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Research progress of exercise regulating gut microbiota to modulate

neurodegenerative disease
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Abstract: Due to the aging of population, neurodegenerative diseases have gradually become a major public health
problem in China. The composition and abundance of gut microbiota are closely related to the occurrence and
development of neurodegenerative diseases, while physical exercise is considered to be an important regulatory
factor of gut microbiota, and different exercises can regulate the diversity of gut microbiota and the abundance of
probiotics. Therefore, the dynamic interaction among physical exercise, intestinal microbiota and neurodegenerative
diseases has become a research hotspot. Many studies have also revealed that exercise plays an important role in the
prevention and treatment of neurodegenerative diseases by regulating gut microbiota, regulating the secretion of
neuroactive metabolites, reducing B-amyloid deposition and oxidative stress, and improving the function of the
blood-brain barrier. This paper focuses on three neurodegenerative diseases, Alzheimer’s disease, Parkinson’s
disease and amyotrophic lateral sclerosis, elaborates the research progress related to exercise, gut microbiota and
neurodegenerative diseases, aiming to provide new perspective and theoretical basis for the prevention of
neurodegenerative diseases by exercise.

Key words: exercise; gut microbiota; brain gut axis; Alzheimer’s disease; Parkinson’s disease; amyotrophic lateral

sclerosis

WimHEHEA: 2023-08-07; fEEIAHA: 2023-11-01
EEWMHE: EXRBRRBIEEEIE (82271514)
*E@{S1EZ: E-mail: lewisliu@yangtzeu.edu.cn



1M

AR, 5. BB IE R AR 2R AT VRSO BT FU e 1499

PREEIRAT PP f2 — PP &8 e M, K
MLl E 2%, W2 N ZEBEILEER LI, 58K
I TheRERg . REARE R, i AR N
W 2 1R AT B AE bR B (biomarker), i
TETAEY) 5 K 2 1] 3a I By - 1o 2l A7 A8 2 00T 1
BEHLH P BEE R SCMAWIRN, BTN BRI
] HEIBE R, SCEHASMMIIEE  FREK
W, A e AR Y. BIE R AR E A
(amyloid-B, AB) YT AR A8 Ak B2 K 1 F I fixi b7
(blood brain barrier, BBB) Jifg, HEM{ERG 1A #1418
AT R R R AER . ik, AXHE T
TE P BETE R 7R 2R UHFER P (Alzheimer’s disease, AD). 1IH
4 A% (Parkinson’s disease, PD) Fl1 /L 25 45 1 2% i A4 i
(amyotrophic lateral sclerosis, ALS) 254 28 18 471 95 9%
PR R ALE, B4 T AN RS B T o i i R
g, DL R ds g e i i B A oo A 2 1R AT PR
W AE L, DU v ia 3T T 18 v Ak
M B7 V6 A AR AT T AR GBI Fe e 5 5% .

1 FpEERHA

Jo B A (AR E A ) 248 AN K
TR AEE M I TE SL AR e, B . R
P AEI M . I TE AR [ 1K B DI
AT ] (Bacteroidetes). JEEEH ] (Firmicutes) 145
JE T 1] (Proteobacteria) A2, 7EJ& /K7 b 3 2 DI
M & J& (Bacteroides). % 75 ik K & J& (Prevotella).
P B (Faecalibacterium) % [R# J& (Roseburia).
E W H JE (Lachnospira) R 5% %5 1 J& (Sutterella) %5
o

NEE il e o FldeA, 18 32 0 i w iR
BB IRV AN AR T A 1), 1T i T R R B TR T
FAEBDIRE. WiEEE A S SRR EACH Y
R, T RS R R R R A KT, A
PR S5 5 P ot 4% 2 5 LA 0] o iR 1) 975 4 AN
TBER. WIER R S 218 a1, R R
TE RS 2 R0 o 4 i b A 32 A 5805 G
PrAE Z AN B i i A R R R, K2
FEMEARREYEZ A, A B FFERRAS, BURE R
FREERGIN, B ARAAA SORE S AR AL, M
T & OB R AR . KRR AR, T o B T AE
NERIIRIZ W AR EY), il ERR AR
BT MR VIO, AT I mE A AR A
7 A P A B AT FCIET T 1]

2 PEEEBEEMZIRITHRBHIER

ISR, DA IE R VR RS T PR IR AT Mk
OO TR . WEFLEREE, i B A & 2
ZRARAT YR (W B 2R 0 BR v e 4 AR v AL
ZARM R BALRE ) I SCUERF FURFERIG K .

2.1 BHEERHSAD

AD KRR EE SN AR YT tau & H
TR SR R g a4 % W R
KN, AD B iE bR S R N AR A B3
7= 5, HAKR WU # 8 (Bacteroides) T 2% T ']
(Actinobacteria) F1J8 B Bk # J& (Ruminococcus) 25
[ERFERK. R FIER, MIERBE AD 2
R EEZER.

J¥7 T8 BB AE IO - T Bl b () AR R O T A ORI,
TR 51 K 1 A1 JE 28 5 0 305 1 A i B TR
T AD RE IR K 2 —. i e A S R
2SH MR R EEL, AW EA. 52 b
(lipopolysaccharide, LPS) A1 fiz Y5 11 & ¥y #f 2 1 55 3
I AN G P2k 1T ARG I i B s S B e, SR
fiE R AE s iR R BB “Rpde T R “ Rl
BN 06 0 55 R 358 9 RE N, ek AB PR . iR
Z RS, HE N MBS 5 8RR N I35 AR
Z Wi, LPSi&n] 540 a e 20 AH BAE, A5l
RICRGIENE, FEUR 2 AR 7 A PR 7 1
W, SIRANEEME R AE . ARKCF R 25 4H Mo BT
lzwliB o N E B2 NN G = W T e
VRGN, BE RS AE R, PN B 4 A
BRI A, InE M SOE e IR R
FEER H 2B 2B WGn, Jaeisd Mg g 1L
i XS R g, TN E G AR DT, FEL
S AR P AR AR AZ 52 451 1

AR, W18 BRI AL = F 2 (trimethylamine
oxide, TMAO). JH 7t & (bile acids, BAs) 1 %5 &% JIg
WilR (short chain fatty acids, SCFAs) 7] 535 AB P
FERF R AL Gtk . BFFCREE, 7EAH R 3
HHE IR B SRR T TP TMAO ZKF i F Aot
TMAO AL RS N B 45 W Bl v P 3t 177 0 AR Ut
B U2, T L AT 375 S A P A7 A5 8 TR I R,
Pk i /N A AR JEANEIRE2IE K U BAs fig
WS e B X 2 4& (farnesoid X receptor, FXR), i
R [ AU B CYP46A ik, 1 BAs AU 2% 1l
SNk A E B R, gD AR e A Y
AN, EAKERI AN E BAs AT fE 23 i ml an s %
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PR IR RN Jn it fixi Pl e, gk — 2B AB
A U, Py Y SCFAs BB BUE G & A B Z 4
(GPCR) 41/43/109A il 20 8 (1 2 ZBEALES (histone
deacetylase, HDAC) ¥ 14 K 18 15 MLAAK 98 15 5 18 12
RN A, FdIeh S 2, 2R eaE K
AN AEAZThEE Y B MRS, FhFEAME
SCFAs 2 M| Ap BEHUTAR AN IR BT A fa 7, Fe
EAENLEITT e 5 Ju oo o AR BE R R 1 A
o BRI, SCFAs /NI 4 i s 4L R T RE
P AR ], &2 — BT

M BELIRE F A, & AE B AT U T 0 N e R
ST PR AR BRI S SRS, TR RS HE AT
IR E R, R B 28 0 B R ek />
T Sy AR NR N B2 = AR R e i BR AR, BRI o
AD /NN GRS T bAh, kb 78 b FLAT T NSS
(Lactobacillus helveticus NS8) ft I 1 Ifi. 3% 11 41 ff
# -10 (IL-10) F1ifg B 4 M35 2= ( X PR 5- 32 i,
5-HT) 7K1,  FAR ik g S 4 i 5 1 4 22 8 97 R
(BDNF) mRNA Fi& ", AE L. W I
It AR TS 2 W, b 70 o A R T IS FLAT B (Lactobacillus
casei) F1X B FL A B (Bifidobacterium lactis) Rg 5%
ALK, ] SO0 S N, JE I e AD BB
ke U

g B RrIR, WLAA N RS I 1E B A AT R
AD WS R, Ho W TE B R R AL AT 91 R 4R SRE A
AB VLA E AD, TMAO. BAs fil SCFAs %% fif; i
PR HE A A e I R Y B TR IR I 4 3 A A i A JIE
[ B 7K P45 0 A2 AD (i BRERE 5 1 R 5 i TE
B AR S BE PR AR AL LUK, ) 285 OB, I
Rt TEPEE 720, HET G AD.
2.2 MHEERESPD

PD I R 22 I 3 B AL 45 i 1 R R B VLR L
RRL ARG AEBR % P ISR LRI,
5I1E% ANMLE PD S35 1 N #EER # & (Streptococcus)
FEEZE BT, BB EE (Lachnospira) AT
I# J& (Eubacterium) % JE 5 35 P A% 2122 ML A
T8 T B = 2R TR N AR £ 8 PD B IR 2
W it 55 2 W et .

a- R fih #% # A (a-synuclein, a-syn) 45 % 91 &
A& PD WU BRI iz T8 AR 245 2R 18 AT o i A8 A B 35
YRR o0 22 3 SO B, KGN Y T R T N LA 1
RIE, BEMEEREAKTH o-syn, HIEHZ R IE,
R T, dEm g PD R A P, a-syn It
FART Rl ph 22 o Rl 4Bk, I B B 1) B s R

DA B TR RS JoT 4 /I8 G2 Joia 4 J A 471 i 97 9% 200 i 55
Y1 it B A 32t 10K K g B2

% 38 B B AR 55 9 SCFAs M1 LPS 7E PD & 5
WA E CEIEA . 4MEME SCFAs 7% S 0B /N /N
JiE S5 A 5t 0 . a-syn SREEFNIZ BN R R [ Y,
SR, SAWHCR, WIEME SCFAs 1E 47 iE i i
MEELEVE Y, BAPIRMRZ S ER, fedil
flph e RAEIFH T miEME N5 RGE, 5655
PD™". X 3% ] SCFAs £ #i 22 IR A7 #1005 v A X
HEMH. W8 &KL, LPS &#iEgiE b 4,
JA R RAT T a4 5 i 3 e e e 3
Jonif oG 7 R E O 1 5 Bk Ah, LPS 1B R85 3 a-syn
[ R N

mA ARG ZEMEH, BARD & AT
FRAE AN . Mulak 28 PV RF 50 R B, W T THEAT 14
(Helicobacter pylori) FE54Z 53 B (Mycobacterium
tuberculosis) =F £ ¥4 N2 75 5 W B B Dh ge B i, 2K
Ao 1fiL i 7 i 52 450 A1 a-syn JTAR,  INE PD i E AL
Ak, R Z PD H W HEE SRR 2 —, "l
SR BB B AR TR SR, T AR A AR T K SUBCRT TR
(Bifidobacterium longum) F1 Vg 12 3L A H (Lactobacillus
acidophilus) P] 38 3 I 77 B4 AE 2 R R 2T A R0
PD B HEAMEEIR P BAE TR, R
€T AT 203 PD /N R IS BB AP SR, 1
NSRS 2 328 R LA B AR A 48 980 KT B

Zr ERTik, WMIEw BN ARG PD SRR A
I, (HAE TS BeAE NAEDIbR EIE T R EIRA
AHBUNBIE T TAE 5 1R il AR AN i B A
Y SCFAs. LPS 7K-F- 1] g 42 2435 PD [N EH
BOgfE, (AR A — P 5.

23 MEEESALS

ALS HARETHRAE, Zisshtfain. /ANA R
8 XIS 51 R AR 2B AT M MY, 2T
KU, ALS BEARN KA (Escherichia coli) F %5
Xof HE ZHAH BE Y 2 T, TR AU B (anaerobic bacteria).
H W B AT # (Eubacterium rectale) F1 E. 5. i 1§ J&
(Megamonas) = JF .3 N & 7Y, 4, ALS M
() T8 A 25 R 2> B A RE RSB AL T A, 32 7R i 1
WAL AL T A ALS B2 W k5 2% B2,

FAC N1 SR G i R 38 98
RN, Ak ALS. BRI, MiEEEE RIS S
B A B A G (SOD) R A% /1N B H B3z 2 Ty R
FSRIALIA 2545 DL K G RE AL 5K A B 4 4
SR Wb I SRR AL S, F] miRNA #E
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SR LIE, MR ALS % #  JE Y. BAE TR
KL, X SOD FR7Ag [ 1 R/ BRI I 7N LPS fig
/N REREO . R A tH 2 4E PR Toll #5244 2
(Toll-like receptor 2, TLR2) FI{iE ¢ 4 ffd [ - 52 /& 5%
i, IRz shihgIE AR B,

7K LPS 2 5] K 90 I NI # ALS, 1 b
7o TR ER T L AR ALS Jp3 FRARFAE. LPS W] 0% TLR4/
NF-«B/YY! {5 S, @R E R mis T A
TR o At e ik s, #ak # 22 o 43 e H IR (GSH)
Bl Sl 3 AN D A M R L IR 5 18 4k 2 (EAAT2)
B AR EiE, S AR YU tau B i FE 0k
Fitk B, RN TS T ER B Ak T A B AR S I TGS
bt lsiEiEYE, JE> G93A-SOD1 AR E R 4E;
THRERIERETH| HDAC y& 1, LiRtRE R W, M
M IELE ALS KA K8 B,

i AR B E A RE O TS W E RS,
ALS. 175 {g A 4 )i 18 A A o RN ALS S 1A
W ATk ALS BBE iR A3 i Treg 40 %k &=, i
— BRI AT RE 5 e G I E X R K
A AR S B phAh, AN FEHIEMN a B E S
(HDS5) w] [ A &K ¥ B8 (Fermentation bacteria) A1 K
Jo i R S B AR R, E B R AL, mA
3 ALS™,

R ERTIR, TiE A R TR 2 B ALS
RV PIRREN, Jp R T 2  2 mJRI)  E Jse )82 AN 417
iR R 2R o, HETTANE ALS, TR i R AR
AT T BR 2R R ALS JEIR

FE PR ZRARAT 1 503 H i 3 A e 225 4 P e S A
S5 W3R 1.

3 Eh5hmEER

— M A DL R A8 B TR A o B B fg ki
2 M, GEIEEh e SON IR SE ke sh, 21
FA — 5 5 T 0 A Jil— 7 A g 4 s 1 IR
3, WSRRA . FELEREY . v VR IK A D% B AT

&, HOR AR R RS RE AT ATLAA 7 A NS R, H
ROR I e ¥ A8 s sl R K3 (6 FA sk 8 A LA L)
I8 P T BE R IZ 3, AN A ST g M e i TA) BRI 25
(high-intensity interval training, HIIT) 2%, 3 G&{# #HL
A G5 K FOHLRE P~ A2 S R AL, HaX M e R AN 2
TERT A I 2k B,

HAT, 1zzlxt i TE w2 e e T A T 90 ih
BB, ANz 3 77 2000 iz 38 TR A S e B A 2
PEo N SUBAIRIIZ B 5 2O 1 T8 AR F R AE SS T
FLHEAT AN S 4
3.1 RMEHSHEER

SVEIZ B 0] iz T8 TR A R 5 AT e S5 LR SO
REBLHA IS AN, Stz a4
1B 45005 B W TE A e 4 R AR A 22 18] e B2 AH
Ko RIZHE BN = HE 1) B0 K 12 51UR WK REEUS N,
WO RPN B _EIRSE BTN i - AR - B R
#li (the hypothalamic-pituitary-adrenal axis, HPA), 5
BOLARE I (L WS B FEAE ERRE ) F1H AR
bl LRI, JRE R ER A T T B R
H G MR-, SHEWE R, ot
115 B i 108 B B AR A R Y. B /N RS
oMz 3 i T R EOE D I AR A R R
(Turicibacter) LA J 38 i 88 B BR ¥ (Ruminococcus
gnavus). 1 TR I\ & J& (Butyrivibrio). Bl 4% 1# )&

*1 BERERSHARITIHERR

P i 1 TR W s R SR
Bl /R % it BRI (AD) JEEELR | T IR CH I 2 40 T TNF-0. IL-5FNIL-6[f1381k, WS (7]
B G 1 UK B 2 AR TR, 2035 AD/I R A S ks
BT 7R 2R 2R Hii L FLFFAINS8 1 P2 N R AR S 2R 51 R T 2 R g [18]
BA] /R 2R 2R TEFUTE . SUEAATE T LD L E RN AT, SR iZohfemang  [19]
i1 42 #%9%5 (PD) WA TR Y S BOT Y Sl k B SRk, i L e- S R A RIA IR S EL [29]
LAty
) 4= AR WUSAT BT FLERFF 1 TR B2 RN, SGEPDER R (EAMAEIR [30]
4= AR TR REMAFET  BEPDRRAMSIEAT, W mERENARmE  [31]

UG R BEALAE(ALS) T RRINE |« AR |
JULE% 20 0] 2R S A FURRAT BT XUBFF I 1

B, AR IE kG
P AR R, ZARALSIN R A K R [38]
WNREEREARL, RN TRIE, BGEE [40]
JiE Bt R D RE

M E B 16 ALS HUR H5 A8
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(Oscillospira) FFEBRE J& (Coprococcus) BT N iz
EARE ™, SRME KL, StEshid i E R
HER AL TT BeA B TR ALAIRAS,  DUENL AR TS B
BRI R Z B, BatEEshiEs g, e
3l 77 SNANIS B 5 A B A [F) 0] 5 350 1 B A R AR A
TEZE S

WA R, EattEshdfEd, PURE RNz
Bl 5 L 5 T A 2 AR, OF H B E R
(Lachnospiraceae). i1 )& (Phascolarctobacterium)
B e 2 BAT B (Akkermansia muciniphila) = ¥ I
Ft, 198 B B B £} (Ruminococcaceae) 7= & T [,
TX G (1) A8 A BR AR {5 izl B EAE S g Bl e Xis
34545 Ja s AR AL H . Keohane 2 B9 5t T 4
ARINIZE) RAE S EIZ B L EERT . H. R IR gIE
HHEARAL, R EE B ) St s B 5 v 5 AR
{8 FEAH ¢ 1) 55 K IR B @ (Prevotella) WA 3= FE
AVRE & TR ACHHE 7y, Rk rE 3238 BRI 212 30 i
MR 5 0. Zhao 25 7 Xl A2 DR f ia
3l 51 b R 5 A AU A AN R A AT 2R A
M, RILSEIZ B AT IS LA A E AT, I
HHLAR B T8C2R B T A9 B 2K 1 (Ruminococcus
bicirculans) %5 B REAANT F= FEIG TN, Ezakiella J&F1%
[ & (Romboutsia) F- £ A%, Grosicki 5 ™ %} 2
5 — Rl v Ak 20 b 28 132 B 53 1 i T8 T R AT
Fs RIUE R o 2 PR B8 T R 3
hn, BEANE A BE 55 2K 1 & (Streptococcus) S5 2 4
R =FFE R B B

HHO AT L, i3 R R 45 A S AR T e ) e
AT AMEIZ B SLBORT L S & R AR, L A
A RE R W TE R N A ) TR E T, AR
P G W R 1) 980 S5 7 T R OSBRI . BE T,
BHEINN, SEis s 2 4 g 8 w022 G B
T IZ3 DR, (H H AT AR WAHCH i iE . A
I, FFiE— IR S 12 B R A i TE s K
AR AR AR IR R G s i AU I B AR AL, X
A Bh T 5 G b B A S A2 B0 0T I T TR A ) S
3.2 EMEHS5HERRE

18 1132 3y T 035 i T T A 4H SN DR i o B
(e A, TR RORE N, ABAS [E 1€ 13 Bl )
WA 3 B B i B AR s A H 22 et BE L RO,
6 ™ H N 7118 3 vl s b W iE J A K, G
B h g, [FIR GRS RN ™. 8 A A
1B A] R L T AN (Actinobacteia) £} 5% 22 1 44
(Erysipelotrichi) %5 7 18 B #F 3 %, FF b g £

RE DR 728 B TR mT e i o e T e R
VA BE LI AR B k4, 7 JE HINT W 303 i i
WA AR, BEIOSUBCRT B LR AT B AR 5 2 K
S AT, SR BRI RS, IR AL/ B
FRIAAL ™ SRR, HUT A] FRAK 5 BE B
']/ WFFER T TEGME, T LPS 548 A TLR [Ri%,
T S LA o 5 2 A B R, 18 Mg s vl &
PR ERAEYIX R, BSOS RIE BRI RE, 0] 2E
[ R AB S TAFH AR : Maillard 55 59 %
NEREEAT 93 10 JA 9 HOT 12k, KBLE3) T HnT
BAIR /N BRI LPS 7P R4 A S ML, RN 250
BEACH 2L, EE AR BOF AR R AR . X
ZRAReRIBHNIEA . 1B NS Bl ) 55 AH K
IR . 535k, H TR KA AL SR e A )
BB L ANAN R IZ Bl 1] T i T8 RS B A4 2 4
FRFZA AR AL A IE,  PIA R 18 1k iz 5)
55 i TE T R 2 1) 52 25% FRRH B OR 3R f K s g ik —
BARFEANIAIE «

SR B RIS 15 B0 i T PR A PR S e sl 5 AL
*2.
4 EBEH5HERITHER

ETIBE e ACE ML IRAT SN, ERIZY
BRI AR AR . BT TER I, R
H I A5 2 s 2 W] B AR IR b
28 IR £ 2 9 45 AN tau BERR AL, H B FIZNTEN
¥ AR NPT A AZ B i 7 T AL TR blig s,
S8 Eizzhit g LR SR CAL [X BDNF &%,
A2 2 O 5 184S B BRI I AR K B
JF L B B s 3 AN A IS Bl TG n i N SOR
PRI HE 2 B R G I 2535 PDET gk 4,
18 11 12 2l 34 2 355 22 6 55 56 96 P B 5 S e VE i e
# (experimental autoimmune encephalomyelitis, EAE)
(R ERARAE Y. BRI, AR, s
bR R R A I (IDO) 1) 23k Al IS LI & &
FS T 384 0 fi 085 1, 3 T 5 800 57 AT B0
SEAh, BRI, I B B N2 E W (Gln) (Y
i B RE S B i@ i 1
5 EEEEREREENIAMEIRITHERRHN
eI

P VR R S AR AE A 22 SR AT PR R R A
RIETRAEREEN, mEEa s iENZ
P RRRA AN 5 S (T T B, i i T A A
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VA ST A WE . Yk AB TR PR
P ISR T T L 5 R T E %, AE AR IR AT
BRI IG hRAE B ™ =3 2 1 A B A
FEE I 1,

2B AT A R W R T S R y-
T T RN LT A DA R £ R IR A5 A 22 3 A
PKF. FES% P g R, 680850 5ERK
i AD /NRAANATE R, BB ], U BB Al

HHT 8 (Faecalibacterium) F-F%, H2 & & B AN L
BRI WK, R BRSO DR R
(synaptophysin, Syp) A & JZJ5i H Syp il BDNF [
ik, M AD NN EIThRE . I 3hRede =
PR N Y AN 5 (Lactobacillus plantarum) F1WE
B BRI (Streptococcus thermophilus) 25 'FF 52 T #f =+
FE, dbmifeat A A M g o . Ak, AR g
SIS R y- TR T RN e HEAR S5 fif 42 0 1 AR

2 ARIEsHFAIFEREERIS

Bk s BB WEFEHT 5 T RFTEs R EE PN
B[]
attizs) P KR Jizsh i JiiEsh A 2h RIS AR R A AR [46]
aMEs R KBfEM 71383 RIFE3) 7 2h  WCORARHNE 3k S LA [47]
StiEs)  Bhiem KIBJEM 71323 BRMIEsin 2h DAL P G g T R [48]
Stz b KB JyiEsh  fEbiEsh i 17h BB R R o BRI o B B0 [49]
SEiEE)  Hb KRFERS 77383 /MR 2h n R i 98 9 [44]
fePEigs Wiy A PREREIE ) 2R RS 6N R WA A BEED Re, M [51]
TIN5 PRE S
Biizs) PO PEREIE) R R 2R 8FE WIEGENUAIIE R R IS R [52]
PER ¥

fetkizzh ik RS e IR

EVEizs)  HITH S o B Bl /INER,
B sz BT FRAERR R IES G R

7R WIS EE . AR . JORE MR [53]
ZRESHHFE

7TH WLAECER BRI SN [54]
I TE A R

1008 ATREAR /N SRR AR 2 BT, 3] ¢
RN, FFSCERA AL, (HizE
REFAR R AR

SE - [55]

1 ABUTH
| taufEER L

| FRERE

T B ER IR AEER

1 ABUIA

| tauBEERIL
| W& RIE

HEEE

1 BEER
T IRHES

BRI
1 WpIzhe

Bl Z5f. BiEERS PIREEENEEIER
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W Y, iz shRe iR e i iE N AL R R . 1] (Clostridium) F-J&, FFARAE % Wb EV A AL

18 By A2 i T R T G S R AR AT
P AR UTRURIFR SR AP 2 JORE . B AR I, A
A AL N B 8 (Eubacterium). % I H
J& ML & (Clostridium) %5 738 T B =F FE Sk 4 i) wh

GRAE WD AR VLR, B KA R B T
S P, SXTIRAALL, 6 g RS S ) A

EWi7/B N N (7 S E DO o - i B
AR BV, BB /N RAAFAHCIZZhAE Y. Abraham
S O T AD BERL, ORI A AR B IS T S
By ] 2 N T R SR A TR T B DL PR AR S Ak
AR E VIR, FEmsE AD . It4h, 83+
nriEE B RS EREORIE, KN RIE Dk
AR B E BRI AT, BT 9 B,
RN RE, 4EFFE BRSSP, PRMKAD K
ﬁ% [66]O

12 Bl T4 A S 1 T R T B A A
¥y, A0 B4 S BOK T . Wojcik-Grzybek 25 17
WA R B, 4078 M Bl VE Bl FR g (ALPL) BEA 4K 7
Bl Al 3G 0K R 3E 4 JEBE B 1] (Firmicutes) FHAR B

REEARENDIKY-, R 2R AT e . 12
12 B)) RE 5 3 G AU B R R AR R AR, PRAIC
LPS KV, i A SOk 18 iz shis
L EARALAK 78 AT (Lactobacillus Beijerinck)
FEXTFERE, AT E L S (CAT) 41 A L B AR
Mg pisa b R0, A, gk T 30 B R G
PR AR 545 s AR, Sohail %5 UV 78 &3,
IS B RE G AT R/ JEEER LU, sZmfE 3
9% [ NI RS RE B T4, T PR AR AR A NLEOK
WAk, 12 B e I 4E ¥ O R AR A
Ji7 6 JE S5 B A I M R B T R,k T O 4R
AT 18 112 B v 3 W A B- AR
JE % M (Betaproteobacteria) =F &, [&] I 1 1 I fini B
B BX AR R IO, BRI I e P e, )

WML JOE, TGS K ThRERI it P07, iz
AR IR PRI BR K, 100 52 1) 100 g 5 e 1)
A (72:73]

4 AHAZHRE LS EEEREARIL,
M i R RE R, PG LPS KF 7. HRIES)
T I R JELRE B 1D 3 B A0 i 1 2 2

=3
|
' | l
MER]
il g wREBrmR,
BERE! TUSATET BEKERE|
AN / N\, [
| SCFAs || TMAO || BAs | LPS | | SCFAs | LPS | l LPS | |T&%§£|
i
/ \- / Toll
ROS
/ — o- syn
~y — l L
R I AR Ll
L : |
— {2

SCFAs: fa#E5/lE, short chain fatty acids;

oxide; LPS: flgZ#¥, lipopolysaccharide; a-syn: o-ZEfitZ%E 1,

amyloid-B; tau: tauZE[.

E2 ZiET e R AN ERT

ROS: Jii144, reactive oxygen species; TMAO: 4L =H}%, trimethylamine

o-synuclein; BA: JHYTZ, bileacids; AB: BIEMFEE A,

14 s R YR AL



113

b

AR, 5. BB IE R AR 2R AT VRSO BT FU e

1505

, TR SO T RS R AL B IR 3 Y,
1z ) 8 4% By 8 1 A 3 3% AD. PD Al ASL
SE R AT VORI 4> TR A LA 2.

6 SHESRE

R EPTR, B 2 2 5 aR AT R
R A R R I R HE BRI . A SRS T
AN RAT T RE R, R BLIE BT 28 i T R A
A RO, T8I T R T R R
AR 7 e, P> AR TR, FEAR S AL BLIOK T
o5 L 5 Tl g, 3R T S A R IR AT VR .
—BHIIEEN . BIE AR AR 2R AT MR =
H Z A ENS A AR, W] oyiashiE i i i v B B
TAAIERATVE DO R AEER MR AR s

{EH BTAHSGAE I R SE 42 M)W, 7 2 )l
A ERANRYT + (1) H5 58 WAL A 22 B AT PR o
KARE R 2> T ALK F 3t — L B 5 (2) i83h T
T Ao AR 4 AR ) 23 1 WL 5 i T R 5 (3) A
Fl3a 5l 7 30 I 8] A 58 5 <550t g T T A 1) 52 7 K
HAEFME - (4) H BT T2 30T Wl E B iE
ZeIRAT YRS R OB 2 JE SRR 7T BL L il
R OB A BT B B2 B TR 50 e AR AT PR
fIAED AR, IR ONIR R IR TT A 25901 A S (8
A

i

(& £ X #

[1] Markovinovic A, Greig J, Martin-Guerrero SM, et al.
Endoplasmic reticulum-mitochondria signaling in neurons
and neurodegenerative diseases. J Cell Sci, 2022, 135:
234-48

(2] X2, FHFE, G IIEREYD: AT 2 RS
PR E . T E R AR, 2023, 530 556-70

[3] Wei W, Wang S, Xu C, et al. Gut microbiota, pathogenic
proteins and neurodegenerative diseases. Front Microbiol,
2022, 13: 856-9

[4] Marizzoni M, Cattaneo A, Mirabelli P, et al. Short-chain
fatty acids and lipopolysaccharide as mediators between
gut dysbiosis and amyloid pathology in Alzheimer’s
disease. J Alzheimers Dis, 2020, 78: 683-97

[5] Zhuang ZQ, Shen LL, Li WW, et al. Gut microbiota is
altered in patients with Alzheimer’s disease. J Alzheimers
Dis, 2018, 63: 1337-46

[6] Wang D, Zhang X, Du H. Inflammatory bowel disease: a
potential pathogenic factor of Alzheimer’s disease. Prog
Neuropsychopharmacol Biol Psychiatry, 2022, 119:
110610

[7] Wen J, Ding Y, Wang L, et al. Gut microbiome improves
postoperative cognitive function by decreasing permeability
of the blood-brain barrier in aged mice. Brain Res Bull,

(1]

[12]

[15]

2020, 164: 249-56

Okin D, Medzhitov R. Evolution of inflammatory
diseases. Curr Biol, 2012, 22: R733-40

Braniste V, Al-Asmakh M, Kowal C, et al. The gut
microbiota influences blood-brain barrier permeability in
mice. Sci Transl Med, 2014, 6: 263ral58

Jin J, Xu Z, Zhang L, et al. Gut-derived B-amyloid: likely
a centerpiece of the gut-brain axis contributing to
Alzheimer's pathogenesis. Gut Microbes, 2023, 15: 2167-
72

Barrea L, Annunziata G, Muscogiuri G, et al. Trimethylamine
N-oxide, Mediterranean diet, and nutrition in healthy,
normal-weight adults: also a matter of sex? Nutrition,
2019, 62: 7-17

Gao Q, Wang Y, Wang X, et al. Decreased levels of
circulating trimethylamine N-oxide alleviate cognitive and
pathological deterioration in transgenic mice: a potential
therapeutic approach for Alzheimer’s disease. Aging
(Albany NY), 2019, 11: 8642-63

Zhu W, Gregory JC, Org E, et al. Gut microbial metabolite
TMAO enhances platelet hyperreactivity and thrombosis
risk. Cell, 2016, 165: 111-24

Jia W, Rajani C, Kaddurah-Daouk R, et al. Expert insights:
the potential role of the gut microbiome-bile acid-brain
axis in the development and progression of Alzheimer’s
disease and hepatic encephalopathy. Med Res Rev, 2020,
40: 1496-507

Quinn M, McMillin M, Galindo C, et al. Bile acids
permeabilize the blood brain barrier after bile duct ligation
in rats via Racl-dependent mechanisms. Dig Liver Dis,
2014, 46: 527-34

Patnala R, Arumugam TV, Gupta N, et al. HDAC inhibitor
sodium butyrate-mediated epigenetic regulation enhances
neuroprotective function of microglia during ischemic
stroke. Mol Neurobiol, 2017, 54: 391-411

Colombo AV, Sadler RK, Llovera G, et al. Microbiota-
derived short chain fatty acids modulate microglia and
promote AP plaque deposition. Elife, 2021, 10: €59826
Hang Z, Cai S, Lei T, et al. Transfer of tumor-bearing mice
intestinal flora can ameliorate cognition in Alzheimer’s
disease mice. J Alzheimers Dis, 2022, 86: 1287-300
Akbari E, Asemi Z, Daneshvar Kakhaki R, et al. Effect of
probiotic supplementation on cognitive function and
metabolic status in Alzheimer’s disease: a randomized,
double-blind and controlled trial. Front Aging Neurosci,
2016, 8: 256-64

Tansey MG, Wallings RL, Houser MC, et al. Inflammation
and immune dysfunction in Parkinson disease. Nat Rev
Immunol, 2022, 22: 657-73

Chen W, Bi Z, Zhu Q, et al. An analysis of the
characteristics of the intestinal flora in patients with
Parkinson's disease complicated with constipation. Am J
Transl Res, 2021, 13: 13710-22

Zhu M, Liu X, Ye Y, et al. Gut microbiota: a novel
therapeutic target for Parkinson's disease. Front Immunol,
2022, 13: 937555

Claudino D, Santos J, Lima M, Brito G, et al. Role of



1506

GRS

354

[33]

[34]

[35]

[36]

[38]

[39]

enteric glia and microbiota-gut-brain axis in Parkinson
disease pathogenesis. Ageing Res Rev, 2023, 84: 101812
Menozzi E, Macnaughtan J, Schapira A. The gut-brain
axis and Parkinson disease: clinical and pathogenetic
relevance. Ann Med, 2021, 53: 611-25

T3, B, BAIE, &5, I8 s T TE v - -
G PR AT DU BT 7R IR BROIE A T BE AT TTE . A2
Ak, 2022, 34: 599-607

Sampson TR, Debelius JW, Thron T, et al. Gut microbiota
regulate motor deficits and neuroinflammation in a model
of Parkinson's disease. Cell, 2016, 167: 1469-80

Mizuno M, Noto D, Kaga N, et al. The dual role of short
fatty acid chains in the pathogenesis of autoimmune
disease models. PLoS One, 2017, 12: e0173032

Kim R, Kim HJ, Kim A, et al. Peripheral blood
inflammatory markers in early Parkinson’s disease. J Clin
Neurosci, 2018, 58: 30-3

Mulak A, Bonaz B. Brain-gut-microbiota axis in
Parkinson’s disease. World J Gastroenterol, 2015, 21:
10609-20

DuY, LiY, Xu X, et al. Probiotics for constipation and gut
microbiota in Parkinson’s disease. Parkinsonism Relat
Disord, 2022, 103: 92-7

Barichella M, Pacchetti C, Bolliri C, et al. Probiotics and
prebiotic fiber for constipation associated with Parkinson
disease: an RCT. Neurology, 2016, 87: 1274-80

Kim HS, Son J, Lee D, et al. Gut-and oral-dysbiosis
differentially impact spinal-and bulbar-onset ALS,
predicting ALS severity and potentially determining the
location of disease onset. BMC Neurol, 2022, 22: 62
Figueroa-Romero C, Guo K, Murdock BJ, et al. Temporal
evolution of the microbiome, immune system and
epigenome with disease progression in ALS mice. Dis
Model Mech, 2019, 13: dmm041947

Bald EM, Nance CS, Schultz JL. Melatonin may slow
disease progression in amyotrophic lateral sclerosis:
findings from the pooled resource open-access ALS clinic
trials database. Muscle Nerve, 2021, 63: 572-6

Nguyen MD, D'Aigle T, Gowing G, et al. Exacerbation of
motor neuron disease by chronic stimulation of innate
immunity in a mouse model of amyotrophic lateral
sclerosis. J Neurosci, 2004, 24: 1340-9

Anderson G. Amyotrophic lateral sclerosis pathoetiology
and pathophysiology: roles of astrocytes, gut microbiome,
and muscle interactions via the mitochondrial melatonergic
pathway, with disruption by glyphosate-based herbicides.
Int J Mol Sci, 2023, 24: 587

Anderson G, Mazzoccoli G. Left ventricular hypertrophy:
roles of mitochondria CYP1B1 and melatonergic pathways
in co-ordinating wider pathophysiology. Int J Mol Sci,
2019, 20: 4068-87

Mandrioli J, Amedei A, Cammarota G, et al. FETR-ALS
Study protocol: a randomized clinical trial of fecal
microbiota transplantation in amyotrophic lateral sclerosis.
Front Neurol, 2019, 10: 1021-33

Zhang YG, Wu S, Yi J, et al. Target intestinal microbiota
to alleviate disease progression in amyotrophic lateral

[43]

[44]

[45]

[52]

[53]

[54]

sclerosis. Clin Ther, 2017, 39: 322-36

Gotkine M, Kviatcovsky D, Elinav E. Amyotrophic lateral
sclerosis and intestinal microbiota-toward establishing
cause and effect. Gut Microbes, 2020, 11: 1833-41
XS, EAE, A, & BB R)M
I AR HUA AL, 2015: 382

Bunprajun T, Yuajit C, Noitem R, et al. Exhaustive
exercise decreases renal organic anion transporter 3
function. J Physiol Sci, 2019, 69: 245-51

Tharp GE. Tissue respiration changes in chronic exercise,
comparison with responses to other types of stresses. Int Z
Angew Physiol, 1971, 29: 195-202

Clark A, Mach N. Exercise-induced stress behavior, gut-
microbiota-brain axis and diet: a systematic review for
athletes. J Int Soc Sports Nutr, 2016, 13: 43

Bennett CJ, Henry R, Snipe RMJ, et al. Is the gut
microbiota bacterial abundance and composition associated
with intestinal epithelial injury, systemic inflammatory
profile, and gastrointestinal symptoms in response to
exertional-heat stress? J Sci Med Sport, 2020, 23: 1141-53
Keohane DM, Woods T, O’Connor P, et al. Four men in a
boat: ultra-endurance exercise alters the gut microbiome. J
Sci Med Sport, 2019, 22: 1059-64

Zhao X, Zhang Z, Hu B, et al. Response of gut microbiota
to metabolite changes induced by endurance exercise.
Front Microbiol, 2018, 9: 765-76

Grosicki GJ, Durk RP, Bagley JR. Rapid gut microbiome

1. 1t

changes in a world-class ultramarathon runner. Physiol
Rep, 2019, 7: e14313

Pasini E, Corsetti G, Assanelli D, et al. Effects of chronic
exercise on gut microbiota and intestinal barrier in human
with type 2 diabetes. Minerva Med, 2019, 110: 3-11
REM. BT EE B T A ML H 20 L7 A PR T
(R Y B Fe i i B SR (D). R LRI E
B, 2018

Luo B, Xiang D, Nieman DC, et al. The effects of
moderate exercise on chronic stress-induced intestinal
barrier dysfunction and antimicrobial defense. Brain
Behav Immun, 2014, 39: 99-106

Wang G, Zhou H, Zhang L, et al. Effects of high-intensity
interval training on gut microbiota profiles in 12 months’
old ICR mice. J Physiol Biochem, 2020, 76: 539-48
Motiani KK, Collado MC, Eskelinen JJ, et al. Exercise
training modulates gut microbiota profile and improves
endotoxemia. Med Sci Sports Exerc, 2020, 52: 94-104
Maillard F, Vazeille E, Sauvanet P, et al. High intensity
interval training promotes total and visceral fat mass loss
in obese Zucker rats without modulating gut microbiota.
PLoS One, 2019, 14: 0214660

De la Rosa A, Olaso-Gonzalez G, Arc-Chagnaud C, et al.
Physical exercise in the prevention and treatment of
Alzheimer’s disease. J Sport Health Sci, 2020, 9: 394-404
Taddei S, Galetta F, Virdis A, et al. Physical activity
prevents age-related impairment in nitric oxide availability
in elderly athletes. Circulation, 2000, 101: 2896-901
Sacheli MA, Neva JL, Lakhani B, et al. Exercise increases
caudate dopamine release and ventral striatal activation in



1M

AR, 5. BB IE R AR 2R AT VRSO BT FU e

1507

(58]

[59]

[60]

[63]

[65]

Parkinson's disease. Mov Disord, 2019, 34: 1891-900
Souza PS, Gongalves ED, Pedroso GS, et al. Physical
exercise attenuates experimental autoimmune encephalomyelitis
by inhibiting peripheral immune response and blood-brain
barrier disruption. Mol Neurobiol, 2017, 54: 4723-37
Codella R, Terruzzi I, Luzi L. Sugars, exercise and health.
J Affect Disord, 2017, 224: 76-86

Coqueiro AY, Raizel R, Bonvini A, et al. Effects of
glutamine and alanine supplementation on central fatigue
markers in rats submitted to resistance training. Nutrients,
2018, 10: 119-34

Mazzini L, Mogna L, De Marchi F, et al. Potential role of
gut microbiota in ALS pathogenesis and possible novel
therapeutic strategies. J Clin Gastroenterol, 2018, doi:
10.1097/MCG.0000000000001042

Carabotti M, Scirocco A, Maselli MA, et al. The gut-brain
axis: interactions between enteric microbiota, central and
enteric nervous systems. Ann Gastroenterol, 2015, 28:
203-9

Shay JW, Homma N, Zhou R, et al. Abstracts from the 3rd
international genomic medicine conference (3rd IGMC
2015) : Jeddah, Kingdom of Saudi Arabia. 30 November -
3 December 2015. BMC Genomics, 2016, 17 Suppl 6:
487-99

Kang SS, Jeraldo PR, Kurti A, et al. Diet and exercise
orthogonally alter the gut microbiome and reveal
independent associations with anxiety and cognition. Mol
Neurodegener, 2014, 9: 36-43

Abraham D, Feher J, Scuderi GL, et al. Exercise and
probiotics attenuate the development of Alzheimer's
disease in transgenic mice: role of microbiome. Exp
Gerontol, 2019, 115: 122-31

Téglas T, Abraham D, Jokai M, et al. Exercise combined
with a probiotics treatment alters the microbiome, but

[67]

[69]

[70]

[72]

moderately affects signalling pathways in the liver of male
APP/PSI1 transgenic mice. Biogerontology, 2020, 21: 807-
15

Wojcik-Grzybek D, Hubalewska-Mazgaj M, Surmiak M,
et al. The combination of intestinal alkaline phosphatase
treatment with moderate physical activity alleviates the
severity of experimental colitis in obese mice via modulation
of gut microbiota, attenuation of proinflammatory cytokines,
oxidative stress biomarkers and DNA oxidative damage in
colonic mucosa. Int J] Mol Sci, 2022, 23: 2964

Assis V, Sousa IV, Ribeiro FM, et al. The emerging role of
the aging process and exercise training on the crosstalk
between gut microbiota and telomere length. Int J Environ
Res Public Health, 2022, 19: 7810

Qo XIMETR, PHEEE, 55, 128055 ) 18 b R A AR 1
KER. R EHL TR 2023, 27: 1292-9

Sohail MU, Yassine HM, Sohail A, et al. Impact of
physical exercise on gut microbiome, inflammation, and
the pathobiology of metabolic disorders. Rev Diabet Stud,
2019, 15: 35-48

Li H, Sun J, Du J, et al. Clostridium butyricum exerts a
neuroprotective effect in a mouse model of traumatic brain
injury via the gut-brain axis. Neurogastroenterol Motil,
2018, 30: 13260

MahmoudianDehkordi S, Arnold M, Nho K, et al. Altered
bile acid profile associates with cognitive impairment in
Alzheimer's disease-an emerging role for gut microbiome.
Alzheimers Dement, 2019, 15: 76-82

Wertheim BC, Martinez ME, Ashbeck EL, et al. Physical
activity as a determinant of fecal bile acid levels. Cancer
Epidemiol Biomarkers Prev, 2009, 18: 1591-8

Shin HE, Kwak SE, Zhang DD, et al. Effects of treadmill
exercise on the regulation of tight junction proteins in
aged mice. Exp Gerontol, 2020, 141: 111077



