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Fig. 1 Innovative technology platforms of motor neuroscience research
Bl Ez3h#HEREMRP T RENEIFEATES
TPCi: XUOETFH %3 A (two-photon calcium imaging) ; STED/N-SIM: 43 B 1% (stimulated emission depletion microscopy); 3D
EM: —#fF B8 (3D electron microscopy); Miniscope: kEzUi7Y B 5% (miniature microscopes); MERFISH: ZT2¢HARicH
A (multiplexed FISH) ; IVMCR: 7ERZ i ic % (in vivo mutichannel recording) ; Patch clamp: BRI FRE A B R s Caleium imaging:
I 45 45 {5 5 8 sk B R 5 MD-HPLC: f# i #f —HPLC #% f # K (micro dialysis—HPLC) ; IVEM: J&{v # k2= 5 Hr £ K (in vivo
electrochemical monitoring) ; CFV: & B L2230 R (carbon fiber-based vesicles) ; VWR: F3liz sh47 A Wi (voluntary wheel
running) ; Energy metabolism cage: fig & 10 i} % ; TMS/ADCS: £t /i #i/f #i] i (transcranial magnetic/direct current stimulation) ;
Optogenetics: YEEEBMiH AR ; MEN: BEHEZKIEE (magnetoelectric nanomanipulation) .

SCBUGZE R B e I 25 BRI, T EAR
HEARE, WMoz BERL . MREFIE . R
SUYSEN I SUE LN B S AR 5 N RN 2 |
MEAS, (AELZ SEse ) = H25MfE R . RERTY)
Fr i) = HEFAGEA AT IR A RS B, e

JEIRIHEHELR 2E RS IR SZ BRAF BRI . HT% AR
A AE AR B AE B S BRIEO Y BT
(L% SN TRUE1 5y 1 € S 2D S 95 NE ST
B, HARFRERAN AR o X — BRI S
TG WU R BRI, Ry Al SO R LA 280



2025; 52 (&)

RFE, % EFHRPBEAOMEATE NS -1437-

RIS A RO T HR ET SR, HEshissh iz
Flpas st A =4eE st

R S B A R S R AR n s B R4
IR 2R ER AL | i R [ ok 22 YRR TV A R
FHEA . HBT, BT H AR A R R A
KR RERY, 1Bt HIMKPLE
1 B i 2205 BRI v e 4 A B AR s A
KB R AN et . ZaliE Ml A 7 M
TEAA RN 41 2 505, Jd i ves BT AR A A 2K
NS, SEIIR G e SRAEE MY 22 FP 2 I T
Tr BRI ERBCRAE A Doy i A B ]
CNER GRS/ I T S 8 SNV i Y D
i, JFEEXOLT B HUSUE R A DL IE
FEML L SVBIET B, S D2 B o Wi
X PIRHOR IR S T R i R R
s SR IR SR RERLA AT . 2B AT IR T
NP BE AL P JF & B8 T A

IRier Hh A~ R 5 O B i Bl 5 )
LRI FOT RARRAME M 2P r ke it 13
ARl AR AL BOR SERE 22 A
ORI 2 0 BERE ST« e I e Jt i
AL AR OL S, RO N s e 5h
SRR CH TR WIS IR ROENTZ 55
BOBRAETE | WAL | BRET YR e i Al
S e 0 A R A e O R R A 2 A U
SEPUI N R TS PR SO E A . eAh, TR AL
LA o b R ELAT 1 2 A VRN 1) 73 B fE
PAE SN C eRi al NI R E i o s i W
[R5 % N A R Y (e 20/ hA ] e A
i DX S A 2 P L S AT o 2 ah RO P s
i, Itz s GG YRR S LR, AT
(e R U S A S e P I RE e = S T 8

PP RATE — P AT B, i
PP . SRR A ARG AL D),
SEHA DI RE I A G PR S . B SN
A A ABORIE R S A 2 MR =K 8
B IZBORE DI A TR IR A O A E o 22
W RIS 2 LRI AR | LRI
I FL 2 R 22 ) P B AR ) Z2 RS ) P RE B T
Hags RIEMZ 2B ERTEE ) . Tessh#
ZREtsE R, MEPEEEOR IE T ERR A e
VPR R G o i el 8 o 0 L A B SR AN
JEAL R AL AR TR AR, MR - - B
SETHARL, SOl A5 Bk R G

255, I i 2 R S s B IR
IR UEESIMIbL R (o

18 BT R AL AT i Bz s s s i
TR R A TESC R HA B R S il 24
FERARR AR, 120l R G0 ] o E s Zh AL A
MRS HARMRL A . WIS IIEZET
REREOR . AW BT A 205 il ¢, et
A s Sl e R A A RE RS FERTRE
Zoufi 52 MOOEAREAEE T AR A 2ias)
WIRSE . iash e AU 5 UG A i
SRS N 122 0 2l [R5 i A (1 2B S 5 4
AR T g N ST I 3 B S 3 ) 1Y s B
W EEFITE SR, [FIRSE A R AT LAY
HRIGRHFARAIURCR ;. A MBI Moo
W [ AT I D 463 71812 B BRI Ao 2 S A BIL ]
PEOCHEAS , via sholRE R A+ IR I AR5 E A
KRBT o X LEEBUHAT- 5 hyia sl e ORI ik 75 T A
Sl BPERE AR AL TR SR AMEOR SR, o
PR TR AET T I RE 1A S o

2 EENRIPANEIIHE T 2B L

PR AT SR R A0 25 R AR S AT R 2 1] XF
PN IS ) LR AR RE T, KX — R 2
AEfFAT I I 13 Zh A Sl DR AL TR S A R b 250
TR S IR, X — I RE N ERE, £
APERTEIR R, WoFIZ A s lE s . &
FFRRAAL . SRS, B4 A 2
JeXet PEE AN S fi n] S VEE Y, PR RIIARRE T Y
METCEERHE SR IRG . MEEREL, &
LR R0 )2 R i X B R D Re sy 1 R,
BNV S CEZSTv EREsI I B22L N L R Tveil): IP4 7827
ATYAME | 28 Ml ke T S B P 25 2 T S 4 T
T, DGO~ -2 X0 3 1 J2 UK i A i 5 2. Gt B 11
PyREAR, AHMLS AT 0 AR A P R 1V fiE T
ez sy e 2 n] S e PR FALET, S BR s
ol A HE M R AR B e R Rl R R R g
fii (K2).
2.1 EBEHXHEITEEINAIEENZIN

PEITHE SRS b RME BAZ B %L, F%
F FEAERA 5B 37 . (local field potentials, LFPs)
FEdshVEs AL (action potentials, APs). LFPsHi
KM LTRGBS Wph 281
ARG Bl APs TR B 28 TR L o7 R
R P AR KR, R AT R A



-1438- EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2025; 52 (6)
B
[
=z MEGHIERP fMRI ol
£ \ X
= =y
Wi ] . b
(i~ l
\
IifietE e /
EZIIRRES
R
LS
W,
PN ( ) AN
B IAR
T filt JIE gt
HE R
=W # S b g
iEREIRO R

Fig.2 Research on neural plasticity from microscopic—mesoscopic—macroscopic levels
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MEG: Jiii #% ¥l (magnetoencephalography) ; ERP: {45 Hi{ii (event-related potential) ; TMS: £ /il il # (transcranial magnetic
simulation) ; fMRI: ZhAEM:#E 4R 1% (functional magnetic resonance imaging) ; PET: 1FHLF & S8 HLWT)Z 4 (positron emission

computed tomography ) .
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Fig.3 The neurobiological mechanisms of aerobic exercise improve cognitive function in patients with mild

cognitive impairment ' *'!
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LTP: KAFFEHE5E (long-term potentiation) ; PKA: 7K [1¥4HEFA (protein kinase A); CAMKIL: 45/4G I & 140 #1478 (13 B 1T (calcium-
calmodulin (CaM) dependent protein kinase I1); “+” fRERfedk; “-” [0,
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3.2 EEFLEPDRI AT EEHL I

PD J& UK T AD 55 — Kl 2B A7 PR P
H AT 2L ACA 2 ER & R S 2 s i P ) 8 2
Gy, PD AR o BRARRAE 2 Hh ki SR BB 45 7 DA
REPP 2ol PEIR AR, S 3 SUIRIAR DA 7K I 0
L BIRESRE . R BB
AN S DIRERE ST . HET, PDIRYT BRI
T DABIBIT TGS, HABEMIEIR, HE
A 1 A A AEAT 25 W) I SE R A R % PD Y AR
R, A s s O DB RE XS PD e A
b i T His e (K4) . Wik, @3 T HifE
FAELYRGTT Z BRI A T iz R
3.2.1 B3R DARRZ AL N AR A E A
PD

PD B H T DAMAITT RN R F LR
I ARAE S AT o 22 fil A% B (o synuclein,
a-syn) FYRESE, B N o-syn IR 2
i e 1) (N SN SV R = R A AR & S U ES R N R
GIRRIEG W 2T R, & BUIRIR P DA
KHACET= a0 i . AR, A ER%Es
3L F A DI-1 ARG H 5 70 (heat shock protein
70, HSP70) WYEF L, WY a-syn FEfE BT
SAALNIHOKY- . 12 B REE TS T 5 AF Y DA REM £ T
B IERCE Z ) DA, AU 2 ITiR A RN
DARNE . HK, B2ahiifb DA iz, ik s
Ji - 20tk R R 42 DA % iz 85 H (dopamine
transporter, DAT) , 5% Wi %€ fil 4] Pl DA 1% 15 2L
R [l FE DA 2 RISz RS, MDA 55z
REEE T) . XA R, S T 4Rt ib
SUIRIA DA #4533 75 T BA 2 2R REEH
3.2.2 @A SURAMSNs 4 14 2y fil n] 98 1 i
PD

SURAA MSNs A 5 B2 52 J22 0 e i Glu BE %
AP FER A, [RIEHch id DA GBI A, B
BASEREEME, WFIER. B, R, PIAK
INFJEAR B9 600E . 76 PD & R, MSNs A & F 8
T A R, AR R AR L 40 S
ARG R AT LA B R RN 5 i S w3
& XSRAREIE T M SonfE SRR ), BE
SUIRIARR MG DiRe kM . PDARAR, SURik
R Glufs T HREEEE D2-MSNs, FEULERHRE
RSk, Jf b Bz 31 [H] D1-MSNs 17
HLAIR N 4 X4 on DI Re i 2 PD iz
N RERERS A OB 2 —

WL, D2-MSNs B 5§l X 25 75 PD B AU
o B, WA I ot LRI S B AR YR
FH o AN S o Al R A 58 ol J 90 A %5605 s PD A
RIS MSNs Z5 K451 473, 2i3% PD iz 3 D) BE B A
14 BT 1 2 0 MSNs i AR A . iz Bl
g Pk 2 SOIR A MSNs i LTP 3 25, 38 7] 385 %% a-syn
BT, JF BE SR s s ReRE e . T
D1-MSNs F1 D2-MSNs £z 3l i 15 1 72 Hh & #5365 A
[FRPER, BT SR B AR 25 5. A
iz sl i 2 1IF D2-MSNs 1Y H % P4 a PR 2 )5
HL i (spontaneous excitatory postsynaptic current,
SEPSC) MR MR 5+, Z&fift T D2-MSNs [i] D1-
MSNs 8 37 45 55 o 28 4% 366 S A5 o 3 3 [ AR D2-
MSNs H)d B4 Ay, A AUs s E T Z0IRIE S 38
B, LA T RS A 28T - B )2 IR B B AR T
g 0, BT LASCIRIR B4 15 H] 4238 % MSNs JE 25 5
Ty fig vl $8 M J2 42 3l 3% PD iz Bl B A5 19 JE 2L A
Z—0
3.2.3
PD

B2 2 -BURAR Glu i i 1) 2o B2 B0 2 PD A% 0
FRBRAEZ — o SR EKF 1) Glu {5 5 i 2
TR RGO 2T, P R E
EHYIRERERG . 128 T AR SCIRIR Glu {55 07
I T WEW ), ZUEh BT R, 53
T T RE % A 24 R AR PD AR S T i Y Glu K-
B IE S UIRERE AT T, |G, isEh B TR
Glu 5Z 1K 2/3 (metabotropic glutamate receptor 2/3,
mGluR2/3) [RIk, HIHIZ AT Glu B, T T
52 VEREPE B UIAH OCH) mGIuRS ik, k55 1 5
WGl fF SEu . HK, @ahHgum 1 A4 b
MSNs P AMPA 52 17 3 GluA2 i3k, /> T 45
[ i iR i N (A R pTve 0 va) N s e ok X
FHXT T 22 fif ey PEdEME A S B8 L™ it Ah,
BN TR -BUIR A SE Ml T Glu YA 77, A
AT R AT 5 fgh [ B2 b it i Glu RO BEBOKF-, A B
TS TGS Y, B2, Bdhimd®
FOALE A T ZORAR Glu {57, BRI 5 fi iy 64 5
B, ARACZE b 15 5 AR50
324 anghiE R RANIBENGEPD

JIE 5 240 1 e PD Hd A S AR S RE L IR
o-syn i BEER AR | RO RP T IR M 8 AR A, S
DA BB TS VAR o BRIP4t L i A e
B IR, P A G Al i A 5 i f

iz 4 i Bz JZ - SO R Glu i % 2% Ay P k8
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ESLRIR A —HRZE Ml G5 IR T S A IOA B 4R
PZITIIREMZE MG 2 . PDARET, BEIBKR
A Glu#%izi4k 1 (glutamate transporter-1, GLT-1)
Rk L, FEGIEFBRBCR T, Ik % i he
BEf BV, MR IR, 7Rz dhRe g i kst BB
MM TIRE, Zff PD 5| & Wiz S U RERENG . iX
— RN 5 A A2 B BRSOk T GLT-1 Feakbom &
TE I o 20 A B Glu B RE S UIAH G . eAh, /N
S5 T & ouls shif 1y F 2 iR %8 . PD
ST R, /INEC BT AR R 5 A A 8 R A
(W RHAF AN R-1BRIEANZE-6) BHIA KRBT
DA BBl 2270 F2 2Kk D M 2 J2 46 IX 35K a-syn 85 1 R 4R
PEER . SRR, Kissh T aets e gk
FENVE BTk F AN R, R GEsT
TATEHE A 21 -4 B9 FREK, T IR/NB BT 240 LR A
KB R T 52 iz 3 n B Ao ol 36 B % i I 20
L K/ NS AR T RE, AR SRR 2 B L U8
D RVERAEVET, 1% PD 1z sh U RERE A
3.2.5 izd) LA E SR T RIAUGEPD

PD FEBESCIRAAR N #2898 55 Rk 0 77,

° |
N\

Motor cortex

Gly/+
o oS v o
DA DA
GABA
o e
B BEE | g
GABA GABA
i
u
GABA

Thalamus (Tha)

Qi P54 255 5% - (brain-derived neurotrophic
factor, BDNF) . Jis& ot 2 fifg V5 1 o 88 3% I+
(glial cell-derived neurotrophic factor, GDNF) Fifif
24K HF (nerve growth factor, NGF) 4§, EAf]
TEAERF I TCAANG AR P2 rT S s O vh
KHAEH . BORIRIZ SO T 3P 5 p 2235 5
FAEBYIRR . 18805 PD AHCHIF ST T e sz 6
) /& BDNF # GDNF . i {5 iz 3l o] .2 34 Jiil PD /s
UK & BDNF 1l GDNF #3A /K-, XF 2 i -20ik
KRG DA SR e AP E . A F 5548125
A 1234 PD i) M SCIR A rf BDNF ik, JEHG M
B SCIRIEFUR B AZ DA B = iz 3hid ] il ok
BDNF- Ji L Bk & 11 ¥ i 52 /& B (tropomyosin
receptor kinase B, TrkB) 1553, XJSCR AR
ZICA IR A 5 5200 . A NE S REAEHE ISk
K GDNF 357K F-, {2k PD sh# SCIR A 1 i 42
FRALEER IR, JFEiR A2 T (L-DOPA) 531

iz AT

(®)

BDNF

GDNF

Mgz e g |

Fig. 4 The motor control pathway of cortical-basal ganglia (a) and exercise neuroprotective effects on Parkinson’s disease

motor function (b)

E4

EERERMET ZFKEKE (a ) RIBFIPDIHERIFER (b)

Motor cortex: 2 3l 7 )25 Striatum: ZCIR{K; GPi: & FHERINMIFES (globus pallidus interna) ; SNr: &5 IR (substantia nigra pars
reticulata) ; SNc: PAJHE(% & (substantia nigra pars compacta) ; Thalamus: F:fNi; Glu: #F %2 (glutamic acid) ; GABA: yZ % T R

(y-aminobutyric acid) ; DA: Z[UH#& (dopamine); “+”

MAFPERESS, -7 Ml PER S . BDNF: fEUEMERZE IR E T (brain-derived

neurotrophic factor) ; GDNF: B Hi4NIEHEM M2 E F= T (glial cell-derived neurotrophic factor); Met: F#i%(fX (methionine); TrkB: %
R Z R HFB  (tropomyosin receptor kinase B); Striatum: ZCIRA; Glu: A& (glutamic acid); DA: Z M (dopamine); SNec: HBJfi
HUEH (substantia nigra pars compacta); D1: ZEZ1HI3Z1& (dopamine receptor type 1); D2: ZELE2%ISZ{& (dopamine receptor type 2) .



+1444- EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (6)

3.3 EFBhIEHEAIRITIEER B IE R R A A ki

BtiE i Bl T I 2 PR AP DL R A,
TE A 2218 A 7P N DR/ 3 o %) 0 FH A (L A8 ™
. HHETZ 37 TN A 20 [ G DX Y pl 22
IR HEBEBa TR, IRV E R 250ia Y7 0 HE 24
FUORHE B BB SRR E AD SBAEARAER, JF
AREERINNIIRE, XFAM £ AL TEHEH APOE ¢4
LB B B AT R RS B, HoT iS4
MHUERRCRE A W 27, A, s T AD
A/ E AR S RO R, s s B R
1010 245 (metabolic equivalents, MET) * h/J],
AD XU FEAK 15% % (RN a7 Ha m ) d
PD 8 NARYEA NS 4 Fn B AR O, 9820 A AR B
[E], JFZ2 AT 150 min/ A8 ' ZFhHEsh
X, WERE . A1T4 . KIREUSAT, S
AT PD B E W BHA R T shiE Ty, ILAh,
% [ iz 3h & % 25 (American college of sports
medicine, ACSM) HI PD B AUE K54

GRNHTRH ISR, AN TN R, DI asAR
SE PRI REAR BRI XUBS: o i Sh7Ep 23R AT MR
Pk A IO PR BB R A48 i AR B AR TR oA (3R T,
2), NHRZBIRIE RBTA R AUR g o

S IB B P IR AE A ZB AT PR A B LA 1]
ROEF, Hilm RN AR E SR S—, KA
YRR, RZ BHE B2 AR | Bz Il
BB R THELH IR . AR ATEE S8
AR . R B AR, LB
BB AL T, SR O ERIZRRCR . 5,
DL FLA AR, mAREERE BT kS ia shBiia
PD (A R, (HEh R v 5 1 a sl i 5
RAFHOAE AR . ARIE T DS E R LE bR
YA TR, AREORSHERIRI Y T 58, e
PERCRFAL . =, Beainy T fF i, —izsh
T HMELLI R TOR, REE SN, R
FRAVERNRIE S 258367 B PRI, T A 2 fie
#EPD 2 IR ARAE IR E

Table 1 Effects of exercise on cognitive function of Alzheimer’s disease patients

R1 IEHIFADEENTIEERI M
YE#, F4r e Bah M BE R TR R
Tai%F, 242655 L HHEIES ORI 180 min/iX, 2/, 6/ HCE LA TRy
2016 1 ADEH
Ohman%,  210%ADEH FHHE. fiw. FHgzhH 60 min/¥X, 2%/, 124 H AT T RE
2016 162 PATThRE VIR
Venturelli%,  80XADEH  HEIEFHEAINEIIZ 60 min/¥X, SU/JE, 34HA AR AT J5 T /K ST R 20 0 ol 25 3R B i
2016 163 AT VT 53
Abd El-Kader®%, 40463~75% HEizsh) (HSHD 25~45 min/ik, 3UUR, 2 BRI SE I T, HA F-6 0 IR
2016 4 AD:E (60%~70%I K L2 Z) SEEIT
Kampragkou®s, 33465% L I H4i23) (KohzukillZkit 60 min/iX, 5U/E, 64 H FEARADYEE & 2N v 4
2017 131 ADE#H kD
Pedroso%s,  57#71~84% PibHIZ3) 60 min/¥%, 3/, 125 HEE AT T REAN Ly
2018 o) ADE#H
Enette%s, 524,68~84% BN A BRIE A AIEE) 30 min/k, 20/, 94 A AU BN T R A
2020 L7 ADEH
Budak?%, 27460% DL L HHigs) GBI 50 min/ik, S/, 2)H P AE B AE T
2023 L8 ADEH
Haghighi%,  25ZB1EAD HilliEZsh. HAZHFF 90 min/¥, 3U/E, 12/ MRS BRSO R, REE. ik
2023 1] B i ST i SRR 43
Lok%%, 724.68~78%  fIRIZE) (BRAEL 30~40 min/ik, SU/JE, 1208 REEIANEThEE, BEARHIERK P
2023 [0 ADE#H (i)
Ben Ayedd,  79%69~71% HAiEz) CHBATEE WA 35~50 min/iX, 2008, 8 BEINEITIRE
2024 1 ADEH VES)
Akbuga Koc%s, 60%471~83%  fAI28). “FHFIZEY 60 min/¥X, 1~29k/f4, 12)4 SRR AT RE ) R AR
2024 74 ADHEH e
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Table 2 Effects of exercise on motor function and life quality of Parkinson’s disease patients
=2 EEhXPDEEEIEER EFRENZM
TE# B SR Bahn B % TR
Cheung?%, 204PD il 1208, 20K/, 60 min/Ik M3MDS-UPDRS{T-4>
2018 173 BH
Schenkman%%,  128%4PD HHizs) (HiHHL 6N H, 4R/, 50 min/Ik G R R P A
2018 14 B
Vergara-Diaz%, 324PD HHIzz) (K% 6N, 28/, 60 min/ixX AR VE TR A E S O
2018 17 B
Ferraz’, 554PD i EAHGINGR ORISR E 3, 5UUE, 60 min/ik M MDS-UPDRS ¥4« H % A=
2018 [76) B BIABEEEIZ A&7/, PDAEVE M P (PDQ-39)
Harvey%, 20%4PD fI%HIZ3) 1208, 3K/, 45~60 min/ik R A HREE
2019 17 BH
Kwok%%, 138%PD IE&Hifizs) 8FH, 1/, 60~90 min/ik B T AR AR S L L S MDS-UP-
2019 7% e DRSPF43
Leal%, 544PD JifHizz) 8~120/4, 1041, 30~40 min, EEHEFZPIME. LFE) . SEEE
2019 [ B 20, 64 A P-4 g
RidgelZs, 164PD FHiz3) (WEAITH) 28, 3K, 30 min/ik % MDS-UPDRS -4y« F#iz 3
2019 (80 B W E . MR RS B IS B
de Lima%, 334PD HifHiz3) S~120/4L, 1041, 30~40 min,  EEIEBHINAERIFIMLT 4>
2019 B B 20K/, 20/
Szefler-DerelaZ, 404PD fEizs) CILRRAEDE) 6, 20/, 90 min/ik BB E) RS
2020 12 i
SzymuraZs, 634PD Pz 3 1208, 3/, 60 min/Ik B N S R N SN 2 S Sl
2020 [ e fi6E 71
Vieira deMoraes 404 PD ¥t :\HifHIZ3) 9, 22X/, 50~60 min/ik MBIz BRI
Filho %%, 2020 1 g%
Mak%s, 644 PD fi%iz3) (i) 6™~H, 3/, 90 min/IkX M #MDS-UPDRS P45 25T RE ST
2021 ) B AT

MDS-UPDRS: MDS 4t — i 4 #% J% 3 & & % (MDS unified-Parkinson disease rating scale) ; PDQ-39: M 4 2% Ji A= 3if it 12 07 43 i %

(Parkinson’s patient quality of life questionnaire ) .

4 BEERE

41 MNEREERRLEZIEHBE, FRMWEBMIER
T ARSI HTR

FRGE R 22 HL AR PRBI S8 B PRI SR A 25
NHET, DA R A A SRS T # LS
AN, JCHIEAEE AT AR S A I s
UL T AR RFR . AR, AT AR
PP IR R B DE AR, R F R
AR T a5 5 517 0B, T
S E (2 B s SN e

SRR . FEFLAR . Tetrode HIL AR % AT A A Y
PUHERAR e A R shsh b s Blm i . (RS
MG TR " W RI, EWiih 2L s
WERRIT N, 1830 B Z AR 2T R R B

AWM AL, 2R A A A R 2
(phase-locked spiking) , fAFE#% 1 DA #f £ o0 i) A&
W 5 2 B A Bl L A AT O B =R R % )
L2

PRI, MARRIRER L E RS R A A sh e (s
FEITRBERAE, XHs s e A R
FILHR T HF
42 MEZEMNKBFESH, FRETBEUZEW
HEING FHLHIF R

MZ/NrF (WGlu, GABA, DA, 5-HT %)
YERNM ARG NG ST, fEisshiiiE . %
T BIHLEON AR T e A A AR o ST
FER 25 HERE T B ARARARAE X T L b 22 PR
Uifie . MLl LA 2V E R A
S ARG ORI 3 B ST A AT
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oW Mt 3% (high  performance  liquid
chromatography, HPLC) 71 i B % 58 W Fff o3 M
(enzyme-linked immunosorbent assay, ELISA) &
FIRIEST T 7 AT R AP R BE, (IAEEREA
Dy WAL I TR A3 B R AR S A (R O A )R
BREUSST, XE LATHG A2 X0 I A% 2l R AT 34 Jo S e ) 4
PURIB RN DRI, A JRHT ARG I A A SIC R 44
Wi b 223 B ) B AR AL, KRBl 2 A2 Ny
FHLHIEE 2

Bl PR T2 i AC SRS, BETH
b2 R BRI AR SR AT B AR B . TEAE &
Bk o AR AL LA -, Zhang 55 ) 4]
HTIERIEL AL T RS, WudE P T
el rIEN AL (B07) HEF, b &Riik
TGRSR BN E AT R B s Xue 55 YRR T
FETIREE 22 2] R AR BT 5 SR P 52 2 Ak 22 30
BN AR ; YaiF 2 R R T 3T H b i
Hopy A A b 5 oH 3 43 Hr (galvanic redox
potentiometry, GRP) Hi/rik. JLHJE GRP JrikiH
I, BRTECRFFRIZICIE R IR S RTsE T, DAGAEE
IR I R R SEIRPTIR IR . DA, 5-HT. fifk
A WA A Y B R R R L R s )
B, AT A EE S S A5 A s P 7R
R IR EIAE AL AR AL T sk =7

Sg s AR, ISR AL LB =
FOLIT ] S BB FAOR G 23 (B e . BF5E H BRI TR
YA MRS FIBATES PA TR, SEE
WM/ Ny PR SRS PR G RE, #ish T
PZEAZEIFFE N LR o) AN B
KEAS . ILAh, MALZAIRE BIRREL L . et
VENNAEEDS LY/ R A N L N N (32 L AT
KIAMEAGE SR T BE, SC “phesfb2s-17 M-
AR WP AT 6, IR SRR R 2858 5T
TEA AT i E Rt 7oA 1 T A
43 N#zhizshZlE3hiss), FRETERITA
e 1 E ML HI B 3R

gz s Mg h THshias), KEXR
J7 i RE R U8 [ 18 g it , BRI IR 5% 4k H
S = X 32 Sl Bl B R 2 S HLIESY Flis B
B A R . 1B SN URDUARTE SR AN ER IR,
SR N R A D RE VA B OB P K. AN[RIZEALY
B AE AL R IR B 2R, UHE
Wishizsh 5 Eshizshz i), fEsshkie. kX
R R B B At 2 D7 TR AR BT X 1]

AR, BEER MR IR P A R, Ak
FRERCE A AT X2 3 AT B 2 S 4k, ok
FEN AT LASET W N ah Wy iia shaR 8k, hiazh 1
BT RE AL BE S, HAE LA ARz 3h
T BRI B RGN RA . 8
LR H BRI s s, Al
W EES . R RS SR F B, el
K AT NS, IF 50 200 R AR R AT I ) X
I, OB FEM 2E R B S s Bl kA AR AL
il 4y Eh SRR
44 NEHNHBEIRES, ARETLEGAE
HW “£50%E” BN

“aeAan I R s sh PR AL S Y
AL, 1B SRR R YR T BN R R A AN
R R AR . et HaEIEFEE . 50
AL BAFRIBAE R ES A iR, AR E
18 B A REA RUGAR M MBI AR | SEZE B iR |
e A5 1 PR 2E T B2 T A 0 ol 7 el
SELE AT AL SN . 5 AR TS
TAE AR AERE NS H 2 M 5N, e “a
Afr T BEE, SO CABIRET g, AMUE
WEFRHR SR RTOR, TR PR b
BAEE X

JLEE L I B I I B UG R 45
ORI P28 FIBRIN R 2 EE R RO RE 4, M
a8 M AR IR RS HIRE ) . shY
LYK, 3~4 J R S AT R s g Al fie kT
KNG, HA i 800 ] feis shs 1k )5 2 AN
VIsRAFAE . FIa B A 0N i AL A KA
S, 1 H /N RPEAT 3 H bk 2k, A
JEFE FP A IR WE R 2E B Crym Ji3 81 A 4L %
L3 A2 A6 Vi ] 5 394 568 A R ARSI RO g
B = R S a5 a s, LRI N R (5522 1k
REEERDITE, P, ARRBPSENAS S TER (55
IEA, IR iz s+ B0 ik el 2 A
ST B ER BT

ARCERIR T i s RAP I A 2 n] SBPERL] , 45
I 2R TR Th VR T T, Dok
Keiz SR IR A HERI T TS S R R B2 % 1
IRPRATRTFE R, B3 AT BB, F5 2t
FTHONRSABIEINT, BOCTEIB SRR | G 2
B RPN R SCHS R, IR R FEARR .
Sl AN TR PR 285 A B A 1R 2 S i i o ) AN [
BE, KaELs A RAMAREE S DT, S5 EPLHI RS
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Abstract Neuroscience is a significant frontier discipline within the natural sciences and has become an
important interdisciplinary frontier scientific field. Brain is one of the most complex organs in the human body,
and its structural and functional analysis is considered the “ultimate frontier” of human self-awareness and
exploration of nature. Driven by the strategic layout of “China Brain Project”, Chinese scientists have conducted

systematic research focusing on “understanding the brain, simulating the brain, and protecting the brain”. They
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have made breakthrough progress in areas such as the principles of brain cognition, mechanisms and interventions
for brain diseases, brain-like computation, and applications of brain-machine intelligence technology, aiming to
enhance brain health through biomedical technology and improve the quality of human life. Due to limited
understanding and comprehension of neuroscience, there are still many important unresolved issues in the field of
neuroscience, resulting in a lack of effective measures to prevent and protect brain health. Therefore, in addition
to actively developing new generation drugs, exploring non pharmacological treatment strategies with better
health benefits and higher safety is particularly important. Epidemiological data shows that, exercise is not only an
indispensable part of daily life but also an important non-pharmacological approach for protecting brain health
and preventing neurodegenerative diseases, forming an emerging research field known as motor neuroscience.
Basic research in motor neuroscience primarily focuses on analyzing the dynamic coding mechanisms of neural
circuits involved in motor control, breakthroughs in motor neuroscience research depend on the construction of
dynamic monitoring systems across temporal and spatial scales. Therefore, high spatiotemporal resolution
detection of movement processes and movement-induced changes in brain structure and neural activity signals is
an important technical foundation for conducting motor neuroscience research and has developed a set of tools
based on traditional neuroscience methods combined with novel motor behavior decoding technologies, providing
an innovative technical platform for motor neuroscience research. The protective effect of exercise in
neurodegenerative diseases provides broad application prospects for its clinical translation. Applied research in
motor neuroscience centers on deciphering the regulatory networks of neuroprotective molecules mediated by
exercise. From the perspectives of exercise promoting neurogenesis and regeneration, enhancing synaptic
plasticity, modulating neuronal functional activity, and remodeling the molecular homeostasis of the neuronal
microenvironment, it aims to improve cognitive function and reduce the incidence of Parkinson’s disease and
Alzheimer’s disease. This has also advanced research into the molecular regulatory networks mediating exercise-
induced neuroprotection and facilitated the clinical application and promotion of exercise rehabilitation strategies.
Multidimensional analysis of exercise-regulated neural plasticity is the theoretical basis for elucidating the brain-
protective mechanisms mediated by exercise and developing intervention strategies for neurological diseases.
Thus,real-time analysis of different neural signals during active exercise is needed to study the health effects of
exercise throughout the entire life cycle and enhance lifelong sports awareness. Therefore, this article will
systematically summarize the innovative technological developments in motor neuroscience research, review the
mechanisms of neural plasticity that exercise utilizes to protect the brain, and explore the role of exercise in the
prevention and treatment of major neurodegenerative diseases. This aims to provide new ideas for future

theoretical innovations and clinical applications in the field of exercise-induced brain protection.
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