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Research Progress on the Role of Gut Microbiota in Mediating Exercise Performance
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Abstract ; Nutritional means play an important role in improving athletes’ athletic ability, enhancing athletic performance and
promoting recovery from exercise fatigue. Recent research has focused on the effects of diet and nutritional supplements on ath-
letic training,but the role of the gut microbiota on athletic performance is poorly understood. Recent studies have shown that
exercise performance and exercise effect were related to gut microbiota, and changes in gut microbiota may contribute to the
host’s athleticism. This article reviews the relationship among different sports specialties, different competition levels and gut
microbiota , moreover, it explains the effect of gut microbiota and probiotic supplementation on athletic performance, which aims

to provide a reference for athletes to improve their athletic ability, promote exercise fatigue recovery and function monitoring.

Key words : gut microbiota; athletic performance; mediating exercise; review

NAA I 2 AL ) AR R R N A LA A i B 1Y
10 {5754, 2200 9 I AR 45 26 TR AN B0 B = Ff
IEFIE BT 3% = 4 B 2 18] 248 45 A0 0 A AR RS
JE R A B 5 e AR R B, il A TR
F8 TR A A gl PRI P R i i T2 S e AR
fiRE TE AL T g S % i R Y A A
BN 2 A BB SIS, 32 Bl Xk MR OB IRE
AEEDRG LN W I S5 A B FE 3 119 17 38 R fE
i 7= e B 1 T8 2R i EAEERR , B PO RS
1M 3 B 5 e i sl AR Z 8] 56 R BT 2 05 4 32
RLE, P, A SCHE T AN [R]az 3301 H %12 3 63 18

s HE.2023 12 - 11

TRV BERT 0T, SRR i AR A iz sh R B
AV S AL, LAY DAz 3l B A PR A 25 850 4 T
S5 N SR HE RS AR

1 BERBENSAEENREERI
PR & AERER

Jiga 10 BRI AR 5 i 00 B B DDA G, A [ A B
TEDIRE AR B A B AN TR] A8 i3l o A 25 9 - i A
BT 4R e 5 A e 5 e B -1 . M e A A
I 1 e B RE T R BB ST AL TR AP BB, H

BEEWB AmaE A RS ST B 1231 FO0 AL RS A4 17 18 B A P VR PRI SE” (2019]01754 ) 3 5 2R 5] A SR %
BT E T E RS G 2 T 1 T AR IS SRR LRI A 5T (€520132)
F—IEEE N LML (1983—) Lo MEIRMN B0, 1L B A Sl BE5ET5 1 8 3 A B R R e f



%13

IRIEAE A T TR iz B R B B AR P 5 0 - 61 -

Bl R ZE I INE < 18 30 5 1 18 R Z [ A7 7E
SEHAE 15 3] 2k i 8 R Y e s S
R S TR AL B, DTS 1 38 30 51 i)z 3R B,
1.l KEEENENEHSHBEEIHERFEMN

T

K iz sh# S AR F ML, K iz
ELp ZB N R IV RS Y RS I B R R H I R /N
A N EE O S 2, DR MRS i T8 A2 ) 22 R 1P ) 48 o
VA {5 J 3 3P 5% R B AR 22— . Matsumoto'®
SRR BT A S iz 3l , ks 3l U
TE TRAE 25 0, T O R B i O TR S 2 Y R T
Z  H g ak 2 - B 5 S (R ( Akkermansia muci-
niphila ,A. muciniphila) 3§ 25 A B B, Petersen'”’ 5
NXFiz gy 535 A A NHE ) i 38 T RE EAT 0 A, R 0
A. muciniphila TE 35 3 51 o 8K A B R I,
A. muciniphila J2&— A [ 26 8 A9 55 2= [RBAPEIR
A, TR AT AE B TE A BER RO P AT AR A
EWIE RGP e R DI RE IR T g AR
B A. muciniphila 38 3 53 @ % 25 (7 A 5 65 BR 5
PR, ELAT PR A T 7 5E 5  R 99 57 TS SR 4 B 4
FH NI 45 1 3205 B A 30 55 1 5 1 38 N RE 77
T3 2 SRR 5 B2 (432 ghlll 2k, BLAA Ay s 1 Il
SAE B A R A R B9 T, A, muciniphila W R & 4 R
iz Bl 5O BE I S5 38 LT 7 A B AR IR R
B[R] & 35 iz sl %) A 3 0 T8 o R 1 22 1k 5 1 A
TEZES
1.2 AEEZEHEMSHEHEFERFNETL

ULAE SR, O #lUE 95 5 R AT WK A AT
BT R AR TR 2 Bh i H 2 8] iE Bl 5L g 1B
TR AE2E IS D BB A A — 1 22 S P, HL I 3 TR A X
B YT RE ) S iz sh R I AT REAATE — E YR
Wi, Jang''" S A LAAAR 5 VAR g X BRAE, % 55 i
2 515 K MLz 3 01 R AT 28 Sl A WU R AR FU B, 45
R B SE 32 30 51 B R 3 R AT R
ARZFHEAT B L g I T R0 S AR A M TR A9 B 8
e, T RO T G R AT 1 R AR, K iz 3
T R A T S T TR ) AR R RUBERT T L R LR AT
TR A5 4t 21 TR B i ey, K P 22 e 10 L AT AT i i 5
18 Bl HEAT 53 9 57 19 TC AN 25 B S EOUL P 4545 2

L 22 JRAE ™, 2 A 45 P 3 TR A 7 2 B R E S
& 52 LA 2R AH G B, {5532 3 5 i 2 L
RIER, B A R 2 o, LR R T 18 £ R
P15 S5 i ) A O T A = B 5 4K B B
HEAT A B ] ) A 4038 B, SR P R TR 4 I R
g NS 7B RN 2 e /I R A
7 A R T T A O AR 3 B 1S, DA T 4 v AL
TR 9% 959 52 BE J1 . Tabone' ™! 45 A X} 8 BF it 735
B B 28 BEAT 16S TRNA I 3 B & 0, 12 36 7
0 T TR ARE ) 25 A R 8 0 o B S O TR
BRI SR EAT R 5 8 W, X R Y
o 58 K I R R 17 46 az 3 (14 32 ) B i 3 B T
IR A | A A RS AR B A B
BRMT . ANFE LTS8 0 55 R R
FARX 5 L I0E F e ) i 4 = B UIAE G, BLAR
PSR L 1, NE 1 ATE R, RAsshmH
Z 0132 3l 5% 1) B 18 TR RE AR T R A AR 25 S B
i ks 3l b1, b g RS AR - B o 2 IR R
B3 T, HH AR BhIZ 3h 56 & E Rk, TR
Iy 5 s e EARH 25 6 U IR T R AT R SR
MEH TS EWA T Afr s i mEis
g B R ARGE B ST R s B, o TR T
PURIZ Re s, H 5 A FAR A O B 3= B A B g
I, AN E s H 2 [6]42 2)) 5 B i B e A fh o= 5
Tizsh TR iz dh i FE b R R I AELL X B
BRI, W 38 R AR fb 2 S T R iE 2h B B e
HIHFERR oK

25 LTIk 18 B BB W A RS T TR Y
RN B B, A A A b A 2
(A AR B 30 S (Al K A B 0 B 2 AR R
WA ) 38 12 55 ) nl 1k 1 32 R ok 45 5 42 sh Al
fig, KUk, ARz gh % S SO AR BT 7 A2 RN
], Sk Tl 32 Bl v 1 R R T RE | 3 T R Y 3
PEAR RS N T 48 5 g 6T BE VR A R G S R
R AN L 0052 2h 5 38 B R I AR A B I H 4y
S (H A S 1] T 0 A2 Bl By B AR
SR HEIZ B RE T I R R

http ; //xuebaobangong. jmu. edu. cn/tyb/



62 - ISP ROy 429 %
F1 BEERBHEAREZHEI SN SHERRE
VR S x5 WL Al
ka0t ki PABCEOIEE o SRERE UL SRR R IR R A A
e . N Y e A Bl 2 3 5 I 1

Donoa 2000 iy AT ICTE SR LT EAI ST TS A R A T
T LR 5 T 35 3 LG LA AE )
- ;‘; t
Bressa 12017 LM Higsh 5 s POBUBEFF B | 5 ERAT BB A 3 13 0 2 4 7{‘;5"% AT L
bt o007 iy IR CHR BUFF 09 R B, UV B Bk L)
elersen T R B (LB

FURT B 1145 K AL & W 0 K B o

JERER AURT B 2k T R T AT 1 B F 3

Moreno!'°2018 i M52 5h 51

DIASE, B2 AL 2 R |
Z R LT R LA MR A R 5

B, BRI IR | 2 R AT

DA K FEBR TR 14 22 R 0 25 AR

Liang''"12017 POl Az 3 7

Bielik!®'2022 AfT 4 is3sh b

KT B

a3 PN R G T SO R T ) = B 25 e
FniE N FLIRFT T | VSR BEAT T ™ L S i 117 2 1) A

R R R U T A D) S B

(% XA R RS R RN AL EPS

%7 AT RE T RE S i A S
L RIEI BN

i1 R BRI B 5 R R

[ iE N AT BB B IR RL ST B FLRR AT

A IX ] fE 5z g L TR fE

intikkal s 5 R 92 BR RO AES 2 ARG, 20 B LT 1 _— a ;
Hintikka' 2022  #&izdhb Z{i;;izfi’zmﬁﬂﬁﬁﬁéﬁ R WCEAT T S T2 B T U R 14 T 4
ks SR i2 3 AR G RE
R —— T TR PR (00 T B 0 AR A A T R AR, R R T 0 6 o T LA AR R A
ulecka HNARIE B @@J\Qxxﬂﬁéﬂﬁﬁﬂimfiﬁﬁiﬁﬁﬂ A RO S5 A A
Beon(*12018  BUBERIZZH B G N R R IR TR AN T RRER RO AN T R R R B0 AT B T
arton L v B s B8 BACERE

12 30 B3 i N R TR R R e TR

Morishima'*'2020 it 1132 5 51

pai

G LIRSS TE S )l

e DA AT 1 10 38 T 2 2 4 v
i TR AR R A A B v A
FRAE

hizs

1.3 ZRAKEFREHEIRGEFFHFHTHL

W iE RN 318 Bz sh R P A BRI ER
B3z 3 38 H K P 19 S AT BBt 2 i 24 i 18 o4 B A 1Y
Ak . WA K - Scheiman ] PAZE { Nature Medicine )
RFRBEFEEAA X 87 £ 0T oAz Bl 5 3R R 2
AT 3 I T, b 5 2 TR T i o Bt 25 42
1, K NZEASE v 43 15 1 4 B A 5 2% [ BR B RS A 3] 1
H/NR AR S /IR L 6 32 B0 2 ) v I R B e S
BISHER 13% 3L IR AW R, iz 3h i 2
Hh AR R R B U B LR AT i A N, R S R IR ER
B PR o3l e Ak T EE HLAT AT B IR, B S T

MR VA 3= sl iz i 75 =X i o Jes e AR ER R ey g
P54 57 HL A B LR HE AR ol Bl ik i vhoi 57 1Y
KDY Liang! AEXT 12 4 K12 3 BRI 16 44
1RG5z 3 51 A FEME JEAT A, 45 R Rk B s Kz 3
T S A 2 A B TR E
) G5 He P AT TR & AU B 7R S K Tz 3l
BN R, 0 R TE AR ) is 3h 5 b BN
B, R 22 S AR B S R AT RS K iz Bl G R
P12 S kS BOHAE 73 i A ] BE W54 Joa J T 5
LTS T8 N TR A 1) A R TR R 1k
KK V2 8l B AR BR /KT I 5 7K W12 8 B AT

http ; //xuebaobangong. jmu. edu. cn/tyb/



%13

IRIEAE A T TR iz B R B B AR P 5 0 <63 -

T 535 22 5%, DR gl R B 7= A 4 e s sh AR BAR O
AT

W 1 R, mKF s 8 L B R R R i
i T R A A R B TR PV AR i R A 22 R SR
W sk RGRCR E ARG IR AE
FAl R, X i 327 AR AR R R 5 53 MRE 53 1 il BB
PRt nl REATAE TRGICi2 3h 51 v, R 5 A B 1 BT T L
IR £ 27 4 4 1 Hp S SEAR I A P QI , AT 4 7 =

PR S g LRI, T2 g iz sl R B,
£ LA ZHLH B RE 1 K-z 2l Boa i 4R il
PR AE M PR 2 R 4T | s i A i I LR G A K
RE QA5 T T2 Bl SUHLIR A9 I ) 942, H A&
N T iz B Bz gt B R RE R R, Uk s B
GHLIRRYTR 32 B8 7, LAk B9 502 50 5138 S RE T B
Ks sl I H

BKFE BHREH
RKFIENR
RS AR
SHEHAE @? L
TEWRIINEE |
®) N
L BRLRS _
SRBEHIE | S ‘ T :
PR R
@ mRAmE |
~ [CTEToE LR
J‘xj/ . \J\m .
ﬁ ft] n ! (+) Acatsie Prepiosats [—,
SESSSES K BRAAAR

B1 BERHNTSSEKFEHNREHRAKERISE

2 #HrEERNEEDEREEEIER
e TRIR N

UTAE R, HH OGO FE Al 1 BUAE W 1R RE X 3z B AL
Gt IR AP A 25 A B A B U 1) B2 Mk
I, 35 SR A i IE A E R AT RE R A B LS T
REFI B P ARIBCE Z2 RE RV 7,32 3 LA N AT 23
AR ] AR ROt A A 2 Atz 2 53 B b LA
P s R R, B T E T REAE B B T
PEALE IR T, A B s 3 Az sk-F . WF5Eak
WA s s R s B By R LIS
KAL) ARG 107 ) TR 24 O 2 i i 3 T A
LA WA 25 L SSOR 23 Ak i 7K AL 6 00 7 21 S g 07 TR
SFEEVERPY . Hsu' ™ SRWRSE LR T IE H TOHR IR A

(SPF) JCH ( GF) Fl & A Me 554U I ( Bacteroides fra-
gilis gnotobiois ) /NI IF UK BE 1, & I GF /1N B 1Y) I
VK e T A, SPE /N BRI, 2R W AE I 1 A )
= RGO B HLRE T RE . A RSE R, 45
2 A AT LA e 147 288 2l 1 M 3 R 0
FAIRZS ) T 2532 3l 5 WK e ) B d ik i
s s s R, E Priz 8E F7 52 2 (1SSN) ko 43
RIS ) BT BAT T RRRS S AR T 43 B 58
RUFE2,

PRIt , b 58 4 28 A B T 2GR I T SR 25, T
e QI s 57 Pk &2, DA T 35 Bl iz 3 B3 48 v 38 3%
AEST . FIR A8 A R AN 78 (14 I 1Y Hh i 22 1) S LI AT T
J OSSR B, T X Atz Bl R O A S B Ak 19
KIERNETTE A FRRASZ T

http ; //xuebaobangong. jmu. edu. cn/tyb/



64 - P R %20 %
%0 HAERELEDE OB
frE— e TR T 2%k
BN S B AL
o ‘ ) VT T A MR ) Ak T 48
N g ) 3 3 7| == ?Q—t %,:
MR KRS Ak VK fp e g T B BRI o,
SR
b
AL b 327 gy R B0 RSB K
7 SMO327 B ETL s e L BURT H 2578 2
FFE DSM 32787 . Bl T W% 2L AT W1/ BLE 205 10 1L W FL G i
AR SRR DsMaTss R BERLR @ psw Lol i) LR R 0]
a1 DM € AL AP0 T8
2 A A/ T UL o
Frk 4 JA 8
Beis
AT 2 B AR T AR
L EMRAE B ST, 5t IR B R 7 2
KB oo (OCOITRERRLREI0K S e R et iR L
A PP T
AT 28 TH AL /I B R B 7
- N WUk 36 1 AR 6 1 6
A ‘ﬁ //[\- ‘Elé.ﬂk un/ S _ N N o N "
G, VABLDAER G AUTREILTE CNCMIS663, e - s s R L, SR [32)
e Fi2 4 Ji REE| B RAHFE, I
BRIESUE T 25 A W A A IS i3
1 L 3 B LR B 0 1 D
" WIS RTURE I GRS, RhTCaE A B 2 B Bt 5 X BRALH L
TN vt i N ,
S ML e U R R AR B 0 ROCR A PTAS, EGE [39)
e . oy $5 8 J U ki H 2 PAIT 400 KT e ) 4
M7 2 T AL A T R LB
T RS el pT S p )
B LR gy BRI PRATURT G Ly o e i 500 bl B i 95
Ean g o o LR FURBR e e
A ¢ 0L FF B L FE B I 4 : :
HEBRET, 555 4
o UM ARGz RRERR AR W2 s IR I,
AR v prgrap iy oo ST A WSURISRIT WS4\ oy e gt T sgiebens Tiz [35)
tEa s AL, WERRILRF W22 IR W3 A o ST,
n: VRPLALITI W22 JIFATA | B
FLRRFLEREE W58 [ F54E 12 JE
WFEAE TG B S 5 % HE 2
R T S ‘ Lz F i
W i s, IR SRRy AR TR E

pIEA

TWK10, ¥F4E 6 JH

B B g A R A — E R P L AR
WuigE iz sh R

3.1

3 BERBENSEIHIRIABNER

P

FpiE E BHA T B B R AR 5 R Th

18 3l BRI 8] ) ) 2052 Bl 22 WU i 1 A P

HNGE 28 G822 18] 1) -, 24022 Bl s 1k, 7= R AN )
P HE ) N BE 2 LAE A1 H B 4505 , 75 R A6 IR K
O LR TGS 8 I B AE AR ; i 542 3h 5 1 1Y
ISR I TN TE A AE , J6  BRERT T 1R BR bRl A1 I3 1A
PR T D00 =F ' R, i FLRRAT B e 1 s R
1z 3l R AR 5 B s sl 2k ImiE R SRR

RESZNMIZ BRI

http ; //xuebaobangong. jmu. edu. cn/tyb/



%13

IRIEAE A T TR iz B R B B AR P 5 0 <65

LT 80z she 1 0y T B, H 2 I W iE i
(Kl 2a) , —JAF5E A B, A ) B4 iz 3l 51
FEA RGN 21038 E AV 2 AT TR = 1 o ELAIE 2R TR
JilHE 2 | 3 AT RS A Y R IS B Ir U T A A
ZALA LY Karl ™ S5 AL 73 44 4 5 5 N5 1
O LA U 5 AT ZE I S50 U W 3 TR R A T
W9, S BN ZR 10 30 18 6 M i A v T 62% , Il
B A - 6 BN, B B R & R AR
Yy 25 ek R AL B ER TR R R AR R | IR TR
J& A IERRER A B SR I R A5 AR A HE
THF S0 A ) g RS B R ) B R E R R
A%, M3 A 98 B 1, 24 AR 4 2% vh & B0KS 2
iR A I 2 R B LA xS 2k SRR R | R B3z Bl AT
T A TE R B D RE 8RR 18 B AR Ak S AR
AR R RO T B DR AP T T e 2 — TS Bl
3 T8 AR R AR Ak rT 4 T i 3 R 40 i ) PR
Ep&5 R R A SR A BT 5 B0 i 1B T e 3R
fil. FAEKAGREXZI R BRI EXEE B
TE PR A A 1 R i G M A0 R A A A AR K AR
A YRR KA BB DI RE Y SE 4K, TR A 1 N, 1
I8 B BRI TR s b R RE B TR R ]
FUABESE I FLAT 1 A0 ) R v s =5 BER I, ] i
FAE 1 B AN 43 CL , T AR i T 7 2 6
JES R R KA BRI DI AE R LT, 2 3
A TE R R AR b, BT 3G 5 i 8 Bt B D) 8 | 34 5
Jr T8 7K A S R A A B T %o o A - b 21 28 56
EEEM.
3.2 MEFEENSEERERETZINEINEE
EFEOLN B v e AR BT e T R AR )
M MELLTH AL I 220 — R0V R B B A 1 B g
HFE, 3 A — 43 43 o K 4% A8 W R ( short-chain
fatty acids, SCFAs) 5% W g £ fl Fé, 11z 3 o #2
ATP/ADP W LUAE T B, BRI 4% i #% LK &= IS AE , T4
A AL B AR T BRZ AR TS R IR T K
T 85 11Ut , ] TS AMPK/PGC-1a 3 %, J0 3B
B WU SR A 0 D eI i, 398 5 M S5 B 1 T R 114 4
b, 7= ATP D)4 R R R A9 A 1 1 g 3 T AR
S fE EEATM E 2 BT H AR T e iz ghid
B LA 17 P 8 b ) ML A AL, B 3 P A e R
SCFAs #] ¥ I% AMPK/PGC-la i %, 5§ PGC-la

mRNA N R IR 340, £ ok 4ok i 5 i -5 Dy g4
SR, T R JURHE SBORIIE W R 1 S8 AL, AT 7252 3
AR R R A AR AR, B4, SCFAs
i Z R e HERE I B9 G R, 15 AT AR AL A
BA# , 7] BE /& SCFAs #7% AMPK ( AMP-activated pro-
tein kinase ) 1, Jl 3 H # UL GLUT4 mRNA 13
IR, 9 0mA A H Y B5 JBCRE ), 28 T 34 5 JLARE It
(5 U, 380 L PR B A i 77 5 SCRAs 38
Al 5 G 3 B Z 1K FFAR2 (free fatty acid receptor
2) Ml FFAR3 (free fatty acid receptor 3) 454, Hil o it
A5 CWEREE A mRNA G 06 P 12 2 1 245 1
AR5 1 iR R 1D TR LA , 228 T ) 252 e W L 5 i
f 7 (P 2b) o i f T8 R SCFAs 43 A5 m T
(¥ BB T, TE4ERF SCFAs /K- 14 20 25 - v il 3]
BRI, SCFA % i 8 IR 4 T4 Wik 1 fit
UPERR KA S WA B, U R A O ER TN
WAk JELRE B A T R AR BRI AT 2
Bl RAE R E AR 7 A A R BE AR W R K P-4
o, AT 2 1iE 32 RE R AR, LAY sRis SR, $2
K
3.3 MEREAFEEIABAEHZINERE

fEis st i AR R sl AR S e g
MR Z LR , FLIR 7 A 252w B B LA AR
R Pl S5 BBV S EL, g A
P57 TG Fis s R, M mIE FERE A2 1) SCFAs,
A Z R e LIRS, 2Rtz sh ko7 . f
FEAR], SCFAs T 45 7L W2 % i 1R 1) 35 5 1% 1k 4
SR, IR LT LR A HEAR, B 3hid #E v, SCFAs
LA R T FLRR B s AR 1 FIFLIRFL s 1A 4 1Y
FIk, WY FLRR ML 1] J&) DR e iz B9 RE ), A7 1D
T D FURR A HE AR, DR B T IE s 5T . Ak,
SCFAs i Al JE AZRLAR b 2 5FLRR RS, 754 Az
BNy, SCFAs TEFLR i 2 i A9 HE AL A TR, alfE LA
HFLIR 2 SR, i AR Th 2 5 = R IR 1A
I, B K53 it K R A BRHE R AR A1 (1] 2¢)
XA Ry iz gy B b e ) /DA BN 78 1 HL AT 98
BRI RS T TER . B3l iU IE R
RERUA A2 AL 50 1 FLIR VS BR B8 1 iy 5 ok, T 22
fif i 55 IR THz sh R M

http ; //xuebaobangong. jmu. edu. cn/tyb/



* 66 - (ENEREES TN 529 %

Intestinal injury

Normal Permeability changes |

Gastrointestinal disorders

Bloating, nausea,

Prolonged strenuous exercise
cramps, and

> diarrhea, etc
Immune system
Intestinal flora - . ; i
Disturbances in the intestinal flora
*{ Rumen tumococci, butyrococcus and spiroohc(csT
Unbalance .
Lactobacillus spp
PGC-la mRNA
o

Co ¢ (b) ° o
B Pl T

Synthesized e T

-
y- > sAMPKIPGC-la 3 3 ~ i,

]

'

L]

:

: ignaling pathways

]

= ot
L)

a oA

! m Synthesized ‘s, . .

. 1 e st o nges
i w4
L)

L]

]

L]

L]

]

]

'
'

]

]

i

! [
- Acetyl-CoA mRNA !

FFAR2 ) . T !

> '

L}

]

]

4 [

( c ) ey Glycogen synthase !

' transporter IT o !
' \ . a» actale 5 Mitigation or !
: o O gy prevention '
. - & 1‘ —»  Lacticacidbuildup  — 3  Exercise-induced fatigue |
| . 1

1

]

Muscle cells

GLUT4 mRNA

Ll

)

1

1

i

1

Glycogen ]
- '
e '
1

)

]

)

1

]

]

Aerobics

2 ]
HO

CO.
0
" LDH I TCAcycle J
o ————3 CH—(C— O —> . _— ﬁ

Lactic acid Acetic acid

2 BERBENSEIHRATHERIE
I3 - SCFAs , JTHERR IR ; GLUT 4, ] % B % 32 1 4; Glycogen , B I ; Acetyl-coA , Z LA i A; FFAR2, G & B 1K 32 14 2;
FFAR3,G #H HMBIEESZAK 3 ; Lactic acid, FLER ; Acetic acid, BSHR ; TCA , = RIRTEFF ; Lactate transporter 1, FLIR¥4IZ 1K 1; Lactate trans-
porter 2, H IR a2 ; Glycogen synthase, A il ;LDH, FLIR I & il

M m A —EME . NI, I &s s SC R e S R
A 25 R sl R R Xz 2 51 8 i HE AR ST A EE Y
BEFAE . AR AIBIFTE L 12 R T HE S 2E 1 i 30

4 INEEREE

1o 7K Bl R 2 G A R QI 7 1k
i, L8 A Fh 2257 LA 0 A A T B T AE S,
111512 1% 57 ek iz 3y 53 KA I 25 28 5 22 i 3 A ) L
BN 78 45 A2 BN 328 3l B3 17 308 B RS2 ) B9 T 54T 4
A ARERII B FEUERA T b FE 45 AR WA I8 2 B s S RE )

Fr FZ 22 A5 BT IR R iE M E MR 12 3l
BB BRI Kz gl BN B/ IBLE , T & ek
AN LAV AT LR B4 i TE TR A, AT 5 ) 57
(132 Bl R BURN e HE B R A SRR KT

http ; //xuebaobangong. jmu. edu. cn/tyb/



%13

IRIEAE A T TR iz B R B B AR P 5 0 - 67 -

[1] BARKO PC, MCMICHAEL MA, SWANSON KS, et al. The
gastrointestinal microbiome ; A review[ J].J Vet Intern Med,
2018,32:9-25.

[2]NAQVI S,ASAR TO,KUMAR V et al. A cross-talk between
gut microbiome, salt and hypertension[ J ]. Biomed Pharmaco-
ther,2021,134.111156.

[3]ZHANG S,CAI Y,MENG C,et al. The role of the microbiome
in diabetes mellitus [ J |]. Diabetes Res Clin Pract, 2021,
172.108645.

[4]SAFARI Z,GERARD P. The links between the gut microbi-
ome and non-alcoholic fatty liver disease (NAFLD)[J]. Cell
Mol Life Sci,2019,76(08) :1541-1558.

[5]DAO MC,EVERARD A, ARON-WISNEWSKY J, et al. Ak-
kermansia muciniphila and improved metabolic health during
a dietary intervention in obesity : Relationship with gut micro-
biome richness and ecology [ J]. Gut, 2016, 65 (03 ).
426-436.

[6 ]MATSUMOTO M,INOUE R,TSUKAHARA T,et al. Volunta-
ry running exercise alters microbiota composition and increa-
ses n-butyr-ate concentration in the rat cecum [ J ]. Biosci
Biotechnol Biochem,2008,72(02) :572-576.

[7]PETERSEN LM, BAUTISTA EJ,NGUYEN H, et al. Commu-
nity characteristics of the gut microbiomes of competitive cy-
clists[ J]. Microbiome ,2017,5(01) ;98.

[8 ] KULECKA M,FRACZEK B,MIKULA M,et al. The composi-
tion and richness of the gut microbiota differentiate the top
Polish endurance athletes from sedentary controls [ J]. Gut
Microbes ,2020,11(05) :1374-1384.

[9]BIELIK V,HRIC I,UGRAYOVAS, et al. Effect of high-inten-
sity training and probiotics on gut microbiota diversity in com-
petitive swimmers; Randomized controlled trial [ J ]. Sports
Med Open,2022,8(01) :64.

[ 10]SCHEIMAN J,LUBER JM,CHAVKIN TA,et al. Meta-omics
analysis of elite athletes identifies a performance-enhancing
microbe that functions via lactate metabolism[ J]. Nat Med,
2019,25(07) :1104-1109.

[ 11 ]JANG LG,CHOI G,KIM SW et al. The combination of sport
and sport-specific diet is associated with characteristics of
gut microbiota; An observational study[ J].J Int Soc Sports
Nutr,2019,16(01) .21.

[12]TABONE M, BRESSA C, GARCIA-MERINO JA , et al. The
effect of acute moderate-intensity exercise on the serum and
fecal metabolomes and the gut microbiota of cross-country
endurance athletes[ J]. Sci Rep,2021,11(01) ;3558.

[13]CLARKE SF,MURPHY EF,’SULLIVAN O, et al. Exercise

and associated dietary extremes impact on gut microbial di-
versity[ J]. Gut,2014,63(12) :1913-1920.

[14] ODONOVAN CM, MADIGAN SM, GARCIA-PEREZ 1, et
al. Distinct microbiome composition and metabolome exists
across subgroups of elite Irish athletes[ J].J Sci Med Sport,
2020,23(01) :63-68.

[15]BRESSA C, BAILEN-ANDRINO M, PEREZ-SANTIAGO 7,
et al. Differences in gut microbiota profile between women
with active lifestyle and sedentary women [ J]. PLoS One,
2017,12(02) :e0171352.

[ 16 MORENO-PEREZ D,BRESSA C,BAILEN M, et al. Effect of
a protein supplement on the gut microbiota of endurance ath-
letes : A randomized , controlled , double-blind pilot study[J].
Nutrients 2018 ,10(03) :337.

[17 ]LIANG R,ZHANG S,PENG X, et al. Characteristics of the
gut microbiota in professional martial arts athletes: A com-
parison between different competition levels[ J]. PLoS One,
2019,14(12) :e0226240.

[ 18 ] HINTIKKA JE, MUNUKKA E, VALTONEN M, et al. Gut
microbiota and serum metabolome in elite cross-country ski-
ers:a controlled study[ J]. Metabolites,2022,12(04) :335.

[19]BARTON W,PENNEY NC,CRONIN O, et al. The microbi-
ome of professional athletes differs from that of more sedenta-
ry subjects in composition and particularly at the functional
metabolic level[ J]. Gut,2018,67(04) :625-633.

[20 ] MORISHIMA S, AOI W, KAWAMURA A, et al. Intensive,
prolonged exercise seemingly causes gut dysbiosis in female
endurance runners| J].J Clin Biochem Nutr,2021,68(03) :
253-258.

[21]MOHR AE,JAGER R,CARPENTER KC, et al. The athletic
gut microbiota[ J]. J Int Soc Sports Nutr,2020,17 (01) .
24-57.

[221SANCHEZ, B. DELGADO, S. BLANCO-MIGUEZ, et al. Pro-
biotics, gut microbiota,and their influence on host health and
disease[ J]. Mol Nutr Food Res,2017,61(01) :1600240.

[23 |HIBBERD, YDE, ZIEGLER, et al. Probiotic or synbiotic al-
ters the gut microbiota and metabolism in a randomised con-
trolled trial of weight management in overweight adults[ J ].
Benef. Microbes ,2019,10(09) :121-135.

[24 ]FLINT HJ,SCOTT KP,DUNCAN SH, et al. Microbial degra-
dation of complex carbohydrates in the gut[J]. Gut Mi-
crobes ,2012,3(04) :289-306.

[25]HSU YJ,CHIU CC,LI YP,et al. Effect of intestinal microbi-
ota on exercise performance in mice[ J]. J Strength Cond
Res,2015,29(02) :552-558.

[26 ] DUCRAY HAG,GLOBA L,PUSTOVYY O, et al. Prevention

of excessive exercise-induced adverse effects in rats with Ba-

http : //xuebaobangong. jmu. edu. c¢n/tyb/



. 68 - NS

il

2,
&

e 29 &

cillus subtilis BSB3[ J].J Appl Microbiol ,2020,128 (04 ) .
1163-1178.

[27 JUNSAL C,UNSAL H,EKICI M, et al. The effects of exhaus-
tive swimming and probiotic administration in trained rats:
Oxidative balance of selected organs, colon morphology, and
contractility[ J ]. Physiol Int,2018,105(04) ;309-324.

[28 ]JJAGER R,MOHR AE,CARPENTER KC,et al. International
society of sports nutrition position stand ; Probiotics[ J]. J Int
Soc Sports Nutr,2019,16(01) ;62-73.

[29 ]CHEN YM,WEI L,CHIU YS, et al. Lactobacillus plantarum
twk10 supplementation improves exercise performance and
increases muscle mass in mice [ J |. Nutrients, 2016, 8
(04) .205.

[30]HSU YJ,HUANG WC,LIN JS,et al. Kefir supplementation
modifies gut microbiota composition, reduces physical fa-
tigue,and improves exercise performance in mice[ J ]. Nutri-
ents,2018,10(07) .862.

[31]SOARES ADN, WANNER SP, MORAIS ESS, et al. Supple-
mentation with saccharomyces boulardii increases the maxi-
mal oxygen consumption and maximal aerobic speed attained
by rats subjected to an incremental-speed exercise[ J]. Nu-
trients ,2019,11(10) :2352.

[32] GIRON M, THOMAS M,JARZAGUET M, et al. Lacticasei-
bacillus casei cnem i-5663 supplementation maintained mus-
cle mass in a model of frail rodents[ J]. Front Nutr,2022,9.
928798.

[33] SALARKIA N, GHADAMLI L, ZAERI F,et al. Effects of
probiotic yogurt on performance, respiratory and digestive
systems of young adult female endurance swimmers: a ran-
domized controlled trial[ J]. Med J Islam Repub Iran,2013,
27(03) :141-146.

[34 ]SHING CM,PEAKE JM,LIM CL, et al. Effects of probiotics
supplementation on gastrointestinal permeability, inflamma-
tion and exercise performance in the heat[ J]. Eur J Appl
Physiol ,2014,114(01) :93-103.

[35] STRASSER B, GEIGER D, SCHAUER M, et al. Probiotic
supplements beneficially affect tryptophan-kynurenine metab-
olism and reduce the incidence of upper respiratory tract in-
fections in trained athletes: A randomized, double-blinded,

placebo-controlled trial[ J ]. Nutrients, 2016 ,8(11) ;752.

http : //xuebaobangong. jmu. edu

[36 JCHENG YC,LEE CC,LEE MC,et al. Effects of heat-killed
lactiplantibacillus plantarum TWKI10 on exercise perform-
ance, fatigue, and muscle growth in healthy male adults[ J].
Physiol Rep,2023,11(19) ;e15835.

[37 ]GROSICKI GJ,DURK RP,BAGLEY JR. Rapid gut microbi-
ome changes in a world-class ultramarathon runner [ J].
Physiol Rep,2019,7(24) :el4313.

[38]KARL JP, MARGOLIS LM, MADSLIEN EH, et al. Changes
in intestinal microbiota composition and metabolism coincide
with increased intestinal permeability in young adults under
prolonged physiological stress[ J]. Am J Physiol Gastrointest
Liver Physiol,2017,31(06) : G559-G571.

[39 ] MACH N, FUSTER-BOTELLA D. Endurance exercise and
gut microbiota; A review [ J]. J Sport Health Sci, 2017, 6
(02) :179-197.

[40]KEELY S,KELLY CJ, WEISSMUELLER T, et al. Activated
fluid transport regulates bacterial-epithelial interactions and
significantly shifts the murine colonic microbiome [ J]. Gut
Microbes ,2012,3(03) :250-260.

[41 ]HA CW,LAM YY,HOLMES A]J. Mechanistic links between
gut microbial community dynamics, microbial functions and
metabolic health[ J]. World J Gastroenterol ,2014,20(44) .
16498-16517.

[42] MIKA A, FLESHNER M. Early-life exercise may promote
lasting brain and metabolic health through gut bacterial me-
tabolites[ J]. Immunol Cell Biol ,2016,94(02) :151-157.

[43 ]MORRISON DJ,PRESTON T. Formation of short chain fatty
acids by the gut microbiota and their impact on human. me-
tabolism[ J ]. Gut Microbes,2016,7 :189-200.

[44]1CORREA-OLIVEIRA R,FACHI JL,VIEIRA A, et al. Regu-
lation of immune cell function by short-chain fatty acids[J].
Clin Transl Immunology,2016,5:€73.

[45]LOUIS P, FLINT HJ. Formation of propionate and butyrate
by the human colonic microbiota [ J]. Environ Microbiol,
2017,19(01) :2941.

[46 ] BROOKS GA. The science and translation of lactate shuttle
theory[ J]. Cell Metab,2018,27.757-785.

[ =RfEHmE IEF]

. en/tyb/





