TEWL value. Measurement on the forehead showed 7
subjects from the strained group have a normal TEWL,
while 3 subjects from the critical group have a healthy
TEWL in 1 subject, have normal value in 1 subject and
1 subject remains in critical value (Table 4).

Sebumeter. Sebumeter on forehead showed 17
subjects from dry skin group 14 (56%) subjects have
normal skin post-treatment with SOD for 60 days. On U
zone (cheek), all subjects have dry skin and 18 (72%) of
them becoming normal skin.

Table 5
Sebumeter pre- and post-treatment with SOD

Sebumeter post-treatment

Sebumeter pre-treatment Total
Dry N (%) Normal Oily N(%)
N (%) | N (%)

DryN (%) | 2(8) | 14(56) | 1 (4)| 17 (68)

T zone /
forze‘;nez o | Normal N(%) | 0(0) | 8(32) |0(0) 8(32)
Total N (%) | 2(8) | 22(88) | 1(4)| 25 (100)
Dry N (%) | 7(28) | 18(72) | 0(0) | 25 (100)

U zone /
ci‘ggﬁ Normal N (%) | 0(0) | 0(0) |0(0) 0(0)
Total N (%) | 7(28) | 18(72) | 0(0) | 25 (100)

Dverse events. There were no adverse events found
in this study.

Ultraviolet radiation can induce matrix
metalloproteinases and be sustained with multiple
exposures [16]. Matrix metalloproteinases are proteolytic
enzymes that degrade proteins in connective tissue
particularly collagen and elastin. They are important
for matrix remodeling during wound healing [17]. It is
also considered as the primary mediators of connective
tissue damage in photodamaged skin [16]. Photoaging
affects all three layers of the epidermis, but changes in
the dermal layer seem to be the primary process in nature,
while epidermal changes are often secondary [18].

A total of 25 subjects included in this study with more
than 80% of them age 30-40 years old. Excessive UV
exposure can cause severe photoaging as early as the
second decade of life [19]. Photoaging signs are more
evident in most women on 2nd-3rd decade of life [20].
Other literature stated that extrinsic aging begins in the
second decade [21].

Skin as the first line barrier from the surrounding
environment, which can produce oxidative stress [6].
Environmental factors such as sun radiation (ultraviolet
radiation, visible light, and infrared radiation), air
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pollution, tobacco smoke, cosmetic products are known
contributes to skin aging by the formation of oxidative
stress [18]. UVR has been considered as a potential
contributor for free radicals. Exposure to the skin causing
absorption of photons by natural chromophores, which
includes porphyrins, flavins, bilirubin, urocanic acid,
vitamin K and B6 derivatives, and even DNA. On
excitation, chromophores will be having molecular
changes, thus becoming electron donors. Reaction with
other electron form free radicals that finally result in
oxidative stress [0, 22]. Free radicals can be formed
naturally from normal cell metabolism thus causing
oxidative stress [23]. Oxidative stress affects skin
aging through several mechanisms, includes decreasing
proteasome function [24], DNA damage [25], replicative
senescence in human dermal fibroblast and melanocytes
[26], shortening of the telomeres [6]. The skin has a
defense mechanism against oxidative stress with an
antioxidant enzyme produced within the body, such as
SOD, catalase, GR, GSH-Px, etc. [27].

Collagen is an important component of the skin. Loss
of collagen will promote sagging, signs of aging, and
decrease skin hydration. Collagen fragment products
promote a further increase of ROS in dermal fibroblasts
[28]. A decrease in collagen can activate receptor-
mediated signaling pathways of various cytokines and
growth factors within the keratinocytes and dermal
fibroblasts. Induction of c-Jun will form a component
of activator protein 1 (AP-1) and nuclear factor kB (nF-
«B) [29, 30]. The induction of these proteins leads to
decreased collagen synthesis and increased collagen
breakdown through the activation of metalloproteinases
(MMPs), collagenases, and gelatinase. Failure of dermis
repair result in solar elastosis histopathologically and
lead to visible signs of photo-aging [6].

ROS accumulation plays an important role in
photoaging where antioxidant enzyme significantly
declines on the corneum layer and increase the
concentration of protein oxidation in the upper dermis
[31]. Our study showed SOD increased TAS value and
sebum concentration while decreasing in TEWL.

Superoxide dismutases are a group of metalloenzymes
included as enzymatic antioxidants against ROS-
mediated injury [32]. SODs can be classified into the
following: Copper-Zinc-SOD (Cu, Zn-SOD), Iron SOD
(Fe-SOD), Manganese SOD (Mn-SOD), and Nickel SOD
[33, 34], but two main types are CuZnSOD (SOD1) and
MnSOD (SOD2) [9, 10]. Natural SOD within the body
will decrease with age hence they are more susceptible
to oxidative stress-mediated diseases [35].

SOD has been widely used in cosmetic products
as anti-aging and antioxidant because it can reduce
free radical skin damage and also protect against UV
radiation, faster wound healing, and reduce another skin
aging [13]. SOD synthetic offers a potential treatment
due to their smaller size, longer half-life, and have similar

activity with natural SOD by converting O2- into H202
then further converted into water by catalase [36].

SOD as the primary antioxidant is first line defense
mechanism against oxidative stress. SOD has high
catalytic rate and can renew itself constantly, while
secondary antioxidants are quickly exhausted and no
possibility of renewal [37]. The antioxidant defense
mechanism of the skin has been reported in many studies
where a single exposure to UVB can induce disruption of
antioxidant defense mechanism and SOD activity in the
epidermal layer [38, 39]. Administration of antioxidant
supplementation in low endogenous antioxidant after
UV exposure can prevent oxidative stress-mediated skin
damage [40].

Nicotine and other substances in tobacco have known
to cause unfavourable skin changes or even skin cancer.
Tobacco can accelerate skin aging natural process that
can be observed in 40 years smoker skin which is similar
with 70-year-old non-smoker skin. Skin damage due to
tobacco is irreversible and further damage can only be
reduced by smoking cessation [41].

Yin et al studied the correlation between tobacco
smoking and skin aging. They investigated the alterations
of collagen, matrix metalloproteinases (MMPs) and
tissue inhibitors of metalloproteinases (TIMPs) in human
fibroblast treated with tobacco smoke extract. Human
fibroblasts exposed to UVAI radiation were used as
positive controls. Collagen synthesis was found reduced
by 40.1% with 25 micro/ml of tobacco smoke extract.
The expression of MMP-1 and MMP-3 mRNA were
significantly increased with tobacco smoke extract or
UVAI1 radiation. Antioxidants such as sodium azide,
L-ascorbic acid and Trolox can prevent alteration of MMP-
1 induced either by tobacco or UVA1 [42]. Rocquet et al
found that smoking can increase MMP-1 activity on the
skin causing an imbalance of MMP-1 and TIMP-1, which
plays an important role in skin aging [31].

Miyachi et al conducted studies on mice and found
that UVB contributes to the lower SOD activity in the
skin. In human, a decrease in SOD activity was also
found in fibroblasts and catalase activity after UVB. The
imbalance between oxidants and antioxidants will cause
continuous and increase in cumulative oxidative stress.
Environmental factor such as pollutants can accelerate
the aging process, and exogenous antioxidants reduce the
toxicity of ROS [43]. Antioxidants can be considered as
a strategy against excessive ROS and subsequently lower
the incidence of photoaging [27].

TEWL has been known to be increased during skin
barrier disruption, which can be caused by chemical,
microorganisms, physical trauma, and UV radiation
[44]. TEWL has commonly used a parameter to assessed
photoprotective effect on the skin, especially epidermal
barrier function disruption due to UV radiation [45].
Wang et al investigated the effect of chronic UV
exposure on skin barrier function and photoaging. They
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compared TEWL of UV-exposed skin areas with UV-
nonexposed skin areas in elderly (>50 years old). There
were increased TEWL levels on UV-exposed skin but
there was not statistically different (p>0.05) compared
to UV-nonexposed skin areas. This result might be due
to subjects were from the geriatric group with relatively
higher TEWL. In contrast to our study, there was a
significant improvement of TEWL in younger age groups
after SOD administration [46]. Recently, there were not
yet available studies of antioxidants in decreasing TEWL
and increasing sebum concentration.

UV radiation especially UVA have deeper penetration
and damage sebaceous glands. An experimental study
by Leyden et al in UV induced photoaged hairless mice
showed marked sebaceous glands hyperplasia. This result
is similar to study by Di Cerbo et al which significant
increase in sebum concentration occurred in patients with
photoaging (p<<0.001) [47]. In contrast, our study showed
an improvement of skin dryness seen in all subjects with
dry skin has normal skin after 60 days of SOD. Study by
Tokudome et al showed a decrease in intracellular lipid
content and decreased in proportion to the number of
differentiated cells. Antioxidants inhibit sebaceous lipid
production by suppressing differentiation of sebocyte [48].

In terms of adverse events, all subjects had no adverse
events after 2 months of taking SOD 250 IU twice daily
for 60 days. A similar result was also found in a study by
Garcia-Gonzales et al. [49].

CONCLUSION

There were a significant increase in TAS value,
decrease in TEWL, and improvement of skin dryness
after taking oral SOD for 2 months.
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THE EFFECTIVENESS OF ORAL SUPEROXIDE DISMUTASE (SOD) ON TOTAL ANTIOXIDANT STATUS,
TRANSEPIDERMAL WATER LOSS (TEWL) AND SEBUM CONCENTRATION IN PHOTO AGING SKIN

E®EKTUBHICTb HPHﬁOMy NEPOPAJIbHOI CYIIEPOKCUJIACMYTA3HU (COJT) HA 3ATAJIBHUI
AHTHOKCUJAAHTHHUHU CTATYC (3AC), TPAHCEIIIAEPMAJIBHY BTPATY BOJIU (TEBB)
I KOHHEHTPALIIO CEKPETY CAJIBHHUX 3AJI03 Y ®OTOCTAPIIOYIN HIKIPI

Xaiipyooun /Ixcasao, /lesi Anzzpaini
Meouunuii paxynomem, Yuisepcumem Xacanyooin, Maxaccap, Inoonesis

duddindjawad@gmail.com

AKTyaabHicThb. CTapiHHS — I1e TPOrPECyIOUnii IPOLIeC 3HIKSHHI (PYHKIIH 1 MOXKIIMBOCTEH opraHiB, B ToMy 4ncii mkipu. dorocra-
PIHHS — I1e 30BHIIIIHE CTapiHHS, IKE B OCHOBHOMY BiZIOyBa€eThCs uepes BILIMB ynbrpadionety (YP). EpexruBHicTh nepopaibHOro npuiio-
My aHTHOKCHJaHTy cynepokcuaaucmytasu (CO/l) npu nepexdacHoMy crapinHi (00 (oTocTapiHHi) Ha CHOTOAHINIHIN IEHb HE BiToMa.

Merta: ouinntu edekruBnicTs npuitomy COJI st 3aranpHOTO aHTHOKCHAaHTHOTO cratycy (3AC), rigparanii mkipu (TEBB) 1 koH-
LEHTpalii IKIPHOTO cajia MpH IepegIacHoMy (oToCcTapiHHI MIKipH.

Metoam. Lle mocmiukeHHS € HayKOBUM IPOEKTOM KJIIHIYHOTO JOCIHIIKEHHS 3 OHIEI0 IPYIOI0 AOCHTIKYBAaHUX, SKUX TECTyBall
no- i micns Y®-onpominenns. Bei nocnipkysani mignasanucs YO-onpomineHHs: npoTsaroM npubnusno 3-4 roxus. Bei pociimpkyBani
nignucany iH$popMoBaHy 3rofy i MPOWILIM BiANOBiAHY criBOecimzy. doTocTapiHHsS AiarHOCTYBaNOCs B KIIHIYHOMY acleKTi TpPhoMa
JlepMaTooraMy BiANOBiAHO 1o Kinacudikanii mo [irorys tum II. 3okpema, omiHIOBaNMCS TMHAMIYHI 3MOPIIKH, ITAIBIYEMHUH KepaTos,
BUIMMI cTapedi MrMeHTHI isiMH 1 MimivHa ckimaaka. COZl 250 MO naBamu BciM TOCTIKYBaHHUM JIBa pa3y Ha JeHb POTIroM 60 IHIB.
JlaGoparopni nocnimkenns 3AC, TEBB 1 koHIIeHTpalii ceKpeTy CalbHUX 3aJ103 MPOBOAMINCS 10 1 micis BIUUBY YO.

PesyabTaTn. Y nocmimpkeHHas Oyino BKIOUeHO 25 ocib 3 Tuom mkipu 4 mo ®ditunarpiky. Cepen Hux Oynu 14 gomnosikis 1 11 xiHOK,
20 oci6 y Bini 30-40 pokiB i 5 oci6 y Biui 25-29 pokis. YorupHanausats (56%) 3 18 nociimpkyBanux i3 rpynu 3 Hu3bkuM 3AC Manu HOp-
maneHui 3AC micas npuiiomy COJI. Tect MakHemapa noka3as 3Ha4une 30ibmieHHs 3HaueHHs 3AC 10 i micist npuitomy COJI (p<0,05).
Bumiprosanus TEBB B o6acti moku nmokasaio, mo 9 3 10 gociikyBaHuX 3 «strained» rpynu Manu HopMmanbHe 3HaueHHs TEBB micis
npuiiomy CO/], B TOI1 9ac sik Bci 3 MOCmipKyBaHUX 3 «criticaly rpynu manm HopManbHe 3Ha4eHHs TEBB. BumiproBanus TEBB B o6macTi
YoJ1a IoKa3ao, o y 7 JociiuKyBaHux 3 «strained» rpynu TEBB maB Hopmasbhe 3HaueHHsA. CeOymeTpis B 001acTi 4oia nokasania, Iio
3 17 nocnimxyBaHuX, 3 TPYIH i3 CyXO0r0 IIKipoto, 14 (56%) — Manu HopManbeHy MWKipy, 1 (4%) — XKupHY, a y 2 — MIKipa 3auIIanacs Cyxok
nicis npuiiomy COJI npotsrom 60 nuiB. CeGymeTpist B 00s1acTi MIOKH MOKa3aja, 110 y BCIX JOCHIIIKYBAHUX, 3 TPYIIH i3 CyXOI0 IIKiPOIo,
HIKipa cTaBajia HopMasbHOO micis npuiiomy CO/L.

BucnoBok. [licis npuitomy COJ] nporsirom 60 nHiB 3Ha4HO 30imbimmitocs 3HadeHHs 3AC, 3menmmiacs TEBB i1 mokpammnocs
BOJIOTOYTPHMAaHHS MIKipH

Kuarouosi ciaoBa: cynepoxcugmucmyrtasza (COJ), 3aransuuil antrnokcugantHuii craryc (3AC), TpaHceminepManbHa BTpaTa BOIU
(TEBB), cexpeT canbHUX 3aJ103

IPPEKTUBHOCTb IIPHUEMA MEPOPAJILHOM CYITEPOKCHJITMCMYTA3BI (COJI) HA OBIIUAM
AHTHOKCHUAAHTHBIU CTATYC (OAC), TPAHCOIUJAEPMAJIBHYIO ITIOTEPIO BOJBI (TII1B)
N KOHOHEHTPAIIMIO CEKPETA CAJIBHBIX KEJIE3 B ®OTOCTAPEIOLIEN KOXE

Xaiipyooun /Ixcasao, [eeu Anzzpaunu
Meouyunckuil paxynemem, Ynusepcumem Xacanyoouna, Maxaccap, Hnoonesus

duddindjawad@gmail.com

AkTyaiabHOCcTh. CTapeHue — 3TO IPOrpecCHpyOLInil MpoLece CHIKEHUS PYHKIMN 1 BO3MOXKHOCTEI OPraHOB, B TOM YHCIIE KOXKH.
dotocrapeHue — 9To BHEIIHEE CTapeHNe, KOTOPOEe B OCHOBHOM IIPOUCXOINT M3-3a Bo3zeiicTBHs yabTpaduonera (YP). DddexTnBHOCTH
HepopaILHOTO IpHeMa aHTHOKCcHAaHTa cynepokcuaucmyTassl (COJl) npu npeskaeBpeMeHHOM CTapeHHH (WM (OTOCTapeHU ) Ha ce-
TOJHAIIHUHN JICHb HE U3BECTHA.

Heas: onenuts d3¢pdexruBHOCT, preMa COJl mis obmero anTrokcuaanTHoro craryca (OAC), ruaparanun koxu (TOI1B) u koH-
LEHTPALNH KOXKHOTO calia IIPU MPEKIeBPEMEHHOM (POTOCTAPEHUH KOXKH.

MeToasbl. D10 Uccae0BaHUE IPEACTABIACT COOON Hay4HBIH NPOEKT KIMHUYECKOTO UCCIIC0BAHUS C OHON TPYNIION UCTIBITYEMBbIX,
KOTOPBIX TECTHPOBAIH 10 U nociie YP-o6myuenus. Bee ucnbityemsle noasepraiuck YD-00aydeHNI0 B TeUeHNE IPUMEPHO 3-4 JacoB.
Bce ucnbiTyemble nopmucan nHGOPMUPOBAHHOE COTIACHE U IIPOIILTH COOTBETCTBYIOMIee cobecenoBanne. DoTtocTapenye AMarHocTu-
POBAJIOCHh B KIIMHUYIECKOM acHeKTe TPeMs AePMATOIOraMH B COOTBETCTBHU ¢ Kiaccudukanueit mo [morys tum II. B wactHoCTH, OLICHN-
BaJICh JUHAMUYECKHE MOPIIMHBI, MANBIUPYEMbIH KepaTo3, BUANMBIE CTapuecKue MUTMEHTHBIE MATHA 1 MUMHuUeckas ckmaaka. COJJ
250 ME naBanu BceM HCHIBITyeMBIM JIBa pa3a B JIeHb B TeueHue 60 aueil. Jlabopatopusie uccnenoBanust OAC, TOIIB u koHLEeHTpanuu
CeKpeTa CajbHbIX JKelle3 MPOBOJWINCEH JI0 U 1ocIie Bo3eHcTBHsS Y.

PesyabTarsl. B nccienoBanue 66110 BKIIIOUEHO 25 yenoBek ¢ TuoM koxku 4 mo durnnarpuxy. Cpean Hux Obum 14 myxuns n 11
skeHIuH, 20 genoek B Bo3pacte 30-40 et n 5 uenosex B Bo3pacte 25-29 net. Uetsipraanars (56%) u3 18 HCHBITyeMbIX U3 TPYIIIH C
Hu3kuM OAC nmenu HopmanbHbd OAC nocie mpuema CO/l. Tect MakHemapa mokasan 3HauuTenpbHOE yBeandeHue 3HaueHns OAC 1o
u nocne npueMa COJJ (p<0.05). Mzmepenue TOIIB B o6mactu meku mokasasno, 9yTo 9 u3 10 HchmbpITyeMbIX U3 «strained» TpymIbl UMeTH
HopmasbHoe 3Hadenue TOIIB nocne npuema CO/I, B TO BpeMst Kak Bce 3 MCMBITYeMBbIX U3 «critical» Tpymibl HMenn HOpMalbHOE 3Haue-
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nue TOIIB. Usmepenne TOIIB B obnactu 16a moka3ano, 4To y 7 HCHBITYeMbIX U3 «strained» rpynmsl TOIIB uMen HopMabHOE 3HaYe-
nue. CebymeTpus B 001acTH J16a Mokasana, 9to u3 17 UCTIBITYEMBIX, U3 TPYIHI ¢ CyXoi koxei, 14 (56%) — mMen HOpMaTbHYIO KOXKY,
1 (4%) — sxupHy10, a y 2 — Koka ocTaBanach cyxoii nmocie npuema COJI B Teuenne 60 nueit. CeOymeTpus B 007aCTH IEKH MOKa3asa, 4To
y BCEX UCIBITYEMbIX, U3 IPYIIIBI C CyXOH KOXKel, KoKa CTaHOBMIIaCh HOpMaJbHOM nocie npuema COJL.

BeiBoa. Ilocne npuema COJl B Teuenue 60 aHel 3HaunTeNbHO yBenuumioch 3HaueHne OAC, ymensmmiiacs TOIIB u ynyummiocs
BJIArOCOAEPKAHUE KOXKU.

KuroueBsie cioBa: cynepokcugaucmyTasza (CO/L), obmmit antnokcuaantHeiid craryc (OAC), TpaHconuaepMaibHas MOTepsi BOIbI
(TOIIB), cexpeT calbHBIX KeJe3
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Relevance. Children with oncohematological pathology have a high level of dental diseases, since the use of high doses of cytostatic
drugs leads to damage to the hard tissues of the teeth. In recent years, the number of children with acute leukemia has increased in
Ukraine from 2.5 to 4.1 cases per 100,000 children. In recent years, the number of children with acute leukemia has increased in Ukraine
from 2.5 to 4.1 cases per 100,000 child population.

Objective: to study the indicators of the intensity of caries of temporary and permanent teeth in children with acute forms of
leukemia: lymphoblastic and myeloblastic.

Materials and methods. Clinically examined 98 children aged 2-18 years, with acute forms of leukemia. The examined children
were divided into groups: the first group — 61 children with acute lymphoblastic leukemia, and the second — 37 children with acute
myeloblastic leukemia. Served as control 63 practically healthy children. The analysis of the structure of the constituent elements of the
indicators of the intensity of decay teeth caries (df) in children 2-5 years old and caries of permanent teeth (DMF) in children 6-18 years
old was performed. The constituent elements of the cf indicator are “d” — carious teeth that are subject to treatment, “f” — filled teeth. The
constituent elements of the DMF indicator are “D” — carious teeth that are subject to treatment; “f” — filled teeth; “M” — extracted teeth.

Results. When studying the intensity of caries of temporary and permanent teeth in children with acute lymphoblastic leukemia,
it was found that in children 2-5 years old, cf is equal to 6.64 affected teeth per child. In this case, the “d” element was 75.30%,
compared with the control group of children, where the “f” element was 45.28%. Element “” was 24.6%, and in the control group it was
significantly higher and was equal to 54.92%. In children with acute lymphoblastic leukemia 6-18 years old, the CFE is 5.34 teeth. At
the same time, the “D” element was 53.13%, and in the control group — 11.06%. Element “f” was 44.24%, in the control group — 85.9%.
Element “M” in the main group was equal to 2.63%.

When studying the intensity of caries in temporary and permanent teeth in children with acute myeloid leukemia, it was determined
that in children 2-5 years of age, cf is equal to 6.25 affected teeth per child. In this case, the “d” element was 80.64%, in comparison
with the control group, where the “d” element was 45.28%. Element “f” was 19.36%, and in the control group it was significantly higher
and equal to 54.92%. In children 6-18 years old, the CFE is 5.53 teeth. At the same time, the element “d” in the main group was 41.5%,
and in the control group — 11.06%. Element “f” was equal to 57.8%, in the control group - 85.94%. Element “M” in the main group was
equal to 0.6%.

Conclusion. Children with acute forms of leukemia have high rates of caries intensity in temporary and permanent teeth.

Keywords: children, caries, intensity, acute lymphoblastic, myeloblastic leukemia.

Relevance. Studies conducted by domestic sci-
entists confirm the high prevalence of major dental
diseases among children in Ukraine. This is especial-
ly true in children with oncohematological pathol-
ogy. Among the nosologies included in this group,
acute leukemias are one of the common diseases of
hematopoietic tissue that occur in childhood. In recent
years, the number of children with acute leukemia
in Ukraine has increased from 2.5 to 4.1 cases per
100,000 children [3, 7]. Acute myeloblastic leukemia,
which accounts for 15-20% of all forms of leukemia,
most often affects children aged 12-14 years and older.
Acute lymphoblastic leukemia in 75% is diagnosed at
the age of 2 to 5 years and at the age of 15 to 18 years.
Most often, according to statistics, boys get sick. The
use of high doses of cytostatic drugs leads not only to
lesions of the oral mucosa, as indicated by numerous
studies, but also to the damage to the hard tissues of
the teeth [1; 2; 4; 5; 8; 9].
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Objective: to study the intensity of caries of
temporary and permanent teeth in children with acute
forms of leukemia: lymphoblastic and myeloblastic.

MATERIALS AND METHODS

The study involved 98 children aged 2 to 18 years
with acute forms of leukemia, who were treated in the
Department of Pediatric Oncohematology of the Kiev
Regional Oncological Dispensary. The examined sick
children were divided into groups. The first group — 61
children with acute lymphoblastic leukemia, of them from
2 to 5 years old — 17 children, from 6 to 18 years old —
44 children. The second group — 37 children with acute
myeloid leukemia, of which from 2 to 5 years old — 7
children, from 6 to 18 years old — 30 children. The control
group consisted of 63 practically healthy children, who,
in terms of age and sex, coincided with the main group
of the surveyed: of them 12 children aged 2-5 years, 51
children aged 6-18 years. Children of the control group
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did not suffer from chronic diseases and rarely (1-2 times
a year) suffered from ARI. They went to the Dental Clinic
of the National Medical University for oral hygiene. The
analysis of the structure of the constituent elements of
indicators of the intensity of caries of deciduous teeth (dp)
in children 2-5 years old and permanent teeth (DMF) in
children 6-18 years old was performed. The constituent
elements of the cf-index are: “d” — carious teeth to be
treated; «f» — filled teeth. The components of the DMF
index are; «d» — carious teeth to be treated; «f» — filled
teeth; «M» — extracted teeth.

RESULTS AND DISCUSSION

When studying the intensity of caries of
temporary and permanent teeth in children with acute
lymphoblastic leukemia, it was determined that in the
group of children from 2 to 5 years of age cf-index was
equal to 6.64 affected teeth per child. In the group of
children from 6 to 18 years, the intensity of dental caries
(DMF) was equal to 5.34 teeth. Analysis of the structure
of the components of the intensity of dental caries (df)
in children 2-5 years is presented in table 1.

These tables show that in children from 2 to 5
years with acute lymphoblastic leukemia, the element
«c» was 75.30%, compared with the control group of
children, where the element «c» was equal to 45.28%.
The element «f» was in children from 2 to 5 years —
24.6%, and in the control group was much higher and
equal to 54.92%.

Analysis of the structure of the constituent elements of
the cf-index of temporary teeth shows that in this group
of children the element “d” prevails over the element “f”.

In children 6-18 years of the main group, the element
“C” was equal to 53.13%, and in the control group —
11.06%. Element “f” was 44.24%, in the control group
— 85.9%. Element “M” in the main group was equal to
2.63% (Table 2).

Thus, in children with acute lymphoblastic leukemia,
the intensity of the component “D” prevails over the
component “F”, which indicates a lack of treatment and
prevention work among this group of children.

Children aged 2-5 years with acute myeloblastic
leukemia were equal to 6.25 affected teeth per child.
In children 6-18 years DMF was 5.53 teeth. Thus, the
intensity of caries in children with acute myeloblastic
leukemia, according to WHO criteria, was high in all
age groups.

When studying the clinical course of caries, a
decompensated form of acute caries with a significant
amount of secondary caries in sealed teeth and a rapid
complication of caries, especially in temporary teeth,
was more often observed. An atypical placement of
carious cavities in temporary teeth in children has
been established. They were located not only on the
masticatory and proximal surfaces, but also on the
humps and cervical areas.

When examining the condition of the teeth in
children 2-5 years with acute myeloblastic leukemia, it
was found that the element «c» was 80.64%, compared
with the compared control group of children, where the
element “d” was 45.28%. The element «f» was 19.36%,
and in the control group — much higher and equal to
54.92%. That is, in this group of children the element
“d” prevails over the element «f» (Table 3).

Table 1

The structure of the constituent elements of the intensity of caries of temporary teeth in children 2-5 years with acute
lymphoblastic leukemia

Group df d % f %
E?ie?;s) with acute lymphoblastic leukemia 6.64+02% 5.0+ 0,11% 7530 1644021 24.6
Healthy (n = 12) 23+£04* 1,0+0,3* 45,28 1,3£0,65 54,92

Notes for tables 1 and 3. The difference is significant: *p <0,01; **p < 0,05, df — the number of affected temporary teeth; «d» — decayed

toth; «f» — filled teeth.

Table 2

The structure of the constituent elements of the intensity of caries of permanent teeth in children 6-18 years old with
acute lymphoblastic leukemia

Group DMF D % F % M %
Patients with acute 0,12+
lymphoblastic leukemia 495+0,3 2,63 +£0,02%* 53,13 2,19+ 0,1* 44,24 2,63
(n=44) 0,1*
Healthy (n=51) 2,56+ 0,22 0,36 +0,11* 11,06 2,20 +£0,22 85,94 0 0

Notes for tables 2 and 4. The difference is significant: *p <0,01; **p < 0,05; DMF — the number of affected permanent teeth, «d» —

decayed toth; «F» — filled teeth;, « M» — missing removed teeth.
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Table 3

The structure of the constituent elements of the intensity of caries of temporary teeth in children 2-5 years with acute
myeloblastic leukemia

Group cf c % f %
E?ie;l;s with acute myeloblastic leukemia 625503 * 5.040,22%* 80,64 124021 19.36
Healthy (n = 12) 2,304 * 1,0£0,3* 45,28 1,3+0,65 54,92
Table 4

The structure of the constituent elements of the intensity of caries of permanent teeth in children 6-18 years old with
acute myeloblastic leukemia

Group DMF D % F % M %
Patients with acute myeloblastic | 5 53, 4 2302 415 | 32£001% | 578 | 003£002 | 06
leukemia (n = 30)
Healthy (n = 51) 256022 | 036+0,11* | 1106 | 220£022 | 8594 0 0

According to the generally accepted clonal theory of
leukemogenesis, the pathogenesis of the development
of acute leukemias is likely to begin in the perinatal
period. That is, the time at which the number of leukemic
clones reaches the number at which leukemia is clinically
manifested, is from one year to ten (average 3.5 years)
[6]. This coincides with the intensive bookmarking
and mineralization of hard tissues of both temporary
and permanent teeth in children. This is an important
factor in the formation of caries-favorable enamel in this
contingent of children.

Analysis of the structure of the constituent elements
of DMF teeth in children 6-18 years shows that the
element “d” in the main group was 41.5%, and in the
control group — 11.06%. Element “f” was 57.8%, in the
control group — 85.94%. Element “M” in the main group
was equal to 0.6% (Table 4).

Comparative analysis showed that component «E» is
significantly higher in children with acute lymphoblastic
leukemia, compared with the group of children with acute
myeloblastic leukemia — 2.63% vs. 0.6% (Tables 2, 4).

CONCLUSIONS

At children with acute forms of leukemias high
indicators of intensity of caries of temporary and
permanent teeth are established.
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CTAH TBEPIUX TKAHUH 3VBIB YV IITEN 3 TOCTPUMU ®OPMAMM JIEMKEMII

Jezenuyk O.B., Ilnucka O.M.
Hayionanvnuii meouunuii ynisepcumem imeni O.0.bozomonvys, Kuis, Yxpaina

oksanal01117@gmail.com

AKTyaJIbHICTB. Y JIiTell 3 OHKOIeMaTOJIOTi4HOIO ATOJIOTIEI0 CIIOCTEPIracThesi BACOKHUI PiBEHb CTOMATONIOTYHHX 3aXBOPIOBAHb, TAK
SIK 32CTOCYBAaHHS BUCOKHMX JJ03 IUTOCTATHYHUX MPENapaTiB MPU3BOANUTE 10 YPAKSHHS TBEPAUX TKaHWH 3y0iB. B 0cTaHHI pOKHU KilbKICTh
JiTeH, XBOpuX Ha rocTpi hopmu seiikeMiid, 3pocna B Ykpaini Big 2,5 1o 4,1 Bunaakis Ha 100000 qutsdoro HaceneHHs.

MeTa: BUBUUTH NOKA3HUKH IHTCHCUBHOCTI KapieCy THMYAacOBUX Ta MOCTIHHKX 3y0iB y AiTeill 3 rocTpumu hopMaMu JeHKEMii: JTiM-
(hobnmacTHOIO Ta MiETOOIACTHOIO.

Marepiaiau Ta meronu. Kiiniuno obcrexxeno 98 miteit, y Bini 2-18 pokis, 3 roctpumu popmamu neiikemiit. O0cTexeHi Aiti Oyinn
po3moisieHi Ha TpynH: mepina rpymna — 61 guTrHa 3 TOCTPOrO JiM(POOIACTHOO JicHKeMiero Ta apyra — 37 aiTel 3 TOCTPOrO Mieao0macT-
Hoto Jefikemieto. KonTposem ciyryBanmu 63 mpakTHYHO 310pOBi ANTHHH. [IpoBOAMIN aHAII3 CTPYKTYPH CKIIaJJOBHX €JIEMEHTIB ITOKa3HHU-
KiB IHTEHCHBHOCTI Kapiecy THMYAcOBHX 3y0iB (K1) y miTel 2-5 pokiB Ta kapiecy nocriitaux 3y6is (KI1B) y mireit 6-18 poxis. CxiaioBu-
MH eJIeMEHTaMH MOKa3HUKa KII € «K» — Kapio3Hi 3yOu, sIKi MiAIAraloTh TiKyBaHHIO, «ID» — IIoMOoBaHi 3you. CKIagoBUMH €IeMEHTaMH
nokazHuka KIIB € «K» — kapio3ni 3y0wu, sKi miuaraoTs JiKyBaHHI0; «[1» — mmomboBaHi 3yon; «B» — Buganeni 3yon.

Pesyabraru. [Ipy BUBUCHHI IHTEHCHBHOCTI Kapiecy THMYaCOBHUX Ta MOCTIHHUX 3y0iB y [iTeil 3 TOCcTporo 1iM(poOIacTHOIO JISHKeMi€ro
BCTaHOBJICHO, 110 Y JIiTeii 2-5 poKiB Ki1 10piBHIOBaB 6,64 ypaxkeHux 3y0iB Ha oqHy AuTHHY. [Ipu iboMy eneMenT «x» ckianas 75,30 %, B
TIOPiBHSIHHI 3 KOHTPOJIEHOIO IPYIIOIO AITEH, JIe eIeMEHT «K» 1opiBHIOBaB 45,28 %. Enement «m» cknanas 24,6%, a B KOHTPOIIbHIH Ipyri
3HAYHO BHIIUH 1 JopiBHIOBaB 54,92%. V nmiteil 3 rocTporo nimdobdnactHoro JelikeMiero 6-18 pokis KIIB nopisaioas 5,34 3y6is. [Ipu
npoMy enemeHT «K» mopisaioBas 53,13 %, a B koHTponbHii rpyni — 11,06%. Enement «I1» cxnanas 44,24 %, B KOHTPOJIBHIHN TPy —
85,9%. Enement «B» y ocHOBHIl Tpymi 1opiBHIOBaB 2,63%.

IIpu BUBYCHHI IHTEHCHBHOCTI Kapiecy THMYAacOBHUX Ta MOCTIHHUX 3y0iB y AiTeH 3 rOCTPOIO Mi€I00NIACTHOIO JEHKEMi€I0 BU3HAYCHO,
110 Yy AiTeit 2-5 poKiB KIT A0PiBHIOBAB 6,25 ypakeHHX 3y0iB Ha OJHY AUTHHY. [Ipu 11boMy efleMeHT «k» ckiaaaB 80,64 %, B MOpiHAHHI
3 KOHTPOJIBHOIO TPYIOI0, JIe eNeMEeHT «k» JopiBHIoBaB 45,28 %. Enement «m» cknanas 19,36 %, a B KOHTpOIBHIN Tpymi OyB 3HaYHO
BUIIWH 1 fopiBHIOBaB 54,92 %. ¥V niteit 6-18 pokis KIIB nopisurosas 5,53 3y6iB. [Ipn npomy enemenT «K» 0CHOBHOI rpyny CTaHOBHB
41,5 %, a B koHTpOMBHIH rpymi — 11,06 %. Enement «I1» nopisios 57,8 %, B KOHTpOnbHil rpymi — 85,94 %. Enement «B» y ocHOBHIi
rpymi gopiBaioBas 0,6%.

BucHoBok. Y xiteii 3 roctpumu GpopmMami JielkeMiil BCTAHOBJICHI BUCOKI ITOKa3HUKH IHTEHCHBHOCTI Kapiecy THMYAacOBHUX 1 MOCTiM-
HHX 3y0iB.

KurouoBi cjioBa: 1iTH, Kapiec, IHTEHCUBHICTB, TOCTpa JiciikeMist IiM(oOIacTHa Ta MienobaacTHa.
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AKTYaJbHOCTB. Y JeTEH C OHKOTEeMaTOJIOTMYECKOM MAaTOJIO0T el HaOIIOAACTCSI BRICOKUI YPOBEHb CTOMATOJIOIMYECKHX 3a00IeBaHHIHA,
TaK Kak MPUMEHEHNE BBICOKUX JI03 IIMTOCTaTHUECKHUX MPENapaToB MPUBOAUT K MOPAXKEHUIO TBEPABIX TKaHel 3y0oB. B mocnennue roael
KOJIMYECTBO JIeTei, OOIBHBIX OCTPBIMU (hOPMBI JIeHKeMHUH, BRIPOCIIO B Ykpaune ot 2,5 110 4,1 ciyyae Ha 100000 netckoro HaceneHwsI.

Henn: u3yunTh NoKa3areinu MHTCHCUBHOCTH Kapueca BPEMEHHBIX U IOCTOSIHHBIX 3y0OB Yy JeTel ¢ OCTPBIMH (hOpMaMu JICHKEMHUU:
mMQoOIacTHOI 1 MUET00IaCTHOM.

MarepuaJjibl 1 MeToabl. Kimnandeckn obcnenoBano 98 nereit B Bo3pacte 2-18 set, ¢ octpeiMu hopmamu nelikemun. O6cinenoBan-
HBIE IeTH OBUIH PAaCIpe/IeeHbl Ha TPYMIIBL: NiepBas rpymma — 61 pedeHoK ¢ ocTpoit TuMQoOIacTHOH NelikeMuel, 1 Bropas — 37 nereit
¢ oCcTpoit Mueno0IacTHOM Neiikemuei. KoHTponeM ciykumu 63 mpakTU4ecku 310pOBBIX pedeHKa. [IpoBoannm aHamu3 CTPYKTYpPHI CO-
CTaBJISIIOIIKX JIEMEHTOB T0Ka3aTeNeil HHTEHCUBHOCTH Kapreca BPEMEHHBIX 3y0oB (KII) y feTeit 2-5 J1eT u Kapueca MOCTOSHHbIX 3y00B
(KITY) y nmeteit 6-18 ner. CocTaBHBIMH 2JIEMEHTAMHM TOKA3aTeIsl KII SIBISIIOTCS «K» — KapHO3HbIE 3y0bl, KOTOPBIE TIO/UISKAT JICUCHUIO,
«m» — roMbupoBaHHbIe 3yObl. CocTaBHBIME 2r1eMeHTamu nokaszareist KITY smistrorcest «K» — kaprnosHble 3y0bl, KOTOpBIE MOIIEXAT
nedennio; «I1» — mmomMOupoBaHHbIE 3yOBI; «Y» — ynaneHsle 3yOsl.

PesyasTarsl. [Ipy n3ydeHNr HHTCHCUBHOCTH KapHeca BPEMEHHBIX U MOCTOSHHBIX 3y0OB y AeTeil ¢ ocTpoid TuMpoOIacTHON Jei-
KeMHEH YCTaHOBIIEHO, YTO y JeTeil 2-5 et K paBeH 6,64 mopakeHHBIX 3yO0B Ha OfHOTo peOeHKa. [Ipu 3TOM 3IeMEHT «K» COCTaBIAN
75,30 %, no cpaBHEHHIO ¢ KOHTPOJILHOI I'PYIION JeTel, Iie 2IeMeHT «K» paBHsuics 45,28 %. DneMeHT «1m» coctaBisul 24,6 %, a B
KOHTPOJILHOW TpyIIIe —3HAYUTEIbHO BhIIIe U paBHsuIcs 54,92 %. Y neteit ¢ octpoit muMbobiactHo nelikemueit 6-18 et KITY pasen
5,34 3y60B. [1pu aTom snemenT «K» paBasuics 53,13 %, a B koHTposbHOM rpymme — 11,06 %. Dnement «I1» coctapisin 44,24%, B KOH-
TponbHOH rpymie — 85,9 %. DnemeHT «Y» B 0OCHOBHO# rpymme 0bu1 paBeH 2,63 %.

IIpu u3ydeHnr MHTEHCHBHOCTH KapHeca BPEMEHHBIX U IOCTOSHHBIX 3yOOB Yy J€Tel ¢ OCTpOW MHENIOONIACTHOM JeiHKeMuei ompe-
JeTIeHO, 4TO y AeTei 2-5 neT K paBeH 6,25 mopa)xeHHBIX 3y00B Ha ofHOro pebdenka. [Ipu sTom anemeHT «k» coctasnst 80,64 %, B
CPaBHEHUU C KOHTPOJIBHOM I'PYIIIOH, I/Ie 3MEMEHT «K» paBHsiics 45,28 %. DnemeHT «1» coctasian 19,36 %, a B KOHTPOJIBHOI rpymnie
ObLI 3HAYUTENBHO BhIE U paBHsuICS 54,92 %. V nereit 6-18 ner KIIY pasen 5,53 3y6oB. [Ipu aToM snemeHT «K» 0CHOBHOU IpyIITBI
coctaBui 41,5 %, a B koHTponbHOH Tpymme — 11,06%. Dnement «I1» 6bu1 paBen 57,8 %, B KOHTpONbHOIT rpymie — 85,94 %. Dnement
«¥Y» B ocHOBHOH rpymme 6but paseH 0,6 %.

BeiBoj. Y nereii ¢ ocTpeiMu (hOpMaMH JIEHKEMUH yCTaHOBICHBI BBICOKHE MOKAa3aTeIN HHTCHCHBHOCTH KapHeca BPEMEHHBIX U I10-
CTOSIHHBIX 3y0OB.

KuroueBble ciioBa: etH, Kapuec, HHTCHCUBHOCTb, OCTpast JielkeMust tnuMdoOiacTHast 1 MUeI00IacTHasl.
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Relevance. Virgin Coconut Oil (VCO) contains a lot of medium chain fatty acids, combined with coffee grounds (Coffea Arabica
Linn.) and activated carbon (Activated carbon coconut Nucifera L) into a preparation that can moisturize and brighten the skin.

Objective. The purpose of this study was to make cosmetic cleansing preparations containing three natural ingredients.

Methods. This study evaluate the organoleptic body scrub preparations, homogeneity, dispensability, and pH. The ingredients were
tested using in-vivo and clinical irritation along with the effectiveness of the preparation (moisture and brightness).

Results. Organoleptic testing and homogeneity were confirmed to have dark black color, the distinctive smell of coffee, homogeneity,
spreadability in the range of 4 cm, and the pH was at a safe pH for the skin so that irritation results also did not show edema and erythema
both in-vivo divided into 3 groups (n = 3) and clinically (n = 30). In addition, this body scrub provides moisture and brightness to the
skin for 2 months of use, p <0.05.

Conclusions. VCO body scrub preparations, coffee grounds and activated carbon are preparations that have the potential to be
cosmetic cleansers.

Keywords: body scrub, virgin coconut oil, coffee grounds, activated carbon

Relevance. Body scrub is a body care product that can Table 1
be used to maintain healthy skin. The basic ingredients for Formulation Body scrub VCO, ground coffee and
body scrubs are always the same, namely as a cleanser [1]. activated carbon
The basic ingredients for body scrubs are usually made Body Scrub Formula
from synthetics and also natural ingredients derived from Formulation = = o
herbal plants [2]. Herbal plants are one that can be used — -
as safe pharmaceutical preparations and as cosmetics that Virgin Coconut Oil (VCO) > 15 2
can maintain healthy skin. One of the Indonesian herbal Activated Carbon 1 3 5
plants that can be used is Virgin Coconut Oil (VCO), the Coffee Grounds 9 7 5
content of saturated fatty acids in VCO can be used as Cera de lano® (mix of cetearyl alcohol | 14 14 14
a cosmetic form because it can moisturize the skin and and catearat 33)

VCO also has a high SPF content [3]. In addition, other Phenoxy Ethanol 0.8 |08 |08
natural ingredients such as coffee grounds can also be Propylene Glycol 10 10 10

used as cosmetic ingredients in skin care, because coffee Liquid Paraffin 5

has a high antioxidant content [4]. Coffee grounds also Cetyl Alcohol )

have a distinctive aroma and rough texture so they can be Corn Starch

used to remove dead skin cells [5]. Coffee grounds also

have a long life shelf for 9 months [6]. Another natural Tween 80 3

ingredient that can be used is activated charcoal which Aquadest ad 100 | 100 | 100

has detoxification activities [7]. The body scrubs made in
this study were in the form of creams. The cream dosage
has physical stability which can increase the effectiveness
of active ingredients on the skin, easy to use, and easy to
distribute thus consumers prefer to use cream body scrubs
rather than other form of body scrub.

ents, including virgin coconut oil, coffee grounds, and
carbon active coconut shell.

MATERIALS AND METHODS

VCO and activated charcoal were obtained from Ga-
Objective lenika (Central Java, Indonesia). Coffee grounds were
obtained from several coffee shops in the Balaraja area
(Tangerang, Indonesia). Cetearyl alcohol and catearate
(Cera de lano) Phenoxy ethanol, propylene glycol, liquid

The purpose of this study was to make cosmetic
cleansing preparations containing three natural ingredi-
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paraffin, cetyl alcohol, Corn starch, Tween 80, Aquadest
were obtained from Brataco (Jakarta, Indonesia).

Preparation of Body Scrub. Making body scrubs us-
ing the basic ingredient of Cera de lano, using additives
phenoxy ethanol, propylene glycol, liquid paraffin, cetyl
alcohol, tween.

The procedure for making a body scrub is as follows:
Cera de lano is mixed over a water bath (70 ° C) and
mixed until it is homogeneous with other ingredients.
For each formula (Formula I, Formula IT and Formula I1I)
add VCO with aquadest (70 ° C) and mix until a white
cream base is formed. Enter coffee grounds, activated
charcoal and corn starch then stir using a homogenizer
for about 5 minutes until a body scrub is formed.

Evaluation of Body Scrub

Organoleptic Test. Organoleptic testing is done visu-
ally with the changes in shape, color and smell of body
scrub preparations. The test was carried out for 8 weeks
with examination time intervals, namely at week 0,2,4,6
and 8 at 25 °C.

Homogeneity Test. To clarify the homogeneity of
body scrub preparations, homogeneity testing was carried
out using a microscope (Olympus CX23) with magnifi-
cation (magnification of 40 x). A number of samples are
smeared on the glass preparation then the top is covered
with a glass preparation. Sample testing is done by tak-
ing 3 parts of the body scrub preparation, namely top,
middle, bottom [8].

Spreadability. Samples (0.5 g) of each formula were
placed in the centre of the Petri plate, then the Petri plate
was placed on top. A load of 150 g is given for 1 minute
at 25 ° C, after which the diameter of the spread is mea-
sured. The diameter of the dispersive power should be in
the range 3-5 cm [9].

pH Evaluation. The pH evaluation was carried out
using a pH meter (Mettler Toledo S220). The sample is
made in 1%, i.e. 1 gram sample is dissolved in 100 mL
aquadest. The acceptable pH is in the range 4.5-6.5 [9].

Effectiveness of Body Scrub. The humidity tester uses
the Dermalab combo (Cortex) tool. Volunteers with the
inclusion criteria were 17-45 years old, had healthy skin
(n = 30). While the exclusion criteria for pregnant and
breastfeeding women, and / or those currently using
drugs that can affect the condition of the skin. Apply the
body scrub sample twice a week. Determination of skin
moisture content and melanin index was carried out at 0,
1 and 2 months after use.

Pre-Clinic and Clinical Evaluation of Body Scrub

Evaluation In-Vivo of Irritation. In vivo test for irri-
tation (edema and erythema) used albino rabbit (n = 3)
for each treatment group. The test animals were shaved
and then given body scrub samples with their respective
formulas (F1, F2 and F3). The sample given is smeared
with non-reactive gauze. The degree of irritation was
measured from 1, 24, 48 and 72 hours. Measurements
were made by giving a score of (0) negative reactions;

(1) a little irritation; (2) bordered edge irritation; (3) mod-
erate drainage (£ Imm rising edge; (4) severe irritation
(rising edge> = 1mm and extending beyond the curb).
The score depends on the severity of the skin reactions
produced [10].

Evaluation of Clinical Irritation. Clinical irritation
testing was performed on the forearm with an area of
2.5 x 2.5 cm (n = 30) for volunteers. The criteria for
volunteers are 17-45 years, healthy, have no history of
allergies. After the basting is done, it is left closed for 24
hours, then the observation is carried out for 72 hours
to see the reaction that occurs. The irritation reaction
is characterized by redness, itching and swelling. Mea-
surements were made by giving a score of (0) negative
reactions; (1) redness; (2) hives; (3) swelling [11].

RESULTS AND DISCUSSION

Preparation and Evaluation Body Scrub. A body
scrub has been successfully made with a cream base.
Organoleptic evaluation by conducting visual obser-
vations (Figure 1a), shows that the body scrub sample
containing VCO, coffee grounds and activated carbon
has a dark black color, a very sharp distinctive smell of
coffee. Homogeneity testing has been carried out under
a microscope (Figure 1b). The results of the observations
showed that the results of each sample were homoge-
neous with no lumps. Homogeneity is influenced by the
forming ingredients between the water base and the oil
base forming a good cream mass. The dispersion test was
successfully carried out for 1, 14 and 28 days (Figure 1c¢).
The diameter of the F1, F2, and F3 spreadability tests
met the requirements because they were in the 3-5 cm
range and there was no significant difference between
samples p> 0.05. Good spreadability is obtained because
the ingredients that make up cream of cetyl alcohol are
fatty alcohols which form a white solid, such as wax, and
catereat is an oil / water (O / W) base which can form
a dense and oily mass like butter. Body scrubs have an
acceptable pH and are a pH range that is safe for the skin
(Figure 1d).

In tests 1, 14 and 28 days, it was found that there
was no significant change in pH in body scrub samples
during the storage period p> 0.05. The pH is safe because
catereat base material can form a stable pH in cosmetic
preparations. In addition, the content of activated carbon
has a water content of 15% which can increase the pH
in the skin pH range (4.5-6.5). Evaluation of body scrub
preparations obtained good results also because VCO
has the stability for 48 days, where this stability affects
homogeneity / appearance, changes in color, odour, con-
sistency, pH and viscosity [12].

Pre-Clinic and Clinical Evaluation of Body Scrub.
Clarifying the results of the in-vivo irritation test on al-
bino rabbits (n = 3). The procedure carried out has been
approved by the Health Research Ethics Committee,
Muhammadiyah University Prof. Dr. Hamka, with ethi-
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g. 1. Evaluation of body scrub of VCO, grounded coffee and activated carbon (F1, F2 and F3): (a) Organoleptic test;

(b) Homogeneity test; (c) Spreadability test; (d) pH

cal approval number 01/ 19.11 / 0240. The rabbits were
divided into four test groups (Figure 2a). In testing with
groups F1, F2 and F3 and observations made for 1, 24, 28
and 72 hours, it was shown that body scrubs were safe to
use and did not cause edema or erythema in rabbits [13].

Clinical testing of human skin, using three test
groups (n = 30). Observation on volunteers was carried
out for 72 hours (Figure 2b). The results of clinical test-
ing using body scrubs F1, F2 and F3 confirmed negative
reactions to the skin of the volunteers, meaning that no
irritation occurred by testing the body scrub samples.
Body scrub preparations with VCO active substances,
coffee grounds and activated carbon are safe for use on
human skin [14]. The absence of irritation to the skin is
also influenced by the physical and chemical properties
of VCO which is very good for use as a moisturizer
on the skin. Coconut dregs which have the ability as
an antioxidants are also able to absorb into the skin
layer, antioxidants can neutralize free radicals [15],
[16]watermelon rind extract, and combinations, also in
lotion dosage form.Methods: The antioxidant activity
of each extract and their combinations were tested with
2,2-diphenyl-1-picrylhydrazil method and formulat-
ed intoa lotion dosage forms. Evaluation of the lotion
dosage forms, including organoleptic, homogeneity,
pH, viscosity and rheology, microbiology, acutedermal
irritation test, as well as the antioxidant activity test.
Results: Antioxidant activity test on the extract showed
inhibitory concentration 50% (IC50.

24 hours 48 hours 72 hours

0 hours 72 hours

F1

F2

B3

(b)

Fig. 2. Pre-Clinic and Clinical Evaluation of Body Scrub of VCO,
ground coffee and activated Carbon (F1, F2 and F3): (a) Evaluation In-vivo
of Irritation; (b) Evaluation of Clinical Irritation

Effectiveness of Body Scrub. The effectiveness of
VCO body scrubs, coffee grounds and activated carbon
by performing moisture testing (Figure 3a).
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Fig. 3. Effectiveness of VCO Body Scrub, ground coffee and activated Carbon (F1, F2 and F3): (a) Humidity Index; (b) Melamine Index

Observations were made before being given treatment
and after being given treatment for 0, 1 and 2 months.
Body scrubs used by volunteers for 2 months routinely
increase moisture on the skin with a significance value
of p <0.05. While the statistical results of kruskal wallis
data, there is no significant difference between formulas
p> 0.05. The results of brightness testing on VCO body
scrubs, coffee grounds and activated carbon on the skin
of volunteers (Figure 3b). The results showed that there
was a significant difference between the time intervals
of observation p <0.05. Comparative data between the
three formulas did not have a significant difference in the
increase in skin brightness in the volunteer’s p> 0.05. The
effectiveness of body scrub is supported by the presence
of antioxidant abilities in coffee grounds which can in-
crease collagen productivity in the skin. The antioxidant
content in skin care products, particularly vitamin C,
has been shown to be beneficial in reducing melanin
pigmentation in the skin.

CONCLUSION

VCO body scrub, coffee grounds and activated car-
bon with various formulas F1, F2 and F3 were success-
fully carried out with several evaluations confirmed,
the difference in concentration in each formula did not
affect the evaluation results of body scrubs. The pH of
each formula is still in the safe range for the skin. The
pH results were correlated with in-vivo and clinical ir-
ritation testing carried out for 72 hours without edema
and erythema in the skin of the volunteers. The results
of testing the effectiveness of moisture and brightness on
VCO body scrubs, coffee grounds and activated carbon,
the longer the skin is used, the more moisturized it is and
the increased brightness of the volunteer skin.
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CKPAB JIUIAA TIVIA 3 KOKOCOBUM MACJIOM ITEPIIOI'O BIJIPKUMY, KABOBOIO I'VIHIEIO 1
AKTUBOBAHUM BYT'IJIJISAM I3 HIKAPAJTYIIN KOKOCA K 3BOJIOXKYBAY I OCBITJIFOBAY IIIKIPHA

Iympi JI.E€., /Inicamin P, Daiizamyn @.
Dapmayesmuunuil paxyromem, Yuigepcumem Ilankacina, Ilisoenna [ocaxapma, Inoonesis

desiekaputri.audriil @gmail.com

AxTyaabHicTs. Ha cCHOroqHINIHIHi I€Hb 3aJIMIIA€THCS HEBUBYEHOIO MOXKIIMBICTH 3aCTOCOBYBATH JJIsI 3BOJIOYKEHHS 1 OCBITJICHHS HIKi-
pu mpemnapar, 1o MicTUTh KoKocoBe Maciio nepiroro Bipkumy (VCO), 3 BEIUKHM BMICTOM CEPEJHBOJIAHIIOIOBHX JKHPHUX KHCIIOT, B
MoeHaHHI 3 kKaBoBoro rymero (Coffea Arabica Linn.) i akTHBOBaHMM BYT1JUISIM (KOKOcoBe akTuBoBaHe Byriyur Nucifera L ).

MeTa: npurotyBaTi KOCMETHYHI OYHIIAI0Ui IPEnapary, 0 MICTATh TPH HATYPaJIbHUX IHIPEIIEHTH.

MeToan. Y 1boOMy A0CIIPKCHHI OI[IHIOBAIM OPraHOJCIITHYHI CKJIa i CKpabiB sl TiJia, OAHOPIAHICTD, 110 103y€eThes, 1 pH. IHrpemi-
€HTH OyIIH poTecToBaHi in vivo. OniHroBanu e)eKTUBHICTH Ipernapary (BOJOTICTb i SICKPaBICTh).

Pe3yabrarn. OpranonentudHi BUNpoOyBaHHS i TOMOTEHHICTD ITIATBEPAMIN HAsIBHICTE TEMHO-YOPHOTO KOJIBOPY, XapaKTEPHOTO 3a-
raxy KaBH, OJJHOPIAHOCTI, PO3TiKaHHs B Aiana3oHi 4 cM. pH OyB Ge3neqHnM Jis MIKipH, 3aCTOCYBaHHS CKpaly B KIIHIYHIX BUPOOYBaH-
HaX (n = 30) He BUKIIMKAJIO Hi HAOPSKY, Hi epuremMu. Kpim Toro, 1eit ckpal 1 Tina 3a0e3nedye 3B0JI0KEHHS 1 YUCTOTY MIKIpH IPOTATOM
2 micsuiB Bukopuctanus, p <0,05.
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BucnoBok. Cxpab must tina, mo mictuts VCO, KaBoBy T'ylly i akTHBOBaHE BYTiLIS — 1€ TIperapar, sKuii Moke OyTH KOCMETHYHUM
3ac000M, 1110 OUHIIAE.
Kuro4oBi ci1oBa: ckpab juist Tijia, KOKOCOBE MAclIo MEPIIOro BiPKUMY, KaBOBa I'ylild, aKTHBOBAHE BYTLILIS.

CKPAB JIUISI TEJIA C KOKOCOBBIM MACJIOM IIEPBOI'O OT)KUMA, KO®EVMHOM I'YILEN U
AKTUBUPOBAHHBIM YIJIEM U3 CKOPJIYIIbI KOKOCA KAK YBJIA’JKHUTEJIb U OTBEJIUBATEJIb
KOXKHU

Ilympu JI.E., /icamun P, @ainzamyn @.
Dapmayesmuueckuti paxynomem, Yuusepcumem Ilankacuna, FOsxcnas /[pcakapma, Huoonezus

desiekaputri.audriil @gmail.com

AKTyajabHoCTh. Ha ceroquamuuii JeHb 0cTaércss HEU3y4eHHOM BO3MOKHOCTD IIPUMEHATH Ul YBIAKHCHUS U OCBETIICHHUS KOXKU
mpenapar, cofepkamunii kokocoBoe mMaciio nepsoro orxuMa (VCO), ¢ 60abIIuM COAep’KaHUEM CPEAHEIETIOYEUHBIX KUPHBIX KUCIIOT,
B coueTanuu ¢ kodeiinoii rymeit (Coffea Arabica Linn.) n akTHBUPOBaHHBIM yIjieM (KOKOCOBBIH akTHBHpOBaHHBIN yrosb Nucifera L).

Iean: npUroToBUTH KOCMETHYESCKHE OUMINAIOLINE ITPENapaThl, COACPIKALINE TPU HATYPAIbHBIX HHIPEIUCHTA.

Mertoasl. B aToM Hcciie[oBaHUH OIIEHUBAIN OPTaHOJIEITHIECKHE COCTAaBBl CKPaOOB ISt TeIa, OHOPOIHOCTE, TO3HpyeMocTh 1 pH.
WHrpenenTs! ObUTH IPOTECTUPOBAHEI in Vivo. OueHnBanu 3GHEeKTHBHOCTE IpenapaTa (BIaXKHOCTh H SIPKOCTB).

Pesyabrarsl. OpranonenTHueckyue UCIIBITAHUS ¥ TOMOTEHHOCTD MOATBEP/IIIIN HAIUYHE TEMHO-YEPHOTO I[BETA, XapaKTEPHOTO 3a-
nmaxa ko¢e, OAHOPOAHOCTH, PACTEKaeMOCTH B Auamna3oHe 4 cM. pH Obu1 Ge30macHBIM [T KOXKH, TPUMEHEHHE CKpada B KIMHUYECKUX
ucnbITaHux (n = 30) He BBI3BIBAJIO HU OTEKA, HU 3puTeMbl. Kpome Toro, 3ToT ckpal asist Tesia 00eceunBaeT yBIaKHEHHE U YUCTOTY KOXKU
B TeUeHHe 2 MecsLeB ucnoib3obanus, p <0,05.

BeiBon. Cxpab st tena, conepkamuii VCO, KodeliHyro TyIly ¥ aKTHBUPOBAHHBIN YToJb — ATO MPENapat, KOTOPBIil MOXKeT OBITh
KOCMETHYECKUM OYHUIIAIOIINM CPEJICTBOM.

KuroueBble ciioBa: ckpab Ay Tena, KOKOCOBOE MaciIo MEPBOTO OTXKUMa, KodeitHas ryia, akTHBUPOBAHHBIIN yTOITb.
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AKTyaJbHicTh. € eKCIIepUMEHTANIBHI JaHi IPO MPOCTATONPOTEKTOPHY aKTHUBHICTH ONIHHOTO €KCTPAKTy MAKIIOPH MOMapaH4yeBOl
(OEM) y urypiB 3 cymblipuj iHAyKOBaHOIO rimepruiasieio nepeamixypooi 3anosu (CITI3), y sikux HOpMasti3yBaBcsi MPOCTATHYHUIMA
IHJIeKC, MOKpauiIncs 010XiMiYHI MOKa3HUKH Ta MOPGOQYHKIIOHAIbHUM cTaH npocTtatd. OfHAK MeXaHi3M peajizalil Koperyrdoro
BIUTUBY 3QJIMIIA€THCS HEBIJOMUM.

Merta: BUBYNTH BHECOK TOPMOHOIIOCEPEAKOBAHNX CHTHAIBHHX IUIIXIB Yy MEXaHI3M (hapMaKoJIOriqHoi Jii OJIiifHOTO eKCTpaKTy Ma-
KITIOpU Y GOpMi pEKTabHHUX CYMIO3UTOPIIB MPU eKCIICPUMEHTANIBHIN TilepIuiasii mpocTaru y Imypis.

Marepiaiu Ta metonu. Ha 60 nrypax 000x crateii 1ociipkeHa roctpa TOKCHYHICTb 10401 pEYOBUHH MPU BHY TPIITHBOLLTYHKOBOMY BBE-
nexni OEM (zo3a 3a girogoro pedoBunoro 5000 mr/kr, n=12) abo cynosutopHoi macu 3 OEM (y103a 3a airo4oro pedoBunoro 1500 mr/kr, n=12).
Ipu pexragbHOMY BBECHHI TOKCHYHICTB JOCIimKyBaan npu BeeaeHHi OEM (no3a 3a gitodoro pewoBunoro 1000 mr/kr, n=12) abo cyro3u-
TOpHOI MacH (J103a 3a Aito4oro pedoBrHoI0 300 Mr/kr, n=12). [pyny inTaKTHOTrO KOHTpOIIO cKitanmk 12 nrypis. Monens CI'TI3 BinTBOproBamu y
camuiB mypiB (Bik 9-11 mic.) macoro 330-360 T (n=18) BBeneHnsM cynpmipuy (40 Mr/kr, BHyTpimmbodepeBHo, 30 1i6). [llypu konTpomsHOT
rpym (n=6) orpumysaiu 0,5 vt 0,9 % NaCl, BHyTpimHbE0oM 130B0. 3 31 10 51 100y eKCriepuMeHTy IIypaM Y JIKyBaJIbHOMY PEXKIMi BBOAWIIH
cynosuropii 3 OEM (380 mr/kr, n=12) abo npenapar nopisrsHH: [Ipoctamiant dopre (35 Mr/kr, n=6) oquH pa3 Ha 100y. IMyHOpepMeHTHIM
METOJIOM Y CHpOBaTLi KpoBi Bu3Hadanu BMicT Tectoctepony (Tc) ta E2, piBens So-aurigporectoctepony (Sa-JII'T). Y romoreHari npocraru
JOCITI/KYBaM BMICT Sa-penykrasu (SaR), a Takox KoHIeHTpawito anaporeHHnx (AR) ta ecrporennnx (ERo) penenropis.

Pesyabrarn. [Ipu BBeIeHHI MaKCHMaIIbHO MOMIIMBHX KibkocTeit OEM TOKCHYHOTO BIUIMBY Ha CTaH BHYTPIIIHIX OpPraHiB HE BCTa-
HOBJICHO, He OyJI0 ¥ JKOJHOTO BHIAKy 3aruOeri TBapuHH. 3acTocyBaHHs cyrno3utopiiB 3 OEM y mrypis i3 CI'TI3 HopMari3yBaio BMICT
cTaTeBUX TOPMOHIB. BusBieHO cyTTeBe iHTiOyBaHHS akTUBHOCTI S0R, 3MeHmeHHs BMicTy AR, 3pocranns Bmicty ERo. ¥V rpymi 3 BBe-
neHHsaM [IpocramnanT ¢opre crocTepirany aHaJOTiuHI MOKpamieHHs. 3po0IeHO MPUITYIIEHHS, 110 peatizalis aHTHIPOITihepaTUBHOTO
edpexty OEM BinOyBaeThest 3a paxyHok koekcrpecii ERa ta ERP, 1o npusBoauts 10 6imokyBanns 3aatHocti ERo pearyBaru Ha sirasn
(ecTporeH) Ta 10 3MEHILCHHI KIITHHHOT rpoidepartii.

BucnoBku. 1. EkcTpakt Maritiopu BigHOCUTECS 10 [V KiIacy TOKCHYHOCTI P BHYTPINIHEOIITYHKOBOMY Ta PEKTaJIbHOMY BBE/ICHHI
(mastotokcnyuHi pedoBuHH). 2. Bukopucranns cynosuropiis 3 OEM y mrypis 3 CI'TI3 Hopmaiisye GyHKIIIOHaIbHY aKTUBHICTB IIepeMi-
XypOBO1 3aJI03H, IO MiATBEPIKYETHCS HOPMaTi3allieo BMICTY CTaTeBUX TOPMOHIB. 3. EKCTpaKT MaKIIIOpU Ha piBHI KJIITHH 3aJI03H iHTi0ye
aKTHBHICTD 50-peIyKTa3u, 3MEHIIYE BMICT PEIeNTOpiB aHAPOTCHIB Ta BiIHOUICHHS TECTOCTEPOH/PEIENTOPH aHAPOTeHiB, MOAIOHO il
JiKapchKUX 3ac00iB iHTi0ITOPIB Sa-peaykrasu. 4. DiTOCYHO3UTOPIi 3 eKCTPAKTOM MAKIIOPH y 1031 380 MI/KT He MOCTYNaroThes 3a edek-
THBHICTIO IPOCTATOIIPOTEKTOPHOI Aif mpenapaty nopisHsHHs [IpocTraruianty ¢opre 103010 35 MI/KT.

KorouoBi cioBa: cyibmipun, rinepruiasis NpocTaT, MIypH, CTaTeBi TOPMOHH, So-peIyKTasa, pelenTopy aHIpOTreHiB, penenTopu
CCTpOTCHIB.

AKTyanbHicTb. JI00posiKicHa TinepIuiasis nepeami-
xypoBoi 3ano3u (JI['TI3) — naiinommpenime 6aratogak-
TOpHE €HJOKPHUHHE 3aXBOPIOBAHHS YOJIOBIKIB CTapIIOi
BikoBoi rpymnu. Ilepenmixypona 3ano3a (I13) Bimirpae
BaXXJIMBY POJb y CKIQJIHHUX [IEPETBOPEHHSIX CTATEBHUX
CTEPOIMiB, AJIS YOTO Y 3aJI031 30HAIBHO EKCIIPECYOTHCS
Maiixke Bci (hepMeHTH iX MeTabomi3My. 3aBASKH HEOMY
BiJI0YBAETHCS MEPETBOPEHHS aHPOCTEHIIOHY Ta TECTO-
ctepony (Tc) ab6o B anxporenu npu aii Sa-peayKrasu
(50R) — y Sa-aHapocTaHioH Ta S0-TUTiAPOTECTOCTE-
poH (5a-AI'T) abo npu 1ii apomaTasu — B €CTPOTCHH
(ectpoH ta ecrpaxion, E2) [1]. TopmonanbHUll eekT
peanizyeThes uepes BinmoBinHi anaporeHHi (AR) abo
ectporenHi perentopu (ER), pons skux y po3BHTKY
AT'TI3 po3misgaeTbes mopyd 3i 3MiHAMH PIBHIB CTEpO-
{1iB Ta aKTHBHOCTI ()EPMEHTIB IXHHOTO METa00I1i3MYy,

110 CIIOCTEPIraeThCsl IPU IBOMY 3aXBOproBaHHI. Hare-
Tep He iICHY€E OTHO3HAYHOTO MOTIISAY MO0 MEXaHI3MiB
po3Butky JII'TI3, ajie OiIBIIICTh JOCTITHUKIB TAKUMHU
BBA)KAIOTh TIOPYIIICHHS OaaHCy MiXK aHAPOTCHAMU Ta €C-
TPOTEHAMU MPH CTapiHHI (IEPEBAYKHO 3HWKECHHS BMICTY
Tc), 3MiHH aKTUBHOCTI 50R 3 HaAMIpHUM YTBOPEHHSIM
So-AT'T, saxuii cripusie npoideparii eniTemnito 3 cymyT-
HIM JucOanaHCcOM MiX arlonTo30M Ta Mpotidepaliiero.
IToBigOMISIIOTH PO OiNBII 3HAYHY aKTUBHICTH S0R y
rifnepIuia3oBaHiil IpoCTari Ta MEHIIy aKTHBHICTb 30-Tij-
pOoKcHcTepoineriaqporeHasu Ta 3B-rizpokcuctepoinie-
rigporeHnasw, siki karabomisyrots JI'T, y mopiBHsHHI 3
HOpPMaJIbHAMHU TKaHMHAMH 3aJI03U. Y4JacTb €CTPOTEHIB
y po3ButKy JII'TI3 po3misnarote: a) sk 6e3MmocepeHbOro
IHIyKTOpa Tinepmiasii, 0) sik iHridiTOpa cexpenii ro-
HAJOTPOIIIHIB 3 MOJANBIINM 3MEHIIEHHSIM CHHTE3y Tc
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S€4YKOM, B) siK cinepricta So-I T nmpu rimepmmnasii cTpo-
MH, Ta T) AK O6e3nocepenHboro peryasitopa uepe3 ER y
kiituHax [13 [1-3]. Hlogo pomi perentopiB cTepoinis,
TO 3HAYHMX BiAMIHHOCTEH y piBHAX ekcmpecii AR, sxi
EKCIIPECYIOThCS TIEPEBAXKHO B EIITEIIT MPOTOKIB MPHU
AI'TI3, He BusBieHo. binpine yBaru J0CIiTHUKHA TPH-
JIUISFOTH 1BoM (hopMaMm perientopiB ectporeniB ERa ta
ERp, sixi Hatenep BBaXXaloTh (DYHKIIIOHAIBHO Pi3HUMHU.
Excnpeciro ERa 3HaX0ATh MepeBaXKHO, aJie He BUKITIOY-
HO, B CTPOMi HOpMaJIbHO{ Ta rinepIuia3oBaHoi IPOCTaTH
[4, 5]. 3naiineno, mo ERo cTUMYIIOIOTE picT KIITHH
IPOCTATH JIIOAMHU in Vivo, 1 Il perenTopu BBaXKalTh
BIJIIOBiJaNbHUMHU 32 nponideparuBHuii epexrt E2 [6].
Inmomy penienrtopy — ERP, sikuii ekcripecyersest 31e0611b-
IIe y emiTemnii MPOTOKiB, — IPUIUCYIOTH 3aXUCHY POJIb
4yepe3 aHTUKaHILIEPOTeHHHUH Ta IIPOAONTOTHIHUH ePeKT
[6, 7]. Ane icHye Oarato CynepewiMBUX pe3yabTaTiB
mono Tounoi pori ERP y [13, Tomy 1ie mutanHs noTpedye
JOAaTKOBHX JOCIIIKEHb, 0COOINBO BPaXOBYIOUH MOX-
JMBiCTh BUKOPUCTAHHS MOIYJITOPIB IIUX PELENTOPIB SIK
(hapMaKkoJIOTIYHUX AreHTIB.

Xouya HaTenep €AMHUM MATOreHETUYHUM 3aCO000M
nikyBanHa HAI'TI3 € inribitopu SaR, ski 3MEeHUIYIOTh
konuentpanito JI'T ta 06’em I13, noBinomia0Th Ipo
psi MOOIUHMX e(eKTiB PH IX 3aCTOCYBaHHI, Cepel IKUX
crareBa JUCQYHKIIISA, IMITOTEHIS, pO3Ja]l eAKyIsAIil Ta
3HIDKEHHS J116i710, TiHekoMacTis [1]. Tomy 30epiraeTbes
aKTyaJbHICTh MOIIYKY HOBUX 3aC00iB JIiIKyBaHHS Ili€] mma-
TOJIOT1{ 3 KOMIUIEKCHOIO JIi€I0 Ha opraHi3M. [lepcriekTus-
HUM 00’ €KTOM JIJIsl (hapMaKoIorii € cymmtians Makiopu
noMapan4oBoi (Maclura pomifera (raf) Schneid.), 6arari
Ha 0i0JIOriYHO aKTHBHI peuoBHHH. Cepen HUX (IiaBo-
HOIIHI CONYKH: (IIaBaHOHH CKaHICHOH, aypUKyIa3iH
Ta Haibinpme — kemndepon (o 1,2 %), i3odpnaBonun
ocaliiH, o Ma€ BiTaMiH P-Tiofli0Hy aKTUBHICTb, & TAKOXK
nomidepun [8-11]. Kpim Toro, BusiBieHo Tokohepoian
a-; y-; B- Ta d-Tokodepos, nomicaxapuau [12], BinbHI
aminokuciotH [13]. loMiHyBaHHS JTMO(MiNEHUX CIONYK,
HepeBaXHO (PITOCTEPHHIB Ta i30()IIaBOHIB, BU3HAUNIIO
JOLITBHICTh PO3POOKHM ONIHHOTO EKCTPAKTY MaKIIOpH
(OEM). Panimre Oyia mokazaHa MpoCTaTONPOTEKTOPHA
aktuBHicTh OEM y 1ypiB 3 CyIbIipu] iHIYKOBAaHOIO
rineprutasieto 113 (CT'TI3), y skux HOpMai3yBaBcs Mpo-
CTaTUYHUH THIEKC, TOKPANIMIKCS 010XIMIYHI TOKA3HUKH
ta MophodyHKIIOHANEHUI cTaH npocrtary [14]. OxHak
MeXaHi3M peaizalii KOperyouoro BILUIUBY 3aJHIIAETHCS
HEBIJOMHM.

MeTa: BUBYUTH BHECOK TOPMOHOMOCEPEIKOBAHUX
CUTHAJIBHUX HUISIXIB (papMakonoriuyHoi Aii omifiHOTO
EKCTPAKTy MAKJIIOpH y (hOpMi peKTaJIbHUX CYIIO3UTOPIiB
IIPY eKCIIEpUMEHTANbHIN rinepruiasii nepeamixypoBoi
3aJI03H Y IIypiB.

MATEPIAJIM TA METOIHN

Ha 60 mypax 060X cTarel mociilikeHa rocTpa
TOKCHYHICTb JIIFOY0i PEUOBUHHM TPH BHYTPINTHHOIILTYH-

koBoMy BBeaeHHI OEM (703a 3a Ait040t0 peYOBUHOIO
5000 mr/xr) (n=12) abo cyno3utopHoi macu 3 OEM
(mo3a 3a mitodoro pedoBuHor 1500 mr/kr) (n=12). [Ipu
PEKTAIILHOMY BBEJIEHHI TOKCHYHICTB JIOCITI/KYBAIH TIPU
BBeneHHi OEM (yo3a 3a nirodoro pedouroro 1000 mr/
Kr) (n=12) abo cymo3uTopHOI MacH (J103a 3a Ji090I0
pedouHOO 300 Mr/KT) (n=12). ['pyITy IHTAKTHOTO KOHTp-
oJTt0 cKiany 12 nrypis.

Monens cyasmipun iHIykKoBaHOI rimeprasii 113
(CI'TI3) BigTBOpPIOBAJIM Y CTATEBO3PIIMX CAMIIIB ILY-
piB (Bik 9-11 wmic., maca 330-360 r) (n=18) BBeneHHAM
cynenipuny (40 Mr/kr, BHyTpiliHbOUE€peBUHHO, 30 110,
Ernownin, Sanofi-Aventis, ®@panmis). lllypu KoHTpoIb-
Hoi rpynu (n=6) orpumysanu 0,5 ma 0,9 % NaCl,
BHYTPILITHHOM ’SI30BO.

331 mo 51 noOy excnepuMeHTy IIypaM y JKyBaIbHO-
My pexuMi BBoamIM abo cynosutopii 3 OEM (o3or0 380
Mr/kr) (n=12), abo npenapar nopiBHsHHS [IpocTarurant
dopte (103010 35 MI/KT) (n=6) OZIMH pa3 Ha A00Y.

3HEeXHUBJICHHS TBapHH Ha 52 100y MPOBOAMIA M-
XOM IIBUKOI AeKaITiTalil, o BiAmoBigae BUMoram «3a-
TabHUX CTUYHHIX MPUHIUIIB IPOBEICHHS €KCIICPHMEH-
TiB Ha TBapuHax» (Ykpaina, 2001).

IMyHO(EpMEHTHUM METOAOM y CUPOBATIi KPOBi BU-
3Hauaiu BMicT Tc Ta E2 Habopamu TecroctepoH-IDA
ta Ectpanion-I®A (XEMA, Pocis). Takox OyB BU3HA-
yernii piBeHs [AI'T TecT-Habopom Dihydrotestosterone
IFA (DRG ELISA, ®iansuHais). Y roMoreHari npocTatu
JIOCJTIJIKYBald BMICT S0R 3a momomororw TecT-Habopy
SRDS5A2 ELISA Kit» (Aviva Systems Biology, CIIIA),
a TaKOXX KOHIIEHTpallito anaporeHHuX (AR) Ta ecTporeH-
Hux (ER0) penenTopiB, BUKOPUCTOBYIOUH TeCT-HAOOpH
«Ar ELISA Kit (Rat)» Ta«Esrl ELISA Kit (Rat)» (Aviva
Systems Biology, CIIIA).

[lepeBipky Hy/IBOBOI riMOTE3H NPO BiACYTHICTH Pi3-
HHILII MDK IpyIaMu IPOBOAMIIH 13 3acTocyBaHHAM U-Kpu-
Tepito ManHa-YitHi. Pi3HHILIO MK rpymaMu BBaXkKanu
CTaTUCTUYHO 3Hauyoo npu p<0,05.

PE3YJITATH TA IX OBTOBOPEHHSI

VY mrypiB 000X cTaTei Mpu BBEACHHI MaKCUMAJIBHO
MOXJIMBHUX KibkocTedt OEM Ta cymo3uTopHOi Macu 3
OEM TOKCHYHOTO BILIBY Ha CTaH BHYTPIIIHIX OpraHiB
HE BCTAHOBJICHO, He OyJI0 1 )KOHOTO BUMAJIKY 3aruoeri
TBapuHH. L{i JaHi JO3BONWIIM BITHECTH JOCIIKyBa-
HI pe4oBHHHU 110 [V K1acy TOKCHYHOCTI IpW BHYTPIll-
HBOIITYHKOBOMY Ta PEKTaJbHOMY BBEAEHHI, TOOTO, 10
KJIacy MaJIOTOKCHYHUX peuoBHH [15].

Pesynbraty BH3HAYeHb OCHOBHUX CTAaTEBHX TOPMO-
HiB HaBeieHO Ha pucyHky 1. Tak, monemtoBannsa CI'TI3
MPU3BENO J0 CYTTEBUX Ta JOCTOBIPHUX FOPMOHAIBEHUX
3miH. Ha 11 3poctanns koHunentpauii E2 (Ha 68,9 %)
i 3HmkeHHs Tc (Ha 63,4 %) Ha 78,9 % 3MeHmmIIOCS
cuiBeinHomenHs Tc/E2. Ilpu npomy Ha 94,1 % 3poc-
na xounentpanis JI'T, axuii mepeBakHO BiAmOBiIa€e
3a PO3BHUTOK MpoTiepaTHBHUX MPOIECIB Y MPOCTATI.
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BinOyBaeThCst CyTTEBE 3pOCTaHHA (MaiiXe BIIECTEPO)
crniBBignomenns JIT/Tc.

700,0 % |BCIm3
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acrns +
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(k]
300,0
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Puc. 1. PiBeHb TOPMOHIB y CHpPOBATIli KPOBI IIYpiB 3 CyJIbIipUI
IHlyKOBaHOIO Tinepruiasieto nepeamixyposoi 3anosu (CI'TI3) micas
BBefieHHs cyno3utopiiB 3 OEM (rpyma CI'TI3+OEM) a6o IIpocTamnant
¢opre (rpyna CI'TI3+IIIT). 3a 100 % mpuiiHATi pe3ynpraTu iHTaKTHUX
TBapuH. Tc — mecmocmepon, umonv/n; E2 — ecmpadion, nmonw/n; JI'T —
ouziopomecmocmepon, nMoab/1. * — 8ipo2ioHi 8IOMIHHOCMI 8i0 KOHMPOIIO,
p<0,05; m — 6ipo2ioni eiominnocmi 6io epynu CI'TI3, p<0,05.

3acTocyBaHHS Y JTIKyBaIEHOMY PEXKHAMI CYIIO3UTOPIiB
3 OEM npwusseso o 36ineuenns Bmicty Tc, Hopmaiti-
3arii Bmicty AI'T Ha i 3mMenmenns E2. Tle Bigoumocs
Ha 30inbuIeHH] cniBBigHomeHHd Tc/E2 y nmopiBHsAHHI
3 KOHTPOJBHOIO TPYTOI0, TOOTO, BiIOYBAa€THCS HOpMa-
Ji3aris TopMOHaNbHOrO (GoHY. Y Tpymi 3 BBEACHHIM
[pocramnant ¢opre (rpyna CI'TI3+I1d) cocTepiranm
aHaJIOT14HI MOKpameHHs. 3a e()eKTHUBHICTIO BIUIMBY Ha
TOPMOHAITBHI MOKa3HUKY cyno3uTopii 3 OEM He nocty-
TAJIKCS TIpenapary MOPiBHIHHSL.

JlocnimkeHHsS BHYTPIITHBOKITITHHHUX 3MiH BHSBHIIO
cyTTeBe 3poctaHHs BMicTy SaR y mypis 3 CI'TI3 (Ha
54 %) ta BMmicty penentopi: AR (Ha 329 %) Ta ERa
(12 93 %) (puc. 2).

450,0 o BmCms
400,0 -
350,0 1 - acms
i +OEM
300,0 7
] acrms +
250,0 - | =
200,0 + T
150,0 %
100,0 e — —
0.0 [

50-R-sa AR Tc/AR AMT/AR  ERa E2/ERa AR/ERa

Puc. 2. [Toka3HUKH KIITHHHUX 3MiH y OPOCTATi I[ypiB 3 CYIbIIpUI
1HIyKOBaHOIO rinepruiasiero 3an03u (CI'TI3) micns BBeACHHS CYyNO3UTOPIiB
3 OEM (rpyna CI'TI3+OEM) a6o IlpoctamnanT ¢opre (rpyna
CTTI3+I1®). 3a 100 % mpuitHATI pe3yabTaTd IHTAKTHHX TBapHH. SoR
— Sa-pedykmasa, ne/ma; AR — peyenmopu anopozetis, He/Mi; HMOIL/;
ER — peyenmopu ecmpoeenis, ne/mn; Tc — mecmocmepon, wmonv/n; AI'T
— duziopomecmocmepon, nmoav/a,; E2 — ecmpadion, nmonv/n. * — 6ipocioni
6iOmiHHOCMI 8i0HOCHO Koumpoto, p<0,05; m — 8ipo2ioni 8ioMiHHOCMI
gionocno epynu CI'TI3, p<0,05.

3pocranHs koHIeHTpanii AR y miit ekcrieprIMeHTalIb-
Hill MoJIei, CKopillle 3a Bce, IHAYKOBAHO MiIBULICHUM
BMIiCTOM HIPOJIAKTHHY, IO BifOyBa€THCS IPU BBEACHHI
cynbripuay [16]. [Ipu Takux 3MiHaX 3MEHIIYETHCS KO-
e¢imient Tc/AR (na 88,2 %), xoua BemunHa JII'T/AR
CYTTEBO HE 3MIHIOETHCS, MOJKIIUBO, 33 PAXyHOK 3POCTaH-
Hs i BMiCTY 11bOTO MeTabomity Tc. CriBBimHOIIeHHS AR/
ER 3pocio Ha 72,7 % 3a paXxyHOK OLITBIIOTO 3pOCTaHHS
BMicTy came AR. Ile Moxe CBIAYNTH HPO MiABHINCHHS
YYTJIMBOCTI 3aJI03H J0 aHAPOTEHiB, 00 BiZIOMO, L0 Tire-
pecTpOoreHis MiABUILY€E KiNbKICTh ab0 miinbHicTh AR y
mpocrarti [17].

ToMy MO3UTHBHUM € (PaKT TOTO, IO 3aCTOCYBAHHS
cynosuropiiB 3 OEM y mrypis 3 CI'TI3 npu3BoauTs 10
HOpMaJTi3alii ycixX JOCTi/DKEHUX TOPMOHAIBHUX ITOKa3-
HUKIB, a Ha KIIITHHHOMY piBHi iHTri0ye akTuBHICTE S0R,
3meHnrye BMicT AR Ta BigHomenHs Tc/AR noni6HO it
TKapChKHUX 3aC001B-1HTI0ITOPIB S0-peayKTa3H.

oo BusBIIEHOTO MK 3actocyBanHi OEM y 113 mia-
BuieHHs BMicTy ER0, TO 116 MOYke OyTH 1TOB’s13aHe 3 mMif-
BHUILIEHOIO KoHIIeHTpaniero E2 Ta edexrom up regulation
monao ERa y mpocTari utypis [18]. MoxHa mymaru, 1o
HopMadi3auis BMicty Tc, y cBOIO uepry, cripusia miBu-
meHHto excrpecii ERP 3a Takum jxe MexaHi3MOM, SIK 1€
MOKa3aHo y NpsIMHX ekcriepuMenTax [18]. A 3aBasku Ha-
sBHOCTI B OEM ¢itoecTporeHiB, CEIEKTHBHUX JI0 IIOTO
THUITy PELENTOPiB, TAKOXK CIiJ oviKyBaTu akTuBanii ERP
[19]. Biporinna xoekcnpecist ERo Ta ER moke mpuzBo-
JWTH 10 O10KyBaHHs 31aTHOCTi ERa pearyBary Ha nirann
(ectporeH) Ta 3MeHINIEHHS KIITHHHOT npoigepartii [20].
Takuii epexr ERPB 00ymMoBIIeHHIA TPSIMUM 3B’ I3yBaHHSIM
perenTopa 3 TeHaMH PETyILILii aronTo3y Ta KIITHHHOTO
ukity [21]. To6To, MOXKITHUBO, IO caMe 338 TAKUM MEXaHi3-
MoM (mipurHiyenHs aktuBHocTi ERa pu koekcnpecii 060x
THIIIB PELENITOPIiB) peatizy€eThCs aHTUIpOTihepaTBHA ist
OEM vy npoctari npu mozemtoBansi CI'TI3.

¥ rpymi, mo orpumyBaina [Ipocramnant ¢opre, cro-
CTepirajmcs aHaJOTi4Hi 3MiHH, SK BITHOCHO TOPMOHAIIb-
HOTO T71a, TaK i TOKa3HUKIB BHYTPIIIHBOKIITHHHHUX 3MiH.
Aune y it rpymi He BizMideHO Takoi Hagekcnpecii ERa
Ta 3pocranHs criBBigHomreHHs E2/ERa i Tc/AR. Cxopi-
11e 3a BCe, TaKi BIIMIHHOCTI TIOB’sI3aHi 3 PI3HUM CKJIaJIOM
OEM Ta IlIl, a came — HasBHICTIO KOMIUIEKCY MaKpo- Ta
MIKpOEJIEMEHTIB (LIMHK, CEJICH, MiJlb, 3aJ1i30), BITAMIHIB,
pecseparpoiia, i30(IaBOHIB Ta iH., IO 3a0e3Meuye 3Ha-
YHUI aHTUOKCUJIAHTHUH e(eKT Ta mepelKopKae Hall-
mipHomy [1OJI, 10 npoaykTiB Axoro ayxe uyTiausa [13.

BUCHOBKHA

1. OmniliHUI eKCTPaKT MaKIIOpH Ta CYIIO3UTOPHA Maca
3 eKCTPAKTOM MaKJIIOpU BigHOCATHCS A0 IV kiacy
TOKCHYHOCTI IIPH BHYTPIIIHBOIITYHKOBOMY Ta PEK-
TaTbHOMY BBEJICHHI (MaJIOTOKCHYHI PEYOBUHH).

2. BukopucTaHHS CyNO3UTOPIiB 3 SKCTPAKTOM MAKIIIOPH
y IIypiB 3 TiMepIuia3ie€to mpocTaTH HopMatizye QyHK-
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I[iOHAJIbHY aKTUBHICTb MEPEAMiXypOBOI 3aJ103H, 1[0
HiATBEPAKY€ETHCS HOPMAJIi3alli€lo BMICTy CTaTeBUX
TOPMOHIB.

ExcTpakT MakiIropu y IIypiB 3 TinepIuiasiero mpo-
CTaTH Ha PiBHI KIIITHH 3aJI03U iHTiI0y€ aKTHBHICTh
So-pemyKrasu, 3SMEHIITY€ BMICT PEIETOPIB aHapore-
HIB Ta BIIHOIIEHHS TECTOCTEPOH/PEIIEITOPH aHAPO-
TeHiB, OJAIOHO JiT JIKapChKUX 3ac00iB 1HT10iTOPIB
Sa-penykrasu.

DiTOCYNO3UTOPIi 3 EeKCTPAKTOM MAKIIOPH Yy A031
380 Mr/kr He mocTynanucs 3a e(peKTUBHICTIO MPO-
CTaTONPOTEKTOPHOI Jii mpenapary mopiBHsHHs [Ipo-
crarmant Gopte 103010 35 MI/KT.
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MPOCTATONPOTEKTOPHBIN 3®PEKT SKCTPAKTA MAKJIIOPHI OPAHKEBOM U ITYTH
ET'O PEAJIN3ALINU

3aituenxo A.B., ? Tauxuii 10.A.

'Hayuonanvnoiii meouyuncxuti ynueepcumem umenu A.A. boecomonvya, Kues, Yxpauna
’Hayuonanvuvlil hapmayesmuueckuil ynugepcumem, Xapvros, Yrpauna

anna.zajjchenko@gmail.com

AKTyalbHOCTb. B sKkcnieprMeHTe moKa3aHo, 4To y KPbIC C CyIbIIUPH MHIYLIUPOBAHHON TUIEpIUIa3uel MpeicTaTeIbHON Kelle3bl
(CT'TIK) mpu npuMEeHEHHH MaCJISIHOTO SKCTPaKTa MaKIIIOphI oparxkeBoit (MOM) HopManu3yeTcs NpOCTaTUYECKUN HHICKC, YAy4IIaioT-
cs1 OMOXMMHYECKHE TOKa3aTesid 1 MOP(POPYHKIIMOHATIBHOE COCTOSIHUE MpocTaThl. OAHAKO MEXaHU3M pean3alui KOPPEKTUPYIOIIEro
BJIVSIHUSI OCTAETCsI HEN3BECTHBIM.

Ileab: M3yIHUTH BKJIAJ TOPMOHAIBEHO OIIOCPEIOBAHHBIX CHTHAIBHBIX ITyTeH B MEXaHU3M (hapMaKoJIOTHIECKOTO IeHCTBHSI MaCIITHOTO
9KCTPAKTa MAKITIOPEI B JOpME PEKTANBHBIX CYNIIO3UTOPUEB IIPH YKCIIEPUMEHTAIBHON THIIEPIIa3uH MPOCTATHI Y KPBIC.

MarepuaJjbl 1 MeToabl. Ha 60 kppicax 000ero mona u3ydeHa ocTpast TOKCHIYHOCTh AEHCTBYIOIIETO BEMIECTBA IPH BHY TPIIKEITYI09-
HOM BBezeHHH MOM (no3a mo neifctBytomemy BemectBy 5000 mr/kr, n=12) unu cynmo3utopHoit Maccsl ¢ MOM (mo3a mo aeicTByio-
memy BeriectBy 1500 mr/kr, n=12). IIpu pekTaabHOM BBEAESHHH TOKCHYHOCTh MCCIEI0BaIN NpH BBeneHnn MOM (n03a mo JeicTByto-
memy BemectBy 1000 mr/kr, n=12) mim cynmnosuropHoi Maccsl ¢ MOM (zo3a 1o neiictByromemy BemectBy 300 mr/kr, n=12). Ipynmny
HWHTAaKTHOTO KOHTpoust coctaBmm 12 kpeic. Monens CI'TIXK co3zgaBanu y camiioB kpsic (Bo3pacT 9-11 mec.) maccoit 330-360 r (n=18)
BBesieHneM cympnupuaa (40 mr/kr, BHyTpuOpromuaHO, 30 cyT.). KpbIckl KoHTpoibHO# rpynms! (n=6) moxydanu 0,5 mi 0,9 % NaCl,
BHyTpuMBIIIeYHO. C 31 mo 51 cyT. sKcrepuMeHTa KpbicaM B JIedeOHOM peXHME BBOAWIM cynmodutopun ¢ MOM (380 mr/kr, n=12)
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WM npenapat cpaBHeHus [Ipocramnant dopre (35 Mr/kr, n=6) oauH pa3 B CyTKH. IMMyHO(EpPMEHTHBIM METOJIOM B CHIBOPOTKE KPOBH
ompenensun conepxkanue tecrocrepona (Tc) m E2, ypoBens Sa-guruaporectoctepona (5o-/1'T). B romorenare nmpocratsl nzydanu
cozxeprkanue Sa-penykrassl (SaR), a Takke KoHIEHTpaluo aHaporeHHbIX (AR) n actporennsix (ERa) penentopos.

Pe3yasbrarsl. [Ipu BBeieHNN MaKCUMAaIbHO BO3MOXKHBIX KOJIMUecTB MOM TOKCHUECKOro BIUSHUSA Ha COCTOSIHUE BHYTPEHHUX Opra-
HOB HE YCTaHOBJICHO, He OBLIO ¥ CITy4aeB rHOeIH )KHUBOTHBIX. Mcnonb3oBanue cymnmnosuropre ¢ MOM y kpbic ¢ CI'TIK HopmanuzoBaio
coiep KaHKe TTOJIOBBIX TOPMOHOB. BEISBIIEHO CcylIecTBEHHOE HHIHOMPOBAaHKUE aKTUBHOCTH S0R, yMeHbIIeHue conepkanust AR, yBemn-
yenue copepxkanus ERa. B rpynme ¢ BBenennem [Ipocrammant ¢opre Habmonany aHanornunsle ymydmenus. Crenano npeanonoxe-
HUE, YTO peanu3anus aHTarnpoaudeparuBaoro s3hdexra MOM ocymectisercs 3a cueT kodkenpeccuun ERa m ERP, uto mpuBoaut k
6nokupoBanuto criocodnoctu ERa pearnpoBars Ha uranj (3¢TpOreH) U K YMEHBLICHHUIO KICTOYHOH Mpoudepaum.

BbiBojbI. 1. DKCTpakT MaKIIOpbl OTHOCUTCS K IV Kiaccy TOKCHUHOCTH NMPHU BHYTPHIKEIIYAOUHOM M PEKTAJILHOM BBEICHHH (Ma-
JIOTOKCHYHBIE BelecTsa). 2. Mcnonp3oBanue cynmosuropueB ¢ MOM y kpsic ¢ CI'TIK HopManusyeT (yHKIHOHAIBHYIO aKTHBHOCTD
HPEJICTAaTeNILHOM JKeJIe3bl, YTO ITOATBEP)KAACTCS HOPMAJIM3aIHell CoepKaHusl TOJIOBBIX TOPMOHOB. 3. DKCTPaKT MAKJIIOPEI HA yPOBHE
KJIETOK JKeJIC3bl MHIMOMPYeT aKTHBHOCTB 50-PeIyKTa3bl, YMEHbIIACT COAEPKAaHHE PEIENTOPOB aHJPOI€HOB M COOTHOIICHUE TECTO-
CTEPOH/PEIENTOPHI aHIPOTEHOB MOTOOHO JEHCTBUIO JTEKAPCTBEHHBIX CPEJCTB MHTHOMTOPOB S0-pemyKTassl. 4. DUTOCYHOZUTOPHH C
IKCTPAKTOM MAKIIIOpbI B 03¢ 380 MI/KT HE ycTynaroT 1o 3p(EeKTHBHOCTH MPOCTATOIPOTEKTOPHOTO JSUCTBHUS Mperapary cpaBHEHHs
[Mpocrarmanty dopre B 103e 35 MI/KL.

KuroueBble ciioBa: Cynbnupua, THIEPINIA3Us IPOCTATHI, KPBICHI, TOJOBBIE TOPMOHEL, S0-peayKTa3a, PelenTopbl aHAPOTeHOB, pe-
[ENITOPBI SCTPOTCHOB.

PROSTATOPROTECTIVE EFFECT OF MACLURA POMIFERA OIL EXTRACT AND THE WAY IT
IS IMPLEMENTED

! Zaychenko G.V., ? Tatskiy Yu.O.

! Bogomolets National Medical University, Kyiv, Ukraine
? National University of Pharmacy, Kharkiv, Ukraine

anna.zajjchenko@gmail.com

Relevance. In the experiment, it was shown that in rats with a sulpiride induced prostate hyperplasia (SGP) which were treated by
the Maclura Pomifera oil extract (OEM), a prostatic index is normalized, biochemical indicators and morphofunctional state of prostate
are improved. However, the mechanism of implementing corrective influence remains unknown.

Objective: to exam the contribution of hormonally mediated signaling pathways of the mechanism of pharmacological effect of oil
extract in the form of rectal suppositories at the experimental hyperplasia of prostate in rats.

Materials and methods. On 60 rats of both sexes, an acute toxicity of the active substance was studied with intragastric administration
of OEM (dose on the active substance 5000 mg / kg, n = 12) or suppositories mass with OEM (dose for the active substance of 1500 mg
/ kg, n=12). Under rectal administration, toxicity was investigated with the introduction of OEM (dose of the active substance 1000 mg
/ kg, n = 12) or suppositories mass with OEM (dose for the active substance 300 mg / kg, n = 12). A group of intact control amounted
to 12 rats. The SGP model was created in rats (age 9-11 months, body mass 330-360 g, n = 18) by sulpiride (40 mg / kg, i.p., 30 days).
The rats of the control group (n = 6) were obtained with 0.5 ml of 0.9% NaCl, i.m. From 31 to 51 days of experiment, rats in therapeutic
mode were treated with OEM suppositories (380 mg / kg, n=12) or a reference drag Prostaplant Forte (35 mg / kg, n= 6) once a day. The
testosterone (Tc) and E2 content, level Sa-dihydrotestosterone (5a-DHT) were determined by the immunoferment method in serum. In
the prostate homogenate, the content of Sa-reductase (5aR) was studied, as well as the concentration of androgenic (AR) and estrogenic
(Era) receptors.

Results. Toxic influence on the internal organs and deaths of animals after the introduction of the maximum possible amounts of OEM
were not observed. The use of suppositories with OEM in rats with SGP normalized the content of sex hormones. Significant inhibition
of 5aR activity and a decrease in the content of AR, as well as an increase in the content of ERa were detected. The group with the
introduction of the Prostaplant forte was observed similar improvements. It was assumed that the implementation of the antiproliferative
effect of the MEM is carried out due to the coexpression of the ERo and ER, which leads to the blocking of the ERa ability to react to
the ligand (estrogen) and to a decrease in cell proliferation.

Conclusions. 1. Extract of Maclura refers to the IV class of toxicity with intragastric and rectal administration (low-toxic substances).
2. The use of suppositories with OEM in rats with SGPH normalizes the functional activity of the prostate, which is confirmed by the
normalization of the content of sex hormones. 3. Extract of Maclura in the prostate cells inhibits Sa-reductase activity, reduces androgen
receptors and the testosterone ratio / androgen receptors as the same to drugs with So-reductase inhibition action. 4. Phytosuppositories
with OEM in a dose of 380 mg / kg do not inferior on the efficiency of the prostatoprotective action of the referens drag Prostaplant forte
in a dose of 35 mg / kg.

Key words: sulpirid, prostate hyperplasia, rats, sex hormones, Sa-reductase, androgen receptors, e
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AKTyaJbHicTh. MeHONay3aabHAHN Mepio]] BHACIITOK HEOOOPOTHOI BTpaTu (GpyHKIIi IECYHUKIB CYIPOBOKYETHCS PI3SHUMH KIIHIYHH-
MU CUMITOMAaMH Ta CUCTEMHHMMH 3MiHAMH. Y CBOIO 4epry, 3aMiCHa TOPMOHAJIbHA Teparlis Ma€ psij MPOTUIIOKA3IB Ta MOOIYHUX e(EKTiB,
TOMY Hapasi € HeOOXiZHICTb MOIIYKY Ta CTBOPEHHs NMPOMIIAKTHYHHUX Ta JTiKyBaJbHHUX 3aC00IB HA OCHOBI IPUPOAHUX CHOIYK, SIKi MalOTh
CIIOPI/THEHICTH /10 J-eCTPOreHOBHX pelenTopiB. BarinambHUi resb 3 pecBeparposioM Ta riallypOHOBOIO KHUCIOTOO 3JaTHUH 3MEHIINTH
arpodivHi MposiBU 3 OOKY CIM30BOi OOOJOHKHM IiXBU Ta BIUIMBATH HA PI3HOMAHITHI CUMIITOMH Iiepioxy MeHomays3u. OfHaK Xapakrep
BIUIHBY, JI03yBaHHs Ta HACIIIIKH TPUBAJIOTO 3aCTOCYBaHHS PECBEPATPOITY MOTPEOYIOTh MOAIBIION0 BUBUCHHS.

Merta: BuBYEeHHS (papMaKOIOTIYHUX BIACTUBOCTEH HOBOTO BariHAJIBHOTO I'eJII0 3 PECBEPATPOIIOM i TiamypoHoBoto kuciororo (I'K) Ha
MOJIETIi TIMOECTPOreHii y 0BapiOEKTOMOBAHUX IIYPiB.

Marepiayiu Ta Metoau. Jlociau nposeneHi Ha 24 ayTOpeHUX OLINX HENMHIHHUX caMKax IypiB, siKi Oy/u po3moinieHi Ha 4 rpynu:
IHTaKTHUH KOHTPOJIb, KOHTPOJIHOBAaHA MATOJIOTisl, KOHTPOJIHLOBAHA IATOJIOTISI Ta BBEACHHS PECBEPATPOIy 3 TialypOHOBOIO KHCIIOTOIO,
KOHTPOJILOBAHA MATOJIOTIS Ta BBEACHHS IIperapary IMOPIBHSHHS 3 CHHTETHYHUM ecTporeHoM. EQekTHBHICT penapaTiB OLiHIOBAIN 3a
IXHIM BIUTHBOM Ha BMICT B KPOBI CTaT€BUX FTOPMOHIB €CTPOTEHY i IIPOreCTepOHY, Ha Macy Tijia, Ha TeMIleparypy Tiia, Ha pH BariHagbHO-
TO CEKPETY, Ha CTaH CIM30BOi OOOJIOHKH ITIXBU

Pesyabrarn. Kypcose 28-1eHHe BariHaibHE BBEICHHS Te€JIsl 3 pECBEPATPOIIOM Ta TlaTypOHOBOIO KHCIOTOIO YIOBIIBHIOBAJIO Ta HOP-
MaJIi3yBajo MpUPICT MACH TiJla OBapiOEKTOMOBAaHHUX CaAMOK IIypiB, CTabii3yBao TeMIepaTypy LIKipH, Cipusuio HopMmadizauii pH Bari-
HaJILHOTO CEKPETy IiXBH, HOPMaJIi30BaJio piBeHb CTATEBUX FOPMOHIB B KPOBI, CIIPHSUIO BiJIHOBJICHHIO €IiTeiaIbHOT INIACTHHKY TIXBH.

BucnoBku. OTpumani pe3yasraTi I0Ka3aln JOIUIbHICTE PO3pOOKH Ta BUKOPUCTAHHS HOBOTO BariHAJIILHOTO I'eII0 3 PECBEPATPOIOM
Ta TIATYPOHOI0 KHCIIOTO0, SK AJFTEPHATHBU TOPMOHOBMICHHM Tpenaparam Ui NpodiJakTuku abo JTiKyBaHHS MATOJIOTIYHUX Tilloe-
CTPOTCHOBHX CTaHIB, III0 BUHUKAIOTH HA (OHI Je(IIUTY €CTPOTEHIB.

KurouoBi ciioBa: pecseparpon, GpitoecTporeHoBa akTHBHICTb, OijlaTepanbHa OBAPiOEKTOMIS IIypiB, FIOSCTPOTCHOBUH CTaH.

AKTyajbHicTh. MeHONay3a — I1e MpUpOIHUA 0i0710-
TIYHAN Tpolec, OO0 XapaKTepPU3y€eThCS MPUITHHEHHIM
MEHCTpyauii BHACIiJOK HeOOOPOTHOT BTpaTH (PyHKIIIT
SIEYHUKIB, BKJIFOYAFOYH OBYJIAIIIIO 1 IPOIYKIIiFO ecTpore-
HiB. MeHONay3anbHi MPOSIBH CYIPOBOIXKYIOTHCS Pi3HO-
MaHITHAMH CUMIITOMaMH: Ba30OMOTOPHI CHMIITOMH, TI0-
PYLIECHHS CHY, HEPBOBO-IICUXiuHi nopymieHHs. [1izHimme
MPUETHYIOTHCS TEHITOYPHHAJIBHI MPOSBH, CEKCyalbHI
po3naau, 3MiHM CTaHy HIKipH, CEPIIEBO-CyAUHHI 3aXBO-
PIOBaHHS Ta 1HIII, IO MOTIPIIYE AKICTh XKUTTS KIHKH B
nepiog MeHomnaysu [1].

Jlist KopekIiii MeHoTay3allbHUX TPOSsBIB MpU3HAYA-
I0Th 3aMicHY ropMoHanbHy Tepamito (3I'T), mo edek-
THUBHO 3MCHIIY€ MATOJIOTIYHI TPOSIBH eCTporeHaedimm-
ty. [IpoTe, npenaparam wi€l rpynu IpUTaMaHHa 3HAYHA
KUTbKICTh TIOOIYHUX pPeaKIliii Ta MpoTHUTIOKa3aHb [2].

BpaxoByroun mo06ivHI peakiiii Ta mpOTHIIOKa3aHHS,
€ HeOOXiAHICTh MiHIMI3yBaTH PU3UKH Ta MiIBUIIUTH
SIKICTB JKHTTTS B MEHOIay3aJdbHOMY mepioni. Tomy €
HEOOX1AHICTH MONUIYKY Ta CTBOPEHHS NMPOQPITaKTHIHUX
Ta JIKyBaJIbHUX 3aC00iB Ha OCHOBI MPUPOAHUX CIIO-

JTyK, SIKi MAlOTh CIIOPIJHEHICTh A0 P-€CTPOreHOBUX
perenTopiB. YBary A0OCIiAHUKIB IPUBEPTAE, 30KPEMA,
pecBepaTpou.

PecBeparpon 3acTOCOBYIOTH IS (papMaKoJIOTid-
HOT kopeknii cumnTomiB MeHomay3u [3]. Cepen ix
(hapMaKkoJIOTTYHNX MTO3UTHBHUX €(PEKTIB Bi[3HAYAIOTH
3HUKCHHS YacTOTH NMPHUILIUBIB [4, 5], KOPEKIIiO CeK-
CYaJbHHX, TeHITOypUHAIBHUX PO3JaaiB [6] Ta BIKOBHX
KOTHITHBHUX qucyHKIin [7, 8]. 11i 3acoOu Takox BU-
KOPHCTOBYIOTh Y ITOCTKIIIMAKTEPUYHOMY Iepiofi 3 Me-
TOI0 Npo(dUIaKTUKH ocTeonoposy [9], oxupinus [10,
11], cepueBo-CyAMHHUX 3aXBOPIOBaHb, META0OOIIYHOTO
cuUHIpoMy Ta Aiabety 2 tumy [12, 13], ximionpodinaxk-
TUKHU paKy MoJ0o4Hoi 3an03u [11]. CBoto eeKTUBHICT
¢iToecTporeHn IOBEIH i NPU MOUIUPEHUX Y KIIIMaK-
TEPUYHOMY Iepiofi TUCOYHKIIIAX Ta30BOTO JHA: TIPU
HETPUMaHHI cedi i Kajy, IpoJIarci OpraHiB Majoro
tazy [14, 15].

OpHak xapakTep BIUIMBY, JO3YBaHHS Ta HACIIIKH
TPUBAJIOTO 3aCTOCYBaHHS (PiTOECTPOTEHIB, 30KpeMa
pecBeparpoiry, IoTpeOy0Th MOAATIFIION0 BUBUCHHSI.
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OOCTIIXKEHHA ®PAPMAKOJOMNYHVX BITACTUBOCTEWN BAMHANBHOMO MESFO 3 PECBEPATPOJIOM
TATIATYPOHOBOK KUCJTIOTOKO B YMOBAX EKCINEPUMEHTAJ/IbHOI O IMNMOECTPONEHOBOIO CTAHY Y LLIYPIB

Mera: BUBYCHHS (papMaKOJOTIYHUX BIIACTUBOCTEH
HOBOTO BariHaJbHOTO T'El0 3 PeCBEPaTPOIIOM Ta Tia-
nyporoBoto kociiororo (I'K) Ha Mozeni rinoectporeHii
Y OBapioeKTOMOBaHHUX IIyPiB.

MATEPIAJIN TA METOIHN

Jocnigu npoBesieH] Ha 24 ayTOpeAHUX OLTHX Hei-
HIHKX caMKax 1ypiB, Macoro 208-220 1. 1 BikoM 6-8 Mmic.
TBapunu Oyiu BUpPOILIEH] Y PO3ILTIIHUKY BiBapito HMY
imeHi O.0. Boromonbus. Llypu yrpuMyBauch y cTaH-
JapTHUX yMOBax BiBapito: Temmeparypa 20-25°C, Bin-
HOCHa BOJIOTICTb 50-55%, MpUpOIHE OCBITICHHS, PALIiOH,
PEKOMEHIOBaHMH JJISI IIUX BH/IIB TBAPUH, TUTHUHA PEIKUM
«ad libitumy. IIpu poBeaeHHI eKCTIEPUMEHTIB JOTPUMY-
BAJTUCh «3arajbHUX €THYHUX MPHUHIIUIIB SKCIICPUMEHTIB
Ha TBapuHax» (Ykpaina, 2001), sKi y3rompKyIoThCs 3 I0JI0-
YKEeHHSIMH €BPOTICHCHKOT KOHBEHIIIT PO 3aXUCT XPeOSTHHUX
TBapHH, SKi BHKOPHCTOBYIOTHCS IS €KCIIEPIMEHTATBHUX
Ta IHIIMX HayKoBUX miner (CtpacOypr, 1985).

TBapuH BUITaIKOBUM YHHOM PO3MOAUISIA Ha YOTHPH
eKCIIEpUMEHTaJIbHI IPyNH, B KOXKHIiH 3 skux Oyso 1o 6
camok: rpyna 1 (n=6) — intaktauii KoHTpob (IK); rpyna
2 (n=6) — xouTponsHa maronoris (KII) — oBapioekro-
MOBaHI CaMKH, Y SKAX BHIAISIIH SIEYHUKH 32 METOIOM
A . Kupmen6nara, miJi TIONEHTaJI0OBUM HapKO30M B
ACENITHYHMX YMOBaXx; Ipyna 3 (n=6) — 0BapioeKTOMOBaHi1
caMKH, siki oTpuMyBaiu 0,1 M1 BariHaJIbHOTO TEIIO 3
pecBeparpoioM Ta riarypoHoBoro kucioToro (KIT + rens
3 P ta I'K), rpyna 4 (n=6) — oBapioeKTOMOBaHi CaMKH,
SKI OTPUMYBIH peepeHTHHI TpernapaT MOpiBHAHHS
BariHanbHU# KpeMm «Koiamotpodin», mo MICTHTh CHH-
ternuHuil ectporen npomectpuH (KII + kpewm 3 I1) 0,1
L. OIiHKY €(eKTHBHOCTI JOCIPKyBaHHX TECT-3pa3KiB
MPOBOJMIIN 32 MIKPOCKOIIIYHUM CTAHOM CJIM30BOi 000-
JIOHKH BariHU Ta CTPYKTYPHUMH 3MiHAMH CEPIISL.

Uepes 5 TuxHIB micis 6inarepanbHOi OBapioeKTO-
Mii caMkaMm ynpomoBx 28 mi0 iHTpaBariHaJbHO YBO-
TN BariHAJBHUH TeNb 3 PECBEpaTpooM Ta Triamypo-
HOBOIO KHCJIOTOIO Ta peepeHTHUIl mpemapaT KpeM 3
TIPOMECTPHHOM.

BarinanbHu# Teinb, 0 JOCITiKyBaBcs, OyB po3po-
OneHuit i kepiBHUITBOM Tpoecopa O.A. Pyban Ha Ka-
(enpi 3aBonchkoi TexHomorii Hday. Kpim peceparpony,
10 MIiCTHTB (BITOSCTPOTEH, 10 HOTO CKJIay BXOASTH ria-
nayponoBa kuciora (['K), sika crpusie CHHTE3y KollareHy
Ta aMiHOKHCJIOT HECTPYKTYPOBAHOTO MATPUKCY — TOJIOB-
HOI PEYOBHMHU CIIONYYHOI TKAHHHU CIM30BUX 000JIOHOK
TeHITOYPUHAIBHOTO TPAKTY, T4 MOJIOYHA KUCIIOTA, 5IKa €
B)XJIMBOIO CKJIaJOBOIO BariHaJILHOTO CEPEAOBHIIA.

Sk mpenapar mOpiBHSAHHSA, 3a MMOKa3aHHSIMU JI0 3a-
CTOCYBaHHS, 00paHo BariHadpHUH KpeM «Kommorpodim»
(Himepnannu, cepis: 6H772). Kpem MicTUTh CHHTETHY-
Huil ectporeH — npomectpuny (IT) 03010 10 Mr/t.

EdexTuBHICTD TeCT-3pa3KiB OLIHIOBAIH 3a HU3KOIO
MOKa3HMKIB. Macy Tijla TBApWH BUMIPIOBAIH Ha MPOTS31
28 1HiB, BpaHIIi HATIIE Ha JTaOOPATOPHUX E€ICKTPOHHHUX

Barax FEH-300 (AnD, Ykpaina). TemnepaTypy Imkipu
0inst KopeHs XBocTa peecTpyBaiiu B inTepsadi 3 09.00 g0
10.00 momus mpotsirom 28 nHiB (Tepmomerp Thermo Tek
QS5, Medical Indicators Inc). Ilefi moka3HUK BBaXarOTh
€KBIBAJICHTOM CHMIITOMY «IIPHJIMBIB JKapy» y *KIiHOK.
KucnoTHOCTh BariHanpHOrO cekpeTy pH BuMiproBamu
JBivi: 32 24 TOAWHY JI0 MOYATKY JIKYBaHHS Ta MIiCHs
28-IeHHOTO JIIKYyBaHHSI, yepe3 24 roAWHH MiCIs 0CTaHbO-
rO BBEJCHHS TECT-3pa3Ky abo mpemapary mOpiBHIHHS.
INokazuuk pH BariHaJIbHOTO CEKpeTy BU3HAYaIH 3a JI0MO0-
moroto pH-tectiB Citolab (DFI Co, Ltd, Kopest). Bmict
CTaTeBUX TOPMOHIB (€CTpaio, MPOrecTEpPOH) B CHPOBa-
TIIi KPOBi CAMOK II[ypiB IIPOBOJAMIN METOOM iMyHO]Ep-
MeHTHoro aHanizy (IPA) Ha iMyHOpEpMEHTHOMY aHaTi-
3aropi Stat Fax 303 plus (Awareness Technology, CI1IA)
i3 3aCTOCYBaHHSM CTaHIAPTHAX HaOOpiB peakTuBiB «Ec-
tpanion I®A» i «IIporectepon IGA» (TOB «XEMAY,
VYkpaina). 3pa3ku mixsu ¢ikcyBann y 10%-po3unHi Hel-
TpanbHOTro hopmaniny (Ha hocdarHomy Oydepi, pH 7,4).
3 MiXBH OTPUMYBAJIU TIOTIEPEYHI 1 TO30BXKHI 3pi3u 2-3
MM i 3anuBanu y mapadin (Leica Surgipath Paraplast
Regular) uepes izomponanon-napadinouii Meton. Mop-
(boMeTpruHY OLIIHKY MPOBEJECHO y nakeTi nporpamu Carl
Zeiss (AxioVision SE64 Rel.4.9.1), ans uporo mikporpe-
maparty JOCTIKyBalH 1 pororpadyBanu Ha MiKpOCKOI1
Olympus BX 51. Ha mikpodoTtorpagisix 3 30iIbImeHHIM
00’extuBy %20, x40, sxi Oynu onepkaHi 3 OMHOTUITHUX
JUISTHOK TOCTiKYBaHHUX 3pa3KiB, BUMIPIOBANIH JTiHINHHI
MOKA3HHUKH: Y CITU30B1i 00OJIOHIII TIXBU — TOBIUHY €ITi-
TENabHOI TUTACTUHKY (MKM).

CTaTUCTUYHUH aHaJIi3 OTPUMAaHUX PE3yJbTaTiB
MPOBOJMIIH 32 TOIMOMOTOI0 KOMII IOTEPHHUX Mporpam
Statistica 6.0, 3 BUKOPUCTaHHIM OXHO()AKTOPHOTO JHC-
nepciiiHoro ananizy ANOVA, napHoro ABoBUOIpKOBOTO
t-TecTy A cepeaHiX (AMHaMika 3MiHM TeMIlepaTypu
HIKipHUX MOKPUBiB). 3HAUCHHS PAMIB 1 iX CepeAHbOKBA-
JpaTU4HI MOMUJIKH TOPIBHIOBAIM MiXK cOOOI0 3 BU3HA-
yeHHsIM KoedinieHTa CtriofnenTta abo Heromena-Keitnca
— Y BUINAAKy HOPMAJIBEHOTO PO3IO/LTY, HelapaMeTpruiec-
koro kputepito Kpyckana-Yomrica, diniepa — A5 JaHUX,
SIK1 HE TIKOPSAIOTHCS HOPMAITLHOMY 3aKOHY PO3TOJLTY.
CratrcTiHy MOP(}OJIOTIYHY OIIHKY ITPOBEICHO Yy MPO-
rpami Origin Lab version 8.0. MixrpymoBi BiIMiHHOCTI
OIliHIOBaJIM 3a H KpuTepieM Kpyckana-Yomica, ogHO-
¢daxropanm ANOVA TectoM. JlaHi HaBeneHO Y BUTIIAI
MeliaH! 3 KBapTIIEHEM po3noniiom (Me[Q1-Q3]) abo
CEpEeHBOr0 3HAYCHHS Ta MOXUOKU KBAJAPATHYHOTO BiJi-
xminenHs (M£SE). BiamMiHHOCTI MOKa3HUKIB BBa)Kajiu
CTaTUCTUYHO 3HauymuMu npu p < 0,05.

PE3VJIBTATH TA iX OBTOBOPEHHS

[Naronmoriyne 301IbIIEHHS MacH Tijia B IEPioj MEHO-
Tnay3u € HACIiAKOM JIe(iluTy Ta JrcOallaHCy eCTPOTEHIB
i recTarcHiB B KpoBi. XapakTepHUM MeTa0OI{9HUM TIPO-
SIBOM MEHOIIay3aJIbHOTO CHHAPOMY € TIOPYIIIEHHS JITTijI-
HOTO 0OMIHY, III0 MOYKE TPaTH BAXKIIUBY Ta BUPIIIATbHY
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POJb Y PO3BUTKY METAOOJIITHOTO CHHAPOMY Ta I[yKpO-
Boro naiabety 2 tumy. [Ipu KniMakTepuIHOMY CHHAPOMI
JUHAMIKa MaCH Tijla € HEMIPSIMUM ITiATBEPPKEHHIM pe-
JIEBAaHTHOCTI MOJIETI TioecTporeHemii Ta e(eKTHBHOCTI
TECT-3pa3Ka BIUIMBATH HA I CUMIITOM, SIKHI BUHUKAE
BHACIIIJIOK TUCOAIaHCY CTEPOITHIX TOPMOHIB y KPOBI B
MeHoTay3aJIbHUH niepiox [ 16]. Ha movaTky ekcriepuMeH-
Ty BCi TBapHHHU MaJld MPUOIN3HO OTHAKOBY Macy Tina:
Bix 208,67 + 1,82 1 mo 218, 00 £ 1,63 r (Tabmn.1).

B rpyni IK HanpukiHIi 5 THXKHS €ClIEpUMEHTY BiJl3Ha-
YaBCs HE3HAYHUI MPUPICT MACH TiJIa TBAPHH, KU CKIIa-
nan 2,6%. Y Tol ke yac, miciisi MOAEIIOBaHHS TIOeCTPo-
T€HOBOI'0 CTaHy Maca Tijla 0BapiOeKTOMiPOBaHHUX LIypiB
CTAaTHCTUYHO IOCTOBipHO 30imburyBainacs a0 249,67 +
2,25 1, i mpupicT 1 IepeBUIyBaB TAKUH y IHTAKTHHX IITy-
piB B cepenapomy Ha 11,57-14,57 %. CnocrepesxeHHs 3a
OBapiOCKTOMIPOBAHHUMH CaAMKaMH IIypiB (6-9 THKICHB)
mmokaszaito, mo Maca tina B rpymi KII qocroBipHO 361316-
mmtacst B opiBastHHI 3 1K, a mpupicr 1i craHoBHB 5,6 %.
B rpymi KIT + rens 3 P ta 'K ta B rpymi KIT + kpem 3 IT
Maca Tijla TBapHH, SKUX JIiKyBau, Oyna Hukde (p <0,05),
HiX Maca TBapuH B rpymi KII, a BTpatu xupoBoi macu
TKaHWHU CKJIajiana B cepeaubomy 27,84 -29,17 1.

3 Mo4aTKy €KCIePUMEHTY Ha MOMEHT IEPBUHHOTO
3Ba)KyBaHHS 1 10 BUBEICHHS LIyPiB 3 EKCIIEpUMEHTY (9-i
TIDKIICHB ) IPUPICT MacH TiNa y caMok InypiB B rpymi KII

+ rens 3 P ta 'K 6yB Ha 17,04% Huxdge, Hixk B rpymi KIT
1 IOCTOBIpHO HE BiApi3HABCS Bij 3HaY€Hb Mpemapary
HOPiBHSHHSL.

Ile Bka3ye Ha Te, 1m0 NIpU 28-AEHHOMY KypCOBOMY
BBEJICHHI BariHaJILHUH rellb, 0 MICTUTh (iTOECTPOTreH
pecBepaTpol, 3MaTHAN YIOBUILHUTH T4 HOPMaTi3yBaTH
MIPUPICT MACH TiJla y OBAPIOEKTOMOBAHHUX CAMOK IIypiB.
[Ipu 11boMy B rpyIIi TBAPHH, SKHM B SKOCTI 3aMICHOT Top-
MOHoOTepartii BBoImH kpeM 3 [1, Maca mypiB mpakTHIHO
HabmKazacs 10 MacH Tija 310pOBUX TBapuH. Sk 6auu-
MO, JKOJIEH 3 IOCHII)KYBaHUX IperapariB He BUKIMKaB
301IbIIEHHS] MAaCH OBapioeKTOMOBaHUX HIypiB. [Ipore,
HalO1IBII eheKTHBHUM 3aCO00M AJISI HOpMaTizalii Hal-
MIpHOI Baru py ril0eCTPOreHii BUSBIIINCS BariHAIBHUN
reJib 3 PECBEPaTPOIIOM.

Takox 10 paHHIX KIIMAaKTEPHUIHUX CHUMIITOMIB Bif-
HOCSITBCS Ba30MOTOPHI ITOPYIICHHS, a caMe IPUIUIABU
)Kapy, HigHa miTmBicTh [17]. XKiHowi cTareBi ropMOHU
BILTMBAIOTHh HA BCi OPTaHH, BKIIOYAIOUH IICHTPAIBHY
HEPBOBY CHUCTEMY, KPOBOHOCHI CYIWHH, CepIle, KiCTKH,
CITN30Bi 00OJIOHKH IMiXBHU, CEYOBHIITBHY CHCTEMY, IIKIpY
Ta iH. J{J1s BUSBICHHS BA30MOTOPHHX PEAKIiNd Y TBAPHH
BHUMIPIOBAJIM TEMIIEPATypy LIKipH 01/ KOPEHHS XBOCTa
Ha NpoTs3i 4 TIKHIB (Tall. 2).

Ha BigmiHy Bif iHTaKTHHX (3ZOPOBHUX) TBapHH, Yy
SKHUX Tpadik TeMrepaTypH LIKipHu BIPOAOBXK 4 THXKHIB

Tabmums 1
Junamika 3MiH MacH Tij1a 0BapioeKTOMOBAHHX CAMOK LIYPiB 10 Ta MicJis JIKyBaHHS
) Maca uepe3 5 THXKHIB mic/s1 Maca micsist 4 THXKHIB JIIKyBaHHSI
Maca_ mypiB 50 MOJE/IIOBAHHS NATOJIOTIT (9 THIKIEHb eKCIIEPUMEHTY) Ipupict Macu 3 mo4aTrKy
O0BAPI0OEKTOMII, I R eKCIepHMEHTY, %
Tpyna r AGe, T Ipupict, % AGe, T pupler ’
4M 3HUKEHHS, Yo
IK 208,67+ 1,82 | 214,17 +2,18 2,6 217,83 +2,51 1,74 4,55
KII 211,33 +£1,15 | 246,33 £ 1,19% 14,22 260,17 + 1,92* 5,6 23
+
Kil*remss | 51800+1,63 | 24533+3,16% | 11,15 231,00 +2,46%/* -5,84 5,96
Pral'K
KIT + #I&
217,5+2,63 | 249,67 +£2,25% 12,9 232,33 +2,67*/%/ -6,96 6,83
kpem 3 I1

IIpumimku: * — 0ocmosgipno gionocro epynu IK (p < 0,05); #— docmogipro sionocro epynu KII (p < 0,05); & — 0ocmosipro 6i0HOCHO

epynu KIT + 2env 3 P ma I'K (p < 0,05)

Tabmurs 2

JuHaMmika TeMneparypu Tina (t0) y kopeHsi XBOCTa 0BapioeKTOMOBAHHMX CAMOK

J10 T micjs JiKyBaHHS

t’ 1o t’ uepe3 5 THIKHIB micas t* micsist 4 THIKHIB JTIKYBaHHSI IinBumenns t°
I'pyna oBapioexTomii, C’ MOJIEJIIOBAHHS MATOJIOT T (9 THIKIEHb eKCIIePUMEHTY) 3 MOYATKY
A6c, C° 1, % Aéc, C° tum |, % KCePHMEHTY, %
IK 32,83+0,14 32,92+ 0,05 0,28 32,94+0,11 0,06 0,34
KII 32,9+0,12 36,18 £ 0,05* 9,1 36,15+ 0,03* -0,08 10
KII + rens 3 P 32,8+0,8 35,67 £0,05%* 8,2 33,12+0,12* -7,2 1
ta 'K
KIT + xpem 3 I1 32,75+ 0,18 35,52 +0,16* 7,9 33,27 +0,3* -6,42 1,6

Ilpumimku: *— cmamucmuuro 0ocmosipua pisnuys 3 2pynoro IK (p < 0,05); #— cmamucmuuno oocmosipra pisnuysa 3 2pynoio KI1 (p < 0,05).
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MaB MOHOTOHHHUH XapaKTep, KOJUBAIOYHCh y MeXax BiJ
32,70 no 32,94 °C, y oBapio€KTOMOBAaHHX CaMOK (Tpyrma
KII) BigmiveHo KonmuBaHHS TemneparypH 1o 36,18 °C Ha
5-¥ TWOKJCHB 1 10 KiHIIS €KCIICPUMEHTY, 1€ CBIAYUTH PO
Ba30MOTOPHI PeakKilii, IKi KBai(iKyBalH, sk piBHO3HAUH1
«TIPHUIIABAM Kapy».

B rpymax oBapio€KTOMOBaHHUX CaMOK IypiB, SIKUM
MIPOBOIMIIH JTIKYBaHHS BariHaJbHHUM TelieM 3 pecBepa-
TPOJIOM Ta TiaTlypOHOBOO KUCIIOTOIO, TEMIIEpaTypa Tijia
He BiJipi3Hsacs Bix Hopmu, t = 33,120 C, 1o cBigunTh
PO HOpMaJTi3allilo TepMOorepyJsuii Ha GoHI KypcoBOro
niKyBaHHs. Tako MpH BBEJICHH1 KPEMY 3 POMECTPUHOM
TeMIleparypa KoiauBajgach B Mexax Hopmy, t = 33,270 C.
Ieit mOKa3HUK CTAaTHCTUYHO JOCTOBIPHO BiAPI3HIBCS
BiJl 3HAUEHb TEMIIEPATypH Y OBAPiOEKTOMOBAHUX Ca-
Mok mrypiB 3 Tpymu KII (p < 0,05). IlixOuBatoun mis-
CYMKH, MOKHA TIPUITYCTUTH, IO st PiTOECTPOreHIB y
nociipkyBanbHOMY Teni 3 P ta 'K Oyia moB’si3aHa 31
3IATHICTIO 3MECHIIYBAaTH BUBUILHEHHSI TOPMOHIB, TAKHX
sk TTT (tipeorponHuii ropmon) Ta JII' (mroTeiHi3younii
TOPMOH), SIKi BiAITparoTh KIIOYOBY Ta BaXKJIHBY POJIb
y MaTOreHe31 «IPHUIUBIB Kapy» B KIIMAKTEPHIHOMY
niepioxi [18].

Ilix yac MeHOMay3H B )KIHOUOMY OpraHi3Mi 3MeH-
IIY€ThCS KUIBKICTh BUPOOJIEHHS KIHOYUX CTAaTEBUX
ropMoHiB. Taki ropMoHanbHI epeOyn0BH 3MEHITYIOTH
KUTBKICTh CEKPETY, 1 3HUKAE MMOKUBHE CEPEIAOBHUIIE IS
nakrobakTepiif, BHACTiZOK 4oro 3poctae pH Barinanb-
HOTO CEKpeTy MiXBU. B 1ielt mepioy xiHKY BiJ9yBalOTh
CyXiCTh y MiXBi, MOApa3HeHHs, a piBeHb pH (B HOpMI
4,0-4,5) nmigBumryethest 10 6,5-7,0. JIy:xHe cepenoBuiie
CTOHIITY€ CIIN30BY OOOJOHKY IiXBH, BUKJIHKAE CYXiCTh,
3’ SIBJISTIOTHCSI MIKPOTPIIIUHKY 1 HMOBIPHICTD 3apaXKeHHS
pi3HUMHU 1HPEKIISAMH, 110 TPUBOJIHUTH A0 CHMIITOMIB
aTpo¢iyHOro BariHiTy Ta JucKoMQopTy IiJ Yac crare-
BOTO KOHTAKTY, 3HUKYETBCS SIKICTh JKHTTSL.

V 3B’43Ky 3 IUM BUBUYABCS BIUIUB JIOCIiIXKYBaIbHOTO
TECT-3pa3Ka Ha MOKa3HUK pH BariHajIbHOTO CEKpETy Y
CaMOK IIypiB 3 TimoecTporexiero (puc. 1).

PH BariHanbHOTO CeKpeTy

~

BN\ \\\§

7 7

P
(L]

M\

KN +renb3PralK KM+xpem3n

W A NiKYBAHHR % RicAn AiKyBaHAR

Puc. 1. 3nadenns pH BariHaIbHOTO CEKpeTy Y CaMOK IIypiB.

IIpumimku: nepuii cmognuuKy 8 NApax — GUXIOHI 3Ha4eH s
PH; opyei cmosnuuku — 3nauenns pH nicna 28-0ennozo kypey
JIKYBAHMUAL.

Uepes 5 THXKHIB micisg NPOBeAEHOI omnepartiii oBapi-
oeKkTOMii caMKu IIypiB OynM MOAiNEHI HA TPYIH, MiX
SIKMMH TIepe]] TOYaTKOM JIKyBaHHS He OyJ0 BiA3HAYEHO
pi3uumi B mokasaukax pH. IIpu Bumiprosanni pH Bari-
HaJbHHUX 3MHBIB BCTAHOBIICHO, 1[0 Y CAMOK II[ypiB TO-
kasHuK pH 30utemmBes 3 4,0 10 7,0, TOOTO KUCIIOTHICTH
BariHaJbHOTO CeKkpeTy 3MeHmyBanacs (puc. 1). [Ipu
rinoQYHKIIT S€YHUKIB 3MEHIIYETHCS CHHTE3 €CTPOTEHIB.
Ectporenu 301IbIIyIOTE BMICT IITIKOTCHY, SIKHIH aKTHBYE
pPO3pOCTaHHs 0araToiapoBOTO SIiTeNi0, a BiITyIeH]
KIIITUHHU eMiTeNito € cydocTpaToM 11t (PepMEHTIB KUTTE-
JSUTBHOCTI TAKTOOAKTEpil, AKi, B CBOIO Uepry, yTBOPIO-
I0Th MOJIOYHY KHUCIIOTY, III0 € OCHOBHUM MEXaHi3MOM il
(hopMyBaHHS KHCIOTHOCTI BariHaJIbHOTO CEPEIOBHIIIA.

[Ticnst mikyBaHHS KACIOTHICTH BariHAIBHOTO CEKPETY
BUMIipIOBaH BApyTe. TaknM 4MHOM, BCTAHOBIICHO, 110
3HaueHHs pH BariHaJIbHOTO CEKpeTy B TPyIax CaMoK
IIypiB 31 30epe)KCHUMHY 1 BUAAICHUMH S€YHUKAMH HE
3MIHMJIACS, 3aJIMIniIaca Ha Bigmitkax 4,0 1 7,0, Bigmo-
BigHO (puc. 1).

Kypcoge 28-1eHHe TiKyBaHHS 0BapiOCKTOMOBAHHX
CaMOK BariHaJIbHUM T'eJIeM 3 PeCBEpaTpoJIoM Ta rialypo-
HOBOIO KHCJIOTOO O3UTHBHO BIUIMBAJIO HA CTaH CIU30-
BOI OOOJIOHKH MiXBH, 30KpeMa NMPU3BOAUIO J0 BiJHOB-
JieHHs (i31070TIYHOTO Jiara30Hy 3HaU€Hb KMCIOTHOCTI
BariHalIbHOTO CEeKpeTy (Moka3HuK pH 3HMXKYETHCS 10
(hiziomoriuHuX 3Ha4EHb, a came 4,37-4,5). Llei mokazHuK
CTaTUCTUYHO JOCTOBIPHO BiAPI3HSIBCS BiJ MOKA3HUKA Y
HenmikoBanux TBapuH KII. TTicns mikyBaHHS OBapioeKTO-
MOBAHHUX CaMOK IITyPiB KPEMOM 3 TIPOMECTPHHOM CIIOCTE-
piranacst HopMmaiizaiis pH BariHanbHOTO CEKpeTy, 1 e
MOKa3HUK Maibke BiInoBigaB qanum rpymu IK.

TakuM 9MHOM, JaHWH TOCHTIKYBaJIbHUHN BariHaIb-
HUI relib 3 pecBepaTposIoM Ta rialypoOHOBOIO KUCIOTOK
CIpUAB 3HMWKEHHIO Ta HOpMaii3auii pH 1o moka3Huka,
KU XapaKTepU3yBaB cepealy BariHAILHOTO CEKPeTY, SIK
KHUCITY, 1 He TOCTYMAaBCsI IPU LIbOMY IIpenapary MOpiBHSH-
HS KpEMY 3 IPOMECTPHHOM.

Hait6inbmn xapakTepHi 3MiHH, SKi CIIOCTEPIraloThes
HICJIS XipypTivHOTO BUAAJICHHS S€YHUKIB, CTOCYIOTHCS
PIBHSI CTaTeBUX TOPMOHIB — €CTPA/II0Iy Ta IPOTECTEPOHY
B KPOBI.

[lepion MeHOMay3u € HOpMATBLHUM (Pi310JOTIUHUM
MPOIECOM Ta XapaKTepU3yeThCsS 3HIKCHHSIM CHHTE3Y
1 CeKpelii CTaTeBUX CTEPOIMHUX TOPMOHIB. PiBeHb ec-
TPOTEHY 1 MPOTeCTepOHy BILUIMBAIOTh Ha BC1 OpPraHu i
CHUCTEMH KIHOYOTO OPraHi3My Ta € «MilIeHSIMU» MpU
rinoecTpOreHOBOMY CTaHi.

BwicT crareBux ropMOHiB (ecTpaion, MporecTepoH)
B CHPOBATIIi KPOBi CaMOK IIypiB IPOBOAMIN iIMyHO(eEp-
MeHTHUM MeTozioM. Pesynbraru [OA nponemoHcTpyBaiin
CTaTHCTHYHO AOCTOBiIpHE 3HI)KEHHS PiBHS TOPMOHIB Ha
(hoHI TBOCTOPOHHBOT OBAPIOCKTOMIT, a came: piBHS ecTpa-
Jioiy — B 2 pasi, a IporecTepony — B 2,8 pasu, BiTHOCHO
nanux rpynu K, mo HanpsiMy 1oB’si3aHO 3 ONIepaTiBHUM
BTPYYAHHSIM 1 PI3KHM 3HIKSHHSIM CTEPOiTHUX TOPMOHIB.
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Tabmuis 3

BwmicT craTreBuX ropMoHiB y cHpoBaTIi KpPoBi oBapioekTo-
MOBAHHX CaMOK INYpiB

PiBenb PiBenb
I'pyna ecTpajioury, NPOrecTepomy, nr/
r/mi M
IK 46,7+0,6 23,3+0,3
KIT 23,07+0,3* 8,34+0,2*
KIT + rens 3 P ta 'K 35,4540,8*/* 12,1+0,3*/*
KIT + xpem 3 I1 39,540,8%/%/% 15,9+0,4%/%/%

Hpumimku: * — cmamucmuyno 00cmogipHa pizHuys 3 0a-
numu epynu IK (p < 0,05); #— cmamucmuuno oocmosipua
pizHuys 3 danumu epynu KII (p < 0,05); & — cmamucmuyno
docmogipHa pisHuys 3 danumu epynu KI1 + eenv 3 P ma I'K
(p <0,05);

Kypcoge BariHampHE BBEJCHHS I'€III0 3 peCBEpaTpo-
JIOM Ta TiaJlypOHOBOIO KHCIOTOIO MOMipPHO BILINBAJIO
Ha piBeHb CTATEBUX FOpPMOHIB. BMmicT ecTpaziony B cu-
pOBATIIi KPOBi TBapHH Ii€l Tpynu xoua i OyB B 1,5 pasu
Butie (p < 0,05), Hix y camok 1rypiB rpymnu KI1, ane Bce
’K TaKu He Jocsras 3HaueHb IK. Anamorigno, cmocre-
pirasocs 3pocTaHHs PiBHS MPOTeCTEPOHY, Kl y 1,4
pasu (p < 0,05) nmepeBHIIyBaB MOKA3HHUK Y HEJIIKOBAHUX
OBapiOCKTOMOBAaHHUX CAMOK i TaK CaMo HE JTOCATaB PiBHS
1HTaKTHUX TBapHH. PiBeHb ecTpaaiony B CHpOBaTLi KPOBi
CaMOK, K1 OTPUMYBAaJIK KPeM 3 MPOMECTPUHOM, BipOriJI-
HO HE BiJIpi3HABCS Bil JaHUX IHTAKTHOI 'PYIH TBAapHH,
TOJI SIK piBEHB MporecTepony OyB y 1,5 pa3iB MeHIINM,
HiX y camok IK. OTpumMani pe3yapratu cBig4yarh, IIo
YKOIHUH Tpenapar He 3MaTHHH LIJIKOM BiZHOBUTH IOp-
MOHAJIBHUH ()OH Y CHPOBATIII KPOBI €KCIIEPUMEHTAITLHHX
TBapuH. [Ipenapar MopiBHIHHS KOpEeryBaB CTaH Tinoe-
CTpoOTeHeMil, alle CJTabKo BIIMBAB Ha piBEHb Mporecre-
poHy. Oco0IHBOI yBaru 3acIyTroBYE Te, IO 3aCTOCYBaHHS
BariHanbHOTro Tens 3 P ta 'K makixe HOpMmaizyBaio
PIBEHB eCTpaIioNy Ta mporecTepony B nopisHsHHI 3 KII.

3 MeTo10 00’ €KTUBHOI OLIIHKY JIiKyBasibHOI Aii Oyino
JIOIIUTEHUM JIOCTIINTH BIUIMB TE€CT-3pa3KiB Ha MIKpO- Ta
MaKpOCKOMIYHHUH CTaH TKaHUH CITM30BOI 00O0JIOHIII TIXBU
CaMOK IIypiB 3 IiMOECTPOreHeMI€IO.

INcrocTpykTypa nixsu camok nrypis rpymu IK Biamo-
BiJlaJIa BUJIOBil HOpMi, @ caMe: CTiHKa ITiXBH CKJIa aJiacs
3 TPHOX OOOJIOHOK: BHYTPIIIHBOT, CEPETHBOT M>S30BOT
000JI0HKHY (BJlacHA IIACTHMHKA CIU30BOI OOOJIOHKH —
CTpOMa) Ta 30BHINIHBOT CITOTYYHOTKAHHHHOT 00O0JIOHKH.
EniTenianpHa mIacTHHKA XapaKTepH3yBajach TOCTaT-
HBOIO TOBIIMHOIO EIITENiadbHOI IJIACTHHKH (B Cepe-
HpoMy 200-400 MKM) Ta ckinajganacs 3 6araromapoBoro
HE3POToBLIOrO EMiTeNi0, 3 YiTKO0 MOP(OodyHKIIOHATb-
HOI TudepeHIiamnieo Ha 0a3anbHui, MPOMIXXHUHN Ta
noBepxHeBHH mapH (puc. 2). Ha Mmopdonoriunomy piBHi
IIPE/ICTAaBIICHA BIACHA ITACTUHKA — ITyXKOIO CIIOTyYHOIO
TKaHUHOIO, SIKa BPOCTA€E y eHiTeTiadbHy INIACTHHY Y
BUDJISAJII COCOUKiB. BOHa MiCTHUTh TOOTMHOKI KPOBOHOCHI

Kaminsipu, ¢pibpodiactu Ta Mmakpodaru (ocodauBo Ha
MEKI1 3 eMiTeNiaNbHOIO MIIACTHHKOI0). Y CIIONyYHiN TKa-
HUHI PeECTPYBaAJIM KPOBOHOCHI CY/THHH (TTOOAWHOKI TeMO-
Karmiysipr). MopgoIoriyHrX 03HaK 3aIaibHOTO IPOIIECy,
KPOBOBWJIMBIB 200 TUCTPODIUHUX 3MiH eHiTeTalIbHOT
IUIACTHHKHY CJIM30BOI OOOJIOHKH ITIXBU HE BiMIYaIOCH.
JleckBamartis emiTesiro Ta moMipHa iHGUIETpaIlist MaKpo-
(hbariB y 3pa3kax Bignosijgana (i3ioJOoriYHOMY CTaHy
CIM30B01 000TIOHKY MmixBH [19].

7L

j N

a-IK 6-KI1 6-cenv 3 P ma I'K 2- kpem 3 11

Puc. 2. Mopdoioriunuii i ricTONOrYHUN CTaH emiTeTiaIbHOL
IUTACTHHKH MIXBH:
a — IHTaKTHHUX caMok (¢isionoriynnii cTan); 6 — camok rpynu KII,
35 noba micns oBapioeKToMil (pi3ke 3MEHIICHHS TOBILMHH EMiTeNialbHOT
TUIACTHHKH, K HPOSIB aTPO(IUYHNX 3MiH €MiTeNiI0 CIU30BOT 000IOHKU
nixBu); B — camok rpynu KII + rexs 3 P Ta 'K (BupaxeHi BiiHOBHI
TIPOLIECH eNiTeNianbHOT IITACTUHKH CIIM30BOT 000IOHKH MiXBH, pereHepariis
emiTenifo); T — camok rpymu KII+ xpewm 3 I1 (akTuBamis BiZHOBHOTO
nporecy, arpodiuHi MPOsIBY eMiTeNiadbHOI MIACTUHKH).

Ilpumimku: 1 — npoceim nixeu,; 2 — enimenianvha naacmum-
Ka; 3 — enacuna nnacmumka cauzoeoi ooononxu. I'emamoxcu-
nin-eosun, 06. 20, ox. 10.

Tabmua 4

Mop¢omeTpuyHa OLiHKA CTAHY CJIM30BOI 000JI0HKH
NiXBU 0BAPi0EKTOMOBAHHX CAMOK LIypiB

T ToBuuHa enireTiaabHOL
mIacTHHKH, MkM; Me [Q1-Q3]
IK 183,2 [129,9 — 244,6]
KII 39,4 [33,5-52,3]*
KIT+rems 3P Tal'K | 173,1 [141,1 —215,9]*
KIT + kpem 3 I1 95,4 [75,1- 112,6]*

Ipumimku: * — 00cmogipHo no IOHOULEHHIO 00 2pynu
meapun IK, p <0,05. #— docmogipno no eionowenHo 00
epynu meapun KI1, p <0,05;

VY Bcix mecTu 3pa3kax MmixB caMok InypiB rpymu KIT
MopdoJoriyHa KapTUHA XapaKTepHU3yBaaacs pPizKuM
3MEHIIEHHAM TOBUIMHU €MiTeNialbHOI MIaCTHHKH (B
cepenHboMy JopiBHIOBaNo 39,4 Mmxm). Lleli mokasHuk OyB
CYTTEBO MCHIINM Y HOPIBHSAHHI 3 TBapuHamu rpynu 1K
(puc. 2, Tadn. 4). ToBmmMHa emiTeNnialbHOI IUTACTHHKY He-
OJIHOPIJIHA, B TUITHKAX PEECTPYBAITH TIOOJMHOKI KIIITHHU
HAa CTaJIil MiTO3Y, aJIe TAKOXX YaCTillle BUABIISUTU KIITHHH Y
CTaHi KapioMiKHO3Y, IO € IIUTOJOTIYHOK 03HAKOKO iX 3a-
rubeni. CTaH CroNyYHOi TKAHHHU MaB JICSKY BiJIMIHICTB:
BiJ He3MiHEHOi MOP(OJIOTii 10 30UIBIICHHS IIITBHOCTI
¢i0poObnactiB. 36inbiienHs (iOpobracTiB Moxe OyTH
OB’ 513aHO 3 SBUIAMH PEMOJICITFOBAHHS MIXKKJTITHHHOTO
MaTpHKcy Ha (OHI aTpo(iuyHUX MPOSBIB TA MOEAHAHUM
3 MOYaTKOBUMHU 3aMajJbHUMU Mpolecamu (peecTpyBa-
JH 1osIBY HelTpodiniB, Makpodaris Ta eo3uHODiNiB
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y crnoiyuHii TkanuHi). COCOYKH BIACHOT MIACTHHKU
Oynu cabko BUpaxkeHi abo B3araii BiacyTHi. Ha ocHo-
Bi MOP(OJIOTTYHUX Ta MOP(HOMETPHUIHHUX JOCITIIKECHD
3po0IIEHO BUCHOBOK TIPO PO3BUTOK, SKHH CBITYUTH PO
aTpodivuHU 3MIHH CJIN30BOi 00OJOHKH MIXBH (TOJIOBHUM
YUHOM eMiTelNialbHOT IUTACTUHKHU) TICJISA OBapiOeKTOMIT
y BCIX JIOCJIJKEHUX 3pa3kax TBapuH rpymu KII.

TakuM YMHOM, TTICTISI OBAPiOSKTOMIT BMEHINICHHS KiJlb-
KOCTi €HIOTEHHUX €CTPOTCHIB IPU3BOAMIO IO 3MiH B
HIWO)KHBOMY BTl T€HITAJIbHOTO TPAKTy CAMOK IIYPiB.

IIpu xypcoBomy yBeneHHi TecT-3paska 3 P ta ['K cro-
CTepiraiucs 03HaKu TUIIOBOI eCTpOreHonomioHoi Aii, pere-
HEPaTUBHUX MPOIIECIB Ta MiABUIIEHHS (hYyHKIIOHAJIBHOTO
CTaHy (CEeKpETOyTBOPEHHS) CIIM30BOT OOOJIOHKHM BariHU.

Y 3pa3kax emiTestii XxapakTepru3yBaBcsl BiTHOBICHHIM
MPOMIDKHOTO 1 GYHKITIOHAJIIBHOTO IIapy, alle OCTaHHIH
Tii71aBaBCs KepaTHHizallii, 40ro y IHTaKTHHX IIIypPiB HE pe-
€cTpyBaJTU. Y TIPOCBITI ITIXBU BHUSBJICHO JICCKBAMOBAaHI, Ke-
PaTHHI30BaHI SMiTEIONUTH. Y BIACHIH TUIACTUHII MiXBU
BCTAHOBJICHO YaCTKOBE BiJTHOBJICHHS pelibe(y COCOUKIB,
mpoTe iX MOP(OIOTIUHI 03HAKH HE TOCSTAIH IHTAKTHOTO
cTa”y. Y 4 3pa3kax y MyXKil croJly4Hild TKaHHHI Oys0
3apeecTpoBaHO psCcHY iHGinbTpanito eo3unodinis. e
OyJ10 OLIIHEHO SIK MPOSIB IMYHHOI peakiiii Ha JIiKyBaHHS
BariHaJILHUM TelieM 3 GiToecTporeHoM. 3a pe3yabraraMu
MopdoMeTpii, BUSBICHO BiTHOBICHHS TOBIIUHH SITiTETi-
ANBHOT TNIACTUHKH (B cepeHboMy Bif 173,1 MKM).

[ pyHTYIOUKMCH Ha PE3YNIBTATAX CTATUCTHYHMX JAHHUX
MOP(POMETPUIHOTO aHaJi3y 3p00JIEeHO BUCHOBOK MPO
BITHOBJICHHS CTaHy CIMiTeNiadbHOT TUIACTHHKH MiXBH
MOPIBHSIHO 3 HEJKOBaHUMH TBapHHAMH. CTaTUCTUIHO
3HAYYIIOT PI3HUII 3 MTOKA3HUKOM CaMOK InypiB rpymu K
HE BUSBJICHO, aje MOPPOoDyHKI[IOHATBLHUIA CTaH emiTe-
JiambHOT Ta BIACHOT IUTACTHHKY IiXBH CAMOK IIIypiB BCe
1€ HE JI0CSTaB OCTaTOYHOTO BiTHOBJICHHSI.

Pesynbratu nocniPKeHHs MOKa3HUKIB LIypiB A0-
CIIHOT TPYIH, IKUM YBOJWIHA KPEM 3 IIPOMECTPUHOM
HaBEJICHI Ha PUCYHKY 2-T Ta y Tabmuui 4. ['ictonoriuna
KapTHHA CTaHy CIM30BOi OOOJIOHKH MiXBU CBiTYHIIA, 1110
TOBIIIMHA CITITEeNIabHOT INIACTHHKH OyJia CTOHIIICHOIO Y
MOPIBHSHHI 3 TPYTIOI0 iTHTAKTHUX TBapHH. MophodyHK-
LIOHAJILHUI CTaH CIIM30BO1 OOOJIOHKH ITIXBH CAMOK CBif-
9UB Mpo 30epekeHHs aTpo(iYHUX 3MIH eHiTeMaIbHOT
MJIACTUHKY (TOBIIMHA B CEpeIHbOMY cTaHOBMIa 95,4
MKM), 301TBIIICHHSM IIapiB eMITSTIONUTIB (BIJHOBICHHS
MPOMDKHOTO IIapy ), YACTKOBHM BiTHOBICHHSM PEIbeDY
COCOUYKIB BJIACHOI MIACTHHKHU. Taki 3MiHM OIIHEHO, 5K
HE3HAuHi MPOsIBU PETeHEPaTUBHUX MPOLECIB MiJ Ti€0
pedepentHoro 3aco0y. [Ipore, BiTHOBIEHHS CIU30BOT
000JIOHKH JI0 CTaHy IHTAKTHUX TBAPHH HE BUSBJIICHO B
JKOTHOMY 3 JIOCJTIJDKEHUX 3pa3KiB.

JlikyBaHHS TECT-3pa3KOM BariHAJILHOTO I'elTio 3 pecBe-
paTpoJIoM Ta rialypOHOBOIO KHCIIOTOI OLIBIIT BUPAKEHO
yCyBaJIO aTpodivHi MPOSBU B CITM30BIH 0OOJIOHIII TIXBH,
CTHUMYITIOBAJIO BIIHOBHI TPOIIECH, IO HAOIIKAJIO CTaH
CIIN30BO1 OOOJIOHKH BariHU CaMoOK 110 TBapuH rpymu IK.

Mu BBaXKa€EMoO, 110 OTPUMAaHi Pe3ylnbTaTH MOKa3aIn
JOLINBHICTB MOAATBIIOI PO3POOKH Ta BUKOPUCTAHHS
HOBOTO BariHAJILHOTO TEITI0 3 PECBEPaTPOJIOM Ta riaxypo-
HOBOIO KHCJIOTOIO, SIK aJhTEPHATHBH TOPMOHOBMICHUM
npenaparam, i npodigakTUku abo JiKyBaHHS MaTo-
JIOT1YHHX TIIOSCTPOTCHOBHX CTaHIB, [0 BUHUKAIOTH HA
¢doHi nedinuTy ecTporeHiB. AmKke nepio] MEHONAy3H
— HOBUH (Di310JI0T1UHUI eTal )KUTTS Ta 3MOPOB’ S )KIHKH.
A miaTpuUMKa piBHS CTATEBHX FOPMOHIB Y KIHOK B Me-
HOTIay3aJIbHOMY Iepiofi 1 aJleKBaTHa Teparis B 3HaYH1i
Mipi 3HIXKYIOTh PU3HK HeOa)KaHUX HACIIIKIB.

BUCHOBKHA

1. 'V camoxk mrypiB micis OinaTepanbHOT OBapioeKTOMIl
BiIMiY€HO 3pOCTAHHS MACH Tija, KOJHUBaHHS TEM-
nepaTypu WKipu 011 KopeHsl XBocTa, 301bIIeH-
Hs MOKa3HKMKa pH BariHambHOTO CEKpeTy MiXBH Ta
aTpodivHi IPOSIBH CIN30BOI OOOJIOHKH MiXBH, IO
BIJIMTOBIJIA€ KIITHIYHUM TIPOSBaM KJIIIMAKTEPUIHOTO
CHHIPOMY.

2. KypcoBe 28-neHHe BariHaJIbHE BBEJACHHS Telis 3
pecBepaTpoIoM Ta TialypoHOBOIO KHCIOTOIO OBa-
PIOEKTOMOBAHHUM CaMKaM IIyPiB YIOBITLHIOBAJIO Ta
HOpMaJi3yBaslo MPUPICT MacH Tina, cTaliIizyBaio
TeMIleparypy WKIipH Ta CIpHsuio HopMamizauii pH
BariHaJbHOTO CEKpPETy MiXBU.

3. PecBeparpon B CkJIajii BariHaJbHOTO TEII0 HOpMalli-
3yBaB B KPOB1 KACTPOBAHUX CAMOK PiBEHb ECTPOTCHY
Ta MPOTreCTEPOHY.

4. BariHambHUII TeNb 3 PecBepaTpoIoM Ta TialypoHO-
BOIO KHCJIOTOIO CIIPHSIB BiTHOBJICHHIO CTaHY €IiTe-
TialbHOI TUTACTUHKY BariHU OBapiO€KTOMOBaHUM
TBap¥H, MPHU I[bOMY €()EKTUBHICTh IHOTO TEIFO TIe-
peBepIIyBaa Aifo Mpenapary HOpiBHIHHS.
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NCCJIEIOBAHUE ®PAPMAKOJIOI'MYECKHUX uCBOfICTB BAT'MHAJIBHOTI'O I'EJIA
C PECBEPATPOJIOM U 'MAJTYPOHOBOU KNCJIOTOH B YCJIIOBHUSAX 9KCIIEPUMEHTAJIBHOI'O
I'NIMO3CTPOI'EHOBOI'O COCTOSIHUSA Y KPBIC

Cmpuza O.A., 3aituenko A.B., Casocvko C.HU., Copokonyo E.IO.
Hayuonanvnoii meouyuncrkuii ynueepcumem umenu A. A. boeomonvya, Kues, Yxkpauna

stri.lena26@gmail.com

AKTyaJIbHOCTh. MeHOMay3aabHbIH TIEpUOJT BCIISACTBIE HEOOPAaTUMO MoTepy (QYHKIUH SHIHUKOB COTIPOBOXKAACTCS Pa3IMIHBIMU
KIMHUYECKUMH CHUMIITOMaMH U CHCTEMHBIMU U3MEHEHHSAMH. B cBOIO ouepens, 3aMecTHTENIbHASE TOPMOHAIBHAS TEPAHSI IMEET Psit
HPOTUBOIOKA3aHUH U T0O0YHBIX 3P(EKTOB, TOITOMY CYIIECTBYET HCOOXOAUMOCTD ITOMCKA M CO3/IaHus MPOMHITAKTHYCCKUX H JIeYeOHBIX
CPEZICTB Ha OCHOBE NMPUPOJHBIX COSUMHEHMIT, KOTOPBIE HMEIOT CPOZICTBO K B-3CTPOTEHOBBIM pelienTopaM. BaruHanbHbIH relib ¢ pecBepa-
TPOJIOM U I'MAJIyPOHOBOW KHMCIIOTOH CIIOCOOEH YMEHBIIUTh aTpo(HYECKHE MPOSBICHUS CO CTOPOHBI CIM3UCTON 000JIOUKY BlIarajinia 1
BJIUATH HA Pa3/INYHbIC CUMIITOMBI IIEPUOa MEHOIIAY3bI. O):[HaKO XapaKTep BIUAHUA, JO3UPOBKA U NMOCICACTBUA JJIUTEIIbHOI'O IIPUMEHCHUA
pecBeparpoiia TpeOyroT JalbHEeHIIero n3yueHus.

Hens: u3yuenne GpapMakoIOTHIECKUX CBOHCTB HOBOTO BarMHAILHOTO TeJIs C PecBepaTposioM u ruaimypornosoit kucnoroi (I'K) Ha
MOJICJIU THIIOICTPOICHUH Y OBAPHOIKTOMHPOBAHHBIX KPBIC.

Marepuaibl U MeToabl. OTBITE TPOBOIUINCH Ha 24 ayTOpeAHBIX OeNbIX HETMHEHHBIX caMKaX KpbIC, KOTOpbIe OBUTH pacmpese-
JIeHbI Ha 4 TPYINIIbI: HHTAKTHBII KOHTPOJIb, KOHTPOJIMpPyeMask IIaTOJIOTUs, KOHTPOJIMpPyeMas IIATOJIOTHs U BBEJICHHE PECBEPaTpolIa ¢ Tha-
JIypOHOBOH KHCIIOTOH, KOHTPOJIUpYEeMasi aTOJIOTHs U BBE/ICHUE Nperapara CPaBHEHHs ¢ CHHTETHYECKHM ICTPOreHoM. D(PPEeKTHBHOCTD
MperapaToB OLEHHUBAIH 110 MX BIMSHUIO HA COJEp)KaHHe B KPOBH MOJOBBIX TOPMOHOB 3CTPOTeHA M IPOrecTepoHa, Ha Maccy Tena, Ha
TeMIeparypy Tena, Ha pH BarmHaIbHOTO CeKpeTa, Ha COCTOSIHUE CIIM3HCTON 000I0UKY BIIAarania.

Pe3yanbrarbl: KypcoBoe 28-HEBHOE BarMHaIbHOE BBEJCHHE I'EJisi C PECBEPATPOIIOM U THAIYPOHOBOH KHCIIOTOH 3aMeUIsIO M HOP-
MaJIN30BaJIO MPUPOCT MACCHI Tella OBAPHOIKTOMUPOBAHHBIX CAMOK KPBIC, CTaOMIIN3HPOBAIIO TEMIIEpATypy Telld, CHOCOOCTBOBAIIO HOP-
Manu3aiuu pH BarMHaJIbHOTO CEKpeTa, HOPMAIM30BAJI0 YPOBEHb I10JI0BBIX TOPMOHOB B KPOBH, CIIOCOOCTBOBAJIO BOCCTAHOBIICHHIO SIIH-
TEJIMAIbHOM IIIACTUHKY BIIAraJINIIA.

BbIBOABI: MONyYeHHBIE PE3yNbTaThl MMOKA3aIM IeJIeco00pa3HOCTh pa3pabOTKH M MCIIONB30BAaHUSI HOBOTO BarMHAJIBHOTO Telisl C
pecBepaTpoIoM U THaTypOHOBOM KHCIIOTOMH, KaK albTepHAaTHBEI TOPMOHAIBHEIM IIpenaparaM Uit NpOo(MIaKTHKH W/HIIN JICYCHUS [1aTo-
JIOTHYECKHUX THIIOICTPOrCHHBIX COCTOSIHUMN, BO3HUKAIOIIUX Ha (OHE reduuuTa 3CTpOreHoB.

KuiroueBble ciioBa: pecBeparpoli; GUTOICTPOreHOBas aKTHBHOCTB; OWilaTepalibHas OBApHOIKTOMHS KPBIC; THIIOICTPOTCHOBOE
COCTOSIHHE.
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THE INVESTIGATION OF PHARMACOLOGICAL PROPERTIES OF VAGINAL GEL WITH
RESVERATROL AND HYALURONIC ACID IN CONDITIONS OF EXPERIMENTAL HYPOESTROGENIC
STATE IN RATS

Stryha O.A., Zaychenko G.V., Savosko S.I., Sorokopud K. Y.
Bogomolets National Medical University, Kyiv, Ukraine

stri.lena26@gmail.com

Relevance. The menopausal period due to irreversible loss of ovarian function is accompanied by various clinical symptoms and
systemic changes. In turn, hormone replacement therapy has a number of contraindications and side effects, so now there is a need to
find and create prophylactic and therapeutic agents based on natural compounds that are related to f-estrogen receptors. Vaginal gel with
resveratrol and hyaluronic acid can reduce atrophic manifestations of the vaginal mucosa and affect various symptoms of menopause.
However, the nature of the effect, dosage and consequences of long-term use of resveratrol need further study.

Objective: to study pharmacological properties of a new vaginal gel with resveratrol and hyaluronic acid (HA) in a model of
hypoestrogenism in ovariectomized rats.

Materials and methods. The experiments were performed on 24 outbred white nonlinear female rats, which were divided into 4
groups: intact control, controlled pathology, controlled pathology and administration of resveratrol with hyaluronic acid, controlled
pathology and administration of a comparison drug with synthetic estrogen. The effectiveness of the drugs was assessed by their effect on
the blood levels of the sex hormones estrogen and progesterone, on body weight, on body temperature, on the pH of vaginal secretions,
on the state of the vaginal mucosa..

Results. 28-day vaginal injection of gel with resveratrol and hyaluronic acid slowed down and normalized weight gain of
ovariectomized female rats, stabilized skin temperature and induced normalization of the pH of vaginal secretions of the vagina,
normalized the level of sex hormones in the blood, promoted the restoration of the epithelial plate of the vagina.

Conclusions. The results showed the feasibility of developing and using a new vaginal gel with resveratrol as an alternative to
hormone-containing drugs for the prevention or treatment of pathological hypoestrogenic conditions arising from estrogen deficiency.

Key words: resveratrol; phytoestrogenic activity; bilateral ovariectomy of rats; hypoestrogenic state.
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Relevance. The most common indicators for assessing the effectiveness of health technologies are the cardiovascular performance
of adolescents. At present, there is insufficient information on the quantitative substantiation of informativeness, prognostic and
diagnostic significance of such indicators in the process of correction of functional and reserve capabilities of the cardiovascular system
of adolescents.

Objective: to determine the levels of functional reserve of the heart according to the Rufier index and to study the physical
performance of students aged 12-14 years of different medical groups.

Materials and methods. 178 seventh-eighth-graders aged 12-14 (85 boys and 93 girls) were examined. All students voluntarily
participated in this experiment, and the written consent of their parents was obtained. Physical performance was studied according
to the parameters of the bicycle ergometric test PWC170. The division of students into medical groups was carried out according
to the indicators of the level of functional and reserve capabilities of the cardiovascular system, conducted according to the Rufier
index. Statistical analysis of the results was performed using the application package Statistica-V.10.0. The normality of the distribution
was checked by the Kolmogorov-Smirnov test. The studied indicators are described by the median (Me) and 25, 75 percentiles. The
relationships of the studied indicators were analyzed according to Spearman’s rank correlation coefficients. To determine the reliability
of differences in indicators used the criterion of Kraskel Wallis.

Results. The main group included 13.5% of adolescents, the preparatory group — 35.4%, the special medical group — 51.1% of
students. Among student-athletes, 25.9% of boys and 45.4% of girls belong to a special medical group. In school athletes, the correlations
between the Rufier index and the PWC170 test are low and statistically insignificant. Indicators of physical performance in the range of
25-75 percentiles do not differ in different medical groups. This indicates that in a special medical group there are students with medium
and high levels of physical fitness.

Conclusions. The established age and gender differences in the functional reserve of the heart of schoolchildren determine the need
to develop differentiated approaches to the assessment of the Rufier index. Physical performance in different medical groups varies in
a fairly wide range. The division of students into medical groups according to the Rufier index does not reflect the level of physical
performance of students and, accordingly, their real adaptive capabilities. Further studies are needed on the informativeness of using the
Rufier test to divide students into medical groups.

Keywords: adolescents, Rufier’s test, physical performance, medical groups.

Relevance. The most common indicators for assess- of the school year; registration of the child in the sports

ing the effectiveness of health technologies are the car-
diovascular performance of adolescents. At present, there
is insufficient information on the quantitative substantia-
tion of informativeness, prognostic and diagnostic signif-
icance of such indicators in the process of correction of
functional and reserve capabilities of the cardiovascular
system of adolescents.

A necessary and obligatory condition for the divi-
sion of students into medical groups is to determine the
functional and reserve capabilities of the cardiovascular
system by the Rufier test [1].

According to a survey of pediatricians, the main need
to determine the medical group for physical education is
due to the entry of children into school; the beginning

section (70.69% — 82.76% of cases), and at the request
of parents ¢sr only 39.66% [2].

Numerous studies indicate that according to the Ru-
fier index, most students belong to a special medical
group [3-28].

On the other hand, it is pointed out that among ad-
olescents who are additionally engaged in sports sec-
tions, a significant part also belongs to the special and
preparatory medical group according to the Rufier index
[11, 23, 25]. At the same time, there is also information
that the response of the cardiovascular system to exer-
cise, according to the Rufier index, in all adolescents
13 years is below average and is almost no different
from schoolchildren who do and do not play sports [24].
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Studies that would characterize the physical perfor-
mance of students of different medical groups are virtual-
ly absent. This confirms the need for further study of the
functional reserve of the heart in relation to the physical
performance of adolescents in different medical groups.

Objective: to determine the levels of functional re-
serve of the heart according to the Rufier index and to
study the physical performance of students aged 12-14
years of different medical groups.

MATERIAL AND METHODS

178 seventh-eighth-graders aged 12-14 were sur-
veyed (mean age 13.0 £ 0.7 years). Of these, 85 boys
(mean age 13.1 + 0.7 years) and 93 girls (mean age 12.9
+ 0.7 years). The study was conducted at the beginning
of the school year. All students voluntarily participat-
ed in this experiment, and the written consent of their
parents was obtained. The research was performed in
compliance with the basic provisions of the «Rules of
ethical principles of scientific medical research with
human participation», approved by the Declaration of
Helsinki (1964-2013), ICH GCP (1996), EEC Directive
Ne 609 (dated 24.11.1986) , orders of the Ministry of
Health of Ukraine Ne 690 dated 23.09.2009, Ne 944 dated
14.12.2009, Ne 616 dated 03.08.2012

Physical performance was studied according to the
parameters of the bicycle ergometric test PWC170. One-
time test of stepwise increasing power for at least 9 min-
utes [30].

The division of students into medical groups was
carried out according to the indicators of the level of
functional and reserve capabilities of the cardiovascular
system, conducted according to the Rufier index (RI) [1].

Statistical analysis was performed using the appli-
cation package Statistica-v.10.0. The normality of the
distribution was checked by the Kolmogorov-Smirnov
test. Almost all of the studied indicators do not have a
normal distribution, in this study they are described by
the median (Me) and 25, 75 percentiles. The relation-
ships of the studied indicators were analyzed according
to Spearman’s rank correlation coefficients. To deter-

mine the reliability of differences in indicators used the
criterion of Kraskel Wallis. The difference between the
indicators was considered probable at p <0.05 [31].

RESULTS AND DISCUSSION

At the beginning of the school year, when dividing
students into medical groups for physical education, the
medical worker of the educational institution found that
according to the Rufier index, the main medical group
included 13.5% of adolescents, the preparatory group
- 35.4%, the special medical group. groups - 51.1% of
students, ie more than half of students. Among the stu-
dents of the special medical group, there was only one
adolescent who had permanent health disorders (0.6%
of the total number). Among the students included in
the preparatory medical group, there were three adoles-
cents in the recovery period after acute illness (1.8% of
the total). The rest of the students were assigned to the
preparatory and special medical group only according to
the results of the Rufier test (Table 1).

During our further examination of students by re-
cording an electrocardiogram (ECG), no students with
clinically pronounced abnormalities on the ECG were
found, which gave us grounds to determine physical
performance by performing a PWC170 test [30] under
ECG control. There are no other contraindications to
bicycle ergometry. Three students, who were assigned to
the preparatory and special medical groups according to
criteria other than the functional and reserve capabilities
of the cardiovascular system, were not tested.

It should be noted that there were no statistical dif-
ferences between the medical groups in terms of body
mass index, vital capacity (VC), vital index (VI), heart
rate (HR) and blood pressure (BP) (Table 2).

When analyzing the Rufier index, depending on
gender, its worst values are observed in girls. Thus,
taking into account gender, the main medical group
included 10.8% of girls and 16.5% of boys, the prepa-
ratory group - 25.8% of girls and 45.9% of boys, the
special medical group - 63.4% of girls and 37.6% of
boys (Table 1).

Table 1
Distribution of schoolchildren aged 12-14 to medical groups according to the Rufier index, absolute number (percentage)
General sample of students Engaged in sports sections Not engaged in sports sections
Contingent
All Male Female All Male Female All Male Female
(n=178) (n=85) (n=93) (n=38) 0=27) (m=11) (n=140) (n=58) (n=82)
Main erou 24 14 10 12 9 3 12 5 7
SO 135 | aes) | (108) | GLE) | (333) | (273) (8.6) 86 | (85
Preparatory 63 39 24 14 11 3 49 28 21
group 354) (45,9) (25,8) (36,8) (40,7) (27,3) (35,0) (48,3) (25,6)
Special 91 32 59 12 7 5 79 25 54
group 5L (37,6) (63,4) (3L,6) (25,9) (45.4) (56,4) (43,1) (65,9)
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Table 2
Comparative characteristics of schoolchildren 12-14 years old, not involved in sports, different medical groups,
Me (Q1-Q3)
Indicator Main group (n=12) Preparatory group (n=49) Special group (n=79)
Age, year 12,8+0,5 12,9+0,7 13,0+0,7
. 17,2 18,5 18,9
2 > H )
Body mass index, kg/m (16,3-20,0) (16,2-19,8) (17,4-20,9)
2,38 2,59 2,47
VG 1 (2,16-2,44) (2,22-2,99) (2,14-2,94)
57,7 58,8 523
V1, mlkg (53.7-60,5) (51,1-63,7) (45.2-61,1)
83,1 85,0 88,7
HR, b/mn (77,7-88,7) (77,6-92,9) (82,6-97,6)
BP systolic, 114,0 113,0 116,0
mmHg (103,0-121,0) (101,0-122,0) (110,0-126,0)
BP diastolic, 71,0 70,0 72,0
mmHg (64,0-81,5) (64,0-76,0) (65,0-79,0)

In connection with the reports that according to the
results of Rufier’s test, the special medical group also un-
reasonably includes students who regularly participate in
sports sections [11, 23, 25], we analyzed the employment
of the studied students in sports sections. It was found
that 38 out of 178 schoolchildren regularly participate
in sports sections lasting at least one year and often at
least three times a week. Analysis of the Rufier index of
students involved in sports sections found that 31.6%
of students belong to a special medical group, 36.8% of
students - preparatory and only 31.6% of students - to
the main medical group (Table. 1). This indicates the
inadequacy of the assessment of the functional reserve
of the heart of adolescents after the Rufier test.

The analysis of the levels of functional and reserve
capabilities of the cardiovascular system in student-ath-
letes revealed that 25.9% of boys and 45.4% of girls
belong to a special medical group according to the Rufier
index (Table 1).

The division of students into medical groups, except
for boys and girls who play sports, shows the same ratio

of students in groups as in the combined sample: the
main medical group included 8.6% of adolescents, the
preparatory group — 35.0 %, to a special medical group -
56.4% of students. Similar gender differences were also
found: more girls than boys were included in the special
medical group (65.9% and 43.1%, respectively). Only
8.6% of schoolchildren aged 12-14 who do not partici-
pate in sports sections belong to the main medical group
(Table 1). Although, only 31.6% of schoolchildren-ath-
letes belong to the main medical group (Table 1).
According to the results of the PWC170 test, the
worst indicators of physical performance were found in
schoolchildren of the special medical group against the
background of the worst functional reserve of the heart
according to the Rufier test. It should be noted that the
indicators of physical performance in the range of 25-75
percentiles do not differ in different medical groups. This
indicates that in a special medical group there are students
with medium and high levels of efficiency (Table 3).
According to the correlation analysis, it was found
that in the general sample, adolescents with a higher level

Table 3

Physical capacity and adaptive abilities of schoolchildren 12-14 years old, not engaged in sports, different medical
groups, Me (Q1-Q3)

Indicator Main group (n=12) Preparatory group (n=46) Special group (n=78)
PWC 5, kgxm/mn (4685,3-65:26,7) (4465,421-66’312,0) @3 85%2-65’20,0)
PWC ., kexmxmn/kg (12,132_’153,4) (10,112-’10 4.4) (8,?1’—41 1,0)
Rufier Index, c.u. ( 4?{;_; (::2) (7?(’)4_‘91:2) (1(1)’24(_)1#3’2)

Notes: #— p <0.05 compared to the main group; [| — p<0,05 in comparison with the preparatory group, * — p<0,05 compared to a

special medical group
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of functional reserve of the heart, according to the Rufier
index, are characterized by higher absolute and relative
indicators of physical performance (p <0.05).

In the analysis of correlations separately for groups
of schoolchildren who are engaged and not engaged in
sports, it is established that in schoolchildren-athletes
these interrelations are low and statistically insignificant,
and in the group of non-athletes the correspondence of
the highest level of functional reserve of heart remains
higher. (p <0.05) (Table 4).

This confirms the well-known natural relationships be-
tween physical performance and cardiovascular function.
However, it does not reflect clear differences in levels of
physical performance between different medical groups. Be-
cause in each medical group the PWC170 test values fluctu-
ate in a fairly wide range according to the percentile analysis
(Table 3). And the presence of a correlation between the
PWC170 test and the Rufier test can be explained by the
presence of a common factor in their calculation — heart rate.

We analyzed 14 studies by different authors over the
past 10 years, with a sample of more than 6,800 students
aged 7-17, which divided students into medical groups
based on the results of the Ruffier test and the method-
ology recommended by order of the Ministry of Health
of Ukraine and the Ministry of Education and Science
of Ukraine dated 20.07.2009 Ne 518/674 [1]. Summary
statistics of these studies show that 66.8% of students
belong to the special medical group, 23.4% of students
to the preparatory group and only 9.8% of schoolchildren
to the main group (Table 5).

The inadmissibility of the Rufier test by paramedics is
pointed out [25]. Because there are significant differences
in the test results of the same students (autumn and spring)
by the average medical staff of the clinic (0% of students
in the special medical group) and scientists of the medical
university (43% of students in the special medical group).
Although there are data [17] obtained from the registration
form Ne 026/u in 5318 schoolchildren, 44.7% belong to
the special medical group, 35.4% to the preparatory group,
and 19.9% to the main medical group (Table 5).

It is noted that the performance of this test by students
at the beginning of the school year, designed for high-
class athletes, causes a natural inadequate response of the
cardiovascular system [23].

According to the results of the Rufier test in school-
children aged 6-17, it is concluded that the test performs

submaximal power of anaerobic-aerobic nature and sug-
gests using it as an indirect criterion of physical perfor-
mance [15]. Our study also found a reliable association
between the Rufier test and the PWC170 test in a pooled
sample and a group of non-sports students. But in the
group of schoolchildren-athletes such correlation is in-
significant (Table 4). At the same time, it is noted that the
excellent results of the Rufier test do not always indicate
high efficiency, which is also confirmed by us [9].

It is noted that the Rufier test should be used to assess
the functional state of athletes and the author’s method
(30 squats in 30 s), because it gives a higher percentage
of compliance with the assessment of physical fitness of
students and their ability to perform loads [23, 25].

According to our data, more girls than boys are in-
cluded in the special medical group (65.9% and 43.1%,
respectively). The results of our research are confirmed
by a number of authors. In particular, there are data that
more girls than boys of the seventh grade (69.5% and
48.7%, respectively) and sixth grade (59.5% and 30.4%,
respectively) are included in the special medical group
[8] . In the eighth grade, the ratio of girls to boys in the
special medical group is almost the same (65.0% and
65.4%, respectively). According to other authors, the spe-
cial medical group also includes slightly more girls than
boys aged 11-12 (97.1% and 89.8%, respectively) (Table
5) [21]. At the same time, according to other authors, the
special medical group includes more boys than girls aged
13-14 (100.0% and 76.7%, respectively) (Table 5) [19].

The number of students belonging to a special med-
ical group ranges from 30.4% of students, according to
some data [7] — for boys in sixth grade, up to 100% of
students, according to other data [19], — for boys 13-14
years. The number of students in the main group also var-
ies in a fairly wide range: from 0% — for boys and girls
11-12 years [21], for schoolchildren 14-16 years [11], for
boys 13-14 years [19], to 32, 7% of students — for boys
in the seventh grade [7] (Table 5).

According to our data, in the distribution of school-
children 12-14 years old who do not play sports, 8.6%
of adolescents were included in the main group, 35.0%
in the preparatory group, and 56.4% in the special med-
ical group. Similar summary results for schoolchildren
11-15 were obtained by a number of other authors,
according to which the main group included 11.7% of
adolescents, the preparatory group — 22.0%, the special

Table 4
Spearman’s rank correlation coefficients
Rufier Index, c.u.
Indicator
all studens not engaged sports engaged sports
PWC 170° kgxm/mn -0,217 * -0,171 -0,081
PWC 1700 kgxmxmn/kg -0,340 * -0,329 * -0,194

Note:* — p<0,05.
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Table 5

Summary statistics of the assessment of the functional reserve of the heart and the distribution of schoolchildren aged

7-17 to medical groups, according to the results of the Rufier test,%

Levels of functional reserve of the heart, according to the Low Passable Medium Good High
Rufier index, c.u. >15 c.u. 10-14 c.u. 7-9 c.u. 4-6 c.u. <3 c.u.
Medical groups, according to the Rufier index Special Preparatory Main
Vakulenko L.O. (2015),

students in grades 4-11, n = 140 25 47 18 ? !
Vasyukova M.M. (2015), 28 40 214 93 13
average school age, n =75

Gerasimenko S.Yu. (2019),

6th grade girls, n = 64 16,75 42,71 29,35 11,19 -
Gerasimenko S.Yu. (2019),

7th grade girls, n = 64 15,95 53,52 20,32 10,21 -
Gerasimenko S.Yu. (2019),

8th grade girls, n = 62 8,71 56,25 29,61 5,43 -
Gerasimenko S.Yu. (2019),

6th grade boys, n = 64 9,41 20,94 59,91 9,74 -
Gerasimenko S.Yu. (2019),

7th grade boys, n = 64 9,81 38,93 18,61 32,65 -
Gerasimenko S.Yu. (2019),

8th grade boys, n = 62 9,34 56,01 15,74 18,91 -
Zakrevsky AN (2016), schoolchildren aged 14-16 who are 62.5 30 75 ) )
not additionally engaged in sports sections, n = 40 ’ ?

Kapranov SV (2016),

high school students, n = 5318 44,72 3541 19,87
Krutsevich T.Yu. (2016),

girls 13-14 years, n = 30 3333 2333 20 3,3 )
Krutsevich T.Yu. (2016), 75 25 ) ) )
boys 13-14 years, n = 32

Lewandowska L. (2015),

girls 11-12 years, n = 70 3143 65,71 2,86 ) )
Lewandowska L. (2015),

boys 11-12 years, n =78 28,21 61,54 10,26 . .
Melnichuk L.V. (2016),

schoolchildren aged 7-17, n = 151 24,66 47,56 21,96 3,13 0.6
Ke}mlnska T.M. (2016)7, 408 458 11.9 1.0 0.5
primary school age, n =201

Kaminska TM (2016),_ 19.9 407 29.4 10,0 )
average school age, n =221

Kaminska TM (2016), 17.5 283 42,1 103 16
senior school age, n =126

Novikov EV (2010),

schoolchildren aged 14-15, n =21 = = 14
Tyazhka A. V. (2011), studentsiof 2-6 7.4 407 32.1 17.3 25
grades of secondary school, n = 81

Tyazhka A. V. (2015),

students of 5-6 grades of gymnasium, n =75 28 40 214 2.3 1.3
Summary statistics 66,8 23,4 9,8

medical group — 66.3% of schoolchildren [5, 8, 16, 19,
25] (Table 5).

In our research, among students-athletes, the main
group included only 30.4% of adolescents, the prepara-
tory group - 34.0%, the special medical group - 35.7%
of students. Similar results were obtained by other au-
thors [11] - according to their data, the main group also
includes only 30.0% of students who play sports, but
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the preparatory group includes 60.0% of students, and
the special medical group 10.0% students (Table 5). The
author also notes that there is a significant difference
between students-athletes and those who are not addi-
tionally engaged in sports sections, in terms of functional
reserve of the heart.

It is noted that the response of the cardiovascular
system to exercise, according to the Rufier index, in all

87



Sitovskyi A.M., Andriychuk O.Ya., Usova O.V., Yakobson O.0., Ulianytska N.Ya., Tsjupak T.E.

adolescents 13 years is below average and is almost no
different from students who are engaged in and are not
engaged in additional hiking [24].

A number of authors note the low informativeness of
the Rufier test, compared with the Martin-Kushelevsky
test, and consider it insufficient to determine the func-
tional status of adolescents [10, 23].

When assessing the objectivity of the method of de-
termining and dividing children into medical groups for
physical education, it is noted that the most sensitive
group to the shortcomings of the educational process are
middle school children, especially girls, and more than
30% of secondary school students are unable to perform
Rufier’s test. specified in the official protocol of medical
and pedagogical control over the physical education of
schoolchildren [2].

There is also an opinion that generally calls into
question the correctness of the use of the Rufier test for
school-age children [12].

When evaluating the Rufier test in students in grades
4-11 according to the methods proposed in the Order, a
number of caveats are indicated. First of all, it is the lack
of gradation by age and gender [4].

Having obtained a significant positive correlation
between the results of the sample and the age of the sub-
jects, some authors recommend the use of age-adjusted
corrections when determining the Rufier index [9, 12,
28]. This is also confirmed by our review of the results
of studies by different authors, which found (sometimes
significant) differences in the distribution of students
into medical groups based on age and gender (Table 5).
Which, obviously, indicates the presence of age and sex
characteristics of the functional reserve of the heart in
different periods of ontogenesis.

It should be noted that there is virtually no data on the
functional reserve of the heart, according to the Rufier
index, at specific ages and taking into account the sex
of students. In this aspect, attention is drawn to studies
and recommendations for differentiated assessment of
the Rufier index according to the age of students [12-14,
29]. And the gender differences obtained by us and other
authors [8, 19, 21] of the Rufier index actualize the issue
of differentiated assessment of the Rufier index according
to the sex of schoolchildren.

No less important aspect is the consideration of sports
qualifications of schoolchildren. Only a few authors indi-
cate whether schoolchildren-athletes were excluded from
the analysis of the Rufier index, and give a comparative
description of the functional reserve of the heart of these
categories of schoolchildren [11].

In addition, the complexity and ambiguity of the re-
sults of various studies in adolescence, apparently, is
determined by the individual rate of biological develop-
ment of students during puberty [32-34] and the school
year (increasing student fatigue during the school year)
[19, 20]. This should also be taken into account when

planning further studies on the informativeness of the
assessment of the functional reserve of the heart based
on the results of the Rufier test.

Therefore, we believe that further study is needed on
the informativeness of the use of the Rufier test to divide
students into medical groups. In the future, the assess-
ment of the functional reserve of the heart will be carried
out according to the recommendations of IP Zanevsky on
taking into account age in assessing the Rufier index, and
study on this basis physical performance and autonomic
adaptive capacity of students 12-14 years of different
medical groups.

CONCLUSIONS

The established age and gender differences in the
functional reserve of the heart of schoolchildren deter-
mine the need to develop differentiated approaches to the
assessment of the Rufier index.

Physical performance in different medical groups
varies in a fairly wide range. The division of students
into medical groups according to the Rufier index does
not reflect the level of physical performance of students
and, accordingly, their real adaptive capabilities.

Connection of work with scientific programs, plans,
topics. This study was performed in the framework of
research «Development of models of rehabilitation ef-
fects in physical therapy and occupational therapy and
evaluation of their effectiveness from the standpoint of
evidence-based medicine» (Ne 0119U001190).
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RELATIONSHIP BETWEEN THE FUNCTIONAL RESERVE OF THE HEART AND THE PHYSICAL FACILITY
OF ADOLESCENTS OF THE SPECIAL MEDICAL GROUP

B3A€MO3B’5I30K ®YHKIIOHAJIBHOI'O PE3EPBY CEPLISI
TA OIBUYHOI MPALIE3JATHOCTI HIAJITKIB CHENIAJIBHOI MEJUYHOI I'PYIIN

Cimoecokuit A.M., Auopiiiuyk O.4., Ycoea O.B., Axoocon 0.0., Ynvanuysvka H.A., llionax T.€.
Bonuncokuii Hayionanvuuil ynisepcumem imeni Jleci Yxpainku, Jhyvk, Yrpaina

andriy.sitovskiy@gmail.com;

AKTyaJbHicTb. Haif011b1I MOMMPEHUMH 1HAWKATOPAMHU OLIHKH €(DEKTHBHOCTI 37J0pOB’A30epiralouux TEXHOJOTIH € TIOKa3HUKH Mi-
STTBHOCTI CepIIeBO-CYIMHHOI CUCTEMH MiUTiTKiB. Ha chorozHi BimoMocTel KinbKicHOTO 00IpyHTYBaHHS iHPOPMATHBHOCTI, MPOTHOCTHY-
HOT i JIIarHOCTHYHOI 3HAYMMOCTI TaKUX ITOKA3HUKIB y MpoIeci Kopekiii GyHKIiOHATbHO-PE3ePBHUX MOXKIMBOCTEH CepLEBO-CYIMHHOT
CHCTEMH ITiUIITKIB HEAOCTATHELO.

Mera: BU3HaYHTH piBHI (DYHKIIOHAIILHOTO PE3epPBY CepIls 3a JaHUMHU iHAeKCy Pyd’e Ta BuBunTH (hi3NUHY Npane3faTHiCTh IIKOJSIPIB
12-14 pokiB pi3HUX MEAUYHUX TPYIL.

Marepiaaun Ta metoau. O6cteskeHo 178 mKOIAPIB ChOMUX-BOCBMUX KiaciB BikoM 12-14 pokiB (85 xmommiB Ta 93 miBumHuN). Yci
y4H1 TOOPOBUIBHO B3sUTH y4acTh Y LIbOMY €KCIIEPUMEHTI, @ TAaKOXK OyJI0 OTPUMAaHO MMUCHMOBY 3rofy ix 6aTbkiB. Di3MyHa Mpane3 aTHicTh
JOCITIDKYBaJIach 3a MOKa3HUKaMu BestoepromeTpryHoi mpodu PWC170. Po3nonis y4uHiB Ha MeANWYHI IpyNU IPOBOIMIIH 32 IIOKa3HUKAMH
piBHS QYHKIIOHAIBHO-PE3EPBHUX MOXIIMBOCTEH CEPLIEBO-CYAMHHOT CHCTEMH, 1110 IIPOBOJITH 3a iHaeKcoM Pyd’e. CraTtncTuuHmil aHami3
pe3yibTaTiB 3/IiMCHIOBABCS 32 JOIMOMOTOI0 MAKeTy MPUKIAJHKUX mporpam Statistica-V.10.0. HopmanbHICTE po3mozminy mepeBipsuta 3a
kpurepiem Konmoroposa-CmipHoBa. JlocikyBaHi MOKa3HUKH onHcaHi Meianoro (Me) 125, 75 nepueHTmsiMu. B3aeMo3B’s13kH 10CITi-
JOKYBaHUX TTOKa3HHUKIB aHAJi3yBasli 3a KoedimieHTaMu paHroBoi kopemnsnii Cripmena. s BU3HaYeHHS JOCTOBIPHOCTI BiAMiHHOCTEH
MOKa3HUKIB 3aCTOCOBYBaIH kputepii Kpackena Yomica.

Pesyabraru. [lo ocHoBHOI rpymu ysiiuuio 13,5 % mimriTkiB, 10 miarorosuoi rpymu — 35,4 %, 10 crienianbHOT MEJUYHOI TPYITH
— 51,1 % mxonspiB. Cepen yuHiB-criopreMeniB 25,9 % xmoniiB i 45,4 % niB4ar BiJHOCSTBCS O CHCIialbHOT MEAMYHOT rpynu. Y
HIKOJISIPIB-CIIOPTCMEHIB KOPESIIHHI B3a€MO3B’SI3KH ITOKa3HUKIB iHAekcy Pyd’e # rectry PWC 170 HU3BKI if CTaTHCTHYHO HE3HAYHMI.
TToxa3auku Gi3MYHOT MpaLe3aaTHOCTI B MeXKax 25-75 mepueHTI B MPaKTHYHO HE BIIPI3HAIOTHCS Y PI3HUX MEAHMYHUX Tpynax. Lle cBia-
YUTH PO TE, IO y CHEUiaNbHIl MEIUYHIH IPyIIi € MKOIAPi 3 CEPEAHIM 1 BUCOKUM piBHEM (i3UUHOT Ipane3aaTHoOCTi.

BucHoBxu. BcTaHOBIeHI BiKOBI 1 cTaTeBi BIAMIHHOCTI (PyHKIIIOHATBHOTO PE3EPBY CEpIls MIKOJSIPiB BU3HAYAIOTh HEOOX1AHICTD PO3-
poOku udepeHniioBaHUX MiAX0IB [0 OLHKY iHAeKcy Pyd’e. dizuuna npares3natHicTb B Pi3HUX MEIUYHUX IPyNax Bapioe y JOCUTb
NIMPOKHUX Jianma3oHax. Po3noin yuHiB Ha MEIUYHI IPYITH 3a MMOKa3HUKamHu iHnekcy Pyd’e He BimoOpaxae piBHs (i3u4HOT mpaie3aaTHo-
CTi IIKOJISIPIB Ta, BIAMIOBIAHO, X peabHIUX alalTHBHUX MOXJIMBOCTEH. HeoOxinHi nomambmi BUBYEHHS iHPOPMAaTHBHOCTI 3aCTOCYBaHHS
npobu Pyd’e mist po3noniny mikomspiB Ha MEIUYHI TPYITH.

Kuarouosi ciioBa: mimnitky, npoda Pyd’e, ¢pizuuna mpane3narHicTb, MEAHYHI TPYIIH.

B3AUMOCBSI3b ®YHKIHUOHAJIBHOI'O PE3EPBA CEPIILIA (I)I/I3I/I‘{E§KOI7[
PABOTOCHHOCOBHOCTHU NOAPOCTKOB CHEHNUAJBHOU MEIUIIUHCKOU I'PYIIIIbI

Cumoeckuit A.M., Auopeituyk A., Ycosea A.B., Axoocon A.A., Ynvanuuykan H.A., l{ionax T.E.
Bonvinckuii HayuonanvHulil yHugepcumem umenu Jlecu Yxpaunxu, JIyyx, Ykpauna

andriy.sitovskiy@gmail.com;

AKTyaJbHOcTh. Hanbomnee pacipocTpaHeHHBIME HHIUKATOPAMH OIIEHKH 3P PEKTUBHOCTH 370pOBbecOeperaromnX TEXHOIOT U SB-
JISTIOTCS TIOKA3aTeNu JeATeIbHOCTH CEPEYHO-COCYAUCTON CHCTEMBI MOAPOCTKOB. CErofiHs CBEJEHUH KOTMIECTBEHHOTO 000CHOBAHHS
MH(GOPMATHBHOCTH, IPOrHOCTHYECKOH M JAMArHOCTUYECKOW 3HAYMMOCTH TAaKUX MOKa3aTesell B Mpolecce KOppeKuuH (yHKIHOHAIb-
HO-PE3€pBHBIX BO3ZMOXKHOCTEH CepAEeUHO-COCYAUCTON CHCTEMBI IOAPOCTKOB HEOCTATOUHO.

Hens: onpenenuts ypoBHN (DYHKIMOHATIEHOTO pe3epBa cep/lia 110 JaHHBIM HHekca Pydbe 1 m3yunTs Gpuzndeckyio paboTocrocod-
HOCTb IIKOJIBHUKOB 12-14 J1eT pa3In4HbIX MEAUINHCKUX TPYIIIL.

Marepuabl u Metoabl. O0cnenoBaHo 178 MIKOTBHUKOB CEABMBIX-BOCBMBIX KJIaccoB B Bo3pacTe 12-14 mer (85 mampumnkoB u 93
neBoukH). Bee ydeHukn 100pOBONBHO NMPUHSIM Yy4acTHE B 3TOM SKCHEPUMEHTE, a TaKkkKe OBLIO MOJydeHO NMUCBMEHHOE COIvIache MX
ponuteneii. Pusnueckast pabOTOCMOCOOHOCTh MCCIICA0BAACH IO MMOKA3aTesIM Bestoapromerpuueckoit mpoost PWC170. Pacnpenene-
HHE yYallluXcs Ha MEIUIMHCKHE TPYIIBI MPOBOJMIN MO MOKa3aTelIsM YpOBHS (YHKIHOHAIBHO-PE3EPBHBIX BO3MOXKHOCTEH cepled-
HO-COCY/ICTOH CHCTEMBI, IIPOBOMMBIX 110 HHJeKCY Pydre. CTatncTndeckuii aHam3 pe3ynbTaToB OCYIIECTBISIICS C HOMOIIBIO ITAKeTa
HPHUKIATHBIX Iporpamm Statistica-V.10.0. HopmansHOCTE pacmpenenenus mpoepsutu o kpurepuio Konmvoroposa-Cvupnosa. Mccre-
JyeMble TIOKa3aTesld Onucanbl MeauaHoi (Me) u 25, 75 nmepueHTWIAMHU. B3aMOCBSI3H HCCIIeTyeMBIX TOKa3aTesieil aHaIn3upoBaId 10
ko3¢ uLneHTaM paHroBoit koppessiuun CrnupmeHa. s onpeneneHus T0CTOBEPHOCTH PA3IHMUYUM IMOKa3aTeNeil MPUMEHSUIN KpUTEpUit
Kpackena Yomuca.

Pe3yabTarsl. B ocHOBHYO rpynmy Bouuio 13,5% noapocTkoB, B MOArOTOBUTENbHYO Ipyniny — 35,4%, B ClELIUaIbHYIO MEIULUH-
ckyto rpynmy — 51,1% mkonbHUKOB. Cpein yuYeHHKOB-CIIOPTCMEHOB 25,9% tonomeit u 45,4% neByliek OTHOCATCS K CIelHaIbHON
MEIUIIMHCKOM TpynIe. Y HMIKOJbHUKOB-CIIOPTCMEHOB KOPPEISALIUOHHBIC B3aUMOCBS3H MoKazarenel naaekca Pydre u recta PWC 170
HU3KHE U CTaTHCTHYECKH He3HaYnMBI. [lokazarenu ¢pusndeckoii paboTocrmocoOHOCTH B Ipeaenax 25-75 nepueHTHiIe NpakTHIeCKH He
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OTJIMYAIOTCS B PA3JINYHBIX MEJUIMHCKUX IPYIIIaxX. DTO CBUACTEILCTBYET O TOM, YTO B CIICHUATIbHON MEUIIMHCKON IPYIIIE €CTh IIKOJIb-
HUKH C CPETHIM U BBICOKUM YPOBHEM (hH3HNUECKOH paboTOCIOCOOHOCTH.

BbiBoABI. YCTaHOBJICHHBIC BO3PACTHBIC U MOJIOBBIC Pa3inyms (yHKIMOHAIBHOTO pe3epBa cep/iia MKOIbHUKOB OIPEASIISIOT He0O-
XOIUMOCTb pa3paboTku Aud(depeHIMPOBAHHBIX MOAXOI0B K OlleHKe nHaeKkca Pydne. dusnueckas paboToCMOCOOHOCTh B PA3IMYHBIX
MEJMIIHCKIX IPyINax BapbUPyeT B JOCTATOYHO MIMPOKKX JHara3oHax. Pacnpenenenue yqamnmxcsi Ha MEIUIIHHCKHE TPYIITEI 10 MTOKa-
3aTersM uHeKca Pydbe He oTpakaeT ypoBHS (pH3NIECKOH pabOTOCIOCOOHOCTH MIKOJIBHUKOB M, COOTBETCTBEHHO, NX PEAJIbHBIX aJam-
THBHBIX BO3MOKHOCTeH. HeoOXoaumpl fasibHEHIINe Hecie0BaHus HHDOPMATHBHOCTH IPUMEHEHHs IPoObl Pydbe 1t pacipeneneHus
IIKOJIBHHUKOB Ha MEIHIIMHCKUE TPYIIIIBI.

KuroueBblie c1oBa: noapoctky, npobda Pydrne, pusuueckas paboTocrocoOHOCTb, MEAULIMHCKHAE TPYIIIIBL.
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Relevance. The introduction of the quarantine measures in Ukraine during COVID-19 pandemic radically changed all aspects
of children’s lifestyle. Restricting of social contacts and travelling, introduction of distance education are typical manifestations of
quarantine measures’ application to schoolchildren. However, social distancing, the effects of the negative factors of distance education
and prolonged stress can threaten the health of school-age children both at the moment and have delayed consequences. The assistance
of the optimal adaptation process to new conditions decreases risks to children’s health at various levels: physical, psychical, social

Objective. Development of hygienic recommendations for saving the health of schoolchildren during the quarantine.

Methods. Structural-logical and analytical methods were used, based on our own 20-year research and research by other authors,
WHO and CDC recommendations. The results of our research before and during the quarantine have been presented.

Results. During the introduction of quarantine measures, the health of a schoolchild is formed under the influence of a complex of
factors, among which a significant place is occupied by controlled ones: properly organized learning process, daily routine, including
diet and drinking regime, ensuring sufficient physical activity and night rest. To ensure the optimal course of adaptation of children in
conditions of social isolation, it is also necessary to take into account the individual characteristics of children, the peculiarities of the
circadian rhythm of schoolchildren of different age groups, their physical and mental development.

Conclusions. Maintaining and strengthening the health of children in quarantine depends on the individual characteristics of de-
velopment and health of the child, the optimal organization of distance learning, ensuring sufficient duration of physical activity, sleep,
screen time, optimization of nutrition and water consumption schedule. The promotion of health maintenance and specific recommenda-

tions would help reduce the negative influence of the quarantine measures on the formation of children’s health.
Keywords: hygienic recommendations, saving children’s health, the quarantine, organizing lifestyle, distance education

Relevance. Social isolation, lockdown, quarantine
— these words have confidently entered the lexicon, this
is a new reality. The characteristic manifestations of the
life of the population, including children, in the new
conditions include the restriction of social contacts, re-
strictions on movement, distance learning. The optimal
course of adaptation to new conditions reduces the risk of
health problems in children at different levels: physical,
mental, social [1].

During the spread of infectious disease in the popu-
lation, the risk of damage to all segments of the popula-
tion, including children and adolescents, therefore, as a
preventive measure, school closure is considered as one
of the influencing factors [2, 3].

Forced stay at home during quarantine restrictions, or
observation, dramatically changes all aspects of school
life. First of all, motor activity is significantly reduced. It
is known that motor inactivity, the so-called «sedentary
behaviory, is a separate independent risk factor for chil-
dren’s health disorders [4, 5]. Our research in previous
years found that a sedentary lifestyle is characteristic of
75.6% of modern urban middle school students, even in
normal conditions. On average, a modern urban middle
school student spends about 11 hours a day sitting or ly-

ing down (except for a night’s sleep). Girls are 2.5 times
more likely to lead a sedentary lifestyle than boys [6].

Our research has shown that the probability of de-
veloping diseases in children increases by 20% at low
levels of physical activity. The probability of multiple
pathology (more than three diseases) increases in chil-
dren and adolescents almost 4 times with a low level of
physical activity, and the probability of neurosis - 2.5
times. Students who have a screen time of more than
two hours a day are also at risk of deteriorating health.
According to our data, 65.8% of such students. This
increases the likelihood of a decrease in performance
by 45% [4, 7].

Living in new conditions requires special attention
to the prevention of posture disorders in children [8, 9].
Musculoskeletal disorders occur during periods of inten-
sive growth and development of the body in conditions of
high levels of static, sensory and information load, low
level of general motor activity, unbalanced diet, lack of
special exercises to strengthen corset muscles, incon-
sistency of physical activity with morpho-functional
features and the degree of individual fitness of the child’s
body; inconsistencies in the child’s workplace growth
and other factors. We have established a link between
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the formation of posture disorders in schoolchildren and
decreased vital capacity of the lungs, deterioration of the
visual analyzer, central and autonomic nervous system,
cardiovascular system, digestive system, decreased men-
tal capacity [11-14].

Quarantine restrictive measures, or observation, in-
volve the maximum restriction of direct «live» social
contacts. Studies conducted by scientists before the
COVID-19 pandemic show that in conditions of depri-
vation in children and young people there is an increase
in anxiety, hyperactivity, aggression, as well as various
types of addiction (from sweets, alcohol and others) [15].
The results of our own research showed that adaptation
to new living conditions was easier and faster for people
who were able to create and maintain a virtual circle of
communication and received support from teachers [16].

Objective: Development of hygienic recommenda-
tions for saving the health of schoolchildren during the
quarantine.

MATERIALS AND METHODS

When writing the recommendations, structural-logi-
cal and analytical methods were used, based on the use
of our own 20-year research on the formation of the
health of children and adolescents under the influence of
vital factors, including during the COVID-19 pandemic.
We also used research by other authors, materials from
WHO, CDC.

RESULTS AND DISCUSSION

Most of the factors of schoolchildren’s life, such as
daily routine, living conditions, organization of educa-
tion, organization and quality of food, and others, are
controlled factors. That is, the impact on these determi-
nants and the optimization of these aspects of life have
a positive effect on the processes of maintaining and
strengthening the health of children. A thorough study of
certain factors and their impact on the formation of the
health of school-age children during quarantine restric-
tive measures has allowed us to identify the main ones
that need the most attention.

During the period of strict quarantine, the only pos-
sible form of schooling for students is distance learning.
During this form of learning, communication between
the subjects of distance learning during training and cor-
rectional and developmental classes, consultations is
provided by the transmission of video, audio, graphic
and textual information in synchronous or asynchro-
nous mode. The procedure for organizing the educational
process by distance learning is determined according
to the orders of the Ministry of Education and Science
of Ukraine «On approval of the Regulation on distance
learningy from 25.04.2013 Ne 466 and «On approval of
the Regulation on the institutional form of general sec-
ondary education» 23.04.2019 Ne536, as well as changes

to these orders, which are reflected in the order «Some
issues of distance learning» from 08.09.2020 Ne 1115
[17]. Also, when organizing the educational process, it is
necessary to follow the Sanitary Regulations for general
secondary education institutions, approved by the Order
of the Ministry of Health of Ukraine dated 25.09.2020 Ne
2205 and registered in the Ministry of Justice of Ukraine
on 10.11.2020 for Ne 1111/35394 [18].

The organization of the process of teaching a sckool-
child at home consists of the equipment of the workplace
(educational furniture, digital devices, lighting), the du-
ration and form of education, types of extracurricular
activities, including physical activity.

The equipment of the place for the child must cor-
respond to the anthropometric parameters of the sck-
oolchild [19]. You can determine the conformity of the
desktop to the child’s height visually. With the optimal
posture of the child:

»  2/3 of the length of the thigh are on the seat;

» the child’s feet are on the floor or stand, the angle

at the knee joint is straight;

+ the front edge of the chair goes about 5 cm below
the table surface, with the child’s palm between
the torso and the front edge of the table;

+ the table surface is 2-6 cm above the elbow of the
lowered arm of the sitting child.

If these conditions are met, the child’s posture during
training will be stable, the angle of the body is favorable,
the shoulders are symmetrically located. This pose does
not compress the internal organs and large vessels, while
maintaining the required safe distance from the eyes to
the table surface [19].

Given the growth process of the child during school,
the most optimal are adjustable furniture. If it is not
possible to buy a special adjustable desk, it is necessary
to optimize the workplace: with a high chair on the floor
you need to install a solid, stable footrest, and with a
high table on the chair to put a hard pillow. To ensure
that the child’s eyes and body do not strain during read-
ing, it is necessary to provide a perpendicular from the
eyes to the book with a special book stand or tilt the
table cover.

The format of using electronic devices during dis-
tance learning depends on the duration of quarantine
and the age group of students. If the quarantine lasts
no more than a week, it is acceptable to receive tasks
through social networks and perform them yourself [20].
With a longer duration of quarantine, the introduction of
interactive learning is necessary.

If a child of primary school age does not have a com-
puter, the acquisition of new skills can cause an addition-
al reaction to the stress that is observed due to unusual
learning conditions. Therefore, in the first stage, you
can use a regular tablet or smartphone when commu-
nicating with the teacher, as conference facilities such
as Zoom, Discord, Skype, Hangouts, etc. do not require
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special equipment. Having a personal computer for a
child of any age is especially important when the school
uses e-learning systems (HUMAN, MOODLE or oth-
ers). Each e-learning platform publishes the technical
requirements of the means of communication, and these
requirements must be taken into account when choosing
an e-device. When using smartphones during distance
learning, it is necessary to take into account such short-
comings in their work as small screen size, instability of
Internet connection, high risk of disabling video confer-
encing during a phone call [21]. It is important to mark
the place for distance learning of sckoolchildren in large
families or small apartments physically, for example,
with colored tape. A dedicated place for studing gives a
feeling of control and security. At the same time during
studing it is desirable to use earphones which have func-
tion of suppression of noise.

Emphasis should be placed on the following general
conditions for the use of digital electronic devices during
distance learning:

+ the place of employment should be comfortable
for the child and separated from the activities of
other family members;

» the webcam should be at eye level;

*  when using electronic devices outside the child
should not lead to curvature of the spine and
compression of internal organs;

+ every 15-25 minutes of training it is necessary to
take breaks for physical activity;

+ electronic devices must meet the conditions of
mental and physical development of the sckool-
child with a diagonal of video monitors (screens)
not less than 35.56 cm (14 inches);

* during video conferences it is necessary to allo-
cate time for communication of sckoolchildren
among themselves.

For optimal functioning of musculoskeletal and visual
analyzers and harmonious mental development of the
child, it is necessary to provide a favorable light regime
and color scheme in the room and workplace. The walls
of light tones of yellow, pink, green colors have the most
harmonious influence on the psychoemotional state of the
child; furniture — the color of light natural wood. At the
same time the materials creating a matte surface are used.
For right-handed children, the light from the window and
table lamp should fall on the left side, for left-handed
children — on the right. Preference should be given to
lamps that provide a sufficient level and uniformity of
lighting throughout the work surface, the absence of
flicker and acoustic noise [19].

Wet cleaning should be carried out regularly (prefera-
bly daily) and the apartment should be ventilated at least
three times a day: in the morning, in the afternoon and
half an hour before bedtime, including to reduce static
electricity generated by e-learning tools [22].

Given the peculiarities of the biorhythmological ac-

tivity of the organism at different ages, the educational
process for better performance is desirable to begin in
grades 1-4 at 8: 30-9: 00; grades 5-9 — at 9: 30-10: 00;
10-11 — 10: 00-10: 30. According to the methodological
recommendations of the Ministry of Education and Sci-
ence of Ukraine, synchronous classes should start at 10
am and end at 1 pm [23]. The duration of synchronous
classes (audio, video conferencing or real-time chats)
should be up to 30% of the total learning process. In other
countries, training by video conferencing is recommend-
ed within 1-2 hours per day, which does not contradict
domestic standards [24]. If children study according to
the traditional classroom system, it is important not to
exceed for 1st grade students 20 lessons per week, 2nd
—21; 3rd — 22; 4th — 23; 5th — 27; 6th — 28; 7-9th — 30;
10-11th — 32 [4, 25, 26]. Exceeding the number of school
hours above these limits leads to an increase in the prob-
ability of a high level of severe fatigue in schoolchildren
by 1.3-3.5 times.

To reduce the risk of visual analyzer depletion and
severe fatigue, it is recommended to reduce the duration
of lessons using electronic means to 25-30 minutes, as
the duration of the screen time should not exceed 2 hours
per day [27]. However, our research has shown that the
duration of the educational process during quarantine in
April-May 2020 with the use of electronic means has
not changed [28].

For children of primary and secondary school age, the
maximum duration of homework is recommended to be 1
hour per day, for students of senior school age — 1.5 hours
[4]. The probability of developing severe fatigue in chil-
dren when these levels are exceeded is 2.2 times higher.

Active rest and physical activity. During distance
learning, special attention should be paid to sufficient
Physical activity (PA), as insufficient levels of PA are as-
sociated with the risk of cardiovascular disease, diabetes,
diseases of the musculoskeletal system, injuries, mental
disorders (depression, anxiety). To prevent mental fa-
tigue and increase the body’s resistance to disease during
distance learning every 15-20 minutes of continuous
sitting, it is necessary to take breaks to change the type
of activity from inactive to active [10]. The so-called
«smally», but quite significant, forms of physical activity
are important for children’s health: morning gymnastics,
sports breaks during study or leisure, free movement and
change of posture during lessons or homework [29-31].
In particular, you can use the exercises that are given in
the guidelines «Healthy student» [32]. In addition, if the
child is healthy, not in self-isolation, it is recommended
to walk 1.5-2 hours a day in the fresh air, or engage in
other types of physical activity. According to WHO rec-
ommendations [33] and CDC [34], daily physical activity
from moderate to high intensity with a total duration of
at least 60 minutes/day is recommended for children and
adolescents. Moderate or intense aerobic exercise (brisk
walking, running, cycling, rollerblading, etc.) is recom-
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mended daily, and strength training to strengthen muscles
and bones — at least 3 days a week (Table 1). To prevent
injury and overtraining, children should slowly increase
their level of physical activity and change their activities.

Physical activity is also associated with subjective
indicators of health and well-being. Our research showed
that adolescents who consider themselves happy are en-
gaged in 1.5-2.0 times longer sports of moderate intensity
than students who feel less happy (p<0.05) [35]. There-
fore, it is necessary to help children remain physically
active both in everyday life and in such special periods
as quarantine.

However, both children and parents are often unable
to properly assess whether a child has enough PA. Ac-
cording to our data, only 17% of children and 22% of
parents believe that children lack PA, although in fact
41% of such children.

Our research has shown that the daily duration of total
physical activity of children and adolescents should be
at least 4.5 hours a day, and for classes of medium and
high intensity, such as running, brisk walking, dancing,
moving games, cycling, rollerblading, general physical
training, strength exercises and most sports — it is neces-
sary to allocate 50-60 minutes a day for boys, 40-50 min-
utes for girls; or 1.5 hours of sports 4 times a week for

boys and 3 times for girls [4, 28]. The average duration
of general PA of children during quarantine in April-May
2020. was about 2.5 hours/day at a rate of 4.5-5.5 hours,
regardless of age and sex of children, ie twice less. It is
safe to predict that long-term quarantine will adversely
affect children’s health.

According to our data, during distance learning only
63.6+1.6% of respondents noted that in their educational
institutions were organized physical education classes or
provided recommendations for physical education (PE) in
one form or another. Moreover, for 28.0% of sckoolchil-
dren, the organization of PE during quarantine was limited
only by oral or written recommendations of a physical
education teacher. However, there is a great interest of
children in the project «Rukhanka», which during the
quarantine was introduced as part of the «All-Ukrainian
School Onliney. Thus, 59.2% of schoolchildren, regardless
of place of residence (y’=1.7; p>0.8), performed phys-
ical exercises in this format. This indicates the interest
of children in physical exercises in the form of videos,
especially emotionally colored, which should be used to
increase physical activity not only during quarantine, but
also during the normal learning process at school [28].

It is advisable for parents to engage in physical ac-
tivity with their children at least once a day. These can

Table 1

Types of exercise for children and adolescents, according to the recommendations Centers for Disease Control
and Prevention
(https://www.cdc.gov/healthyyouth/index.htm)

Age groups

Type PA
6-11 years

12-18 years

* Fast walking

. . speeds
Aerobic exercise | P )

moderate type without a motor, swimming

* Play active games, such as baseball

* Cycling (mostly on flat surfaces at moderate

* Active recreation, such as hiking, scootering

* Fast walking

* Cycling (mostly on flat surfaces)

* Active recreation, such as kayaking, hiking, swimming
* Housework and gardening

* Play active games, such as baseball

* Running
* Fast cycling

* Jump rope
* Cross-country skiing
« Initial level of martial arts

Aecrobic exercise
intensive type

tennis
* Energetic dances

* Active running-related games, such as football

* Sports such as football, basketball, swimming and

* Running

* Fast cycling

* Active running-related games, such as football

* Jump rope

* Cross-country skiing

*Martial arts

* Sports such as football, basketball, swimming and
tennis

* Energetic dances

* Tug of war

Exercises
for muscle
strengthening

resistance bands

* Climbing on a rope or wood

* Climbing the playground equipment
* Some forms of yoga

* Resistance exercises using body weight or

* Tug of war

* Resistance exercises using body weights, resistance
bands and exercise machines

* Some forms of yoga

. ) ] * Jump rope
Xercises * Running * Running
for bone * Sports that involve jumping or rapidly changing * Sports that involve jumping or rapidly changing
strengthening direction direction
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be activities at home - dancing, stretching exercises,
strength exercises, or outdoors — moving games, cycling
or rollerblading. We found a positive effect of joint phys-
ical activity of parents and children on children’s health:
a higher level of health is inherent in children who, to-
gether with their parents, engage in physical activity as in
the fresh air (y’=7.96, p<0.05), and at home (¥’ = 6.47;
p <0.05) [4, 37].

According to our survey (2017-2018), 66% of parents
indicated that at least once in the last 30 days engaged
in physical activity with the child in the fresh air (joint
games, hiking, etc.). Parents pay much less attention
to joint PA at home — only 29% indicated that they had
exercised with their child at home at least once in the
last 7 days [4].

Our research has shown that the personal example of
parents regarding PA classes also has a positive effect on
children’s PA. Children and adolescents are more likely
to attend sports sections or dance clubs if at least one of
them does sports at home or in a fitness center (p<0.05-
0.001). Similar results were also obtained in the works
of other authors [38-40].

Food and drinking. During quarantine, an important
aspect of the daily routine is nutrition and drinking. It
is important to provide children with a complete diet,
which includes vegetables, fruits, meat, fish and seafood,
cereals, eggs, dairy products, as well as the optimal mode
of multiplicity of meals [22]. The diet of children can
be individual depending on living and learning condi-
tions, health status, physical activity. It is desirable that
the intervals between meals do not exceed 3-3.5 hours
[41]. According to our data, the actual diet of modern
children and adolescents is characterized by insufficient
consumption of products such as fish and seafood in 60%
of students, meat, butter, eggs and milk — 22%, dairy
products — 13%, fruit — 9% of students [41, 42]. At the
same time, 45% of sckoolchildren consume «unhealthy»
products every day: sweet carbonated drinks, mayonnaise
and ketchup — 57%, sausages — 74%, chips and crackers
—21% of sckoolchildren [41]. During the period from 5th
to 9th grade, the number of children with poor nutrition
increases 2.5 times.

It has been found that sckoolchildren with optimal
nutrition make fewer mistakes during mental work. With
poor nutrition, the probability of severe fatigue in sckool-
children is 30% higher than with satisfactory.

Water consumption should be balanced with its ex-
cretion from the body. Water deficiency is especially
dangerous during the challenges that the body receives
from the adverse effects of a polluted environment, in-
tense physical activity and, especially, during illness
[43]. Insufficient water consumption also reduces the
cognitive functions of schoolchildren [44]. Total water
consumption includes drinking water, water in beverages
and water that is part of food [45]. The required amount
of water per day depends on the age and sex of the child,

as well as physical activity. The European Food Safety
Authority recommends that children aged 4 to 8 drink
about 1.0-1.1 L/day, girls aged 9-13 — 1.3-1.5 L/day,
and boys 9-13 years — 1.5-1.7 L/day [46]. The drinking
regime of adolescents over 14 years of age should cor-
respond to the drinking regime of an adult — about 2.0 L/
day for girls and about 2.5 L/day for boys.

A night s sleep. The question of the duration and qual-
ity of schoolchildren’s night rest is relevant both during
everyday life and during quarantine. Sleep deprivation is
known to increase the risk of developing chronic diseases
such as insulin resistance, obesity, deteriorating mental
health, and injuries, weight and behavioral problems
[47-53]. Indicators of mental capacity of sckoolchildren
are also sensitive to the factor of «night sleep». The prob-
ability of high levels of sckoolchildren fatigue is 30%
higher with sleep deprivation than with sufficient sleep
duration. With a lack of sleep, the amount of mental work
of students decreases by 7-11%, and the number of errors
increases by 20-22% [10, 54]. The sleep duration recom-
mended by the American Academy of Sleep Medicine for
optimal health of children aged 6-12 years is 9-12 hours /
day, and for adolescents aged 13-18 years - 8-10 hours /
day [55]. According to our research, the optimal duration
of sleep to maintain mental performance and reduce the
risk of neurosis for children 6-11 years should be at least
10 hours, for adolescents 12-15 years at least 9 hours,
for adolescents 16-18 years - at least 8 hours per day, in
accordance with international recommendations [22, 54].

Figure 2 presents the recommendations of The Inter-
national Association for Child and Adolescent Psychi-
atry and Allied Professions ’to ensure healthy sleep in
children [56].

To implement the mechanisms of healthy sleep, it is
necessary for the child to fall asleep and wake up at the
same time. It is necessary to eliminate such irritants in the
bedroom as electrical appliances with a bright display. In
the bedroom you need to create a favorable microclimate
for sleep. The air temperature in the cold season should
be in the range of 18-22°C, and in the warm — 22-25°C;
humidity 40-60%. But to apply these recommendations
it is necessary taking into account comfort for the indi-
vidual, after all the pleasant temperature mode is defined
individually.

As a result of the introduction of distance education,
in addition to adapting to an unusual method of teaching,
students experience psychological discomfort due to
loss or severe restriction of face-to-face communication
with school friends and teachers, as well as cases of in-
terruption due to poor technical capabilities. Obvious-
ly, the biggest problems arise in children who grow up
in low-income families who do not have the necessary
technical means to organize the learning and life of their
children. Anxiety and confusion are common disorders
during social isolation in all age groups [57]. Therefore,
during the implementation of quarantine measures, it is
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Recommended

every day

e Go to bed in the same
place

o Sleep separately from
parents

e Do not use products that

practice short sleep (4 hours
before sleep)

Healthy sleep

o Relaxing activities before
going to bed

the morning

¢ Go to bed at the same time

contain caffeine and does not

o Get ready for sleep calmly

o Get up at the same time in

Not recommended

o Drink plenty of water
before going to bed

e Play active games
before going to bed

e Using the bed for
purposes other than
sleeping

e Put the child into bed
after he/she falled asleep
another place

e Go to bed at different
times all the time

ddueqrmysip dags

Fig. 2. Recommendations for sleep hygiene in children (The International Association for Child and Adolescent Psychiatry and Allied Professions’)

necessary to take care of the physical and mental health
of sckoolchildren, both on the part of parents and on the
part of the educational institution.

Thus, the health of sckoolchildren during the imple-
mentation of quarantine measures is formed under the
influence of a set of factors, among which a significant
place is occupied by management: properly organized
learning process, daily routine, including diet and drink-
ing, adequate physical activity and night rest.

To ensure the optimal course of adaptation of children
in conditions of social isolation, it is also necessary to
take into account the individual characteristics of chil-
dren, the peculiarities of the circadian rhythm of sck-
oolchildren of different ages, their physical and mental
development.

CONCLUSIONS

Maintaining and strengthening the health of children
in quarantine depends on the individual development and
health of the child, the optimal organization of distance
learning, ensuring sufficient duration of physical activi-
ty, sleep, limiting screen time, optimizing nutrition and
drinking. Informing the public about the importance of
these health components and specific recommendations
will reduce the negative impact of social and physical
isolation on children’s health.
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TITTEHTYHI PEKOMEHJIAIII I1O/10 3BEPEKEHHS 3/IOPOB’S TITEM B YMOBAX KAPAHTUHY

Tozax C.B., Cmankesuu T.B., Enizaposa O.T., Ilapay A.M.
Y «lnemumym epomadcvkoeo 300pog’s im. O.M. Mapsecesa HAMH Yxpainuy, Kuis, Yxpaina
school_health@meta.ua

AKTyaJIbHicTh. BBeIeHHS KapaHTHHHHUX Ta 0OMEXYBaJIbHHX 3aX0AiB B YkpaiHi mix yac manaemii COVID-19 kapauHaabHO 3MIHWIO
BCi @CHEKTH )KUTTEAISIIBHOCTI IKOJSIPIB. J[0 XapakTepHUX MPOSIBIB UTTEMISUIBHOCTI JiTEH Y HOBUX yMOBaX MOXKHA BiTHECTH 0OMEKeH-
HJ COIIIaJIbHUX KOHTAKTIB, 0OME)KCHHS IEPEMIILICHHS Ta TUCTAHIIIIIHE HAaBUaHHs. AJIe COIliajibHa 130JIA11i51, BIUINB HETAaTHBHUX (haKTOPiB
JUCTAHIIHHOT OCBITH Ta TPHBAINH CTPEC MOXKYTh 3arPOXKYBaTH 37J0pOB’I0 JiTeil MIKIIBHOTO BiKy SIK HA JaHWH MOMEHT, TaK 1 MaTH Bij-
CTPOYCHI HACHIAKH. 3a0€3MeYeHHS ONTUMAIBHOTO Mepediry MpoIeciB afanTallii 10 HOBUX YMOB 3HWKYE PU3UK MTOPYIICHHS 310pOB’S
JiTell Ha Pi3HUX PIBHAX: (QiI3UIHOMY, ICUXIYHOMY, COIIIaTbHOMY.

MeTta: po3poOUTH peKOMEH AT 1010 OpraHi3alii KXUTTEAISUIBHOCTI IIKOIAPIB, IO € HAJ3BUYANHO BaXKJIMBUM IS 30€pexKeHH 1X
37I0pOB’sl B YMOBaX BHKIIMKIB ChOTOJICHHSL.

Metonu. [Tpu HanrcaHHI pekOMeHalii OyB 3aCTOCOBAHHH CTPYKTYpPHO-JIOTIYHHUHN Ta aHAJITHYHUI METOAN HAa OCHOBI BUKOPUCTAaH-
Hs BracHUX 20-piuHHUX JOCHIIIKEHb MO0 (OPMYBaHHS 30pOB’s NiTel Ta MiUTITKIB i BIUINBOM (DAKTOPIB KUTTEMISUIEHOCTI, B TOMY
gucni mix yac manaeMii COVID-19, a Takox HayKOBHX JIOCIIIKCHB 1HIIAX aBTopiB, MatepianiB BOO3, CDC. [IpencrasieHi pe3yasratu
HAIUX JOCIIIKEeHB 5K 10, TaK 1 MiJ 9ac KapaHTHHY.

Pe3ysabraTn. 300poB’s MIKOJSApA MiJ Yac BIPOBAIKECHHS KapaHTUHHUX 3aXOIB (POPMYETHCS MiX BIUIMBOM KOMIUIEKCY (DaKTOpiB,
cepel SIKMX 3Ha4YHe Miclie 3aiiMaloTh KePOBaHi: MPaBUIILHO OPraHi3oBaHi MPOIeC HABYAHHSI, POIOPSIOK [HSI, B TOMY YHCIII PEKUM Xap-
YyBaHHS Ta MUTHUH PEXHUM, 3a0€3MEeUEHHS I0CTaTHHOI PyXOBOT aKTUBHOCTI Ta HIYHOTO BiIIOYMHKY. /15t 3a0€3NeUeHHs] ONTUMAaIEHOTO
repebiry ajanTarii 1iTel B yMOBaX COIiaIbHOT 1301511111 HEOOX1THO TaKOK BPaXOBYBAaTH iHAMUBIAyallbHI 0COOIMBOCTI JiTEH, 0COOIMBOCTI
LUPKAJTHOTO PUTMY LIKOJISPIB PI3HUX BIKOBUX TPYIL, X (Di3UYHUIA Ta MCUXIYHUH PO3BUTOK.

BucHoBku. 30epekeHHS 1 3MIIHEHHS 310pOB’S AiTEH B YMOBaX KapaHTHHY 3aJCKHUTh Bill iHAUBITyaJbHUX OCOOMMBOCTEH PO3BUTKY i
CTaHy 3710pOB’sI TUTHHH, ONTUMAJILHOI OpraHi3allii JUCTaHLIIHOTO HaBYaHHs, 3a0€3MeUeHHs IOCTaTHBOI TPUBAIOCTI PyX0BOi aKTUBHOCTI, CHY,
00OMEXEHHsI €KPaHHOTO Yacy, ONTUMI3ALli XapuyBaHHsI i MUTHOTO pexuMy. [HOpMyBaHHS HACEICHHS 1OJI0 BXKIMBOCTI LIUX 310pOB’s130epi-
raluMX CKJIJ0BUX Ta KOHKPETHI PEKOMEH AT JO3BOJISATh 3MCHIIIMTH HETATUBHUI BILTHUB COLIAIBHOT 1 (Di3MYHOI 13011111 Ha 30POB’SI AITCH.

KorouoBi ciroBa: ririeHiuni pekoMeHamnii, 30epeskeHHs 30poB’sl AiTel, KapaHTHH, OpraHi3allis XHUTTEAISUIBHOCTI MIKOJISIPIB, TUC-
TaHIiliHA OCBIiTa
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TUT'MEHUYECKUE PEKOMEHJAIIMU COXPAHEHMUS 3JOPOBbSI IETEN B YCJIOBUSX KAPAHTUHA

Tozak C.B., Cmankeeuu T.B., Enuzapoea E.T., Ilapay A.H.
I'Y «Hucmumym obwecmsennozo 300posva um. A.H. Mapseesa HAMH Ykpaunwi», Kues, Yxkpauna

school health@meta.ua

AKTYyaJIbHOCTb. BBeieHIE KapaHTHHHBIX U OTPaHUYUTENIBHBIX Mep B YkpanHe Bo Bpems nangemMur COVID-19 kapanHanbHO H3MEHH-
JI0 BCE aCHEKTHI XKNU3HEICATEIbHOCTH IIKOJIBHUKOB. K XapakTepHBIM MPOSIBICHUSIM JKH3HEIEATEILHOCTH JIETEH B HOBBIX YCIOBHUIX MOXKHO
OTHECTH OTPaHUUYEHHE COIMATBHBIX KOHTAKTOB, OTPaHUUEHHE MepeMEIleH s U AUCTaHIIMOHHOe 00ydenue. Ho cormanbHast n3onsmusi, BIu-
sSIHAE HEraTHBHBIX (PaKTOPOB JUCTAHIIOHHOTO 00Pa30BaHMs U JUTUTEIBHBIH CTPECC MOTYT yIrPOXKaTh 37I0POBBIO AETEil IIKOILHOTO BO3pacTa
KaK Ha JIAHHBIH MOMEHT, TaK 1 IMETh OTCPOUYCHHBIE IocieAcTBUs. ObecneueHne ONTUMAIBHOTO TEUSHHSI ITPOLIECCOB aIaNTalMU K HOBBIM
YCIIOBUSIM CHIDKAET PUCK HApPYIICHUS 3J0POBBsI IeTeH Ha PAa3HBIX YPOBHSX: (PU3MUECKOM, TICHXHIECKOM, COIIHATBHOM.

Ieanb: pa3paboTaTh peKOMEHJANH 110 OPTAaHU3ANNH JKH3HEACSITEIILHOCTH IIKOJIBHUKOB, UTO SIBIISICTCS UPE3BBIYAIHO BaXKHBIM JUIS
COXPAHEHHS HX 37I0POBbS B YCIIOBUSIX BEI30BOB CETOMHSIIITHETO JTHSL.

Metoasl. [Ipu HanucaHnu peKOMeHAAIMH ObUT MPUMEHEH CTPYKTYpPHO-JIOTHYECKHH U aHATUTHYECKUI METOIBI Ha OCHOBE UCIIOJb-
30BaHMsl COOCTBEHHBIX 20-JIETHUX HMCCIEIOBAHHN 110 (JOPMUPOBAHUIO 370POBbS JETEH M MOAPOCTKOB MO BIUSIHUEM (AKTOPOB HKU3-
HE/IeATEeNIbHOCTH, B TOM ymciie BO Bpems nanaemun COVID-19, a takke HaydHBIX UCCIICAOBAHUI APYrUX aBTOpoB, MarepuanoB BO3,
CDC. IlpencraBieHsl pe3yiIbTaThl HAIUX UCCICAOBAaHUM KaK 110, TaK M BO BPEMs KApaHTUHA.

PesynbTarhl. 310pOBbE MIKOIBHUKA TPU BHEAPESHUH KAPAHTHHHBIX MEPOIPHATUH (OPMHUPYETCs O] BIUSIHIEM KOMITIEKca (hakTopoB,
Cpey KOTOPBIX 3HAYUTENIFHOE MECTO 3aHHUMAIOT yIIpaByIsAeMble: MPABUIBHO OPraHN30BAHHBIE MIPOIECC 00yUEHMS, PACIOPSIOK JHS, B TOM
YHCIIe PEKUM MTUTAHUS M TUTHEBOH PexXUM, oOecTieueHest JOCTaTOYHON JBUTATeIbHOM aKTHBHOCTH U HOUHOTO OTAbIXa. Jlist obecreueHus
ONTHMAJILHOTO TEUCHHUS aJlaNTalluK JETeH B yCIOBHUAX COLMAIBHON H30JIALIMU HEOOXOAUMO TaKKE YUUTBIBATh MHAUBHUIyaJIbHbIE 0COOCHHO-
CTH JeTeil, 0COOEHHOCTH LUPKATHOTO PUTMA IIKOJIBHUKOB PA3HBIX BO3PACTHBIX IPYIII, UX (PH3UUECKOE U IICUXMYECKOE Pa3BHUTHE.

BeiBoabl. CoxpaHeHHe 1 YKpeIIeHHE 3/I0POBbs IeTell B YCIOBHUIX KapaHTHHA 3aBUCUT OT MHIMBHIYaIbHBIX 0COOCHHOCTEH pa3BH-
THUSI U COCTOSHHS 37I0pOBbS peOCHKA, ONTHMAIbHON OpPraHU3aliy JUCTAHIIMOHHOTO 00y4YeHHs, 00eCIeUeHHs JOCTaTOYHOH POJOIIKHI-
TEIBHOCTH JBUIATENbHOI aKTUBHOCTH, CHA, OTPAaHUYEHHS YKPAHHOTO BPEMEHHM, ONTHMHU3ALNH MUTaHUS U THTheBOro pexuma. Mudop-
MHPOBaHHE HACEIEHHUs O BAKHOCTH 3THX 340POBhECOEPETraIONINX COCTABISIONINX M KOHKPETHBIE PEKOMEHJALUH TTO3BOJISAT YMEHBIIUTh
HEraTHBHOE BIMSIHUE COLMANBHOM M (PU3HIECKOIl M30ISIIMU Ha 310POBbE ACTEH.

KiroueBble cj10Ba: rUrMEHHUYCCKUE PEKOMEHAIMK, COXPAHEHUE 310pOBbs JeTell, KapaHTHH, OpraHU3alysl KU3HEACSTeIbHOCTH
MIKOJIFHAKOB, IUCTAaHIIMOHHOE 00pa30oBaHHe
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Relevance. Treatment of solid tumors and biofilm-derived infections face a common problem: drugs often fail to reach and kill can-
cer cells and microbial pathogens because of local microenvironment heterogeneities. There are remarkable challenges for current and
prospective anticancer and antibiofilm agents to target and maintain activity in the microenvironments where cancer cells and microbial
pathogens survive and cause the onset of disease. Bacterial infections in cancer formation will increase the coming years. Collection
of approaches such as ROS modulation in cells, tumor is promoted by microbe’s inflammation can be a strategy to target cancer and
bacteria. Besides that, bacteria may take the advantage of oxygen tension and permissive carbon sources, therefore the tumor microen-
vironment (TM) becomes a potential refuge for bacteria. It is noteworthy that the relation between cancer and bacteria is intertwined.

Objective: To analyze similarities biofilm and tumor milieu that are produced against stress conditions and heterogeneous microen-
vironment for combination of approaches the bacteriotherapy with chemotherapy which can help in defeating the tumor heterogeneity
accompanied with malignancy, drug-resistance and metastasis.

Method: An analytical review of the literature on keywords from the scientometric databases PubMed, Wiley.

Results: Bacteria evade antimicrobial treatment is mainly due to persistence that have become dormant during stationary phase
and tolerance. Drug-tolerant persisters and cellular dormancy are crucial in the development of cancer, especially in understanding the
development of metastases as a late relapse. Biofilms are formed by groups of cells in different states, growing or non-growing and
metabolically active or inactive in variable fractions, depending on maturity and on chemical gradients (O, and nutrients) of the biofilms
producing physiological heterogeneity. Heterogeneity in the microenvironment of a cancer can be described as a non-cell autonomous
driver of cancer cell diversity; in a highly diverse microenvironment, different cellular phenotypes may be selected for or against in dif-
ferent regions of the tumor. Hypoxia, oxidative stress and inflammation have been identified as positive regulators of metastatic potential,
drug resistance and tumorigenic properties in cancer. It is proven that, Escherichia coli (E. coli) and life-threatening infectious pathogens
such as Staphylococcus aureus (SA) and Mycobacterium tuberculosis (Mtb) are noticeably sensitive to alterations in the intracellular
oxidative environment. An alternative emerging paradigm is that many cancers may be promoted by commensal microbiota, either
by translocation and adherence of microbes to cancer cells or by the distant release of inflammation-activating microbial metabolites.
Microbial factors such as F. nucleatum, B. fragilis and Enterobacteriaceae members may contribute to disease onset in patients with a
hereditary form of colorectal cancer (CRC); familial adenomatous polyposis (FAP). These findings are linked with the creation of new
biomarkers and therapy for identifying and treating biofilm- associated cancers. Currently, about 20% of neoplasms globally can be
caused by infections, with approximately 1.2 million cases annually. Several antineoplastic drugs that exhibited activity against S. mu-
tans, including tamoxifen, doxorubicin, and ponatinib, also possessed activity against other Gram-positive bacteria. Drug repurposing,
also known as repositioning, has gained momentum, mostly due to its advantages over de novo drug discovery, including reduced risk to
patients due to previously documented clinical trials, lower drug development costs, and faster benchtop-to-clinic transition. Although
many bacteria are carcinogens and tumor promoters, some have shown great potential towards cancer therapy. Several species of bacteria
have shown an impressive power to penetrate and colonize solid tumors, which has mainly led to neoplasm slower growth and tumor
clearance. Different strains of Clostridia, Lactococcus, Bifidobacteria, Shigella, Vibrio, Listeria, Escherichia, and Salmonella have been
evaluated against cancer in animal models.

Conclusion. Cancer is a multifactorial disease and the use of bacteria for cancer therapy as an immunostimulatory agent or as a
vector for carrying the therapeutic cargo is a promising treatment method. Therefore, the world has turned to an alternative solution,
which is the use of genetically engineered microorganisms; thus, the use of living bacteria targeting cancerous cells is the unique option
to overcome these challenges. Bacterial therapies, whether used alone or combination with chemotherapy, give a positive effect to treat
multiple conditions of cancer.

Keywords: biofilm, tumor, heterogeneity, biomarker, repositioning, bacteriotherapy.

Relevance. Recognition of the fact that bacterial
biofilm may play a role in the pathogenesis of disease
has led to an increased focus on identifying diseases that
may be biofilm-related. In the majority of cases, this is
based on observations of biofilm-like structures in biop-
sies, autopsies, and exudates of patients and /or research
animals. Additionally or alternatively, the presence of
biofilm is indicated by studies on bacterial phenotypes
during infection, immune responses, and vaccination
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experiments. Furthermore, the presence of biofilm may
contribute to development of cancer [1].

Much of the microbiological research during the last
century has focused on the investigation of the plank-
tonic lifestyle of microorganisms. The challenge now is
to decipher the specific features of the under researched
biofilm lifestyle, because its ubiquitous nature and its im-
portance in the clinic. Biofilm communities appear to be
more complex than planktonic cultures. Not only is the
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cell physiology different, but any biofilm is composed of
cells with diverse physiology one extreme being represent-
ed by dormant, metabolically silent, and persister cells.
The basic concept of deleterious biofilms as microbial
colonization of the ‘wrong type of bacteria at the wrong
place’, can be even more dramatically exemplified in the
arising association between biofilms and the development
of certain cancers [2].

METHOD

An analytical review of the literature on keywords
from the scientometric databases PubMed, Wiley. Search
depth 5 years from 2016 to 2020.

RESULTS AND DISCUSSION

Deeply studied in bacteria, bacterial biofilms rep-
resent multicellular assemblies of bacteria in contact
with a surface and shielded by the extracellular matrix
(ECM). Microbial lifestyle in biofilms, either viral or
bacterial, is opposed structurally and physiologically to
an isolated lifestyle, in which viruses or bacteria freely
float in their environment. Biofilm grows until it becomes
a macroscopic “mushroom”-like structure. Such biofilms
are not uniform and contain channels that are believed to
be essential for providing nutrients to bacteria embedded
deeper in biofilm layers. Indeed, bacteria are present in
different physiological states (anaerobic, dormancy, etc.)
depending on their location in the biofilm, and on the
availability of substrates, oxygenation, pH, or exposure
to metabolites present in the biofilm. After biofilm matu-
ration, isolated or aggregated bacteria can dissociate and
end up in the bloodstream. This detachment stage allows
colonization of other sites, leading to the appearance of
“metastasis” of the infection. Bacterial release from the
biofilm requires degradation of biofilm polymers by en-
zymes and surfactant molecules that reduce surface-bac-
terial interactions. Although the processes leading to the
synthesis, stability, and regulation of bacterial biofilms
have been widely studied, the kinetics and dynamics of
ECM remodeling mechanisms leading to the formation
of viral biofilm have not been investigated yet, but can
be drawn from scarce literature data [3].

The lifetime of bacterial cells is subdivided into two
different phases: unicellular (planktonic) and multicellu-
lar (biofilm or sessile cells).

Modification between the two phases assumes the
transfer from planktonic cells to sessile cells to trigger
biofilm formation and from sessile cells to separated cells
to provide a return to the planktonic state [4].

Biofilm formation can be described in four stages: (i)
the planktonic cells reversibly attach to a suitable surface;
(i1) the cells begin proliferating and irreversibly adhere to
the surface to form microcolonies; (iii) the cells grow and
mature from microcolonies into clusters of multilayered
cells and begin to synthesize extracellular polymeric sub-
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stances (EPSs) that comprise the matrix; and (iv) some of
the cells within the biofilm detach and disperse as plank-
tonic cells to form biofilms in other settings. The adoption
and maintenance of a biofilm mode of growth by bacteria
is regulated by quorum sensing (QS), which is a system of
intercellular communication that involves signaling mol-
ecules to coordinate various bacterial behaviors (enable
the bacteria to persist in the host cells and escape the host
defense immune system) and processes according to the
cell population density [5].

The extracellular milieu is a key feature that controls
the function of tumor and bacterial cells alike. In tumors,
the extracellular matrix (ECM) is commonly altered
and disorganized, while creating local areas of hypoxia
and acidic pH that influence tumor progression. Addi-
tionally, the matrix becomes fibrotic and denser as solid
tumors progress, further limiting diffusion. Altogether,
the dysfunctional matrix presents diffusive barriers and
create microenvironmental heterogeneity that hinder
drug distribution and efficacy after extravasation from
circulation. Bacterial EPS matrix facilitates the creation
of physical and chemical heterogeneities as well as ox-
ygen gradients and localized pH microenvironments in
biofilms, modulating the bacterial survival and virulence
at sites of infection. This feature has many similarities
to the tumor milieu, with gradients resulting from diffu-
sional limitation as well as cellular oxygen consumption
and metabolic byproducts. Within biofilms, the struc-
tural, physiological and chemical heterogeneity of ma-
trix-delineated microenvironments also contributes to
reduced access and increased resistance of the embedded
microorganisms to antibiotics. Furthermore, degrading
the matrix can facilitate the transport into the tumor or
biofilm microenvironments.

Although seemingly disparate diseases, treatment of
solid tumors and biofilm-derived infections face a com-
mon problem: drugs often fail to reach and kill cancer
cells and microbial pathogens because of local micro-
environment heterogeneities. Furthermore, traditional
systemic and, to a lesser extent, topical therapies can
be toxic or have broad-spectrum activity, resulting in
significant damage to healthy tissue. Common off-target
effects for cancer chemotherapy are low red blood cell,
platelet, neutrophil and immune cell counts, while anti-
microbials are associated with nephrotoxicity, ototoxicity
and neuromuscular blockade. Toxic side effects result in
suboptimal treatment regimens and the eventual failure
of therapy. Biofilm treatments, such as high-dose anti-
biotic administration, also cause substantial collateral
damage including loss of potentially protective, com-
mensal species, proliferation of opportunistic pathogens
or even unintended induction of virulence factors, often
with little effect on target pathogens. Biofilms and cancer
have many unique conceptual similarities that can be
exploited to design novel and selective drug delivery ap-
proaches. Tissue heterogeneity and compartmentalization
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alters accessibility of chemotherapeutic agents, provides
protection from exogenously introduced antibiotics and
promotes drug resistance. Furthermore, altered immune
responses are often found within tumor and biofilms mi-
croenvironments. Thus, there are remarkable challenges
for current and prospective anticancer and antibiofilm
agents to target and maintain activity in the microenvi-
ronments where cancer cells and microbial pathogens
survive and cause the onset of disease [6].

Planktonic bacteria colonizing a niche form micro-
colonies after adhere to the surface and multiplying.
The initial small aggregates of bacteria with the uniform
type of organization can progress to larger and more
complex aggregates called biofilms. These structures are
categorized in vitro as matrix covered bacterial (and/or
archaeal) populations adhesive to each other or to sur-
faces and interfaces.

Selfsecreted, hydrated matrix in vitro contains of
extracellular polymeric substances (EPS), which typi-
cally contributes more than 90% of the mass of biofilms.
The human mucosal-associated bacterial biofilms may
also include host proteins, mucopolysaccharides, nucleic
acids and even whole host cells. Biofilms appear to pro-
mote to more than 80% of human soft and hard tissue
infections due to the biofilms are ubiquitous and can be
adherent to biological and nonbiological surfaces ensur-
ing for the exchange of nutrients with their environment.
Nevertheless, there are limitations in the study of bio-
films in vivo (on a human host) despite their prevalence.
In particular, this is due to the ability of biofilm-forming
bacteria to horizontal transfer genes in the appropriate
favorable environment, including antimicrobial resis-
tance genes, which makes the eradication of biofilm by
host defenses or antibiotics less effective. This avoidance
of anti-microbials is first mediated by the EPS, which
serves as a protective barrier to the biofilm- embedded
bacteria in a manner similar to how the mucus layer
protects epithelia in the human body. It is believed that
biofilms can have a stable growth environment. However,
the structures of bacterial populations that may be active,
dormant, or resistant to antimicrobial agents contribute
to the development of more quickly matrix response in
evading host defenses [7].

Some bacterial cells within biofilms survive treatment
with antimicrobials that have a greater effect on plank-
tonic cells. It is believed that the ability of bacteria to
evade antimicrobial treatment is mainly due to persisters.
However, ‘resistance’ and ‘tolerance’ are also relevant
in this context. Resistance is an inherited ability of a
microbial population to grow despite the presence of a
high concentration of an antimicrobial, irrespective of
the duration of the treatment, but depending on the con-
centration of the particular antimicrobial that is termed
‘minimum inhibitory concentration’. Similarly, toler-
ance is the ability of a microbial population to survive
a transient exposure to an antimicrobial, irrespective of
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antimicrobial concentration which may even exceed the
minimum inhibitory concentration, but highly depending
on the duration of killing, termed ‘the minimum duration
for killing’. Persistence is also the ability of the bacterial
population to persist antimicrobial treatment; however,
unlike resistance and tolerance, it is the attribute of only
a subpopulation of a clonal microbial population. Resis-
tance is usually caused by inherited mutations, while tol-
erance, like persistence, may be triggered by slow growth
rate, external stress factors that include starvation as well,
host—environment factors and the antimicrobial itself [8].

Another source of persister cells is those that have
become dormant during stationary phase. Such cells are
simply carried over to the new culture upon sub-cultur-
ing. The mechanisms driving subpopulations of cells
to enter the persistent state are the subject of intense
research and debate. The ability of biofilms to house
tolerant and persister cells is proposed to underlie the
difficulties encountered in eliminating biofilms during
chronic infections [9].

Strikingly, drug-tolerant persisters are also present
in cancer cell populations, where they are implicated in
tumor recurrence. These phenotypically variable cells
can be a significant source of resistance to therapy. The
intriguing parallel between cancer and infections, two
seemingly distinct types of disease, indicates that antiper-
sister strategies may also help to improve the treatment
outcome of cancer. One of examples is the inhibition of
lipid hydroperoxidase GPX4, and supports the viability
of persistence cells, which ultimately leads to the loss
of drug resistance by cancer cells. Collaborations of mi-
crobiologists and clinicians aimed at understanding the
behavior of various cell states in biofilms can lead to a
reduction in the ineffectiveness of therapy for both in-
fectious diseases and cancer [10].

The dormancy of cancer cells plays a leading role in
the formation of metastases as a late relapse, when the
microenvironment provides a certain degree of metasta-
sis. However, it should be considered that dormant cells,
which can also propagate in primary tumors in places of
hypoxia, are quite resistant to traditional cancer treatments,
which target actively proliferating cells. In breast cancer,
inhibition of B1 integrin induced dormancy in vitro and
in vivo. The mouse breast cancer cell lines, D2.0R and
D2A1, both grow exponentially in 2-D culture conditions,
but D2.0R fails to grow in 3-D cultures and become dor-
mant. This is compatible with the in vivo results that D2A 1
forms lung metastasis within short periods, whereas D2.0R
has a long latency. D2A1 cells proliferate in 3-D cultures
by producing fibronectin and forming actin stress fibers
through activation of 1 integrin. Thus, the interaction
between the extracellular matrix and cancer cells plays an
important role in cellular dormancy [11].

The slow growing small-colony variant (SCV) sub-
population is another equally puzzling phenotype that
complicates biofilm formation as well as treatment and
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diagnosis of biofilm-related disease. The contribution
of SCVs to biofilm formation has been studied for a
rather small number of bacterial pathogens despite the
huge clinical significance of persistent infections evading
detection and complicating treatment. In combination,
these different phenotypes within microbial communities
give rise to an extremely resilient community that can
withstand many stressors and shield the resident bacteria
from eradication [12].

A morphological change described as small colony
variants (SCVs) has been linked to various biofilm as-
sociated infections, such as cystic fibrosis, osteomyelitis
and device-related infections. Since its first description
for Salmonella enterica serovar typhi (S. typhi) almost
100 years ago, SCVs have now been reported for a wide
range of bacterial genera and species, including Staph-
ylococci, Escherichia coli, Pseudomonas aeruginosa,
Vibrio cholerae, Shigella spp., Lactobacillus acidophilus,
and Neisseria gonorrhoeae. Currently, the connection
between the SCV phenotype and persistent, recurrent
infections has become a hot topic in clinical microbiol-
ogy. Phenotypically, the size of SCVs is about one tenth
of that in regular colonies, with slow growth, atypical
colony morphology, and acquired biochemical properties.
They are less sensitive to antibiotics compared to their
wild-type species. Furthermore, even if biofilm-associ-
ated bacteria express lower virulence per time compared
with planktonic bacteria, cumulative effects on host cells
may be higher. In addition, aggregative nature of bio-
film-forming bacteria may enhance virulence through in-
creased adherence to host cells, even if the same amount
and potency of virulence molecules are produced or re-
leased. Part of biofilm-associated virulence is also de-
rived from surrounding extracellular polymeric substance
(EPS), not bacterial cells themselves. When compared
with helical forms, coccoid forms of Helicobacter pylori
(Hp) from peptic ulcer patients were found to express
higher levels of proteins that are involved in virulence
and carcinogenesis, such as secretion system machinery
proteins, CagE, CagV, and YidC and proinflammatory
proteins, such as OipA and Hps. More relevant to bio-
film-associated Hp, is reported that Streptococcus mitis
induced Hp conversion to coccoid cells in co-culture
studies and their proteomic analysis revealed a meta-
bolic crosstalk between these two bacteria, suggesting a
probable impact on Hp-associated carcinogenesis [13].

Antimicrobial resistance and the antibiotic tolerance
are ensured by the density and physiological differenti-
ation of subpopulations in the bacterial biofilm, as well
as by the presence of a matrix that restricts the diffusion
of chemical and biological substances in the biomass.
Cells in biofilms exhibit complex physiological differ-
entiation of populations, which is expressed in various
gene expression and metabolic diversity regardless of
an identical set of genetic material. Indeed, these met-
abolic changes can be due to stochastic factors such as
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spontaneous mutation, which fundamentally changes the
genetic material within a cell. The microenvironment
of the biofilm and the physiology of microorganisms
have a reciprocal influence on each other, which creates
phenotypic diversity in the biofilm. The matrix promotes
the emergence of new subpopulations with the densifi-
cation of biomass. Various studies have focused on the
understanding of these heterogeneous subpopulations of
cells within a biofilm stratum, which are characterized
by distinct genetic programs, spatial segregation, and
differential antibiotic susceptibility [14].

The growth and division of non-motile cells tends to
produce densely-packed assemblages. The tight pack-
ing of cells is the natural consequence of population
growth against a visco-elastic extra-cellular environ-
ment, and can be further promoted by attractive cell-cell
interactions. Common examples range from microbi-
al communities, in the form of colonies or biofilms, to
multi-cellular structures, such as developing tissues or
tumors. The evolution of cell populations in a dense
microenvironment has not yet been sufficiently studied.
When studying yeast colonies, it was observed that cells
in slow-growing populations exhibit correlated move-
ments that suppress differential dislocation that affect
selection. This allows such clones to retain life-saving
mutations and have advantages in reproduction. Is sug-
gested that, in crowded populations, cells cooperate with
surrounding neighbors through inevitable mechanical
interactions. This effect has to be considered when pre-
dicting evolutionary outcomes, such as the emergence of
drug resistance or cancer evolution [15].

Heterogeneity is a fundamental property of biological
systems that contributes to development, differentiation,
immune-mediated responses, and many other cellular,
tissue, organ, and organism functions as well as diseases
and disease progression. Whether heterogeneity is inher-
ent to a population of cells, induced by the microenvi-
ronment, or induced by compound or reagent treatment,
analysis of phenotypically similar cell subpopulations,
derived from the analysis of heterogeneity, is expected
to: improve the accuracy of cellular measurements; better
support the interpretation of the data; provide insights
into the regulation of cellular networks; guide the com-
putational modeling of the networks; guide the prioriti-
zation of compounds for development in drug discovery;
optimize the development of diagnostics for precision
medicine and further basic biological knowledge [16].

Physiological heterogeneity is characterised by differ-
ences in gene expression, metabolic activity and pheno-
type, including antimicrobial tolerance, of cells located in
different geographical areas of a biofilm. Heterogeneity
arises due to the gradient of oxygen and of other nutrients
within the biofilm. The role of hypoxia in contributing to
biofilm tolerance to antimicrobials is further supported
by the fact that biofilms treated with a variety of antimi-
crobials under global anaerobic conditions were more

107



Ivanenko N.

tolerant than similarly treated aerobic controls. There
are different hypotheses that could also help explain
how hypoxia confers antibiotic tolerance in biofilms.
For example, a study examining the effects of hypoxia
on multidrug efflux gene expression in P. aeruginosa
demonstrated that the MexEF-oprN efflux pump genes
are upregulated in oxygenstarved planktonic cells and
contribute to antibiotic resistance in these cells, and it is
possible that MexEF-OprN could also be contributing to
the antibiotic resistance of biofilm subpopulations in ar-
eas with low oxygen tension. Subpopulations in bioilms
are, as a result, physiologically heterogeneous, which
makes the study of bioilms challenging since many ex-
perimental procedures such as susceptibility testing and
transcriptomic proiling assess the bioilm as a whole in-
stead of distinct bioilm subpopulations [17].

However, many biological aspects of tumor heteroge-
neity remain unknown. The analysis of multiple biopsies
from the same tumor can reveal the spatial composition
and evolutionary trajectory of subclones. The clonal
and subclonal composition of each tumor can be used
to construct distance-based phylogenetic trees. Muta-
tions present in all samples of a tumor are inferred to be
acquired by early precursor cells that clonally expanded
(clonal mutations), represented by truncal events on the
evolutionary tree, and mutations present in only a subset
of samples are inferred to be later events, acquired at
some point during or after the initial clonal expansion
(subclonal mutations). Underestimation of tumor het-
erogeneity may lead to a serious flaw in cancer diagnosis
and treatment selection [18].

In particular, intra-tumor heterogeneity (ITH) is
closely related to cancer progression, resistance to ther-
apy, and recurrences. New approaches were considered
for the methods of clinical studies were revised taking
into account morphological, molecular and histological
aspects associated with ITH. The clonal one is related
to different types of genomic instability that also influ-
ence aggressiveness and treatment. The nonclonal one
is functional, microenvironment related, or stochastic,
notably single cell efficiency related. Clonal and micro-
environment ITHs are closely connected and influence
each other. All these types of ITH affect cancer progres-
sion and treatment efficacy and should be considered as
a whole for any patient [19].

Multiregional sampling, the method to sample biopsies
from multiple regions within a single tumor, is the most
common investigational strategy to determine the extent
of ITH. This strategy is based on the “clonal evolution
model”, which was first proposed by Nowell in 1976, and
became the most accepted hypothesis to depict the process
of ITH in addition to the “CSC model” (cancer stem cell
model). In this theory, carcinogenesis is considered to be
a stochastic process. Numerous random genetic alterations
created by genomic instability and continuous stimulation
of carcinogens results in the emergence of subclones. The
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subclones with a survival advantage in a spatiotemporally
specific microenvironment will establish dominance, while
the non-adaptive subclones will be eliminated. Upon the
selective pressure of the tumor microenvironments (TME),
the complex architecture of ITH is preserved and dynami-
cally reorganized [20].

The microenvironment is closely associated with ge-
netic instability leading to genetic heterogeneity and the
emergence of clone-positive mutations, especially in the
early stages of cancer. The leading paradigm in cancer
evolution is that genetic instability results in genetic
heterogeneity leading to a phenotypically diverse pool
of cancer subclones upon which selection can act [21].

It is evident that interference in different cell clones at
the phenotypic level in a synergistic and antagonistic way
can promote tumor evolution. It has also been shown that
nondominant minor subclones can drive tumor evolution
by interacting with the microenvironment, and several
phenotypic functional constraints could influence clonal
evolution. The functional phenotypic events in tumors
are strictly associated with the microenvironment. Im-
mune-histochemical biomarkers have already shown a
high phenotypic level of heterogeneity in several types
of tumors, and this was recently confirmed by the intro-
duction of immunotherapy biomarkers [22].

Heterogeneity in the microenvironment of a cancer
can be described as a non-cell autonomous driver of
cancer cell diversity; in a highly diverse microenviron-
ment, different cellular phenotypes may be selected for
or against in different regions of the tumor. Different phe-
notypes may be genetically determined (such as the case
of VHL/HIF1 mutants in kidney cancer), or they may
be a consequence of plasticity in cellular behaviors, and
further-more there may be feedback between the tumor
cells and their microenvironment that drives specialisa-
tion of tumor cells and the concomitant strengthening of
microenvironmental gradients [23].

According to the data obtained, the dynamic tumor
microenvironment determines the malignant properties
of tumor cells. Hypoxia, oxidative stress and inflam-
mation have been identified as positive regulators of
metastatic potential, drug resistance and tumorigenic
properties in cancer. One of the markers of hypoxia is
the transcription factor-1a (HIF-1a) responsible for the
expression of more than 100 genes. Its stabilization is
associated with aggressive manifestations of cancer such
as drug resistance and metastasis, which leads to a poor
prognosis. Cancer cells are able to switch metabolic
pathways by showing dependence on aerobic reactions,
which lead to enhanced production and an elevation
of intracellular level of reactive oxygen species ROS.
Simultaneously, ROS activate signaling pathways of
oncogenesis, weakening the expression of antioxidant
genes and creating an aggressive tumor environment.
The tumor-suppressive mechanisms by resveratrol, such
as overproduction of ROS and subsequent activation of
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ROS-related signaling pathways could be utilized to
develop anti-cancer strategies [24].

Reactive oxygen species (ROS) are metabolic by-
products of aerobic respiration and are responsible for
maintaining redox homeostasis in cells. Redox balance
and oxidative stress are orchestrated by antioxidant en-
zymes, reduced thiols and NADP(H) cofactors, which
is critical for cancer cells survival and progression. It is
proven that Escherichia coli (E. coli), Staphylococcus
aureus (SA) and Mycobacterium tuberculosis (Mtb) are
noticeably sensitive to alterations in the intracellular oxi-
dative environment. Thus, the development of approach-
es that utilize molecular structures including enzymes
that modify the level of antioxidants and intracellular
ROS, should be aimed at changing the redox potential
of the cellular environment. These therapeutic strategies
can provoke the death of tumor and bacterial cells [25].

Inflammation predisposes to the development of can-
cer and promotes all stages of tumorigenesis. However,
an alternative emerging paradigm is that many cancers
may be promoted by commensal microbiota, either by
translocation and adherence of microbes to cancer cells or
by the distant release of inflammation-activating micro-
bial metabolites. These microbes and microbial products
can even travel with tumors to the site of metastasis and
serve as a source of inflammation in metastasis. Perhaps
the best example of commensal microbiota influencing
tumor growth and progression comes from colon cancer.
Events following intestinal transformation lead to the de-
terioration of intestinal barrier, because hyperproliferat-
ing cells fail to properly differentiate and form protective
tight and adherence junctions and well-developed mucus
layer, isolating immune compartment from bacteria. In
human colorectal cancer (CRC), quite a few of bacte-
ria have been suggested to be preferentially associated
with adenomas and carcinomas, including subspecies of
Escherichia coli, Bacteroides fragilis and Fusobacterium
nucleatum. A common denominator for these bacteria is
their presence in tightly adherent fraction of bacteria ca-
pable of direct interaction with the surface of the tumor,
either because of special ligand-receptor mode of adhe-
sion, ability to form biofilms and initiate the outgrowth of
the consortia of invasive bacteria or ability to induce low
grade inflammation disrupting the barrier. It is reasonable
to expect that the tumor promoting action of microbes in
any of microbe rich cancer sites will be in part mediated
by the inflammation they modulate [26].

Evidence from recent years strongly suggests that
the tumor microenvironment (TME) is an indispensable
participant in the metastatic process. Tumor is described
as an unhealed chronically inflamed wound. Chronic
inflammation is often associated with tumor processes
in contrast to acute inflammation, which maintains the
constancy of the internal environment-homeostasis and
regeneration of tissues.

Many factors can trigger inflammatory response in
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tumors, including infection, tissue damage, activation of
oncogenes, and loss of tumor suppressors (TS). pS3 mu-
tations are documented in over 50% of human cancers.
Loss of normal p53 function is frequently associated
with an increased susceptibility to inflammation-driven
cancers such as ulcerative colitis-associated colorectal
cancer. A strong association of p53 mutation and NF-kB
activity has been observed in patients with head and neck
squamous cell carcinoma (HNSCC) [27].

One study demonstrated that E. coli species that
produce the genotoxin colibactin, induce tumor growth
(TGF-B) by increasing production of hepatocyte growth
factor in human and mouse colon cancer models. Coli-
bactin promotes tumourigenesis through the production
of growth factors as a result of alterations in the sumoy-
lation of p53 [28].

Changes to the microbiome have been associated
with various inflammatory diseases, such as atopic der-
matitis and psoriasis as well as chronic lung diseases
(chronic obstructive pulmonary disease (COPD) and
cystic fibrosis), which are associated with the state of the
lung microbiome. Interestingly patients with COPD have
an increased incidence of inflammatory bowel disease
(IBD), another disease that is associated with dysbiosis.
The microbiota has also been implicated in various can-
cers, including pancreatic, gastric, liver and colorectal, a
recent review highlights the increased risk of developing
pancreatic cancer associated with dysbiosis of mouth and
gut microbiota. In general, there is increasing evidence
that the dynamic changes within the microbiome due to
environmental factors such as diet and xenobiotics can
affect both immune and cancer cells, whereby certain
microbiota compositions and functions may be benefi-
cial for cancer prevention, while other components may
promote cancer. In addition, these findings are expanding
beyond organs that are proximal to the gut microbiota
(e.g. colon), suggesting that systemic processes may be
modulated by aspects of the microbiome, such as the
example of COPD and IBD incidence [29].

Since many epidemiological studies reveal a link
between bacterial infections and cancer incidence, and
the number of bacterial mechanisms that can contribute
to cellular transformation are most likely considerable
larger than reported to date, we expect that the number
of examples illustrating the role of bacterial infections in
cancer formation will increase the coming years. It is also
known that bacterial effectors from different species can
act synergistically during host cell manipulation and then
act in a symbiotic interspecies manner. These combined
mechanisms can induce cell transformation and cancer in
an even more complex manner and further contribute to
the complexity of bacterial contributions to cancer [30].

Bacteria is regarded as tumor inhabitant due to the
poor immune activity within tumors. Besides that, bacte-
ria may take the advantage of oxygen tension and permis-
sive carbon sources, therefore the tumor microenviron-
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ment (TM) becomes a potential refuge for bacteria. It is
noteworthy that the relation between cancer and bacteria
is intertwined. Bacteria could have anti-tumor effect, as
they may deplete nutrients that are required for metab-
olism of tumor cells. For instance, Bifidobacteria and
Salmonella can invade solid tumors resulting in either
retardation of neoplasm growth, or complete clearance
of tumor. Conversely, bacteria may play a role in carcino-
genesis, for example chronic urinary tract infection (UTI)
is significantly associated with increasing breast cancer
(BC) risk. Furthermore, intratumor bacteria may act as
cancer allies and support its development, for instance,
acute bacterial infection increases metastasis to the lung
and Helicobacter pylori has implicated in gastric cancer
development. Understanding how could bacteria influ-
ence cancer cells may help to elucidate cancer progres-
sion and provide useful therapeutic targets for treatment
and prevention of metastatic cancer. It was considered
that E. coli stimulation implicated in increasing tran-
scription levels of CD44. CD44 is a family of non-kinase
transmembrane glycoproteins found on embryonic stem
cells and on other cell types. Hyaluronic acid (HA) is
the main ligand for CD44, which is a constituent of the
extracellular matrix (ECM) and it is expressed by stro-
mal and cancer cells. It illustrated that CD44 may serve
as microorganisms binding site, so that E. coli could
bind to HA adherent to CD44 on urothelial cells, which
facilitates E. coli migration through epithelial cells [31].

Interestingly, when a biofilm is detected on a tumor,
its flanking normal tissue is mostly also covered by bio-
film, suggesting that it expands over long distances in
the tumor environment. The underlying mechanisms for
the preferential proximal presence of tumor-associated
biofilms are still unclear. Once the tumor is formed the
bacterial biofilms in concerted action with the exacerbat-
ed inflammation, enforces more mucus production within
the tumor cells. This will however only occur when the
underlying genetic alterations allow for sufficient differ-
entiation of the tumor cells or mucin gene expression.
Thus, in this scenario, bacterial biofilms first contribute
to more tumor formation and in a second phase to a spe-
cific differentiation pattern. In a second scenario, biofilm
formation is secondary to tumor initiation. In that case,
the biofilms mainly contribute to tumor progression and
possibly increasing mucus production, likely again in
concerted action with inflammation [32].

A number of studies have demonstrated composition-
al alterations in the luminal or tissue-associated bacteria
between healthy and colorectal cancer (CRC) patients.
Among the various microorganisms contributing to the
differences in bacterial composition, Enterobacteriaceae
family members that carry the genotoxic pks gene island,
enterotoxigenic Bacteroides fragilis (ETBF) with the B.
fragilis toxin (bft) gene, and Fusobacterium nucleatum
have often been reported. However, the potential in-
teractions between biofilm structures and cancer have
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attracted less attention. Microbial factors may contribute
to disease onset in patients with a hereditary form of
CRC; familial adenomatous polyposis (FAP). B. fra-
gilis and Enterobacteriaceac members have also been
identified within mucosal biofilms of intestinal biopsies
collected from patients with inflammatory bowel disease,
suggesting intestinal inflammation also influences host
susceptibility [33].

Investigation of microbial composition of feces and
mucosal microbiota along with tumor-bearing dou-
ble-knockout mice revealed the duplicated results the en-
larged colonization of Escherichia-Shigella and Parabac-
teroides. The inflammation also contributed to the density
of Akkermansia, Bacteroides, and Parabacteroides in
the fecal samples. Lactobacilli, Lachnospiraceae, and
Muribaculaceae showed limited growth. In summary,
chronic inflammation aggravates colonic tumorigenesis
under mismatch repair deficiency and is associated with a
shift in microbiota composition. Specific bacterial strains
in the intestinal tract can lead to hyperproliferation by
WNT-pathway activation, to DNA damage by bacterial
toxins and to inflammation in the adjacent mucosa by de-
struction of the mucus layer enabling bacterial-epithelial
contacts. In humans, fecal samples from patients with a
carcinoma are enriched in species belonging to the genus
Bacteroides, Parabacteroides and Escherichia, besides
others, compared to patients with adenomas and healthy
controls. These bacterial taxa are also associated with
inflammation and carcinogenesis in mouse model [34].

That F. nucleatum nucleic acids are present in col-
orectal cancer tissues has since been confirmed in sev-
eral different studies using varied molecular approaches
(168 ribosomal RNA (rRNA) gene amplicon sequencing,
DNA sequencing (DNA-seq), RNA sequencing (RNA-
seq) and directed quantitative PCR (qPCR)) and with flu-
orescent in situ hybridization. Such imaging-based data
of bowel tumours suggest that F. nucleatum is in intimate
association with the colorectal crypts and is perhaps even
intracellular. Further, and very importantly, that viable
F. nucleatum is present in these tissues has been verified
by isolating F. nucleatum strains directly from biopsy
samples and from patient-derived xenografts passaged
in mice. What remains less clear is the breadth of these
pathways that can be influenced by cancer-associated
microorganisms such as F. nucleatum that shapes the
tumour microenvironment [35].

Bacterial transcriptome that associated bacterial bio-
films have been implicated in colorectal cancer (CRC),
but it is still unclear what genes these microbial com-
munities express and how they influence the host. Mi-
croRNAs regulate host gene expression and have been
explored as potential biomarkers for CRC. The murine
response to different microbial communities (derived
from CRC patients or healthy people) was evaluated
through RNA and microRNA sequencing. These findings
may lead to the development of new biomarkers and ther-
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apeutics for identifying and treating biofilm-associated
colorectal cancers (CRCs) [36].

Diagnostic tests designed to determine the presence
of biomarkers are very useful not only for diagnosis,
but also for assessing the patient’s prognosis and for
developing therapies aimed at combating the onset and
progression of tumors. Some genotoxins produced by
enteric pathogenic species such as Salmonella, Esche-
richia, and Campylobacter have a synergistic effect on
carcinogenesis However, there are ongoing debates on
the use of F. nucleatum as a reliable CRC biomarker. Not
only the method for microbial detection is important in
this context, but also the predictive accuracy of microbial
biomarker(s) using larger population-scale studies that
also take into account the differences due to ethnicity
and geography [37].

Preliminary studies suggested a possible correla-
tion of microbiota with Barrett’s esophagus (BE) and
esophageal adenocarcinoma (EAC), where the need for
tools to ameliorate its poor prognosis is mandatory. Pilot
study identifies a unique microbial structure and func-
tion profile for BE and EAC, as well as for metaplastic
and near-normal areas. Microbiological diagnostics may
open up new opportunities in the advancement of ther-
apeutic approaches that require detailed studies of the
microbiota shift and that can be also serve as an addi-
tional source for determining the diagnosis. A previous
report on reflux esophagitis and BE characterized distal
esophagus microbiota into two types. Type I microbiome
was correlated with normal esophagus and, mainly, con-
tained Gram-positive bacteria, primarily Firmicutes, and
especially Streptococcus. Type II microbiome, mainly
associated with reflux esophagitis and BE, was predom-
inated by Gram-negative anaerobes and microaerophiles
(phyla Bacteroidetes, Proteobacteria, Fusobacteria, and
Spirochaetes). Further studies established that the domi-
nant taxon within the healthy esophagus is Streptococcus
and that the EAC cascade is depicted by a shift towards
a prevalence of Gram-negative species. While following
analyses have not replicated these observations, oth-
ers have included the increase enrichment of specific
Gram-negative species such as Campylobacter and Fu-
sobacterium in the EAC process. Data confirms the char-
acteristics of normal microbiota at esophageal level, with
Streptococcus representing the main component. Beside
this, it portrays EAC as an extreme dysbiotic perturbation
of metaplastic mucosa (BEM) microbiota, which is dom-
inated by Gram-negative anaerobes. The enrichment of
oral organisms is increasingly being shown across several
types of tumor. The identification of the microbial com-
munities associated with cancer is of crucial importance
in order to find risk factors and to hypothetically guide
surveillance protocols. Thus, if coupled, genetic and
microbial markers may help to prevent EAC or detect it
at earlier, treatable stages, reducing the need for repeated
surveillance procedures on large number of patients who
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never progress to cancer, thus ameliorating the manage-
ment of this debilitating disease [38].

Currently, around 20% of neoplasms worldwide can
be attributed to infections, with approximately 1.2 mil-
lion cases annually. The research in the microbiome field
and mainly the role of bacteria in cancer pathogenesis
is rapidly evolving, with more than 100 trillion bacteria
already identified in the human body. Currently, there
is substantial evidence pointing to the role of bacterial
microbiota in cancer pathogenesis. In this regard, H.
Pylori was highly correlated with the development of
gastric adenocarcinoma and MALT lymphoma. S. Typhi
was also reported to have a major impact in gallbladder
cancer, especially in patients with gallbladder stones. S.
gallolytucis was linked to colorectal cancer. Therefore,
currently bacterial eradication is highly recommended for
cancer treatment and prevention, mainly in gastric cancer
and MALT lymphoma, while cholecystectomy remains
the ideal prevention modality of gallbladder cancer [39].

Group A Streptococcus (GAS) provides colonization
through a collagen-like protein 1 (Scll) that can bind to
two forms of fibronectin type III (Fnlll) — cellular and
within tenascin-C. Selective interaction of the globular
domain the streptococcal collagen-like protein 1 (Scll)
with different forms of fibronectin expedited adhesion
and biofilm formation. Similarly, cellular fibronectin iso-
forms and tenascin-C are present in the tumor microenvi-
ronment. Consistent with this, Fnlll repeats mediate GAS
attachment to and enhancement of biofilm formation on
matrices deposited by cancer-associated fibroblasts and
osteosarcoma cells. Interestingly, the aforementioned
extracellular matrix (ECM) proteins components are
also constituents of tumor microenvironment and our
initial experiments suggest Scll has the capacity for tar-
geting solid tumors. These data collectively support the
premise for utilization of the Scl1-FnllI interaction as a
novel method of anti-neoplastic targeting in the tumor
microenvironment [40].

Several antineoplastic drugs that exhibited activity
against S. mutans, including tamoxifen, doxorubicin,
and ponatinib, also possessed activity against other
Gram-positive bacteria, further validating the AK as-
say. Ponatinib is a tyrosine kinase inhibitor that has a
mechanism of action similar to that of the well-known
“rationally designed” drug imatinib (Gleevec), used in
the treatment of chronic myeloid leukemia. To date,
no known antimicrobial activity of ponatinib has been
reported, though imatinib has been shown to accen-
tuate the bactericidal activity of macrophages against
Mycobacterium tuberculosis and to inhibit the phos-
phorylation of CagA, a Helicobacter pylori virulence
factor. While the genome of S. mutans does not encode
tyrosine kinases or proteins with significant homology
to the Helicobacter CagA, it does encode several ABC
transporters with significant homology to the human tar-
get for leukemia (ABCG?2). Secondary assays revealed
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that ponatinib inhibited growth of S. mutans planktonic
cultures and was able to inhibit biofilm formation, as
well as induce AK release from preformed biofilms. The
antibacterial activity of ponatinib against S. mutans is
a novel finding. The adenylate kinase (AK) assay was
originally adapted as a highthroughput method to detect
lysis of fungal cells. Since then, it has been optimized
for use with bacteria in high-throughput screens of the
ESKAPE (Enterococcus faecium, Staphylococcus au-
reus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter species)
pathogens, as well as M. tuberculosis. Drug repurpos-
ing, also known as repositioning, has gained momen-
tum, mostly due to its advantages over de novo drug
discovery, including reduced risk to patients due to pre-
viously documented clinical trials, lower drug develop-
ment costs, and faster benchtop-to-clinic transition [41].

The prevention of bacterial biofilm formation is one
of the major current challenges in microbiology. It was
demonstrated different mechanisms of action for indi-
vidual compounds, from induction of replicative stress
to disbalance of cation homeostasis to inhibition of bac-
terial attachment to the surface. Study demonstrates the
potential of drug repurposing for the prevention of bac-
terial biofilm formation and suggests that also for other
bacteria, the activity spectrum of antibiofilm compounds
is likely to be broad [42].

Although many bacteria are carcinogens and tumor
promoters, some have shown great potential towards
cancer therapy. Several species of bacteria have shown
an impressive ability to invade and colonize solid tu-
mors, which has often led to neoplasm growth retarda-
tion and tumor clearance. Different strains of Clostridia,
Lactococcus, Bifidobacteria, Shigella, Vibrio, Listeria,
Escherichia, and Salmonella have been evaluated against
cancer in animal models. Obligate or facultative anaer-
obic bacteria find favorable niches within the hypoxic
and necrotic regions of the tumor. The systemic admin-
istration of bacteria can lead to their entry in the tumor
tissue, proliferation, and the formation of a necrotic re-
gion by reducing oxygen and the nutrient supply. Thus,
it causes the tumor cells in the center of the solid tumor
to die from starvation and suffocation. Additionally, the
bacteria, along with several other mechanisms have the
ability to fight cancer cells, the most important of which
include: (i) enhancing human immunity, (ii) as a carrier
for cancer therapeutic agents, (iii) releasing substances
(iv) forming biofilms, and (v) invading and colonizing
the solid tumor [43].

Bacteria can colonize and proliferate in tumor micro-
environments (TMEs) at a tumor-to-normal tissue ratio
exceeding 10,000; thus, quorum sensing (QS) can be
used as a gene expression switch. One example of QS
system regulation can be autoinducer, synthetic LuxI
protein, and the transcription protein LuxR. The acylho-
moserine lactone (AHL) produced by LuxI, which de-
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pends on bacterial density, activates LuxR and promotes
transcription of its target genes. AHL concentration-de-
pendent QS systems have been used successfully to high-
ly express heterologous proteins in bacteria-colonizing
tumors. The QS approach has been used to introduce a
variety of gene circuits [44].

Once inside the tumor, the tumor-targeting Salmo-
nella with this gene circuit underwent repeated cycles
of population expansion and regression by autolysis in
response to the density of bacterial cells. The lysis of the
cells directly released the anticancer drug made by the
bacteria. Thus, this gene circuit provided maximal release
of the therapeutic payload through synchronized cell ly-
sis and increased safety by maintaining the intratumoral
bacterial population at a defined size, consequently min-
imizing the risk of a devastating systemic inflammatory
response. This example illustrates the potential of gene
networks to coordinate the behavior of bacteria at the
population level in response to a particular environmental
cue for an increased therapeutic index. Tumor-targeting
bacteria have further been shown to drive the GO/G1 to
S/G2/M cell cycle transition of tumor cells, making them
more susceptible to chemotherapy. Conversely, therapies
with small molecules targeting tumor vasculature can
enlarge the hypoxic niche inside the solid tumor, conse-
quently increasing bacterial colonization, which is par-
ticularly important for tumors without extensive hypoxia.
In addition, intratumoral bacterial infection can modulate
antitumor immune response both systemically and in the
tumor microenvironment, making it attractive to combine
live bacteria with other systemic immunotherapeutic
approaches such as immune checkpoint blockade [45].

Biofilm can be exploited as potential anti-cancer
agents due to its ability to deliver therapeutics and to
curb the spread of metastatic tumors. Anti-cancer agents
induced and promoted biofilm formation in Pseudomonas
aeruginosa during cancer treatment with hydroxyurea
and doxorubicin. To escape the drug attack, the bacteria
growing on the cancer cells are triggered by an SOS
response, which is an inducible DNA damage repair
system. This leads to the development of various unique
bacterial phenotypes that attack or penetrate the cancer
cells. Also, DNA and many proteins are released by the
bacteria which coat the cancer cells and halt the meta-
static escape of the tumor.

Cancer is a multifactorial disease and the use of
bacteria for cancer therapy as an immunostimulatory
agent or as a vector for carrying the therapeutic cargo
is a promising treatment method. Several clinical trials
are underway to test the efficacy of bacterial therapy on
human subjects. However, a major problem with bac-
teria mediated cancer therapy is the toxicity. The dose
for obtaining therapeutic effect may be toxic and have
deleterious effects whereas lower doses can affect the
treatment efficacy. The balance between the benefit and
safety of the trial subject must be maintained. Appropri-
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ate techniques and measures must be adopted to evaluate
the immune response of the subject and the overall ther-
apeutic benefit. Differences in tumor structure between
preclinical animal models and the human subjects can
impact bacterial penetration and proliferation in the tu-
mor. Hence, optimization of the dose and route of ad-
ministration is critical. Moreover, bacterial clearance by
the immune system before reaching the tumor site may
result in the failure of treatment. Also, any mutations in
the bacteria may result in the therapeutic loss and cause
exaggerated infections. However, the use of recombinant
DNA technology has mostly solved the safety concerns
[46]. Therefore, the world has turned to an alternative
solution, which is the use of genetically engineered mi-
croorganisms; thus, the use of living bacteria targeting
cancerous cells is the unique option to overcome these
challenges. Bacterial therapies, whether used alone or
combination with chemotherapy, give a positive effect
to treat multiple conditions of cancer. Also, bacteria can
be used as vectors for drug, gene, or therapy, and this is a
great step to treat cancer. There are several unique mech-
anisms by which bacteria can colonize a tumor, compete
for oxygen and nutrient sources, significantly diminish
angiogenesis, and ultimately reduce the proliferation of
tumor cells. To this end, an attenuated wild strains of
Salmonella typhimurium with a ppGpp synthesis defect
were analyzed and it was established that bacteria could
accumulate in tumors after intravenous administration to
various types of tumor-bearing mice. Solid tumors were
especially sensitive with extensive hemorrhagic areas.
Most bacteria have the ability to attack and colonize
cancer cells, and in best cases, this leads to the treatment
of cancer completely. The recent studies demonstrated
that the microbiome within the human body targeted
the tumor cells because of decreased immune activity
in the necrotic cores of tumor. Some bacteria can grow
into tumors that are preferred for reproduction by con-
suming food and oxygen, causing cancer cells to starve
and suffocate. This phenomenon opened the doors to the
possibility of using nonpathogenic bacteria to deliver
drugs into the tumor [47].

Several bacterial strains/species have been discov-
ered to possess inherent oncolytic potentials to invade
and colonize solid tumors in vivo. Anti-cancer drugs
cause the induction of biofilm formation during cancer
treatment, which results in metastasis distraction. In ad-
dition to disrupting metastasis, the biofilm can modify the
metabolism of the tumor, such as affecting the regulator
of cell proliferation of colon cancer. Also, the bacterial
macromolecules necessary for biofilm formation such as
proteins and DNA coat cancer cells to block metastasis.
For example, polysaccharides released by Streptococcus
agalactiae inhibit adhesion of cancer cells to endothelial
cells, an essential step in cancer metastasis. Further-
more, demonstrates the potential application of iron ox-
ide nanowires from a biofilm waste produced by bacteria
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(Mariprofundus ferroxydans) as a new multifunctional
drug carrier for cancer therapy and cancer hyperthymia.
Bacterial biofilm has the potential for a new method of
anti-cancer therapy, especially for metastases, but this
issue requires further examination in consequence the
lack of available data [48].

However, the variability in the composition of the
extracellular polymeric substance (EPS) matrix and the
interactions among the various components add new
levels of complexity and provide challenges for the de-
velopment of EPS-targeting therapeutics. Treating bio-
film infections requires combination therapies or those
that target more than one component of the complex
biofilm microenvironment, similar to tumouregenesis.
Many biofilm management strategies being devised in
the clinic and used by surgeons, are largely based on an
approach from cancer treatment: early and aggressive
irrigation and debridement for physically removal and
local delivery of high and sustained antimicrobial chemo-
therapy. Thus, eliminating existing biofilms may require
simultaneous degradation of the protective EPS matrix,
and targeting and killing both resident microorganisms
and dispersed cells. Thus, the biological effects can be
tuned to specifically target the biofilm microenvironment,
degrade the matrix and kill resident bacteria, thereby
eradicating the pathogenic niche with precision and min-
imal cytotoxicity to surrounding tissues [49].

A novel approach is bacteriotherapy, either used
alone, or in combination with conventional methods,
has shown a positive effect on regression of tumors
and inhibition of metastasis. Bacteria-assisted tu-
mor-targeted therapy used as therapeutic/gene/drug
delivery vehicles has great promise in the treatment of
tumors. Tumor regression was observed with applying
bacteriotherapy solely or along with standard methods
in experimental researches. The most common bacteria
used in this field are the genera Salmonella, Clos-
tridium, Bifidobacterium, Lactobacillus, Escherich-
ia, Pseudomonas, Caulobacter, Listeria, Proteus, and
Streptococcus. The use of three species of bacteria,
Clostridia, Bifidobacteria, and Salmonellae as vectors
for delivering or expressing tumor suppressor genes,
anti-angiogenic genes, suicide genes, or tumor-associ-
ated antigens has been tested in animal models bearing
various tumors. One of the fundamental explanations
for the lack of efficacy of radiotherapy in some solid
tumors is the presence of hypoxic (i.e. poorly vascular-
ized) zones that are resistant to radiation. It was found
that bacteria under hypoxic conditions produced anti-
bodies, which bind with factor 1o enabled to affect the
process of transcription of tumor cells. However, this
limitation could be an advantage for other approaches,
for example, the use of facultative or obligate anaer-
obic bacteria [50].

CONCLUSION
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The bacterial influence on the tumor can produce
dual effect as two sides of a coin. Understanding the
intricacy and variability of biofilm biology and tumor’s
composition highlight the approaches of new models
chemotherapy. Stress conditions and heterogeneous mi-
croenvironment may produce a similar answer of biofilm
and tumor that closely associated with cellular constit-
uents and modulated immune response. These dynamic
properties lead to increased therapeutic index or facilitate
synergy of bacterial and cancer cells. Further studies
should focus the structural microbial and tumoral micro-
environment that can be exploited to design unexplored
and selective drug delivery approaches. Microorganisms
can be represented as biomarkers of increased cancer risk
that evaluate the patient’s prognosis and aim to combat
the progression of tumors. Engineering tumor-targeting
bacteria may reveal potential tailor-made therapies and
develop of personalized treatments. The combination of
approaches of bacteriotherapy with chemotherapy can
help in defeating the tumor heterogeneity accompanied
with malignancy, drug-resistance and metastasis. This
review covered biofilm and tumor properties related by
microenvironment with “unique conceptual similarities”.
Genetic instability, multicellular cooperation, metabolic
context are important subjects for further study to en-
hance the understanding the complex effects on different
types of cells in divers microenvironmental conditions.
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BIOILJIIBKA TA ITYXJIMHA: IHTEPIIPETAIIISI B3AEMO/IIT TA CTPATEITI JIKYBAHHS. Orsin

Isanenko H.O.
Jloneyvkuil HayionanbHull meouynul yHisepcumem, Kponusnuyvkuii, Ykpaina

natalimarkowskaj@gmail.com

AKTyasbHicTb. JIiKyBaHHS TBEpAUX MyXJIUH 1 iH(eKUiil, BUKINKaHNX G10MITiBKOO, CTUKAETHCS 13 3araJbHOI0 IPOOIEMOIO: JIIKH 4acTO
HE JIOCSTAlOTh 1 He BOMBAIOTH PAaKOBi KIIITHHU Ta MiKpOOHI ITATOTeHH Yepes JIOKaJIbHe rereporeHHe cepenopuiie. CydacHi Ta nepcneKTHBHI
TIPOTHITYXJIMHHI Ta aHTHOAKTepiabHi areHTH CTUKAIOTHCS 31 3HAYHUMH IIPOOJIeMaMHy OO 1Tl Ta MATPUMKH aKTUBHOCTI y MiKpocepe/-
OBHIIII, JI¢ BUOKUBAIOTh PAKOBI KJIITHHHU Ta MiKPOOHI MAaTOreHH, IKi BUKJIMKAIOTh ClIAJIlaX¥ 3aXBOPIOBaHHs. YacTka OakTepiadbHUX 1HPEKIii
y hopmyBaHHI 3M0SKICHUX MyXJIMH Oyzie 301IbIryBaTics B Hailommkyi poku. OO’ e1HaHHS MiIXoAiB, Takux Sk ROS Momymsmii y kmiTHHaX,
MyXJIMHU, BUKJIMKaHI 32 CIIPUSHHS MIKPOOHOTO 3arajieHHs, € CTPATEriclo, HAIJICHOIO Ha 3J0sIKiCHI myxiuHu Ta 6akTepii. Kpim Toro, 6ak-
Tepil MOXKYTh CKOPHCTATUCS [IepeBaraMy KHCHEBOT'O I'OJIOyBaHHsI T JO3BUIBHUX JDKEPEN By VICLII0, TOMY MiKPOCEPEIOBHILIE ITyXJIHHH CTAE
TIOTEHIIHHUM HPHUTYJIKOM JUtst OakTepiil. [IpuMiTHO, 1110 3B’5I30K MiXK MyXJIMHOIO Ta OAKTEpisIMH TICHO ITOB’ I3aHMUIH.

Mera. IIpoananizyBary moaiOHICTh G10ILTIBKOBOTO 1 IMyXJIMHHOTO MIKPOCEPEIOBHUIIA, 10 BUPOOISETHCS B YMOBAX CTPECY Ta rere-
POTEHHOTO MIKPOOTOUEHHS, JUIA TIOETHAHHS MiAXOiB OaKTepioTepalrii 3 XiMioTeparmi€eto, siki MOXKYTh JOTIOMOTTH y 3pYHHYBaHHI reTepo-
TEHHOCTI Iy XJIMHH, TIOB’S3aHOT 31 370SKICHUMH (DEHOTHIIAMH PaKY, TIKapCHKOIO CTIHKICTIO 1 METacTa3aMHu.

Metoa. AHaTITHYHUI OIS JTITEPaTypH 3a KIFOYOBUMHE CJIOBAMH 3 HaAyKOMeTpruHuX 0a3 nanux PubMed, Wiley.

PesyabTaTu. Bakrepii yXuiistoTbest BiJj aHTUMIKPOOHOT'O BIUIMBY B OCHOBHOMY 4Yepe3 MepPCUCTEHII10, a00 CTIMKICTB, sika MOXe CTa-
TH JpIMAIoyoI0 Mij Yac CTalioHapHOi (asu, i ToiaepaHTHicTh. CTilKi, TOJIEpaHTHI /IO JIKIB Ta JpiMarodi KIITHHH PaKy B OCHOBHOMY
BHBYAJIMCS B KOHTEKCTI II3HBOTO PEU/HBY, OCOOINBO METacTa3iB, B SIKOMY MIKPOOTOUYECHHS METAcTa3iB BiJirpac BUPIMIAIBHY POJIb.
BiomtiBku yTBOPIOIOTHCS TPyIIaMH KJIITHH B Pi3HUX CTaHAaX, IO POCTYTh a00 HE POCTYTh, META0ONIYHO aKTHBHUX a00 HEAKTHBHUX B
pizHUX (paKisx, B 3aJI€KHOCTI BiJl 3piyiocTi 1 XiMiuHUX rpaaieHTiB (O2 i MOXMBHUX pe4OBUH) O10TLTIBOK, 1110 BUPOOISIOTH (hi3i0M0TiuHy
reTepPOreHHICTh. [ eTepOreHHICTh B MIKPOCEPEIOBHILII ITyXJIHHU MOXKe OyTH ONUcaHa sIK HeKJTITHHHHI aBTOHOMHUI IpaiiBep pi3HOMaHIT-
HOCTI paKkOBUX KJIITHH; B Jy’K€ Pi3HOMaHITHOMY MiKPOOTOYEHHI Pi3Hi KJIITHHHI ()EHOTHIT MOXYTb IIPOUTH CeJIeKIil0 ado Hi B Pi3HHX
obnacTsx myx/mHH. ['INOoKcis, OKUCITIOBAIBHUMN CTpec 1 3amaieHHs Oy ieHTH(IKOBaHI SIK MO3UTHBHI PETYISTOPH METACTATHYHOTO I10-
TEHIIiaTy, JTIKAPCHKOI CTIMKOCTI 1 OHKOTCHHUX BIIACTHBOCTEH 3JIOSKICHUX ITyXJIMH. Tak caMoO KUIIKOBA ITaji4Ka i HeOe3MeHi IS KUTTS
IH(EKIiHI TaTOreHH, TakKi SK 30JI0THCTHH cTa(iIOKOK 1 MiKoOakTepii TyOepKyIb03y, 3HAYHO Uy TIHBI IO 3MiH BHYTPIIIHBOKIITHHHOTO
OKHCJIIOBAJIBHOTO Cepe/IoBUIlA. BUHMKAE anbTepHATHBHA Tapaurma, ska MoJsrae B ToMy, o0 6arato BH/IB paKy MOXKYTb OyTH BHUKJIH-
KaHi KOMMEHCAJIbHOK MIKpOOIOTOI0 UM HIUISIXOM TPAHCIIOKALT 1 IpHEAHAHHS MIiKPOOIB 10 PaKOBHX KIIITHH, a00 HIISIXOM Bi/IIaJI€HOTO
BUBIUJIbHEHHS aKTHBHHUX MIKpOOHUX MeTaboIiTiB pu 3ananeHHi. MikpoOHi paxropu, Taki sik F. nucleatum, B. fragilis Ta npeacraBHuku
Enterobacteriaceae, MOXXyTh CHPHSTH BUHUKHEHHIO 3aXBOPIOBAHHS Y MAIli€HTIB 31 CIAIKOBOIO ()OPMOIO KOJIOPEKTAIBHOTO paKy; CiMei-
HUM aJIeHOMAaTO3HUM mosino3oM. Lli pe3ymsrati MOXYTh MPU3BECTH JI0 PO3POOKH HOBUX OioMapKepiB Ta TepaleBTHYHUX 3ac00iB I
BUSIBJICHHSI Ta JTIKyBaHHS PaKy, acoliiioBaHoro 3 6iorutiBkoro. B nanuii yac 61mu3bko 20 % HOBOYTBOPEHb Y BCHOMY CBITi MOKHA BiTHECTH
10 iH(EKIil, TPHYOMY HIOPIYHO PEECTPYEThCs OMM3bKO 1,2 MinbiiOHa BUMAIKIB 3aXBOPIOBaHHS. Kilbka MPOTHITYXJIMHHUX IIpENaparis,
SIKi TIPOSIBISUTM AKTUBHICTH MPOTH S. mutans, BKJIIOYAI0YM TaMOKCH(EH, TOKCOPYOILUH 1 TOHATUHIO, TAKOX MajHl aKTUBHICTb HPOTH
IHIIMX TPaMIIO3UTUBHUX Oakrepiii. [lepenpodiaroBaHHs JiKiB, TAKOXK BiZIOMe SIK PENo3HuLisi, HAOpaso 00epTiB, TOJIOBHUM YHHOM, 3aBJIs-
KM CBOIM IlepeBaram Iepej BiIKPUTTSM JIIKiB de novo, BKIIIOYArouN 3HIKEHHS PU3UKY IS MAIli€HTIB Yepe3 paHille 3aJ0KyMEHTOBaHi
KIIHIYHI BUNPOOYBaHHsI, 3HIDKCHHSI BUTPAT HA PO3POOKY JIIKIB 1 OLIBII MIBUAKHUI Mepexis Bix BUIPoOyBaHb N0 KiIiHIKK. Xoda Oararo
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Oakrepili € KaHIIEPOTeHAMH 1 POMOTOPAMH ITYXJINH, JEsKi 3 HUX ITOKa3aJld BEJIMKHUN OTEHIIial B JIiKyBaHHI paky. Kinbka BuiB 6akre-
piif IpOAEeMOHCTPYBaIH BpaKalouy 34aTHICTh MPOHUKATU B TBEP/II ITyXJIMHH 1 KOJIOHI3yBaTH iX, 10 YaCTO MPU3BOIMIIO 0 YIOBUIEHEHHS
3pOCTaHHsI HOBOYTBOPEHb 1 1X Kiripency. Pisui mramu Clostridia, Lactococcus, Bifidobacteria, Shigella, Vibrio, Listeria, Escherichia, Ta
Salmonella Oys1 oriHeHI IPOTH 3MOSKICHUX MYXJIMH HA TBAPHMHHUX MOJEIISIX.

BucnoBok. Pak — 11e 6araroaxkropHe 3aXBOPIOBAHHS, | BUKOPUCTAHHS OaKTepii JuIs Teparrii paxy, Sk iMyHOCTHMYJIIOI0UOTr0 areHTa
a00 BeKTOpa JUIS NIePEHECCHHSI TePAIleBTUYHOTO BAaHTaXY, € MIEPCIIEKTHBHIM METO/IOM JIIKyBaHHs. TOMy CBIT 3BEpHYBCS JI0 aJbTepHa-
TUBHOTO PIlICHHS, SIKE TOJATA€ Y BUKOPHCTAHHI TeHHO-1H)KCHEPHUX MIKpOOpTaHi3MiB. BUkoprcTaHHS )HUBHUX OaKTepiil, HAIICHUX Ha
PaKoBi KIIITHHH, € YHIKAJTbHUM BapiaHTOM MOJONAaHHS [UX MpooieM. bakrepianpHa Tepartis, HE3alIeKHO BiJ] TOTO, YU BUKOPHCTOBYETHCS
BOHA OKpeMo ab0 B MOEHAHHI 3 XIMIOTepaIIi€lo, a€ MO3UTUBHUN e(eKT MPH JIIKYBaHHI JIEKiITbKOX CTaHIB paKy.

Kuarouogi ciioBa: GiormtiBKa, MyXJiMHa, TETEPOreHHICTh, Oi0MapKep, PEerno3ullisi, 6akTepioTeparis.

BUOILTEHKA M OITYXOJIb: UHTEPITPETALIVS B3AMMOJAENCTBUS U CTPATET Y JIEYEHUS.
00630p

Heanenko H. A.
Jloneyxuil HayuoHanbHwIlL MeOUuyuHCcKull ynusepcumem, Kponusnuyxuil, Yxkpauna

natalimarkowskaj@gmail.com

AKTyaJabHOCTD. JIedeHue TBEPIBIX OIyXosel 1 HH(EKINH, BEI3BAHHBIX OMOIUICHKOM, CTAJIKUBACTCS C 00ILeH poOiIeMoid: JeKap-
CTBA 9acTO HE JOCTHUTalOT U HE yOMBAIOT PaKOBBIE KJICTKH U MHUKPOOHEIE ATOT€HBI U3-3a TeTEPOTCHHOCTH MECTHOTO MHKPOOKpYIKe-
uust. COBpEeMEHHBIE U NTEPCIEKTUBHBIE IIPOTHBOOIYXOJIEBEIE H aHTHOAKTepPHATbHBIE ar€HTHI CTATKUBAIOTCS C CEPhE3HBIMHU ITpobiemMa-
MH B OTHOIICHHH IETH U MOAJAEPKKH aKTHBHOCTH B MHKPOOKPY>KEHHUH, IJIe PAKOBBIE KJICTKH 1 MUKPOOHBIE TTATOTE€HBI BBIKUBAIOT 1
BBI3BIBAIOT Hauajo 3aboneBanus. Ponp 6akTepranbHbIX HHPEKINH B GOPMUPOBAHUH paka OyAeT YBEIHMYUBATHCS B OMMDKANIINE TOABL.
OObeauHEHNEe TTOAX0A0B, TakuxX Kak ROS MOJYJIALUSA B KIETKaX, OMyX0Jb CO CIIOCOOCTBYIOLINM MHKPOOHBIM BOCIATICHUEM, MOXKET
CTaTh CTpaTerueil HauenuBaHus Ha pak u 6akrepuu. Kpome Toro, 6akTeprn MOTYT BOCIIOJIB30BAThCS IPEUMYIIIECTBAMU KHCIOPOIHO-
TO TOJIOJJAHUS M JOCTYITHBIMU HCTOYHUKAMH YITIEPO/Ia, TOITOMY MUKPOCPE/Ia OMYXOIH CTAHOBUTCS MOTEHIIMAIBHBIM YOCKHIIEM JUIs
6axrepuii. [IpumedaTensHO, UTO CBSI3b MEXKIY PAKOM M OaKTEpHUSMH TECHO NEpeIieTeHa.

Ileapb: mpoaHanu3upoOBaTh CXOACTBO OMOIUIEHOYHOH U OIyXOJIEBOH Cpell, BRIpabaThIBAEMO B YCIOBHUSIX CTPECCa U TETEPOreHHOTO
MHKPOOKPYKEHHS, I COUeTaHHs MTOX010B OaKTEPHOTEPANHHU C XUMUOTEPANUe, KOTOPbIe MOTYT TOMOYb B IECTPYKIIUH TE€TEPOTEH-
HOCTHU OITYXOJIH, CBSI3aHHOM CO 37I0KaY€CTBEHHBIMHU d)eHOTI/IHaMI/I paka, J'leKapCTBeHHOﬁ yCTOﬁ‘{HBOCTb}O U ME€TacTa3aMu.

MeTon. AHanuTHYECKUH 0030p JIMTEPaTypHI 10 KIIOYEBBIM CIIOBaM M3 HayKOMeTpuueckux 0a3 naHubix PubMed, Wiley.

Pe3yabrarsl. bakrepnu yKIOHSIOTCS OT aHTUMUKPOOHOTO BO3JEHCTBHS B OCHOBHOM H3-3a MEPCHCTEHIINH, MM YCTOWIHBOCTH,
KOTOpasi MOXKET CTaTh JPEeMITIONIEeif BO BpeMs ctannoHapHo# (asel, u TonepantHocTH. CTOMKHE, TOIEpAHTHEIE K JIEKapCTBAM U JIPeM-
JIOIIME KJIETKN Paka B OCHOBHOM HM3y4YaJIUCh B KOHTEKCTE MO3IHETO PEIUINBA, B 0COOCHHOCTH METacTa30B, B KOTOPOM MHKpOCpena
METACTa30B UTPAET PEMIAIOIYI0 poib. buomnneHkn 06pa3yroTcs rpynnaMu KJIeTOK B Pa3TUYHBIX COCTOSHUAX, PACTYIIUX UM HEPACTY-
X, MeTa6OJ’lI/I‘leCKI/I AKTHUBHBIX WJIK HEAKTHUBHBIX B pa3JIMYHbIX (bpa](LlI/IﬂX, B 3aBUCUMOCTHU OT 3PCIOCTH U XUMHUYCCKUX I'PAIUCHTOB
(O2 n nuTaTeabHBIX BEIIECTB) OMOILICHOK, IPOU3BOISIINX (DU3UOIOTHUSCKYIO FeTEPOreHHOCTh. | @TepOreHHOCTh B MUKPOOKpYIKe-
HHUH paKa MOXKET OBITh OINMCaHa KaK HEKJICTOYHBIH aBTOHOMHEIN JpaiiBep pa3Ho00pas3nst pakoBEIX KJIETOK; B OY€Hb Pa3HOOOPa3HOM
MHUKPOOKPYKEHUH Pa3THIHbIE KICTOUHbIE ()eHOTUIIBI MOTYT MIPOUTH CEJICKITHIO FITH HET B PA3IIMUHBIX 00IACTAX OIyXoiu. [ umokcus,
OKHCIHUTEIbHBIA CTPEeCC U BOCTANEHHE ObIIM HACHTH(UIIMPOBAHEI KaK MOJIOKHUTEIBHBIC PETyIATOPB METACTATHYECKOTO MOTEHIHA-
71a, JIEKAapCTBEHHOW YCTOWYMBOCTH M OHKOT€HHBIX CBOMCTB HpH pake. TOUHO Tak e KHIIEYHas MajJodyKa U OMacHbIe AN >KU3HH
MH(EKIMOHHBIC MAaTOTeHbl, TAaKUEe KaK 30JI0THCTBHIA CTa(QUIIOKOKK M MHUKOOAKTepHH TyOepKyle3a, 3HAYUTENbHO YyBCTBUTEIBHBI K
W3MEHEHHSIM BHYTPUKIICTOYHON OKUCIUTEILHOM cpe/ibl. Bo3HMKaroImas ansTepHaTHBHAs TapaJiuryma 3aKkjlo4aeTcsi B TOM, 4YTO MHOTHE
BUJIBI Paka MOTYT OBITH BBI3BAaHBI KOMMEHCAIEHON MUKPOOHOTOH MIIN ITyTeM TPAHCIOKAIIMN M IIPHCOESIHHEHHS MUKPOOOB K PAKOBBIM
KJIIeTKaM, JTH00 ITyTeM OTAAIEHHOTO BEICBOOOXK/ICHHST aKTHBHPYIOIINX BOCIIAIEHNEe MUKPOOHBIX MeTa00anTOB. MUKpOOHEIE (PaKTOPEI,
takue kak F. nucleatum, B. fragilis u npencrasurenn Enterobacteriaceae, MOryT cmiocoOCTBOBaTh BOSHUKHOBEHHIO 3a00JCBAHUS Y
MALEHTOB C HACJIEICTBEHHON (OPMON KOJIOPEKTaIbHOTO paKa; CEMEHHBIM a€HOMATO3HBIM IMOJUIO30M. DTH PE3yNlbTaThl MOTYT
IPUBECTH K pa3pabOTKe HOBBIX OMOMapKepOB U TEPANEBTHUSCKUX CPEJCTB /ISl BBISABICHUS U JICYCHUs paKa, aCCOLHMHPOBAHHOIO C
6uomienkoil. B Hacrosimee Bpemst okoso 20 % HOBoOOpa3oBaHHUil BO BCEM MHUPE MOXKHO OTHECTH K MH(MEKIHMSIM, IPUUEM €KETOIHO
peructpupyercst okoio 1,2 MHIUTHOHA ciy4aeB 3aboseBaHns. HecKOIbKO MPOTHBOOIYXOJIEBBEIX IPEIapaToB, KOTOPBIE MPOSBISIH
AKTHBHOCTH NPOTHB S. mutans, BKJII0Yasi TAMOKCH(EH, TOKCOPyOHIINH ¥ TOHATHHUO, TakKe 00JIalay aKTUBHOCTBIO MIPOTUB JIPYTUX
TPaMIIONIOKUTENbHBIX Oakrepuil. IlepenpoduanpoBanne gekapcTB, TaKKe N3BECTHOE KaK PEMO3ULUs, HaOpano 000pOTHI, TIIaBHBIM
o0pazomM, Onarogapsi CBOUM MPEUMYIIECTBAM Hepe] OTKPBITHEM JIEKapCTB de novo, BKITIOUast CHIKEHUE PUCKa AT MAI[HeHTOB H3-32
paHee 3aI0KyMEHTHPOBAHHBIX KIIMHUYECKUX MCIBITAHUM, CHIKEHHE 3aTpaT Ha pa3paboTKy JiekapcTB U Ooliee OBICTPBIN Mepexos OT
UCIIBITAaHUN K KIMHHUKE. XOTsS MHOTHE OaKTepHH SIBISIOTCS KaHLIEPOTCeHAMH U IIPOMOTOPAMH OITyXO0JIel, HEKOTOPBIE 3 HUX MOKa3aJn
0O0JIBIION TTOTEHIIHAN B JISYEHUH paka. Heckoibko BUIOB GakTepHii IIPOAEMOHCTPHPOBAIIN BIIEUATIISIONIYIO CIOCOOHOCTD IPOHNKATh
B TBEP/IbIE OITyXOJI M KOJOHH3HPOBATh UX, YTO YACTO MPUBOIMIO K 3aMEIJICHUIO POCTa HOBOOOPA30BaHMil U UX KIUpeHcy. Paznnd-
uele mtammbl Clostridia, Lactococcus, Bifidobacteria, Shigella, Vibrio, Listeria, Escherichia, u Salmonella Opiii onieHeHBI TPOTHB
paKa Ha )KHUBOTHBIX MOJEINAX.

BriBoa. Pak siBisiercst MHOro(akTOpHBIM 3a00JIeBaHUEM, U HCIIOIb30BaHHE OaKTepHil ISl TEPAIMU PaKa B KaueCTBE HMMYHOCTHMY-
JIMPYIOLIETo areHTa WM BEKTOpa Ul IIepeHoca TeparneBTHYECKOTro Irpy3a sBISIETCS ePCIIEKTHBHBIM METOIOM JiedeHust. [loaTomy mup
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00paTUIICS K aJITePHATUBHOMY PELICHHIO, KOTOPOE 3aKIF0MACTCsl B UCIIONIB30BAHUHM TeHHO-UHIKEHEPHBIX MUKPOOPraHu3MOB. Mcrob-
30BaHME )KUBBIX OAKTEPHi, HAIIEIICHHBIX HA PAKOBbIE KJIETKH, SBISIETCS] YHUKAIBHBIM BAPHAHTOM MPEOIOJICHUsI ITHX mpobieM. Bakre-
puanbHas Teparus, He3aBUCHMO OT TOTO, MCIIOb3YeTCs JIM OHA OTAEJIBHO WM B COUYSTAaHHU C XUMHUOTEPAIHei, JaeT MOI0KHUTEIbHBII
3¢ EKT IPpH JCICHUH HECKOIBKUX COCTOSIHUN paka.

KiroueBbie ¢10Ba: OHOIUICHKA, OMTYXO0ITb, TETEPOTCHHOCTh, OMOMapKEp, PEMO3UIIHS, OAKTePHOTEPAITHSL.
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AKTyaJIbHOCTB. Bocrianenne IyHKH ynaneHHOTo 3y0a sSBIsIeTCs OTHUM U3 Hanbomee 9acThX (0T 3 1o 40%) ocnoxHeHniT oneparun
ynanenus 3yoa. OTCyTCTBHE €JMHOTO MHEHHUS O PUYHHAX BOSHUKHOBEHHMS JIbBEOJIUTA U OTCYTCTBHE YCTAHOBJICHHOW KIIFOYEBOH POITH
OJIHOTO M3 MHOTHX Pa3HOOOpa3HbIX (paKTOPOB MaToreHesa 3aTPyAHSIOT MpoBeieHHe dQGEKTUBHBIX MPOPHIAKTHYECKUX MEPONIPHATHIH

JUIA IPEAYNPEKIACHUS €0 pa3sBUTHA.

I_lem,: HCIIO0JIB30BaTh JJaHHBIC JIMTEPATYPhI 1JI1 O606HIGHI/IH U CUCTEMATHU3aluU pa3HOO6pa3HI)IX B3I 0B HAa OTUOJIOTHIO, ITATOI'CHES,

MCTOABI HpO(i)I/IJ'IaKTI/IKI/I U JICUCHUS aJIbBCOJIMTOB.

MaTepnanbl U METOAbI. HpoaHaﬂI/ISI/IpoBaHH JOCTYIIHBIC JIMTCPATYPHBIC HAYYHBIC UCTOYHUKHU, I'I€ PACCMOTPCHBI COBPEMCHHBIC
B3TTIA b1 HA HpO6J’I6My JICYCHHA aJIbBCOJIUTOB. O606U.ICHBI U CUCTEMATE3UPOBAHBI COBPEMEHHBIC MTOAXO/Ibl K MOHUMAHUIO 3TUOJIOTUH,

naroreHesa, HpO(bI/IJ'IaKTI/IKI/I 1 METOAaM JICUCHUA aJIbBCOJIUTOB.

PesyabTarsl. BolbIIMHCTBO aBTOPOB, aHATIM3HUPYSI OCHOBHBIE IIPUYUHMHBI ¥ COITYTCTBYIOIIHE (JaKTOPbI BOSHUKHOBEHHMS JIbBEOJIUTA, TIPS~
JIarafoT ULt €ro NPO(MIIAKTHKI: YMEHBIINTh TPABMAaTHYHOCTH ONEPAINH, COONIONATh aCeNTHKY ¥ MpaBIIbHbIC HA3HAYSHHs B IOCIIEONepa-
IIMOHHOM HEPHOJIE, a TAKKE ONTHMH3UPOBATH MPOIIECCHI 3aKUBIICHHS JTyHKH, HCHOJB3YS MECTHO pa3HOOOpa3HbIE JISKapCTBEHHBIC ITPETIaparhl.

BeiBon. [Ipo¢unakTika BOCTIAIUTENBHEIX OCIOXKHEHHI OCIIC ONepaliy yaaneHus 3yoa 6asupyercst Ha obecriedeHHH 00pa3oBaHUs
B JIyHKE 3y0a yCTOHUYHBOTO CIyCTKa KPOBH, KOTOPBII JOMKEH 00€CIIeUNTh HOPMAIIBHYIO PETeHEPAIINIO TOBPEXK/ICHHBIX TKaHEH.

KuroueBble ciioBa: anbBEONNT, yaaaeHue 3y0a, iyHKa 3y0a, CTyCTOK KPOBH, OCTEOpEreHeparys.

IIpoGnema BOZHUKHOBEHHUS aJIbBEOIMTA TTOCIIE OIepa-
UM yJlaJIeHus 3y0a CBs3aHa ¢ ero OOJBION pacpocTpa-
HEeHHOCTHIO (0T 3 110 40 % OT BceX MOCTAKCTPAKIIMOHHBIX
OCJIOKHEHHIT) U HeTOCTAaTOYHO (P PEeKTUBHEIMHU METO/A-
MH €T0 IPOPUITAKTUKY 1 JICUeHHs. KITMHUINCTHI JOIKHEI
0CO3HABATH CIOKHOCTH M MHOTO()aKTOPHOCTE ATHOJIOTHI
ABBEOJINTA, a TAKKE CYIIECTBYIONINX KOHIEIINH IIpo-
(PUIIAKTHKY U JICYCHUS aTbBEOINTA. Pa3muaHbIe METOIBI
3¢ GEKTUBHOTO JICUSHUS U MTPOPUITAKTUKH 00CYkIATHCh
KakK Ha OCHOBE 0OJiee MHTYHUTUBHOTO MEXaHHCTUIECKO-
ro MOHWMAaHHUS albBEOJNTA, TAK U Ha OCHOBE JaHHBIX,
OCHOBaHHBIX Ha Jl0Ka3aTesbCcTBax [2, 5, 16, 19, 25, 28].

BonbpImMHCTBO UccieoBareneii B 3THONOTUH Pa3BU-
THUSI aJIbBEOJTUTA BBIICISIIOT: HHPEKIIMOHHBIN 1 TpaBMa-
TUYECKUH (aKTOPHI, BRICOKYIO (GPUOPHHOIUTHYECKYIO
AKTHBHOCTH CJIIOHBI M TKaHEH JTyHKHU 3y0a, H3MCHEHUS
MMMYHOJOTHYECKOTO ¥ TOPMOHAJIBHOTO CTaTyca, co-
MY TCTBYIOIINE 3a00JICBaHMUS, THTHCHUIECKOE COCTOSHIE
U CTETICHb CaHAIlN{ MOJOCTH PTa, BPEAHbIC IPUBLIUKH,
BO3pacCT HallMEeHTOB U MHOKECTBO JAPYTUX HPUIHH.

OTCcyTCTBHE €AMHOTO MHEHUSI O IPUYHNHAX BO3HUKHO-
BCHUS aJTbBEOJIUTA M OTCYTCTBHE YCTAHOBJICHHOM KITFOUe-
BOW POJIM OJJHOTO M3 MHOTUX Pa3HOOOPa3HBIX (PaKTOpPOB
MAaTOreHe3a ero Pa3BUTHUS HAILIO OTPAKEHHE B MHOT0O-
Opa3uu HCIONb3yeMOH TepMUHOIOTUH 3a001eBanus [ 15].

AnbBeonuT BriepBble ObuT omrcan Kpoydopaom B
1896 rony. Jlns o603HaUeHUsT JaHHOTO 3a00JIeBaAHUS
HCIIOJIB3YIOT CIICAYIONINE TEPMHUHBI: «aJITbBEOTUTY»
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(alveolitis), «anpBeonsapHbIit ocTent» (alveolar osteitis),
«iokanu3oBaHHbI ocTUT» (localized osteitis), «cyxoit
Oosie3HeHHBIN anbBeoauT» (alveolitis sicca dolorosa),
«JIOKaJN30BaHHBIN anbpBeolsipHBIA ocTuT» (localized
alveolar osteitis), «GHOPUHOTUTHYCCKHIA aTHBEOIATY»
(fibrinolytic alveolitis), «cenTuyeckast TyHKa» (septic
socket), «HEKpoTHIECKOe THe30» (necrotic socket), «ty-
HOYKOBas 0oiby (alveolalgia) [28].

bupn B 1973 1. Ha3Ban BOCHAIMTEIEHOE OCIOKHEHUE
moclie yaaneHus 3y0a « PuOPUHONUTHICCKUN albBeO-
mt» (fibrinolytic alveolitis). 3To camblii TOUHBIH U3 Bcex
TEPMUHOB, XOTsI HAMMEHEe UCIIONb3yeMbIi B JTUTEpary-
pe. B HOpMe nocreonepannoHHas pereHeparys JIyHKH
yIaJIEHHOTO 3y0a IMPOUCXOIUT C aKTUBAIHEH TpoMOO-
IIUTOB, TOJIMMepu3auei GpudpuHa u popMupoBaHrEeM
KPOBSTHOTO CTyCTKa. DTOT MPOLECC UAET NapauIeIbHO C
MUTpanye HeUTPOPUIBHBIX IPAHYIIOUTOB, MOHOIIUTOB
1 pubpobTacToB. 3aTeM MPOUCXOMUT 3aMEIICHUE CTYCT-
Ka KpOBH TPaHYJALMOHHON TKAaHBIO C OTHOBPEMEHHOU
SIUTENN3alKEN TOBEPXHOCTH JIYHKH. B nanpHemem
rpaHyISANAOHHAS TKaHb TPAHC(HOPMHUPYETCS B 3PEIYIO
COEUHUTEIBHYIO TKaHb, HA OCHOBE KOTOPOM MPOUCXO-
IUT ocTeopereHepanus (occuukanus JyHKH).

Ha xietouHom ypoBHe npouecc GpopMupoBaHus
3peNoil KOCTHOM TKaHW JIYHKH 3y0a MPOUCXOIUT SHO0-
XOHJIPAJIbHBIM M BHYTPUMEMOpaHHBIM TyTeM. BHyTpu-
MeMOpaHHBII MEXaHU3M (POPMHUPOBAHUS KOCTHOM TKaHH
HAYMHACTCS C BHYTPUTKAHEBOI KOMIIPECCHH U MOBBIIIIC-
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HUS €€ TUIOTHOCTH. DTO MPUBOAMT K HUDDHepeHIInpoBKe
IpeocTe00IacTOB, PACIIOIOKECHHBIX B MUHEPAIN30BaH-
HOW MaTpHIe, ¥ UX TpaHC(HOPMAIH B OCTEOOTACTHI, a
3areM B octeouuTsl [§, 11].

[Tatorenes anxpBeoNMTa MOXKXHO PacCMAaTPHUBATEH Kak
OJTHO U3 IPOSIBIICHUI HApYLIECHHUSI HOPMAJIBHOM perHe-
pannu JIyHKH MOCIe yAaJIeHus 3y0a.

[To MHEHUIO psima aBTOPOB, TNIABHAS POJIH B Pa3BU-
TUH BOCTIAJICHUS TYHKH 3y0a MPHHAIICKUT COUCTAHUIO
HECKOJIbKUX JIOKQJIBHBIX U CUCTEMHBIX (PaKTOpOB, IpH-
BOJSIIUX K (pUOpUHOIN3Y CryCTKa KPOBU, a 3aTEM €r0
UHOGHULIHUPOBAHUIO U HEKpPOTHYECKOMY pacmany [14, 15,
21, 28, 29].

Bruto ycraHOBIEHO, UTO TPaBMaTHIECKOE ylaIeHUE
3y0a COMPOBOXKIAETCS BHICBOOOKICHUEM IJIa3MUHA —
TKaHEBOTO aKTHBaTOpa (HUOpPHUHOIM3a CTYCTKA KPOBH.

BoneBoit cumintoM mocie yganeHus 3y0a sBIsSeTCs
TJIaBHOUM MPUYMHON oOpalmieHus MalieHTOB K Bpady.
Ycuiienne 00NM B JIYHKE YIAJICHHOTO 3y0a CBSI3BIBAIOT
C MOSIBJICHUEM B JIYHKE (pepMEHTOB KHHHHOTCHA3Bl U
OpaIMKUHUHOB, KOTOPHIC IPOHHUKAIOT B HEE M3 TOBPEIK-
JEHHOW KOCTHOM paHBbl U UTPaIOT KIIOUYEBYIO POJIb B
Pa3BUTUH CHMIITOMA IOCTIKCTPAKIIHOHHON JTYHOYKOBOU
6oun.

Hab6mroneHust HEKOTOPBIX aBTOPOB MOKA3BIBAIOT, UTO
TpaBMa CTEHOK JIyHKH BO BpeMsl yHaJieHHS 3y0a 9acTo
MIPUBOAUT K PA3BUTHIO TPABMATHIECKOTO TPoMOO3a Kpo-
BEHOCHBIX COCY/JIOB U CHIDKCHHUIO PE3UCTEHTHOCTH TKa-
Hell K MEKPOOHOMY 3apa’k€HUIO MOCJICOTepalliOHHON
pansi [8, 30].

CymiectByeT 00BbEKTHBHASI 00paTHAsI CBSI3b MEXKIY
OTIBITOM XHpPYpra U 9acTOTOH IMOSBICHUS aJTbBEOJIHTA.
[IponomxuTensHOE IO BPEMEHH, CTIOKHOE U TPaBMaTHI-
HOE yZianeHue 3y00B, 4acTo CSI3aHHOE ¢ HEAOCTATOUHOMN
KBaJH(UKaIMel Xupypra, sBISIOTCS (GaKTOpaMH PHCKa
B pa3BUTHH anbBeonuTa [1, 22].

CoOirofieHre MPaBUIbHON TAKTUKH Bpada B MOCTIEO-
MIEPAIOHHOM MIEPHOJIE, 3aKITIOYAFONICHCS B HAOIONCHUS
3a COCTOSTHHEM paHbI, UMeeT OOJIBIIOe 3HAYCHUE B TIPe-
JTYIPEXICHUN PA3BUTUH BOCTIANIUTENBHBIX OCIOKHEHHUH.

[ocne 3aBepiieHUs ONMEpanny yaajieHus 3y0a Xu-
Pypr HHOTZIa HEOOOCHOBAHHO MPOBOISAT MHTCHCUBHOE
MPOMBIBAHUE MOCICONEPALMOHHON PaHbl PACTBOPAMHU
AQHTUCENTUKOB. Tarxke 4acThle MHOTOKPATHEIC €r0 TIOB-
TOPEHUS B ITOCIICOTICPAIIIOHHBIN TIEPHUO TPETIITCTBYIOT
COXPAHEHHIO KPOBSHOTO CI'yCTKa M YBEITHUHUBAIOT IPOJIO-
JDKUTENBHOCTD pereHepaluu JyHKuy [27].

[HopoGHast MpUYMHHO-CIIEICTBEHHAS CBA3b Pa3BUTHSA
aJIbBEONIUTA TAKXKE UMEET MECTO NpH (pu3ndeckoit auc-
JIOKAITMH KPOBSHOTO CI'yCTKA U3 JIyHKU 3y0a, BEI3BaHHAsS
HEaKKypaTHBIM 00paleHUeM MAUeHTA C JIyHKOH HIIN
OTPHIATEIBbHBIM JABJICHHEM H3-3a MUTHS Yepe3 CONO-
MUHKY, KyPEHHS ¥ JPYTHX MIPUYHH.

Br110 3aMedeHo, 4To MpOBEICHHE Ype3MEPHO TPaBMa-
THYHOTO KIOpETaXka JIyHKH 3y0a, JUTS YIaIeHHs TepHaIy-
KaJHHOTO BOCTIAIINTEIFHOTO Odara WU IS TIONyICHUS
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CTyCTKa KPOBH B CITy4Yae «CyXOU JIYHKH», MOXET COTPO-
BOXIATHCA MOBPEIKACHNEM KOCTHBIX CTCHOK aJIbBCOJIbI 1
CO371aBaTh BOPOTA JUIsl IPOHUKHOBEHHUS B HEE OAKTCPHIA.

TpaBma OT arpecCUBHOIO KIOPETaXa JIYHKH BBI3BIBACT
BOCTIaJICHHE KOCTHOTO MO3Ta albBEOJIIPHOTO OTPOCTKA
yemocTH. KiopeTax JIyHKH yCHUIMBAaeT MECTHYIO (u-
OpUHONUTUYECKYIO AKTUBHOCTh CI'yCTKA KPOBH H CIIO-
COOCTBYET M30BITOYHOMY BBICBOOOXKICHHUIO KJICTOUHBIX
MeaunaropoB Bocnianenus [30].

Cnoco6CTBOBAaTh Pa3BUTHIO albBEOIUTA MOTYT,
M0 MHEHHIO HEKOTOPHIX aBTOPOB, MEJKHE KOCTHEIE
(parMeHThI aJbBEOJIB MK KOpHEi 3y00B, KOTOPEIE OC-
TAIOTCS B JYHKE TOCIE YIaleHUs 3y0a Mpu HeJJ0CTaTou-
HO TIIATEIbHON U BHUMATENBHOM MOCICONEPATUOHHON
peBu3nu pausl [3].

CylIeCTBEHHYIO POJIb B Pa3BUTHH AEBEOJIHUTA OTBO-
ISIT YPOBHIO CaHAIMU 3y0OB U MOAACPIKAHUIO TUTHEHBI
MOJIOCTH pTa. YCTaHOBIICHO, YTO CTEIICHb OaKTepHUalb-
HO# 00CEMEHEHHOCTH MOJIOCTH PTa YBEIUYHUBACTCS Y
MAIIEHTOB C OYaraMi MECTHOTO BOCHATUTEIEHOTO IIPO-
1ecca, TaKUX KaK Kapuec, HapOJOHTHUT, IEPUKOPOHUT
WY XPOHUYECKHI IEPHOTOHTHUT 3y0O0B.

[punsTo cuurath, uTo OaKkTepUaNbHAS MUKPODIO-
Ppa IOJIOCTHU pTa ABJIACTCA OCHOBHBIM PHCKOM PAa3BUTHA
anmbBeoNnTa. BeICKa3pIBaeTCs MPEIOKEHUE, YTO aHAdPOO-
HbIe OakTepun, ocobenHo Treponemma denticola, oGHapy-
JKEHHAs! B TIOJIOCTH pTa MU MIEPHOIOHTUTE 3yO0B, TakkKe
MPUCYTCTBYIOT B JIYHKE YIAJICHHOTO 3y0a, 4TO TOKa3bIBacT
OakTepHalTbHYIO TIPUPOAY ajbBeonuTa [14].

B skcnepumenTax in vitro OBIIO yCTaHOBICHO, YTO
OakTepuH B JIyHKE yIaJeHHOro 3yba, 6iaromaps BHICBO-
OOXKICHHIO OAKTePHATBHBIX IIUPOTCHOB, 00JIAIAI0T BBIPa-
KEHHOH MIa3MUHOMOA00HON U GUOPUHOTUTHIECKOT
AKTHBHOCTBIO.

Hecmotpst Ha 60MbIIYIO poiib OakTepuil B 3TOM MPo-
necce, npaMas NpuiInHHO-CJICACTBEHHAA CBA3b OIIPEC-
JICHHOTO BHJIa MUKPOGJIOPH! B BOSHUKHOBEHHH AJIbBEO-
JITa, 110 MHCHUIO JAPYTUX HCCJ’IC}IOBaTe.Heﬁ, HEC SABJISICTCA
JIoKkazaHHOM [3].

[To nabmronenusim Riba-Terés N. (2020), Hanbomnee
4acTo 0OOHAPYXHBACMBIMH OaKTEPUSMH B JIyHKe 3y0a
owmm Prevotella bivia, Fusobacterium, Parvimonas
micra u Peptostreptococcus. VccnenoBanus moxa3and,
9TO MHKPOQIIOpa Y MAlHeHTOB C allbBEOJIUTOM OTIIH-
qanack 0T MUKPOMIOPHI MAIIUEHTOB 0e3 Mmocieonepa-
LIUOHHBIX OCJIOKHEHHUA. ITH PE3yIbTaThl MOKA3bIBAIOT,
YTO OAKTEPHH MOTYT UTPATh BAXKHYIO POJIb B IIATOTCHE3E
3a00JeBaHus.

Tak, B akcriepuMeHTe o01Iee cojepkaHue O6axkre-
puii B alnbBEOISIPHON KPOBM JO HAJIO)KEHMS LIBOB Ha
JTYHKY 3y0a Mmoka3ajo HeIOCTATOYHYIO KOPPEISIHIO C
ITyCKOBBIM MOMEHTOM Pa3BUTHS aybBeonnTa. OmHaKo, y
75% TanueHTOB ¢ aTbBEOIUTOM O0HAPYKEH U30BITOU-
HBII pOCT ad3po0OB B JyHKE 3y0a, HO Y 47% W3 HUX TI0-
CIJICOTICPAIIMOHHBIN TTEPHOJ] POTEKaI 0e3 KITMHHICCKHX
MposiBIeHu# anpBeonura [19].
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BOSpaCT MalUEHTOB SABJIACTCSA OAHHUM U3 CyILICCTBCH-
HBIX (DaKTOPOB pHCKa AIBBEOJINTA. 3aMEUCHO, UTO aJibBe-
OJIUT Yallle Pa3BUBAETCA Yy JIMII CTAPIIUX BO3PACTHBIX
rpymn [1]. Bo3aMo)kHO, 3T0 CBA3aHO ¢ 3aMeIEHMEM MeTa-
Oom3ma, ocnabieHneM IMMYHHUTETA U pETCHEPaTHBHBIX
CIOCOOHOCTEH OpraHu3Ma.

HexkoTopsle nccienoBanusi COOOLIAIOT, YTO YBEIHYE-
HUE PUCKA Pa3BUTHA aJIbBEOJIUTA CBA3aHO C MPUMEHE-
HIEM aHECTETHKA C Ba30KOHCTPHUKTOpaMu. Jloka3aHo, 94To
9TO BBI3BIBAET UIIIEMUIO TKAaHEH aJIbBEOJIBI 1 3aTPyAHACT
ee 3all0JTHEHHE KPOBBIO, & 3TO MPUBOAMT K MOSBICHUIO
«cyxoit myHKm». Kpome Toro, THIoKcus TKaHe# Bcien-
CTBUC BAa30OKOHCTPUKIIUN YMCHLIIACT aHTI/IMI/IKpO6HyIO
AKTUBHOCTb IPaHYJIOLUTOB U MOXET CIIOCOOCTBOBATH
pa3BuTHIO anbpBeonuTa [23].

HCCHC}IOBaHI/IH APYTUuX aBTOPOB CBUACTCILCTBYIOT
0 TOM, YTO MPOJOJKUTENIBHOCTh UIIEMHH TKaHEH OK-
PYKafoNuX JIYHKY 3y0a ITUTCS IPUMEPHO JIBa 4aca, a
3aTeM CJenyeT MPOJOKUTEIbHBIN ePHO] pEaKTUBHON
TUTNIEPEMUH, UYTO JOKA3bIBAET HECYLIECTBEHHYIO POJIb
Ba30KOHTPHUKTOPOB B Pa3BUTHUHU BOCIIAJICHUS B TyHKE
3yba [15].

OubpuHonuTHueckas Teopusi bupHa oObscHsET, uTO
IPOIOJDKUTEBHAS TPaBMa BO BpeMsl yIaJIeHHs 3y0a il
MH(HUIHPOBAHNUE JIYHKH BBI3BIBAIOT YCUIICHUE JIOKAJIU-
30BaHHOTO BOCHAJIEHUs B KOCTH, KOTOPOE BBI3BIBAET JIO-
KaJbHOE BEICBOOOXKICHNE aKTHBATOPOB TIa3MHUHOTCHA.

MenukaMmeHTO3Hast 00paboTKa BOCTIAJICHHON JTYHKH
SBJISIETCS CEPbE3HON MPOOIEMO 17151 BCEX CTOMATOJIOTOB
M3-32 CIJIBHOW OONH HapsIy C YaCTHIMHU IOCEIICHUSIMHI
nanueHTa. Hekotopbie aBTOPBI OTMETHIIN 3aMeJICHHUE
32)KMBJICHUS U COXpaHEHUE PU3HAKOB BOCTIATIEHUS], KOT-
Jla TyHKY OBLIM TYTO 3aTaMITIOHUPOBaHbI Alvogyl.

B paborax, MOCBSIIEHHBIX MPEAPACIIONIOKEHHOCTH
Pa3BHTHS ANBBEOJHUTA y TMAIMEHTOK, PETYISIPHO IPHU-
HUMAIOIINX NepOpaNbHbIe KOHTPALCITHBEI, OTMEYaeT-
CA CBA3b MCKIY YPOBHEM OCTPOIr€HA, aKTUBUPYIOIIETO
(hnOPHHOMU3 U IPUBOIAIIETO K Pa3pyILIEHUIO KPOBIHOTO
CTYCTKa B JIyHKe 3y0a [7, 31].

Taxoke, COTIaCHO pe3yJibTaraM psijia UCCIIEeJOBaHuS,
MEHCTPYaJIbHBIN LUK MOXKET ObITH (JaKTOPOM IOBBILLIEH-
HOTO pHCKa Pa3BUTHS ajbBeoduTa. B cpemHem, yactora
BO3HMKHOBEHUS! AJIbBEOJINTA Y KEHIIMH B IIEPHOJL MEHCTPY-
aJbpHOrO HuKia coctanisia 23%. YToOsl 30eKarh 3TOro,
OOJBIIMHCTBO aBTOPOB PEKOMEHYIOT HE TIPOBOAUTS TLIa-
HOBBIE OTIEpaTUBHbBIE BMEIIATENbCTBA B 3TOT nepuon [6, 10].

3HaUYNTENBHBIN HHTEPEC NPEACTABISIOT HAOIFOICHNUS
B3aHMOCBSI3H Pa3BUTHS AJBBEOJUTA Y JIUI] C CUCTEM-
HBIMH 3a00JIeBaHUAMHU. B psiyie myOnukamnmii oTMeueHa
MOBBIIIICHHAS YaCTOTa BOCIIAIUTEIBHBIX OCIOKHEHUH Y
UMMYHO-CKOMIIPOMETHPOBAHHBIX MMAI[CHTOB U 1uade-
TtukoB [20, 28].

Juist npodIITaKTHKY aIbBEOJIUTOB y MAIHEHTOB C
JuabeTHUeCKUM CTaTyCcoOM B MOCIIEAHEE BPeMsl HaXOAUT
npuMeHeHune Metoaunka A-PRF-tepanuu. Kpome npgu-
JAKTHKH TOCIEONEPAMOHHBIX KPOBOTEUEHUN U3 TYHKU
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yaaseHHoro 3y6a, ucnonp3oBanue A-PRF-tepanuu no-
3BOJISIET JOOUTHCSI COKPAILICHUSI BPEMEHU peTeHepaluu
TYHKH 3y0a, 3HAYUTEILHOTO YMEHBIIICHUS WA OTCYT-
CTBUS TIOCTICOTIEPAITMOHHOM OOJIH, OTeKa TKaHEeH JIYHKU
1 BOCTIAIMTEIIBHBIX OCJIOKHEHHUH [6, 9].

Oco60ii mpeapacnoioKeHHOCThIO K Pa3BUTHIO
AJTBBEOJUTA, IO PNy HAONIONCHUHA, ITOABEPKCHEI Ta-
IIEHTHI [TOCIIE aTUITNYECKOTO YAAICHHUS TPEThIX HIDKHIX
MOJISIPOB. 371eCh OONBIIOE 3HAUEHHUE UMEET MOBBIIIEH-
Has TPaBMATH3alMs KOCTHOW TKAHW HIDKHEH YEIIOCTH.
HexkoTopbie aBTOPHI CBA3BIBAIOT ATO C IOBBIMICHHOMN
MIJIOTHOCTHIO KOCTHOM TKaHM B 3TUX ydacTkax. ITo nx
MHEHHIO, TYT BO3HUKACT ITaTOJIOTHYECKAsT COCYIUCTAs
peaxis Ha TOBPESXKICHUE U CHIKAETCS CIIOCOOHOCTh
MPOLYLIMPOBATh TPAHYIISIIMOHHYIO TKaHb I HOpMaJlb-
HOTO TE€UCHHMsI perenepanuu koctu [12].

BrmsiHne BpeTHBIX IPUBEIYEK, B YACTHOCTH, KypEHHE,
10 MHOTUM HaOIIONCHUSM, ABIsAETCA PAKTOPOM pHUCKa
BO3HHKHOBEHU: allbBeonuTa. ccnenoBanus nokasainy,
YTO ITOCIIE XUPYPTHYECKOTO YIAICHHIS MOJISIPOB HIDKHEH
YeOCTH Y TeX MAllMeHTOB, KTO KYPHJI TIOJIOBUHY TaYKH
WA O0JIee CUTapeT B JICHb, AlTbBEOJIUT AUATHOCTUPOBAIIN
B UCTHIPE-TIATH Pa3 Yallle [0 CPABHEHUIO C HEKYPSLIIIMHA
nanueHTaMu. PacpocTpaHeHHOCTh anbBeoauTa Oblia
3HAYUTENIbHO BbIIIE Y KypUIbIIKUKOB (9 %), yem y He-
Kypsimux nanuenTos (3%) [21].

MeToabsl TpOPMIAKTUKH U JIEUSHHS aJIbBEOJIUTOB,
MPEIIOKEHBIX B OOJBITUHCTBE HAYYHBIX ITyOIHKAIINH,
OTIIMYAIOTCS OOJIBIIUM Pa3HOOOPA3HEM TPEITIOKESHHBIX
cpenacts. Tem He MeHee, peLent 3¢ deKkTHBHON yHUBED-
CaJbHOW MEITUKAMEHTO3HOMW CXEMBI MPO(IIIAKTHKHI U
JICICHUS aJbBEOJINTOB MOKA HE HaleH.

AHTHOHOTHUKH OTHOCATCS K HanOoJee MOMyIIpHBIM
MEIMKAMEHTO3HBIM CPEICTBAM AJIS MPEIOTBPAIICHIS
U JICYCHUS aibBEONnTOB. Takue mpemaparsl, Kak MeHH-
UWUTAH, KIMHIAMUIIH, SPUTPOMULIMH, METPAHUIA30]1
3¢ heKTUBHBI B MpenoTBpalneHun aabeeonuta [30]. Jlo-
KaJIbHbIE alIUIMKAH TETPAIMKIINHA B IYHKY TIOKa3bIBa-
10T MEPCIEKTUBHBIC PE3YIbTaThl B CHUKEHUH PUCKA
ABBEONIUTA B CPABHEHUH C IPYTHMHU aHTHOMOTHKAMH.
OpHAaKO CYIIECTBYET PHCK Pa3BUTHS PE3UCTCHTHOCTH
Y TUNIEPYYBCTBUTEIBHOCTH MIPU PYTUHHOM IIpe- U I0-
cJeorepanMoHHOM Ha3HaueHUU aHTnOnoTukKoB [13, 15].

Jlokazano, uto nmonockanue pra 0,12% pactBopom
XJIOPTEKCUINHA JI0 U MOCJIE ONepaluu yaaieHus 3yoa
U HCTIONB30BaHue reiisg Ha ocHoBe 0,2% XJoprekcuanHa
CHIDKAJIM PUCK BOBHUKHOBEHHS aibBeosnTa [3, 4].

J7ns edeHus anbBeOJUTa yCIENIHO MCIOJIb30Ba-
JIA 3BTEHOII-CoJIepXkKamue NoBsI3ku. JlokazaHo, 4TO
npuMeHeHne npenapara «Alvogyl», KOTopslil conep-
KUT 3BreHOJ, OyTaMOeH U HogoQopM, TP MECTHOM
HCTIOJIB30BAaHUH CHIDKAIOT PUCK Pa3BUTHS allbBEOINTA
1o 8 % ciydaes, 10 CpaBHEHHIO ¢ 26 % B ITyHKax 0e3
noBsizku [17].

OnpeneneHHblil HHTEpEC MOTYT IPEACTABIATh CO-
obmenus 06 3hPEeKTUBHOM MECTHOM HCIIOJIb30BaHUHU
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aHTU(UOPUHOIUTUKOB U TPAHEKCAMOBOI KHCIIOTEHI, a
TakKe OMopa3iaraeMbIX MOTUMEPOB, TOMMUICCKUX Te-
MOCTaTHKOB U IIEJUTIOJI03HOM I'yOKku [19, 27].

Tonuueckoe NpUMEHEHHE CTEPOUNOB (TUIPOKOP-
TU30HOBOW M OKCUTETPANUKINHOBOW CMECH) ITIOKa3aJI0
CHIDKEHHE YaCTOTHI aIbBEOJIUTA MOCIE YIAJCHUs pe-
TUHUPOBAHHBIX 3y0OB MyIpOCTH HIDKHEH uemroctu [3].

Jloka3aHo 3HAUYUTEIHHOE YMEHBIICHUE PUCKA AJTbBe-
OJIUTA MPH 3arnoiaHeHnu JyHku PRP wim komOunanmm
PRF c xenaruHOBOII ryOKoit [24, 26].

[IpuMeHeHUE TpaHyN AEKCTPaHOMEPa CBHICTETb-
CTBYeT O OoJiee OBICTPOM aHAIBIeTHYECKOM I deKTe U
CHIDKEHHH pHcKa anbBeonuTa [18].

BbIBO/IbI

1. Meps! npo(HIaKTUKU MOCIEONEPAnOHHbBIX OCIIOXK-
HEHUI1 Toclie yaaeHus 3y0a: a) yMEeHbIIIEHUE TPaB-
MAaTHYHOCTH OIEPAIHH 32 CUET TIIATeIFHOTO COOIIO-
JICHUS TIPAaBUIT YAAJICHHS, I SIIET0 OTHOIIEHHS K
MSTKHM U TBEPIBIM TKaHSM U COBEPIICHCTBOBAHUS
OTIepaTUBHON TEXHUKH yHalleHus 3y6a; 0) cobOmro-
JICHUE TIPABIJI ACEITUKH TSI IPEAYIPESKICHUS HH-
(GUIHIPOBAHUS PaHBI IIyTEM COXPAaHCHUS KPOBSHOTO
CTyCTKa B aJbBEOJIC; B) MPABHIbHBIC HA3HAYCHUS B
MOCIEO0NEPALUOHHOM MIEPUOJE.

2. TIpocThIM U HaIEKHBIM CPEACTBOM MPOPHUIAKTUKA
abBEOJIUTA OCTACTCS PErysipHasl U MOJHOICHHAS
TUT'HEHa MTOJOCTH pTa.

3. OnTuMu3anus NpoueccoB 3a)XUBICHUS Onaromaps
3aIll0JIHCHUIO JIYHKH pa3HbIMU JICKAPCTBECHHBIMU BEC-
[IeCTBaMHU — aHECTE3UHOM, HOoopopMoM, OHOIIOTH-
YECKUMH BeIeCTBaMU: Kanbluii-monmdocdarHpiM
KOMIIO3UTOM, TPOMOOIIUTApHBIMK (haKTOpaMH po-
cta (PRF-Tepamnus), reMocraTiueckoil aHTHOaKTe-
pHUaTbHO-aHECTE3UPYIOIIEH T'yOKOH «ambBOCTa3y,
IUBacKaH ¢ mMamMOOH U T.J. — HE MOTYT 3aMCHHUTH
€CTECTBEHHOE 3a)KUBJIEHUE JTYHKH MOJ KPOBIHBIM
CTYCTKOM.

4. TlpodunakTuka BOCIATUTENBHBIX OCIOKHEHUH TO-
Clie oTiepalluy yaaneHus 3yda 6asupyercs Ha obecre-
YeHUH 00pa30BaHMsI M COXPAHEHHS B JTYHOUKOBOH
paHe YCTOHUUBOIO CryCTKa KPOBH, KOTOPBIH JOIKEH
o0ecneunTs HOPMAIbHYIO PEereHepaIuio IOBPexK-
JNICHHBIX TKaHEH.
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HATOT'EHETUYHI ACHEKTH BUBYUEHHS 3ANTAJIbHUX YCKJIAJIHEHbB IICJISA OIEPAIIII
BUJAJIEHHSA 3YBA. Orasn

Mananuyk B.O., Tonuin /I.B., /[rcasadiacn A.
Hayionanvnuii meduunuii ynisepcumem imeni O.0.boeomonvys, Kuis, Yrpaina

tpch03@gmail.com

AKTyaJIbHIiCTB. 3anajneHHs JIyHKU BUAAIEHOTo 3y0a € OHUM 3 HaWbiibIr yacTux (Bix 3 1o 40%) yckiiaqHeHb onepaii BUaaIeHHs
3y6a. BincyTHICTb €AMHOT AYMKHU PO NPUYNHNA BUHUKHEHHS aJIbBEOJTITY 1 HEMOXIIMBICTE BCTAHOBUTH KJTIOUOBY POJIb OJHOTO 3 (haKTOpiB
MaTOTCHE3Y — BCE [1€ YCKIIAHIOE IPOBEICHHS e(EKTUBHUX MPO(ITAKTHIHUX 3aXO0IB TOIEPEHKCHHS 3aXBOPIOBAHHSI.

MeTa: BUKOpHUCTATH JaHi JiTepaTypH AJIs y3aralbHEHHS 1 CHCTeMaTH3allii pisSHOMaHITHUX TOTIISIiB Ha €TiOJOT0, TAaTOTeHE3, METO-
11 IpOGINTaKTUKHY 1 JIIKYBaHHS aJIbBEOJIUTIB.

Marepiaan Ta Metoau. [IpoanaizoBaHo JOCTYIHI JiTepaTypHi HayKoBi Jpkepena, Jie PO3IISHYTI CydacHi HONISLIM Ha MpobieMu
JIKyBaHHS aJIbBEOJIUTIB. Y3arajbHeHi | CHCTEeMaTH30BaHI Cy4yacHi IMiJIX0H 10 PO3yMiHHs €TioJIorii, HaTorenesy, NpoQiIakTHKH i METOIIB
JKyBaHHS aJIbBEOJINTIB.

Pe3yabTaTn. BinbnricTs aBTOpiB, aHAI3YFOYH OCHOBHI MPHYMHU Ta CYIyTHI ()aKTOPH BUHHKHEHHS aJIbBEOJITY, IIPOTIOHYIOTH JIJIs
{oro mpoQiTaKTHKK: 3MEHIIUTH TPAaBMAaTHYHICTh OTIEpaLii, JOTPUMYBATUCS aCENITHKH 1 MPaBUILHUX NIPU3HAYCHB B MiCIIAONEpaLliitHOMY
Mepiofi, a TAKOXK ONTHMI3yBaTH MPOLIECH 3aTrOEHHS JIYHKH, BUKOPHUCTOBYIOYH MIiCIIEBO PI3HOMAHITHI JIIKapChKi MpernapaTH.

BucnoBok. [IpodinaxTika 3anaabHUX yCKJIaHEHb IiCJIs onepallii BUaaieHHs 3yba B OCHOBHOMY 0a3yeThCs Ha 3a0e3MeueHH| yTBO-
PEHHS B JIyHI 3y0a CTIHKOIO 3rycTKa KpOBi, IKWil HOBHHEH 3a0€3I1€UUTH HOPMAJIbHY PEreHepallito MOMIKOPKEHHX TKaHUH.

KuiouoBi cioBa: anbBeorit, BuaneHHs 3y0a, JIyHKa 3y0a, 3TyCTOK KPOBi, OCTEOpereHepartis.

PATOGENETIC ASPECT OF STUDYING INFLAMMATORY COMPLICATIONS AFTER A TOOTH
EXTRACTION OPERATION. Review

Malanchuk V.0., Topchii D.V., Javadiasl A.
Bogomolets National Medical University, Kyiv, Ukraine
tpch03@gmail.com

Relevance. Inflammation of the socket of the removed tooth is one of the most frequent complications (from 3 to 40%) of the tooth
extraction operation. The lack of consensus on the causes of alveolitis and the lack of an established key role of one of the many diverse
factors in the pathogenesis of its development make it difficult to carry out effective preventive measures to prevent its development.

Objective: to use the literature data to summarize and systematize a variety of views on the etiology, pathogenesis, methods of
prevention and treatment of alveolites.

Materials and methods. The available literary scientific sources are analyzed where modern views on the problems of treating
alveolitis are examined. Modern approaches to understanding the etiology, pathogenesis, prevention and treatment of alveolitis are
generalized and systematized.

Results. Most authors, analyzing the main causes and accompanying factors of alveolitis, suggest for its prevention: reduce the
traumatic nature of the operation, observe aseptic and correct appointments in the postoperative period, and optimize the healing
processes of the well using locally diverse medications.

Conclusion. The prevention of inflammatory complications after the tooth extraction operation are mainly based on the desire to
ensure the formation in the tooth socket of a stable blood clot, which should ensure normal regeneration of damaged tissues.

Key words: alveolitis, tooth extraction, tooth socket, blood clot, osteoregeneration.
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