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SALMONELLA-INDUCED CHANGES OF THE RAT
INTESTINAL MICROBIOTA

Yu.V. Bukina, N.N. Polishchuk, H.V. Bachurin, O.S. Cherkovskaya, O.L. Zinych,
O.L. Lazaryk, M.B. Bezugly

Zaporozhye State Medical University, Zaporozhye, Ukraine

Abstract. The gut microbiome profoundly affects the body functioning: it participates in host protection against patho-
genic microorganisms, metabolic events, inhibition of inflammatory responses, formation of innate and adaptive im-
mune response in the intestinal mucosa. One of the causes altering microbiota community is due to antibiotics. Therefore,
the processes of antibiotics interaction together with Salmonella enteritidis and Salmonella typhimurium with representa-
tives of normal intestinal microflora are of particular interest. Materials and methods. The quantitative and qualitative
analysis of the wall microbiota composition in rats was evaluated by bacteriological method, the statistical data analysis
was performed using the software StatSoft Statistica v.12. Results and discussion. Inoculation of vancomycin and S. enter-
itidis, S. typhimurium in groups II, 111, I'V resulted in quantitatively decreased E. colilevel by 10-, 7- and 110-fold, respec-
tively (p £0.05). The count of P. aeruginosa decreased markedly only in the group III (p £0.05). The count of Bacteroides
spp. members was profoundly decreased by several thousand times (group II) as well as 70- and 87-fold (groups III and
IV), respectively (p < 0.05). The count of E. faecalis and E. faecium decreased by 861-, 6- and several thousand times
(groups 11, 111, 1V), respectively (p < 0.05). The count of Proteus spp. markedly decreased in group II by 27-fold and rap-
idly increased in group IV (p £0.05). Group III revealed a sharp decline in level of Enferobacterspp. and Klebsiella spp. by
847- and 150-fold, whereas in group I they were increased by 7- and 46-fold, respectively (p <0.05). The count of Staph-
ylococcus spp. decreased by 10-fold only in group II. The level of Clostridium spp. decreased by several thousand times
(group II) and by 5,500 times (group IV) (p £0.05). The count of Lactobacillus spp. decreased by several thousand times
(group II). The count of Bifidobacterium spp. members significantly decreased by 10.9-fold and by several thousand times
(groups 111, 1V). The level of Peptostreptococcus anaerobius profoundly decreased in all three study groups (p < 0.05).
The level of Salmonella spp. increased in group 11 by 49 times, but markedly increased in groups I1I and IV (p £ 0.05).
Inoculation of Salmonella after vancomycin pretreatment caused dramatic change in the microbiota composition in groups
V and VI, namely: increased count of E. coli by 65- and 105-fold, markedly increased level of P. aeruginosa in group V
and VI — by 3-fold. In addition, these groups also showed decreased level of Bacteroides spp. by 9- and 10-fold (p < 0.05).
The count of E. faecalis and E. faecium decreased dramatically only in group V (p < 0.05). The count of Proteus spp.
decreased by 17 times in group V as well as in group VI (p < 0.05). A sharp increase in level of Enterobacter spp. and
Klebsiella spp. members was observed in groups V and VI (p < 0.05). However, representatives of Peptostreptococcus an-
aerobius in groups V and VI decreased by 20 and 9 times, respectively (p < 0.05). The count of Salmonella spp. decreased
only in group V by 7 times (p < 0,05). Inoculating experimental animals with B. fragilis conditioned with S. enferitidis,
S. typhimurium and pretreated with vancomycin resulted in markedly decreased level of E. coli in group VII and VIII by
538 times (p < 0.05). The count of P. aeruginosa in groups VII and VIII decreased profoundly, whereas level of Bacte-
roides spp. members was reciprocally increased (p < 0.05). The level of Lactobacillus spp. decreased by 10.3 times only
in group VI. The count of E. faecalis and E. faecium increased by 10 and 19 times in groups VII and VIII, respectively,
whereas level of Proteus spp. decreased only in group VII by 322 times (p < 0.05). In addition, a sharp decrease in level
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of Enterobacter spp. and Klebsiella spp. members (p < 0.05) was found in groups VII and VIII. The count of Peptostrepto-
coccus anaerobius and Lactobacillus spp. members was markedly increased by 7-, 12-, several thousand-fold and 40 times
(groups VII and VIII, respectively) (p < 0.05). The count of S. enferitidis and S. typhimurium in groups VII and VIII de-
creased rapidly (p <£0.05). Conclusion. Inoculation of B. fragilis can be used in treatment of inflammatory bowel diseases
or disorders with impaired gut barrier function.

Key words: parietal microbiota, microbiome, vancomycin, Salmonella, bacteroids, rats.

CAJIbMOHEJIJIA-MHAYUUPOBAHHbIE UBMEHEHUSA KULLEYHOTO MUKPOBUOMA KPbIC
Bykuna 10.B., IToaumyk H.H., Bauypun I'.B., Uepkosckas O.C., 3unnu E.JI., JIazapuk A.JI., Be3yrasiii M.B.

3anopoxcckuii eocydapcmeentblil MeOUUUHCKUL yHUgepcumem, 2. 3anopoxcve, Ykpauna

Pe3tome. MuKpoOKMOM KMIIIEYHMKA CYIIIECTBEHHO BIMSIET Ha GYHKLIMOHUPOBAHKE OPraHU3Ma: OH yYacTBYeT B 3allIUTe
OpraHu3Ma OT MaTOreHHBbIX MUKPOOPraHM3MOB, B ITpolieccax 0OMeHa BEIeCTB, TOPMOXKEHU N BOCIIATUTEIbHBIX peak-
uui, B GOpMUPOBAHUYU BPOXICHHOTO M aJallTUBHOIO MMMYHHOTO OTBETa B CIM3MCTOI 0000uKe KumeuHuka. On-
HOH M3 TPUYNH U3MEHEHUS MUKPOOUOTHI SIBIISICTCS MCIIOJb30BaHME aHTMOMOTUKOB. [103TOMY IpoIiecchl B3anMoeii-
CTBUSI aHTUOMOTUKOB, Salmonella enteritidis v Salmonella typhimurium, ¢ IpenCcTaBUTEIIMU HOPMATbHOI MUKPOGDIOPHI
KHIICYHNKA TIPEICTABISIIOT 0COOBIN MHTepec. Mamepuanst u memoosi. IIpoBenecH KOMMICCTBEHHBIM 1 KaueCTBEeHHBII
aHaJIN3 COCTaBa MUKPOOMOTHI CTCHKH Y KPBIC 0AKTepUOJIOTMIECKUM METOIOM, a TAKXKe CTATUCTUICCKUI aHAIN3 TaH-
HBIX C UCTIOJTb30BaHMEM IporpaMMEI StatSoft Statistica v.12. Pesyasmamut u oocyycoenue. I1py BBeieHNM BAHKOMUIIMTHA
u S. enteritidis, S. typhimurium 8 rpynmnsl 11, 111, IV Habaoma10Ch CHUKEHHME KOTUYECTBEHHOTO COePXKAHMS KUILIEUHOM
najsouku B 10, 7 u 110 pa3 coorBetcTBeHHO (p < 0,05). KonuuectBo P. aeruginosa 3HAYUTEIbHO YMEHBIIUIOCH TOJBKO
B TpeTheii rpymre (p < 0,05). KonuuectBo npencraButeseir Bacteroides spp. 3HAUUTETbHO YMEHbBIIUIIOCH B HECKOJIBKO
Thicsid pa3 (rpynma I1) u B 70 u 87 pas (rpynmst I u IV) (p £0,05). Conepxanue E. faecalis u E. faecium yMEeHbIINUIOCH
B 861, 6 1 B HeckosbKo Thicay pa3 (rpymmsl 11, I11, IV) (p £ 0,05). KoauuectBo Profeus spp. 3HAUUTEIbHO YMEHBIINJICS
Bo Il rpynne B 27 pa3 u 0bicTpo yBennuuics B IV rpynmne (p < 0,05). I'pynmna 111 mokazana pe3koe CHUXEHUE coaepxKa-
HUs npeactaButeneii Enterobacter spp. u Klebsiella spp. B 847 n 150 pa3, a Bo Il rpynme HabaomaeTcs yBenu4eHUe UX
yuciia B 7 1 46 pa3 coorBercTBeHHO (p < 0,05). KomuuectBo Staphylococcus spp. cHusuiaoch B 10 pa3 Tosbko Bo 11 rpymie.
KonuyecrBenHoe comepxxanue Clostridium spp. CHU3MJIOCH B HECKOJIBKO ThICSTY pa3 (rpynma II) u B 5,5 pas (rpymma 1V)
(p £0,05). KomuectBo Lactobacillus spp. YMEHBIIUIIOCH B HECKOJIBKO THICSY pa3 (rpyrma 11). KommdecTBo mpeactaButeneit
Bifidobacterium spp. 3HaunTe bHO cHU3MWIOCH B 10,9 pa3 u B Heckonbko Thicsd pa3 (rpynmsl 11, 1V). Konnvectsen-
Hoe conepxaHue Peptostreptococcus anaerobius 3HAUNTENBHO YMEHBIIUJIOCH BO BCEX TPEX TPYINax MCCIENOBAHUS
(p £0,05). Conmepxanue Salmonella spp. ysennuuiocs Bo Il rpynmne B 49 pa3, a 3HaunTebHOE YBEIMYECHNUE HAOMI0O0A-
qock B 11T u IV rpynmnax (p < 0,05). BBeneHue canbMoHe/ bl Ha GOHE MpeaBapuTesIbHONM 00pabOTKM BAHKOMULIMHOM
BBI3BIBAET PE3KOE M3MEHEHUE COCTaBa MUKPOOMOTHI B Tpynmnax V u VI, a uMeHHO yBellMYeHre KOJMYeCcTBa KUIIEYHOI
najouku B 65 u 105 pa3, 3HaUMTEIbHOE YBeNIMUeHHe conepxkaHue P. aeruginosa B V rpymre, a B VI — B 3 pa3a. Takxe
B 9THUX I'pyMIax HabJogaeTcsl yMeHblIeHue koanuectBa Bacteroides spp. 9 u 10 pa3 (p < 0,05). Conepxxanue E. faecalis
u E. faecium 3HaYNTEIBHO CHU3MIIOCH TOJIBKO B 11s1Toi rpytre (p < 0,05). KonuuectBo Profeus spp. ymeHbIaercs B 17 pa3
B rpymIe V, a Takxke 3HaunuTeIbHO cHUXKaetcs B rpyre VI (p <0,05). Peskoe yBennueHre KOIUYeCTBa MpeACTaBUTENEH
Enterobacter spp. u Klebsiella spp. Habmomanock B rpynmax V u VI (p < 0,05). OnHako npencraButeneii Peptostreptococcus
anaerobius B V u VI rpynmax ctaio meHsbIe B 20 1 9 pa3 coorBerctBeHHO (p < 0,05). KonmuuectBo Salmonella spp. cHU3M-
J0¢ch ToJIbKO B V rpyte B 7 pa3 (p < 0,05). [1pu BBereHNM IOTOIBITHBIM XKUBOTHBIM B. fragilis, TioyIaBImMm S. enteritidis
u S. typhimurium Ha hboHe TIpeaBapUTEIbHOM 00pa00TKM BAaHKOMHUIIMHOM, OTMEUAI0Ch 3HAYUTEIIPHOE CHIKEHIE YPOB-
Hs kuueyHoii najgouku B rpynne VII, a B VIII — B 538 pa3 (p < 0,05). KonuvectBo P. aeruginosa B rpynnax VII u VIII
3HAUYUTEIBHO YMEHbBIIIUJIOCH, a YUCJIO0 TIpeacTaBuTeieit Bacteroides spp. ectecTBeHHO yBennuubaeTcs (p < 0,05). Conep-
xxaHue Lactobacillus spp. cHusuioch B 10,3 pasza tonbko B VI rpynmne. Conepxxanue FE. faecalis u E. faecium yBeauuu-
Joch B 10 1 19 pa3 B VII u VIII rpynnax cooTBETCTBEHHO, a KOJIMYECTBO Profeus spp. yMEHbIIUIOCH TOJIbKO B VII rpyr-
ne B 322 paza (p < 0,05). Takxxe B VII u VIII rpynmax Ha01100a10Ch pe3KOe CHUXEHME KOTMYeCcTBa MpeacTaBuTeneit
Enterobacter spp. u Klebsiella spp. (p < 0,05). Yucno npencraButeneii Peptostreptococcus anaerobius u Lactobacillus spp.
3HAUYUTEIBLHO YBEIMYMIIOCH B 7, 12 pa3 u B HeckoJibko Thicsy 1 40 pa3 (rpynmsl VII u VIII coorBeTcTBeHHO) (p < 0,05).
Komnuuecto S. enteritidis u S. typhimurium B VII u VIII rpynnax mHTeHCMBHO cHUXaoch (p < 0,05). Buigode. BBeneHue
B. fragilis MoxXeT OBITh MCITOJIB30BAHO MPH JICUCHU U BOCTIATUTEIBHBIX 3200JIeBAHW I KMIIIETHNKA UJIU 3a00JIeBaHU I C Ha-
pyIlIeHreM 6apbepHOit (PYHKIINY KUIIEYHUKA.

Karoueente caosa: npucmenounas mukpoouoma, Mukpoouom, 6AHKOMUUUH, CANbMOHENANA, 0AKMepoUdbl, KPbiCbl.
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Salmonella-induced changes of the rat intestinal microbiota

The intestinal microbiome significantly affects
the functioning of the body: it participates in meta-
bolic processes, inhibition of proinflammatory reac-
tions, in the formation of innate and adaptive im-
mune response in the intestinal mucosa [7, 13, 16,
31]. The most important function of the intestinal
microbiome is to protect the body from pathogenic
microorganisms — pathogens of bacterial intestinal
infections [30, 37]. It is known that dysbiotic chang-
es in the intestine lead to increased susceptibil-
ity to pathogenic bacterias, such as Salmonella [12,
19], which are the etiological factor of gastroenteri-
tis [35]. One of the most common causes of micro-
biota changes is the use of antibiotics [5, 24, 40].
Therefore, of particular interest are the processes
of interaction of antibiotics, Salmonella enteritid-
is and Salmonella typhimurium with representa-
tives of the normal intestinal microbiota [1, 4, 38].
Therefore, in our work, vancomycin was used to in-
duce dysbiotic changes in the intestinal microflora,
which acts against gram-positive bacteria and does
not affect gram-negative (Salmonella). We also paid
attention to determining the quantitative and spe-
cies composition of the microbiota in Salmonella-
induced intestinal inflammation, which created
the basis for further study of the molecular mecha-
nisms of interaction of Salmonella enteritidis and
Salmonella typhimurium with microbiota and gut-
associated lymphoid tissue (GALT). The aim of the
study is to analyze changes in the quantitative and
species composition of the microbiota of the small
intestine in rats with Sa/monella-induced inflamma-
tion of the intestine on the background of the intro-
duction of vancomycin and B. fragilis.

Materials and methods

Experiments to determine the quantitative and
species content of microorganisms in the parietal
intestinal microbiota were performed on 120 rats
(males) of the line “Wistar” on the basis of the bac-
teriological department of the microbiological labo-
ratory of Zaporozhye State Medical University in the
bound of scientific research 0118U007141 “Molecular
genetic analysis of changes in the transcript of the
genes of the immune response and intestinal micro-
biome in the conditions of experimental pathology
and the development of methods for their correc-
tion”. Acclimatization of animals (quarantine) lasted
7 days before the study. All experiments were con-
ducted in the autumn—winter period in the vivarium
of Zaporozhye State Medical University. Rats were
kept at temperature of 18—21°C, in natural light dur-
ing daylight from 7am to 5pm, with free access to food
and water. Experimental work with rodentswas carried
out in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986). All rodents, except group I (con-

trol, intact), received vancomycin and/or suspension
of microorganisms. In order to quickly internalize
the bacteria in the intestinal mucosa, the suspension
with Salmonella was administered orally using a probe
with a volume of 5 ml size 16—18, length 5—7.5 mm,
tip size 2.25. Vancomycin was administered to ani-
mals at the rate of 50 mg per kg of body weight, sus-
pensions of microorganisms in amount of 15 ml with
a concentration of 3 x 10¥ CFU/g. Thus, to simulate
the imbalance of the intestinal microflora, only van-
comycin (TEVA, Hungary, No. UA/8995/01/02)
was introduced to group II rodents, S. enteritidis
suspension was introduced to group III, and S. zy-
phimurium suspension was introduced to group IV.
Animals V and VI of experimental groups received
vancomycin on the first day, but group V after 24 h
was administered a suspension of S. enteritidis, and
rats of group VI — a suspension of S. typhimurium.
Rodents of groups VII and VIII were also given
vancomycin on the first day, but group VII received
S. enteritidis suspension on the second day and B. fra-
gilis on the third day, while group VIII rats received
a suspension of S. typhimurium on the second day, and
on the third — B. fragilis. As a material for bacterio-
logical studies of the intestinal microbiota used swabs
from the ileum of rats. Experimental studies were
conducted according to the author’s method. To iso-
late the parietal microflora from the ileum, 0.1 ml
of swabs were inoculated on nutrient media. Isolation
and identification of Salmonella was performed ac-
cording to the order of the Ministry of Health
of the Ukraine No. 425 of 24.05.2013 “On approval
of guidelines “Methods of isolation and identification
of Salmonella”. For Salmonella used a magnesium en-
richment medium in which the swabs were dissolved
1:10. Seedings from the obtained suspensions were
performed on bismuth sulfite agar (BSA) and Endo
medium immediately and after 24 h of incubation
inathermostat at 37°C, after which Endo medium was
incubated for 20 h, BSA — 48 h at 37°C. HiCrome™
nutrient media and HiMedia differential diagnostic
media (India) were used to isolate different species
of microorganisms. Biochemical identification was
performed according to the “Determinant of Bacteria
Bergi” (1997), in accordance with the instructional
and methodological documents and data of mod-
ern literature [11]. Identification of members of the
genus Pseudomonas was performed in accordance
with the methodical recommendations “Biological
Characteristics and Microbiological Identification
of Non-Fermenting Gram-Negative bacteria”
(Kharkov, 2010). Determination of bacteroids and
peptostreptococci was performed in accordance with
the methodical recommendations “Laboratory diag-
nosis of purulent-inflammatory diseases caused by
asporogenic anaerobic microorganisms” (Kharkov,
2000). Belonging of bacteria to the genus Enferococ-
cus was carried out in accordance with the metho-
dical recommendations “Microbiological diagnosis
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of streptococcal, enterococcal and peptostreptococcal
infections” (Kharkov, 2007). The experimental work
used strains of S. enteritidis and S. typhimurium, which
were obtained from the Museum of Microorganism
Strains “Ukrainian Center for Disease Control and
Monitoring” of the Ministry of Health of the Ukraine
(Kyiv) and culture of Bacteroides fragilis isolated from
the intestines of intact rodents. The affiliation of this
strain to the genus Bacteroides was established by
cultural characteristics, as well as by PCR (bactopol
kit for determining Bacteroides fragilis, vulgatus, the-

taiotaomicron, ovatus). The isolate was confirmed
as Bacteroides fragilis on a number of biochemical
grounds.

Counting the number of microorganisms was per-
formed according to the formula:

M=Nx10n+ 1,

where M is the number of microorganisms in 1 g
of the test material, N is the number of colonies
grown on agar, n is the degree of dilution of the test
material.

Table 1. Quantitative content of microorganisms (CFU/g) in the parietal content of the small intestine in rats

with the introduction of vancomycin and S. enteritidis, S. typhimurium

Groups of experimental animals
. - . . Vancomycin + Vancomycin +
) Groups ) CthroI Vancgmycm S. ent_entld:s S. typh_lmunum S. enteritidis | S. typhimurium
of microorganisms | (n=15) (n=15) (n=15) (n=15) - _
(n=15) (n=15)
The number of microorganisms [Me (Q,s—Q;5)], CFU/g
2,2x10° 2,1x10* 3,0x 104 2,0x10° 1,95 x 108 2,1x10°
E. coli (1,0x105-| (1,6 x 10*= (1,2 x 10%- (1,8 x 10%- (1,2 x 108- (1,5 x 105~
5,2 x 109) 9,0 x 104)* 8,0 x 104)* 2,4 x 10%)* 2,8 x 108)2 2,9 x 10%)°
7,05 x 10* 8,7 x 10* 2,2x 10! 1,25 x 10° 2,2x 108 3,7x10°
P. aeruginosa (2,4 x 10| (3,0x10%- (1,6 x 10'= (5,0 x 10%- (1,4 x 105- (2,1 x10°%-
1,5x 10°) 3,2 x 109 3,2 x 10M* 2,0 x 10°) 3,5 x 108)2 1,8 x 10°)°
1,65 x 10° 4,0x10' 2,35 x 10° 1,9x 108 2,6 x 102 1,85 x 102
Bacteroids spp. (1,2x10*-| (1,3x10"- (2,1 x 10%- (1,2 x 10%- (1,8 x 10> (1,2x 10>~
3,6 x 10%) 1,0 x 10%)* 3,1 x 10%)* 2,1 x 10%)* 4,0 x 1023 3,3 x 102)°
. 1,55 x 10° 1,8 x 102 2,45 x 10* 1,1x 102 2,3x 10! 2,0 x10?
£ faecalis and (4,0x10°| (44x10- | (1.8x 10 (2,9 10'- (21 x 10~ (14 x 102
' 5,0 x 10°) 4,3 x10%)* 4,0 x 104)* 1,4 x 10%)* 3,1 x 10" 3,6 x 10?)
6,84 x 10* 2,5x10° 1,5x10° 1,5x 108 8,7x10° 2,7x10°
Proteus spp. (8,4x10*| (1,4x10%- (41 x10%- (4,2x107- (4,0 x 10%- (1,6 x 10'-
2,4 x10°) 3,7 x 10%)* 2,2 x 10 2,0 x 108)* 2,4 x 104z 1,0 x 10%)°
3,05x10% | 2,25x 108 3,6 x102 2,05 x 10? 1,9x 108 2,8 x 10°
Enterobacter spp. (1,1x10°-| (1,6 x106- (2,1 x 10%- (1,8 x 10%- (4,0 x 10%- (2,4 x 106-
4,5 x 10%) 4,0 x 108)* 6,0 x 10%)* 3,0 x 10%)* 3,6 x 108)2 6,3 x 108)°
4,05 x 104 1,85 x 10° 2,7 x10? 2,85 x 10? 2,2x 108 2,45 x 108
Klebsiella spp. (2,0x10-| (4,4 x10°5- (1,8 x 102- (1,8 x 10— (6,0 x 10°- (1,4 x 105-
4,3 x10%) 2,4 x 108)* 4,0 x 102)* 4,0 x 10%)* 3,6 x 108)2 3,6 x 108)°
9,35 x 10° 2,7 x10? 5,55 x 10? 2,6 x 102 2,7x10' 2,9x 10
Peplostreptocooos 1(32x 105 (18x 105 | (44x 10 (2,0 x 10% (2,1%10'- (1,9 10~
1,7 x 106) 4,0 x 10%)* 1,2 x 10%)* 3,7 x 10%)* 3,8 x10')? 4,2 x10")P
2,6 x 10° 2,65 x 104 2x10° 2,1x10° 2x 10
Staphylococcus spp. | (1x10%- (1x10%- (1x105- (2x10%- 0 (6 x 10%-
5x10%) 8 x 104)* 3x10°) 7,2 x10%) 3,2 x10%)
5,5x 108 1x10* 1x 108 1x 108 1x108 5,05 x 10°
Clostridium spp. (1 x 105- (1x10% (1 x 10°- (1x10%- (1 x 105- (1x10%-
1x108) 1x 10%)* 1x108) 1x 108)* 1x108) 1x 108)
1,6 x 10° 3,5 x 10* 2,05 x 108 3,45 x 10° 6,2 x 10° 2x10°
Lactobacillus spp. (1x105- |  (2x10%- (5,2 x 105— (8 x 10— (2 x 105- (1% 105-
8x 108 | 2,8x10°%)* 4 x 10) 6 x 10) 2 x 10) 2,5 x 108)°
5,5x 108 5,05 x 10° 1x 104 1x 104
Bifidobacterium spp. (1x108- 0 (1x10%- (1x10%- 0 (1x10%-
1x108) 1x 108)* 5% 105)* 5% 10°%)
1,25 x 10° 2,2x10* 5,5x 10° 1,05 x 108
Candida (2x 104~ (2x 104~ (2x 104~ 0 (2x10%- 0
2% 109) 4% 10% 8% 10°) 7 x 108)
6,9 x 10 3,4x 108 2,2x 108 1,45 x 10° 3,0x10° 4,0x10°
Salmonelia spp. (4,3x10'-| (2,5%x10%- (1,0 x 108- (1,0 x 105- (2,0x 10°- (2,0x 10°-
2,3x102) | 4,3x10%)* 4,0 x 108)* 4,0 x 10%)* 4,4 x 1052 2,2 x 109)

Note. * — the significance of differences in the parameters p < 0.05 in relation to the control; 2 — reliability of parameters in relation to the group
of S. enteritidis (p < 0.05); * — reliability of parameters in relation to the group S. typhimurium (p <0,05).
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Statistical analysis of the results was performed
using licensed computer programs Microsoft Excel
2010 and StatSoft Statistica v.12. When analyz-
ing the distributions of quantitative data, the level
of the central tendency — the median (Me), and
the level of variance — the interquantal range in the
form of 25 and 75 percentiles were determined.
The calculation of the significance of the differ-
ences between the mean values was evaluated using
the nonparametric Mann—Whitney test (U-test).

The criterion of statistical significance was the level
of p £0.05.

Results and discussion

The data obtained during the studies showed that
with the introduction of vancomycin and bacterial
agents, the quantitative and qualitative composi-
tion of the representatives of the parietal microbiota
changed dramatically (Table 1). Thus, in groups II,

Table 2. Quantitative composition of the parietal microbiota of the ileum of rats with the introduction
of Salmonella, B. fragilis on the background of vancomycin

Groups of experimental animals
. . Vancomycin + Vancomycin +
Groups ‘?n:’:;?r‘;fig’.: SV atnczmﬁ;?u; S. enteritidis + S. typhimurium +
of microorganisms ’ (n=15) ’ ’zﬁ = 15) B. fragilis B. fragilis
(n=15) (n=15)
The number of microorganisms [Me (Q,s—Q-5)], CFU/g
1,95 x 10° 2,1x10° 1,35 x 10? 3,9x 102
E. coli (1,2 108- (1,5%x 10°- (2,9%x10'- (2,0 x 10%-
2,8 x 109) 2,9 x 10%) 1,8 x 10)* 6,0 x 10?)*
2,2x 108 3,7 x10° 2,05 x 102 1,9 x 102
P. aeruginosa (1,4 x 10°- (2,1 x 10°- (1,2x10%- (1,4 x 10%-
3,5 x 10°) 1,8 x 109) 3,0 x 103)* 4,0 x 103)*
2,6 x 102 1,85 x 102 4,15 x 10° 8,8 x 10°
Bacteroids spp. (1,8 x 10%- (1,2x 10%- (2,1 x 105- (4,0 x 108-
4,0 x 10?) 3,3x10?) 3,2 x 108)* 2,0 x 107)*
2,3x 10 2,0 x 102 2,4 x 102 3,75x 10°
E. faecalis and E. faecium (2,1 x 10'- (1,1 x 10%- (1,2 x 10%- (2,5x 10%-
3,1x10") 3,6 x 10?) 5,6 x 10%)* 7,0 x 10%)*
8,7 x 10° 2,7x 10 2,7x10' 7,9 x 10
Proteus spp. (4,0x10%- (1,6 x 10" (1,2x10'- (6,0x 10'-
2,4 x10%) 1,0 x 10?) 3,2x10")* 1,2x 10%)
Enterobacter spp. 1,9x 108 2,8 x 108 4,3 x10? 2,3 x10?
(4,0 x 105- (2,4 x 106- (1,3% 102- (1,8 x 10%-
3,6 x 109) 6,3 x 10°) 7,0 x 10?)* 2,9 x 109)*
2,2x 108 2,45 x 108 2,3 x 102 1,6 x 102
Klebsiella spp. (6,0 x 105- (1,4 x 108- (1,4 x 10%- (1,2x 10%-
3,6 x 10%) 3,6 x 109) 4,0 x 10%)* 2,8 x 103)*
2,7x10° 2,9x 10! 1,9 x 102 3,45 x 10?
Peptosireptococous (24 % 10'- (1,9% 10'- (1,5 % 10'- (3,0 x 10'-
3,8x10") 4,2x 10" 2,1x10?) 5,2 x 10)*
2x10° 2,25 x 10° 2,65 x 10°
Staphylococcus spp. 0 (6 x10%- (1,6 x 10°- (1,5x 105-
3,2x10%) 3,2 x 10%) 5x 109)
1x10° 5,05 x 10° 1x10° 1x10*
Clostridium spp. (1x108- (1x10%- (1x10%- (1x10%-
1x 108) 1x 10°) 1x109) 1x 106)
6,2 x 10° 2x10° 1,7 x 107 8 x 108
Lactobacillus spp. (2x 105~ (1x10%- (2,3 x 106- (4 x 108~
2 x 108) 2,5 % 109) 2,9x107)* 4x107)*
1x 104
Bifidobacterium spp. 0 (1x10%- 0 0
5x 10°)
1,05x 108
Candida (2x105- 0 0 0
7 x 108)
3,0x10° 4,0x 10° 1,0 x 10 9,0x 10’
Salmonella spp. (2,0x 10%- (2,0 x 10%- (1,2x10'- (5,0x 10'-
4,4 x 10%) 2,2 x 109) 2,9x10")* 1,4 x 10)*

Note. * — the significance of differences in the parameters p <0.05 in relation to the groups Vancomycin + S. enteritidis and Vancomycin +

S. typhimurium.
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111, I'V there was a decrease in the number of E. coli
by 10, 7 and 110 times, respectively (p < 0.05), and
the frequency of selection of this species was 10 and
14% (groups I1, I11). The results of studies conduct-
ed by scientists showed that the content of E. coli af-
ter administration of vancomycin to rats decreased
several thousand times, and a decrease was observed
in Salmonella infection 2 times [26]. The number
of P. aeruginosa decreased significantly only in the
third group (p < 0.05). At the same time, Carroll
et al. (2010) in their work showed a 2-fold increase
in the number of pseudomonads when administered
to rats S. enteritidis [41]. The number of representa-
tives of Bacteroides spp. significantly decreased sev-
eral thousand times (group II) and 70 and 87 times
(groups III and IV) (p < 0.05) (Table 1). Our data
are consistent with the results of researchers who
studied the composition of the parietal microflora
of the intestine of rats and showed a sharp decrease
in bacteroids in 2 times with the introduction of van-
comycin, as well as several thousand times with
the introduction of Sal/monella [2]. During similar
experiments, Parkes et al. (2012) concluded that af-
ter the introduction of vancomycin and Salmonella,
the amount of E. faecalis, E. faecium decreased
by a small amount [23]. As a result of our studies,
the frequency of enterococci was 16% and only
in group II, and the level of E. faecalis and E. fae-
cium decreased by 861, 6 and several thousand times
(groups II, I11, IV) (p £0.05). The number of Proteus
spp. significantly decreased in group II 27 times and
increased rapidly in group IV (p £ 0.05). However,
proteases were isolated with a frequency of 22 and
78% in groups 111, IV (Table 3). According to the
literature data when administered to mice vanco-
mycin, as well as Salmonella, the content of Proteus
spp. increased by 4 and 48 times [22], which is simi-
lar to the data obtained during our experiment.
In group III there was a sharp decrease in the con-
tent of Enterobacter spp. and Klebsiella spp. in 847
and 150 times, and in group 11 there was an increase

in their number by 7 and 46 times, respectively (p <
0.05). The frequency of selection of these represent-
atives was 87% and only in group II. Turnbaugh P.J.
et al. (2006) showed in their studies that when van-
comycin was administered to rats, the number
of members of the Enterobacteriaceae family was
reduced in 3 times [34]. At the same time, accord-
ing to Sekirov I. et al. (2008), with the introduc-
tion of vancomycin the number of Enterobacteria
increased 11 times, and with the introduction
of Salmonella decreased by 2 times [27], which
is consistent with our data. The quantitative com-
position of Peptostreptococcus anaerobius decreased
significantly in all three experimental groups (p <
0.05). A group of scientists from America found
a 10-fold reduction in the content of peptostrep-
tococci of this species [25], while Kerckhoffs A.P.
et al. (2009) in his experiments showed a 5-fold
reduction in P. anaerobius with the introduction
of vancomycin, and their complete absence with
Salmonella [14]. At the same time, the number
of staphylococci in group II decreased 10 times.
No significant changes were found when calculat-
ing the content of clostridia and lactobacilli, only
in group II we found a slight decrease of 550 times
in bacteria of the genus Clostridium and 46 times
in Lactobacillus. However, lactobacilli were isolated
with a frequency of2.72, 85% in all three experimen-
tal groups. In their studies, Nagpal R. et al. (2018)
demonstrated similar changes in the intestinal mi-
crobiota in rats with the development of dysbio-
sis [21]. The frequency of isolation of opportunistic
microflora such as: staphylococci, bifidobacteria,
Candida, was 10, 77, 81; 9% (group 1I) and 5.68%
(group II and III), respectively. The content of rep-
resentatives of Salmonella spp. increased in group
11 by 49 times and, also, its significant growth was
observed in groups IIT and IV (p £0.05). According
to the results of studies conducted by European
scientists, after treatment of rats with vancomy-
cin, there was a slight increase in Salmonella, and

Table 3. Frequency of excretion of microorganisms in the parietal contents of the intestine of rats with
the introduction of vancomycin and S. enteritidis, S. typhimurium

Groups of experimental animals
Groups Control Vancomycin | S. enteritidis | S. typhimurium ‘?n:’%r:x;’igi: Sv a;;;zmﬁ;?u;
of microorganisms (n=15) (n=15) (n=15) (n=15) ) (n=15) ' (n=15)
Frequency of excretion (%) of microorganisms
E. coli 100 10 14 0 35 95
Staphylococcus spp. 100 10 e 81 0 95
Enterococcus spp. 100 0 16 0 0 19
Bifidobacterium spp. 100 0 9 0 0 0
Lactobacillus spp. 100 2 72 85 30 6
Klebsiella spp. 10 87 0 0 19 15
Proteus spp. 10 0 22 78 0 0
Candida 30 5 68 0 57 0

Note. * — significant differences compared to reference group (RG).
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when rats became infected, this figure increased
by 1029 times [10], which does not contradict our
results.

As a result of comparison of the parameters ob-
tained with the introduction of Salmonella enteritidis
and Salmonella typhimurium in rats on a single dose
of vancomycin, there was a sharper change in the
quantitative and species composition of the micro-
biota than with the introduction of Sa/monella with-
out antibiotics. Thus, in groups V and VI, there was
an increase in the amount of E. coli in 65 and 105
times (p < 0.05), and the frequency of their release
in these groups was 35 and 95%. This does not con-
tradict the results of Stecher B. et al. (2010), who
demonstrated that after administration of S. ente-
ritidis and S. typhimurium to mice under antibiotic
therapy, the amount of E. coli increased 2 times [29].
A significant increase in the content of P. aerugino-
sa was observed in the fifth group, and in the sixth,
only 3 times (p < 0.05). Ferreira R.B. et al. (2011),
when examining patients with infectious intesti-
nal diseases, found a slight decrease in the number
of pseudomonads [9]. The frequency of lactobacilli
in groups V and VI was 30 and 6%, but their number
did not change significantly and was isolated from
the material from rats of group VI, these indicators
corresponded to a decrease of 17 times (Table 3).
The results of Lleal M. et al. (2019), in the study
of the intestinal microflora of rats, also indicate
a decrease in the number of representatives of this
genus [15].

According to data provided by Turnbaugh P.J.
et al. (2006), when administered to mice antibiot-
ics and Salmonella, the number of representatives
of Bacteroides spp. in the parietal contents of the in-
testine, decreased in 4 times [33]. These data do not
contradict the results of our studies, where the in-
troduction of vancomycin and Sal/monella, in groups
V and VI, also showed a decrease in the number
of Bacteroides spp. In 9 and 10 times (p < 0.05) (see

Table 1). The level of E. faecalis and E. faecium de-
creased significantly only in the fifth group (p <
0.05), and in group VI the frequency of their release
was 19% (Table 3). The number of Profeus spp. sig-
nificantly decreased in 17 times in group V and,
also, a significant decrease was observed in group
VI (p £ 0.05). According to the literature in mice
with the introduction of antibiotics also showed in-
creased susceptibility to infectious agents, which led
to a decrease in indigenous groups of microorgan-
isms, including Proteus spp., which confirms our
data [36].

A sharp increase in the content of Enterobacter
spp. and Klebsiella spp. was observed in groups V and
VI (p <0.05). The frequency of secretion of Klebsiella
in the parietal contents in these groups was 19 and
15%, respectively. Song H.J. et al. (2009) in their
studies showed that in patients with Salmonella-
induced inflammation, on the background of an-
tibiotic therapy, the number of Enferobacteria and
Klebsiella increased in 6 times, which is fully con-
sistent with our results [28]. According to the lit-
erature, when co-administered to rats vancomycin
and Salmonella, the number of peptostreptococci
decreased in 5 times [20]. These data do not contra-
dict our results, which also showed a decrease in the
content of Peptostreptococcus anaerobius in groups V
and VI in 20 and 9 times, respectively (p < 0.05).
The frequency of excretion in the parietal content
of fungi of the genus Candida was 57% (group V)
and staphylococci — 95% in the VI experimental
group (Table 3). The amount of Salmonella spp. sig-
nificantly decreased only in group Vin 7 times (p <
0.05). However, the data obtained by Barthel M.
et al. (2003), when conducting a similar experi-
ment on mice, talk about an increase in Salmonella
in the parietal contents of the small intestine in 3 and
5 times [3].

During the experiment, we obtained the results
of bacteriological studies, which showed pronounced

Table 4. The frequency of excretion of microorganisms in the parietal contents of the intestine of rats with
the introduction of Salmonella, B. fragilis on the background of vancomycin

Groups of experimental animals
. : Vancomycin + Vancomycin +
Groups Vancomy_c_ln_+ Vancor_nycm M S. enteritidis + S. typhimurium +
of microorganisms S. ?:iqu')d's S. t’;ﬁ h;r;lg;’lum B. fragilis };p fragilis
(n=15) (n=15)
Frequency of excretion (%) of microorganisms
E. coli 35 95 0 0
Staphylococcus spp. 0 95 0 68
Enterococcus spp. 0 19 10 13
Bifidobacterium spp. 0 0 0 0
Lactobacillus spp. 30 6 27 40
Klebsiella spp. 19 15 0 0
Proteus spp. 0 0 0 29
Candida 57 0 0 0

Note. * — difference of parameters in relation to Vancomycin + S. enteritidis and Vancomycin + S. typhimurium groups.
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changes in the quantitative and species composi-
tion of the parietal microbiota when administered
to experimental animals B. fragilis (Table 2). Thus,
a significant decrease in the content of E. coli was
observed in group VII, and in VIII — 538 times (p <
0.05). The number of P. aeruginosa in groups VII and
VIII decreased significantly, and the number of rep-
resentatives of Bacteroides spp. naturally increased
significantly (p <0.05).

The quantitative content of E. faecalis and E. fae-
cium increased in 10 and 19 times in groups VII and
VIII (p £ 0.05), and the amount of Proteus spp. de-
creased only in group VII in 322 times (p < 0.05).
The frequency of enterococci in these groups was
10 and 13%, and Proteus — 29% and only in group
VIII. Also, in groups VII and VIII there was a sharp
decrease in the content of FEnterobacter spp. and
Klebsiella spp. (p <0.05). The number of representa-
tives of Peptostreptococcus anaerobius significantly
increased in 7 and 12 times (groups VII and VIII)
(p £0.05). Also, bacteriological examination of the
intestinal contents of rats revealed an increase in the
number of lactobacilli in several thousand (VII)
and 40 times (VIII), and their frequency in these
experimental groups was 27 and 40%, respectively.
El Aidy S. et al., 2012 in their studies showed an in-
crease in the number of indigenous microflora due
to its correction of B. fragilis [8]. The frequency
of staphylococcal excretion was found in 68% and
only in group VIII (Table 4). With regard to S. en-
teritidis and S. typhimurium, in groups VII and VIII
there was a marked decrease in their number (p <
0.05) (Table 2).

Our results indicate the possibility of using B. fra-
gilis to correct Sal/monella-induced changes in the in-
testinal microbiome. We observed a decrease in the
level of Salmonella spp., E. coli, P. aeruginosa, Proteus
spp., Enterobacter spp., Klebsiella spp., as well as
an increase in Bacteroides spp., E. faecalis, E. fae-
cium and Peptostreptococcus anaerobius. The ability
of B. fragilis to influence the quantitative content
of microorganisms in the development of Sa/monella-
induced inflammatory bowel disease has been shown
in a number of other works [6].

B. fragilis is one of the main producers of short-
chain fatty acids (SCFA), which activate cells through
free fatty acid receptor 2 (FFAR2), which is expressed
in immune system cells, intestinal epitheliocytes and
plays an important role in immune regulation, meta-
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murium, on the background of pretreatment with van-
comycin, caused a sharp change in the composition
of the microbiota in the parietal contents of the small
intestine: an increase in Salmonella spp., E. coli,
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on the background of pretreatment with vancomycin,
there was a change in the quantitative composition
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intestine, namely: a decrease in Salmonella spp., E. coli,
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spp., as well as an increase in Bacteroides spp., E. faeca-
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