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Nowadays, scientists often define dysbiosis as a condition of a microbial ecological
system, in which there is a simultaneous abnormality of the functions and interaction
mechanisms of its key components: macroorganism and indigenous microbiota
associated with the mucous membranes of cavities and skin. At the same time, obviously,
the basis of all these processes is changes of structural intestinal components that are
caused by qualitative and quantitative changes in the normal microflora. Purpose: to
study the ultrastructural organization of the mucous membrane of the small intestine of
mice after the formation of dysbiosis of the intestine. Outbred white mice in the number
of 40 units (20 - experimental and 20 control) was served as an experimental model.
Antibacterial drugs (ampicillin, metronidazole and gentamicin) are used to form
dysbiosis. The conducted experiments are allowed to establish that the using of
antibacterial drugs in the above-mentioned doses contributes to shortening the length
ofthe microvillus and their reduction (disappearance) in some places, destruction with
subsequent disintegration. According to the results of electronograms analysis, the
assumption was made about stimulating the secretory function of the small intestine
enterocytes by powerful doses of antibacterial drugs. In addition, it was found that the
formation of dysbiotic disorders is accompanied by a defect of the connection between
epithelial cells due to the expansion of the intercellular space and the disappearance
of the dense plate. Research results also indicate that antibiotics that were used in the
experiment can cause development of apoptosis. In addition, it has been shown that, on
the background of the dysbiotic disorders formation, the activation ofimmune processes
is taking place, as evidenced by the appearance of a significant number of Paneth
cells, plasma cells with enlarged tubules, apparently due to their filling with
immunoglobulins, as well as the growth of numbers of luminalis eosinophils and
basophils. The ability of antibiotics to form dysbiotic states with pronounced
cytodestructive disorders in the epithelium of the small intestine with the development
of apoptosis was substantiated; the argument about the immune stimulating effect of
antibiotic induced dysbiosis is argued.
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Introduction

According to the latest data human intestine contains
about 100 trillion bacteria, 70-80% of which today cannot be
cultivated yet [2, 8, 13]. Nowadays, scientists often consider
the intestinal microbiota as a kind of extracorporeal organ,
which provides vital aspects of human vital activity [2, 6, 22,
23]. Every man is considered to have several hundred of
bacterial species. Among them there are predominantly
Gram-positive Firmicutes (first of all Clostridium,
Enterococcus, Lactobacillus) and Gram-negative ones

Bacteroides. In general, the human microbe is characterized
by pronounced multifunctional activity that provides the vital
functions of the macroorganism. But, at the same time,
according to scientists view the normal microflora differs
and expressed susceptibility, and even, may be a kind of
indicator of adverse effects on the body [25]. The composition
of a normal microflora can be influenced by a number of
factors such as inflammatory bowel disease, psycho-
emotional overload, unfavorable ecological picture, etc. [14,
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24]. However, the effect of chemotherapeutic drugs, especially
with the oral mechanism of administration is thought among
the prior ones. Earlier, a violation of the quantitative and
qualitative composition of the normal intestinal microflora
was called dysbiosis. Although, the term "dysbiosis", was
proposed was proposed by A. Nissle in 1916, and was
associated with fungal and fermentative intestinal dyspepsia,
had been caused by a decrease in the concentration of the
Escherichia coli in the intestine. For sure, this term does not
correspond to modern postulates about the nature of
violations in human microbiocenosis, because it is limited
to the statement of changes exclusively to the bacterial
component of the intestinal consortium [21].

Because of this, the term "dysbiosis" is more often used
today. This one more in detail characterizes the microbial
ecology and, in particular, indicates that in the case of
dysbiosis disturbances, the ratio between different
representatives of microbial world (bacteria, fungi, viruses,
protozoa) changed, the latter is accompanied changes in
their biological properties and mechanisms of interaction
with macroorganism [15, 17].

Nowadays, scientists most often identify dysbiosis as a
condition of a microbial ecological system, in which there is
a simultaneous violation of the functions and mechanisms
of interaction of its key components: macroorganism and
indigenous microbiota associated with the mucous
membranes of the cavities and skin [4, 11, 17].

At the same time, obviously, changes in the structural
components of the intestine, which are caused by qualitative
and quantitative changes of normobiota are the basis of all
these processes. It is important that the intestinal microflora
of a person does not differ much from the intestinal microflora
of other mammals, which facilitates the methodology of its
study. [11, 12].

The aim - to study the ultrastructural organization of the
mucous membrane of the small intestine of mice after the
formation of dysbiosis of the intestine.

Materials and methods

As experimental model there were used 40 laboratory
white mice (20 - experimental and 20 - control ones). These
animals were kept in accordance with "Standard rules on
the ordering, equipping and maintenance of experimental
biological clinics (vivarium)". All animal experiments
complied with the ARRIVE guidelines and were carried out
in accordance with the general ethical principles of
experiments on animals, adopted by the First National
Congress of Ukraine on Bioethics (Kyiv, 2001), Law of
Ukraine No. 3447-1V of February 21, 2006 "On the Protection
of Animals from Cruel Treatment" and associated guidelines,
EU Directive 2010/63/EU for animal experiments, certified
by the Ethics Commission of Bogomolets National Medical
University (protocol No. 65 of October 3, 2012) [1].

For the formation of dysbiotic states there were used
antibacterial drugs, daily doses of which were for ampicillin
and metronidazole 10 mg, for gentamicin 2.9 mg [3]. Animals

were injected intragastrically using a tuberculin syringe with
a needle with thickening at the end. Simultaneously with the
drinking water, the specified antibiotics were added (1 g of
ampicillin, 1 g of metronidazole and 290 mg of gentamicin
per 1000 ml of water). The selection of feces and the
administration of antibiotic solutions to animals were
repeated for 5 days, with a daily determination of the total
number of fecal microflora and its individual representatives
(Escherichia, Bifidobacteria, Lactobacilli).

The animals were killed on the six day of the experiment
for the purpose of pathology section examination. For the
electron microscopic examination small pieces of small
intestine of 1 mm3 in size were prepared. The specimens of
intestine were prior fixed with a buffer solution of
glutaraldehyde fixation for 1 hour, and then, after washing
with a buffer, they were finished with 1% osmium tetroxide
solution for 1 hour.

After dehydration in ethanol of increasing concentration
and acetone, the material was poured into a mixture of epoxy
resins (epon and araldite) and polymerized at +60°C for 36
hours. Cutting-up the samples were obtained using glass
knives on ultra-microcrystal "LKB 1ll, Sweden" and
investigated in electron microscopes Jeol JEM 100 CX I
(Japan) and PEM-125 (Ukraine). Before microscopy, the
sections were contrasted with uranyl acetate and lead citrate
according to the standard procedure [9, 20].

Results

The method used to simulate dysbiosis allowed us to
obtain qualitative and quantitative disturbances in the
composition of normal intestinal microflora of animals, which
were confirmed bacteriologically. In a result of our experiments
there was found that after the use of antibacterial drugs at the
above doses, a visual shortening of the length of the microvilli
was observed, and in places reduction (disappearance) or
degradation with subsequent disintegration (Fig. 1, 2)
compared with the control (Fig. 3). In this case, the total
desquamation of microvilli was also often noted; in such
cells, the brush border was absent, the plasma membrane

Fig. 1. Electronic microphotography. Local reduction of the brush
border of enterocytes of the small intestine of the mouse with
antibiotic induced dysbiosis. x4200.
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y. Desquamated microuvilli. x200.
1 - autophagosome; 2 - microvilli; 3 - mitochondria.
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Fig. 3. Electronic microphotoraphy. Brush bérder of enterocytes
of the small intestine of the mouse. Control. x4200.
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Fig. 4. Electronic microphotography: a) the onset of apoptosis of
enterocytes of the small intestine (1); b) prolonged apoptosis of
enterocytes of the small intestine. The death of enterocytes (1);
lymphocytes between enterocytes (2); enterocytes (3). x4200.

Fig. 5. Electronic microphotography. The accumulation of Paneth
cells after the formation of dysbiosis. Paneth cell granules (1). x4200.
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Fig. 6. Electronic microphotography. Lamina propria of mucous
membrane. Plasmocytes (1). Expanded tubules of plasmocytes
(2). x4200.

was smoothed, and in the enterocytes the edema of the
mitochondria and the formation of autophagosoms were
noted.

The clarification of the matrix of the cytoplasm, which
indicated an insignificant edema was determined. At the
same time, the locking lamina of the contacts was
considerably thinned - as a result of which the expansion of
contacts between the cells was observed.

We have found that the formation of dysbiotic disorders
is accompanied by a violation of the relationship between
epithelial cells due to the expansion of the intercellular space.
The results of the studies also indicate the ability of the
antibiotics, have been used in the experiment, to induce
apoptosis: the cells were displaced to the basement
membrane, they were densified, especially in the cytoplasm,
there were no nuclei already visualized in electronogram, all
organelles and predecessors of apoptosis were condensed
and displaced to the basement membrane with subsequent
exclusion from a number of epithelial cells (Figures 4a-b).
The conducted experiments also allowed to establish, that
activation of immune processes took place against the
background of the formation of dysbiotic disorders, as
evidenced by the appearance of a significant number of
Paneth cells (Fig. 5). A significant response from the immune
system was also proved by the presence of a significant
number of plasma cells. In some electronic micro-
photographs, the expansion of the tubule cells of the plasma
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Fig. 7. Electronic microphotography. Eosinophil in the lumen of the
capillary (1) with characteristic longitudinal beads with core (2). x4200.

&

Fig. 8. Electronic microphotography. Lamina propria of the mucous
membrane of the small intestine. Enlightenment of the capillary (1),
which contains B-lymphocyte (2). x4200.

cells was clearly traceable, apparently due to their filling with
immunoglobulins (Fig. 6). In addition, the analysis of
electronic microphotographs showed that in the case of
antibiotic induced dysbiosis, the number of educational
eosinophils and basophils increased (Fig. 7).

These cells were like indicators of allergic reactions
because of their direct involvement in the protective allergic
and anaphylactic reactions of the body. An increase in the
number of B-lymphocytes between enterocytes and in the
lumen of capillaries was evidenced by the formation of the
immune response (Fig. 8).

Discussion

Normal microflora of the human body is represented by
an extraordinary qualitative and quantitative diversity of
microorganisms. The microbiota of the intestine, as one of
the most numerous biotops in the body, is the consortium of
microorganisms, been very sensitive to many factors [2, 7,
10, 23]. There is an assumption that dysbiosis, or a violation
of the quantitative and qualitative composition of the normal
intestinal microflora, leads to violations of the microbial
ecological system, functions, mechanisms of interaction of
the macroorganism and indigenous microbiota, and
changes in the structural components of the intestine. The

scientific interest is the in-depth study of the ultrastructural
organization of the mucous membrane of the small intestine
under conditions of dysbiotic changes [4, 16].

According to the data of bacteriological analysis there
was proved, that modeling of dysbiosis allowed to obtain
qualitative and quantitative violations of the composition of
normal intestinal microflora of experimental animals.
Obviously, the oral administration of antibacterial drugs can
contribute to the development of functional disorders in the
intestine, which are already manifested at the ultrastructure
level. According to the researchers' reports the effect of
dysbiotic disturbances on the suction and secretory activity
of the small intestine with destructive changes in columnar
enterocytes with a rim was known [18]. The cytoplasmic
matrix, which was registered in the study, showed a slight
edema. At the same time, there was observed the
considerably thinned locking lamina gut, that resulted in the
expansion of the contacts between the enterocytes.

According to a various studies, the ability of some drugs,
including acetaminophen, has been shown to cause
dysbiotic disturbances in animals. Electronic microscopy
picture characterises these violations as one accompanied
by structural changes in stem cells, namely, hypertrophy of
mitochondria, which manifests itself as a clarification of the
matrix and reduction of crypt [5]. In the formation of antibiotic
induced dysbiosis in mice such changes were not registered.
The formation of dysbiotic disorders was established to be
accompanied by a violation of the relationship between
epithelial cells due to the expansion of the intercellular space.
In our study, the emergence of a significant number of Paneth
cells in the background of the formation of dysbiotic violations
was found to indicate the activation of immune processes.
Recent studies have proved the important role of these cells
in the regulation of intestinal homeostasis, and identified
Paneth cells as an important component of the protective
mechanisms of congenital immunity [5, 6].

The prospect of further research is the in-depth study of
mechanisms stimulating the influence of antibiotic-induced
dysbiosis on local immune reactivity.

Conclusions

1. The ability of antibacterial drugs to form dysbiotic states
in animals accompanied by marked cytodestructive disorders
in the small intestine epithelium, namely, the shortening and
desquamation of microvilli, edema of mitochondria,
cytoplasmic matrix enlightenment, the violation of the
relationship between epithelial cells and the development of
apoptosis, have been substantiated experimentally.

2. An argumentative assumption has been made about
the stimulating effect of antibiotic induced dysbiosis on the
activation of immune defense reactions. This has been
confirmed by the growth in the number of Paneth cells,
plasma cells filled with immunoglobulins, educational
eosinophils and basophils, as well as an increase in the
number of B-lymphocytes that are recorded between
enterocytes and the lumen of the capillaries.
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OCOBJINBOCTI CTPYKTYPHO-MOP®OJON4YHUX 3MIH NMPU EKCNEPUMEHTAIIbHOMY AHTUBIOTUKOIHOYKOBAHOMY

ANCBIO31 KULLKIBHUKA

Bo6up B.B., MoHsmoeckkuli B.A., Yo6omap A.[l1., CmeydeHko J1.0., Kpueoweeea O.l., Hazap4yk O.A., Koeanenko O.0.

Cb0200Hi 84eHi Halidacmiwe esu3Ha4aromb Oucbio3u sk makuli cmaH MIKPOBOHOI eKonoaidyHoi cucmemu, fpu sIKOMy criocmepizaemscsi
o0HoYacHe rnopyweHHs1 QPyHKUilU ma MexaHiamie 83aemoOii il KITroyoeux KOMIOHEHMI8: MaKkpoopeaaHiaMy ma iHOU2eHHOI Mikpobiomu,
acoujitiosaHoi 3i cruzosumu 060/I0HKaMu MOPOXHUH ma WKIPHUX fnokpugig. Pa3om i3 muM, o4e8UOHO, 8 OCHOS8I 8CiX UuX rpouyecie
niexxams 3MiHU CMPYKMYyPHUX KOMIMOHEeHMI8 KUWKI8HUKA, SIKi 8UKIIUKaHI SIKICHUMU ma KiflbKiCHUMU 3MiHamu Hopmodghriopu. Mema
pobomu - sus4umu yrbmpacmpykmypHy opeaHiszauito criu3080i 060/10HKU MOHKOI KUWKU muwel ricrisi ¢popmyeaHHs1 ducbiomudHux
cmaHie KUWkieHuUKa. ExkcriepumeHmarnbHO MOOesto criyeysanu 6e3rnopodHi bini muwi y Kinskocmi 40 oduHuub (20 docnidHux ma 20
KOHmMposbHUX). s ¢popmysaHHs AucbiomuyHux cmaHie sukopucmaHo aHmubakmepiasbHi npenapamu (amniyuniH, MempoHida3on
ma e2eHmamiyuH). posedeHi ekcriepumeHmu 00380/UMU 8CMaHOBUMU, WO 8UKOpUCMaHHS aHmubakmepianbHUX npenapamis y
suwe3asHadyeHux 003ax Cripusic 8KOPOYEHHIO O0B8XUHU MIKPOBOPCUHOK ma MicysiMu ix pedyKuii (3HUKHEHHS1), decmpyKuii i3 nodanbwum
posniadom. 3a pe3ynbmamamu aHarsnisy enekmpoHozpam 3pobeHO NMpUMywWeHHs Npo CMUMYIAYilo cekpemopHoi yHKUji eHmepoyumis
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MOHKOI KUWKU nomyxHumu 0o3amu aHmubakmepianbHuUx npenapamis. BcmaHosneHo, wo ¢opmysaHHss ducbiomuyHux rnopyweHb
Cyrnpo8oOXyeMbCSA MOPYWEHHAM 38'A3Ky MiX enimeriansHUMU KlimuHamu 3a paxyHOK PO3WUPEHHST MDKKITIMUHHO20 npocmopy i
BHUKHEHHSIM WinbHOI nnacmuHKu. Pe3ynbmamu docnidxeHb makox ceidd4amb npo 30amHicmb 8uKopucmaHux 8 eKcriepumMeHmi
aHmubiomukie euk/ukamu po3eumok anonmo3sy. [TokazaHo, wo Ha ¢hoHi popmysaHHs OucbiomuyHux nopyuweHb 8idbysaembcs
akmusizauisi iMyHHUX ripoyecie, Mpo wo ceidyums nosisa 3Ha4HoI Kinbkocmi KnimuH lNMaHema, nna3mMamuyHUX KimuH 3 PO3WUpeHUMU
KaHanbysiMu, 04e8UOHO, 3a paxyHOK iX Haro8HeHHs iMyHo210byniHaMu, a makoxX 3pOCmaHHs KirlbKoCcmi npoceimHuUX eo3uHoinis i
6a3ogpinie. Takum 4uHoM, obrpyHmoeaHa 30amHicmb aHmubiomukie ¢popmyeamu ducbiomuyHi cmaHu 3 eUpaxeHUMU
yumoOecmpyKmu8HUMU MOPYWEHHAMU 8 enimenii MOHKOI KUWKU 3 pO38UMKOM aronmosy; apayMeHmo8aHo MpuryWweHHs npo
imyHocmumyntorodull 8rue aHmubiomukoiHOykoeaHo2o 0ucbio3y.

KntovoBi cnoBa: anmubiomuku, 0ucbio3, KUWKIBHUK, MiKkpobioma, eneKkmpoHHO-MIKPOCKOMiYHe OOCiOXEeHHS.

OCOBEHHOCTU CTPYKTYPHO-MOP®ONTOrMYECKUX U3MEHEHWIA MPU 9KCNEPUMEHTANIBHOM
AHTUBMOTUKOUHAOYLMUPOBAHHOM OUCBUO3E KULLEYHUKA

Bobupb B.B., lMoHssmoeckutli B.A., Yo6omap A.[l., Cmeuyenko JI1.A., Kpueoweesa O.U., Hazapuyk A.A., KosaneHko A.O.
Ce200Hs y4eHble Hawe eceeo onpedesnssom 0ucbuo3bl KaKk makoe COCMOsIHUe MUKPOBHOU 3KOmo2u4eckol cucmembl, rpu KOmopom
Habnodaemcsi 00HOBPEMEHHOE HapyweHue YHKUUL U MexaHu3Mo8 83aumodelicmeusi ee KiYesbiX KOMIOHEeHMOo8: MakpoopaaHu3ma
u uHOuU2eHHoU MuUKpobuomebl, accoyuuposaHHOU co cnu3ucmbeiMu oboro4Ykamu mosocmel U KOXHbIX oKpogos. Bmecme ¢ mem,
04e8UOHO, 8 OCHOBE 8CEX 3MUX MPOUECCO8 SIeXam U3MEHEHUS CIMPYKMYPHbIX KOMIOHEHMO8 KUWEYHUKA, 8bI38aHHbIe KayeCmeeHHbIMU
U KOU4eCmeeHHbIMU U3MEeHeHUsIMU HoOpMoghriopbl. Llerib pabombl - uy4yums yribmpacmpyKmypHYo opaaHu3auuro criu3ucmot ob0ono4Ku
MOHKOU KUWKU Mbiwel rocre ¢hopmuposaHusi OuUcCOUOMUYEeCcKUX COCMOSHUU KUWeYHUKa. DKcrnepuMeHmarbHOU MOOErbIo CyXumu
6ecriopodHble 6enbie Mbiwu 8 koriuyecmee 40 eduHuy (20 uccriedogamernibckux u 20 KOHMPObHbLIX). Ana ¢popmuposaHus
ducbuomuyecKux cocmosiHUll Ucnonb308aHbl aHmubakmepuarbHble fnpenapams! (aMnuyunIuH, MempoHuUdason U 2eHmamMulyuH).
lposedeHHble aKcrepuMeHmbI 0380UMU YyCMaHO8UMb, YMO UCMOMb308aHUEe aHmubakmepuasbHbIX Mpenapamos 8 8blleyKa3aHHbIX
dosax criocobcmeyem yKopoYeHUr OnuHbI MUKPOBOPCUHOK U Mecmamu ux pedyKuyuu (Uc4e3HO8eHUr), OecmpyKyuu ¢ nocredyrowum
pacnadom. Mo pe3ynbmamam aHanu3a 37€KMPOHHHbIX MUKpogomozpaghuli cOenaHo rnpednonoxeHUe O CMUMyayuU CekxpemopHoU
QYHKUUU 3HMEPOUUMOo8 MOHK020 KUWEYHUKa MOWHbLIMU 003amu aHmubakmepuarnsHbix npenapamos. Kpome mozo, ycmaHo8/eHo,
ymo ghopmuposaHue AucbuomuyecKux HapyuleHUl cornpoeoxdaemcsi HapyweHUeM ces3u Mex0y srnumesnuarnbHbIMU Krnemkamu 3a
cyem pacwupeHUsi MEXKIemoYHO20 MpocmpaHcmea U UCYe3Ho8eHUeM naomHol niacmuHKU. Pe3dynsmamel uccriedogaHuli makxe
ceudemenibcmayom 0 CrocobHOCMU UCMOMIbL308aHHbIX 8 3KCnepumeHme aHmubuomukos ebi3eams pa3eumue arornmo3sa. [loka3aHo,
4mo Ha hoHe hopmuposaHusi UCOUOMUYECKUX HapyweHUU npoucxodum akmusauyusi UMMYHHBIX POUeccos, 0 Yem ceudemenscmeayem
rosiefieHuUe 3Ha4umesbHo20 Kornudecmsa Krnemok laHema, nna3mamuyecKkux KIemoK C pacWUpEeHHbIMU KaHarnbyamu, o4e8UOHo, 3a
cyem ux HarofIHeHUs UMMYHO2/100ynuHamu, a makxe ysenudyeHue Korudyecmesa npoceemumeribHbIX 303UHOogunos u 6asogurios.
Takum obpasom, obocHogaHa cnocobHocmb aHmMubuomukos opmuposame ducbuomuyeckKue COCMOSIHUSI C 8bIPaXEHHbIMU
yumodecmpyKmMUBHbIMU HapyWeHUSMU 8 3MUMesnuu MoHKO20 KUWEYHUKAa C pa3eumueM arornmo3sa; apayMeHmupo8aHo rpednonoxeHue
06 uMMyHOCMUMYNUPYOWeM 81UsiHUU aHmubuomuk-uHOyyuposaHHo20 Oucbuosa.

KntoueBble cnoBa: aHmubuomuku, Oucbuos, KUWe4YHUK, MuKkpobuoma, 311eKmpOHHO-MUKPOCKOMUYECKoe ucciedosaHue.
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