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Pe3rome

Pax momouHoii sxene3sl (PMIK) 3aanMaeT muaupyromiee MecTo 1o 3a00JIeBaéMOCTH U BXOAUT B TATEPKY CaMbIX CMep-
TENIPHBIX 3JI0KaYECTBEHHBIX OMyXosed B Mupe U B Poccnu. YBenmuuBaeTcst KOIMYECTBO NCCIIEOBAHNH, BBIBIISIOIINX
CBsI3b MHUKPOOHMOTBI C BOBHUKHOBEHUEM H/WIK mporpeccupoBanneM PMIK, a Takike Ipyrux OHKOJIOTHYECKUX 3abolie-
BaHMH. MUKpOOHOTa KHIIEYHUKA PACCMATPUBACTCS KAK MOTEHIMAIBHBIN JUarHOCTUYECKUH U TPOTHOCTHYECKUI OHKO-
6uomapxkep. Llens nccinenoBaHus — MPOBEACHHUE METATCHOMHOTO aHAIN3a COCTaBa MUKPOOMOTHI KUIICYHUKA METOJIOM
cexBeHupoBanus rera /6S pPHK y camok kpbIc quHAE Wistar ¢ XUMHYeCKH HHAyIHpoBaHHBIM PMOK 1 mocnenyrommm
MIPOBEICHIEM XMMHUOTEPAIUH, OTIEPAaTUBHOTO JICUEHHUS] U KOMOMHAITMH JTaHHBIX METONOB JieueHHs. MaTepuaa u me-
ToAbl. VccienoBanus BBINIOIHEHBI Ha ITOJIOBO3PEIIBIX caMKax Kpbic nHNK Wistar. Ha Hayanmo skcriepumenTa Bo3pact
JKUBOTHBIX COCTaBJsLI 3 Mecsina, macca — 250-300 r. [lis ucciaenoBanus ObLI0 CHOPMHUPOBAHO S5 TPYIII: HHTAKTHBIC
KpbICHI (7 = 6); kpbIckl ¢ PMOK Ge3 neuenwus (n = 7); kpbicbl ¢ PMIK, KoTOpBIM IPOBOAMIM XMMUOTEPAITHIO B MOHOPEXH-
Me (n = 8); kpbickl ¢ PMJK, KOTOPBIM BBITOIHSIIN TOIBKO XUpyprudeckoe yaanenue omyxonu (n = 10); kpsick ¢ PMIK,
KOTOPBIM ITPOBOJIMIIM XUPYPTUUECKOE YIAJICHHE OITyXOJIH M XUMHUOTeparuio (7 = 9). Y KUBOTHBIX coOupanm o0pasisl
(bexanuit I MOCIENYIONIEr0 METareHOMHOTO aHalln3a METOJI0OM CeKBEeHUpoBaHUs reHa /6S pPHK (MpWKU3HEHHO),
KOTOpOE MPOBOAWIH ¢ ucmonb3oBanneM MiSeq System (Illumina, CIIIA) Ha6opom MiSeq Reagent Kit v2 (500-cycles)
TIaPHOKOHIIEBBIMU UTEHUSIMU 2%x250 1.H. Pe3yabTaThl U UX 00CyxK/AeHue. boIbIITMHCTBO BBIIEIICHHBIX OaKTepUil B DKC-
MIePUMEHTAJIFHBIX TPYIIaxX MPUHAAISKAT0 K THaM Firmicutes u Bacteroidetes — THIHYHBIM TIPEICTABUTEISIM MUKPO-
ouotel XKKT xpeic Wistar. B rpymme ¢ PMXK 0e3 sieueHust B cOCTaBe KMIICUHONH MUKPOGIIOPHI OTMEUAJICS AUCOHO3 3a
CueT IOBBIIICHNS ypoBHS Bacteroidetes u uncnennoctu 6akrepuii Tnna Actinobacteria. ITocie xumuoreparn PMIK
BBISIBJICHO CHIKEHHE ypoBHs Firmicutes mpu moBblilieHHH KoiaudecTBa Bacteroidetes u Proteobacteria, mocie omepa-
THUBHOTO JICUCHHS — yBEIMYCHUE YHCIEHHOCTH Verrucomicrobia, oOycioBI€HHOE BIMsSHHEM Verrucomicrobia Ha pe-
Tapauio onepanuoHHon panbl. [Ipu xumudecku uHIyEpoBaHHOM PMIK, a Takxke mpu pa3HbIX METOAAx JICYCHHUS B
KHIIEYHUKE KphIC 0OHapyxeHo cHikeHue cooTHomenus Firmicutes/(Firmicutes+Bacteroidetes) mo cpaBHeHMIO ¢ MH-
TaKTHBIMH KUBOTHBIMH. UTOOBI MOHATH, MOKHO JIM MCIIOIB30BaTh JAHHOE COOTHOIICHHUE B Ka4eCTBE JOTIOIHUTEIFHOTO
muarHoctudeckoro onomapkepa PMIK, TpeOyercs nanmpHelee ucciuenopanue Ha nanueaTax ¢ PMXK.

KuroueBble cj10Ba: WHAYIMPOBAHHBIA paK MOJOYHOH JKele3bl, CEKBEHUPOBAHHE, MUKPOOHMOTA, COOTHOIICHUEC
Firmicutes/(Firmicutes+Bacteroidetes), oneparuBHoe jJedeHne, XUMUOTEPAITHSI.
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Changes in the intestinal microbiota of female Wistar rats with
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Abstract

Breast cancer (BC) is the leading cancer in terms of incidence and is among the five most lethal malignant tumors in the
world and in Russia. The number of studies revealing the relationship between microbiota and the occurrence and/or
progression of BC, as well as other oncological diseases, is increasing. Intestinal microbiota is considered as a potential
diagnostic and prognostic oncobiomarker. The aim of the study was to conduct a metagenomic analysis of the intesti-
nal microbiota composition using /6S rRNA gene sequencing in female Wistar rats with chemically induced BC and
subsequent chemotherapy, surgery, and a combination of these treatment methods.Material and methods. The studies
were performed on mature female Wistar rats. At the beginning of the experiment, the age of female Wistar rats was 3
months, and the weight of the animals was 250-300 g. For the study, 5 groups were formed: intact rats (n = 6); rats with
BC without treatment (n = 7); rats with BC that received chemotherapy alone (n = 8); rats with BC that received only
surgical removal of the tumor (z = 10); rats with BC that received surgical removal of the tumor and chemotherapy (n =
9). Fecal samples from the studied groups of rats were collected for subsequent metagenomic analysis by /6S rRNA gene
sequencing, which was performed using the MiSeq System (Illumina, USA) with the MiSeq Reagent Kit v2 (500-cy-
cles) with 2x250 bp double-ended reads. Results and discussion. The most of the isolated bacteria in the experimental
groups belonged to the Firmicutes and Bacteroidetes types, typical representatives of the gastrointestinal tract microbi-
ota of Wistar rats. In the group with BC without treatment, dysbiosis was observed in the intestinal microflora due to an
increase in the level of Bacteroidetes and the number of bacteria such as Actinobacteria. After chemotherapy, a decrease
in the level of Firmicutes with an increase in the number of Bacteroidetes and Proteobacteria was found, after surgical
treatment an increase in Verrucomicrobia was revealed, due to the effect of Verrucomicrobia on the reparation of the
surgical wound. With chemically induced BC, as well as with different treatment methods, a decrease in the Firmicutes
/(Firmicutes + Bacteroidetes) ratio was found in the intestines of rats compared to the intact animals. Further studies in
breast cancer patients are needed to understand whether this ratio can be used as an additional diagnostic biomarker for
BC.

Key words: induced breast cancer, sequencing, microbiota, Firmicutes/(Firmicutes+Bacteroidetes) ratio, surgical
treatment, chemotherapy.
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B mnpencrasieHHol paboTe MpoOBEIEH MeTare-
HOMHBIH aHaJM3 COCTaBa MUKPOOHMOTHI KUIIEUHUKA
METOJIOM CEKBeHUpoBaHus reHa /6S pPHK y camok
KpbIc TuHAN Wistar ¢ XMMHUYECKH HHAYIUPOBAHHBIM
PMX u nocneayrouM MpoBeAEHUEM XUMHOTEPaA-
IIUH, ONIEPATUBHOIO JICYCHUS U KOMOMHALIMY JaHHBIX
METOJIOB.

BBenenune

Pakx momouHoi#i xene3sl (PMIK) 3annmaet Bemy-
mee MeCTO B MUpE IO 3a001eBaeMOCTH U CMEPTHO-
ctu [1, 2]. JlokazaHo, 4TO MHUKpPOOHOTa 3a]IeHCTBO-
BaHa B BOXHEWIINX MPOIEccaxX KU3HEACITeIbHOCTH
MaKpOOpranmusMa, a ee JucOaNaHc acCOIUHUPOBAH C
pa3BUTUEM MHOTUX 3a00JICBaHUM, TAaKUX KaK OXH-
peHre, BOCTaTUTENbHbIe 3a00IeBaHUs KUIICYHNKA,
OHKoOJIOTHYeckue 3aboneBanus [3—5]. B HacTosmee
BpeMsi MHUKPOOHMOTa KHIIEYHUKA pPacCMaTpUBAETCS

MarepuaJ u MeTOAbI

HccnegoBanue BBIIIOJHEHO Ha TIOJIOBO3PEJIBIX

KaK MOTEHIMAIbHBIM JUArHOCTUYECKUH U TPOTHO-
CTHYeCKHiT OHKOOHOMapkep [3, 6, 7]. [Ipu sTom crie-
JIyeT OTMETUTh OTCYTCTBUE HCCIEIOBAHUN MHUKPO-
OHMOTHI B YCIOBUSX 3KcniepuMeHTanbHoro PMOK nmu
MOCJIE MPOBEICHUS XUMUOTEPAUH U OTIEPATUBHOTO
JICUCHHUS.

CUBUPCKUIA HAYYHbIV MEANLMHCKUIA XKYPHAI 2025; 45 (5): 220-227

caMmKax KpbIC JuHMM Wistar ¢ coOnroneHueM 3TH-
YeCKUX TPUHINIOB, W3JI0KEHHBIX B JlupexTuBe
2010/63/EU Espomneiickoro mapiameHnta u CoBeta
EC no oxpane xuBoTHbIX. Ha Hauano sxcriepumeHTa
BO3pacT *HMBOTHBIX COCTAB/LUI 3 Mecsla, Macca —
250-300 r. nst uccnenoBanusi chOPMUPOBAHO IISITH
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TPYNIT KABOTHBIX: MHTAKTHBIE KPBICH (KOHTPOIb,
n = 6); kppicel ¢ PMX 6e3 neuenus (PMXK, n = 7);
kpbicbl ¢ PMJK, kOTOphIM IpOBOJIMIIN XUMHOTEpa-
mmuro (XT) B MmoHOpesxkume (PMIXK+XT, n = 8); KpBIChI
¢ PMIK, KOTOpBIM BBIMOJHSJINA TOJIBKO XUPYpruye-
ckoe ynanenne omyxomn (PMXX+O, n = 10); KpbICHI
¢ PMIK, KOTOpBIM NPOBOAMIN XUPYPrUUECKOE y/a-
nerne omyxonn u xumuotepanuio (PMXX+O+XT,
n = 9). PMX wunaymupoBaiy S5-KpaTHBIM TMOIKOX-
HbIM BBeJeHUEM N-MeTuI-N-HUTPO30MOUYEBUHBI
(Sigma-Aldrich, CIIIA) ¢ unTepBanom B 7 aHEH B
oOmacTh 2-ii MOJIOUHOW KeJe3bl cripasa [8], uepes
6 MecsIeB HaunHaIu jedeHne. X1 MpoBOIWIN BHY-
TPUOPIOIMHHON HHBEKIMEH TOKCOPYOHIIMHA B CyM-
MapHoit 103e 30 mMr/m>.

HyknenHoBple KHCIOTBI U3 3aMOPOKEHHBIX
o0pasuoB (ekanuii BBIACTSIM C MOMOUIBIO HAbO-
pa Meta Fec (Raissol Bio, P®) B coorBercTBHM C
pexomenpanusamMu npoussonutensd. [P nHa paii-
oH V4 mpoBOAMIM C HCHOJIb30BAaHUEM IMpaniMepoB
V4-515F 5°-GTGCCAGCMGCCGCGGTAA-3’ n
V4-806R  5°-GGACTACHVGGGTWTCTAAT-3".
[TomyueHHbIe aMIUTMKOHBI BBIIEISUIA COpOIMel Ha
MarHuTHEIX yacthiax AmPure XP, 60 Hr amminko-
Ha HCIONB30BaNn s TonydeHust NGS-0ubmuorek
Habopom Kapa Hyper Prep Kit ¢ ncnons3zoBannem
neoitHbeIx mHACKCOB KAPA UDI Adapter Kit (Roche,
CIIIA), cormacHO WHCTPYKIIUH TPOU3BOIUTEIIS.
KagecTBO W MOJSIPHOCTH TIONYYEHHBIX OHMOTHOTEK
onpenensii Ha Onoanamm3arope BA2100 HaGopom
High Sensitivity DNA Kit (Agilent, CIIIA). Cekse-
HupoBaHue paiiona V4 rena /6S pPHK npoBogmm
¢ ucnonp3oBanneM MiSeq System (Illumina, CILIA)
Habopom MiSeq Reagent Kit v2 (500-cycles) mapHo-
KOHIIEBLIMH YTEHUSAMH 2x250 1m.H.

[Ipu OuomHpopmMarnyeckoir oOpaboTke u3 Ou-
OJIMOTEK aMIUTMKOHOB Y/IAJIEHBI IPaiMephI C UCTIONb-
3oBanueM cutadapt (3.5), ocTaBieHBI NPOYTCHUS
CO CpeIHMM 3HAUCHHEM KauecTBa BhIme 18 u mmu-
Ho#t Oosiee 200; nrymoriofiaBieHue ObLIO BBITIOIHE-
no npu nomoiu QIIME 2 (2023.9). ITpu momoru
KJIacCU(HUKATOpa, MPEJOOYICHHOTO Ha 0a3e JaHHBIX
GreenGenes ¢ 99 % OTU, BBINOIHEHO COOTHECEHHE
K2XXJ0r0 BapuaHTa aMIUIMKOHHOHM I10CJIEI0BATEIIb-
Hoctu (amplicon sequence variant, ASV) c Takco-
HOMHUYECKON enHuLIeH ¢ ucnoiabzoBanueM QIIME2,
ITOCUUTAHBI Pa3IMYHbIE METPUKH allb(ha-pasHOOOpa-
3ust (mHnekce llennona, [Tueny, Cumrcona, Yao 1).
Jiis pacdera momapHBIX CpaBHEHUH MEXIy TpyTia-
MU HCTIOJB30BaH KPUTEPH YHUIIKOKCOHA C ITOTpPaB-
xoit bermxammuan — XoxOepra Ha MHOKECTBEHHOE
TecTupoBaHue. J[aHHBIE OTQUIBTPOBAHEI IO TIOPOTY
sHaunmocT eBH < 0,05.

Metpuku OeTa-pa3HOO0Opa3usl MOCUYUTAHBI TPH
romMomy oubmmoreku vegan (2.6—4) mis R, Ha oc-
HOBE KOTOPBIX TIOCTPOEHBI AWAarpaMMBI METOJOM
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aHanm3a raBHeIX koopauHat (PCoA). ITpu momomn
oubimorexku ALDex2 (1.34.0) ans R nmposenen mud-
(epeHIMaNbHbI aHAIN3 YUCICHHOCTH MHUKPOOpra-
HU3MOB Ha MaKCHMaJbHO JOCTYITHOM TaKCOHOMH-
YECKOM YPOBHE JUIsl TIOMAPHOTO CPaBHEHHS PA3HBIX
BUJIOB JiedeHus1. JlaHHbIe OTGUIBTPOBAHBI O TIOPOTY
sgagnmocTu eBH < 0,05. s moctpoenus rpadu-
Ka JIaHHBIC 10 MTPOICHTHOMY COJICPIKaHUI0 KaXKIOTO
ASV B 00pasnax crpyniupoBaHsbl 10 YPOBHsI Ki1acca.

CraTUCTHYECKYI0 00pabOTKy TONyYEeHHBIX pe-
3yJBTaTOB MPOBOAWIM B mporpamme Statistica 10.0
(StatSoft, CIIIA), mMepbl HEHTPAJbHOW TEHICHIUU
W paccesHus OMMCAaHbl MEMAaHOM, HIDKHUM U BEepX-
HuMm kBaptwieM (Me [Q1; Q3]), craructuueckyro
3HAUUMOCTh Pa3IMYHid PACCUUTHIBAIN IO KPUTEPHIO
Manna — Yutau npu 3HaueHusx p < 0,05. Craru-
CTHYECKas 3HAYMMOCTh PA3JIMYMiA B COOTHOIICHUH
Firmicutes/(Firmicutes+Bacteroides) ouenuBanu c
MOMOIIBIO KPUTEPUST YUIIKOKCOHA € morpaBkoil bon-

(beppoHn.

Pe3y.111)TaT1)1 H UX 06cy>1c)1e1me

B pesynbrate CEeKBEHUpPOBAaHUS Ml KaKIOTO
o0pasIiia Mmoyy4eHsl mapHbie puabl (MeMaHa cocTa-
Buna 169460 mapHbIX pUAOB Ha OOpasel) IIMHON
250 m.H., mocie 00pabOTKH KOTOPBIX MOJTyueHO 2687
ASV co cpenneir mmHoN 253 mykieoruma. Ilpe-
UMYyHIECTBEHHO Bce ASV TaKCOHOMHYECKH OXapak-
TEPU30BaHBI 0 MAKCHMAIBHO JOCTYITHOTO YPOBHS,
cthopmupoBano 378 TAKCOHOMHUYECKH KJIACCH(PHUITH-
POBaHHBIX KiacTepoB (puc. 1).

OOHapy>KeHbl BHYTPUTPYIITIOBBIC Pa3Inyiusl Tak-
COHOMHYECKOTO COCTaBa MHUKPOOHOTHI KHINCYHHUKA
KpbIc (Tadm. 1). s ananm3a MeXTPYIITOBBIX Pa3in-
YHid MCIIOJB30BAIM TaKCOHBI, COCTaBIsIoIIKeE OoJee
20 % ASV na oOpaszerl. B cpaBHeHUU ¢ TPyMIIOi WH-
TaKTHBIX JKAUBOTHBIX M3MEHEHHUS B COCTaBE KHIIIECU-
HOW MUKPOQIIOPHI B CTOPOHY 1MCOM03a OTMEUEHBI Y
KUBOTHBIX ¢ PMIK 0e3 nmeuenus. B 33 pasa ysenu-
4uIIcs ypoBeHb Bacteroidetes, a Takke YHCIEHHOCTh
Oakrepuii Tuma Actinobacteria. B rpynnme PMX c
nocneaytomeid XT nmokasaHbl 3HAUUTENbHbIE U3Me-
HEHHUS B COCTaBE MHUKPOOWOTHI KHIIEYHUKA, O YeM
CBHJICTETILCTBYIOT CHIKeHHe ypoBHs Firmicutes,
noBeIIeHHE ypoBHS Bacteroidetes u Proteobacteria.
[ToBemienne ypoBHs Proteobacteria cBsi3aHo ¢ Boc-
MaJINTETBHBIMH 3a00JICBAaHUSAMH KHIIEYHHUKA M OITy-
XOJISIMH B €I0 TOJICTOM OTJIEJIE, & TAKXKEe B [IEJIOM yKa-
3BIBAET HA TaKyIO OOIIYI0 MPUYNHY, KaK BOCMAICHNE
[9, 10]. ITocne oneparuBHoro nedeHust PMXK u mo-
cie oneparuBHoro jedenns PMXK u nocnemyromieit
XT naOmromany yBEeNTWYEHHE YHCICHHOCTH Verru-
comicrobia. Ilo-BuauMomy, 3TO MOXeT OBITH 00Y-
CIIOBJICHO XHPYPTHUYECKUM YIAaJCHUEM IEPBUYHOTO
OITYXOJIEBOTO OdYara M MOCIEAYIOUINM 3aKHUBIEHUEM
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Puc. 1. Jonss Mukpoopeanuzmos pasuvix Kidccos 8 cocmage KuieyHol Mukpoouomul kpwic, %. ASV, uvs uucnrennocmo
cymmapHo no ecem obpaszyam owina menee 1 %, cepynnuposanut 6 «/pyeue < 1 %x

Fig. 1. The proportion of microorganisms of different classes in rat intestinal microbiota, %. ASVs with a total popula-
tion of less than 1 % in all samples are grouped into “/lpyeue < 1 %"

Taonuua 1. Ocnognule sviOenenHble MAKCOHbI KUULEYHOU MUKPOOUOMbL KPbIC, VCIL. €0.

Table 1. The main isolated taxa of rat intestinal microbiota, arb. units

I'pynma Beigenennsie Takcons! (6onee 20 % ASV Ha oOpaszerr) Komniectso BPIICIICHHBIX
KJIacCOB OaKTepHii
knacc Clostridia (tun Firmicutes) 32 [14,45; 40,93]
ﬁ;’;;g;ﬂwaﬂ kiacc Bacteroidia (tun Bacteroidetes) 0,5[0,25; 10,1]
(= 6) knacc Bacilli (tun Firmicutes) 32,8 [20,09; 36,2]
kiacc Erysipelotrichi (tum Firmicutes) 3,2[2,08;20,22]
kiacc Clostridia (tun Firmicutes) 32,2 [26,77;43,91]
PMX kiacc Bacteroidia (tum Bacteroidetes) 16,36 [11,05; 32,85]
(n=17) kiacc Erysipelotrichi (tun Firmicutes) 7,412,12;20,55]
kiacc Actinobacteria (Tum Actinobacteria) 4,2 [0,58; 13,43]
kiacc Clostridia (tun Firmicutes) 37,8 [30,51; 40,93]
PMX+XT kiacc Bacteroidia (tun Bacteroidetes) 5,8 10,73; 11,28]
(n=218) kiacce Bacilli (tun Firmicutes) 26,5 [18,09; 31,5]
kimacc Gammaproteobacteria (tum Proteobacteria) 1,14 [0,18; 6,55]
kiacc Clostridia (tun Firmicutes) 34,6 [25,2; 45,64]
PMIKAHO kiacc Bacteroidia (tun Bacteroidetes) 16,4 [5,79; 28,13]
(n=10) knacc Bacilli (T Firmicutes) 7,1 [4,58; 19,74]
kiace Verrucomicrobiae (tun Verrucomicrobia) 7,9 [1,47; 13,43]
kiacc Actinobacteria (tun Actinobacteria) 6,310,23; 12,46]
kiacc Clostridia (tun Firmicutes) 35,4 [30,42; 36,31]
PMK+O+XT kiacc Bacteroidia (Tum Bacteroidetes) 33,8 [24,41; 34,32]
(n=9) kiace Verrucomicrobiae (tun Verrucomicrobia) 2,4 [2,23; 8,94]
kiacc Erysipelotrichi (tum Firmicutes) 0,190,17; 0,99]

CUBUPCKUIA HAYYHBI MEOULIMHCKUIA XKYPHAI 2025; 45 (5): 220-227
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orepanoHHOH panbl. [1o gaHHBIM TUTEpATYpPBL, IPU
TPaHCMYPaJIbLHOM JIe(hDeKTe CTEHKH TOJCTON KHIIKH
Akkermansia muciniphila Ttama Verrucomicrobia
yiIydllaeT 3aKUBJICHUE PaH IyTeM aKTHBALMH Me-
xaHuzMa MyD88-3aBucuMoro myTH, y4acTBYIOIIETO
B KOHTpoOJIe U perynsuuu sxcnpeccun NII-22,; ycko-
PAIOIIETO 3a)KUBJICHUE paH, PereHepaIfio TKaHeH u
BbIpaboTKy cimsu [11, 12].

Kak nokaszano Ha puc. 2, oOHapy>KeHbl pa3iu-
yust o 27 ASV mexny rpynmnoit PMX 6e3 neduenus
U TPYNIOH C XMPYPTHUYECKUM YIAJIEHHUEM OIyXOJIU
U XUMHOTepanuen, mo 22 ASV — Mexay TpymnrnamMu
PMXK+XT u PMX+O+XT, mo 21 ASV — mexny
KOHTPOJIEM M KUBOTHBIMU C XUPYPIHUECKUM yase-
HHEM OITyXOJIM U XUMHuoTepamnuei, mo 9 ASV — mex-
ny rpynnamMu PMXK+0O nu PMX+0+XT, no 4 ASV —
Mexay rpynmnoi ¢ PMXK 6e3 nedeHus u Tpymnmoi ¢
XUPYPrUUYECKUM Yy/IaJICHUEM OITyXOJIH, a TaKKe MEX-
ny rpymmamu PMOK+XT u PMXK+O, nmo 2 ASV —
MEX1y KOHTPOJBHOM T'PYIIION W TPYIIION ¢ XUPYp-
THYECKHUM yIalleHUEM OIyXOJIH.

I o

Ha puc. 3 yka3aHbl 3Ha4eHHST UHIEKCOB anb(da-
pa3HooOpasus cooOIiecTB. BeisBIeHa TEHACHIIUS K
YMEHBILICHUIO Pa3sHOO0pasusi BHYTpU 00pas3LoB NpH
Pa3TUYIHBIX BO3ACUCTBUAX (JICUCHUHN), OTHOCHTEIh-
HO 00pa3uoB KMBOTHBIX ¢ PMIK 06e3 nedenus:, npu
3TOM B 00pasmax TpyMIbl KOHTPOJISI OHO Hambolee
ckynHoe. Ilpu momapHbIX CpaBHEHHSAX 3HAYECHUU
METpUK anbha-pazHooOpas3us IpyIm C MCHOIb30Ba-
HUEM KpUTepHUsl YHUIKOKCOHA CTAaTHCTUYECKU 3HAYH-
MBIX pasnuuuii mo uHaekcam Ilueny m Cumncona
HE OOHAapyKEHO, BBISBICHBI Pa3IH4Ms 10 HHICK-
cy Yao 1 mexay rpynmamu PMOK u PMK+O+XT
(eBH = 0,002), PMX+XT wu PMX+O+XT
(eBH = 0,014), mo nnnexcy llleHHOHA MeX Ty TpyT-
namu PMOK u PMXK+O+XT (eBH = 0,003). B cBsizu
C TeTepPOreHHOCThIO 00pa3OB TPYIIBl HHTAKTHBIX
JKUBOTHBIX CTAaTHCTUYECKH 3HAYMMBIX OTIMYHA OT
JPYTUX SKCTIEPUMEHTAJILHBIX TPYIIT HE 00HAPYKEHO.

AHanu3 cooTHOIIEHHs KonuuecTBa Firmicutes
n FirmicutestBacteroidetes (Firmicutes/Firmic-
utes+Bacteroidetes) (Tabn. 2) mokasai, 4To B IpyIi-

Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Bacteroidaceae; Bacteroides caccae

Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Bacteroidaceae; Bacteroides

Bacteria; Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus

Bacteria; Firmicutes; Bacilli; Turicibacterales; Turicibacteraceae; Turicibacter

Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Clostridium aldenense

Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Clostridium hathewayi

Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; Allobaculum

Bacteria; Verrucomicrobia; Verrucomicrobiae; Verrucomicrobiales; Verrucomicrobiaceae; Akkermansia muciniphila
Bacteria; Firmicutes; Bacilli; Lactobacillales; Streptococcaceae; Streptococcus

Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Porphyromonadaceae; Parabacteroides
Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales

Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Prevotellaceae; Prevotella

Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Prevotellaceae; Prevotella copri

Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Subdoligranulum variabile
Bacteria; Firmicutes; Clostridia; Clostridiales; Veillonellaceae

Bacteria; Proteobacteria; Epsilonproteobacteria; Campylobacterales; Helicobacteraceae

Bacteria; Proteobacteria; Gammaproteobacteria; Aeromonadales; Succinivibrionaceae; Anaerobiospirillum
Bacteria; Tenericutes; Mollicutes; Anaeroplasmatales; Anaeroplasmataceae; Anaeroplasma

Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; RFN20

Bacteria; Proteobacteria; Epsilonproteobacteria; Campylobacterales; Helicobacteraceae; Flexispira
Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Ruminococcus

Bacteria; TM7; TM7-3; CW040; F16

Bacteria; Firmicutes; Clostridia; Clostridiales; Clostridiaceae

Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Blautia producta

Bacteria; Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus helveticus

Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Clostridium symbiosum

Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; Eubacterium dolichum
Bacteria; Proteobacteria; Deltaproteobacteria; Desulfovibrionales; Desulfovibrionaceae

Bacteria; Tenericutes; Mollicutes; RF39

Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Ruminococcus bromii

Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Clostridium

Bacteria; Firmicutes; Clostridia; Clostridiales; Peptococcaceae

Bacteria; Firmicutes; Clostridia; Clostridiales; Peptostreptococcaceae

Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Ruminococcus callidus

Archaea; Euryarchaeota; Thermoplasmata; E2; Methanomassiliicoccaceae; vadinCA11

Bacteria; Actinobacteria; Actinobacteria; Actinomycetales; Actinomycetaceae; Actinomyces
Bacteria; Proteobacteria; Gammaproteobacteria; Pasteurellales; Pasteurellaceae; Aggregatibacter pneumotropica
Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; p-75-a5

Bacteria; Chlamydiae; Chlamydiia; Chlamydiales; Chlamydiaceae; Chlamydia

[ BH>005 [ ¢BH<0,05

Puc. 2. Cpagnenue uucieHHoCmu MUKPOOP2AHUSMOE KUUEUHOU MUKPOOUOMbL KPbIC
Fig. 2. Statistical comparison of the number of microorganisms in rat intestinal microbiota
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Fig. 3. Analysis of alpha diversity of rat intestinal microbiota in Wistar rats using Shannon (a), Pielou (6), Simpson (8)
and Chao 1 indexes (2). Medians (lines), interquartile range (boxes), outliers (dots), non-outlier range (whiskers)

are presented

nax ¢ PMX 6e3 neuenns u PMK+XT ono He nmeeT
CTAaTUCTUYECKHA 3HAYUMBIX Pa3JIMUMd C MHTAKTHOU
rpynno#t (p = 0,81 u p = 1,0000 cooTBETCTBEHHO), B
TO Bpems kak B rpynmnax PMXX+O nu PMXK+O+XT —
cymectBeHHO Menbie (Ha 27,3 u 46,3 % cooTBer-
cTBeHHO, p = 0,0240 u p = 0,0128).

3akJoueHue

BriepBeie B pamMkax OJHOTO HCCIIEIOBAHHUS IPO-
BEJICHA OIICHKA COCTaBa KHIICYHOW MHUKPOOMOTHI
camok kpbic Wistar Ipu XUMHUYECKU HH]TYIIUPOBaH-
HoM PMIXK u ero tepanuu pa3HBIMH METOJaMH (XH-
MUOTCpaAIins, ONCparuBHOC JICUCHUEC U UX KOM6I/IHa-
1yst). YCTaHOBJICHO, YTO OOJIBIINHCTBO BbIICICHHBIX
OakTepwii TpUHAUICKATH K THIMaM Firmicutes u
Bacteroidetes — THIHYHBIM NTPECTABUTEISIM MUKPO-

Taonuya 2. Coomnowenue Firmicutes/
(Firmicutes+Bacteroidetes) kuueurot Muxpoouomsi
KpbIC, YCI. €.

Table 2. The Firmicutes/(Firmicutes+Bacteroidetes)
ratio of rat intestinal microbiota, arb. units

I'pynna

Firmicutes/
(Firmicutes+Bacteroidetes)

KontposnbHas rpynmna

0,99 [0,88; 0,99]

PM2K

0,79 [0,59; 0,85]

PMOK+XT 0,93 [0,84; 0,99]
PMX+O 0,72 [0,66; 0,90]
PMK+O+XT 0,53 [0,48; 0,54]
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OHMOTHI JKENYJOYHO-KUIIIETHOTO TpakTa Kpbic Wistar.
B rpynme ¢ PMK 6e3 sieuenns B coctaBe KAIIEYHON
MHKPOMIOPEI pa3BUBAJICS TUCOMO3 3a CUET ITOBHI-
meHus ypoBHs Bacteroidetes n auciieHHOCTH OaKTe-
puii Tuma Actinobacteria. [Tocie XT B rpymme PMXX
BBISIBIIEHO CHIDKEHHE ypoBHs Firmicutes mpu moBbI-
meHun konudectBa Bacteroidetes u Proteobacteria,
CBUJICTEIBCTBYIOIIEE O MPOJOIKAIOLIEMCS TUCOHO-
3e u obuieil mpuunHe — Bocnanenuu. [locne omnepa-
tuBHOTO JIedeHnss PMOK B obpasmax dexanuii Kpbic
BBISIBJICHO YBEIIMYEHHE YHCICHHOCTH Verrucomi-
crobia, OOYCJIOBJICHHOE BJIMSIHMEM Verrucomicro-
bia Ha pemapaiui oneparuoHHOW panbl. [Ipu wuc-
CJICZIOBAHUU MHUKPOOHMOTHI KHUIIIEUHHKa Kpblc Wistar
O00HapyXEHO CHIKCHHE COOTHOIeHHs Firmicutes/
(Firmicutes+Bacteroidetes) mpu XHPYPrUYECKOM
yIQJICHUH OITyXOJdH U KOMOMHAIIUU XUPYPIHYECKOTO
yaanenus u XT.

[IpoBeneHHoe uccienOBaHUE JAEMOHCTPUPYET
Halmyue B3auMocBa3u mexnay PMIK, takconomu-
YECKMM COCTaBOM MW pPa3HOOOpa3ueM KHIIeYHOU
MUKpoOuoThL. [lokazaHo, 4TO XMMUYECKH HHIYIIH-
poBanHOe pazBuTHe PMIK obemnHsieT cocTaB MHKpO-
OHMOTHI KUIIIEYHWKA Y KpbIc Wistar ¥ IPUBOIUT K JIUC-
0aaHCy KUIIEYHOH MHUKPOOHOTHI, KOTOPHIH MOXKET
yCyTyOmnsTh pocT onmyxonu. M3meHenne cocraBa Mu-
KpOOWOTHI KHIIIEYHUKA Ceifdac paccMaTpHUBaeTCs KaK
BKHBIN (DaKTOp TaToreHe3a OHKOJIOTHISCKUX 3a00-
neBanuii. HeoOxonnMo mpoBeAeHHE IOTOHUTEITh-
HBIX MCCIIEIOBAaHUA MUKPOOMOTHI KUIIIEYHUKA U CO-
ornomenus Firmicutes/(Firmicutes+Bacteroidetes)
y mromeii, 6ompHBEIX PMOK, mist ompenenenus Bo3-
MOXHOCTH JalIbHEUIIEr0 HCIONB30BAHUS YKa3aH-
HOTO COOTHOIICHHS B Ka4eCTBE BCIIOMOTATEIHHOTO
JuarfHoctuyeckoro onomapkepa PMXK.
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