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The cross-talk between exercise and dopamine: roles and related
mechanisms

LI Xin, FAN Kang-Cheng, ZHAO Shu-Yang, WANG Zhuo"

(College of Sport and Health, Shenyang Sports University, Shenyang 110102, China)

Abstract: Dopamine is a key neurotransmitter involved in the regulation of motor control, reward processing, emotion, and
cognition. Dysregulation of dopamine signaling is implicated in various neurological, psychiatric, and metabolic disorders. As
a safe and effective intervention, exercise has demonstrated significant potential in modulating the dopaminergic system. This
review provides a comprehensive overview of the multi-level mechanisms by which physical activity influences dopamine
function, including enhanced synthesis and release, improved synaptic plasticity, and increased antioxidant and neurotrophic
support. It further explores the reciprocal role of dopamine in regulating motor performance, learning, and motivation. Special
attention is given to the therapeutic effects of exercise in dopamine-related conditions such as Parkinson’s disease, depression,
hypertension, and bone metabolic disorders. Finally, the review underscores the central role of dopamine in exercise-mediated
disease modulation and highlights the need for integrating multi-omics and individualized approaches to advance precision
exercise interventions and inform clinical rehabilitation strategies.
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Figure 1 Dopamine biosynthesis, release and receptor signaling pathways



1326 25

b 5$38%

DR I8E . TE5E S5KoF 8 s R EDATTE SR
SRR B R TR e s R B 22 LN PR LD
AE, 4 o5 2 Mk (AT B 22 L R R SR R 0L e
A T CREB# 2 1k X cAMP/PKA! ') PI3K/
Akt'*) MAPK 28 LSl DI, DA T 6
SRDATH IS EE AL RE ST . BDNF \IGF-1 1 27 4k %
FE AR 1 AL S5 44 3840 75 22 1115 (fibronectin type Il
domain-containing protein 5,FNDC5) %1z sl S/
B RN FIEZ U R g BA % B
o EATE S TrkB 5 IGF IR , W35 22 5 e pfi 28
TUAFI 5 SR MY RE ) S sh AR 58 fih m] #4E
YT B IR S T Fe Ak ) 2 L B 5 g 312

WAL, 3z Shos IR TS AE A R e AE AR
B AL (superoxide dismutase,SOD) i E AL A i
(catalase, CAT), W& k& B i &, #7574 4 (reactive
oxygen species, ROS) X 58 i1 2 [ e i 28 TC (1) 6 Ak
105, PRI AR AR TIRE , 2R AT AH S sl BE R
PP et
1.3 EHERESINAMERFRN S BEREAT YL

Z W R G RE G2 e SRR RRERG: E
BN 22 B RS (ADHD) ) 25 9 5 ) B 5 BR L
filto PR RCRE oT CanmT -~ ) 2538 iR PRz 2
C RS T E DATHIRERE T 5 %5 R g 2 igfl, &
BUOREHLBE  PATRRE S5 s iEshE
TV 22 e 5 4 2 R 1) I )3 %, ARG 58 fih 2%
TN E RS E SR BETHZGA T 2 B
G [ 5 38 18 BT i 2 CUORS IO 5 R 4
B R SR 2 BRI, DTN 98 55 %o 24 40 22 54 A AR
BT AN BB Y RS RE S
WAL PTG 22 TR A1, A el A
PR ARG BRI T Bhe S

25 b ORISR 5 B SRS [R) Y 12 Bl 3 T 58
o ZERHHI T Z B R G, Nor - A B R
HEACEIE R ER GRS T KRG IRz 5l
SHE Z ORGP R, A SCEH T IR
K NRWFFE ) T2 R I(RL) .

2 ZBERRITIEINEERIEE(ER
21 ZEBENSHIEHIESHEBSHIT

22 5 AR Ay X A 28 28 G WA A% O P 222356 I, 3
TR RS 2R 3B S M4 AEIs s S A A%
FHPITHREECHEN . FERIKTTE IR,

D1ZEZ K (D1R) BOE B4 B rh i rp S8 R b 22
JG(medium spiny neurons, MSNs) , #l il & FHEK N
%7 (globus pallidus internus, GPi) -5 22 it R {R 3
(substantia nigra pars reticulata, SNpr) , B B i
Xz B B = e ar e A TR 2Ei2 3l 3l D2
FSAZ AR (D2R ) VA0 i [ia] 42238 1%, a2 3 By Kz J2 1)
ME S, P Akiz i Bt 250 2 ik
I R 5 il i R A7 A SRR | S M i R TR LA K
B A 3 (D 1 Z AR #ENa " N IF 51k Ftk
k), 32w R AR Sz ou s a kB FE
SRR )R, 2 U TS IR R LS (AC) -
cAMP-2H 1A (PKA )i # , 4512 3l SR
YRR AR, AT A7 L4 5 [R) 2230 (o 1)1 A7 5
PR RS L BN B T R AL, (E T8
Ik RO - BORAA 8 B 1 B Bl R S s B S
J, [A)42E52 1 i 28 UL PR 422 3k A Ch RS TR0 S L A2 AT
PR3 R KO- 22 B T R AChRRTI WA LA i
26 B, 38 3 T LR 9 Ca®* ) A8 5 PR B,
P RILA 5K 7 S A7 sk B
22 SBERS5EHFEISEHETTENEN

Z W BEAUZ B S TR SR 45 2, HAE S
AR A 28 AT I8 P A S R A A O AR 8, G I
PP I R 1Y 5 (LTP) 5 K2 i (LTD) -
5, GRS Sl RE R 2 > FILE ST

TE53 T HLHZ T , 22 B D15 D252 A AL
T VEFH , R 28 T SR P () SE AR 8 8 . FERI R
1B 82 2 (ML) 580K, D12 AR 340 8 1 A
BIcAMP/PKAF F il , 2 5 filh J5 - 24 563 - P2 K-
5-FH Be-4- 5 W N R (a-amino-3-hydroxy-5-methyl-
4-isoxazole propionic acid, AMPA ) Z K H A &R Z
&1V 3 (glutamate receptor subunit 1,GluR1) A4
FRAL , DA T B 1 TF 22 AMPA SZ 443 A 2 it Ji e, 45
ML RLEE , P TP, LA s b 5 B Ih AT A A =
[y 20 1 0L AR, D27 A F A DU S o400 )
cAMP/PK At i , 548 55 HADBERR T , 2 7E AMPA 32
RN, SCRELTDRY & A, SEN TR 4 112 3
WA M 5T AN, DASZ AR B T Ny
522 ATV T4 R, BRSSO R Y
ARZBUA] P4 35 LTP/LTD A5 B E, T Bl A58 5
2 o] WA XA PR IS W R B SR R RS L R D
Jo Ry 38

Z UL R GE ARG Wb 2 A T A T H L B ) 25 G



2

%, %5 s 85 2 O S SO < A F S AR SCHL ]

1327

®1 AREHSHX S EBRAGHF TR R EEREH

Table 1 Regulatory effects of different exercise parameters on the dopamine system and underlying neural

mechanisms
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Figure 2 Multi-level regulatory mechanisms of exercise intervention on the dopamine system
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Figure 3 Cross-disease regulatory mechanisms of exercise intervention on dopamine pathways in Parkinson's

disease, depression, hypertension and bone metabolic diseases
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