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Pe3tome. Axkmyanvnocme. B Hactosiiee BpeMsi HEpo-
JIeTeHepaTHBHbIE 3a00JIeBaHUS SBISIOTCS OBICTPOpACTY-
LIIMM MEIWIUHCKAM W COLHUAIBLHBIM OpeMeHeM, Tepamust
KOTOPBIX HarpapJieHa Ha oOJeryeHne CUMIITOMOB 3a00Je-
BaHUM U MTOBBIIIICHNAE Ka4eCTBA KU3HHA IIaTMCHTOB. TpaZII/I-
LIMOHHBIH 1eIeBOH TIOAXO/ K OTKPBITHIO HOBBIX JIEKapPCTB
JIOCTaTOYHO TPYAOEMKHN W JUINTEIBHBIN, a TAK)Ke TPHUBO-
JUT K OTPOMHOMY 3KOHOMHYECKOMY OpeMeHHU. ANbTepHa-
TUBHOH MapaurMou AJsl OTKPBITHSI HOBBIX JIEKAPCTB SIBIISI-
eTcs nepenpoduiInpoBaHue yKe UMEIOLINXCS JIEKapCTBEH-
HbIX mnpenaparoB. I]eny. PaccMoTpeHHne TeOpeTHYECKOM
OCHOBBI TSI HICTIONIb30BaHUSI MUKPOOHOTa-HAIIPABIEHHON
Teparu Npy HeHpoJlereHepaTUBHBIX 3a0oneBaHusx Ma-
mepuansl u memoowl. VI3yueHbl OpUTHHAIBHBIE HCCIe-
JIOBaHHS, OIyONIMKOBaHHBIC B HAyKOMETPUYECKHX 0azax
— Scopus, Web of Science, Pub Med, PUHI npeumyie-
CTBEHHO 3a rnocieanue 5-7 net. Pesynomamur. Beé yanie
oOHapyKMBaETCs CBSI3b HEWPOAETEHEPATUBHBIX 3a00JIeBa-
HUH ¢ U3MEHEHUsIMU B MuKpoOuore. [loteHnman npoduo-
THUYECKUX KYJIBTYp U UX METa0OJIMTOB CBS3aH C TeM (ak-
TOM, YTO OHHM OKAa3bIBaIOT OJarOTBOPHOE BIMSHHUE HA CO-
CTaB n q)YHKIII/IIO MI/IKpO6I/IOTBI KHUIICYHHWKa, BOCCTaHaB-
JIUBAs CIIOKHBIA THAIIOT MEXTY KHAIIEYHBIMH MUKPOOaMH
Y XO3SWHOM M, B KOHEUHOM CHYeTe, BOCCTaHABIMBas cOa-
JAHCUPOBAHHYIO OCh MHUKPOOMOTa-KUILICYHHK-TOJIOBHOM
MO3T. HekoTopble aHTHOMOTHKH BIHSIIOT Ha MaTOJIOTHYE-
ckue cocrostHus pacctpoiictBe [ITHC, Bxmrouas rmytama-
TEPrHUYECKYI0 CHCTEMY, OKMCIUTEIbHBIA CTpecc, HEMpo-
BocnajieHue. Boieoost. VcciemoBaHWs TOCIECIHUX JICT,
CBUIETEIHCTBYIOIINE O TIOTSHIINAIHLHOM BIHSHUW MTPOOH-
OTHKOB M aHTUOMOTHKOB Ha CMSITYCHHE CHMIITOMOB Pa3-
JINYHBIX HEBPOJOTMYECKUX PACCTPOMCTB, B YaCTHOCTH,
Oonesznu [lapkuHcona u 6one3Hu AnbIreiiMepa, KaxyTces
HaM NEPCHCKTHUBHBIMU B INIAHC U3MEHCHUS CTPATCIruu Jic-
YeHHsI JAaHHBIX MTATOJIIOTHH.

KniwoueBbie cioBa: npoOMOTHKH, MHKPOOHOTa, OCh
MHUKPOOHOTa-KUILIEYHUK-TOIOBHOM MO3T; He#popaereHe-
paruBHble 3a0omneBanus, 6one3nb IlapkuHcona, 6ose3Hb
AnpIreiiMepa, aHTHOMOTHKH, TIe(TPUAKCOH

Abstract. Relevance. Currently, neurodegenerative
diseases are a rapidly growing medical and social
burden, the treatment of which is aimed at alleviating the
symptoms of diseases and improving the quality of life of
patients. The traditional targeted approach to the discovery
of new drugs is quite time-consuming and lengthy, and
also leads to a huge economic burden. An alternative
paradigm for the discovery of new drugs is the reprofiling
of existing drugs. Purpose of review. Consideration of the
theoretical basis for the use of microbiota-directed therapy
for neurodegenerative diseases. Materials and methods.
Original studies published in scientometric databases —
Scopus, Web of Science, Pub Med, RSCI — mainly over
the last 5—7 years, were studied. Results. Increasingly, a
connection is found between neurodegenerative diseases
and changes in the microbiota. The potential of probiotic
cultures and their metabolites are associated with the
fact that they have a beneficial effect on the composition
and function of the intestinal microbiota, restoring the
complex dialogue between intestinal microbes and the
host, and, ultimately, restoring the balanced axis of the
microbiota-intestines-brain. Some antibiotics affect
the pathological conditions of central nervous system
disorders, including the glutamatergic system, oxidative
stress, and neuroinflammation. Findings. Recent studies
showing the potential effect of probiotics and antibiotics
on the alleviation of the symptoms of various neurological
disorders, in particular, Parkinson's disease and Alzheimer's
disease, seem to us promising in terms of changing the
treatment strategy for these pathologies.

Key words: probiotics, microbiota, an axis of microbiota-
gut-brain; neurodegenerative diseases, Parkinson's disease,
Alzheimer's disease, antibiotics, ceftriaxone
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Ha ceromusauii 1eHh UIMEETCS 3HAYUTEIBHBIN aedu-
AT (P PEKTUBHBIX JICKAPCTBEHHBIX CPEICTB JJIS JICUCHUS
I MOAU(HUKAIMHA OONBIIMHCTBA M3BECTHBIX HEBPOJIO-
THYECKHUX paccTporcTB. TekyIias Tepanws, KaK MMpaBHiIo,
HanpaBJcHa Ha OOJIErYeHUEe CUMIITOMOB M TIOJJICPIKUBA-
FOIIYEO TIOMOIIb B YIYYIIEHUH KaueCTBa KU3HU OOJIbHBIX
nanueHToB [1]. Kpome Toro, TpaauimoHHasi TEXHOIOTUS
0OHapyKEHUS JICKapCTB de novo 0ojee CloKHa, 0COOCH-
HO NpU HEBPOJIOIHYECKUX paccTporcTBax. ClenoBaresb-
HO, TiepenpoUINpPOBaHNE CYIIECTBYIOIIUX JICKAPCTBEH-
HBIX CPEIICTB JUIsl 3TUX YCIOBUH cunTaeTcs 3(h(HEeKTUBHBIM
U TUHAMUYHBIM MTOAXOJ0M, KOTOPBIM MOXET CYIIeCTBCH-
HO COKPATHUTh WHBECTHIINH, 3aTpaurBacMbIe Ha pa3padboT-
Ky JiekapcTB [2]. Bcé gare oOHapyKUBaeTCs CBSI3b HEHpO-
JIETeHEePaTHBHBIX 3a00JIEBaHN C N3MEHEHUSIMU B MHKPO-
ouore.

JlpamaTnyeckue M3MeHeHHs] MUKPOOHOTHI B COBpe-
MEHHOM 00111ecTBe

HccnenoBanus MociaeqHUX ACCITHICTHA MOATBEPXKIa-
I0T, YTO YEJIOBEK siBisieTcsl cynepopranuzMom [3]. Tak,
Mukpoouora conepxut 300-3000 paznu4YHBIX BUIOB MU-
KpOOPraHU3MOB, 00Ilee KOJIUYeCTBO KOTOphIX B 10 pa3
Oosbliie 00IIEero KOJMMYECTBA KIIETOK uesioBeka [4]. 3a mo-
CJIEZIHUE HECKOJIbKO CTOJETUH HHIUICHHAs MHKPOOUO-
Ta UCIbITaja OTPOMHBIE N3MEHEHUS M3-32 COBPEMEHHBIX
npeoOpa3oBaHril B pallOHE UTAHUsI, 00pa3e KU3HHU, Me-
JUIAHCKOM ITOMOILIY.

Juera popMupyeT MUKPOOHOTY KUILIEUHHUKA, & Pa3iny-
HBIC TIPOAYKTHI CTUMYIUPYIOT Tpoiudepannio paziud-
HBIX MHKPOOPTaHW3MOB [5]. Jlaske KpaTKOBpEMEHHBIE -
CTUYECKHE U3MEHEHHS M3MEHSIOT YEJIOBEUECKYI0 MHUKPO-
ouoty [6]. C TOUKH 3peHUs] IUETUYECKOM CTPYKTYPHI, pa-
(DUHMPOBaHHBIE YIJIEBOABI JAOMHUHHUPYIOT B OOLIEM IIO-
TpeOJIeHHH TMUILNY; TOTpeOleHue Msca, JKupa, caxapa H
COJIM OBICTPO YBEIMYMJIOCH, TOT/IAa KaK MOTPEOJICHUE TH-
LIEBHIX BOJIOKOH PE3KO CHU3MIOCH. [lMeTHuecKue BOJIOK-
Ha, KOTOpPBIE BKJIIOYAIOT [B-IVIIOKAaH, apaOMHOKCHUJIAHBI U
PacCTUTENBHYIO KJIETYATKY, SIBISIOTCS HEIepeBaAPHBAECMbI-
MU TOoJIMcaxapuaamMu, OOMIBHO BCTPEUAIOTCS B LEJIBHBIX
3epHax ¥ (QYHKIMOHAJIHHO W3BECTHBI KaKk MHKpOOMOTa-
accormupoBannbie yrieBoasl (MACs) [7]. OHu SBISIOT-
Cs1 OCHOBHBIM MCTOYHHMKOM SHEPIMHU JUIS KUIIEYHBIX OaK-
Tepui, 1 HEOOXOAMMBI [UIsl OAJEP KaHUS 310POBbS YeJI0-

Nowadays, there is a significant shortage of effective
drugs for the treatment or modification of most known
neurological disorders. Current therapy is usually aimed
at relieving symptoms and supporting assistance in
improving the quality of life of sick patients [1]. In addition,
the traditional de novo drug detection technology is more
sophisticated, especially for neurological disorders.
Consequently, the reprofiling of existing drugs for these
conditions is considered an effective and dynamic approach
that can significantly reduce the investment spent on the
development of drugs [2]. Increasingly, a connection is
found between neurodegenerative diseases and changes in
the microbiota.

Dramatic changes in the microbiota in modern
society

Studies of recent decades confirm that man is a
superorganism [3]. Thus, the microbiota contains 300-
3000 different types of microorganisms, the total number
of which is 10 times the total number of human cells [4].
Over the past few centuries, indigenous microbiota has
experienced enormous changes due to modern changes in
diet, lifestyle, and medical care.

The diet forms the intestinal microbiota, and
various products stimulate the proliferation of various
microorganisms [5]. Even short-term dietary changes
alter the human microbiota [6]. In terms of dietary
structure, refined carbohydrates dominate total food intake;
consumption of meat, fat, sugar and salt increased rapidly,
while consumption of dietary fiber decreased sharply.
Dietary fibers, which include B-glucan, arabinoxylans, and
plant fiber, are indigestible polysaccharides, are abundant
in whole grains, and are functionally known as microbiota-
associated carbohydrates (MACs) [7]. They are the main
source of energy for intestinal bacteria and are necessary
for maintaining human health [7, 8]. Thus, it was found
that a long-term diet with low levels of MACs leads to
the disappearance of microbiota, which was transmitted
between generations. The intestinal microbiota can be
restored by a diet with a high fiber content in the first
generation, but it was not restored in subsequent generations
and required the introduction of missing taxa [9].

Food additives, pesticide residues, and drug residues
in food can greatly disrupt intestinal microbiota [10, 11].

466

BECTHUK YPAJIbCKOU MEJULIMHCKON AKAJEMUYECKOM HAYKU, 2019, Tom 16, Ne 3

print ISSN 2073-9125
on-line ISSN 2500-0918

vestnikural.ru



DOI: 10.22138/2500-0918-2019-16-4-465-478

Reviews and Lectures

Beka [7, 8]. Tak, ycTaHOBIEHO, YTO AOJITOCPOYHAS JTHUE-
Ta ¢ HU3KUM ypoBHeM MACS MpUBOANUT K UCUE3HOBEHUIO
MUKpPOOHOTHI, KOTOpast TiepeaaBajiach MeX/y MOKOJIECHUS-
MH. MHUKpOOMOTa KUIIIEUHNKA MOXKET OBITh BOCCTAHOBJIE-
Ha JINETON C BEICOKMM COZIEpKaHUEM KJIETYaTKH B TIEPBOM
ITOKOJICHWH, HO OHAa HE BOCCTaHABIIMBAIACH B MOCIEIYIO-
LIMX TTOKOJICHUSIX U TpeboBasia BBEACHUS OTCYTCTBYIOINX
TakKCOHOB [9].

[Iummessie 100aBKH, OCTATKH MECTUIMIOB U OCTATKH JIe-
KapCTBEHHBIX CPEJCTB B MHIIE MOTYT CHIIBHO HAPYIIUThH
Mukpobuoty kumeynunka [10, 11]. B mononnenue k an-
TUCENTUKAaM, TAaKUM KakK Kajus copOar M Harpus OeH30-
at, Apyrue J00aBKH TakKe 3HAYUTENbHO HApyIIAlOT MH-
KpOOHMOTY KHIICYHUKA. DMYJIbIraToOphl, BKIIOUAS THIPOK-
CUMETHIIICIITION03Y U monrcopoar 80, MOBpeKIAr0T MH-
KpoOMOTy KHIIIEYHUKA M BBI3BIBAIOT BOCHAJIIEHUE W MeTa-
Oommueckuii curmpom [11].

Jlromu KUBYT B OakTepHaIbHOM MHpE, a (akTOpbl 00-
pasa KU3HM, TaKMe KaK OKpYy’)Karolllas cpeia U MPHUBBIY-
KH, ONPENENSIIOT BUJ] U KOJMYECTBO OaKTepui, KOTOpPbIE
OHH TIepeHOCHT. M3MeHunnach kxu3HeHHas cpena, 4eso-
BEYECTBO MEHBIIIE YIACTBYET B BO3/CIIGIBAHUU ITOYBHI, B
pe3ylbTare BCE MEHbIIE U MEHBIIIE BO3MOXKXHOCTEH ISt
JIoed KacaTbesl 3arpsA3HAIONIUMX OKPYXKAIOLIYI0 Cpery
MOYB U BOJBI JJIsl IPHOOpETeHHs OE3BPEAHBIX MHUKPOOP-
raun3moB [12]. CoBpemMeHHBIE OCpPEMEHHBIC KCHITUHBI
Yalie MOJBEPTraroTCsl KECapEBbIM CEUEHUSM, a 3HAYUT, Y
MJIQJICHIIEB HET BO3MOXKHOCTH TPHOOpPETaTh BarMHab-
HYI0 MUKpoOHOTY Marepu. Kpome Toro, y coBpeMeHHBIX
MaTepeil 4yacTto He XBaTaeT BPEMEHU Ha KOPMJICHUE Tpy-
JIBIO TI0 IEJIOMY Ay IPUYUH, TO3TOMY UX JIeTel 00bId-
HO KOopMAT 00paboTaHHOU (HOPMYJION CYyXOro MOJIOKa.
Bonee toro, ypoBeHb (U3MUECKON AKTHBHOCTH 3HAYH-
TEJIHHO CHIKEH Onarogapst y1o0CcTBy COBPEMEHHOM KH13-
Hu. LlupKagHbIil pUTM TaKkKe 4acTO HapylIaeTcs: Cpel-
HSSl IPOJIOJKUTENBHOCTh CHA YMEHBIINIIACh, a THEBHAS
W HOYHAs WHBEPCHs CTaja Bce Oojiee paclpoCTpaHEeH-
Hoi. Takum 00pa3oMm, U3MEHCHHS B CHCTEME POIOBCIIO-
MOXKEHUS, MOJENSIX MUTaHUs, PU3NYECKON aKTHBHOCTH
Y [UPKAJIMaHHOM PUTME MOTYT BIIUATH HA KOMMEHCAh-
HyI0 MUKpobuoty [13, 14].

[To mMepe yKpeluleHUs CTaHAAPTOB OOIECTBEHHOTO
3/IpaBOOXPaHEHUs NE3MH(EKINSI U CTEPUIN3AIH CTaHO-
BATCS Bce Ooyiee pacmpOCTpaHEHHBIMH KaK B MEIWITUH-
CKUX YUPEXKICHHSIX, TaK U B OBITY. Takxke MOBBICHINACH
CTaHJIApThl JIMYHOM TUTHEHBI: 4YacTOTa YUCTKH 3y0OB,
MBITBE PYK M CTHpKa OISKIbl. Upe3mepHas o0paboTka u
Yype3MepHas TUTHEHA TaK)Ke BBI3BIBAIOT 00€CIIOKOSHHOCTD
B CBS3M C M3MEHEHHSIMH KOMMEHCAJIbHOM MHUKpPOOHOTHI.
Kpowme Toro, mmpoxoe n 9acto He0OOOCHOBaHHOE TTpUMe-
HEHUE aHTUOMOTHKOB KaK JJIs JICYCHUS, TaK U MPH TIPOH3-
BOJICTBE MMHUIIEBBIX MPOIYKTOB, TAKKE MOKET IIPUBOAUTH K
HapyLIEHNUIO KOMMEHCAIbHOH MUKPOOHOTHI [ 15].

[TonoOHBIE apaMaTUYECKUE H3MEHEHHSI MHKPOOUOTHI
IOJT BIIMSTHEM M3MEHEHUI MUTaHusA B 00pasa KU3HU MO-
TYT CIIPOBOIIMPOBATH M3MEHEHHs] MHUKPOOMOMa YeJoBeKa
Y, KaK CJIEJCTBHE, HApyIIeHUs (yHKIMOHUPOBAHUS HEH-

In addition to antiseptics such as potassium sorbate and
sodium benzoate, other supplements also significantly
disrupt intestinal microbiota. Emulsifiers, including
hydroxymethyl cellulose and polysorbate 80, damage
the intestinal microbiota and cause inflammation and
metabolic syndrome [11].

People live in a bacterial world, and lifestyle factors
such as the environment and habits determine the type and
number of bacteria that they carry. The living environment
has changed, mankind is less involved in the cultivation of
the soil, as a result, there are fewer and fewer opportunities
for people to touch polluting soils and water to acquire
harmless microorganisms [12]. Modern pregnant women
are often subjected to cesarean sections, which means that
babies do not have the opportunity to acquire a mother's
vaginal microbiota. In addition, modern mothers often do
not have enough time to breastfeed for a variety of reasons,
such as work, so their children are usually fed a processed
milk powder formula. Moreover, the level of physical
activity is significantly reduced due to the convenience of
modern life. The circadian rhythm is also often disturbed:
the average duration of sleep has decreased, and day and
night inversion has become more common. Thus, changes
in the obstetric system, nutritional patterns, physical
activity, and circadian rhythm can affect commensal
microbiota [13, 14].

As public health standards have been enhanced,
disinfection and sterilization are becoming more common,
bothinmedical facilities and in everyday life. The standards
of personal hygiene also increased: the frequency of
brushing, washing hands and washing clothes. Excessive
processing and excessive hygiene are also of concern in
relation to changes in commensal microbiota. In addition,
the widespread and often unreasonable use of antibiotics,
both for treatment and for food production, can also lead
to disruption of commensal microbiota [15].

Such dramatic changes in microbiota under the
influence of changes in nutrition and lifestyle can provoke
changes in the human microbiome and, as a result,
impaired functioning of neurons and the development of
neurodegenerative diseases [16].

Thus, the negative environmental impact in the axis of
the microbiota-intestines-brain can disrupt the adaptive
capabilities of the superorganism and these violations will
manifest themselves to a greater extent in age communities
due to the longer exposure time.

Neurodegenerative diseases and microbiota

Neurodegenerative diseases are a diverse set of
disorders characterized by a progressive loss of neuronal
structure and function in certain parts of the central
nervous system. Among many neurodegenerative
diseases, Alzheimer's disease (AD) and Parkinson's
disease (PD) is the most common disorders [17].
Huntington’s disease and amyotrophic lateral sclerosis
are still devastating neurological disorders, although
they are less common [18].
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POHOB U pa3BUTHUE HEUPOJCTCHEPATHBHBIX, 3a00JICBaHUI
[16].

TakxuMm, 006pazom, HETaTUBHOE DKOJIOTHYECKOE BO3ICH-
CTBHC B OCH MUKPOOHMOTA-KUIIICYHUK-TOJIOBHONH MO3T MO-
KT HAPYUIUTh alalTallHOHHBIE BO3MOXXHOCTH CYTIepOp-
raHW3Ma U OTH HapyIIeHUS B OOJbBIIEH CTEIIEHN TIPOSBSIT-
Csl B BO3PACTHBIX COOOIIECTBAaX U3-3a OOJIBIIETO BPEMEHU
JKCITO3HUIIHH.

HeiipoaereneparuBHbie 3a00/1eBAHUSA 1 MUKPOOHOTA

HetiponereneparuBHbie 3a00leBaHUS  TPEICTABISIOT
co0oi pa3HOOOpa3HbIi HA0Op PACCTPOMCTB, XapakTe-
pU3YyIOLIMXCST TPOTPECCUPYIOLIEH MOTEepeld HEUPOHAJIb-
HOW CTPYKTYphl U (YHKIIHM B OTJEIBHBIX OT/eNaX IIeH-
TpaJIbHOM HepBHOM crcTeMbl. Cpeau MHOTHX HeWpozere-
HepaTHBHBIX 3a00seBaHUi Ooye3Hb AubireiiMepa (BA)
n Oone3np [lapkurcona (BIl) srnstorcs Hambonee wya-
CTO BCcTpeuaromumMucs Hapyuenusmu [ 17]. bone3us Xan-
TUHITOHA U OOKOBOI aMHOTpodruUecKuii CKIIepo3 Bee elle
SIBIISIIOTCS  Pa3pyIINTENbHBIMI HEBPOJIOTHYECKUMH pac-
CTpOWCTBAaMH, XOTSI U MEHEe pactupocTpaHeHsl [18].

Heiiponerenepanuss u ee HAKOIUIEHUE 3aBUCAT OT MU-
KpOOWOTHI KUIIEYHHKA. AHOMallbHasi MUKPOOHOTA WIIH
MHUKpOOHBIE META0OIUTHI MOTYT BIUSTH Ha HEMpoaereHe-
panmo MOCPEeACTBOM CTHUMYISALUN 00Opa3oBaHMs aMHIIO-
naa Oe’IKamMH 4YelIOBeKa WM YCWJICHHS BOCHATHTEIbHBIX
peaKIii Ha SHIOTCHHBIC HeHPOHAIBHBIE aMIUIOUABI |19,
20], Torga Kak BMENIATeIhCTBA B MUKPOOHOTY, TaKHE KaK
MPOOMOTHYECKHE J00aBKH, MOTYT TPEIOTBPATUTH WIIH
Jake 00paTUTh BCIATH 3TOT mpouecc [21, 22].

Muxkpobuom kumreuHuka npu BIl Ob1 HegaBHO WC-
CIIEZIOBAaH, W WCCIENOBATENH MPEIIONaraloT, YTO KOM-
MEHCaJIbHbIE MHUKpPOOpPraHu3Mbl u3MeHsAwoTcs npu bII.
Sheperjans u koyuteru cpaBHWIN (peKaTbHBIE MUKPOOHO-
MBI 72 naunenToB ¢ BIl 1 72 KOHTPOJIBHBIX CyObEKTOB ITy-
TEM CEKBECHHPOBAHUS T€HOB OAKTEpHAIbHOM pUOOCOMAIIb-
Hoit PHK 16S, xoTopbIii HCIOIB3yeTCs I UICHTH(PUKA-
MU KOHKPETHBIX OakTepuil. CBSA3M MEXTy KIMHUYECKH-
MH TIOKa3aTeIsIMHd U MHKPOOHWOTOH OBLIM TpOaHaTH3H-
POBaHBI C Y4ETOM BO3MOXHBIX CMEIIAHHBIX (PaKTopoB. B
CpeaHeM, KoaudecTBo MUKpoOoB Prevotellaceae (0Obru-
HO 00HapyKMBAaE€MbIX B OYE€Hb BBICOKMX KOHLIEHTPALIUAX B
KHIIIEYHUKE BereTapruaHiieB) B (hexamsix nanneHTos ¢ bI1
ObLTO CHIKEHO Ha 77,6%. OTHOCUTEIbHAS YHUCICHHOCTh
Prevotellaceae, cocraBmsromas 6,5 mporieHTa Win MeHee,
nMesna 4yBCTBUTEIBHOCTh 86,1 mporeHta W crenuduy-
HocTh 38,9 mpouenta k bII. Ananus, oCHOBaHHBIN Ha KO-
JIMYECTBE YEThIpeX OaKTepHaJbHBIX CEMEICTB U TAKECTH
3aropa, BBIABHI MannueHToB ¢ bl ¢ 9yBCTBUTETHHOCTHIO
66,7% u cnennduaroctrsio 90,3% [23].

WHTepecHo, 4TO OTHOCHUTENNBbHAS YMCIEHHOCTh MHUKPO-
0oB npyroro Ttumna, Enterobacteriaceae, Oblia TOJIOXKH-
TEJNBHO CBSI3aHA C TSHKECTBIO MOCTYpaJIbHOW HecTaOWIIb-
HOCTH U 3aTpyAHeHHeM moxonku. Enterobacteriaceae mMo-
T'YT OBITH O€3BpPETHBIMU WJIHM TTATOTEHHBIMH, KaK B CIydae
CaJTbMOHEIITBl. DTH JaHHBIE TTOITBEPKIAIOT, YTO KHUIIIEY-
HBII MUKpoOnoM n3meHeH npu BI1 u cBs3aH ¢ MOTOpHBIM

Neurodegeneration and its accumulation depend on the
intestinal microbiota. Abnormal microbiota or microbial
metabolites can affect neurodegeneration by stimulating
human protein formation of amyloid or by enhancing
inflammatory responses to endogenous neuronal amyloids
[19, 20], while interventions in the microbiota, such as
probiotic supplements, can prevent or even reverse this
process [21, 22].

The intestinal microbiome in PD has recently been
investigated, and researchers suggest that commensal
microorganisms change in PD. Sheperjans and colleagues
compared the fecal microbiomes of 72 PD patients and 72
control subjects by sequencing the 16S bacterial ribosomal
RNA genes, which is used to identify specific bacteria. The
relationship between clinical indicators and microbiota
was analyzed taking into account possible mixed factors.
On average, the number of microbes of Prevotellaceae
(usually found in very high concentrations in the intestines
of vegetarians) in the feces of patients with PD was reduced
by 77.6%. The relative abundance of Prevotellaceae of
6.5 percent or less was 86.1 percent sensitive and 38.9
percent specific for PD. An analysis based on the number
of four bacterial families and the severity of constipation
revealed patients with PD with a sensitivity of 66.7% and
a specificity of 90.3% [23].

Interestingly, the relative abundance of another
type of microbes, Enterobacteriaceae, was positively
associated with the severity of postural instability and
difficulty walking. Enterobacteriaceae can be harmless
or pathogenic, as is the case with salmonella. These data
confirm that the intestinal microbiome is altered in PD
and is associated with the motor phenotype, although the
possibility that these changes are epiphenomenal cannot
be unequivocally denied [23].

During the sequencing of bacterial ribosomal 16S RNA
genes during PD, Russian scientists also found a decrease
in the content of bacteria Dorea, Bacteroides, Prevotella,
Faecalibacterium and an increase in the content of
Christensenella, Catabacter, Lactobacillus, Oscillospira,
Bifidobacterium. According to the authors, such a changed
composition of microbiota can trigger neuroinflammation,
which leads to the aggregation of a-synuclein and the
formation of Levi bodies [24]. Such results open up
the surprising possibility that changes in the intestinal
microbiota can be used as a diagnostic marker, although
further large-scale studies are needed.

Sampson T.R. et al. investigated the origin of PD
symptoms in mice genetically engineered to overexpress
a-synuclein, which continue to develop PD symptoms.
Interestingly, mice with overexpression of a-synuclein,
devoid of intestinal microbes, are less likely to develop
motor disorders. When given a combination of short-chain
fatty acids (SCFAs), they show microglial activation in the
brain and aggregation of a-synuclein with the appearance of
motor functions. These changes are inhibited by antibiotic
treatment with minocycline. If aSyn-overexpressing mice
are given a humanized microbiota from a patient with
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(heHOTHIIOM, XOTSI HEJIb3s1 OHO3HAYHO OTPHULATH BO3MOXK-
HOCTh TOTO, YTO 3TH HW3MEHEHUS SIBIAIOTCS dnudeHome-
HambHBIMH [23].

Poccuiickumu yueHbIMU U IPOBEICHUN CEKBEHUPOBA-
HUS TeHOB OakTepuansHoii pubocomansHoit PHK 16S mpu
BII takxe ObLI0 OOHAPY)KEHO CHIKEHUE COICpKaHMs OaK-
tepuii Dorea, Bacteroides, Prevotella, Faecalibacterium
u noBbiieHue coaepxkanus Christensenella, Catabacter,
Lactobacillus, Oscillospira, Bifidobacterium. Takoii uzme-
HEHHBIM COCTaB MUKPOOMOTHI, 10 MHEHHUIO aBTOPOB, MO-
XKET 3aIlyCKaThb HEHpOBOCHaICHHE, KOTOPOE BEAET K arpe-
raiuuy o- CUHykKJenHa u oOpaszoBanuio Tenen JleBu [24].
Takue pe3ynbTaTbl OTKPBIBAIOT YIMBUTEIBHYIO BO3MOX-
HOCTh TOTO, YTO M3MEHEHHS B MHUKPOOHMOTE KHILICYHHKA
MOTYT OBITh UCTIONH30BAHBI B KAYECTBE JUATHOCTHIECKO-
ro Mapkepa, X0Tsl He0OXOANMBI AajbHENIINE IUPOKOMAC-
ITa0HbIC UCCIIEIOBAHMSL.

Sampson T.R. ¢ coaBTropamu ucciie0BaIl IPOUCXOXK/IE-
Hue npusHakoB BII y mbllei, reHeTU4eCKu CKOHCTPYH-
POBAaHHBIX JUI1 CBEPXIKCIPECCHUU O-CHHYKJIEWHA, KOTO-
pble MpojoJpKaroT pa3BuBarh npusHaku bII. MHTepecHo,
YTO MBIIIN CO CBEPXIKCIPECCUEH 0-CHHYKJICHHA, JINIICH-
HBIC KUILIEUYHBIX MUKPOOOB, MPOSIBIISIIOT MEHBILYIO CKIIOH-
HOCTb K Pa3BUTHIO JIBUTATEIbHBIX HapyuieHui. Korna um
JIAf0T KOMOMHAITUIO KOPOTKOICTIOYECYHBIX KUPHBIX KACIOT
(SCFA), oHn mOKa3bIBalOT aKTUBAIIMIO MUKPOIJIMH B MO3-
I'€ U arperanuio o-CUHYKJIECHHA C TOSBICHUEM JIBUTATEIb-
HBIX (YHKUOMHA. DTH U3MEHEHUs] MHIMOUPYIOTCS JICUCHH-
€M aHTHOMOTHKOM MHMHOLMKIMHOM. Ecnu rHoToOMOHTaM
CO CBEpXIKCHpEeccUeil o-CHHyKJIEeuHa AT TYMaHU3UpO-
BaHHYI0 MHKpOOHOTY oT mammeHTa ¢ BII, BeposTHOCTBH
BO3HUKHOBEHHMS TTaTOJIOTHH HAMHOTO BBIIIE, YeM Y TPaHC-
IJIaHTaTa ¢ MUKPOOHMOTOM OT 3IOpOBOTO CcyOBekra [25].
OTH AaHHBIE YKa3bIBaIOT Ha HECKOJBKO MOTCHLHAIbHBIX
HaIpaBJIeHUH JIEUeHUs, BKIIIOUasl HCIOIb30BAaHUE aHTAro-
nuctoB SCFA, aHTHOMOTHKOB MM IPOOMOTHKOB. Bpemst
MTOKa)KET, OKAKETCS JIM KaKoH-Tu00 M3 3TUX MOTeHIIHAJb-
HBIX TE€PANleBTUUECKUX BAPUAHTOB IJI0Z0TBOPHBIM.

Sun M.F. ¢ koyteraMu onpeaeaniy, 4To KUIleuyHas M-
KpoOuota y mbiieii ¢ BII BeI3bIBana ABUraTeNbHYIO He-
JIOCTAaTOYHOCTh M CHIDKEHUE YPOBHS HEMpOTpaHCMUTTE-
pa B moJ0CaTOM Telle y HOpMalbHBIX Mblei. CekBeHu-
posanue 16S pPHK BoisiBuIt0, uto Tun Firmicutes u oTpsiza
Clostridiales ymenbImmics, Torna kak Tam Proteobacteria,
orpsael Turicibacterales m Enterobacteriales yBemnum-
mich B (pekanbHbIX oOpasuax mbimeit ¢ bII, Hapsaay ¢ no-
BBIIEHHBIM cofepkanueM Qekanbabix SCFA. [pume-
4arejabHO, YTO TPAHCIUIAHTAIM (EKAJIbHOWM MHKpPOOUO-
el (FMT) cHikana MUKpPOOHBIH NUCOMO3 KHIIEYHHUKA,
yMmenbpmana ¢ekanpaeie SCFA, ocnabnsma ¢usmueckue
HapyILIeHUs U yBEJIMUMBaJIa COJepKaHUe CTPUATHOIO J0-
¢amuna u ceporonnna y meireit ¢ bI1. Kpome toro, FMT
yYMEHbIIaJI aKTUBAIL[MI0 MUKPOIVIMKM U acCTPOLMTOB B Uep-
HOW CyOCTaHIIMM U yMEHbIIA HKCIIPECCHUI0 KOMIIOHEHTOB
curnaipHoro mytd TLR4 / TNF-o B KuIIeqHrKe 1 MO3Te.
DTO0 HCCen0BaHNe IEMOHCTPUPYET, YTO MHKPOOHBIH JTHC-
0mo3 kumeyHnka yuactyet B marorenese bII, u FMT mo-

PD, the probability of occurrence of pathology is much
higher than that of a transplant with microbiota from a
healthy subject [25]. These data point to several potential
treatment areas, including the use of SCFA antagonists,
antibiotics, or probiotics. Time will tell if any of these
potential therapeutic options will be fruitful.

Sun M.F. et colleagues determined that the intestinal
microbiota in mice with PD caused motor failure and a
decrease in the level of the neurotransmitter in the striatum
in normal mice. Sequencing of 16S rRNA revealed that
the Firmicutes type and the Clostridiales order decreased,
while the Proteobacteria type, the Turicibacterales, and
Enterobacteriales orders increased in fecal samples of mice
with PD, along with increased content of fecal SCFA. It is
noteworthy that fecal microbiota transplantation (FMT)
reduced microbial intestinal dysbiosis, decreased fecal
SCFA, weakened physical disorders and increased striatal
dopamine and serotonin in mice with PD. In addition,
FMT reduced the activation of microglia and astrocytes
in the substantia nigra and decreased the expression of the
components of the TLR4 / TNF-a signaling pathway in the
intestine and brain. This study demonstrates that microbial
intestinal dysbiosis is involved in the pathogenesis
of PD, and FMT can protect BP mice by suppressing
neuroinflammation and reducing TLR4 / TNF-a signaling
[26].

Toll-like receptors (TLRs) play a crucial role in innate
immunity, recognizing conservative motifs primarily
found in microorganisms, and dysregulation of their
transmission may be associated with a-synucleinopathy,
such as PD. Excessive stimulation of the innate immune
system due to intestinal dysbiosis or excessive bacterial
growth of the small intestine, along with a higher
permeability of the intestinal barrier, can provoke local
and systemic inflammation, as well as activation of
intestinal neuroglia, ultimately causing the development of
a-synuclein pathology [27]. The contribution of TLR2 and
TLR4 to PD can be a double-edged sword: their activation
in microglia can cause neurotoxicity, but, on the other
hand, they can be important for getting rid of improperly
folded a-synuclein, therefore, is neuroprotective [28].

Tamtaji O.R. with colleagues conducted a clinical study
in which 60 people with PD participated. Individuals
were randomly divided into two groups, one group took a
probiotic 8 x 109 CFU/ day, and the control group received
a placebo for 12 weeks. Compared to placebo, probiotic
consumption reduced the manifestations of PD on a unified
Parkinson's disease rating scale (MDS UPDRS). Probiotic
supplementation also lowered the level of highly sensitive
C-reactive protein, malondialdehyde and elevated levels
of glutathione. In addition, the use of a probiotic resulted
in a statistically significant decrease in insulin levels and
insulin resistance, and a statistically significant increase in
insulin sensitivity compared to placebo [29].

The traditionally used probiotics of the genera
Lactobacillus and Bifidobacterium represent the molecular
architecture of peptidoglycan and lipoteichoic acid (LTA),
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JKeT 3amuiuare Mpieil bII, nonasiss HellpoBocnaneHue
u ymenblias nepenady curaanoB TLR4 / TNF-a [26].

Toll-nono6uwie penentopsl (TLR) urpator pemaroniyro
POJb B BPOXKIEHHOM MMMYHHTETE, paclio3HaBas KOHCEp-
BaTHBHBIC MOTHUBBI, B NIEPBYIO OUYepeIb OOHAPYKUBAaEMbIe
B MHUKPOOpPraHHW3Max, 1 HapylLICHUE PEryJsLuN UX nepe-
Ja9l MOXKET OBITH CBS3aHO C O.-CHHYKJICHMHOIIATHEH, TaKOH
kak BII. UpesmepHast cTUMyISILUSL BPOKICHHON UMMYH-
HOM CHCTEMBI U3-3a TUCOAKTEPH03a KUIIIEYHUKA FITH Ype3-
MEpPHOTO OaKTepHaJbHOIO POCTa TOHKOW KHUILIKH, HAPAILY
c OoJiee BBICOKOI MPOHUIIAEMOCTBIO KUIIEUHOTO Oapbepa,
MOJKET MPOBOLIMPOBATH MECTHOE M CHCTEMHOE BOCIae-
HUe, a TAaK)Ke aKTUBAIMIO KUIIEYHON HeHponnH, B KOHEY-
HOM WTOT€ BBI3bIBasl pa3BUTHE MATOJOTHH O-CHHYKJIEHHA
[27]. Bkmag TLR2 u TLR4 B BII moxeT Ob1Th 06010710~
OCTPBIM MEUOM: MX aKTHBALUs B MUKPOIVINM MOKET BbI-
3BaTh HEHPOTOKCUYHOCTb, HO, C APYTOH CTOPOHBI, OHU MO-
I'YT OBITh BayKHBI JJIs1 H30aBICHUSI OT HEIIPABUIIBHO CBEP-
HYTOTO O-CHHYKJIEMHA, CJEI0BATENIbHO, SIBISSACH HEHpo-
MIPOTEKTUBHBIMU [28].

Tamtaji O.R. ¢ xomeramu MpoBeNr KIMHUICCKOE HC-
cienoBaHue, B KOTopoM ydactBoBasiud 60 yenoBek ¢ BIL.
WnpuBuayymbl ObLTH ciTy4aiiHBIM 00pa3oM pasJiesieHbl Ha
JIBE TPYMIIbI, OJIHA TPYyIIa MpUHUMaJa TpoOHOTHK 8% 109
KOE / nens, rpymnma kKoHTpoJisi — mianedo B TeueHue 12
Hezenb. [1o cpaBHeHUIO ¢ M1are0o, moTpedieHue npoouo-
THKa YMeHbIajao npossieans bII mo yandummpoBanHoii
mkane omneHku Oone3nu llapkunconma (MDS UPDRS).
Jlo6aBk1 TPOOMOTHKOB TaKKe CHUKAJIH YPOBEHb BBHICO-
KOUYBCTBHTEJILHOTO C-peakTHBHOTO OenKa, MalOHOBOTO
JTUaJIbJIeTHa U TOBBIIICHHBIE YPOBHU IiTyTaTnoHa. Kpo-
Me TOTO, YIOTpeOJieHue MPOONOTHKA TIPUBEJIO K CTATHCTH-
YECKH 3HAYMMOMY CHI)KEHHIO YPOBHS MHCY/IMHA, U PE3U-
CTEHTHOCTH K WHCYJIHMHY, ¥ CTaTHCTHYECKU 3HAYUMOMY
MOBBILIEHUIO YYBCTBUTENIBHOCTH K MHCYJINHY 110 CpaBHE-
HHIO ¢ miane6o [29].

TpaauLMOHHO HCIIONB3yeMble TNPOOHUOTHKH  POJIOB
Lactobacillus n Bifidobacterium, mpencTapisitoT MOJIEKy-
JSIPHYIO apXUTEKTYpy HENTUAOIIUKAHA U JIUIIOTeHX0eBast
kucnotel (JITA), KoTOpbie B3aMMOJIEHCTBYIOT C TE€TEPOIH-
mepamu TLR2 / 6. I3menenus B ctpykrype JITA unu yna-
nenuie JITA BbI3bIBJIM 3HAYMTEIbHBIE TPOTHUBOBOCHIAIIHU-
TeJbHBIE TOCTE/ICTBUS, HAOMI0MaeMble Ha MBIIIIMHON MO-
JIeJIY KaK KOJIUTA, TaK U PaKa TOJICTON KHUILKHU, YTO II03BO-
JISIeT MPEATONIOKHUTh, YTO IPaMIIOIOKUTEIIbHBIE IPOOHO-
TUKU C MOHMWXEHHOHU 3kciipeccueit JITA Gonee CKIOHHBI
MOJIyIMPOBaTh MPOTHUBOBOCHAINUTENbHbIE HNMMYHOJIOTH-
YeCcKue MOCIEACTBUA MPHU JeTreHepaTUBHbBIX 3a00JIeBaHU-
sax [30].

BA sBrseTcs mporpeccupyomuM 1 HeoOpaTuMBIM Hel-
poAereHepaTHBHBIM 3a00JIeBaHUEM, KOTOPOE MPUBOIUT K
MOCTENEHHOMY YXYIIICHUIO KOTHUTHBHBIX (QYHKUUH U B
KOHEYHOM WTOre IMPUBOJIUT K JeMeHuuu. [lo Hacrosdie-
ro BPEMECHHM HE COOOIIAIIOCh O KAKUX-THOO KIMHUYCCKH
YCHEIIHBIX TEePANeBTUYECKUX CTPATErusx s JICUCHHS
WU TIPpOo(UIAKTHKH STOTO 3200 ICBaHMS.

Kobayashi Y. ¢ coaBropamu uccienoBaiy BIHSHUAE TI€-

which interact with TLR2 / 6 heterodimers. Changes in the
structure of LTA or the removal of LTA caused significant
anti-inflammatory effects observed in a mouse model of
both colitis and colorectal cancer intestines, suggesting
that gram-positive probiotics with reduced LTA expression
are more likely to modulate the anti-inflammatory
immunological effects in generative diseases [30].

AD is a progressive and irreversible neurodegenerative
disease, which leads to a gradual deterioration in cognitive
function and ultimately leads to dementia. To date, no
clinically successful therapeutic strategies for treating or
preventing this disease have been reported.

Kobayashi Y. et al. Investigated the effect of the oral
administration of strain A1 of Bifidobacterium breve (B.
breve Al) on the behavior and physiological processes
in mice of the BA model. Scientists have found that
administering B. breve Al to mice with AD reversed
impairment of alternating behavior in the Y-maze test and
shorter delay time in the passive avoidance test, indicating
that the administration of a probiotic prevent cognitive
dysfunction. It was also demonstrated that non-viable
components of the bacterium or its acetate metabolite
(SCFAs) partially reduced the cognitive decline observed
in mice with AD. Analysis of gene profiles showed that
consumption of B. breve Al suppressed the hippocampal
manifestations of inflammatory and immunoreactive genes
induced by B-amyloid [31]. These data suggest that B.
breve Al has a therapeutic potential to prevent cognitive
impairment in AD.

In addition, a group of Iranian scientists conducted
a clinical study of 60 patients with AD. The probiotic
group received 200 ml per day of probiotic milk
containing Lactobacillus acidophilus, Lactobacillus casei,
Bifidobacterium bifidum and Lactobacillus fermentum
(2 x 109 CFU / g each), the control group received milk
without probiotics for 12 weeks. Patients treated with
probiotics showed a significant improvement in the
Mental Health Status Score (MMSE). In addition, changes
in the plasma of malondialdehyde (MDA), serum highly
sensitive reactive protein C, insulin resistance, a function
of B-cells, triglycerides in blood serum in the probiotic
group also significantly differed. In general, the authors
showed that the consumption of probiotics positively
affects cognitive function and some metabolic conditions
in patients with AD [32].

The conducted studies give hope for the effective
use of probiotics for the prevention and treatment of
neurodegenerative diseases.

Antibiotics in the correction of neurodegenerative
diseases

Dysbiosis in neurodegenerative diseases can be stopped
by antibiotic therapy. Rifaximin is a nonabsorbable
antibiotic, can be effective in treating the Small intestinal
bacterial overgrowth (SIBO) in PD due to its effect on gram-
negative and gram-positive aerobic and anaerobic bacteria
[33]. Various other antibacterial agents (for example,
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popanbsHoro Beeaenus mramma Al Bifidobacterium breve
(B. breve A1) Ha nmoBeneHUe U PU3UOIOTHUSCKUE ITPOIICC-
Chl y MbIei moaenu bA. Yuensie 00Hapy KU, YTO BBE-
nenue B. breve A1 mpimram ¢ BA oOpatuiio BCmsITh HapyIe-
HUE aJbTePHHUPYIOIIETO TIOBEJCHNS B TecTe Y-TaOupuHTa
Y COKpAllleHWEe BPEMEHH 3aJIeP)KKH B TECTE MacCUBHOTO
n30eranusi, 4YTo yKa3blBaeT HA TO, YTO Ha3HAYCHHUE TPO-
OMOTHKA MPEIOTBpANIACT KOTHUTHBHYIO JHUCQHYHKIIHIO.
Bru10 Takke MpogeMOHCTPUPOBAHO, YTO HEKUZHECTIOCO0-
HbIe KOMIIOHEHTHI OaKTepuH WM ee MeTabomuTa arerara
(SCFASs) 9acTH4HO yMEHBIIIAIM KOTHUTUBHOE CHIDKCHHE,
Habmonaemoe y mblueii ¢ BA. Ananus npoduineil reHos
rokasai, 4ro norpednenue B. breve Al monasisuio rumn-
MOKaMMaJIbHBIE MTPOSIBIICHHS BOCTAINTENLHBIX H HMMYHO-
PEaKTUBHBIX T€HOB, MHAYNIHPYEeMBbIX B-amuiongom [31].
OTu JaHHBIE CBUACTEIBCTBYIOT O TOM, uTO B. breve Al 06-
JIaJaeT TePareBTHYECKUM MOTEHIIUAIOM ISl TIPEI0TBpa-
IICHUS KOTHUTHBHBIX HapyIlIeHui npu BA.

Kpome Toro, rpymnmnoli MpaHCKMX YYEHBIX OBLIO MpO-
BEJICHO KJIMHMYECKOe HccieqoBanue cpeau 60 marueH-
ToB ¢ bA. I'pynma, momydaBmias TpOOHMOTHKH, MPUHU-
mana 200 M B IeHb MPOOHMOTHYECKOTO MOJIOKA, COMEp-
xamero Lactobacillus acidophilus, Lactobacillus casei,
Bifidobacterium bifidum wu Lactobacillus fermentum
(2x109 KOE / r ans xaxxaoro), rpynma KOHTPOJS — MO-
JI0KO 6e3 MPOoOUOTHKOB B TeucHUE 12 Hexenb. Y MaIueH-
TOB, TTOyYaBIINX MPOOMOTHK, HAOMIONAIOCh 3HAYUTEIh-
HOE yJIy4IlIeHUE MTOKa3aTess KPATKOM IIKaIbl OIICHKH TICH-
xuyeckoro craryca (MMSE). Kpome Toro, usmenenus B
masMe manoHoBoro auanbaeruaa (MDA), ceiBopoTou-
HOTO BBICOKOUYBCTBUTEIHHOTO peakTuBHOTO Oenka C, pe-
3UCTEHTHOCTH K HMHCYJINHY, QYHKIUS [B-KI€TOK, TPHUIIH-
LIEPHUJIOB B CHIBOPOTKE KPOBU B MPOOMOTUIECKOM TpyIIe
TaK)Ke JOCTOBEPHO pa3IUyaliich. B 11emom, aBTOpHI I10-
KazajH, 4To MoTpediicHre MPOOMOTHKOB IOJIOKHTEIBHO
BJIMSCT Ha KOTHUTHBHYIO (DYHKIIMIO H HEKOTOpBIE METa00-
JIMYECKHUE COCTOSTHUS Y TIareHToB ¢ bA [32].

[IpoBeneHHbBIC HCCTIEAOBAHNS JAIOT HamexK Iy Ha dhdek-
TUBHOE TIPUMEHEHNE POOUOTHKOB TS POPUIAKTHKA H
JIeUEHUS] HeUPOJAEeTeHEPATUBHBIX 3a00JICBaHUN.

AHTHOMOTHKH B KOPpPeKLUH HeiipoaereHepaTuBHBIX
3a00s1eBaHUI

Jncbmo3 mpm HeHpomereHEepaTHBHBIX 3a00JIEBAHUIX
MOXKET OBITh KYITMPOBAaH aHTHOMOTHKOTepanueit. Pudax-
CHUMHH, HeaJIcOpOupyeMblii aHTUOMOTHK MIMPOKOTO CIIEK-
Tpa ICHUCTBUS, MOXET ObITb A(PQEKTUBHBIM TIpU Jieue-
HUU CHHJIPOMa U30bITOYHOIO OAKTEPHAILHOTO POCTA TOH-
xoif kumku (SIBO) npu BII 6maromaps ero neicTBuio Ha
IpaMOTPULIATENIbHBIE U TPAMIOJIOKUTEIbHBIE a3pOOHbIE
u aHadpoOHbIe Oaktepun [33]. Pasnnynble npyrue aHTH-
OakTepuanbHbIe CpeacTBa (HapuMep, METPOHUAA30]T, LI~
npodokcanH, HOp(IIOKCAUH, aMOKCULIMIIIMH KJIaBYyJla-
HAaT, TeTPAUKINH, JOKCUIIUKINH, HEOMHULIMH) OBbLIH Olle-
Hensl Jus Jeuenust SIBO, HO He Jajiu 4eTKOro oTBeTa OT-
HOCHUTEJIPHO Han0oJjiee MOIXOASAIIETO THIIa aHTUOMOTHKA
U CBSI3aHHOH ¢ HUM 103UpoBKH. [losiBisieTcs Bce Oosplie

metronidazole, ciprofloxacin, norfloxacin, amoxicillin-
clavulanate, tetracycline, doxycycline, neomycin) were
evaluated for the treatment of SIBO but did not give a
clear answer regarding the most suitable type of antibiotic
and its associated dosage. There is growing evidence that
minocycline causes neuroprotective effects in PD due to its
ability to restore intestinal microbiota balance (shortening
Firmicutes / Bacteroidetes) [34].

In recent years, B - lactam antibiotics have been actively
tested to alleviate symptoms and alter the natural course
of various neurodegenerative diseases. In particular,
ceftriaxone (CEF) is currently attracting the scientific
community due to its many mechanisms of neuroprotective
action, such as regulation of the expression of the GLT-1
glutamate transporter, weakening of oxidative stress and
neuroinflammation. For example, in animal models of
Parkinson's disease, CEF demonstrates the restoration
of memory deficiency [35], the reduction of abnormal
uncontrolled movements [36], the weakening of
oxidative damage, and the restoration of reduced levels
of endogenous antioxidant enzymes [37, 38]. In addition,
CEF modulated tyrosine hydroxylase expression [36],
a-synuclein expression [39] and neuroinflammation [38],
and also prevented dopaminergic degeneration [40], while
increasing GLT-1 expression and glutamate uptake [36].

In CEF-treated animals, restoration of impaired
memory and cognitive function and density of neurons
was also observed [42]. CEF also attenuated elevated
acetylcholinesterase enzyme levels and oxidative stress
[43]. In addition, the introduction of CEF into animal
models of AD showed increased expression of GLT-
1, preservation of synaptic proteins, and suppression
of tau proteins [41]. In addition, CEF demonstrated a
neuroprotective effect on various models of amyotrophic
lateral sclerosis [44] and Huntington’s disease [45].

It is well known that abnormally elevated levels of
glutamate (HLR) in the brain can cause neuronal damage
and excitotoxicity, which contributes to the pathogenesis of
various neurological disorders, including PD and AD [46].
There are various transporters of glutamate involved in the
cessation of glutamatergic transmission and physiological
actions [48]. The presynaptic glutamate transporter, GLT-
1, releases most of the glutamate released in the cortex
and hippocampus [48]. There is also increasing evidence
suggesting the blockade of certain GLU receptors and/
or increased expression of GLT-1, which improves
neurological outcomes in various experimental models of
neurological diseases [49].

Long-term neuroinflammation and oxidative stress
are other pathological processes involved in brain aging
and neurodegeneration [50, 51]. Neuroinflammation has
been reported to be a key factor in various neurological
disorders, including neurodegenerative diseases and
central nervous system damage [52]. Therefore, controlling
neuroinflammation limits abnormal changes and the
progression of various neurological disorders [53]. In
particular, CEF pretreatment has shown attenuation of pro-
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JIOKA3aTEeNbCTB TOTO, YTO MUHOLIMKJIMH BBI3BIBACT HEHPO-
nporektopHbie 3¢ dextsl npu BI1, Onarogaps ero coco6-
HOCTH BOCCTaHABIMBAThH OATAHC MUKPOOHUOTHI KHIIICUHHKA
(coxpamenue Firmicutes / Bacteroidetes) [34].

B mocnemHme TOMBI aKTUBHO BEXYTCS WCIBITAHUS
[-maKTaMHBIX aHTUOMOTHKOB JIJIsl OOJIETYEHUS] CHMITTOMOB
Y U3MEHEHHS €CTECTBEHHOTO TEUCHUS PA3IUUYHBIX HEHpO-
JleTeHEepaTHBHBIX 3a0oneBaHuii. B wacTHocTH, e TpHaK-
con (CEF) B Hacrosimiee Bpemsi IPUBJIEKAET HAYYHOE CO-
0011ecTBO, Oaroiapst CBOMM MHOTOYHCIICHHBIM MEXaHN3-
MaM HEHpPOTPOTEKTUBHOTO JEHCTBHSA, TAKUM KakK, peryJis-
s dKcIpeccuu TpaHcnoprepa rrytamara GLT-1, ocna-
OJIeHHMEe OKHCIHUTEIBHOTO CTpecca M HEHpOBOCHANICHHS.
Hanpumep, Ha )KMBOTHBIX MojieNisiX Oose3nu [lapkuHcona
CEF nemoHCTpHupyeT BOCCTaHOBIICHUE Ne(UIINTA TAMSTH
[35], ymeHbIIEeHHE HEHOPMAIbHBIX HEKOHTPOIHPYEMBIX
IBkeHnd [36], ocnabieHne OKHUCIUTEIHHOTO IMOBPEXK-
JICHUSI U BOCCTAHOBJICHUE CHUKCHHBIX YPOBHEH SHJOTCH-
HBIX aHTHOKCHIAHTHBIX pepmentoB [37, 38]. Kpome Toro,
CEF MonynupoBasl 3KCIIPECCUI0 TUPO3UH-THIPOKCHIA3HI
[36], skcripeccuio a-cuHykienHa [39] m HelpoBocIae-
Hue [38], a Taxke mpemoTBpanian 1o(paMHHEPTHIECKYIO
nerenepanuto [40], mpu TOM NOBbILIAS YPOBEHb IKCIIPEC-
cuu GLT-1 u mornomenue rmytamara [36].

Y CEF-00pa0boTaHHBIX )KHBOTHBIX TaKXKe HAOII0AAI0Ch
BOCCTAHOBJICHUE HApyLICHHONW INAaMATH U KOIHUTHBHOU
(hyHKIIMY ¥ TIOTHOCTH HelipoHoB [42]. CEF Takke ocna-
OJsUT TIOBBIICHHBIH YPOBEHb (DepMEHTAa aleTHIIXOIUHD-
cTepasbl U OKUCIUTENbHBIN cTpecc [43]. Kpome Toro, BBe-
nenue CEF xuBoTHBIM MozensiM BA mokasano ycunenue
skcnpeccun GLT-1, coxpaHeHHe CHHANTHYECKUX OCJIKOB
u nojasieHue Tay-oenkoB [41]. Kpome Toro, CEF mpo-
JIEMOHCTPUPOBAJl HEUPOIIPOTEKTOPHOE JIEUCTBUE HA pa3-
JIUIHBIX MOZEIISX OOKOBOTO aMHOTPO(HUECKOTO CKIepO3a
[44] u 6one3nn XanTuHTTOHA [45].

Xopomio H3BECTHO, YTO HEHOPMAJILHO TOBBLIIICHHBIN
ypoBeHb Tirytamata (IJIY) B TomoBHOM MO3re MOXKET BHI-
3bIBaTh TOBPEKJICHHE HEWPOHOB M HKCUTOTOKCHYHOCTD,
KOTOpasi CrIoCOOCTBYET MaTOreHe3y Pa3IMIHbIX HEBPOJIO-
TMYECKHUX paccTpoicTs, BkItouass bII u BA [46]. Cyme-
CTBYIOT pa3Hble TPAHCIOPTEPHI IITyTaMaTa, y4acTBYIOIINE
B TIPEKpalleHUuH TIIyTaMaTepruueckoi rnepeaadn u Gusno-
nmornyeckux aerctBusx [48]. IIpecunanTrueckuii TpamHc-
noptep nrytamara, GLT-1, ocBoOoXk1aeT OOMBITYI0 9acTh
IyTamara, BbIACISIONIErocsl B Kope U rummnokamie [48].
CymecTByeT Takke Bce OOJIbIIEe CBUACTENBCTB, MPE/IIIO-
JIararnmx OJI0Kay onpeaesieHHbIX perentopoB [JIY u/
umu ycwnenue skcnpeccuu GLT-1, xotopeie ymydmmaroT
HEBPOJIOTMYECKHE HCXOABl B PA3IUYHBIX HSKCIIEPUMEH-
TaTLHBIX MOJICJITX HEBPOJIIOTHUSCKUX 3a00eBanmii [49].

JnutensHoe HEHUPOBOCHMAJICHUE U OKHUCIUTENbHBIN
CTpECC SIBISIOTCA JPYTUMHU MATOJOTHYECKUMU MpoLec-
caMH, BOBJICUEHHBIMU B CTapeHHE MO3ra U HeWpojereHe-
paruio [50, 51]. Coobmianock, 4To HEHPOBOCHIAICHUE SIB-
JISIETCS] KITIOYEBBIM (DAaKTOPOM TIPU Pa3IMYHBIX HEBPOJIO-
THYECKUX PacCTPOMCTBAX, BKIIOYas HeWpoJiereHepaTuB-
Hble 3a0oneBanus u noBpexaenne [{HC [52]. Cnenoa-

inflammatory mediators, including NF-kB, IL-1b, INF-g,
and/or TNF-a, in various models of neurological disorders
such as PD [38], which may contribute to neuroprotective
effects of CEF.

BDNF is a neurotrophic factor that plays a crucial
role in neuronal survival, neurogenesis, and plasticity,
and abnormal expression of BDNF is observed in
neurodegenerative diseases. There are several studies that
reported that CEF caused upregulation and restoration of
lower levels of BDNF [38].

In addition, CEF can exert its neuroprotective effect
through othermechanisms, such as affecting the metabolism
and clearance of B-amyloid and tau protein in the BA
model, preventing the polymerization of a-synuclein in
Levy bodies [39] and PD [54], which, of course , requires
further research to prove that the neuroprotective effect
of CEF is also mediated by these important pathological
proteins.

Conclusion

Thus, probiotics and antibiotics can have a
neuroprotective effect, which can affect a wide range of
neurological disorders, including PD, AD. We hope that in
the coming years it will be possible to confirm the validity
of modulation of the intestinal microbiota as a viable
therapeutic strategy for the treatment of neurodegenerative
disorders. Given that probiotics and some antibiotics (in
particular B-lactams) can partially suppress inflammation
through the production of anti-inflammatory cytokines, the
use of probiotics and antibiotics seems to be an interesting
area of therapy, given their huge potential as drugs or
prophylactic against neurodegeneration. The potential of
probiotic drugs is due to the fact that they have a beneficial
effect on the composition and function of the intestinal
microbiota, restoring the complex dialogue between
intestinal microbes and the host and, ultimately, restoring
the balanced axis of the microbiota-intestines-brain. If we
can take advantage of the additional therapeutic effects of
existing drugs, treatments that target the disease process
can quickly become available, providing patients with
radical, more effective alternatives. Such a breakthrough
is essential.
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TENbHO, KOHTPOJIb HEHPOBOCHAIEHUS OTPAHUYMBAET He-
HOpMaJIbHbIE M3MEHEHMsI U IPOrPEecCUpPOBaHUE pa3iiny-
HBIX HEBPOJIOTMYECKUX paccTpoiict [53]. B wactHOCTH,
npeaBapuTenbHas oopadborka CEF mokasama ociabnenme
MIPOBOCHAINTENBHBIX MeauaropoB, Bkitodas NF-kB, IL-
1b, INF-g u/unu TNF-a, B pasiinuHbIX MOJEIISX HEBPOJIO-
THYECKUX paccTpoiicT, Takux kak I1/] [38], koTopsie Mo-
I'YT BHOCUTh CBOM COOCTBEHHBIN BKJIAJ B HEHPONPOTEK-
tuBHble G pexTol CEF.

BDNF sBnsetcs neiiporpoduaeckum dakTopom, KOTO-
PBIil UrpaeT pelarllyo pojib B BBLDKMBAHUM HEHPOHOB,
HEeHporeHese 1 INIAaCTUYHOCTH, 2 HEHOPMaJIbHAs! SKCIIpec-
cusit BDNF nabnronaercs mpu HeMpoaereHepOaTUBHBIX 3a-
OoneBannsix. CyliecTByeT HECKOJBKO HCCIIENOBaHUH, B
KOTOpBIX coolmanock, uTo CEF BbI3bIBan MOBBIIEHHYIO
PETrYISIIMI0 M BOCCTAHOBJIEHUE MOHUKEHHBIX YPOBHEH
BDNF [38].

Kpome toro, CEF Moxer oka3biBaThb CBOE HEHpOMpO-
TEeKTUBHOE JIEHCTBHE MOCPECTBOM JAPYTHMX MEXaHU3MOB,
TaKUX KakK BO3JICHCTBHE HAa METa0OJIM3M ¥ KIUpEHC Oe-
Ka -ammionaa u tau B mogenu BA, nmpegoTBpamienue mo-
JIMMEpHU3aluu o-cuHykjenHa B Tenbla Jlesu [39] u 1]
[54], uTO0, pa3dymeeTcs, TpeOyeT AalbHEHIINX UCCIIe0Ba-
HUH, 94TOOBI JOKa3aTh, YTO HEUPONPOTEKTOPHOE ECTBUE
CEF raxxe onocpenyercs 3TUMHU BaKHBIMHU MATOJIOTHYE-
CKHMMU OeJIKaMH.

3akmouenne

Takum 00pa3oM, NPOOMOTHKM M AHTUOMOTUKH MOTYT
OKa3bIBaTh HEWPOIPOTEKTUBHOE JAEHCTBHE, KOTOPOE MO-
JKET BIMATH Ha MIMPOKHUHA CHEKTP HEBPOJIOTMUYECKUX pac-
ctpoiicts, Brirodas [1J[, BA. Ms1 Hageemcs, 9To B OnH-
KaWIIMe roJbl yAacTcsl OATBEPANTh 000CHOBAaHHOCTb MO-
OYJSIOUKA KUIIEYHOH MHKpPOOHOTHI KaK XKH3HECTIOCOOHOM
TEpaNeBTUUECKON CTpaTeruy JISUeHUs! HepoereHepaTHB-
HBIX PACCTPOMCTB. YUUTHIBAs, YTO NPOOUOTHKH U HEKOTO-
pble aHTHOMOTHKH (B YAaCTHOCTH [-JIaKTaMbl), MOTYT 4a-
CTHYHO IOJABJIATH BOCHAJICHHE MOCPEACTBOM NPOU3BOJ-
CTBa MPOTHUBOBOCHAIUTEIBHBIX [IUTOKUHOB, HCIOIB30BA-
HUE MPOOMOTHKOB U aHTUOWOTHUKOB, MPEACTABISACTCS UH-
TEPECHBIM HalpaBICHUEM TEPAIIUU, YUUTHIBAS UX OTPOM-
HBI TIOTEHIMANl B Ka4eCTBE JICKAPCTB WM MPO(UITaKTH-
YECKUX CPEeJICTB MPOTUB Heipoaerenepanuu. [loTennnan
IIPOOMOTUYECKUX JICKAPCTBEHHBIX CPEICTB CBA3AH C TEM
(bakTOM, UTO OHM OKAa3bIBAIOT OJArOTBOPHOE BIMSHUE HA
cocTaB U (PyHKIHIO MUKPOOHOTHI KUIIIEYHHUKA, BOCCTAHAB-
JIUBAs CIOKHBIN AUATOT MEXIY KUIIEYHBIMA MUKPOOaMH
U XO3SIMHOM M, B KOHEUHOM cYeTe, BOCCTaHaBiuBas cOa-
JIAHCHPOBAHHYIO OCh MHKPOOMOTa-KUIIEYHUK-TOJIOBHOM
MO3T. EcIM MBI CMOXKEM HCIIONIB30BaTh JOMOIHUTEIb-
HbIE TepaneBTHYecKue 3PPEKTHI yKEe HMEIOLIUXCS JIeKap-
CTBEHHBIX CPEJICTB, METO/IbI JIEUEHHS, KOTOPBIC HAIlEJIEHBI
Ha Tporecc 3a0oyieBaHMs, MOTYT OBICTPO CTaTh JAOCTYII-
HBIMH, TPEJOCTaBIss TMAlMEHTaM paJuKajibHble, Oolee
3¢ dexTUBHBIEC aNbTePHATUBEL. TaKoi MPOpPHIB KpaifHe He-
00X0IUM.
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