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COMPARISON OF LONG-TERM EFFECT OF TWO
DYSBIOSIS MODELS IN WISTAR RATS

Aim. To compare the changes of intestinal microbial composition of two models
of dysbiosis induced by ceftriaxone (Cf) or the mix of ampicillin (Amp) and met-
ronidazole (Met). Methods. The object of the study was the changes of fecal and
mucosa-associated microbiota of colon and small intestine of Wistar male rats
(m=170-200g, n=19). Cfwas injected once a day for 14 days at a dose of 300 mg/
kg i.m. The mix of Amp (75 mg/kg) and Met (50 mg/kg) was injected once a day for
3 days per os. Animals were removed from the experiment in 1 day and 56" days
after treatment withdrawal. The microbiological analysis of the fecal (CFU/g)
and mucosa-associated (CEFU/cm?) biotopes of the rats were carried out bacte-
riologically by sowing the dilutions into the selective diagnostic media for Bi-
fidobacterium, Lactobacillus, Clostridium, E. coli, opportunistic enterobacteria,
Staphylococcus and hemolytic bacteria. Results. It was shown that the changes of
fecal microbiota after Cf withdrawal progressed with time and continued until the
56th day of observation. Cf administration induced 2 folds decrease the number of
colon mucosa-associated anaerobic bacteria Bifidobacterium and Lactobacillus.
Moreover, there was over growth of bacteria in the small intestine in 56 days.
The mix of Amp/Met induced dysbiosis on the Ist day after the mix withdrawal.
The normalization of the colon microbial composition was observed in 56 days..
The mix of Amp/Met increased only quantity of opportunistic enterobacteria and
lactose-positive E.coli in mucosa-associated microbiota of small intestine in 56
days after the mix withdrawal. Conclusions. Injecting of the mix of Amp/Met to
rats is more adequate model for modelling acute dysbiosis. Cf use induced long-
term profound changes in microbiota composition and might be suitable to model
chronic dysbiosis.

Key words: microbiota, antibiotics, long-term effect, dysbiosis.

There is till to 3-30% of the patients with adverse effects during or after
antibiotics treatment. The most common are allergic reactions and the digestive
disorders. Dysfunctions of the gastrointestinal tract are especially often observed in
children and elderly [2].

The antibiotic-associated dysbiosis was found in 5-30% of the patients, dur-
ing or immediately after antibiotic therapy [8]. The classic example of the con-
sequence of dysbiosis is antibiotic-associated diarrhea occurs in approximately
9-43% of the patients, treated with cephalosporins of the II and III generations,
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20-30% — clindamycin, 23—71% — amoxicillin/clavulanate, 11% of those, treated
with other broad spectrum penicillium and 8-16% — macrolides [9].

Antibiotic treatment often reduced metabolic activity of human microbiome
and changed the spectrum of microorganisms. These changes cannot even revert
to the initial state in several weeks [10] or even in years after antibiotic therapy
[7]. Intravenous use of antibiotic ciprofloxacin increased the numbers of intesti-
nal Gram-positive aerobic bacteria and orally use clindamycin induced the shift in
microbial population at the genus level up to 12 months of the experiment. Van-
comycin administration for 2 weeks orally altered the fecal microbiota structure
observed even in 22 weeks [13].

It is important to note that the method and frequency of antibiotic use do not
affect the risk of developing of antibiotic-associated complications. But there are
no comprehensive comparative data on the long-term changes in the intestinal mi-
crobiota after different treatment regime and different antibacterial agents.

Thus, the aim of the study was to compare the changes of intestinal microbial
composition of two models induced by ceftriaxone or the mix of ampicillin and
metronidazole.

In present study the dysbiosis was induced by 14 days treatment with be-
ta-lactam cephalosporin antibiotic ceftriaxone. Ceftriaxone is one of the most
widely used antibiotic that inhibits the synthesis of bacterial cell wall and effects
aerobic bacteria Streptococcus spp., Enterobacter spp., Escherichia coli and an-
aerobic — Bacteroides spp., Clostridium spp. [15]. This antibiotic is the first on the
list according to Pharmacovigilance of Ukraine for 2011 extend of side effects on
gastrointestinal tract [5].

Another used-model of dysbiosis is commonly accepted. Simultaneous in-
jection of ampicillin with metronidazole for 3 days per os [4]. Antibiotic ampicillin
is active against many aerobic Gram-positive (a- and B-hemolytic Streptococcus,
Staphylococcus spp.,) and Gram-negative bacteria (Salmonella spp., Shigella spp.,
Escherichia coli, Neisseria meningitidis). Metronidazole is one of the main drugs
for the treatment of anaerobic infections caused by Bacteroides spp., Fusobacteri-
um spp., Clostridium spp. In medical practice this composition is used in obstetric
practice in purulent inflammatory diseases where the antibiotics effected aerobic
and anaerobic bacteria, obtained bactericidal effect and have a narrow spectrum of
action to minimize the effect on the normobiota of intestine are required [6].

Materials and methods

The experimental studies were carried out on Wistar male rats (170-200 g,
n=19). All manipulation were carried out in accordance with the rules of the "Eu-
ropean Convention for the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes" (Strasbourg, 1986). All animals were kept under at
standard conditions: temperature (22 °C), lighting (a cycle of 12h of light and 12h
of darkness), humidity (30-35%) and diet (complete feed for laboratory animals
K-12-4) and water ad libitum.

The object of the study was the changes of fecal and mucosa-associated mi-
crobiota of the colon and small intestine of rats.

The animals were divided into groups: I group (n=5) — control group (Cf)
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was injected once a day for 14 days with 0.1 ml of saline intramuscularly (i.m.); II
group (n=5) — the antibiotic Cf (PJSC "Kievmedpreparat", Ukraine) was injected
once a day for 14 days, at a dose of 300 mg/kg (i.m.); III group (n=4) — control
group (Amp/Met) was gavaged once a day for 3 days with 1 ml of saline per os; IV
group (n=5) — the mix of Amp (Kyivmedpreparat, Ukraine) at a dose of 75 mg/kg
and Met (Ph.C. "Zdorovya", Ukraine) at a dose of 50 mg/kg was gavaged once a
day for 3 days [3]. The 1 day of treatment was the 1* day of experiment. The feces
for the bacteriological analysis were collected in one and 56 days after antibiotic
agents withdrawal. The animals were removed from the experiment in 56 days after
treatment withdrawal by CO, inhalation followed by cervical dislocation. All the
experiments were repeated twice.

During autopsy 1 ¢cm? of colon (2 cm from the anus) and 1 cm? of small
intestine (2 cm from the ileocecal valve) were collected for further bacteriological
analysis of the mucosa-associated microbiota as it was described previously [12].

The quantitative and qualitative changes of the intestinal microbiota
composition were identified on selective diagnostic media: Bifidobacterium
Agar; MRS agar; Endo; Iron Sulphite Agar; Mannitol Salt Agar, Simmons Citrate
Agar; Blood Agar Base (HiMedia Laboratories Pvt. Ltd., India) which were
cooled to 45-50 °C and aseptically added 5% sterile sheep’s blood. Inoculated
media were incubated thermostatically at 37 °C for 24-48 h. Bergey’s Manual
of determinative Bacteriology was used for bacteria identification. Identification
was carried out according to morphological and tinctorial characteristics (reaction
to plasma coagulation, DNA activity, lysozyme and phosphatase production,
sensitivity to novobicin — to differ S.aureus, S. epidermidis from S. saprophyticus;
oxidase test, carbohydrate fermentation tests, Voges-Proskauer's reaction, mobility
test, formation of hydrogen sulphide — to differ lactose-negative E. coli from
opportunistic enterobacteria). The results are presented as M+m lg CFU/g and
M+m lg CFU/cm?.

The statistical analysis of the results were performed using Excel and
STATISTICA 8. We evaluated the differences between control and experimental
groups using the Student t-test for independent samples. The P-value < 0.05 was
considered statistically significant.

Results and discussion

Treatment with ceftriaxone or the mix of Amp/Met did not significantly effect
anaerobic saccharolytic bacteria (Bifidobacterium and Lactobacillus) isolated from
the fecal biopsy (Table 1 and 2).

There were recorded the significant increase of the number of Clostridium
genus representatives in 56 days after ceftriaxone withdrawal (table 1). Casey M.
Theriot et al [15] have shown that treatment with antibiotic cefperazone changed
the structure and functions of the intestinal microbiota in mice. These changes
were accompanied by elevated levels of primary bile acids and carbohydrates that
possibly contributed to the growth of C. difficile in vitro and ex vivo via 6-weeks
after the antibiotic withdrawal. Today it is considered that antibiotics decrease
resistance to C. difficile colonization that causes 10-30% antibiotic-associated
dysbiosis [4].
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Table 1
Quantitative and qualitative (M+m Ig CFU/g) changes of fecal
microbiota after ceftriaxone withdrawal
Group of Control | The first day after | The 56 day after
microorganisms n=5 Cf withdrawal Cf withdrawal
n=5 n=5
Bifidobacterium spp. | 8.86 +=0.24 8.77+0.24 8.80+0.15
Lactobacillus spp. 8.79£0.16 8.18+0.48 9.00 £0.21
Clostridium spp. 1.94 + 0.06 1.74 +0.19 3.18+£0.48*
Escherichia coli 1 5 51 + .27 0 7.04+0.51%
actose-positive
Escherichia coli 11 77+ 0.85| 2224092 4.12 £ 0.78*
actose-negative
Opportunistic 1.08+044 |  4.10+0.13* 6.02 = 0.68*
enterobacteria
Staphylococcus 6414007 |  3.95%0.67* 6.57+0.48
aureus
Staphylococcus spp. | 1.02 +0.08 4.68 +£0.58* 6.69 + 0.26*
Hemolytic bacteria 4.234+0.23 7.63 £0.55% 6.34 £ 0.48%

*P<0.05 compared to the control group

In our study, lactose-positive E.coli disappeared from fecal microbiota on the
first day after ceftriaxone withdrawal and increased from 5.21+0.21 to 7.04+0.51 Ig
CFU/g in comparison with control value in 56 days. Lactose-negative E. coli and
opportunistic enterobacteria increased gradually both straight after discontinuation
of the antibiotic and in 56 days.

On the 1% day after the mix of ampicillin and metronidazole withdrawal there
were observed the increasing of lactose-positive E. coli in fecal microbiota. In 56
days their growth rates were within the control values. Besides, on the first day
after the mix withdrawal, there were observed increasing of the lactose-negative
E. coli (from zero to 4.05+£3.07 Ig CFU/g) and opportunistic enterobacteria from
0.75+0.33 to 4.00+0.00 1g CFU/g. However, these changes were decreased twice
vs. the first day after antibiotic agents withdrawal (table 2).

Usually the increase in the population level of Escherichia is associated
with the decrease of anaerobic saccharolytic bacteria and insufficiency of immune
protection. But in our study Bifidobacterium spp. and Lactobacillus spp. were not
changed that represents the first level of dysbiosis according to the classification of
the Ministry of Health of Ukraine from 01.05.1996 No.4.

There were observed the increased growth of Staphylococcus genus and
hemolytic bacteria in 8 weeks after ceftriaxone withdrawal.

Thus, the changes of fecal microbiota after ceftriaxone withdrawal progressed
over time, but the mix of ampicillin and metronidazole caused changes on the first
day after its withdrawal, they disappeared on their own in 8 weeks.

Zaharova et al [16] suppose that antibiotic-associated dysbiosis that developes
in the first days after antibiotic using, more likely associated with the direct effect
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of antibiotic on the intestinal microbiota with impaired synthesis of short-chain
fatty acids (SCFA) and decreasing in fluid absorption in the lumen of the intestine
and increasing its motility. The long-lasted changes of microbiota in the patients
after antibiotic using is associated with greater likelihood of infection factors.

Table 2
Quantitative and qualitative (M+m Ig CFU/g) changes of fecal
microbiota after Amp/Met withdrawal

Group of microor- Control | The first day after | The 56™ day after

ganisms n=4 Amp/Met Amp/Met
withdrawal withdrawal
n=>, n=5
Bifidobacterium spp. | 7.79+0.71 8.99+0.31 8.65+0.62
Lactobacillus spp. 7.75+0.43 8.75+0.06 7.92+0.44
Clostridium spp. 2.42+0.43 3.17+0.23 2.954+0.00
Escherichia coli 6.2051.79 | 8.45:0.43* 5.99+0.72
actose-positive
{Zscherichia coli 0 4.0543.07* 0
actose-negative
Opportunistic 0.75£033 | 4.00+£0.00* 2.16+0.23
enterobacteria
Staphylococcus 4.2140.32 4.28+2.76 4.77+0.33
aureus
Staphylococcus spp. 2.3+1.74 4394291 4.26+0.20
Hemolytic bacteria 0 3.85+2.91* 2.77+1.96

*P<0.05 compared to the control group

The mucosa-associated microbiota has better sustainability and represents
overall homeostasis of bacteria. In our study the colon mucosa-associated micro-
biota showed the significant decreasing in the number of Bifidobacterium spp. and
Lactobacillus spp. in 56 days after ceftriaxone withdrawal (table 3). The quantita-
tive changes of anaerobic saccharolytic bacteria were not noted after the discontin-
uation of the mix of ampicillin and metronidazole use (table 4).

There was a significant increasing of Clostridiums spp. in the mucosa-associ-
ated microbiota of colon in 56 days after ceftriaxone withdrawal. Clostridium were
not found in the colon mucosa-associated microbiota after the mix of ampicillin
and metronidazole.

Lactose-positive and lactose-negative E. coli disappeared in the colon muco-
sa-associated microbiota after ceftriaxone withdrawal, but the number of opportun-
istic enterobacteria increased to 10° CFU/cm?. It indicates the dumping of epithe-
lial cells with bacteria in the cavity of the colon and an increasing number of these
bacteria in fecal microbiota (table 1). After treatment with the mix of ampicillin
and metronidazole, these bacteria were not found in the mucosa-associated intesti-
nal microbiota (table 4).

The quantity of S.aureus in the colon mucosa-associated microbiota was also
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Table 3

Quantitative and qualitative (M+m Ig CFU/cm?) changes of intestine

mucosa-associated microbiota after ceftriaxone withdrawal

Group of microorganisms

Microbiota of colon

Microbiota of small intestine

Control n=5 | 56" day n=5 | Control n=5 | 56™ day n=5

Bifidobacterium spp. 6.40+0.20 4.80+0.20%* 5.00+0.50 7.20+0.20
Lactobacillus spp. 4.90+0.10 2.90+0.20* 5.00+0.20 6.00+0.10
Clostridium spp. 0.50+0.20 3.10+0.10* 0 0
Escherichia coli 2.00£0.10 0 0.800.20 0
actose-positive
Escherichia coli 1.600.20 0 0.50£0.30 | 0.30:0.30
actose-negative

Opportunistic 0 5.00-£0.00* 0 2.10+0.10*
enterobacteria

Staphylococcus aureus 0.50+0.20 3.10+0.10%* 0 2.00+0.10%*
Staphylococcus spp. 0.50+0.20 2.10+0.10 0 2.504+0.50*

*P<0.05 compared to the control group
Table 4

Quantitative and qualitative (M+m Ig CFU/cm?) changes of intestine

mucosa-associated microbiota after Amp/Met withdrawa

Group of microorganisms

Microbiota of colon

Microbiota of small intestine

Control n=4 | 56™day n=5 | Control n=4 | 56" day n=5
Bifidobacterium spp. 4.23+0.75 4.05+0.25 5.30+0.00 4.93+0.34
Lactobacillus spp. 3.87+0.42 3.90+0.14 5.17+0.78 5.42+0.08
Clostridium spp. 0 0 0 0
Escherichia coli 2.00+1.83 0¥ 1004041 | 3.21+232%
actose-positive
fischerichia coli 1.1040.56 0% 0 0
actose-negative
Opportunistic 0 0 0 1.1120.56*
enterobacteria
Staphylococcus aureus 1.16+0.64 2.57+1.94 3.86+0.32 2.73+1.99
Staphylococcus spp. 2.33+1.70 2.834+2.01 3.95+0.62 3.83+0.62

*P<0.05 compared to the control group

high after ceftriaxone withdrawal.
Thus, the changes after ceftriaxone were more pronounced in the colon
mucosa-associated microbiota than in the fecal microbiota and may lead to serious
damage of the macroorganism's homeostasis.
The study of small intestine mucosa-associated microbiota showed a
significant increase in anaerobic saccharolytic bacteria in 56 days of ceftriaxone
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withdrawal (table 3), at a time when there is a decrease in these microorganisms in
the colon. It can be characterized as a syndrome of small intestinal bacterial over-
growth and the associated process of bile acids premature deconjugation [1].

The quantity of Clostridium, E.coli lactose-positive and lactose-negative
of the small intestine mucosa-associated microbiota were within reference val-
ues. Only opportunistic enterobacteria and Staphylococcus genus increased to Ig
2.10+£0.10 CFU/cm?.

There were observed the significant changes only in quantity of E.coli lac-
tose-positive and opportunistic enterobacteria in the small intestine mucosa-associ-
ated microbiota after the mix of ampicillin and metronidazole withdrawal.

There was no particular difference in the changes of bacterial species of fecal
microbiota after the antibiotics agents withdrawal. But there was the difference in
the mucosa-associated microbiota, especially over growth in the small intestine
after ceftriaxone using in 56 days.

The microbiota changes of the gastrointestinal tract after ceftriaxone using
was stable and affects almost all studied groups of microorganisms. The microbiota
changes after the mix of ampicillin and metronidazole withdrawal normalized up to
8 weeks of the experiment. Thus, for the modeling of acute dysbiosis that develops
immediately after antibiotic abolition, the model with ampicillin and metronida-
zole is more adequate. Otherwise, ceftriaxone might be suitable to model chronic
dysbiosis.

Today, all data concerning the long-term effects of antibiotics were deter-
mined by fecal microbial profile by molecular methods (sequencing, qPCR) and no
results concerning the long-term effect in the mucosa-associated microbiota [11].
And for the first time there were showed the changes in the different groups of bac-
teria in the fecal and mucosa-associated microbiota of the colon and small intestine
by cultural methods in one day and 8 weeks after antibiotic agents withdrawal. And
there were showed that the mucosa-associated microbiota after ceftriaxone treat-
ment has bigger changes than after the mix ampicillin with metronidazole.

Furthermore, earlier it has been shown that the changes occurring after par-
enteral use of antibiotics are deeper than their orally use [10]. That we confirmed
in our study too.

The question of the long-term consequences of antibiotic therapy, in particu-
lar their mechanisms and the role of the intestinal microbiota, is a topical issue of
modern medicine and, accordingly biomedical research. The basis for elucidation
of the mechanisms of long-term consequences is the answer to the question of
which antibiotic drugs or their combination in a clinically relevant dose may cause
long-term changes. And perhaps it will help to explaine experimental justification
for the prescription of antibiotics.
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Pedepar

Mema. [lopiguamu 3minu Kuuikosoi mikpobiomu 080x moodenei 0ucoiosy, sKi
oynu suxnukani yegpmpuakconom (Lg) abo cymiwiwmro amniyuniny (Amn) ma me-
mponioazony (Mem). Memoou. O6’ckmom docnioxcenuss Oyna smina ghexanrbHoi
ma npuUcminKo8oi MiKpoOiomu moecmoi ma MOHKOI KUWOK wjypie-camyis ii-
uii’ Wistar (m=170-200 e, n=19). Ll¢p 86oouru pasz na 006y enpodossc 14 owuis
y 003i 300 me/ke 6.m. Cymiwe Amn (75 me/ke) 3 Mem (50 me/ke) 66oounu per os
pas Ha 0006y, enpodosc 3 0ib. Busedenns meapun 3 excnepumennmy 30iliCHI08AIU
uepez 1 ma 56 0i6 nicis 8iOmMiHu 88edenHs peuosun. Mikpobionoeiunuii ananiz
gexanvnozo (KYO/2) ma npucminkosozo (KYO/cm?) biomony wypie 30iticniosa-
S 6AKMepioNo2iuHUM WIAXOM NPU BUCIBI PO38e0eHb HA eleKMUBHO-0ideHOCTNUY-
Hi cepedosuwya ons Bifidobacterium, Lactobacillus, Clostridium, E. coli, ymos-
HO-namozeHHux enmepobakmepiti, Staphylococcus ma eemonimuunux 6axmepiii.
Pesynomamu. byno noxazano, wo sminu 8 ¢hexanvHitl mikpodiomi nicisa euse-
Oenns L]gh npoepecysanu 3 uacom i mpusanu 0o 56 0obu cnocmepedicerts. Bae-
Oennsa L] suxnuxano sminu 6 Kinekocmi anaepoonux oaxmepii Bifidobacterium
i Lactobacillus 60siui y npoceimmiti mikpobiomi moecmoi xuwiku. I cnocmepi-
2ascs HAOMIpHULl picm 6axmepiil 8 MOHKOMY KuuiedHuky uepes 56 0i6. Cymiw
Amn/Mem inoykysana oucbioz o0pasy nicisa 8i0miHu 68edenHs peuosun. Hopmani-
3ayis mikpobiomu cnocmepieanacs depes 56 0i6. Cymiw Amn/Mem 36invwiysana
Jauute KilbKicmb YMOBHO-NAMOLEHNUX eHmepodaxmepill i 1aKkmo30-no3umueHUx
E. coli 6 monxomy xuweunuxy uepes 56 0io nicisa 8i0mMiHu 66edeHHs peuosuH. Bu-
cHo6Ku. Beedenns cymiwi Amn/Mem wypam € 6invus adekgamHoo mMooeunio OJis
MOOento8anus cocmpozo oucbiosy. Beedenns Ll suxnuxkano enuboki dogeompu-
8aui 3MIHU [ Y MOoOelb Modce OYmiu NpUOAmHor O0isl MOOENOBAHHSA XPOHIUHO20
oucoiosy.

Kuwuosi cnoea: mikpobioma, anmubiomuxu, 8io0aneHi HacaioKu, oucoios.
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Pedepar

Iens. Cpasnumov usmeHneHuss KuuiedHol MUKpoouomsel 08yx mooenet oucouosa,
umo 6wl 8vizeanvl yepmpuaxcorom (L) unu cmecvro amnuyuinuna (Amn)
¢ memponuoasonom (Mem). Memoodvl. Obvexmom ucciedoganuss Oviau usme-
HeHus (DeKanbHOl U NPUCMEHOUYHOU MUKPOOUOMbL MOLCMOU U MOHKOU KUUOK
Kpvic-camyos aunuu Wistar (m=170-200 e, n=22). L{¢p 6soounu paz 6 cym-
Ku 6 meuenue 14 oueii 6 doze 300 me/ke 6.m. Kokmetino Amn (75 me/ke) ¢ Mem
(50 me/ke) sgoounu per os pas 6 cymku, 6 meuenue 3 OHell. Boigoounu scugom-
HbIX U3 9Kkcnepumenma depes 1 u 56 Owueti nocie ommensvi 66e0eHUs 6EUjECME.
Muxpobuonoeuuecxuii ananus gexanvnozo (KOE/2) u npucmenounozo (KOE/cm?)
buomona Kpulc 0Cywecmenanu 6aKkmepuoio2udeckuM nymem npu nocege pasee-
OeHull Ha 31eKMusHo-ouazHocmudeckue cpeovl K Bifidobacterium, Lactobacillus,
Clostridium, E.coli, ycnoeno-namozennvix sumepooaxmepuil, Staphylococcus u
eemonumuyeckux 6akmepuil. Pezynomamaui. [lokazano, umo usmenenus 6 gpexanb-
Holl Mukpobuome nocie 6vigooa Llgh npoepeccuposanu co epemerem u npoooi-
arcanuce 00 56 OHa Habnodenus. Beedenue ]¢h 8vi36an10 usmenenus 8 Konuvecmese
anaspodusix 6axkmepuil Bifidobacterium u Lactobacillus edeoe 6 npoceemnoti mu-
Kpobuome moncmou kuwku. Habnrooanca upesmepnolil pocm 6axmepuil 8 moH-
Kom Kuueunuke uepes 56 oneu. Cmeco Amn/Mem unoyyuposana oucouos cpasy
JKce nociie ommenul 66edenus eeujecms. Hopmanuzayusa mukpodbuomot nadonooa-
nace yepes 56 owmeni. Cmeco Amn/Mem ygenruuugana monbKo KOIUYECMBE0 YClo6-
HO-NAMO2eHHbIX JHmepobakmepull u 1akmo3o-nonoxcumenvuuix E. coli 6 monxom
KuweyHuxe uyepez 56 Oweil nocie ommeHvl ewjecms. Boleoowt. Beeoenue cmecu
Amn/Mem xpvicam sgnsemcs Ooiee A0eK8AMHOU MOOenbio 05l MOOEIUPOBAHUSL
ocmpoeo oucobuosa. Beedenue L]¢h svizeanu enybokue 0oneospemMeHHbvle usmeHe-
HUS U 9Ma MOOelb Modcem Oblmb NpueoOHOU O0ist MOOEIUPOBAHUL XPOHUUECKO20
oucobuosa.

Knwuegvie cnosa: mukpobuoma, aHmubuomuxu, omoajieHHvle noc1eocmsus,
oucouo3.
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