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BEKD R OBD AEHD Zibpp 29
(VR E R, KD 410083; P thRI RIS S s S X Bl AT L, KD 410083
Y RDUAT B B A BE SN ZR I TR 9 s, I 430079)

TE  NUDE S AT IR 5 R K S WA B AT HE , BB R AR, FZ i g H A 3
IEME AL DA, AR R -8 WU A T M 5 D) Red M GR () PRl R4 kR . Bk
B BRSO AR A 0 RS . RT3, BLARIS M R AEIRAS | ORI BB AT K 738 R BF R A R, &S 80N IE S
TAHIBRE AR ) SC A JAE B . AR SR, BN N IIRe, ARG Pl iz silT, 5K
WTE R 22 HAEF” (crosstalk) , FEFUSTAIELSE [ iRy R HEEEAEM . MRS SIE N —F A 2 AR 259 T TR
fetgim A S 2 MissN T (WIL-6. Irisin, BDNF, IGF-1, FGF-21, ¥LZ (lactate) 5 CTSB%) MR, XN it
FOE B LS RIN SN PR (5 5 B . R UEm e S RS, ENLR S i TR A AR A . 2545 M Ae
WA RGP R PEM A R A . SR T IAME RoMp R AP PR, M5 “JUL-Hi Crosstalk” , BRI sesE LA AE S50 i e i

A BERE . BT, ASSCRGEEAE s T iz S TR IUAE SIS RE R RS 3L A AR R s R R IR AR, B
iz S T R EAE N IUNE -5 AR RERR RS S BB i BEE UL A 45 S AR AR

XA wIIHT, WU, ANAIRER, R, s
hESHES  G804.2, R49

RAE (2024 4E 15 H K 2t F kR AH)
BRI, B 2024 470K, 1 E 60 5 B KL B AR
ANF3 N, RN 22.0%; 65 % U I
EHENAN22MZN, diH15.6%. TSR, 2=
20354F 45T, 60 % UL AR N IS SEnE 44N,
o7 LU i 30%, ik & R AR B S 0 1k By
B NH RS 2505 A 08 AH 5 8 il 5 n)
BYINDG, EFEE ML . R . OB )
KON REWGR 4% . LD E  (sarcopenia, SP)
SR GG A OCH . SR TR A SR L D
PR, HAFERIC LA BT WU TR A
AKAADIREGR , B R BCEAE D IR A ) RE AT |
FEPIRA . BB BT EAER BT A
(SR = N7 N e = R S R
(cognitive impairment, CI) Mg~ AFE L2 . B
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Z AR B EAE G 7 vl ] 4 A v F 5
BaEwon, PEEZES A SP 5 MCLHE &4 %5
ik24.2% ", K, SP5 CUfdEMA A4, W
AR BRI R, LR R Rl A I 1 K 25 59
T, IR Al A R %) B R U

HAl, X7 SP 5 CLRYE T T ok g 3= B 4045
YT EAESE T, SR, BRAR 25 T 1 %
BIANFEAFEI T RUm R, WA IR LA S A 0 Rl A
AR, XMELUE AT RS T R . A
T, BaEN Rk EEERAEZ YT IR,
£ Bl I 55 BB A% [W] 25 2 22 L 1A 978 2 RN e 5 3R i
Y, 20164F, Safdar S5 3 Y HIR R GLHbAE
“wfiAT" (exerkine) RIMEE, B HE X hizsh
FRUE LA . B S SV IR )
WP o Horp, B4 PR P SE Ad I VRE P B it
il 7% f%  (blood-brain barrier, BBB), 7& $14X #fi £
RGN EHEZ T LR, WA “WL-KzE
HXFE” (muscle-brain Crosstalk) "', HE—2D0F5%
T, BTV NIRRT s RE
AR 2 AR | B 2 i ] SR S R 2R A
o B RIS A O T R R MR P SR, YT
WFFE X2 B R 19 32 2 M0 G 70 W S R A . LA
SP 5 CIH &4 L iAEEN, DARIETE
AT R s 2 TN R R, T
M, AWFIE RGBT SP 5 CI AL 1 s A= TKL
i, BB 85 (32 30 76 SPA CLR h iy
VEFRBLEN, SR A At Xt b 2o A G v fas 3h T 1ok
W % I PR A A PR LR 2 B AR YR

1 ADESINFFERS R E X

Bl 25 30 LA DR iR, AR e R 2 g
P 8 RS, B 2 v o 2008 A B DA 41 41 0E
AR “HHE” (comorbidity) MR, RIFLAET
(] — A~ DAY 10 9 o sl 1 Al LA R v A A G
Mo AHES TRV R, B AE AR ) i
P s RS AT A4 . FET R LTS RIG RS,
Jay B FERARRATHEE T, SP 5 CIAYALR B4
oo . T EfERE 5 E 2B B8 A (China
health and retirement longitudinal study, CHARLS)
A A DAR AT E s, B 4FE AR SP 5 MCL 3L
iRk 24.2% Y (HAR TS, SP 5 CIAYAH
HAERIFARSRST S, R S IO ) R R )
fiE, SP AR FE Rl B HR LN 43 D e R Je i i 5 |
BB Wb S, LIS 0 e AN 2 S B

AP o BT A R AR 28 R A R B
T ¥, SRR CLEE AR M, )Rz, CI
AR PRI s EL . FEEHATE SR, LS
KN B -TE -5 RS (hypothalamic-pituitary-
adrenal axis, HPA) ZHREZEFLAN A EMLH T 58
SImAt, N B IS RS,
IR ALRE s SRR . WT 0L, SP 5 CIAgdE:
Joa AR LAl R SR A B S, IR — RS-
ki Crosstalk AILHITE BOSUa LB EER . R, A%
S — AN E TS, R UL ARG A D e
7, XFTHRAMRNLA ORI HIZRE N e 8] 1Y
MG G E R

2 AESIAFRRES IR R & AL E

I IR FEFRI , SP 5 CI Z [BIA7FE I & I R G
e o RUAE g (1) BAA 3 AL v oA o 4 e 1
HIATEE R, 1BVEARE RN . Lok R BE AT
3 A 25 AL R 3l SP 5 CTALR & A & e i
BOBAERLE] o™, X SE ML AE BAE TR OB
B, JE[EHNEE SP 5 CIR AR EERE (K1),
2.1 (1BHERE

Bl AF I, T AR 3 A A A DG 73 b e 1Y
(senescence-associated secretory phenotype, SASP)
i B R R AR AR, 8 SIS
NN RS R A S U W = ) B B S LR G (A3
FERAS 10T X S o P A L i T UL B g 2
B B, LRI SP 5 CLHR#E . 768
AL, IRVE Y T/B Ik E 40 i B A% 4 e o3k T >k
1 EL LR AR A 43I 1% -6 (interleukin-6, 1L-6) FlI
e R HE R T o (tumor necrosis factor-o, TNF-a)
SEPRF P SRl WE LS R . —
Dy, MRS TL-6 I TNF-o il ot 41 il e X 2
KK F 1 (insulin like growth factor-1, IGF-1) /
HEH UM B (protein kinase B, Akt) /MiFL 3% &
e XM EHAE A1 (mammalian target of
rapamycin complex 1, mTORC1) #fgft, &R
IREE BT A U P, 53— 7 THl, TNF-a i i 17
il % N5 mE WL B 3 3 B (phosphatidylinositol 3-
kinase, PI3K) /Akt/mTOR 45 8 (4 £ hii i %
] B 05 2 R - 8 B K R 4 (ubiquitin-
proteasome system, UPS), LNl FEHE M 1
(muscle ring-finger protein-1, MuRF1) FIJLAZE4:
F-box # 1 (muscle atrophy f-box protein, Atrogin-
I/MAFbx) ik, SIANIA R, 2k
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Fig.1 The common pathogenic mechanisms of sarcopenia and cognitive impairment
E1 AL E 5N R BE RS AR A& R L
IL-6: A3 -6; TNF-a: EIFSENF-a; CPR: CRIEIEM; IGF-1: BEEEEAKKETFL; Akt: HRAWIB; mTOR: WFLshHinE

FKHEH; PBK: BEISHUULESHM; UPS: ZR-HEAMKRS;

P2 B - R G BT 3R RE D R 1

WLZEgE 2 R, JPUIEE A E P T 5
IHGE PR 2 R G0, SMNRSAEAS 5 s /N o 2
i, Befb A g MBS, B3R BBB se ek, (2 dEik
CL 200 Jf i i A A 22 R Y R Y SR A
R RPN e O S i = G = W e I U
(interleukin-1p, IL-1B). TNF-aZ&[H 7, itz
TR ITIE LA 5 1 LAk, RS T
B C LW 25 (C-reactive protein, CRP) ] 5
i 145 PN Bz 40 B %) FoyRUB 2R Z5 4, 2k
INBBB, i T A2 4 K7 w28 55 2640 o 1 A
SR ZE b, IR T A R A A L Y Rk
TEARAE R T 18 ME RE A% O IR B g, I ad LA -
Pl 28 98 E (1 0] SIS AIE 28, OG5 3 UL PR 25 400 1)
A, SUMEGAFI T RE IR, AL SP 5 CLH Y ¢
BRI
2.2 ZRKThEERERS

LRRENAER ‘e T, HAEZOTEE

MuRF1: JILAMIEE
SKHEFEHO3; ALP: [IWE-IABHARFS; FFAR 2/3: WSS AR Z42M3; ROS: 7hitE%AJE; SCFAs:
MBI o-Syn: afSfiliZET; TLR4: TollFESZ{A4; miDNA: ZEKi{ADNA; BBB: ILIKiEEE; MG: /N4 ;

15 Atrogin-1: JLAZEZEF-boxE H; Fox03: X
RENRITEZ ; LPS: JRZkE; Ap: i€
cGAS-STING: ¥

A I AR e AR L, AR 2
AR o) I i o 1 e o= A N 7 T S
(adenosine-triphosphate, ATP) ', 4 F1& 16 #%
NEER B IRTEME R H . Z0ki/A DNA (mtDNA)
RAZGER R ZPT, o FEERRARTRRRERS, F1RE
Mt 3G, A5 6 2 48 (reactive oxygen
species, ROS) i EEAAL . X4 ROS ZKF-H i 4l iy
PUAALBHH RGNS BREE I i, B 251 &k E A0
W o SR RT S EEE UPS A M- B AR
% (autophagy-lysosome pathway, ALP), % S/l
W4, FFFRIESE, ZORiRDRe a5 S i S
P A Akt BERR AL, ECL R S SR HE SR
103 (forkhead box protein O3, FoxO3) E#iffk
I ANZ N IR S e s %, E T 1 18 MuRF1 il
Atrogin-1 )ik, LMk & AR,
LA Z=4, I SP A BEE R 28 it
Gh, HERARDIREZ T, ATP BA SR BT
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K, SEPAIMRE R HEN A, S L 2
%5 o [ImE, SRR REREITAE 2 1 i IGF-1/Akt
G, SE—LHlss LA B & LA =, 76 SP
S RIS YR N i R B R & 5 YA LN A R o S ES " SR N
AWEI KA . SZ SRR TR A B0E R, T3
TIRES W BRI R, E—25 ] ATP & RS 2
FIROS =4, i BOBEIEER 7 ZE KM,
P IC R RE R R = 5 | K S Ml rT SR E T B AIA RN D) e
oS I (TE =R AR SN RS UL T U EwIw oy I 2 A
&, FEROSHE ™4, i BBBUIfgkEls, 5
KRR RGN AN AR 2 980E , B
Vi I S S G DX M 28 e i R IR T RE Y 5 LT
BF, 2RI Z) T 22 B 405 T ORI I 2%
W, RS A AR 2L T RE 2, T SR AR
RFRE, iE— 20l A A R SR 22 oo i B
(AR, LA AR ] A S A 7E R
=, WUUE PE mtDNA #E K Al 9k 0 22 i3k A5 s 1R
(exosomes) H-4hiz EML T, THLHIEHL A
1%, TR EEIR 1 - R R A - TR
O OB B H (cyclic GMP-AMP - synthase-
stimulator of interferon genes, ¢GAS-STING) 4K
SpE s, I CIR AR R > ki) hg
(ERES TR AR sa e Aw! i E-~1| NRE= R AR 9)] 1 DS &2 A
RIS Rk, 76 SP 5 CLIL & 0
YEH.
23 MEEEFE

o TE TR AR R A i LY D e T A
FLAEH, P ) 32 S5 2 V8 i 1 B e sk
JGEERE TR (short-chain fatty acids, SCFAs) 42k
DI R HAE W AR . WF5T s, B A DG
Bl RS RET W5 kA iE BT R, &
AT S Wy an fig 2 B% (lipopolysaccharide,
LPS) Gt AMEIEIS, 51K RGeS FACi
ZAL, SEmSIRNIN DR R Y, T
FUSCFAs (ATt B (IR BERR [ FILERTAT]) /Y
FEERER, HISS LPSIAERMARAE; Y1 — A FR
WHUATR T TS F R, 7B 209 LPS, il
HCE B LA IE - Toll #£3Z 4K 2 (Toll-like receptors
2, TLR2) . Toll #£ 32 {& 4 (Toll-like receptors 4,
TLR4), 51 &RAERNL, AW Z 1 ROS I
AACRI R N, SRR RIEMNLRNZES 7
WFFEUESE, LPS KT & G TLRA f5 1% 5,
i 2E WL IR 25 4 b 5 25 Atrogin-1 Fil MuRF-1 11 3%
B, S C2CI2 B A2 . K, SCFAs

Al RIS B LA B s AR R 52
A& 2/3 (free fatty acid receptor 2/3, FFAR 2/3) %%
B, e R 2 HEBBCRURI T, 305 1GF-1/PI3K/
Akt/mTORE I, FIMALAEHBTA R > St
B}, SCFAs il i #ill il FoxO3a/Atrogin-1, Jf {4 i
mTORG# #%, M el 26 1 BT B 78 Rl A
SR, LPS it TLR4 {5 538 B0 /N5 i 240
M, fESEIE R AN R, UMb 2 SE AN
e Y Sy —JrTH, LPS 5l R AE TR
Al BYEMFERE ] (amyloid B-protein, AB) Fla
R EH (a-synuclein, a-Syn) ZF45RITEHE
H T8 REE, TIRMAIRAE, FEE sk Fpf
ZRI0BETS M, WAL, RIS 5E A AT AR T
JESI,  BEAR I 6 5% 5 A BBB S8 31k, S50k
JERIEAG 5 AR RE AN LI X 2 R e, 51 A
ZRGRE NS DETTINE] CLEY & " Bl e
AL IR SRR . 390 LPS B3 Kb SCFAs
AR, R B SE T AEAL R, AR LR 2R R
fRIFERMZAAE, IR AE 5 A0 B A
i IR JE

3 EHEFIEEIDESIAVAES LR
YE R

IRBLHIZRIT, SP 5 CTALH b S 12 4 RIE
SRR BERERT . i o A 25 AL A B AR DO
X, Tz sh T Hudd s s 0, alEemh
FTRGX — P EIRR OCHE , iB 3Rl s iR
I ZFPH AU W AE A S 5 0, AR A
T IEE L R RSN AR S . X LB T
i MR s 5 s R E ] TR, A3
SRR GNEE B SRR s AR, IL-
6. BREE (Irisin) . FEPERZE SR (brain-
derived neurotrophic factor, BDNF) . IGF-1, 4
YE 90 By 4= 4 A1 F 21 (fibroblast growth factor-21,
FGF-21) . F # (lactate) . 41 £ % 1 fif B
(cathepsin B, CTSB) 4§ ([&12), it AE S
FIARE RS . BRI R S AR A 28 mT S A
L, ZE B R 23 SP 5 CL Ak b & 5 #% 0 A
H (1D,

31 Bfr%E-6 (IL-6)

IL-6 VE R —Fh 28t g e 5, HAEAUA
YRR 28 i e M 5 ok IR AR R, JC R R
LA S# 2 RGN A TL-6 BE Al A 4 R34
H, AR SR . EAEBRAET, 830
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Fig.2 The mechanism of exerkines in regulating the comorbidity of sarcopenia and cognitive impairment
B2 EzhEFRENESIAAES LR ER LS

L T 1. BFF; IL-6: FA4r2-6; BDNF: JRUETEMIZE KA T; IGE-1: S EFERKKET1; FGF-21: Mgt N F21;
lactate: FL#2; CTSB: 4ZIHIIMGB; JAK: Janusi{fifi; STAT3: {55445 MEFLRIEHF3; mTOR: WiFLaiWRiN&ERLHE; PIBK:
BENEIEIURE3 FAME ; Ake: B EIUKAIB; GSK-3B: WG AARET3R; AMPK: MRITHRIG ML (M ; ERK: 4IMAME"5 819340 ; PGC-
Loz 3 SR A K B T 2 ARy A ROE R F Lo TrkB e JRJLEREE (1332 /AB; CREB: cAMPIW T4 AT ; MAPK: £24)50%
AL I ; NF-«B: #HF«B; NRF1: FZIEERFT1; NRF2: IR F2; TFAM: ZRRifRiE%HETA; Sirtl: JUERGEEETTHT1;
MEK: #4550 T ; NEP: JXMEAKEE; GPER: G IBICHENMGE ZK; NAMPT: JHBLRBER IR0 ; HCAR: BRERMZ
s AB: BUEMIFEREIT; Socs3: AHAEHF{F S0l 35 gpl130: HHEE 1130,

J E R L 00 4 LY TIL-6 W 58 ok VRO £ 5
S 5 5 SEWOE R 3- AL PR AR S R R 3
(signal transducer and activator of transcription 3-
Suppressor of cytokine signaling 3, STAT3-Socs3)
PR e AL A S BE Y, I miiEA
130 (glycoprotein 130, gp130) -Akt{5 54, #5
HEEBE S R, RS RIEIRE T,
ML AN (N T/B AN . BRAZ/E RN ) Hrsk
3 W 15 7KV R SR U A TL-6, D 2 BIK 5 2H 445

Pio TEWLRZEZIH, 181 50 Fr By S i P IL-6
() F5 2L = /K OF % 38 T #0005 Janus B (Janus
kinase, JAK) /STAT3 {5 53d s, [ iAMLAR: 50
E3 12 2 %4 Atrogin-1 1 MuRF1 335, MTIIIE
HHEBZ KRR, SEONZESE . FR, 78
JHe B AF DG ZE AR AL, 1L-6 PR B3 v 8 i ik
S8 W Tl A 3 B O B2 ARy RS ) 1«
(peroxisome
coactivator 1-a, PGC-la) MyFik, i ROS 4

proliferator-activated ~ receptor v
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B, FRIA LA R 1 SRt . LEF 4R A AR
HOmUL & AUAR s D g kg s IR RIS s
FERBAT SPEAE NBE, I3 rh o A fe2e S 1L -
6 /K- SEARM AR TR 5L . 38 17K DL B L
EFRECE LR D REFR bR 0 S5 AH G Y, Meta 3
Prit— ks, SP AR ML  IL-6 /K- {25 Tt
L IR SR BT R AR 7 TR T, AL
AR TL-6 1] 25 BBB ml i idh 2k 7 #2215 5[] 42 4
FT Rk pies &40 0, — 5 T A2 i BDNF /Y
FEIRHM A TTRYAETE NS Ml T B8 Y S —Tr
17, 38 S AMP i AL H i (AMP-activated
protein kinase, AMPK) i# %, 35 B IP ot 40 i
R AR A G s AN, IL-6BEfEI T T
i JEE P A A b, 3 IR A R M S T T I
(extracellular signal-regulated kinase, ERK1/2) i
B, ORAR HE/N BUE#R WL Y AMPKY  BER T A PR
fL T (acetyl-coa carboxylase, ACC) i % Flfg i
FRAEAL B0 SRIMAE ADARASS, IL-6 mfor il am 2 91
il STAT3 il cGAS-STING i ¢, JsARpZERAE ™.
FREZ, ik B W o JAK2/STAT3 5538 F& 4l
IR 1k 1) STAT3 A A% A sh iR 48 FE PR e 5, sl
2RS0T >, KA 1) BRI R B s, &
Gk IL-6 K5 INGE ) B . KIGZE40 M 4>
DAL 9 5% 1) JRUISS: 338 I S8 4 70 0 35 G K B FE TR 4%
SRS, Rk IL-6 A] Sz ) 1 , - 28 i A 5 s 5 e
BN, 18 ad JAK/STAT i J 5% M 2 R4 D) e i i
FHE SR T RE, TR “MiBIAIL” fdos 2R 157 ol
B 7 25 1, IL-6 7 SP 5 CLALy rh (1 FH ELA fif
HH R TE SR, 42 3 = B WLIEE IL-6
FE R IR PSP E R AE T 1 S 5Pk IL-6
DU A FILPA) M A R A R ot 2 2 S 0 7 49 O e
N+, —FIFEEdE SP 5 CIHwR kA S A .
32 BREFE (Irisin)

20124F, BFFEN B34 HH —Fh h iz 3hifs &
Az B AR Y N —Trisin, LT A Ol TR £F 4 2
Ha5 I & H 5 (fibronectin type III domain-
containing 5, FNDC5) . FNDC5 J& F1 75 i &
H, FELEEmIL. OULCRIEh L. fEizs)ifl
BT, FNDCS5 1 M A 454 588 e A 2 UK g bl &1
TR HE B =X Irisin ™. ZENLA RS,
Irisin #3307 PGC-1a 33k, #EIMT A R F4E LA
W -7 1 (nuclear respiratory factor 1, NRF1)
bR % 5 ] A (mitochondrial transcription
factor A, TFAM) (3%, HESREKREY &L

FALBERRILEE 1, MNLET 4 i Fn e de e it e
WICRE . WS ERR W], E FNDCS5/Irisin 55 [H
SRR A2 AF /N SR Al S A T P Y AL A
Z45, BIRRIUNE T BE TR NIRRERE &
WL 2 A TR AR s /N o A B, R A 23 4 Trisin
AR AN R LA 2245 R A, £ risin
FE 5 22 1f B2 v X 4E R LA AR BRI g B A B AR
FH 0 e g R gerh, Tnisin A] 5B A0
TfI (Y oV/BS5 5% 324K (aV/B5 integrin receptor) ,
WS PGC-1a3kik, HEMIRIRET 4% £ FNDCS %24
R Trising S BLIE SOG4 5 i #%2 A] 35 /i1 BDNF
Pk, fRIER AT M | M In b AR 2 oo AT
I Y[R, Irisin i@ PP ERK/STAT3 {5 il
B, 75 B o 40 MBSk ME KBS (neprilysin,
NEP), 458 Hoxk AR BITHERAE ST, 18R AR LK
AR TR 9, A AD /N AR BRI Trisin K2 [N
ARSI EIE ) A HTIRE; AMEES R
Ik Irisin B] 38 15 7 A i A2 32 B A Irisin ZKSF-, 340
HX Trisin 7 i, BAC35 AD A IA B G R 28 95 2
2 O IRIRIESE B, AD BE 1 Trisin KT
Sy L ] KT [ S DGR G DX B AR FR A 7
A, PR e Irisin ZKF AT R4 CERALIA XS # 22R 17
PR A8 () — AR SO iy, B85 9 0 ™ R B A
Kt R, InsinfEA—FE RIS H T, 8
1 S PGC-1a /T I GARAR A= W) K A K B AR AR S
WAL, R EEIAZUY P4 S D Re g R (L aE
fiff s[RI, 3 R AR 22 2R SR BDNF 33K
gEfl AT SAVE | MU AR ABIR R, KRR
R BN B E -

3.3 miRMEMEEFRET (BDNF)

BDNF &M 25 7 K F R O, 2
ETRME RGN G, S 5RERMTEYE. #h
R PRETUAAE . REE T LA R RN Il A8 A= g
G2 R, EEEENLT, BDNF 2 5k
WIS BE5E . A PR 4 G 72, A A
WL R 231k A WU i — 20 A LR 4, BDNF
(122 ik 7K V-2 7 T R ). BDNF @ 5 & % A
TR LR B 2R % B (tropomyosin receptor
kinase B, TrkB) %54, ¥ AMPK/PGC-laf5 5
i, RUFSARAREY AL, R RERACHE, I
PHILAZESE . HAS—TiE X} 20 {51 SP &
I RAF T 7R, B3 I 3K BDNF ¥R B 5 LA )
i, 6 minPATHEES . W] BHANLEE S FRIT A
FIAEAAIE, 15 5 YRR 7 5 R ] 2 3
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BEEY, %: EyEFXNNESAMESLREEERILE <7

FHOG, KW BDNF Al gl i =2 LA D ie 2 5
SPHRFRERE 7 TEhIXAIZ RS, i BDNF 5
TrkB 254 5, PI3K/AKt i [0 0%, 90 B RS
fiff 4 i 3B (glycogen synthase kinase-3 beta, GSK-
3B) IR, BHIE ABEAY tau S5 I BERERR 1L, DA
980 2 % fl 463 0 55 i 28 o0 D) e R A 1Y LA,
BDNF i ] i 22 %4 I 35 AL 2 85 (mitogen-
activated protein kinase, MAPK) /ERKifi [, FE(
cAMP S JCFZE & (cAMP response element-
binding protein, CREB) Wik, #tifi [ CREB
WHPER LN BDNF | Synl . Syp BIZEi5, HE5R %
fil AT SR 5 D RE . RIS IR R, 7 378
% AD B, I3 BDNF 7K fit e it R4 3%
REAR, HOHW S CL™ s AR i 5 3 fop ¢ 7,
i — 20 SCRF BDNF i i 15 58 i ] 9814 e ph 28047
525 AD M 2 BT s s B R o 2R
BDNF A2 H X i 28 52 Gt rh OB ) o 22 g 1A
T, I AB/tau £ 1 BEANIE 55 S i AT AR
HEIMEN, a4 AMPK/PGC-10 15
s LeRiA TR SRR, RN TR ST
AE. P, BDNF /KPR AIVE A PPAS #2084 T
PSR FILIA D) Re et i E 2 A AR b s, T
ERAT WM BEXE T B OCHE s, 78
PRl E: SP 5 CLAG o A A% O AR AR
34 BERHEHLERKETFL (IGF-1)

IGF-1 J&—Fh O Ay AR R I 7, i a0 ) 45
H RS IHL G A S iRl e, e A:
K. bR T R I E AR AL TR kL,
IGF-1 5 H ¢ 55 % %4 (IGF-1 receptor, IGF-1R)
LEA R, IO i PIBK/AK {5 5 E i, {2 oL
PRI BT . S0 2 BT i S A AR T, AT
RfR R E ISR U, Ak, IGF-1 8 it S Aky
GSK-3f i -, e i GSK-3p % A= B W2 fb JF 2 4%
il B X HoA% B R & 7 2B (eukaryotic
initiation factor 2B, elF2B) #l B i& ¥ & 1 (B
-catenin) [P VE A, 2E— 20 40 UL DY 25 4
FE 2, [EIEF, IGF-138 0] 28 i Akt/mTOR i 34 5%
mRNA BIFERCR, (E#EE A BTG, BnE
M BERBENLLF R R, IGE-1 AKCEF
548 01 B K VO i 4 B R R A AR OG s A
R, WSR2 5 ARA LRGeS
Pl B, AR IGE-1 K-, ki 2> SP
(R AE XU 74 AR RE T TE, IGF-1 AJ ZF Il
ki ¢ B 5 p A o8 S & R, Bt S A e 4ot B

IGF-1R, #i% PI3K/Akt/GSK-3p {5 Sl i, T iHfie
U8 T 2 2 e R AR 1 TR 2% R A 1) 2R 1 I 9
(cysteine-dependent aspartate-directed protease 9,
Caspase-9) MJFRIA/KF-, LG T-HEH B4
WREJE 2 (B-cell lymphoma 2, Bcel-2) Wik, M
mARBEN R Zoe T ™ 55—J5H, 1GF-1idd
IGF-1R (i PBK/MAPK {553 i, iR IEH R
Y G &R AR IBRMER R 321K (G protein-coupled
estrogen receptor, GPER) ik, MIMIES CIHY
HERE 7O fEAD AR, BRI IGF-1K-F 54
ey F) AD S8 XU 2 25 RH OG5 B /K K- IGF-1 )
SRR AR Sl A TR ARG, 4 Hm] ReiE
TR 28 e R i 2 A A P R R
YEFI 7. I, TGF-14E AR Ak ILZH 2 AR
SHPRMERGEMNE I DIBERZ LKA 7,
— 77 TH1 i 32 PI3K/Aket 3 % 75 JJL A 25 44 s ol 2 fige
PO E S A, 53— D TR i il o 22
JU T FEM A AT, NTAE SP 5 CI s 1)
g LR o R R ) VR A

3.5 RLA4EMRRAERET21 (FGF-21)

FGF-21 2 —Fh7eB #s L. 106 ZH ZUR i 5 2H 21
FHA P RIKN TR, BA AR
& PR BIURAE LR s, HAESP S
CI 5 v (9 VR FH 52 I 2H 2R S 1 5 W B A4 1k
FEAEFELLT , WUA o FGF-2 138 o # il #% H - «B
(nuclear factor kappa B, NF-«xB) i, /b
TNF-a, IL-6 550 & 780k Ry, BRI A%
PR~ E2 A G R 2 AR R W T (nuclear factor
erythroid 2-related factor 2/antioxidant response
element, NRF2/ARE) {55, MomaiEdisa it
BIAEVEE 7, Ul ST I IR i B LA P 54
SR, FERGELRAS T, FGF-21 31t 5 TR 41 2%
T Y 7L R B A 1 (B-klotho, KLB) ZIk&54,
9 gk 2 i A 5K 7 2R L [R]JE 4 (phosphatase and
tensin homolog, PTEN) [fik, #E 1 4i| PI3K/
AKt{F 5l g, P TR AN RS 5 5 04k, 2
FNVETE R, mASFENNZES ™. Hee 55 A
W, Z4 SP B g FGF-21 /K-F- 5 SP ™
HRR AR IR, @Y THE Y FGF-21 nl AEAE
LA 53 A PR ZS A 0 A b i
PR R G0, FGF-21 0] 25 5k IfiLini o i o
0 PR A, A T A T e Tl TR A B e A% Tl
(nicotinamide phosphoribosyltrans-ferase, NAMPT)
{3 NAD & i, #1m _F Js 0 kAR 28 15 B 1
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(silent information regulator 1, Sirtl) ik Jf-4{4 5%
PGC-1a i, I I 3458 #2870 (9 2 br 14T 1 B
S5iHe M. s S FGF-21 7 3 i i PI3KY
AKt/GSK-3B {55 38 B il o 2 e T, I8
FRz BT IX A2 2k ¥ 78 AD K BURN4H AR A
H, FGF-21 BRI GG T ICCRE )y . Rt AR S
S TTI T . P tau B L BERE R TL AN 2 A
FALRIEAR VR . £ F, A BRAKOF 1Y FGF-
21 FE WL A2 R TR NPT B AR, 7 KA
SR B RO L2 Y R Z NS == 1 2 I8 R N O 7
AP/tau Jg B K i 5% ik AT S A 2RI A HE A 2
PRI VERT ;1A s BECRAS T R 7t 1= 1 FGF-
21 KV AT g S W MLAAA I 25 L 5 LA 40 A ARk
A, ERIHRNUA AL,

3.6 ZE&

FLIR I - U i it A b ™ A i — S Bl
P, AR R B E AU E S RE R, AR
—MEENE ST, EERILS s R gt
RAER AR o TEaas i, LR AT s
IGF-1/AktmTORC1 i i, HEIi34 IILAHE F LS
BCEEEE BY eAh, FLIR R WG AMPK G %, {2
HENLAH M R A ARG Y R /NI, AR
PEE ST FL MR Al & R R iz E A
(monocarboxylate transporter 1, MCT1) #%/JJL 41 it
T, HEAMMS, FLRR AR A R P FLRR B
MR, RSV S 4128 1 H3 55 9 (i 2 e kA=
LW LB (H3K9la) , - 142 i M WY R il 2
(neuraminidase 2, Neu2) F:[H A5, EFE B
WA B FENHITIRE Ty, LR E o 14 i Sirt1
Fik, WS PGC-1a MIFNDCS #ik, ik BDNF fY
AR, BRI RS S A TR T Ak, EA
Pem R Bzl b, LR KT i A 3 5 v
I 5 % P 2 4 B HCART 244, a8 Ak 1t 4
AL, O I VR O SR I R Y T
FEXTMCUHFE A, S SR LR MR B 2 e,
HEEARKTS MCUBIR R ZIEAHXE ™, #R
PEFRFLIR KT m] REAE N I BEAR S RV TR 2E b
B, (HHRIROCR LALHIFRARTE . K, FL
R AN F-p B afi i o Je e R Rz shis
WUP R i) E 2N, HAE R sh R e a gL
WS B A S . AR TR A A S RaE L
THEIAR, FE RN p Q. et i s AR

BOTSEMR 2 U, AL A BRI AR Y 9
UL TR
37 HALAEEEEB

CTSB & — & {57 T 1 B4 1) F bt 2012 28 1
ity , FEARM PN B SRR . PR T PR
TG DL S e i A A B R v R R E AR . i
APk, CTSB#ESEE /N A A fr iz shifs ™
AWEEE T, HAEER IS P 2 R g i
FHEEEE B 2 A SR AR S . E R R
WL LA B 4 S 56 3 3 AMPK 3 sl il Bl iz
RN A 5 CTSB YR IAZKAF b 25 B 2, [H]
BF, 13205 R AN 2SS mTORG# %, AT
PR TRV BEHA A - i € TSB & 1 2. 7E AD /MR
AR 38 ) BRAR S R BUA A B B JLCTSB &t
Fik, wHGE/NREZE S EEE ) . 1212 TIRE SN AT
M ShpR s kA 9 SR, I REE AH I WL IR 9 BE
ARASF, CTSB ] e i i 45 2o A4 JI5 v {37 25 7
i RS A N W W N i 1 L T A VA N = Y
PRZE i ih R v B — e AR E A ™ 2RI TR
Va5 H, CTSB A1t PISK/Akt {5 5 B i /N
JE 5T 240 B 1) 3 A% LAY W D B, DA T 2 AR T
Br “*'. CTSB it A& 18 ik BBB #F A Kk, Hll ¥
BDNF "4, JFRA RS A . desicie. %
L BN RERIAE R Y. Y CTSB & B2
TG I, A JETE IS AR U (stress-activated
protein kinase, SAPK) /c-Jun 24 F& A i 3 B (c-
Jun N-terminal kinase, JNK), &/ BE 20 M2 A
S LRIER N, F3 tau T A JEBRIL S %
fih 2, &5k CI, fE AD /N B |
CTSB 3N mir ] SE2UCIZBERT , T2 K AR
AR 32, RS E RN RN D Re A AB W R HAT
REMER 7 IGIRIFSE R, AD BE B 2 h
CTSB & [ 7K V- 45 [ % i B ok BEZH T 1 2 80% %,
X — PG AT BES HLAKT AR i BE A0 B2 s 7 15 55
BN A C I P 2 RAEIRAS A, (KRBT CTSBTE
L R R A2 e, Wik, CTSBAE N —FhiE
iz siNF, EERI s S R R
INTTRE A FURAE R, g 3 T s DO T g 3 e A2
BT MR Z 5 RZES; PR RS T,
CTSB —Jy il it fiE 7F AB 15 Bl BDNF A i & 44 pf
PRI ThEe, 53—y A FEROE ORT SR 5l SAPK/
INK A S AR 28 ST N tau 25 R EERACAE
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Table 1 Functions and signaling pathways of exerkines associated with sarcopenia and cognitive impairment comorbidity

E8 AT KRS T 3] FEYRE NTES Sk
SP TR FILP P A 0B 0 A STAT3-Socs3~ gpl30-Akt [44-45]
IL-6 HHEIL ot — . )
CI PR 22 T A3 AN 5 fihm] 9 42 BDNF. AMPK [51-52]
SP FHLIA Z 40 PGC-10/NRF1/TFAM [59]
Irisin HHL . N
CI R 5 5 fm] 98 PGC-la. ERK/STAT3 [61-62]
) SP TR A AMPK/PGC-1a [66]
BDNF BHNL. , .
C1 HaEpp L KA PI3K/Akt/GSK-3p. MAPK/ERK/CREB [68-69]
. Sp TRBELIA & % PI3K/Akt. Akt/GSK-3p. Akt/mTOR [71-73]
IGF-1 HHNL . . .
CI T2 A3 1 I PI3K/Akt/GSK-3B. PI3K/MAPK [75-76]
) SP TR VLAN B A5 A NRF2/ARE [78]
FGF-21 HEL o
C1 EUIGHIEEEZST fh Sirt1/PGC-1a. PI3K/Akt/GSK-34 [81-82]
) SP TEENLA S S A K IGF-1/Akt/mTORC1. HCAR/MAPK [84-85]
Lactate HEEL. g . §
CI A 338 M 1 5 A Sirtl/PGC-1a [87]
N SP I L 25 4 AMPK. mTOR [91-92]
CTSB HHEEWL A N
CI L RER Y2l PI3K/Akt [95]

SP: Hﬂ//l\ﬁ, CI: lk%ulzﬁﬁg‘,
F-21; lactate: FLEZ; CTSB:
B - R

IL-6: [14r2-6; BDNF: KM EFRET; IGF-1: B EAEAKFF1; FGF-21: W44 K H
HLUEMEEB; JAK: Januslilf; STAT3: 55147 ML MG 3; cGAS-STING: L &R
AMPK: AMPIEGILZE (4R ; ERK: AUMEAME S0 ; PGC-1a: i AL Py REA S8 BB P i 16 32 ARyl

M Fla; mTORCIL: WFLshHIHERMELZAY 1 PI3K: BEISHEULE3 3T ; Akt: & % AEB; GSK-3B: WA BUAHLER3P;
MAPK: Z %5 G0 (A ; HCAR: SRRERZIA; Sirtl: TG E M F1; CREB: IBERRMRTT N4 &8 H; NRFL: I
W F1; TFAM: RBIIARHERFTFA; NRF2: #HFFEHEHF2; ARE: HiEAL N IotE; Soes34I 715 Sl [N F3; gpl30. B

130,

4 EBEHMNSEHEFHREINDESAAE
BLmREENS

MR R, BARTE S B2 S ESP 5 CT L%
P fE R 3R 2 —, I AR 138 B 58 BN gt i
SP 5 CI (8 5 R R T e R A D fig o F2
MU FEREACRAE « DD LRI D) RR i A i
BEEELAE . Ak, sl LR DI RE AN A T RE
OG-y e W N e =2 S 3§ I e N A b e | S R e o
FUBENL, 6B B2 1] Fe s AL A AN R 21 A4
ER (3, #2).
41 BRIEH

AR E R BN R AT, R
WIS 510 . RS MR s, HoE
HHER R YRR S E s F T WY, EdGESP S
CLILR R OAEH . stk s, 78
ADBERUNE D, MG E sl fE A A& MR
WEmEfR A, BERTHINELRRREE, itk 2E fin
AR D PR R, IR B B £ B shid
fE 38 1:F 1% 7% BDNF/ERK/CREB {3 5 3@ J% , 14 5%
APP/PS1 5L I R/INER A I I BRI SR 00N, 2B i Heoy

A 5icfcRe iR Y MESE 16 R TAE T
Al [ 8 AD R EL /N BB Y Sk LR FNDCS 19 3k
Jf- #4587 T [X. FNDC5/Irisin, mBDNF } H: 57 {&
TrkB i 2R 35, T8 A0 A - rh A EK 3 ) TA RO 4 L
il 1 NRBRSR B T i T I I R A
H, HERAFREFME. 16SPEFEANY, P&
JE A E AR RE R T AR N IGF-1 K-, 53 B85 JUL 5
EIFOLAC BRI A s &% MCT 4R T
FERM, K 30~60 min, HEE3-47%, 165k 64
AW AT PO AME M 452 2 T Re_L IR s
BDNF 5 IGF-1 ik, B M2V R I o,
SRIM, —IEFXT AD A OBFST LB, 26 J& AY 45
588 ML ML 25 AT 2l AD 24 NS T DI RE RIS
EEE IRy, fEREE CTSB/KF | FF, i BDNF 7K
SEREAR, HERTEEI ADIRZAS T, BDNF S
ZARP R AT REZ 40, 1 CTSB 25K 1] 34400 A
Hohfe ", IR, AR 60 min, BER3UC, 326
JAR HAT Az 8, ATREAR Irisin K °F-, {H$2 5t
BDNF Fl IGF-1 7K~ 1) 75 Bifi 45 32 5y B[R] 42 <
BRI 326 A5 18 N A2 sl B FLR R 57 7=, i
T3 Irisin /KPR TRUEE = TR 100, Behh, A
K 30~90 min, A& 3~7 ¥k, FFLE2 N H KA EEE



-10- EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

00!
J & 0 00g
HihiEgh - 0o ~,

A E T : -
- e
a8
fEmEE K T
1 ¢

Fig.3 The potential mechanisms of exercise—mediated exerkines in improving the comorbidity of sarcopenia and cognitive

impairment

B3 SN SEsEFEENMES ARG ILREEES

Lo TR
lactate: FLAZ; CTSB: HZAEHMEB; BBB: [MkiFFk: .,

PRI IRETH, nTAA RUREAIG IL-6 KK, M
AD A MENZ Ty RIS,
ZRERER, T TR Y B DR
e & s, AD B &K iz 3 115 BDNF 8§
Irisin 7K B0 N[, (B R 25001 52470 32 54 iz
BhBENS iM% W BDNF ., IGF-141 CTSB % %4t iz
SIAF, FEFBRRRS T THE Y IL-6 £k .
Rk, RAFEaEa. SmaE . FREEmt R LR G
LR AIE 1Y) 22 57 1T BB T SRR L PR 7 11 2 7 A7 A S
P, ATLAE R, A s gl s g R )
25 BRI R S AN, e R PRI R
EI R 2 IR ITER
4.2 #HPRIEZEN

PUBHAZ 2038 1 B % LAY F5 Sl 4 Kb A A BE
J1, AMUBEE S WS R e AR . 3 THILIA
i 50, s R SR R R R
YEAT, MM R0 Cl. shises 2, SPALHY
NGBR3, Figk 12 FRP e sl 4, B
BN Trisin 238 0 3% BT, HHWRE SR &
YRR IEASE M R BN, BRI SR,
HEAT 8 J iy it 1t = BELIC A U1 25 T 3 3k 380 Ak
ERK 5 53 %, [F4 L SP /NGB # L4 2 K I
X r BDNF, CTSB FlIrisin ik K F 3, it4h,
AD AN A F K 20~30 min, HEE 37, 164

T b IL-6: IS 2-6; BDNF: JNIEEEMEE TN T IGF-1: BB ERAERKINT1; FGF-21: M4 A K 1215

Y ROAS &R T TS , ¥ 1) Irisin 5 BDNF KT+,
FEAEBE AN ICAZ DI HE B W E L I R AT
N, TESPEAENT, B 60 min, HJE2%, 3t
12 J&] 9 4 28 I 25 AT S 3 B AR S 5 U 1 TL-6 7K
S BRIR 30~45 min, AR 3K, 14N siE
Ji 20, BEK30~40 min, 6N MBEAYEAZED
FIBLBH T %8 nT BRI AR IL-6 K7, IFRFHAILIA )
Sohgg el Hak, A2k L8 IR A L
JIRITEA ISk, nTaE e A Wi 1 i e
FLRRTE R, MMM FLIR & L, I & s
SP & A A 6 min A 47K 5 WLy 7
FEMCLEAE N, BRR 40~60 min, A2, 3t
12 J& (1 5 1 1 B BHL 8 m] 3 2o 8 3 $E T 1l 3 1GF-1
K R B N- & Bt R A& 2 R (total N-
acetylaspartate, tNAA) &, JFRPUTIIRE S
N Y R — 3R, YRS shi i
JE1 208 2 10 3 I G AR R i, X
SP 5 CLIHEAR & FENLIN Dy e SRk 5 sl 2 R4 1
XWUH AL
43 HizEzhAHK

R Rz s 7 00, ZRREkS s 0 i
SP Al CLHR L HA — & B . shiioe &
/N, TEADBIRLUK L, K 49 min, B 3K,
Frer 8 Ji i B [a] 8K )1 2% (high-intensity interval
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training, HIIT), TJ$EFHEE S A Irisin A1 BDNF 7K
S, IR AR BEBIIE AL o I R HIE I E— 2
WESE, £FXTSPBAERE, MK 30 min, AFE S,
I 12 JA 0 4 AR sl ZenT 4Tk SRR . L
PR AR S s [ REAR R S SR 1 S A 42
YN I 35 A AIK i v DR 9% R TL-6 /K-, T 2
TISPZAE N H B NUT 5. WLAHR 1. 30 s 4k
SRS . SPPBITArAE Y, FEMCIBAE A, B
W60 min, FEFE3W, 20 M Risshnr LR
{5 BDNF | IGF-17KF, BCGERAINAMYI6RE . R
NEFIERSE, IR R BTG . AR
IRBOE D S 2L g 12, TR ARG Tk
GG ZE ", REEIER R . 55 %00

REAYIFIR , 28T BEAIR IL-6 7KV J -4 = Kl BDNF &
ik, SEELUMESE S AN . O — WS R, AD
BHE LR 30 min, BEE 3, L34 HIT 5§
rh &g B RE S| 45 (moderate-intensity continuous
training, MICT) J&, BDNF /KT i # iR 1k tau
B KCEREAR Y 20kis 3 5 A 0 i o,
AD BFRNZLER 02 TR 2, Hoif /i
HEALEF (cyclooxygenase, COX) ML i EHFL
R A G, $RZORR DI RERE A2 AD B FLIR
RIFZERLRZOER 2 DL RS IRFRI, 28]
YENE38 SP 5 C1AL 8 35 AR o it A SR 25
TR . SR, T HORMEPL. AR R 18 )
P Bl I S A AR R A R, TSR

R, AIHCGEEAESPEMNIARE . WU SR ARG, DIMRBEE )T s 2 e oA skt .
K2 ARIEFHREIIEREFRIEKFERZ0E
Table 2 Research on the effects of different exercise types on the expression of exerkine
PR ; X T 1) X
maxn B SE SR e LIS %5 Sl
RAE ]
4 1% APP/PS1/tau Hl 512 ) s 1 GFAP. MCT LadCT2 1 [100]
LR /N B 60 min/ik, SU/FE, 8 - ; ;
Hl &Iz ERK1/2, CREB#*ik.
AD 8 H ¥ APP/PS1/MER BDNF 101
Hi PR ik, suL S U w1 Lot
HIEATE R E, EEUPAT Irisin. FNDC5#iA
AD 8 H UL HEESAMPS 102
L% 0mind 3E. 16 BDNFT  aAKEH 1 102]
65~75% r SR AT AR HGS. mAHE ML
) X . IGF-1 1 . [103]
HHizs) EIN 60 min/7X, 2Uk/F, 8JH RIS 1
60~80% HiT %3238, 65%~75% HRmax IGF-1. B
MCI 47TI%. RTs. ERP P3UEIE 104
. BN 30 min/¥, 3U/H, 16/ poNpt  DUTHfé. RTs R 1 L104]
>60% BT Pk, 12 AERER SR ]
aMCI ) BDNF 1 L [105]
ZAEN 40 min/ik, 3/, 16JH ERP P31 1
BBHL. R AT AR S R
T 55~85% tﬁ'y*);g :;igjiimmlw A IGF-I. 5 -ZeE = [106]
3’ 0~ () ax
4 BDNF SiER
EHEA 45~60 minfi, 4, 64 A f BT T
O RFLTERE 4
. )
19 3 ¢ HEPECS7BL/ 3IAE, 12 .
6N ROy, sy on TR 2]
7N B 7 % , b
. e WL & 1
i
HURELICER I 25 WXL EE |
8 H I it CTSB. Irisin.
sp Csiftfj ; SYH, 8 AT [113]
I S RAENIAERI20%, 8~120K WA T
&7
"t RIS B 7
SHIE I ZE  20~30 min/ik, 3I%/JH, 16/H Irisin.
AD AL IRTRR vAbsiTire 102
HONHSAMPS S MSon ik MBS mERA  BONE] R [102]
B fiif
IR BB+ R IR
SP 60-70% 2004, 8/ AT 6MWT ! [117]
LHEEEN '

ST HIZ 5, 80% IRM
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IR , papeya) 7S il ,
g Ea = EFHLIRL 5 43 ik
R A
4 D A )Q |4’€
657 YLk KD+ IS 5 b
SP Py M IL-6 | ASMI. HGS 1 [115]
30~40 min/¥X, 20K/, 64 H
65~75% g al|E4N
SP ) IL-6 | SMM. BFM 1 [114]
LHEBEN 60 min/¥%, 2¢k/JH, 128
SP 2654 ARERDI I IL-6 | ASMI. HGS. 6MWT 1 [116]
HEN 30~45 min/¥k, 3/, 14 ) ’ \
60-85% N B
MCI ' 40~60 min, 27K/F, 1258 IGF-1T  #ILINAAT [118]
EX N .
70%~85%I1RM, 34, 6-~0%/4
W 25
Ml >60% Lus . TEEIIK. BRRS. ALY 1GF-1 1 TR [105]
a :
ZEN i S RERR]
40 min/¥X, 3/, 165
TSR RS A BN SR
iR
60~80% o RTs.
aMCI i 30 min/¥X, 3/, 16/ IGF-11 ERP P3UIE 1 [104]
HEATHIAL, AEAL10MKE S HIHTI "
23
HIT
49 min/ik, 3W/JE, 8K
FREETENE o mingk, 3K/, 84 BDNF. )
AD ) HHE T, 85%~90%VO,maxifi . ABBEHR | [119]
Wistar A it Irisin 1
Al
3 min 50%~60%VO,max i
A G R
>65% ASMI. GS.
SP g\ 30 min/k, S/, 12 IGF-11 SPPB. SCST 1 [120]
1 min/ik, 10/kKEE ’
HAhizz)
65~85% YN SMM. HGS.
SP N ) IL-6 | L [121]
EAEN 30 min/¥%, SU/F, 12)8 30s44 57 iR 5% . SPPB 1
150 min/Jé #4550 B AT 28 31
- “Fi474.77% 23K 1= KW, P BDNF.  MoCA. [122]
EX N Vi IGF-1T  MMSE 1
60 min/¥X, 3/, 2004
TFEIERY6T.9% PN = EARCAZ AR ZEIR [FZIR . AR ® T 2
MCI BDNF T ) . R [123]
ZEN 50 min/i%, 3/, 6F TR, E LN BIKA 1
T BTk L TR SPr WUZME; MCL: $2BEIAAIFERS; aMCL: BT NIRRT ; AD: B/RPRIMEERNG; IGF-1: B FEFEE KN
F1; BDNF: it &E =M+, IL-6: FANEK-6; Irisin: FEFE; HGS: 8J7; MMSE: FZKMIRERAR; ASMI: PURCHHIL

Jfite; SPPB:

5 B&

fai R BEIR DL 5 MoCA
AEFIE] s GFAP: FRIREFAERIER T ; MCTI:
uiléz;: ERP P3: ffFAMISEHL{7P300; VO,max: ftAHEAE;
M AB: PIEMHEM; FNDCS:

5RZ
(B (L

HRMEEEAL;

ML R 25 B S

ZefmErE =T, SP5CIit

JREBCA H 5 IR I A SRR PR . A SCRGEIRIE

Tasgh T HIE G SP 4 Cld

Aok, H

SZEFRNATEE R SMM: BEUE R BFM: IRIBNBihE; GS: #5#; 5CST: 5yl
MCT2: HURMRHIEHEI2; 6MWT: 6 minb17id%; HIT:
RTs:

o 5k [

RN ERK1/2: ZUMEAME S0 1/2; (NAA: N-LBERAE

ool e Tisshnl i Z /s N1

BDNF, IGF-1,

H,

Irisin, CTSB%)

RIS PR

AT . EACRER AR Wi ph s

Sz v, dEmicE LA DI S I UEE. R
EizghX 2w R RA) Zakt, HEHR



XXXX; XX (XXO

BEEY, %: EyEFXNNESAMESLREEERILE

13-

B B AR 2 SR AL TR B B . ds 8
TFAERAN- T2 SN B EE 7, fE4 Rl
P e A, HEZ 8 EW, SR, Horw
PRI B2 AR T . S RAS AT R 22 52 2 B 1
B, ol EARHESL . BRI vk AR AR
W55 5 i .

R, EEXT I N I A2 BT A I
HEPR, SR RAE T WNHUARIE | i shik )7 b
FARAARE . ARRAFFERLAE LR 7 10 AR
F: B, B2 A 2R 5 90 R 5 s A
R, itz s K1 SP 5 CLELG b iy i 284k
& HAE BT WE(5 30 0, B LG LA - K i
P EARTR AT 5, S5E ks . IR
R Je vl CER A B . A BRI R TR, Oy
ET RS WAL ST e Fem ;. 55 =, it oM
BEBASN 5 FBEH LT BERES: , Bikis sh T 1 L
B INAYIZRSE R IS U ) KR a6 5 2 4k
2, @ hRiiEtl . FTEARIE s TP IMA R
F e MR A B IR . PRI SR NN
HEOCHESAEN , B ) (e i L

ESLERZ W, AR, #UCRAZEAE
5 E T AEGE SP S CLibig, #uCR A& .
PUBH . P B AV SR Zi 5 T 26 e Rk
F13~50C. B30 min (P AFRE A Azl (Wh
LWk . AT s R 2~3 BRI, xR
WURE, Fal6~10KEE, B 2~341; Hik, 7]
FOFEHEAT 2~3 YT 5 RN SR (R 2 . Fa i
) FEPURHZE S H AR S H 54T, DT s 2]
“SEALAEER " BRI .

& % Xk

(1] ¥ 2024408 B RGN A R AR_FRTT8h74Hh FE BN
I[EB/OL]. 4t 5 H [E R 9, 2025[2025-07-31]. https://www.
gov.cn/lianbo/bumen/202507/content_7033724.htm
Wang Y. National aging development bulletin 2024 department
updates_Chinese Government Website[EB/OL]. Beijing: Chinese
Government Website, 2025[2025-07-31]. https://www. gov. cn/
lianbo/bumen/202507/content_7033724.htm

[2]  Cruz-Jentoft A J, Bahat G, Bauer J, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing,
2019,48(1): 16-31

3] WA e P [ S R E 2 52 PR R
R S 2 5 2 L DA R A B o e SRR (2023). v
Hef e FI A 24 k,2023,17(12):881-892
Development Committee of Chinese Expert Consensus on Brain

and Cognitive Health Management, Editorial Board of Chinese

(4]

[3]

(6]

(7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Journal of Health Management. Chin J Health Manag, 2023, 17
(12):881-892

Peng T C, Chen W L, Wu L W, et al. Sarcopenia and cognitive
impairment: a systematic review and meta-analysis. Clin Nutr,
2020,39(9): 2695-2701

Petermann-Rocha F, Balntzi V, Gray S R, et al. Global prevalence
of sarcopenia and severe sarcopenia: a systematic review and
meta-analysis. J Cachexia Sarcopenia Muscle, 2022, 13(1): 86-99
Comas-Herrera A, International A D, Aguzzoli E, et al. World
Alzheimer Report 2024: global changes in attitudes to dementia
[EB/OL]. London: Alezheimer's Disease International, 2024
[2024-09-20]. https://www. alzint. org/resource/world-alzheimer-
report-2024/

Jacob L, Kostev K, Smith L, e al. Sarcopenia and mild cognitive
impairment in older adults from six low- and middle-income
countries. J Alzheimers Dis, 2021, 82(4): 1745-1754

Hu Y, Peng W, Ren R, et al. Sarcopenia and mild cognitive
impairment among elderly adults: the first longitudinal evidence
from CHARLS. J Cachexia Sarcopenia Muscle, 2022, 13(6):
2944-2952

Venegas-Sanabria L C, Cavero-Redondo I, Martinez-Vizcaino V,
et al. Effect of multicomponent exercise in cognitive impairment:
a systematic review and meta-analysis. BMC Geriatr, 2022, 22
(1):617

Safdar A, Saleem A, Tarnopolsky M A. The potential of endurance
exercise-derived exosomes to treat metabolic diseases. Nat Rev
Endocrinol, 2016, 12(9): 504-517

Pedersen B K. Physical activity and muscle-brain crosstalk. Nat
Rev Endocrinol, 2019, 15(7): 383-392

Chow L S, Gerszten R E, Taylor J M, et al. Exerkines in health,
resilience and disease. Nat Rev Endocrinol, 2022, 18(5): 273-289
WA, B &, TS, 55 . o [ 4 A0 g b i i =X A2 f
FE: BT E R S R B BRI AR . o SRR, 2024,
27(11): 1296-1302

XuL,Gel,YuP,etal. Chin Gen Pract,2024,27(11): 1296-1302
W, ZE 2%, AVEE, 55 A Sl PR DR 1 A B R R T B
BIBLE] . A= fesa S5 Y B I, 2023, 50(10): 2305-2313
XuS,JiT, YuF, et al. Prog Biochem Biophys, 2023, 50(10): 2305-
2313

Webster ] M, Kempen L J A P, Hardy R S, et al. Inflammation and
skeletal muscle wasting during cachexia. Front Physiol, 2020, 11:
597675

Jimenez-Gutierrez G E, Martinez-Gomez L E, Martinez-Armenta
C, et al. Molecular mechanisms of inflammation in sarcopenia:
diagnosis and therapeutic update. Cells, 2022, 11(15): 2359

Long Y F, Cui C, Wang Q, ef al. Low-magnitude high-frequency
vibration attenuates sarcopenia by modulating mitochondrial
quality control via inhibiting miR-378. J Cachexia Sarcopenia
Muscle,2025,16(1): 13740

Sargent L, Nalls M, Amella E J, ef al. Shared mechanisms for
cognitive impairment and physical frailty: a model for complex
systems. Alzheimers Dement (N'Y), 2020, 6(1): 12027



«14-

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(321

[33]

[34]

[35]

[36]

Han X, Lei Q, Xie J, ez al. Potential regulators of the senescence-
associated secretory phenotype during senescence and aging. J
Gerontol A Biol Sci Med Sci, 2022, 77(11):2207-2218

Gabay C. Interleukin-6 and chronic inflammation. Arthritis Res
Ther, 2006, 8(Suppl 2): S3

Pesce B, Ribeiro C H, Larrondo M, et al. TNF-a affects signature
cytokines of Thl and Th17 T cell subsets through differential
actions on TNFR1 and TNFR2. Int J Mol Sci, 2022, 23(16): 9306
JiY, Li M, Chang M, et al. Inflammation: roles in skeletal muscle
atrophy. Antioxidants (Basel), 2022, 11(9): 1686

Assyov'Y, Ganeva I, Ikonomov S, et al. Interleukin-6: unravelling
its role in sarcopenia pathogenesis and exploring therapeutic
avenues. PHARMACIA, 2023, 70(4): 1493-1498

Hoogland I C M, Houbolt C, van Westerloo D J, et al. Systemic
inflammation and microglial activation: systematic review of
animal experiments. ] Neuroinflammation, 2015, 12: 114

Hsuchou H, Kastin A J, Mishra P K, et al. C-reactive protein
increases BBB permeability: implications for obesity and
neuroinflammation. Cell Physiol Biochem, 2012, 30(5): 1109-
1119

Vercellino I, Sazanov L A. The assembly, regulation and function
of the mitochondrial respiratory chain. Nat Rev Mol Cell Biol,
2022,23(2): 141-161

Bhatti J S, Bhatti G K, Reddy P H. Mitochondrial dysfunction and
oxidative stress in metabolic disorders - a step towards
mitochondria based therapeutic strategies. Biochim Biophys Acta
Mol Basis Dis, 2017, 1863(5): 1066-1077

Peng Y, Li J, Luo D, et al. Muscle atrophy induced by
overexpression of ALAS2 is related to muscle mitochondrial
dysfunction. Skelet Muscle, 2021, 11(1): 9

Romanello V, Sandri M. Mitochondrial quality control and muscle
mass maintenance. Front Physiol, 2015, 6: 422

Pertici I, D'Angelo D, Vecellio Reane D, ez al. Creatine transporter
(SLC6A8) knockout mice exhibit reduced muscle performance,
disrupted mitochondrial Ca(2+ ) homeostasis, and severe muscle
atrophy. Cell Death Dis, 2025,16(1): 99

Watie . 2 JCRY S il S8 52 ) FeAL A s S )
P, 2008, 35(6): 610-619

ChenY. Prog Biochem Biophys, 2008, 35(6): 610-619

Song K, Li Y, Zhang H, et al. Oxidative stress-mediated blood-
brain barrier (BBB) disruption in neurological diseases. Oxid Med
Cell Longev, 2020,2020(1): 4356386

Xie W, Guo D, Li J, et al. CENDI deficiency induces
mitochondrial dysfunction and
Alzheimer's disease. Cell Death Differ, 2022,29(12): 2417-2428
He Y, He T, Li H, et al. Deciphering mitochondrial dysfunction:

cognitive impairment in

pathophysiological mechanisms in vascular cognitive impairment.
Biomed Pharmacother, 2024, 174: 116428

LiY, CuiJ, Liu L, et al. mtDNA release promotes cGAS-STING
activation and accelerated aging of postmitotic muscle cells. Cell
Death Dis, 2024, 15(7): 523

Grosicki G J, Fielding R A, Lustgarten M S. Gut microbiota

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

contribute to age-related changes in skeletal muscle size,
composition, and function: biological basis for a gut-muscle axis.
Calcif Tissue Int, 2018, 102(4): 433-442

NI, A, RS AR M i TR - W - - U AR5 S R R BIF 5T
HEJE A2, 2024, 64(5): 1364-1377

Sun L W, Geng Q, Zheng G H. Acta Microbiol Sin, 2024, 64(5):
1364-1377

DucharmeJ B, Fennel Z J, McKenna Z J, et al. Stimulated myotube
contractions regulate membrane-bound and soluble TLR4 to
prevent LPS-induced signaling and myotube atrophy in skeletal
muscle cells. Am J Physiol Cell Physiol, 2023,325(1): C300-C313

R, SRARFE, 4745, 45 18 30T WU AE 5 -k - B 0 F
U . IRBUARE 2B 74z, 2021, 55(3): 70-74

Chen L, Wu Y X, Yang J, ef al. J Wuhan Inst Phys Educ, 2021, 55
(3):70-74

Liu C, Wong P'Y, Wang Q, et al. Short-chain fatty acids enhance
muscle mass and function through the activation of mTOR
signalling pathways in sarcopenic mice. J Cachexia Sarcopenia
Muscle, 2024,15(6): 2387-2401

Ma X, Liu J, Jiang L, et al. Dynamic changes in the gut microbiota
play a critical role in age-associated cognitive dysfunction via
SCFAs and LPS synthesis metabolic pathways during brain aging.
IntJ Biol Macromol, 2025,304(Pt2): 140945

Mahbub N U, Islam M M, Hong S T, et al. Dysbiosis of the gut
microbiota and its effect on o -synuclein and prion protein
misfolding: consequences for neurodegeneration. Front Cell
Infect Microbiol, 2024, 14: 1348279

Tr B A B (S W55 s Sl B HET 4 A R AE
A 1HHAT B AR, 2022, 46(8): 77-94,106

Qiao Y C.J Shanghai Univ Sport, 2022, 46(8): 77-94, 106

Hoene M, Runge H, Haring H U, et al. Interleukin-6 promotes
myogenic differentiation of mouse skeletal muscle cells: role of
the STAT3 pathway. Am J Physiol Cell Physiol, 2013, 304(2):
C128-C136

Gao S, Durstine J L, Koh H J, et al. Acute myotube protein
synthesis regulation by IL-6-related cytokines. Am J Physiol Cell
Physiol,2017,313(5): C487-C500

Huang Z, Zhong L, Zhu J, et al. Inhibition of IL-6/JAK/STAT3
pathway rescues denervation-induced skeletal muscle atrophy.
Ann Trans] Med, 2020, 8(24): 1681

Yang B, Yang X, Sun X, et al. IL-6 deficiency attenuates skeletal
muscle atrophy by inhibiting mitochondrial ROS production
through the upregulation of PGC-1a in septic mice. Oxid Med Cell
Longev,2022,2022: 9148246

Chang KV, Wu W T, Chen Y H, et al. Enhanced serum levels of
tumor necrosis factor- a, interleukin-1f3, and-6 in sarcopenia:
alleviation through exercise and nutrition intervention. Aging,
2023,15(22): 13471-13485

Ding J, Yang G, Sun W, et al. Association of interleukin-6 with
sarcopenia and its components in older adults: a systematic review
and meta-analysis of cross-sectional studies. Ann Med, 2024, 56
(1):2384664



XXXX; XX (XXO

BEEY, %: EyEFXNNESAMESLREEERILE

-15-

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Banks W A, Kastin A J, Gutierrez E G. Penetration of interleukin-6
across the murine blood-brain barrier. Neurosci Lett, 1994, 179(1/
2):53-56

Murphy P G, Borthwick LA, Altares M, et al. Reciprocal actions of
interleukin-6 and brain-derived neurotrophic factor on rat and
mouse primary sensory neurons. Eur J Neurosci, 2000, 12(6):
1891-1899

Chen X L, Wang Y, Peng W W, et al. Effects of interleukin-6 and
IL-6/AMPK signaling pathway on mitochondrial biogenesis and
astrocytes viability under experimental septic condition. Int
Immunopharmacol, 2018, 59:287-294

Katashima C K, de Oliveira Micheletti T, Braga R R, et al.
Evidence for a neuromuscular circuit involving hypothalamic
interleukin-6 in the control of skeletal muscle metabolism. Sci
Adv,2022,8(30): eabm7355

Liu M, Pan J, Li X, et al. Interleukin-6 deficiency reduces
neuroinflammation by inhibiting the STAT3-cGAS-STING
pathway in Alzheimer's disease mice. J Neuroinflammation, 2024,
21(1):282

Wu Y, Sun Z, Wang T, et al. Maresin 1 alleviates sevoflurane-
induced neuroinflammation in neonatal rats via JAK2/STAT3/IL-
6 pathways. Int Immunopharmacol, 2022, 108: 108912

Zhao Z, Zhang J, Wu Y, et al. Plasma IL-6 levels and their
association with brain health and dementia risk: a population-
based cohort study. Brain Behav Immun, 2024, 120: 430-438

Yang S, Tian M, Dai Y, et al. Infection and chronic disease activate
a systemic brain-muscle signaling axis. Sci Immunol, 2024, 9(97):
eadm7908

Maak S, Norheim F, Drevon C A, et al. Progress and challenges in
the biology of FNDCS and irisin. Endocr Rev, 2021, 42(4):
436-456

Vaughan R A, Gannon N P, Barberena M A, et al. Characterization
of the metabolic effects of irisin on skeletal muscle in vitro.
Diabetes Obes Metab,2014,16(8): 711-718

Guo M, Yao J, Li J, et al. Irisin ameliorates age-associated
sarcopenia and metabolic dysfunction. J Cachexia Sarcopenia
Muscle,2023,14(1):391-405

Lourenco MV, Frozza R L, de Freitas G B, ef al. Exercise-linked
FNDC5/irisin rescues synaptic plasticity and memory defects in
Alzheimer's models. NatMed, 2019, 25(1): 165-175

Kim E, Kim H, Jedrychowski M P, et al. Irisin reduces amyloid-f
by inducing the release of neprilysin from astrocytes following
downregulation of ERK-STAT3 signaling. Neuron, 2023, 111(22):
3619-3633.e8

Islam M R, Valaris S, Young M F, et al. Exercise hormone irisin is a
critical regulator of cognitive function. Nat Metab, 2021, 3(8):
1058-1070

Kim K'Y, Kwak S, Ha J, et al. Loss of association between plasma
irisin  levels and cognition in Alzheimer's disease.
Psychoneuroendocrinology, 2022, 136: 105624

Mousavi K, Jasmin B J. BDNF is expressed in skeletal muscle

satellite cells and inhibits myogenic differentiation. J Neurosci,

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

2006,26(21): 5739-5749

Zhang Z, Wang B, Fei A. BDNF contributes to the skeletal muscle
anti-atrophic effect of exercise training through AMPK-PGCla
signaling in heart failure mice. Arch Med Sci, 2019, 15(1): 214-222
Miyazaki S, lino N, Koda R, et al. Brain-derived neurotrophic
factor is associated with sarcopenia and frailty in Japanese
hemodialysis patients. Geriatr Gerontol Int, 2021, 21(1):27-33
ERBIH, % %%, B4E AR 5 R 2 PI3K/AKCH FE M0 5 fil il
S D A RS /N BROA B0 AR kA 5 A B
2022,49(8):1530-1542

QiuMY, LuoY, LiS H, et al. Prog Biochem Biophys,2022,49(8):
1530-1542

S, SIS, A B R Bt L AR A A K BRI B
] S SRR R PR 255 R R R S AR T s ) . B f
WF5%,2025,50(7): 763-772

Tang X, AiK, Ling C, et al. Acupunct Res, 2025, 50(7): 763-772
Siuda J, Patalong-Ogiewa M, Zmuda W, et al. Cognitive
impairment and BDNF serum levels. Neurol Neurochir Pol, 2017,
51(1):24-32

Feng L, Li B, XiY, et al. Aerobic exercise and resistance exercise
alleviate skeletal muscle atrophy through IGF-1/IGF-1R-PI3K/
Akt pathway in mice with myocardial infarction. Am J Physiol
Cell Physiol, 2022, 322(2): C164-C176

Schakman O, Kalista S, Bertrand L, et al. Role of Akt/GSK-3beta/
beta-catenin transduction pathway in the muscle anti-atrophy
action of insulin-like growth factor-I in glucocorticoid-treated
rats. Endocrinology, 2008, 149(8): 3900-3908

Bakker A D, Gakes T, Hogervorst ] M A, et al. Mechanical
stimulation and IGF-1 enhance mRNA translation rate in
osteoblasts via activation of the AKT-mTOR pathway. J Cell
Physiol, 2016,231(6): 1283-1290

Liu J, Chen M, Xia X, et al. Causal associations between the
insulin-like growth factor family and sarcopenia: a bidirectional
Mendelian randomization study. Front Endocrinol, 2024, 15:
1422472

Wan'Y, Gao W, Zhou K, et al. Role of IGF-1 in neuroinflammation
and cognition deficits induced by sleep deprivation. Neurosci Lett,
2022,776: 136575

YuanLJ, Zhang M, Chen S, et al. Anti-inflammatory effect of IGF-
1 is mediated by IGF-1R cross talk with GPER in MPTP/MPP(+)-
induced astrocyte activation. Mol Cell Endocrinol, 2021, 519:
111053

Westwood A J, Beiser A, Decarli C, et al. Insulin-like growth
factor-1 and risk of Alzheimer dementia and brain atrophy.
Neurology, 2014, 82(18):1613-1619

YuY,Hel, LiS, et al. Fibroblast growth factor 21 (FGF21) inhibits
macrophage-mediated inflammation by activating Nrf2 and
suppressing the NF-kB signaling pathway. Int Immunopharmacol,
2016,38:144-152

Zhou D, Shi Y, Zhang D, et al. Liver-secreted FGF21 induces
sarcopenia by inhibiting satellite cell myogenesis via klotho beta

in decompensated cirrhosis. Redox Biol, 2024, 76: 103333



16

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

Jung H W, Park J H, Kim D A, et al. Association between serum
FGF21 level and sarcopenia in older adults. Bone, 2021, 145:
115877

Mikeld J, Tselykh TV, Maiorana F, ez al. Fibroblast growth factor-
21 enhances mitochondrial functions and increases the activity of
PGC-la
SpringerPlus, 2014, 3(1):2

Zhang X, Zheng H, Ni Z, et al. Fibroblast growth factor 21 exerts a

in human dopaminergic neurons via Sirtuin-1.

protective effect on diabetes-induced cognitive decline by
remodeling cerebral glucose and neurotransmitter metabolism in
mice. Cereb Cortex, 2024, 34(2): bhad502

Chen S, Chen S T, Sun Y, et al. Fibroblast growth factor 21
ameliorates neurodegeneration in rat and cellular models of
Alzheimer's disease. Redox Biol,2019,22: 101133

Brooks GA, Osmond A D, Arevalo J A, et al. Lactate as a myokine
and exerkine: drivers and signals of physiology and metabolism. J
Appl Physiol (1985),2023,134(3): 529-548

Zhou Y, Liu X, Huang C, ef al. Lactate activates AMPK
remodeling of the cellular metabolic profile and promotes the
proliferation and differentiation of C2C12 myoblasts. Int J Mol
Sci, 2022,23(22): 13996

Dai W, Wu G, Liu K, ef al. Lactate promotes myogenesis via
activating H3K9 lactylation-dependent up-regulation of Neu2
expression. J Cachexia Sarcopenia Muscle, 2023, 14(6): 2851-
2865

El Hayek L, Khalifeh M, Zibara V, et al. Lactate mediates the
effects of exercise on learning and memory through SIRT1-
dependent activation of hippocampal brain-derived neurotrophic
factor (BDNF). J Neurosci, 2019,39(13): 2369-2382

Kim S, Choi J Y, Moon S, ef al. Roles of myokines in exercise-
induced improvement of neuropsychiatric function. Pflugers Arch,
2019,471(3): 491-505

Pan H, Huang X, Li F, et al. Association among plasma lactate,
systemic inflammation, and mild cognitive impairment: a
community-based study. Neurol Sci, 2019, 40(8): 1667-1673
MortJ S, Buttle D J. Cathepsin B. Int ] Biochem Cell Biol, 1997,29
(5):715-720

Moon H'Y, Becke A, Berron D, et al. Running-induced systemic
cathepsin B secretion is associated with memory function. Cell
Metab,2016,24(2): 332-340

Mazo C E, D'Lugos A C, Sweeney K R, et al. The effects of acute
aerobic and resistance exercise on mTOR signaling and autophagy
markers in untrained human skeletal muscle. Eur J Appl Physiol,
2021,121(10):2913-2924

Pinto A, Haytural H, Loss C M, et al. Muscle Cathepsin B
treatment improves behavioral and neurogenic deficits in a mouse
model of Alzheimer's Disease. bioRxiv, 2025:2025.01.20.633414
Wang Y, Xi W, Zhang X, et al. CTSB promotes sepsis-induced
acute kidney injury through activating mitochondrial apoptosis
pathway. Front Immunol, 2022, 13: 1053754

Jiang M, Zhao D, Zhou Y, et al. Cathepsin B modulates microglial

migration and phagocytosis of amyloid B in Alzheimer's disease

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

through PI3K-Akt signaling. Neuropsychopharmacology, 2025,
50(4): 640-650

Jiang M, Ge Z, Yin S, et al. Cathepsin B modulates Alzheimer's
disease pathology through SAPK/INK signals following
administration of porphyromonas
membrane vesicles. J Clin Periodontol, 2025, 52(3): 434-456

Kindy M S, Yu J, Zhu H, et al. Deletion of the cathepsin B gene

gingivalis-derived outer

improves memory deficits in a transgenic ALZHeimer's disease
mouse model expressing APPP containing the wild-type P
-secretase site sequence. J Alzheimers Dis, 2012, 29(4): 827-840
Hook G, Reinheckel T, Ni J, et al. Cathepsin B gene knockout
improves behavioral deficits and reduces pathology in models of
neurologic disorders. Pharmacol Rev,2022, 74(3): 600-629
BAYURE, Al , ORI, 5 IR T T BOSGE M 2 RAE AR
I B JR SARE R B RCR S A AR A 5 A W ) B
2025,52(2):310-333

Shan J H, Chu CY, Chen SY, et al. Prog Biochem Biophys, 2025,
52(2):310-333

EW 5, HAL, B A EZ 3R 1 AD BEEL/N RO S 7L AR A
AR I PR AL AL AU 242447, 2023, 46(6): 103-112
Wang Y X, Xia D D, Zhao L. J Beijing Sport Univ, 2023, 46(6):
103-112

AN, K, XIS /NG 32 8 5 38 20X BT R o 1 3R e e R
/NI B BDNF/ERK/CREB B: KR 1 3K 5200 . iz
RS, 2018,37(11): 933-939

Zhao G, Zhang H, Liu H L. Chin J Phys Med, 2018, 37(11):
933-939

Izawa S, Nishii K, Aizu N, et al. Effects of aerobic exercise and
resistance training on cognitive function: comparative study based
on FNDC5/irisin/BDNF pathway. Dement Geriatr Cogn Disord,
2024,53(6):329-337

Chen HT, Chung Y C, Chen Y J, et al. Effects of different types of
exercise on body composition, muscle strength, and IGF-1 in the
elderly with sarcopenic obesity. ] Am Geriatr Soc, 2017, 65(4):
827-832

Tsai C L, Ukropec J, Ukropcova B, et al. An acute bout of aerobic
or strength exercise specifically modifies circulating exerkine
levels and neurocognitive functions in elderly individuals with
mild cognitive impairment. Neuroimage Clin, 2018, 17:272-284
Tsai C L, Pai M C, Ukropec J, et al. Distinctive effects of aerobic
and resistance exercise modes on neurocognitive and biochemical
changes in individuals with mild cognitive impairment. Curr
Alzheimer Res, 2019,16(4): 316-332

Baker L D, Frank L L, Foster-Schubert K, et al. Effects of aerobic
exercise on mild cognitive impairment: a controlled trial. Arch
Neurol, 2010, 67(1): 71-79

Gaitan ] M, Moon H Y, Stremlau M, et al. Effects of aerobic
exercise training on systemic biomarkers and cognition in late
middle-aged adults at risk for Alzheimer's disease. Front
Endocrinol, 2021, 12: 660181

Salisbury D L, Li D, Todd M, et al. Aerobic exercise, training dose,

and cardiorespiratory fitness: effects and relationships with resting



XXXX; XX (XXO

BEEY, %: EyEFXNNESAMESLREEERILE

<17

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

plasma neurotrophic factors in Alzheimer's dementia. J Vasc Dis,
2023,2(3):351-366

Jozkow P, Kozlenia D, Zawadzka K, et al. Effects of running a
marathon on irisin concentration in men aged over 50. J Physiol
Sci, 2019,69(1): 79-84

Qiu S, Cai X, SunZ, et al. Chronic exercise training and circulating
irisin in adults: a meta-analysis. Sports Med, 2015, 45(11): 1577-
1588

FRIL, KE2E, XINERE, 55 A RIS R E IR TN AD S E AR )
fiE B LT AAE P miR-129-5p 7K -1 S0 . ] Bk g o
ZiE,2023,50(5): 1036-1039, 1044

Zhang Y, Du X, Liu P P, et al. J Int Psychiatry, 2023, 50(5): 1036-
1039, 1044

Kim H J, So B, Choi M, et al. Resistance exercise training
increases the expression of irisin concomitant with improvement
of muscle function in aging mice and humans. Exp Gerontol, 2015,
70:11-17

Lim G, Lee H, Lim Y. Potential effects of resistant exercise on
cognitive and muscle functions mediated by myokines in
sarcopenic obese mice. Biomedicines, 2022, 10(10):2529

Chen HT, Wu H J, Chen Y J, et al. Effects of 8-week kettlebell
training on body composition, muscle strength, pulmonary
function, and chronic low-grade inflammation in elderly women
with sarcopenia. Exp Gerontol, 2018, 112: 112-118

TRMRIE, HERER, Sk 5, 45 44 R D3I G IR LB 3
TRIT BN AE B PR AT LT SR K- s . o
BAEREIRR, 2024, 44(4): 855-857

Zhang LY, Mei Q C, Zhang W Q, et al. Chin J Gerontol, 2024, 44
(4): 855-857

HARAR, B R IR, 55 IR ALE TR G PRz Sl 2hx)
SN AE B WU I RE . JEAE PR RS2 . o ] B2 2 35T,
2024,21(8): 116-120

Han L L, Lu C F, Miao X J, et al. Med Innov China, 2024, 21(8):
116-120

Toma R L, Vassdo P G, Assis L, ef al. Low level laser therapy
associated with a strength training program on muscle

performance in elderly women: a randomized double blind control

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

study. Lasers Med Sci, 2016,31(6): 1219-1229

Vints W A J, Seikinait¢ J, Gokge E, et al. Resistance exercise
effects on hippocampus subfield volumes and biomarkers of
neuroplasticity and neuroinflammation in older adults with low
and high risk of mild cognitive impairment: a randomized
controlled trial. Geroscience, 2024, 46(4): 3971-3991
Puoyan-Majd S, Parnow A, Rashno M, et al. Effects of
pretreatment with coenzyme Q10 (CoQ10) and high-intensity
interval training (HIIT) on FNDCS, irisin, and BDNF levels, and
amyloid-beta (A) plaque formation in the hippocampus of af
-induced Alzheimer's disease rats. CNS Neurosci Ther, 2025, 31
(2):€70221

Zhuang M, Gu Y, Wang Z, et al. Effects of 12-week whole-body
vibration training versus resistance training in older people with
sarcopenia. Sci Rep, 2025, 15(1): 6981

SRV, TR B, BT, 5. 5 Wi e R AR e R L 8
PEMEARAE M SE . i 5L 2R 254k, 2025, 41(3): 399-404
Zhang T, Ma T Y, Luo L, et al. J Nanjing Univ Tradit Chin Med,
2025,41(3):399-404

TYIREE, K, B A, % 2 E S R BRI D e R T
ZAENNAIIRE . PR B IR T KRR 52 . b E
BRHE,2023,59(3): 50-57

Yin L Q, Tang CF, Luo W Q, et al. China Sport Sci Technol, 2023,
59(3):50-57

Sungkarat S, Boripuntakul S, Kumfu S, ef al. Tai Chi improves
cognition and plasma BDNF in older adults with mild cognitive
impairment: a randomized controlled trial. Neurorehabil Neural
Repair, 2018, 32(2): 142-149

da Silva V F, Ribeiro D E C, Borges C J, et al. HIIT impacts the
BDNF and phosphorilated TAU in alzhimer's disease correlated
with blood lactate: a randomized control trial. J Adv Med Med Res,
2024,36(9): 135-144

Mancuso M, Filosto M, Bosetti F, et al. Decreased platelet
cytochrome c oxidase activity is accompanied by increased blood
lactate concentration during exercise in patients with Alzheimer

disease. Exp Neurol, 2003, 182(2): 421-426



-18- EMUFEEYYIEHRE  Prog. Biochem. Biophys. XXXX; XX (XX)

The Mechanism of Exerkines on The Comorbidity of Sarcopenia and Cognitive
Impairment”

XIA Jun-Mei", DENG Qi", HAO Hong-Tao", LIANG Ji-Ling"**"™
("Department of Physical Education, Central South University, Changsha 410083, China;
D Center for Sports Rehabilitation and Sports Risk Mitigation Research, Changsha 410083, China;
YHubei Key Laboratory of Sport Training and Monitoring, College of Health Science, Wuhan Sports University, Wuhan 430079, China)

Graphical abstract

(" Muscle cell damage *

( Muscle regeneration f

@

i

K
\

-1-
=
P
ll—

Lactate

,
_|o'l|
5 |
m'ﬂ

Y
.

-——— — ) — \

(Cerebrovascular angiogenesis?

1
¥
_|I —>/| 1 -
\ L . = 4

v

. J

( Neuroprote(ition andP

e ) -
synaptic plasticity Neuroinflammation ¢

Brain

BDNF %} 1
CTSB - <IN

GF-1

&l

o
=
@
bl

"/- S e
5 *__ BDNF - : "n’..’
\ (IGF-1) (FGF-21) (Insm) /
. - , £

hox
Sedentary Intestinal flora ;’: o -é);e-rlgir_le—s_ o *:
lifestyle disorder 2 1
S © [ 16F1 )(FGF-21] |
~ 3 B ﬂ N — :
Chronic . . - ]
inflammation ’ , \ : e §
: | '
< : '
Aging Mitochondrial  sarcopenia and cognitive EXercise "l oo oo

dysfunction impairment

Abstract The comorbidity of sarcopenia and cognitive impairment constitutes a degenerative syndrome that
progresses significantly with age. It has emerged as a critical global health challenge, contributing to functional
disability, reduced quality of life, and increased pressure on public healthcare systems. This comorbidity is

characterized by a synergistic decline in both physical and cognitive capabilities, manifesting as reduced skeletal
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muscle mass, diminished muscle strength, impaired physical function, and progressive deterioration in cognitive
domains such as memory, executive function, and information processing speed. This dual degeneration not only
creates a vicious cycle where each condition exacerbates the other but also substantially increases the risk of falls,
fractures, hospitalization, and mortality among older adults. Against the backdrop of rapid global population
aging, the prevalence of this comorbidity is anticipated to rise further without effective interventions.
Consequently, investigating its underlying mechanisms and developing preventive and therapeutic strategies hold
substantial clinical and public health significance. Current evidence indicates that the pathogenesis involves multi-
system and multi-level pathophysiological processes, with chronic inflammation, mitochondrial dysfunction, and
gut microbiota dysbiosis, identified as three core interacting mechanisms. Age-related chronic low-grade
inflammation, termed inflammaging, arises from the senescence-associated secretory phenotype (SASP) and
persistent immune cell activation. This inflammatory state inhibits the intramuscular IGF-1/Akt/mTOR anabolic
pathway through proinflammatory cytokines (e. g., IL-6, TNF- o), while simultaneously activating protein
degradation systems including the ubiquitin-proteasome system (UPS) and autophagy-lysosomal pathway (ALP),
ultimately leading to accelerated protein breakdown and muscle atrophy. These circulating inflammatory factors
can also compromise blood-brain barrier integrity, activate microglia, trigger neuroinflammation, = and
consequently damage synaptic structures and neuronal function, thereby accelerating cognitive decline in this
comorbidity. Mitochondrial dysfunction presents as impaired oxidative phosphorylation efficiency, excessive
reactive oxygen species (ROS) production, and dysregulated mitochondrial quality control. This not only results
in inadequate cellular energy supply but also enables mitochondrial-derived factors (e.g., extracellular mtDNA) to
activate innate immune pathways such as cGAS-STING, propagating stress signals and amplifying tissue damage
in both muscle and brain. Additionally, gut microbiota dysbiosis impairs intestinal barrier function, increases
lipopolysaccharide (LPS) translocation into circulation, and reduces short-chain fatty acid (SCFA) production.
These changes induce systemic inflammation and metabolic disturbances that further impact muscle metabolism
and promote pathological protein accumulation in the brain, thereby establishing a gut-brain-muscle axis that
exacerbates the progression of this comorbidity. Exerkines represent a class of biologically active signaling
molecules—including cytokines, peptides, metabolites, and exosomes—secreted by various tissues in response to
exercise. These exerkines mediate systemic adaptations and protective effects through endocrine and paracrine
actions on target organs. Key exerkines such as IL-6, Irisin, brain-derived neurotrophic factor (BDNF), insulin-
like growth factor-1 (IGF-1), fibroblast growth factor 21 (FGF-21), lactate, and cathepsin B (CTSB) play central
roles in coordinately ameliorating the comorbidity of sarcopenia and cognitive impairment. The beneficial effects
of these exerkines are mediated through multiple mechanisms including inflammation modulation, energy
metabolism remodeling, neuroprotection, and enhanced neuroplasticity. As a non-pharmacological intervention,
exercise effectively stimulates the production and release of exerkines, thereby targeting the comorbidity through
multiple pathways. Aerobic exercise elevates lactate levels and activates the Sirtl/PGC-1o pathway, improving
cerebral metabolism and cognitive function. Resistance training significantly upregulates IGF-1, Irisin, and CTSB
expression, enhancing muscle anabolism and hippocampal function. Other modalities like high-intensity interval
training (HIIT) and traditional practices also help modulate inflammatory status and optimize the neurotrophic
environment through the action of various exerkines. Different exercise types work synergistically by engaging
distinct signaling pathways and exerkine combinations, collectively alleviating chronic inflammation, correcting
mitochondrial dysfunction, and optimizing gut microecology to achieve concurrent musculoskeletal and cognitive
protection against this comorbidity. Synthesizing current evidence, this review emphasizes the necessity of
transcending a single-organ perspective by recognizing muscle and brain as an integrated functional unit, with
exerkines playing a pivotal role in the muscle-brain axis. The field nevertheless faces several challenges: the

secretion dynamics of exerkines during aging remain unclear, mechanisms underlying individual differences in
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exercise response require elucidation, and the compensatory and imbalance characteristics of exercise-induced
exerkine networks across disease stages need further characterization. Future research should employ large-
sample cohorts and randomized controlled trials integrated with multi-omics technologies to establish
personalized exercise interventions based on exerkine profiling for managing this comorbidity. Parallel efforts
should focus on developing quantifiable efficacy assessment systems to provide robust theoretical foundation and
practical guidance for precise management of the comorbidity of sarcopenia and cognitive impairment and the

promotion of healthy aging.
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