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MUKPOBUOTA I HEUPOAETEHEPAILIVISI: MEXAHVI3MBI B3AVMO AEVICTBUS
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IOCYTIOB, M.II1. ABABIKA ABIPOB

O1mcknit rocy4apcTBeHHbliT yHuBepcuTeT, MeAnnuHckuit gpaxyasrer, Om, Koiproiackas Pecriyanka

[aHHana 0630pHan CTaTbA NOCBALLEHA aHA/NIM3Y COBPEMEHHbIX UCCNeA0BaHUM, HaNPaBAEHHbIX HA BbIACHEHWE POAW KULWEYHON MUKPOBMOTLI B Noa-
fepxaHuv obLiero romeocTasa opraHusma. CraTbs UCCeAyeT BAUAHWE MUKPOBMOTbI Ha NaToreHes HelpoaereHepaTvBHbIX 3abonesanuit (HA3), ak-
LIEeHTUPYSA BHUMAHWUE Ha MOIEKYNIAPHO-MEXaHUCTUYECKMX acNeKTax B3aMMOAENCTBUA MUKPOBUOTHI C LEeHTpasbHOM HepBHoi cucTemoii (LIHC) nocpea-
CTBOM OCH KULLEYHUK-MO3r». Liesiblo HacToALwero 0630pa ABNAETCA BbIABIEHWE KHOYEBbIX MEXaHU3MOB, NOCPEACTBOM KOTOPbIX MUKPOBKUOTa BAUAET
Ha HeBposiornyeckme dyHKLMK 1 cnocobceTayeT passutuio HA3.

B paboTte noapo6bHO aHaIM3UPYIOTCA MPOLLECChI PETYAALUM HEMPOXMMUYECKMX CUTHANO0B, UMMYHOMOAYNALMA U MeTabonnyeckas akTUBHOCTb, OKa3bl-
BaloLLMe CYLLEeCTBEHHOE BIMAHWE Ha HEMPONPOTEKTUBHBIE MEXaHU3MbI U PEry1MpoBaHUe BOCNAAUTEIbHOMO OTBETA. TaKoW NoAXoA No3BoAAET My6ike
NOHATb, KakMM 06pas3om cbanaHcMpoBaHHaA MUKpOdIOpa NOAAEPHKMBAET ONTUMANbHOE GYHKLMOHMpoBaHuWe LIHC.

AHaNU3 3KCNepUMEeHTa/IbHbIX AaHHbIX AEeMOHCTPUPYeT, 4To Ancbros, conpoBoKAAOWMICA HapyLweHnem BanaHca MUKpodopbl, cnocobcTyeT Bo3-
HWKHOBEHMIO CUCTEMHOTO U HEiPOBOCMANEHUA, YTO MOXET NPeA0NPeAeNATb Pa3BUTUE HEBPOOTMYECKMX PACCTPOWCTB, TaKMX Kak 6onesHb MapKkuHco-
Ha, 6onesHb Anburerimepa u apyre HA3. HactoAawmit 0630p noauépkmBaeT HeObX0AMMOCTb AaNbHENLWINX MYABTUANCLUNINHAPHDIX UCCAEA0BaHWIA,
CMOCOBHbBIX PACKPbITb MEXaHWU3MbI BAUAHUA MUKPOBMOTbI Ha HEBPONIOrMYECKME GYHKLMN U OTKPbITb HOBbIE TOPU3OHTLI A1 Pa3paboTKM NepcoHanu-
3MPOBAHHbIX METOA0B ANArHOCTUKM U Tepanuun HA3.

Mounck Hay4HbIX My6AMKaLuUiA NPOBOAMACA C UCMONb30BAHUEM MEXKAYHAPOAHbIX S/1EKTPOHHbIX 6a3 AaHHbIX Google Akagemus, Scopus, PubMed,
Cochrane n Web of Science. O630p BkAtoYaeT paboTbl, NPEMMYLLECTBEHHO ONyHAMKOBaHHbIE B Nnepuog ¢ 2015 no 2025 rog, 4To NO3BOAWMAO YYECTb
camble NocneaHue UCCeA0BaHNA B AaHHOM obaacTu. B npouecce novcka MCcnonb3osasncb pasHoobpasHble KOMOVHALMK KAtOYeBbIX C/I0B U UX CU-
HOHMMOB, TaKMX KaK «KULIEYHAA MUKPOBMOTa», «HeliposdereHepaTUBHble 3a60/1€BaHNAY, KOCb KULIEYHWUK-MO3M», KKOPOTKOLLEMOYHbBIE KUPHbIE KUC-
NOTbI» U «ANCONO3Y.

KnioueBble cnoBa: KuweyHas MUukpobuoma, oco «KUWe4YHUK-Mo32», HelipodezeHepamugHele 3a601e8aHUA, OUCOUO3, KOPOMKOUENOYHbIE HUPHbIE
Kucnomel, 6onesHs MapkuHcoHa, 6one3Hb Anbyeelimepa.
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INTERPLAY BETWEEN GUT MICROBIOTA AND NEURODEGENERATION
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This review article analyzes current research aimed at elucidating the role of the gut microbiota in maintaining overall body homeostasis. It examines
the influence of the microbiota on the pathogenesis of neurodegenerative diseases (NDDs), focusing on the molecular and mechanistic aspects of its
interactions with the central nervous system (CNS) via the gut-brain axis. The goal of this review is to identify key mechanisms by which the microbiota
influences neurological function and contributes to the development of NDDs.

The study provides a detailed analysis of neurochemical signaling, immunomodulation, and metabolic activity, all of which significantly influence
neuroprotective mechanisms and the regulation of the inflammatory response. This approach provides a deeper understanding of how a balanced
microflora supports optimal CNS function.

Analysis of experimental data demonstrates that dysbiosis — an imbalance of microflora — contributes to systemic and neuroinflammation, which may
predetermine the development of neurological disorders such as Parkinson's disease, Alzheimer's disease, and other neurodegenerative conditions.
This review highlights the need for further multidisciplinary research to clarify these influences and open new horizons for personalized diagnostic and
therapeutic methods.

A search of scientific publications was conducted using the international databases Google Scholar, Scopus, PubMed, Cochrane, and Web of Science. The
review primarily included papers published between 2015 and 2025, ensuring the most recent research was considered. Search terms included various
combinations of keywords such as "gut microbiota", "neurodegenerative diseases", "gut-brain axis", "short-chain fatty acids", and "dysbiosis".
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BBEOEHMUE

HelipopereHepaTtuBHble 3abonesaHva (HA3) npeactasnswoT
€060/ 0AHY M3 aKTyanbHbIX NPobaem COBPEMEHHOW MeAMLIMHBI, 06-
YCNOBNEHHYIO CNOMKHbIMU MeXaHU3Mamu natoreHesa. CoBpemeHHble
nccneA0BaHNA YKa3blBAIOT Ha CYLLECTBEHHYIO PO/b KULWIEYHOW MUKPO-
6uotbl (KM) B nogfep:KaHUM romeocTasa opraHM3ma MocpeacTBoM
OCK KKULIEYHMK-MO3». MoNeKyNApHO-MexaHUCTUYEeCKHUe UCCea0Ba-
HUsA LEMOHCTPUPYIOT, 4TO MMKpodAopa KMLIEYHWUKA CnocobHa BAMATL
Ha LeHTpanbHyto HepBHyto cucTemy (LLHC). 3To BAMAHME ocyluecTes-
eTCcA Yepe3 perynaumio HeipoOXMMUYECKUX CUrHAN0B, UMMYHOMOZY-
NALMIO U U3MEHEHWE METaboNMYECKOM aKTUBHOCTU. B pesynbTaTe mx
[eNCTBMA aKTUBUPYIOTCA HEPONPOTEKTOPHbIE MEeXaHU3Mbl U NPOUC-
XOAMT PEryNMpoBaHUe BocnaneHws. Hapywexue 6anaHca MUKpobuo-
Tbl NPUBOAUT K CUCTEMHOMY W HEMpPOBOCMANIEHWIO, YTO, B CBOKD OYe-
peap, MOXeT cnocobcTBoBaTh passuTuio HA3.

LLENb UCCNEQOBAHUA

U3yunTb, Kak KM yepes ocb «KULLEYHWMK-MO3M» BAUAET Ha rome-
0CTa3 opraHu3ma u cnocobeTayet natoreHesy H/A3.

MATEPUAN U METOADI

Crpaterus noucka

Monck HayyHbIX Ny6AMKaLMin NPOBOAWACA C MCMO/b30BaHW-
eM MeXAYHapoaHbIX 3NeKTPOHHbIX 6a3 AaHHbIx Google Akagemus,
Scopus, PubMed, Cochrane n Web of Science. 0630p BK/toYaeT pa-
60Tbl, NpenMmyLLLEeCTBEHHO onyb/IMKoBaHHbIe B nepuog, ¢ 2015 no 2025
rofi, YTo NO3BO/IMAO Y4ECTb CaMble NOCAEAHUE UCCNEA0BAHUA B AaH-
HoM obnacTu. B npouecce NoucKa MCMNO/b30BaNCL PasHOObpPasHble
KOMOUWHALLMM K/THOUEBbIX C/I0B U UX CUHOHUMOB, TaKMX KaK «KULLEYHas
MUKpobUuoTa», «HermpogereHepaTMBHbIe 3a601eBaHMAY, KOCb KULLEY-
HUK-MO3I», KKOPOTKOLLEMOYHbIE KMPHbIE KUCAOTbI» U «Ancono3».

Kputepuu BKntoueHus

B aHanu3 BK/IOYANUCL OPUTMHANbHbIE UCCNeaoBaHus, 0630p-
Hble CTaTbM WM MeTa-aHa/u3bl. Bblbop nybanKaumii OCHOBbLIBAACA Ha
WX Hay4YHOW 06OCHOBAHHOCTU, METOZLONOMMYECKOM CTPOTOCTU U pene-
BAHTHOCTU A/19 CUHTe3a MHdopmaLwmm no ponu KM B natoreHese HA3.
OTo6paHHbIe UCCNef0BAHUA NPEAOCTaBAANM AaHHbIE, NO3BOAAOLME
OLLEHUTb MOJIEKYIAPHO-MEXaHUCTUUECKME acMeKTbl B3aMMOLENCTBIA
MMKPOo6KOTHI ¢ LIHC cucTemolt uepes ocb «KULIEYHUK-MO3T».

Kputepuu ucknioueHus

Mybankaumm, obnapatowme HeAOCTaTOYHOM Hay4HOW 06OCHO-
BAHHOCTbIO MM XapaKTEPU3YIOLLMECH 3HAUUTENBHBIMU METOA0/OM-
YECKMMM OrPaHUYEHNAMM, UCK/THOYANNCh M3 aHANN3a, YTO NO3BO/IANO
MWHUMMU3UPOBATb BAWUAHUE HEPENeBAHTHbIX U HU3KOKAYECTBEHHbIX
MCTOYHUKOB MHOpMaLmun. TakKe pyKonucu, omnybiMKoBaHHble [0
2015 ropa, He BKNIOYANNCL B aHANN3, ECAW WX BKIAA, B AaHHYHO 06-
NacTb He AeMOHCTPUPOBA CYLLECTBEHHOM aKTyalbHOM LIEHHOCTU.

Jtanbl ot60pa

MepBUYHbIN NOUCK NUTEPaTYPbI: NPOU3BEAEH OBLIMPHDINA MOMCK
B OCHOBHbIX Hay4HbIX 6a3ax AaHHbIX C Leblo BbIABAEHWA Ny6anKa-
LIMIA, COOTBETCTBYHOLLMX TEMATUKE UCCNEe0BaHNA.

MpeasapuTeNnbHbIA OT6OP: aHaAWM3 aHHOTALMIA WM 3aros0BKOB
L1 UCK/IIOYEHUS ABHO HepesieBaHTHbIX cTaTeit. [lepBoHayanbHbIit OT-
60op OCyLLeCTBAAACA HA OCHOBAHWUM NPEABaPUTENBHOTO COOTBETCTBUA
KPUTEPUAM BKIHOYEHHUA.

INTRODUCTION

Neurodegenerative diseases (NDDs) represent a pressing
challenge in modern medicine, driven by complex pathogenic
mechanisms. Current research highlights the significant role of
the intestinal microbiota (IM) in maintaining homeostasis via the
gut-brain axis. Molecular and mechanistic studies demonstrate
that the intestinal microflora can influence the central nervous
system (CNS) by regulating neurochemical signaling, modulating
immunity, and altering metabolism. These processes activate
neuroprotective mechanisms and regulate inflammation. Con-
versely, an imbalance in the microbiota can lead to systemic and
neuroinflammation, which may contribute to the development of
NDDs.

PURPOSE OF THE STUDY

The goal of this study is to examine how the IM influences
homeostasis via the gut-brain axis and contributes to the patho-
genesis of NDDs

METHODS

Search strategy

A search of scientific publications was conducted using in-
ternational electronic databases, including Google Scholar, Sco-
pus, PubMed, Cochrane, and Web of Science. The review primar-
ily included papers published between 2015 and 2025 to ensure
the most recent research was considered. Various combinations
of keywords and synonyms were used, such as "gut microbiota",

"neurodegenerative diseases", "gut-brain axis", "short-chain fatty
acids", and "dysbiosis".

Inclusion criteria

The analysis included original studies, review articles, and
meta-analyses. Publications were selected for their scientific va-
lidity, methodological rigor, and relevance to the role of the gut
microbiota in the pathogenesis of NDDs. Selected studies provid-
ed data for evaluating the molecular and mechanistic aspects of
microbiota interactions with the central nervous system via the
gut-brain axis.

Exclusion criteria

Publications with insufficient scientific validity or significant
methodological limitations were excluded to minimize the impact
of low-quality sources. Manuscripts published before 2015 were
also excluded, unless they provided foundational value to the
field.

Selection stages

Primary literature search: An extensive search of major sci-
entific databases was conducted to identify relevant publications.

Preliminary screening: Titles and abstracts were analyzed to
remove clearly irrelevant articles based on the inclusion criteria.

Full-text analysis: Full-text versions of selected papers were
examined to confirm scientific validity. Articles that met any ex-
clusion criteria were removed at this stage.

Quality assessment: Each study was assessed based on data
validity, scientific novelty, and the applicability of results. Publica-
tions with methodological flaws were excluded to ensure a robust
analysis.
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MONHOTEKCTOBbLINM aHANW3: AETaNbHOE WM3Y4YEHUE MONHOTEKCTO-
BbIX BEPCHI1 BbIOPaHHbIX OMyb6AMKOBaHHbIX PaboT AnAa NoATBepKae-
HUWA COOTBETCTBUA UX Hay4YHOW 0HOCHOBAHHOCTU U METOA0/I0TUYECKO
cTporocTu. Ha AaHHOM 3Tane UCK/YaNUCh CTaTbk, HE COOTBETCTBYIO-
LLME YETKUM KPUTEPHUAM UCKIOYEHMS.

OueHKa KaYecTBa: Ka40e UCCNej0BaHME OLEHMBAIOCh NO pAaY
MapameTpoB, BKAIOYAA AOCTOBEPHOCTb AaHHbIX, HAY4YHYHO HOBU3HY W
NPUMEHUMOCTb Pe3y/bTaTos. My6anKaLMM C METOA0NOMMHECKUMU He-
[lOCTaTKaMM ¥ HWU3KUM YPOBHEM MOATBEPKAEHUA Pe3y/bTaToB Oblu
UCK/tOYeHbI 415 0becrneyeHns MakcmaabHO peneBaHTHOTO aHaausa.

CUHTE3 W MHTEpPNpPEeTaLUMs AaHHbIX: OKOHYATE/IbHO 0TOBpaHHbIe
UccnenoBaHva BbinM 06beAMHEHDI ANA AaNbHEWLEro CUHTE3a WH-
dopmaumu. MonyyeHHble JaHHbIE e B OCHOBY aHa/NK3a, Hanpas-
JIEHHOTO Ha onpeAeneHne JaNbHeWLWnX NePCrekTUB UCCIEA0BaHMIA 1
Pa3paboTKM KOHKPETHbIX TEPANEBTUYECKUX CTPATEMMUIA.

PE3YNbTATDI

MwuKpo6uoTa 1 eé posib B opraHusme

3a nocneaHue rogpl noaTeepxaeHo, yto KM, npeacrasnaiowan
€060 CNOXKHOE M AMHAMMYHOE COODLLECTBO MUKPOOPraHU3MOB, AB-
NAETCA KPUTUYECKM BAXKHOM 414 NOALEPKAHNA 0OLLEro romeocTasa
opraHnsma. OHa OKa3blBaeT CyLLEeCTBEHHOE BAUAHME KaK Ha MeTabo-
NINYECKME U UMMYHHbIE NPOLLECCHI, TaK U Ha PyHKLMOHMpoBaHue LIHC
[1]. CoBpemeHHble UccnenoBaHUA AeMOHCTPUPYIOT, yTo KM y4acTsy-
eT B GOPMMPOBAHNUM HEMPOXMMMYECKMX CUTHANOB NOCPEACTBOM OCU
KULIEYHWUK-MO3I», YTO NO3BONSAET [NyOKe NOHATL NAaTOreHeTUYecKne
mexaHusmbl HA3 [2].

MMKpPoBMOTa — 3TO COBOKYMHOCTb MUKPOOPraHU3MOB, KOTOpble
06uTaloT B YesloBEYECKOM Tene. Y B3pOC/Ioro YeloBeKa obuiee Konnde-
CTBO MMKPOBHbIX KNETOK npesbiwaeT 100 TOMANMOHOB, NPY STOM NpU-
MepHO 80% M3 HX COCPEOTOYEHO B KULIEYHMKe [3]. DyHKLMOHaAbHaA
AKTUBHOCTb HOPMaNbHON MUKPOGDIOPbI BK/KOYAET PAL BaKHEMLIMX
MPOLLECCOB, TaKMX KaK obecneyeHne nuweBapeHmns, obMeH BeLLECTB,
UMMYHOMOZYNALUMS, PEryNALMA Pa3IMYHbIX BUONOTMYECKMX CUCTEM U
QHTAroOHMCTUYECKOe BO3AEMCTBME HA MATOreHHblE MMKPOOPTaHW3MbI
[4]. MuKkpodnopa npoayuMpyeT pasHOObpasHble MeTaboUTbI, B TOM
yucne KopoTKoLenoyeyHble XupHble Kucnotbl (KLMKK), Kotopble, no-
MUMO NUTaHUA SNUTENNANbHBIX KNETOK KMLLEYHWKA, OKA3bIBAOT HeWl-
PONPOTEKTOPHOE LENCTBUE, CHUMXKAA HEMPOBOCMANEHME U CNOCOBCTBYA
pereHepauuu HelpoHoB [5-7]. U3meHeHUs B cocTaBe MMKPOOMOTHI
B/IMAOT Ha CMHTE3 METabONNTOB, @ CHUMKEHME UX NPOAYKLMU NPUBOAUT
K YXYALUEHWUIO pereHepaTMBHbIX NPOLLECCOB B KETKAX KULLIEYHOTO 3nu-
Tenua n ocnabneHnto MMMyHoMoayupytoLero adpdekTa, Yto, B CBOO
oyepesb, AOMNONHWUTENBHO CNOCOOCTBYET PasBUTUIO BOCMANWUTENbHbIX
NPOLLECCOB U HapYLIEHMIO HelpoTpaHcmMuceum [8, 9].

CBA3b MUKPO6UOTHI C HelipoMeaMaTopamm 1 NoBeAeHNEM

CoBpemMeHHblE UCCNef0BaHWA MOATBEPHKAAOT, YTO 340pOBas
MWKPOBMOTa CYLLECTBEHHO BAMSAET Ha perynaumio nosegeHus. Tak,
YCTaHOB/IEHO, YTO MUKPOOPraHM3Mbl CUHTE3MPYIOT A0 50% obuiero
KO/IMYECTBa CEPOTOHMHA M A0daMUHa, YTO UIPAET PeLIaoLLYo POsb
B NOALEPKaHUM HeMpoHanbHOM akTmeHoCcTM [10, 11]. HapyweHwue
6anaHca 3TUX HEMPOMEAMATOPOB CBA3bIBAOT C PA3/IUYHBIMU KIUHW-
YECKMMM KapTUHaMK, TaKUMU Kak BeccoHHULa, XpoHudeckue 6onu,
TPEBOXKHbIE COCTOSHWA U CUHAPOM Pa3ApaXKEHHOTO KULIEYHWKA, a
CHU}KeHWe YpOBHsA AodamMMHa MOBbIWAET PUCK BO3HWKHOBEHWA 60-
nesHu NapkuHcoHa (BN) n gpyrmux HA3 [12, 13].

JKocmcteMa MUKPOBMOTbI U e€ YCTOIUMBOCTD

KM BkitouaeT BakTepuasbHble TaKCOHbI (FM1aBHbIM 06pasom
npeactasuTenu rpynn Firmicutes v Bacteroidetes), a TaKe apxeu, Bu-
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Data synthesis and interpretation: Data from the final selec-
tion of studies were synthesized to identify future research op-
portunities and potential therapeutic strategies.

RESULTS

Microbiota and its role in the body

In recent years, it has been confirmed that the gut microbi-
ome —a complex and dynamic community of microorganisms —is
critical for maintaining overall body homeostasis. It has a signifi-
cant impact on metabolic and immune processes, as well as on
central nervous system function [1]. Recent studies demonstrate
that the gut microbiome contributes to the formation of neuro-
chemical signals via the gut-brain axis, providing a deeper under-
standing of the pathogenetic mechanisms of NDDs [2].

The microbiota is the collection of microorganisms that in-
habit the human body. In an adult, the total number of microbial
cells exceeds 100 trillion, with approximately 80% concentrated
in the intestine [3]. The functional activity of normal microflo-
ra includes several important processes, such as digestion, me-
tabolism, immunomodulation, regulation of various biological
systems, and antagonism of pathogenic microorganisms [4]. Mi-
croflora produces a variety of metabolites, including short-chain
fatty acids (SCFAs), which nourish intestinal epithelial cells and
exert neuroprotective effects, reducing neuroinflammation and
promoting neuronal regeneration [5-7]. Changes in microbiota
composition affect metabolite synthesis; decreased production
leads to deterioration of regenerative processes in intestinal epi-
thelial cells and weakening of immunomodulatory effects, further
contributing to inflammatory processes and disrupted neuro-
transmission [8, 9].

The link between microbiota, neurotransmitters, and

behavior

Modern research confirms that a healthy microbiota signifi-
cantly influences behavioral regulation. It has been established
that microorganisms synthesize up to 50% of the body's total se-
rotonin and dopamine, which play a crucial role in maintaining
neuronal activity [10, 11]. Imbalances in these neurotransmitters
are associated with various clinical conditions, such as insomnia,
chronic pain, anxiety, and irritable bowel syndrome. At the same
time, decreased dopamine levels increase the risk of Parkinson's
disease and other neurodevelopmental disorders [12, 13].

Microbiota ecosystem and its sustainability

The microbiome includes bacterial taxa (primarily repre-
sentatives of the Firmicutes and Bacteroidetes groups), as well
as archaea, viruses, and fungi. This ecosystem is characterized
by exceptional biological diversity, which ensures the microbio-
ta's resilience to changes in external and internal conditions. The
predominance of certain microbial groups ensures adaptation
to a wide range of metabolic processes required to maintain the
host's vital functions. Modern molecular diagnostic methods, in-
cluding 16S rRNA sequencing and metagenomic analysis, enable
detailed characterization of the microbiota's composition and
functional properties.

The microbiota-gut-brain axis

Neurogastroenterology is a new interdisciplinary field syn-
thesizing advances in neurology, gastroenterology, microbiology,
psychiatry, immunology, and neurobiology. This unification of
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pycbl U rpubbl. Takas IKOCUCTEMA XapPaKTEPU3YETCA UCKKOUUTENbHOM
6uonornyeckomn amsepcudmKaLmen, 4tTo obecneynBaeT ycToMYMBOCTb
MMUKPOBUOTbI K U3MEHEHUAM BHELUHUX U BHYTPEHHUX ycnosuit. Mpe-
obnagaHvie onpeaenéHHbIX rpynn MMKPoopraHM3moB obecneunsaet
afanTaumio K LWMPOKOMY CNeKTpy MeTabosMyeckmx NnpoLeccos, Heob-
XOAMMbIX ANA NOAAEPNKAHUA KU3HEAeATeNbHOCTU X03aAnHa. CoBpe-
MEHHble METOAbl MONEKYNAPHON AUArHOCTUKM, BKAKOYAA CEKBEHU-
posaHue 16S pPHK 1 meTareHOMHbIM aHanM3, NO3BONAKOT AETANIbHO
OXapaKTepu30BaTb COCTaB MUKPO(IOPbI M BbIABUTL €€ GYHKLMOHANb-
Hble 0CO6EHHOCTM.

Ocb KMUKPOBMOTa-KULLIEYHUK-MO3TI»

HeltporactpoaHTeponorus npeacTaBasetr cobow HOBYHO Me-
KOMCUMNAMHAPHYIO 06NacTb, TAE CUHTE3UPYIOTCA COBPEMEHHbIE
LOCTUMKEHUA  HEeBPO/OTMM, TacTPO3HTEPONOTMKM, MUKpObUonoruu,
NCUXMATPUU, UMMYHONOTUM U Hellpoburonorun. Takoe obbeanHeHne
3HAHWM CTUMYAMPOBANO GOPMMPOBaAHME PAAA NPOrPECCUBHLIX BMO-
Nornyeckmx KoHuenuuii. OLHOMN U3 KNOUEBbIX UAEN B STOM KOHTEKCTE
ABNAETCA MOAENb OCU KMUKPOOMOTA-KMLLEYHMK-MO3I», KOTopas fe-
MOHCTPUPYET MHOFOYPOBHEBYIO U C/IOXKHYH CETb B3aMMOCBA3EN MEXK-
Ay LUHC 1 xenyfouHo-KuweyHbIM TpakTom [14, 15]. B pamKax gaHHOWM
KOHLENUMWN HENPEPbIBHOE M aKTUBHOE B3aUMOLENCTBME MEXKAY MU-
KPOGWOTOM M MO3roM OCYLLECTBAAETCA NOCPEACTBOM 3TOM OCH, U Nito-
6ble HapyLLeHWs e€ CTPYKTYPHOMN nn GYHKLMOHANLHOM LLeNOCTHOCTU
MOryT CnocobCcTBOBaTL BO3HMKHOBeHMI0 HA3 [16, 17].

HA3 1 ux BanaHmne Ha LHC

HA3 npeactaBnstoT coboi 0aHY U3 CaMbliX aKTyasibHbIX Npobaem
rno6anbHOrO 34paBOOXPAHEHMUA, MOCKO/bKY OHU COMPOBOMAAOTCA
pa3sBUTMEM AEeMeHLMM, BO3HWKatoWel B pesynbTaTe AaHHbIX naTo-
nornyeckmx npoueccos [18]. JaHHbli Knacc 3abonesaHuit BKAOYaeT
KaK HacnencTBeHHble, TakK U NpuobpeTéHHbIe HapylleHua B pabote
HEPBHOM CUCTEMbI, XapaKTepusylolwmeca MegeHHbIM UM NOCTOAH-
HbIM pa3pyLieHMeM KAKOUeBbIX rPynn HeMpoHoB. Takoe HeMpoHanb-
HOe yXyALeHWe NPUBOAMT K aTpopuM COOTBETCTBYIOWMX ObiacTei
rO/IOBHOMO MO3ra, YTO, B KOHEYHOM WUTOTe, BbI3bIBAET KOTHUTUBHbBIE U
MOTOpPHbIE AUCOYHKLMM, BK/IKOUASA Pa3BUTUE AEMEHLMMU U ABUTATENb-
HbIX HAPYLUEHMIA, MOPOI OKaHUYMBAIOLLMXCA NIETAIbHbIM Ucxogom [19].
Takum 06pasom, HelposereHepaT1BHan AEMEHLMA OCTAETca OLHOM
13 rNaBHbIX NPo6aem coBpeMeHHOro 0bLLECTBEHHOTO 31paBOOXpaHe-
HWA. OHa XapaKTepu3yeTca NOCTOAHHOM yTPaToN NamMATH, yYXyALLeHU-
€M KOTHUTUBHbBIX QYHKLMIA U HapylleHWem NOBCeHEBHON AeATeNb-
HocTu. MocTeneHHas rmbesb HEMPOHOB U CBA3AHHAA C Hel aTpodus
ro/I0BHOrO MO3ra NPUBOAAT K HE0BPAaTUMbIM M3MEHEHUAM, KOTOpPble
CepbE3HO CKa3bIBAKOTCA Ha KauecTBe KU3HWU NaLMeHTOB.

CBA3b MMKPO6MOTDLI € 3a601€BaHUAMM

CoBpeMeHHbIe UCCNef0BaHUA NMOATBEPKAAIOT, YTO M3MEHEHWA
B COCTaBE KULLEYHOM MMKpodaopbl (AMCOMO3) HenocpeaCTBEHHO
CBA3aHbl C LUMPOKMM CMEKTPOM MATONOrUI. 3TN U3MEHeHUs Habnto-
[AK0TCA Kak Mpy BOCMANUTE/bHbIX 3a001eBaHMAX KULWEYHUKA, TaKUX
KaKk 6onesHb KpoHa, A3BEHHbIN KOMUT U CUHAPOM pasfparKEHHOro
KWLIEYHWMK], CONPOBOMXAAOWMXCA abaoMuUHaNbHON 6ObI0 U Hapy-
LIEHMAMMN MOTOPUKU, TaK U NPU MeTaboIMYECKUX HapyLIeHUAX, NPO-
ABNAOLLMXCA NPU CaxapHOM AuabeTe || TUNA U OXUPEHUH, Tae Auc-
6aKTepPMO3 NPUBOLAMUT K SHEPTETUYECKUM U3MEHEHUAM U CHUMKEHWIO
YyBCTBUTENBHOCTU K MHCYAMHY [20-22]. Kpome Toro, UMetoLLmecs AaH-
Hble CBMAETE/bCTBYIOT O TOM, YTO HapyLueHne banaHca MUKPOGIOpbI
CBA3AHO C YBE/IMYEHWEM PUCKA aNNIEPIUYECKUX PEAKLMI M acTMbl, @
TaKKe C BO3HUKHOBEHMEM MCHUXMYECKUX PACCTPOWCTB, TakMX KaK ae-
npeccus 1 TPEBOXKHbIE COCTOAHMSA, U fasKe ayTOMMMYHHbIX 3abonesa-
HWI, BKHOYAA PEBMATOUAHBIV apTPUT U paccesHHbIM cknepos [23-25].

knowledge has stimulated the development of several progres-
sive biological concepts. A key idea in this context is the "microbi-
ota-gut-brain axis" model, which describes a complex, multilevel
network of interactions between the central nervous system and
the gastrointestinal tract [14, 15]. Within this framework, contin-
uous and active interaction occurs between the microbiota and
the brain; any disruption to its structural or functional integrity
can contribute to the development of NDDs [16, 17].

NDDs and their impact on the central nervous system

NDDs represent one of the most pressing global health
challenges, as they are often accompanied by the development
of dementia [18]. This class of diseases includes both hereditary
and acquired disorders of the nervous system, characterized by
the gradual, sustained destruction of key neuronal groups. Such
neuronal deterioration leads to atrophy of the corresponding
brain areas, ultimately causing cognitive and motor dysfunctions,
including movement disorders and death [19]. Thus, neurodegen-
erative conditions remain a major public health problem, charac-
terized by persistent memory loss, deteriorating cognitive func-
tions, and the disruption of daily activities.

The link between microbiota and disease

Modern research confirms that changes in intestinal micro-
flora composition (dysbiosis) are directly associated with a wide
range of pathologies. These changes are observed in inflammatory
bowel diseases (IBD) such as Crohn's disease, ulcerative colitis, and
irritable bowel syndrome (IBS). They are also observed in metabol-
ic disorders such as type 2 diabetes and obesity, where dysbiosis
leads to metabolic shifts and decreased insulin sensitivity [20-22].
Additionally, data indicate that microflora imbalance is associated
with an increased risk of allergic reactions, asthma, mental disor-
ders (such as depression and anxiety), and autoimmune diseases,
including rheumatoid arthritis and multiple sclerosis [23-25].

Furthermore, microbial diversity decreases with age, par-
ticularly in elderly patients with neurodegenerative disorders.
This fact suggests a role for dysbiosis in the pathogenesis of CNS
pathologies through mechanisms including the activation of in-
flammatory processes, increased oxidative stress, and impaired
energy metabolism. Dysbiosis is associated with a disruption of
the intestinal barrier, often referred to as "leaky gut syndrome".
This increased permeability facilitates the penetration of bacteri-
al components and pathogenic molecules into the bloodstream,
triggering peripheral immune responses and chronic inflamma-
tion [17]. This systemic inflammation can progress to neuroin-
flammation, in which the activation of immune cells, such as CNS
microglia, stimulates the production of pro-inflammatory cyto-
kines, contributing to neuronal degeneration [26]. This mecha-
nism is especially relevant in PD, where neuroinflammation is a
key pathogenic mechanism. The microbiota forms a complex eco-
system, and the host enters into a symbiotic relationship charac-
terized by mutual resource exchange and the regulation of physi-
ological processes [27, 28].

Factors influencing the composition of the IM

This complex relationship is dynamic and can be significant-
ly altered by factors such as diet, antibiotic use, and stress, ulti-
mately leading to adaptive or pathogenic changes in the microbi-
ota balance [29].

Various factors directly influence the diversity and individ-
ual variation of the intestinal microbiome, shaping unique mi-
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Momumo 3Toro, HabnoAaeTcA, YTO C BO3PACTOM MMKPOGHOe
pasHoobpasune CHU¥KaeTcA, YTo 0COBEHHO APKO NPOABNAETCA Y MOXKMU-
NbIX NALMEHTOB C HelpoaereHepaTUBHbIMKU HaPYLLIEHWAMM, YKa3biBas
Ha BO3MOXHYI0 posib ancbuosa B natoreHese natonormit LLHC uepes
KOMM/IEKC MEXaHU3MOB, B YUC/IE KOTOPbIX KNOUEBbIMU ABAAIOTCA aK-
TUBALMA BOCMAZIUTE/bHbIX NPOLIECCOB, NOBbILEHWNE OKUCAUTENBHOMO
CTPecca U HapyleHne sHepreTuyeckoro obmeHa. ncbmos accoumu-
pyeTcs ¢ HapyLeHWeM LieNOCTHOCTM KuLeyHoro bapbepa. YBenunyeH-
HanA NPOHMLLAEMOCTb KMLLEYHWKA (TaK HasblBaeMblit cuHapom "leaky
gut") obneryaeT NPOHWMKHOBEHWE GaKTepuasbHbIX KOMMNOHEHTOB M
MaToreHHbIX MOIEKY/ B 0BLLMIA KPOBOTOK, YTO, B CBOO O4epeab, 3any-
CKaeT nepudepuyeckme UMMyHHbIe PeakLyu U NPOBOLMPYET XPOHU-
Yeckuit BocnanuTenbHbIv npouecc [17]. HapylweHne 6apbepHOi GyHK-
LMK BeAET K CUCTEMHOMY BOCMafeHUIO, KOTOPOE MOXKET NepPexoamnTb
B HelipoBocnaneHue. Mpu 3TOM aKTMBALMA MMMYHHbIX KNETOK, TaKMX
Kak mukporams LLHC, ctumynnpyeT BbipaboTKy NpoBOCNannUTENbHbIX
LIMTOKMHOB, YTO CrocobCTBYeT AereHepaummn HeMpoHoB [26]. Takow
MexaH13M 0cobeHHO aKTyaneH ans b, rae HelipoBocnaneHue urpaet
PO/Ib OAHOTO U3 K/tOYEBbIX MaToreHeTUYecKkMx 38eHbeB. KM obpasytot
CNOMKHYIO SKOCUCTEMY, C KOTOPOW XO3AIMH BCTYNAET B CUMBMOTUYECKME
OTHOLLEHWSA, OCHOBaHHbIE Ha B3aMMHOM 0bmeHe pecypcamu u pery-
naumm dusmonormyeckux npoueccos. MukpobuoTa yyacTeyeT B dep-
MEHTAaTUBHOM MEPEBAPUBAHMUMN CIOXKHbIX YIJIEBOAOB, CUHTE3E BUTaA-
MWHOB M BUONOTMYECKM aKTUBHBIX MOJIEKY/, @ TaK¥Ke UTPAEeT BaXKHYHO
pO/b B MOAYNALMM UMMYHHOI CUCTEMbI, CNOCOBCTBYA NOAAEPKaHMIO
obLLero romeoctasa opraHusma. B cBoto ovepesp, KULWEYHWK CO3AaET
ans MUKpodiopbl 6raronpuATHbIE YCI0BKA CYLLECTBOBAHMS, obecne-
4nBas CTabuibHOe NOCTyNAeHUe NUTATENbHbIX BELLECTB, NOALEPKa-
HWe ONTUMasbHbIX GU3UKO-XMMUYECKMX NapaMeTPOB M NPeAoCTaBNAsA
HeobXOAVMYIO SHEPreTUYECKYI0 MOAAEPHKKY AR KU3HEeAEATeNbHO-
CTV MMKpPOOPpraHu3mos [27, 28].

®dakTopbl, BAnsowme Ha coctas KM

JITa CNOXKHas B3aMMOCBA3b HOCUT AMHAMMYHBIA XapakTep U
MOKET CYLLECTBEHHO MEHATLCA NOJ, BO3AeNCTBUEM HAKTOPOB, TaKMUX
KaK 0cO6eHHOCTM paLMoHa, MPUMEHEHWE aHTUOMOTUKOB U BAUAHKE
CTPECCOBbIX COCTOAHMA, YTO, B KOHEYHOM UTOTe, MPUBOAWT K afanTuB-
HbIM WM NATOreHHbIM M3MeHeHUAM banaHca MUKpPobuoThI [29].

PasnuuHble baKkTopbl OKa3bIBaOT NPAMOE BMAHUE Ha Pa3HOO-
6pasue 1 nHamBKUayanbHble Bapnauum KM, dopmupya yHUKanbHble
MUKPOBHbIe coobLLecTBa y KaXXaoro opraHnsma. B yactHocty, Kuc-
JIOTHaA cpefda KuweyHuka (HU3Kkuit pH) cyulectseHHo onpeaensert
BbIXKMBAEMOCTb W NponudepaLmio onpeaenéHHbIX MUKPOOPraHu3-
MOB, 4TO, B CBOK OYepeAp, BAUAET Ha CTPYKTYPHbIA U dyHKLMO-
Ha/IbHbIW cocTas MMKpodnopbl. MOMMMO 3TOr0, UMMYHHas CUCTEMA
UrpaeT KAKYEBYIO PO/b B NOAAEPKAHUM FOMEOCTa3a MUKPOBUOTLI,
a reHeTUYeCKMe NPeanochbiIKM U BO3AENCTBUE OKPYKatoLLei cpeapl
CYLLECTBEHHO MOANDULMPYIOT CMOCOBHOCTD KUMMYHHOTO OTBETA pe-
ryIMpoBaTh 1 KOPPEKTUPOBaTb 3TOT HanaHc. PepMeHTbI NuLLeBape-
HUA, YYACTBYIOLLME B PA3NOKEHWUMN COXKHbIX MUTATE/bHbIX BELLECTB,
TaKXe BAMAIOT Ha COCTaB MMKpobHoro coobuectBa, cnocobeTaya
06pa3oBaHMio BUONOTUYECKM aKTUBHbIX MeTabonuToB. Ha AMHamu-
KY MUKPOBUOTBI TaK e BAUAIOT JONONHWUTENbHbIe GaKTOpbI, BKIO-
yas obLuee cOCTOAHWUE 340P0BbA, AaHAMHE3, ANETY, UCMOb30BaHUE
nuuesblx A06aBokK, GU3MYECKY0 aKTMBHOCTb U YPOBEHb CTpecca,
4TO B COBOKYMHOCTM crocobcTByeT auBepcudvKaLumm v UHAWBK-
Zyanvsaumm MUKpobHoro coctaBa. Takum o6bpasom, ycTonumsoe
n cbanaHcpoBaHHOE MUKPOOHOE COoOobLLEeCTBO XapaKTepusyeTcs
npeobnafaHvem TakcoHoB Firmicutes v Bacteroidetes, Toraa Kak
npeacrtasutenn Actinobacteria, Verrucomicrobia v Proteobacteria
BCTpeyatotcs pexe [30].
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crobial communities in each organism. In particular, the acidic
environment of the intestine (low pH) significantly determines
the survival and proliferation of certain microorganisms, which,
in turn, influences the structural and functional composition of
the microflora. Furthermore, the immune system plays a key
role in maintaining microbiota homeostasis, while genetic pre-
disposition and environmental exposure significantly modify the
immune response's ability to regulate this balance. Digestive en-
zymes involved in the breakdown of complex nutrients also influ-
ence the composition of the microbial community, promoting the
formation of biologically active metabolites. Additional factors,
including general health, medical history, diet, use of nutritional
supplements, physical activity, and stress levels, collectively con-
tribute to the diversification of microbial composition. A stable
adult gut microbiome is characterized by the dominance of Fir-
micutes and Bacteroidetes, with Actinobacteria, Verrucomicrobia,
and Proteobacteria representing lower-abundance, subdominant
taxa [30].

By producing lipids, vitamins, essential amino acids, and oth-
er microbial metabolites, the IM directly influences physiological
processes, including the maintenance of gastrointestinal barrier
integrity and the regulation of metabolism, immune responses,
and neurodegenerative processes through neuronal, endocrine,
and immune pathways. These microbial effects are closely linked
to maintaining the integrity of the body's barrier systems, which
is critical for protecting the central nervous system [31, 32].

The blood-brain barrier (BBB) and its functions

The BBB is a complex, multilayered structure consisting of
endothelial cells, pericytes, and astrocytes. It ensures selective
permeability between the central nervous system and the sys-
temic bloodstream and regulates the flow of elements necessary
for the homeostasis of the cerebral environment [33]. This barrier
allows the passage of substances necessary for normal CNS func-
tion while limiting the access of potentially toxic chemical agents
from the periphery, including microbial metabolites that can af-
fect the brain [34].

Changes in the BBB and microbiota composition

With aging, the BBB's vulnerability increases, leading to dys-
function, increased susceptibility to cellular damage, and inflam-
mation, as well as impaired cerebrovascular regulation [35, 36].
Studies show that during the transition from adulthood to old age,
the composition of the IM changes significantly. Some studies have
reported increases in Bacteroidetes, Bifidobacterium, Akkerman-
sia, and Christensenellaceae, alongside decreases in SCFA-produc-
ing taxa (e.g., Lachnospiraceae, Bacteroidaceae, and Ruminococca-
ceae), which can serve as predictors of impaired neuroprotective
mechanisms and accelerated neurodegeneration [37].

Additionally, medication use in hospitalized elderly pa-
tients is associated with increased levels of Bradyrhizobium, Co-
probacter, Helicobacter, and Prevotella, and a decline in Mas-
silia and Lachnospiraceae, likely reflecting decreased intestinal
barrier integrity [29]. Microbial metabolites, especially SCFAs, are
vital; they are synthesized by taxa such as Bacteroides, Prevotel-
la, Clostridium, Ruminococcus, and Faecalibacterium, and are in-
volved in maintaining the normal functioning of the BBB and CNS.
A decrease in the production of butyrate, for example, may pre-
dict a deterioration in neuroplasticity [38].

Furthermore, SCFAs interacting with FFAR2/FFAR3 receptors
(and homologous receptors GPR43, GPR41), peptide YY (PYY),
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BblpabaTbiBas AMNnAbl, BUTAMUHBI, }KU3HEHHO BaXKHblE aMUHO-
KUCNOTbI U Apyrue MUKPobHble meTabonunTbl, KM OKasbiBaeT npamoe
BAMAHME Ha GU3MONOTMYECKME NPOLLECCHI OPraHM3Ma, BKIOYan Noj-
JepaHue LenocTHOCTU Kenymo4HO-KMLeYHoro 6apbepa, peryns-
Mo MeTabonnsma, MMMyHHblE pPeakuyMm U HelipodereHepaTUBHbIE
NPOLEeCChl Yepes HeMpPOHaNbHbIE, SHAOKPUHHbLIE U UMMYHHbIE MYyTW.
3T MUKPOBHbIE BO3AEMCTBUA TECHO CBA3AHbI C COXPaHEHMEM LieNnocT-
HOCTM 6apbepHbIX CUCTEM OPraHM3Ma, YT, B CBOIO 04epeab, ABNAETCA
KPUTUYECKM BaKHbIM gn1a 3awwmTsl LIHC [31, 32].

femaTosHuedannueckuii 6apoep (MIB) n ero GpyHKUUU

36 npepncTasnseT coboi CNONKHENLLYIO, MHOTOCNOMHYIO CTPYK-
TYPY, COCTOALLYIO U3 SHAOTENNANbHBIX KNETOK, NEPULMTOB U acTPOLLU-
TOB, KOTOpas obecneynBaeT M3BUPaTENbHYIO NPOHULAEMOCTb MEKIY
LIHC # cuctemHbIM KPOBOTOKOM, @ TaKXe peryanpyet noctynieHue
YKU3HEHHO BaXKHbIX 3/1EMEHTOB, HEOBXOAMMBIX 1 FOMEOCTa3a MO3-
rosoi cpeabl [33]. 3ToT bapbep He TONBbKO NO3BOAAET Yepes cebs npo-
HUKaTb BeLLecTBaM, HEOOXOAMMBIM A1 HOPMANbHOTO GYHKLMOHM-
posaHusa LLHC, Ho 1 orpaHuuMBaeT 4OCTyN NOTEHLMANbHO TOKCUYHDBIX
XMMWUYECKMX areHToB, MOCTYNawLMX M3 nepudepuyeckmx oTaenos
OpraHu3ma, BK/Ito4asi MUKPODOHbIE METAaboUTbI, KOTOPbIE MOTYT OKa-
3bIBaTb BAMAHME Ha LIHC [34].

M3meHeHus 3B 1 coctaBa MUKPOGUOTDI

Mpwn crapeHun Bo3pacTaeT ya3BMMOCTb b, YTO NMpPUBOAWT K
€ro AMCPYHKLMK, NOBbILLIEHHON BOCMPUMMUYMBOCTU K KNETOUYHBIM MNO-
BPEXAEHUAM, BOCMAJEHUIO U HapylleHUsM LepebpoBacKynspHoOi
perynaumu [35, 36]. Pag nccnefoBaHWi NOKasbiBaeT, YTO C Nepexo-
[lOM OT B3pOC/IOr0 BO3pacTa K cTapocTu coctas KM cyLecTtBeHHO 13-
MEHSIETCA: B OTAE/bHbIX PaboTax GUKCMpYeTCA poCT NpeacTaBuTenen
Bacteroidetes, a TakKe yBenmueHue uncneHHoctv Bifidobacterium,
Akkermansia w Christensenellaceae, 0f[HOBPEMEHHO C CHUMNKEHMEM
uncneHHoct SCFA-NpoayumpytoWwyx TakcoHoB (Hanpumep, Lachno-
spiraceae, Bacteroidaceae n Ruminococcaceae), YTo MOMKET CNYKUTb
NpesMKTOPOM HapYLIEHWA HeMPONPOTEKTOPHbIX MEXaHU3MOB U YCKO-
peHHoI HelipoaereHepaumm [37].

[lononHutensHo, NpMém MeAMKaMEHTOB Y rOCMUTANN3UPOBaH-
HbIX MOXW/IbIX MALMEHTOB acCOLMMpPYeTCA ¢ yBenuueHvuem Bradyrhizo-
bium, Coprobacter, Helicobacter v Prevotella u cHuxkeHnem Massilia
1 Lachnospiraceae, 4to, BEPOATHO, OTPAXKAET CHUXKEHME LLeNOCTHOCTU
KuweyHoro 6apbepa [29]. BakHOe 3HAYeHWE MMEIT MUKPOBHbIe
meTabonuTbl, ocobeHHo KLHKK, KoTopble, CMHTE3MPYACh NpeacTaBu-
TENAMM TaKCOHOB, TaKUX Kak Bacteroides, Prevotella, Clostridium, Ru-
minococcus v Fecalibacterium, y4acTsytoT B NnofAepKaHUM HOPMAsIb-
Hoi paboTbl 3B 1 LIHC; cHuKeHWe npoayKumm, Hanpumep ByTvpata,
MOMKET NnpeaBeLLaTb YXyALeHe HelponaacTuyHocTm [38].

Kpome Toro, KLIXKK, B3aumopeiictsys ¢ peuentopamu FFAR2/
FFAR3, a Takke € romonormyHbiMmmn peuentopamm GPR43, GPR41,
nentugom YY (PYY) u rnokaroHonogobHeim nentugom 1 (GLP-1),
CNocobCTBYOT BbICBOOOXKAEHUIO HEMponenTua0B, PEeryanpyroLLmx
sHepreTnyeckunin banaHc NOCPEACTBOM CTUMYAALMM NEPBUYHBIX ad-
dbepeHTHbIX NyTel 6ayxaatoLiero Hepsa. U36bITOK Annononvcaxapu-
fos (/INC), npoayumpyembix Gram-oTpuLATENbHBIMKU BaKTepUAMU,
BbI3bIBAET CUCTEMHOE BOCMaNeHMe U 3anycKaeT HelipoBocnanmTeNb-
Hble MPOLLeCChbl, @ MOBbIWEHHbIE YPOBHM TpUMeTUnaMuH-N-oKkemaa
(TMAQ), npoayumpyemoro TakcoHamun Tuna Anaerococcus, Desulfo-
vibrio, Clostridium w Providencia, KOppenvpytoT ¢ KOTHUTUBHBIMU Ha-
pyweHuamu u natoreHezom HA3, Takux Kak 6onesHb Anbureiimepa
(BA) [41].

Bce 3TV MexaHU3Mbl, BKOYAs aKTUBALMIO BOCMANUTEbHBIX U
MMMYHHbIX NyTeM, HapyLUeHWEe HEMPOTPAHCMUTTEPHOW PEerynauum u

and glucagon-like peptide 1 (GLP-1), promote the release of neu-
ropeptides that regulate energy balance by stimulating primary
afferent pathways of the vagus nerve. Excess lipopolysaccharide
(LPS) produced by Gram-negative bacteria triggers systemic and
neuroinflammation. Elevated levels of trimethylamine-N-oxide
(TMAQ), produced by taxa such as Anaerococcus, Desulfovib-
rio, Clostridium, and Providencia, correlate with cognitive impair-
ment and the pathogenesis of NDDs such as Alzheimer's disease
[41].

These mechanisms, including inflammatory and immune
pathway activation, impaired neurotransmitter regulation, and
oxidative stress, lead to profound structural and functional BBB
changes, ultimately contributing to neurodegeneration. Further
verification in clinical cohorts is required to assess their human
prognostic significance [42].

The relationship between microbial diversity and social

factors

A longitudinal study spanning 60 years showed that married
individuals have greater microbial diversity and richness than in-
dividuals living alone, suggesting that social interaction influences
IM composition. Animal models have demonstrated that changes
in IM composition can influence lifespan. For example, in Dro-
sophila melanogaster, age-related decline in intestinal barrier
efficiency preceded its dysfunction; specific depletion of Aceto-
bacter was associated with increased lifespan, while overgrowth
of Lactobacillus plantarum resulted in the accumulation of reac-
tive oxygen species and a reduction in lifespan [43].

Additional studies in germ-free mice infected with the mi-
crobiota of older, but not younger, animals revealed elevated se-
rum cytokine production and increased intestinal permeability,
suggesting that aging-associated changes in the IM contribute
to systemic inflammation. Furthermore, fecal microbiota trans-
plantation from young to older mice restored B-cell proliferation
in Peyer's patches, demonstrating the protective effect of a young
microbiota against the immunological dysregulation characteris-
tic of aging [44].

Despite the promise of these models, results have not al-
ways been replicated in humans. Further clinical confirmation
is needed regarding aging-related diseases such as AD, PD, and
amyotrophic lateral sclerosis, especially since aging is a primary
risk factor for many NDDs.

The role of the vagus nerve and immune mechanisms

Studies demonstrate that microbiota composition signifi-
cantly impacts alpha-synuclein protein aggregation in the enteric
nervous system. The pathological conformation of this protein,
presumably initiated in the intestine, can spread via the vagus
nerve to the CNS, contributing to the motor and cognitive impair-
ments characteristic of PD. The influence of the microbiota on the
CNS is primarily mediated by the vagus nerve. This key commu-
nication channel transmits signals mainly from peripheral organs
(80%) and, to a lesser extent, from central structures (20%) [45].
These signals can alter behavior, emotional states, and cognitive
functions. CNS responses can be both protective and pathogen-
ic, which is especially important in the context of gastrointestinal
diseases and neurological disorders, including autism, asthma,
and PD [46].

In addition to neural communication via the vagus nerve,
the microbiota influences the central nervous system (CNS)
through immune pathways, stimulating cytokine production that
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OKMC/IUTENbHBIN CTPECC, MPUBOAAT K ITyOOKUM CTPYKTYPHBIM U QyHK-
LIMOHANbHbIM U3MeHeHUAM B, UTo, B KOHEYHOM WTOTE, COCOBCTBY-
€T Pa3BUTUIO HelpoaereHepaTUBHbIX MpoLeccos. [anbHelwwan Bepu-
GUKaLMA 3TUX B3aUMOCBA3EN B KJIMHUYECKMX KOrOpTax Heobxoauma
[N OLEHKM UX NPOrHOCTMYECKOM 3HAYMMOCTH Y YenoBeka [42].

CBA3b MMKPOGHOro pasHoo6pasma u coymanbHbix GpakTopos

B NOHrWTIOZHOM MCCNefoBaHWM, OXBaTblBalolwem 60-neTHui
nepuog, bbl10 NOKa3aHo, YTO KeHaTble Noan 061a4aloT 601bWMM
MWKPOBHBIM pa3Hoobpasvem M GOraTCcTBOM, YEM /UL, KUBYLLME B
OAMHOYECTBE, YTO NMO3BO/IAET NPEANONOKNUTL BAUSHUE COLMAIBHOTO
B3aMmogencTBua Ha coctaB KM. KMBOTHbIE MoAENW, HECMOTPS Ha
TEXHOJIOTMYECKUE CI0KHOCTU NPOBEAEHUA MEXaHUCTUYECKUX UCCNe-
[OBaHWI CTapeHUs Ha NIt0fAX, TPOAEMOHCTPUPOBANH, YTO U3MEHEHME
coctaBa KM MOXeT BAMATb HAa NPOAOMKUTENBHOCTb KU3HW. Hanpu-
mep, y Drosophila melanogaster Bo3pacTHoe CHUKeHMe 3PHEKTUBHO-
CTU KMLWeYHoro bapbepa NpeawecTBoBasno ero AUChYHKLMM, a cneum-
duyeckoe uctoleHue Acetobacter nocne BO3LeNCTBAA OKCUAAHTOB B
ZleTcTee Bbl0 CBA3AHO C YBEUYEHUEM MPOAOIKUTENBHOCTU KU3HY,
B TO BPeM#A KaK upeamepHbli pocT Lactobacillus plantarum npusogun
K HaKOM/IEHMIO aKTMBHbIX GOPM KMUCI0POAA M COKPALLEHMIO NMPOLON-
KUTENbHOCTYU KU3HK [43].

[JlononHuTenbHble UCCNEA0BAHUA Ha CTEPWU/IbHBIX MbILIAX, WH-
GULMPOBAHHBIX MUKPOBMOTOW MOMW/bIX, HO HE MOJOAbIX KMBOT-
HbIX, BbIABU/N MOBbLIWEHHYIO NMPOAYKLMIO LUTOKMHOB B CbIBOPOTKE
U YCUIEHHYIO MPOHMLAEMOCTb KULWIEYHWUKA, YTO CBUAETE/LCTBYET O
TOM, YTO U3MeHeHUA B KM, CBA3aHHbIE CO CTapeHMEM, CMOCOBCTBYIOT
Pa3BUTUIO BOCNA/IMTENbHBIX NPOLLECCOB. Bosee Toro, TpaHcniaHTaLus
beKanbHOM MUKPOBMOTLI OT MOMOAbIX MbILEN K CTapbiM CNOCOBCTBO-
Ba/jla BOCCTaHOB/EHMIO aeduumTa nponndepaummn B-kneTok B neiie-
POBCKMX B/IfILLKAX, YTO AEMOHCTPUPYET 3aLUUTHOE BAWUSHUE MMUKPO-
61OTbI MONIOABIX OPraHU3MOB OT UMMYHOIOTMYECKOW ANCPErYALUM,
XapaKTepHOW ANa cTapeHus [44].

HecmoTps Ha NepcneKTMBHOCTb MOZENEN, Pe3ynbTaTbl He BCer-
[a BepudULMPOBaHbI Y YeNoBeKa; HEOBXOAMMbI JaNbHENWMNE Kau-
HUYECKME NOATBEPKAEHNS, CBA3AHHbIE CO CTAPEHWEM, TaKME KaK BA,
B, 60KOBOW aMMOTPOPUUECKMIA CKNEPO3 U ApYrue, YUUTbIBAs, YTO
CTapeHue NPeACTaBAfeT COOOM 3HauYMTENbHbIA GaKTOP pUCKa Ans
MHoXecTBa HA3.

Ponb 6ny:KAaloLWEro Hepea U UMMYHHbIX MEXaHU3MOB

WUccnenoBaHUA SEMOHCTPUPYIOT, YTO COCTaB MUKPOBMOTbI OKa-
3bIBAET 3HAYUTE/IbHOE BAMsAHWE Ha arperaumto 6enka anba-cuHy-
KJeMHa B 3HTEPANbHON HEPBHOW CUCTEME, NPUYEM NATONOTMYECKan

affects neural structures in the brain [47]. This immune response
can manifest clinically as loss of appetite, anhedonia (loss of plea-
sure), decreased pain sensitivity, and slowed motor activity [48].
Furthermore, prolonged immune activation driven by the micro-
biota can disrupt intestinal barrier function and increase enteric
nervous system activation. This activation, in turn, alters senso-
rimotor processes, potentially increasing pain perception and
anxiety levels [49].

The collected data confirm the critical role of the microbiota
in regulating key physiological and neuroprotective mechanisms,
offering new perspectives on aging and neurodegeneration (Ta-
ble). Recent studies have revealed the significance of circadian
rhythms and epigenetic modifications mediated by microbial
metabolites, which can influence both the rate of neurological
disorder progression and the effectiveness of therapeutic inter-
ventions [50]. The use of multi-omics approaches enables the
discovery of previously unexplored molecular patterns, demon-
strating that targeted modulation of the microbiome through di-
etary, pharmacological, and behavioral strategies can mitigate in-
flammatory processes and enhance neuroprotective mechanisms
[51]. These data highlight the potential of an integrative approach
to microbiota research and encourage further systematic studies
to improve diagnostics and develop personalized treatments for
NDDs.

CONCLUSION

Studies show that in NDDs such as PD and AD, there is an
increase in Gram-negative taxa producing LPS (such as Proteobac-
teria), as well as an increase in taxa that promote TMAO synthe-
sis. Conversely, there is a decrease in SCFA-producing bacteria,
including representatives of the Lachnospiraceae, Ruminococca-
ceae, and Prevotellaceae. With age, overall microbial diversity
decreases, impairing the integrity of the intestinal and blood-
brain barriers, increasing neuroinflammation, and disrupting neu-
rotransmitter balance (e.g., dopamine and serotonin), contrib-
uting to accelerated neurodegeneration. However, most existing
data are obtained from animal models, and these mechanisms
require further investigation in humans through clinical trials.

Tabnuya VameHeHus Mukpobuomel npu Helipodez2eHepayuu u ux eauaHue Ha LJHC

3abonesaHue Mukpobuota

Mosbiwatorca: Gram-oTpuLaTeNbHble

TaKkcoHbl (/INC-npoayumpyowme),

Lactobacillus plantarum (o6pa3oBaHue
BN aKTUBHbIX GOPM KMCnopoaa)

MeanaTtopbl Baunanue Ha LUHC

CHUKeHne odammHa — OCHOBHOM
naToreHeTUYecKnin GakTop;
HapyLUeHMe CUHTEe3a CEPOTOHMHA
(@0 50% 3aBMCUT OT MMKPOHOB);

Pa3BuTne MOTOpHbIX M
KOTHUTUBHbIX HapyLIJeHMVI;
ycunedHue HeﬁpOBOCI‘IaI‘IeHMFI;

NoHuxKatotea: SCFA-npoayumpyoLwmne nednunt SCFA ocnabnset OKUCAUTENIbHBIN CTPecC U
6akTepun (Lachnospiraceae, aKTMBauuio peuentopos FFAR2/ HapyLeHne HelpoTpPaHCMUCCUK
Ruminococcaceae, Prevotellaceae) FFAR3

MoBbIWalOTCA: TAKCOHbI, NPOAYLUPYIOLLIME
TpumeTnnamuH N okeng,

BA MoHuKalTca: butyrate-npogyumpytoLme
6aKkTepUK (Hanprmep, NpeacTaBUTENN
Lachnospiraceae n Ruminococcaceae)

168

HapyweHus B cuHTe3e 1 6anaHce
AUETUIXONIMHA N CEPOTOHMHA;
HegocTaTouHoe Bo3aelicteue SCFA
Ha perynauuio HemponenTMaos

KOrHUTUBHbIE HapyLIeHus,
yXyALWeHue NamaTh 1

pa3suTHE AemMeHLUU

BC/1eACTBWE HelipoBoCnaneHus,
OKMCAUTEeNbHOTO cTpecca U
HapyLeHus 6apbepHOM GyHKLUK
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Table Microbiota changes in neurodegeneration

Disease Microbiota changes
Increased: Gram-negative taxa (LPS-
producing), Lactobacillus plantarum (ROS

Parkinson's formation.

disease Decreased: SCFA-producing bacteria
(Lachnospiraceae, Ruminococcaceae,
Prevotellaceae)

Increased: Taxa producing trimethylamine
Alzheimer's N-oxide (TMAO)
disease Decreased: Butyrate-producing bacteria e.g.,

Lachnospiraceae and Ruminococcaceae)

KoHbOpMaLMa 3Toro 6enka, NPeanoNoKUTENbHO UHULMUPOBAHHAA
B KMLLEYHMKE, MOMKET PaCnpOCTPaHATLCA MO BAyKAatoWeMY HEPBY B
LLHC, uTo cnocobcTayeT pa3BUTMIO MOTOPHbIX M KOTHUTUBHbIX HapyLUe-
HWI, XapaKTepHbIX gna b, Bamanne mmkpobuotel Ha LHC, B nepsyto
oyepespb, OCYLLECTBIAETCA Yepes bAyKaatoWwmit HepB, KOTOPbIN Npes-
CTaBAAeT COOO0M K/YEBOM KaHan CBA3W, COCTOALLMI U3 BOJIOKOH, ne-
peAatoLLMX CUrHabl NPEUMYLLECTBEHHO OT NepudepruyeckmMx opraHos
(80%) 1, B MeHbLUeN CTENEHM, OT LIEHTPaAbHbIX CTPYKTYp (20%) [45].
3TV cUrHaNbl, BO3HMKAIOLLME B OpraHax GpIOLIHON NOAOCTU U Hemno-
CPEACTBEHHO B MMKPOOMOLLEHO3€E, CNOCOOHbI M3MEHATL NOBEAEHME,
3MOLIMOHANIbHOE COCTOSIHUE U KOTHWUTUBHblE QYHKLMM, @ OTBETHbIE
peakumm LLHC MOryT HOCUTb KaK 3aLUWTHbIW, TaK 1 NATOreHHbIW XapakK-
Tep, UTo 0COBEHHO BaXKHO B KOHTEKCTE Pa3BUTMA 3ab0NeBaHUIA KeNy-
[OYHO-KMLIEYHOrO TPaKTa U HEBPOIOTMYECKMX PACCTPOMCTB, BKAOYanA
ay™msm, BA u BN [46].

MTOMUMO HENPOHHON KOMMYHMKaLUMM 4Yepes OyKAaKoLLMiA
Heps, MMKpobuoTa BanseT Ha LLHC nocpeactBom MMMYyHHBbIX MmyTel,
CTUMYAMUPYA BbIPabOTKY LIUTOKMHOB, KOTOPbIE, B CBOKD OYepesb, BO3-
[ENCTBYIOT Ha HEMPOHHbIE CTPYKTYPbl roNoBHOrO mosra [47]. Takan
MMMYHHAs peakLa MOMXKET NPOABAATLCA KAMHUYECKUMMU CUMNTOMA-
MM, BK/ItOYAsA NOTEPIO anneTuTa, OTCYTCTBUE YA0BONbCTBUA, CHUKEHUE
YyBCTBUTENBHOCTU K 60/IM U 3ameaNieHne ABUraTENbHOM aKTUBHOCTU
[48]. Kpome TOro, onnTeNbHAA aKTUBALMA MMMYHHOM CUCTEMBI, Bbl-
3BaHHaA MMKPOOWMOTON, NPUBOAMT K HapyLieHWto 6apbepHOW PyHK-
LMW KULLIEYHUKA, YCUNEHHOMN aKTUBALMMW ero HEPBHOM CUCTEMbI U, KaK
cnepcTene, K USMEHEHUAM B CEHCOMOTOPHBIX MPOLECcax, YTo ycuam-
BaeT 60/1eBble OLLYLLEHNA M NOBbLILIAET YPOBEHb TPEBOXKHOCTM [49].

CobpaHHble faHHble NOATBEPKAAIOT 3HAUMMOCTb MUKPOBUOTLI
B PEryaLMmM KKUEBbIX GU3NONOTUYECKMX U HEMPOMPOTEKTOPHBIX Me-
XaHWU3MOB, NPeLOCTaBNAA HOBblE MEPCNEKTMBbI A48 NOHUMAHUA Npo-
LiecCoB CTapeHun u HelpoaereHepaumu (Tabn.). MocnegHue nccneno-

Dopamine deficiency; impaired
serotonin synthesis (up to 50%
microbial-dependent); SCFA
deficiency weakens activation of
FFAR2/FFAR3 receptors

Imbalance in acetylcholine and
serotonin synthesis; insufficient
SCFA regulation of neuropeptides

Mediators Effect on the CNS

Motor and cognitive impairment;
increased neuroinflammation;
oxidative stress; impaired
neurotransmission

Cognitive impairment and
memory loss; development
of dementia due to
neuroinflammation, oxidative
stress, and impaired barrier
function

BaHWA BbIABU/IM BAaXKHYHO POJIb LLUPKAAHDBIX PUTMOB U SMUTEHETUYECKMX
MmozmMdUKaLmii, 06ycN0BAEHHBIX MUKPOOHBIMU MeTabonnTamm, KOTo-
pble MOTYT OKa3blBaTb BAUAHME KaK Ha CKOPOCTb MPOrpeccupoBaHus
HEBPOIOTMYECKMX HaPYLLUEHWIA, TaK U Ha 3GPEKTUBHOCTL TepaneBTH-
yeckux Bmewwatenscts [50]. NMpMmeHeHUe MySBTUOMUYECKUX NMOAXO-
[10B N03BONAET 0OHapYXMBaTb paHee HeusyyeHHble MONEKYNAPHbIE
NaTTepHbl, AEMOHCTPUPYSA, YTO LieNIeHaNpPaBaeHHas MOAYAALMA MU-
Kpoodnopbl C NOMOLLBI AMETUYECKMX, GapMaKOIOTMYECKUX U nose-
[eHYECKMX CTpaTernii cnocobHa KOpPeKTUPOBaTb BOCMANUTE/bHbIE
NPOLLeCChl U YCMAUBATb HEPOMPOTEKTOPHbIE MeXaHu3Mbl [51]. ITn
[aHHble NOAYEPKMBALOT NOTEHLMAN UHTETPATUBHOIO NOAX0AA K U3Y-
YEHMIO MUKPOBMOTBI M CTUMYAIMPYIOT faNbHENLWNE cUCTEMaTUYECKue
UccNef0BaHMsA, HanpasaeHHbIe Ha COBEPLUEHCTBOBAHME AMArHOCTUKM
1 pa3paboTKM NepcoHanM3nMpoBaHHbIX MeToL0B nedeHna HA3.

3AKNIOYEHUE

MccnepoBanmna nokasbigatoT, yto npu HA3, Takmx Kak BIM v BA,
HabNtoaaloTCA yBEMYEHME KOAMYecTBa Gram-OTpMLATENbHbIX TaK-
coHoB, npoayumpytowmx JINC (Bkatouan Lactobacillus plantarum w
TaKCOHbI, cnocobceTaytolime cuHTesy TMAQ), a TaKKe CHUMKEHME UYnC-
neHHoctv SCFA-NpoayumpyroLwmx bakTepuii, TaKMX Kak NpeacTaBute-
v Lachnospiraceae, Ruminococcaceae v Prevotellaceae. C Bo3pactom
obLee MUKPOBHOEe pasHOOOpasMe YMEHbLLAETCS, YTO YXYALWaeT Le-
NNOCTHOCTb KMLLEYHOrO U 3B, yCcMAMBAET HelipoBoCNaneHue U Hapy-
waeT 6anaHc HeMpPOTPaHCMUTTepPOB (Hanpumep, AodamuHa U cepo-
TOHMHa), CNocobCTBYSA YCKOPEHHOM HelpoaereHepauun. Mpu 3Tom
60/IbLUMHCTBO MMEHOLLIMXCA AAHHbIX NMOYYEHO HA *KUBOTHbIX MOAENSX,
yTo TPEBYET AaNbHENLLEro UCCNe0BaHUA BANAHUA STUX MEXaHU3MOB
Ha YeNOBEKaA B KIMHUYECKMX UCCNEA0BAHUAX.
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