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Sleep disorder, a potential early diagnostic marker for
psychiatric and neurodegenerative diseases
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Abstract: Sleep/circadian timing depends on several neurotransmitter systems, including 5-HT, NE, DA, Ach,
GABA, etc. These neurotransmitter systems play critical roles in mental, emotional and cognitive functions in the brain.
Dysfunctions of these systems not only result in sleep disorder, but are also related to many psychiatric and
neurodegenerative diseases. Sleep disruption is tightly associated with an increased susceptibility to a broad range of
psychiatric and neurodegenerative diseases, such as depression and Parkinson diseases. Non-human primates, especially
the rhesus monkey is an excellent biomedical model for human sleep and CNS diseases. Establishing nonhuman primates’
model of mental disorders and monitoring the sleep changes during the development of the model will help us to know
more about the relationships between sleep disorder and psychiatric and neurodegenerative diseases. Sleep disorder as an
early marker for psychiatric and neurodegenerative diseases would permit early intervention of these diseases and draw
attention to the potential therapeutic benefits of normalizing sleep rhythms in individuals with brain pathologies.
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HEE HES 5 V75 T -2 ) P EL 3 A Tl P F 2 i
3of JU (P RE TRCE A 5 RS (1), Y 190X — AR A ) 32
22 L 2 AL T T i R R B AR R 2 Al 22 T
(sleep-promoting neurons)FIAL T s #MIlEEF1 5
IS 47 B HIR 0 11 41 £8 7T (sleep-inhibiting  neurons), X
LB f 28 70 73 IR TR A M sl R R 2346 o, T
B AL T T B B AT WO R 4 (arousal-
promoting systems), 4 il I W A1 R () AH B3 4k
(Pace-Schott & Hobson, 2002).
W 1 PR, EATION R0 3E A T R AL
s AR R QEIRRRGE B, YR T B
Hm ﬁr JiI (pedunculopontine, PPT)A1 5 #Mill o fixi #f 75
# (laterodorsal tegmental nuclei , LDT), X% ZfffiH
B ph 22 To R A AT B T P idi— B R TR A5 3k, 4k
FERH0 B BT IRAS o 58 400 % 1= 2l FRL I )
MR IR A DT, dngs s L% 1A 1% (tuberomammillary
nucleus, TMN)fH £ J0 70 WA I 4 24 R (His), i 2 2
JEREPRZ TORETIUN 2 LLIZ(DA), a8 2 ToRETL
) 5-HT s BERZ 2 SoR IR 25 U EIRZE(NE),
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I Bl S g
(BT 7 )

B TTOE KIS JZ T2 XA, e mk
e 45 AR BERE )y EATHEUE KRG RN LBk
H F ik #Mil 8 (lateral hypothalamus, LHT)FF 37
B (orexin) i 2 TG I, JF2 A RZ RAE WM R
(melanin-concentrating hormone) 1 15 o ¥5 LR, Fix
T R S T ) S DR TR i P R A
R, MERYE ERER, MG RG-HT), 424K, &
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WO & ge, B YER S P TE RS (LKL 2D
(Saper et al, 2005).
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Key components of the ascending arousal system
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orexin 2 JCHIS, J%2 BEFERE

% % (melanin-concentrating hormone) i 5 L &2 GABA #1142 76F1 Ach f&E TG FT(51 A Saper et al, 2005, B&F5 zh).

The ascending arousal system has two separate pathways: the first pathway (yellow) originates from cholinergic (ACh) cell groups, facilitates the

thalamocortical transmission. The second pathway (red) arises from neurons in the monoaminergic cell groups, activates the cerebral cortex to facilitate

the processing of inputs from the thalamus, this pathway also receives contributions from orexin neurons or melanin-concentrating hormone (Modified

from Saper et al, 2005).
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Fig. 2 Key projections of sleep-promoting neurons of the ventrolateral preoptic nucleus (VLPO) to the main

components of the ascending arousal system

HEAMUALHT 4% A (VLPO) B GE AT 28 TERE T GABA RH A KIX PRI HIE A 2038 0, 3K 4838 B ELIRAR T T R ATHOE R0 4 2 12
X, A3 EATHAG RGN AT, s NMECIRZS (] H Saper et al, 2005, B&H 53)).

The release of inhibitory neurotransmitters GABA and galanin from sleep-promoting neurons in the ventrolateral preoptic nucleus (VLPO) inhibit the

key components of the ascending arousal system. With the inactivation of the ascending arousal system, animals drift off to sleep (Modified from Saper

et al, 2005).

T T A AW T A A R R R A o 2 e A
KERIN GABA FIH NIk X286 i HHAEH T |
ATHOE RGP A G o, W G IR (His) fh e
I ZEEZDAYHLIC. 5-HT #4000 K BE%
L HE LR RWNEE IO, IX L83 Jid 2 4l
Jiki 475 il (pedunculopontine , PPT)FNTS Ml fixi 4 o5
# (laterodorsal tegmental nuclei , LDT)[ ZBEIHAK
PR TTIE S, ATAFAL TG o o R 35 o i fii 1)L
TS RGN KT, S NEIRAR A (Saper et
al, 2005).

IEFEOLT, BN 58 BE IR HER tH— R A RF 4
PR L0 90 434y R &) BRAL R AN S 3 £h
AE R 33 1R ) BEE FIR (non-rapid eye movement sleep,
NREM sleep) i R 2l A (rapid eye movement
sleep, REM sleep)4l . HEANHEIIRES G, 6 2&
NREM HEfR, #F2EZ) 60~90 min J5iE A\ REM HEH,
20~30 min & X ¥ A\ NREM HEAR; $8EANHEAR LR,
NREM #I-REM MEARZIH 4~5 AT (Sakurai et al,
2010). MR LA ik BER Ay ., RS REER 1) i 4,
REM AR 1 8] K (Diekelmann & Born, 2010).

7t NREM HEARA REM HEAREFEF, i P9 B AN )
FhR IR pPLE5% i . NREM RS, Aoy T AT H i fie
1 LB fie A 28 33 )it M orexin (IR JBCER 4% 1154 M A Rip
i% BR8] GABA FH IR BTl BRIk, 3
SYIMGE S BRI S . — H NREM HEHR T4, #t
AT CALE N Fefii—Bz 2 2 ) i L EEG Hhid s 21 0 il
& Yo%, LLIMEIRSHEDY . i) REM BEARE, SAR
+ P S 2 T IR TR R A A A, (R
REM ARG, ALY R I i i £14) £
JELBRE Ao 28 0 A0 R L 2 I R e 22336 IR, i Y 2
PR HEAR ) 75 e E REM BRI IN B 22, S IR VR, 1
NREM iR £l (Vazquez & Baghdoyan, 2001).
REM R (1) 7 A5 B 5 30N A 5 SRR B #2487
(G BN D%, SN R 88 1) IEL G e o 28 % (41 ] 5 R
PGO Wl . WL 5t 9% A1 e ik — Bz J5t 4 8 (Hobson,
1992),

JEh 2z, TR PR R 1 5 oo vl o 0 5 I T 45
DX (1) EATHOE RGAH K, EATEOE RENAFES
TR B e 24 P Ao 445 338 JTT R 2 TR UL 25 2 P A 40 32
T, B GAGA FIH PRSI SI PR 20 i, axLe
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T K, (R T IR AR 2 18] (A B
th, — FB5 FATHEEE RGO 5 I I X R AR 995 AR Bl IX
S K O (1 o 2 TR T L TS, 2 ) R A LR )
WM 2L, H IR 5, N R A HEEROIR S
HMELLYERE . REM HEARE (R IHAZ A . REM HEARAT A
St . REM-NREM BER & ) 25605

2 ERFEEHEMMERBIMIIRITER
mAEHRRAMERT

WHAEOLY, HEIRFEAT, K0 — A b %k
W R AT R A, HAR L, FEAN A At — T -
MATRE Ny, AE RERIHAIRE R85 00 55t LI 2RI
HEAEH ORI 2 0077 5, HEIRAE 2 Pk 52
1B . AR, Bk BTN R, RIRAS 5 e
R R, A R R S5 (] IS B
PR A — Bl RAE . X FEEEE T LU LA AR
(Pigeon et al, 2008): 55—, i AL AE S 740
ARRER HH B HT ) 2R I SRR I, 387 R
AL REEFIAR B AT IRAE IR 28, VAT FIARE 1)
Il PR FH 245 IF AN AT 280 2835 0 N IR BIEIROIR 05 56 =,
FIVHBARE I DA 07 V2 0] B AR P 57 BB AN 2B I,
R PR 5 9 A I B 1), T RS o i ) g i 7 1,
RIS R AR R0 A8 (R AR, R R 2 AN W
W 56, I RIRI 25 S va s A 254,
SRV AL R AT I I, 0TI ()7 2% Sl 2 v Tl
HYRPGVTIGIT, Wt AR 7 FWAISSE 1 [F] I, 0k REE MR
BB REAT VR T A B T HAIRE (122 8 SN, BORB
ZHEERY], KRIREEIEZ K 6 N H 4 3 4EN
A AABRE R RS i T 1B N o DRI, MR A5 AN
AT ST RN A2 T AR A B f5 A 2
R, DLRCAE AN TE A PRI ) L B e A el S5 R P )
B R, REERIR R A5 A5 3 AH LU 1R AR 3, AT
e 5025 7 B N — 2 510 B 95 S A BP0 1) a8 iy
.

MM FRAT, G SR A8 R AR AE A e nd F v
] —/ME R - (Vollrath et al, 1989). JEHREE A 1] B
SIS R TR I AR R ROV, A
AR REA RGPl o0 BRI DR R
Moo FE—TON T AEA2~18 )BT AL, K
27 9.4% [ NAT HERR AT, 3= 25000 . Wi KRR EK,
KRN 254 $0A8 2547 0%, Al ATT A 1 4 L 40
(18~25 %) _EAMARAE KA 22 1 IEH A\ (Chang
etal, 1997). J34h—Ttf ST mIAE I, RIREE 1~

3 A A EAISRE A XU R T AR R IR AR, AR MR
FIVAISAE EE 3 PR 7 0T 00 BT 7, e IR ) 3007
7 A AT BE 2 BH 1k S5 S AT AE 1Y K JE (Riemann &
Voderholzer, 2003).

P # R 2 (rapid-eye-movement, REM)REAR AT A
5 (sleep behaviour disorder, RBD) & 7E REM HEHR
RS T WMILHIAT R0, arR P, 2347 B
WRIRSE. EHIEDLT, REM BER A FE 3 HLEE
B UL L P58 A8 i, 1 REM REERIRAT 2 534 1)
HHAE REM HEAR N 12 2 ML BE A 13 21 30 A,
TRALG AR BN, 2 rp HBLAT A (25
KL K . REM IEIRAT 4 570 AN 23 3 B 5 A4
bR, ER TG A A A (MD & MD, 2002).
REM RERRAT 2y 5786 1R R AR AT W] RS2 6 R,
AATRE S — LB IRAT IR BM, <Ak B8 5D
PAgmIR DL 2 25 B 25454 <(Postuma et al, 2006).
FESERYER) REM HEIRAT N 5 b, RS 7ENS NI
A IE S SONEN TG T AT T e AR AT PR
() REM WEIRAT M50 b, B Ie s AR R by H
ATV 2 2 HIL REM BEIRAT A 528 A
WA, B R A REM IEIRAT AW IALEZ
Je iR 2 3 B L M e 22 3R AT R ) R RE A B
K, £, BE5TE R, 175 29 AR KT
50 %, JeRrdiz Wt BT REM BERRAT 4 2 1 18
B, 38%IM BEAE LA (3.7 £ 1.4)5 HLS IR
SR, J15MT 7% I NAEZ JG a2 K
B H A 2R 1 #i 48 R 48 PR 9 (Schenck et al,
1996). 155 — Wi FEH, W5 oad A Ta] ) P
W, KOUE 44 A7 CLHG2 K REM EIRTT A 57
WHFBIER Ny 74 BIZENT, £ 45%H 8
£ REM WEHRAT A 6 ORI S ) 11,5 SR Ja K
JE T AN A B e 2R AT PR, WIS I
RBD ZJa, KR al—M 2 J5 1 5.1 4F(Iranzo et
al, 2006). XL LB UL REM HEIRAT A 7 5 2 M
B AR DO S5 A AR AT PR L B BOEIR, AR B
Bt (AR HH OS2 REML HIEFIRA Ty S 1) 26
S E SO T MRS T REM R IE W 1 6
&, WIEAE RBD I FIREAT & A Gy A7 ]
REXTIX LS KR S 8 A 2T B

e S S AN AR LA DAy o A A= 1 L S0 T
BRI, AR () R Rk Rt e, RS o) 0 25 L 25k —
A S B PP TT AL N 70 WA ) I H D RE, B A
HIAEN . T2 AE T RE, BEIR PG 2 S S
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M—RYIAFFIEHE NREER, W .
DGR B RE B0 iR I A5 5 9 140 X 86 184 o 45
(Wulff et al, 2010). JbAk, HEAR & 125 ELIE 2 5% i 2
NIIE R #2158l o WK JE 35 6L 1 R0 2 1 JEL I 1)
5 AN, HALSAT S RAFN RN, B
AN KA PRY HE A 2 ol G4 52 1 ' ORI L %2
BAAIG, I Aok S 3550 G 0 0 81 0% ) b — 25 K Al
51510 A AR R L 28 2 IR 0 R T R il — P 3R
HiL, AL P 85 2 AT T R LR
BRI Z A, 2909697 R 2P TN 25
R 2 52 1) 1) 5525 i PR L5 T b 20 SRR e, ik —
BRI TO RIS P 430 () R 4, BRI A 3t —
SR . DRI, St L A B e PR Ao g g A e
22 IR AT MR S AT R R ST R YR YT, B
Wy B I S U697

3 EEAREES SRR ECR F R T I
R

VR 2R AP0 M 22 3R A T PR R A% 9

T AR St fi PN 22 386 A JE AR i IR R, QTR
KESHNN S-HT KPR AR, ISR EH 12
B e IS s 2% . Har 987 X B0 I
2 B FE TR 1E I A 5 I ) S
A 30 43 ok I A 815 P R S5 FRATT T LA, B
FASHERUR S 5 B AR 2 B G 2R . OIEATE . GABA 4%
P33 T ) IE A, v LA, MEERIG IR Y 5B
4 . NS 5 T IR R T LA L (R 1R 4 S e
(Wulff et al, 2010).

WEFCRIN, — ZR TR B A 22 1R AT 1R
Joa Y B A MR S8 R 2R L, R o 1) 5 B HRG
AR SR 1) LERERE 80% (1 HIAHISE FIUAS 4441 4>
FLGE BB A s LRI B A, ] 7R 2% 3 B AN
L AR S5 A 2B AT PR R bl 2 o B R R
WKL, e b, R 26 RE f M  12 br v
AR EL G RERRAT S (AR Ak, S [RDRE 5 2% 2 G
1 RG2S FE kT ) (DSM-IV)FIH 5 1
ARG G CEBRE D) .

R 1 BRI RARERITIERR R RER L T

Tab.1 Sleep changes in psychiatric and neurodegenerative diseases

USLEAS FARAE bitiiba e ng B 7 2% 1t BRI M < A% EC
Disease Depression Schizophrenia Alzheimer’s disease Parkinson disease
REM MR (R 4] T B (L33 HINGIES A 1) T -
T X REM HIEHRE R [7) 34K REM IR 7 AR 400 T B K-S 50 R G i e v s
PRI 10280 A R REM B> o P R
Sloop disorder RE\M I AR - R 2 gk 2 I?EM RITEIR S 3 : R i OB 38 k2D REM/NREM Il 2
g MR sk /> TR R L SRR > IR £
B TR P S e 77 Y ik > FIR R 2
EEDUIN (Berger & Riemann, 1993; Sabo & (Cohrs, 2008; (Wulff et al, 2010; (Arnulf et al, 2008;
References Reynolds, 1991; Sitaram et al, 1982) Ferrarelli et al, 2007) Vitiello et al, 1990) Tranzo et al, 2006)

3.1 EEHI4REmajor depressive disorder, MDD)

BENERSE

JEE I 90%o I HE FEE HARAE A8 55 25 HA I R HIR B 15
X HIARAE £ (1) R BT 5T A B, REM. HEEHIR 7 5 15 410
ABHE 1 A& 454 < (Sitaram et al, 1982), FARAE K ¥
5 B REM BEAR LG 5 A2 o HEHR 5 mT L
VE A HARARE 2 Wi K — AN 4845, REM BRI (R 1]
%/, REM MR 3 38 LA A REM. BN 2 47 7]
e AL FIAIRRE A5 1 - 301 I (5 5 (Berger & Riemann,
1993). 34k, {EAWARGE B, Ak |3 ARAT Rl
RIS A5 TR I s AR ) B A, M 20k 6 R AR, eI ot
T TP % P T G 5/ (B I 6 987 19 HE B Ok 5 2D,

A B ARAT A AARRE 7 55 —Fr Bt REM HEEHR
LD, R HEIRR 2, Ui IR R SLIFE S
FRARAE ™ AR AT — € AH S (Sabo & Reynolds,
1991).

2R HIR A 2 00 A8 S R () 1T 0 A B DR ¥ (risk
factor), ZRHREFTAEET G 1~3 SFI A py i E AR
SiE 1) 0] BE 1 b IR OE R N 2 & (Riemann &
Voderholzer, 2003; Cole & Dendukuri, 2003). AU
I, JRHIRIE 2t — 0 I S PIAR R A e A, AR
R T AR o AERNAEE R T I R
AR 19 B ROAT LR AR, RIRE S 2
— MV T S AT ORI I R 1) L2 2 SR MR AR
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ff) 1.8~3.5 f¥(Pigeon et al, 2008), it B IENR S 2>
BELASHIARIRE 1) 1E 551897

Xof W IR J0 50 PR 8 V5 A R T AR R ) R R AR
T o — ST 245 (07 R A A 5 O R ARG 1) 38 7
VERA Ko 07 ARRE I — 26 = IR R B =3 24t
B2y, AnPIBKIGE L [ K AR A5 R AT B R IR,
T AR S0 T Bl FHAEHERIR 2 o HIR ) (P 3 )
BRI )45 24 ) e A e A ) MR IR O
N BN BT AR 3T B, BRI A e Mk T v 4, Ik 4t
249 1) Isf -t B 08 1 35 2 IS o 0 U0 i 5 o 1) G
[, 0B A A D BOIR DA R . 7E— e %
GEHTINAR 25 AU R B EAE e 0
AW 5Lk, T 3% 5838 (¥ B AR ) 345 1,
A DAY BB AR, 0T B s A £ [ 2 A
R 2 (Asnis et al, 1999),
3.2 MEROREBENERSE

R P 7 ZRERE R85 (1) e AR B v LA 20 T4 20 4
BT ITIRIE T o 30%~80% KKk il 73 ZHIE i
A R MR AN ) 2 PR M IR o 8, MR T R 2, R
B AAE R EAG . TR P2 RUIE 58, REM HEE
NP AR 019 /D, REM BRI 25 5 . BRHRAT 250k B
R INF ] L & NREM REEI 4 9 (4] i [) #4598 22> (Coohrs,
2008). K4 ZH0E 5 NREM HEHR () IEHR &7 4
PBCE . MR B L RE SR DL R A ME R R
(Ferrarelli et al, 2007). K& 43 S0 5 35 I ARG 0 5t 1)
P& 5 AR IR Bk AR G .

R A 43 24 S5 1) AR 5 5 EL 5 5 4
P A 32 )2 A8 4T % . Hendler et al (2009)
WFFLER B, K 2U0E BB K N 5 GABA 7 X 40
T e 28 0 S T B N, R e PR e ey T 1
W BEAL, KGN0 RUIE B3 B R LT AR D,
g S 2 JCRER PRI, 78 ) LEE IS 2 th IR e )23 K
T4

GRS 43 L0E A O IR HE DR vp A i LM AR 1
AR A 905 fE 8 15 f5 2%, W1 DISCI (disrupted in
schizophrenia 1) #& [5| fil PDE4D (cyclic AMP
(cAMP)-specific 3',5'-cyclic phosphodiesterase 4D)3&
K45, DISC1 JE[H ) 1 15 340 i) PR ol = e
MRV 26455 (Sawamura et al, 2008); i PDE4D
2N S RIRA O, I B 5 RS o0 ZERE IR R
A (Tomppo et al, 2009).
33 EFERMREENEREE

Rl /R 2% 96F 2R 993 (Alzheimer’s disease, AD)JIE1T

PE R IR 25 N2 A 5 T R W) 81 FEe I 8 15 7 % 11
Hii DX, IR e 5 0 1 1200 7 T B o R P IR
BE N (Jeong, 2004). 1 Fr i w345 ) MU AW wiF
A% (VLPOYFIARAZ X F A% Fe i Ml AT T B
I J 08 LA R i i i o 0 i U ) 30 8 1 1) 2 A
X, 1] AD f [PX e X A2 I 2B A T AR
b, JEHIEMAS X A, AD H 3 Al 28955 BE 22 IR
B S T AR IE S N (Hoogendijk et al, 1997).
T AD M LR AT AT VLPO i [X (145421, VLPO
X EAT RS REIIHIAREIE® R A, T
3 AD B F 1S PR AT NREM HEAR 1 #9340
Btz Ah, AD i35 NREM FEHR 2 3005 10 i v 3k,
W K-ZEW g VTP ASIER, BB T
Ll BE AR N, RRER () a, HE /> (Wulff et
al, 2010). Ak, 75 AD L LA 2 LR T
Jii T LBk A 428 7 () 78 P 35 s A 2 T L A o
20 ) B A B A 2 REM BRI Gk 5 b K i
B2 AT B RN, Z IR B A 26 0 i 3 40 A
& AD 3% REM AR S LK 822 J5U R (Vitiello et
al, 1990).
34 MHRE/RFEENEBERSE

A AR SR A i PRI A T H L 2 /)
1A (Lewy body) Ui, T X 38k £ 0 40 fu 1) 58
T2, B2 FBGURAETRAL 2 O 2 e AR,
2 ELE A kb, S0 2RI B Y Th e AR, P
KA S5 FATEE I T “REERRE” , Ak,
Z NG SRR GREE A2 R BT 25 BLIE S IR
TR PR AL ) R 1 o s FR s 2 2 R AR
[ B FIG 5 5 B (1R B B AR I I %, 05 80% ~
90%I1] PD 344 BN I DRI s, HEE MR 25 5 DL AR
FFEEILS . AR, Lewy /MATTAAAN 12 75 B FUK A,
T ZE TP A HIL Lewy MATTR, X6
BB AT PE AR A 2 MR A Bl PR REM HiE il AT
NREM HENR K45 . BFFER ], REM MR ) 5 7
PD iR H I T 4 2 A {8 <3 H B (Arnulf et al,
2008), ZMFFTHREAT], REM IEAR A A fE S PD ¥
I (R ITEEIR, iz I S W B A T Ak B .
PD VY7 10T, WFSTAE I, 87 M MRS 4 e At
FADEITIARE R e R PD A [ HEHR T

BN, PR IRAT PR T B i A0 K 2]
5 S R0 4 A S P i X R B R 38 42 P o 228 336 oI
B S5 0 5 7 A o AR AT PR3 £ T R AR,
WG EAT VAT BUUF RE LR M0 (PR, I 2R i 1)
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KRR, B PR R AR A R
4 FARKENVIRERMR

HEARAIF 7T - E 20 tH4d 20~30 AEARAT 20T
FINZ OE, A IR A 9T 3 B DL B AR N
NP RKRIAT o BEERETAWIRA, B KL,
R FLBY, W HEIR 5 N RAEAE VR 2 AR
Ty, FErp i — AN E T Sl e A 1 A ) T
ARG AH, BT, 5 e &7 0% 1100 1 0 el IR R S A IR,
TN 2 1) B I 5 R A W Yl b 23 DA AR 22 A INF A,
B NREM HEAR 1 8. 2 8, 120K (NREM HEAR
3. 4 H)FISRAHRER o AICS5 R L34 i R AT N 26
) R AR 22 501l 1K) 5 b — AN DT T A, AR AR B MR
Ferb, 38 H T DAL A0Sk 2 I theta Y%, 1
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Fig. 3 Slow wave activity over 24 h, and 24 h hypnogram of an unrestrained rhesus monkey
B b 22 BRI 24 h 2 - HENR AN IR R A NI AHAZ AL, R 3820 - 1K) 2 NREM BRI I R 12 9 NS 2 (51 F Hsieh et al, 2008,

A D)

The upper part of this figure shows the sleep stages, and the lower part shows slow wave activities during NREM sleep in the 24-h hypnogram (Modified

from Hsieh et al, 2008).
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IR 2 2 —(Price et al, 1991). & T RAR KA1,
ELSFE N TS, Wit AN, F
AR08 H G e B0 e ), EARK
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WEFTRCEE, WFFCH T —Fhny LA R s e VLA
AR F A5 R HIR A 0T 75 S B I S, 12l s U
BUNORSE 5.2 emX 7.7 emX 4.0 cm), BEFE, A
DAIE i A 1) 7 AR AR AR 1 Sk 38, 1 HL i s A
ANGS SR AR 0 1E 35 sl R AR BRI i . S5k
e RN AT s 7 UM B, iZa0 S vE B LR AR
e DR IC SR A A 7 /N 1) H AR B SR R 7 i ik
2, AEAEL LN BRME H B G B0 R BRI 2)nr L
T sk B S S BRIERER 24 h 17 IR IR 2
KIA A2 H; 3)id s 25 5 H DUE ik sk
B A BA v b, n DU B0 S Hb s B34 (1) e
MRARZS o R XM 5 G 800 S50 T B, AL
= OA AR S & AR N RIS Py R (1)
SEHG VB, AT AURBRAE S5 AR N R A Sh 4 1y e i 2t



13 Writiees: JE N RSB YR BRI SR AN 2R 0 1 T WA 252800 F A0 1 £ 89

TTRAWTI
6 NESRE

BN RA S P55 N SEARABL {1 H H A AR5
TR ENUEE, AR R R ELAR I SRR, ) LA
FRAE S 5 R Z T AT B R AR o FRATTSR G =
20 ZAEIIRER, TN T RIE AR - T BRAR A
WA RR . BRI FHSAESE B s R, 71
B (MR NRAT 78 7 i, BT % T 58 K54 4%
PERISEEG W% . O PR R, WARAE . M2k
LS R R S5 LR A i 2 HH IR R
JEE RIS, MRS 21 2 R s 2208
AT AR IR I TV (R 7, TR ST KR i

B K

Arnulf I, Leu S, Oudiette D. 2008. Abnormal sleep and sleepiness in
Parkinson's disease [J]. Curr Opin Neurol, 21: 472-477.

Asnis GM, Chakraburtty A, DuBoff EA, Krystal A, Londborg PD,
Rosenberg R, Roth-Schechter B, Scharf MB, Walsh JK. 1999.

Zolpidem for persistent insomnia in SSRI-treated depressed patients [J].

J Clin Psychiatry, 60: 668-676.

Balzamo E, Santucci V, Seri B, Vuillon-Cacciuttolo G, Bert J. 1977.
Nonhuman primates: laboratory animals of choice for neurophysiologic
studies of sleep [J]. Lab Anim Sci, 27: 879.

Barr CS, Newman TK, Becker ML, Parker CC, Champoux M, Lesch KP,
Goldman D, Suomi SJ, Higley JD. 2003. The utility of the non -
human primate model for studying gene by environment interactions in
behavioral research [J]. Genes Brain Behav, 2: 336-340.

Berger M, Riemann D, 1993. REM sleep in depression - an overview [J]. J
Sleep Res, 2:211-223.

Cantero JL, Atienza M, Stickgold R, Kahana MJ, Madsen JR, Kocsis B.
2003. Sleep-dependent {theta} oscillations in the human hippocampus
and neocortex [J]. J Neurosci, 23: 10897-10903.

Chang PP, Ford DE, Mead LA, Cooper-Patrick L, Klag MJ. 1997. Insomnia
in young men and subsequent depression: the Johns Hopkins
Precursors Study [J]. Am J Epidemiol, 146: 105-114.

Cohrs S, 2008. Sleep disturbances in patients with schizophrenia: impact
and effect of antipsychotics [J]. CNS drugs, 22: 939-962.

Cole MG, Dendukuri N. 2003. Risk factors for depression among elderly
community subjects: a systematic review and meta-analysis [J]. Am J
Psychiatry, 160: 1147-1156.

Deadwyler SA, Porrino L, Siegel JM, Hampson RE. 2007. Systemic and
nasal delivery of orexin-A (Hypocretin-1) reduces the effects of sleep
deprivation on cognitive performance in nonhuman primates [J]. J
Neurosci, 27: 14239-14247.

Diekelmann S, Born J. 2010. The memory function of sleep [J]. Nat Rev
Neurosci, 11: 114-126.

Drevets WC. 2001. Neuroimaging and neuropathological studies of
depression: implications for the cognitive-emotional features of mood
disorders [J]. Curr Opin Neurobiol, 11: 240-249.

Ferrarelli F, Huber R, Peterson MJ, Massimini M, Murphy M, Riedner BA,
Watson A, Bria P, Tononi G. 2007. Reduced sleep spindle activity in
schizophrenia patients [J]. Am J Psychiatry, 164: 483-492.

AU B M R I FE bR . D, AR
N EJ) PR AR R R Ao R (] I 0 2 ) B AR
DL, AT ULHE 20 T Bl i AN W REA T, R
M2 B2 R AR . RIS, AN
A0 R A TG A 00 e R £ 1 5 A5 R A i i
(KI R BEVE S BI R RE N BERE, TCRAT B T AR
BIFFUMERR A DAy o ST D) 1) S B, D AR
I R S W R T SR A o A HE DU S 70X
FfopIw U A 12, & 3 1) T B
BEAT LT TORNNGRTY, AA RT REHEE SO A A2 I R]
S R A A 2R, AR 4%
o IXTTAE, X ARG PR 22 3R 1T PR RO
(RIS W T AN T AR AT B S E

Hendler T, Bleich-Cohen M, Sharon H. 2009. Neurofunctional view of
psychiatry: clinical brain imaging revisited [J]. Curr Opin Psychiatry,
22:300-305.

Hobson JA. 1992. Sleep and dreaming: induction and mediation of REM
sleep by cholinergic mechanisms [J]. Curr Opin Neurobiol, 2: 759-763.

Hoogendijk WIJG, van Someren EJW, Mirmiran M, Hofman MA, Lucassen
PJ, Zhou JN, Swaab DF. 1997. Circadian rhythm-related behavioral
disturbances and structural hypothalamic changes in Alzheimer's
disease [J]. Int Psychogeriatr, 8: 245-252.

Hsieh KC, Robinson EL, Fuller CA. 2008. Sleep architecture in
unrestrained rhesus monkeys (Macaca mulatta) synchronized to
24-hour light-dark cycles [J]. Sleep, 31: 1239-1250.

Iranzo A, Molinuevo JL, Santamaria J, Serradell M, Marti MJ, Valldeoriola
F, Tolosa E. 2006. Rapid-eye-movement sleep behaviour disorder as an
early marker for a neurodegenerative disorder: a descriptive study [J].
Lancet Neurol, 5: 572-577.

Jeong J. 2004. EEG dynamics in patients with Alzheimer's disease [J]. Clin
Neurophysiol, 115: 1490-1505.

Kalin N, Sheltona SE. 2003. Nonhuman primate models to study anxiety,
emotion regulation, and psychopathology [J]. Ann N Y Acad Sci, 1008:
189-200.

Kripke DF, Reite ML, Pegram GV, Stephens LM, Lewis OF. 1968.
Nocturnal sleep in rhesus monkeys [J]. Electroencephalogr Clin
Neurophysiol, 24: 581-586.

Lemere CA, Beierschmitt A, Iglesias M, Spooner ET, Bloom JK, Leverone
JF, Zheng JB, Seabrook TJ, Louard D, Li D. 2004. Alzheimer's disease
A {beta} vaccine reduces central nervous system a {beta} levels in a
non-human primate, the Caribbean vervet [J]. Am J Pathol, 165:
283-297.

Lesch KP, Meyer J, Glatz K, Fligge G, Hinney A, Hebebrand J, Klauck SM,
Poustka A, Poustka F, Bengel D. 1997. The 5-HT transporter
gene-linked polymorphic region (5-HTTLPR) in evolutionary
perspective: alternative biallelic variation in rhesus monkeys[J]. J
Neural Transm, 104: 1259-1266.

MD CHS, MD MWM, 2002. REM sleep behavior disorder: clinical,
developmental, and neuroscience perspectives 16 years after its formal
identification in SLEEP [J]. Sleep, 25: 120-138.

Pace-Schott EF, Hobson JA. 2002. The neurobiology of sleep: genetics,



90 3]

2

[ 32 %

cellular physiology and subcortical networks [J]. Nat Rev Neurosci, 3:
591-605.

Pigeon WR, Hegel M, Uniitzer J, Fan MY, Sateia MJ, Lyness JM, Phillips C,
Perlis ML, 2008. Is insomnia a perpetuating factor for late-life
depression in the IMPACT cohort? [J]. Sleep, 31: 481-488.

Postuma RB, Lang AE, Massicotte-Marquez J, Montplaisir J. 2006.
Potential early markers of Parkinson disease in idiopathic REM sleep
behavior disorder [J]. Neurology, 66: 845-851.

Price DL, Martin LJ, Sisodia SS, Wagster MV, Koo EH, Walker LC,
Koliatsos VE, Cork LC. 1991. Aged Non - Human Primates: An
Animal Model of Age - Associated Neurodegenerative Disease [J].
Brain Pathol, 1: 287-296.

Riemann D, Voderholzer U. 2003. Primary insomnia: a risk factor to
develop depression? [J]. J Affect Disord, 76: 255-259.

Sabo E, Reynolds CF. 1991. Sleep, depression, and suicide [J]. Psychiatry
Res, 36: 265-277.

Sakurai T, Mieda M, Tsujino N. 2010. The orexin system: roles in
sleep/wake regulation [J]. Ann N'Y Acad Sci, 1200: 149-161.

Saper CB, Scammell TE, Lu J. 2005. Hypothalamic regulation of sleep and
circadian thythms [J]. Nature, 437: 1257-1263.

Sawamura N, Ando T, Maruyama Y, Fujimuro M, Mochizuki H, Honjo K,
Shimoda M, Toda H, Sawamura-Yamamoto T, Makuch LA. 2008.
Nuclear DISC1 regulates CRE-mediated gene transcription and sleep
homeostasis in the fruit fly [J]. Mol Psychiatry, 13: 1138-1148.

Schenck CH, Bundlie SR, Mahowald MW. 1996. Delayed emergence of a
parkinsonian disorder in 38% of 29 older men initially diagnosed with

idiopathic rapid eye movement sleep behavior disorder [J]. Neurology,
46: 388-393.

Sitaram N, Nurnberger Jr JI, Gershon ES, Gillin JC. 1982. Cholinergic
regulation of mood and REM sleep: potential model and marker of
vulnerability to affective disorder [J]. Am J Psychiatry, 139: 571-576.

Tomppo L, Hennah W, Lahermo P, Loukola A, Tuulio-Henriksson A,
Suvisaari J, Partonen T, Ekelund J, nnqvist L, Peltonen L. 2009.
Association between genes of disrupted in schizophrenia 1 (DISCI)
interactors and schizophrenia supports the role of the DISC1 pathway
in the etiology of major mental illnesses [J]. Biol Psychiatry, 65:
1055-1062.

Vazquez J, Baghdoyan HA. 2001. Basal forebrain acetylcholine release
during REM sleep is significantly greater than during waking [J]. Am J
Physiol Regul Integr Comp Physiol, 280: 598-601.

Vitiello MV, Prinz PN, Williams DE, Frommlet MS, Ries RK. 1990. Sleep
disturbances in patients with mild-stage Alzheimer's disease [J]. J
Gerontol, 45: 131-138.

Vollrath M, Wicki W, Angst J. 1989. The Zurich study. VIII. Insomnia:
association with depression, anxiety, somatic syndromes, and course of
insomnia [J]. Eur Arch Psychiatry Neurol Sci, 239: 113-124.

Weitzman ED, Kripke DF, Pollak C, Dominguez J. 1965. Cyclic activity in
sleep of Macaca mulatta [J]. Arch Neurol, 12: 463-467.

Wulff K, Gatti S, Wettstein JG, Foster RG. 2010. Sleep and circadian rhythm
disruption in psychiatric and neurodegenerative disease [J]. Nat Rev
Neurosci, 11: 589-599.





