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Abstract: Patients with schizophrenia have severe cognitive impairments. The important neurobiological basis of cognitive

impairments is the abnormal level of neurotransmitters in the brain, which will lead to abnormal electrical activity of neurons.

Electroencephalograph can be used to reflect the abnormal electrical activities caused by neurotransmitters objectively and
quantitatively. Herein the researches on the neurobiology and electrophysiology of cognitive impairments in patients with
schizophrenia at home and abroad are reviewed; the biological mechanisms of neurotransmitters related to cognitive impairments
are analyzed; and the related abnormal bioelectrical indicators are sorted out, thus providing relevant reference for the pathogenesis
study and auxiliary diagnosis of schizophrenia. In the future, more attention should be paid to the pathogenic genes, neuroimaging
and other biological markers of the disease, and the establishment of an indicator system for the auxiliary diagnosis of schizophrenia.
Keywords: schizophrenia; cognitive impairment; neurotransmitter; electroencephalogram; review
(W5 A #8]2019-09-15

(E&TE |HK ARRERAS (31771074, 81802230) ; ) AR E RHE TR

BT 45 98 8 £ R B 8 L T B B (E R BL 4L i)

[

(2016B010108003 ) ; ) 7R A FHE TRl A 25 0F5E S5 1 Ty £ 1%

LI 4 (2016A020216004) ;7 44 DRI Q1 57 & #0345
AL I 442 (2017A040405059) 5 | 24345 B H 45 4TS AT
KR H (2018B030335001) 5 7 N 7 7= 2 BF b [R] 41 357

K % T (201604020170, 201704020168, 201704020113,

201807010064,201803010100, 201903010032)
(VEB B A |25 2, W RS 1) - 2 S A0 3, E-mail: msivy@mail.
scut.edu.cn

HIE AT

K 0 SRERE S R W 8 — b ELA g B R A
i, 2 FEURE R B I AT 0 R X E SO
2

HA R
oG IOk A B 18 A A PR RO L 1200 R R T I

mail: kaiwu@scut.edu.cn

Gl P I LS RN E e 1 Prw L REL EY 26 NE== Y N

BHE, E-

Mtk K. Tollefson' i A4 AN D)
R 10 5 BE A A R R P A i DR — R R A A o 43 284
i A% CVREAR o AN DI REA 4 1) 35 22 PR 2 B2 A8
EALBURE -l R B ISRt A R R HE e R T

= B

EPoN

RS BRAT S R AT A A DR R AT A 2 DA



- 116 - H ] e

.

6 37%:

B AR A 2 D RE NGRS BURH At
AR BB , 32 TARBE I M PRASAERE ST, H &
B L BRI 2855 U4H T I oeaE R A
I RE A KT 23 ZEER YT B H BR

AT WF 5T B 2R S 223 o MM 22 T L 1
SAH EL MR A A 2 DA RN D) R 4 B EE A 2
A Wy B e B I PN R R UK P S S
S BRI S R 2 T LT Bl T P A
AT LS e PR o 22 306 5 B0 S W M R TR TG B
AP 5 0o - 2 DA A B RE D 1 AH 5% A o 22338 T ) £
Py~ AU AT [0 R Xof 5 22 AR O e 8 o 22 A P
FEARBEATHLEEL , 0] A2 B 1Y) s S B A e B2 W
R’=% .

| S BN DA R MR R

K w23 SU0E FR A O IA N Th 401403 i b 2 A 2
Sahich B e, AT R 283N h 2 O YGe T
B LA B G e | 2 Tk RGN 4 20 1R ) 6 35 L K
Pl 73 ZEE DA H ) BE 45405 1) B B4 S A 24 R
BEAR AV FH T AS TR i 2 356 o 32 1R R 0KS i 95 25 L
Tl 0% 22 S 2 X0 83 BN I BE P AR AN [R] 52 1)

1.1 & ERRZRSTIARINEE RN

22 UL A AN [ i X1 43 A Xof £8. 35 TN ) g
NG AT = AN 1 A ATE Ve R e
i 1) BF AR DR A R D e 5 AR B A% 22 [0 e i 408 34 o
NN Bl ) HokcE A D) RE 5 22 0 e mT O A A i
it TAEICC TR . HETC A REFsR R
D, .D,.D,Z RS2 2 [ e 32 R 505 Hh e 06 A R oA
AT RE Y B S, Horh D, Z KK (D, Z R F1 D, 2
) S B AR B 2 N RN D) RE A0 0 ) S A AT, 5
B IRAT DI RE 2 VI AH O | 12 52 A 85 11 sk 2D 1 g
JE B PATIIREZ I B FERE T D, 2R R p 73 SE
FHICNFN T BE ¢ R e o B, 32 40 A1 A8 v i 34 2%
DX (R AR B AZ L R Bz J2 1X e

TERE 03 B40E MBI 29 LA 2 7
A B0 1 2 0 A N D AR 1 i A AR
R DL Dy 32 R R #8250 B B b 3 s R
FOINF I RE AR 0K 2 MR A HORS B9 2590
42 22 U Wi Sz ARFE B, 23 43400 i) M %y 177 oA
I RERE— LA R AR A E A2 T T A B A B
HEEY R W R R I, A R R
D, Z #4375 DAR-0100A fEHE AT 2iGE 3 /Y TAE
ICIZRE F11 5 55 A Zimnisky 255 1 sh ) SL 6 & B
R D, 52 ARER 43I 20700 A 6% e X IR P % 3R 2 Uk
WE G I TARICIZ St 2N e ie it . £ 2 Bk

ZARFEYUHN I 1 . Gross 55238 12 X6 W U sl ) 5L 56
R IR D, ZARFE G BE 0 M 41 217 I AN HAT I RE 5
1M D, 52 A5 B 5510 ) AT RE ol 3518 e id 12 5 TAERE
PRI, 22 U e 52 PR DG 24 40 1) it P E 285 45 N 1Y) 512
R 045, SRS H0ORS #495 25 ) A EE DU T 5 AR
SIRYT B B RS ph o> 2L B AT X 2 R EURFATIA
T Re N
1.2 B ERZEE ZR ST IA RN I BE AU 5 M

T e 7 A 1 PN I A I R )2 R B SR R
TA IR 38 7 M DX v o B 238, KO & AR v 2K
U/ AT RE S A B A3 AT BB A DL D) e A 1 1 R
i, HATC AW R 5-HT,, Z KRB K 2 AT
AN HIT AR IR X, S A S4E A M S e 3 v
Y7 A N R A G R B B s,
Bosia 55 "° Fll Baba 25" & PR TE .35 (0 it 5% iz AR K IR
eSS T R T PR L/ 9 A 5 DR B A5 ) 2 T AR R Y
PAT T RE R R ; 53 SRS Pl 43 B40E J 3 5-HT,,
ZARKE N T102C 2 25 PERENS W 35 F0 A 40 2 33 B2 i
HES

FFR ARG SZ KA S 25 2 Ry Al LRI RS v 245
Wy, 8T S ARVORS A0 25 ) T TR IR T B B
MR o R Ao ZL0E B DU D BE SR 45 T LA aof
5-HT, A2 AR S0 77030 3 R 017 08 ELT 7 R0se i
B S SR T A —Fp 5-HT, Z R0 e M bR H 5
AR o5 9 A DG 119 32 AR TG 2 RN 71 i 2 R A 3
5 R O R TE R A B 2= i p e 8 A A AT
T AT LA 8 5 R A N R PR Bl S 5
HESE 5-HT-DA {5 P98 15 77 4 DT W IR BE A% 1. 25 24038
e V-5 1R B #E 25 A B Re B 47 5 53 A A 9T K B1
W B - BE LS 5 5-HT,, 52 AR BELIET D, 32 44 5 17 5% 2 74 i
X} 5-HT, 32 BRI K T 2 U RSz (R4 405
1.3 ZEERERE BE 3 Ge XTI Z0 Th 88 1 52 I

0% PAY JIEL R RE ol £ G 3 ok 2 5 1) A ki Bz J2 N
WS, 5 2= 2 RO PLRR R A DG . B9 R B LTk
JA A% 1) B FE Bk B A2 /K (Muscatinic Acetylcholine
Receptor, mAChRs) F1 4 fiff ! 32 {& (Nicotinid
Acetylcholine Receptor, nAChRs) 5 1 #1 73 244 £ &
INHID) e B i A e BE B AR o b IR B AR A2 A s
O3AR TR B )2 A 5, 5 R e EE S 2T
TN N D REAH I B iz J2 v AR 284 A2 AR 1 s /b v
B HG #H1 23 240 D D) e R0 () 1 22 A 22 B 2
— U R B A 32 A A3 A TS Sl T ZE 0T, S e £ Tk
R | 7% 2R S 2 U0 g A5 ot 2388 Jo ) R TS, DT ) 422
Hiu S RG34 R AN T B

o7 HATK BB G52 14 (o7 Nicotinid Acetylcholine



1 T ek, AF R 0 SO R DI D BE A3 B e £ A ) e S A PR A PR B - 117 -

Receptor, a7nAChRs) XF AR REA 8 L85 4EH],
PN T3Vl 700 S R I 7 TR R o AL R
AN RERAA AT PR . AR B S: , RG3487
(nAChRs #B53-FShRIFHEHUA] ) Al SEme R A 2 Bt i
Ly £ TR N 22 B8 e R R, HA e A 0 SR
FINH IR I AEJH . nAChRs 119 7] ¥ 32 14
o7nAChRSs #3887 0 7] RE 23 5 in AR HE #il 22 1) A%
i, T REAE TR 22 WA Z R, R 1ol 03 BLE S
NI R i 2 BTV ZE IR T I (E s == At
AT ACh BRIV, AT nAChRs, 38 /i1 ACh
(R 4300 , OSB3 240 FR BN D R . R R
fi% (Kynurenic Acid, KYNA )J& a7nAChRs ) N IEVERS BT
I, B2 15 KYNA K- 2 BEAIK ACh 22 I R 2R 1Y)
TR, NTTTRIHS fif 73 S0 S8 5 BN R D) B 1 L )
FFE T, BN B2 2 KYNA & B &35 8 i
INAT DR KRR IR 2 3t % % 1§ 2 (Kynurenine
Aminotransferase-2, KAT-2 ) Z: 5 K# 4 KYNA 865,
PAKAT-2 48 s B 25T LAGE T 15 KYNA 7K 7]
Tz b O R 43 R R A T RE R
1.4 AREREE RGN N BE AR M

A 2R 2 10 TN B B M R R 2 M 425
b S B Y TS BN 8 P 3 RS N )
] ACICAEINRI R A MY R R . AR Z K57
PRS- T8 A A2 AR R 2 4, s 5
i IE A A7 A F A N-H R -d- R AR 32 IR (N-
methyl-d-aspartic Acid Receptor, NMDAR) | 7 A iR
& (Kainic Acid Receptor, KAR) Fll o- 28 5 -3- 35 Jiki -
5-H Bk -4- 7 g 27 {K ( Amino-3-Hydroxy-5-Methyl-4-
Isoxazole-Propionic Acid Receptor, AMPAR) . i
T8 TR AZ A 5 o 25 D 4 PR T B 28 T R DA R R R
INFTYyfg (n2E ) Gz B ) BUIMHC . AR
RGSEH  FRJE NMDAR [ SAK T 2k /0 240E
B PP W 2E b . NMDAR 78 R &5 b 2 J2 %
FARAT DI fE 4 b R AR 20 B A2 40 T BONS B
SL0E B AT DD REBEAS ML AN A R R W
NMDAR TEifE 5 Ko7 2] RAactzid e rp e fi iy oz
NMDAR {5556 & £33 B0k #h 43 2405 /8 5 1 ic 12
2, NMDAR 2351 22 P (0 R, 24 SCHR AR i
NMDAR i % D REIC T B, 25 3046 22 U e i Bl , A
175 K it 43 S0 () BF PR SR R DA 0 2 g s A5 >4
B2 0% NMDAR i B DI REMR T I, W R G 2 Tk
Urigsshgngm , g LR HMERER . 4 NMDAR Jifig et
TR I, 235 B Bk 25 4 (45407 , S BOAS 7T 300 1) BR R
ARFIHAHI T RS

NMDAR 55705 7] LA $it i1 22 Tk 5, et o

Gy SUE BN IBE . R BEPE NMDAR $5 47175 3¢
4 NI AT AR =5 10 PN i 2578 5 TR KO- BRI 22T
i, B8 5 2 BBk B KO G R A AT DI R
2% B AR5 2o Sl ) S0 5 & e 2 4L B AU 7 ]
B K B ) 4 2 ] R 3% 452 2 11 Cxd3 %38, AT
BN T 2 S h B R I R TR WD R 2T 4, A
PGP 2 TCIBE R HE R 2T E M SRS p o 2
FERRY A BN HI D BE o 45 SR T 12 M3 o1 371 3 ok
35 6T 5 fh i) B e 2 0 1 P B T, 4R 15 5 flh 1] iR
H SR I KT, DI N i X 2 5 A NMDAR [
WEER, ot A T RE

2 T RAEARIhRE R HIFREZ W R T

Pt 28 368 JoT 7K 23 5 W) #2235 B, S DA R0 D RE 1Y
LT R S E R o R KR A 2 A
7/ i P [ e SR 28T i N b S ¥ <]
WU, HAE b2 i A= BRTE sh 0 4 S 46 b, fig
B E BN REK o PRt G0 fiki R 355 B A
AR ZZI NN Ty R0 45 1Y B B R OR B, Hod i
Z R0 53 B 7 1 B8 A [w] )22 TR 4 i P 1% 20 1 4526
S PEREAR . HETHCBORAT 00 S M O A AR O
Hi, 1V (Event-Related Potential, ERP) 4 #f1 . #9173 A7 .
AL 3N 127 0 A G R 2% 73BT o
2.1 #5045 RUE B EK ERP FHEFEHR

ERP 24 127 il Fi A 2o 78 v 52 38— ik, 78
25 S R e s R A AR, ke Tz
I FHIAEAG P95 1) Sl B2 W RSS20 7 v, Horh ERP
AT AU R VPR A0 R b (] 45 46 A BB 8 A A b e
WOKG 73 20E F A AT D RE 2 . B RTIESE 32
LA AE EPR IR P300  JEBE 1] 42 P50 TR DL I 72
% (Mismatch negativity, MMN) [,

P300 [K BEW [F] if iz W E IC 12 BR AR ) 25
NG 22 A o SR A B 2L A D e B ol
HENIRTER YRR e A5 . HETE &4 i 5t 4
th, P300 VR A 4 R A B B A D e Y el
Al DLFR S R B DRI RR A0 1 R IR T R R A
LI 835 (19 P300 L AL 43 P1 R B I 5 1) I S
RN S8 0 5 JL MG ) B 43 P3 3 2 1) U
FREE A, HLAE M Il rh & 30K i b 436 - A
TR I T R, SRR M 03 L0 SR AR At s R
SRR Ak 23 T REREATR B2 A A A €035 10 e A IR o

T3 A Ry AR A R B 145 P50, AR
FHAE T 42 i Jgoo 38 18 , i fe JCOCE B T4, Li
SRR B 43 U0 BB AR AE S5 1 PSO N, R
FCEE T ML BB , o T (5 B, S 8Ok G



- 118 - i B B R

6 37%:

w2 LR AL AT e B A T e AR e R s O HL
PS5O HA e, B AR BB E SIERRE R
SEJE Y P50 X H B, PSO S5-I 3k e A48 K Rl A
Sk T RS R4 SR N R ALRR T, F T 0 AN A
K143 Z40E FE AN D BB 47722

K Ao 240F B F A 7E U] i 19 MMIN 48 £, H:
MMN F4 78 AR 30 2E 4 K2 9% i T %', Bachiller %5
52 FIURG # 3 240 HR 1 AMMIN (R 08 T [ 5 1 HoAth
A0 B A, A2CRRAE AT AR A A i S0 S 00012 W 1
SRR, BEANE Meta 230 8T 2 BIURS #4340 3
) AIMMN AH# T tMMN RO 45005 58 kv, B ER 2L
() B  ZE DN I iFF 52 dMMIN ELAT 8 B e, T
VB R R 1 43 S4RE 5301 5 B2 W () 5 S vk 36 b, e
TIE AT T o 5 RR A TE 1 K 1 B40E I 1 2~3 A
2 H ORI S T RE R A TN

B LR W FRBR A, 84 FB 4327 o % FL A 48 b a2
T THRE o QR DSEF A58 Bl 23 240E 3 N400
AIRIFSY , 2 BV AR 1A HL L MR v, 3 1 IR
PG SO0 B TR SO O T I T AR AE S,
XA BN S BRAFAE SR o 5 ARG 43 S fR
H I CNV [E] B BIF 5T R K B, RS R SRE BB E
CNV FELEVE AR HIZESR I8 M 90K | 1 ARl /N g T AR
SRR S, HAR T CONV ik 8 5 13 R0 HE T AR 5
AT A5 5 R SRR R IR AT LA R PR RS A 40
SURE NI e 0 (0 R S PR R AR
2.2 1B HAE BE WL S IR IR

Hilg AT 53 BT 2 B I FL A5 SIS 5 46y
WG S I AT 0T . TGRS S A ORI
J7L AT DRI O 8.0 o By SEAN AT HEA T NI, 3%
L R BRI B Az B A5 N [R] Jy 1f .

FERA T MRS 48 b O SR 52— s e
{14 i Ty 8 728 S48 By B AR AR R Ao 2E FR 1 5.0
FB WS BB, v § Y3 e S W, o D AR BRI
F T Ss 2 X R R R AR I R B
RZS 2 AL AR A5 B RE T T R, BFSE R A
R RESZ 2 R M0 & Fl o0 B, K A 2R FR A 19 8 il o
W34 e A A () B A B RS e A bt 73 20 AR
2 P AR A A 4 i & R o I3 P B T LR AE
FE DX 25 5 SR K 43 BE 5 L AthoRS A 2 0 1Y
WETE SIS WS R

KR, SR A y AR A D e ke
B AR ) Gotz S50 T MR ] 5443 B oA
I3 BUIE FR A AR DG T 345, e IRAE e A8y I B i L
RS TE o 0 1 S A ARAIE RN R BRA T b 2=
5o Leicht %7 R BUNFI Tkt B i & R e 1Y y

W, HILRE & 5N 24T o0 1 5 4% B 2 E ARG R
K 1 73 0 AN R B B Py BB R AN R o

T34, BATAS I R A 1 25 S B R A A o) S4E
BB INH ) 8 52 40— B 2 B0, T A8 52 w0 i T
I AR A RN E MR LS. 0 45 e A D RE AT
o AR R B E AR, U RN T RE AT o
T B g S M AF 2 /. Choi %' 5 Kawano
SECUEE A 0 FE NN D BEPA T B T 2 Y
T — FP 2SR IT 56 (0 €, B 1 50 00k 6 T g 1Y
WG, I S HIE S D Re A B I ]
23 B RERENIELE S ISR

I B A 5 0 52 2 M AR A 0 T s R R 1
20 22 80 4-AX,, Hi Babloyantz 55 Uk B K i 77 76 JF 26
PEAT R IF R, 24 R IR S0 B R LAl 28 v O 1
FEN HLAR S P B AT A 1k . Sl ARt 3h T2 F
B, EEAT LIRS Wi A5 5 TR i 3 2 et F S X
VIR E U (59 B RESHER.

A TR RGN L BE, B fES
1) TG 17 R B 55 i 1 385 s bR S M 6, R4 T IA T 55
S0 1) R 35 2 DX 3k T A T o TR A o) 24
JiE KB E A T BB AR 5 25 S ORI P A2 B, — T
T 41 A HR 2 AR BT 5T B9 Meta 23 B 22 B 5 043 240
FE TR 80 2 o DX 3 AE P A R AT 55 ) 347 1 B33
A EIG ™, Haenschel ™' 5 H 4k AR & BURS #f
Iy SURE R LS S AE 0 a By BN E LR
Z A H AR 4 B A, AR TR R, Ay
AU I B P IA N T RE A 43 25 S BOREAS % Hh IR 2 55
O, HARRAR IR 45 5 5 B 191 K MCCB 1745 H 28 5
E Y IIP

B 3l ) 2% 5 — TS bR R 4R B RE A% S i
il AR 5 A B SRR RE B o R Ao ZE FR A T
REAZ 451, M T A N 0 5 SO S B 4 BRI
FIEH N o Breakspear % 3 T 45 122 0 5% & 9K 1E
B NHE SR #i 5 SE B AR NANE 55 T, SRR 4R 2K
HAREMWEES . QIR 2 5 32 2RI 7 40
B S5 DX, F 5 ¢ BHORS il o0 S40E £ 3 19 T 01 ) B 46
A3 5 R 41 R S5 X 34 2 00 0 4% S B L R RO
Tan 557 FERFFE B M, AT R I 0 o R v e B
2 DI BE 2 ALK R ) AT SR N T A
A — RN BE R
2.4 1EMS HE B E BB L& 5 T EIE iR

VT AR, 3T B 7 15 10 52 2 I 45 40 T B R A
Wy 2 J A HE BT R G D9 4 1 A AT A A . G X 4%
3 Ay 235 KA I DO 265 3 R G O 265 A0 DR S50 T 4%, 3 4
Mk Je LS CRURR ) N T80, DLZR (254 1 3%



1 T ek, AF R 0 SO R DI D BE A3 B e £ A ) e S A PR A PR B

e LAY )R T HRICZ A AR, 57
2RI, 5 J 0of LE 3BT I 268 S 801 22 57

TEH NI ) 26 B AT /N AR 1, B AR E
BUNPE R iR R R B BRI R R . HEE A
HIF 5 2 WG 1 S0 R 1) ik 0 44545 5 A /N 5L T
P (B HC R i v 45 i DX ] ) 135 -5 b 9 20 i 1 B —
SE 1) I RERRAT, 5 B— R FAEIR AL A5 A T D RE45 4
AR ZR G I 2R BT 45 2R Rk BORS #i 23 2UIE B
TP 2% S A v R RE DR, RIS R BT R, A
J AR AE A, /N T S 0 2% T M T B — i R Y
PRUPOT . SR FR BT I8 ST W 1 fily o 246 v S T i X 2
BRAL HICR R 45 R o L B A A R U T R S A
S SR KA [F] XS 2 (o] ORI ik 2
FUI X (8] 45 S AL 38 A IE IR | S A [ i AT s LD
NI RERY T . WF T W], R 1 23 RTS8 3 iR
P 28 R A7 7 4 SR BRI R AR AR B L T R 1 B
4, 0F HiX Ml i sl fie v Ok g 25000

TE S TFRG 1 73 O B BIE 5 P B, M X1 )
HARHZ B —EHO . e T ESH )5, Tl
BN bt T DX A5 2 s A B8, 455 i [R] 254
WEAR . Ruiz 55V B, K i 3 RAE £ A 7 ThT 3 i T
AR BTy BB R D P I S . AN
S EHETT I, Nishida 55 BIF5E & BURG FH 7 ZLAE £
TESRA TN 55 rf BAT B R 2 P A i 451 TP v
TRCIR S S LA R i/ i i 400 - T B 1= e . i
A figk #9100 2y R _L AR AF A 70 A~ I A AN X B, ¥R
A3z Bl D REHAT (i DAL R e o B0 5 T Ak B
TE R 1) 22~ BRAEAT , AR A 70 0 S8 1 22~ R
DU , AT RE S BOL T TEBU 0 X TR o224
S SEE SR U, M P 3 B 1) BEL T8 2 S B R BR
] Ze 2 BR A BAR I SZ 407

3 BRERRE

BT 22 138 T A 00 SRRE 1) A 28 AR ) A 5
JER EAR Y F 0, EBEE A T BRI K i, 5
AN IEAAS A5 B A HL AR B | BT DA P 2 o
PR3 B2 R 2% ot 222 388 BRI 15 22 AR R O TR 266 8 Y 5%
F, FRBDRE 1 23 SLIE DA Zh REA 05 A BUR HE Y, AT
K AR IR YT T B LU R o U R ik
P LA D S g O P S L 9% 2l ) R 4
i, XRE 3 BERE DR D) REL 5 B Sl B2 W

o B AT BT ST IR R N W 25
ARG W58 T 3 3 Meta 7% H G C A BDF5E
FEARIEATER 5 20, 42 R — N B B R A il 112 e
a5 , BRI RIZ BT RIZ R

(5% 30K]

(1] %BE, HFE GEL F Ao 2m &4 0l de e R E (1],
FRAbom 5 2 &, 2011, 38(1): 33-36.

TAN X Y, GAN J L, GAO C Y, et al. Cognitive impairment in
schizophrenics[ J]. Journal of International Psychiatry, 2011, 38(1):
33-36.

[2] TOLLEFSON G D. Cognitive function in schizophrenic patients[ J].
J Clin Psychiat, 1996, 57(Suppl 11): 31-39.

[3] Bidds, X AF, b dh . #ah o SLm e 2 eI 1 43 [T ], B BR
A 2 &, 2018, 45(3): 388-391.

DUAN X T, LIU C Y, ZHAO J J. Overview of cognitive dysfunction
in schizophrenia[J]. Journal of International Psychiatry, 2018, 45(3):
388-391.

[4] AUk, FhER, IR, F MY 5 L & Hildm o) BB Lo W
FAR[I]. FRGREDZE, 2009, 13(19): 9-11.

ZHAO Y L, SUN J R, CHENG Z H, et al. Cognitive function and its
related factors in schizophrenia[ J]. Journal of Clinical Medicine in
Practice, 2009, 13(19): 9-11.

[5] MELTZER H Y, SUMIYOSHI T. Does stimulation of 5-HT(1A)
receptors improve cognition in schizophrenia?[J]. Behav Brain Res,
2016, 195(1): 98-102.

(6] RRME, 284z, 2DE, F . ib o 5Lm &4 A n o) B4 5 a9 L)
Bt 5k [T]. B AP R 5 2 &, 2017, 44(2): 204-206.

ZHOU C H, WANG Z R, LIU X L, et al. Mechanism and treatment
progress of cognitive impairment in patients with schizophrenia[J].
Journal of International Psychiatry, 2017, 44(2): 204-206.

[7] OKUBO Y, SUHARA T, SUZUKI K, et al. Decreased prefrontal
dopamine D1 receptors in schizophrenia revealed by PET[J]. Nature,
1997, 385(6617): 634-636.

[8] DELOTTERIE D, RUIZ G, BROCARD J, et al. Chronic
administration of atypical antipsychotics improves behavioral and
synaptic defects of STOP null mice [J]. Psychopharmacology,
2010, 208(1): 131-141.

[9] b0, 4 2 Btk B A ik g 2 o B 6 AU SL A AR 00 AT S0 e
[J]. B E 537, 2017, 21(16): 2133-2134.

TAN Y. Research progress of cognitive function influencing factors
and rehabilitation measures in patients with schizophrenia[J]. The
Medical Forum, 2017, 21(16): 2133-2134.

[10] ROSELL D R, ZALUDA L C, MCCLURE M M, et al. Effects of the
D1 dopamine receptor agonist dihydrexidine (DAR-0100A) on
working memory in schizotypal personality disorder [J].
Neuropsychopharmacology, 2015, 40(2): 446-453.

[11] ZIMNISKY R, CHANG G, GYERTYAN 1, et al. Cariprazine, a

blocks;

phencyclidine-induced impairments of working memory, attention; set-

dopamine  D-3-receptor-preferring  partial — agonist,

shifting, and recognition memory in the mouse [J].
Psychopharmacology, 2013, 226(1): 91-100.

[12] GROSS G, WICKE K, DRESCHER K U. Dopamine D, receptor
antagonism--still a therapeutic option for the treatment of
schizophrenia[ J|. Naunyn Schmiedebergs Arch Pharmacol, 2013, 386
(2): 155-166.

[13] BOSIA M, ANSELMETTI S, PIROVANO A, et al. HTTLPR
functional polymorphism in schizophrenia: executive functions vs.
sustained attention dissociation [J]. Prog Neuropsychopharmacol
Biol Psychiatry, 2010, 34(1): 81-85.

[14] BABA S, MURAI T, NAKAKO T, et al. The serotonin 5-HT1A
receptor agonist tandospirone improves executive function in common
marmosets| J]. Behav Brain Res, 2015, 287: 120-126.

[15] UCOK A, ALPSAN H, CAKIR 8, et al. Association of a serotonin

receptor 2A gene polymorphism with cognitive functions in patients

- 119 -



120 -

N e

6 37%:

with schizophrenia[J]. Am J Med Genet B Neuropsychiatr Genet,
2007, 144B(5): 704-707.
[16] ALTAMURA A C, SERATI M, BUOLI M, et al. Augmentative
quetiapine in partial/nonresponders with generalized anxiety disorder:
a randomized, placebo-controlled study[J]. Int Clin Psychopharmacol,
2011, 26(4): 201-205.
ALTAMURA A C, SERATI M, BUOLI M, et al. Augmentative
quetiapine in partial/nonresponders with generalized anxiety disorder:

[

[17

a randomized, placebo-controlled study[J]. Int Clin Psychopharmacol,
2011, 26(4): 201-205.

(18] k3, K3, L&12, . o7 AR THALRZ IR G HA0 53k
Ngehfe (i) [T]. PRSI T A 4 E, 2018, 32(4): 324-328.
ZHANG P, DAI W J, WANG Z R, et al. A review of a7 nicotinic
acetylcholine receptor and schizophrenia cognition [J]. Chinese
Mental Health Journal, 2018, 32(4): 324-328.

[19] FREEDMAN R. a7-nicotinic acetylcholine receptor agonists for
cognitive enhancement in schizophrenia[] ]. Annu Rev Med, 2014, 65
(65): 245-261.

[20] HUANG M, FELIX A R, KWON S, et al. The alpha-7 nicotinic
receptor partial agonist/5-HT3 antagonist RG3487 enhances cortical
and hippocampal release [J].
Psychopharmacology, 2014, 231(10): 2199.

[21] OPLER L A, MEDALIA A, OPLER M G, et al. Pharmacotherapy of
cognitive deficits in schizophrenia[ J]. CNS Spectrums, 2014, 19(2):
142-156.

[22] CHESS A C, LANDERS A M, BUCCI D J. L-kynurenine treatment
alters contextual fear conditioning and context discrimination but not
cue-specific fear conditioning[J]. Behav Brain Res, 2009, 201(2):
325-331.

[23] JUSTINOVA Z, MASCIA P, WU H Q, et al. Reducing cannabinoid
abuse and preventing relapse by enhancing endogenous brain levels
of kynurenic acid[ J]. Nat Neurosci, 2013, 16(11): 1652-1661.

[24] CITROME L. Unmet needs in the treatment of schizophrenia: new

dopamine and acetylcholine

targets to help different symptom domains[J]. J Clin Psychiatry, 2014,
1(suppl 1): 21-26.

[25] 38R, Mk, #0645, 5 . 22 RIBRAIMhAD o 25 4 06 77 HrAh 4 5L

JE R RCR B A M) Meta 47 [T ], F B A E 5, 2018, 21(26):
3251-3256.
CAI D B, YANG X H, ZHENG W, et al. Efficacy and safety of
adjunctive memantine for schizophrenia patients with antipsychotic
treatment: a Meta analysis of randomized, double-blind, placebo-
controlled trials[ J]. Chinese General Practice, 2018, 21(26): 3251-
3256.

[26] FE MW, 240, hER, F . (W@ 275 ) ¥ AL 2B o7 s o 4L

HEA R 3k Ty 21 4R CxA3 | B-FBRIAY 2 I8 m ARG 9 Bm [T,
% E EE 2, 2016, 27(6): 1537-1538.
LI Y M, JIANG H, XU S D, et al. Effects of zarinustra on the
ultrastructure of Cx43, glutamate and glial cells in the hippocampal
tissues of mice with schizophrenia [J]. Lishizhen Medicine and
Materia Medica Research, 2016, 27(6): 1537-1538.

[27] B Rk ATH, 2, . sudnib o 3Lm At it &[], 255 34k,
2016, 51(12): 1809-1821.

YANG F P, HE Y, WANG Z, et al. Research progress of antipsychotics
[T]. Acta Pharmaceutica Sinica, 2016, 51(12): 1809-1821.

[28] VAN DER STELT O, FRYE J, LIEBERMAN J A, et al. Impaired P3
generation reflects high-level and progressive neurocognitive
dysfunction in schizophrenia[J]. Arch Gen Psychiatry, 2004, 61(3):
237-248.

(29] Arsk B, 4 88, RARME . & Z AP 2 5Lk & 36 97 716 Firda %
WAL P 30069 T AL[T]. LifAhAP E 5, 2008, 20(3): 149-151.

YU Y G, YANG Z R, ZHAO J X. Event-related potentials P300
changes in patients with first-episode schizophrenia before and after
treatment| J |. Shanghai Archives of Psychiatry, 2008, 20(3): 149-151.

[30] CHUN J, KARAM Z N, MARZINZIK F, et al. Can P300 distinguish
among schizophrenia, schizoaffective and bipolar I disorders? An ERP
study of response inhibition [J]. Schizophr Res, 2013, 151(1-3):
175-184.

[31] KIM D W, SHIM M, KIM J I, et al. Source activation of P300
correlates with negative symptom severity in patients with
schizophrenia[ J ]. Brain Topogr, 2014, 27(2): 307-317.

[32] LI Z, ZHENG B, DENG W, et al. Multi-components of evoked-brain
potentials in deficit and nondeficit schizophrenia [J]. Asia Pac
Psychiatry, 2013, 5(2): 69-79.

[33] STOROZHEVA Z I, KIRENSKAYA A V, NOVOTOTSKY-VLASOV
VY, et al. Startle modification and P50 gating in schizophrenia
patients and controls: Russian population[J]. Span J Psychol, 2016,
19: E8.

[34] ORANJE B, GLENTHOIJ B Y. Clonidine normalizes levels of P50
gating in patients with schizophrenia on stable medication [J].
Schizophr Bull, 2014, 40(5): 1022-1029.

[35] &8, 4, FRE, 5. SRR BB AHA S 5LE B RL A A

MR25 %k R DR B 5 ok e < REAF ST [T ). 16 ARARAY B F 28 &, 2013, 23
(4): 217-220.
LI Z, DENG W, LI Y F, et al. Controlled study of mismatched
negativity in first-episode deficit and non-deficit forms schizophrenia
patients who not received treatment[ J]. Journal of Clinical Psychiatry,
2013, 23(4): 217-220.

[36] BACHILLER A, SUAZO V, AYUSO M, et al. Decreased spectral
entropy modulation in patients with schizophrenia during a P300 task
[J]. Eur Arch Psy Clin Neurosci, 2014, 264(6): 533-543.

[37] ATKINSON R J, MICHIE P T, SCHALL U. Duration mismatch
negativity and P3a in first-episode psychosis and individuals at ultra-
high risk of psychosis[ J]. Biol Psychiatry, 2012, 71(2): 98-104.

[38] HSIEH M H, SHAN J C, HUANG W L, et al. Auditory event-related
potential of subjects with suspected pre-psychotic state and first-
episode psychosis[ J|. Schizophr Res, 2012, 140(1-3): 243-249.

[39] FRCRT, EZF0, B EFS, . 8 KA 2 2L B4 NA00 AV 22 R &
R AR [T, B 38 X 5 FAR(E FHR), 2009, 29(11): 1351-1354.
CHEN X S, TANG Y X, XIAO Z P, et al. Study on neural generators
of N400 in first episode schizophrenialJ]. Journal of Shanghai Jiao
Tong University (Medical Science), 2009, 29(11): 1351-1354.

[40] RUDD D S, AXELSEN M, EPPING E A, et al. A genome-wide CNV
analysis of schizophrenia reveals a potential role for a multiple-hit
model[J]. Am J Med Genet B Neuropsychiatr Genet, 2014, 165B(8):
619-626.

[41] INGVAR D H, FRANZEN G. Abnormalities of cerebral blood flow
distribution in patients with chronic schizophrenial J]. Acta Psychiatr
Scand, 1974, 50(4): 425-462.

[42] RAGLAND J D, YOON J, MINZENBERG M J, et al. Neuroimaging
of cognitive disability in schizophrenia: search for a
pathophysiological mechanism[J]. Int Rev Psychiatry, 2007, 19(4):
417-427.

[43] HOWELLS F M, TEMMINGH H S, HSIEH J H, et al
Electroencephalographic delta/alpha frequency activity differentiates
psychotic disorders: a study of schizophrenia, bipolar disorder and
methamphetamine-induced psychotic disorder[J]. Transl Psychiatry,
2018, 8(1): 75.

[44] WHITE R S, SIEGEL S J. Cellular and circuit models of increased
resting state network gamma activity in schizophrenia [J].
Neuroscience, 2016, 321: 66-76.



1 T ek, AF R 0 SO R DI D BE A3 B e £ A ) e S A PR A PR B - 121

[45] SPIRONELLI C, ANGRILLI A. Language-related gamma EEG frontal
reduction is associated with positive symptoms in schizophrenia
patients[J]. Schizophr Res, 2015, 165(1): 22-29.

[46] GOTZ T, STADLER L, FRAUNHOFER G, et al. A combined cICA-
EEMD analysis of EEG recordings from depressed or schizophrenic
patients during olfactory stimulation[J]. J Neural Eng, 2017, 14(1):
016011.

[47] LEICHT G, ANDREOU C, POLOMAC N, et al. Reduced auditory
evoked gamma band response and cognitive processing deficits in first
episode schizophrenia [J]. World J Biol Psychiatry, 2015, 16(6):
387-397.

[48] LUDWIG S, SPITZER B, JACOBS A M, et al. Spectral EEG
abnormalities during vibrotactile encoding and quantitative working
memory processing in schizophrenial J |. Neuroimage Clin, 2016, 11
(C): 578-587.

[49] SAUSENG P, GRIESMAYR B, FREUNBERGER R, et al. Control
mechanisms in working memory: a possible function of EEG theta
oscillations[ J]. Neurosci Biobehav Rev, 2010, 34(7): 1015-1022.

[50] CHOIJ W, JUNG K Y, KIM C H, et al. Changes in gamma- and theta-
band phase synchronization patterns due to the difficulty of auditory
oddball task[ J]. Neurosci Lett, 2010, 468(2): 156-160.

[51] KAWANO K, SHI J M, DUAN LY. The frequency change in o waves
and the appearance of 0 waves during gigong and meditation[ J]. J Int
Soc Life Inf Sci, 2017, 14: 22-31.

[52] MINZENBERG M J, LAIRD A R, THELEN S, et al. Meta-analysis
of 41 functional neuroimaging studies of executive function in
schizophrenia[ J]. Arch Gen Psychiat, 2009, 66(8): 811.

[53] HAENSCHEL C, LINDEN D. Exploring intermediate phenotypes with
EEG: working memory dysfunction in schizophreniaJ]. Behav Brain
Res, 2011, 216(2): 481-495.

[54] wm e, 2\, k&, 5. o A BUAE 97 SR AR o FLE IA e
HieHwT] F B RS RE 2017, 25(10): 1473-1476.
TIAN W Z, LIU T, ZHANG L, et al. EEG biofeedback therapy for
chronic schizophrenia cognitive function[J]. China Journal of Health
Psychology, 2017, 25(10): 1473-1476.

[55] BREAKSPEAR M. The nonlinear theory of schizophrenia[ J]. Aust
NZ J Psychiat, 2010, 40(1): 20-35.

[56] FABIO F, RIEDNER B A, PETERSON M J, et al. Altered prefrontal
activity and connectivity predict different cognitive deficits in
schizophrenial J ]. Hum Brain Mapp, 2015, 36(11): 4539-4552.

[57] TAN HY, CALLICOTT J H, WEINBERGER D R. Dysfunctional and
compensatory prefrontal cortical systems, genes and the pathogenesis
of schizophrenial J]. Cereb Corte, 2007, 17(suppl 1): i171-i181.

[58] NAIM-FEIL J, RUBINSON M, FRECHE D, et al. Altered brain
network dynamics in schizophrenia: a cognitive electro-
encephalography study [J]. Biol
Neuroimaging, 2018, 3(1): 88-98.

[59] YU Q, SUI I, RACHAKONDA 8, et al. Altered small-world brain
networks in temporal lobe in patients with schizophrenia performing
an auditory oddball task[J]. Front Syst Neurosci, 2011, 5: 7.

[60] JAMAL W, DAS S, MAHARATNA K, et al. Brain connectivity
analysis from EEG signals using stable phase-synchronized states
during face perception tasks[ J]. Physica A, 2015, 434: 273-295.

[61] JAMAL W, DAS S, MAHARATNA K. Existence of millisecond-order
stable states in time-varying phase synchronization measure in EEG
signals[J]. IEEE Eng Med Biol, 2013: 2539-2542.

[62] CHEN J, RASHID B, YU Q, et al. Variability in resting state network
and functional network connectivity associated with schizophrenia
genetic risk: a pilot study.[ J]. Front Neurosci, 2018, 12: 114.

[63] ALLEN E A, LIU J, KIEHL K A, et al. Components of cross-
frequency modulation in health and disease [J].
Neurosci, 2011, 5(5): 59.

[64] RUIZ S, LEE S, SOEKADAR S R, et al. Acquired self-control of

insula cortex modulates emotion recognition and brain network

Psychiatry Cogn Neurosci

Front Syst

connectivity in schizophrenia [J]. Hum Brain Mapp, 2012, 34(1):
200-212.

[65] NISHIDA K, MORISHIMA Y, YOSHIMURA M, et al. EEG
microstates associated with salience and frontoparietal networks in
frontotemporal dementia, schizophrenia and Alzheimer's disease[J].
Clin Neurophysiol, 2013, 124(6): 1106-1114.

[66] SHENTON M, DICKEY C, FRUMIN M, et al. A review of MRI
findings in schizophrenial J]. Schizophr Res, 2001, 49(1-2): 1-52.

[67] LEROUX E, DELCROIX N, DOLLFUS S. Left-hemisphere
lateralization for language and interhemispheric fiber tracking in
patients with schizophrenial J]. Schizophr Res, 2015, 165(1): 30-37.

[68] ROYER C, DELCROIX N, LEROUX E, et al. Functional and
structural brain asymmetries in patients with schizophrenia and bipolar
disorders[ J]. Schizophr Res, 2015, 161(2-3): 210-214.

[69] ZEEV-WOLF M, GOLDSTEIN A, LEVKOVITZ Y, et al. Fine-coarse
semantic processing in schizophrenia: a reversed pattern of
hemispheric dominance[ J]. Neuropsychologia, 2014, 56(1): 119-128.

[70] MOHR B, PULVERMULLER F, ROCKSTROH B, et al. Hemispheric
cooperation-a crucial factor in schizophrenia? Neurophysiological
evidence[ J]. Neuroimage, 2008, 41(3): 1102-1110.

(%% %07 1)



