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UK, st o () PR R S 1 P 28 et PR it i
FERY &, St L 23S VTA Y GABA REF &
JC AN VTA H i) DA RERH & e fE e, [m] iy
VTA H A E R (glutamate, Glu) BEMZ IS
fRFE#% (nucleus accumben, NAc) #£:ICAE 5
Ffg L e R A Y JIEL R e A 2 0T . Glu Al
GABA/NEEHMEATT, TEGRARE T sk,
T el 240 L 2 AR ) AT R s TR A v R (A
la) o FIEA W5 K IBCIRIK D1 321K (dopamine
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FEAVERT

NREM R & A= Z2 55 32 B2 S B %) 300 ol A i 2t
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JCHE, T R A% n] POA 2 5F GABA/H &R
Al fiE o NREM B AR (1) & A . BEICHTIN ) GABA
RE R 2870 AT IR s WA 28 e (AP LA H#E A NREM
MR o 5 A 8 DAy A R I - P o A R
BAER, WIGSCIRIRRR T A2A 321K (adenosine
A2A receptor, A2AR) #1470 A] i€ # NREM B HiK
K T s AR 2 E T NAC Rk IR AT A2AR 11
P2 TC A5 A2 P IR U 40 SN Y GABA BE
P2 TR FEING R 4  Glu RE A 20 t il 2 F NREM
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Fig. 1 Neural projection pathways that regulate sleep—wake
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WEAR 21 G35t 14 T HE A Bt 26 2% (%) RELA E el 28
JC A ¥E NREM 2| REM BE IR (54 4 20 (& 1b) .
UE W EgT B, N O AT B 2 2 (medial
prefrontal cortex, mPFC) A Z: 07 REM H [H] 4
B RFEFE MG, {28k REM B9 &4, Hid mPFC
HER S 20 RS 2 E T NREM ) REM (195549t
A4 REM BEAR 2,
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2.1 BERRFERSHIKR ER R

SD 2k iy T+ A P U B 25 22 b R 22 5 LR Y R M-
SERERESE R, FEARIUONIEIR R SR 2 | e
IR A ZE AL . SDEFERIR ., B30T ALK I 1 b
W00 BB A . BERR A OCHT I i fi | S AR | HEE
HRAH DGz B A4 e,

JMRSE—Fh I 2% SD, FEIM M A ME [RIXE | BEHIR
HBTE R , BIERIR 52 22 Fhobf 28388 BRI R A%,
B R % . DA. GABA Fll il # % (melatonin,
MT) % 27, WA RGN ReRERIR, #f
SR A A B BT L A AR e - i R A A X
MIZEEL 20 BBk, AR R E . N WIME
AV AP RGEAAE SN LA KU 3R 2R A
AR L 5 R R DD AR OC 0 I AR B AT
fen I IR AES  ieC R | AR
& FEHARIE 55 S )R, S0 H wAE G . KM IR AT
RESE IO A . AR . AR IEFIAITIRE T FEr
SRR, R AT R AR TR B B
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AP AT B AT R Y B R, M X B
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iX . FHEAFFE R, Clock SEHZ AL L5 R IBAK
TR S I A [ S A
JB e i RSP S it e AT R A Y S P
IEAh /0 58 e T AA 240 JH v Bmad 1 56 R e = Al S 5
SD i H [8] W8 B (1) A A=, K B4 52 el 1 2 e
SISy T

FEE R D P A 5 o ) 52 4 90 S I I )RR
4 FH ZE 4 B B PR % 27 55 (obstructive sleep apnea,
OSA) 4§ ', OSA T35 1 Ml AR AN f B[] 1 4
AR pIEMAEER T (AB) AP &, TEMH
FESESUURR A I 0, 5 A ph 22 1R A7 1 0 1Y)

A B SRASREAR I AR AR B FEMEERIR T BT, X
SO S HAT IR S A S T RN B o AR R AR P AN
SSEHE, R E Mot kA RS SR, IMTAEE
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SD BE A] e /&M 7 o 0iE , A A B ARG ph e
SREAR ARSI K | AR E kAR, nT LR
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R EORE FHREIR P BT, PR SD R I Ath R - 5
PEAE JCB 1 A R AF BT, R T H ZR N Y
EyF A, B, 2aE G EA th i
5 FBOF E WA ST AT W 2 i sh ik A T
B
22 AREIEEhEERFERRHIET

12 BN A B o Rk g R A AT S AT
WFB, EAERIFRE T K& Tz 3 5 MR - b i
TR R SY, IR RIS RIREE . AS[A] R[]
Bt . N [RI S B 3B Bl B HIR Y i R AL 25 AN S A
[ 40 (R 1),

iz 5 B 38 3l 1 ey X ATLAAR A AR ) R
10 H Y Iz Bl BE AT DO B B AR R A R U AR
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KNP a] etk $2 y BEAR i i . Jiménez-Garcia
A IR R, 12 JAl v e R R (] Wz B ] ARG
2ARTREUERITr, Hrp B i S 2Rl a0 R gk
Y] 2% WASO F1SQ. Passo %5 ) X} 48 444k
IR HEA T REALG BRSCES, AFFE & B, 50 min TH4F
51 518 VA 4RIz B R v D R O RN E 1Y
WASO ., MEARKCE (sleep efficiency, SE), TST X
T A YRR . Panagiotou % ) 58 T AN
AFPE/INERI TS SRR A, W T KA T
H st iz 3l 18 RIS FI 24 RIS 19/ NEL, H REM i
M /D, NREM RYIFRINGE . ARz, 6 JEli /N
B B TR (D3 0, NREM FEE IR DU sk 2L, ax s g 5
FKH, TEREHR 1B ST Th 2T B s T 5 AR
DL AR R S, e S I s T & .

15 BN B AR 1Y e — BURE e R #EA T S ATS
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A BT AR AER AN, A e e T RE
IRFR AT T e R B i . (R A BRI R
R ANHE Bl AN 2 X BEAR 7= AR 520, 40 Stutz 6 0 &
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SN R A SR TR S, S T 238 T8 P i IR 17 i
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7 30 min A T A 5R BE A S Bl AE R s
02 I 7 N - A R R el (O O S ) R O R
(6:00~7:00 am) , F7F (14:00~16:00 pm) FIHf |-
(19:00~21:00 pm) iz 3 J5 i AR A& BCR S 247 0
g, JFR T A 2 5 RSO, & 19:00~
21:003i28), XTHEAR A AR, H s
B R W B G, (R R BEIROIR S K A . Saidi
2 W) e 18:30 F120:30 HEFT 1 hizgh, Hr%IE
MR I R GERT A ARG 2 h Fl4 h N, Rz
SIAREE A BRI , FEIRSCRISS R ME .
I, iz sl B )£ MR AR T TR0 1 6 R IA A 1F
R .

AEZI RN SDE WWMizdhz —, HEZE
FRAEJ& 12 B o BE AN K, FR2eih Ml A o Al-Jiffr
&R, 6 A HIs BT g H AR M IRk
PER IR E (K TST. SE. WASO. REM Ak 1) Al

SQ, UESE T A %z sh HA ol SD AR . [RlAT,
TR 2 ik ] DL B R 20 B A D e A2
PUBH I SQ. 61 H Iy &8 A SR 1z 0 1 fin BH 2
PEREIRMPUCE (B8 I IE Y sk LA ILBK A7, 4E
18 ok BB A [a], U/ 4 K R R A [B), 380 SE,
B L G Y (TR (= G 711 B =) PrS L P U
TRE RIS 3] , SR LET 4R A LA AR
R —mzgEa . B 3O 16 JE LA
Pt B Y25 mT LA el 35 10 4 % 3 H & N3 B39 SE.
TST, H/0H WASO ', H.0vis s —Fh sk
TR, EEIFN ., BES5MEMLSANZIE
Ko RV, EMAERAGREMN A Eizg) . Pkl
12 Bl 45 )i BT AT AN TR EE A A
ARVES 57 A& G838 BN A 28 ] LA AT G IR
BESE,  BEARABE 5 5 BRI [ AR L, Haz )
BN AT RESE 24 4 H B

Table 1 Study on the intervention effects of different exercises on sleep disorders

F1 AFREIEZHIEERRIE S8 TR 5

iBE B it WOV
EERY A8 KT 150 minft) i s 3523 (64D TR T 1 R R sQ1
R GRS (12)5) Hm N PSQI|, WASO}, SQ1
50 minAFIREIZE) (648D M SR M R AR AR WASO |, SET, TST1
B R 18:30~20:30 (HEFHI2~4 h4hH0) S PN SE 1
HERTO0 min PN sQt
EHHH HEIzz) 6D TR SRR AR R AR AR TST1, SET, WASO |, REMi#{RI |
HHEY (64D PV M R 2752 s 1) IR 5 AR SR A |
H0izah G KR G RLS |, SET
Lizgh CkiZs, 128D BARRIR R SE1, WASO |
MAEMEDLES) 16/, 3D ERaF ST e N3#ISE T, TST1, WASO |
MG REs (128D B IR P e R 0 SQ 1
HhEERR R AIEE) (641 HD IEL S5 IR PP 2 o S TSTT, WASO |, SE1, AHI/

H EHiitiEs)
fAS5 d, [R60 mintF AR E A Aizsh (8FD

RAE PR B B
BT Sy B

TST?T, SET
SQtT, TSTT, SET

TST: BEHREATK; SOL: AMERIAI; SE: MEARZCR; WASO: MENUSSEEEMIE; SQ: MEARFi#E; PSQI. DUZZLRMENRRHTEH; RLS:

ANTRREEGAE; AHL: IR R A

3 DAZ5iazhiATERR - EZRY ] BEHL I

3.1 ER-EEATVRSERNELRINGEZ—

DA VB A i PN T 2L 9 4 22388 T 2 52 sh#s il
R Tat VAN 1 23 S W 7 X o e i D
DA T A5 555 P S0 9593 38 H 5 A1 Bl SD 1 &
Il IR 98% 11 A1 4 A% 5 F8 & A8 & 8 1 1 35 o Bt
SD [15, 36, 54JO

WFFE & B, VTA K DA BE #2850 1] %} IR -5

Pt =AY, B Rl DL TR L SRR, 4 %5 NREM
I I 381 i B 1) VS AR B, 88 v SRR ] Y Dlgast
B30 Glu R 2270 T 3l 3 244 DA BE A8 T IE 1<
BEERRT K (B, A, VTA B GABA e £ T4 i
w0 DA 5 Glu #4505 SHEIR-E BT . NAc
rh ik DA ) DIDR Ay 2850 Ca* {5 5 76 it J# 1 []
ERAIN, B400E DIDR #1400 0] 755 REM [a] 34 i
(REEAR , IFIER R ST, PR Ih % NAC 7]
RHIT HH DA R Ge A 1 B0k R JE il AR N, 55
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B T A U, (HX NREM 5 22 B T8 52
AL OB TS A F AR PR, WSR3 K R A i

ONGEEA

I -2 TR J B v 5 T T NREM B mPFC [ DA 7K FF
T, IR DR AR R U REAEG 20 (1 2)
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Fig.2 Schematic diagram of neural pathways related to DA regulating sleep
E2 VTAMDABE#HZITS 5EIRETHHERS
DA: ZUJ; DIDR: DIZM; GABA: y&EIETRREEMZTT; Glu: FEIRAEMZTC. A HBiorenderk (4l .

Yang % 7 WFGE A EE, W) N B 5 A% 18] VTA
(1) DA R 2T I PE GABA, W N 9 55 4%
TG Pk 3 = BRI GABA REMS AR UEREAIS , 5 PERFAI
B A SR . R M FHER ) GABA RE# 28038 1
VTA ) DA RERIZE 0 KM, BEARE RS T R H A
LT A Y, AR DA 5 D224k (dopamine
D2 receptor, D2DR) %54& 2342 # NREM [v] REM A9
el , TERRAT A DA R IER N5 R & AE
MR %, BRARSE SZ B H RS, HAKE T
NAc ) DA BE#I 2 o #2035 VTA & NAc £ 41
(1) DA Be i 28 70 W] ek 35 3 ) Bl R AN J2 i >R R B
154 .

DA 55-1& 3 Bt R i X 547 R R A4
BB, $H VTA-NAc 18 B% DA fE# 28 50K i
SREARRIZE D) B iz shae At seq Tk I
VTA-mPFC i % DA BE #2870 s 55 B AR 341 25 5 [ ke
At ASAT A AT R SIS Fofil DA RERRZETT

285 M AR R 255 R A 34T A AIEA T R 5 B AR
2F 7 A W IIARA T A AT I DA MK Y mPFC 4 28
P o SEIGERH AN [R) fh 2530 B 1) DA 7EBERRF T4 h
RIEAFATER
3.2 DAZSEFNEER-EERETHILEH
SEEER, iEBhT RN N DATRASRAZE ML, Al
AEIE LA R A AL 1T BEAIG ,  £4% cAMP J2 )b o4
2t & H (cyclic-AMP response binding protein,
CREB) f5%55S . W RN ER T HA
ST EAERS ., CREBZ Y Tia3)5 DA LS
P RRAR YA, HERR a1 AR K
PR~ A Tl 1 R 1 e 2 Ak 2 5 i BIRG -  TEA 1
Zhou % 1 157 & B, LKB1-SIK3-HDAC4/5-CREB
SR B AR (14 G B %, HDAC4CN/CREB BEik 3%
/NERIEHEREIR . AFFEERWT, A4 %0s 3 ml Agil ot a4
1§ 5 CREB-fH 281 5 F N 15 Sl i, ehesg 8 fink
RIS, AT fiff R RIS ) < 15 O B 25 CREB &3k
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NAc S MZCR AR 2075 57 7 F DA BEFH 2850
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Fig.3 DA regulation role involved in SD promoting by exercise
E3 DAS iz EREIRMILE
PIP2: WENGHEENLEE-4,5- " H§fR (phosphatidylinositol-4,5-bisphosphate); PLCP: Will§fffC (phospholipase C B subfamily); B1: JkiFIJLATF#

feZ K i BE R A 19 (brain and muscle arnt-like 1) ;
(circadian locomotor output cycles kaput) ;
monophosphate) ;
(apolipoprotein E). A< [& fiBiorenderf {421l .

DA e 2 0 i 1 45 AR W Bl 2 5 IR R 1 o
A= e R R PR Rk v A R T R A
HE I FE, Per2 (period circadian regulator 2) [
VR e s PRl A A= e o o AR SR
FW], 6-F2 2 MM B K B SN /Y DA BEFf &80
HBOCRAE Per2 FER W HEMETESS, 12 AT g i 3%
Tl DIDR K& BUIR & Per2 (15 2, WFgx £ W,
Per2 FEN M RAZ 5 2 Fh SD MO, ANBEARKER:E . K
T R R B AR 2R A A | SE I I ARG - 575 A 107 i
AP AR A Tk BREA

12315 DA 5 IR PRI VE A AT LA bl R

IP3. ALEE = ®%M2 (inositol 1,4,5-trisphosphate) ;
Per2: JA M B (period 2) ;
GPCR: G B 314 (G protein-coupled receptor) ;

CK: gy AL 35 B
cAMP: % I (cyclic adenosine
APOE: #JREME

TCA: =R MG ;
PKA: M EFA (protein kinase A) ;

HoEHE WML MEIRY BT, MR AR A I A T .
AR RS DA BHUH EAEA, DAFMESCR iR
&Ewﬁ 20 B B O A TP RE Bl A P
SRR fE 97 HeJRE 277 1 A2AR Fil D2DR 13 [A]
ﬂwﬁﬁﬁ%-i@%ﬁ]ﬁﬁ NAc ' A2AR #1405 5 ik
170 LA B ShAUAR AT R IR . B SR AR 1
A2AR?EF,JJD, I A RN SR PR R 2
TR TG S REAR ' BRI MER 24P A2AR,
Bafin NAc H 3 GABA fefi & ool v, 4l o
M R GEAE UEREAR ; 410 DA 1Y) D2DR £ G2l % 44
AR IEA o
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DA Z 51z 215 MT QU I AR . MT &
FLRY A PEPEREAR R 5 I, sl Dass e TR
T i) GABA & il . %5 MT 7345 JH T SCN.
B v LSRR AT Bt AR B A S5 2 i e
NS A ) A il e S 3 A i B @ RO N S [ET AN
N (I =R TN 6| DA N U e U (Y NS
(neuropeptide Y, NPY) 43 MT JFHH 5515 8 45
SCN 7 BEAR . tbAh, MT i rl5E i 5 DA REfl
ZICMTL/2 %Z K454, il PLCR-PIP2 iz e (5
SHEFIP3MA N, 1T DAREMZITNEM,
{R i Ca* [ Z AL IR AR 38, 38 0 = IR IRAG I E +¢
DA ReMf £ u bR IEH fig, & FHIEIRARS T 1)
RE T A S AR Ak e 7

DA Z: 5 BV ¢ i 40 M A 5 14 9 R 38 fi ) 15 Hile
IRDIGE . iz shn] DAE o BB I 40 M 20 IR 2R 1 E
(APOE) F1 AR, #1il I 988 3K € B F o (tumor
necrosis factor-o,, TNF-a) . K+ «B 4 & AE K+
=, PR DA BB ZE T, R RAE RN . W5
FW, RIZz B2y hn Z A 5AT BRI 1 ReE 0 240
JRIPRIFFIEER VR E , AdE/R-1B (interleukin 1P,
IL-1B) . P/ %-6 (interleukin 6, IL-6). TNF-o LA
FAKME, FESMEMEE IL-18. TNF-a. 4
KU 2 LA B A/ INAER T 14 TL-6 348 1 1 0 ok I B ) 4
SEE ) TGP 9 2R AT G DA 5 HAZ AR
G567, AERE A KRR SR T REARAS 2 5 |
[ DAACEEPERE i 7, [ AHz B if DA REf £ 0T
Z 5T B EM Lo mEER 7,

A, FIFHASTR 5341 5 1 R AORS M 22 DA
B EY A3/l O O B B Y R YA o
BN 7o L v EE W S N S D =8 AN i o S
K42~ (in vivo analytical chemistry) fiff 58 4~
WrElHT, JFA T & IG5 71 f Ak 2z iy
Pe BEMHEALE T R T s
SR Rl R AR BT AR LA R S I B R B
BRSO . P AR A R T A
ik (ELAR/NT 10 pmol/L)  F TR A J5007 i fh 27
0T, ERESERHE R AL . RS A
MR N A AR B o AS S & AR PO IR PR R 22 ik
(fast scan cyclic voltammetry, FSCV) fJJEfl |,
A A VLR MR (organic electrochemical
transistor, CECT) SZEL T DA FERBEIMIE, $26
T DA EEF[E] A AR | 3 AR A Y SR PR A3
r, B—Jrm, e NTEBEEA, B 7 ig
INGFZH A E S RIS G0 727 AR = S

R ERTE R 2R A PG, BB AR
1z Sl MR- R A I ST 4 BE AT B Tk S0

4 I F

I PR S 36 UE BH AN [132 2l 20 B AR 4544 7 A N
[R5, WA 5 25 H G (o P A9 IR 4% SD Y B 22
F-Bt. DAVENINNE B IZ8 5T, 7FREIR- 5
(IR Th A AR . 2 s nl el R AR [F X
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Abstract Sleep is an instinctive behavior alternating awakening state, sleep entails many active processes
occurring at the cellular, circuit and organismal levels. The function of sleep is to restore cellular energy, enhance
immunity, promote growth and development, consolidate learning and memory to ensure normal life activities.

However, with the increasing of social pressure involved in work and life, the incidence of sleep disorders (SD) is
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increasing year by year. In the short term, sleep disorders lead to impaired memory and attention; in the longer
term, it produces neurological dysfunction or even death. There are many ways to directly or indirectly contribute
to sleep disorder and keep the hormones, including pharmacological alternative treatments, light therapy and
stimulus control therapy. Exercise is also an effective and healthy therapeutic strategy for improving sleep. The
intensities, time periods, and different types of exercise have different health benefits for sleep, which can be
found through indicators such as sleep quality, sleep efficiency and total sleep time. So it is more and more
important to analyze the mechanism and find effective regulation targets during sleep disorder through exercise.
Dopamine (DA) is an important neurotransmitter in the nervous system, which not only participates in action
initiation, movement regulation and emotion regulation, but also plays a key role in the steady-state remodeling of
sleep-awakening state transition. Appreciable evidence shows that sleep disorder on humans and rodents evokes
anomalies in the dopaminergic signaling, which are also implicated in the development of psychiatric illnesses
such as schizophrenia or substance abuse. Experiments have shown that DA in different neural pathways plays
different regulatory roles in sleep behavior, we found that increasing evidence from rodent studies revealed a role
for ventral tegmental area DA neurons in regulating sleep-wake patterns. DA signal transduction and
neurotransmitter release patterns have complex interactions with behavioral regulation. In addition, experiments
have shown that exercise causes changes in DA homeostasis in the brain, which may regulate sleep through
different mechanisms, including cAMP response element binding protein signal transduction, changes in the
circadian rhythm of biological clock genes, and interactions with endogenous substances such as adenosine,
which affect neuronal structure and play a neuroprotective role. This review aims to introduce the regulatory
effects of exercise on sleep disorder, especially the regulatory mechanism of DA in this process. The analysis of
intracerebral DA signals also requires support from neurophysiological and chemical techniques. Our laboratory
has established and developed an in vivo brain neurochemical analysis platform, which provides support for future
research on the regulation of sleep-wake cycles by movement. We hope it can provide theoretical reference for the
formulation of exercise prescription for clinical sleep disorder and give some advice to the combined intervention

of drugs and exercise.
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