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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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MORPHOLOGICAL CHARACTERISTICS OF SMALL INTESTINE MUCOSA IN DYSBIOSIS
AND AFTER ITS CORRECTION BY PROBIOTICS AND ENTEROSORBENTS

"Bobyr V., 'Stechenko L., 'Shyrobokov V., 2Nazarchuk O., *Faustova M.

!Bohomolets National Medical University, Kyiv; *National Pirogov Memorial Medical University, Vinnitsa,
3Ukrainian Medical Stomatological Academy, Poltava, Ukraine

Through the recent years, the world medical community has
been demonstrating an increasing interest in studying normal
human microbiota. Nowadays the term “normal microbiota” is
more commonly replaced by the term “microbiome”, proposed
in 2001 by an American geneticist Joshua Lederberg [1]. The
human microbiome is known to be involved in some essential
biological processes: it protects against harmful germs and
compounds; it produces considerable impact on the structural
and functional state of the internal organs, on the immune sys-
tem, as well as plays an important role in regulating some vital
functions. It should be emphasized that the advance in studying
microbiome and its role in maintaining human overall health is
considered as one of the key achievement in modern biology and
medicine. The editorial board of one of the most significant and
authoritative scientific journals, Science, has acknowledged the
study of the human microbiome as one of the greatest scientific
successes in the first decade of the 21st century [2-5].

Considering the importance of the microbiome for human
health, the issue of its physiological functioning is attracting
a growing attention from researchers and practitioners. Recent
scientific reports have convincingly shown that from 70% to
90% of the world population suffers from dysbiosis of varying
degrees that, undoubtedly, corroborates their social and envi-
ronmental significance [6,7]. At present, dysbiosis is defined as
a state of imbalance in the microbial ecosystem, i. e. there is
simultaneous impairment of the normal functioning and mecha-
nisms of interacting between its major components: a macroor-
ganism and indigenous microbiota associated with the mucous
membranes of the cavities and skin [8].

Among the numerous causes of dysbiotic disorders, the use
of chemotherapeutic antimicrobials, often of broad-spectrum ac-
tion and for per-oral administration, is ranking the top position.
Especially dangerous in this regard is the use of antibiotics for
prophylactic purposes [9]. However, some other groups of medi-
cines can also contribute to the development of dysbiosis by af-
fecting the kinetics of the mucosal epithelium and, accordingly,
the mucin composition. This group may include non-steroidal
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anti-inflammatory drugs, laxatives, cholagogues, coating agents
with adsorbing properties and some others [10]. Irrational, base-
less and often uncontrolled use of antibacterial agents in medical
practice leads to artificial selection of polyresistant strains of op-
portunistic microorganisms.

The last decade has been marked by a considerable increase in
the interest of healthcare representatives of fields to develop new
approaches and to improve existing ones towards the correction
of dysbiotic conditions. Among them, the concept of probiotic
supplementation is occupying a leading position. According to
the WHO definition, probiotics are «microorganisms, which
when administered in adequate amounts, confer a health benefit
on the host organism” [11]. In recent years, there has been a
growing interest in both fundamental and clinical research of
probiotics. The mechanisms responsible for various effects pro-
duced by probiotics are usually associated with the ability of
probiotics to inhibit the development of pathogenic microbes,
to demonstrate immunomodulatory properties, to stimulate the
proliferation and differentiation of epithelial cells, and to pro-
mote the intestinal barrier [12].

At the same time, an imbalance in microbial ecology, as a
rule, results from the contamination of the internal body envi-
ronment with toxic compounds of both exogenous and endog-
enous nature; therefore, some types of enterosorbents can be
attributed to beneficial agents for microflora normalization. The
mechanism of their action is largely due to the sanitation of the
intestinal lumen resulting in the improved condition for the vi-
tal activity of the physiological microbiota. Enterosorption is a
non-invasive method of efferent therapy and, when an adequate
sorbent selected, can promote effective cleansing the body of
allergens, mediators, by-products of allergic or inflammatory
processes, metabolites, toxins, viruses and other components.
Improvement of biotopes is able to optimize the conditions for
normal human microflora functioning [13 - 15]. In the face of
increasing resistance to antibacterial agents, the addition of en-
terosorbents in the integrated therapy of dysbioses is an impor-
tant and pathogenetic-based approach.
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In recent years, much attention has been paid to enterosor-
bents based on clay minerals, among which bentonite clays have
been the most studied. Bentonite itself is a natural clay polymin-
eral by 60-70% composed of minerals of the montmorillonite
group. The minerals in this group are characterized by extremely
tiny particles, high hydration when moisturized and the ability to
form highly viscous sols and gels. Today, bentonites are referred
to as so-called «edible» minerals with proven anti-inflammatory,
antitoxic and ion-metabolic properties [10].

This study was aimed to determine the effectiveness of the ad-
ministration of probiotics and enterosorbents for the prophylaxis
of morphological and functional changes in the small intestine
mucosal layer of mice under the conditions of antibiotic-induced
dysbiosis.

Material and methods. The study was carried out on BALB
/ ¢ line white laboratory mice (n=100), bred in the vivarium of
0. O. Bohomolets National Medical University. The laboratory
animals were kept in accordance with the current Sanitary Rules
for the organization, equipment and maintenance of experimen-
tal and biological clinics (vivaria), on a standard diet consist-
ing of granular compound formula feed for laboratory animals
(PKP 1-24 recipe). All the manipulations with the animals were
carried out in accordance with the Law of Ukraine “On the Pro-
tection of Animals from Cruelty” and in accordance with the
“Ethical Rules and Regulations for Working with Laboratory
Animals” dated 21.02.2006 No. 3447-1V [16].

All the test animals were divided into 4 groups (20 animals in
each group): group 1 (the control one) included 20 mice, who re-
ceived ordinary tap water (mice in health); group 2 included the ani-
mals, which received ampicillin in a dose of 10 mg, metronidazole
in a dose of 10 mg, and gentamicin in a dose of 2.9 mg intragastri-
cally with using a tuberculin syringe with thicker needle per day for
5 days; group 3 included the animals, which received ampicillin in
a dose of 10 mg, metronidazole in a dose of 10 mg, and gentamicin
in a dose of 2.9 mg per day for 5 days and at the same time “SIM-
BITER® M concentrated”, which contained concentrated biomass
of living cells of probiotic microorganisms (lactobacilli - 1,0x10',
bifidobacteria - 1,0x10', lactic acid streptococci - 1,0x10°, propi-
onic bacteria - 1,0x10%, and acetic acid bacteria - 1,0x10° CFU /
@) intragastrically per day for days; group 4 was made up of the
animals receiving antibacterials (ampicillin in a dose of 10 mg, met-
ronidazole in a dose of 10 mg and gentamicin in a dose of 2.9 mg
intragastrically per day for 5 days in combination with Symbiogel
enterosorbent, which contained bentonite (500 mg) and drinking
water (9.5 cm®).

The course of injecting probiotics and enterosorbents lasted
5 days. The maximum single volume of solution for intragastric
administration to the animals was 200 pl, the maximum daily
volume of solution for intragastric administration was 400 pl. In
addition, these antibiotics were added to the water bowl (1 g of
ampicillin, 1 g of metronidazole, and 290 mg of gentamicin per
1000 ml of water).

The animals were euthanized by cervical vertebrae disloca-
tion on the 5™ day since the beginning of dysbiosis modelling.
Samples of the small intestine, liver, and spleen were taken to
be processed for electron microscopy. The pieces of these or-
gans sized 1 mm?® were first fixed in a buffered glutaraldehyde
solution for 1 h, then, after washing with buffer, they were fixed
in buffered 1% osmium tetroxide solution for 1 h. The sam-
ples were dehydrated in ascending ethanol grades; acetone can
also be used. Then the materials were embedded into a mixture
of epoxy resins (epon and araldite) and being polymerized at +
60°C for 36 hours. The sections were obtained by using a glass
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knife on ultramicrotome (LKB III Sweden) and examined by
using a PEM-125 electron microscope (Ukraine). Before mi-
croscopy, sections were contrasted with uranyl acetate and lead
citrate according to the standard procedure [17].

To determine qualitative and quantitative composition of intes-
tinal lumenal microbiome, animals’ facces were studied. Bacteria
were isolated and identified with using appropriate media: Endo,
Bifidobacterium agar (Himedia), MRS Agar (Himedia), manufac-
tured in India. Microorganisms were extracted from faecal with
sterile saline using a serial dilution method followed by culture in-
oculation on nutrient media. The cultivation lasted for 24-36 hours
at 37 © C. Anaerobic conditions were created for bifidobacteria us-
ing micro-anaerostats with the “Gas Generating Box” system. Ref-
erence strains of microorganisms: Staphylococcus aureus B-918
and Escherichia coli B-906 were used as the test cultures.

The statistical processing of the findings obtained was carried
out with the software for statistical data processing Microsoft
Excel 2016 and “Statistica 5.5 (the Vinnytsa National Medical
University, licensed number AXXR910A374605FA). Probabil-
ity analysis was performed by Student’s t-test. The difference
between the values was considered as statistically significant
with a probability of null hypothesis less than 5% (p<0.05).

Results and discussion. Through the process of dysbiotic
disorder modelling in the control group of animals, bacteriologi-
cal studies revealed a normal microbiological background (E.
coli were in the range 7.6x10° —4,2 x10* CFU / g, Lactobacillus
spp. were in the range 8,8x10° —2,6 x107 CFU / g, and Bifido-
bacterium spp. were in the range 9.2 x 107 -2.4 x 108 CFU / g).
However, on the day 5 after the start of antibiotic administration,
the mice were found out to have a decrease in the number of all
test microorganisms by one or two orders (Fig. 1).

o 8,1
8 7,1
6,2 6

Titre, CFU/g

R SR I S

1 2 3 4

@ Escherichia coli @ Lactobacillus W Bifidobacterium

Fig. 1. The composition of the intestinal luminal microflora in
the mice in health — control group (1), in the mice with impaired
microflora composition induced by antibiotics — group 2 (2), in
the mice with impaired microflora composition induced by anti-
biotics with following probiotic correction — group 3 (3), in the
mice with impaired microflora composition induced by antibiot-
ics with following sorbent correction — group 4 (4)

In the test group including the mice, which were administered
probiotics, the microbiological parameters also changed, but
they were not as pronounced as in the group, which received
injected antibiotics alone: E. coli were in the range of 1.8 x 10°
—6.2 x 103 CFU / g, Lactobacillus spp were in the range 7.4 x 10°
—3.6 x 10° CFU / g, and Bifidobacterium spp were in the range
8.2 x 10°—3.0 x 107 CFU / g. While in the group of the animals
treated with enterosorbents, we recorded more pronounced dis-
turbances in the gut microbiocenosis: E. coli were in the range
4.2 x 10*-9.3 x 10> CFU / g, Lactobacillus spp were in the range
1.2 x 10°-3.0 x 10° CFU/ g, and Bifidobacterium spp were in the
range 8.4 x 10°- 1.5 x 10° CFU / g (Fig. I).
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Thus, the described technique of modelling dysbiosis in laborato-
ry animals allows us to obtain well-manifested intestinal dysbiosis
and to indirectly detect microecological changes in faecal micro-
flora of the mice. However, the data presented in Fig. 1 suggest the
conclusion on the reduction of microecological imbalance during
simultaneous administration of antibiotics and probiotics. Instead,
the findings obtained following the simultaneous administration of
antibiotics and sorbents showed the little difference in microbiolog-
ical indices for the types of test microorganisms from the findings in
the group of animals with artificially modelled dysbiotic changes.

The structural analysis of the morphological changes found
in the small intestine of the mice, which received antibacterials
only, as early as on the day 5 of their course revealed marked
structural alterations: shortening of the microvilli and their par-
tial reduction or destruction with subsequent decomposition
(Fig. 2). Total desquamation of the microvilli was characterized
by the absence of a brush border, the smoothness of the plasma
membrane, the swollen mitochondria, and by the presence of au-
tophagosomes. Some enterocytes developed apoptotic changes
accompanied by shifting cells toward the basement membrane,
compaction of cytoplasm and organelles, and formation of apop-
totic bodies, which shifted towards the basement membrane and
moved away from epithelial cells.

Fig. 2. Electron microphotography. 1 — Local reduction of
brush border of small intestinal enterocytes in mice with antibi-
otic-induced dysbiosis (1). Magnification 6200%. 2 — Apoptosis
of small intestinal enterocyte (1). Magnification 8400 %

Moreover, the analysis of electron microphotography showed
that in antibiotic-induced dysbiosis the number of eosinophils
grew. These cells are known as an indicator of allergic response
because they are directly involved in the protective allergic and
anaphylactic body responses.
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In the mucous membrane of the small intestine in the mice
treated with “Multiprobiotic SIMBITER®” (group 3) we ob-
served a visual decrease in the severity of cytodestructive dis-
orders, and, namely, a decrease in the number of desquamated
microvilli; the vast majority of enterocytes preserved their brush
border compared with the test group 2, which received antibac-
terials only. In this case, the desquamation of the microvilli had
more local character; there was a partial absence of the brush
border and no significant smoothing of the plasma membrane.
The results of electron microscopy showed the local swelling of
the mitochondria, the destruction of crypts and intensive forma-
tion of autophagosomes in the enterocytes in mice of the 2" test
group compared to the the group 1 (control).

At the same time, no signs of apoptosis, i. . no shift of cells to-
ward the basement membrane, no compaction of the cytoplasm,
organelles and precursors of apoptotic bodies, or any other signs
of apoptosis were recorded. The electron microscopy shows the
number of Paneth cells detected was statistically higher, but
some specific changes were observed in the granules of these
cells: granules, which apparently containing defensins, gradu-
ally lose their contents and transform into electron-transparent
granules, which can be regarded as structures are at different
stages of their functional activity and, are more likely proteins.
All this is evidence of the ability of probiotics when simulta-
neously administered with antibiotics to stimulate the body
immune response. Moreover, unlike controls, no expansion of
the tubules of plasma cells due to their packing with antibodies
was recorded. The blood vessels showed no alterations as well
(Fig. 3). Furthermore, the analysis of electron microphotographs
demonstrated that due to the course of probiotics administration
the number of eosinophils and basophils visually reduces.

Fig. 3. Electron microphotography. No cytodestructive
changes are seen in the blood capillary over the course of probi-
otics administration (the 6™ day of the experiment). Magnifica-
tion 6200 x

Thus, based on the data obtained, we can not affirm that the
probiotic strains introduced into mice have colonized the in-
testine. However, the possibility of probiotics when passing
through the gastrointestinal tract to release metabolites that posi-
tively affect the intestinal barrier function should not be exclud-
ed. Nevertheless, after the probiotics administration during the
antibiotic-induced dysbiosis the number of test microorganisms
was nearly one order of magnitude higher, and the cytodestruc-
tive manifestations were less pronounced compared to the group
where the animals received antibiotics only.
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Regarding the role of enterosorbents in the prevention of
dysbiotic intestinal disorders, it should be noted that despite the
presence of pronounced microecological disorders developing
during the course of simultaneous administration of antibacteri-
als and sorbent, and accompanied by a decrease in the number
of colibacilli, lactobacilli, and bifidobacteria, the morphofunc-
tional alterations at the cellular level are specific. The results
obtained by analyzing electron microscopic sections of the small
intestine of the mice, which received antibacterials and entero-
sorbent “Symbiogel”, demonstrate a less pronounce intensity of
structural and morphological impairments compared with the
group of animals, which received antibacterials only to induce
dysbiotic disorders. Although there was a visual shortening of
the length of the microvilli in some areas of the small intestinal
mucosa, no cases of their complete reduction or degeneration
were observed (Fig. 4).

‘Fig. 4. Electron microphotography. Local desquamation of
mirovilli with partial absence of microvilli destruction (1) and
slight smoothing of plasma membrane of enterocytes after the
administration of Symbiogel. Magnification 8000 %

Fig. 5. Electron microphotography. No cytodestructive chang-
es are seen in the blood capillary (1) following the application of
sorbents. Magnification 6500 %

Based on the data from electron microscopy, we can sug-
gest that the course of enterosorbents results in the activation of
plasma cells that is a manifestation of the inflammatory process
and the immune system activation. This assumption can be con-
firmed by the detection of plasma cells with expanded tubules
packed with antibodies. In general, it is noteworthy that the use

154

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

of sorbents during the course of modelled dysbiosis promotes
the activation of the immune response compared to the use of
probiotics. However, no changes in the circulatory system have
been found out through the course of sorbents administration. It
is likely the progression of dysbiotic disorders does not manifest
itself on the level of hemomicrocirculatory bed (Fig. 5). There
are no direct signs that would be indicative of the regular de-
velopment of apoptosis with the formation of apoptotic bodies,
which shift toward the basement membrane; sometimes pre-
apoptotic cells are found. Moreover, it has been found out that
following the course of sorbent administration, microbial cells
are more frequently detected in the intestinal lumen.

Electron microphotographs demonstrate ultrastructure signs
of the presence of proeosinophils and plasma cells in the lamina
propria of the small intestinal mucosa. Thus, despite the fact that
the simultaneous use of antibiotics and sorbents leads to pro-
nounced microecological disorders of the intestinal microflora
accompanied by a decrease in 1-2 orders of magnitude in test
microorganisms, we should not exclude the ability of entero-
sorbents to promote the normalization of immune responses ac-
companying the progression of dysbiosis. We may suggest that
enterosorbents are involved into the extraction, fixation and
removal of the bacterial toxins from the gastrointestinal tract,
and highly concentrated by-products of natural metabolism, ac-
tivated enzymes, inflammatory mediators, biologically active
substances, opportunistic microorganisms, viruses, etc. Under
intestinal dysbiosis, intestinal permeability typically increases,
and bacterial translocation exponentially increases.

Conclusions. This study has experimentally confirmed the
ability of antibacterials to induce dysbiotic conditions in animals
that are accompanied by significant shifts in the composition of
normal microflora, manifested with cytodestructive disorders in
the small intestinal epithelium (enterocytes).

We have demonstrated the property of probiotics and, to a
lesser extent, of sorbents to reduce the intensity and extension
of cytodestructive disorders in the course of antibiotic-induced
dysbiosis and to normalize the body immune responses that ac-
company the development of dysbiotic conditions.
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SUMMARY

MORPHOLOGICAL CHARACTERISTICS OF SMALL INTESTINE MUCOSA IN DYSBIOSIS
AND AFTER ITS CORRECTION BY PROBIOTICS AND ENTEROSORBENTS

"Bobyr V., 'Stechenko L., 'Shyrobokov V., 2Nazarchuk O., ’Faustova M.

!Bohomolets National Medical University, Kyiv; *National Pirogov Memorial Medical University, Vinnitsa;
SUkrainian Medical Stomatological Academy, Poltava, Ukraine

This study was aimed at investigating morphological and
functional changes in the small intestine mucosal layer of mice
with antibiotic-induced dysbiosis and following its correction
with probiotics and enterosorbents.

The study was carried out on BALB / ¢ line white laboratory
mice. Samples of the small intestine, liver, and spleen were tak-
en to be processed for electron microscopy. To determine quali-
tative and quantitative composition of intestinal lumenal micro-
biome, animals’ facces were studied. Bacteria were isolated and
identified by standard methods.

This study has experimentally confirmed the ability of anti-

bacterials to induce dysbiotic conditions in animals that are ac-
companied by significant shifts in the composition of normal
microflora, manifested with cytodestructive disorders in the
small intestinal epithelium.

We have demonstrated the property of probiotics and, to a
lesser extent, of sorbents to reduce the intensity and extension
of cytodestructive disorders in the course of antibiotic-induced
dysbiosis and to normalize the body immune responses that ac-
company the development of dysbiotic conditions.

Keywords: intestinal mucosa, antibiotic-induced dysbiosis,
enterosorbents, probiotics.

PE3IOME

MOP®OJOTMYECKHE XAPAKTEPUCTAKHA CJIU3UCTOM OBOJTOYKH TOHKOT'O KHIMEYHAKA
P AMCBHUO3E U ITOCJIE EI'O KOPPEKIIUU TPOBUOTUKAMU U SHTEPOCOPBEHTAMHU

"Bo6bips B.B., !Creuenxo JI.A., 'Illupo6oxos B.I1., ZHazapuyk A.A., *®aycroBa M.A.

!Hayuonanvnoiii meouyunckuti ynusepcumem um. A.A. Boeomonvya, Kuee,; >Hayuonansuvlii Meouyunckuil ynueepcumemn
um. H. I[Tupozosa, Bunnuya; *Yrpaunckas meouyunckas cmomamonozuueckas akaoemust, Ionmaea, Yxpauna

Llenblo MCCENOBaHKs SBHJIOCH OmpesieneHne Mopdoornye-
CKHX ¥ (DYHKIHOHAIBHBIX N3MEHEHHIT B CIIM3HCTON 000JIOUKE TOH-
KOW KHIIKH MBbIIIeH ¢ aHTHOMOTHK-NHLYIIMPOBAHHBIM IUCOMO30M
1 TIOCJIE €T0 KOPPEKIUH TPOOHOTHKAMH U SHTEPOCOPOESHTaMH.

HccnenoBanue mpoBOAMIOCH HAa OeNbIX TaOOPaTOPHBIX MBI-
mrax (n=100) muann BALB/c. OGpa3iibl TOHKO# KHIIKH, MEYCHH
1 CEJIe3EHKH B3STHI ISl HCCISA0BAHUS IPH TIOMOIIH 3JIEKTPOH-
HOI MuKpockonuu. J[jist onpeneneHnst Ka4eCTBEHHOrO M KOJIHU-
YECTBEHHOTO COCTaBa MUKPOOWOTBI KMIIEYHHKA M3ydaiau ¢e-
KaJIMM JKMBOTHBIX. bakTepuu BbIAENEHBI M HACHTH(OUIIMPOBAHEI
CTaHJAPTHBIMU METOJIAMH.

© GMN

ITpoBeneHHOE HcCIeI0BaHNE IKCTIEPUMEHTAIBHO TTOATBEPAN-
JI0 CTOCOOHOCTh aHTHOAKTEPHATBHBIX CPEACTB MHIYIPOBATDH
JUCOMOTHYECKUE COCTOSTHUSI Y JKMBOTHBIX, KOTOPBIE COMPOBO-
JKJIAFOTCSI 3HAUMTENBHBIMH CABHUTAMH B COCTaBE HOPMANbHOM
MHKPOGIOPEI, TPOSIBISAIOMINMHUCS IUTOAECTPYKTUBHBIMU HApPYy-
HMIEHUSMH B TOHKOM 3TUTEINHU KUIIEYHUKA. ABTOPHI TPOIEMOH-
CTPUPOBATIHM CBOWCTBO MPOOMOTHKOB M, B MEHbLIECH CTENEHH,
COpOEHTOB yMEHBIATh MHTEHCUBHOCTb U PACHpOCTPAHATD IU-
TOJECTPYKTUBHBIE HAPYIICHHS B XO/I€ aHTHOMOTUK-HH/TyIHPOBaH-
HOTO J11cOM03a 1 HOPMAITM30BaTh IMMYHHBIE PEAKI[HU OpraHu3Ma,
KOTOpBIE COMPOBOMKIAIOT PA3BUTHE THUCOMOTUUECKIX COCTOSTHHIA.
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HUCITOJIb30BAHUE MOJIEKYJISIPHOT'O BOJOPOJA B KOPPEKIIMU CUHAPOMA NO-REFLOW
HA TIOJIMYPUYECKOUM CTAJIUUA CYJTEMOBOM HE®POIIATAN

Porosuiii 10.E., Hutpun B.S1., Apxunosa JL.I., Besookuii B.B., Koiecuuk O.B.

byrosunckuil 2cocyoapcmeennvlil MeOUyuHCKUll ynugepcumem, Yxpauna

W3BecTHO, YTO MOJEKYJISIPHBIH BONOPOA HUMEET CelieK-
THBHBIE aHTHOKHCIHMTENbHbIE, MPOTHBOBOCIAINTEIbHbIE
U a”HTHanontotudeckue cpoiicrra [10,15], Topmosur mpo-
SIBIICHUSI OKUCIHUTENIbHOro cTpecca [11], momaBuser pas-
BUTHE aTepockiiepo3a [7], nmpeaynpexaaeT paccTpoicTBa
KOTHUTHBHBIX HapylleHui [16], oOHapyXuBaeT remnaro-
NIPOTEKTOpHOE BiIMsHUE [12], 3amuIaeT OT MOBpPEXAAI0-
LIeTO BO3AeiCTBUS HIIeMHUHU-penepdy3un roJoBHOH MO3T
[6], TopmosuT mposiBienus amwieprun [17]. H, moxHo wuc-
M0JIb30BaTh KakK 3(Q(EKTHUBHYIO aHTHOKCHJIAHTHYIO Tepa-
nui; Omarogaps crmocobHocTH ObIcTpo AUPYHIUPOBATH
4yepe3 MeMOpaHbl, NPOHUKATh B MHUTOXOHApuHU [8], supo
KJIETKH, JIOCTUTaTh M pearupoBarh ¢ HanboJyiee OMaCHBIMH
LIUTOTOKCHYECKUMHU aKTUBHBIMHU (popMaMu KHCIOpozaa, Ta-
KMUMH KaK THJIPOKCHJIBHBIH pajHKal ¥ MePOKCHHUTPUT, H,
TeM CaMbIM, 3alUIIATh OT OKUCIUTEIbHBIX IMOBPEKIACHUIT
dochomunuasr memoOpan, 6enku, JJHK, Bocnanenus, nu-
ponTo3a u anonro3sa [13].
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N3BecTHO, YTO B YCIOBHSAX T'MIIOHATPUEBOrO pallMoOHa MHU-
TaHus [5], maToreHes cyjaeMOBOH He(pONAaTHH, KaK MOJACITH
OCTPOTO TOBPEKACHUS MOYEK C AUCHYHKIMEH MPOKCHMaIb-
HOTO OT/eNla He(poHa, XapaKTepU3yeTcsi pPa3BUTHEM Clle-
NYOIIUX CTaauii Heponatuu crmycts 2, 24 u 72 yaca, 4To
COOTBETCTBYET Hauajly, HNEpHOAY OJUTYpHUM U paHHEH mo-
JUYPUYECKONH CTaAUKM OCTPOH MOUEUYHON HEeIO0CTATOYHOCTH.
HauGonpiimii MHTEpeC U3 HUX MPEACTABISCT CTAIUs paHHEH
HOJMYPUH, JJIs1 KOTOPOH XapaKTepHO pa3BuTHE penepdysu-
OHHOro cuHapoMa no-reflow ¢ HemoBoccTaHOBIEHHEM ITO-
YEYHOTO0 KOPTUKAJIBHOTO KPOBOTOKA IOCJIE ULUIEMHH C JaBU-
HOOOpa3HOW aKTHUBAlMEH NEePEKUCHOTO OKUCICHHS JIUITH/IOB,
CYLIECTBEHHBIM MOBPEKICHUEM IIPOKCUMAJIbLHOIO KaHalblia,
C pa3BUTHEM CHHJPOMA MOTEPHU MOHOB HATPHUS M BBIPAKEH-
HBIM OTEKOM IOYKH [4].

Llenp nuccienoBaHus — ONPENEIUTh BO3MOKHOCTb UCIOJIb-
30BaHUS MOJEKYISIPHOIO BOZOPOAA B KOPPEKLUU CHUHIpOMA
no-reflow Ha moaMypHYecKoil cTaguK OCTPOTO MOBPEKICHHS



