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Animal models are useful tools to study the molecular basis of schizophrenia pathophysiology and efficacy of potential thera-
peutic agents. Schizophrenia animal models can be subdivided into three classes ; drug-induced models, genetic models, and en-
vironmental models and each model is designed based on specific traits corresponding to the characteristic symptoms of human
schizophrenia patients. Psychomotor agitation and sensitivity to psychotomimetic drugs are often thought to reflect positive
symptoms. Social interaction deficits and affective impairments are known to correspond to negative symptoms. Also, cognitive
symptoms have been linked to the working memory impairments, attention deficits and related cognitive deficits in animals. To
analyze such components in quantifiable manners, various behavioral paradigms have been developed and utilized. Here, we
overview these animal models, focusing on underlying rationales for their use in the context of schizophrenia research. (Korean

Key Words : Schizophrenia - Animal models - Animal behaviors - Behavioral tests.

Fnjo] E4) 3h2) A4l At (scattered thinking)
3} o] FE BHE Lk W] oleld FAE 9l
a1, 7} 55 wElso] E43 85 o4 (schizophrenia rele-
vant behaviors) ¥r& U= 7-97F tiF-Eolch 514
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22 thE AR R S S/ of
yel &5 s o5 3% ol sk 22 ook BAld
Shofl A= Zekd 4= Qli= A= UE7] ool 29 %1
o Al FEQ1 weko] Fasith 2@ AR A9 A9l
I ek 7] whet # 7] AR FE s 4 e, 7P
QHEA 0 72 oFAJZ= Ak (positive symptom), 2435AH(negative

symptom), 21&|5A}(cognitive symptom) Al 7|2 Uiro] &
T Utk ol= o] 54 99| 7|5 ol vbgR A
1 9J0] oL Aule}l AELhY ol o 7 opxZ=ALe =

(midbrain)—J Tl Al A sz 4] Ealel(dopamine) ZFCH
| = e, Q1254 1) A17A) E(cortical neuron)
o] 4E7] A 52 A A AEE2R! y-amino bu-
tyric acid (GABA) 233 AR 218t 1| AF9] 9<9] 7|5 A

o

Sk Q14 Hick SAFARS WEsh e ol H2 A1
Bohy US| B0 2 A43) et Axz Q)

= e g = R
of &3l +2E 4 ‘il‘jr
YZ Y FAIC SE YS YA

ook*é%*o}% BRAoAN = Froks 4= 3l 8/ (delusions),
27} (hallucinations) G-t &2 &4 o= SAMS oJujs,
7 girpupe} /0] WEl A7), A& 7I3E AlA] 7]sel BIA|
= FFol Z7] "v=A Y= e ® dEA ok HF
&2 2EHO| 7Y EA4AQ1 F/dolv 2 (auditory hallu-

cinations)® )W Y E4Q1 AWM (threatening voice speaking) &

3} Zro] 58 mdoAA sk Eelaly| o T4l
“—“‘% 5}11”& AR Y5 0“0—3— 238 8 ndojx] 3%

&H (catatonic type of schizophrenia)2 2214 4
A](motoric immobility), =413+ #%-Z(extreme negativisms),
52k HF (echopraxia) H]E8) Hohe

T =

= (hyperactivity)

S0 A= 0 % (stereotypic movement) 22 AALE-EA]
52 (psychomotor agitation) 4 Helth Z3d &5 &
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dojA = 74z v 2 e =Fof ek oFgt &
Eg& ”Eﬂoﬂﬁ 3 spet fARRE Hokeks ool
AE|IL}? o= 23 B8 mdo| a2k o 2=
of TA glo] Yeht= =24 §l= et &2 U(excessive
motor activity)}, o] 28 5= Hdo] ALSEH Aeo|
Z|(home cage)7t obd M2 QAo eE=|9S o B

0

&
ol Mg FAYUS Fall 1T 4= QUck EE o]2gh 3}
% oFARS. F=olg AN oJe= % ol (attention deficit hyper-
activity disorder : ADHD)Y =4 &
& oA = R1%7] ufjie] ot
o sfjAlo] & asich

Z(bipolar disorder)
Ay Aatet 7

€ e

WL
T2 pdo] 930S
BAIAS oFeo] tigh Rz Aol v A4 NMDA —’F

44 A3=2 (antagonist)] MK-8014t A€M (ketamine),
1iﬂ“4(phencychdme : PCP) Aol A A4lHe

SEAU 23 S| Sk T A7) Ao 2 dEA

o}, 3 =yl A|ARRE A 55Hs el amphetamine),

F7}0l(cocaine) FA| ARG A = UH:}IL oA Q)

oh ope s B8 mel oA Qoja] g FAIRE Ao uE

Soto] 23 gtel fARE fo&Ed s Be=

Hol=t|| oli= ¥ AvtE st s FHeRE

FEoh BAAR=Al tigk ol2fgt 2l w2 ©ed] FE

Hylo] 2]o] oFALS Tl THE-E 4> 1S Wt ofug), o]

=0 = T M
fol 28

30 1E rh

°>~
(NI

° &

IS rlo

=
o] g o9 e A 7ol FAlel A&

Of

Us 4

ZJOJ 7150l oFatE AU glofA]
= o) el e} Al 2
A E3Haffective flattening), AZys17]1e} W79 A=7})
FolEAY AAAAHA] 53k HolF(alogia), o1 FAo tf
3k o] 8o] ZAaEl= o871 (avolition) 5 EFFICLEY o]
4 28] YA Y] o5 BaE SE

J(primary negative symptoms), 742 22l k&

o o
m o

Eo
‘I"ﬂk

(neuroleptic treatment) G322 2% Q3lof oJsf Whaygt

SHAIRE 5454
Az o 2 23 do)
H|50]2]Q1 AeFS 7HA7] dilzoll Adslr] || etk 71
e WHAY thE A AEsh sttt Aol A
25131 3xko] 52 243l ALElA AP (social isolation)2t

4= Qth(secondary negative symptoms).
2 AAAR P AL Hola
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off Tl
7} “1efsict —J "ei]voﬂfﬂ E:LXPE] = UPE~ BiES
(nesting behavior) 2A| & o
2 AR Q7] wiZel }ﬁl’HA Fﬁd’ Z]ﬁi 2gd 53l
o} AAF n}9-A 0] Ao HIx}E] &2 (nesting materials)=
283l A Bk FejE vhEo] e B, 23 19l v}
$-29] 749 olgt a5 /o] AojEo] Sl AS HES

% gk,

oﬁﬂJ

o
o
oy
e
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o

lo
o,
olN
ox
1o

dzlo 2 Uehts o] AAA Agy} oE

= &
o] 3 FAof|A $-&F2 wMsH yehdtl? 3]
HEo] xay 52 Wy 77 5 B A7l Azt
=S Ui, 2389 SAtollA vt &3
2 UPFAEQl S&F SRfOAIN HoX|= s A S
sukek oFejelr|Hel 2 A (diminution)H 2 (empti-
ness)2| AT QIgH 97t W] wjite] xgtol| o7t &
Qsit), AEAo R Ay FE oA -&3/ES
_ sl

(helplessness) & Z743= 71 LRkl AE 712 forced

F—V#

W 27y

Ao A 225 HojA|= ZA)
ot} zEH =8 walo|A UelE Bokyk T3t elevated
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plus maze (EPM)2} Zo] & O]'XPOH(anXiety disordenoflA] &
HHA 0 2 ARGE = AR 7o g Sl 7hssh, di A
2 23y F HdolA EPMA A} dj 2T

3} o2 opypo] Mg v gek?

AZ0
?_]__El]— ‘l“ﬂ?

—_
ZAolA A= AEA AR o] 29 =l
[e]

BiS 1 Age] 912'* AFL(thought)e} 8- (behav1or)
o] BES Qujgt= Aolglon, 2T 2@ ko) AMYE
I s AE A, g —‘jerT, A8 715, A A9 (cog-

nitive flexibility), =22, 7], A2+ A& L3+ & t}2
782] ¢1A] eF3}(cognitive impairment) @Ato] & Wt Q)
o ol2i3t Q1A A 2@ TRl A yEhuE 71 Rl
zﬁ'% %‘*o}o]"} A9 Q1A 7159 Exe = 2l
= 5t 7| -0 R okekrh!) chal iR
£ ‘E-TLZ}EOﬂ oJsf| Q1A Ag-S- 4E71Y(episodic mem-
ory), @3} (verbal fluency), 2F¢17]l(working memory)
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7 T4 (delayed alteration task)S $8§t= =o] 9l
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317] o]l AAE FAZ JA|(atent inhibition)2} k=t
Y 52 o] AF A FEo] vl Aoz

&&= Qk-3-(Pavlovian

response)= &5t 332 F73Hfear conditioning) et}

S Bl A AAIE SAe B reward)o] 01 X]A

U ov] §l= B4 A=Hcue)oll gt e W82 tHA] 5 g
o

SHFSE 220 2 Aol Alsts AEE £

gol g 4 QL @A B 28 B 2o olad
Aol @5 Aol AgEw Un 43 HULE” A &
M) B4 el Aol sl
o} 719] S} 22 ThE 49 Q1A )53

ATE A 5 Q] whel Azt iAol fEE Bast
ek
wes 71 o

BE IS Ao AT U2 AT HER w3t
YRt 54 Jwol 47 A4Fe] WA =5 olF o 2
el BT ATo) WY 1 A WL wojzek
2 PAEL O|RHOR LT it ofelF A3
¥hSo] AT 2-g3h4 ot AT Tk Qlat Q1]

3H(fragmentation)©l| &J3 ¥HE2AQ1 72t Ap=ol e sk
A WEgshs Aoz defA ek 2@ Etol| A4 et
+ o]t AdiA= YA (prepulse inhibition : PPDE] 4 &
o2&y =2 muloAE Ao Folat ualo 8 =5t
T 3RQIg 4= QUek & A7k Apol] tisto] Eh=(startle)
5

s B8l Aol gt 25ukse 54U e
&7|(sensorimotor gating) & &g 4= loH, F& nE-S
o- g3t xdy A oA =Y SAS Tl F831 7]

Table 1. Overview of animal models linked to schizophrenia

OFEIK-I ool
| )

ofge] of3) f oFel FE mde 2@y AT 2
7] SARE X&Ho 2 JfiE I FEEQrh 53] XFe]
A7FFAS | 7|HIgE 24l Eo] A E]7] ool 23
To] o] Al sH SHo| Ybseoj A Qlich 2dH o
/31 e w ATE Sl Byl AFAEEA AlAFo]
L} NMDA =84, Alged 3H4 52| 8 4~50] 2HEQla
O)5E HAOR S FEES FET TE HYSo| wu
i B = Ro A o9l oFa]A mdlel 941 5 MAM
ol pCP gl tufepy] RS AvfskalA) gk

Y4l 5 MAM =29
Zry oFg|d Hylo] sl ¢4l % methylazoxymethanol
(MAM) Az] mdo] gtk MAMS A A1E2] Astof| 24
5= 542 DNA WHE3Hs =510] DNA 3/ H A2
= Aok A 71k 53] A7 Aol MAMS ﬂ7§

OP\ﬂ:‘—E(neuroblastoma cell)9] Z4] 4l B Agflslo] Al
AN RO 7] B31E Jwsts Ao g A#A gk U4l
Caka F71of| wet o}

EollA MAMS E st s 4l
o] AlAHlgho] Walsl, Yukal o 2 o)Al & 15U(gestational
day 15, GD15)0l| th=s & A2 3 Ado] 71 ehdsiA o
oU7] wjief s Al7lol MAME Fofgt & ko] 7H4
2 A7 ol AR Helthal gLt sAvk 2@ AT

o] ZHoAE ¢Jal 3 17U(GD17)9) 22 me/kg AEL] MAM

Models Behavioral features
Gestational MAM model Hyperactivity . deficits in PPI, set-shifting task, and social interaction
Pharmacological PCP model Hyperactivity ; social isolation ; deficits in PPI, cognitive functions, learning and

models memory

Amphetamine model

Impaired PPI, attention, and set-shifting task

DISCT model

Hyperactivity ; PPl deficits : decreased spatial memory, spatial working memory,

and social interaction

NRG1 model

Genetic models L
Dysbindin model

Increased amphetamine sensitivity and PPI

Hyperactivity ; disrupted PP, fear condifioning, mismatched negativity
performance, and social interaction

. increased aggression
. decreased working memory, spatial

memory, novel object recognition, social contact during social interaction test

Reelin model

Decreased locomotor activity : increased methamphetamine response ;

impaired PPl response, learning and memory, social activities

Prenatal immune
challenge model

Social stress model

Environmental
models

Increased psychotomimetic drug sensitivity : decreased social inferaction,
PPI, spatial memory, and fear conditioning response

Abnormal PPl response and object recognition test | increased anxious and

aggressive behavior ; anhedonia ; avolition ; hyperactivity
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wrsh], A% FBol Folshs A9 Tket 254, A
T, A o) ol Q1A Aol S % A
Feloh 7 28 PCP 5% 298 PCP 2~10 mg/kg
A ol X &H o2 Fofsto] A|&sin, HFH
I 59 AEAMEE oA AHA FA e}t SFERH|0]
E ] 43t 59| T2H EHo| fEELE? EJ We &
o] PCPE $3 Rl mule] 4$ xaly A Rol AHgsls
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ZH A (mesolimbic) =371
o] M3} H= 59 540 T, e A
3 Gy T8 mdo o]z|gl 23 $HAjo] wul| ¢
= & Al

15-9] oA}, A5 9 set-shifting

=)
]

2o
ELooft o

Z}(susceptibility genes), A 3718 (epigenetics), T3 4]
2913} 7h2- thokgt el ofsle] WL 714, AYob
A

AZAAE 7}2A (neuronal plasticity)?t S5-ElH|o] =

bl A28 28 AEA FAO] 7158 3k 238y &

A mEe e RHEF o R Hojz|E A F-A}
in

£ mRNA % thilz] =2 Wglo) r]slo] AJ2FEglom,
ZFQ 9ol AL DISCIZ DTNBP, NRG, Reelin 5] &
FEHJTE B =Ro A= thEA0] Hel HAEY] &

2 wug sjelaat sk

DISC1 &¢

Disrupted—-in—schizophrenia 1 (DISC1)-& 8 Z3d¥ &
HHjo] o] shtg Al7A|E Wk (neuronal development)
9 AZA)3E o) %5(neuronal migration), A2 7F443(synap-
tic plasticity)ol Al =8 J3H& sH= Frztolck ™ DISCI
I 2@ FBUAE A5 flsto] thekgt DISC1E]
FEA/F 52 EAH0|E AR IS mdo] AJ2E| Sl
o, AR 2 It HE|o] §l= DISC19] loss—of-func-
tion E@Fo] YJehdeh? dAx7A] Hug 23y B
DISCI =4Ho] 5= =2do tf324Q] o 2= Cdtho] &l
DISCIo] aCaMKII Z 2 2 3fof] AFQlElo] B == ‘CaMK-
AC, Tet-off Al2glo] oJsto] Ctto] 2 human DISCI
HEo] 2AEEE S E-CaMK-AC, d<(exon) 6%12] 257}
A714E A (deletion)oll 28t frame-shiftE Faf BIAA
chij o] WA= "A25-bp, 12]al DISC1O| & F¢Ho]
(missense mutation)©l] &J5to] T ofu|ieAl A|Fo] X|gHE
‘LI00P'2} ‘Q31L o] k)

DISCI =4%o] 1l 3 FAle] 54 o5} At |
A L100P2} CaMK-AC 55 ZdlojAE= dojst &-54o] 1t
EPTE Y ke 5718 S5t AR 94 HAE
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ol-g-5to] 77t Ah=of gt Wh-g-& AW HYE v, CaMK-
AC®}LIOOP, Q3IL & BelloflA] A3ix= oAo] e
oln] fe-CaMK-ACH A25-bp 58 HHofAE Rojz|%|
OReTE O QRS A; S ol At ERe] mdo] F7t &}
TR |2 oA A HolaL,
=-CaMK-AC HE& F7b 7|oje) e &g Helek?” 23
o] S5 wRlsko] ARElA Aoakg A t
Q3IL =&t CaMK-AC EE“OHH A8l g0l A
o] YRt 1) 10} A178ebEQ] SHo| A T
=9 mdlo] o] Ruj7} c}ﬁ\j}ﬂ =)

o] =] = 54 Holn, dF Rle sfjule} Ay
oA AIZBAIE =/3E719] U= (dendritic density) 2} £33
(complexity)©] Z4%|3, parvalbumin HHH-Ao] 743t
o} P49 gl 2y A Zof Awstod, LI00P elofA] ko]
Al A= oA Aol drdelsat 224 22 3

Al®oF(antipsychotics)oll 2Jate] Astgo] B 1w ¢lek?

WNAE SAS= T

) f”lf”
on, ot
T oo [ r

5

l‘l

] A(lateral ventricle)

NRGL 29

Neuregulinl (NRG1) §-4A}= &4
B E Q7Y Neuregulins= NRGI-42] 47}14]
A= tyrosine kinase transmembrane receptors®] &
o1 ErbBl1-4¢} A5 2831t} NRG1 = 1 4=-84]21 ErbB
o] A4l EHo|(deletion mutant) T5 HEE-L vljo} Wt
Ao A AFFEATel offh AAFES Hon, wfjZof] =& o]
B4 (heterozygous) EAMC] HElZ0] At S-EE[%)
o} o 2291 NRG1 222 EGF-like 9912 o] 3HE4|
Z4o] 9|3k Nregl (AEGF)+/-, NRG19| 9} ¥-5 J%(trans-
membrane domain)®] ©]F5gH] AAe] °Jgk Nrgl (ATM)
/-, MAFREY 99 Aao] 27t Nrgl (Alght/-, 712
11 NRGI-4tt 3491 beta—secretase$l BACES] ZA=0] 9
3t Nrgl (BACE)-/- 5°] QIeh®
29 NRGl & 22 35 4 SHlA Hrfgt
&/30] Yehdt], 7185 571 S4ollA tiFE2] NRGL
o] AggAt= oA Agh EO]Z]”P ErbB4 EHo|
5 2 Holr) 3k NRGI
A :‘Ti(contextual feaS Holw HH 1
F 2 4=3(mismatched negativity per-
formance)e HQIth, A HRox= AR 4 Ao2kg-9] 4
sho] yelhual, Z71E F4AT} social noveltyol] Tt vF
Jo] FraEolQith ¥ 2 SHoA = S Fuj7t
7FlIQAIL Bfjuf A17gA| 2 2] 4=4+E7] 7FAl(dendrritic spine)
7t el Qlok Ee W E¢Ro] Mo ARk

FEHQ AR
AR

01_%

ro e olN olo
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ool NMDA 484 71%50] 743 lcka 2 318]9)
N
31 Nrgl (BACE)/-3} @& £4 Seilo] melo]q 341212
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Table 2. Symptoms of schizophrenia models and related behavioral tests in experimental animails

Behavioral tests

Symptoms in human patients in animals

Behavioral features implicated in schizophrenia

Psychomotor
Positive agitation

Open field test

Increased locomotion in a novel environment

symptoms Sensitivity to
psychotomimetic drugs

Open field test

Increased locomotor response to psychotic drugs

Social isolation/social

Social interaction test

Reduced hospitality to strangers

‘ withdrawal Nesting behavior Failure to build an intact nest
Negative Forced swim test Increased immobility in a cylinder
Symptoms  pepression/Anxiety ) ) ) "
. Tail suspension test Increased immobility
disorders
Elevated plus maze Altered travelled distance and time spend in the open arms
Working memory Morris water maze Increased time or failure to find hidden platform in the maze
impairment T-maze Frequent failures to make correct turns in the maze
Fear conditioning Disability to form fear memory with neutral stimulus
Cognitive 5-choice serial Reduced task accuracy and increased duration time to
symptoms  Attention deficits reaction time test make correct decision

Set-shifting task

Decreased cognitive flexibility to recognize and adapt to
changed criteria

Impaired sensorimotor gating  Prepulse inhibition

Impaired adaptation to sequential sensory stimulus
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