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Momuseayus u yenv: JlanHple 00 y4acTMM MHUKPOOHMOTHI B Pa3BUTUU OOJI€3HU
[TapkuHCOHA MTO3BOJISIOT 0OCYKIATh CIIOCOOHOCTH OAaKTEpUATBHBIX MPENapaToB
BJIMSTH Ha IPOLECCHl, MPUBOsAIME K Helpoaerenepauuu [1]. Llenapto paboTsl
Obuta oreHka BinusHUS ¢dapmabuormka U-21 Ha ocHOBe mTamma
Limosilactobacillus fermentum na wucxombr Moaenu BII, momydeHHoW mpH
koMOuHMpoBaHHOM BozaeiicTBun JIIIC u napaksata.

Memoowt u anecopummsi: Pabota npoBenena Ha 30 cammax kpsic Bucrap (Bec
330 r). XKuBotaeM (N = 18) B KOMITakTHYIO YacTh 4epHO# cyocTanuuu (KYC) [2]
crpaBa BBOAWIN pacTtBop smnononucaxapuaa uz E.Coli (LPS) (4 Mkr B 3 Mk
¢du3pacTBopa), C IEBOM CTOPOHBI — TOT K€ 00BbEM pacTBopuTes. [ anecre3nn
IPUMEHSUIN KCUII0-30JIETHIIOBBIN Hapko3. HaunHas co 2-ro aHA nocie onepanuu
KpbICaM 4epe3 JieHb BHYTPHOPIOLIMHHO MPOBenH 7 UHbeKIMid napaksata (PQ) B
no3ze 8 mr/kr B 0.9% NaCl. KoutpoabHbIM ®HUBOTHBIM (N = 12) mpoBOIHIH
OunarepaibHble  HMHTPAHUTPAIBHBIE W  BHYTPHOPIOIIMHHBIE  WHBEKIIHA
¢uzpactBopa. Papmabuoruxk U-21 (108 KOE) [3] paszBoauiu B 3 i
(U3NOTIOTHYECKOTO PAacTBOpA W BBOJWIN TEPOPAIBHO, eXemaHeBHO 1o 0.3 mi
pacTBopa.

Hanee »xuBoTHble OblIM pazgeneHsl Ha 4 rpynnsl:  “NaCl+NaCl+NaCl®,
“NaCl+NaCl+U-21* (mo 6 B kaxxaoi rpynne) u “LPS+Pq+NaCl* u “LPS+Pq+U-
21% (mo 9 B xaxnoil rpynne). HapyiieHuss JTOKOMOIMU OLEHUBAIN B TECTE
«Cyxatomasics  gopoxka» (CI) [4] 1o KOIWYeCTBY COCKaIb3bIBAaHUI
KOHEUHOCTEH Ha HWXKHIOK IUIAHKY JOPOXKKH (B % OT 00IIero KoJIMuecTBa
maroB). TecT MpOBOAMIM IO OKOHYAHUU BBE/ICHUS MPENapaToB.

Juss  MOpQOJIOTHUECKOTO0  WCCIEAOBAHHS  JKUBOTHBIX  JIEKAITUTHPOBAJIH
TMJILOTUHOM, MO3T u3BJeKanu U ¢ukcupoBanu 24 4 B 10 % ¢opmanune. Ha
kpuoctaTHbix cpe3ax YC (10 mMkm), mocne oOpabOTku B HHUTpaTHOM Oydepe
(pH = 6.0, 15 mun mpu 95 °C) UMMYHO(IYOPECHEHTHBIM METOIOM II0
MPOTOKOJIaM MPOU3BOUTEINCH aHTUTEN BBISIBIISUTN: THPO3UHTUApPOKcHiasy (TH),
0-CUHYKJIEHH, (ocdopunupoBaHHblii 1o octatky Ser-129, xommonent C3
KOMIUTeMeHTa, HeipoHanbHb Oemok  NeuN, rmmodubpumispueiii  Gemox
actporutoB GFAP u mapkep mukporiuu IBA1. [Ing Buzyanu3zanuu npuMeHsun
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antutena ¢ ¢uayopoxpomamu CF488 u CF555, cpessl 3akmodanu B cpeny
Fluoroshield ¢ DAPI.

Hcnonw3ys mukpockomnsl Nikon Eclipse Ni-u u Nikon SMZ-25 u nporpammy
NIS Elements BR 4.2, na cepusix m3 12-18 cpe3oB, B3ATHIX C pPaBHBIM
UHTEpBAIOM Ha BceM npoTspkeHun UYC, OIeHMBaIM HMHTEHCHBHOCTD
dbayopecrieHiuu (B rpamanusx sApkoctv, 10 Out). Pe3ymbrarhl I Kaxmoro
YKUBOTHOTO YCPETHSUIA. BBIYMCISUIN M3MEHEHUS! B MPOLEHTAX, OTHOCHTEIBHO
neBol, koHTtposibHOU YC (6e3 BBenenus LPS) u oGpabareiBanu B mporpamme
Prism 8.0, ucnone3yst aucnepcuonnbii aHamu3z (ANOVA) u tect Thioku.
Pasznuuns cuurtanu cratuctuyecku 3HaunmbiMu ipu p < 0.05.

[Tpy MMMYHO(ITYOPECIIEHTHOM HCCIEIOBAaHUM KHUIIEYHHWKA OOpaslbl TOLICH
KUIIKY (uKcHpoBann B TeueHHe 1 cyTok 3a0ydepeHHBIM (QopMaIuHOM,
nponutbiBasii 30 % pacTBOPOM caxapo3bl U Ha KPHUOCTATE MOJIYYaId CPE3bI
tonumHon 10 MmxM. UMMyHOGIyopeclieHTHbIE peakliiy MPOBOIIIIN HEMPSIMbIM
METOJIOM, MCIOJIb3Ys MEPBUYHbBIC aHTUTENA K O0IIEMY o-CHHYKJICHHY (a-Syn),
o-CHHYKIICHHY, (hochopunupoBanHoMy 1o cepuny-129 (a-Syn-pS129) u mapkep
aronTo3a — AaKTHBHPOBAHHYIO Kacmazy 3, a Takke BTOPHUYHBIC aHTHTENA,
MeueHHble (ayopoxpomamu CF448 u Cy3. IlpemapaTsl wuccineaoBanu u
dororpaduposaiu moa mukpockornom NikonEclipse NiU ¢ nudpooii kamepoii
Nikon DS-Qi. MopdoMeTprio BBHIIOJHSIA C IOMOIIBI0 Mporpammel Imagel
(3040 moneit 3penms Ha kuBoTHOE). Comepkanue —00mEro U
bochopHIHPOBAHHOTO O-CUHYKJIEHHA B MUEHTEPAIbHBIX TaHTJIMAX OLEHUBAIU
KOCBEHHO ITyTEM M3MEPEHUS] HHTEHCHUBHOCTH ()IIyOPECHEHTHOTO OKpAIIuBAHHS
Ha 3TU Mapkepbl Ha miomaab rauriaus. CTaTuCTUYeCKU aHallu3 MPOBOAMIN B
nporpamme Statistica 8.0. mpu momomu Kpurepuss MaHHa—YUTHH, Pa3IHUHs
MIPU3HABAIM CTATUCTHYCCKH 3HaYMMbIMH Tipu P < 0.05.

Pe3ynomamei: BBeneHne TOKCMHOB TIPUBEIO K  YBEIMYEHHUIO YHUCIIA
COCKallb3bIBAaHUN 3aJHUMHM KOHEYHOCTSIMH, KaK [0 CPaBHEHHUIO C YHCIOM
COCKaJIb3bIBAHUM IEPEAHUX KOHEYHOCTEM Yy JKMBOTHBIX TOM JK€ TPYIIIbI
(p = 0.021), Tak W C YHCIOM COCKadb3bIBAHWUN 3aJHUX KOHEYHOCTEH II0
CpaBHEHHIO ¢ KOHTposbHBIMU Tpyrmamu (P = 0.004; p = 0.018). IIpu BBenennn
dapmadbuoruka U-21 Obuia BBISIBJICHA TEHICHIINS K CTJIXKUBAHUIO BHISIBJICHHBIX
HApYIICHWA JIOKOMOIIMM KaK MEXIy MOJICITbHBIMH, TaK W KOHTPOJBbHBIMU
TpyMIaMH.

CpenmHsisi MHTEHCHBHOCTh OKpammBaHus Ha TH, Ha cropone BBemeHusi LPS
3naunmo (P = 0.004) cHikanmach B 00eux rpymmax ¢ monenupoBanuem bIT
(“LPS+Pg+U-21" u “LPS+Pg+NaCl”) oTHOCHTEIbHO KOHTPOJIBHBIX TPYIIII.
Cratuctuuecku 3Hauumoe (P = 0.012) yBenuueHue WHTEHCUBHOCTH
OKpammBaHus Ha o-SYN-pS129 BeisiBIIM Ha cTopoHe BBeneHus: LPS B rpyme,
He monydaBmed U-21. ComepkaliMx o-CHHYKJIEUH arperatoB Yy >KUBOTHBIX,
nonyuyaBmux LPS u Pq, He BbIsiBUIM, HO OOHapyXUBall HHTEHCHBHOE
OKpamruBaHue Ha a-Syn-pS129 B He-10(paMUHEPTUYECKUX HEPBHBIX BOJIOKHAX U
OKpYTJIbIe, HETaTHBHBIE K THPO3UHTHIPOKCUIIA3€, BHCKICTOUHBIE BKITFOUCHHS.
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B YC xuBotHbIX, nonxy4yaBmux LPS+PQ, ormeuanu peakTuBHBIE M3MEHEHHS
IBA1-TO3UTUBHOW  MHUKpOTJIMM U GFAP-conepsxamumx aCTPOIIUTOB
OTHOCHTENBbHO KOHTpois. B rpymme “LPS+Pg+NaCl” nedbopmaums u
runepTpodus OTPOCTKOB IJIMHM U YCUJIEHHE OKpPAIMBAaHUS ObUIM BhIpAaXKEHHEE,
yeMm B rpymnne “LPS+Pg+U-21".

OxkpamuBanne Ha C3 kommnoHeHT koMmiuieMeHTa B UC y KOHTPOJBHBIX
JKUBOTHBIX BBIBISIM NPEUMYIIECTBEHHO B HEHpONMIIE, TOTAAa Kak B 00eux
rpynmnax, noaydapmmx LPS+PQ, oTmedanu okpammBanue Tell HEUpoHOB. [Ipu
3TOM BBIP@KEHHOCTbH IPOBOCHIAUTEIbHOM peakuuu B rpymmne ~LPS+Pg+NaCl”
Obula BbIIIE, YEM B JAPYrHMX TIpyIIax, 4YTO IMOATBEPKAAIOCH YBEIMYCHHEM
MHTEHCHBHOCTH OKpaliuBaHus Ha koMmroHeHT C3 kommiemenTa (P = 0.047).
HccnenoBanue 0o0pa3IioB KHINIEYHHWKA IOKa3ayio, 4To BBeaeHue LPS+PQ ne
BBI3BIBAJIO AIlONTO3a B TAHTIIMAX MEKMBILIIEYHOTO CIUIETEHUS TOHKOM U TOJICTOM
KUIIKY. [loMoMHUTENbHOE BBEJIEHHE LITaMMa 3aMETHO CHUXKAJIO YpPOBEHb
arorTo3a KJIETOK snuTenus TojacToi kumku. Kpome storo, BBeaenue LPS+Pq
BBI3bIBAJIO HIOBBIILICHUE MHTEHCUBHOCTHU UMMYHO(]IIyOpECLIEHTHOTO
OKpammBaHus Ha 0-SyN-pS129 B MueHTEpaNbHBIX TAaHTIHSIX TOHKOH KUIIKH, TIO
CPaBHEHMIO C KOHTpoJieM. BBeienue mramma kpsicam-moaessm BIT tocrosepHo
CHIDKQJIO MHTEHCUBHOCTh UMMYHO(DITyOpECIIEHTHOTO OKpaIlMBaHUS Ha o-Syn-
pS129 B MUEHTEpaIbHBIX FAHTJIUAX TOHKON M TOJICTOM KUIIKU.

Buisoowi: [Ipumenenne GpapMabMOTHKA HE MPUBEIO K 3HAYUMOMY OCIIA0JICHUIO
HapyLEHUH JIOKOMOLIMU KpbIc-Ouomozeneil. Mopdoiiornueckoe uccieoBaHue
nokasasuo, yto mramm U-21 He noBiusa Ha CTeNeHb NoBpexAeHNs HelipoHoB UC
B KoMOMHHpoBaHHOW Mojenun LPS+PQ, HO mnpm »s3TOM wHcmonab3oBaHme
(dapmabuoTHKa CHWXalo HakorwieHne o-Syn-pS129 um mpoBocHanUTENbHBIC
U3MEHEHMs B BellecTBe Mo3ra. B 1menom, mnonydeHHbIe pe3ylbTaThl
CBHJIETEIILCTBYIOT O SBHOM moTeHumuaine ¢apmouornka U-21 s
npenoTBpaiieHus HakorieHus bIl-accouunpoBanHoro a-Syn no-Syn-pS129, a
TaK)Ke€ ero BO3MOXKHOT'0 JlajibHeHIero pacupoctpanenus no crpykrypam [IHC u
[THC Ha HavaibHBIX CTaIUSAX PA3BUTUS NAPKUHCOHU3MA.

Qunancuposanue: Pabota mnoanepkaHa rpaHTOM MUHHCTEPCTBA HAyKH H
BbIcuIero oopazoBanus P® g npoBeneHHs KPYNHBIX HAy4YHBIX NPOEKTOB IO
MPUOPUTETHBIM HANPABICHUSM HAYYHO-TEXHOJIOTMYECKOTO Pa3BUTUS (TPOEKT

Ne 075-15-2024-638).
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Motivation and Aim: Data on the involvement of microbiota in the development
of Parkinson's disease allow discussing the ability of bacterial preparations to
influence the processes leading to neurodegeneration [1]. The aim of the work
was to evaluate the effect of the pharmabiotic U-21 based on the
Limosilactobacillus fermentum strain on the outcomes of a PD model obtained
by the combined action of LPS and paraquat.

Methods and Algorithms: The work was carried out on 30 male Wistar rats
(weight 330 g). The animals (n = 18) were injected with a solution of
lipopolysaccharide from E. Coli (LPS) (4 pug in 3 pl of saline) into the compact
part of the substantia nigra (SNc) [2] on the right, and the same volume of solvent
on the left side. Xyla-zoletil anesthesia was used. Starting from the 2nd day after
the operation, the rats were injected intraperitoneally with paraquat (Pq) at a dose
of 8 mg/kg in 0.9 % NaCl every other day for 7 injections. Control animals
(n = 12) underwent bilateral intranigral and intraperitoneal injections of saline.
The pharmabiotic U-21 (108 CFU) [3] was diluted in 3 ml of saline and
administered orally, daily at 0.3 ml of solution.

The animals were then divided into 4 groups: "NaCl+NaCl+NaCl",
"NaCl+NaCl+U-21" (6 in each group) and "LPS+Pg+NaCl" and "LPS+Pqg+U-
21" (9 in each group). Locomotor disorders were assessed in the "Narrowing
Beam" test (NB) [4] by the number of slips of the limbs onto the lower plank of
the track (as a % of the total number of steps). The test was carried out at the end
of drug administration.

For morphological examination, the animals were decapitated with a guillotine,
the brain was removed and fixed for 24 h in 10 % formalin. On cryostat sections
of the SNc (10 um), after treatment in citrate buffer (pH = 6.0, 15 min at 95 °C),
the following were detected by immunofluorescence according to the protocols
of the antibody manufacturers: tyrosine hydroxylase (TH), a-synuclein
phosphorylated at Ser-129 (a-Syn-pS129) residue, complement component C3,
neuronal protein NeuN, glial fibrillary acidic protein GFAP and microglia marker
IBAL. For visualization, antibodies with CF488 and CF555 fluorochromes were
used, the sections were enclosed in Fluoroshield medium with DAPI.

Using Nikon Eclipse Ni-u and Nikon SMZ-25 microscopes, and the NIS
Elements BR 4.2 program, on a series of 12—18 sections taken at equal intervals
throughout the SNc, the fluorescence intensity was assessed (in brightness
gradations, 10 bits). The results for each animal were averaged. Changes were
calculated as a percentage relative to the left, control SNc (without LPS injection)
and processed in the Prism 8.0 program using analysis of variance (ANOVA) and
Tukey's test. Differences were considered statistically significant at p < 0.05.

In the immunofluorescence study of the intestine, samples of the jejunum were
fixed for 1 day with buffered formalin, impregnated with a 30 % sucrose solution,
and 10 um thick sections were obtained on a cryostat. Immunofluorescence
reactions were carried out by the indirect method using primary antibodies to
total o-synuclein (a-Syn), a-Syn-pS129 and the apoptosis marker activated
caspase 3, as well as secondary antibodies labeled with CF448 and Cy3
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fluorochromes. The preparations were examined and photographed under a
Nikon Eclipse NiU microscope with a Nikon DS-Qi digital camera.
Morphometry was performed using the ImageJ program (30—40 fields of view
per animal). The content of total and phosphorylated a-synuclein in the myenteric
ganglia was assessed indirectly by measuring the intensity of fluorescent staining
for these markers per ganglion area. Statistical analysis was performed in the
Statistica 8.0 program using the Mann—-Whitney test, differences were considered
statistically significant at p < 0.05.

Results: The administration of toxins led to an increase in the number of slips by
the hind limbs, both in comparison with the number of slips of the forelimbs in
animals of the same group (p = 0.021), and with the number of slips of the hind
limbs compared to the control groups (p = 0.004; p = 0.018). With the
administration of the pharmabiotic U-21, a tendency to smooth out the identified
locomotor disorders was revealed both between the model and control groups.
The average staining intensity for TH on the side of LPS injection significantly
(p = 0.004) decreased in both groups with PD modeling ("LPS+Pg+U-21" and
"LPS+Pg+NaCl") relative to the control groups.

A statistically significant (p=0.012) increase in the staining intensity for a-Syn-
pS129 was revealed on the side of LPS injection in the group not receiving U-21.
Aggregates containing a-synuclein were not detected in animals receiving LPS
and Pq, but intense staining for a-Syn-pS129 was found in non-dopaminergic
nerve fibers and round, tyrosine hydroxylase-negative, extracellular inclusions.
In the SNc of animals receiving LPS+Pq, reactive changes in IBAL-positive
microglia and GFAP-containing astrocytes were noted relative to the control. In
the "LPS+Pg+NaCl" group, the deformation and hypertrophy of glial processes
and increased staining were more pronounced than in the "LPS+Pg+U-21" group.
Staining for complement component C3 in the SNc in control animals was
detected mainly in the neuropil, whereas in both groups receiving LPS+Pq,
staining of neuronal bodies was noted. At the same time, the severity of the pro-
inflammatory reaction in the "LPS+Pg+NaCl" group was higher than in other
groups, which was confirmed by an increase in the staining intensity for
complement component C3 (p = 0.047).

The study of intestinal samples showed that the introduction of LPS+Pq did not
cause apoptosis in the ganglia of the intermuscular plexus of the small and large
intestine. Additional administration of the strain noticeably reduced the level of
apoptosis of colon epithelial cells. In addition, the introduction of LPS+Pq caused
an increase in the intensity of immunofluorescent staining for a-Syn-pS129 in
the myenteric ganglia of the small intestine, compared with the control. The
introduction of the strain to PD model rats significantly reduced the intensity of
immunofluorescent staining for a-Syn-pS129 in the myenteric ganglia of the
small and large intestine.

Conclusion: The use of the pharmabiotic did not lead to a significant reduction
in locomotor disorders in bio-model rats. Morphological study showed that the
U-21 strain did not affect the degree of damage to SNc neurons in the combined
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LPS+Pq model, but at the same time, the use of the pharmabiotic reduced the
accumulation of a-Syn-pS129 and pro-inflammatory changes in the brain
substance. In general, the results obtained indicate the clear potential of the U-21
pharmabiotic for preventing the accumulation of PD-associated a-Syn and a-
Syn-pS129, as well as its possible further spread through the structures of the
PNS and CNS at the initial stages of the development of parkinsonism.
Funding: The study was supported by a grant from the Ministry of Science and
Higher Education of the Russian Federation for major scientific projects in
priority areas of scientific and technological development (project No. 075-15-
2024-638).
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