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DTHONAaTOTreHeTUYeCKHe aClleKThI UCII0Jb30BaAHUA
NMPOOHOTHYECKUX MIPENapaTroB y NAIlMEHTOB C O:KUPEHUEM
1 N30BITOYHOM MAaCCOH TeJia

A.E. KapaBo3zosa!, B.E. Menmukosa’, T.B. Kapresa', T.I. Pabuuenko?, O.0. O6yxoBa?
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AHHOTAIINA

B nocsenHue TeCATUIETHS OXKUPEHUE U M30BITOYHAA Macca Tesla CTAJIN OJHOH U3 CyIIeCTBEHHBIX IIPobsieM ob1eMupo-
BOTO 37IpaBOOXpaHeHusA. HeyKIOHHBIH pocT 3a60s1eBaeMOCTH, GOPMUPOBAaHUE OCTIOKHEHUH ¥ KOMOPOU/THBIX COCTOSHUH,
VHBUINIA3AIUS U YBEJIMUEHNE CMEPTHOCTU Y TMAIMEHTOB C OKUPEHUEM YKa3bIBAIOT HA HEOOXOAUMOCTh Pa3pabOTKH
HOBBIX METOJIOB JIeUeHHs U TPOMUIAKTHKHI JaHHOTO 3a60s1eBanusi. [[0Ka3aHO, YTO HEKOTOPbIE IIPOOHOTHYECKIE [IPerna-
paThl CIIOCOOCTBYIOT CHIKEHHUIO MAacChl Tesia. B 0630pe mpezcTaBiieH aHAIN3 JAHHBIX COBPEMEHHBIX OT€YECTBEHHBIX U
3apy0esKHBIX UCCIIEIOBAHUM, KACAIOLIUXCS IIPUMEHEHHUS OIIPE/IEIEHHBIX IIITAMMOB OaKTEPUH Y JIUI] C O3KUPEHUEM U U30bI-
TOYHOU Maccoii TeJia ¢ IPEBEHTUBHOW 1 TEPAIIEBTUYECKON LIeIAMU. PacCMOTPEHBI KaK «KJIACCHYECKHE» aHOPEKCUTEHHbIE
mukpoopranusmsl (Bifidobacterium spp., Lactobacillus spp., Saccharomyces boulardii), Tak 1 TPOOGUOTUKH «CIIEYIO-
mero» mokosienus (Akkermansia muciniphila, Enterococcus spp., Faecalibacterium prausnitzii, Bacteroides spp.,
Streptococcus spp., Eubacterium rectale, Blautia spp., Christensenella minuta). OnucaHbl OCHOBHBIE TIATOT€HETHYECKHE
ACIIEKThI CHU)KEHUsI MACChI TeJIa IIPU IPUMEHEHHH YKa3aHHBIX IPOOHOTHYECKIIX IPENapaToB (YMeHbIIeHHe IIPOHUIIAEMO-
CTU U yCUJIEHHE 3aUTHBIX GYHKIIUN KUIIEYHOTO SIIUTEINS, BO3ZAEHCTBIE HA MUKPOOUOM MHUIIEeBAPUTEIFHON CUCTEMBI,
IIPOsIBJIEHHE IIPOTHBOBOCIIATTUTEILHON aKTUBHOCTH).

Kaouessble caoea: oXupeHre, MUKPOOMOTa KUIIEYHUKA, STHOMATOTEHE3, AHOPEKCUTEHHBIE IITaMMbI OAKTepUid, IPO-
OUOTHKH.
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Etiopathogenetic aspects of the use of probiotics in obese
and overweight patients

A.E. Karavozova!, V.E. Menshchikova!, T.V. Kartseva!, T.I. Ryabichenko?, O.0. Obukhova?
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ABSTRACT

In recent decades, obesity and overweight have become one of the significant problems of global public health. The steady
growth of morbidity, development of complications and comorbid conditions, disability and an increase in mortality in
obese patients indicate the need to develop new methods of treatment and prevention of this disease. It has been proven
that some probiotics contribute to weight loss. The review presents an analysis of data from modern domestic and foreign
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studies concerning the use of certain bacterial strains in obese and overweight people for preventive and therapeutic pur-
poses. Both classic probiotics with anorexigenic effect (Bifidobacterium spp., Lactobacillus spp., Saccharomyces boular-
dit) and next-generation ones (Akkermansia muciniphila, Enterococcus spp., Faecalibacterium prausnitzii, Bacteroides
spp., Streptococcus spp., Eubacterium rectale, Blautia spp., Christensenella minuta) are considered. The main pathoge-
netic aspects of weight loss when using these probiotics (reduced permeability and enhanced protective functions of the
intestinal epithelium, effects on the gut microbiome, anti-inflammatory activity) are described.

Keywords: obesity, gut microbiota, etiopathogenesis, bacterial strains with anorexigenic effects, probiotics.
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BBEJIEHHNE

PacipocTpaHeHHOCTh OXKHUPEHUS ITOBCEMECTHO
MPO/IOJKAET YBEJIMUUBAThCS, IpUoOpeTas Mac-
mTabbl TAHAEMHIH, 4TO JIeJIaeT JJaHHOe 3a00Ji1eBaHne
o61eMupoBoi mpobsiemoii [1]. Ilo manubiM BO3 B
2022 1. n36bITOYHAsA Macca Tesa Oblia 3apUKCUpO-
BaHa OoJiee 4eM y 2,5 MJIPJ B3POCJBIX JIIOJEH, U3
KOTOPBIX 0OJiee TPeTH CTPaJaId OKUpeHHeM. B To
3Ke BpeMs MHJIEKC MacChl TeJia, TPEBBIIIAOIINN 3Ha-
YeHHue 25, UMEeJIH TOPsAKa 37 MJIH JeTeld MIIajIe
5 JieT u 60J1ee 390 MJTH JIUI] B BO3PACTE OT 5 710 19 JIET,
Cpeiu KOTOPBIX IMATHO3 «OKUPEHUe» ObLIT IOCTaB-
JIeH 160 MUTH [2]. DKcriepTHast OIleHKa M0Kas3asia, 4To
IIpU YCJIOBHUU COXPAaHEHUs TEMIIOB IIPUPOCTa K
2030 T. IPUOJU3UTETBPHO 60 % HaceIeHUS TIJIAHEThI
OyayT uMeTh u30ObITOUHyI0 Maccy Tena [3]. Poct
3a00JIeBa€MOCTH, BBICOKHE PUCKH PA3BUTHSA OCIIOK-
HEHUU U NpeXJeBPEMEHHON CMEPTH OIpeessaioT
HeOoOXOAMMOCTh IIOMCKAa Haubojiee OITHUMAaJIbHOM
CTpaTETHH BMeEIATEIhCTB, HAIIPABJIEHHBIX HA Jede-
HUe U TPOPUIAKTUKY OKUPEHU [4].

JloxazaHo, 4uTOo B (POPMHUPOBAHUH 3DK30T€HHO-
KOHCTUTYITUOHAJIbHOTO OKUPEHHS Yy4acTBYeT He
TOJIBKO COBOKYITHOCTH (DaKTOPOB «T'€HETHKA, ITHUIIe-
BbI€ IPUBBIYKH U OTCYTCTBUE (DU3UUECKON aKTUBHO-
CTH», HO U COCTaB MHUKPOOUOTHI KUIIEUHUKA [5, 6].
I[TosTOMy TIOMHUMO «KJIACCHYECKUX» BapHaHTOB
Tepanuu, K KOTOPbIM OTHOCHUTCS IPUMEHEHUE aro-
HHUCTOB PEIENTOPOB IJIFOKATOHOIIOIOOHOTO IIel-
tuza-1 (JIMparIyTUI) Wi HHTUOUTOPA JKeJTyI0UHO-
KUIIIEYHBIX Jiuna3 (OpJIrcTaT), HaygdHoe coo0IecTBO
COCPEIOTOYMIIOCh HAa HCCIEIOBAHUH MUKPOOHoOMa
KUIIIEYHUKA KaK BO3MOXKHOU IIeu JiJIsi OOphOBI ¢
OXKHUpeHueM [6].

CorytacHo MexIyHapoTHOM HayYHOH accorua-
nuu npobuotukos u npebuotukos (ISAPP), mpo-
OUOTUKU OIPEEIAIOTCA KaK «KHUBbIe MUKPOOPTa-
HU3MBbI, KOTOpble IpU IIpHeMe B aJIeKBaTHBIX

INTRODUCTION

The prevalence of obesity continues to increase
worldwide reaching pandemic proportions, mak-
ing this disease a global problem [1]. According to
WHO, in 2022, overweight was recorded in more
than 2,5 billion adults, of whom more than a third
were obese. At the same time, about 37 million
children under 5 years of age and more than 390
million people aged 5 to 19 years had a body mass
index exceeding 25, of which 160 million were
diagnosed with obesity [2]. Expert assessment has
shown that, on condition the existing growth rate
is maintained, approximately 60% of the world’s
population will be overweight by 2030 [3]. The
increase in morbidity, high risks of complications
and premature death determine the need to find
the most optimal strategy for treatment and pre-
vention of obesity [4].

It has been proven that not only the combination
of such factors as genetics, dietary habits and lack of
physical activity, but also the gut microbiota compo-
sition are involved in the development of diet-
induced and genetically inherited obesity [5, 6].
Therefore, in addition to classical treatment options,
which include the use of glucagon-like peptide-1
receptor agonists (liraglutide) or an intestinal lipase
inhibitor (orlistat), the scientific community has
focused on studying the gut microbiome as a possible
target for combating obesity [6].

According to the International Scientific Associa-
tion for Probiotics and Prebiotics (ISAPP), probiotics
are defined as “live microorganisms which, when
administered in adequate amounts, confer a health
benefit on the host” [7]. The use of gut bacteria
strains with anorexigenic effect as probiotics in com-
bination with dietary pattern modification is consid-
ered a more accessible and cost-effective method for
preventing the development of obesity for both the
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KOJIMYeCTBaX IPHUHOCAT  TMOJIb3Y  3I0POBBIO
xo3sauHa» [7]. Mcmonb30BaHUEe aHOPEKCUTEHHBIX
MITAMMOB  OakTepué  KeIyI0YHO-KUIIEYHOTO
TpaKTa B KauecTBe MPOOUOTUYECKHUX IIPEMapaToOB B
COBOKYIHOCTH C M3MEHEHHEM pal[ioHa MUTAHUs
cunTaercsi 0Oojiee JOCTYITHBIM U KOHOMHYECKH
BBITOJHBIM METOZOM IPEAOTBPAIEeHUs Pa3BUTHUSI
O0KMPEHUS KaK JJIsl HaCeJIEHHsI, TAK U JJIST CHCTEMBI
3/IpAaBOOXPAaHEHUs] [0 CPAaBHEHHIO C JAPYTUMH
MeIUKAaMEHTO3HBIMU U XHPYPrUUYECKUMHU BMeIla-
TesbeTBamu [8].

ITEJIb UCCJIEJIOBAHUSA

AHau3 pesyJIbTaTOB UCCIEN0BAHUM, ITOCBAIIEH-
HBIX U3YUYEHUIO BIUSAHUS MpHeMa IPOOUOTUUECKHUX
MpernapaToB Ha CHI)KEHKE MAacChl TeJla U YMEeHbIIe-
Hre 00beMa BUCIIEPATIBHOIO KMpPa B OPraHU3MeE Y
JIUI ¢ OKUPEHUEeM M M30BITOYHOU MAaccod Tejla U
OLIEHKE MeXaHU3MOB BO3/eHCTBUS HanboJiee 3HAUM-
MBIX MHKPOOPTaHM3MOB Ha IIPEIOTBPAIleHHE pas-
BUTHSA 5TOro 3a00/1€BaHu.

«KJIACCUYECKUE» ITPOBNOTUKUA

Mogynsanusa MUKPOOHOTHI KHUIIIEYHUKA ITPOOHO-
THKaMH MOJKET CII0COOCTBOBATh CHMIKEHUIO Beca,
MH/IEKCA MACChI TeJIa ¥ IIPOIEHTA COIEPIKAHUSA KUPa
B opraHusMe. 13 3TOro cjeiyer, 4To mpoOHOoTHYe-
CKUe€ IITaMMBI MOTYT UCIIOJIb30BaThCS IIPH JIEUEHUN
OKMPEHUsI WIH B KAUeCcTBe ero MpodUIakTUKA IS
JmIn, U3 Tpymmbel pucka [4]. Hambonee nzyueHHble
IIPOOMOTHUKHY, XOPOIIIO 3apeKOMEH/I0BaBIINE ce0s B
6oprbe c oxxkupenuem — Lactobacillus, Bifidobac-
terium, a TakKe MPEJCTABUTETH JPOMKIKEBBIX TPUO-
koB Saccharomyces boulardii [9, 10]. K uzyueHHBIM
MeXaHU3MaM JIEHCTBUSI JAHHBIX «KJIACCHUECKUX»
MIPOOUOTHUKOB MIPU OKUPEHUU OTHOCSTCS: MOJIYJIS-
U KUIIEYHOH MHUKPOQJIIOPhl M yCTPAHEHUE JIUC-
06m03a KUIIIEYHUKA, YCUIeHe 6aphepHOU (QYHKIIMH
KOJIOHOITUTOB C YMEHbIIIEHUEM SIBJIEHUH DH/IOTOKCE-
MHUHU U TIOCJIEICTBUN OKUCJIUTEIBHOTO CTPECCa, UTO
MTOJIO’KUTEIBHO BJIUSET HAa SHEPTETHUECKHI OOMEH B
JKHPOBOH U JPYTHUX TKAHAX [6].

Bifidobacterium (B.) spp. Ucnonb3oBanue
MPOOUOTUYECKHUX COCTABOB, CO/Ep:KAIUX OH(UI0-
Gakrepun (B. bifidum, B. breve, B. longum,
B. animalis subsp. lactis), B ieueHnU y TAIUEHTOB C
OKMPEHUEM, CaXapHBIM Ua0eTOM U HEaIKOIOJib-
HOH >KHPOBOH OOJIE3HBIO ITEUEHU IIOKA3AJI0 CHIKE-
HUe Macchl TeJla ¥ aKTUBHOCTU MapKEPOB CTeaTOre-
[aTo3a, a TaKKe YMEHbBIIEHHE YPOBHS TIJIIOKO3BI
CBIBOPOTKU KPOBH U CTEIEHU WHCYJIMHOPE3UCTEHT-
HOCTH [11]. DKCIIepUMEHTaIbHO HOATBEPKIEHO, UTO
B. animalis subsp. lactis 420 (B420) y4yacTtByeT B
CO3/IaHUH IUIOTHBIX COEIUHEHUU MEX/Iy SIUTEJIU-

population and the health care system compared to
other approaches — medication and surgical inter-
ventions [8].

AIM OF THE RESEARCH

Analysis of the results of studies devoted to the
effects of probiotics on weight loss and decrease in
the visceral fat volume in obese and overweight indi-
viduals and assessment of the mechanisms of action
of the most significant microorganisms in preventing
this disease development.

CLASSICAL PROBIOTICS

Modulation of the gut microbiota by probiotics
can contribute to weight loss, decrease in body mass
index and body fat percentage. This suggests that
probiotic strains can be used in the treatment of obe-
sity or its prevention for individuals at risk [4]. The
most studied probiotics that have proven themselves
in the fight against obesity are Lactobacillus, Bifido-
bacterium, and the yeast Saccharomyces boulardii
[9, 10]. The studied mechanisms of action of these
classical probiotics in obesity include: modulation of
the gut microflora and amelioration of intestinal dys-
biosis, improvement of colonocyte barrier function
with a decrease in endotoxemia and oxidative stress
consequences, which has positive effect on energy
metabolism in adipose and other tissues [6].

Bifidobacterium (B.) spp. The use of probiot-
ics containing bifidobacteria (B. bifidum, B. breve,
B. longum, B. animalis subsp. lactis) in the treat-
ment of patients with obesity, diabetes mellitus and
non-alcoholic fatty liver disease showed a decrease
in body weight and activity of fatty liver disease
markers, as well as a decrease in serum glucose levels
and degree of insulin resistance [11]. It has been
experimentally confirmed that B. animalis subsp.
lactis 420 (B420) is involved in the recovery of tight
junctions between epithelial cells, which leads to a
decrease in intestinal permeability by preventing
bacterial translocation and reducing the inflamma-
tory activity derived from lipopolysaccharides [o,
10]. All of the above mechanisms lead to an increase
in insulin sensitivity in the hypothalamus, which
improves satiety [9]. The study of the presented
strain, performed by Uusitupa et al. (2020) [10],
proved its ability to restore the gut microbiome by
increasing the abundance of Akkermansia muciniph-
tla. When exposed to B. infantis and B. bifidum,
there was a significant decrease in the level of intes-
tinal endotoxins without an increase in IL-6, TNF-q,
IFN-y [1, 12, 13]. When studying the gut microbiota
composition in adults and children, a lower abun-
dance of Bifidobacterium was recorded in obese
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JIbHBIMHU KJIETKAMHU, YTO MPUBOJUT K CHIKEHUIO
MIPOHUIIAEMOCTH KHUINEYHUKA IyTEM IIPeJ0TBpallie-
HUSI TPAHCIOKAIIMU OaKTEpU M CHUKEHUSI aKTHB-
HOCTH BOCHAJIEHUsI, OOYCJIOBJIEHHOTO JIeHCTBHEM
JIUTIOTIOICAaXapusoB [9, 10]. Bce BhImenepeurc-
JIEHHbIE MEXAHU3MbI IIPUBOZAT K YBEJMUEHUIO UyB-
CTBUTEJIbHOCTH K WHCYJHWHY B THIIOTAJIaMyCe, YTO
VCKOPSIET TOsIBJIEHWE 4YyBCTBA HACHIEHUs [9].
UcceroBaHue MpECTaBJIEHHOTO IITaMMa, MPOBe-
nmernHoe H.M. Uusitupa et al. (2020) [10], nokaszano
€ro crrocoOHOCTh K BOCCTAHOBJIEHUI) MUKpPOOHOIIE-
HO3a KUIIEYHWKA IyTEM YBEJIMUYEHUs PACIIPOCTPA-
HeHHOCTH Akkermansia muciniphila. Tlpu Bo3zneii-
crBuu B. infantis u B. bifidum oTmeuanoch 3Ha4H-
TEJIbHOE CHUYKEHHE YPOBHS 9H/IOTOKCHHOB B KHIIIEY-
HuKe 6e3 yBennuenus NJI-6, ®HO-a, UDPH-y [1, 12,
13]. IIpu mu3yuyeHHUU cocTaBa MUKPOOHOTHI KHIIEY-
HUKA Y B3POCJIBIX U JIETEH 3aperucTPUPOBAHO 6Gosiee
HU3KO0e KoyinuecTBO Bifidobacterium y nur ¢ 03Ku-
peHUEM, YeM y 3I0POBBIX IOOPOBOJIBIEB [1, 14, 15].
OZHAKO UTAJIbIHCKOE UCCIIeIOBAaHUE IETCKOTO Hace-
JIEHUsI 7—17 JIET 2024 T. BBIABUJIO, YTO KOJIMYECTBO
B. longum subsp. infantis u B. breve 6bL10 BbIIIE ¥
JleTel ¢ oxupeHueM, a B. bifidum u B. longum subsp.
longum — HIXe TO CPaBHEHUIO CO 3I0POBBIMU
JeTbMu [14].

Lactobacillus (L.) spp. Ilo nanasiM E. Ama-
bebe et al. (2020) [8] 6osree 60 % ucciemoBaTesb-
CKUX paboT, MPOBEJEHHBIX 110 2020 T., IPOJEMOH-
CTPUPOBAIA CHUYKEHHE MAacChl Tejla U/WIH JKUpa B
OpraHu3Me 4YeJIOBEeKa, 3aBUCAINlee OT BHUZAA
Lactobacillus. Tlpu ucciefnoBaHuu 43 A0O6POBOJIb-
1IeB ¢ UBOBITOYHON MacCOH Tejia, KOTOPhIE B TEUEHHE
12 HeJl KOK/IBIU IeHb TOTPe0Isin 200 T PepMeHTH-
POBaHHOTO  MOJIOKA,  COJIEPIKAILEro  IITaMM
L. gasseri, HabII0IQIOCH 3HAYUTEIPHOE CHUKEHUE
BHCIIEPAJIBHOTO U IOJIKOKHOTO JKUPA, MACChI TeJa,
uHAekca Macchl Tesia (MMT), OKpyKHOCTEH TaTuu |
Oezlep IO CPaBHEHUIO C JIUIAMH, KOTOPbIE YIOTpe-
Oysim bepMEHTHPOBAHHOE MOJIOKO 0e3 /106aBOK
[15]. TobaBneHre B palOH IMUTAHUS C BBICOKUM
cozepskanueM KUpoB L. paracasei F19 okasbiBasio
AHOPEKCUTEHHOE JIeHCTBHE HA OPTAaHU3M, CHUKAs
YPOBEHb TPHAIWITJIUIEPUHOB B CHIBOPOTKE W
yMeHbIIIasl OTJIOKEHUE JKupa B euenu [16]. [Ipobu-
otuku L. curvatus HY7601 u L. plantarum KY1032
Tak’Ke BbI3bIBAJIM CHHUKeHHe macchl Teaa, UMT u
OKpy:kHOcTH Tanmuu [17, 18]. B wucciemoBanuu
Ha J1abOpaTOpPHBIX JKUBOTHBIX L. fermentum
CECT5716 1poJieMOHCTPUPOBAJ MIPOTUBOBOCIIAJIU-
TeJIbHOE JIeMCTBHE, CIIOCOOHOCTh MOJIYJIMPOBAThH
COCTaB MHKPOOUOTHI, YBEJIMUMBAsA COJEPKAHIE
Akkermansia spp., Bacteroides, yMeHbIIas KoJiA4de-
ctBo Erysipelotrichi u Clostridium spp. ¢ mocJezayo-

individuals than in healthy volunteers [1, 14, 15].
However, an Italian study of the child population
aged 7—17 years in 2024 found that the abundance of
B. longum subsp. infantis and B. breve was higher in
obese children, and B. bifidum and B. longum subsp.
longum were lower compared to healthy children
[14].

Lactobacillus (L.) spp. According to Amabebe
et al. (2020) [8], more than 60% of studies con-
ducted by 2020 have demonstrated a reduction in
body weight and/or body fat in humans, depending
on the Lactobacillus species. In a study of 43 over-
weight volunteers who consumed 200 g of fermented
milk containing the L. gasseri strain daily for
12 weeks, there was a significant decrease in visceral
and subcutaneous fat, body weight, body mass index
(BMI), waist and hip circumferences compared to
individuals who consumed fermented milk without
supplements [15]. Supplementation of a high-fat diet
with L. paracasei F19 had an anorexigenic effect,
reducing serum triacylglycerol levels and reducing
fat storage in the liver [16]. L. curvatus HY7601 and
L. plantarum KY1032 probiotics also caused a
decrease in body weight, BMI and waist circumfer-
ence [17, 18]. In a model of high fat diet-induced obe-
sity in mice, L. fermentum CECT5716 demonstrated
anti-inflammatory properties, the ability to modu-
late the microbiota composition, restoring Akker-
mansia spp. abundance, Bacteroides, reducing the
abundance of Erysipelotrichi and Clostridium spp.
with subsequent restoration of endothelial function
[19]. However, it should be noted that some Lacto-
bacillus species, including L. acidophilus, may be
associated with weight gain due to their limited abil-
ity to breakdown fructose or glucose [20], but a study
by Chinese scientists has confirmed the anorexigenic
effects of this probiotic by enhancing glucose and
lipid metabolism, suppressing the activity of obeso-
genic flora, as well as maintaining the intestinal bar-
rier integrity, reducing metabolic endotoxemia, and
inhibiting the TLR4/NF-xB signaling pathway [21].

Saccharomyces (S.) boulardii. It is known
that the use of yeast probiotics, which include S. bou-
lardii, in mice models led not only to a change in the
gut microbiota composition with a decrease in repre-
sentatives of the phylum Firmicutes and an increase
in Bacteroidetes, but also a decrease in circulating
inflammatory mediators and, as a result, in fat mass
[8]. In addition, a 2021 Brazilian study demonstrated
that in mice with streptozocin-induced diabetes mel-
litus, administration of S. boulardii for 8 weeks sig-
nificantly decreased oxidative stress parameters
(reduced carbonylated protein concentration and
increased activity of antioxidant enzymes — superox-
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IIIUM BOCCTAaHOBJIEHHEM 3H/0TEINATIbHOU QYHKIIUU
[19]. OmHako 3aMeTHUM, YTO HEKOTOPBIE BUABI Lacto-
bacillus, Bxitouas L. acidophilus, MoryT GBITH CBsI-
3aHBI C YBEJIMUEHUEM MAacCChl TeJla B pe3yJIbTaTe HX
OTpAaHUYEHHOH CITOCOOHOCTH PACIIEILIATh (PPYKTO3Y
WIN TJII0KO3Y [20], HO B paboTe KUTAHUCKUX YIEHbIX
OBUIM TIOATBEPK/IEHBI AHOPEKCUTeHHBbIE 3(P(PEKThI
9TOTO MPOOMOTHKA 32 CUET YCUJIeHHUs MeTabou3Ma
[JIIOKO3BI ¥ JINTIUIOB, II0/IaBJIEHUs aKTUBHOCTH 00e-
COTeHHOU (PJIOPHI, a TAKIKE MO/I/IEPIKAHUS [IEJIOCTHO-
CTU KHIIIEYHOTO Oapbepa, YMEHbBIIEHUsI MeTaboJIH-
YeCKOH DHIOTOKCEMHUU U CYIPECCUU CUTHAIHHOTO
mytu TLR4/NF-xB [21].

Saccharomyces (S.) boulardii. Vi3secTHO,
YTO TpPUMEHEHHUE [IPOJKIKEBBIX MPOOUOTUKOB, K
KOTOpBIM OoTHOCHUTCS S. boulardii, B uccieq0BaHUAX
Ha J1ab0PaTOPHBIX KUBOTHBIX IIPUBEJIO HE TOJIBKO K
W3MEHEHUI0 COCTaBa MHKPOOHMOTHI KHUIIEUHUKA C
yYMeHbIIIEHNEM IIpe/icTaBuTesiel prutyma Firmicutes
u yBenuueHweMm Bacteroidetes, HO W CHUKEHHIO
IUPKYJIUPYIONIUX BOCIATUTETHHBIX MEAHUATOPOB H,
KakK CJIeJICTBHE, ITOTEpe KUPOBOi Macch [8]. Kpome
TOTO, B Opa3MJIbCKOM HCCIENOBAaHUU 2021 T. OBLIO
MIPOJIEMOHCTPUPOBAHO, UYTO y MBIIIEH ¢ caxapHbIM
nuabeToM, WHAYIHUPOBAHHBIM CTPENTO30I[HOM,
npu ucnoak3oBanuu S. boulardii uepes 8 ez 10CTO-
BEPHO CHUKAJIUCh MTOKA3aTEeJU, XapaKTEPUBYIOIIIe
OKHCJIUTEIBLHBIN cTpece (YMeHbIIIach KOHI[EHTPA-
oy KapOOHWJIMPOBAaHHOTO OejlKa W IOBBINIAIACH
AKTUBHOCTb AHTHOKCUTAHTHBIX (DEPMEHTOB — CyIIep-
OKCUIVICMYTa3bl W TJIyTaTUOHIIEPOKCHU/IA3bI), U
KyIIIPOBAJIUCH MPU3HAKY JleT€HEPAI[UN TelaToIH-
ToB [22]. I[ToMuMO 3TOTO B ILIaIe00-KOHTPOJIHUPYE-
MOM PaHOMU3UPOBAHHOM HCCJIEJJOBAHUM, B KOTO-
POM y4YacTBOBaJIX 25 B3POCJBIX JTOOPOBOJIBLIEB C
MIOATBEPKJIEHHBIM  JTUATHO30M  «OJKHUPEHUE»,
coBMmecTHOe BBezieHue S. boulardii u cynepoxcuz-
JIUCMYyTa3bl B TeueHUe 60 JIHel MPUBEJIO K MOTEPe
Beca ¥ CHUIKEHUIO YKUPOBOM MACChI C COXpaHEHHEM
MBIIIIEYHON MAacChl M YMEHbBIIEHUIO CTEIIEHH WHCY-
JIMHOPE3UCTEHTHOCTH [23].

IMPOBNOTUKU «CJIEAYIOIITET'O»
ITOKOJIEHUA

B cBsi3u ¢ pa3BUTHEM B IOCTIEIHUE TOABI MYJIb-
THOMUKCHBIX TEXHOJIOTUH OBLIM BBISIBJIEHBI HOBBIE
IITAMMBI 6aKTepuil, 001aJAI0IMKX TOJIE3HBIMHU JIJIsI
MaKpOOpPraHMU3Ma CBOHCTBAMH, KOTOpbIE HAa3BaIHd
MPOOMOTUKAMH  «CJIEAYIOIIero» IoKoyieHus. Ha
CETOTHSAIIHUH JIeHb TaHHbBIE ITPE/ICTABUTEIN MUKPO-
6uoMa HaxOHASTCS B IEHTPE BHUMAHUS HCCIIEI0BA-
TeJIel, ¥ TOSABJISIETCA Bee OOJIBIIE JOKA3aTEIbCTB X
TepaleBTUUECKOTO IOTEHIUANIa TPU OKUPEHUU U
CBA3AHHBIX C HUM OCJIOKHEHUH [6].

ide dismutase and glutathione peroxidase), and signs
of hepatocyte degeneration were were attenuated
[22]. In addition, in a placebo-controlled random-
ized trial involving 25 adult volunteers with con-
firmed obesity, co-administration of S. boulardii and
superoxide dismutase for 60 days resulted in weight
loss and fat mass decrease with preserved muscle
mass and reduced insulin resistance [23].

NEXT-GENERATION PROBIOTICS

Owing to the development of multi-omics tech-
nologies in recent years, new bacterial strains with
beneficial for a macroorganism properties have been
identified, called “next-generation probiotics”.
Today, these representatives of the microbiome are
the focus of researchers, and there is increasing evi-
dence of their therapeutic potential for the treatment
of obesity and its complications [6].

Akkermansia (A.) muciniphila is one of the
few intestinal microbes whose role in preventing
obesity is positively assessed by the authors of
reviews unanimously [5, 8]. According to Vallianou
et al. (2023) [6], this type of bacteria is the most
studied and promising innovative next-generation
probiotic, since oral administration of the probiotic
containing A. muciniphila for 3 months by over-
weight and obese patients was safe, well tolerated,
besides, there was no rebound syndrome after its
withdrawal. It was found that A. muciniphila per-
forms its functions by mucin degradation: these bac-
teria are able to produce energy substrates (acetate
and propionate) for other bacteria and tissues of the
macroorganism and, through a feedback mecha-
nism, stimulate the synthesis of mucin by intestinal
epithelial cells, which allows for the permanent res-
toration of gut mucin to protect colonocytes [24]. In
addition, these microbes reduce the production of
bacterial lipopolysaccharides and prevent intestinal
inflammation, which also contributes to anorexi-
genic and metabolic effects, including a decrease in
serum glucose levels and an improvement in tissue
insulin sensitivity (Fig. 1) [25].

Enterococcus (E.) spp. It is known that
Enterococcus strains are also used as probiotic
agents [26]. Pathogenetically, an anorexigenic effect
may be due to the production of myristoleic acid
(long-chain unsaturated fatty acid) by E. faecalis,
which activates brown adipose tissue and is involved
in beige fat formation [27], and also has anti-inflam-
matory properties (reduces levels of TNF-a, IL-6,
IL-8), regulates cholesterol absorption, improves
enterocyte integrity [28] and inhibits lipid accumu-
lation [26]. When assessing the diversity of the
anaerobic intestinal microbiota in children and ado-
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Akkermansia (A.) muciniphila - onux us
HEMHOTHX  MHUKPOOOB  JKEJIYAOYHO-KUIIEYHOTO
TpaKTa, poJIb KOTOPOTO B MIPEAOTBPAIIEHUH OXKUPE-
HUS OLIEHUBAETCS aBTOpPaMU 0030PHBIX CTaTel eIu-
HOIJIACHO TMOJIOKuTeNAbHO [5, 8]. Ilo MHeHHIO
N.G. Vallianou et al. (2023) [6], aTOT Buz 6aKTepuit
SIBJISeTCS HanboJiee N3yYEeHHBIM U MTePCIIeKTUBHBIM
WHHOBAIIMOHHBIM IPOOHOTHKOM  «CJIEJTYFOIIIETO»
MTOKOJIEHUsI, TAK KaK MEPOPAJIbHBIN IIPUEM ITPOOUO-
THKa, cojiepkamnero A. muciniphila, B TeueHue
3 MecsAIleB MalnueHTaMu ¢ H30BITOYHOH Maccol Teia
U OKUpeHUneM ObL 6e30IacHbIM, XOPOIIIO IepeHo-
CUJICs, a TaKKe OTMEeUasoch OTCYTCTBHE CHUHAPOMA
PHUKOIIIEeTa [TOCJIE €r0 OTMEHBI. BhIJIO BBISICHEHO, YTO
A. muciniphila ocyiecTBisieT cBoU (PYHKITUU IIyTEM
JlerpaZlaliii MyITUHA: 3TH OaKTepUH CIIOCOOHBI IIPO-
W3BOJIUTh SHEpPreTUuYecKkue cyocTparsl (amerat u
MPOTIMOHAT) JIJIs APYTUX OaKTEPUll U TKaHEH MaKpO-
OpraHu3Ma U [0 MEXaHU3MY 00paTHOH CBI3U CTUMY-
JIIPOBaTh CUHTE3 MYIIMHA SMUTETHATbHBIMU KJIET-
KaMH KHUIIIEYHHKA, YTO I[I03BOJISET IIOCTOSTHHO
OOHOBJIATH CJIOH CJIU3U JIJISI 3alIUTHI KOJIOHOIIUTOB
[24]. KpoMme Toro, 3TH MUKPOOBI CHHIKAIOT MTPOIYK-
U0 OaKTepUAIHHBIX JIUIIOMOJINCAXapPUIOB U Orpa-
HUYHBAIOT AaKTUBHOCTH BOCIIAJIEHUSI, YTO TAKIKE CITO-
coOCTByeT AaHOPEKCUTEHHBIM U MeTab0JIMUYeCKUM
addexTaM, B TOM UnCie CHUKEHUIO YPOBEHS TJIIO-
KO3bI CHIBOPOTKH KPOBH U YJIYUIIIEHUIO UHCYJIHMHO-
JyBCTBUTEJIPHOCTH TKaHel (puc. 1) [25].

Enterococcus (E.) spp. UsBectHo, uro
ITaMMbI Enterococcus Take IpUMEHSIIOTCA B Kade-
cTBe MpOOHOTUUECKUX cpecTB [26]. [laToreHeTHye-
CKU aHOpPEKCUTeHHBIH 3(PdeKT MokeT ObITH 00y-
c0BJIeH BbhIpaboTko E. faecalis MupucToienHOBOM
KUCJIOTHI  (JUIMHHOIIEIIOUEYHAsI  HEeHACHIIeHHAas
JKUpHAsi KHCJIOTa), KOTOpas aKTUBUPYET Oypyro
JKUPOBYIO TKaHb W 00OpasoBaHUe OE€KEBOTO >KHpa
[27], a Tak:ke 00J1a/71a€T IPOTUBOBOCIIATTUTEIBHBIMU
cBoiictBamu (cHmwkenue ypoBHedr ®HO-a, MNJI-6,
WJI-8), perynupyer abcopOLui0 XomecTepruHa, obe-
CIIEYNBAET YJIY4IlleHHE IeJIOCTHOCTA DHTEPOIUTOB
[28] u uurHOUpPYeT HaKOIIeHUE TUTUAOB [26]. [Ipu
OIleHKe pazHoOOpa3usi aHa’pOOHOW KHUIIEUHOH
MHKPOOHOTHI Y JIETEH U IMOJPOCTKOB C DK30T€HHO-
KOHCTUTYI[MOHAJIbHBIM OJKHUPEHUEM TPYIIONH pPoc-
CHUUCKHX aBTOPOB OTMEUYEHBI JIOCTOBEPHO O0JIee HU3-
Koe cozepskanue E. mundtii, 4eM y KOHTDPOJIbHOMN
TpyIIIbI (3I0pOBbIE MAIUEHTHI) [29].

Faecalibacterium (F.) prausnitzii taxixe
CYUTaeTcss MPOOMOTHKOM HOBOTO ITOKOJIEHUs [6].
B psize uccienoBaHUi MPOIEMOHCTPUPOBAHO, UTO
KOJIMYECTBO TPAMITIOJIOKUTEIBPHBIX ~aHAPOOHBIX
OakTepuil F. prausnitzii yMeHbIIIAETCS y MAIUEHTOB
C OKUpPEHNEM U MeTaboJIMUeCKUM CHHAPOMOM [30].

lescents with diet-induced and genetically inherited
obesity, a group of Russian authors noted a signifi-
cantly lower count of E. mundtii than in the control
group (healthy patients) [29].

Faecalibacterium (F.) prausnitzii is also
considered a new-generation probiotic [6]. Several
studies have shown that the abundance of gram-pos-
itive anaerobic bacteria F. prausnitzii is decreased in
patients with obesity and metabolic syndrome [30].
This type of bacteria exerts its anorexigenic effects
due to anti-inflammatory properties, including
butyrate production [31], a positive effect on the
intestinal barrier integrity [32], and decrease in calo-
rie intake with simultaneous activation of lipid and
glucose metabolism in the liver and adipose tissue,
as evidenced by the regulation of gene expression
associated with fat metabolism, including ACCi,
FAS, SREBP1c, as well as leptin and adiponectin
[33]. However, opposite results were also obtained:
children with obesity had higher levels of F. praus-
nitzii compared to the control group [34].

Bacteroides (B.) spp. According to a number
of authors, the most important marker of obesity is
an increase in the ratio of Firmicutes/Bacteroidetes
representatives [8]. In general, studies on the gut
microbiota have shown that obesity is associated
with a decrease in gram-negative bacteria, in partic-
ular Bacteroidetes [35], and an increase in their
number contributed to reduced risk of obesity [36].
These microorganisms are known to have a positive
effect on the human immune system, maintain
micro-ecological balance in the gastrointestinal tract
and accelerate angiogenesis in the intestinal mucosa
[37]. The B. stercoris species is capable of inhibiting
lipid accumulation in preadipocytes, reducing leptin
and triglyceride levels, and restoring glucose sensi-
tivity in cells and tissues [38], which is also charac-
teristic of the B. uniformis species [39], exerting a
number of anti-inflammatory effects (increased con-
centrations of IL-10 and TSLP and IL-33 cytokines
involved in the induction of Treg and activation of
type 2 innate lymphoid cells) [40]. The action of B.
thetaiotaomicron is associated with glutamate fer-
mentation, which is probably due to the involvement
of this amino acid in appetite regulation (glutama-
tergic signaling neurons of the hypothalamus respon-
sible for satiety) [43]. At the same time, the results of
some studies demonstrate negative correlations, for
example, in a systematic review devoted to the rela-
tionship between diet, microbiota and obesity in
children and adolescents [41].

Streptococcus (S.) spp. The data concerning
Streptococcus can be considered ambiguous. In a
study performed in 2022 by Ma et al. [42] in a group
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Bnusinue Ha meTabonuyeckue HapyweHus
Improvement of metabolic disorders 4

| meTabonnyeckuit cusapom / metabolic syndrome
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BnusiHne Ha MyLMH 1 NOBbILLIEHNE
LIeJIOCTHOCTY KULeyHoro Gapbepa
Normalization of mucus thickness /

MpotusoBocnanu-
&enhancement of barrier integrity

TenbHbie 3pdekTbl /
Anti-inflammatory effects

1 derpagauug myumta / mucin degradation —
1 06HOBIEHME CNOS CAIN3I NS 3aLUMTI
KOJIOHOLMTOB
restoration of gut mucin

| meTabonnyeckas anpoTokcemus / metabolic endotoxemia

| nponykuus GakTepuanbHbIX AMMONONMCAXapua0B
production of bacterial lipopolysaccharide

| ypoeHb neiikoumto kposu / WBC count

Bnusinne Ha 3alUTHYIO0 GYHKLMIO KMLIEYHOTO
SNUTENNS U MHNLMALMA NMMYHHBIX PeaKuuii
Improvement of intestinal barrier function /
& trigger host immune responses

1 akenpeccust GENKOB NNOTHbIX COEAUHEHMI
MEXQY NUTENNaNbHLIMK KNeTkamn
expression of tight junction proteins

1 HeraTMBHOe BAMsHIE Ha GyHKLUMOHMpOBaHue TnP
interference with TLR

Puc. 1. Biiusnue Akkermansia muciniphila u mpoiyKToB ee *KU3HE/IEATETBHOCTH HA OJKUPEHNE U CBA3AHHBIE C HIM
paccrpoiictsa (1 — yBenudenue; | — ymenblienue; ACT — acnapratamuHoTpaHcdepasa,;
I'TT - ramma-myramunTpaucdepasa; ToP — Toll-iogo6uble penerntopst (1o [6])
Fig. 1. Effects of Akkermansia muciniphila and its derived products in obesity and related disorders
(1 — increase; | — decrease; WBC — white blood cells; AST — aspartate aminotransferase;
vyGT — gamma-glutamyl transferase; TLR — Toll-like receptors (according to [6])

CBou aHopekcureHHble 3G@EKTH 3TOT BHUA OakTe-
pUil OCYIIECTBJISET 32 CUET MMPOTHBOBOCIIATIUTEIb-
HBIX CBOHCTB, B TOM 4HCJe Oarofaps MpOAyKIUH
Oyruparta [31], MOJOXUTENBHOTO BJHSHHUA Ha
[IeJIOCTHOCTh KHUIIIEYHOTO Oapbepa [32], cHMKeHus
MOTpebJIeHNsT KaJIOPUHM ¢ OJJTHOBPEMEHHOU aKTHBa-
myueri obMeHa JIMIIMJIOB M TJIIOKO3bI B IIEUEHU U
JKUPOBOU TKAHU, O YEM CBUJIETEJIHCTBYET PETYJINPO-
BaHUE HKCIIPECCUU T€HOB, CBA3AHHBIX C METab0IN3-
MowMm kupoB, Bkiouast ACC1, FAS, SREBP1c, ientun
u agunoHekTuH [33]. OmHAKO OBLIN MOJY4YEHBI U
MIPOTHUBOIIOJIOKHBIE PE3YJIbTATHI: Y JIeTEH ¢ OKUpe-
HUEM II0 CPAaBHEHUIO ¢ KOHTPOJIBHOH IPyIIIOi ObL1a
6oJtee BhICOKAs YUCIEHHOCTD F. prausnitzii [34].
Bacteroides (B.) spp. Ilo MHeHHIO psiia aBTO-
POB, BaKHEHUIIIUM MapKEpPOM OKHPEHUs SBJISETCS
YBeJIMYEHNE COOTHOIIEHUs TpeJIcTaBUTeNed Guty-
moB Firmicutes/Bacteroidetes [8]. B 11estom uceaeno-
BaHUs MUKPOOUOTHI KUIIIEYHHUKA TTOKA3AJIH, UTO O3KH-
PEeHHe CBA3aHO C YMEHbBIIIEHUEM KOJHWUYECTBA TrpaM-

of adults, it was shown that Streptococcus abundance
was significantly reduced in obese patients. In addi-
tion, it was emphasized that the species S. salivarius
subsp. thermophiles may in the future become an
effective probiotic for the prevention of obesity and
related disorders. In a study on the effect of diet on
childhood obesity (among children aged 6—12 years),
it was shown that after dietary correction, Streptococ-
cus abundance increased [43]. However, when ana-
lyzing the fecal microbiota in children and adolescents
[44], as well as adults [45], a positive correlation of
Streptococcus with obesity was found. In a domestic
study on the state of the gut microbiota in adolescents
aged 12—-15 years with overweight and obesity, an
excessive growth of microbes of this group was
revealed [46]. Streptococcus, as representatives of the
Firmicutes phylum, causes body fat accumulation,
increasing the energy intake from food [47].
Eubacterium (E.) rectale produce short-
chain fatty acids (acetate, propionate, butyrate) [48],
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OTpHUIIATEIbHBIX OaKTEPHI, BUacTHOCTH Bacteroidetes
[35], a yBemnueHre MX KOJTMYECTBA CITOCOOCTBOBAJIO
CHIDKEHHUIO pPHCKA pasBUTHA OXuUpeHUs [36].
W3BeCTHO, YTO 3TH MUKPOOPTAHU3 MBI IIOJIOKUTETHHO
BJIUSIOT HA UMMYHHYIO CHCTEMYy YeJIOBEKa, COXpa-
HAIOT MHUKDPOSKOJIOTUYECKUN OajaHC B OpraHax
JKEJTYJTOYHO-KUIIIEYHOTO TPAKTA U YCKOPSIOT aHTHO-
reHe3 B CIM3UCTON 000JI0uKe KullleuHuka [37]. Bung
B. stercoris criocobeH WHTHOUPOBATh HAKOIUIEHUE
JIMTIA/IOB B IIPEQ/IUIIONUTAX, CHIKATh YPOBEHb JIETI-
TUHA U TPUIJIMIIEPUJIOB, a TAaK:Ke BOCCTAHABJIUBATDH
YyBCTBHUTEJIPHOCTH K IVIFOKO3€ KJIETOK U TKaHel [38],
YTO CBOMCTBEHHO TaK:Ke I Buja B. uniformis [39],
HUMEIOIIETO PsAJT IPOTHBOBOCIIAIUTEHHBIX 3(PhEKTOB
(yBenmuuenue koHneHTparuu MJI-10 ¥ ITUTOKUHOB
TSLP u MNJI-33, yyacTByOIIUX B MHAYKIUU Treg u
aKTUBAITUU BPOXKIEHHBIX JTUMMOUTHBIX KJIETOK 2-TO
tuna) [40]. JeiicrBue B. thetaiotaomicron CBS3bI-
BalOT ¢ (epMEHTHPOBAaHUEM IJIyTamaTa, KOTOPOE,
BEPOSITHO, 00YC/IOBJIEHO BOBJIEUEHUEM STOU aMHHO-
KHUCJIOTHI B PETYJIALMIO amIeTuTa (TIyTamaTepruue-
CKHUX CUTHAJIbHBIX HEUPOHOB THIIOTAJIAMYCa, OTBEYa-
FOIIMX 32 YYBCTBO HAChIIeHUs) [43]. B To ke Bpemst
Pe3yJIbTaThl HEKOTOPBIX HCCIIEOBAHUH JIEMOHCTPH-
PYIOT OTpHUIIATEJIbHbIE KOPPEJIAIUOHHBIE CBS3U —
HalpuMep, B CUCTEMATHUYECKOM 0030pe, IOCBSAIIEH-
HOM CBSI3U IUETHI, MUKPOOUOTHI ¥ OXKUPEHUSA Y IeTEH
U TIOJIPOCTKOB [41].

Streptococcus (S.) spp. HeogHozHauHBIMU
MOXKHO CUMTaTh JaHHbIE, Kacawluecsa Strepto-
coccus. B ucciieloBaHuy, MPOBEJIEHHOM B 2022 T.
M. Ma et al. [42] B rpymme B3pOCJIbIX JIIO/EM, OBLIO
II0OKA3aHO, YTO YHCJIEHHOCTh MHKPOOPTAaHU3MOB
pona Streptococcus Oblla 3HAUYUTETLHO CHUKEHA Y
MalMeHTOB C OXKupeHHeM. Kpome Toro, caemnaH
aKIeHT Ha ToM, 4To BujA S. salivarius subsp.
thermophiles mMoxeT B mepciieKTHBe cTaTh 3ddek-
TUBHBIM ITPOOGHUOTHKOM /151 TPOGUIAKTUKHU OKHIPe-
HUS U CBSI3AaHHBIX C HUM PacCTpOicTB. B pabore,
HU3yJaloleld BIUSHUE JUETHl Ha JETCKOE OKUPEHHE
(cpenu neteli B Bo3pacre 6—12 JieT), IOKa3aHO, UTO
II0CJIe KOPPEKIINHU TUTAHUS YBEJIUIUBAIOCH COZIEP-
skanue Streptococcus [43]. OmHako mpu aHaIu3e
(dexanbHONT MUKPOOWOTHI Yy JeTeil U IMOAPOCTKOB
[44], a TakKe B3pOCIIBIX [45] ObLIa BRISBJIEHA ITOJIO-
JKUTeJbHAsA Koppensdnusa Streptococcus ¢ oxupe-
HHeM. B 0TeuecTBEHHOM HCCIIEZIOBAHUU COCTOSTHUS
KHUIIIETHON MUKPOOUOTHI y TIOJIPOCTKOB 12—15 JIET C
U30BITOYHON MacCOU TeJIa ¥ OKUPEHUEM ObLT BBIAB-
JieH U30BITOYHBIN POCT MUKPOOOB JAHHOH TPYIIIIBI
[46]. Streptococcus, xak mpencTaBUTENN (PHIyMAa
Firmicutes, BbI3BIBAIOT HAKOIUIEHHE JKHUpa B Opra-
HHU3Me, YBeJHUYHBas IOJydeHWe DHEPIHuU U3
mumu [47].

which mediate the activation of G-protein-coupled
receptors, causing a decrease in fat accumulation in
adipose tissue and enhancing lipid metabolism, and
also ensure the gut epithelium integrity by reducing
bacterial translocation and inhibiting the action of
pro-inflammatory interleukins [49]. Based on the
pathogenetic aspects presented, it can be concluded
that bacteria of this species should have potentially
anorexigenic properties, but this is refuted by the
results of research. Thus, in a 2021 Brazilian study
[50], which included 109 people, it was noted that
E. rectale were more abundant in groups of obese
and overweight people. Similar results were demon-
strated in a 2022 Mexican study [35]. In turn, accord-
ing to data from the French weight loss program
through dietary intervention [51] and after bariatric
surgery [52], the abundance of E. rectale decreased
as expected.

Blautia (B.) spp. A systematic review that
pooled data from 170 studies published between Jan-
uary 2013 and March 2024 on the association of Blau-
tia with obesity highlighted the inconsistency of the
data obtained. However, in general, Blautia is
described as a bacterium with anorexigenic proper-
ties, since in more than 60% of the studies reviewed,
the abundance of bacteria of this genus in the fecal
microbiota were negatively correlated with obesity
[53]. Pathogenetically, this is explained by the ability
of Blautia to produce short-chain fatty acids, main-
tain gut barrier integrity, reduce the inflammatory
response activity and influence the composition of
commensals [54]. In addition, several animal studies
have shown probiotic activity for species B. hansenil,
B. wexlerae, B. coccoides, B. producta and B. luti[53].

Christensenella (C.) minuta. Christensenella
spp. are Gram-negative anaerobic bacteria that are
highly prevalent in the intestines of individuals with
normal BMI and are associated with decreased
serum levels of low-density lipoproteins, triglycer-
ides, and ALT [6, 55]. The C. minuta DSM33407
strain has been proposed as a next-generation probi-
otic based on its ability to reduce the obesogenic
effects of diet demonstrated in a study in mice by
Mazier et al. Supplementation with C. minuta
DSM33407 reduced serum glucose and leptin levels,
influenced hepatic lipid metabolism by inhibiting de
novo lipogenesis, and contributed to the mainte-
nance of the intestinal epithelium integrity, as well as
caused a decrease in the Furmicutes/Bacteroidetes
ratio [56].

CONCLUSION

Since obesity is a serious public health problem
worldwide, there is an urgent need to find rational
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Eubacterium (E.) rectale upoaynupyoT
KOPOTKOIIETIOUEUHbIe JKUPHbIE KUCIOTHI (arerar,
npornuoHat, Oyrupat) [48], KoTOpbBIe SBISIOTCS
MMOCPeTHUKAMHU B aKTHUBAIMH PEIENTOpPOB, CBS3aH-
HBIX ¢ G-6eyikoM, OOyCIOBIMBasi CHUKEHHE HAKO-
IUTEHUS KUPa B JKUPOBOU TKAHHU U yCKOPsIs MeTabo-
JIU3M JIMIUIOB, a Tak:Ke O0OecIeurBarOT IeJIOCT-
HOCTb BIIUTEIUs JKEIYA0YHO-KUAIIEYHOTO TPaKTa 3a
CUeT YMEeHbIIIeHUS TPAHCIOKAIINY OAKTEPUH U yTHE-
TEeHUsI JIEUCTBUS MPOBOCIATUTETbHBIX WHTEPJIEHKHU-
HOB [49]. Ontupasich Ha peJCTaBIeHHbIE TTATOTeHe-
TUYECKUE ACIEKThI, MOKHO C/eJaTh BBIBOJ O TOM,
yTo OaKTEpUM JIAHHOTO BH/A JOJLKHBI 00Ja7aTh
MMOTEHI[HAJIBHO aHOPEKCUTEHHBIMU CBOMCTBAMH,
O/THAKO 3TO OIIPOBEPTaeTcs Pe3yJsIbTaTaMH IpPOBe-
JIEHHBIX HayYHBIX paboT. Tak, B 6pa3uIbCKOM HCCIe-
JIOBAaHUU 2021 T. [50], B KOTOpOe OBbLIIO BKJIOYEHO
109 yes., OTMeuaysochk, uto E. rectale 6puin Gostee
MHOTOYHCJIEHHBI B TPYIIIAX JIIOJEN ¢ 0’KUPEHUEM U C
u30BITOYHBIM BecoM. CXO/IHBIE PE3YJIbTAThI OTMEYa-
JIUCh B MEKCHKAHCKOM HCCJIEIOBAHUS 2022 T. [35].
B cBow ouepesip, IO JIAaHHBIM (PAHITY3CKON ITIPO-
rpaMMBbl 110 CHIKEHHIO Beca IIyTeM JUETHYECKOH
KOPpEeKIuH [51] U 1ociie npoBeieHns GapruaTpuyde-
CKUX olleparuii [52] 3aKOHOMEPHO YMEHBIIAJICS
KOJINYECTBEHHBIN cocTaB E. rectale.

Blautia (B.) spp. B cucremarnyeckom 0630pe,
KOTOPBI OOBEAUHW JJaHHBbIE 170 HCCIEIOBAHUM,
OIyOJIMKOBAaHHBIX B IEPHOJ C sAHBapsl 2013 T. IO
MapT 2024 T., TOCBSAIIEHHBIX H3YYEHUIO CBI3HU
Blautia c oxxupeHueM, aKIeHTUPYETCS BHUMAaHIE Ha
MIPOTHBOPEYHUBOCTH IIOJIyUEHHBIX JaHHBIX. OJHAKO B
nesioM Blautia oniuckiBaeTcst Kak bakrepusi, 061aza-
ollas aHOPEKCUTEHHBIMU CBOWCTBAMH, TaK KakK
OoJsiee yeM B 60 % paccMaTpUBAEMBIX UCCIIETOBAHUH
KOJINUECTBEHHbIE TOKa3aTesl OaKTepuil JaHHOTO
pozna B dekaapHON MUKPOOUOTE OTPULIATENTHBHO KOP-
penupoBainu ¢ oxxkupenueM [53]. [TaroreneTnuecku
3TO 00BsACHsSETCS criocobHOCThIO Blautia mpousBo-
JIUTh KOPOTKOIIEIIOUEUYHbIE JKHUPHBIE KHUCJIOTHI,
COXPaHATh II€JIOCTHOCTh KHIIEYHOro Oapbepa,
YMEHBIIATh AKTUBHOCTh BOCIIAJIUTEILHON peaKIuu
U BJIUATH HA COCTaB CUMOMOTHYECKHX MHUKPOOpra-
HU3MOB [54]. KpoMe TOro, HECKOJIPKO HCCJIEI0Ba-
HUH, POBEZIEHHBIX Ha JIJAOOPATOPHBIX KUBOTHBIX,
MOKa3aJIi MPOOUOTHYECKYI0 aKTUBHOCTh Ha YPOBHE
Buza mya B. hansenii, B. wexlerae, B. coccoides,
B. producta u B. luti [53].

Christensenella (C.) minuta. Christensenella
Spp. — TpaMOTpHIIaTeIbHbIE aHA3POOHbIE OAKTEepUH,
3HAYUTEJIBHO PACHPOCTPAaHEHHbIE B KUIIEYHUKE Y
aur ¢ HopMmanbHbIM UMT u acconimupoBaHHBIE CO
CHIKEHHMEM YPOBHS JIMIIONPOTENHOB HU3KOH IJIOT-
HocTH, TpuruiepuioB U AJIT B cBIBOPOTKE KPOBHU

and effective agents for prevention and treatment of
obesity and related disorders. Studying the role of
intestinal microbiota in the development of obesity
and using probiotic strains with anorexigenic prop-
erties in risk groups and patients with this diagnosis
is a promising direction for expanding the possibili-
ties of this disease prevention and treatment.
Anorexigenic properties have been demonstrated by
both classical probiotics, which include Lactobacil-
lus, Bifidobacterium, Saccharomyces boulardii, and
newer representatives of the human microbiome —
Akkermansia muciniphila, Faecalibacterium praus-
nitzii, Enterococcus, Bacteroides, etc. They perform
their action by reducing permeability and enhancing
protective properties of the intestinal epithelium,
influencing the gut microbiome and increasing anti-
inflammatory activity.

It should be emphasized that there is a need to
initiate long-term and large-scale clinical studies to
provide more precise recommendations in terms of
the use of strains, doses and duration of administra-
tion of various microbial preparations. Besides, stud-
ies should be conducted in homogenous populations
in terms of the sex and age of volunteers. For an opti-
mal and high-quality assessment of the effect of pro-
biotic strains, it is essential that the studies are con-
ducted without other weight loss-related interven-
tions (dietary recommendations and physical activity
programs), which will allow assessing the specific
effectiveness of preparations.
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[6, 55]. HITamm C. minuta DSM33407 GbLT TIpezJio-
JKeH B KauecTBe MPOOMOTHKA «CJIEAYIOIIEro» MOKO-
JIEHUSI Ha OCHOBAHWH €ro CIIOCOOHOCTH CHMKATb
obecorenHble 3(PGHEKTHI HUETHI, MTPOJEMOHCTHPO-
BaHHOU B uccienoBannu W. Mazier et al. (2021) Ha
sabopaTopHbIX MbImiax. JlobaBjeHre B IHIIY
C. minuta DSM33407 TI03BOJISIJIO CHU3UTH YPOBHU
TJIIOKO3bl U JIENTHHA B CHIBOPOTKE KPOBH, OKa3bI-
BaJIO BJIWSHUE HA OOMEH JIMIIHU/IOB B IIEYEHU 3a CUET
MHTHOHUPOBAHUS JINTIOTeHe3a de Novo U CIIocOOCTBO-
BaJIO MOJJIEPKAHUIO IEJIOCTHOCTH SITUTEITHS KUY~
HHUKA, a TaKKe BHI3bIBAJIO CHHUKEHHE COOTHOIIEHUS
Furmicutes/Bacteroidetes [56].

SAK/IIOYUEHUWE

B cBasu ¢ TE€M, YTO OXUPEHHE NIPEACTABJIAET
co00¥ cephe3HyI0 MPoOJIeMy s 0OIIEeCTBEHHOTO
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3PaBOOXpPAaHEHUsT BO BCEM MHpPE, CYIIECTBYET
ocTpast HeOOXOTUMOCTD B IIOUCKE PAIlHOHAJIBHBIX U
3(pdexTUBHBIX TPOPUIAKTHUECKUX U TepaleBTH-
YeCKUX CPeZCTB it OOPHOBI ¢ TAHHBIM 3a00JIeBa-
HUEM U CBSA3aHHBIMU C HUM paccTpoiicTBamu. 113y-
YyeHHe POJIU KUIIEYHOU MUKPOOHOTHI B PAa3BUTHU
O’KUPEHUS U UCIO0JIb30BaHUE B TPYNIAX PUCKA U Y
MaNUeHTOB C JAHHBIM IMaTHO30M aHOPEKCUTEHHBIX
MPOOUOTUYECKUX IIITAMMOB SIBJISIETCS ITEPCIIEKTUB-
HBIM HAIIPaBJIEHUEM JIJIs1 PACIIUPEHUS BO3MOXKHO-
cTeld TPODUIIAKTHKY U JIeYeHUs JJAHHOTO 3a0oJie-
BaHUs. AHOPEKCUTEHHBIE CBOMCTBA TPOIEMOHCTPH-
pOBaJIM KaK KJIACCHYECKHe ITPOOUOTHUKU, K KOTO-
ppim oTHOcsTcs: Lactobacillus, Bifidobacterium,
Saccharomyces boulardii, Tak u 6oJjiee HOBBIE
MIpeZICTAaBUTEIN MHUKpoOmoma desioBeka — Akker-
mansia muciniphila, Faecalibacterium prausnitzii,
Enterococcus, Bacteroides u ap. OHU ocCyIIecT-
BJISIIOT CBO€ ZIEICTBUE 32 CUET CHIKEHUS ITPOHUIIA-
€MOCTU U YCUJIEHUS 3aIIUTHBIX CBOWUCTB SIIUTEJIH
KUIIEYHWKA, BJUAHUSI HA  MHKPOOHMOIEHO3
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