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IUPAC name

Structural formula

Function

2S-2-amino-2-(1S,2S-2-
carboxycycloprop-1-yl)-3-(xanth-9-
yl)propanoic acid

o 0
Ho’[ll,,, HoN ;}—OH

mGlu2/3 receptor antgonist

Z
<
2-methyl-6-(phenylethynyl)-pyridine NV mGlu5 receptor antgonist
Cl
(RS)-2-(2-chlorophenyl)-2- .
(methylamino)cyclohexanone N\H NMDA receptor antagonist
(¢}

(2,3-dihydro-1,4-benzodioxin-6-yl)-1-
piperidinylmethanone

AMPA receptor potentiator

Rapamycin

6,8,12,14,20,26-hexamethyl-23,27-

(3S,6R,7E,9R,10R,12R,14S,15E,17
E,19E,21S,23S,26R,27R,34aS)-
9,10,12,13,14,21,22,23,24,25,26,27,3
2,33,34,34a-hexadecahydro-9,27-
dihydroxy-3-[(1R)-2-[(1S,3R,4R)-4-
hydroxy-3-methoxycyclohexyl]-1-
methylethyl]-10,21-dimethoxy-

epoxy-3H-pyrido[2,1-c][1,4]-
oxaazacyclohentriacontine-
1,5,11,28,29(4H,6H,31H)-pentone

mTOR inhibitor

Anisomycin

(2R,3S,4S)-2-[(4-
methoxyphenyl)methyl]-3,4-
pyrrolidinediol 3-acetate

Protein synthesis inhibitor

K252a

(9S,10R,12R)-2,3,9,10,11,12-
hexahydro-10-hydroxy-9-methyl-1-
0x0-9,12-epoxy-1H-diindolo[1,2,3-
fg:3',2',1'-Kl]pyrrolo[3,4-
i][1,6]benzodiazocine-10-carboxylic
acid methyl ester

o
N

HN o OH
N=" 1O

Trk tyrosine kinase inhibitor

NBQX

2,3-dioxo-6-nitro-1,2,3,4-
tetrahydrobenzo[f]lquinoxaline-7-
sulfonamide

AMPA receptor antagonist

PCPA

(S)-2-amino-3-(4-
chlorophenyl)propanoic acid

Tryptophan hydroxylase inhibitor

WAY100635

N-[2-(4-2-methoxyphenyl)-1-
piperazinyl]ethyl]-N-(2-pyridyl)
cyclohexanecarboxamide

5-HT 4 receptor antagonist

Ritanserin

6-[2-[4-[bis(4-
fluorophenyl)methylidene]piperidin-1-
yllethyl]-7-methyl-[1,3]thiazolo[2,3-
b]pyrimidin-5-one

5-HT,a/2c receptor antagonist
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AMPA: a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
BDI: Beck Depression Investry

BDNF: brain-derived neurotrophic factor

BP: bipolar disorder

CGI-I: Clinical Global Impression-Improvement scale
ECT: electric convulsive therapy

elF4B: eukaryotic initiation factor 4B

ELISA: enzyme-linked immunosorbent assay

FST: forced swimming test. 5& il /K vk 7k Br

GABA: y-aminobutyric acid

HAM-D: Hamilton Rating Scale for Depression

IN: intranasal

IUPAC: International Union of Pure and Applied Chemistry
IV: intravenous

MADRS: Montgomery-Asberg Depression Rating Scale
MDD: major depressive disorder

Met: methionine

mGlu: metabotropic glutamate, ftat%l 7 v % I > fig
mPFC: medial prefrontal cortex. PNl fij 58 Aif f2 &

mTOR: mammalian target of rapamycin

NMDA: N-methyl-D-aspartate

NPY: neuropeptide Y

NSFT: novelty-suppressed feeding test, 7 # B 57 45 & 410 il 5 Br
PET: positron emission tomography

PFC: prefrontal cortex, & 58 Al 'E

PGI-1: Patient Global Imression-Improvement scale
p70S6K: 70-kDa ribosomal protein S6 kinase

QIDS-SR: Quick Inventory of Depressive Symptoms-Self-Report Version
QOL: quality of life

Sl: suicidal ideation

SSI: Scale for Suicide Ideation

TRD: treatment resistant depression

TrkB: tropomyosin-related kinase B

TST: tail suspension test, /&% 1 i B

Val: valine



5-HT: 5-hydroxytryptamine, & =m =

Y (R ETCHWEER OO EREEAEN TEMLEEDICO VW TITEE R W)

CHPG: (RS)-2-chloro-5-hydroxyphenylglycine

CPPG: (RS)-a-cyclopropyl-4-phosphonophenylglycine

DHPG: (S)-3,5-dihydroxyphenylglycine

Diazepam: 7-chloro-1-methyl-5-phenyl-3H-1,4-benzodiazepin-2-one

DMSO: dimethyl sulfoxide

DOM: 2,5-dimethoxy-4-methylamphetamine

Fenobam: N-(3-chlorophenyl)-N-(4,5-dihydro-1-methyl-4-oxo0-1H-imidazole-2-yl)urea
Fluvoxamine: Fluvoxamine maleate

GRN-529:
4-difluoromethoxy-3-(pyridine-2-ylethynyl)phenyl)5H-pyrrolo[3,4-b]pyridine-6(7H)-yl
methanone

Homo AMPA: (RS)-2-amino-4-(3-hydroxy-5-methylisoxazol-4-yl)butyric acid

L-AP4: L-(+)-2-amino-4-phosphonobutyric acid

LY367385: (S)-(+)-a-amino-4-carboxy-2-methylbenzeneacetic acid

LY379268: (1R,4R,5S,6R)-4-amino-2-oxabicyclo[3.1.0]hexane-4,6-dicarboxylic acid
MC: methylcellulose

MGS0028: (1R,2S,5S,6S)-2-amino-6-fluoro-4-oxobicyclo[3.1.0]hexane-2,6-dicarboxylic acid
MGS0039: (1R,2R,3R,5R,6R)-2-amino-3-(3,4-dichlorobenzyloxy)-6-fluorobicyclo[3.1.0]
hexane-2,6-dicarboxylic acid

MK-801: (5S,10R)-(+)-5-Methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine
maleate

MTEP: 3-[(2-methyl-1,3-thiazol-4-yl)ethynyl]-pyridine

Paroxetine: paroxetine hydrochloride

PBS: phosphate-buffered saline

PCA: para-chloroamphetamine

PCPA: para-chlorophenylalanine

PFA: paraformaldehyde

SNRI: serotonin noradrenaline reuptake inhibitor, T @ h=> -« J V7 RLF U U HERDY
A I PH 5 3K

SSRI: selective serotonin reuptake inhibitor, ERAEz v M= FER Y A A HEEFHK
8-OH-DPAT: (+)-8-hydroxy-2-dipropylaminotetralin hydrobromide
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TR, HFPAEIZCBWT, 720230 RA0BEEOBFELITZFLIHEML THY . 1999
NI 441 T AN Th o 72 BE D 2008 1213 104.1 T ANIZE L TV 5D (EA S EE T A
T, o, HAREHEEAOHIEMHIRMEMEIC LS L. 92X, 2030 FiTix
HRPCHEBICELID KON EAEAGEOEEOEOREFH OBIEL 2 EWANM CTH 1
MOEBRIZRDETHIATEY, HEmICKRERMBELR>TWVD,

ﬁﬁ DORICBIT DEMIBEOE LRI L L TR e b= FHY A A E

¥ (SSRI) Xt b=+ /AT FL T U UFRVAABEIRE (SNRI) BEH S
TWo, L2LAand, 2o OEAITH 40%0 BHEIITREBEDRZ R ST REDE
EREBLTHETICIRARGILO D7 Lt 3~4 BRI 2 VWO MEREAT D
(1), 72, BEfFoH > 2EITHPOIRK ., BRI, WLERE., E#EREE .
fhEH DL WVITHEZEBETHOMMICEL 2 A BMEDOH 2 MIGEFERZR CORIER A
L. EMEEOMBEELEHE LI LTS (2), #->T, BEFOH I DEITADEKR DL L
MORTELOBRBEZIHZATEY . ERZOT U Ay M AT 4 I NV=—X B3 H LW
Lo oA ARD LN TV D,

IORBEOHRKI AL LT, IV X I VEBEMROBEENEZBRESI LTS, Al
HL. )OO BEOME R NMER 7 V2 I U RBIEEITEE AN EBELTER LTS Z
EMBEINTEY MPEP 7L ZIVBREO LFIZISWOEEE MBS L L
bWME SN TWND (3-5), £/, > OFWBEFOMNICE T L7 V42 I VBIREOES
WHESN TR BEEEICBT 27V I VBRBEO ERACREREEICET 2 7V
FIVBEROGIX(ZAVZI TV IVBEORE) DRTHABEINLTVWD (6,7),
I DT, D0ORBEOREM CIXAMAIATHEAEEICE T S5 NMDA TAEEREZMET D
GIUN2A X T* GIuN2B #+ 7 = v FORBE TR RE SN TWD (8), FAERIZ, 9O
BEOELM CIEmBEATEE R CEEICES VT GIUN2A T 2=y hE2a— RT3
GRIN2A Dl 72 A F b pn@EINTND (9), Znbo@®ENL, V¥ I g
BROBEFENI DWIZEET D2AIEERREINT VD,

WA, BRRICEB W T, MREEERFER S L CTHEMA SR T2 IEHEE NMDA = & (K
PLE D Ketamine 28 9 DR BHFICK L TH I 2EHZ RT Z R FERH I TS, 2000
L, Y DOFBEEZRNG L L TCERBIN T 7 AR _EERRABICE VT,
Ketamine X H[E O FFARN & 5T 240 DR ICAR > 2EHE R L., TOERIIES
2% E CTRBT D22 L TG S (10), T Ok, 2006 4 IR HUE S
OFEE (Dl lb 2 BEONY 2EKE &, HoaliM (4~6 BR) HWTH
UERAONBRVWEE) 2R E L CEINTET 7 EARAMB_EERABRICEB VT,
Ketamine [T H[E O F#ARN 5 T 110 S RICHEE R >EREZ R L, TOEMRITX 1 HE
M+ 2 2 MG a7z (1), &6IC, 2 b O Ketamine O % F 13 % < O [& ¥ 1%
BMTHBEIRLTWD Z &S, Ketamine DHL D S1EH X 9 DB FEIC B 1T 5 il % 50 4



UbEomTRbEHMZRRERE S TWnD (10-23, Table 1),

ZIETOMEN G, Ketamine [XATEEATE O #EARMARME OB IH 2 &2E L., 7
VA VR ERET S 2 LIk AMPA ZREEKEEMEML L, BLO SERA 2 RET
LAEEMENEZEZ DN TV D (24-26), & 51T, AMPA Z FIKDIEME(L %2 L 72 mTOR &
T FNAEMEAL, FAICHR W TEE S LSRN EICB T D2 A5, VRt KOty
7 A #EIE AL DY Ketamine O F1 9 SEAREBICH G T2 EZ 26 TWnD (27-29),
F7o. R AT ICE 59 %5 BDNF @ 66 & H @ valine (Val) 2% methionine (Met) |
s n-#EET+25 (Val6éMet) @/ v 7 A4 >~ U A KN BDNF O FIKTH 5 TrkB
DarvF4vaFA )y I T TR RACENT, Ketamine O H 5 SEA R H S
7= Z &b, Ketamine @ H1 9 DfE M FE BLIZ 1L BDNF/TrkB > 7 F L OB 53 HER S T
W% (30-32), Z#iL., BDNF @ Val66Met & 95 9 D B HE (Val/Met, Met/Met) (T
BT, Ketamine ~DOKIEHEBE T T2 EWVWHBERMERENS b IFINDH (33), Mx
T, fidr, Ketamine IC LV E RIS T v NORTEEF EE X N EHIZK T 5 BDNF ©
FEH EFICIE AMPA X BERDOIEMRALPEEGET 22 LnHRESNR TS (34), UbEoZ
&b, Ketamine 137 v & X U ERIEEEEHEIC X D AMPA Z FIKROIE AL & Z gk W
THE %5 BDNF/TIkB & 7 F L & X mTOR ¥ 7 F /v O iE AL Z It L 7=t i v S8 9 7
AL L, L) EMZRBT D AEMERREN TS (Fig. 1), LarL7aanb,
Ketamine 3 # 54 12 B 22 S 40 2 45 RRE IR M OVIR BEPEE IR . R 16 1 12 K 2R A7 1 P
A O REE R CORIEROBREICMA RN G0 Eo®R G HIERMBEL - T
B, ORISR TWD (35-37), £ 2 T, Ketamine & AR DO FEZ 2 A L |
Ketamine I A5 N2 MEES 2K LB EEROAKNEZ TN TWVD,

EFIT, TN EIVBMBRZROR T, AR I R RE T L CHH R 7 b B
BT RPN 2 I U HEE (nGluZFK) ICEFH Lz, mGlu Z &K1 7 B HEE
WRMOMEEET L G U R EREMZRETHD, ZHETIZ, mGlu T HFIKIL 8
OOV T EATOHFEEDPERINTEY 7V BESOMEMESCEBEZHMHEE KV
TFNMREBEOBE VNS 30D 7 L —FIChEEND (Fv—71: mGlul K5,
TN—72:mGlu2 L3, Z)b—73: mGlud, 6, 7 %18 (38), TNHDOHFTH,
mGlu2/3 = &K K O mGIus Z A IT TR FERICE N THEBLERICEBLE L., 9 DF &
ODEENRESN TV KMEE., BHE. MABEROBREEREICHRIEILTWVD
(39-43, Table 2), 7. 2 OWBEHFOEBRMMHTIC L2 &, AIEHATEEICEB W T,
mGIu2/3 Z KKK X mGIus ZHEERK D X v X7 EORBEALNBE SN TWD (44, 45),
INHDZENS mGIlu2/3 ZHE K mGIus Z B RIL D D ORI W CEE &
2R L TWDAEMELRH Y. 5> ORBEEHEORZRENIIRVED, £2 T,
ARWFFEITIPL D OB ARERAEN S LT mGluZAEKICER L, TOEMEEAKRF
DI L. mGlu 52 B IREERY I O G K IG K O BRI SRR IC D W TE R T 5 -
O L7,

IR ETIC . mGIu2/3 Z ARG PLEE K O mGIus Z R IRIEH R ITE~ k@7 LvIcE



WTH ) 2ERZRT ZEBRWE SN TS (46-52), 72, FHH O X mGlu2/3 = & Ik
iU 3% Ketamine & A AR IC . AMPA ZARKOEME{L L ZhicWwWTERE I LD
TrkB/mTOR ¥ 7 F ViEMEL 2 L CTHL D D1EA 2 8B+ 2 sl 2 /8 L T & 7= (29,
32), £DO—FH T, mGlusb XEEKIEHHEDH 5 SEMOEFIZ OV TIEREICH L2
ENTWAW, KIFFROE 1B TIEH D DEH OIS H S Cv 2 85 B 5 E
BAHIFEE (NSFT) (32) ZH W T, mGlus Z B EREFHEOMEA L OZOERBEIICE
7% TrkB/mTOR ¥ 7+ VOB G250\ THA L., Ketamine ® i 5 & Ll L 7=,
mGlu2/3 Z A RFEHLEE . mGlus & & 5 U3 & O° Ketamine (37 v F ORTEATZE 1T B
WTHifastEr b= &2 tn@EIN TS (53-55), L7 Lehb,
MGlu2/3 = F IR HIHE . mGlus = & K #5 Hi 3 & O Ketamine O #t 5 S EH B BLIZ BT 5
tr b= MBRAOEGICOVWTIEHLNZENTWARY, £ 2T, % 23 TIL NSFT
Z MW T mGlu2/3 Z AR HU3E . mGlub 5 & K5 H 3 & Y Ketamine o 1l & BLIZ 5 1)
Lo b= MRRAOBEGIZOVWTRA Lz, & 512, 5 3 % TiX mGlu2/3 % &K bt
3K} Y Ketamine O F 9 DEA BTG4 28w b = RO ML R E & 3 A 7,
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Fig. 1 The mechanisms of the antidepressant effect of Ketamine.

Ketamine inhibits the NMDA receptor on the GABAergic interneuron and increases the
release of glutamate. The release of glutamate activates the AMPA receptor. Then, the
activation of AMPA receptor induces the secretion of BDNF and the subsequent stimulation of

the TrkB/mTOR signaling, leading to the facilitation of synaptic protein synthesis and

spinogenesis and the elicitation of the antidepressant effect.



Table 1 The effects of Ketamine on mood disorder

Pathological Treatment Efficac
i . i
. g Test design N |Assessment . Y Reference
condition . (duration)
Frequency Ketamine
Randomized, Improvement
MDD Single 0.5 mg/kg, IV Placebo-controlled, | 7 HAM-D prov 10
. . (230 min~72 h)
double-blinded trial
Randomized, Improvement
0.5 mg/kg, IV placebo-controlled, | 17 HAM-D (110pmin~1 week) 11
double-blinded trial
SSI
- MADRS Improvement
0.5 mg/kg, IV Open-label trial 32 HAM-D (SI; 40 min-230 min) 12
BDI
Open-label trial Improvement
0.5 mg/kg, IV (ECT non-responder) 7 (40 min~230 min)
MADRS 13
. . Improvement
Single 0.5 mg/kg, IV Open-label trial 23 (40 min-230 min)
Randomized,
midazolam- Improvement
0.5 mg/kg, IV controlled, 47 MADRS (1 day~7 days) 14
double-blind trial
Randomized, Improvement
50 mg, IN placebo-controlled, | 20 MADRS (40pmin~48 h) 15
double-blinded trial
. Improvement
TRD 0.5 mg/kg, IV Open-label trial 26 MADRS-SI (SI: 24 h)
16
0.5 mghkg, IV, Improvement
six infusions over 12 Open-label trial 9 MADRS-SI p
(SI; 12 days)
days
0.5 mg/kg, 1V, six
; . . MADRS Improvement
Repeated infusions over 12 Open-label trial 10 QIDS-SR (120 min-12 days) 17
days
0.5 mg/kg, IV, six Improvement
infusions over 12 Open-label trial 24 MADRS (120 min~12 days, 18
days overall response rate: 70.8% )
as the anesthetic Improvement
. Open-label trial 31 HAM-D (faster onset of action vs ECT 19
during ECT
only)
Single
as the anesthetic Improvement
. Retrospective study | 42 HAM-D (faster onset of action vs ECT 20
during ECT
only)
Improvement
0.5 mg/kg, IV, three g . HAM-D (24 h~9 days,
Repeated infusions over 6 days Open-label trial 18 BDI faster onset of action vs ECT 21
only)
. Randomized,
05 mgg;l;gd,_lo\g,)smgle placebo-controlled, | 18 MADRS (Jgﬂ;\gn:;ms) 22
BPI, I double-blind trial 4
(treatment Single
resistant) ’ Randomized,
05 mg(;gl;gd,-lo\;,)smgle placebo-controlled, | 15 MADRS (J:s]ri?‘\iegrzzn;) 23
double-blind trial 4




Table 2 Distributions and properties of metabotropic glutamate receptors

Distribution
(brain)

Synaptic
Localization

Signaling

Function

Ligand

Agonist

Antagonist

Group1l

mGlul

Cerebellum
Hippocampus
Olfactory bulb

Thalamus

mGlu5

Cerebral cortex
Hippocampus

Nucleus accumbens

Olfactory bulb
Striatum

Postsynapse

Gg/11

Operates through
PLC activation
and potentiation
of L-type Ca
channels
to increase
neuronal
excitation

DHPG

LY367385

CHPG

MPEP
MTEP

Group2

mGlu2

Amygdala
Cerebral cortex
Cerebellum
Hippocampus

Nucleus accumbens

Olfactory bulb
Striatum
Thalamus

Presynapse

mGlu3

Amygdala
Cerebral cortex
Cerebellum
Hippocampus

Nucleus accumbens

Olfactory bulb
Striatum
Thalamus

Presynapse
and
postsynapse

Group3

mGlu4

Amygdala
Cerebellum
Olfactory bulb
Thalamus
Ventral pallidum

Presynapse

mGlu6

mGlu7

Amygdala
Hypothalamus

Nucleus accumbens

Piriform cortex
Hippocampus
Spinal cord
Striatum
Superior colliculus

mGlu8

Entorhinal cortex
Olfactory bulbs
Piriform cortex

Presynapse

Gilo

Reduces AC
activity, reducing
cAMP and
neuronal
excitability
(except for
mGlu6)

LY379268
MGS0028

LY341495
MGS0039

LY379268
MGS0028

LY341495
MGS0039

L-AP4

CPPG

HomoAMPA

CPPG

L-AP4

CPPG

L-AP4

CPPG




B1E HHREESNHERARICBIAINHEU I LY I VB ST RIKFEHEOIER &
= DERMF O Rt

1-1. F#

mGlub % B IR P O MPEP & O MTEP (I 88 il K vk ik Bk (FST)., R EAB (TST)
MO ET VR EOFE A RBMWET VICBOTH I 2ERAEZRT Z EBHME S
T2 (49-51), ¥£72. mGlus Z &K+ H1 K O GRN-529 |% FST M W' TST IZ k1) % it
DOMERE T TR MARERLOCERIERABRT ZLNE IBREHMES 2T
ARH2ERZRT EMEFSNR TS (52), mGIUS Z &K, v 7 7w b~ AL, mGlus
SREEREE AV ER R OBRE B L . FSTIZBWTH 2 2HkOITEI K B
Al (BERFM O M) 27 (56), LLEDOZ LD, mGlus Z R EOFEHIEMIZ S 2
WIRE O R A FEICRDAEEND 5,

v —7 1mGlu ZBFEREBEFE D DHPG 1L, 7 v MUl A O WSS CAL o #E (K i 12 I
WT, NMDA ZRKZNTH2EMEEML, TOMEMIT MPEP I kv isHians 2 &
NHEENTWD (57), Al NMDA Z B KHEHE 2 mGIus S AR O HEH/EM I L v m
flanz A REN TS, E5I1C, mGIus ZTHEUERHEDOH 5> >EH 2 NMDA
EHEEmEInd VI MENDL . NMDA Z BB HE O Il 25 mGlus = FIKHFEHLIE O
PO SERRBICEET 2 AREMENXFEEIND (58), IMx T, MPEP OKE# 51X 7
vy FOWwHIZE W T, BDNF mRNA O BB 4 LR SEL2 2 LrnHEShTWD (59),
IHBLORRND . mGlus Z A EFEH I DOH 5 S1EHFEBLIZIE NMDA % 7 (KB 62 o #1
il &z 08 BDNF & 7 F v oG EAL 23 5 L. Ketamine & — L L= »BE 53 5 2
EMTRBEEND, L2LZeRn b, mGlus AR HLIE A Ketamine & [R] AR 1 #1277 ¥ /Y
BAL D FE MR IER 28T 20 ENICOo0n T+ ICRF S Ty, £ 2T,
ARETIEI D DEMEE AT 2LV OERETF BT ICHEME SN TEH Y, Ketamine D&
PER R R R E S HERR S LTV D T ar SR EEE R il KB (NSFT) (32) & vy,
mGlus = AR 3E (MPEP) OfEM KO Z OEH#F I DWW TR L. Ketamine @ %
no &g L,



1-2. ZEBRME - kA

1-2-1. #®

¥ 13 9 M i © C57BL/6J & I~ 7 A (Charles River Laboratories, Yokohama, Japan)
PEA L, BIE=EIE 23£3C, @& 50+20%., 12 FFRIAKE Y1 7 v (7:00-19:00 ;%
) I s n-@iisk (RIERBERASHEENERAN) B T@WHBELE, @F
B, fE R OVKITEBERSEZ, ERBVOFMELOCERBIETAAEZERGH L O E
BREh I \Z BT D FR B (1987) M OV IE B R A+ [ FEAF ZE B 0 EBRE M) BLE IS1E - T
1Tz,

1-2-2. A

(&5 5) MPEP (Sigma-Aldrich Co., St. Louis, MO, USA) % 0.5% methylcellulose
(MC) 12 fR L., iz L 7=, Ketamine (50 mg/ml, ¥/ 7 ¥ 7 — /1 50, Sankyo
Yell Pharmaceutical Co., Ltd., Tokyo, Japan) XM EER CHN L, EERZ2FHHL 7=,
Diazepam (Sigma-Aldrich Co.) (¥ 0.5% MC [Z/%# L. K2 L 7=, Fluvoxamine
(Sigma-Aldrich Co.) ITA M AEEKRICHEM L, LK ZMB L 7=, Anisomycin (EMD
Biosciences, Inc., La Jolla, CA, USA) (X 2 M HCI IC¥AfiR L 7=, A EBHEKR THR L,
PH7.4 L7225 L 512 IMNaOH Z i L THERERZHAHM L 7=, 2HEHEITHERT 2RO
BHAREIZ 10ml/kg & L7,

(B = N $&5-) Rapamycin (EMD Biosciences, Inc.) & Y K252a (Sigma-Aldrich Co.)
(T DMSO (2 fig L, iz L7z,

1-2-3. By BR 5L 4R R P ) LR

HREBRATAICE (N vy b)) ZWRVKRE, KOBRARARKETY Yy A2 g T,
MRBEHENS 24 EBICHBEELLBE L, 6 1L/ Fr— Y CTEREICHLsE, &
B Bk E kT oA a7 I AF v 7Ry 7 A (K45 cm, fit 45 cm, & & 20 cm)
MW, BRTIAF v 7Ry 7 ZA2BERICANL, BEFANORETA 1000 lux
Ellc, HBTIAF v 7Ry 7 ZZFRBEEZMH 1em B, PTRICEE 11 cm O H
FOAGEREZES, ZOHRLICHEAEEWLZ, YURAEZRy 7 ZOM»o A, R F
TOERZME L, BEFNO EHMICRE LTI ATICEY T ADOITE) & &l L |
BREFCOE_REZAMN Y YUy FTHELEZ, BRE TOBEROEMIII > SHRIEM
DRERBEZRT, M, WEKMOD v bA 71355 & Lk, AEOHAESMEICE T,
B2 HHEOS YV ZAOEBHMELNE L, F—LF7—VICBWTHERERIL, 5 7H
DEHELZUE L, BEEIHEEREORI D2~V AOMAEKEKETHKRT L2 LT, A
L7,

MPEP (1,3 mg/kg) 1Z#BR D 60 4y A X 1% 24 FFEIATICHEE N % 5- L 7=, Ketamine (30
mg/kg) 1EEER O 30 /Al XX 24 R ATICIEEAN G L7z, Diazepam (0.3 mg/kg) M OF



Fluvoxamine (30 mg/kg) X#BRd 30 oAl O 60 mHETICENZENIEEANE LG Lz, B
PR G D 7= ® 2, Fluvoxamine (30 mg/kg) (£ 1 H 17 28 HREMEMENE S L, K&EES
25 60 43tk IZFER 2 1T 72 - 7=, Anisomycin (100 mg/kg) 1%k @ 90 43 A X % 24.5 K
MIRTICIEREN 5 L 7=,

1-2-4. JMENEL

MNP G 1T~ A Z & E L., Paxinos and Franklin @ i [X 5 2 it > C bregma 7 5 &
M EIZ 02mm Ml 5 1mmOMNEICR) =F Lo AT —ThE LT~ 2722
> ¥ (Hamilton Co., Reno, NV, USA) IZ##t L 7= 28G @ 1% & & (Terumo Co., Tokyo, Japan)
DS A OMPEEICAEST D XD, MlEEoRE L SBEM~2mm Al A+ 52 &
\Z &Y ZEf L7, Rapamycin (0.2 nmol/2ul) & TF K252a (2.0 nmol/2ul) % 1.0 ul/min @
HWET20u MRS Lz, 5K TH., N2 2 0H ¥ E L7, Rapamycin &
O K252a (T o 24.5 RefE A IC & 5 L 7=,

1-2-5.  #Egt
MRITECTEYME FEERLEZTR L, ZHBEBEOL ST, — ol & 5 8o
(one-way analysis of variance: one-way ANOVA) X |% — st i & 4y #k 43 #1 (two-way ANOVA)
Z W CTREMNT L 72 # . post-hoc fi##T & L C Dunnett’s test X X LSD test & i L 7=, 2 Bf
D5 & 1% Student’s t-test & JH 7o, A EAKEITMI S 5% & Lic, & TOMHEN
IZ1X SAS 9.2 (SAS Institute Japan Ltd., Tokyo, Japan) % 72,



1-3. fER

1-3-1. FraREEamfliiricB ) 5 Diazepam & Y Fluvoxamine @ {E

Diazepam (0.3 mg/kg, i.p.) FH& 5 30 n#&Ic, BEETOERKLEML., 2MEDOH S
SHEVER % %% L 7= (Fig. 2A), Fluvoxamine (30 mg/kg, i.p.) XA &E L5 CIIEAE T
DEHFICEEL RITIT, 286 HMOKERGICEIY, BREE CTCOERLZ B L7 (Fig.
2B, C),

(A) Single dose (B) Single dose (C) Repeated dose
160 160 240
—~ —~ P T
2 ] 8 200 r
2 120 + 7 Z 120 7 =
2 S ? 160
2 sk o e
S 8 } S 80 t e 120 }
& 1 & )
5 5 580
T 40 | © 40 ¢t ©
4 | - 0 L
0 . ) 0 R HH 0 N
Vehicle  Diazepam Vehicle Fluvoxamine Vehicle Fluvoxamine

Fig. 2 Effects of Diazepam and Fluvoxamine in the NSFT in mice.

(A) Diazepam (0.3 mg/kg, i.p.) was administered 30 min prior to the test. (B) Fluvoxamine
(30 mg/kg, i.p.) was administered 60 min prior to the test. (C) Fluvoxamine (30 mg/kg, i.p.)
was administered once daily for 28 days, and the test was performed 60 min after the final
treatment. Values indicate the mean £ S.E.M. ((A): n = 12, (B): n =12, (C): n = 12). **p <
0.01 compared with Vehicle (Student’s t-test).
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1-3-2. FrarBREEEMHHBRICT T 2 mGlusb XA HEE D H 5 SHRIE M

MPEP (3 mg/kg, i.p.) (Z# 5 60 p#%IZ. BREE TOER LM L7 (AMEIMEM) (Fig.
3A), & 5HIZ., MPEP (1,3 mg/kg, i.p.) Z#& 5 24 Fsfite T, BRE TOEREZ M L
7= (FefetE1EM) (Fig. 3B).

(A) Acute effect (B) Sustained effect

160 160
3 g 1
2 120 t T 2 120 *
] 3 *%*
£ * 2
2 80 r . 2 80
> >
(&S] o
S S
s 40 r = 40
- -

0 1 1 ) 0 1 1 )
Vehicle 1 3 Vehicle 1 3
MPEP (mg/kg, i.p.) MPEP (mg/kg, i.p.)

Fig. 3 Effects of MPEP in the NSFT in mice.

(A) MPEP (1, 3 mg/kg, i.p.) was administered 60 min prior to the test. (B) MPEP (1, 3 mg/kg,
i.p.) was administered 24 h prior to the test. Values indicate the mean =+ S.E.M. ((A): n =11-12,
(B): n=12). *p < 0.05, **p < 0.01 compared with Vehicle (Dunnett’s-test).
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1-3-3. mGlus Z A (K H | Diazepam J U8 Fluvoxamine O £ fff & (2 & I1F 3 1E H

MPEP (3 mg/kg, i.p.) &% % Diazepam (0.3 mg/kg, i.p.) X% 5 60 43 % K& O* 30 4y 4 (2.
TN ZENEMEBICHEL LT S 2o 7= (Table 3), £ 7=, Fluvoxamine (30 mg/kg, i.p.)
X 28 HIMORKEEGICE Y, B EICEELZRIT SR o7 (Tabled), 2 b Z L
MHE,ZNHLFEYOBEREETCORRLEMT OENCEREIHAELR2NI LR RSN
7=

Table 3 Effects of MPEP, Diazepam and Fluvoxamine on food consumption in mice

Food consumption

Drugs (mg food / g of mouse)
Vehicle A (i.p.) 78+09
MPEP (3 mg/kg, i.p.) 79+0.8
Vehicle A (i.p.) 65+04
Diazepam (0.3 mg/kg, i.p.) 7107
Vehicle B (i.p.) 46+05
Fluvoxamine (30 mg/kg, i.p.) 59+0.6

MPEP (3 mg/kg, i.p.) was administered 60 min prior to the test. Diazepam (0.3 mg/kg, i.p.)
was administered 30 min prior to the test. Fluvoxamine (30 mg/kg, i.p.) was administered
once daily for 28 days and the test was performed 60 min after the final treatment. Vehicle A:
0.5% MC, Vehicle B: Saline. Values indicate the mean £ S.E.M. (n = 6-12).
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1-3-4. mGlus AR HE DO 5 SHRIEMEHRICB T 22 "7 HAKOME

MPEP (3 mg/kg, i.p.) ® @ME/ER L ¥ X 7 B A B % 3K @ Anisomycin (100 mg/kg, i.p.)
WX v a e s o7 (Fig. 4A)., — . MPEP (3 mg/kg, i.p.) @ £ 1E M IX
Anisomycin (100 mg/kg, i.p.) {2 & W it =17z (Fig. 4B). Anisomycin (100 mg/kg, i.p.)
FTZENHEARTEREETOBRICEELZ LTS h o7 (Fig. 4A, B),

(A) Acute effect

240
200
160
120

80

Latency to feed (sec)

40

0

| oVehicle OMPEP |

**

++

HCl/Saline

Anisomycin

(B)

Latency to feed (sec)

Sustained effect

280
240
200
160
120
80
40
0

**

| OVehicle OMPEP

H#

[

HCl/Saline

Anisomycin

Fig. 4 Effects of a protein synthesis inhibitor on the action of MPEP in the NSFT in mice.

(A) MPEP (3 mg/kg, i.p.) was administered 60 min prior to the test. Anisomycin (100 mg/kg,

i.p.) was administered 90 min prior to the test. (B) MPEP (3 mg/kg, i.p.) was administered 24

h prior to the test. Anisomycin (100 mg/kg, i.p.) was administered 24.5 h prior to the test.
Values indicate the mean + S.E.M. ((A): n=11-12, (B): n=11-12). **p < 0.01 compared with

HCIl/Saline-treated Vehicle, ++p < 0.01 compared with Anisomycin-treated Vehicle, ##p <
0.01 compared with HCIl/Saline-treated MPEP (LSD post-hoc test).
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1-3-5. mGIUS T REFEHE O 2> SEIERA KB ICBIT S mTOR Y 7 L4

MPEP (3 mg/kg, i.p.) ®&PE/EH X mTOR B % 3K » Rapamycin (0.2 nmol/2 pl, i.c.v.)

2 X0 FEEHL & 72 o 72 (Fig. 5A) ., — J7 . MPEP (3 mg/kg, i.p.) @ £t M /& 1Z Rapamycin

(0.2 nmol/2 pl, i.c.v.) {2 X D #8453 B9 (42%) 12 #% BT & v 7= (Fig. 5B) ., Rapamycin (0.2 nmol/2
plicv) ZENBEKRTERE TOBRFICEELZ XTI o7 (Fig. 5A, B),

(A) Acute effect (B) Sustained effect
| oVehicle mMPEP | | Ovehicle mMPEP
240 280
220 ] I T 240 T :
-90.3 160 L g 200
2 * + < 160 |
= 120 + * %
oy g 120
g 80 £ 8 |
- |
40 40
0 1 J 0 1 J
DMSO Rapamycin DMSO Rapamycin

Fig. 5 Effects of an mTOR inhibitor on the action of MPEP in the NSFT in mice.

(A) MPEP (3 mg/kg, i.p.) was administered 60 min prior to the test. Rapamycin (0.2 nmol/2
ul, i.c.v.) was administered 90 min prior to the test. (B) MPEP (3 mg/kg, i.p.) was
administered 24 h prior to the test. Rapamycin (0.2 nmol/2 pl, i.c.v.) was administered 24.5 h
prior to the test. Values indicate the mean + S.E.M. ((A): n=11-12, (B): n=11-12). *p < 0.05,
**n < 0.01 compared with DMSO-treated Vehicle, +p < 0.05 compared with
Rapamycin-treated Vehicle (LSD post-hoc test).
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1-3-6. Ketamine ® 5t 2 2HEEA BRI IZE T 2 mTOR V7 F LD HE 5

Ketamine (30 mg/kg, i.p.) 1¥H& 5 30 0% ic, BRI TOEMRLEMRL (BHEEM).
% O {E A% Rapamycin (0.2 nmol/2 ul, i.c.v.) I XV #EHL & 72 7> 72 (Fig. 6A), —F

Ketamine (30 mg/kg, i.p.) (I#H& 5 24 FEfif2 I, BREE COWER 2 B L (FFHEER) .

% O E 1% Rapamycin (0.2 nmol/2 ul, i.c.v.) 2 X v #iHi & 7= (Fig. 6B),

(A) Acute effect (B) Sustained effect
O Vehicle lKetamine| OVehicle @mKetamine

240 280
g 200 ’8‘ 240 ##
B 160 g 200 1
= * < 160 |

++

2 120 S
§ § 120 +
g & £ 8 |
- |

40 40

0 L 0

DMSO Rapamycin DMSO Rapamycin

Fig. 6 Effects of an mTOR inhibitor on the action of Ketamine in the NSFT in mice.

(A) Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. Rapamycin (0.2
nmol/2 ul, i.c.v.) was administered 60 min prior to the test. (B) Ketamine (30 mg/kg, i.p.) was
administered 24 h prior to the test. Rapamycin (0.2 nmol/2 pl, i.c.v.) was administered 24.5 h
prior to the test. Values indicate the mean + S.E.M. ((A): n=11-12, (B): n = 10-12). *p < 0.05,
**n < 0.01 compared with DMSO-treated Vehicle, ++p < 0.01 compared with
Rapamycin-treated Vehicle, ##p < 0.01 compared with DMSO-treated Ketamine (LSD
post-hoc test).
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1-3-7. Ketamine O & & (Z L IZ T 1EH
Ketamine (30 mg/kg, i.p.) X3 5 30 0 OEEHBICEE L2 LT S 2> 7= (Table 4),
ZDOZ b, Ketamine DERFE COEBRLZERTAIMEHAICEAEIIBEG LA WVWD &

MRS iz,

Table 4 Effect of Ketamine on food consumption in mice

Food consumption

Drugs (mg food / g of mouse)
Vehicle (i.p.) 3.7+£0.38
Ketamine (30 mg/kg, i.p.) 46+0.3

Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. Values indicate the
mean = S.E.M. (n = 5-6).

1-3-8. mGlus X AKRFEH I DOH 5> SHRIEM B E IR 1T 5 TrkB O B 5
MPEP (3 mg/kg, i.p.) D& EER L Trk 72 o > % F — P EHK D K252a(2.0 nmol/2
pl, icv.) X v o7= (Fig. 7)., K252a (2.0 nmol/2 ul, i.c.v.) 1<+ HIK

TEAEF TOBRICHEEL RITS 2o (Fig. 7).

Sustained effect

| OVehicle DMPEP

240 r

200 | I |

160

120 - o +

80 r

Latency to feed (sec)

40 r

0

DMSO K252a

Fig. 7 Effect of a Trk tyrosine kinase inhibitor on the action of MPEP in the NSFT in mice.

MPEP (3 mg/kg, i.p.) was administered 24 h prior to the test. K252a (2.0 nmol/2 ul, i.c.v.)
was administered 24.5 h prior to the test. Values indicate the mean + S.E.M. (n = 8-9). **p <
0.01 compared with DMSO-treated Vehicle, +p < 0.05 compared with K252a-treated Vehicle
(LSD post-hoc test).
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1-4. # %

ARETIL NSFT # H W T mGlub B R+EH3E ThH 5 MPEP OfEH X OV O 1E R FF
Z Ketamine ®Z N 6 L B L, s L 7=,

NSFT IEHMALEDO AR GICE2EA KD SSRI R =R A I 2O KE K HIZ X
LDAER Z R ATHE &+ 2R B % TH 5 (60,61), AHFFEICE VT, PL AL KD Diazepam
(0.3 mg/kg, i.p.) ITAMKREGEICIVEAE TCOERZ4HM L. SSRI @ Fluvoxamine (30
mg/kg, i.p) X BMER G TIE R 28HMORKEEGICLVERE TOBRELZ ML 2,
£ 72, KB CHV Iz Diazepam & Y Fluvoxamine O il B IXEH BT B 2 LT S 2k
Sl ZEMNDL, NSFTIZB T2 O EYOERIIEHSRENRERICLZ b TIER N
TEWRINTT, TR ORREITETHEL L K LD (60,62), KFFETHWDS
T2 NSFT O &ML, BEFOM ALK OH S >DEOEME 7l T 2 %4 e dlBRE Th
LT ENRENT,

ABFFEIZ BT, MPEP 1% Ketamine & [AERIC, B EBICEBELZ RIS RVWHETR
PP D SREIER 2~ L7z, Ketamine @ &M 1E A X Rapamycin 2 X D LS e mn o
o EnD, ZOAMEIEREIIZIEI MTOR Y 7 ANEE LW ERBI N, 72,
EF OIX. BEIC NSFT I B 1 5 Ketamine @ &M Ht 5 Dk 1E F 38 Bli1Z BDNF/TrkB 7'
ARG LNz Ex2#HELTWS (32), BDNF/TIkKB > 7 F gy F 7 A% 7B
AR E R E oM AR ZICBEE T 5 2 &b Ketamine @ &MEAE M FE BLICT I
A RN EOARKRIBEES Lt B bRk (27, 32), RIS, KD MPEP
OAMEERIZTZ 87 B A KRLESK O Anisomycin & " mTOR P& 3K © Rapamycin |2 X
VSN R olZ Lt mGIlus A RFHE T O BMEEM B IZ 1T Ketamine & [A]
BRICHHAZ VX7 BEOEKR KO mMTOR V7 F A nEE L nwE RIS,

I 5T, RWFFIZE VT, MPEP I Ketamine & FRIERICHEEHIMEOH 5 2HEIEMA 2~ L
7o MPEP OWNICE T 5 mGlus AR & A RITHE G 5 47%IC 100%ICEL, &E51% 2
REELUHNICR =2 T4 VRV FETRDZEN CSIBLII TV AIZEB W THE I LT
%5 (63), ZOZEnDH, RFFIZET H MPEP O R tE/EA R BLIZIE, mGlub = &k
FHEAARTERL . Z0RICERE SN KRR EAPEE LTI EE LT,
IhIE. VT T AR E R OB EN L CRHRMN R SIERERBT D LB 25
NTWwW? Ketamine DFEREN S L XEFE I N D (27), BAFFEITE WV T, Ketamine O & e P
fE 1% Rapamycin iIC X W it &z, > T, ZOFHEERIZIMD 5> SR ET LVICE
i} %5 Ketamine O£k EEMH & REIC mTOR ¥ 7 F L DiEHALEZ ML TWnWE EEZ BN
72 (27-29), 7B, I OWBEFEOREELEMIZE VT, mTORIEWIZZED Fid v 7 F VA
FTod D p70S6K K W elF4B D % U N7 B EBR TR HREI N TV DL Z &b BIRIC
BT H Ketamine (X mTOR ¥ 7 F L OiEH L2 L THL 2 DEH ZE K 3 5 rl e R
EEINTWD (64), —JF ., RWFFRIZTIH VT, MPEP @ £ i 14 7 H X Anisomycin (2 &
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DESHL S vz A3, Rapamycin I K 2 HHUEHIZEH 2B Tholc, T HDOREND
MGIuS Z AEIEFE TR Y N7 BEO AR EER L, FRtEo it 5> 2R EA 2 887
L0, ZOMEMFEBICIE Ketamine & 572 0 mTOR ¥ 7 F AR EH pBICE S5 L TWnad 2
EMTIRB I,

Z i E Tz, Ketamine @t 9 > {EHIZ X BDNF/TrkB > 7+ v 3 B 59 % Al GE 1% 23 /R
I TWs, BlL | Ketamine @4t 9 S>{E A iX BDNF (Val66Met) / v 7 A '~ T A
HAIBDNF / v 7 7 U~ AROTkBarys4vat /) v 770 T R2280
THHl &N D (30,31), HEH O L. NSFT ICEB T 5 Ketamine O FefgEEA 2 Trk 712 &
VX F—BHEED K52alc kvl s h s 2L EARELTWD (32), —FH . K%
IZ3B VT MPEP @ £t P E I 1X K252a i L W #EHi S L7 7> o 7o RBFZE TH v 72 K252a
O M EIT NSFT (28 F % Ketamine @ £ e M /EH & O FST 12817 5 BDNF O #L 5 S 1EH
ZUEEICHITOMETH S (32,65), > T, NSFT IZFBF 5 mGlub 52 & 1K £ Hi 8K
Frfoe PEAE I JE B2 12 BDNF/TrkB & 7 S v 3B 5 L7p 2 & b Ketamine & (3272 %
BFEREES T2 @BEREx b5, ZHETIZ, MPEP IZ# 5 6 Rl & ICRIkIKICE
7% NPY O¥Hz LR IEDLZEPMESNTND (66), NPY [ZLESMEGHR X b L
AEEETNLT vy MZBWT, TOHKEL 2REMBZICH ) SERAKOCRALZIEREZ R L,
ZOEMRIIEG 48K £ TR T2 (67), DD &5, mGlus 5 & (K5 b3k
DFfEtEOP > DERIEMIL NPY ORBL ERICER T 2 @gEREZxond, Ll
N5 mGlus B FREHIEIZ X DRt o SERIEN 0 20 F B I2 B L TIXR B 70 18
%<, AROBEERBKFBRETH D,

AETIE, mGlus & BFIRFEHL 3 A% Ketamine & [RARI1C NSFT (128 W\ TAaME & OVF i
DD DERIEHZ 7R T2 L 2 500 Lic, mGlubs Z BRI HLE O 2T O DR 1EH %8
BLZIE., Ketamine & RARICH B Z X7 HO G KT mTOR ¥ 7 F AR5 Lgwn e
RIS (Fig.8), — 7. mGlus X FRFEHHE D FFige vt 5 D ARIEH BT I3 H B~
YRIBOERBEET S H OO, mTOR v 7 LB 51k Ketamine & %72 0 #55 1)
TH V., BDNF/TrkB v 7 F v ixB 5 L7awnw e w7/ (Fig. 8), AlL . mGlus = &
KFEEHHE D NSFT 1281 D FfetEHt 5 DARIEM 13, Ketamine & R 2857 29 % "l e
PER R STz,
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Fig. 8 Proposed mechanisms of the effects of Ketamine and the mGIlu5 receptor antagonist.

Ketamine and the mGlu5 receptor antagonist induce the acute effects. Ketamine activates

BDNF/TrkB signaling and subsequently stimulates mTOR signaling, leading to the elicitation

of the sustained effect. The mGIlu5 receptor antagonist induces the sustained effect through

the new protein synthesis, partly via mTOR signaling but not via BDNF/TrkB signaling.
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Paran

B2 ®E OHAREESMNHRBRICB T LZMREA I LV E I VRS2 REHBLEE O
Ketamine D/EH I3+ 5 tnw b= MEROH S

2-1. ¥

%1 TiE, mGlus Z BIKHE IS Ketamine & RIERICEN L. O R B S
RIERZ R T 22207, AT, ZOKFIE Ketamine O & —#E R D =
EHRM O LIz, mGlu X HIRICIER T 23EM O Tl mGlus = & K HIE O fth 12
MGlu2/3 Z B KRIERIE O 2 PER L2 DIERAEF OB " ITRbhTnd, ZhE
T, mGlu2/3 ZFIRFEH I D MGS0039 & U8 LY341495 1%, il AkikE (FST), RBH%
R (TST), FEMENET V. RIRMBHET VEOEEWREEE T V7R EDORR A
REMETVICENTH ) 2MEREZRT 2 ERME SN TWD (46, 47,68,69), F 72,
BETF OB 9 DF AN FE ) L 22\ corticosterone KE 5 E 7T i W TH LY341495 (%
Ketamine & REEICHL D DTER Z /R L7122 & 205, mGu2/3 % B IKHE HU T BB Pt o

CHLHHATHDLZENRBRENTNDS (48), &6, BEFEOH I 2EMRHL 5 S fF
MERATL2ETCICHERMZESTLI2BETHARBA N LAETALIZEWNT S,
LY341495 (I Ketamine & [A 4R I(Z 4% 5 24 FFfH £ X 13 48 REH &L I2HL 2 >1EH 2R L, £ D
TEMIIHEEG 10 B ECHR KT enmEEnTWnWDd (28, 70), - T, mGlu2/3 %
HREGRITA DR OFEREEOI > SER 20 BN RBEIN D,

mGlu2/3 Z FRFEEITZI O SERA OMFIZEB W TH | Ketamine © Z 4L & —# 3 H 5
LI EMNTFINTWD, BIG, mGlu2/3 = AEKFEHE O 5 SEM F BT 1L Ketamine
ERIBRIC, v H X BB IFBEEHE I X D AMPA Z FIKDIEMEAL 2 /i L 72 TrkB/mTOR ¥/
TFNOEEA, ZNICHRWTERE SN DB EICR T LT T AZ NN IHEDOE
FRARME 72 & O MR R BN E T D R InTW5 (24, 26, 27, 29, 32, 69,
71-74),

U, mGlu2/3 5 K45 B3k & Y Ketamine 12 AMPA Z R K OEMLEZ N L TT v |k
ONRPFETERTEE oM Er b= BEBIMSE 52 & 0NHE SN 7 (53,55, £72.
PET #BRICFH W T, Ketamine | AMPA S E R Z S L CT 1 7 0 o Ml A5 8% K OVIE AR %
BFERICBIT D 5-HT B KOG EF ST AR EEIN TS (75), &b
e F=UMRRETIAVZIVEBMBRROMEEN L S SHOREBICEHET DS Z LN
REENTWD (76-78), TN LD &6, mGlu2/3 5 & K5 HiL 3K & Y Ketamine @ $t
IOMERFEBLICIE AMPA /X EEZ N Lictr = MRROEANEER&EE 2 57
TEEZHLND (Fig. 9), L2 L7 5, mGlu2/3 & FEERFE LI & O Ketamine DT 9
OERBBRICBE T2 b= R ROBMEIEIRERAZENZ WV, — 7. mGlus Z%&
HHHLE D MTEP &7 v FORTEHATEEICBW TMstr b= @48 iNcsE s 2
EMME SR TWD (54) (Fig. 9), 512, MTEP O TSTIZEB T 52852 >EMIZEn
b= K VB EK I D PCPA J2 Y 5-HT2a2c 52 B IAFEHLEK O Ritanserin iC X v i En 2 2 &
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DEESNTWD

btwe b= MRR
MGIus Z AR EOR > SHMEARB BTS2t b= #RAOE G KO T DK
R oM &N TWR W, £ 2 T8 2% TiE NSFT 2 T mGlu2/3 5 2 IR #5 53K
mGlu5 32 7 (K 5 JL 3K & O Ketamine O L 5 SHEEA R BICB T 5 a b= 4% 0 M

BEET L2 ERMH SN D,

HizZoWTHR L=,

Ketamine

N\

LirLan b,

(79), T 6D &b, mGlus ZAEMRFEHIE O 5 S FE MBI
NSFT (23T,

mGlu2/3 receptor
antagonist

mGlu5 receptor
antagonist

4

AMPA receptor

|

Prefrontal cortex .

Fig. 9 Proposed mechanisms of the release of 5-HT in the prefrontal cortex induced by

Ketamine, mGlu2/3 receptor antagonist and mGIlu5 receptor antagonist.

Ketamine and mGlu2/3 receptor antagonist increase the release of 5-HT in the prefrontal

cortex via the stimulation of AMPA receptor. The mGIlu5 receptor antagonist increases the

release of 5-HT in the prefrontal cortex via an unidentified mechanisms.
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2-2. FEBRME - Tk

2-2-1. @

B % 7-9 W i > C57BL/6J & HEE~ 7 A (Charles River Laboratories, Yokohama, Japan)
PEA L, BIiE=IE 23£3C., @& 50+20%, 12 FFRIAKE Y1 7 v (7:00-19:00 /%
1) I s -8k (RERERXNSHEEREFIEFTHN) TBWTEHE L, @F
R, (EL OVKITARERSEE, ERBVOEHE L PERBEFEIIHARAEREY TS O HE
BREh I \Z BT D FR B (1987) M OV IE B R A+ [ FEAF ZE B 0 EBRE M) BLE IS1E - T
IThbhi,

2-2-2. A

LY341495 (Tocris Cookson Ltd., Bristol, UK) (% 1/15 M phosphate buffer (pH 8.0) Zi&
fig L. 3R A KL 7=, Ketamine (XA AEHK CHNL ., EiRAFHR L 7=, MPEP L O
Ritanserin (Sigma-Aldrich Co., St. Louis, MO, USA) (X 0.5% MC [Z&fi# L . 3 % i &
L 72, CX546 (Tocris Cookson Ltd.) (% 10% hydroxypropyl-B-cyclodextrin (Z¥Afig L. 3
W % 7 % L 7=, 8-OH-DPAT (Research Biochemicals Inc., Natick, MA, USA) Kk O}
WAY 100635 (Sigma-Aldrich Co.) IZ AP AHE R ICEM L, iR 28 L 7=, NBQX (Tocris
Cookson Ltd.) 3P A HRICKE L, Rz WK L7, PCPA (Wako Pure Chemical
Industries, Ltd, Osaka) X 0.5% MC |Z#& ¥ L | 34k % L 7=, PCA (Sigma-Aldrich Co.)
FESAKCERL, BREzHAR L, 2ToEKROKER®IT 10ml/kg & L7,

2-2-3.  FT AR BR BE AR R B R
1% 1-2-3 LEERD GIETEM L7z, ARBRTHEM L Ketamine & U8 MPEP |3 %

ANLEABICBWCTEHEICEELZKITS RN &R STV 5D (Table 3, Table 4)
T/, ARBRCTHA L7 WAY100635 & 8 Ritanserin @ i &% in vivo 1238\ T 5-HTia
ZREKE D 5-HTopne X B K EHENMT 2D+ HEEGEETHLZ ERHHRINLT VD

(80-82),

Ketamine (30 mg/kg) % OY LY341495 (1 mg/kg) 1A BR D 30 riicEENES LI,
MPEP (3 mg/kg) 138k @ 60 sy Rl HEEN £ 5 L 7=, CX546 (10 mg/kg) K O* 8-OH-DPAT
(0.1, 0.3, 1, 3 mg/kg) 1ELalER D 30 rATICE T 5 L=, NBQX (1,3, 10 mg/kg) (X
Bk > 35 4y fif X 1% 65 4y i F# 5 L 7=, WAY100635 (0.3, 1, 3 mg/kg) %akBr o 60 %
AT 1% 90 4y il 2 F#& 45 L 7=, Ritanserin (0.125, 0.25, 0.5 mg/kg) 138k @ 60 4y A X
1% 90 /R HERE PN 5 L 7=, PCPA (300 mg/kg) IZ&BaTH £ T3 AR, 1 H 2 [ ke
NG L, BUBRIE PCPA F k#5018 W[ 1% LI 12 1T 72 o T2

2-2-4. ktw b= UERHEERB R EIR ITERER
ABAIC~~V A ZREENLOBHL, 1 L/ F—rYoRET, EBREICH/LEE,
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PCA (10 mg/kg) zEEANK G L, &5 10 5%/ 5 5245 % £ T, 18 syl T 2 oM
S (AF3E) OFRVITHORBZZME L7, BRVITHOREIT 2H5MOEIRD AT
Ha3moait o2l LIV EHRLE,

2-2-5. ko bh=rEHE

PCPA (300 mg/kg, i.p.) D& #A&HE L 18 K% ICHEA L, WMa ERIMHL, KET
ATSE R E & 4y L 7o, MiBAREIXMEH T2 £ C-80°C CRIF L7, AIBHEE T KRS L
0.1M B EMEHK T THREYF A XL, 4C, 17,360xXg Tm Lo L7Z, EEFOE®
o7 b= &% ELISA % » bk (Labor Diagnostika Nord, Nordhorn, Germany) % f\ CH| &
L7,

2-2-6.  #FEk
MRITECTEYME FEERLEZTRLE, ZHBEBEOL ST, — ol & 5 8o
(one-way analysis of variance: one-way ANOVA) X |% — Jc i & 43 Bt 43 #r (two-way ANOVA)
Z W CTREMNT L 72 # . post-hoc fi##T & L C Dunnett’s test X X LSD test & i L 7=, 2 Bf
e o %5 & 13 Student’s t-test & V7o, A EAKEIMALD 5% AN L Lc, &£ TORE
fiE BT 12 1L SAS 9.2 (SAS Institute Japan Ltd., Tokyo, Japan) % f\ 7=,
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2-3. HER
2-3-1. mGlus Z FEKRFEREOH > DBEABIICE T 5 AMPAZFIKD B 5

MPEP (3 mg/kg, i.p.) IZERF TOERFZEN L. T OEMHIXZ AMPA Z EEKEHED
NBQX (1, 3,10 mg/kg, s.c.) (Z X WL n7es -7 (Fig. 10),

mGlu5 receptor antagonist

280
240 ¢

200 F L

160

Saline Saline 1

e}
o

Latency to feed (sec)

S
o

o

NBQX (mg/kg, s.c.)
Vehicle MPEP (3 mg/kg, i.p.)

Fig. 10 Effect of an AMPA receptor antagonist on the action of MPEP in the NSFT in mice.
MPEP (3 mg/kg, i.p.) was administered 60 min prior to the test. NBQX (1, 3, 10 mg/kg, s.c.)
was administered 65 min prior to the test. Values indicate the mean + S.E.M. (n = 11-12). **p

< 0.01 compared with Saline-treated Vehicle (Student’s t-test).
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2-3-2. mGlu2/3 ZEEREHFIEDOH 5 SRIEHFEBIZ B 1T 5 AMPA X &Kk D 5
LY341495(1 mg/kg, i.p) 1T A F TCOER 2 & L. = O/EM X NBQX(10 mg/kg, s.c.)
kvt E 7= (Fig. 11), NBQX (10 mg/kg, s.c.) IZZF N HK TERE £ TOFRICE

Bh RFE o7z (Fig. 11),

mGlu2/3 receptor antagonist

OVehicle mLY341495

280 |
240 it
200 |
160 |
120 |
80 |
a0 |

Latency to feed (sec)

Saline NBQX

Fig. 11 Effect of an AMPA receptor antagonist on the action of LY341495 in the NSFT in
mice.

LY341495 (1 mg/kg, i.p.) was administered 30 min prior to the test. NBQX (10 mg/kg, s.c.)
was administered 35 min prior to the test. Values indicate the mean + S.E.M. (n = 11-12). **p
< 0.01 compared with Saline-treated Vehicle, ##p < 0.01 compared with Saline-treated
LY341495 (LSD post hoc test).
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2-3-3. Ketamine O 1 5 S EEA BRI BT 5 AMPA S FIKD B 5

Ketamine (30 mg/kg, i.p.) IZE R CTOFERKZEH L. £ O/EMIT NBQX (10 mg/kg,

s.c.) WX vHimsh (Fig. 12),

280
240
200
160
120

80

40

Latency to feed (sec)

**

OVehicle @Ketamine

H

Saline

NBQX

Fig. 12 Effect of an AMPA receptor antagonist on the action of Ketamine in the NSFT in mice.

Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. NBQX (10 mg/kg, s.c.)

was administered 35 min prior to the test. Values indicate the mean £ S.E.M. (n = 11-12). **p

< 0.01 compared with Saline-treated Vehicle, ##p < 0.01 compared with Saline-treated

Ketamine (LSD post hoc test).
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2-3-4. AMPA S RIKBEBRIEOPL ) DHEIERARIICB T 5 AMPAZREKOEE 5

AMPA 52 75 (K #8903 > CX546 (10 mg/kg, s.c.) IR TOEK A2 EME L. = O/EH
IZ NBQX (10 mg/kg, s.c.) & X b L &7z (Fig. 13),

AMPA receptor potentiator

| OVehicle BCX546 |
280 #
240 T [
200 I
160 *
120 | [
80
40

O 1 J
Saline NBQX

Latency to feed (sec)

Fig. 13 Effect of an AMPA receptor antagonist on the action of CX546 in the NSFT in mice.

CX546 (10 mg/kg, s.c.) was administered 30 min prior to the test. NBQX (10 mg/kg, s.c.)
was administered 35 min prior to the test. Values indicate the mean £ S.E.M. (n = 9-12). *p <
0.05 compared with Saline-treated Vehicle, #p < 0.05 compared with Saline-treated CX546
(LSD post hoc test).
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2-3-5. mGIu2/3 52 7% (K £ L3 K U8 AMPA 52 25 (K 8 50 38 o0 45 81 B0 % 1E 3 1B
LY341495 (1 mg/kg, i.p.) % Of CX546 (10 mg/kg, s.c.) X5 30 53 #%1C, i it i
%%&Cféfcﬁﬁ)ofi (Table 5)0 :0):%:75)6\ :ﬂ%%#@@*ﬁﬁivmﬁﬁ%%%ﬂa‘ﬁ%f

LZERMCEREZBIEG LAV LRI,

Table 5 Effects of LY341495 and CX546 on food consumption in mice

Drugs Food consumption

(mg food / g of mouse)
Vehicle A (i.p.) 44+0.3
LY341495 (1 mg/kg, i.p.) 5.3+0.8
Vehicle B (s.c.) 4010
CX546 (10 mg/kg, s.C.) 3.8+04

LY341495 (1 mg/kg, i.p.) or CX546 (10 mg/kg, s.c.) was administered 30 min prior to the
test. Vehicle A: 1/15 M phosphate buffer, Vehicle B: 10% hydroxypropyl-p-cyclodextrin.
Values indicate the mean £ S.E.M. (nh = 4-6).

2-3-6. tobh=rviBEotr b= BICKIFTIEM

tu b= KB OPCPAD T GRMENRMANOE R = 2B SE50IC 5 ThH
0% ELISAIZ LVt L. Br b= A3 D PCPA(300 mg/kg, i.p., twice daily for
3days) (T 05% MCH&R G LKL T, vV AOMBEEICK T2t b= B8R E%
74.8% 01 L7z (Table6), 2D Z &b, AEIAVT PCPA DG FIFIIMAN O r |
SV EBBERIOICTHNTH DI EBRBEENIIRINT,

Table 6 Effect of PCPA on 5-HT content in the frontal cortex in mice

Drugs 5-HT content (ng/mg tissue) Percent change
0.5% MC 4.33+0.80 —
PCPA 1.09 + 0.24% * 74.8

PCPA (300 mg/kg, i.p.) was administered twice daily for 3 consecutive days until the day
before the test. Values represent as the mean £ S.E.M. (n = 4). **p < 0.01 compared with 0.5%

MC (Student’s t-test).
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2-3-7. o b=riFHREREEFEERVITHRRICET 2 b= HBEOIEM

e h =B PCPAO R G FIERMAOERr F= 2B SEL20IC+5TH
LZhwtnr b= CiEHHREEEFRER Y ITHRRICIVBRF Lz, B b= R
D PCA (10 mg/kg, i.p.) TEWRVITBIOREKAZHEMSE, ZOEHIZER b= /B
# > PCPA (300 mg/Kg, i.p., twice daily for 3 days) (2 & v fiHi & 7= (Fig. 14), PCPA

(300 mg/kg, i.p., twice daily for 3days) IFZ N BEBERTEHERVITHOREBICEEL LIF X
2o de (Fig. 14), ZoOZ &b, SEIHA W PCPA OB FFEIMANOER F =
AHBEELIDOIC TS THD I ENMTHRAEZNICR S NI,

5-HT release enhancer

OVehicle mPCA

40 r

3

§ *k

s 30 t

e

3

E 2 t

o

3

Q

g 10 +

z #it
0 . s I

0.5% MC PCPA

Fig. 14 Effect of 5-HT depletion on PCA-induced head twitch response in mice.

Mice were treated with PCPA (300 mg/kg, i.p.) twice daily for 3 consecutive days until the
day before the test, and head twitch responses induced by injection of PCA (10 mg/kg, i.p.)
were counted. Values indicate the mean + S.E.M. (n = 10). **p < 0.01 compared with 0.5%
MC-treated Vehicle, ##p < 0.01 compared with 0.5% MC-treated PCA (LSD post hoc test).
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2-3-8. mGlus T FEKRIFEME O > >BEARBAICE T2 b= B 5

MPEP (3 mg/kg, i.p.) IFEREETCOERLEMRL. ZOEHITEr b= B ED
PCPA(300 mg/kg, i.p., twice daily for 3 days) (2 & Y %5t = 41 7= (Fig. 15) ., PCPA(300 mg/kg,
i.p., twice daily for 3 days) IZ*NBHEKRTEREE TOERICEELZ KT 20> 7 (Fig.
15),

mGlu5 receptor antagonist
| ovehicle oMPEP

280
H#i#

240 T T
200

160 | *k
120 |
80 |
40 |

0 L J
0.5% MC PCPA

Latency to feed (sec)

Fig. 15 Effect of 5-HT depletion on the action of MPEP in the NSFT in mice.

MPEP (3 mg/kg, i.p.) was administered 60 min prior to the test. PCPA (300 mg/kg, i.p.) was
administered twice daily for 3 consecutive days until the day before the test. Values indicate
the mean £ S.E.M. (n = 10-12). **p < 0.01 compared with 0.5% MC-treated Vehicle, ##p <
0.01 compared with 0.5% MC-treated MPEP (LSD post hoc test).
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2-3-9. mGlu2B3 ZEKRFEHEOH > SEREMNEHR ICET St b=

LY341495 (1 mg/kg, i.p.) FEEETOERLEMEL., TOEMITER b= FiEE
@ PCPA (300 mg/kg, i.p., twice daily for 3 days) & X 0 #ifi & 7= (Fig. 16),

mGlu2/3 receptor antagonist

OVehicle mLY341495

280
240
200
160 *
120

80

40 r

#

Latency to feed (sec)

0.5% MC PCPA

Fig. 16 Effect of 5-HT depletion on the action of LY341495 in the NSFT in mice.

LY341495 (1 mg/kg, i.p.) was administered 30 min prior to the test. PCPA (300 mg/kg, i.p.)
was administered twice daily for 3 consecutive days until the day before the test. Values
indicate the mean + S.E.M. (n = 12). *p < 0.05 compared with 0.5% MC-treated Vehicle, #p <
0.05 compared with 0.5% MC-treated LY341495 (LSD post hoc test).
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2-3-10. Ketamine o9 2EEARBAICB T A e b= EE

Ketamine (30 mg/kg, i.p.) ZEREE TOERLEML. TOEMITE R b= g
@ PCPA (300 mg/kg, i.p., twice daily for 3 days) (2 L v fift & 7= (Fig. 17).

| OVehicle @Ketamine |

280
240 iid
200 |
160 |
120 | **
80
40

Latency to feed (sec)

0.5% MC PCPA

Fig. 17 Effect of 5-HT depletion on the action of Ketamine in the NSFT in mice.

Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. PCPA (300 mg/kg, i.p.)
was administered twice daily for 3 consecutive days until the day before the test. Values
indicate the mean + S.E.M. (n = 11-12). **p < 0.01 compared with 0.5% MC-treated Vehicle,
##p < 0.01 compared with 0.5% MC-treated Ketamine (LSD post hoc test).
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2-3-11. AMPA Z BRI MEOH 5> SOHEERARBICB T2 b= 05

CX546 (10 mg/kg, i.p.) FEEEF TCOEMRZEMR L. ZOEHITERr F=2MBED
PCPA (300 mg/kg, i.p., twice daily for 3 days) (2 & ¥ fift & 7= (Fig. 18),

AMPA receptor potentiator

| OVehicle mCX546 |
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##

I r T
200 |

160 | o
120 | T
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Fig. 18 Effect of 5-HT depletion on the action of CX546 in the NSFT in mice.

CX546 (10 mg/kg, s.c.) was administered 30 min prior to the test. PCPA (300 mg/kg, i.p.)
was administered twice daily for 3 consecutive days until the day before the test. Values
indicate the mean + S.E.M. (n = 11-12). **p < 0.01 compared with 0.5% MC-treated Vehicle,
##p < 0.01 compared with 0.5% MC-treated CX546 (LSD post hoc test).
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2-3-12. mGIus ZFERIEIE DO HL 5 SHRAEMEILIZ B T 5 5-HT1a % 1K S O 5-HT2ar2¢
Z R DRE 5

MPEP (3 mg/kg, i.p.) IZEREFE TCOERFZEHM L. T OMEMIL 5-HT1a % & K #5513
® WAY100635 (1,3, 10 mg/kg, s.c.) I X Witz -7 (Fig. 19A), —F . MPEP
D VE A X 5-HT2a2c % & K15 HL 3K o Ritanserin (0.5 mg/kg, i.p.) (2 X v i 7= (Fig.
19B),

(A) 5-HTia receptor (B) 5-HT2a/2c receptor
280 r 280 r
240 240 i
1 T L |
g 200 ¢ o 5 200 ¢
(5] (<]
E 160 E 160 deke
> 120 > 120 r
5 5
£ 80 r = 80 r
- |
40 40
0 1 1 1 1 ) 0 1 1 1 1 )
Saline Saline 0.3 1 3 05% 05% 0125 0.25 0.5
MC MC - . .
WAY 100635 (mg/kg, s.c.) Ritanserin (mg/kg, i.p.)
Vehicle MPEP (3 mg/kg, i.p.) Vehicle MPEP (3 mg/kg, i.p.)

Fig. 19 Effects of a 5-HT1a receptor antagonist or a 5-HT2a/2c receptor antagonist on the
action of MPEP in the NSFT in mice.

MPEP (3 mg/kg, i.p.) was administered 60 min prior to the test. (A) WAY100635 (0.3, 1, 3
mg/kg, s.c.) was administered 90 min prior to the test. **p < 0.01 compared with
Saline-treated Vehicle (Student’s t-test). (B) Ritanserin (0.125, 0.25, 0.5 mg/kg, i.p.) was
administered 90 min prior to the test. **p < 0.01 compared with 0.5% MC-treated Vehicle
(Student’s t-test), ##p < 0.01 compared with 0.5% MC-treated MPEP (Dunnett’s test). Values
indicate the mean + S.E.M. ((A): n =11-12, (B): n = 12).
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2-3-13. mGlu2/3 T FEKFERE O > >BIERABIICB T D 5-HTia T FE LV
5-HT2anc Z BK OB 5

LY341495 (1 mg/kg, i.p.) IZER F COWEMKZEME L. £ OERIE 5-HT1a 5% B IR BT
3K D WAY100635 (1, 3 mg/kg, s.c.) (2 X v #iHt 47z (Fig. 20A), — 5. LY341495 ®
YER1E 5-HT2a2¢ 5% & K 5 513K © Ritanserin(0.5 mg/kg, i.p.) (2 & 0 i Hl & 172 7> - 7= (Fig.
20B),

(A) 5-HTia receptor (B) 5-HT2a/2c receptor
280 . it -
o 240 | i OVehicle mLY341495
280 r
< 200
] o 240
& 160 | *% 2
£ < 200 | *
> 120 r 3 ++
c &£ 160
2 80 r o]
- 2 120 -
40 r = 80
0 : hi
Saline Saline 0.3 1 3 40
WAY 100635 (mg/kg, s.c.) 0 _ _
0.5% MC Ritanserin

Vehicle LY341495 (1 mg/kg, i.p.)

Fig. 20 Effects of a 5-HT1a receptor antagonist or a 5-HT2a/2c receptor antagonist on the
action of LY341495 in the NSFT in mice.

LY341495 (1 mg/kg, i.p.) was administered 30 min prior to the test. (A) WAY 100635 (0.3, 1,
3 mg/kg, s.c.) was administered 60 min prior to the test. **p < 0.01 compared with
Saline-treated Vehicle (Student’s t-test), #p < 0.05, ##p < 0.01 compared with Saline-treated
LY341495 (Dunnett’s test). (B) Ritanserin (0.5 mg/kg, i.p.) was administered 60 min prior to
the test. *p < 0.05 compared with 0.5% MC-treated Vehicle (LSD post hoc test), ++p < 0.01
compared with Ritanserin-treated Vehicle (LSD post hoc test). Values indicate the mean *
S.E.M. ((A): n =12, (B): n = 11-12).
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2-3-14. Ketamine ®Hi 9 DEEEA R BICEB T 2 5-HT1aZ AR K N 5-HTonanc Z &K O B4
5

Ketamine (30 mg/kg, i.p.) IZER F TOEREZ M L. = OERIX 5-HT1a 5% B IR BT
D WAY100635 (3 mg/kg, s.c.) (2 LV #ift =7 (Fig. 21A), — 4. Ketamine O {EH
1% 5-HT2a2c % & K5 HL 3K o Ritanserin (0.5 mg/kg, i.p.) 2 X v st s 22 s - 7= (Fig.
21B).,

(A) 5-HTia receptor (B) 5-HT2a/2c receptor
280 Hit
~ 240 OVehicle @ Ketamine
g N 280 [
=~ 200
3 o 240 G
“5 160 r ** @ 200
> 120 | 3 *k +
§ &£ 160
2 80 r e
3 > 120
40 r S
= 80
0 L -
Saline Saline 0.3 1 3 40
WAY 100635 (mg/kg, s.C.) 0 ' ) )
0.5% MC Ritanserin

Vehicle Ketamine (30 mg/kg, i.p.)

Fig. 21 Effects of a 5-HT1a receptor antagonist or a 5-HT.a/2c receptor antagonist on the
action of Ketamine in the NSFT in mice.

Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. (A) WAY 100635 (0.3, 1,
3 mg/kg, s.c.) was administered 60 min prior to the test. **p < 0.01 compared with
Saline-treated Vehicle (Student’s t-test), ##p < 0.01 compared with Saline-treated Ketamine
(Dunnett’s test). (B) Ritanserin (0.5 mg/kg, i.p.) was administered 60 min prior to the test.
**p < 0.01 compared with 0.5% MC-treated Vehicle (LSD post hoc test), +p < 0.05 compared
with Ritanserin-treated Vehicle (LSD post hoc test). Values indicate the mean £ S.E.M. ((A): n
=11-12, (B): n = 10-12).
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2-3-15. AMPA S RKEBRE O > DHFIERARIITB T D 5-HTia X FAE K O 5-HT2a2¢
B NN

CX546 (10 mg/kg, s.c.) 13 E R E TOER 2 MM L. T OEMIL 5-HT1a 5 A M5 H 3L
® WAY100635 (3 mg/kg, s.c.) (2 X Vit (Fig. 22A), —F . CX546 O EH X
5-HT2a2c % 2 K 15 BT 3K @ Ritanserin(0.5 mg/kg, i.p.) (2 & 0 #HL & 172 2> > 7= (Fig. 22B),
WAY 100635 (3 mg/kg, s.c.) & O% Ritanserin (0.5 mg/kg, i.p.) ZZTH HKTEREE TOHE
RplZ 83 % K IF X720 - 7= (Fig. 22A, B),

(A) 5-HTia receptor (B) 5-HTg2as2c receptor
| OVehicle mCX546 | | OVehicle @CX546
- 280
280 - T
fg 240 - T T T ;é, 240 | T
\'8/ 200 r g 200 r Kk ++
2 *% s L
S 160 o 160 T I
g T >
& 120 - g 120 |
S 3
T 80 < 80 f
40 r 40
0 0 1 J
Saline WAY 100635 0.5% MC Ritanserin

Fig. 22 Effects of a 5-HT1a receptor antagonist or a 5-HT2a/2c receptor antagonist on the
action of CX546 in the NSFT in mice.

CX546 (10 mg/kg, s.c.) was administered 30 min prior to the test. (A) WAY 100635 (3 mg/kg,
s.c.) was administered 60 min prior to the test. **p < 0.01, compared with Saline-treated
Vehicle, ##p < 0.01, compared with Saline-treated CX546 (LSD post hoc test). (B) Ritanserin
(0.5 mg/kg, i.p.) was administered 60 min prior to the test. **p < 0.01, compared with 0.5%
MC-treated Vehicle, ++p < 0.01 compared with Ritanserin-treated Vehicle (LSD post hoc test).
Values indicate the mean £ S.E.M. (n = 12).
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2-3-16. S5-HTia X FEIEEE O /E

8-OH-DPAT (0.1, 0.3, 1,3 mg/kg, i.p.) IZEBEE TOBMRICHEEL LIT S ) -7 (Fig.
23),

5HTa receptor agonist

280
240
200
160
120

80

40 r

0 1
Vehicle 0.1 0.3 1 3

Latency to feed (sec)

8-OH-DPAT (mg/kg, s.c.)

Fig. 23 Effect of 8-OH-DPAT in the NSFT in mice.
8-OH-DPAT (0.1, 0.3, 1, 3 mg/kg, s.c.) was administered 30 min prior to the test. Values
indicate the mean + S.E.M. (n = 8).
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2-4 &5

AFECTIE NSFT Z W T mGlu2/3 Z FIRFEHLE TH 5 LY341495, mGlus 52 & K5 bt
HTHD MPEP O Ketamine Ot 5 DR EARBICB T2 e b= MRZDOHE LI
DWTHH L7,

NSFT 23 1F % LY341495 K& OF Ketamine O #t 5 DKk EH IZ AMPA Z F IR HIE TH 2
NBOX IC K VM SN, NBOQX Z TN ER THEREETORRICEELZRITSI R
2o FTo. AKWFZETHZ LY341495, MPEP & (% Keamine ® i & X = B K CTHE&E

IRBERBTERPSTLZ b, 2L EYOH 5 DEREMIZIFRFEGZEMNTIER
WIZENRENTZ, ZRLOERNS . mGlu2/3 Z K IKHHLE L OV Ketamine X AMPA
SEEROIEEAZT L TH I SDRIENEZRBLT 22 LN R En, 20 Z &% AMPA
ZRMEMBIETH D CX546 DARAETFTLICEB W TH I DHEEMZEMEL., T OMEHAMN
NBOX IZ X Vi S NERHRENL B IXFEND, KEOFERIL, ho@®E T VIZEH T
LRER L L BT 5 (26,29, 53), 5T, mGlu2/3 Z HEFEHHEN 7 V& I VERES)
PEMREROACZAEREZIMH T2 2 Licky (AIBERMEE COZ V2 3 Wil % 12
T 52 EnHESNTWS (72), £7=. Ketamine (3 /il 58 5l 5 E D #E (K 0 82 40 g o> B
mflzEEL, 7V I VBEMAERET LI ZENRTIBINATVDS (24), ThbDZ
E B, mGlu2/3 Z FIKHEHUE K O Ketamine 1%, BIEEBTREICB W T V2 2 VRl
Btz fREL, RA T F 72D AMPA Z R OIEMALZ T L TH 5 SEREM 2 8L L
TWAHABEMENE LN, —J. MPEP ®#Hi 9 D/EMA X NBQX IZ L W it s+,
ZO AMPA ZREEEZN SR WEMRIZ, FSTIZB T 2®ME L L —8T2 (79, - T,
mGIus Z FEFEHLIIL AMPA Z R KR OIEMALZ I S TITH > DRIER 2 BB+ 5 2 &
DR ST,

LY341495, MPEP }& " Ketamine O 4t 5 D#Rk/EHiZtm b= #BHK TH 5 PCPA I
FoHiisinie, PCPAIZZENHAERTIHIERETCOERRIIREZR TSR, T
HOFERN S NSFTIZH T D mGlu2/3 = AR HU3E . mGlub 5 25 (K #5 §T 3K K& Y Ketamine
DOH D SERERICIEEr b= WRBRAPELGELTWD Z & A2 RFRIIHD TR LI,
72, PCPA I~ ZADOFEEEEICB T2 tn b= 8% 748%HAP &8, o b=
HEE R CTH D PCAICIVEERINIEWRVITEHZMHE Lz b, RERTHO
7= PCPA OFE G EMHFEMANOEr h=v 2B S50+ ThHDZ ERRI LT,
B2 AMPA Z BRI IE CTH D CX546 D PL O DEREM 1T PCPAIC K W #EHi s v 7z,
INETORPEEZBET D & . mGlu2/3 Z A K4 I3 K& O Ketamine 1 AMPA Z & (K D
ALV EREINDIEr F= VilFEEEEZ N L TH O SDKRIFAZ BB L1 & & %
57z, mGlu2/3 = KK HE B3 & O Ketamine 78 AMPA Z BA &ML AZ ML TT v b
OWMATERT R EOMIstr = BAMEMEE 22 LR RESNLTEBY (53, 55),
KRR EBRHE LT T HHDOTHD, 6, MTEP X7 v M ORITEFT K EIZE W
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THifastt e =V EZHMSELZERHESNTND (54), fE> T, mGlus Z &
KEEFELFRERICEr P2V IEMBREREZ N L TR DREHAEZEB L TN LEE XL
Nz, —J7. mGlus ZREFEHEDOH 5 SERMEMIT NBQX IZ X v Hifishieno7/c 2
k#%\m&%i@%%ﬁ%iAW%%@W#W@%&%?%ﬁLT?DF:Vﬁ%
ARET DL, FIOOBRIEMAZRIL TV D ABERBE LN, ZHET,
o b= MRS mGlu Z B IAHE B & OV Ketamine O HT 9 - Kk 1E A 3¢ 811 & 2 70 1%
HEREZLTWVWDHIZEERLTCERL, 220, kit b= ZREKICERBL, HLH o
BIERRBICE ST 520 744 71250 THRF L 72,

e b= ZBFRYTHE AL TOFTEH, 5-HTiAaZ BIR K O 5-HT2a2c X BEMRIZTEH I
BETO2RELCEREOMERICEVWTEZIEELTBY I >EAKORAL
ERICEW CTEHERHE 2R T LI TWVWD (83-85), £ 2 T, 5-HTia T REKKE W
5-HToanc Z B RO S IZ oW TEFNFNND S-HT R F RS ELZRH W THBHFNLEZ, =0
fE . mGlu2/3 Z AR+ Pk & Y Ketamine (X 5-HTia Z &K OIEMAL 2 L TH 5 o4k
ERZRBT DN RENTE, RIS, AMPA ZFEKEMIE TH 5 CX546 DHLH O
BREM DS S-HTA X BAROEM L EZ N L THREAT LN RENTE, 26D &b,
mGlu2/3 % X K 4% L 3E & Y Ketamine 1Z AMPA Z R K ZEM LT 22 itk ke F=
CIEBEERE L, ZORER, 5-HTia ZREZIEMAL L TH S SHRIER 2 BT 2 76
PERZ 2 bivlc, — 5 5-HTia X B KRIEEE TH 5 8-OH-DPAT IZEH Z RS 2 iro Tz,
ZHE T, 8-OH-DPAT X2 H K5 H 2 I T MR ~O R 512 X v . #isE AT
BlzBWTku b=V ilEf2IH T2 2000, 5-HTia TARETHE TS L F 7R
DHOZEEROIEMEAEZ N L CHIBEATKEDOERr h=EMEZ N T2 2 LR RS
N<CTwW? (81,86,87), ZHIZx L. mGlu2/3 & & K45 HT 3K & Y Ketamine |3 Aij 88 /i B2 &
ODtv h=ViEMAERETLIZERAREINTVWDLZ DL, LY TS AD 5-HTia
HOZAKRICEIERALRWAEEREZOND, LD EEEET DL, mGlu2/3
Z RIRFE PR O Ketamine (TR A R v F 7 A D 5-HTia Z B K 2 @ INMICIEMEALT S 2
CICEVEREZREAL TV DLAEERE XN, MA T, 920K ERHE O /AT R EIC
BWT, 5-HTia XBERO X R I7EPRETFTLTND Z L (88,89, MUT v hDilEfE
B W T =8B ARH D 2% O Imipramine J OY SSRI @ Paroxetine @ & I K18 # 512
RANYFT T ADS-HTiAZBEEROBERENL TLEIND Z EAHREIN TS (90, 91),
B PRI ENKEEET D220V 2EREZRET L b, KA
Ny F T A0 5-HTia T BB OIGHEALBH O DEARBICHE B ICHERT 2 LHEN ST
W5 (90, 91), 26 DAL mGlu2/3 & R4 B3 & Y Ketamine 78 — 8RR L 9 D%
SOV SSRI L g 7p 0 B G TERMICKA A N F 7 A0 5-HT1a Z BB O G ML &
MLT, FLOOMEREZRRAL TV I AREEZXETI2L0TH D,

— 7. mGlus ZFRFEH T 5-HToanc XA K DOIEMEI Z I L TH O DEREM Z2 JE 8L
THZENRBINT, Z O RIT TST KO Vogel BUEFEMKRBRICE T D8R & — K
LTW2% (54,79), RAFFRICEBW T, mGlus Z A K IEOH 9 DHIEHFEBIC L=
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M= EHORENEE T D2ARER RSN &, SHIC, MPEP Ak r F = U %R
Kot 28fEEZAEL TV RWI LE2BET DL (92), MPEP Tt rm = v ilFfE%
R L. BRI 5-HToane X AR ZEMAL L TEM Z BB T 2 ERE2L bR D,
ARFFEIZB DT mGIub XA RFERE DI 5 SRRIEM BB v b = 0 #E o (2 i 23
BELTWAZ R LER, v bh=VvZRERY T2 A4 7O IOV TIE
MmGIlu2/3 = KRS P IE & Y Ketamine & 72 5 Z LB LM E R o JBBRE WD &2,
MGIUS Z AR/ v 77 U h~ U ZICBWT, 5-HTa X B KRAEE I DO DOM (2 %f 7~ 2 i B
BORIGHEN LR T2 2L B8HE S TWD (93), BlL, mGlus ZAKD MR 12 &b
S5-HToAZ BEOEZENH KT H I ENRBENT N D, S HIT.5-HT % A K I% GABA
FARRICJRHTE L, 5-HT2anc Z A IEEN I TdH 5 DOI 13 [ B il B I 38 T GABA i fiff %
MEST L LNBRESNTND (94, 95), 9 OWHBEHFITIB VT GABA MR 2 HE S
NTW2ZEaBETLHL (96), 5-HT X AR A I L 7= GABA #hifk % 0 38 i 23 A 58
TBZEINT mGIus ZAEKREHEOH > SHRIEMEBICHE L TV D ARERE X2 6
i,

AREIZBWT, mGlu2/3 = AEFEHLI. mGlus = & K5 P 3 )& Y Ketamine @ NSFT
BT 2 SHIERARHICE e b= MRBRADPBES T 22 200 THLIZL
72 S 512, mGlu2/3 Z &K HL K & Y Ketamine 13 AMPA % &K 0 & M1k &2 A L T Hi
BHATE O r b= FMEZRE L, TO/MRE. 5-HTia S BRZIEM(LT 2 2 LI X
VPO OREIER Z BB L T\ D A EME S R S e (Fig. 24), —J7. mGlub 5 & (K £ b
L AMPA Z AKIFKEMICHBEMEZED e b=V IFEE 2B L. 5-HT2a2c % & 1K
ZIEMALT 22 LICX0H ) DRIEAZ%BEBLL TW D AN /RS vz (Fig. 24),
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mGlu2/3 receptor mGlu5 receptor
Ketamine antagonist antagonist

AMPA receptor l

5-HT

Prefrontal cortex

«—| |

5-HT,, receptor 5-HT,,/0c receptor

v

€

Acute antidepressant effects

Fig. 24 Proposed mechanisms of the acute effects of Ketamine, mGlu2/3 receptor antagonist
and mGIlu5 receptor antagonist in the NSFT.

Ketamine and mGlu2/3 receptor antagonist increase the release of 5-HT in the prefrontal
cortex via the stimulation of AMPA receptor and subsequently activate the 5-HTa receptor,
leading to the acute effects in the NSFT. The mGIlu5 receptor antagonist increases the release
of 5-HT in the prefrontal cortex and subsequently activate the 5-HTa/2c receptor, leading to

the acute effect in the NSFT.
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FI3FE MBI KX I W 2/3 ZREFEHLE KO Ketamine D HLH SERICB T 5
WARIBTEERT R — MR MRERIK 2N Lo b= MRRo S

3-1. Frim

%2 FEICE WV T . mGlu2/3 5= & IR 45 JT 3K & Y Ketamine @ NSFT IZ 8 1) % B 9 D HE1EH
FHIZFMAbILE T2 = HREROEECPEET L2 EBH LN E R o T,
e b= R MREREZICHEE AR L, 2ot e b= MRS RTEEATEE . S
FHrz. MEEK, BUmAER, K, AR THAXOREER END0MmEERNIZLY £
OIEERHIE S TWD (97), Fii. WRIETEERTRE 225 O 7 v & I U Bfic
FEEN TV EMEREOMBEEL T N 22T 47 ALV RIRWICHIE S 5 &
R K UK EBR (FST) 2B WTH D DEM S HEBL L PRI AT I A BE Je OVFY ) e A A% o
MREERORB TITR I SERARER LAV ERE S AL (98), ZoZ b, WM
RTSERT R E 2 D MM ICEH L TWD 7 2 I BRI L0 BIRIIEEL S
hotr =PRI SERORIICE N TEELREH Z R L TV D AN
EZObND, £l ZOMRBIT. NRIETEE AT E O MESAIEIC L 58500 SEA R R
F=UMBICIVER SN2 Z e bXFEIND (99), ZNFETIC, FEHLHIX
MGIu2/3 Z A RFERE N EMHEREZE O b= v MR K EZMRIET S Z & LT AMPA
SEEBOEEAZ L TCHREMBEREZEICKS T 2Matte h=r&28NsE 52
EEWMELTWD (53,100), £7-, NMDA = & K45 HL 3 MK-801 1% PN 18I Aif 55 /ij B &
O AMPA ZAEKRTEMRALZ 0 L CHAIRTE R EIC BT 2 Mlastte b= &2 8Ns
L2 EbHESNTWD (101), K-> T, mGlu2/3 = BIKFEHL K & 0 Ketamine TN
M FTEA AT E O AMPA X FEKRDOIEMAZ T L TEMMBREZ O o b = M5 k22
HEEE NRAETEEICR T s b= BEEHAZBEMSE TV A AEERNEZLNR D,
SIHIT, B 2EICEBWT, mGlu2/3 Z A K &k Ot Ketamine d#it 9 DA AEH F H I
X, AMPASZ AR Z N Lkt b= MERROIEHEANBEET L2 L2R7B L, 2
5D Z L, mGlu2/3 Z K RSP & OV Ketamine O $T 5 -2 /F I %8 B2 1% PN AR A 88 Al
FE D AMPA Z XK OIEMALZ I L CTHRE SN 2 W MRRZ O b= i o fE
{ERBEGLTCWDAEEREZZLND, Lo LN, mGlu2/3 = FIKH it 3 &k O
Ketamine @ #t 5 > F 38 BLIC NI AT SE AT E — &5 MIREMAZ R 0 7 v & I v ik ik %
Ll b= MRBROEERE ST 520G OVWTEBALAICIA TR, £ 2
T, 3 ETIX., mGlu2/3 A+ HLIE K O Ketamine @ #1959 SEHFBLIZ 1T 2 WM
ATSEAT L — R ERR I VHIEI L e h=rMBOBEIZOVWTRD —
MBI 72 B0 D DTGP O FEAM 5 1E T o 2 FST., M ICE 1 AE Kk OV i /i b 7 00 F1E 2 H
WHRREH L 72,
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3-2. FEBME - FIE
3-2-1. @

1L 7-9 W s © C57BL/6J K M1~ © A (Charles River Laboratories, Yokohama, Japan)
PEA L, BIiE=EIE 23£3C., @& 50+20%., 12 FFRIAKE Y1 7 v (7:00-19:00 /%
) i s nc@iisk (RIERBERASHEENERAN) B TWHBELE, @F
B, fE R OVKITEBERSEZ, ERBVOFMELOCERBIETAAEZERGH L O E
BREh 2 BT D FR B (1987) M VKR IE SRR S+ [ FEAF ZE B 0 EBRE M) BLE IS1E - T
1Tz,

3-2-2. ¥

(&5 $ 5 ) LY341495 % 1/15 M phosphate buffer (pH 8.0) (¥ fF L. g2 L
72, Ketamine [TA P EEK TAHMN L, FikZ 8 L 7=, Paroxetine (Toronto Research
Chemicals Inc., NORTH YORK, ON, Canada) [3/EB &M ICHM L, KRz L,
NBQX (A B A RICE L, HikZ - L7, PCPAIT 0.5% MC (218 L . K &
WML, 2HEHGICHEHTLIEROKRGEREIT 10ml/kg & L7z,

(R Fr#% 5-) LY341495 % 1/15 M phosphate buffer (pH 8.0) (¥ fig L. U > # /L ik (147
mM NaCl, 4 mM KCI, 2.4 mM CaClz) T 1000 X (% 10000 fF# R L T, ik z R L 7=,
Ketamine (50 mg/ml) XV 7 VT 7 XX 70 f5A WL T, EiKZ L7, NBQX
[T DMSO 2 L., VY7 iR T Ll0fFmNL T, EikaxHi Lz,

Wi

3-2-3. @ ] Ak vk G BR

HBRA ALYV AEZMEENOBE L, 8L/ /¥ — YV TEREICH(L T, ABRIC
XK 251 CHOKZRKE 13ELem 2D K2 ANTT 7 U v &A% o [ (N
17 em, @mS24cm) AMEALE, vV AEZHEOKFITENIC A, 6 5 iRl
ARk EER (FLRBR), Kk, BIWZ2BROYHL, A—2F7r—VIZELE, YUK
BT 0 245 R ZIC, ~ U A& F O 6 4 BIREIA I KUk & &7 (GRUBR) . SBRIFIC X
HEOR T ICERBEESNLZET A DA TV~ 2078 &8l L, B8O LETL
SEDRWVDLHDWVIEKICEDOEZB OB EZE T OROITE & Lz, B8R
DBEIZIEZA Ny T Uy FEMER L, EEREHE OEMEIIH S SERORE %2 RT,

Ketamine (3, 10, 30 mg/kg) . LY341495(0.1, 0.3, 1 mg/kg) & (" Paroxetine (1, 3, 10 mg/kg)
B D 30 o RTICEEN S5 L=, NBQX (1,3, 10 mg/kg) (XakBr o 35 4y i iz T #
B L7, PCPA (300 mg/kg) (Z 7 VikBRaT A £ C3AM. 1A 2MEHEANELEL, 71
B I1T PCPA ik ¥ 5> 18 W 1% LARE 24T 72 » 72,

3-2-4.  MPNBRETE AGE
HA R =a2—LOHDIAR
YU RAREXYy AL EEY —F RNV T A (VAT 50 mglkg, i.p.,
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Kyoritsuseiyaku Co., Tokyo, Japan) TIE:L . &AL [E &2 (SR-5N, Narishige Co.,
Tokyo, Japan) ([Z[EE L7, FIFH A A TEHKZOIM L, HE % & S &, Paxinos and
Franklin @ B FE e > TH A M KU LT, bregma 2> & W1 5 A2 2.0 mm, {1l 51T 1.4
mm OMEICEZRZ 1ImmEEDOLE2 T, A4 KU ==2—1 (AG-4, Eicom Co., Kyoto,
Japan) O 4e i S WA RTSE AT E IS E 95 K 912, 20° OMELE S, MKk O K@
DHIEMA~23mmBIA L, M, A4 FIh=a—LFAMELYVZTOLEDNEIC
T A—EAEHOIAKR, EAHE A (GC UNIFAST, GC Co., Tokyo, Japan) #% M
WTHA RI=a—bazmlicElE L, Fifitk. ¥ I —L4 ==— L (AD-4, Eicom Co.)
EHA R =a—VIZHAL, ¥ v 77+ >~ (AC-1, Eicom Co.) THEE L 7=, WHIA]
SHAT R E ~ O G IXFM 2 B BLLERICE i L 7,

PN AR T B iR N % 5

WM ETEMAENESEIR I F Lo AT —FT 2N LT~ 270 P
(Hamilton Co., Reno, NV, USA) Ik L Im~A A V=l varrl=a—1L
(AMI-4.5, Eicom Co.) WA FA =2 — LICMAT 52 L2 X0 FEH L7, LY341495
(0.003, 0.03 pmol/0.1 ul/side) . Ketamine (0.3, 3 nmol/0.1 ul/side) % T8 NBQX (0.01, 0.03
nmol/0.1 ul/side) X+ VU > ¥ K> 7 (HARVARD APPARATUS Co., Holliston, MA, USA)
% AN C 0.05 pl/imin O T 0.1 pl #WMICHLE Lz, & TH, ~f 70107
t/varH=a—L&%25M¥EE L, LY341495 K OF Ketamine (L35 30 4y mij 12 4%
H L. NBQX IZ#BRBA A D 35 /rRiic#& 5 Lo, BRE T%. RO 55 2 iR
% 7= . Methylene blue (0.1 pl, Sigma-Aldrich Co., St. Louis, MO, USA) % &5 L 7=,
Methylene blue (X >V > ¥R > 7 % AT 0.05 ul/min @ < 0.1 pl 2 W flic#& 5 L7,
BhH& TR, ~4 74Vl varoa—LbE2o0MBELE, BEK, WEEL
THERIMERE Lz, dROF 2R L, EERBEME T CRASMEZER L -,

3-2-5. A E®) & AR

RBRATAICY YV AZFMEELLBBH L, 8L,/ 7 — Y TEREIZHLEE, ®HERIC
77 U RIEAHHOME (NE30cm, &S 30cm) ZBEMOFICANTHEML
oo~ A% MEORITENCAIL, B #EE &% SCANET apparatus (Neuroscience Inc.,
Tokyo, Japan) % H T 60 2y Ml & L 7=,

3-2-6. fpE Y

HE It [

WE W [E 72 13 LY 341495 (0.003, 0.03 pmol/0.1 ul/side, 1 mg/kg, s.c.) } % Ketamine (0.3,
3 nmol/0.1 pl/side, 30 mg/kg, s.c.) D& 5 90 /5 % I N2 NBQX (0.03 nmol/0.1 pl /side)
DG 95 5 %I T o, T bLOEYORGREMII LTI ELZSZIZ L (102), «
7 A & W ANWRE: (lsoflurane; Mylan Pharmaceutical Co., Ltd., Tokyo, Japan) #% . BAjiE. BH
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gL, DigE@EH g, R, HLEEZGY . TOURSAANSELEICY VT &
AL, K#H 0.1MPBS (pH7.4) Z 10 ml {3 S ¥ 721% . K& 4% PFA % 20 ml # i = &
7o, WEWRBEER., MEmt L, 4% PFA T—BERHEEE (4C) Lok, WMEERED D
2, 30% A7 B — XAt ETR L, £O%, JES 2mm O &K E A (bregma 7»
OREMF I 4mm~6 mm, HFHIFEREEZ) 2/ER L, 0.C.T.=2 37 > (Sakura, Tokyo,
Japan) CTHEHE L, MAKERCHE I T,

_HEEOL R E R A

I VA AH y ERAWVT, bregma 7> 5 -4.48 mm 5 -4.84 mm O R (FHIKEREE) T
120 pm 312 40 pm O WK R A 2 2 AEH L, XT3 4 FH TR~ b L2k,
JA R L 72, AR, PBS T 3407 > 3 RIPEH L. PBS/0.3% Triton X-100/5% 1E & = /3
MmiExEMx CLRFMER T ry 7 Lz, ZD% PBS T 10 03 > 3MEFEHE L.
1 R PLIK T & % rabbit anti-c-Fos antibody (1:500, Abcam Inc., Cambridge, MA, USA) K O
goat anti-TPH2 antibody (1:500, Abcam Inc.) /MM %X T4 CT—MBrA ¥ =2~— K L7,
PBS T3 M3 2 3mEELI-%E. 2RFLIKTH 5 fluorescent 594 donkey anti-rabbit 1gG

secondary antibody (1:200, Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA)

K OV 488 donkey anti-goat 1gG secondary antibody (1:200, Jackson ImmunoResearch
LaboratoriesInc.) #/Mx T2 KM =EE TA > FaX—r L7, TDO%,. PBS T3 HHT
D 3EBEHE L, BAB A EZE T LT A= T A TE AL,

{5 i AT S O GE e 05 1k

MHOBEMERZICBNT, T e b= kMR tIcEr h =2 kT c-Fos T
B S 7 M 4k A B S BEMSE (Leica TCS SP5, Leica Microsystems GmbH, Wetzlar,
Germany) % AT 200 fi5 X O 400 f5 D5 R CHLEZE Lo, MAdEIL Image) software
(National Institutes of Health, Bethesda, MD, USA) # A\ T, &5 &2 ~A2 27 L=k
RECTH UYLz, MilicBirdtr b= & c-Fos @3/ 7E X4 S BEMEE D 400 1%
DRERTRE L 72,

3-2-7. #FEk
MRFIETEYEAFEERETRLE, ZHMEBROS AT, —0i &2 8o
(one-way analysis of variance: one-way ANOVA) X |3 — Jt B & 43 # 57 A7 (two-way ANOVA)
Z W CHig#T L 7= %% . post-hoc fig#T & L T Dunnett’s test 3 {% LSD test & FEJii L 7=, 2 #f
D& 1% Student’s t-test & W2, AEKBETMALE 5%KRME Lic, & ToOMEIHT
IZ 1% SAS 9.2 (SAS Institute Japan Ltd., Tokyo, Japan) % H\ 7=,
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3-3. R
3-3-1. R AKIKFERIZ I 17 5 Paroxetine o % & Iy fi] |2 M 1 3 1F

Paroxetine (10 mg/kg, i.p.) (X FSTIC BT 2 EME R 2 M L. HLH> >EHEZ R L&
(Fig. 25), Paroxetine [ZFEIRKICEHE W T, Lo >FE L LTHLWALATWD, [>T, &
FEIRAW FST OFEMFIEH ) 2MERAZFM T 2720 Y ThHd Z LR RINT,

SSRI
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Fig. 25 Effect of Paroxetine in the FST in mice.
Paroxetine (1, 3, 10 mg/kg, i.p.) was administered 30 min prior to the test. Values indicate

the mean £ S.E.M. (n = 8). **p < 0.01 compared with Vehicle (Dunnett’s test).
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3-3-2. R KVKEERIZ B 1T 5 mGlu2/3 52 45 (K B oo M 8 Iy i (2 K3 1E

LY341495 (1 mg/kg, i.p.) (X MEEBEER] Z M L. §1 2 21EH Z " L7 (Fig. 26),

mGlu2/3 receptor antagonist
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Fig. 26 Effect of LY341495 in the FST in mice.
LY341495 (0.1, 0.3, 1 mg/kg, i.p.) was administered 30 min prior to the test. Values indicate
the mean £ S.E.M. (n = 8). **p < 0.01 compared with Vehicle (Dunnett’s test).

3-3-3.  #HI KK BRICE T D Ketamine o 4 &) B [ 12 & IE 9 1E A

Ketamine (30 mg/kg, i.p.) (XMEE 2 EM L. Lo >1EAE2 % L7 (Fig. 27),
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Fig. 27 Effect of Ketamine in the FST in mice.
Ketamine (3, 10, 30 mg/kg, i.p.) was administered 30 min prior to the test. Values indicate

the mean £ S.E.M. (n = 8). *p < 0.05 compared with Vehicle (Dunnett’s test).
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3-3-4. Paroxetine ®HL ) SIEABBIZB T HEr h=r D5

Paroxetine (10 mg/kg, i.p.) O H 2> >EHIT v s = kB3 o PCPA (300 mg/kg, i.p.,
twice daily for 3 days) 2 LV it 7= (Fig. 28), it~ CT. AEIHAV= PCPA O 5
FMEF o b= MRREFEG T L2EDORS SEAZHELSIELIDOIZ S THD Z
ENTRI NI,

SSRI
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Fig. 28 Effect of 5-HT depletion on the antidepressant effect of Paroxetine in the FST in mice.

Paroxetine (10 mg/kg, i.p.) was administered 30 min prior to the test. PCPA (300 mg/kg, i.p.)
was administered twice daily for 3 consecutive days until the day before the pretest. Values
indicate the mean + S.E.M. (n = 9-10). **p < 0.01 compared with 0.5% MC-treated Vehicle,
##p < 0.01 compared with 0.5% MC-treated Paroxetine (LSD post hoc test).
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3-3-5. mGlu23 % AFKEMEOR > SEAEHICET St =05

LY341495 (1 mg/kg, i.p.) OHL 2> S1ERA T2 b= KB D PCPA (300 mg/kg, i.p.,
twice daily for 3 days) 2 & v ¥ &= (Fig. 29),

mGlu2/3 receptor antagonist
OVehicle mLY341495
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Fig. 29 Effect of 5-HT depletion on the antidepressant effect of LY341495 in the FST in mice.

LY341495 (1 mg/k,g i.p.) was administered 30 min prior to the test. PCPA (300 mg/kg, i.p.)
was administered twice daily for 3 consecutive days until the day before the pretest. Values
indicate the mean £ S.E.M. (n = 10). **p < 0.01 compared with 0.5% MC-treated Vehicle, ##p
< 0.01 compared with 0.5% MC-treated LY341495 (LSD post hoc test).
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3-3-6. Ketamine 15 > EARBICE T2 b= EE

Ketamine (30 mg/kg, i.p.) O HL 9 >1EMIT® 1 b =K B3 D PCPA (300 mg/kg, i.p.,
twice daily for 3 days) 2 L v fiHt & 7= (Fig. 30),

| OVehicle BKetamine
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Fig. 30 Effect of 5-HT depletion on the antidepressant effect of Ketamine in the FST in mice.

Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. PCPA (300 mg/kg, i.p.)
was administered twice daily for 3 consecutive days until the day before the pretest. Values
indicate the mean £ S.E.M. (n = 10). **p < 0.01 compared with 0.5% MC-treated Vehicle, ##p
< 0.01 compared with 0.5% MC-treated Ketamine (LSD post hoc test).
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3-3-7. mGlu2/3 ZFERFEEONMAIEM EZENKR G I 51ER

LY341495 (0.03 pmol/side) ® WNRIFTERATEE N G IXEE R 2 &M L. 5125 ofF
M %= L7 (Fig. 31A), k. BHTICH WM& 1m o Vehicle } U8 LY341495 o PN {7 Hif
GHATRCE NIZ BT 2 5 AL % Fig. 31B IR~ ¥,

(A) mGlu2/3 receptor antagonist (mPFC) (B)
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Fig. 31 Effect of microinjection of LY341495 into the mPFC in the FST in mice.

(A) LY341495 (0.003, 0.03 pmol/side) was administered into the mPFC 30 min prior to the
test. (B) Location of the microinjection cannula tips in the mPFC included in the analyses of
the data illustrated in (A). The line drawings are from Paxinos and Franklin (1997). The
numbers to the right are the millimeters from the bregma. The open square represents the
location of the microinjection cannula tips. IL: infralimbic, PrL: prelimbic. Values indicate

the mean £ S.E.M. (n = 8). **p < 0.01 compared with Vehicle (Dunnett’s test).
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3-3-8. Ketamine ® NI BTEEAT L E N 51 X5 1EH

Ketamine (3 nmol/side) @ PN {f {ij B8 /i B2 B N #&% 51X BB RE [ 2 400 L. H1 5 > 1EH &
L7z (Fig. 32A), 7. AT I W= i K 2 @ Vehicle J Y Ketamine o PNl §if 25 AT 52
BEWITK T 2% 5(L#E % Fig. 32B 27,

(A) Ketamine (mPFC)

280
240 r
200
160
120

80 r

40 r

Immobility time (sec)

+1.94 mm

Vehicle 0.3 3

Ketamine (nmol/side)

Fig. 32 Effect of microinjection of Ketamine into the mPFC in the FST in mice.

(A) Ketamine (0.3, 3 nmol/side) was administered into the mPFC 30 min prior to the test. (B)
Location of the microinjection cannula tips in the mPFC included in the analyses of the data
illustrated in (A). The line drawings are from Paxinos and Franklin (1997). The numbers to
the right are the millimeters from the bregma. The open square represents the location of the
microinjection cannula tips. IL: infralimbic, PrL: prelimbic. Values indicate the mean £ S.E.M.

(n=7-8). **p < 0.01 compared with Vehicle (Dunnett’s test).
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3-3-9. mGlu2/3 ZEEEFEONMATERT R ENESICL D2 >ERHEBICBIT 5
o b= 5

LY341495 (0.03 pmol/side) O NMIFTEERAT K ENKE G L2505 >EH TR F =
ki ¥8 3 o> PCPA (300 mg/kg, i.p., twice daily for 3 days) (2 XV fiHi & 7= (Fig. 33A),
R AT AW 84 O Vehicle & T8 LY341495 o WAl ATEERT R E N IC B 1) 5 # 5
AV & % Fig. 33B (27~ 7°,

(A) mGlu2/3 receptor antagonist (mPFC) (B)

OVehicle mLY341495 |
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Fig. 33 Effect of 5-HT depletion on the antidepressant effect of microinjection of LY341495
into the mPFC in the FST in mice.

(A) LY341495 (0.03 pmol/side) was administered into the mPFC 30 min prior to the test.
PCPA (300 mg/kg, i.p.) was administered twice daily for 3 consecutive days until the day
before the pretest. (B) Location of the microinjection cannula tips in the mPFC included in the
analyses of the data illustrated in (A). The line drawings are from Paxinos and Franklin (1997).
The numbers to the right are the millimeters from the bregma. The open square represents the
location of the microinjection cannula tips. IL: infralimbic, PrL: prelimbic. Values indicate
the mean £+ S.E.M. (n = 8). **p < 0.01 compared with 0.5% MC-treated Vehicle, ##p < 0.01
compared with 0.5% MC-treated LY341495 (LSD post hoc test).
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3-3-10. Ketamine ® NI ATSERTI K E N H G I L2909 >EARIBICE T 2
o b= E

Ketamine (3 nmol/side) O WMIATHA KL ENEGIC L2855 2EHITE R F = F%
# 7 PCPA (300 mg/kg, i.p., twice daily for 3 days) & & v fiHr & 417 (Fig. 34A), 728,
Ff BT L2 S 7= fIE A 45 0> Vehicle & OV Ketamine > PN Al SE AT B NS B80T 5 B 547 & %
Fig. 34B 2R 7.,

(A) Ketamine (mPFC)

+ 2.2 mm
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Fig. 34 Effect of 5-HT depletion on the antidepressant effect of microinjection of LY341495
or Ketamine into the mPFC in the FST in mice.

(A) Ketamine (3 nmol/side) was administered into the mPFC 30 min prior to the test. PCPA
(300 mg/kg, i.p.) was administered twice daily for 3 consecutive days until the day before the
pretest. (B) Location of the microinjection cannula tips in the mPFC included in the analyses
of the data illustrated in (A). The line drawings are from Paxinos and Franklin (1997). The
numbers to the right are the millimeters from the bregma. The open square represents the
location of the microinjection cannula tips. IL: infralimbic, PrL: prelimbic. Values indicate
the mean £ S.E.M. (n = 7-8). **p < 0.01 compared with 0.5% MC-treated Vehicle, ##p < 0.01
compared with 0.5% MC-treated Ketamine (LSD post hoc test).
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3-3-11. mGlu2/3 %= & 5 P 3K K& OF Ketamine @ [ J& i# @) & 12 & X 3 1EH

LY341495 (1 mg/kg, i.p, 0.03 pmol/side) } U Ketamine (30 mg/kg, i.p., 3 nmol/side)
OEHERG M ONMFTETEENES IXTABESEICKEEL LTS o7 (Table 7).,
. RIS W2 K D Vehicle C. LY341495 & U8 Ketamine @ PN {il fif 58 B 2 B N 12

BIFAHEEGAE%Z Fig. 35127 F, ZDOZEnb, ZALEYOH 5> S1EMICESEIX
B 5 LR WD ENREINT,

Table 7 Effects of LY341495 or Ketamine on the spontaneous locomotor activity

Drugs Locomotor counts (60 min)

Vehicle A (i.p.) 13096.7 + 1198.2
LY341495 (1 mg/kg, i.p.) 10666.5 + 797.2
Vehicle B (i.p.) 10407.3 + 685.1
Ketamine (30 mg/kg, i.p.) 12741.0 £ 1645.3
Vehicle C (0.1 pl/side) 13845.8 £ 917.9
LY341495 (0.03 pmol/side) 13758.8 £ 2225.4
Ketamine (3 nmol/side) 13763.5+1193.4

For systemic administration, LY341495 (1 mg/kg, i.p.) or Ketamine (30 mg/kg, i.p.) was
administered 30 min prior to the test. For microinjection, LY341495 (0.03 pmol/side) or
Ketamine (3 nmol/side) was administered into the mPFC 30 min prior to the test. Vehicle A:

1/15 M phosphate buffer, Vehicle B: Saline, Vehicle C: Ringer’s solution. Values indicate the
mean = S.E.M. (n = 6).
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+1.94 mm

Fig. 35 Location of the microinjection cannula tips in the mPFC included in the analyses of
the data illustrated in Table 7.

The line drawings are from Paxinos and Franklin (1997). The numbers to the right are the
millimeters from the bregma. The open square represents the location of the microinjection
cannula tips of the Vehicle C, LY341495 and Ketamine-microinjection group. IL: infralimbic,

PrL: prelimbic.
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3-3-12. mGlu2/3 T REFEHE O > SEA BRI ICB T 5 AMPAZ BKOEE 5

LY341495(1 mg/kg, i.p.) D HL 9 > 1EH IX AMPA 3 25 (K #5 51 3£ © NBQX (10 mg/kg, s.c.)
WX W EEst Sz (Fig. 36A), F£72. NBQX (10 mg/kg, s.c.) X%+ B K <88 F R
WA NMIF S 720 - 7= (Fig. 36B),

(A) mGlu2/3 receptor antagonist (B) AMPA receptor antagonist
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Fig. 36 Effect of an AMPA receptor antagonist on the antidepressant effect of LY341495 in the
FST in mice.

(A) LY341495 (1 mg/kg, i.p.) was administered 30 min prior to the test. NBQX (1, 3, 10
mg/kg, s.c.) was administered 35 min prior to the test. (B) NBQX (10 mg/kg, s.c.) was
administered into the mPFC 35 min prior to the test. Values indicate the mean £ S.E.M. ((A): n
=8, (B): n =8). **p < 0.01 compared with Saline-treated Vehicle (Student’s t-test), ##p <
0.01 compared with Saline-treated LY341495 (Dunnett’s test).
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3-3-13. Ketamine ® i 9 SEA B HITB T 5 AMPA Z FKkD 5

Ketamine (30 mg/kg, i.p.) ®#Hl 9 > 1EH 1T AMPA Z F{KH5 B3 o NBQX (3, 10 mg/kg,
s.c.) WX vHimsn (Fig. 37),
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Fig. 37 Effect of an AMPA receptor antagonist on the antidepressant effect of Ketamine in the
FST in mice.

Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. NBQX (1, 3, 10 mg/kg,
s.c.) was administered 35 min prior to the test. Values indicate the mean £+ S.E.M. (n = 7-9).
**p < 0.01 compared with Saline-treated Vehicle (Student’s t-test), ##p < 0.01 compared with

Saline-treated Ketamine (Dunnett’s test).
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3-3-14. mGlu2/3 = BAIEHEME DI 5> SEHA BB T 5
NI ETEERT R E © AMPA &2 5 & 0 B 5

LY341495 (1 mg/kg, i.p.) ®Hi 9 S 1Ef 1Z AMPA Z FIKFEH1HK TH 5 NBQX (0.01, 0.03
nmol/side) @ WNHIRTEA AT E N 512 X v 5t S vz (Fig. 38A), 7Zed. fEHTICH W
7o & 4F > Vehicle A Jx OY NBQX & NIl g BH AT 2 'E NI 31T % &% 5L & % Fig. 38B |2/~
ﬁ—o

(A) mGlu2/3 receptor antagonist
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Fig. 38 Effect of microinjection of an AMPA receptor antagonist into the mPFC on the
antidepressant effect of LY341495 in the FST in mice.

(A) LY341495 (1 mg/kg, i.p.) was administered 30 min prior to the test. NBQX (0.01, 0.03
nmol/side) was administered into the mPFC 35 min prior to the test. Vehicle A: 10% DMSO in
Ringer’s solution, Vehicle B: 1/15 M phosphate buffer. (B) Location of the microinjection
cannula tips in the mPFC included in the analyses of the data illustrated in (A). The line
drawings are from Paxinos and Franklin (1997). The numbers to the right are the millimeters
from the bregma. The open square represents the location of the microinjection cannula tips.
IL: infralimbic, PrL: prelimbic. Values indicate the mean + S.E.M. (n = 8). **p < 0.01
compared with Vehicle A-treated Vehicle B (Student’s t-test), #p < 0.05, ##p < 0.01 compared
with Vehicle A-treated LY341495 (Dunnett’s test).
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3-3-15. Ketamine ® i 95 S EH R B B 1+ 5 N M FTEE BT 2 E O AMPA 5% Bk 0 B 5

Ketamine (30 mg/kg, i.p.) ®#Hi 5 SEH L AMPA Z R IKHEH K TH %5 NBQX (0.03
nmol/side) O WA ATEAATAZ EH A& 512 L v st s /e (Fig. 39A), £ 7. NBQX (0.03
nmol/side) o> PN A B8 /i B2 B P9 ¢ 513 £ B K T RS I ] 12 8 & MFE S e o T2 (Fig.
39B). Z2ds. MEHTICHI T {48 Vehicle A J OY NBQX o Pl B B AT 2 BT N I 515 5
& 5-ALiE % Fig. 39C 12”7,

(A) Ketamine (B) AMPA receptor antagonist (mPFC)
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Fig. 39 Effect of microinjection of an AMPA receptor antagonist into the mPFC on the
antidepressant effect of Ketamine in the FST in mice.

(A) Ketamine (30 mg/kg, i.p.) was administered 30 min prior to the test. NBQX (0.01, 0.03
nmol/side) was administered into the mPFC 35 min prior to the test. Vehicle A: 10% DMSO in
Ringer’s solution, Vehicle B: Saline. (B) NBQX (0.03 nmol/side) was administered into the
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mPFC 35 min prior to the test. Vehicle A: 10% DMSO in Ringer’s solution. (C) Location of
the microinjection cannula tips in the mPFC included in the analyses of the data illustrated in
(A, B). The line drawings are from Paxinos and Franklin (1997). The numbers to the right are
the millimeters from the bregma. The open square represents the location of the
microinjection cannula tips. IL: infralimbic, PrL: prelimbic. Values indicate the mean = S.E.M.
((A):n=7-8,(B): n=17-8). **p < 0.01 compared with Vehicle A-treated Vehicle B (Student’s
t-test), ##p < 0.01 compared with Vehicle A-treated Ketamine (Dunnett’s test).
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3-3-16. mGlu2/3 Z KK P I K& O Ketamine O NI FTHERT R ENZ G BT 5
THEREOt e b= o MREE OS5

LY341495 (0.03 pmol/side) K& Y Ketamine (3 nmol/side) @ PN {fIl 5 58 Al 2 & N £ 5 1%

HMBEREZIZB W Te-FosE BB T 5ta b= MM E 4 %280 S+ 7= (Fig. 40A,
B,C)., —F5. AMPA Z Bk H1IE T 5 NBQX (0.03 nmol/side) o> PN il Aif 98 Aif 2 &
BHEIZ TN AR THMBRREICB T c-Fosz BB+ 5t b= MmEMROE A ICE
B h NIFE X 72 v o 7= (Fig. 40A, B, C),
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(B)
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Fig. 40 Effect of microinjection of LY341495 or Ketamine on the c-Fos immunoreactivity
colocalized with 5-HT neuron cells in the dorsal raphe nucleus.

(A, B) Confocal images of c-Fos (red), 5-HT cells (green) and double (5-HT-c-Fos,
colocalization) immunoreactivities in the DRN at around -4,72 mm from bregma (Scale bar:
(A) 100 um, (B) 20 um). Arrows represent the double (5-HT-c-Fos, colocalization)
immunoreactivities. (C) Percentages of c-Fos/5-HT colocalization in the DRN at around -4,72
mm from bregma. LY341495 (0.03 pmol/side) or Ketamine (3 nmol/side) was administered
into the mPFC 90 min prior to the test. NBQX (0.03 nmol/side) was administered into the
mPFC 95 min prior to the test. Vehicle: Ringer’s solution. Values indicate the mean = S.E.M.

(n =6). **p < 0.01 compared with Vehicle (Student’s t-test).
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3-3-17. mGlu2/3 Z BIKFEHL K & X Ketamine D £ F & 5128 5
BTl ZEota b= HRIEEORE S

LY341495 (1 mg/kg, i.p.) XI5 MR ICB W T c-Fos # BB+ 5o b = # M
B o E G 2 NS E, o NE AMPA Z B {kfEHi 3K ©H 5 NBQX (0.03 nmol/side)
O WA AT SR AT ECE N B 512 K0 dE B & vz (Fig. 41A, B, E), [ £k 1T, Ketamine (30 mg/kg,
ip) THMREMEZICIB VT c-Fos ¥ BT 2tr b= MRMao® &% NI &,
Z O IMIE NBQX (0.03 nmol/side) @ PN A1 Aif 88 /i i B N #& 5- 12 & Y #58L = 17z (Fig. 41C,
D, F).,
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Fig. 41 Effects of microinjection of an AMPA receptor antagonist on LY341495 or
Ketamine-induced c-Fos immunoreactivity colocalized with 5-HT neuron cells in the dorsal
raphe nucleus.

(A, B, C, D) Confocal images of c-Fos (red), 5-HT cells (green) and double (5-HT-c-Fos,
colocalization) immunoreactivities in the DRN at around -4,72 mm from bregma (Scale bar:
(A, C) 100 um, (B, D) 20 um). Arrows represent the double (5-HT-c-Fos, colocalization)
immunoreactivities. (E, F) Percentages of c-Fos/5-HT colocalization in the DRN at around
-4,72 mm from bregma following LY341495 (E) or Ketamine (F) administration. LY341495 (1
mg/kg, i.p.) or Ketamine (30 mg/kg, i.p.) was administered 90 min prior to the test. NBQX
(0.03 nmol/side) was administered into the mPFC 95 min prior to the test. Vehicle A: 10%
DMSO in Ringer’s solution, Vehicle B: 1/15 M phosphate buffer, Vehicle C: Saline. Values
indicate the mean =+ S.E.M. ((E): n = 6, (F): n = 6). **p < 0.01 compared with Vehicle
A-treated Vehicle B, ++p < 0.01 compared with Vehicle A-treated Vehicle C, #p < 0.05
compared with Vehicle A-treated Ketamine, ##p < 0.01 compared with Vehicle A-treated
LY341495 (Student’s t-test).
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3-4. # %

ARETIE, FST 2 AWV T mGlu2/3 & FIRH Hr3E & OY Ketamine Ot 5 > EA B HICE
FANMBTEREE - AEBAERKBICIVFAG St b= MEROE 52O
THRE LT,

LY341495 & O Ketamine (I &K 5 IC L0 | EHRICEEL LTS TICHI >EH %
RLEZENL, ZLD0EYOH > SEMTHEFENREHNTE RV ERRINT,
EHIT, FH2FED NSFT K VAE D FSTIZH T, LY341495 & Y Ketamine @O $t 5 D {E
Midtwe F=8EFEO PCPAIC LV HEHianZ &6, mGlu2/3 = BRI HLHE L O
Ketamine 1 5 DEHREBLICIT e = MRRAPEE L TV Z LR RBRINT,

IR E TIT, mGlu2/3 Z AR U E & OV Ketamine (3 PN A BT EE BT R B IS EA L
BDNF-mTOR ¥ 7} A& N L CVFT T AL NI EOAERERIEST D Z & TH I SfE
MEFRBRTHERBINTWD (27,73), AR, MAMETEAEL H W, mGlu2/3
A RAE HUHE K OY Ketamine 28 WANIETEART B IC/EI L. v b = MR R O & 0
LTHODEREZREAT L L2W/LMNIT LT,

HRERZICHREEEZAT 28w b= mfRiE, aisa g 2 & kR4 RERN S O
MRS IZE D ZOIEEREHE ST WD (97), Z O T, P ATEE AT ECE o 8 A
IZHBL T 5 AMPA ZBKREIEMET 2 &, EHEOBEMBREZICFEET 28R M=
VAR NIEMEAL S D LR SN TV D (103), F 72, AMPA Z B K O TG LI mGlu2/3
ZRKEEHUHE KO Ketamine (2 XV B SN2 NMaTsERT BRI bR b= lEHE
OAEHE X O 2 SEAFBBLICEEG T 5 2 & & Twd (26,29,53,55), & 612,
LY341495 (3 7 L % X MR RGO B O AR Z Ml L, Ketamine [ZRTEIAT R H 1T ¥
ORI A RIS T A LI KD ENENRIBEAIREICB T D 7 F I kbR
FRET D2 ERHREINTND (24,72), 2B &b, mGlu2/3 = 7 K HHi 3
KUY Ketamine (% 7 v 2 2 v ER g B O e 2 /v L C. PNRIATEE BT 2 E O AMPA % R 1K %
flgLtre b= MREEEIT DL T MO OMEREZRETLAREENE X LN,
AHF 5 T LY 341495 & OY Ketamine @ Ht 5 > /E 1L NBQX @ VN {l fif 85 i1 2 & W #% 5- 12
DHEERINZZEF, ZOEEEZIXRTLIHLOTH D,

E 52, mGlu2/3 5 &K PU K J OY Ketamine 73 PN I A1 88 BT 2 B @ AMPA % B 1K O %
ML AT L CHEMBEREZOE R b= U MR EZIGEHELT 20 2220 T RIS E) O 8
L LT cFos O¥BAFM L —HEXGEROEZH VBRI L, T ORE.
mGIu2/3 = F K HU 3 K O Ketamine [N ATSEAT R EIC/ER L CHEMEREZEOE 2 b
S UM EEMEE L, AT, ZOBEMMBRE O e b= PR iE ML 13 N A ET AT
FE O AMPA ZREBIEMLLZN L TVWDL I ERRENTZ, T2 EFTORME L BITHE
DiERERAET DL, NWHIETEERTEE O AMPA ZFEMEBIEMHELIC L 0 HE S 5w 0k
Mot n b= mBEoEEAS . mGlu2/3 Z AR P & OV Ketamine @ HT1 9 > 1E

71



REBICHEGT 5208 EAbNT (98,99), kT, BT 72D 702 I ik hsal
SHAT R A D HEMHEMRE O e b= fRBICEZAT L TV D Z ERmE S (97),
Fo. BHEAMKEEOREDHAANOER T 27 V2 I VBEMRITERERE D GABA
R Dbt b= MR EsEICHBE LTS Z EAMEINEZ (104), 512, BIEE
AT ORFEBOM 2D HFMBERZICEFT LTIV I VBRMRERES T Y =
2T 47 ACKVEEET D& EMREZE Ot F=r MBI TREE Y F 7 X
“EI A GABA Dz &L TR 2 FEL I LD Z En®EI N (104), =
ooz Lenn b WAIRTEEATEE 2 D O MRS I X0 BRGNS D 380 #E
PO T r b= MR mGlu2/3 5 2 K45 HT 3 & O Ketamine @ ft 9 D EH R BLIZ B W
THEREHERZL WD EEZLND,

KWFFEDFER DS . mGlu2/3 Z K AKFEHLEE K O Ketamine D H1 9 O FE ] F& BLIZ X M
ATSEAT R EIZHB 1T D AMPA S RKOIEMEZ N LB ERE O b= U 0IE
PEAL B 53 2 A REME DN #1 60 T/R S iz (Fig. 42),

mGlu2/3 receptor
Ketamine antagonist

AMPA
receptor
P

FC

m

5-HT neuron T
activation

DRN

[ Antidepressant effects ]

Fig. 42 Proposed neural mechanisms of the antidepressant effects of Ketamine and mGlu2/3
receptor antagonist in the FST.

Ketamine and mGlu2/3 receptor antagonist induce the antidepressant effects through the
activation of a subset of 5-HT neurons in the DRN modulated by AMPA receptor stimulation

in the mPFC.
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2>

5

RFFROHE 1 EROE 2 8T, NSFT & VT mGlu Z & KK OB 5 S EH
kOZFDOERKFE OB 21TV, Ketamine b Stk L7z, L0 bif, § 2 & T
Tte b= MR ROMEICER LRFT L, 3 3% TIiX, FST 2\ T mGlu & &K
FHEPLIE K O Ketamine O HL Y SERABBICH S T 28w b= MR O AR E 2R A7,
INOLDORFORE., LTOREHL N LT,

NSET I 451 % mGIu5 % 45 (k5 HL3K 0 5 5 S BEMEJ & 2 o JF J #0042

- mGIuS Z BRFEHLI 1T Ketamine & FREICAM LK OEHEEOR > SHEIER 2R+ 2 &
ZH BN LT,

s mGIus T REKFEHE O 2 2 SHRIEARBLICIX, i ¥ N7 HOE K&K mTOR
ST FAREE LR RSN,

- mGlus ZAKRFEIE O R EI 5 DERIEMABEBLIZIX., Ketamine & [AARIZH H ¥ o
TEOARMPEE T2 2L L, —JF., Ketamine & 272V . mTOR ¥ 7/ F v

DO EIZEASHITH Y. BDNFITrkB > 7 F L EBEE LR W EZH L NIZ L,

NSFT IZB 1T % mGlu2/3 Z BEAIE P mGlus Z FIET b3 & 8 Ketamine @ BT 95 D kR 1E

MERCHTLHn b= RDOHE

*mGlu2/3 Z F R HIH . mGlub 5 & (K45 JL 38 J O Ketamine O H1 5 SR /E M T I 1T
e b= MRERPEET LI L EHO THLNITLT,

- mGlu2/3 Z A EREEH I K O Ketamine 1 AMPA S A5 AKOEMLZ N LT b= ilF
BEZ R L, 5-HTia AR ZHE T 22 L 0H ) SRIER 2 RBE T 5 Al REME 2R

L7,

- mGIuS T AR IL AMPA S EERIEKGFHREF 2 LTt b= iFHE % (2
L. 5-HToanc S BEREZ R T 2 Z LIVt oRIEHZ BB T2 MEHEEZ R L 72,
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mGlu2/3 5 &K+ pr 3 & Y Ketamine @t 9 S E A IZ B 1 5 PN Al 58 B 2 8 — 75 (1] 5% AR

2

EERIEZ I Licte b= RO E

- mGlu2/3 Z BIRFE L & N Ketamine O£ & & 5 K ORI RTEE AT R E N & 512 L 2 #1
IOERABBEICIEZ, ke b= MRANVESG T D2 EE2HL ML,

- mGlu2/3 Z BIRFEHH & N Ketamine O EHF & 5IC X D8 5 >ER B I, WAAIRT
SHAT R E BT D5 AMPAZ RIKOTEMHANE ST 22 L 2B LI LT,

« mGlu2/3 Z BRHE P I K O Ketamine X WM R SA R 2B © AMPA = B1K O IE YL 2
TR gEor b= R EeIEM T2 2L NI LT,

LLEDO#E RS NSFT (28 W T, mGlus &= & (K 5§13 13 Ketamine & R AR 12 &M O
FEitE o ft 9 SERIEM 2 B BLT 228, T OEMEF I Ketamine D2 L TR 5 2 L
WStz (Fig. 43), £7-. NSFTIZEB W T, mGlu2/3 Z &R IKFE P . mGlus 5 & (K%
PLEE K O Ketamine O @MEHT 9 SDERIMEM B BIZIZ M bt o b= #ERAEEL5 L TW
L2 MR E N, —H . mGlu2/3 ZAEKRFEEHIE KO Ketamine O HL 5 DR E M FBLIC
X AMPA Z BERIEHIEZ N Lict e = U RIEELOBE SR "B ENnolx LT,
mGIus Z FERFEHI OHL 5 SERIEA R BT X AMPA Z FIKFEKRFN et r b= Mg
IEMEAL OB G RN R X7z (Fig. 44), & 512, mGlu2/3 & & K #5 b1 3 & OY Ketamine ©
Lo SERABBIC TN AT EIZEB T D5 AMPA XK OIEMEAL 2 7 U 72 15 100 % ##
Eota b= oiE L8 BEE 3 5 et r &l (Fig. 45),

SE/{BOLNTINEORRE BT RERLE T RFE L X I BT BRI
OO OHEL L TOAREMEICHOVWTERT D,

<MGIUS XA WIEHTLEDOHL O S & L To T RENE >

e R IZ B0 T LR OB 9 D E LY o ik A [ 5 0 38D K OVREINE F O 8 7e &1
L, BEOQOLM LICENLZ ZEAMFEIND, ZNETIC, FELHIT., Er b=
vIEBER Y Ketamine @ &t (%5 30 /0 tk) 7207 TidZe < Ffett (&5 24 RFf &)
OH I SERICHLEE5 T 52 %2Rk L TW5 (105, Fig. 44), £7-. KB W T,
mGlus ZFEEREHE OB 5 SHEIMEM BB T e b= iEHORENEET 5 Z
AL, 2ol b, mGlus AR IT e b= BEHREZ T LT
oo DR Z R T 2 iEENEZ 2 b (Fig. 44), S 512, mGlus = &K

YL TH 5 Basimglurant & 8 GRN-529 IZ R EEH A2 F T2 2 nmEInL T
L7z, mGlus X A KAEHLIIBEAFOH O SO BMEN 2RI 5721 T, BH O
R K ERZ2 ED I DB OERICH L THLRRE2RHT L EHMEIND (52
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106-108), — . Basimglurant [ZB ¥ FH AEE X b L AE T A2 W T, Ketamine & 5
RO SEMZREATL2ETIC, 2HMU LOXKERGPLETHDL Z EBRHRE SN
7z (28,106), ZNHDZ Lnb, mGlus ZAENREHRIFIBEFOH > >EOREIEHN O —
WA EEET A AREEN D D H OO, Ketamine & LRV IO S SIEH 24 & 72
WHBEEDR B D,

ARAFZE BT, mGlub 52 K H5 HU 3 1% Ketamine & B2 28 FF 2 7 L TH D Dk 1E
MAEFB Lo, Ketamine HROREIEHZ 2 I 2 WVWATEELR B 2 b5, EEE. mGlus
SR O MPEP (37 v PO KRMEZEICHE VT, NMDA ZFKHHH I D MK-801
IR, MBRBEEEZEBI LN EAHRESN TS (109), F 7. Basimglurant
TEERRBRICBWT, ZOZRERER I N TWD (110), MZ T, mGlud &= & 5 Hi
FE @ Dipraglurant & /X —F% Y VIR BE 2 RIIT R b T 7 B AR R EHERAR
B WT, ZORZEELEARFEORERHEREN TS (111), L2 LA 5, mGlus
AR KFEHUE O Fenobam 13 6 D DERIKEER > b 1 W ABRICE W T, AIEM & L THM
FER (LR BBl IhZZ b, mGlus AR IIC L Ketamine & [A] 4% 12 K 4f
JERBFEIAT 2B EFERSA TS (112), BLED Z &6, mGlub & & A5 HL 3 o fi
DOHELTOAMMEICEL TE, BKRBRIZCBEWTIHLITHRIESNDILEND D,

<mGlu2B3 = EZEEHEHFEOH 9 2, L L TomREME >

mGlu2/3 & FIRHEPLIRIT Ketamine & L@ O MR > 7 F A5 E K ORITEE AT B 12 B T
MR R B E S LT SERZ BB T 5 2 NI TS (24, 26, 27,
29, 32, 69, 71-74, Fig. 43), 7=, RN L . mGlu2/3 = &K HLIE 1T Ketamine & 3t
WL MEREREN L TR ) SEREZRE T2 2 L AR I (Fig. 44, 45),
THETIZ, FH DI, mGlu2/3 5= AR+ HIK & O Ketamine O Ffe i) 72 Bt 9 S EA (#
H 24 B OfER) bt n b= ERRERELET DS 2RI TS (105),
Lol WHIRTEERTEZEICB T 2B r b= iEFEE 1L mGlu2/3 = 25 45 Hu 3K K&
O Ketamine O ¥ 5% 20 /3 AR 10 pic N2 EfE S 4v, 1R & O 3 REf %12 1%
KTHEVIWMERDHDHZ &6, mGlu2/3 T HMBHHLIK K Y Ketamine @ F i % @ 1t
IOER K (5 24 BEHE) i3t o b= WEEREIIESZBESLS LTy E#
235 (53,55), ZHNETIC, Er b=V EMHMEENRRA N T 72D 5-HT1a % &
KOIEMAL Z - U T RTEHRTECE 1T 3B W TR aT Ay 22 24612 54 2 BDNF O % 8l %
FRE®EDZENRRBENTWD (113, 114), £ Z T, mGlu2/3 %= KK H P & O
Ketamine D #i 5 DIEH I\ T, Ll 2 4Pk v A 72 246 X O R Bl i 0 B8 5 % &
ZEDbED E, mGlu2/3 &= KK P I & O Ketamine 1% N /1] 517 55 A1 5 & © AMPA % & &
G L, B EoBEMEREOEr b= MR EEEILT 2 Z L2 X b NRIATEE
AIECOEe b= il 2R L, 5-HTia TAB ORI EZ It L TREDH 5 2EH
ERBTLEZZOND, EHIT, FNICHVWTEEIND MBI B 22 E LT
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Btk ot > >EHZ BB T 5 AiEERE 2 5N D (Fig. 45), ZORHEAEH T 51T

. AT RN 2 x T4 7 AFHOCTUTOHEBIZOWTRIAET 2L ERH 5, O N MAIH]
AT E PO EMERE Ot e = U RICEN T2 702 I AR A R
fil+ 22 2LV, mGlu2/3 ZHFMEHEEHLIE K O Ketamine I X 289 21EH . WU
MATEERT R E B T D r b= VERERAE & R E 2 BRI SN2 08B0, ©
NAIRTSERT R E 2 b EMMERE O F= U MRICER T L2702 I VB Z2ER
BIZIEME LT A2 Lick v, HiooER. W OICHMIRTEERT R EICRB T 2 r b= viE
BEMESE . 5-HTia T AR OIEMEA K MR T 2B 2 ERERINDI AN, 78
WOoWTThd, BRKRKICBWTENLTEDEEZ AT 25 Ketamine O ¥ 72 72 1 ¥ ¥ % i B
THZ LT, AERAIERENORRICERD REENH D, 72, mGlu2/3 %= B IR bt
HIZOWTIEH ) >ERA OB FICEB W T Ketamine & o dt@tt 2 R4+ Z 22Xk v, I
JRIZE W T Ketamine SO R AT 2N TE DL hdD, b0 &b
b, FRERMITEELRBRARETH 5,

Ketamine X Z O R OHE CBEFDOH 5> DE LV b ENTZIREE L L TOAREEELA
TH5HLOD, xR AEFRLZEBE L LS CETWTRWED, TOEARHIRI N TE
v . Ketamine & @B OEAET 2 A9 25 mGlu2/3 Z FARFEHUE & [F K O BIEH 23 % 5
T e b (10-21,35-37), Z OEIZOW T, mGlu2/3 % &K+ 13 » MGS0039
D7nm K7 v 7 Thd BCI-838 OF 1 MR Tk, Ketamine £ O HIER N B E S
ol Z b ZORE L B RABBENHER SN TS (115), & 512, mGlu2/3
ZREBERRKIZIFMET VICB W T, Ketamine BEORIMEA Z 3B L2 2 & 2SR
T3 (datanotshown), Z ® Z & 205, mGlu2/3 & &K P I Ketamine kL » & %2
EHEOEVELEM TH DL ENRRBEN TN D,

S HIZ, mGlu2/3 Z A MBIEHIITITE b & DAFEDO @O EBFR N A 4~ —
waﬁﬁﬁfé:a#m@énfwéom%\mm%s&%gWﬁ%:Mﬁ%%méﬁ
LZENHESNTWD (115), /-, mGlu2/3 ZRIKFEHHE D LY341495 (2> TH
MEERFHICVAERKED , L AERZMGEI T2 2 LICIVRENZER S, /&~
U ABEIR K OV R W 0 BRI BT 2 @A O M (20-50Hz) ML T, b
OEMIE MGI2B ZRKOFEFEMZ N L TWVDL I ERHE SN TWD (116), 1z T,
LY341495 N o &bz T 2 & IH > >ER 2 RHA T oM EICEN TS Z L
5. MEOEITES TRHOAAS A ~— T —L LTHHATHLEEZDND (46), 2
DZENrDL, Lo t~—F—ZFH DLk, BRABRIZE VT mGlu2/3
XEBRBEHEEO S SEA PR Z B ICFIMicsn D Z e n8ifFsnsd (117),

LFLDHL>

UbEoZ &b, mGlub Z A MHEHLE IR R ML & ¥ Ketamine 4k O &I/ Z 3 L
BRI L R D RN RSN DD Z DR ML FT 2 RITEKICEWTH
b TWawyy, —J KAFJEIE mGlu2/3 5% 7 K 15 HU 3K i UF Ketamine @ it 5 > /] 5 3L
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e b=V MRERPBEESE T2 20O THOLNIT L, 2D OMERBEF X8R E
LARLIEBWTHEBL TS Z E a2 RB L, £72, mGlu2/3 5 7 (R 45§t 3 1L G IR 12
BT, Ketamine & R ERICHIZME K O Frfie DL 5 D1EHZ R L. 722>, Ketamine X
DL ZEMOEVEEELERDIAREEN RSN, ZTh b0 &b RIFEIX
mGlu2/3 ZARKEHFENBEGFEOH I OEDT v Ay FATFT 4 AN ==X &l dH L
WHLY) DE L e DA REME A RN L, AT mGlu2/3 & 75 K 5 B 3K & (Y Ketamine @ #t
IOEHOBERFICEWTRB LEFHRLZREREZBRIEL T Z L2k ALRAEE
B D% R KO mGlu2/3 Z B REME ORI R THICE T TV LERH D,
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Fig. 43 Proposed mechanisms of the sustained antidepressant effects of Ketamine, mGlu2/3
receptor antagonist and mGIlu5 receptor antagonist.

Ketamine and the mGlu2/3 receptor antagonist indirectly activate AMPA receptor and
subsequently stimulate the BDNF/TrkB and mTOR signaling, leading to the elicitation of the
sustained antidepressant effects. The mGlu5 receptor antagonist induces the sustained
antidepressant effect through the new protein synthesis, partly via mTOR signaling but not via

BDNF/TrkB signaling.
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Fig. 44 Proposed mechanisms of the acute and sustainded antidepressant effects of Ketamine,
mGlu2/3 receptor antagonist and mGIlu5 receptor antagonist.

Ketamine and mGlu2/3 receptor antagonist increase the release of 5-HT in the prefrontal
cortex via the stimulation of AMPA receptor and subsequently activate the 5-HTa receptor,
leading to the acute antidepressant effects. Ketamine and mGIlu2/3 receptor antagonist induce
the sustained effects via the increase of the release of 5-HT in the prefrontal cortex. The
mGlu5 receptor antagonist increases the release of 5-HT in the prefrontal cortex and
subsequently activate the 5-HT2a/2c receptor, leading to the acute antidepressant effect. The
mGlu5 receptor antagonist may induce the sustained effect via the increase of the release of

5-HT in the prefrontal cortex.
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Fig. 45 Proposed neural mechanisms of the antidepressant effects of Ketamine and mGlu2/3

receptor antagonist.

Ketamine and mGIlu2/3 receptor antagonist induce the acute antidepressant effects through

the activation of a subset of 5-HT neurons in the DRN modulated by AMPA receptor

stimulation in the mPFC. Then, the above-mentioned neuronal pathway may induce the

increase of the release of 5-HT and the facilitation of synaptic protein synthesis, leading to

the elicitation of the sustained antidepressant effects.
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