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Abstract

The occurrence and maintenance of sleep-awakening needs the support of multiple brain regions and neurotransmitter systems. At
present, it is believed that sleep depends on y-aminobutyric acid (y-aminobutyric acid, GABA) neurons in the ventral and intermediate
preoptic area, and awakening depends on the glutamate (glutamic acid,Glu) system in the reticular structure of the brainstem, the cho-
linergic system in the basal forebrain and brainstem, the noradrenergic system in the brainstem, the serotonergic system and dopaminer-
gic system in the brainstem, and the histaminergic system and orexin system in the hypothalamus . These systems form extensive and
complex networks in the brain, but they play different roles in sleep-awakening. Through their own special signal pathways, neurotrans-
mitters in each system participate in the brain circuits of arousal and sleep, so that they inhibit each other, thus causing the transition
between sleep and arousal.

Keywords
sleep-awakening; neurotransmitter; glutamic acid; y-aminobutyric acid; monoamine neurotransmitter; acetylcholine

FERR - ol AR ERAVER

THGE " R

L NSRRI, dilE - NS IERTERF 010000

2. N BRI R BERREER), R - NSEh WEATSAF 010000
wm =

BEIR — CERA A A R AL N L TR S ANER fe S P40 235 R R0 4. B ATIA A B ARARH T LA A= b RIALAT R 69 y —
R T (v —aminobutyric acid, GABA ) #84% 250 | 90 BEAR L T Fia - P K 45 #4069 52082 ( glutamic acid,Glu ) #& &%, AJRATE
FofEFogfemit A%, T A TPTELERFRRAA. S-RERALAGEF S ORAERAART LRI A AR LR %,
XERAAAERALRT 2L L0 ML eI ERIR - TRPOERZRRN, &FAFHAPLE Ed & g%k iET
WS, KL AR B LMK K, AR ARZ IR, A5 R EEIRS B AIR S A H

XA
BEIR — LB AWZRE; SRM; y- RATHR; LHREANZERT; M

ek

o

EHRS, RS ERARREE N, T 2B
( Acetylcholine, ACh) F115BE (locus coel’ uleus, LC) 1
JURPEAE — HH'S R (S FRRER) | h4E ' (dorsal

raphe nucleus, DRN) J 5— #2 {4 f# ( 5—hydroxytryptamine,

[l

1 5]

HEAR S — T LA LE R BERE NIARIRE, FURFIE AT
Ty AR S RZBU(E RGN, BEPhAE FREMRIRARE, =R

PRI FIAR PN BE S O EEZEALA], A KR AR 1
e 5-HT) A2k H 4575 7L 3k 14 #% (tuberomammillarynucleus,

IR A i — 2 4y 0 RO, S ARMERR ( paradoxical  TMN) UL, SXEEHEEIRRS 57 e S AR SRR AR A AT
sleep, PS) H118 % HE AR ( Slow wave sleep, SWS) , mizr 0. (EHANZLAIR], M5 CERR S iR m AR foRek.
S FR M H IR Zh BEFR (Rapid eye movement sleep, REM ) ,  DUEPAHENR — SERE P i po e A TEmA
fG # KRR B i IR S BEAR (Nonrapid eye movement sleep, FRE3 T I A AE ST ALY AR A 248 (Central
NREM) , 77AEFIGT H MR E1TI0E RS0 Zh4 i Nervous System, CNS) , Z55MAIRON LS . 2231012
HEBERENIER Y, TGRSR EMEBNIL RS 2PN e PR ioe, F2E AR

22



TG REZZEE - $£03% - £ 07 # - 2020 £ 11 A

DOI: https://doi.org/10.26549/yzlcyxzz.v3i7.6222

H PPESIERR S,
2 & E 8 2 22 3% i ( Amino acid neuro—

transmitters )

IR AP TR T RS ARG AR I EE TS
A, ARIEEIETIVE ] 5 A 2l A A T A R e 450
JFio MEPERNBERR RGRHIEIER y— FE TR A% 2RI
FHEVER A TIEIR S R
2.1 &% E ( glutamic acid, Glu)

I RIA A AL (glutamic acid, Glu) J2&H X4
BARGHREERE NP EB I, HIERIRE
A TREE X EENEM, AEENT, SERS S5
KTTMET, KA., 4EEE AR, Hifn 00
A5 ESPANRITIEE. £ CNS 1, Glu (23 il jif 44
SR, EATREGMES TR faiie, @l S5HZ
RS RBEHVRTEM. T SMUTR k. RN,
K = B E S B RE 7T P (L T bR 5055 B 1%
ARCTBEL 4T3 W5 B A17 DX 9 748 S R RE A28 TC 2 43 S 81 256 o i i ) 25
Apfgige ™, R ET R EEBIE RSN — N RIE, Xk
R T T LB Fr i 45 B o4 T S M A fisi B2 2 O 7 58
BiFxEA, KEFH Glu ACHEERR R m, 8
W HERRET NP, 76 PR sh BEAR T 04 ieh s T B AR %
F, A= FE c—Fos AR ¢ 4 B R B 28 70 f& S B FE S )
1T, SEREIS SR,

22 y-&ETE ( y-aminobutyric acid, GABA )

y— 44 3 T % (y—aminobutyric acid, GABA ) 2 I %,
B CNS Hh = ZEHIHIE 8 T 7, fEE TN A .
GABA &L/ T 12, FrE R HEH GABA REMPZ
TS AT, GABA ZEfl & sk NSRS 1a] I a8 )
GABA HHE &P M, ERIRE AR5, N kg oMl
RiT4% (ventrolateralpreopticarea, VLPO ) &% S 14 £ HEAR
(EZEINREA%A], VLPO AZAIU RS y— &35 TR (gam-
maaminobutyricacid, GABA ) GEH#Z I, GABA fE#L:
TER S A AERL R R IGRI AT FEf ™, HEERERRAT X L2 e
ORI, R DGR S It A 12 TT I 9 A o TE— T
RORFF A BR, M 2 R B y— S8 T T mT e S B AR T [ 2k
£, A AT AR Gl IR LTRSS GABA HI

FURS, BTSSR RER " SBAN, RRRGENTEAR LI, TE
RERRINT N oG GABA YREEF = Mo iXERSLIG A ATI5ET GABA
Z 5 - s RS o

3 BRI HERIE T

B R R A 2555 ST T R XA 858 T, WPAES . NS5l
ERGERET ZHRETIER, HXEE. B8, MEdT
AGEETRE S A BN, K ZRAE 5-HT LR ke

( Catecholamine, CA ) . JLAH =252 [ 12 ( Dopandne,
DA) . 5 EFEZE (Adrenaline, E) f1ZH'E FREEE (Norepi-
nephrine, NE) %, HrpZ M e 45 NE fTE fUnifA. 4 7
FHEEE T S BEAR S, TEMEIR — WP B E 2 EH .

3.1 ZHE EBEZ ( Norepinephrine, NE)

HHX NE BEARSAF4E R AAER T 12, JLPES 0L
HAEKI, 15 NE 7R 3 22 o o al Er s 2 S8 VUi =~
BEGH A I BEAZ A B, 29 5B R 50%,  HoSw A X
LRGN R IR I 2 A e " fkirh NE 720
R — Wi R R =R, BN RN AR,
TENS I HERRIR S N 2 Rty TEVUIR SRR S T2
el WaBR Ko 2R 20 B B TRl E B i H 1 NE &
BERITIER ™, 20, RSEshsclodh, BEniEsmsLm
AR NE &8 N, By 2 s imsh e l, K
B RRAR A D SN, IEBEA A A4 IA A A% A R
5—HT MifulFH R se iR fE . NE S T AR s 4221
FHAERSC R ARG R IR BE RS, RIS 17 POG (R
AR ANHEARTEFR ) TESHL M ARER PTG ), FNKIEBE R
A PR S HE RS SR T, S REM, 15
5-HT G HpFRIEM ",

3.2 ZBi% ( dopamine, DA)

ZEEIENE RE R — P, DRSS
Hil. BE BRI RIORET T A R B EE S A A A T
o FRAXARLS 250 1) DA AL T E I B TEUE X (substantia
nigra compacta, SNC) F19 o flf# 75X ( ventral tegmental
area, VTA) j7A4z, HARMIHIIERBISCRIE, & AR5 A XK
EEiERY 7PN A T B[S R Al s i U v L
R, 2 BB AR TS i 2 O R E R BRI A N 2 i
TEFMRT AR G LA EZER ", Kk, W\l

23



TG REZZEE - $£03% - £ 07 # - 2020 £ 11 A

DOI: https://doi.org/10.26549/yzlcyxzz.v3i7.6222

EL R SRR 1 el i p th e T PRBERR S0 R . P90 380,
2F R D2 RBahFIEEE DU, RS CHENR 48
EEEI A, HAE ARSI sED U R AR AR
AN, FHEEER 6— AL PR b Rl () T /K A T
R Z B ERE TR, IR RAH D ",

3.3 5- #fap% ( 5-hydroxytryptamine, 5-HT)

5-HT X 44175 2 (serotonin ) , HHHR LS 2 46 i o
SR EEFET &R Z, P8R, hEtrElL
FRAERER M, TEA LIPS AGCH S A A ) R AR
TR R A EENER . KEIFEIEH 5-HT #4701
SRR IR R, IfE NREM B 2h8E5 , REM (s i,
HAETERR A Rl GABA HI] VLPO BEIRFHXAITEZD, 4
i, BShaliinzE NS 5-HT AR DL-5- 4% f ( DL-
5—HTP ) A] 7Ei S SR N & ( para—chlorophenylalanine,
PCPA ) #IlI 8 S (UG 5 RS Y SRR 2 8 BENR AT SAH
MEHE B, X LSRG ERIFRA T S—HT FulElR > 7R e 5 B a1
Ao

4 ZERBR ( Acetylcholine, ACh)

FIE Bl BE A28 SO A7 T o A A 2 5 MRS R i A Hi
BRIZEAS, 2 RREE R (e 2 oAl T e, AR 2
Jfo BWHBAENETT, —ABERE, 5 b
AREM, H—ZHH 5[ REM, ZEEATGH ) ACh G BT
VATTREARAT R . FEIR AT A AR REAR S T S B 2 2
JERZE ACh Y EEDRIE . WF5tFAH, ACh Mayrz EwhsTe,
H AAEERRIR A N R B ACh /KCF T NREM HRZS P, B4
T oG HEL ARG RE e 425 70 7 Tt R SR REMUIRAS NI, 78

FLFEHIIKIN, ACh FUBEHCZE NREM HRA & I%, 78 REM IR
Ij‘LE——F EX%‘ 122 26JO
5 45ig

RERET T N — A oki5, U AR DRI BB,
NEE =5y 7 — I THEIRIRES, 12 5o iR EIRE
K AHZHEAR - T EE R R A, 245 AR, (=
AIDUH E H R AR — SR 2402 2 M Sk 2 510,
HAR[ O (CEIRE e AR, “HFILE AR, DIgERE
IR - Wi A%, Hal, BEIRIETIEIILE SR, Btk
H—EBERN, RO TR, 250F —WiEEF

24

JEHIBIE R — 25
LEERTR, W AGK, BEIRAE R IR TR B2

oI A2 8 T A 2 S50, REKX L TE

HER — SRR b RV E A RAER, HAE RS 51 g

RIS RR LA A R T Fe T — 25T

S ik

[1] Smith P C, Mong J A. Neuroendocrine Control of Sleep[J]. Curr Top
Behav Neurosci, 2019(43):353-378.

[2] Holstege J C, Kuypers H G. Brainstem projections to spinal
motoneurons: an update[J]. Neuroscience, 1987(03):809—821.

B] AL, EHEE . Bafarc R BE A O Tk RE [

KA (2 ), 2013(05):583-590.

1. L

[4] Fuller P M, Sherman D, Pedersen N P, et al. Reassessment of the
structural basis of the ascending arousal system[J]. J Comp Neurol,
2011(05):933-956.

[5] Naylor E, Aillon D V, Barrett B S, et al. Lactate as a biomarker for
sleep[J]. Sleep, 2012(09):1209-1222.

[6] LuJ, Sherman D, Devor M, et al. A putative flip—flop switch for
control of REM sleep[J]. Nature, 2006(7093):589—594.

[7] LiuY W, Zuo W, Ye J H. Propofol stimulates noradrenalin—inhibited
neurons in the ventrolateral preoptic nucleus by reducing GABAergic
inhibition[J]. Anesth Analg, 2013(02):358—363.

[8] Narita M, Niikura K, Nanjo—Niikura K, et al. Sleep disturbances in
a neuropathic pain—like condition in the mouse are associated with
altered GABAergic transmission in the cingulate cortex[J]. Pain,
2011(06):1358—1372.

[9] Siegel J M . The neurotransmitters of sleep.[J]. Journal of Clinical
Psychiatry, 2004(16):4—7.

[10] FhE= , AL , FBITR , 55 . DUl R A v— S5 T O SRR —
TR SANE (D], A R AETR A 1 1997(01):57.

[11] Sherin J E, Shiromani P J, McCarley R W, et al. Activation
of ventrolateral preoptic neurons during sleep[J]. Science,
1996,271(5246):216-219.

[12] SKEE 11 F =Rl e e 250 T IO IR AR A= Ml 520 D)
HIR - ERERIAS 2016.

[13] 5 Bk . 7 J0ORS o 28 TN 43 3 4 95 A 3 I 45 1) 52 ) (0

iR ,2003(11):686—688.

[REEERS



TG REZZEE - $£03% - £ 07 # - 2020 £ 11 A

DOI: https://doi.org/10.26549/yzlcyxzz.v3i7.6222

[14] Mitchell H A, Weinshenker D. Good night and good luck:
norepinephrine in sleep pharmacology[J]. Biochem Pharmacol,
2010,79(6):801—809.

(1] L0 L EERE , veibel . S ERAR O /) R AIX R et 1 (). SN
5 kS5 I ,2001(01):55-58.

[16] Chiu N T, Lee B F, Yeh T L, et al. Relationship between striatal
dopamine transporter availability and sleep quality in healthy
adults[J]. Mol Tmaging Biol, 2011,13(6):1267—1271.

[17] Monti J M, Jantos H. The roles of dopamine and serotonin, and of
their receptors, in regulating sleep and waking[J]. Prog Brain Res,
2008,172:625-646.

[18] Rye D B, Jankovic J. Emerging views of dopamine in modulating
sleep/wake state from an unlikely source: PD[J]. Neurology,
2002,58(3):341-346.

(191 %, AHERE  RREAMSSE | &5 . HR 6 e reREHR — seRg e 9],

R AEIE S 2015(11):2191-2194.

[20] Jouvet M. Biogenic amines and the states of sleep[J]. Science,
1969(3862):32—41.

[21] Jasper H H, Tessier J. Acetylcholine liberation from cerebral cortex
during paradoxical (REM) sleep|J]. Science, 1971(3983):601—-602.

[22] Vazquez J, Lydic R, Baghdoyan H A. The nitric oxide synthase
inhibitor NG—Nitro—L—arginine increases basal forebrain
acetylcholine release during sleep and wakefulness[J]. J Neurosci,
2002(13):5597—-5605.

(23] TRIN , BRI, & | 1assh TTERER L AR HR B/ 0. e
FEFEERE | 2000(03):351-352.

[24] FTERL , 8T, BTE, S whESEBITTE OSA ARG BRI e
VR ()] HESEIREE 2224 | 2020(06):32-35.

[25] 4500 , A8, BAER . ZEMEHE AGOTIER - WRERIAKIRY
WA (7). Al | 2014(36):7172-7174.

[26] SRR , BRAREE L BRI, % | BRI — SR ARSI (9] ERR

SERFAR A, 2008(01):30.

&

25



