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Advances in the prevention and treatment of neurodegenerative diseases by
probiotics: Alzheimer’s disease as an example

LI Yue'!, YAN Zhangming?, ZHANG Leshuai'

(1.School of Life Sciences, Soochow University, Suzhou 215123, China. 2. Excellent Biotechnology (Zhejiang) Co., Ltd., Jinhua 321016)

Abstract  Alzheimer’s disease (AD) is a common neurodegenerative disorder characterized by B-amyloid (AB) deposition
and Tau protein hyperphosphorylation, accompanied by pathological processes such as neuroinflammation and oxidative
stress. In recent years, increasing evidence has suggested that the gut microbiota and the microbiota-gut-brain axis are
involved in the pathogenesis and progression of AD. Probiotics may exert neuroprotective effects through multiple
mechanisms, including modulation of gut microbial composition and metabolic function, attenuation of inflammation and
oxidative stress, enhancement of intestinal barrier integrity, and regulation of neurotransmitter metabolism. This review
summarizes the major pathogenic mechanisms and characteristic pathological changes of AD, systematically discusses the
mechanisms of probiotic intervention, as well as findings from animal studies and clinical trials, and further explores the
potential applications of probiotics in the prevention and treatment of other neurodegenerative diseases. Current evidence
suggests that probiotics have the potential to improve cognitive function and delay disease progression; however, their
underlying mechanisms and clinical efficacy require further investigation.
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TRE. WA, B ATREH LW AN ThRe N BEE R RIEEAT, 0T R a0 i i R R
FI S5 28, BB KRN HR”, FIREREREICIZ W R N, FENHBHEEEERM: HMHEALMN
W R R FEIN, BRE R S IR, BEaRR G R ARULE; B TRAEL R, KR
WWEANE, BEEIEREEAES, LEkAEEHHATE P, B TRRA S, B AD AT S
A HADFE N CE3 & A Re I AT IR A TAEATE, B3 B ™t 2 PR [ BEAE ) 10 B A DGR B
FHSEHSMAE , WM SEOHE B, &R, AD WORMAUE EF Gk LR, ©F
SEE . ER HSREFMREMIE S, 5T AD BT R 0B EH%En. sk, Btk
AR B HET I AD TR VR TT i

HAT, 2 WOHEF0IA N o A B8 70 0 2 B AT PR (M TR A is 7 A W EE . siE e — R Al
AYIEERMEY, R EAREOOEATE . FUAT R . BERRE S . 284 AL I R A Y o . B 5 g
T3 BT IR Th e A VR AR T g I N IR AR R AEVE B, B FC R, A AR T mT I i 1R 4 i A
MR AR DR, R e R ER, #ET 2l h AR P4 R4 (central nervous system, CNS) IJj
REl4l, 3 AR M 2 35 T (brain-derived neurotrophic factor, BDNF) 7K3F, {R#E#Z oK
Aot AT IME R, y-& ¥ T B (gamma-aminobutyric acid, GABA) % B fi% (dopamine,
DA S5 P Ak o K7, T e 10 12 B B ARG wih g ). DL B Fe i om 28 AE TR FE VR 9T AD INAITH
RE T %, WA 2T HARKE . B, KX RGLER AD FH AL A & AE 0 T T 7
J&, oy I E E AL SRR BR, LA AE B E AD Je FLAh AR 28 1R A7 14 5 0 H (1) B FH A AL it
5%,

1 AD BYARHLHI N E AR K EF

1.1 AD RUR AN FIEXIELS

KT AD WIRAENS, E2S5UIRAER. AU, 4 60%~80%H) AD Kk M 58 4% K &
HHEE WER AR, ZBAE Cacetylcholine, ACh) A#& /bS5 AD HIk4d. BHEIT
BB I R SAERE NN 2 2 P AR R 4 2R GUBe i 1 B B BRARAE . X BRI, BRI ERED
A SIEREAREMRATS, HE—DIRREMFEAERE, X—IWRZHAET AD. FEL
i SULZE 4 N R A A SE S B . AD AHOCH) B-IEMFEEE . Camyloid B-protein, AB) # A ARG it
JRERAERRTE, H W RE RS o B A LRI AE AU, Rtk AD WA v B A e 5 AL T
fE. SAWFCIER, WiE e o a5 5 A AR FE b R E EEE AU, Rk, @i a5 AR I Y I E
BT AD MR AE R ERA — @471,
1.2 AD MBI

AD ML RYICRP HR di. FEZ AR EHDGUK, BRI RN R JE
WX 2B, B TR MK, EERIN AP DI EEZR, DK
Tau 5 (3 FE BB AL T (R A 4 Je 41 4k 2 45 (neurofibrillary tangles, NFTs) ; 7E4> T /K7, NEI N
AB TR RENK Tau EAFHE BRI SHAESRE. Hp, Ap=AdEwE 1 Fin. B AD FIRMAK
JRMLEAT R R A, (HEAIRIKSZIRR, P2 MITi% (disease-modifying therapy, DMT) i #
#il AR DU kb Tau B (A FE SR AL S BRI A2, W DAE — e A2 R 2EZE AD 3L,
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QIS ATES . N
The peptide dissolves [l R i S LN
and disappears -amyloid monomer .
APP A
IeTT p-orimEIE L. APP
u-s‘:cfgtﬁgrzzjaiige B B a-secrﬂetasef: leavage f-secretase cleavage a-secretase Cleavage
. e . R B ONIEETE] et s a
YU Facilitates post-injury T X Facilitates post-injury
y-secretase cleavage repair y-secretase cleavage repair
it TCAn I 22 TCAH
Brain neuronal cell Brain neuronal cell
membrane membrane
w N ALy i
IR R U
Normal condition Abnormal deposition

I APP, VEMFEHIAS A AR, B-WEMFEE M. IEWEI T, a2 WA y- 0 WAEYIH] APP JE TR LZ K, B2 2 IR i 2%,
APP [ R IE B Z A& T4 . RIS RE S, -7 BE A y- 7 W EE VI E) APP, 74 B-UE M FE S A1k (AB40 BR AB42) , AB42 &l
RERLIVHR B-IEMHERA Y. EHRMEREED, FalE Ap Bk, ANEMERERA (MPEBIERMD | a4, AEMa4ES K
P (FEMEMAESD FidAR.
Bl 1 p-ig ke A% L

Note. APP, amyloid precursor protein; AR, f-amyloid protein. Under normal conditions, APP is cleaved by a-secretase and y-secretase to
form peptides, which eventually dissolve and disappear, maintaining a dynamic balance in the amount of APP. In the abnormal d eposition
process, APP is cleaved by B-secretase and y-secretase, producing f-amyloid monomers (AB40 or AB42). AB42 aggregates and ultimately

forms B-amyloid plaques. Pathological aggregation involves stages such as soluble A monomers, soluble oligomers (the most neurotoxic),
protofibrils, insoluble fibrils, and plaques (causing physical damage).

Figure 1 Formation process of f-amyloid protein.

2 AR AD FRBsFNiaTT PRIER

21 mERHENS AD X R

R 2 TSR, WA R AR - - el e 2 5 AD KRR RE . Mo E e
W, WRImAE . BibTTIRESE, 77 JE B SR BOE M E S . 40 28 (lipopolysaccharides,
LPS) ZEACHM =M. Horh, T YIORIR M UE B K 2 AT 3 18 3 1 S R G IR 15 2 SORE S, i —
BB M B B (reactive oxygen species, ROS) FIiEME% H B3 (reactive nitrogen species,
RNS) 74, JFEOG T «B (nuclear factor kappa-B, NF-kB) {5 5@ . iRkAF{k &£ Fi4E 14
FH 0 25 2 G RN R BE 2R 1R 505 1) B8 B0 BRASAE o S8k S SR RE AR 3E B-20 ML AT -0 ik il 1)
ik, MG AR YR NF-xB W0 f5, & nldid 68 R 40 i fil & 524k 2 ik (triggering receptor
expressed on myeloid cells 2, TREM2) ik, HIg5/ i 4 fxt Ap40 F1 Ap42 HiG kR aE 1P, E4t,
AT . LPS SR 35 2 5 10 9ORE S N8 m] ik — 5 38 e i Af R (i deE00, B R g, K
FETR R IR ) N 75 31 AT E AR SME 1 AR 2P 4EML TR 4R .

R, T8 A YD R A ] e (R 3 R B O B RV R A o, PR R AR AR G O
Tk, WMpEEENE. BEREDREZEE, TREHE— D F S S /NN S X 2R R ) RE RS o
gib, EMEMEZSYS AD KERRHZAWTAIRL, Bk, @ik A w8 5w il A8 DT T
AD H A HEHANE
2.2 WERXI BN ENIER

i AE TR 32 I O 0 AR 1 5 i B B T e DA K 4 WA EE IR T 2 (short-chain fatty
acids, SCFAs) A& i 25 7 R #EA/E Y, SCFAs W] yflp b 4R it fe &, Bt (e ik b
S M I BE B R i TE ) B BRI, R O B B B T RE . AL, SCFAS 3 TR Y b R 4 B 43T 4
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AT, B TFERENR, NS5 R RS, o B i ez gan e Cperipheral blood
mononuclear cell, PBMC) H# LPS ST # % y Cinterferon y, IFN-y) FIMIEIRIEE T o (tumor
necrosis factor o, TNF-a) ;74121 [EN-y FI TNF-a M8, 0T FRAR M 5 K BAAREE KT, T ik
b AR BRI TR

ZH TN, SCFAs WS T 4B/ AP R A, HHAEMHZ SCFAs M. 402 R A
BN REM, EHo % TR RIER . WRRE, TEREEM %z EH LA REK
R o ARV E TR B AT A SORE SN, T R R B TR R U R BB AR B AR S AR 3 R 4% 1 OB
4k, SCFASs & m I A F T 45 B W P 43 WA 240 i 35 1 (1) 0 5 i 0 BR 52 44 (free fatty acid receptor, FFA)
2 1 FFA3, NS B ENRBRIREEY =N .. R R, SN AT R E AT (e HEms % 225 1%
PR S K v B Rk 1 (glucagon-like peptide-1, GLP-1) FME iz ZE ik YY (peptide YY,
PYY) B, GLP-1 Al % 22 245510 5 (%A (mitogen -activated protein kinase, MAPK) {55
RIS, e HE APP B3, MR/ AR I BEUTAL . PR eI 25 A4 B AT AsE T iR AR AD PR AR TR
TER

TR IR, AT &5 A B B AR O] BRIk R T I A B A s AR P A AR R DA R T T IR
MNAERNFEBERIEER . B, BAEAFE AL 7R E IR L8R K. MBS X EREKE, If
JE YA N g 20 RO A A T e, AR AT RE AN B AR TR M, T S S A R B T
KO KA BB68S #iilE s B A ch st A A Th e S U =15 28 9 I M3 7, HAE T R S i iE i A
VIR R A A oG8, 4 (K FLAF B FL WA CKDBOO0L M/l #8 i T W« Wl eSS AR A, 5 280
N, 0% I BR324 Caryl hydrocarbon receptor, AhR) , fE3E AR IR0, T IR 5 A 1 1) 777
BOKZES, W, RN SRR AD BFH R S &IGI7 R, fHksEER /AN fERRM HES
BRI A SR k. SR, E ET AR B B A AR LS R A A PR, SRR TR i — P

3 IAENT AD HEYRIEHE

WA 25 AR 5 W iE U E I RE . AD Z IR R AL, FIH A E AN R AG T AD B —E it
Fentt, AHSZRRYT AU TRl LG AR . HAT, MREIS O R TR SRR R . Sk, A
EEH R B AR AR AT N A, BARRK. S47E LR FMFIE L.

SUN Z:[200R H APP/PS1 X% J:[K AD #ERL /N IF W78, 125 AL @ 5] A N R APP Al PS1 5848
SRt AR (JUH A2 AB42) By/=4; BHFE UL T BRR B (Clostridium butyricum CGMCC 9831, CB)
N E AN AT, SRER, WITE/ARKA AR TR b, /N5 41 i iE AL 52 B0
Hil, AN CB Al fgdat T W E A B Rl 185 T BR R KT DL S 3] /0 g 5T 41 A 3 ) 2
RE, NTIREE AR AHOCHT B2 . BONFILI 28 PV221R B SLABSL 7 A2 1 il 71) 7l AD 1K) 8 Ja] i i
P 3xTg-AD /N WAL RIL, FERITIE, SMPIMEICE A FUKBIEEH KR, INFIKE T B
g, MIHSIR AT EE, KNGS, DR Tau E A E@EER L. BEASE 83—, A
RN E. A2 M LREREH, AR geA BT 15 T 1R

PL BRI R BRI F L AD B, e 5] N K AD (familial Alzheimer’s disease,
FAD) #15¢ N2BJEH, WiEMmAERi A E 2K APP. #EE A E 3K APOE DL K B #RKILNH
(presenilin, PSEN1/PSEN2) %, HAZHE MM . 49 A BARA SLI0AK R AEN S . [FR, A
[ A5 70 ELE AN [R5 L 2 R AE, AT R 2 AR AR RR R . B, 3xTg-AD BLREHS 3 Fh 55 R0 i i o
KMt AD FOCHIRAR, 1F 12 HSEF I AT A 823 AR BEEAN NFTs, &EH T Tau AR AEMFEEA
JREL R R IA R T . BLAh, 2P ARIE R ARE SR D-FAMEAMESHEY, g kEEHR
RUBLHL AD M SN % . PATEL 5238 F B 205 FLAT I (Lactobacillus rhamnosus UBLR-58) B4
LERTMAREEWS ST AR AD A, 55 R, S5 HEE ZMEt, Kah
7 AL — 25 OB A RN B 22 ST iE 2 RE DR EAL T RE, IR M A B . QIAN 24X 6 H ik
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HREZINE /N SAMPS, EEREB AW 8 B Hrh—4H4AF P2 E4 AWM CHLIUEH B Al
REPEAATED » B—HE T P3 EAHmERBIN (LU E. WRAAE. REBAFE ; 4
REIN, PR ] e KR B AR B, B Tau BEERALACE kb AR UUAR, (BN [H S 5 18] /)
MEEEAAZR . NIMGAMPALLE LR YA AT E MTCC1325 T D-2 LA % S 1 1
Wistar KR AD B8 R EIR, 897 R KRS A K ZF 1) ACh /KTt m, AB BEH K NFTs
WL, INFIThREAS BB B o .

grdy BIRSEEG, WA AR N Z A HEEL X AD PEAETFHER, AIE R IS MES. aEE
MR R AR $2 8 ACh AKF. WA RE . Jhb AB YR LL K PR Tau & A R w BF IR0 S5 . R
AN [R) B ik Bl R A i ) PR LA R LI AE 22 57, (H BB N SN T RE RN ZE 28 AD s B33 8 1 250 R LA i aT
B —80E. thah, PATEL SR 4tn, wAEKE T feS A= F/ER, A AD BE&R
I FIURE HE - TSR W 1) 40 2 B2 A PR A 7 S 8 o

KL AR B O B R 2K BRI Bl RS 5 155 (1 AH DG S 36

Table 1 Experiments on the improvement of Alzheimer’s disease animal models by probiotics

TR R/ 711 HIE B I ] BES
Strain/Preparation Dosage Animal model Duration Effects
TR AB PUAR B>
CGMCC 9831 1 x10° CFU/mL,  APP/PS1 /M) 4 JF Reduced AB deposition
Clostridium butyricum 200 pL/d APP/PS1 mice 4 weeks /N A ARTEALSZ A0
CGMCC 9831 Inhibited microglial activation

PIEE O A UK ARIR AR R A I
3xTg-AD /M }2 JA ;’:trltll‘;/algs restored neuronal proteolytic

3xTg-AD mice weeks  WHIKT F FEIRSE

Slowed cognitive decline

Tau Ht 7 BEBERR AL FEAIC
Reduced Tau hyperphosphorylation

SLABS1 K & ai il (Mendes SA HiiJ5)
SLABS1 probiotic preparation (Mendes SA 2 x 10" CFU/ (kg-d)
formulation)

SLABS1 & 4 25 A= B 1 51

(Ormendes SA Ft 7)) 2 % 101 CFU/ (kg-d) 3xTg-AD IINER ;2 JE PR s
SLABS5!1 probiotic preparation 3xTg-AD mice weeks Improved glucose metabolism
(Ormendes SA formulation) AT e R

Improved cognitive function
£ Al ) AT A 2 e 1 x 10° CFU/d REF I S 5 A ENE LA ST e
szjfa{clﬂz Ir‘;z]z}n]:iisﬂ}\GBilifi combined +ETEK 205 mg/(kg-d) /NERER loq  Improved memory and learning ability
with cureumin 1 x 10° CFU/d + curcuminScopolamine-induced ~ female B LRE 7750
205 mg/ (kg d) Swiss albino mice Enhanced antioxidant capacity

P2 54 2 A TR 5

CRLXUBFFB . AR D 6 HECHENE SAMPS MR o AP IR
P2 probiotic preparation 1 x 10° CFU/d 6-month-old male SAMPS 3 weeks Reduced AP deposition

(  Bifidobacterium  lactis,  Lactobacillus mice TNF-a 7K-F £k Reduced TNF-a level
rhamnosus)

CRLRUBEHT . ERRILITIE . BRI 6 FUCHELE SAMPS AL broved - shorteehain - fattyacid
P3 probiotic preparation 1 x10° CFU/ 6-month-old male SAMP8 " 2 Lt ST

( ’ Biﬁdobl;ctgrium lactis, Lactobacillus mice § weeks ﬁ}ﬁé %;efji?rﬁuii&ij\jiii acid and

acidophilus, Lactobacillus rhamnosus) hexanoic acid levels

A K EH Ach KPF- &
D-F LA SHEE Wistar K Increased ACh levels in the hippocampus
I MTCC1325 12 x 108 CFU/mL, 10 ml/ i} 7 60 5 ;;;:;Eeglf;ng\
Lactiplantibacillus plantarum MTCC1325 (kg-d) D-galactose-induced male60 d R duced A S] et 4 NFT:
Wistar rats : e uc:eA B plaques an s
BN e
Improved cognitive function
E: BRERRULSL, SAERBIRR O RT 2. SLABS1 AE G LR HIH]. Mendes SA FLJ7 G & S AEEER TR . KOUBFF B . R WUEAT
B BLOUEHRF B WERAATE . WA ST B IR RMAN A S FAFH: Ormendes SA B 77 6L & W HFEBR B
DSM32245. FLAUEO 1 DSM32246. FLEE WA B DSM32247. FEFR AT B DSM32241. Fii - LA B DSM32242. Bl F g AL A 14
DSM32243. FUATH{E4) DSM32244 Flfi LA # DSM27961 .

Note. Unless otherwise indicated, probiotics were administered orally. SLABS1 is a multi-strain probiotic preparation. The Mendes SA formulation
contains Streptococcus thermophilus, Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium infantis, Lactobacillus acidophilus,
Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus delbrueckii subsp. bulgaricus and Lactobacillus brevis. The Ormendes SA

formulation contains Streptococcus thermophilus DSM32245, Bifidobacterium lactis DSM32246, Bifidobacterium lactis DSM32247, Lactobacillus

acidophilus DSM32241, Lactobacillus helveticus DSM32242, Lactobacillus paracasei DSM32243, Lactobacillus plantarum DSM32244 and
Lactobacillus brevis DSM27961.




6 o B R AR S

4. IERMIERIHIEIER

HATEN X AD B2 (1) 28 £ 1 T TG IR U ECE A AR A PR, MR TE B IIRIT T & S 3R
B, #AEE T E AD BE ARG OL, (H W AR IR G TT Tk . R HIG g BB, WA H
AILE — 52 FEFE A S S N AN SR Ak N B A5 B R s (HAB A R SO R R B B 3k i, TRt LI PR
BT 7 i3k — B 58I .

By e RAE AU 3453 T BRI 45 5. TAMTAJl 25281 79 44 55~100 %) AD 3 N0 55t
B, 45T WS AT SUBF B (2x10° CFU/, Tak Gen Zist #1254 ) BEAHAN (200 pg/d) FT 12
J, @REREH PBMC 1 TNF-o JERRIA R ZE FIF, WMIIEEEEIE . AKBARI %2710 60~95
LI AD BE AT S, FEHANE 200 mL 2EAEE A, HP S ERRIATE . TR E . SO
AT A R BEALFT B (% 2x10 ° CFU/g) , %4k 12 i SR B REFNFKFRE, @i C RMNE
F1 Chigh-sensitivity C-reactive protein, hs-CRP) FlIfij& A —- % (malondialdehyde, MDA) 7K-F %%,
18 G Al 80 A0 R S8ORT 28 0E K S FE AR R L B A8k . TON 25028145 % AD ERFH M AFTH . R BRE . B
R 25 2 MCE ARSI A 35 R B (2 mL/ (kg d) ) T 90 d, 455K, BE NI AEHE
B, [FE TNF-a. 1L-8 Al IL12p70 2542 2 4 K1 /K 7 R %, AL AR FREK. HSU Z5EPR A i
W)L AKX AT B R BLI-02. %5 W AT B Bv-889. Eh A XU AT B FL I Ah CP-9. R BB BT T
VDDO088 M AP FL AT 1E PL-02 R A i A il 55 (110 CFU/d) T 12 A, KILEH &
BDNF /KT, AN BCIRASH o, (H MMSE 250 AT A8V 2 & WL B 528 1k .

SRTT, FEAEFTE WG IR 7233815 — 845 5 . AGAHI 2 B0DL 65~90 % # AD HH NIFFA N5, %
12 s ZE S AR E R, BEMRICIZE3R (test your memory, TYM) ¥4k WHH & ok
F, RIER T PR BT LA KR AL N A < 5 bR 2 R E AR B A8 L . LEBLHUBER % BUSR H
Omnibiotic Stress Repair & % % 25 & il 577 -7 AD £ 28 d J5, H3% MMSE ¥4 R FE R UL B i %,
AL S B L35 R PR A BRI E TF . WFARZHEN, IR RS % R BOEH %, HEX AD HfER
JE (1 LA B i v S A

SEUE WK R R TR, WAERANR AD BE INFIThAe M B3 R0 R . Bk N 8 7 1
BH—wENHE, EARTRSERAEER. IMZERTRSEHEME, BFZER. THHFELE
HRAESEREFEUIMK . HartXRIERIERED G R, SR EREARRR /DN WERRE. 240
FAFEAE KRR A & 0, PR T G R A8 . it — 20 B R 25 26 B 107 RS AR AL
i, AR I NE IS 2 H O B RIS K B T, TR, RAWERAREREE A
G T TROR, JF45 & 2 2% F BUR NN SLAE R ALE], AT AR i 05 £ AT S 45

5 mAREEMESIERITERRFRINA

W14 7% (Parkinson’s disease, PD) A& —Ff# WLATHIZIRAT M, HOWERHIE B HE RIE . AL
NI B T Re RS . BEE BR R ALEE (tyrosine hydroxylase, TH) & JLASEy e Y& A IR K By, 7
HIXHE RGN . CAMIRMA, WEHREEERE CRLB08. HHAFLFT H CRL2130 A W& #EEBR A
CRLS807 w34/l PD s vt TH B4R AL EDR2, TH RIE TS S8 DA & k>, MiminE
PD JEA{R. T2t B | BRA I T Tl 3% PD sh Al b i S i Th e P dis J2 DA BEMP& ot KRB, %
TR G AW E 2, MRS A T 05 R Al RE3RE B4R 7 B4, phah, 254
TEZ PR XA RGP TPt B R B IR T aa b, SRS AR & B ME S R RSB, 42k, &
ATEIE PD R H A& RGUH R AR LR AR SCE I 71, AR RAN AL T TR 4 T8 5
A -

6 ZFHieHREE

AICEL AD DA, AT s A WAE M RV DA T WAL, i seIe RO, 2 8 AR AT
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3% AD BRI\ FITRE, BRACAH S A48, R AL B AE M A RGO O TIBT 5 + T v A T AEAY
. R, MARKRKEEEAR, BAREK. FI07 %2R N AR R, EW
FGE Rk Z — Bk .

WX E Y R R L3 i) 43 A, WIS LA R (D s A 5 H AR 26 E T T3 nT B 2k R
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