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Pedepar. Posap kuimeyHoii MMKpPOOHMOTHI B IaTOreHe3e caxapHoro amalera 2 tuma (0030p JHMTepaTypsbl).
Kosaab C.H., Cuerypckast U.A. Caxapuviii ouabem 2 muna — upessbluaiiHO pAcnpoCmapHeHHoe 3aboiesaHue,
KOMOopoe npueooum K pazeumuio JHCUSHEONACHbIX OCHOJNCHEHUl, 0OHAKO e20 NAmo2ene3 oCmaemcsi He 00CMAmoyYHO
gbisacHeHHbIM. OOHUM U3 NEPCHEeKMUBHBIX HANPAGEHU 8 IMOU 00AACMU ABNAEMCA U3YUeHue HapYuleHUll Kue4Hou
MUKpoouomul. Januvie numepamypuvl c6UOEmenbCmeyom o0 mom, Ymo yeawli psao KOIUYECHEEHHbIX U KAYeCMBEeHHbIX
UBMEHeHUll cOCMAasa KUMeUHOU MUKPOOUOMbL AGNAEMC GANCHETMUMYU (AKMOPAMU NAMO2EHe3d CaxapHo2o duabema 2
muna. B naubonvwieii cmenenu 6 namozenes O0anHO20 3a00]e6aHUsl 806leHeHbl bakmepuu poooé Ruminococcus,
Fusobacterium u Blautia. Yyacmue xuuieunoti Muxpobuomsl 8 namozenese caxapHozo ouabema 2 muna 00ycioeieHo
ee Mmemabonumamy, KOmMopbsle USpaiom 6adCHyl0 polb 8 pecyiayuu NPOHUYAeMOoCmu U YeloCHMHOCHU CHMEHKU
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KUWEYHUKA, — IKCHPeCcCUl  CReyupuueckux peyenmopos KUWEUHUKA, CeKpeyuu UHKDeMmuHos8, —aKmMueHOCHu
2NIIOKOHEO2EeHEe3d, XPOHUYECKO20 CYOKIUHUYECKO20 GOCNANeHUs. U 0adce 8 PEeMOOeTUPOSAHUU ICUPOBOL MKAHU.
Iepcnexmusnvim  sa6155emcss  danvheliulee YenyOleHHOe U3YYeHUe HAPYUWEeHUT KUWEYHOU MUKDPOOUOmbL C Yeavio
PazpabomKu NPUHYUNUATLHO HOBLIX HOOX0008 K JIeYeHUI0 U NPOPUIAKMUKE CaxapHoeo duabema 2 mund.

Abstract. Role of gut microbiota in the pathogenesis of type 2 diabetes mellitus (literature review). Koval S.M.,
Snihurska 1.O. Type 2 diabetes mellitus is an extremely common disease that leads to the development of life-
threatening complications but its pathogenesis remains poorly understood. One of the promising directions in this area
is the study of disorders of gut microbiota. Literature data indicate that a number of quantitative and qualitative
changes in the composition of the gut microbiota are the most important factors in the pathogenesis of type 2 diabetes
mellitus. Bacteria of the genera Ruminococcus, Fusobacterium and Blautia are most involved in the pathogenesis of
this disease. The participation of the gut microbiota in the pathogenesis of type 2 diabetes mellitus is due to its
metabolites, which play an important role in the regulation of the permeability and integrity of the intestinal wall, the
expression of specific intestinal receptors, incretin secretion, gluconeogenesis activity, chronic subclinical
inflammation, and even in adipose tissue remodeling. Further in-depth study of gut microbiota disorders is promising in

order to develop fundamentally new approaches to the treatment and prevention of type 2 diabetes mellitus.

Lyxposwuit giader (LI/]) 2 Tumy — e Haa3BU9aitHO
MoIMpeHe  OaraTo(pakTOpHE 3aXBOPIOBAHHS, SIKE
NPU3BOAUTE /O PO3BUTKY MKHUTTEBO HEOE3MEUHHX
VCKJIQAHEHb 1 TlepemdacHoi cMmepTi xBopux [46]. 3
ypaxyBaHHSAM BEIMKOI MEOMYHOI 1  COIaIbHOL
BaxymBocTi mpoOnemu L[/ 2 Tumy mnpoBoasThCS
IHTEHCHBHI JOCIHIXKEHHS OCHOBHUX MEXaHI3MiB HOro
MaToreHe3y: reHeTHIHOi cxmibHOCTI g0 L[] 2 Tumy i
IreHIB-KaHIWOATaTIiB, acoLIMOBaHMX 3 LM 3a-
xBoptoBaHHAM |1, 4], incymniHopesuctetHocti (IP) [1,
4], mopyIIeHs MPOMYKIIii TIIFOKAroHy, iHKPETHHIB [4,
41], uurokiHiB Ta amunokiHiB [20, 26, 27, 37], pi3-
HOCTIPSIMOBaHUX HeHporymopanbHux (akropis [4, 35,
41]. OmHak, He3BaXKaroun Ha 11e, matoreHes L[/ 2 Tumy
3aJIMILIAETHCS HEZOCTATHRO 3'SICOBAHUM.

OnHUM 3 IEPCIIEKTUBHUX HATPSIMKIB JTOCIiIKEHb
natoreHe3y L{JI 2 Tuny € BUBUEHHS POl MOPYIIEHb
KUIKOBOi Mikpobiotn (KM).

Merta 1iei poOOTH — MPOBEJCHHS OTJISITY JIiTepa-
TypH, SKa TPUCBAYEHA MPOOJIEMi BHBUEHHS PO
nopymieas KM y marorenesi L[] 2 tumy.

[Momyk miTeparypu 3IiiCHIOBAaBCS B HayKO-
MetpuuHuX 6a3ax Google Scholar, PubMed, Web of
science, Scopus. BimOupanwcs peneBaHTHI HayKOBi
my6uikartii 3a nepiog 2014-2020 pp. mis BU3HAUCH-
Hs crany KM y xBopux Ha L] 2 Tumy Ta 3min KM
mie Ha erami npeniadety. [lomrykoBi Tepmian Oymu
TakKi: «KHIITKOBA MIKp0O0OioTa», «CEKBEHYBaHHS,
«ILYKPOBHH Aia0eT 2 THITY», «IIaTOTEHE3».

KM, y 3B’s13Ky 3 ii OaraToriaHoBUM BIUIMBOM Ha
BCI0O MeTabONYHy CHCTEMY OpTraHi3My, BH3HaHa
NPaKTUYHO MOBHOIIHHUM (PYHKI[IOHAIBHIM «Opra-
HOM», IO BiAirpa€ BaXJIUBY pPOJIb y TpaBJEHHI,
Xap4yBaHHI, IMyHHi# perymsiii ii 0OMiHI PEYOBHH.
YcranoBneno, mo moHany 90% KM 3moposoi
JIOZIMHU TIPEJICTaBICHO Bacteroidetes Ta Firmicutes,
y T.4. IpeicTaBHUKaMu poais Lactobacillus, Clostri-
dium ta Ruminococcus. Takox no ckimaxy KM, ane B
3HAYHO MEHIIIN KIIBKOCTI, BXOJAATh Actinobacteria,
Verrucomicrobia ta Fusobacteria [3, 41].
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Ha tenepimniit vac orpumani goxasu poiai KM y
PO3BHUTKY LIJIOTO PALY 3aXBOPIOBaHb i, HacaMIepel,
3aXBOPIOBaHb IUTYHKOBO-KHIIIKOBOI'O Ta YPOTeHi-
TaTBLHOTO TPaKTY, IMIKIpH, HOCOTJIOTKH, aJCpPTiYHHX,
aBTOIMYHHMX W OHKOJIOTIYHHUX 3aXBOPIOBaHb, a
TaKOX OXHPIHHS, aTePOCKIEPO3y, apTepiaabHOi
rinepren3ii Ta Oaratpox iHmmWX [2, 3, 5, 41]. B
OCTaHHI POKH JIO ITLOTO TEeperiKy 3apaxoBano i L1]]
2 tumy [10, 11, 16].

Sk MOKa3ylTh JOCHIDKEHHS, YK€ Ha CTamuii
npemiabeTy BUABISIOTHCS Taki 3MiHH ckiaaxy KM
MOPIBHSHO 31 30POBUMH 0CO0aMH: 3MEHIICHHS
BMICTY 3arajbHOI KiJIbKOCTI HpEeACTaBHHKIB OakTe-
pit pany Clostridiales Ha Tii 30iNBIIEHAS BMICTY
TaKUX MPEICTaBHUKIB, Kk Dorea, Ruminococcus,
Sutterella ta Streptococcus; 3MCHILICHHS YHCEIb-
HOcTi Oakrepii, sika poskiagae MyuuH — Akker-
mansia muciniphila, WO HAJISKUTH O THUITY
Verrucomicrobia [6]. Y Oinmbmiocti poOiT, y SKUX
BuBuanich 3MiHn KM y xBopux Ha L/ 2 THmy,
BKa3yeThCS Ha 30LIBIICHHS B KHIICYHUKY ITAX
XBOpHX OakTepili Takux poAiB, Ik Ruminococcus,
Fusobacterium 1 Blautia, Ta 3MeHIIEHHS KIIBKOCTI
Oaxrepii poniB: Bifidobacterium, Bacteroides,
Faecalibacterium, Akkermansia 1 Roseburia [11, 13,
33, 36]. OnHak cTocOBHO acoiriamii Oakrepiit Blautia
3 IIJ] 2 Tuny icHyrOTh cynepeyHi qaHi. Tak, y poOoTi
Tong X. etal. (2018) moka3aHo, MmO KUIBKICTh
Oaktepiit Blautia y xBopux Ha L[JI 2 Tumy 30i1b-
IIYETHCSI MiCTS 3HAYYIIOTO TIONIMIIEHHS BYTJICBOJ-
HOTO ¥ JimigHOro MeTabomi3My TIiJ] BIUIMBOM
aHTHaiabeTHYHOI Teparii [42].

Y psaal nochipKeHb  BUSIBJISLIACH [TO3UTHBHA
KOPETSAIisl MOKAa3HWKIB CIIiBBiTHOIIEHB: Bacteroide-
tes/Firmicutes 1 Bacteroides-Prevotella/Clostridium
Coccoides-Eubacterium rectale 3 piBHIMU TJIIOKO3H
B ria3Mi kpoBi [10]. YV Toii ke wac aHami3 gaHux 42
JIOCITI[DKEHb HE IMATBEPAUB HASBHICTH acormiaril
IIOKa3HWKa CHIBBIOHOWIEHHA  Bacteroidetes/Fir-
micutes 3 11/ 2 Tuny [36].
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[IpencraBnsrore  iHTEpec pobOTH, y  SAKUX
BHBYaBCA 3B’s30K Oaktepill pomy Lactobacillus 3
MOPYIIEHHSIM BYTJIEBOJHOTO TomeocTtady Ta L[]
2 tuny. Bkazani Oakrepii — rpaMIO3UTHBHI TaHy-
KonoxaiOHi Oakrepii, ¢aKyIbTaTUBHI aHaepoOH €
OCHOBHOIO YaCTHHOI TIPYNH  MOJOYHOKUCIIUX
OakTepidf, SKi TEPETBOPIOIOTH IYKOP y MOJOYHY
kucnoty. [loka3aHo 30UIBIICHHS KIUIBKOCTI IMX
OakTepiil y KHIIEYHUKY XBOPUX 3 MpeziadbeToM Ta 3
/] 2 Tumy mopiBHSAHO 31 370pOBUMHU ocobamu [36].
OpHak pe3ysbTaTH JIOCHIHKCHb HE € OJHOPIIHUMHU.
Tax, y xBopux Ha LI/ 2 Tuny BUABIAETHCS, 3 OAHOTO
Ooky, 30impmieHHs KinbkocTi Lactobacillus aci-
dophilus, Lactobacillus gasseri, Lactobacillus Sali-
varius, a 3 IHIIOrO — 3MEHIIEHHSI KIIbLKOCTI
Lactobacillus amylovorus [36]. CynepedHumu €
TaKOX J1aHi TECTYBaHHS NESKUX BUIIB Lactobacillus
B SIKOCTI MPOOIOTHKIB Ta iX BIUIMBY Ha MOKa3HUKH
ByrneBonHoro oobminy. Tak, Lactobacillus sporo-
genes, Lactobacillus casei Shirota ta Lactobacillus
reuteri TIOKPAIIyIOTh TIOKa3HUKH BYTJICBOJHOTO
MeTabomnizmy y xBopux Ha LIJI 2 tumy [18, 19, 21,
41], ogHak y OiNBIIOCTI BUMAAKIB pH KOMOIHAIIIi 3
OakTepismu poay Bifidobacterium [36].

Kpim poOit, y sSKHMX BHMBYAIOTHCS 3MIiHU KiJlb-
KICHOTO CKJIaJy Pi3HUX OakTepidd, BaXKIINBE 3HAUYCH-
HS U1 po3yMiHHA podii mopymeHs KM y marorenesi
I 2 tumy mae iHpoOpmaliss mpo OCHOBHI Mexa-
Hi3MHu, 3a gomomoroir sikux KM BmmBae Ha
BYTJICBOJHUH OOMIH.

OfHMM 13 CYTTEBUX MEXaHI3MIB TaKOTO BILIUBY
KM moske OyTtu OakTepianbHa NMPOAYKLis KOPOTKO-
naHIroropux kupHEX kucrmoT (KJDKK), saxi Bu-
pOOJISIOTECSI B TOBCTIA 1 CIIMIA KHIIII JIIOTAHA
micis  aHaepoOHOI  (hepMeHTalii HemepeTpasiio-
BaHUX Xap4YOBUX BOJIOKOH 3a JOIOMOTO0 I[YKPOBUX
Oakrepiii. OCHOBHI IX TIPEICTaBHUKH — aIleTar,
npomioHar i Oytupar cranoBisath 95% KJIDKK i €
OJHMMH 3 HAWMOUIMPEHILINX CHOIYK, OTPUMaHHX 32
yaactio KM. IlpoBeneni mocrmimkeHHS MOKa3yOTh,
mo nedimur cuatedy KJDKK mos'szanumit 3 pos-
ButkoM LIJ[ 2 tumy [16, 36]. OgHak € maHi npo Te,
o OyTHpaT IHIYKye eKCIIPecio T'eHiB, m0 O0epyThb
y4acTh y TJIIOKOHEOTEHe3l B KHIIEYHHUKY, a Ipo-
MmoHAT caM € CcyOCTpaToM TIItoKoHeoreHe3y [16].
[Ipu mromy Zhao L. et al. (2018) mokazanwm, mo He
BCi, a TUIBKM HEBEIWKAa KITBKICTh MIKpOOHHX
mramiB Oepe yuacts y npoaykuii KJDKK [17].

BaxmmBa BiactuBicte KJDKK - 3pmatnicts
BIUIMBATH HA NPOHUKHICTH KHIIKOBOI CTIHKH. €
MPUITYIICHHS, 110 TiJIBUIIIEHA POHUKHICTD KHIIEY-
HUKA MOJKE MPHU3BECTH 10 MOIIKOMXECHHS [-KIIITHH
ITiIITYHKOBOT 371031 Yepe3 MiABUIIEeHY a0copOIlito
€K30TeHHUX AaHTUTCHIB. EKcmepuMeHTalbHI 10-
CJIIJKCHHS IOBOJIATH 3/IaTHICTh OyTHpaTy MOKpPAIILy-
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BaTH IUIICHICT KHUIIKOBOI cTiHku [16]. Tax,
XuY.H. etal. (2018) mokaszanu, mo mnepopaibHe
BBEJCHHS OyTHUpaTy 3HAYHO 3HIDKYBAJO piBHI
HbAlc, 3ananpHUX IUTOKIHIB 1 JIMOMNOJIiCaXapu/IiB
y mmasmi B muieii db/db, a Takox micns oOpoOku
OyTupaToM 3HWXKyBalach MicueBa iHQITBTpaIis
3aMalbHUX  KIITHH, MABUIIYBAJach ITUTICHICTH
KUIIEYHUKA 1 301IbIIyBajlach MUKKIIITHHHA aJre3is
[40].

3aauymmmM g po3yminasa poii KJDKK cramo
BIIKPUTTS iX peuenTopiB, IIO JO3BOJMIO PO3-
rsgati KIDKK sk BakiIMBi CHTHAJIBHI MOJIEKYJIH.
OrmricaHo 1Ba perenTopy, MoB's3aHi 3 G-011koM, 1o
aktuBytoTbest KIDKK i inenTudikoBaHi sik MOIys-
Topu B3aemoaii MikpoOiora-rocriogap: GPR41 i
GPR43. 11i pemenrtopy TakoX BiOMi SIK PEIICITOPH
BimbHUX kupHUX KuciaoT: FFAR3 i FFAR2 Bigmo-
BigHo. BoHm Oynu BuUSBIEGHI B KHIIEYHHKY, Y
CUMIATHYHIN HEepBOBil cucreMi, y TediHIi, OiTid
YKUPOBIM TKAHWHI, CKEJICTHUX M's3aX, ITiAIMUTYHKOBIH
3aJ1031 Ta IMyHHUX TKaHuHax [16, 25, 41].

B excniepuMeHTanbHUX TOCTIHKEHHIX MTOKa3aHo,
uo KIJDKK, rosoBHMM YMHOM 4Yepe3 pelentopu
GPR43 (FFAR2), 3maTHi CTHUMYIIIOBaTH CEKPEIiIo
Py KHIIKOBHUX MENTHIHUX TOPMOHIB, BKIIOYAIOUYH
IHKpeTHH-TIoKaronononioani  mentua-1 (GLP-1)
[16, 44].

[HKpeTHHU BiAIrpalOTh BEIHKY POJIb Y PEryJIsii
cekpeuii iHCymiHy ¥ ametuty. [0 iHKpeTHHIB, KpiM
GLP-1, HanexuTh 1 MITYHKOBHH 1HTIOYIOUHMH TOJIi-
nentua (GIP). Lli ropMoHH, M0 BHBUIBHSIOTHCS 3
EHTEPOCHIOKPUHHUX  KJITHH, CEKPETYIOThCS B
KPOBOTIK 1 MIBHUAKO CTHMYJIOIOTh CEKpEI0 1HCY-
JiHy 3 B-KIJIITHH, ¥ BIATIOBIAs Ha IpUHOM ki [4].

Faerch K. et al. (2015) y kiiHiYHOMY JTOCITi/PKEH-
Hi 3a yvactio 1462 oci0 moKazamy 3HWKEHHS
cekperntii GLP-1 y BimmoBigs Ha TepopaiibHE Ha-
BaHTaXKEHHS TJIIOKO03010 y xBopux Ha L] 2 tumy, a
TAaKOXX Y TALI€HTIB 3 NpeAiadeToM N OXHUPIHHSAM,
MOPIBHSHO 3 0c00aMU 3 HOPMaJbHOIO Macoro Tina i
HOPMAaJIbHOIO TOJICPAHTHICTIO IO TJIIOKO3H, IO
BKasye Ha mopymenHs cekpeuii GLP-1 yxe Ha
cranii mpeniadery [14].

Ilokazano Ttakox, mo mpu IIJ[ 2 tumy pos-
BUBa€ThCS crnenudiuauii aucOios, SKUil 1HIYKye
pesuctentHicTh 10 GLP-1 [9].

OmanMm 13 moixiB BImBy KM Ha cekperiro
IHKPETHHIB € TMIJABUINECHHS KIJIbKOCTI EHTEPOCH-
JOKpHMHHUX L-KIITHH y KulIedHHKY. B excrepu-
MEHTANbHUX  JAOCIHIMKEHHSAX YCTaHOBJIEHO, IO
KUTBKICTh ~ €HTEPOSHIOKPHHHUX  L-KIITHH  TIO-
JBOijacs B MNPOKCUMaTbHOMY Bimaii 00070BOi
KHIIKW IIYPiB, SKi OTPUMYBAIId ONTO(PYKTO3Y, IO
COpuAio OLTBII BHCOKIH NPOAYKIII €HIOT€HHOTO
GLP-1 [10]. Takox Oyno nmokazaHo, 1[0 JTOJaBaHHS
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JI0 TKi HEMEpeTPaBIIIOBAHUX BYTJICBOJIB, TaKUX SIK
ONropykro3a, TMOKpallye TOJEPAaHTHICTH 10
TIIOKO3H, 3HIWKye [P 1 cmokwBaHHS iXKi, IO aco-
iroBajgocs 3 miasuiieHHsM piBHs GLP-1 y miasmi
KpoBi [16].

IcHytOoTH TakoXx maHi mpo Te, mIo neski Oaktepil
KM MOXyTh BIUIMBAaTH Ha CEKpeHil0 IHKPETHHIB
yepe3 MPOAYKTH BiacHOro Metabomizmy. Tak, BUsB-
JIeHO, W0 Cyib(aT-BiIHOBIIOKYI OakTepii mpomy-
KYIOTh y TOBCTiH kumiii cipkoBoaeHb (H,S), sxuit
MOXKe 0€3MOCepPeIHhO0 CTUMYJIIOBATH  CEKPEIlit0
GLP-1 [33]. V¥ Toii ke 4ac € naHi, 0 CBiI4aTh PO
inribipytouy miro H,S na BuBimpHeHHss GLP-1 in
vitro [35], mo Bkasye Ha HEOOXITHICTh MOJAIBIINX
JOCTIDKEHb JUIE YTOYHEHHS poJli cysbdarpeny-
Kylouux OakTepii y CKIaQAHAX TIpollecax MeTa-
00JTI3My TITFOKO3H.

Ile oaun metabomit KM — iHmon, mo yTBO-
proeThes B mporeci qucumMinamii tpuntodany KM,
K TI0Ka3yIOTh EKCIepUMEHTAIbHI TOCIIKEHHS,
3maTHU# perymoBaTtu cekpenito GLP-1 3 enrepoen-
JOKPUHHUX L-KJIITHH TOBCTOI KHUIIKH MUIII: TTOCH-
JOBaTH — TIPH KOPOTKOYACHOMY BIUIMBI, aie
3MEHIYBaTH - TPU TPUBAJIOMy, TOOTO BimirpaBaTu
pOJb CHTHAJBbHOI MOJIEKYJH, 3a JOIOMOIOI0 SIKO1
KM Moxe B3aeMOJIATH 3 EHTEPOSHIOKPUHHUMHU
KIITHHAMHA Ta 3MIHIOBaTH TJIKEMIYHHH KOHTPOJIH
rocmonaps [16].

Omun 3 mexaHi3MmiB BBy KM Ha cekperiro
IHKpPETUHIB OMOCEPEIKOBAaHWK 1i BINIHBOM Ha
KHIIKOBY HEPBOBY CHUCTEMY — Ha HEPBOBI KJIITHHH
myenteric plexus, moO NPU3BOAUTH 1O 3HIKEHHS
ekcrpecii perienrropa GLP-1 i cTumysmii MoTopuku
[IUTYHKOBO-KHIITKOBOTO TPAKTY [24].

TakuM yuMHOM, perynsuis NpoxyKUii iHKpeTHHIB
3a gomoMoror Moxayismii mapamerpiB KM Moxe
BIIKPUTH HOBUU HAIpsAMOK y JiikyBaHHi L1J] 2 tumy
[9]. YV upomy IutaHi JOyXe TMEpCHeKTHBHUM €
MO>KJIUBICTD MPSIMOTO BIIMBY HA CEKPELil0 1HCYIIIHY
i mpomidepartito P-kimituH vepes penentopu FFA2 i
FFA3[15, 38].

AHanmi3zyroun MOXJIuBI nuisxu BBy KM Ha
MeTaboITi3M TJIIOKO3H B OPTaHi3Mi JIFOAWHH-TOCIIO-
napsi, HEOOXiHO TaKOX 3YHHUHHUTHUCA Ha OakTe-
pianmeHOMY MeTraboisMi sxkoBuHMX KkucinoT (KK).
Bimomo, mo nepeunHi KK (xoneBa it XxeHOJe30KCH-
X0JIeBa) YTBOPIOIOTHCS B TICUIHIN 3 XOJIECTEPHHY, a
BropuHHi XK (me3okcuxoseBa, J1iTOXoJeBa, aloXo-
JeBa ¥ ypCOAE30KCHXOJIeBa) YTBOPIOIOTHCA B
TOBCTIH KHUIII 3 TepBUHHUX MM BrmBoM KM. Tak,
Bifidobacterium i Lactobacillus ipoyKyIOTh T1IpO-
Ja3u KOBYHUX COJIEH, SIKi MEPEeTBOPIOIOTH MEPBUHHI
KOH'IOTOBaHI KOBYHI CcojJl B JIEKOH'FOrOBaHi
(mepBunHi) KK, AKi 3romoM mepeTBOPIOIOTHCA Ha
BropuHHi [10].
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KK perymoroTh BlacHHN TEYiHKOBUN CHHTE3 3a
JOMOMOrOI0 MEXaHi3My HEraTUBHOTO 3BOPOTHOTO
3B'S3KY, KUK BKIIIOYaEe mpsMy B3aemoiro Mix KK i
¢apuezoigaum X-penentopoM (FXR — farnesoid X
receptor) y renarolurax i B eHTepoIuTax KiyooBoi
kumky. [Ipu npoMy B KITyOOBiH KHUIIIII 1HAYKY€ETHCS
ekcmpecia (akTopa pocty (ibpobaactiB-19 (FGF-
19), skuii BXOAWTH Yy LHUPKYJALIO 1 JOJATKOBO
npurHiuye cuaTe3 KK [10, 16]. FXR excnpecyerbes
B PI3HHX METa0OJIIYHO aKTHBHUX TKaHWHAX, Y TOMY
Yuclal B TICYIHII, KHUIICYHUKY U OUTiH >KUpPOBIH
TkanuHi. KoH'foroBani Ta HekoH'toroBani JKK
MOXyTh B3aemomiath 3 FXR, mpmuomy xeHo-
JIE30KCHUXO0JIEBA KUCJIOTA € iX HaWOUIbII CHIILHUM
aktuBaTopoM, ToAi sk iHmn JXXK kuciiotu, iMOBipHO,
€ aaTaronictamu FXR [10, 16].

KK € noTy)XHUMH CUTHAJIBHHMH MOJIEKYJIAMH,
TOJIOBHUM YMHOM 3aBISKH B3a€EMOJIi 3 PELENTOPOM
FXR i mem6pannum penientopomM-G protein-coupled
receptor TGRS [10]. ITokazano, mo KK, aktuByroun
FXR 1 TGRS, O6epyrb ywactsh y peryusmii
roMeocTa3y TJIOKO3M U eHepreTMuHoMy Meralo-
mi3Mi— aktuBamis kumkoBoro FXR  moxe sk
3HIKYBAaTH, TaK 1 masuinyBaty [P npu oxupinsi [22,
23, 39]. BaxiuBUM pEryJsTOpoM piBHS TJIIOKO3H B
kpoBi, kpiMm FXR i TGRS, moxe Oytu i 3a3HaueHHi
Bume FGF19, sxmif cTUMymioe CHHTE3 TIIKOTEHY B
TIeUiHIli B IOCTIIpaHtiasibHOMy cTaHi [10, 16].

Brumus KM Ha MeTa00:1i3M TIIHOKO3U TaKOK MOXKE
3MIMCHIOBATHCA dYepe3 PeTyJIIiio IMPOIeCiB 3ara-
JICHHsI, 30KpeMa 1 B KUpoBil TkauuHi [12, 45]. Aco-
miamis XpOHIYHOrO 3amaneHHs >KUPOBOI TKaHWHH
npu oxwupinHi, [P 1 I[IJ] 2 Tuny Ha TenepimHii gac
yxe goseneHa [16]. Mik KHIIEYHHUKOM 1 TIepH-
¢depuuHOI0 OO0 KUPOBOIO TKAaHMHOIO 1CHYE
CWJIbHA # yHiKallbHA MeTa0oJiuyHa B3a€MOJis 4epe3
CIIOJIYKH ¥ MeTaloJiTH, SKi MPOAYKYIOThCS abo
ingykoBani KM, 110 BIUTMBAIOTR HAa CTaH BYTJIE-
BOJHOTO OOMiHy rocmomapst [45]. Busnenuit
3B'I30K MK KHIIKOBHMH OAaKTEpisIMU i 3allajeHHM
3aBISKH 1IeHTU(IKALT KUIIKOBOTO 0aKTepiaabHOIO
minonomicaxapugy — (akTopa 3analieHHs, KUK
BiJliTpa€ BaXKIIUBY POJIb i B pO3BUTKY [P, oxupinHs
ta [IJI 2 Tumy [10]. V psai nocnimpkeHs MOKa3aHo,
10 oKkpemi npeacraBHuku KM 371aTHI IpurHivyBaTu
MPOAYKIII0 BEITUKOI KUTBKOCTI MpO3anallbHUX IIUTO-
KiHIB Ta xeMokiHiB. Tak, Lactobacillus plantarum,
Lactobacillus  paracasei, Lactobacillus  casei
MOXYTh 3HWXYBaTH piBeHb iHTepiaelkiny (IJI)-1B,
Oinka-1 xemoaTpakTaHTa MOHOLMTIB, MOJEKYIIH
MDKKITiTHHHOT amresii-1, [JI-8 1 C-peakTuBHOTO
oinka [8, 29]; Lactobacillus paracasei i Bifidobacte-
rium fragilis 1HTIOyI0TH excnpecito 1JI-6 [28, 36];
Lactobacillus, Bacteroides ta Akkermansia npurti-
YYIOTh NPOAYKIiI0 (haKTopa HEKpO3y MyXJIHHHU-A [7,
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28, 36]; Lactobacillus paracasei, Faecalibacterium
prausnitzii 1 OaxTepii, SKi NPOAYKYIOTb OyTHpaT-
Roseburia intestinalis 1 Faecalibacterium, 1iHTI-
OyI0Th aKTHBHICTH simepHoro (akropa NF-kB [28,
30, 36]; Lactobacillus casei i Roseburia intestinalis
3MEHIYIOTh MPOIYKINIO MPO3araibHOr0 MATOKIHY —
inrepdepony (IFN)-y [17] i, kpiM TorO, Roseburia
intestinalis npurHiaye cuute3 1JI-17 [37].

IMpeacrasneHi Takok poOOTH, MO BKA3YIOTh Ha
IHIYKITiF0 cHHTE3y mpoTu3anaibHoro 1JI-10 takmmu
BHJIAMU OakTepil, ik Roseburia intestinalis, Bacte-
roides fragilis, Akkermansia muciniphila, Lacto-
bacillus plantarum, Lactobacillus casei, mo aco-
IIIOETHCS 3 TOJIMIICHHSAM METa0oJi3My TJIHOKO3U
[36]. Tloka3aHO, IO MigBUIIEHA EKCIIPECis I[OrO
IMTOKIHY B M'si3aX MUIIeH 3arodirana po3Butky IP,
oB's13aHo1 31 cTapinasaMm [20].

Benukwuii iHTepec MpelncTaBIsAIOTh aHi Mpo Te,
o koMrnoHeHTH KM MOXyTh peryioBaTd eHepre-
THYHUN OOMIH TOoCmomaps 3a IOIOMOTOI0 PEMOJIe-
JIOBaHHS >KUpoBOi TkaHWHM. Tak, Kim M. etal.
(2017) B exciepuMeHTaJIbHIA POOOTI MOKa3ayy, L0
KetoA [10-ox0-12(Z)-octadecenoic acid], meTaboJiT
JITHOJIEBOT KUCIIOTH, IO MPOIYKYETHCS KHITKOBUMHU
MOJIOYHOKHUCIIUMHU OaKTepisMU, aKTUBYE TEHH, SKi
OepyTb ydacth y  (yHKUiIOHYBaHHI  Oypux
aIUIONHNTIB, 30KpeMa TpaHCMEMOpaHHHHA 010K
TepMoreniH-1 'y Oimiii xwupoBili TkaHuHi. Lle
JIOJAaTKOBO 30iNbIIye BUTpaTy eHeprii B MuUIIEH i
TAM CaMHM 3MEHIIy€e MeTaOoNiuHI TOPYIIeHHS,
MOB's13aHi 3 OXKUPiHHAM [43].

[Ile B 0oqHOMY e€KCHIEpUMEHTATLHOMY JOCIIKEH-
Hi [31] Oyno npPOIEMOHCTPOBAHO 301TBIICHHS
KUTBKOCTI Oypoi KHPOBOi TKAaHWHU TiA €0 TIPO-
nykTie KM, 1o crpusiio mifBUINEHHIO YyTIUBOCTI
TKaHUH JI0 1HCYJIiHY, a TaKOK 3MEHLICHHIO pO3Mipy
OioT0 XKUY ¥ aIWTONNTIB Y MHUIIIEH XyI01 MOpoan
1 B pI3HUX MoJIeNel MuIIel 3 OKUPIHHSIM. [cToTHHI
BHECOK Y BHIII€3a3HAYEHI MPOLECH POOJIAThH OMHUCaHi
Butie KK, imoBipHO uepes perienitop TGRS [16].

HIACYMOK

Takum YMHOM, HaKONHMYEHI B JiTepaTypi AaHi
CBIYaTh MpO Te, IO IUIMHA PsSa KUIBKICHHX 1
AKICHUX 3MiH CKJIaqy KHIIKOBOI MIKpoOioTH €
HaWBOKIUBIMUMHU (akTopamu matorenesy IIJ 2
tuny. Haiibinbie B maTorenes [poro 3aXBOPIOBaHHS
3amydeHi Oakrtepii poaiB Ruminococcus, Fusobac-
terium i Blautia. YdacTh KHIIKOBOi MIKpoOioTH B
natorenesi 1] 2 Ttumy, mepur 3a Bce, 3yMoBJieHa 11
MeTabomiTaMH, SIKi BiJirpaioTh BaXIUBY pOJIb Y
peryIsmii MPOHWKHOCTI ¥ IIIICHOCTI CTIHKA KH-
IIeYHUKa, eKcmpecii crenupiyHux penenTopiB
KUIIEYHNKA, CEKpelil iHKPEeTUHIB, aKTUBHOCTI TJIIO-
KOHEOT'eHe3y, XPOHIYHOTO CyOKIIIHIYHOTO 3aMaeHHs
1 HaBITh y pPEMOJCITIOBAHHI J>XHPOBOI TKAHWHHU.
[lepcnieKTUBHUM € TIOJAITbINE TOTTHOIeHe BUBUCHHS
nopymedb KM 3 MeTor0 po3poOKH NPHHLUIIOBO
HOBHX TWIAXOMIB M0 JIKyBaHHSI Ta MPO(UTAKTHKA
IyKpOBOTO fiabery 2 TUITy.

Kondmikr iHTepeciB. ABTOpW 3asBISAIOTH TPO
BIZICYTHICTh KOH(QJIIKTY iHTEpECiB.

CIIMCOK JIITEPATYPHU

1. BenoycoBaO.H., CupormnaC.C.,  SkyHueH-
ko T. W., XKepnakosa H. 1. MonekynsipHbIE U T€HETUUECKHE

MEXaHM3MbI [aToreHe3a caxapHoro juabera 2 Tuma.
Hayunvie  eedomocmu  benlY.  Cep.  Meouyumna.
Dapmayus. 2015. T.213, Nel6. Bem. 31. C.12-19.

URL: http://dspace.bsu.edu.ru/handle/123456789/23761
2. Kosams C. M., IOmko K. O., Cuirypcska I. O.
KumkoBa Mikpobiora i apTepianbHa TilepTeH3is: OTJIs
niTeparypu. 3anopoocckuti meouyunckui scypran. 2020.
T. 22, Ne 4. C. 561-567.
DOI: https://doi.org/10.14739/2310-1210.2020.4.208409
3. Jlmsory6 B.I'., KpamaproBa B. H., Menpuau-
gyk [. O. Pomp 3MiH MIKpoOiOTH KHWIIKiBHHKa B
MaTOTeHE31 CEepIEBO-CYJUHHUX 3aXBOPIOBAHB: OIS
niTepatypu. 3anopocckuil meouyunckuil scypran. 2019.
T. 21, Ne 5 (116). C. 672-678.
DOI: https://doi.org/10.14739/2310-1210. 2019.5.179462
4. Caxapnblil 1uaber Tuna 2: oT TEOPUH K MPAKTHUKE
/ mon pen.akanemuka PAH U. U. [lenosa, wr.-kop. PAH
M. B. IllectakoBoil. MockBa: OOO "H3a-Bo "Meauuus-
ckoe uHpopmMaronHoe arencTo". 2016. 576 c.

26

5. ®apeenko I'. 1., I'punneB A. E. Cunapom pas-
JPKEHHOT0 KUIIEYHUKA W KHIIEYHBIH MHKpoOuom. Ot
[aTOreHETHYECKMX MEXaHH3MOB K JICUCHHUIO. [ acmpoau-
meponaocus. 2018. T. 52, Ne 4. C. 24-29.

6. Aberrant intestinal microbiota in individuals with
prediabetes / K. H. Allin etal. Diabetologia. 2018.
Vol. 61. P. 810-820.

DOI: https://doi.org/ 10.1007/s00125-018-4550-1

7.  Akkermansia muciniphila can reduce the damage
of gluco/lipotoxicity, oxidative stress and inflammation,
and normalize intestine microbiota in streptozotocin-
induced diabetic rats / L. Zhang et al. Pathog and Dis.
2018. Vol. 76, No. 4.

DOI: https://doi.org/10.1093/femspd/fty028

8. Antidiabetic (type 2) effects of lactobacillus G15
and Ql4 in rats through regulation of intestinal
permeability and microbiota / P. Tian et al. Food Funct.
2016. Vol. 7. P. 3789-3797.

DOI: https://doi.org/10.1039/c6fo0083 1¢c

9. A specific gut microbiota dysbiosis of type 2

diabetic mice induces GLP-1 resistance through an enteric

Ha ymosax niyensii CC BY 4.0



MEJIMYHI [IEPCIIEKTHUBH / MEDICNI PERSPEKTIVI

NO-dependent and gut-brain axis mechanism / E. Grasset
et al. Cell Metab. 2017. Vol. 26. P. 278.
DOI: https://doi.org/10.1016/j.cmet.2017.06.003

10. Aw W., Fukuda S. Understanding the role of the
gut ecosystem in diabetes mellitus. J Diabetes Investig.
2018. Vol. 9. P. 5-12.

DOI: https://doi.org/10.1111/jdi.12673.

11. Aydin W., Nieuwdorp M, Gerdes V. The gut
microbiome as a target for the treatment of type 2
diabetes. Curr Diab Rep. 2018. Vol. 18, No. 8. P.55.
DOI: https://doi.org/10.1007/s11892-018-1020-6

12. Bleau C., Karelis A. D., St-Pierre D. H., Lamon-
tagne L. Crosstalk between intestinal microbiota, adipose
tissue and skeletal muscle as an early event in systemic
low-grade inflammation and the development of obesity
and diabetes. Diabetes Metab Res Rev. 2015. Vol. 31.
P. 545-561. DOI: https://doi.org/10.1002/dmrr.2617

13. Differential changes in gut microbiota after
gastric bypass and sleeve gastrectomy bariatric surgery
vary according to diabetes remission / R. Murphy et al.
Obes Surg. 2017. Vol. 27. P. 917-925.
DOI: https://doi.org/10.1007/s11695-016-2399-2

14. GLP-1 response to oral glucose is reduced in
prediabetes, screen-detected type 2 diabetes, and obesity
and influenced by sex: the ADDITION-PRO study /
K. Faerch et al. Diabetes. 2015. Vol. 64. P. 2513-2525.
DOI: https://doi.org/10.2337/db14-1751

15. GPR43 potentiates beta-cell function in obesity /
J. C. McNelis et al. Diabetes. 2015. Vol. 64. P.3203-
3217. DOL: https://doi.org/10.2337/db14-1938

16. Grard C., Vidal H. Impact of Gut Microbiota on
Host Glycemic Control. Front Endocrinol (Lausanne).
2019. Vol. 30. P. 0-29.

DOI: https://doi.org/10.3389/fend0.2019.00029

17. Gut bacteria selectively promoted by dietary
fibers alleviate type 2 diabetes / L. Zhao et al. Science.
2018. Vol. 359. P. 1151-1156.

DOI: https://doi.org/10.1126/science.aa05774

18. Harsch I. A., Konturek P. C. The role of gut mic-
robiota in obesity and type 2 and type 1 diabetes mellitus:
new insights into “Old” diseases. Med Sci. 2018. Vol. 6.
E32. DOI: https://doi.org/10.3390/medsci6020032

19. Hulston C. J., Churnside A. A., Venables M. C.
Probiotic supplementation prevents high-fat, overfeeding-
induced insulin resistance in human subjects. Br J Nutr.
2015. Vol. 113, No. 4. P. 596-602.

DOI: https://doi.org/10.1017/S0007114514004097

20. IL-10 prevents aging-associated inflammation and
insulin resistance in skeletal muscle / S. Dagdeviren et al.
FASEB J. 2017. Vol. 31. P. 701-710.

DOI: https://doi.org/10.1096/].201600832R

21. Intake of lactobacillus reuteri improves incretin
and insulin secretion in glucose-tolerant humans: a proof
of concept / M. C. Simon et al. Diabetes Care. 2015.
Vol. 38, No. 10. P. 1827-1834.

DOI: https://doi.org/10.2337/dc14-2690

22. Intestine farnesoid X receptor agonist and the gut
microbiota activate G-protein bile acid receptor-1
signaling to improve metabolism / P.Pathak et al
Hepatology. 2018. Vol. 68. P. 1574-1588.

DOI: https://doi.org/10.1002/hep.29857

21/ Tom XXVI1/ 4

23. Intestine-selective farnesoid X receptor inhibition
improves obesity-related metabolic dysfunction / C. Jiang
etal.  Nat Commun. 2015. Vol.6. P.10166.
DOI: https://doi.org/10.1038/ncomms10166

24. Involvement of gut microbiota in the association
between gastrointestinal motility and SHT expression/M2
macrophage abundance in the gastrointestinal tract /
M. Yang et al. Mol Med Rep. 2017. Vol. 16. P. 3482-
3488. DOI: https://doi.org/10.3892/mmr.2017.6955

25. Koh A., De Vadder F., Kovatcheva-Datchary P.,
Bdckhed F. From dietary fiber to host physiology: short-
chain fatty acids as key bacterial metabolites. Cell. 2016.
Vol. 165. P. 1332-1345.

DOI: https://doi.org/10.1016/j.cell.2016.05.041

26. Koval S., Tushko K., Starchenko T. The relations
of apelin with the carbohydrate metabolism in hyper-
tensive patients with type 2 diabetes or without it.
Endocrine Abstracts. 2017. 19th European Congress of
ndocrinology  Lisbon, Portugal. 2017.20-23 May.
(Vol. 49). EP458.

DOI: https://doi.org/10.1530/endoabs.49.EP458

27. Koval S., Snigurskal., Grozna L., Bozhko V.
Features changes blood levels adiponektin in patients with
essential hypertension and obesity and impaired glucose
tolerance. Journal of Hypertension. 2014. Vol. 32. e-
Suppl. 1. P. 362.

28. Lactobacillus paracasei modulates LPS-induced
inflammatory cytokine release by monocyte-macrophages
via the up-regulation of negative regulators of NF-kappaB
signaling in a TLR2-dependent manner / K. Y. Sun et al.
Cytokine. 2017. Vol. 92. P. 1-11.

DOI: https://doi.org/10.1016/j.cyto.2017.01.003

29. Lactobacillus plantarum reverse diabetes-induced
Fmo3 and ICAM expression in mice through enteric
dysbiosis-related c-Jun NH2-terminal kinase pathways /
W. C. Liu et al. PLoS ONE. 2018. Vol. 13, No. 5. e0196511.
DOIL: https://doi.org/10.1371/journal.pone.0196511

30. Microbial anti-inflammatory molecule (MAM)
from faecalibacterium prausnitzii shows a protective
effect on DNBS and DSS-Induced colitis model in mice
through  inhibition of NF-kappaB pathway /
N. M. Breyner etal. Front Microbiol. 2017. Vol. 8.
P. 114. DOI: https://doi.org/10.3389/fmicb.2017.00114

31. Microbiota depletion promotes browning of white
adipose tissue and reduces obesity / N. Subrez-Zamorano
etal. Nat Med.  2015.Vol.21.  P.1497-1501.
DOI: https://doi.org/10.1038/nm.3994

32. Pichette J., Fynn-Sackey N., GagnonJ. Hyd-
rogen sulfide and sulfate prebiotic stimulates the
secretion of GLP-1 and improves glycemia in male
mice. Endocrinology. 2017. Vol. 158. P.3416-3425.
DOI: https://doi.org/10.1210/en.2017-00391

33. Regional variation limits applications of healthy
gut microbiome reference ranges and disease models /
Y. He et al. Nat Med. 2018. Vol. 24, No. 10. P. 1532-
1535. DOI: https://doi.org/10.1038/s41591-018-0164-x

34. Relations of angiotensin-(1-7) with hemodynamic
and cardiac structural and functional parameters in patients
with hypertension and type 2 diabetes / S. M. Koval et al.
Arterial  Hypertens. 2019. Vol.23, No.3.P. 183-189.
DOI: https://doi.org/10.5603/AH.a2019.0012

27



TEOPETHUYHA MEJ[UI[UHA

35. Release of GLP-1 and PYY in response to the
activation of G protein-coupled bile acid receptor TGRS
is mediated by Epac/PLC-epsilon pathway and modulated
by endogenous H2S / V. Bala et al. Front Physiol. 2014.
Vol. 5. P. 420.

DOI: https://doi.org/10.3389/fphys.2014.00420

36. Role of gut microbiota in type 2 diabetes
pathophysiology / M. Gurung et al. EBioMedicine. 2020.
Vol. 51. P. 102590.

DOI: https://doi.org/10.1016/j.ebiom.2019.11.051

37. Roseburia intestinalis inhibits interleukin-17
excretion and promotes regulatory T cells differentiation
in colitis / C.Zhu et al. Molecular medicine reports.
2018. Vol. 17, No. 6. P. 7567-7574.

DOI: https://doi.org/10.3892/mmr.2018.8833

38. SCFA receptors in pancreatic beta cells: novel
diabetes targets? / M. Priyadarshini etal. Trends
Endocrinol  Metab. 2016. Vol.27. P.653-664.
DOI: https://doi.org/10.1016/j.tem.2016.03.011

39. Shapiro H., Kolodziejezyk A. A., Halstuch D.,
Elinav E. Bile acids in glucose metabolism in health and
disease. J Exp Med. 2018. Vol.215. P.383-396.
DOI: https://doi.org/10.1084/jem.20171965

40. Sodium butyrate supplementation ameliorates
diabetic inflammation in db/db mice / Y. H. Xu et al. J
Endocrinol.  2018. Vol. 238, No.3. P.231-244.
DOI: https://doi.org/10.1530/JOE-18-0137

41. Stange E. F. Gut microbiome, metabolic syn-
drome, and atherosclerosis. In: The ESC Textbook of
Cardiovascular Medicine. 3rd ed. / Ed. A.J. Camm,

T.F. Luscher, G.Mauer, P.W. Serruys.
University press, 2019. P.1082-1085.

42. Structural alteration of gut microbiota during the
amelioration of human type 2 diabetes with hyperlipidemia
by metformin and a traditional Chinese herbal formula: a
multicenter, randomized, open label clinical trial / X. Tong
etal. MBio. 2018. Vol.9, No.3. pii:e02392-17.
DOI: https://doi.org/10.1128/mBi0.02392-17

43. 10-ox0-12(Z)-octadecenoic acid, a linoleic acid
metabolite produced by gut lactic acid bacteria, enhances
energy metabolism by activation of TRPV1 /
M. Kim etal. FASEB J. 2017. Vol.31. P. 5036-5048.
DOI: https://doi.org/10.1096/£.201700151R

44. The short chain fatty acid propionate stimulates
GLP-1 and PYY secretion via free fatty acid receptor 2 in
rodents / A.Psichas et al. Int J Obes. 2015. Vol. 39.
P. 424-429. DOI: https://doi.org/10.1038/ij0.2014.153

45. Torres S., Fabersani E., Marquez A., Gauftin-Ca-
noP. Adipose tissue inflammation and metabolic
syndrome. The proactive role of probiotics. Eur J Nutr.
2019. Vol. 58, No. 1. P. 27-43.

DOI: https://doi.org/10.1007/s00394-018-1790-2

46. 2019 ESC Guidelines on diabetes, pre-diabetes,
and cardiovascular diseases developed in collaboration
with the EASD: The Task Force for diabetes, pre-
diabetes, and cardiovascular diseases of the European
Society of Cardiology (ESC) and the European Asso-
ciation for the Study of Diabetes (EASD) / F. Cosentino
et al. Furopean Heart Journal. 2020. Vol. 41, No. 2.
P. 255-323, DOI: https://doi.org/10.1093/eurheartj/ehz486

OXFORD

REFERENCES

1. Belousova ON, Sirotina SS, Yakunchenko TI,
Zhernakova NI. [Molecular and genetic mechanisms of
the pathogenesis of type 2 diabetesmellitus]. Nauchnyie
vedomosti  BelGU. Ser. Meditsina. Farmatsiya.
2015;16(213):12-19. Russian. Available from:
http://dspace.bsu.edu.ru/handle/123456789/23761

2. Koval SM, Yushko KO, Snihurska IO. [Gut mic-
robiota and hypertension (a literature review]. Zaporozhskii
meditsinskii ~ zhurnal.  2020.22(4):561-67.  Ukrainian.
doi: https://doi.org/10.14739/2310-1210.2020.4.208409

3. Lyzogub VG, Kramarova VN, Melnychuk IO.
[Role of intestinal microbiota changes in cardiovascular
diseases pathogenesis (a literature review]. Zaporozhskii
meditsinskii zhurnal. 2019.21(116):672-678. Ukrainian.
doi: https://doi.org/10.14739/2310-1210.2019.5.179462

4. [Type 2 diabetes mellitus: from theory to prac-
tice], editors ILI. Dedova, M.V. Shestakova. Moskva:
000 "Izdatelstvo "Meditsinskoe informatsionnoe
agenstvo; 2016. p. 576. Russian.

5. Fadeenko GD, Gridnev AE. [Irritable bowel synd-
rome and gut microbiome. From pathogenetic mecha-
nisms to treatment]. Gastroenterologiya. 2018.52(4):24-
29. Russian.

6. Allin KH, Tremaroli V, Caesar R, Jensen BAH,
Damgaard MTF, Bahl MI, etal. Aberrant intestinal
microbiota in individuals with prediabetes. Diabetologia.

28

2018;61:810-20. doi: https://doi.org/10.1007/s00125-018-
4550-1

7. Zhang L, Qin Q, Liu M, Zhang X, He F, Guoqing
Wang G, et al. Akkermansia muciniphila can reduce the
damage of gluco/lipotoxicity, oxidative stress and inflam-
mation, and normalize intestine microbiota in strepto-
zotocin-induced diabetic rats. Pathog and Dis. 2018;76(4).
doi: https://doi.org/10.1093/femspd/fty028

8. Tian P, Li B, He C, Song W, Hou A, Tian S, et al.
Antidiabetic (type 2) effects of lactobacillus G15 and Q14
in rats through regulation of intestinal permeability and
microbiota. Food Funct. 2016;7:3789-97.
doi: https://doi.org/10.1039/c6f00083 1c

9. Grasset E, Puel A, Charpentier J, Collet X, Chris-
tensen JE, TerciF, et al. A specific gut microbiota
dysbiosis of type 2 diabetic mice induces GLP-1 resis-
tance through an enteric NO-dependent and gut-brain axis
mechanism. Cell Metab. 2017;26:278.
doi: https://doi.org/10.1016/j.cmet.2017.06.003

10. Aw W, Fukuda S. Understanding the role of the
gut ecosystem in diabetes mellitus. J Diabetes Investig.
2018;9:5-12. doi: https://doi.org/10.1111/jdi.12673

11. Aydin W, Nieuwdorp M, Gerdes V. The gut mic-
robiome as a target for the treatment of type 2 diabetes.
Curr Diab Rep. 2018;18(8):55.
doi: https://doi.org/10.1007/s11892-018-1020-6

Ha ymosax niyensii CC BY 4.0



MEJIMYHI [IEPCIIEKTHUBH / MEDICNI PERSPEKTIVI

12. Bleau C, Karelis AD, St-Pierre DH, Lamon-
tagne L. Crosstalk between intestinal microbiota, adipose
tissue and skeletal muscle as an early event in systemic
low-grade inflammation and the development of obesity
and diabetes. Diabetes Metab Res Rev. 2015;31:545-61.
doi: https://doi.org/10.1002/dmrr.2617

13. Murphy R Rinki Murphy, TsaiP, JmlligM,
Liu A, Plank L, Booth M. Differential changes in gut
microbiota after gastric bypass and sleeve gastrectomy
bariatric surgery vary according to diabetes remission.
Obes Surg. 2017;27:917-25.
doi: https://doi.org/10.1007/s11695-016-2399-2

14. Faerch K, Torekov SS, Vistisen D, Johansen NB,
Witte DR, Jonsson A, et al. GLP-1 response to oral glu-
cose is reduced in prediabetes, screen-detected type 2
diabetes, and obesity and influenced by sex: the
ADDITION-PRO study. Diabetes. 2015;64:2513-25.
doi: https://doi.org/10.2337/db14-1751

15. McNelis JC, Lee YS, Mayoral R, van der Kant R,
Johnson AM, Wollam J, et al. GPR43 potentiates beta-
cell function in obesity. Diabetes. 2015;64:3203-17.
doi: https://doi.org/10.2337/db14-1938

16. Grard C, Vidal H. Impact of Gut Microbiota on
Host Glycemic Control. Front Endocrinol (Lausanne).
2019;30:10-29.
doi: https://doi.org/10.3389/fendo.2019.00029

17. ZhaoL, ZhangF, DingX, WuG, LamYY,
Wang X, et al. Gut bacteria selectively promoted by dietary
fibers alleviate type 2 diabetes. Science. 2018;359:1151-6.
doi: https://doi.org/ 10.1126/science.aao5774

18. Harsch IA, Konturek PC. The role of gut micro-
biota in obesity and type 2 and type 1 diabetes mellitus:
new insights into “Old” diseases. Med Sci. 2018;6:E32.
doi: https://doi.org/10.3390/medsci6020032

19. Hulston CJ, Churnside AA, Venables MC. Pro-
biotic supplementation prevents high-fat, overfeeding-
induced insulin resistance in human subjects. Br J Nutr.
2015;113(4):596-602.
doi: https://doi.org/10.1017/S0007114514004097

20. Dagdeviren S, Jung DY, Friedline RH, Noh HL,
Kim JH, Patel PR et al. IL-10 prevents aging-associated
inflammation and insulin resistance in skeletal muscle.
FASEB J. 2017 Feb;31(2):701-10.
doi: https://doi.org/10.1096/1].201600832R

21. Simon MC, Strassburger K, Nowotny B, Kolb H,
Nowotny P, Burkart V, et al. Intake of lactobacillus
reuteri improves incretin and insulin secretion in glucose-
tolerant humans: a proof of concept.Diabetes Care.
2015;38(10):1827-34.
doi: https://doi.org/10.2337/dc14-2690

22. Pathak P, Xie C, Nichols RG, Ferrell JM, Boeh-
me S, Krausz KW, et al. Intestine farnesoid X receptor
agonist and the gut microbiota activate G-protein bile acid
receptor-1 signaling to improve metabolism. Hepatology.
2018;68:1574-88. DOI: https://doi.org/10.1002/hep.29857

23. Jiang C, Xie C, Lv Y, Li J, Krausz KW, Shi J, et
al. Intestine-selective farnesoid X receptor inhibition
improves obesity-related metabolic dysfunction. Nat
Commun. 2015;6:10166.
doi: https://doi.org/10.1038/ncomms10166

21/ Tom XXVI1/ 4

24. Yang M, Fukui H, Eda H, Kitayama Y, Hara K,
Kodani M, et al. Involvement of gut microbiota in the
association between gastrointestinal motility and SHT
expression/M2 macrophage abundance in the gastro-
intestinal tract. Mol Med Rep. 2017;16:3482-8.
doi: https://doi.org/10.3892/mmr.2017.6955

25. Koh A, De Vadder F, Kovatcheva-Datchary P,
Backhed F. From dietary fiber to host physiology: short-
chain fatty acids as key bacterial metabolites. Cell.
2016;165:1332-45.
doi: https://doi.org/10.1016/j.cell.2016.05.041

26. Koval S, Tushko K, Starchenko T. The relations of
apelin with the carbohydrate metabolism in hypertensive
patients with type 2 diabetes or without it. Endocrine
Abstracts 19th  European Congress of ndocrinology
Lisbon, Portugal; 2017 May 20-23;49:458.
doi: https://doi.org/10.1530/endoabs.49.EP458

27. Koval S, Snigurska I, Grozna L, Bozhko V. Features
changes blood levels adiponektin in patients with essential
hypertension and obesity and impaired glucose tolerance.
Journal of Hypertension. 2014;32(e-Suppl.1):362.

28. Sun KY, Xu D-H, Xie C, Plummer S, Tang J,
Yang XF, Ji XH. Lactobacillus paracasei modulates LPS-
induced inflammatory cytokine release by monocyte-
macrophages via the up-regulation of negative regulators
of NF-kappaB signaling in a TLR2-dependent manner.
Cytokine. 2017;92:1-11.
doi: https://doi.org/10.1016/j.cyt0.2017.01.003

29. Liu WC, Yang M-C, Wu Y-Y, Chen P-H, Hsu C-
M, Chen L-W. Lactobacillus plantarum reverse diabetes-
induced Fmo3 and ICAM expression in mice through
enteric dysbiosis-related c-Jun NH2-terminal kinase
pathways. PloS ONE. 2018;13(5):e0196511.
doi: https://doi.org/10.1371/journal.pone.0196511

30. Breyner NM, Michon C, de Sousa CS, Boas PBV,
Chain F, Azevedo V A et al. Microbial anti-inflammatory
molecule (MAM) from faecalibacterium prausnitzii
shows a protective effect on DNBS and DSS-Induced
colitis model in mice through inhibition of NF-
kappaB pathway. Front Microbiol. 2017;8:114.
doi: https://doi.org/10.3389/fmicb.2017.00114

31. Suarez-Zamorano N, Fabbiano S, Chevalier C,
Stojanovic O, Colin DJ, Stevanovic A, et al. Microbiota
depletion promotes browning of white adipose tissue
and reduces obesity. Nat Med. 2015;21:1497-501.
doi: https://doi.org/10.1038/nm.3994

32. Pichette J, Fynn-Sackey N, Gagnon J. Hydrogen
sulfide and sulfate prebiotic stimulates the secretion of
GLP-1 and improves glycemia in male mice. Endocri-
nology. 2017;158:3416-25.
doi: https://doi.org/10.1210/en.2017-00391

33. He Y, WuW, Zheng HM, Li P, McDonald D,
Sheng H-F, et al. Regional variation limits applications of
healthy gut microbiome reference ranges and disease
models. Nat Med. 2018;24(10):1532-5.
doi: https://doi.org/10.1038/s41591-018-0164-x

34. Koval SM, Yushko KO, Snihurska IO, Starche-
nko TG, PankivIV, Lytvynova OM, Mysnychen-
ko OV. Relations of angiotensin-(1-7) with hemodyna-
mic and cardiac structural and functional parameters in

29



TEOPETHUYHA MEJ[UI[UHA

patients with hypertension and type 2 diabetes. Arterial
Hypertens. 2019;23(3):183-9.
doi: https://doi.org/10.5603/AH.a2019.0012

35. BalaV, RajagopalS, Kumar DP, Nalli AD,
Mabhavadi S, Sanyal AJ, et al. Release of GLP-1 and PYY
in response to the activation of G protein-coupled bile
acid receptor TGRS is mediated by Epac/PLC-epsilon
pathway and modulated by endogenous H2S. Front
Physiol. 2014;5:420.
doi: https://doi.org/10.3389/fphys.2014.00420

36. Gurung M, Li Z, You H, Rodrigues R, Jump DB,
Morgun A, Shulzhenko N. Role of gut microbiota in type 2
diabetes pathophysiology. EBioMedicine. 2020;51:102590.
doi: https://doi.org/10.1016/j.ebiom.2019.11.051

37. Zhu C, Song K, Shen Z, Quan Y, Tan B, Luo W,
Wu S, Tang K, Yang Z, Wang X. Roseburia intestinalis
inhibits interleukin-17 excretion and promotes regulatory
T cells differentiation in colitis. Molecular medicine
reports. 2018;17(6):7567-74.
doi: https://doi.org/10.3892/mmr.2018.8833

38. Priyadarshini M, Wicksteed B, Schiltz GE, Gil-
christ A, Layden BT. SCFA receptors in pancreatic beta
cells: novel diabetes targets? Trends Endocrinol Metab.
2016;27:653-64.
doi: https://doi.org/10.1016/j.tem.2016.03.011

39. Shapiro H, Kolodziejczyk AA, Halstuch D, Eli-
nav E. Bile acids in glucose metabolism in health and
disease. J Exp Med. 2018;215:383-96.
doi: https://doi.org/10.1084/jem.20171965

40. Xu YH, Gao CL, Guo HL, Zhang WQ, Huang W,
Tang SS, Gan WJ, XuY, ZhouH, ZhuQ. Sodium
butyrate supplementation ameliorates diabetic inflam-
mation in db/db mice. J Endocrinol. 2018;238(3):231-44.
doi: https://doi.org/10.1530/JOE-18-0137

41. Stange EF. Gut microbiome, metabolic syndrome,
and atherosclerosis. In: The ESC Textbook of Cardio-

30

vascular Medicine. Third edition. Edited by: A. John
Camm, Thomas F. Luscher, Gerald Mauer, Patrick
W.Serruys. OXFORD University press. 2019;1082-5.

42. Tong X, XuJ, Lian F, Yu X, Zhao Y, Xu L, et al.
Structural alteration of gut microbiota during the ame-
lioration of human type 2 diabetes with hyperlipidemia by
metformin and a traditional Chinese herbal formula: a
multicenter, randomized, open label clinical trial. MBio.
2018;9(3):¢02392-17.
doi: https://doi.org/10.1128/mBi0.02392-17

43. Kim M, Furuzono T, Yamakuni K, Li Y, Kim Y1,
Takahashi H, et al. 10-oxo-12(Z)-octadecenoic acid, a
linoleic acid metabolite produced by gut lactic acid
bacteria, enhances energy metabolism by activation of
TRPVI1. FASEB J. 2017;31:5036-48.
doi: https://doi.org/10.1096/1.201700151R

44. Psichas A, Sleeth ML, Murphy KG, Brooks L,
Bewick GA, Hanyaloglu AC, et al. The short chain fatty
acid propionate stimulates GLP-1 and PYY secretion via
free fatty acid receptor 2 in rodents. Int J Obes.
2015.39:424-9. doi: https://doi.org/10.1038/ijo.2014.153

45. Torres S, Fabersani E, Marquez A, Gauffin-
Cano P. Adipose tissue inflammation and metabolic synd-
rome. The proactive role of probiotics. Eur J Nutr.
2019;58(1):27-43.
doi: https://doi.org/10.1007/s00394-018-1790-2

46. Cosentino F, Grant PJ, Aboyans V, Bailey CJ,
Ceriello A, Delgado V, et al. 2019 ESC Guidelines on
diabetes, pre-diabetes, and cardiovascular diseases deve-
loped in collaboration with the EASD: The Task Force for
diabetes, pre-diabetes, and cardiovascular diseases of the
European Society of Cardiology (ESC) and the European
Association for the Study of Diabetes (EASD). European
Heart Journal. 2020.41(2):255-323.
doi: https://doi.org/10.1093/eurheartj/ehz486

Crarrs HaailLIA 10 peakuii
16.11.2020

Ha ymosax niyensii CC BY 4.0



