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Abstract: Exercise-induced fatigue is a common physiological phenomenon caused by continuous overloaded exercise. The
three main proposed mechanisms underlying exercise-induced fatigue include energy depletion, accumulation of metabolites
and induction of oxidative stress. In this paper, we summarize the anti-fatigue bioactive compounds recently discovered
in foods and their application as an ingredient in anti-fatigue products. This review is expected to provide new regulatory
targets and research ideas for screening for safe and effective anti-fatigue bioactive compounds and offer a theoretical basis
for developing novel anti-fatigue products.
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(antioxidant response element, ARE) %54 G IRshHTA
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Fig. 1  Potential molecular mechanism of exercise-induced fatigue
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Fefgt s ALK AR, Nrf2fii 2iKeapl, [H40H0#% N
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JE AR A B R, AT AR B E A B R
BT EE B, ARV EE R AR, Nrf2i
EPRMARE RN IEHO-1. AL )EEF1 (quinine
oxidoreductase 1, NQO1) . M-It & & 2 BL By
AL IE 3, (glutamate-cysteine ligase catalytic subunit,
GCLC) . WMEAEIEE AL (thioredoxin reductase 1,
TXNRD1) 5[ RE, [F Ity od i 42 3 R % 1
(malic enzyme 1, ME-1) , FAFER BB A
] 759 W - 6 1
%M (glucose 6-phosphatedehydrogenase, G6PD) . 6-Ti
P75 %) BE R I &Ll (6-phosphogluconate dehydrogenase,
6-PGD) Z 5 it i A4l 11 (nicotinamide adenine
dinucleotide phosphate, NADPH) 45, NADPH/Z
TS BEH K (glutathione, GSH) MR EEE A
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EQIUE=REA IR & INPAE (AR ViR o<W | Pl AN S et i
2 K.

Nrf2 5 i SRR i 107 B2 A I 32 . 75 &5 AR Rk B2
Ao A S (%) DG 76 260 B B FR B B R KR R WT . Keapl-KOF
Nrf2-KO/) BRI R ET 4E4HEEMEFs, 25 ZHMEFs4H i (¥ +E
AFE L ATPARE . KRR IRZIH BEZ R, H
HKeapl-KO MEFs4 il I Nrf2 3R 5 & 5y, 28R4 g i
PR A A R A B U, SR N2 A2 G ] 8 5 28 ki A S8 AL i
DT RR FIHLER MG AN A, W RE S R AR S 5 IR D7 R AL AR
KL (B2 MFRBEA R 8 BENe215 5l %,
*ﬁﬁﬁﬁj}?%ﬁﬁf_iﬂ‘*fi*ﬁiﬂ’]ﬁﬁ'ﬁ%fh?ﬁﬁﬁi
FIAEfE . HE A BRI 53— 77 T AT LA s Aok i
Wi A AL T RE, A BT o0 & W A, AT (2 2 A
JiE R BRI, Nef2w] BLAE s sl 57 10 70 7 8E A
FORTRE R PR AL QB2 B 7

ANERAEFIE R KA &S T, B3 RIS
23 52 ) B s A S B8 TR A 3 3K 38 AR e IR A 1R i S R
IFZIE, BN IFURIET L2 LA AGE 8) 7 A B A2 18 n i
FErp, AU BRI LU T 56 75 2 — M IR T ik B R R A
X2 BNA B B AT H O, 8 2 2 BLAACH
FHRBERIBOE M . Horh, 12351 LB A 2 2
AR ZENE, B ZRAERZ —. WEEH
LBt F W (carnitine acyl-transferase, CrAT) J&—Ff

(isocitrate dehydrogenase, IDH-1) .

LML, 5 2T A Tl AN 2L PRk PR R EL 3 A DA K
WA RER I Z BRI, CrATA S rP Zhi i Py £k
FEAE R IZ S RE O R Y N BRILCrAT
S TR RS S P R B, AN A 5 PSR e 58 2 32 3 A
FRIZ B RE I A LE T B A R /N B 35 S R AR T
B SR AR B B LA R AT I SR CrAT
mRNAZRIEIEM, B2l I /N A 78 L- AT A R
KT MG Sy a], 1 CrATHE PR R 1/ BRRR 78.L- PR AL
G, IBEh Az L, B R KR CrAT Y
oS IEEATE NSGE S B 70— SR

GSSG /
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H
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im#

GPX2. 45 I H kL A Ak #52  (glutathione peroxidase 2) ; GSSG.4A b7
BMEH L Coxidized glutathione) 5 GSRIZEH KA )5 EF (glutathione
GCLC/M. A& 21 It A BOE R B i AL T &: (glutamate-
cysteine ligase catalytic/modifier/subunit) ; BLVRB. H4¢ 24 5 B
SRXNLBREILHEA (sulfiredoxin-1) ; TXNL

reductase) ;

(biliverdin reductase B) ;

4L 8 A (thioredoxin 1) ; Cys. % EE (cysteine) ; SCD2.1 fig
B it A 2 M0 A2 (stearoyl-CoA desaturase-2) ; CESI1G.JRFREEHY1G

(carboxylesterase 1G) ; CESIH.JZFEEEAFI H (carboxylesterase 1 H) ;
ACOX1.Z k4 A AL 1 Cacetyl-CoA oxidase 1) ; ACOX2.Z
B4 B ASU AL B2 Cacetyl-CoA oxidase 2) ; AWATI. ZHEEAHEFA
IR JE FE F2 1 Cacetyl-CoA wax alcohol acyltransferase 1) ;
ACOT7.LBEHiBF ARG B H#7 Cacetyl-CoA thioesterase 7) ;
ACOTS. LB AT G &8 (acetyl-CoA thioesterase 8) o
B2 ETNri2fESERNTEshEd BES FHUH
Fig.2  Potential molecular mechanism of exercise-induced fatigue

resistance based on nuclear factor E2-related factor 2 signaling pathway

It S AL ) Bl A 18 TE 4 B0E 52488 (peroxisome
proliferators-activated receptor 8, PPARS) A LIMEAPL
BT — N FHE . PPARS KX HALEIE T PGC-1a
Fe W ORI () AW S IO ILET 4S8 AL RE T, R TR 4R
RSN T, RNUARIZ SN 77 0 RS, o
KU, HERPPARSTE B A% WL i 204 /N bR ) AP iR /g
R AERUNR I PIAE, HER UL 20U R B R 5, R
FELIEHAAY 7 57 NI WA 4 & 2 23w T A
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it /340 b K AT 12 Sl Zr i/ B 1 T 70%, SR 1T B
N FEPPARSHE B 77 512 2 I 25 AH ] B () AN BE 238 /N
B E 1. BB 5 PPARSHGE X #4843 F K 1) i 42
YEFHFIL, W BE I 2R & GW 15163 5 PPARS#% 3¢ i
PE 2 — 8 12 P I 4 R A3 B i 77 38 5 2 ] W00l i B
W A% ILVP16-PPARSHE K B /N BRI A F5F 224 S PPARS
W, BB R E AR 2 51, Rk, 2T
PPARS H B {45 &riz sh I 41 S IIAH 15 5 0 F RIS AL
A REA G SRIZ B /1, IAMPK.

BT Pus sy o5 M e o TR, AR T g
P R R R RITE Ey. HATCHIRZ M
KW FAAIE 7 FE ZFHEMPUS NPT 5 E D, R
T K38 43 #5076 B A ) B 0982 55 100 4 T LR, 2
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A KU 3h 9 57 35 M R 3PS s % 55 4 T RE S
8 B v S R s A )| e o= 5 N Il 2 R NSO E 3
9505 PR CA T R B A& 2 R T . BE A R T (g
(R0 57 77 it o

2 BAVEshg e AN R A SRS

WS LR BT 75 2219 % Fh AR V)35 PR B 1 F 8 R
W, W THFIAER AT EFEENZE . &
YIS H 2P 2 P AR BTSRRI  2
BAHEyERIEEN, WPiRZRER: AR, HE
REH RS MR ARENE. PURTIERE: WA, &
BHERRP AR ERGIEE . bR, WP
B A BEE T EA PO A 5T E R B
WAER £, &Y b F RIS B9 55 15 TP i 2
PR P i RS 2 — MEMREW (KD ,
IR YIS B 95 76 Mk o R B AR TR AR R
K. OBER. WK, LW, AW, B FPRULE
TRE ARG V=1, VPN BLEY DL () £ 35 Uik S
BN T, e AR 57 1F R S R R 2 AR
RS A SR B BH A G
2.1 AEWDEYERR R AR

BRI A SR S B R E A AR. BRI
IKAE =1, UA B B M s v e O P K SR 2 A A 2H 41
BRI R BARE FRE ORI, R R T
WAE R E 2 WSCRR S, Bl
BT B BN BRBGE NS RS, A S
PALE FRRIBE R B2 IR o7 AR S M K 1) E Ok
W, BFEEDY. WAY . RERSE; HYELEYH
o T MK EORIR R KRG BoRAE AL, Rk

¥ 1 22 kAT S s /N BRI VKIS BN 77, S5 B ARG B
TERA —E WA, T2 k. Bk 2 kAt
TR K G 2 R K 2 IR AR TE R 2 T A
R T —2MAEM, HHEn] DUt H 5 % 5
Yok 2L L TR HEE AR R 18 B SR 4120 MR R R AR B R
T2 (1) JB0 A 5260 22 b 2 B AR B Al AL T SR 1 — Fh oK & 2 01K,
TSR /N RE B 20 dJE TR 7755598, K 2 KA &
ST A /N BRI DK 7 B ) L2 50 AR, B R T
[ EE AL B T 70%, I 7L R 7K S AR K3 2
Eﬁ%[ﬁﬂo

R — P AR A R AR, B R E ST
JEE L PRI A 0 DA SO BE RN B L, T4
Fi P R I SR AR S RN UL IA) Zh R LA o T A 1 4
YR REROFE AR R a RS, TR
AR, I HE N A 5 A R AN AR B AR S
WA F MR fEE R, 8 FmnEiEsh s ImmmE™.
TsudaZE M 7 K BRIZ B AT30 min2 ik #h 78 = Fl B &
R UK h g PR AR S HR bR s, R IR A Rb
70 252 TR W DA 200 24 5 JE b B A B, B9 K g B
JE B RIES), RIS ERA BT ki 1s 3 i R v ) 9%
TR, K. EIEER EAE WA BN 57 F U7 TH AMY
RIAEPUAATE M b, FB LA 0 8 B 2H B B
JRERAE T A R R, EIERREMERARGE A R
Bz, DAL e R BRTR SIE 1) b 78 T B 55 I L A
PEACHRS 2 TR 1EM .
22 ZFEFGHE

ZRER—BRAREEEM KT, HEHEHZEMW
A B Th Aok 2 e R AR R, B R A DK
2 BELE DU 55 7 B A . BARMIAL (Lycium
barbarum) % B fe o % 1€ K B E Iy 8 Ui Uk /) BRI vk
1 TIPS e QO /3 = N 7 R R A I iy ) - R
AR BRI X R ED . BAHE (Auricularia
auricula) ZWERG 9 T /N BRAE 773 Ui vk 12 3 i B A Ak
fef, RIS AW - (malondialdehyde,
MDA) F18-F2 5k i A & KV B A%, Hria g in e
WAL EE (superoxide dismutase, SOD) « A H ik
TEAAYIEE (glutathione peroxidase, GPx) Flidk &b
ity 375 e 48, [ B ) BT VKT 0 35 T 36% LA EUY
2R EEUISHIE A EE (Agaricus blazei) 22 WEH) %% I e
A 57 VE I C A, 0 8 22 B AN R 2 v /) B L
THHIL-6 ITNF-aff) & & M3 = CD4+ . CD8+ 4 il
i, JFREIE K/ BRUH i R ST [) R0 A7 Y bk R, $2
m/NER LG SODE 1%, FFIKMDAS &, AAGE T
/N BRI B 8 R YT R IR R AR DT . AE 2 BB BT 55 1
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Table1 Mechanisms of action and functional evaluation of anti-exercise-induced fatigue components from food sources
A Y TR WE O
Wk AT SRR OB B, RN KR, SRR 1]
i RO EUERH. ROAMER. MEAEEAGUCEEE RN, BEOREHRD, REEEKE @
R HCMS001 WA WO, R HEIREY, MEAREHR D, HONARG  (49)
KR oL. LG WA SR, R ARG, W RER ) 150
DB MR (IR R, ROREEE, RN SIS NRE 51
it EWPS2 WG, MR, R SIS NRE 152
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