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Antibiotics are the most common medicines used to treat
human infectious diseases. Based on their chemical structure,
antibiotics mainly include the following categories: quinolones,
B-lactams, macrolides, and aminoglycosides among others. The
mechanism of different antibiotics varies, and there are four
main mechanisms: inhibition of bacterial cell wall synthesis,
interaction with cell membranes, interference with protein
synthesis, and inhibition of nucleic acid replication and
transcription. Antibiotics can act on pathogenic bacteria.
Accordingly, antibiotics can also affect normal bacteria that
colonize the human body. The size, structure, and function of the
microbiota may change in response to antibiotic treatment.
Significant changes in the human gut microbiota may be
associated with repeated use of antibiotics [3]; in the following
days, these changes were restored. However, little is known
about comparing the response of the gut microbiota to antibiotic
treatment.

Probiotics are beneficial to the host when administered in
adequate amounts. Lactobacillus rhamnosus was one of the most
common probiotics studied by scientists regarding its culture,
function, and metabolism [10]. However, the effect of
L.rhamnosus present in the gut microbiota on the host’s
susceptibility to pathogenic bacteria after taking antibiotics has
rarely been discussed.

In our current study, rats were given two types of antibiotics,
namely vancomycin and ampicillin, and their oral and intestinal
microbiota was observed at 3 time points. The rats were treated
with antibiotics or L.rhamnosus, and then infected with
Salmonella entericaserovar Typhimurium (S. Typhimurium) via
a gastric tube. Fecal samples were then collected to determine
the pathogenic load.
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Ampicillin and vancomycin act in different antimicrobial
spectra and have different absorption in the digestive tract. In
addition, the concentration of these antibiotics entering the
digestive tract varies; these factors can affect the host
microbiota. Thus, this study aimed to compare the effects of
these antibiotics on the gut microbiota at normal doses, as well
as to evaluate the differences in the results.

The gut microbiota underwent dramatic changes during the
administration period. Changes in the gut microbiota affected the
host’s susceptibility to pathogens when infected with bacteria
due to changes in resistance to colonization.
2181-1415/© 2021 in Science LLC.
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AHTI/IGHOTI/IKJIap TabCUPHAA H03dlra KEJATHPUW/II'aH KaJIaMYII
H4Ydaru MHKpOGI/IOTHHHHI‘ ,qncﬁalcrepno3 X0JIaTH Ba YHHHT
CaJIMOHEJ/JIaJIapra pe3uCTeHT/IUT'A

AHHOTALIUA

Kauwr cyznap:
AHTUOUOTUKIAP,

HYaK MUKpPOGHOTH,
Ky3FaTyBYyuUJIap,
XalBOHJIapJa YTKa3uJIraH
Taxkpubasap.

AHTUOMOTHKIIAP UHCOH I0OKYMJIM Kaca/JIMKJIapUHHU JlaBoJiall
y4yH HIUIATWUJIQJUraH eHr KeHr TapKajraH JopH-
JlApMOHJIAPAUP. YJIApHUHT KUMEBUN TY3WJMIIUIa acOCJAaHUO
aHTUOMOTHUKJIAP acocaH KyWHAard TYpPKyMJIapHU Y3 u4ura
oNlaju:  XWHOJIOHJAp, [-JaKTamJsap, MakpoJujaJap Ba
aMUHOTrJIMKOo3uA1ap. Typau aHTHOGUOTUKIAPHUHI TabCUp
MEeXaHU3MU TypJu4da 6Yub, TYPTTAa acOCUMM LIAKIM MaBXY/:
O6akTepuas xyXalpa JleBOpM CHHTE3UHM OJIOKJAIl, XyXailpa
MeMbpaHajapy 6usIaH ¥3apo TabCHUp, OKCUJ CHHTe3uJa
KaTHallMII Ba HYKJEWH KHUCJOTa pelJIMKaluscd Ba
TPAHCKPUIICUSICUHU OeKOop KUJIMIIL. AHTHOUOTHKJIAP MaTOreH
6akTepusiapra Tabcup Kuiaaju. LIlyHUHr/ieK, aHTUOHOTHUKIIAP
XaM HHCOH TaHacHJa KOJIOHHUSl XOCHJ KWJIYyBYM hormal
6aKTepusapra xaM TabCUp KUJIUIIHA MyMKHUH. MUKPOGUOTHUHT
XXMM, TY3WJMIIM Ba  QYHKIUACH aHTUOGUOTHUKJIAPHU
JlaBojlalira »aBob6aH y3rapuumid MyMKHH. WHCOH uyak
MUKPOOHUOTHUAATH CE3WUIAPJIM Y3rapullljiap aHTUOUOTUKIApAaH
Takpopui QoifasaHuil 6usaH GOFIMK OVJIUIIM MYMKHUH [3];
KEeWUHIW KyHJapJa Oy y3rapuuuiap TUKJAaHAU. BUpPOK, Hyak
MHUKPOOUMOTHHUHI aHTUOGUOTHUK/IAPHU JaBoJjlalira TabCUPUHU
TaKKOCJ/Iall XaKu/la XKy/la KaM Ma'’bJIyMOT Ma'bJIyM.

[Ipo6UOTHK/IAp UHCOH OPraHU3MHU Y4yH eTapJjud MUKJ0pAa
KUpuTWiaranujaruia ¢ouganuaup. Lactobacillus rhamnosuso-
JUMJIap TOMOHMJAH YpraHW/iraH MeTaboJM3M, YHUHT
byHKIMsIapy Ba 3KMa MYXUTJIapU UYK/JA €HT KeHT TapKaJsiraH
npo6uoTukaapaal 6upugup [10]. Bupok, nyak MukpobueTu/a
MaBxyJ, 6yiraH L.rhamnosusHUHr aHTUOHWOTUKJIAPHU Kaby.i
KWITaHJaH KeWHWH MaToreH OaKTepusijapra XoC TabCUpYaH-
JINTHTA TAbCUPHU KaMJjaH-KaM XoJIapJa MyXoKaMa KUJIMHAY.
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X03upru TaAKUKOTUMH3/Aa KaJaMylljapra aHTUOHWOTHK-
JIJADHUHT WUKKU TYpH, TbHA BAHKOMMULMH Ba aMIULUJJIAH
6epusirad 6yin6, yJapHUHT OFU3 Ba U4aK MUKPOOHUOTHU 3 BaKT
HyKTacuZa KysaTwiraH. Kajamym aHTUOUOTUKJIAD €KHU
L. rhamnosus 6ujaH [aBoJiaHAM Ba KeHWHH OIIKO30H HaWdacu
opkaau  Salmonella enTepuca cepoBap  typhimurium
(C. typhimurium) 6usaH 3apapJiaHraH. KellMHYa/IMK maToreH
d10paHM aHUKJ1all yYyH deKasl HaMyHaJsiap UMFUJIIM.

AMOMUUIZIMH Ba BaHKOMULIMH TypJd aHTUMUKPOO
CIeKTpJiapZia XapakaT KuJaZid Ba OBKAT Xa3M KUJIMLI TPaKTUA
Xap XWJ cypuauuira era. ByHaH TalikKapy, OBKaT Xa3M KUJIWIL
TpaKTUra TYLITaHJaH CYHI, Oy aHTUOWOTHKJIAp KOHLEHTpa-
LUSICH y3rapaZy; 0y oMU/LJIap OpraHUu3M MUKPOOUETHUTa TabCUDP
KWIUIU MyMKuH. lllyHAai Kau6, yiuoy TaAKUKOT I0KOpUAaru
AHTUOMOTUKJIAPHUHT MYaK MUKPOOUOTHUra TAbCUPHUHU normal
Jlo3ajapAa  TakKocJall, — LIYHUHTJAEK,  HaTWXajlapjaru
dapkJiapHu 6axoJianira KapaTHJIraH.

Myak MUKpOOMOTH aHTUOMOTHUKJAPHU 0OOpUII JAaBpUAa
KEeCKUMH y3rapuuuiapra y4ypagu. Hyak MHUKPO-OGUOTHHUHT
y3rapuiid TypalJu OpraHU3MHUHT OakTepusjap OuIaH
3apapJlaHraHjard KapUIWJWTU YJAapPHUHT KOJIOHUS XOCHJI
KUJIMIL/IATY XYCyCUATJIAPUHUHT Y3rapuuiu Tydailiv nacaiu.

AHTHOHUOTHK-UHAYLMPOBAaHHBIH  AUCOHO3 MHUKPOOHOTHI
KHIIEYHUKA KPbIC ¥ PE3UCTEHTHOCTD K CaJIbMOHEJ/L/IaM

AHHOTAIIUA

KrrogeBbie ciroBa:
AQHTUOUOTHKHY,

MHUKpPOGUOTA KULIEYHHUKA,
MaToOreHbI,

3KCIEePUMEHT Ha XKUBOTHBIX.

AHTHOUOTUKMU SABJSATCA HauboJiee pacnpoCTpaHEHHBIMU
JleKapCTBaMM /[iJIl JiedeHUs] UHQEKIUOHHBIX 3a60JeBaHUM
yesioBeka. OCHOBBIBasiCb Ha CBOe€HM XHMUYECKOM CTPYKTYPE,
AHTUOHWOTHUKU B OCHOBHOM BKJIIOYAIOT CJe/lylolle KaTeropuu:
XWUHOJIOHBI, 3-IaKTaMbl, MAKPOJIU/Ibl U aMUHOTJINKO3U/Ibl Cpeiv
Jpyrux. MexaHHW3M pa3/IM4HbIX aHTUOMOTHUKOB pas/inyaeTcs, U
CYLeCTBYeT 4YeTbIpe OCHOBHBIX MeXaHM3Ma: WHICHOUpOBaHHE
CUHTEe3a KJIeTOYHOM CTeHKU OaKTepuil, B3aUMOJEWUCTBUE C
KJIETOYHbIMU MeMOpaHaMH, BMeIlaTeJbCTBO B CUHTE3 OesiKa U
VHTMOUpOBaHKEe pelJIMKalUu U TPAHCKPUIILMU HYKJIEUHOBbIX
KUCJIOT. AHTUOMOTHUKHY MOTYT JIeiCTBOBAThb Ha 60/1e3HETBOPHOM
6akTepurd. COOTBETCTBEHHO, AHTUOWOTHUKU TaKXKe MOTYT
BJMUATbL Ha HOpPMaJibHble OaKTepUH, KOJIOHU3UpYIOLMe
yeJsioBeyeckoe Tes0. YUCJIeHHOCTb, CTPYKTypa U QYHKIHUU
MHUKpPOOHUOTBI MOLYT H3MEHUTbC B OTBET Ha JiedYeHUe
aHTUOMOTHKAMU. 3HAUYUTE/IbHble U3MEHEeHHS B MUKpPOOHOTE
KHUILEeYHUKA 4YeJloOBeKa MOTYT ObITb CBS3aHbl C MNOBTOPHBIM
HCII0JIb30BAaHHWEM aHTUOHUOTHUKOB [3]; B mocjieaywIye JHA 3TU
M3MeHeHUsl ObLIM BOCCTAaHOBJIEHbl. TeM He MeHee, MaJjio YTO
VM3BECTHO O CPAaBHEHUU peaKIMM MUKPOOUOTHI KHILIEYHUKA Ha
JledeHHe aHTUOUOTUKAMMHU.



9
mSCIence ’KamusaT Ba uHHOBauusiiap - O61EecTBO U UHHOBALMU — Society and innovations
Rimg s nan s Special Issue - 4 (2021) / ISSN 2181-1415

[Ipo6UOTUKK TOJIE3HBI JJI1 XO35IMHA 1IPU BBEJEHUH B
aZieKkBaTHOM kosndecTBe. Lactobacillus rhamnosus 6b11 ogHUM U3
HauboJjiee pacnpoCTpPaHEHHbIX MPOOHMOTUKOB, MCCIeJ0BaHHBIX
y4EeHbIMHU B OTHOIIIEHUH €r0 KyJbTYphl, QYHKIMNA U MeTabo/1M3Ma
[10]. Opnako BausiHue L.rhamnosus, mnpucyTCcTBylollero B
MUKpPOOMOTE KHUIIEYHWKA, HAa BOCIPUMMYHBOCTb XO03fIMHA K
NaTOTeHHbIM OaKTepHUsM II0cJie NpHeMa aHTUOUOTHUKOB DPEAKO
006Cy>K/1a/10Ch.

B HameMm TekylleM HCCleJOBAaHUM KpbiCaM BBOJAMWJIM JBa
BHU/la aHTUOMOTHKOB, 3 UMEHHO BAHKOMUILUH U aMIIMLUJIJIUH, U
VX MMKpPOOMOTY MOJOCTHU pTa U KHUIIEYHUKA HaOJII04aNu
B 3 BpeMeHHbIX TOYKax.

Kpbic neunny antubrorrkamMu uiav L. rhamnosus, a 3aTem
nHounupoBasu Salmonella enterica cepoBap Typhimurium
(S. Typhimurium) 4epe3 xkeayJo4yHbIA 30HJ. 3aTeM ObLIU
cobpaHbl 06pa3inbl Pekajuil [Js omnpejesieHUs MaTOreHHOU
HarpyskH.

AMOUIMAIMH W BaHKOMMLMH [JeHCTBYIOT B pa3HbIX
AHTUMMKPOOHBIX CIEKTpax M HMEWT pa3Hyw abcopbiuvio B
NUIlleBapUTENbHOM TpakTe. KpoMe TOro, KOHIeHTpaLUs 3THUX
aHTUOHWOTHUKOB, NONAJAKIIUMX B MULIEBAPUTEJbHbIN TPAKT,
BapbUpYyeTCcs; 3TU GAKTOPbl MOTYT MOBJUATbh HA MUKPOOUOTY
x0351MHa. TakUM 00pa30M, 3TO UCCIeJ0OBaHHEe OblI0 HAallpaBJIEHO
Ha cpaBHeHHe 3P PEeKTOB 3TUX aHTUOUOTHUKOB Ha MUKPOOUOTY
KHILeYHHKa B HOPMaJIbHBIX /103aX, @ TaK)XKe Ha Ol[eHKY pa3/inyui
B pe3yJibTaTax.

Mukpo6uoTa KHIlleUHHUKA NpeTepresia pe3kue U3MeHEHUS B
TeyeHWe Tepuoja BBeJleHUs. M3MeHeHUS MUKPOOHOTHI
KUIIEeYHWKa NOBJHUSAJM Ha BOCIPUUMYHUBOCTb XO3fIMHA K
naToreHamM NpU 3apaXKeHUH OaKTepUsIMH H3-3a HW3MEHEeHHUH
YCTOMYMBOCTH K KOJIOHU3ALH.

GOALS

Antibiotics play a large role in the treatment of infectious diseases, but at the same time they
cause serious disorders in the host microbiota. Studies of various changes in the host microbiota
caused by antibiotics are relatively few. This study was aimed at examining changes in the gut and
possible changes in gut resistance to salmonella caused by taking antibiotics.

THE RESULTS OBTAINED

The reaction of the gut microbiota to different antibiotics

All rats in each group (n = 4) were included in the analysis. The gut microbiota has
undergone drastic changes due to the use of antibiotics, and ampicillin and vancomycin have led to
areduction in the diversity and diversity of taxa in the gut. The alpha diversity of the gut microbiota
decreased markedly during treatment, and then increased after treatment. Alpha diversity was not
completely the same between the pre-treatment period, the post-treatment period, and the
treatment period. This phenomenon was observed in both the ampicillin and vancomycin groups,
but not in the control group, indicating that this change was due to drug-induced temporal
fluctuations in the gut microbiota in rats. In addition, the composition of the gut microbiota was
changed. During treatment, Lactobacilli and Escherichia Shigella showed high numbers in both
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treatment groups. In particular, Escherichia Shigella dominated the ampicillin group, while
Lactobacilli dominated the vancomycin group.

The gut microbiota does not fully recover from the disorder caused by taking antibiotics.

The results showed that in the ampicillin and vancomycin groups, there was a significant
difference in the gut microbiota after treatment and before treatment. Therefore, it can be
concluded that the gut microbiota cannot completely return to the level that was before the
introduction of the antibiotic.

During ampicillin treatment, the gut microbial community was separated from the before
and after time points. Four weeks after the treatment, the gut microbiota recovered. But the status
of the microbiota was not completely identical before and after ampicillin treatment.

The gut microbiota responses to antibiotics showed the same trend in the vancomycin
group. During treatment, the microbiota changed dramatically, but recovered after stopping taking
antibiotics. However, the original abundance was not restored.

Genera that did not recover from the use of antibiotics were identified as follows:
Lactobacillus, Eubacterium, and Allobaculum in the ampicillin group and Lactobacillus,
Lachnospiraceae, Ruminococcus, Ruminiclostridium, Anaeroplasma, and Anaerotruncus in the
vancomycin group. We found that in both groups of rats, Lactobacillus did not fully recover to the
baseline level. According to a previous study, many species of the genus Lactobacillus are potential
probiotics that can improve intestinal function and treat intestinal resistance to disorders.

Colonizing resistance of the intestinal microbiota to bacterial pathogens can be damaged by
antibiotics.

To determine whether antibiotic treatment changed the resistance of the intestinal
microbiota to colonization, rats (n = 10) were injected with a probe of S. Typhimurium four weeks
after treatment with an antibiotic or probiotic L. rhamnosus and the number of pathogens after
infection was determined. The results show that in the first four days after infection, the number of
S. Typhimurium in the groups of rats treated with ampicillin and L. rhamnosus was higher than in
the control group. In the following days, there was a gradual decrease in concentration, and the
levels fell lower than those observed in the control. These results suggest that the use of ampicillin
may have affected the normal intestinal resistance of rats and increased the severity of infection.
However, this phenomenon only lasted until the bowel resistance recovered and eventually
reached normal levels. The situation in the vancomycin group was similar. The concentration of
S. typhimurium was initially higher in the vancomycin group than in the control on days 1, 3, and 4,
after which a gradual decrease in the concentration was observed.

It was particularly interesting that short-term consumption of L. rhamnosus did not cause
any changes in the resistance of the rat gut microbiota to bacterial pathogens.

DISCUSSION

It is well known that microbiomes in different niches can act differently under
environmental stress.

The results showed that the gut microbiota changed dramatically during the administration
of ampicillin and vancomycin, and this change was not eliminated after discontinuation.

We found that ampicillin and vancomycin significantly altered the gut microbiome. Changes
in the microbiota caused by antibiotics do not directly cause diseases. However, the risk of disease
may be increased with the use of antibiotics, which may be the result of reduced resistance of the
microbiota to pathogenic pressure. Thus, S. typhimurium was used to simulate pathogenic effects
inanimal studies. Typhimurium is a gram-positive bacterium that causes diarrhea and is commonly
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used in the gut as a bacterial pathogen in animal experiments [11, 13]. In our study, rats were fed
water with an antibiotic or regular water followed by infection with S. typhimurium., and the
concentration of bacteria in the feces of treated rats was higher than in control rats. A possible
reason for this is that the loss of some bacteria led to incomplete restoration of the gut microbiota,
which weakened resistance to pathogens compared to their normal counterparts. Moreover, the
two antibiotics used in this study gave different results. The rats treated with vancomycin had fewer
pathogens than the rats treated with ampicillin between 2 and 4 days after infection. We assumed
that different bacteria remained alive after the administration of different antibiotics, given the
different antimicrobial spectra of vancomycin and ampicillin.

It has been demonstrated that antibiotics can break down the gut microbiome barrier to
pathogen pressure. However, some studies have reported that probiotics can alleviate the
disruption of the gut microbiota and help the host develop homeostasis after the disruption [7]. In
the present animal experiment, several positive effects of the probiotic L. rhamnosus were
observed in rats that did not receive antibiotics. Intestinal resistance to pathogens did not change
between the group receiving L. rhamnosus and the control group.

In addition, we observed that 4 days after infection, the concentration of the pathogen in the
treated group decreased to the level observed in the control group. In our experiment, no mortality
was reported in mice, probably due to the fact that the rats were healthy before treatment.
However, a negative prognosis can be observed in patients with severe illnesses or poor health.

CONCLUSION

Both ampicillin and vancomycin can cause significant changes in the level of the intestinal
microbiota that cannot be completely restored.

In addition, susceptibility to exogenous pathogens increased after the use of antibiotics for a
short period of time. The beneficial effect of probiotics in healthy rats was not observed.

MATERIALS AND METHODS

Animals

Free from specific pathogens, ten-week-old non-parodic female rats were bred and kept
under SPF conditions at room temperature in an animal room. No more than five rats were kept in
one cage, and the animals were given food and water.

Treatment of animals with antibiotics and collection of samples

In the first part of the experiment, 12 rats were randomly divided into three groups (n = 4),
which were administered vancomycin (0.2 mg / ml; the group receiving vancomycin), ampicillin
(1 mg / ml; the group receiving ampicillin), or plain water (control group) in drinking water for 3
days. The doses were selected based on previously published data [14]. Rat feces were collected at
three time points: the day before the antibiotic was administered, the first day after the antibiotic
was administered, and four weeks after the antibiotic was administered. All fecal samples were
collected in sterile tubes.

Infection of the rat pathogen

In the second part of the experiment, 40 rats were randomly divided into four
groups (n = 10). Rats in each group received ampicillin, vancomycin, L. rhamnosus, or
plain water for three days prior to infection. In the group treated with L. rhamnosus,
L. Rhamnosus was resuspended in 1 ml of PBS containing only 1 X 10 9 L. Rhamnosus. The
probiotic was administered to rats via a gastric tube (0.1 ml / mouse) once a day for three
days. Rats that were given regular drinking water were used as controls. After this
treatment, all the rats were fed regular water for four weeks. Subsequently, all groups of
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rats were infected with S. Typhimurium. S. Typhimurium was grown at 37 ° C with shaking
(200 rpm) overnight in Luria-Bertani broth (LB). Rats were infected via a gastric tube with
0.2 ml of PBS containing approximately 5 X 10 7 CFU of S. Typhimurium. Rat feces were
collected 1, 2, 3, 4, 7, and 10 days after infection (additional Figure 3). The health status of
the rats was monitored for 10 days after infection. To determine the pathogenic load, fecal
sediments were homogenized in sterile PBS and seeded in serial dilutions on SS agar cups,
and the amount of CFU was determined after incubation overnight at 37 ° C. Ten days after
infection, all the rats were killed by CO 2. Suffocation after fecal collection.

THE RESULTS OBTAINED

The gut microbiota underwent dramatic changes after treatment with vancomycin
and ampicillin. The gut microbiota recovered within four weeks of stopping the antibiotics,
although this recovery was incomplete. The number of pathogens in the intestine in the
control group was significantly lower than in the group receiving antibiotics, but remained
only for the first 4 days after infection.

CONCLUSIONS

Antibiotics cause dramatic changes in the amount and diversity of the gut
microbiota. These changes in the gut microbiota may not fully recover after four weeks.
When infected with pathogens after the introduction of an antibiotic, rats show a decrease
in resistance to colonization in the intestine during the first four days after infection.
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