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ACh: acetylcholine

ASD: autism spectrum disorder

CAMP: cyclic adenosine monophosphate
CANTAB: cambridge neuropsychological test automated battery
CNS: central nervous system

CTZ: chemoreceptor trigger zone

ECso: half maximal effective concentration
Emax: maximum efficacy

FDA: Food and Drug Administration
GABA: gamma-aminobutyric acid

IJA: initiating joint attention

JVA: joint visual attention

KO: knockout

MAP: methamphetamine

NHP: non-human primate

NMDA: N-methyl-D-aspartic acid

PCP: phencyclidine

PFC: prefrontal cortex

PKA: protein kinase A

PLC: phospholipase C

PPI: prepulse inhibition

RJA: responding to joint attention

SPECT: single-photon emission computerized tomography

SWM: spatial working memory
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(6) LAY U FSARIFRNME TR R % @IVEH O RE

ZZETT, My ZAMRITERIBERERE 36 L OGMEER ~. My 2B IRIIIGMESE
WA~DBERZENZEN RSN TS Z EEimib Lz, — i TINbOZER
N LIZRWER bIEE SN D, IEREICIE, TEMAH 2 58 E S B 25 CTh 2R
HHHEAEE L, S BIZEOEFFIZI b2 Fams &b (CTZ) B FEET D,
M ZBRIT CTZ IZHRBLL TEB Y | ARG 2 & MR X~ M
DY IEM2NFEF S H[35], B, 587172 My /EEIE %2 777~ xanomeline [ AR K
BRIZZIN LT T v A ~—JR B D 9 B 40%IZ 3 TR 25538 L 72[27],
— 5T, KO~ U 2% HWZHEIZIBWN T, FEIR L AT U 2 R REEN 3T
& % pilocarpine 23NiBF T DR KL OESEIL, FARE L O Mo-Ms Z AR KO
T AZBWTERD LN OO, My ZFEK KO <7 A TIHiEL L7Z[36],
UbEDZ &S, My ZEMRITNRMECEE 2 FR T D N E b, £
My Z K KO ~ 7 A Z WV T, BEFRIc kv B RESha 2 1L
=N KOV Y AT T HZ R MEINTNDH[37], #& L7 —iFk b
2B T DHEANBIERDET VL EEZEZ LN TEY, ZOMEND My B EVEE)
HEET A EMEFEEZIIHT 5 & BEAFIRIC X 2 SIS AE IR 23 4 AL
THAMREMENR B 2 HiILD, F7o, Mo/Ms ZZERIRTE(LIZ X 0 4 DREIWEH 5B
THARMELREIND, KO v 7 XA ZHWHFSEIZIV T, oxotremorine 5575
REIE, My ZBK KO ~ 7 ZICBWTORHEE LI Z ENBI36]. AZREIRIC
XTHFEGBRAMEIEEET A2 LERH D, DI My ZHFIRIE, £ OIRIE(LIZ X
V) PRHE & U o T2 R WATCHESCREIRE & 3578 - 5 FTREME DS B 2. B 4L 5 [36].

UEDZ &G FEFIL MMy ZBRIEIRAY T Mo/M; 52 B EEE 2 Tl L
THEYD. D MMy Z B RA~OEEMEDY xanomeline & Lb#E L TEyHI72LAED
WA T XX, ZHIEHRARIVEDIERICHE Z R L DD, AAD Y VR
RIS R T 2 BIER % B3 2 2 & 23 rTREZ2 B I Ze ik & 72 5 O Tl
RN EB T, 2O LD AWM ETST D OEEE MBI R AT o T2
FEF Mo/My SZRREREE 0 FE3E 1 ((b&9 1, X 11B) & My 2 AR
EENEK 2 (kA 2, X 11C) #RH L=, ZhbidnInbilEicgsEsns:
ZLoENa T FTHD, I TEHIT. T DL DLEMOHMTOIEM,
FERE TR E OFHIC X D 1ER 2 REET 5 72 S M TEN BB 2 550 L 7=,

17



2t ERERBLOBE

(1) FHLAD Y 2R REEEEOEE)E

AAT Y o RRIERINMVERNSE T 5 xanomeline (2R3 2 Fn LIz H-S &
M1/My Z BARERIRA) T, £ OEEIER TR b G A RIR LT R, A Y
R BUEI A O EEIERE I L0 . M1, BXOE LIRSS &
O, BEONEMEZ AT 5D MMy S FIRERIREGE 2 EEE CTh 5 bEW 1.
BLO My ZERERAFERRE CH obam 2 2 A LT,
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100 | [M;: O v
N P A
=N = 75 g
g .
AN \N’S €3 1O
= 50
(@]
Xanomeline < A
o x 25
(MM, ZBE
SEERIMEBIE) 0
0.001 0.01 0.1 1 10
= (uM)
B
T o 100 || M;:O
o \CNCOZEt My A
7 = M,: < o L
% 'S
AN o B
1I:.:.W = 25 A A a
MM ZBEERY =" A A D 0]
TRAN s
AR 1R ED ) 0.001 0.01 0.1 1 10
=E (uM)
C
<&
® '
. _
(=g7)pi . .
ERMEETINO——0-—-- .. = T D -
SRS K5 k 3E
(M, ZEHEROIFEIR) 0.001 0.01 0.1 1 10

= (uM)

ACh IC XL A K n%E 100% (Emax) & L77.

11 Xanomeline, {tA# 1, B L OMLEW 2 OEER, I L OFEEIE
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EC50 (nM) / Emax (%), EY Viﬁzib‘l\é

M, M, M, M, M;
Xanomeline 126 /85 16/100 379/ 36 44/ 86 46% (30 uM)
=) 23/50 9/60 13% (30 uM) 4% (30 uM) 4% (10 uM)
{bE¥2 13/84 7% (3 uM) 4% (30 uM) 4% (30 uM) 6% (30 pM)

i% 1 %'ﬂﬁé*@@ EC50\ is J: O Emax

(2) MAPZER, I LU PPI AR

PURAREREFREE & LT 7 > b Z H 72 methamphetamine 3538 iE8hit 2%
R (MAP 3Br) . B L O L w2 il e (PPI 3UBR) % FEhE L 7=,
methamphetamine ¢ 512 L 0 AR EBN & XA RICTLE L7 (X 12A), 72E. LA
Fee DERBRIZ I\ TIZEM L FHEH IR OB 2> & . methamphetamine % #¢5- L 720
BRI FREE 2 5% E L7205 7

WIT, My ZRREIRAFBIZE CTH D2LAW 2 DIEHZFHE L7z, & DFER.
REKEN N SAE LR PUSHRBEERNRD bz, ARERICEY ., EH T M,
SZARBERIRAEBE R TR HIRRRIER 2 "5 2 20O T L L (K
12B).

fEv T xanomeline (X 12C), B L WMEA 1 (K 12D) OFFAh A 5 L 7255
. WTFhofbE Yt methamphetamine (& L 5 B &0 & I BIEKE., 0OF
BRI L2 Enn, ZivE ToO®HE & [FIERIC xanomeline OEH Z# fg T &
7o LRI, BBIEIER OWTRICHF G T2 LB A OND MMy A RIEEN 23
SHITH-ThH, ENIREESND Z ERH BN -T2, BEFEIR O BRI R
IZBIT 5 NCTOEHEL, 20 MAP RBRICEHIT 2 A2 H & & O THEIM
o b, KRBT N TOENE THIT D ETREMOEmWVIREET L
ThdEE2LND, —HT, RETI/IVIIABEBEOITLHE &\ ) A KFIE
BETITROONARVITEI R ZHIEIC L TWAZ e, REZYUENZ L
WeBZBND, £ZT, B FTHEMTHLILE L TROHILD PPl ZHREEIC
AW R A CHEMm L, & M CHEAERRITEIZ(LICK T 2 2V R4 MGk L
77
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F9°. K332 DyY/Dy ZRIRIEENFE T H 2 apomorphine (2 X VW & 72 PPl O
THAROOLNTZ, — T, b M THRERMIEOTERNF % 7R L7z xanomeline |
I E TOWE & FREIC[32]. apomorphine 5% PPI K T2 A EICkE L (K
13A), RIZ, L& 1 285 L=t Z A, xanomeline & [RARIZ PPl KT %
LizZ2 &b (X 13B), LA 1 3EmzuUti2a+ 2 BickBWVW T
xanomeline & FIERICHUBMIRRIER 2~ Lo, £, ARBRICL D EFEE LT
Mi/My SRS EENIMEIZ L U PPl BEENSGESND Z L2 WO TH LT L
7o

>

12000

*%*

10000

8000

6000

4000

Locomotor activity

2000 } .

VAt Methamphetamine

ow

12000

10000 |

8000 |

6000 |

4000 |

Locomotor activity

2000 |

Hit
HHH
[l e
1 3 10

{bA5#2 (mg/kg, p.o.)

L

+ Methamphetamine
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@

12000 ¢
2 10000 }
2
o 8000 }
lan]
3 000 |
S HHH
g 4000 } it
3
Q 2000 } ”
—] /
0 1 5 %
VI 3 10 30
Xanomeline (mg/kg, s.c.)
+ Methamphetamine
D
12000 ¢
2 10000 }
2
S 8000 }
(an]
S 6000 }
S
2
4000 }
S HitH
S I
’4 2000 jffff;fjfjfj
0 i
3

{EE#1 (mg/kg, s.c.)

+ Methamphetamine

12 (A) Methamphetamine 737 » ks ® B3 E# &2 LT TEH G = 6),

** P<0.01 (unpaired t test). (B-D) {t&% 2. xanomeline, B X MLEY 1
® methamphetamine %R IEFEHZ ~DIEH (M =6), #P<0.01, ##P< 0.001
(Dunnett test).
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¥4 2 |5

00000000
7777777

(%) ldd

Xanomeline

iy

Gy

(mg/kg, s.c.)

Apomorphine

(0.5 mg/kg)

LS

G

-

e

4a

N

~

O

)

N e ®

B _ \U <

# By AN A_u & = .W.c )
i ] &b m.. By m

~ E] ¢S E S)

~“| &+~ E

o <

— ] — SIS

Ba < NG

4o~

* = ®

* K L

&

- s | =& 2
------- % .ﬁ% P
R

00000000 %3

7777777

13 Apomorphine

#P< (0.01 (Dunnett test).

DOIYEH M = 7-9), **P<0.01 (unpaired t test),
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(3) BEfFHRE OPFHIZ L D MAP B, BL O & L7 v —FRHER

TR D X H 12, My ZBIRD KO ~ 7 ATl Dy B AR L o 0 2 LTy
—MEHI Lo, My SEBAROAEBINEZ SR B0IC L72 HRYO—21%, BifERERIK CTH
WHILTW D PR IR & OOFRIC L0 SRR S Lo 2 & &2 W%
LIeEThD, Rarte7 Famiid <<, (a1 LA KRERZEICHA
ENDPURHIREETH 5 risperidone & DOOFHRER 21T - 72, MAP iRBR IZ BT,
EHICHBRPUBSMHBRHEERAZ RS2 VWHEDILEY 1 (0.6 mg/kg, s.c.)&
risperidone (0.6 mg/kg, p.o)Z O L7= & Z A, AERPURMHIBRIER AR S,
PUBMHIRIEK E OFRIC L VDR DBEIFRFCE 2 2 L 2oL (K 14),

12000
10000 F

8000 F

6000 F

4000

Locomotor activity

2000 F

0

AN
(éz/igﬂ) RIS 0.6 WL 0.6

Risperidone ., e
(mg/ke p.o.) I I 0.6 0.6

+ Methamphetamine

14 Methamphetamine AR IEENEZL (CBIT 5, )& D risperidone (Z%F
T 56 1 OHFHZE N =6), **P<0.01 (Dunnett test).
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— 5T, MyaZBFREEMEZ AT 2{bEm EBEFELZHT 2L, B MTBW
THEARIMEIEIR DAL T2 FTREMEDN B 2 il D, £ Z T, xanomeline LA
1 723, BEfFERCd % haloperidol <° risperidone 235342 0 % L 7y — & #HEAL
FTLHDUTDONT, T b W FZERTHEGE L 72, £ Ot & xanomeline (X 15A) .
BXOMEAE® 1 (X 15B) 1M TIIH X LTy —2 &R Lo, — 5T,
PRI ER SN Z LT —I2OW T, My fEEIPED RV xanomeline 1
BEREE/CER 2R L2y, My fEEMED B Es ME& Y LI B L ER %
RS0 Te, ARERNBER I, BRIKAERTII 622 T7Ze 7> 72 xanomeline
EBEAEIR L OPFRIC L 0 BERAMSIER S AL 5 rTREME A I L, £72 My 325
ROVEEME 2B T 5 & TR DFRIEM 2 0rFF LoD, SRS RIEIR
B A7 ZEECTE D5 Z 2R L2, DLEORERENS . SERIEIER D%
BUZ LV BEFE A BETE R WEBFIZBW T, kAW 1 IR 0T 28
TR R 2 1R T 5 Z L I T & 5,
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o>
2
p

150 F

Catalepsy (sec)

A N\
EEE 30 w30 w30

Xanomeline
(mg/kg s.c.)

Haloperidol ‘
(mg/kg p.o.) YL S 0.3 1

B 180 ¢ NS

-
w
o

N
N
o

(o}
o

Catalepsy (sec)
3

.

0 M &
a=r?)!
(mg/kg s.c.)

Risperidone

(mg/kg p.o.) v 10 30

w10 30 &5 10 30 &8t 10 30

15 (A) Haloperidol # 3 1 # L 7’2 —IZ%9 % xanomeline D{EH (n = 6),
*P<0.05, **P<0.01 (Dunnett test). (B) Risperidone %% 5 # L 7' v —I|Z%t
T 5bEW 1 OE (M =6), NS, not significant. (Dunnett test).
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(4) EIEHFH

FeWCHAMBE B X 2EWER ORGEE Eii L=, 7Y A ~—HEBAEICE
VT xanomeline 1XIEM: 2 355 L 72 23[27] Z OERIEBIRH IO RK DD 7 < &
Hb—HICTm G L TWD e END, — T, DABY UERFKRY T2 AT D
75 My Z B EITIEM IS L TWA Z ENmLN TS Z L 5[35], M. 1EE)
Wa2 BT 56 1 OWELFEIIERZHRGEET 2 2 LITEETH DH, L Len
5. Ty bR T REWS TS o W TIIRM S 23388 520 72 DR I
AL ZENTERY, 2O LD ICREAHITFEEDNFET 52 LD, E
HFRER ORI =7 APV EZHANTERLE (X 16), 3 EHO YL
xanomeline F7213(bEW 1 #H5 Lotk —RAERBIZ &2 i L7255 R
xanomeline #¢ 5-8E Tld, & TOEMKIZB W CIEM:, R, MEE W\Wo7z, LA
U UBRIREEMRICER T 2 & B2 DN DIERITIMZ T, FBBLA I =X L3R
HTHLPEIRIERHZFHR LIz, — 5T, LAY 1 & 58 ClIlEM:, BIRA W
THNOMEBRIZBNTHREO AT, JRE & RO S -IEL, EhEh 2
BHE 1HAT, MEITBMTH o7z (£2), ULEOMRIY ., LEW 1 O M {EH)
PEZ RN LT 2 LT R0 | MEMESEEIE S L7 o T2 ATRBIE DS RIR S 472,
LrL72R3 6 MEEFE B BG4 2 2 BRIE My 2 BIR720T T7p <Al & EEUF
BT 5720, & My ZFEOBIREZBET HITITE R DMEEDBLETH 5,
Flo. WMIEIZIBVDTIEZEIS Mg 2R, BBTHIIC My/My SZRIRDS | HiliEIC 3T
X Mg Z RN G LTV D AR RIS TV A[36], ZuH DD |
LG 11, MMy ZEAROEHFEIFETH VD . 73D My S SARVEEN 2> TepfE L
TWD 7O, W & AR ORWEH OB MBI SN LB bND, £ T,
EFFAEH 2 E BRI T 2720, ~ U7 A Z W7o MER 53 Wb & O I E % 52
i L7z, Z D55, xanomeline 134 EIZHER Wb Z Lt L7222y (K 17A), b&
Yy 1 TIOR3 LR baLd (X 17B), =7 A P LiciiT 23k
ERBRDBEMBRO bz, B=7 A PV TOREBRER T TEET S L.
Dip EbIbAEW 11 xanomeline £V & R WACEET 2 EEDN/NES N EEZ D
b,

BB, FHED 2 ) HEEWER CTH 2 R X ORGSR AEH 2 MEEd 5
7o A U<~ 0 A% VT —RIEIRBIZE & FEkii L 72, £ Ot J. xanomeline (100
mMo/kg) I TR A 5578 L 72 Do Te 3 i 5-4% 1 RFFIC B W TR IR S 58 0 B
oo —J3T. LAY 1 (100 mg/kg)idfetE, fREE BICHRE LT Z &b
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(#£ 3). MMy OFEEREZERSAIIC L2 2 &I K 0 REEOIRE R 78 1F ] 4 et
TE o ATREMEN R S Tz,

16 H=rAW¥

et FERE MERE EEER

Xanomeline 1mgkg 2/3 3/3 3/3 3/3
3mgkg 3/3 3/3 3/3 3/3

t&¥1 15mgkg 0/3 2/3 1/3 0/3
6 mgkkg 0/3 2/3 1/3 0/3

#2 W= AVNEHOZIEREZ( = 3),
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>

1000

o

o

o
L]

(o))

o

o
L]

WER Sy WA R (mg)
8 &
o o

o

LA 3 10 30

Xanomeline (mg/kg, s.c.)

YL 10 30

L&Y (mg/kg, s.c.)

17 Xanomeline (A), B L MEEY 1 B)d~ 7 AT BIT 5 MER W EIZ KIE T
e, (n=3-5), ***P<0.001 (Dunnett test).
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Xanomeline 100 mg/kg 0/ 3 3 /3 ()
300 mg/kg 0/3 3/ 3 ()
tEd¥W1 30mgkg 0/3 0/3
100 mg/kg 0/3 0/3

#£3 ~UREHAWE—BIEREZEMN = 3),

(5) /I

Ll b, RETIHESE OB L MM Z BRI EEIEE, B8 LM,
SRR AEBISE 2 O T TENEE 2 RN 24T o 7o RE 3. My SR EBhPE
2. MAP BBRICE W CTHBMHMBERIE 2T Z L 2L Lc, £72. My
ZRMEEMEDRE ) T - Th . My fFEIMED 587772 xanomeline & [RZEIZHUF
MRARIE 27”73 2 L 2B 52 Lz, —J57., xanomeline (23 W TR B L7 BE
FHEGHEIEN 5 V7 — DAL, My A REEME ZH5 00923 2 ik L
BEfFPUR MR 3E & OOFHNATRE CTH D FR R SN, Fo, My ZEMBIEEIE
EETRIC L2 Z L0, MofMs 2R IREENME 2 Tl L 72 2 & T, War:, i, 38
FOMERE & W o 7o A2 Y U2 B REERMEICER T 2 & B2 52 EITEH % [E
WE, FERFBMCTE %, W=7 A P ie & iz —fiE R 8122 CTRED
L7,
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HWoE afLrv—Fkv hEHWE

AP RERRE E T 7 L D /ER

Yivax Viran El=l==N

B1ET Ha

(1) FREMEREREE BT 2 WREE T L OB

A RKMIE I 2B A RERE E 1L, BE OHSEIFICRE B2 KT T
FRIERD—2ThH D (¥ 3), 1€- T, iBAIBERERE S O (3D THE R
BTH 20, BUEME A FTREZR FURS R ST, BRI I —E D F &2~ T —
07 TR RERE E 13+ TlE 72 [38, 39], Lol ZhETIZREh
TET oA ZE x5 & LI et it liatiR iz VT BRRBUGIZEBIT 2 FE
IO L CEEFERIRET T LK L CHEER 2 R 2 R HE STV D
[40, 41], ZD Xk oIz, FothEEE b b & DB THEOFENE D LT JRK D
—2L LT, b hORAEREE T > TV D IMERNL S RTEERT R E (PFC) TH 5 Z &
NEFONS (X18), e MEREMENHP) TIX PFC OFEENED Hiv, HEHREIC
Ji UM, PERES, 36 L OMREH & 0 T&E 5, — AT P > HEIT NHP
CHBE U CREMARBETH D Z LITMA T, HEEIZIS Ut s Rty
ThHY, LT >WEICIL PFC BHEIET DO E Vo i@im b 72 ST
HIEETHH[42], FEBE, 2FEMMICED S PFC OFIEIE, & b Tk 30%55,
AT HFNLTIEUNTHLDIZK LT, FoHETIX 2% L FTH Y, F oA
\ZF1F % PFC IX NHP [THANTRIEETH H[43], > T, T o wFAIE NHP &
(XA DR [E R CRIMSREZ EITL TR, ZhBNiTF-HHE e hOMT,
FREERERTAM I3 1T DA RN TEHE L TWD Z LIRS TWD AREMENE 2 5
b, LEDZ LD PFC MEEEREE DN FIN & 5 2 61 2 i AR REFE 2 D 1R
AT S LTI, FolEZ T TR, MEEN LV HEZEL TV D NHP %
RAWTIRREET M K D el 2 R 95 2 & 23, Ao e ~TOIEKL T
FEEZM ESELITEDICEETHLEEZEZ LN TV,
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(2) NMDA Z &R L 2 iR misrekE®E o A

Ketamine =° PCP & U 572 NMDA A ARHES (4 19) 1, & ANICRET
B EGRROEM, B, BBEER Y LV o oA RIERRER &2 Bl 3
LT ENMBINTVWS[44, 45), F7-. HBRREIEE I TEBOTRIERE R A A
BT 52 LN TEDD[38].FD 5 BIEEFE A FHI 7 5 n-back FE&EIZD
W, BREEFEN X PFC BERENN TLET 5 Z L N STV 5 [46,47], 2D XK
9|2 PFC HEREMAFRY 727 T & % n-back iREEIZ BT, ketamine [ &5 A2
T o MAR AL ST 2 & DB 48], A KIMAERE OFREEREREE L, PFC I
B+ 5 NMDA Z BEMHEEEIR F 2 L= 7L 2 2 U FRtiR I AR EE O B 1T N

LTWDHBEEREZEZBND,
Cl < >
N

19 \
Ketamine 35 X TN PCP D= / \

Ketamine PCP
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(3) atr~—tty FEHWZBa#EREETT L

NMDA SRR EFHIZ L%, PFC BERE iﬂ%@#ék%i%méﬂﬁ%%
FEEIX, NHP IZBW T HRIERICERZSND Z &@ﬁiémfwéwwu HE-
T. NHP Z Hl 72 NMDA = B RFE LA R B AP R R 5 £ 7 /L 1d, FERG AR
2> B ERIRERER ~ DR E LIFEIZ BT %ﬁaéé@%& ek 11 Dz d e
AHRINFTAIR L 720155 LB HVDH, NHP Z 2 2L E TOFREIBEEE
FHBTCIE, ZDEL TTAZFPALEZI LD E L KB ARHNL N TE 2,
LA L22s & KA TR D WS REETH VD . F 2B BRIC BT 2 B E 2
REZMHFE LY BEALAEVMOA T ) —=2 ZIRT 2 Z IR TH 5,
— T K20 RT LK) REAT /NS L THLaE L ~v—FE Y ME
BIRFH, S FRICE P L ELTERY ., iké&gﬁmﬂféwcﬁﬁﬁ
HEIEITNE . RED~ T 7 FNANHRDIENBO bLD, £IFREATIIV
k&égh%&£7~%ty%%¢%éh1kbwz5ﬂ\%%%%kbfﬁﬁ
REBRFERZBARTND, EFEOMBHIRY TlX, ZhETIcv—Fty F&H
V72 ketamine R FREIBERERE £ 7 VICET 2 W& T STV 7R,

- ISUIIEBICERTIHFHESIL

- EWRTVMEEOHEE (~500g)

- BITH. 2SSt T8HERT

o (FoERBELEL TSN FE
common marmoset « KBEHYILEHELTHRNLT L
(Callithrix jacchus) « S EHEMNTF-EEERE(~80PT)

« FSURDIZOOBEIRANTRE

20 aEFL~v—Fky NOEE
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(4) CANTAB % M\ 7= TEh 3P AT

NHP OFBEFSREZ 5T 2 TR N E TICHEE < HMESN TV D, il
ZUMEDOEVRREE T L2 ERT 572012, B P THLWHR TS H O LI[FE
BROFEEZHOCTHREAZERLT L ENREELNEE Z LD, CANTAB (X
21) 1% > F 3T WA Ny 7 UV —Th v | SLEENOEER
BERE, SEATHERE 72 &, 3 L 72 WERFNEEE R A A 0L U CIEZ @I TE 5,
% 2 EClE, CANTAB IZ3 £ 2 ZEMEERLIE (SWM) i Z W CORBET
NVONERL AR A7 (1K21), SWM FREITERRHBRICB W TR bBEHA ST 5
FREO— D> ThH D [54], MARMIELE TRV T SWM FREIZI T 2 BRI T 23
RO HITWD[55], £7-. SWM FREE L n-back #EE & [FIAEIZ PFC BEREMKTFH &
EZDHILTND Z &2 5[56-58]. PFC HREfEEZEE T2 2 L hdmE ST
% ketamine 723, ¥v—Ft v MZEBWTH SWM fHEICBWCREZEEZ T 57
REPEIZ I EZ BN S,

Correct answer Incorrect answer

3 F
: E‘%_ % ’%%‘3 %2

® 2, F-IFIMEDIEAFH(4 X4 cm, H)ZI0FBEIRTE
® 2 THEMZIEEIZAYFTE-0/. EME/FIOSND
o FyFLI-EEILEZA. 1RRICBERTTS

21 CANTAB © % v F/3x/b, B L SWM ifE D FIIH
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(5) BtExtito®E

JRIEE T VA ERT ABRICIE, B MR T IREICK L CeEER 2R 73K
(Bt iR) OFliZEMm L., FDOETNADO TR YL BT 5 2 LBk
TThDH, LNLRNRG, ZIVE CICFRABRER S 4 IS & L2 AN BR% &
TR, fEo T, AIFBET VT WTIL, RBEIHERERE S EH 2 g
TORENRE LR INTNAAN AL EET AW ETMT 5 2 L NS E
LWeEEZ b, BE1EIZBWTHWZLAAL ) UERIEIESHIETH S
xanomeline 1%, FE A RAHIE BE 12 1) D iR AR RERR & 2 0 L 7= 2 & S RMERT
L7201, FHx ORIEROBREND D B EH#EOBENDHE LI 20,
Z I TCARETIE, FARKMERE COWERET TRV ODOEL ALY —F
v hDO—2L LTEZLNTWVD K320 Dy ZRMEIEENHKZ V72, Dy AR
X PFC IZE W T Dy e AR O3, LT Y | Sawaguchi & Goldman-Rakic 13,
NHP (23 T Dy 2 BT 2 R T 53 2 SRR EREICIEEFE 80 b1
HZEHEHALMILIZBY], EHITHID T N—TIZ KB HETIZ, ~ D7 iz
BT 5 ketamine FHFHAFHELIEREET 4 D XA MFEZENSGET 2 2 L 2H 60T
LTWA[60], £7z. & b TiL Dy/Dy A MFEIR M E SRR IC I 1 % Bl
i ESH-0IZxt LT, Dy SR REIRMIEBSKITE Ch o2 b, {E
EBEOBERITIZEIC DL Z R EEN LTARIGEN TS L TS AEEER D 5
S LR STV BB
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UboZ Lint, REIZBWTERIL, BE C2UMEORWEHN R 2L
HZEHHME LT, v—Fky hEHWe SWM iREIZIIT 5 ketamine 5578
RIS RERE T T VL OMERZ AT, S BT, RFEET /M BW TH %
L2V EWE LT, DA MFEIETH 5 SKF-81297 (4 22) OIEM %
FREE L7,

HO

22 N H
SKF-81297 DA G
HO

Cl
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528 KBRS L UEE

(1) hL—=27

~v—Fky MO BREZETTELEOICTAHEODO N —=0 T 2w LT,
Mo—=U 7S NEL, ~v—F Ty M 2 REREZ EMEICFETTLHZ L0
TERPoTEN, F—= 7 ORKGEIC L0 BRI R A 12 B L, 3 EREIC
BUWTZLE L THEV success rate 2~ 9 K 912705 F CTHa L7z (FEREM) ., LA
BORBICHEA T2 T3 » AOMIMZE LT,

(2) Ketamine H&E DX E

I, ketamine D & OMRFEE T > 72, Ketamine [ ZMEEEE L LCTH AW
HILDTZD, RICEM D BREERIC X 0 5 A2 FAT T 22 < 724Ul success rate
IR T L, W BB R ENEE SN2 &1t/ 5, - T, ketamine
DOIERNMAGE L 720 Z L ZRET D720, MEMER %2 TE 27200 HEBR L= 50
TR % 266 L7221 X7 5720, Ketamine Z AN 5- L 7= 30 /07412, i
ICRREND LHELMMD &V HFEE (1L XERE) 2 1038 7E kL, Zhz
15 S UNIZTER CTE e D5 THE L TRV IR LFIHMEEZIT 72, & 4 1R
koic, B CTELERKHAEEZEMEKRICEIT D ketamine & E5EE Lz, 20O
O ketamine HHIZ XV | EHIZAFKEBEOE TS LD L L7273,
PE5. 30 DEICIZNE L, 2 To~—Fty M, 1 MEHEES 1374 F
¥%) 60 FPLANIZEAT LT- (38 4), 7238, ketamine $& 5% ££ 9 BT 1M 0 1
[B] FEhE L 7,

(3) 2 XERBEIZEIT 5 ketamine 35 L Y SKF-81297 D1EH

F 4\ TR E D HED ketamine, 3 X O SKF-81297 Z AW CRHli 24T - 7=,
ZOfEFR, K23 1RSS5 & 212, iiEES 63 (X 23D) 2Bk < & TOERIZE
VT, ketamine (2 LY 2 XTERREEIZ IS 1T D Success rate WA EICIK T L=, —FF
T. ketamine |2 L 0 B REREENEE SN 4 HOH B 2 BHIZBWT,
SKF-81297 3 mg/kg |2 X 2 A BERSGEERARD biv/-(X 23A, B), £7-. fE{K
% 205, 206 IZBITHEES, £NEI 3 £721% 10 mg/kg @ SKF-81297 £ 5-
I & o Tt & A AR S (K 23C, E),
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A No57T 4 D No.63
100 100 |
= =
= 80 =~ 80 | T
S 60 S 60 |
2 40 | Sk £ 40 |
O o
2 20 f 5 20 |
2] w2
0 0
- SKF-81297 " SKF-81297
s 3 mg/kg VA 10 mg/kg
Ketamine 2 mg/kg Ketamine 1.5 mg/kg
B No.174 E No.206
100 [ ) 100 ¢
= = T
~ 80 ~ 80 r
3 3 g
S 60 # S 60
@ 40 | 2 40
8 w0 | ke S 20 |
t t
0 0
e SKF-81297 . SKF-81297
LS 3 mg/kg s 10 mg/kg
Ketamine 16 mg/kg Ketamine 16 mg/kg
C No.205
100
=
‘; 80 r
T 60 | *
w
o 40 |
Q
5 20 -
n
0
. SKF-81297
e it 3 mg/kg
Ketamine 14 mg/kg
23

2 HEREIZ BT 5, ketamine 7R AMERERR F 2 x4 5 SKF-81297 DEH
(n = 5-6 per marmoset), *P<0.05, ** P<0.01, *** P<0.001 (paired t-test).
#P<0.05 (paired t-test).
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Success rate (%) 0 Success rate (%) >

Success rate (%)

(4) 3XEHEIZEIT 5 ketamine 38 L O SKF-81297 OAEH

Success rate (& ketamine {2 & W 2 TOFERICEBWTHEEIIE T L (X 24),

& 512, SKF-81297 3 mglkg % #5- L 7= 3FA TIZA T OEKIZ BT (X 24A-C) .
10mg/lkg Z#&5- L7 28ECIXED 9 H 1HAIZEBWT (X 24D) . =N ZENHE7R
CCEEA NGRSO bz, 7Y @ 1HEHICB VT, SKF-81297 (2 & % de (#7352
Doz (¥ 24E),

100 r

N B O @
o o o © o

100 -

N A O
o o o o o

100 -
80 r
60 r
40
20 r

No.57
#HH
r
F
. SKF-81297
PRI 3 mg/kg
Ketamine 2 mg/kg
No.174
r
#
*% -
. SKF-81297
ES 1 & 3 mg/kg
Ketamine 16 mg/kg
No.205
#
*%
. SKF-81297
ESL & 3 mglkg

Ketamine 14 mg/kg

D No.63
100 ¢
=
=~ 80 | #
2
5 60 | [
2 40 | *
o
5 20 |
(5]
0
" SKF-81297
R 10 mg/kg
Ketamine 1.5 mg/kg
E No.206
<107 P=0.053
< 80 ,—\
2 il
< 60
s *
2 40 |
O
5 20
w
0
N SKF-81297
VI 10 mg/kg
Ketamine 16 mg/kg
24

3 XEIREIZE T 5, ketamine F5¥EE0
HIEEREFE 2% 5 SKF-81297 @
YEf(n = 5—6 per marmoset),

*P < 0.05, **P < 0.01 (paired t-test).
#P<0.05, #P<0.01 (paired t-test).
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(5) 2. BLO3XEFREIZH T 5 ketamine 3 L ¥ SKF-81297 DIEH D E & o

EEEROEREZNENEET D E, WTHORBEICBWTHLHEER

ketamine (2 & 2R FniEREE FEEIFEH. I L O SKF-81297 (2 X 2 B FH 338
D oHz (X25),

>

22X T i eH B ST i
100 100
S 80 | i $80 ¢ o
@ P -
= 60 = 60
- -
§ 40 § 40 *k
520 5 20 -
w2 w2
0 0
i SKF-81297 i SKTF-81297
NI LS
eI Ketamine ey Ketamine
25

2. BIO3HEHEIZHIT D ketamine 7R HBERER E (2%F 9% SKF-81297 ™
TER OFH(n=5), ** P<0.01 (paired t-test), #P< 0.05, #P< 0.01 (paired t-test).

(6) ZDOMORER L HE2

FAITREIND L HIC, 2TOEKIZIBWT ketamine (2 L % 2 XEHEICE
I+ % accuracy rate OFH BE/RE TIZRBO O hoTlz, L L7 s, 3XEHRE
(ZBWTIE 5 A 3 BB W THERIEK T AR 6, & 5T, SKF-81297
XEARE S 205 ZBR< RTOEKFICENTHERICEEN 27 Lic, £,
ketamine (XM FRED VT H0>, F 7T T2V T, 4 51D omission DIEBL L H
BN s Yz, — T AEMEATEORGITEEE 5 206 (ZBWT DA,
ketamine |Z L 2 A BEARHIMNARO ST, 1RITEZIELLS 5EFTHETICE L
R, & CoOMEKIZEHB VT ketamine 12 X A EE N RE TR iz,
SKF-81297 1%, fE{ARE 5 205 LIAA OfEAIZ 35T ketamine (2 L % omission D
Nz U F 72 8RS 206 (28 1T D N IEMRATE O FIE O 2 16l L7z,
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S 5T, SKF-81297 3 mg/kg #5417 38HD 9 © 2 BHIZF VT, ketamine (Z
£5, 138172 E L B&T 5 FE TICE LR O EE N EME S vz, Joalk L7z
E921Z, R41TH D ketamine HEZ G L7ZFRZ, WTFOREIKIZBWNTS 1
MFREEZ TR TCE I 2BET 5 &, RRBRICB W TR D L vz ketamine
i FE RS B RE R 1 X ketamine DKM EIZ L2 b D TIIZRWEB X b £,
BERORENZ T L L5 LT HEMS ketamine IZE DV EUR L 2o 7o 2B 2
bhb, UEDZ s, EFHiIv—Fy b2HWERTEMRICE VT,
ketamine |JGEEEREIN T IZ S < L Z B T 5 Z & 7o < FRAREREIR E
FRLIZZLEER LT, 51T, ketamine iR REEAERE E 2% L T Dy AR
TFENE S L 2 "4 2 L &2 R L7z,

REIZBW T, EAER T ketamine O &N R > 7-HAIIARHATH 5,
ketamine (XX 52 KV MPEZ BT 5 Z & G STV 5[62], AERIC
FUT ketamine |34 1 [ &V 9 IR W GRIRZER T2 OO, D
TR D L3 SI2B T D IEIRZEN ketamine O fiii F B DEMZHH LT\ 5 A
REPEITME TE 220y, £72, 2 MEEICIVW T SKF-81297 23 A B 7Rt EM &
A LD 2 HOERIZIBNWTOHRTH o7, 2B E LT, 2 NEREIT~
—Fy MIEOTERGRBEETH 727, KFEIZEBIT 5 ketamine 753
1%, SKF-81297 OUGENEH A FHIi C & 213 &+ E K S g - 72 FTReHEDS
Bz obihvd, EEE. LEEIZIVT ketamine (2 X % Success rate DA H 72K T IEER
D HNT, T2 2 MIZHVEIC I T % i G- D 5 BE O s 0214413 85.8 + 2.8%
&L 3XIEREICR T HREE (67.2£2.3%) LV bEWVEIE TH o7,

41



(7) VEHA I =X LDOHEE

PFC (2B T DRI, 7 v 2 VERIEEMED LM A & . GABA 1EH)
PEOIHIEA T DO/NT o 22 L0 il ST %, Ketamine % &7 NMDA 2%
IRPH ST, ARG = L 0 b GABA {EEIMES T TEMRE F D NMDA 32 AR 12358 4R
FINCAERT 5 Z &N HTH D [63]. £72 NMDA ZAMERHEIRIZEY 7 v b
DEEEBIZBNT I NE IV BOWEREN TLET 5 Z & BHfE S v Tuv4[64, 65),
Z % NMDA Z B RPLESRIC X 5 GABA TEEMARE OIHIIC L 0 R EIE O
BN ERE SN2 ERNRERTHL EEXLND, — T, BEREBRICBW,
THEAKIVERFE O PFC 1281 5 GABA {EEIPEMIR OMEEIK TR0 b Tk
D [66]. FEAKIMIEBE TV CTHEEM:, B XOMEMEATI DT AR RTZh
TWRWZ DR ENDG, UEDZ Ex2EET5H L. GABA 1EEIEITEMEE
ORERBIR TIC K D Fl7e 7L & I VBIFBIWEMERRIEDS . HEE FHIE D FIE A
N=ARZHE L TODLAMEEERE 2 6D (X26), £, fEHIFIMEEE1T
STEHEIC L D & DI BRITPFCICHB W TR 7 AMEIZHEL L TR Y [67].
BIOWGE 7 N—T 13 % O Dy SR DOBRIE(IZ L 0 7V & X O BEBE Hnf &
N5 EEHALNZLTWVS[68, 69], ZNOHDOHENDL, REIZBWT
SKF-81297 1% PFC (21T % ketamine |2 & % 7 /v % X U ERIERE L 240 L7 =
L2 X V| ketamine BB FRAIMKEERE E 2 g L - vREMER B 2 b D (X 27),

(8) /&

LI b, AETIXZ CANTAB IZE END SWM ifEZ W T~—F& v b O§RH
FEREZ BT L7245 8. & PR X OO NHP L REERIC, ~—F& v MZBWTH
ketamine (Z X D EENEE IND Z &2 WD TH O NIT LTz, & BIZFRAEEES
BEHZH T2 REMENTRIB STV D Dy AR IREEIEEN, ~—Fk& > bk
FAREEAZWET A EER LT, ZNUHOHMA, BIW, ~—FE v MZ
BOFNNES T, RELWHRYERBIIVETHDI L VWS FEEEBET D L,
AREIZB W TR U 7= RS RE R = £ 7 VIS CHRMAM TN R & 20155
NN 3= g W el
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-Ketamine!Z X 2 iR E ¥ D R 5 -
GABAIHI% O BB

@ S AN
Gin @
@

BR, EE»5O
TN A 3 FRVEEN AR O PBeb

NMDAR

Ketamine

|
® wrn | 11 11

GABAfEENMEM#R T IVARTE

D Ketaminel. #ifiltEwRe T & 5 GABAEE) M
Rt _E ONMDAS: AR 2 B I Z R ET 5,
@ 7 NF I UEROWERER TLET D,

26
PFC 1281} % ketamine DEEINAIEH A =X A
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-D, X FEENRRIC X 5 EEA-

SKF-81297

©)

B2 T FNARED
E#AL 1 1

@ DyZ IR T 7 AEICRIT 5,

@ Dy BWIETE(LIZ X 0 7V 7 I i T e
I S D,

27
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H3E arwrsv—Fky hEHWE
HEEARY T AREETT LVO/ER, BIO

FEEMBRARIR 3L lurasidone DO YEF K3t
F1HE Hx

(1) BFEANRY N7 AEEZ B ILYRITRD b D iER
HPAEA~Z b7 ALfEE (ASD) 1%, thatEomE snalia=r—ra v
BENCPEENRO N0 | IR CTHEEOHPHDR O N TATEZ R->720 7
HZEETERFMETOIREREO - THDH, KERBMHEFLITL VBRI
N, BHEBROZEDETH S DSM-IVIZEUW T, ASD [ZHEFE DHECHIE
JEIZIE U T 6 D X 52/ STV, 2013 FFIC¥E S 17 DSM-5 ~D ik
FICED ., 20X R AMESIANMERERE, 7 AL —ERREE Vo T
SPRAITBELE S 4L, ASD ~ Lt Sz, DSM-5 2k 5 & ASD IF&R 5IT/RS
DROBRBMEREL o TS, ZOHIT TA2, i & DA RIZHW B LI
Sala=r—varolEE) L0, ZICBEEL T, AEARNY
N7 LEEZBSILSIE (ASD ) TIIHRRAIERESR (QVA) &) Tl
FLLHIEMEFEREZR S LIEATHZ &) LERINDSHATENC R
MRD BHND (1% 28) [70-73], hIRICBIT 2 SREREDIME L 72D IVA IZIX[74,
75]. @72 responding to joint attention (RJA) & REEIAY 72 initiating joint attention
(NA) D 250N H Y . 24 H OTENIER RIZHB W TERENA %S
RoD X 21272576, 77], RIA &IiXfth#F OMHAR, BEHES,. B LU LT
BZBEL, TORICHHIHE~OHELELGT L0 NEHT., —FH T, DA L
XL A OBR A F L IH T 272012, BBROXG L e o> TH WK
IRESNERMIRELEZITORIDOZ L TH D, THETIZ, RIA X VA H#E
Z a9 5 RERIC IV T, IR & Hele LT ASD R TIIRR OIE T 23380 b
D2 EMME SN TEY[78,79]. b DEEIL ASD OHIHIZERD b5 JkE
ThbeEEZXLNTWA[T2,78],
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UTOABCDZi7Z LTS Z &,

AEEHa 2= —3 3 B X O E BRI T 2 ik ik E

(L FO3RDFFHTREND)

1. fhary - R AEROREE,

2. MELEORWICHWONLIEFTENII o= — 9 VOREE,
AR FR S O F N BABRME D 38 = OHE R O FEE,

B:[RE SN ET AN DOITHE), Bk, EH) (L0228 LOFRETREIND)

1. WIRACREN 2 EBEMESCHEROFER. &5 VIEEE L,

2. A—M~DZ7Zb, HEBE~ORGBEO N WEHE, 558 - FES
B RITEN N F —

3. BHE - ELSSHRERFICHS TREMNTHY ., BEINTBIEND 5,

4. BEANDNCHT DBUENMED D5 WDIXEUENME, H 2D WVITREICE T 5 BREIC
*t9 5 g B L E B,

nuu

5 Lo

CHERITHERYOEM THLTHIT L0, BICR-THLNIRDZ b DL D D,

DEMRITMH SO EZDOMOBEEREICERREELGZEZ LTS,

#5 DSM-5Z31F % ASD Ozl i

X 28 JVA OREEIH
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(2) AEEANY § T ARERETT LOBLIR

ASD VTR DR ERHFIIASM A SLICB W TE KRR L 258, ZhE
TIZ ASD O FEJEMK A G & U CARR SN2 FANIAFAE L, ZOFK & LT,
ASD DIFRTEA I = X LN ETEMA I N TW2WNWZ Ei2ma T, FomfEE Huv
72 ASD JRREET MZBIT 2 9 MENEE DR TR THL Z ENBEZHILD,
FT. ToWETIHIRA ONAITEORBEICRARN S L Z L ThHh D, EFIT-
WA HNZASD E7 /18 LT, AT aBaefb SNIIERT v Fov b A
L7fFR LI LIV SN TV A[80], Ziude Mo\ T, A VT |
BRIZHEFE S5 & ASD OFJED A7 BN EFT 5 LW IHHBFICE SO TERI S
ZE'TINVTHDHN[BL. EDOETNEWN, THROBEEIZEST L, GV EIRun
EOERDTZ 0 LT 2SI EEORIEE L TR Y, EBEOEE TRD
HIVDIER E1X R D, £, ASD RIZBWTHED LN D IVAREE L\ o728
MEATENRY 2, TomEZHAVWCIRA D Z LIZREETH D, —FH T, E%EK
3 OREFIRIZ W T, IVA FERHIZTE A PFC ORRTE(E23588 B 415 DIk}
L[82, 83]. ASD 2 Ti% PFC #&REFEE DGR HivH Z L 25 [84]. ASD izku
T IVA DIER 72 FERAREETH HFHD—> L LT PFC ORERERF M EHI S
Ho EIZAM, FH2EIZBWTHImRLZX 512, Fo#HEHD PFC 1TAR¥HZ=ET
Y [42,43], PFCHEREEZIFIE L LB Ll xR#E<TcH 5, UL EOHER
Mo T o WA WO R A S &2, ASD IZxd 2382 THIT 5 2
CIZIEBRBARNS D EEZ NS, —FH T, TRNETIZTF N D=7 A7
b, =R P E Vo2 NHP 1 IVA (RIA) ZFEITARETH D L@ ST b
[85-87], VA D X H1Zk b & NHP & Tl L CH LN ITENZFEZIZ2 L T, PFC
DIFZENFBD LD NHP ZH W MGEE2 35 2 &id, FodfEs e hEDORT
TS DRERZBESTDICHEETHL EEX NN, F2ETHWaEY
~—E& v B IVA ZEITHEETH D NI OV TOHREIT /20,
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(3) NMDA ZAMHEEEIN FICER LIZABIEARY T ARERETT LO
=

B2 Thimit L72 L 912, NMDA A ROBERER F ITH A RIEICBE S L
TVWDZ ENRHEINTWVDEN, TEFETIEZND ASD IZH 5 LTV 5 ThEdE:
PR SN TN 5[88-91], £7-. NMDA SZAMBLERR L, fH BV THEK
D ASD HEIEIR 2 A L[88]. & H1Z. NMDA &K positive modulator T 5
d-cycloserine |3, ASD €7 /L~ A Tdkh % BTBR T+ Itpr3tf/] ~ 7 A2 THEE
HIFEMEELZ G E L MESNTVWA[91], 2Dk 52, ASD & NMDA %
BIRHEREIR T OBMRMEN R RIR S N TWD Z Evh, NHP 2495 NMDA
TR EIE 512 X0 VA BSRERRE TR DD DO THIUE, Y% IR0,
FHB L O RM A4 2 A9 25 ASD OFFIEET MR 5 Z L sn s,

(4) BtEXxTER O E

7= 72 ASD JRHREE T L 2 /ERT B BRICIE, BMERTIBOFMALETH D, L
UM S, ZHVE TIZ ASD O FHEIER 23 & L 72 FANIBATE S Tuvian
ZEnb, ASD DUGEIZEN D EEZONDAIEHA D=L EHT H{LEHD
R A ATV, ORISR O Z YA RAET D NER D H, FOF G/
MD—>& LT, 2010 FIZ FDA [Z7KER S 7= HUEARiSE T d 5 lurasidone 2355
Fons (X29), FEENFTRT DHEMETIE, ~—Fy P2V TITo 72,
PFC BEREMAFRN & B 2 B 5 iR FFRERHNERER (2 5 T lurasidone $25-12 L 0
AR B U722 &[92, 93], /o, v A 7 u X AT U U REEZHWEER T,
lurasidone 1Z 1T > DO REIZH T D 7% I Vgl E TLHE L= Z L2 L
TW5[94], Lo e, 72 I g NMDA S RIZ/ER 5 AR
RIGEME TH D &R Eai BRI IEIZ % & lurasidone 7% ketamine 753§
IVA BEREREE 2 8GET D AlREtEnN B 2 b b,

LEDZ L KREICEBWTES L, £ill, BIOEMBEEZEEO R
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SR AR T AL ABNE LT, ~—F v h& AV ketamine % JVA
HEREREE T T L O/ERI AR AT, S BT, ketamine 5% JVA HEREREEIZx1 5

lurasidone D1EM Z #RGIE L 72,

S
) X 29

(\ N N Lurasidone O
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2 REREIRB L OB

(1) ~—F&v MIBIT S IVAERED 1

IVABEREZE T 272012 30 IR THEEAFR L7z, ZoEEONMEIZSH
5HACOFEIITESRY AT 6N TEY | FHMiEIZ~—FE Yy h~DAEKE L
T, EfOFICRHEEL, SHREMITS, ~—Fky MNIZOHOEZIT L &
WAL D (K31, v—Fty "M AR5 D £ TICRIEMDF % B
Fz AR AR LC, IVARSREZ A a7 b LTz (IX32),

30
JVA BRREHI E %< & DA (X
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A7 10 | 3 1 0
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' EfE .. .<A>
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9. ANOFEIZL D IVA A7 DEWEIRIEICL T, v—F& v bl
? NHP & [FIERIZ IVA BEREZ BT 220 EE L7, K33 ITrnT L 91T, fRELR
R W T=AKIZ LY, AROETRE Ligholz b T LR L TR TITH
BlICEH L, 72, AKOEI RPN L O R o 7 IIHIRHE L 1ZIERZ%ETH
STZ b, ~—Fk vy FHo NHP & RERIC IVABEREZ A L T\ D Z &
REINT, Rk, IFHEIIE N RS ISR A BT RIS R S o AT
THY, UTOXIICEH L,

10(1/4) + 3[(3/4) x (1/4)] + 1[(3/4) x (3/4) x (1/4)] = 3.20

10

Score
(@))

BA Y BRI

33
AR O EDENT K D gD Z1E,
**P< 0.01 (paired t-test).
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(2) Ketamine # % JVA HERERRE 12 %195 lurasidone D1EH
F6ITREINDHED ketamine T 5LV AEIZIVA Aa 7 NMEF L (K
34A), F7-. ketamine ¥ 5 IZ LV A TOREICB W THREBEDE TOHD

DEREDHD LD, f’ﬁ i%h%@ﬁ%b’ﬁﬂj IFE Lk LTz, — T,
lurasidone (3 ketamine 53§ JVA BEHEREE 2 A B2 L7 (X 34A), 7285, I

P PR L lurasidone/ketamine ?ﬁ’%ﬁiwﬁﬁ IHBEIRD NN T, £,
lurasidone DAEHFHAMICIZA) 3 22 H 22 L 7225, %@F‘aﬁ@@ﬁ;‘;xﬁ@%ﬁ@x aT &
AL B LT EI L CTH LR, MM TAERETRO bNRn o7z
Z LB (E 6), EERHAM O ketamine X° lurasidone O EHK G1L, K~—F k&
>~ basal score [IZFEE Lo To B2 bild, —J7 T, ketamine &5 FEFEE 2
%9 % lurasidone O/EHFEBIZ W= 588D 5 5| 2 BEIIBEICHI OB I L T
W7z, F& 0 o 3 8E% FH\W T lurasidone B PR 512 K D VB & BREE L 7o AE 5L
VA 2 a7 OFE 7 EFITRO 52~ 72(K 34B), 76~ T, lurasidone Z 41
HARIZ IVABSBEO TUEER TN B 2 s, UL EDOFEEN S| lurasidone 73
ASD JER DD 72 < &b —EBICH R TH D eIV RIR ST,
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10 --No.1 -£3-No.2 -A-No.3

—*X-No.4 <-No.5
8 L
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o6 T
0]
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2
s ptt Lurasidone
L Ketamine
B 10  ‘BNo.2 -%X-No4
—~-No.5
8 r &
v Fr-—I%
O 6
(&)
(0))]
4 L
2

A% Lurasidone
34
JVA BREIZ BT D plfE, (A) Ketamine 753 JVA BEREFEE |2 %95 lurasidone OEH
(n = 4-6 per marmoset), (B) HELLiE~—F& > MNMIEBITDH JVA BEiEICKT 5
lurasidone ®{EH, (n = 4 per marmoset), *P < 0.05 (paired t-test) ##P < 0.001
(paired t-test).
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Treatment (mg/kg) Score when administed vehicle/vehicle

Subject No. Age Sex

Ketamine First half Second half P
1 7 & 10 8.98 (6) 9.08 (6)
2 7 9 1 8.28 (5) 7.91 (4)
3 4 45 8.17 (6) 8.60 (5)
4 7 9 3.5 7.03 (5) 8.20 (5)
5 4 A 2 6.43 (5) 6.94 (4)

Mean 7.77 +£0.46 8.15+0.36 n.s.

* 6
AREIZBIT DEAEIRIDO E &0

(3) Ketamine |% JVA BEREFF FAYICREE 23578 L 72>

Ketamine 12X D A a7 MK T L7223, Zuid IVA BERERF R ZREE L v 9 &
Dh, HALESCHEEMIEDORE L W o 72, IVA HEREIEE R 2 ERNCE R
LTWDREMELZE 2 bND, b LAEPREATHIIE, AREFERE L0
Ra=r—varEEGERWERICET L CREORERZ I3 5 & | ketamine
BeHIZE D ZAa T MK T LAWnEEX L0, BRENERKETH D 72 5 IR
DR EFERT H L AaTIFERTTL5EFPHEIND, £ T, VA BRIZEBIT
% ketamine % A 2 TR T IIEEZ & TiEZR < VA BERERF R REEICL D
LD THST-DONKRFET D72, HEELLEMRORD Y IZ, FHiEHELDa I =
== arEEERVAKE L TERE S L3 2 T ketamine 12 X
D227 PMETT 2GR L7z (K35),
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35 EEERZRRE L7 E X

Lurasidone OFHIIZ V= 58ED 5 6 1 AT FIEEZ 8 TEX o 12720, AR
RBRIIIERA Lo, £, BRICED2AMOAMEIZL D 2 a7 OEWIC
DOWTHGELTFE R, AXZIR Lisho7o & LI LT, BERICL 26K
EIORTHEAITIIAEICERS L &6, BERL RS LSO E FEEIC
AEE LT LTS Z ERRB I (X 36A), £72, ANEL DR 371X
HHFEEIZERETH o7, —FH T, £ 6IRINDHHED ketamine #5012 &
0., AT OEEREIZRD bR 7-Z L5 (X 36B). ketamine (1=
RVEEHRREEZ R L0 TR <, IVA BRBICREMREEZFER L Z
&R ST,
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axAEY BREL

B 10 - ©-No.1 -£+No.2
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YIS Ketamine

36

BIHRORITZEKE Lz & & DR, (A) BRI ROFEDENICLS
AR DEAL,  (B) FEEREAATYE 2 /- ketamine DIEARFHn = 4
per marmoset). ** P< 0.01 (paired t-test).
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(4) Zofh

RIAIZ WA & & HIZ ASD OZENIEH I THE Y . RIA ORI PRI
WO LR 72D HEDOD[78,79], RIA bR 18-24 /A £ TOREICIK W T
ASD OZWiEE LTHEHTHD EEZX BN TUVH[95,96], KETIE~—Fk v
Y NA ZEia[RETH LN AR TH 7272, FH 1T RIA ZHk L 7= 3Ffi%
BRI LT, —F T, ZERAHWE~—Ft v MIBEHEBRTH O LYIRIC
YT 5FETIERWn 2o, IVA REBRICHWDIZIIFE L RV ATREEEH B 2
LD, LLns6, ZHE TICHE SN TS NHP Z 7z VA 5Bk & 1
R0, FENER LY TTODOITEAFEEDO VA EETHY . AEICKIS
HEEITHRBIEIC L DD TIIARANWI Enh, AR TER LFEE T L
I RHEETIIZRNWEZE 2 DD, o, EFIRE ASD IRIZH VT RIA ORHRIZ
HEENBDOLNDHOD, VA ITBITFDREDE & g3 5 & IEFIT/hI N
[78,79], Z O#EFIL, ARZEIZI T ketamine 12 L5 VA 2 a7 DX FIEN., A
BETEHLEDOD/NEDoTot W IHFEREBURL T D008 L7y,

EFIL, IVA BEREREE 255569 5 72912 NMDA ZAKFLESRTH 5 ketamine
A L7, Ketamine [ZREE L L CHEEHSND Z LD | 5 2 7 L [FIERIC,
AIRBZR R O R ERIC L 2B L PR T D ME R H o T, TDTod, RETILS
FURNIZ LBy a vy EEFETE 5 X9 7 ketamine O KAEREZER L, i
Z SR O o & & L CLAEORERIZ V-, ketamine ¥ 5-12 X 0 Bi{ENFEIS
(72 o 7=, BERAZAK E L CTHEH L7ZBRIZ, ketamine IC X2 FHER A 27 DK
TR B o722 LD ketamine (2 K 0 B SNZEMEREEBIZA 2T I
WL RIS 2ol EZ2 b5, Ketamine EDOIRER. TIHAIIZ IVA A
AT RIETERIZOWTHEEEFHMTZEfm L7 2 A, Ky a s ickid
HAATEMLT L —E TR o 72720, FHITL ketamine #5-% £ 5 BEDORE
izl &b 4 FFOHEML, 26 E2FHT 5D 2 & THEAOIER % T
THZ L& L, BRWEOIEM 23 i L& 2 5 % TICKR A2 525, IVA
FEREDFEATIX PFC ORRIE(L & BE L CH 0 [82,83], £lo~v—Fk v MIESEIC
FHELIZPFCZALTWND Z Enb, ARBRIZI T 5 ketamine 5558 JVA FErERE
EET VIR SRS 26T 0WETT L ThHDL BB,
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(5) fEHAD =X A

Lurasidone (% Dy 52 AR 5-HTa T AIRTZ 1T T < | 5-HT7 S BER 5-HT 14 5%
BRI HEOVEEBRIMEEZE L TS Z ENFETHDM (K37) [97]. 2 E
TIZT v MZEWT ketamine AWM AR ED 5-HT; A MRIEHIEIC X
NELETDHZENME SN TND Z ENDB[98]. AEIZEIT S lurasidone Dk
EF S, 5S-HT ZBRESER 2N L CW A AREMENE X b D, /2. ST
HERE RG-S NTIEIRT v B A LTFIZFE D b B S rM AR E T,
5-HTia SAEEEIKIC IV UET 220 ) 2 bfE SN TN D Z & 225 [99].
lurasidone 23 3 % 5-HTia TR MIEENME S | IVA BEEIZH T HUGEEMICH S L
TWDABEMEDVRIZ XD, L L7 5, lurasidone DYEA A 1= X L&
PITT DITITE R DREEDLETH D,

Hi

5—HT—; D 5_HT1A D: D, &> D ¥
Vo Ty } "
01 syl 1 10 100 t 1000 10000
9-HTy4 5-HT2C K: nM)

37 Lurasidone O FKBFINET v 7 7 A )V

(6) /NME

ULE, AETIZE FOMO NHP &L [ERRIC~—F v b IVABEREZ A L TV
HZENREBEEINT-, X512, ketamine 1% VA HREZ BB AICEET L Z L0
RIE X4, lurasidone N DfEEZWEHETHZ LA LNICLEE, v—FE Y |
MIVAZERTEXH L BIORv—Fty MIESLT NHP 2 iV 7~ JVA [EE
TFNVEER L REIIZNAD TTH D, Ketamine 25 Shiz~—%t
v MZBWTIVABERED B L5 ASD R EJERI L 7-ATEMRO b= Z &
BLIO®~v—Fty MI PFC "B ELLEMETHLZ D, KEIZBITS
ketamine #78 VA #EREREE 7 13, ik L OMERME S 4142 A3 5 ASD
JRRET T /L & 72 5 REMED RIB S Tz,
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1.

My Z FE SRR BEEHZEAY, MAP 3BR 25\ T xanomeline & [FIRR I HURSFp
PRAEH 2”4 2 L 2B SN Lz, 72, My/My AR IRAGER R Eh 213
My Z FARVEBNME AN ER 43 CTdh - T H xanomeline &[RRI HURS MR TER %
AT EEW LN LT, 51T, xanomeline (23N TFR S b V- BEAF3EGH
B LT —OREAIE, MMy SRR EBIEE T My 28R
{E® % xanomeline & il L THAAIIC L2 Z LICR VRO e o Tz
AREMEZ 7R LTz & & BT, MofMs ZARIEEIPE D TEREC X v IR, FiiE, &
FOWEHE & Vo T RIER & [, F 72138 C & 7o et 2 R LTe,

CANTAB ([Z& £ 5 SWM i EZ W C~—Tt v N OFRIEHRE 2 37 L
TefESd, B FB L UMD NHP L [EERIZ, v—F &y MIEBWTH ketamine
WX VBEEREEIND Z EEZHLMNI L, & OIS EGEER A
THAREMED RE S VTV D Dy A RIEEHD, ~—F & v MIBIT DA
[EEAYET S EH LN LT,

FEMER LI ~—F &y FO IVAKEZNET 2700 E 2 HW\ T,
b RO NHP L FRIERIC~—F Y FH IVAEZ AL TWLHZ 26
M L7, & BT, ketamine |3 VA BEEE A2 RFELIVICRREE 35 2 L DSR2 S 4,
lurasidone N E DfEFEZHHET L L 2P LMNI LT,

LB, 81T MUM 2R ARERIRBGER T EEN RS . BEAF oMt & I C &

2 B R 2 E R O A RIEIG RIS VEL 2 L BLU~—Tt
> SRR REFE ERC ASD & W o TR W T, RUMEE AT OWEET L
DIERICA M TH L TREMEZ 7R L7, ABFFEORERIT, B LUWIRIREEA KD 5
VTN D PARARRR R BIZ IV T . E OBRZE 2 %M L9 2 A i 4 2k
LbDTHD,
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FLIPR experiments for muscarinic M;_s receptors

The calcium mobilization assays were performed in CHO cells with stable expression
of human muscarinic M;, My, Ms, M4 or Ms receptors using a FLIPR™E™?* System
(Fluorometric Imaging Plate Reader: Molecular Devices Co., Sunnyvale, CA). In the
case of Gi-coupled receptors (M, and M,), Gal6 proteins were also co-expressed to
increase the sensitivity of calcium signaling. Briefly, cells were plated at 20,000 (M,
and M) or 40,000 cells (M1, M3 and Ms) per well in 96-well plates and allowed to grow
overnight at 37 °C. Once the cells became 80-100 % confluent, 100 pL loading buffer
containing FLIPR Calcium 4 dye (Molecular Devices Co.) was added to each well and
incubated at 37 °C for 60 min, according to manufacture’s instructions. In order to
determine the agonistic activities, 50 puL of the assay buffer containing test compounds
was added to each well. And at the same time, the calcium response was monitored on
the FLIPR™"**. Concentration-response curves of agonism on Mi.s receptors were
analyzed for each compound. Results were imported into Stat Preclinica (Takumi
Information Technology Inc., Tokyo, Japan) where the curves were analyzed by

non-linear curve fitting and the resulting ECs, was calculated.

Animals

All animals were housed in a controlled environment (23 £ 2 °C, 55 + 10% humidity)
with a 12-h light/dark cycle (lights on at 8:00 AM). They had free access to food and
water unless specified. All procedures related to housing conditions and care complied
with the institutional guidelines of Sumitomo Dainippon Pharma’s Drug Research
Division. All procedures involving the use of animals were reviewed and approved by
the Institutional Animal Care and Use Committee at the Sumitomo Dainippon Pharma

Drug Research Division.
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Drugs
Compound 1 was dissolved in a small amount of 0.IN HCI and then diluted with

saline. Xanomeline tartaric acid was dissolved in saline. Compound 2, risperidone and

haloperidol were suspended in 0.5% methylcellulose.

Methamphetamine-induced hyperactivity in rats

Male Sprague-Dawley (SD) rats (Japan SLC Inc., Shizuoka, Japan) were injected with
methamphetamine (1 mg/kg i.p.), and individually moved to clear plastic cages.
According to the methods of Ishibashi and co-workers,[97] locomotor activity was
measured for 80 min from 10 min after the methamphetamine injection (Supermex ;
Muromachi Kikai Co. Ltd., Tokyo, Japan). Compound 1 (1, 3, or 10 mg/kg s.c.),
xanomeline (3, 10, or 30 mg/kg s.c.), or vehicle was injected 30 min before the
methamphetamine injection. Compound 2 (1, 3, or 10 mg/kg p.o.) risperidone (0.6

mg/kg p.o.), or vehicle was administered 60 min before the methamphetamine injection.

Prepulse inhibition test in rats

A startle reflex measurement system (O'Hara & Co., Tokyo, Japan) was used to
measure startle response and prepulse inhibition (PPI). A test session began by placing a
male SD rat in a plastic cylinder where it was left undisturbed for 5 min. Each apparatus
was encased in a sound-attenuated box. A piezoelectric unit attached to the platform
transduced vibrations of the cylinder, caused by the animal’s movements, into analog
signals. These signals were then digitized and recorded by a computer. The acoustic
startle response (ASR) was recorded for 140 ms (measuring the response every 1 ms)
starting with the onset of the prepulse stimulus. Each session consisted of startle trials
(“pulse-alone”; a 40-ms 120-dB broadband pulse) and prepulse trials (“prepulse-alone”;
a 20-ms 86-dB broadband pulse, “prepulse + pulse”; a 20-ms prepulse followed by a
80-ms interstimulus interval, and a 40-ms 120-dB pulse). Prepulse intensities were 13,
17, and 21 dB above background (i.e., 78, 82, and 86 dB). A session consisted of a
5-min acclimation period with background noise-alone, three startle trials, then ten
presentations of each trial type (pulse-alone, prepulse-alone and prepulse + pulse of

each prepulse intensity) in pseudorandom order. Intertrial intervals averaged 17.5 s
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(range: 10-25 s). Xanomeline (3, or 10 mg/kg s.c.), compound 1 (1, 3 or 10 mg/Kkg, s.c.)
or vehicle was first injected and, 15 min later, apomorphine (0.5 mg/kg, s.c.) or vehicle
was injected. PPI tests were performed 15 min after the second injection. The amount of
PPI for each prepulse intensity was calculated as a percentage score: %PPI = 100 -
[[(ASR for prepulse + pulse)/(ASR for pulse-alone)] x 100], using the average of the ten
presentations of each trial type. The magnitude of the startle response (ASR for

pulse-alone) was calculated as the average of the last 10 pulse-alone trials.

Catalepsy test in rats

In the catalepsy test, the forepaws of male SD rats were placed on a stainless-steel bar,
and the time spent for the animals to show a cataleptic posture, which was defined as an
immobile posture while keeping both forelimbs on the bar, was consecutively measured
three times with a maximum limit of 180 s. The maximum time among three measures
in each rat was used for the analysis. Xanomeline (30 or 100 mg/kg s.c.), compound 1
(10 or 30 mg/kg s.c.) or vehicle was injected 45 min before the tests. Haloperidol (0.3 or
1 mg/kg p.o.), risperidone (10 or 30 mg/kg p.o.) or vehicle was administered 60 min
before the tests.

Vomiting in monkey

Effects of xanomeline and compound 1 on the gastrointestinal tract were investigated
in 3 conscious and unrestraint male cynomolgus monkeys. The vehicle, xanomeline, or
compound 1 dissolved in the vehicle was subcutaneously administered and analyzed

before administration and at 1, 2 and 4 hours after administration.
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Salivation in mice

Male ddY mice were anesthetized with pentobarbital (50 mg/kg, i.p.). Salivation
responses to compound 1 (10 and 30 mg/kg, s.c.) and xanomeline (3, 10 and 30 mg/kg,
s.c.) were quantitated for 30 minutes by collecting saliva on filter paper. In brief, mice
were placed face down on a slightly inclined surface, with the heads facing downwards
to allow free flow of saliva. After the injection, a pre-weighed piece of circular filter
paper (diameter, 125 mm) was placed immediately below the mouth area of each mouse.
Fresh pieces of pre-weighed filter paper were added when it was fulfilled with saliva.
Filter papers were weighed for the quantitation of saliva production.

Seizure and tremor in mice

Male ddY mice were individually isolated in clear acrylic cages (12 x 12 x 18 cm).
Seizurs and tremor were evaluated for 45 min after injection of xanomeline (100, or 300
mg/kg, s.c.) or compound 1 (10, 30, or 100 mg/kg, s.c.) according to the following
observational method: (seizure) 0, no seizures; .1, forelimb clonus or head jerks; 2,
clonic seizures; 3, tonic-clonic or tonic seizures; (tremor) 0, no tremor; 1, mild tremor; 2,

moderate tremor; 3, severe tremor.

Statistical analysis

All data are expressed as means + SEM. Statistical analysis was performed using Stat
Preclinica (Takumi Information Technology Inc., Tokyo, Japan). A probability level of
<0.05 was considered statistically significant. In behavioral tests, data were analyzed by

unpaired t-test or Dunnet test.
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Animals

Five female adult common marmosets (Callithrix jacchus, 4-10 years old) obtained
from CLEA Japan Inc. (Tokyo, Japan) were used in this study. The animals were housed
in an air-conditioned room kept at a temperature of 28 + 2°Cand a humidity of 50 +
20% under a 12:12 light/dark cycle (lights off at 19:00). Food (CMS-1M, CLEA Japan,
Inc.) was administered once daily, and water was available adlibitum. After the end of
final experiments, animals were used in other evaluation. All experimental procedures
involving animals were reviewed and approved by the Institutional Animal Care and

Use Committee of Sumitomo Dainippon Pharma, Co.Ltd.

Training the marmosets to use a touchscreen so that they could complete the
CANTAB SWM test

The marmosets were moved to the testing room during the test. So that the marmosets

would begin to associate touching the touchscreen with getting a reward, we subjected
them to a task in which they got a reward (a piece of kneaded cake, about 0.5 cm3)
when they touched any part of the screen. As a next step, a yellow circle was displayed,
and the marmosets were given a reward when they touched the circle. This task, which
consisted of 10 trials, was conducted two or three times a week until the marmosets

were able to complete it perfectly within 15 min.

CANTAB SWM test training

When the marmosets had achieved a suitable degree of competence in the initial

training task, they were trained in the SWM test. In this task, 2 or 3 blue squares were
displayed on the touchscreen. When a marmoset touched each of the squares in turn
without touching any of the previously displayed squares, the trial was considered a
success. In each trial, it did not matter which of the squares was touched first. Each
square immediately disappeared after it had been touched and then reappeared after a
few seconds (the vanishing period).The training for this task consisted of two steps.
First, they were trained in the2-square task using a vanishing period of 5 s. When the

marmosets were able to successfully execute the training task in more than 10 out of 20
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trials, the vanishing period was reduced to 3 s. Eventually, as their success rate
increased, the vanishing period was reduced to 1 s. Then, when they had mastered the
2-square task, we started training them in the 3-square task. After performing 10 trials
of the 2-squaretask, the marmosets were subjected to 20 trials of the 3-square task using
a vanishing period of 5 s. The difficulty of the 3-square task was increased in the same
manner as for the 2-square task until the marmosets were able to accurately and stably
execute the task in more than 10 out of 20 trials. After that, we used the marmosets in
the experiments outlined below. The training sessions were carried out twice a day, two

or three times a week.

Determination of the optimal ketamine dose

Ketamine was intramuscularly injected into the marmosets at a dose of 1 mg/kg, and
30 min later, we conducted 10 trials of the 1-circle task, in which the marmosets had to
touch a yellow circle that appeared on the screen. The 10 trials had to be completed
within 15 min for the task to be deemed a success. When a marmoset was able to
successfully complete the task, we subjected them to the same test at a higher ketamine
dose a week later. We repeated this procedure until they could not execute the task
perfectly. The highest dose at which each marmoset was able to complete the task
perfectly was regarded as the optimal subanesthetic dosage for that animal and was used

in the subsequent experiments.

Testing the effect of a dopamine D1 receptor agonist

The test schedule for this part of the experiment consisted of 4 sessions: thelst vehicle,
ketamine, 2nd vehicle, and D1 agonist + ketamine sessions, and the sesessions were
implemented 5-6 times in turn in each marmoset. The drug-free test sessions (the 1st
and 2nd vehicle sessions) were performed 1-7 day(s) before the drug-challenge sessions,
and the drug administration sessions were separated by a period of at least 5 days. The
effect of ketamine was compared with that of vehiclel. The dopamine D1 receptor
agonist SKF-81297 (3 or 10 mg/kg) or nothing was orally administered to the
marmosets 60 min before the SWM test. Thirty minutes later, the marmosets were

intramuscularly injected with ketamine or vehicle. The SWM test included 10 trials of
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the 2-square task and 20 trials of the 3-square task using a vanishing period of 1 s. The
success rate and percentage accuracy of each task were calculated by dividing the
number of correct trial(s) by the total number of trials or response-positive trial(s),
respectively. When a marmoset did not touch the screen at all during a task (i.e., all of
the trials were scored as omissions), the results for the other two sessions performed by
that animal were not used to calculate percentage accuracy. For example, if a marmoset
did not touch the screen at all in the 2-square task when administered SKF-81297 and
ketamine, the corresponding 2-square task results for the 1st vehicle and ketamine

sessions were also excluded.

ﬁl]) | R F ®mE
1:E B Ketamine
21E B SKF + Ketamine | 1tzv |
3iEH ARG LAE)

Drugs
Ketamine (Daiichi Sankyo, Tokyo) was formulated with sterile saline, and the D1 full

agonist SKF-81297; i.e., (%)-6-chloro-2,3,4,5-tetrahydro-1-phenyl-1H-3-benzazepine
hydrobromide (Tocris Bioscience, Ellisville, MO), was suspended in 0.5%
methylcellulose. The ketamine and SKF-81297 were administered in a total volume of
0.5 ml/kg and 5 ml/kg, respectively.

Statistical analysis

All data are expressed as means + SEM. Differences between groups were determined
using the paired or Student’s t-test. A probability level of <0.05 was considered

statistically significant.

68



5 3 FICBT DR TiE

1. Animals

Two male and three female adult common marmosets (Callithrix jacchus, 57 years
old) obtained from CLEA Japan Inc. (Tokyo, Japan) were used in this study. The
animals were housed in an air-conditioned room maintained at a temperature of 28 +
2°Cand a humidity of 50 + 20% under a 12/12, light/dark cycle (lights off at 19:00).
Food (CMS-1M, CLEA Japan, Inc.) was administered once daily, and water was
available ad libitum. After all experiments for this study were complete, the animals
were used in other experiments. All experimental procedures involving animals were
reviewed and approved by the Institutional Animal Care and Use Committee of

Sumitomo Dainippon Pharma, Co., Ltd.

2. JVA task

2.1. Apparatus and procedure

The apparatus was constructed using 4 white-colored acrylic boxes (4 x 4 x 4 cm, each
box was numbered), which were attached to the 4 corners of a square frame (10 x 10
cm). All of the boxes had a door with a hinge (Fig. 30) and the marmosets could easily
obtain a food reward (a piece of kneaded cake, about 0.5 cm3) by pushing the door
forward. All experiments were conducted in the animals’ home cages, and all doors and
inside surfaces of the boxes werewiped down when one session was finished. An
experimenter stood in front of the marmoset’s home cage with the apparatus facing the
marmoset. Subsequently, the experimenter moved the apparatus closer to the marmoset,
and informed the animal which box had the reward by pointing and gazing toward the
box. We scored the marmosets’ JVA ability using the following conditions: 10, obtained
the rewards without any mistakes; 3, obtained the rewards with only one mistake; 1, two
mistakes; or 0, more than three mistakes. When the marmosets sequentially opened the
same door more than twice, it was counted as once. The cues were repeated until the
subject obtained the reward or made more than three mistakes in each trial. The
marmosets performed 8 cued trials, and each box was used twice during a single session.

Thereafter, the total score was averaged.
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2.2. Training
Marmosets underwent training sessions until they reached a constant level of success.

First, we trained marmosets to under-stand that there is a reward behind the doors. We
turned the apparatus toward the marmosets with the doors opened. Next, we taught the
marmosets to understand that they could obtain a reward when they opened the door
spontaneously. We altered the apparatus by closing the doors and adding rewards to all

of the boxes, and the monkeys performed the task without cues.

2.3. Testing the effects of cues

Marmosets performed 8 trials with cues (pointing gesture and gaze), as mentioned
above. Subsequently, they performed 8 more trials without the cues using the same

apparatus and order.

2.4. Determination of the optimal ketamine dose

The dosage of ketamine was determined as follows. First, ketamine was
intramuscularly injected into the marmosets at a dose of 1 mg/kg, and 30 min later, we
conducted 8 trials. The 8 trials had to be completed within 5 min. When the marmosets
were able to complete the task, they performed the same test at a higher ketamine dose a
week later. We repeated this procedure until they could no longer execute the task
within the 5-min limit. The highest dose at which each marmoset was able to complete
the task was regarded as the optimal subanesthetic dosage for that animal and was used

in the subsequent experiments.

2.5. Evaluating the effect of lurasidone on ketamine-induced JVA impairment

The evaluation was conducted twice a week, but not on thesame day. When we
administered vehicle/vehicle in the first experiment, the next administration in the
second experiment was vehicle/ketamine or lurasidone/ketamine and vice versa. The
next week after the 2-week experiment was a washout period, i.e., we conducted the
2-week experiments every 3 weeks. Lurasidone (10 mg/kg) or vehicle was orally

administered 60 min before the JVA task. Thirty minutes later, the marmosets were
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intramuscularly injected with ketamine or vehicle. When the marmoset could not finish
the task within 5 min, the results from this evaluation and from the evaluation
conducted earlier that same week were both excluded from analysis. The evaluation of
vehicle/ketamine and lurasidone/ketamine dosages was conducted 4-6 times per
marmoset, respectively, and we calculated the average score. The individuals that did
the drug administration were different from those who did the evaluation, and their roles
did not change throughout the course of this study. Moreover, the investigator was
blinded to which treatment was given to the marmosets. The order of drug
administration was counterbalanced such that the number of times that vehicle/vehicle
was administered in the first and second experiment and vehicle/ketamine or

lurasidone/ketamine was administered in the first and second week were equal.

1) | AT g
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2.6. Evaluating the effect of lurasidone on JVA function with naive marmosets

This procedure was similar to what was described in Section 2.5. We administered
vehicle in the first experiment so that the administration in the second experiment was
lurasidone and vice versa, with no washout period. Lurasidone (10 mg/kg) or vehicle
was orally administered 60 min before the JVA task. The evaluation of vehicle and
lurasidone dosages was conducted four times per marmoset in a blinded manner, and we

then calculated the averagescore.
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3. Light-cued task

3.1. Apparatus and procedure

The same colored lights (yellow or red) were mounted on each box and were used as
cues instead of a pointing gesture and gaze. The procedure was the same as that
described in Section 2.1.

3.2. Training
Marmosets were only trained on the final stage because they were already familiar

with the apparatus. We trained marmosets to understand that only the lighted box

contained a reward.

3.3. Testing the effects of the light cue

As described in Section 2.3, the marmosets performed 8 trials with the light cue.
Subsequently, they performed 8 more trials without the cue using the same apparatus

and order.

3.4. Evaluating the effect of ketamine when using a light-mounted apparatus

The experimental conditions, dosages of ketamine, and time limit were the same as
those described in Section 2.5. When we administered vehicle/vehicle in the first
experiment, the next administration was vehicle/ketamine in the second administration
and vice versa. The evaluation of vehicle/ketamine was conducted 4 times per marmoset

in a blind manner, and we calculated the average score.
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4. Drugs
Lurasidone was prepared at our laboratories and suspended in 0.5% methylcellulose.

Ketamine (Daiichi Sankyo, Tokyo) was formulated with sterile saline. Lurasidone and

ketamine were administered in a total volume of 5 mL/kg and 0.5 mL/kg, respectively.

5. Statistical analysis

All data are expressed as the mean + the standard error of the mean (SEM).
Differences between groups were determined using paired t-tests. A probability level of
<0.05 was considered statistically significant.
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