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Fig. 1 The severe physiological, psychological and functional consequences caused by overtraining
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WE BRI 28 SR 5 AT 5 A ¢ . W vk B
S AT S A EEUNZR D B0 ma B
BRI ) R s sh R, X 5 U
FEUR M0 5 R A5 e i A G . R I ZRm] 3
& WL SR %L [ F o (tumor necrosis factor-a.,
TNF-a) . K 4 #%-6 (interleukin-6, IL-6) .
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fb K %5 % W %% iz /& 4 (glucose transporter 4,
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£ 1 (myogenic differentiation, MyoD) . L4k A%
% (Myogenin) . R EMAAEKET1 (insulin-like
growth factor 1, IGF-1) 254 A& FRRAK
i B2 I Rid RE I ) kA A L Akt/TSC2/mTORC1 JIE
KAES, RHFENAERKIME E (Myostatin) |
p-SMAD2-3., p-IRS1 (Ser307/636) ik, FHL
45 . VIRebEiR BRI TR 7. i BEIIZRIR
AE 1 B2 TS SCSKAE £ 11 O3 (forkhead box protein
03, FoxO3) g2l iy B pLm , 35
H Rt atrogin-1. MuRFI1 LR ZFRIL, SEAZESE .
P92 57 Kz s 73 TR ], SundF YR
45 1 1 B 2 3B R L 40 Mo sh U e i il v]
REPLH] : a. TP IGF-PIBK {5 5 K i#i% AMPK
I mTORCL, i [ Wi A il UL & A
b. i1 FoxOs #% 5405 MuRF1 . atrogin-1i5, fi&
LA B KR AW o SR, P
R E R AR pS3E 500G, SEWREN
KA. AVEFIET; d. FJH Wnt {55 M flcde o A2t
7% &% (minichromosome maintenance complex,
MCM) Fik, FHINLT M85 ; e B IEAT
FETZ AR EAER Rk 21 LA i 4 B
2, FRAME ARG, HSARMET

b FEYIZRAT S gm AR AR A Qi ACAZ3 I
WERE W DU A7 . it BNk T 3B a% L
JBR 5 AT T e S R AR AR ), A AR 2R R
A =08, SBUFRERRDTUR ., o,
o B U 2k T 475 & AR IL-6 R AE {5 5, PG Akt
mTORCI/SOK1 4, Jf-i 1o 22 o A R i a2k ] P 30 1
JTCHE5 A5 HE H 1 (sterol regulatory element binding
proteins 1, SREBP-1) #% sl IRINI A, 73
JERERB TR 10 ik BE I 34 e A il B fh e
sk A F 6 (activating transcription factor 6, ATF6)
Zeik, fEUEHR U SREBP-1 4 SRR & R, &
O WERR B TR Y 2 BE N SR mT 0 T
mTORCI/ULK1 i@ %, i Ang, SE0TEE
TR ek B I R RV IR IR 5 2R A 538
B, SRR S, X SRR S
WA, WTEENGA T s A
EPR IR LS A, WA I R 4 e
BEAERY 0 38 2t RO D A2 4 28 W R A
A7, FFam Ik A o i AR S A Y10 1 2 RS
PR M-l 1, PRIRIE, A BN RT3
B BE p-IRB  (Tyrl146) . p-GSK3B (Ser9) .
p-FoxOl (Ser256). p-S6K1 (Thr389) wifefl, W

TGRS R G T, FEUPRRAESE I

BNl 5 & DR AR O LR 4EAL
D WUIRIH TR, i3 sh kO B Rtk s ik 5 1k 5
— RGNS D Re e . o I 2 i IL-6
JIEAE S I 25 0% mTORMZMEIAE 11 S6 4K 11 5
(ribosomal protein S6, rpS6) i i, fEiE B WERE
M T 4% F£ [H (beta-myosin heavy chain, A-MHC)
Fik, HRALOBELGA A ONIEEEH 75
SN FEAR CHRRAE 1 2 B I R AR O £E 0 = L6/
STAT3-MEK5-ERK5, CaN-NFATc3. p38/JNK MAPK
S50 IR AR KA S W [ i, 38 AT 300 FGF2-
ERK 1/2-uPA-MMP9/2 .0 LA 4 AL i, I 200
BICH O DR AL R KU 3G 1 O
miRNA (miR-1, miR-133a/b, miR-208a/b, miR-
49945 ) AR SR LTI REAS R 38 1 55 7 9 B R T ML
Z—o Yang 5§ U WS, of EEYIZRAT G R A
% miR-1. miR-133a/b, miR-206, miR-208b,
miR-499, LI miR-21, miR-17-3p. miR-29b ik
B, SEZCOERETUR, OIEREPEIR K. Li
A 7 ST 10 S 36 1 A Ui VK B I R OR R AR
BRI H AT IO JUNF-xB . IL-1p. TNF-a 25 % 4E
bR, FECOHIUBMUTR oM. 5ish, 5
MBI AR AR R, o BE I 25N T A QAR I L
p-IRB (Tyrl146) . p-Akt (Serd73) Wi M2 1k &
GLUT4 G e o, Ym0 WURR S 205555 6
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REVGR AT B . b BE I 24T 3 2o JUL PR fl i £
BB & K B IL-1B/IL- 1ra M i 5 IL-1B 7K P-4 i,
FHOEG SRS, ESECICHE RS
i B I Zid e AR v S AR B, IR IS Bel-2/
Bax JAT-{55 Fl p53/p21/Rb T #AE S, FH¥i0
1T B 20 i B I 25 oRT 44 58 0 ) miR-34a ik,
0 o) HC T i R AR R AR 2508 95 T (brain-
derived neurotrophic factor, BDNF) F ik, i i
p75. JEWLBREE A C ¥ B (tropomyosin-related
kinase B, TrkB) ®ffiafb, FE2=>1ic1ezH ",
DL 3R, A BN ZRmT i Vi ) AR A AN T
FOANFIYIBEIER o A EEUNZA rTp Ak, S8R
B, X5 AMNE R ACE SR R AR T B4R
SEA G, YA, i REVIZREEHS AN M iF IL- 1B, IL-6.
TNF-o % T Feil IL-18. TNF-o., SOCS3. p-SAPK/
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ERKRRRGAUMAIN N T At 5 (H Eidy i
FEETHRFFENRMANE, HZ WA, E
e DL BE MR T, BOS AL
] S FCARE R 5 A R i AN i AR, ARy
TR SRS RE I -E & 558, Nit—PRA
fERILALHIT IR TR, TR Lok
PR AL T AT  OT A  TAEAR AT
AEZHOCHE N E ML A 32 24 BB 40

2 FEINGSEVIEERIRERNREIH

21 |

FAL N URPUATE 57 NAMNIE RIS, AR
428 (reactive oxygen species, ROS) FIifPE&E
(reactive nitrogen species, RNS) &5 4 Fid
AR, BENEPU ARG (Gl AL A
(catalase, CAT) . % Bt H Bk i A 1k ¥ W
(glutathione peroxidase, GSH-Px) . #8%4b¥; 1k
fiff (superoxide dismutase, SOD) %) SE RS
(7§ —® (malondialdehyde, MDA) . 3 % 1k &
(hydrogen peroxide, H,0,) . — %A bk & (nitric
oxide, NO) 55) BN VHHLHI KA, FEiMfek—
FYVEECRI AR, Hrh, ROSAE N AN
Ay BT, Al A ) Keleh 7 ECH AH G 85
(Kelch like ECH associated protein 1, Keapl) /#%[A
F E2 A & K ¥ (nuclear factor erythroid-2-related
factor, Nrf2) /4T & 1tk & W JC 1 (antioxidant
response element, ARE) T fk By 88 % . ¥ 76
p38 MAPK {551 [} 4 22 i A R 5 Jh 400 S Ak 40t
fio A BEYE ROS ALl 2 S RE AU . 4l (s
S A R SRR A A A PR, AN PR
Ao (BB ROS WIS BT . 2K 1 B Az R 45
Yo+, BRI A | & AR S BT A
b, A . e,

o FE YNSRI I 2o B2 sl 2 5 8 0 — 8 1Y
“EET, BRI A R MR A BARALREZE S A —Fl
SRS, PI{EiE ROS Fralid BE RS, IS8T .
B FAZ IR A i A RN, S B AR N AR

i . Keapl/Nrf2/ARE #7141k B 138 i 5 H5 f2 aod E
YR F BN IR ST AL D RE 20 S SR A 403 1) G e
PIFEML . Nrf2 1 Ay 23 5 o o 8 22 () T AL 3R
F1, SR AR O Y DG B S R IR
BUF, Nrf2 Af 53 JE IR 15 8 Keap L BB
BEY, N2 G200t TR, FEEz
RALFEfR . (Hatkzsh (GaEm )y, b, mamiE
A . Kz shilge (. S IZ) &
AE 3% N PR ROS 724, 33 Keapl #4275
Nrf2 5 Keapl f# 232 i A#%, IR5IH45 5 ARE,
& 8 H R iif NOOI . HO-1. GSH-Px, SOD., CAT
GPUA BRI B R 5, S NIRPU AL R 45,
IR — Pl IR R 2 o e B, XA S A
i 2, HZWOEE BN, 6 JEEE e I
Y. 8 b3 A far vk BE I 2R AN A 2 EE I
R REMN ] Keap1/Nrf2/HO-1 B LB HE %, 5l
AR TR KM, K& ROS NEEAH RUBBE,
HEMAE & Bax/Bel-2 A T-{55, FECEHEAL. IRAE
VG IE S Z A S5 M e 8 2, Zhang 5§ ¢
IRAIR, 6 Jal 38 14 A g Ui vk ot B I 25 T £ B i L
Keapl %3k, fMHIH FI## Nrf2, HO-1, NQOI1 Z##7¢
AAEES R ERE, BIRE SPUAE AT, T2
& Bax/Bcl-2-Caspase 3 HT-17 %5, SECHHNIAL
Wi . BT SIRERERS, ZAS RN, S EEYIZ]
iE o 145 Keapl 235 5 Nef2 36 Pk, 32F iy 4 )
Nrf2 5 Keap fift 2 X H G 00 A%, 51ESTE
ML Z 41, BI SOD. CAT. GSH-Px i 1 P& A%,
GSH/GSSG WWE TR, 774 MDA 55 K i i BT ot
Ay, BRAFBHT I EE M EEERE. 5
Fh, i ROS AN BES il Keap1/Nrf2/ARE $it 48 4k
BIEDE I BE S A B A S A B E AR
(thioredoxin-interacting protein, TXNIP) 7K~F, Jf
(EENINI Py b I ES TR NIRRT 2K s T =4
EH (thioredoxin, Trx) 454, vEmiMHbIEILFR
45, FEEAAR A P AR AT AR R B2k
ST A B AL 5245 B A R e A ) ) — B
BEHLHI AR R o Irisin A > 76 fig i A bl 24
HW LA Z sh T, 28 0] 3 3% ERK1/2 B iR 1k 1
Nrf2 #% 56, #EmiEs sk is HO-1. SOD1. SOD2
BRI S E SN S a2 | AR A
T 28 (AR BN 2R T i) Trisin 00, JFF
JHHA S ERK1/2/NrR2 B AL i, SEa bk
JE R i RN S 0 50, S Ah, Nrf2 ARG iR 2R
PRIEIG R Zkithige, YEm4ERpiifa s bR g
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YER o mibR Nef2 v S 3 Zobi ik ik . ATP & &
TR RN LR AT W A7 45 5 RTIOS Nrf2 TS £k
FBIARBERLA, . ATP i, RIS F AR AL R T A%
B0 ONf2 BN BB 22 6 Jl it 732 sl iR o B
A BE AR RS A, 3K 5 R D 2 2R D JRe £
FHUBMET I . AR T m A O BV (Ha R
SRHNBEAR Nef2 F38 SOH L SRR, T 2R iR
W, WiELR AR, SECEAEERELA.
Flockhart 55 72 1 il FE N #EAT 4 JAAR [R5 B (I
o SRR IR R EEONZR, R IR
Nrf2 £ [ 3k i 5 b AR IR RE ) AR {3 2
WEAASE, T Nef2 #0948 H Keap 1 #2358 W 5240 f A8
A IR, R, s B IR a] B L

Nrf2 & 4 F ik M Nrf2/Keapl HAR S A “F) -
BN AR, DM RARIE I RE Ty, ol

AR AR T RE . (H v 9 R A I 2 U AN B % UL
Nrf2/Keapl H#%, i Keapl/Nrf2 i f% & Nrf2 #%
Befr, MAFELORARE A MR MZORIATIRE, R
BRI 32 TR, PR IR R B A

p38 MAPK {551 i 4o I i o 4 Ak B 33
TR Z A ) — FHE LG . p38 MAPK &
MAPK {55 RGP EZ 55501, T AL
P sh &b A AR . ROS A8 i i
A T-5 5 V7 8 1 (apoptosis signal-regulating
kinase 1, ASK1), 5| INK 5 p38 MAPK @2t
OIS, MR A T, A M4 A T RE 4
Pio Padieis, 6l oo BE ekt BE I 2 n] S 20E- %
LA AT, FF3EE ROS/p38 MAPK {4,
WL MAPK 258, SECE#NE ST 805 >
6 Jil 326 14 7 A7 e VA At B )11 D 4 n - UL MDA 55
f, FE{RSOD G, ik p-ERK. p38 MAPK %
ik, WARBESIE ST B, o, IR
AIREME# UL SOD G PE, MM MDA | 3-fiff 24
2 (3-nitrotyrosine, 3-NT) . 8- 5% & fif A &
(8-hydroxy-deoxyguanosine, 8-OHdG) #im, 4
5 p38 MAPK ik I - AL, S At ILET 4k )
RIS LR . RPEANNIRIE | A R R G A S A
et E B X, ROS/p38 MAPK i 1
i BEYI 5 S BB # VA D 07 i R b HoA
YEHI

i BE I Zid R JE o SR AL B0 5 4% DNA 45140
K Befl, & I 2R 7 25 DNA - (cell free DNA,
cfDNA) F}E . Dong 55 20 HEN7 11 Jif] 1 38 61 o 2
Bt FEEVIZRR UL, A B TR Ao i rpoCoks

21 NADPH ALl A i i ROS,  FECH PR
Mg T = IRAE, I 51 ik I 41 i DNA 4514 .
Pereira 55 U7 BFGE KB, 8 JH B0 B B A BE I 2R ]
R AERAI A AN B UL GSHL & i, 1 i s Lg A
M % R X W % (thiobarbituric acid reactive
substances, TBARS) /K-, ‘FHHH#%/JL DNA Hifh
FAMA ML DNA 15 . Yin%: B B &8, 3K
iz sl I 250 9 JRL s 17 o 0 15 2ok FE I Z50] 3 31|34
hnZ& iz 3 5L AR BUMLHK o DNA K-, X r g5
M3 MDA & & . GSH-Px 1G4 T K& A LA 45
1i45 ¥ . 8-OhdG J& DNA AL 10 0 S 81 P 4
BTN N AN R 25 X DNA AL 51493 1) AR P 75
Yo oL EEUNZRRENS I IE 8-OhdG & &, 514
JEDNA &AL ' Fab, 12 i EEBT I 2R
B B R AE 8 AT R EO A B I 2535 1
cfDNA /K 3 1 C Jx Wi %5 1 (C-reactive protein,
CRP) Faedihn . —m s, o BNz L
fertE Bk fa s, HALE AT fe e A XS in i) ROS
MR REANNE . WURANNE . A S 300 . RIE
TR, (AR A% DNABERIZE, L ) s/ 40
B DNA R Be BRI, 23Ul K cfDNA ZKF-HEA
AN

gi b, R BRI S RS2 0 i A L
FE N a M| Keapl/Nrf2/HO-1 $t 5 Ak B 1 18
B, 5 & S IR A FN A5 5; b, #E ROS/
p38 MAPK {55l A BT, 3 gs oy
fediti; c. 5% DNA S ALt S v Bedk, &k
M3 cDNATHE (Fl2),
22 ZREREESIRIE

ES R R NN € R b S Ik s A LN R 7 -2 SR
RARD) 1% (RVG 3L  ZaRidAR B e ki iAok
Pr& A RN FES AL, S s (.
[ A 1 DI B S VAEE S A Z NG il 24 ) =5y
IREER 5168, (EdFZObiiAR Ml ) A fadsg; o
]| /eS| I E A% 5 A % N il & okl I ) 87/ N2 % A % A )
5IiRese st SEWURERRZH .

LR A W) e HE T2 20 T PN S A ok AR sk
FE, ARG 5k . mtDNA &6, A5
ARG RS, IF i A RS T T AL
Z AR y Hi % 0E B F 1o (peroxisome proliferator-
activated receptor-y coactivator, PGC-la) . #% I
¥ 1/2 (nuclear respiratory factor-1/2, NRF1/2) .
2k B K %% 5t ] F A (mitochondrial transcription
factor A, TFAM) %5 4y ¥ 2H {40 A4 Bl o) 455 3 % .
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Fig. 2 The oxidative stress and mitochondrial quality control mechanisms of health damage caused by overtraining
E2 EEISGSEERRZRNENEHS SN EREEHYLF
(+) FoRHE; (=) TR,

PGC-1la 45 Fh 2018 P PN AN 805 S 2ok iR A= )
KA R S SR TR . 25, R B4l
A 1 PRI 25 7 38 BE I PGC-1a 254 H R Uik %
K NRF1/2, Jf5 TFAM 3 8h 7455 mis 1k, B
Jr b AZRRIA , fih % mtDNA S, s g ks
(N == W 17 2 YA AL 7 -aa O S 1 ) XA e
15 ) M e ARl . PGC-1a it EE KA 1 &
R % Z R G S e s, 40 AMP/ATP-
AMPK. Ca”-CaMK. ROS-p38 MAPK-ATF2,
NAD'/NADH-SIRT1 % 1 {H 1t J3& 31l 5 4 Al 300 i)
PGC-la /- FILRAREY KA, IG5 K ZFh R
1% . Zhang %5 ST LB, 6 JEI Y B far e vk AL
JBE I 25 AT 40056 585 UL Keap 1/Nrf2/HO-1-NQO1 $i 4,
1k B, 40 H p38 MAPK 5 W2 1k & H T i
PGC-10/NRF1/TFAM £ bi ik A=) % = i@ i, F 3
B U5 . 2O R T Rl 45 0 UL 1R 9 55
Huang 55 2 W55, 4 JEIEDK I B DI 25 n] 38 i
BENIALRIEFIROS 74z, #iii| SIRT1/PGC-1o4F
LR R, 51 BERIIRIEA . 454 5TRE
M, RECE B MR 55 FE S B R . Feng
IR, 8 S I B A IR mT I L INK
MIERKI1/2 8%, S p53. p21 HlMnSOD %4 1k
EAFEE, I TFIHPGC-1a ML R ARITI4E S 4 W 1

(ZIHIE )5 NADH) & 5k, dFmm sl don 4
WA, BRERATIRERERS, SEUILAREI7 M)
Vi B iz s S e, T34k, b BEIZRIE Tl BE R
OIEFIACE B, SFECCIEREIER, X 5HA
REJEE PGC-1a - TG ARLAR A W A 1 | SRR
R IEIRSAMA SR . X5, PGC-laf FHIZ
LA W) e A A o B I kS B bt 3 ()
B

LRNA D) )2 SRR & 73 SR R L B A
A — RS AR, TR AR AR | 4
S8, LIRSRAR A A A RE A
BT A EEAEH . GRRR G 5  24HEaR al
SRR AN TR NTIDAE S o TS &5 €57 TR LS
OB, S, KB M AITIRESE R . Lok
PRRLG AR A LRARIS E I 172 (mitofusin-1/2,
MFN1/2) . MAZZE4EiEHEH 1 (optical atrophy-1,
OPA1) 4%, MFN1/2 FEAFAMERI &, OPAL &
AR TTARERLG . LRLR o 2OCHE A L shE A
MXKHEM 1 (dynamin-related protein 1, DRP1), £k
FiR 4248 1 1 (mitochondrial fission protein-1,
FIS1) F1£k k74K 7 2L K+ (mitochondrial fission
MFF) . £ kL f& 3 J; B 49/51
(mitochondrial dynamic proteins of 49/51, MiD49/51)

factor,
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45 Horb, DRP1 &SRR o 24 1) f5e B B
. IEHEAEN T, DRPILIAEIEA B M, JIf
DL €| W 2 e TR N = | S Y A N
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Fig.3 The inflammatory signal mechanism of health damage caused by overtraining
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Fig. 4 The endoplasmic reticulum stress and apoptosis mechanisms of health damage caused by overtraining
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S Bax/Bel-2 AT %, S EUMIELS DI RER N .
Xia 55 7 gy 8 JEl A A far i BN K RS, &
PREL T T S LA AR N B RN R 22 B -TLR4/
MyD88/NF-kB # ik il i, fieif TNF-a, IL-6. IL-1B
SRR R I FI5, BN Bax/Bel-2 H R K cleaved-
Caspase 9355 T 1L, #FMiA LM T TSy
BN DL BRI R, AR R A A 2
FEN Ziam it SRR S 0 20 i 0 T S B R 1Y
K BT

N BT B S B T (4N Caspase 12,
CHOP STl %) IRl RS it BEYIZRiA 00 1211
R HIE A . Caspase 12 (& H 5] I & A
Caspase 4) N TP EEMT-&EH, EW
[T, Caspase 12 5 TRAF2 45 & misthdessy; ™
TN N R, Caspase 12 5 TRAF2 fiff 55 318554
%, BlJ5i% 1k Caspase 9 1175 5 Caspase 3 S5 T34
DB, SR BN TS . CHOP JR &3 il N
o PO L 1 U T ) e S I T . PERK/elF2a/
ATF4, IREI/XBP1, ATF6 %5 P Ji ¥ 7 38 {5 2 fig
% CHOP, JfZ /il it = 440 T 30N T 9 1y i
PEPIT . a. 5T Bel-2 35 T i & Bax/Bak L% I
P, S 105 b 19 tribbles [ U5 & 3
(tribbles homolog 3, TRB3) ik, PFH Ik Akt R
B SN Bel-2 BPEM, {2 T ; c. 35 EROla
-IP3R-Ca*'-CaMKII {55, FEROS K=k, 5l
RIGT: ', {H Pinto 55 ") W5 LB, 8 JEEL . 7]
iU KKV B A ) BRI 2Rl il N B fidi Bip /S A
o A 3 B AR AR E T B RIS, JFRs%
i Caspase 4. Caspase 1245 - HERIL, IRARIF
RN T o Z BN Y IR R, 8 S B
O]ty KooK P B A b B I 2R R RO
CHOP. Caspase 4. cleaved-Caspase 12, p-Bax
(Ser184). p-TRAF2 (Serll) ZFT- AR AHT
WA, WA TN NIRRT (A FEHE
A BN SR BN B R T I, AR
n] BE 175 A& Caspase 4/12 41 3 19 P 5t W 7 38 1k 98
T AN, BT S I 2R 5
DR 7 S P T ) e IR B

Zr TR, A BEUNZR AT S A N S AR S
WO HLTHIE & Caspases 245K [ v A5 AU LR iA
T, FEERIOEST . BERITRE. A
DI E LA Ao I L o YR A0S A R . ik
Y2k fe M i Caspase 12, CHOP £ 1738 B &
DA JBE D) 7 R O T O R A T R R 1 R L e
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e (E4),

3 AEHMNEEIINGEREERRENT
T Fr S HL %l

S I BEI 2 %) S N T SR W SR b2 A1 2
SRR ISR B . Y2 oA PR HRR R 1, H
ZMPiR . PrEle . PUET YU R E A YTERE
b BEYI G5 e e R i) A JR 20 200 BE 2S5 T RE 4
FOWRAZEE KNI TRE . il JIRER . AL
M S5 B . INHIIRESZ L . ORI O
UL A AR R0 25 51 3 T AR AN P Bt )
HEANEM .

Z# &R (curcumin) . ¥F# E (astaxanthin) .
RRIFIF R (oligomeric proanthocyanidins) 2547
RYVEACKNEINH L BN Bea- gL, A . &
JWE S LA SV Bk AR S D REA O TR BRI . %2
THE | W ZBE I Ne2/HO-1 Btk i, Bk
Bel-2/Bax A 1215 5 il BEVRTE , POHIMELE . B850
MU RESS M oy ae 2 mL 2 7Y, B ER | KR EL
R AE T EHR UL p38 MAPK {5 Sl i, HYuRPi4A
AEBETERE ST, St B I e P BB LS #A DI RE 22
LA B g o5 . B R . IMRIEAFT R
R AE I 9LAE TLR4/p38 MAPK/NF-«kB & AE {5 53l
%, FRAR AR AE R 1k B 2k SR T, 4l G 2544
HREZAL 0 Ji4h, JKRE T (Silibinin) . B
fii - (Hibiscus sabdariffa) . ik V0% JE (Dasatinib)
5tk ER (Quercetin) FEFNHI B2 Y4 A BOA M)
REWGR (52200 TR JrmEABAE- . KK
] 2 AT AV S AP N U, 55 Bel-2/Bax M T1F
5 X p2l/Rb AT S, Wl i T BT Bifg H pl 2800
T o g, I BN 2R sy > ic1e
REJT RIS 2, i ei b b2 e St RIS
AT 3 A RV A OCEE 1 pS3 . p21 Rk
S SA-B-gal i P, /D JH T BT i o 2k,
PPk BE YN 2R 21 e D se sz 4 S i 2RI T
K 72 BOARTE AR BT R YT, TR
Y2 BRI 5 A 25 TL-1B/IL-1ra LA, 30 HL2s
| 3c 2 I ofg o2 et o R A g BE
2 45 m 4t W
probiotics) . # & £ M (Astragalus
polysaccharides) . #4222 D (vitamin D) 7E i
FENZR BT B g U e 55 45107 . LR ZE 48 S5 L))
R B3l )T B 7 A BRI R
fie w400 ] B WL p-ERK1/2. p-JNK. p53. p2l.

(hydroxytyrosol) . (complex

MnSOD 458 L 1Rk, iR PGC-la 1R &)
I, NSFZRRAY R AR AL, T Drpl %
Tk M Atg7 . Beclinl . LC3B %5 [ 8K 11 %
B, TV atrogin-1, MuRFI %5248 3L R &K
Bl BUK (il s AL N1 AN 1|1 E5' TR N Y A = 115U
B AR A T i EVAAILE, SR P E LB BE
T Ao B U T SOVL A 25 48 B 57 . A8 Bt )
TR AR REREAR . G g AR T AT AR
IHZEE R, RN BRI, 959 TLR4/NF-xB
PIEMES, TS #ULTNF-o, IL-1B %ML R KT
Fik, WaRBURBUAILAE ), W BB EO
R AIE ARSI LR 405 5 D Be ks 7,
R, B 88 A B G B i E YRR B A
YL IT SN Dy BE Rt ) S RE S 77 T TR i S AR
BARRME . B2 E 85 UL pS3. MnSOD
LA E I, IS SIRT1/PGC-1a {5 54, 12
iE MEN1/2 X AWl DRP1JEFRIR, AR LC3I/1 g
b3 S a0k p62 R ik, HEMIAR HE R IR G il 5 il
B, W2 R 5> 24 R AN B/ SRk B g B, ek
SERR TR, R AR IUE ST . I &
Jiviis gt g R R e R M 4EAE 2R D b s el
il BN RSB B L=, LT . 8 shifit 71 o
HITRE N, X5 I A A SC L
FIL-15 XATRAY Th2 Wk 4, FE kil =Sk WLk
Y g K A 21 (fibroblast growth factor 21,
FGF21) KAMHIH 21K (osteocrin, OSTN) ik,
T A M % 28 e R A S R R IR T R S Ak
FHRP, MEZHE, Al EMEE K (Semaglutide) |
BT HbIR  (Fasudil) ZEA0 i B U1 25T 3500 ks 2
HP A EEEH., B2 Al EKE
Jik 17 A REOECIL AMPKY [ 55, 1 ROS
KARAEAF T, W BE YNGR 800 U5 K WU
5 TR o % & b 2R AT A A O & IL-6/STAT3-
MEKS5-ERKS, CaN-NFATc3. JNK-p38 MAPK ff 5
95 BRI K38 % I FGF2-ERK1/2-uPA-MMP9/2 .0> JJll
A Yefbimpg, M Bel-2-CytC-Caspase 3 155,
Pl BRSO ER IR L O K2R
etk 1. 534, BIAEEER (Rapamycin) A
JE TL-6 RAE(E 5, M LC3I/LC3I Fg 1k 3R K F#AI
P62 ik, HEMIRGSR AWM, R IR R
43, ARTE B AR AR B2 sh 2 305 T 3L
WA E

HH G RT R, A [R] 245 40 22 3 o 41 ) S Ak 7 33
RAE N SR 5T 455 ) R A R 40 L 755 N A
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Table 1 The effects and mechanisms of different drugs on overtraining and its health damage

®1 AEZGYHTEIS R ERRREN T RS s

bl seme IR dREaE R UESLYN& s TG RIRAE L TIIT R SCHR
i KR TR 7Y
AR MEVE  SFEIENE R BR UM AT 33K (200 mg/kg,  IMIE K BEATNF-xB | . TNF-a | . 00440 B U % RE B B [24, 53,
W, 4 Wistar UK R B AR 5 RARS mikg, IIZERT TL-6 | . IL-10 1 . JHUME SR 4H WU AR S AL SR 71]
fEL T R RIS Thaedifs 1 hEH) TLR4 | . p-p38 MAPK | : E#ILK T, 3% & # UL/ E
MEFBel-2 T Bax | .« Bel-2/Bax T+ 45t ThRE
Nrf2 7. HO-1T. SOD 1. MDA |
AR MEME 6N i VUM BE RREEE R FHIWISOD T . MDA | . 3-NT | . I ERAVEILRIL R [35, 54]
B, 4 Wistar AL R A 5 (150 mg/(kg-d), & 8-OHAG | . p-p38 MAPK | ; JRfF  MRIEJIERET:, I
JE. WS KRR g (B ShREBE RIS mlkg, YIZEAT1h Bel-2 1. Bax | . Bel-2/Bax T . B HE UL/ E S 2R AR
G, WD p-p38 MAPK | . NF-xB | . MiIF& 5IhgeZd
O EAMRTLRA | « TNF-al . IL-6 | .
IL-10 1
SR HEVESD  SFHEENY HEKIIRG EAER tb A ITNF-a | « IL-1B 4, i A N R e, [70]
B RIE KRR G (4.0x 10° CFU/(ml-d), TLR4 | . MyD88 | \ p-P65/P65 | . iz H#NLI{
I YIZRAT1 hiE B T-AOC 1. GSH-Px 1. MDA |
RAE MEMECS 16JHEL WL 4 T L 4i2ERD (37.5TUBL  IMKIL-15T . Th2ibkE 4 1 . I A, SeREREE (73]
7BL/6 HIEE ¥ | . IE 1 pgd Th1/Th2 | ; I E XN
INER, ek B ] WE=:LWIFGF21 T . OSTN | 11 B A7, T
IWHITIRE | A TR
SRS HEPESD SEBIA L 48 K IR FRAEREE FHIWIERKL2 |« INK |\ p53 | . dWHlE LM, ek (8]
B gk KR EEING 45 T . QSmglked, YIZRAT p21 | . MnSOD | . atrogin-1, LR BT AR ], B
A Zahit L 45 min#E B MuRF1, FoxO3 mRNA | . Atg7 | . ZH4i K055, 1850
Eitil T fie M Beclin-1 ]+ LC3B | . PGC-1a. T+ it J1. "B #5145 2 4 %
T | HHEYUNT . Mfl1/2T . DRPLL  ThAE
AACRL MM 4ARJTE B R M RSN JAERWpS3 L« MnSOD | . MH e, gk [2]
W 2okl BALB/ WeukidFE JE 55 1. 48 (100 mg/kg D, SIRT1 T . PGC-1a 1 . MFNI/2 R ], R
FE obR WIgR S L. Ji328d, 8:00ami#EE) mRNA T . DRPImRNA | . BRUS M D7, ML
4l B LC3M |« pe2 1 S ST S Rk &
e T
VAT HEMESD  SRENFK S JCZ N B B R 5 M R WSps3 | . p21 L. CA3XSA-B-  MEATI B L IEE  [72]
KB ENZG f L. S ORI R B E, 5+ gall; Y EEZHMcleaved- KRG Y, R
FKH | . 1k 50 mgke, #EE 17K/ Caspase3 T ez R a8 B R
i) JD B, ERRE AR E T A
SULRE HEMESD SIEFK A% 2JAd 2N KRBTSR (Rl WS Bax | o Bel-2 1. Bel-2/Bax T MBI T [20]
B WTS KRR IR & . i £, 100 mg/kg, WEE CAllXCaspase3 | . p21 . Rb| . HMLETEKRGHLE
L. R 1RID CA3[XSA-B-gal | « MDA | . CAT1 ¥, 23tk
& | W1, {ERFEIEAE KB
BRI T
SO HEME LIRS 2 A AC A2 U BOBO (500 mg/kg,  MIKIL-1ra Ty IL-1B/IL-1ra | i Rga0E, g [19]
Wistar ﬁ?ﬂ@ﬁ B& 71 L o SV, VIZRAT3 hiEg ez ILE RE Ay, HA
KR N FE ] ER (NI NG
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gkl
L ek I HiEE T SR TG FRbR B FHT AL SCHR

CSVADSE S i

RIE. HEPESD 12RBEG 0 JE R B AL IEETHIR
M KR ZEm KT 0 A5 mg/kegd, JEE
gr et TESD

77 0% IL-6/STAT3-MEK5-ERKS5 | +
CaN | . p-NFATc3 | . p-p38 | .
p-JNK1/2 | . ANP/BNP | . Bel-2 1. 4ifk

0 RAE SR, A [15]
A BT BRI R S L ILET

Cyt-C IS cleaved-Caspase 3 L.
FGF2-ERK1/2-uPA-MMP9/2 |

SRE. KEPECS 8BS NERE M Ul HminER S A,
HWE  7BL/6 HEEE BT . B 24 mgkg, JE4H,
IR Wk 1. B3 YIZRET hEEESD
eSS

FFBEIL-6 | . LC3I/IT «
SQSTMI | . P70S6K (Thr389) | . W, W4, (HA
FOXOIA (Ser256) 1

THF I, e (12, 74]

oS T AR i U B iz
IES

4 REERE

gi bk, SRR T S B IAPLREAS
VORC HAKE I ZHEN G B, 5% 57 skl B
HE SR RERZ R “BE”, #EMsE k28,
aEMARGIREETL — R LR . I ZRA]
STIBURE =R AR G 1) A VAN 7 TR NN kil
DAL IS D 7 RN AR AL T S N PRI S Bz s R BT
R ERRGR . IREEREIR . WLRE S50 5 D) seke
. WURIZESE . WUBE e . RO BERR DT |
HIFIREMT 2 01 R DRI . Btk o
i DA LA RRA D BEIGR 55— R 8™ B A
HLODHEMYBER, SEWUAERBE . L,
AL ORI AR A S A2 BE N 25 A 0 T 3 a2
AL . A EEVNZRA BT Y g 2R
A PR 5 2 HEU 2 R b YN ZRs 32 L DIk
KRS, DU S s L B AL RE
R, HERPUR . YA, PURT- AP 2%
PIAER) I A A KA Al B ot R v g A AN AT
BB EIAEH (E5),

ARAHGE N HE T OCTE LA R, a. 4R AR T
HAET R i SRl R A R s, AR R R
FEiE g B R Az i R H RS . PaE
e ik BE YUK 32 sl ] A2 2 NOD R 32 IR $4EE 1 45 #4 5
A1 % £ H 3 (NOD-like receptor thermal protein
domain associated protein 3, NLRP3) R J%E/MAA
S AT, 5 20 R R T fE R
fig 70 R s 2 2T E 2 ] Nef2/2k R
B (ferritin heavy chain 1, FTH1) /&%t H kit &
LWl 4 (glutathione peroxidase 4, GPX4) Hliiiif

SIS, B EE R E R R B BE D) g
fig o, (B R R BN SR R A O S SR Az
PAHALHMER UL B . b, Wl s A i
YIGRBUEREZ DI A HEAE . 4 8 &5 i
Tkt BE YR RE /N BR s R e F g Gl
BRI IE TR o, pEFEME 77, S EEIZRiL Al
T 18 R A RS IR A N
1o P EL A B A PR S, ORI S RE RN
SR A R LA ThEiR e 7Y R,
A Jg g 2 St FEE Y 2R B B R AE RO . ¢ B TR
FRYY . GOER ., BEARAE T T BT R R B A
YIZRE A T R i F 2ok, (R T
LI Z HD AR Do . d. i FEYIZRIE
B A bR £ g A B AR bR (i if i 52
MR R R, WURRUEEE . S0 R RAR S
), FATEMRER R R — . 45 IR Fr Ak S )
M, N 2R SRR REAR Y (W2 miRNAs |
cfDNA %), WA HBER M AV IR R, FHa
LR RGN A BWIR R, N ELA N
HHLEEIRS S KA YISk e i EEYIZRAY A
ABURIFIER—Y . L EIE), mREZA . M
HAZBURIMEE ), A e Nk A RS RGN
R Tk (WSR2 FRMse . B gl
AR =5 ) BT BEI 2 AR O B e 52 40
()58 Ve B A AL B AR 1 2 R R o X B o6
[FEOCHE . BT Sy, A B TR
FENZR A HFIE . PLEI S, JF iz sl bt SR
Wiz sh 2 5 H5 R Tz shilll 2 . SR IZRROR |
HEK B B B . R B O R R E S K
i (E5).
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Fig. 5 The overall mechanism of health damage caused by overtraining and its monitoring and prevention system
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The Exquisite Intrinsic Mechanisms of Adverse Health Effects Caused by
Overtraining’
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Abstract Overtraining is a condition characterized by various functional disorders or pathological states caused
by continuous fatigue, which occurs after a persisting imbalance between training-related load and physical
function and recovery. Generally speaking, it’s a state of imbalance between training and recovery, exercise and
exercise performance, and stress and stress tolerance. Overtraining can cause various phenotypic changes or
pathological remodeling, such as decreased skeletal muscle strength and exhaustive exercise endurance, skeletal

muscle fatigue damage and dysfunction, skeletal muscle atrophy and loss, skeletal muscle glycogen depletion,
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skeletal muscle soreness and stiffness, skeletal muscle glucose intolerance, inattention, memory decline, anxiety,
depression, abnormal emotions and behaviors, sleep disorders, cognitive function impairment, poor appetite,
weight loss, liver/heart fat deposition, compensatory increase of liver/heart insulin signaling and glycogen
storage, cardiac pathological hypertrophy, exercise-induced arrhythmias, myocardial fibrosis, ectopic and visceral
fat deposition, and increased risk of injury. Unfortunately, its underlying mechanism is largely unclear. Recently,
the enrichment of molecular and cellular signal pathway theory offers us a new explanatory paradigm for
revealing its internal mechanisms. Based on the traditional explanation mechanisms and molecular and cellular
signal pathway theory, we thoroughly analyzed the key mechanisms of health damage caused by overtraining
from the perspective of oxidative stress, mitochondrial quality control disorder, inflammatory response,
endoplasmic reticulum stress, cell apoptosis, and so forth. Specifically, overtraining-induced excessive reactive
oxygen species (ROS) leads to serious oxidative stress damage in organisms at least via depressing Kelch like
ECH associated protein 1(Keapl)/nuclear factor erythroid-2-related factor (Nrf2)/antioxidant response element
(ARE) antioxidant pathway and activating p38 mitogen-activated protein kinase (p38 MAPK) signaling pathway.
Overtraining induces mitochondrial quality control disorder and mitochondrial dysfunction, and thus triggers
health impairment through inhibiting mitochondrial biogenesis and fusion, stimulating mitochondrial fission, and
over-activating autophagy/mitophagy. Overtraining can also produce muscle, skeletal and joint trauma, then
circulating monocytes are abundantly activated by injury-related cytokines, and in turn generate large quantities
of proinflammatory IL-1B, IL-6, TNF-0, causing systemic inflammation and inflammatory health injury.
Overtraining induces excessive pathological endoplasmic reticulum stress (ERS) and severe health damage via
PERK-elF2a, IREla-XBP1 and ATF6 pathways which activated by proinflammatory signals. Overtraining also
induces excessive apoptosis and harmful health consequences via Bax/Bcl2-Caspase 3-mediated mitoptosis which
activated by oxidative stress and inflammation or even CHOP and Caspase 12-dependent ERS apoptosis.
Nonetheless, it should be importantly emphasized that oxidative stress and inflammation are the central and pre-
emptive mechanisms of overtraining and its health damage. Although the efficient strategies for preventing and
controlling overtraining are scientifically and reasonably arranging and planning training intensity, training
volume, and recovery period, as well as accurately assessing and monitoring physical function status in the early
stage, yet various anti-inflammatory, anti-oxidant, anti-apoptotic, or anti-aging drugs such as curcumin,
astaxanthin, oligomeric proanthocyanidins, silibinin, hibiscus sabdariffa, dasatinib, quercetin, hydroxytyrosol,
complex probiotics, astragalus polysaccharides, semaglutide and fasudil also have an irreplaceable positive effect
on preventing overtraining and its relevant health damage via depressing oxidative stress, mitochondrial quality
control disorder, proinflammatory signals, endoplasmic reticulum stress, apoptosis and so on. We hope that this
review can help us further grasp the features, mechanisms and regularity of overtraining, and provide an
important reference for athletes and sports fan to conduct scientific training, improve training effectiveness,

extend exercise lifespan, and promote physical and mental health.

Key words overtraining, impaired health, oxidative stress, mitochondrial quality control, inflammation,
endoplasmic reticulum stress, apoptosis
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