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INTESTINAL BARRIER INTEGRITY UNDER EFFECT OF PARTICULATE MATTER
FROM COTTONWOOD COMBUSTION

The epidemiological data pointed out that exposure to ambient air pollution particulate matter (PM) may increase the risk of irritable
bowel syndrome and ulcerative colitis. Air pollutants might affect the intestine through blood, mucociliary clearance of PM from the
lungs, by polluted food or water intake. In the present study, we tested the hypothesis that water-suspended smoke preparations (SP)
derived from the combustion of cottonwood might affect the integrity of the intestinal mucosa, induce an inflammatory response, and
increase the susceptibility to chemically-induced colonic inflammation. Smoke from cottonwood was collected under laboratory
conditions during the entire flaming, smouldering, and mixed combustion phases. Male Wistar rats (180-200 g) were injected with SP
in two ways: 1) into the tail vein at a dose of 500 ug/100 g; 2) by gavage at a dose of 180 ug/100 g. The experimental colitis was induced
1 hour after SP injection by a single rectal injection of 0.1 ml 6 % iodoacetamide (7 cm from the anus). Rats were euthanized in 2 h after
colitis induction. We examined colonic vascular permeability by Evans blue extravasation (mg/g wet colon), myeloperoxidase level,
total glycoprotein level at surface mucus by PAS-staining, and intestinal permeability by the translocation of bacteria into the blood of
the portal vein. This study demonstrates that intravenous administration of the SP decreases the amount of surface mucus in the large
intestine and increases myeloperoxidase activity in the rat colon. It did not increase the negative effect of iodoacetamide-induced
colitis on changes in the state of the endothelial barrier. But, intravenous administration of SP led to the appearance of blood in the
urine, which may be due to the damage to the fenestrated capillaries of the glomerulus. At the same time, oral administration of SP
increased the translocation of bacteria into the blood of the portal vein which represents the increased gut permeability accompanied
by a reduced level of total glycoprotein of colonic surface mucus. However, oral administration of SP did not have a significant effect
on colonic vascular permeability and the activity of myeloperoxidase vs. the placebo group with colitis. The airborne PM obtained from
the combustion of natural components such as cottonwood can cause primary pro-inflammatory changes in the intestines in a very
short time after penetration into the organism through the blood and oral ingestion. Moreover, they can contribute to the violation of

the integrity of the intestinal barrier.
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Introduction. According to the World Health Organization
(WHO), air pollution is responsible for nearly seven million
deaths worldwide annually and ranks the 13th among leading
causes of mortality [5]. Nine out of ten people breathe air that
exceeds the WHO's guidelines for pollutants, with those living
in developing countries most affected [54]. Air pollution can
be caused by any chemical, physical or biological agents that
change the natural characteristics of the atmosphere. More
and more attention is being paid specifically to air pollution by
particulate matter (PM).

PM is a general term used to describe the air pollution
components comprising carbon-containing particles with
associated adsorbed organic chemicals and reactive metals
[42]. Typical components of PM include nitrates, sulfates,
polycyclic aromatic hydrocarbons, endotoxins, and metals
such as iron, copper, nickel, zinc, and vanadium [13, 14].

Among all environmental problems, air pollution with PM
has the most significant negative impact on human health.
PM1o and PMz s (or less) are the main components of urban
air pollution and are admitted as risk factors for mortality [15,
29]. In addition, there is a growing body of evidence showing
a link between air pollution with PM and the risk of
cardiovascular disease [14], respiratory diseases such as
asthma [31] and chronic obstructive pulmonary disease [2],
lung and urinary tract cancer [9, 32, 54]. Air pollution by PM 25
was associated with neurological diseases and disorders,
including Alzheimer's disease, Parkinson's disease,
neurodevelopmental disorders, lowered cognitive function,
autism, neurodegenerative disease, dementia in adults, and
stroke [8, 17, 25]. Recent researchers also claim a link
between PM and gastrointestinal diseases such as irritable
bowel syndrome [20], appendicitis [7, 24], and colorectal
cancer [33]. Studies on IL-10-/- mice have shown that once
PM1o enters the body, they increase proinflammatory
cytokines in the small and large intestine, bacterial
translocation into mesenteric lymph nodes, and change the
composition of short-chain fatty acids and microbiota, which
confirms their ability to cause disturbances in the intestinal
tract [26, 43]. Ananthakrishnan et al. associated air pollution
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exposure with an increased risk of incident inflammatory
bowel disease (IBD) [6].

IBD is a global health problem. The incidence of IBD is
increasing rapidly in European and Eastern countries,
particularly in developing countries [34, 35]. IBD includes
two main types: Crohn's disease, which affects the entire
gastrointestinal tract [53], and ulcerative colitis [28], which
affects the colon and rectum. The aetiology of IBD often
involves genetic predisposition, immune responses, and
changes in the gut microbiome [22, 27, 35]. Moreover, it has
recently been suggested that environmental factors,
particularly air pollution with PM, play an equally important
role in IBD pathogenesis [1]. Also, Duan et al. revealed a
connection between short-term PMzs pollution and an
increase in the number of patients with ulcerative colitis [21].
The connection of PM with the worsening of the negative
symptoms of colitis like intestinal oedema, enhanced
production of proinflammatory cyto- and chemokines, and
weight loss was also shown in an experiment with mice that
drank ash-water dilution containing PM [39].

However, for the time being, the action mechanisms of
solid air particles on the integrity of the intestinal barrier after
their entry into the gastrointestinal tract remain unknown.
We hypothesized that water-suspension PM-containing
smoke preparations (SP) obtained from the combustion of a
natural component on the state of the intestinal barrier and
susceptibility to the development of inflammatory processes
in the intestine. Previously, we tested SPs from different
types of wood and wood-related components, such as pine
wood and needles, birch wood and bark, as well as
cottonwood for their toxicity on the functioning of nerve
terminals and gut preparations/cells. Among all studied SPs,
the preparation from cottonwood had the most prominent
effect increasing the extracellular level of GABA in nerve
terminal preparations, the paracellular permeability of the
intestinal barrier of mucosal-submucosal preparations, and
causing the death of COLO 205 cell culture [40].

Therefore, this study aimed to investigate the effects of
SP from cottonwoodon the integrity of the intestinal mucosa,
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induction of inflammatory response, and an increase in the
susceptibility to chemically-induced colonic inflammation after
the introduction of SP intravenously or through a gastric tube.

Materials and Methods. Sampling and monitoring of
smoke preparation. Smoke from cottonwood was collected
during the entire flaming, smoldering, and mixed combustion
(when the flaming and smoldering phases are present
simultaneously) phases under laboratory conditions, then
suspended in water and purified as described in [12, 48].
The emission of PM was monitored as described in [12].
Optical absorption of SP was registered in the UV region
within the range of 250-300 nm using a spectrophotometer
(Lambda Bio, Perkin Elmer). The fluorescence emission
spectra of SP were monitored using a spectrofluorimeter
(QuantaMaster, Photon Technology International).

Ethical approval of animal experiments protocol. Male
Wistar rats (180-200 g, n = 28) were kept in an accredited
vivarium of the Educational and Scientific Center "Institute
of Biology and Medicine" of Taras Shevchenko National
University of Kyiv following the standards established by the

SP administration:
peros or intravenously

(180 pg/100 g (500 ng/100 g
of weight) of weight)
n=20 n=28

6% lodoacetamide
or

N\

J' Wistar rats _/
(180-200 g) 3 s

0,1 mi

Urethane
110 mg/100 g
of weight

1% methylcellulose

law of Ukraine "On the protection of cruelty to animals dated
02/21/2006 No. 3447-IV", European Convention for the
Protection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes, and ARRIVE guidelines 2.0 [41].

All animals were kept under standard conditions and
provided with dry food and water ad libitum. Experiments
were carried out following the Institutional Regulations of the
procedures for conducting scientific experiments using
animals and the bioethical requirements of the Commission
of the Institute of Biology and Medicine.

Scheme of the experiment. The experiment was carried
out in two ways as shown in Fig. 1. For the first method, SP
was injected into the tail vein of rats (n = 14) at a dose of
500 pg/100 g of body weight. Control group (n = 14) was
injected with 0.1 ml of 0.9 % sodium chloride solution. The
second method involved oral administration of SP to rats
(n=10) at a dose of 180 ug/100 g of body weight using a
gastric tube. Control group (n=10) received 0.3 ml of
saline. Regardless of the administration route, animals were
euthanized 3 hours after SP administration.

Evans blue dye
0,4 mg/ 100 g
of weight

AUTOPSY

00:00 1:00
C

2:30 2:45 3}:00 Time (h)

Y
2-hour colitis

Fig. 1. Scheme of the experiment

Modelling of experimental colitis. One hour after the
administration of SP, experimental colitis was induced in rats
(n=28) by a single rectal injection of 0.1 ml of a 6%
iodoacetamide (IA), dissolved in a 1 % methylcellulose, at a
distance of 7 cm from the anus using a rubber catheter S8
(Risch, Germany) [46]. Control group (n = 8) was injected
with 0.1 ml of 1 % methylcellulose. Rats were euthanized
with COz2 inhalation followed by cervical dislocation 2 hours
after rectal administration. During the autopsy, the mass of
the intestine was weighed in terms of 100 g of rat weight and
oedema was assessed.

Determination of colon endothelium permeability. Colon
endothelium permeability was determined using Evans blue
(EB) dye [3, 30]. Rats were anaesthetized with urethane
(1.1 g/kg, intraperitoneally, "Sigma-Aldrich", USA), after
which 0.4 % EB was injected into the jugular vein at a dose
of 0.4 mg per 100 g of rat weight 15 min before autopsies

Fragment of the colon (7 cm, which corresponded to the
area for endothelial permeability) was removed, and the
mucosa was scraped off, immersed in formamide, and
incubated for 24 h on a shaker at T=50 °C. The optical
density of the supernatant was measured on a
spectrophotometer at a wavelength of 612 nm against
formamide. Endothelial permeability was determined by the
amount of dye in the blood (ug/g intestine).
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Glycoproteins determination by Schiff reaction on
PVDF-membrane. 1 cm of the colon was excised and
immersed in tubes containing 3 ml of 6 N N-acetyl-1-
cysteine (Sandoz, Switzerland). Each tube was vortexed
for 4 min, then the samples were centrifuged at 3000 g for
15 min. The supernatant was taken with sediment and a
supernatant liquid of 1 ml volume remained. The content
of the tubes was resuspended and homogenized on a T10
basic ULTRA-TURRAX® (IKA, Germany) disperser at
speed 5 (20 500 rpm) for 20 s.

The level of surface mucus glycoproteins was
determined using the Schiff reaction on a polyvinylidene
fluoride (PVDF) membrane as described in [4, 23]. Image
analysis was performed by measuring the density of
positively stained dots using Image Studio™ Lite Ver 5.0
image processing and quantitative analysis software
(LI-COR Biosciences, USA).

Myeloperoxidase activity level in the colonic mucosa.
20-30 mg of the colon mucosa was homogenized by
grinding in a mortar with liquid nitrogen to a powder state.
Hexadecyltrimethylammonium bromide (HTAB) buffer was
added to the homogenized sample at the rate of 1 ml per
50 mg of the sample and transferred to a microtube, which
was carried out after 3 cycles: 1 min in liquid nitrogen;
10 min in a water bath (T=37°C). The sample was sonicated
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on ice for 10 seconds on an ultrasonicator and centrifuged
for 15 min (14,000 rpm, T = +4°C).

14 pl of the supernatant and 200 pl of the reaction buffer
(5 * 10* % solution H202 — 6.1 ml, ODHC solution — 4.1 ml,
phosphate buffer — 4.4 ml) were added to the microplate.
After 5-10 min, the optical density was measured at a
wavelength of 450 nm. Measurements were made on a
Synergy HT spectrophotometer (BioTek Instruments, USA).

Detection of bacterial translocation. Rats were
intraperitoneally anaesthetized with urethane at the rate of
1.1 g/kg, laparotomy was performed in aseptic conditions.
1 ml of blood was collected from the portal vein and tenfold
dilutions were prepared in a sterile physiological solution.
The total number of microorganisms in the blood was
detected by sowing working dilutions on 5 % blood agar. The
number of microorganisms was expressed as Ig CFU in 1 ml
of blood (Ig CFU/m).

Statistical analysis.The statistical analysis of the
obtained research results and the construction of graphs
were performed using the Prism software v.9 (GraphPad
Software, USA). The mean value (M) and standard deviation
(SD) were calculated to assess the quantitative indicators.
The results are presented as M+SD. The Shapiro-Wilk test
was used to test the hypothesis of normal distribution.
Comparative data analysis was conducted using the
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Kruskal-Wallis test or one-way ANOVA with the post hoc
Fisher LSD test. The critical level of probability for accepting
the null hypothesis (p) was set at less than 0.05.

Results and discussion. PMs used for the study
contained carbon with lignin decomposition products,
particularly guaiacol and syringol. The average size of PM
was ~30 nm. Absorption spectra were similar to those of
carbon nanoparticles described in [52].

Intravenous administration of SP from cottonwood
increased the permeability of the endothelial barrier of the
colon of rats (Fig. 2A). This was indicated by the higher
amount of Evans blue dye present in the SP group
compared to the control group (p < 0.05). Specifically, after
3 hours, the amount of Evans blue dye in the SP group was
3.8+0.86 pg/g wet colon, while it was 2.30+0.89 pg/g wet
colon in the control group. In the excised colon fragmentsof
the SP group, we observed local redness that was absent in
the control (Fig. 2B). This further supported the disruption of
endothelial integrity in the colon due to the administration of SP.

Violation of the endothelium integrity is also evidenced
by the presence of blood in the urine, which was detected in
rats one hour after intravenous administration of SP. We
hypothesize that could be attributed to damage to the
fenestrated glomerular capillaries.

i

SP Control SP
+colitis +colitis

P e

+colitis +colitis

+colitis  +colitis

Fig. 2. The effect of intravenous administration of SP from cottonwood.
Rats were injected with SP into the tail vein (500 pug/100 g of body weight).
(A) The concentration of Evans dye in the mucous membrane of the colon. (B) Representative images of the colon.
(C) MPO activity level (D) Colon weight changes. (E) Level of surface mucus glycoproteins.
M=SD, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0,0001 vs. Control

We demonstrated changes in MPO activity level in the
colon of rats after intravenous administration of SP (Fig. 2C).
MPO is an enzyme associated with inflammatory processes.
We found that this indicator significantly increased from
12.18+3.07 to 17.44+2.60 U/g wet colon compared to the
control (p <0.05). At the same time, there were no
significant differences in the weight of the intestines between
the SP group and the control group. However, there was a
tendency for an increase in the SP group, suggesting a
potential effect of SP on intestinal weight (Fig. 2D).

Next, Schiff reaction on the PVDF membrane was
conducted to assess colonic surface mucus glycoproteins.
This revealed a significant 2.5-fold decrease in the amount
of colonic surface mucus glycoproteins between the
intravenous SP group and the control (Fig. 2E).
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As anticipated, the development of experimental colitis
had a significant impact on endothelial permeability, as
shown in Figures 2A and 2B. The control group with induced
colitis exhibited a substantial increase in the amount of
Evans blue stain, measuring 29.00+3.60 ug/g wet colon,
which was approximately ten times higher than the control
group without colitis (p < 0.0001). This difference between
the groups was also evident in the levels of MPO activity and
the total quantity of surface mucus glycoproteins, as
depicted in Fig. 2C and 2D, respectively. Moreover, the
control group with simulated colitis displayed an increase in
intestinal mass, confirming the presence of significant
inflammation in the colon. Collectively, these findings
provide strong evidence of considerable inflammation in the
colon of the control group with induced colitis.
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However, the intravenous administration of SP did not
exacerbate the negative effects of IA-induced colitis on any
of the parameters studied. This suggests that intravenous
administration of SP may not have an additional detrimental
effect in the context of colitis.

Since one of the indicators of the increased permeability
of the colonic epithelium is the translocation of bacteria from
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the intestinal lumen into the systemic bloodstream, we
determined the total number of microorganisms in the blood
sample from the portal vein of rats after oral administration
of SP from poplar wood. We found that after 3 hours of SP
exposure, the number of microorganisms in the blood of rats
increased from Ig 3.6+0.18 to 4.4+0.58 CFU/ml of blood,
which indicates a violation of intestinal integrity (Fig. 3).
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Fig. 3. The effect of oral administration of SP from poplar wood on bacterial translocation into portal vein.
Rats received SP using a gastric tube (180 ug/100 g of body weight).
(A) Total bacteria number in the blood of the portal vein (M+SD, *p < 0.05.
(B) Representative photos of Petri dish with Blood agar

These disruptions were accompanied by a sharp
decrease in the level of glycoproteins in the surface mucus
of the colon. As shown in Figure 4A, the number of
glycoproteins in the group which received SP orally
decreased by half compared to the control. However, oral
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administration of SP from poplar wood had no significant
effect on the level of MPO activity (Fig. 4B) and the integrity
of the intestinal barrier (Fig. 4C,D). There were also no
changes in the weight of the colons (Fig. 4E).
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Fig. 4. The effect of oral administration of SP from poplar wood.
Rats received SP using a gastric tube (180 pg/100 g of body weight).
(A) Level of surface mucus glycoproteins (B) MPO activity level (C) Concentration of Evans dye in the mucous membrane of the colon.
(D) Representative images of the colon. (E) Colon weight changes. M*SD, *p < 0.05, **p < 0.01

***p < 0.001,
****p < 0,0001 vs.
Control. #p < 0.05 vs. Control+colitis.
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Oral administration of SP did not increase inflammatory
processes in the colon in the group with experimental
colitis. In contrast, SP reduced the level of endothelial
barrier permeability from 28.00+2.50 to 23.00+3.20 ug/g
wet colon compared to the control group with modelled
colitis. This suggests that SP from poplar wood may have
an absorbent effect, which prevented the development of
colitis to the control values.

In this study, we demonstrated the ability of nano-sized
PM from natural component to promote intestinal
proinflammatory processes in vitro. The obtained results
correlate with previous studies on epithelial cells of the
gastrointestinal tract [37] and confirm the hypothesis that
PM of natural origin can lead to an increase in intestinal
permeability.

One of the key aspects of this study is the application of
two administration models: intravenous and oral. Such a
decision was made since there are several options for
moving PM after their entrance into the body. Most particles
settle in the upper respiratory tract or trachea or bronchi [43],
but ultrafine particles can be deposited in the alveoli and can
penetrate the interstitium and blood [38]. Alternatively, they
can be removed from the bronchioles and alveolar spaces
through mucociliary clearance, subsequently transported to
the oropharynx, and then swallowed [36] or consumed
directly by food and water contaminated with PM [18, 47].

Having reached the large intestine through the blood,
SP from cottonwood manifested its aggressive effect
primarily due to the destruction of the endothelium of the
vessels of the mucous membrane of the large intestine.
This process was accompanied by significant intestinal
inflammation, the marker of which was an increase in the
level of MPO - the abundant heme peroxidase enzyme,
present in neutrophils and monocytes. MPO catalyzes the
production of powerful ROS, which, on the one hand,
provide the enzyme's antimicrobial function, and on the
other, provoke oxidative damage, mucosal damage, and
inflammation [16]. Previously, increased amounts of MPO
were found in faecal samples of patients with ulcerative
colitis and Crohn's disease [44].

Upon reaching the PM of the large intestine after
swallowing, the mucin-type glycoproteins, which are the
main high-molecular component of mucus, were the first to
take the hit. Their ability to produce a protective gel and high
content of oligosaccharides form their major function — to
protect epithelial surfaces from mechanical damage and
penetration of chemicals (for example, toxins), heavy
metals, and pathogenic microorganisms [19, 50]. The
decrease in the number of glycoproteins, which we
observed, indicates the degradation of the mucus of the
large intestine and, accordingly, possible damage to its
epithelium. This assumption was confirmed by the fact that
3 hours after the introduction of SP, the number of bacteria
in the portal vein increased significantly.

Speaking about the ability of SP from cottonwood to
deepen the negative effect of chemically-induced intestinal
inflammation, unexpectedly, it showed the opposite effect
both with intravenous and oral administration. We assume
that PM from a natural component could exert an absorbing
property, neutralizing the effect of IA.

The results of PM's effect on glutamate receptors are a
considerable connecting link in the study of the relationship
between the intestines and the brain. In our previous
studies, we have already demonstrated that PM and carbon-
containing nanoparticles are neurotoxic and capable of
disrupting synaptic transmission by affecting exocytosis in
nerve terminals [10, 11]. In addition, PMs reduce
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synaptosomal transporter-mediated uptake of glutamate
and GABA, thereby causing an imbalance in excitatory-
inhibitory signalling [12, 52]. However, there is currently no
literature data that would fully reveal how regulating the gut-
brain axis interacts.

This study had several shortcomings. In particular, it
was not taken into account that the time required to reach
the SC of the colon after oral administration is different
from the time taken for the SC to reach it with the
bloodstream. Therefore, the 3 hours set for both models of
the experiment cannot be considered equivalent. To
overcome this difference, a prolongation of the experiment
with oral administration of SP is necessary. And although
the conducted research deepens the knowledge about the
connection between PM and IBD, it still does not
sufficiently reveal the mechanism of action of PM on the
development of inflammatory changes in the intestine and
requires further research. We also consider it promising to
continue the study of this problem under the conditions of
chronic exposure to SP of various origins.

Conclusions. The study describes the pro-inflammatory
features of the airborne particulate matter obtained from the
combustion of natural components such as cottonwood.
Getting into the intestines through the blood or oropharynx
PM can cause primary pro-inflammatory changes in a
concise period of time. Moreover, they can cause disruption
of the integrity of the intestinal barrier. However, further
studies are required to elucidate the long-term effects of PM
on the intestine.
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UINMICHICTb KULLKOBOI'O BAP'EPA NI BMJIMBOM TBEPAUX YACTUHOK,
OTPUMAHUX BIf 3rorPAHHA AEPEBUHU TOMONI

EnidemionoeiyHi OaHi eka3yromb, wjo nid eniueom ammocgepHo20 3abpyOHeHHs1 nogimpsi meepdumu yacmuHkamu (PM) moxe 36inbwysamucsi
PU3UK PO38UMKY CUHOPOMY NMoOpa3HEeHo20 KUWeYHUKa ma eupa3Koeoz20 Kosimy. 3abpyOoHioeayi moeimpsi MOXymb ensiueamu Ha KUwe4YHUK, MPOHU-
Kaloyu Yyepe3 Kpos, WIIsXoM MyKoyusniapHozo knipeHcy PM i3 nezeHis, 4epe3 nputiom 3abpydHeHoi ixi abo eodu. Y npornoHogsaHoMy AocnidxeHHi Mu
nepeeipsinu 2inome3sy, wjo cycneHdoeaHi y eodi npenapamu oumy (SP), ompumaHi nio Yac cnantoeaHHsi depesuHuU MornoJsii, MOXymb enaueamu Ha
yinicHicmb Kuwkoeo20 6ap'epa, sukukamu 3anasnbHy 8i0noeiob i 36inbwyesamu cxunbHicmb Ao XiMiyHO-iHOyKoeaHOi 3ananbHoOTI peakyii y moecmit
kuwyji. flum eid depeeuHu monosi 6ye 3i6paHuli y nabopamopHUX yMo8ax rpomsi2oM ycix ¢ha3 20piHHSI: NosyM'siHOi, mnaiHHOI ma 3miwaHoi. Camysim
wypie Bicmap (180-200 2) esodunu CI1 deoma crnocobamu: 1) y xeocmoey eeHy do3oro 500 mk2/100 ; 2) yepe3 30HO do3oro 180 mke/100 2. Ekcne-
pumMeHmansHuli Koslim euknukanu Yyepe3 1 200uHy nicns iH'ekyii SP wnsixom oOHopa3oeoi pekmanbHoi iH'ekyii 0,1 Mn 6 %-20 liodayemamidy (7 cm
8i0 3adHbo20 npoxody). Lljypie eemaHa3syeanu 4epe3 2 200uHu nicns MmodentoeaHHs1 konimy. lepeegipsinu NPoHUKHicMb cyAOUH Moecmol KUWKU 3a
donomMozor ekcmpaea3auii EeaHca cuHb0O20 (M2/2 KuwKu), pieeHb akmueHocmi Miesionepokcuda3su, pieeHb 3a2asibHUX 2JlikonpomeiHie noeepx-
Heeo20 cnu3y — 3a donomozoto PAS-ghapbyeaHHs, KUWKOBY MPOHUKHICMb — 3a OONOMO200 mpaHciokayii 6akmepili y kpoe eopimHOi 8eHu.
HocnidxeHHsi noka3ano, ujo0 eHympiwHbo8eHHe esedeHHs1 SP 3MeHWwYyeaso KinbKicmb noeepxHeeo20 csu3y i nideuujyeaso akmusHicmes mie-
nonepokcuda3u e moecmill Kuwuyi wypie, mpome He nocusro8aso HecamueHuli ennue liodoayemamio-iHOyKoeaHo20 Konimy Ha 3MiHU cmaHy
eHdomenianbHo20 6ap'epa. OOHak HympiwHbo8eHHe egedeHHs1 SP npu3eesio do nosisu Kposi 8 ceyi, o Moxe 6ymu Hac/1iOKOM MOWKOOKEHHS
¢heHecmpoeaHux Kaninsipie kny6oyka. BodHo4yac nepopanbHe eeedeHHs1 SP nocusntoeano mpaHciokayiro 6akmepili y kpoe eopimHoi eeHU eHa-
CN1iGOK NPOHUKHOCMI KUWeYHUKa, W0 cyrnpoeodXyeasiocsi 3HUXEHUM pieHeM 3a2asibHO20 a/liKonpomeiHy ciu3y noeepxHi moecmoi kuwku. 00-
Hak nepopasibHe eeedeHHs1 SP He Mano icmomHo20 ennuey Ha NMPOHUKHiCMb CyOUH Moecmoi KUWKU U akmueHicmb mienonepokcudasu nopie-
HSIHO i3 2pynoto nnayebo 3 konimom. PM, ompumaHi 8id 320psiHHs1 NPUPOOHUX KOMIMOHEHMI8, makux sik depeeuHa mornosli, MOXymb 8uKiukamu
nepeuHHi Npo3ananbHi 3MiHU 8 KUWEYHUKY 3a Oy)e Kopomkul 4ac nicsisi NPOHUKHEHHS 8 op2aHi3m Yyepe3 kpoe. Kpim mozo, eoHU MOXymb cnpu-
SmMu nopyweHH yinicHocmi kuwkoeozo 6ap'epa.

Knrouoei cnoea: meepdi yacmku, 3abpyOHeHHs1 nogimpsi, yinicHicmb caiu30eoi 060/10HKU, MPOHUKHICMb KUWKO8020 6ap'epa, ekcriepuMmeHma-
nbHUl Konim.
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