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SOURADFS & OVE ARG ST T IS KV FR SN D~ 7 ZAD < ZATHE 2 b NS RBPEARIC
B+ % extracellular signaling-regulated kinase (ERK) JEPED 1%, BRAY 5-HT; 2 BAAFEHIEKIC
Foflsiiz, LiendoT, AL RAZFRH - BT 2IBEICHE W T 5-HT SR RN EE ok
FaHoTERY, TOMEICRIKERICE T 2 ERK ERIBERBEST5 2 E AR I T,

72 AP VRBEISET L~ U AOFEAAT AR L OMES Tid, 5-HT ZAREIEL LV
ERKIEMAL LD ERBEO BTz, SHIZ, A MLV AFFEISET NV~ T ZADRTIEENEDEK
T, B 5-HT Z A EREBESRKIC L 0 ffil Sz, TNHORER LD A b L A~OME K
(1%, ATEERTECE R KOV 2B 5 5-HT AR —ERK [E MU IER DG L TnH 2 &, &6
(2. A PV A~OIEFEISITER T D FEPEOEK T ICH LT, 5-HT A RIEEEN G TH 5

Z LR E T,

F—U—F: XML REH, A ML RS, 5-HT 2 A, ERK, 7 %



The fear responses as well as increases in ERK activity in the amygdala induced by context- and
tone-dependent fear conditioning were inhibited by a selective 5-HT+7 receptor antagonist. These results
suggest that amygdaloid 5-HT7 receptor-mediated ERK signaling may play an important role in the
processes of the recognition and memory of stress.

Increases in 5-HT7 receptor expression and ERK phosphorylation were observed in the frontal cortex
and hippocampus of stress-adaptive mice. Furthermore, the decreased emotionality observed in
stress-maladaptive mice was inhibited by a selective 5-HT7 receptor agonist. These results suggest that the
5-HT?7 receptor-ERK system in the frontal cortex and hippocampus may be involved in the formation of
stress adaptation. Furthermore, 5-HT7 receptor agonist may show a beneficial effect for the decrease in

emotionality caused by the maladaptation to excessive stress.

Key words: stress recognition, stress adaptation, 5-HT~ receptor, ERK, mouse
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27X AV SRSl N P 3 = S VAT oY g IR 75 L N e 1 NI U7/ DN 2 [ P SO S REAT ORI SEAN
A N U ARRICRBE SNDBREICH D, TR, “A MR, RSB Mb otz & &£
CoMIENO I OARLM (EH) | EERINLIPH - THEHETHD, A ML ARZEOKRET
bHNCA Y TE “A R AL ) HIFEEEY: - AHSEEEICO TEAL, XL
LIE, AEROPIZE Z 24ABNB L OCLHESRTHY . ZOA L AZIED T 6 ORISR
BMABNDHA ML yH— (AFLRR) THD| LR TWDH I, /o, ZDOA L AR
T 2 AREER (A VAR %, RO R N L ARS8 ET0 A — i 3 %
MG | AEROIEE M2 MR D B2 BERE LT A b L AR RT3 2 BB 23R
5 HEHU) | BROUREOR b URBNMIC L0 AROEFMEZ MR 2 e 2 X 72 L
IS a0 M) O3B L TV D, TNOLDOFHEREZ D L ARA b L ARSI
AN U AFREIC AT 2 RO G & U CHREARRI RO TH LM, A N L ARG EE 72
A IIE— IR U CRARBDIRR & 70 D Z L NRIB &N D, Thbb, ERETIIRA LA
WA OHEISDER SN D DIZKE L, WED A N U ARGF Tl EE) 2y, ke A b
L AMERBORIEICER L LD EEZ HND,

A b L AZHES T DR TIE, A ML ARERZERE - B L, OIS 5 Z LA EE L
ERbD, —F, EERPBRBRICESWTRICAEL D RFL TRIL, LT 52 & & AlREICT

WG 7 1 A& HAEE LI, EOREFEMR—RE L L CRIGSREMTAZET bR S 3, &
WSt T & 1E, RPUECRYR A T 5 A b L AR (SR & 2=2MoFe & (&M
R 2 BRI 2R AR S AL, AR 2 @S RN ER SN LBRTH Y, FE
BEWTHHBT DI ENARETH D, Flxid. F o WHEICIS T 2 B SIEATT ClE, SRR

Th OHaRERE & EEAIH CTH L UE~OERA (BR7 v Fa v ) LOREMNT



WEDRHBEINDG TS HTHEZNET 5 LIk, BHEFEHEZMETHZ ENTED, ZOF
FOOFEIE, SCARARM LR L ORI A S A MLV ARIGO® F %, 1 20
FEBRRIZBWTENEIVMN LIEE b TIMCE 528 Th D, 77205, HHREIZEBNT
FoREICHF L EBICEBR Yy ha vy s 252508, KM G5B LOBED) & A
(B®7 > bayr) LEABFEMITTZRENERIND, LB T, FolEIT. FETT
AR LT BRBICH IR SN D LT < MTHIZ R L, SHICZNETRRLIZZ ERNRWET-2
BREICEBNTYH, FMFTTHWEDAZRET D2 LICE VS < MTEIZ R T, FiE IR
B SR T, BT E IR R LRI 2 6 DO TH Y . ZOFEBRFIET. FEEL
BORA =R L0, A DL A~OMEREE 2 8 & T 2 ek OREER OMIIICE A L Sh
T3 3,

ZHETIC, BMEMAHTIC LD EBRRED A D= LI, Mt r =2 (5-HT) #ifkH
PRS- LTWD Z LR s Tng 9, BE, 5-HT ZAKITIZ, 5-HT1 225 5-HT, @ 7
FEOXATHEETDHZERPALNCEINTEY ., IHICINOZHEL AT 1L 14 FEHOYT
A T ENTND D, ZibdH b, 5-HT AT, 5-HT /KT 7 1 U —OHThg
R LS BRASNTZZEER S A T Th Y 8D RZHRDIEN 3 AIZ-O T, in situ hybridization,
F—= R IFTFTT T 40—, REEB T REER S, A RFIEZHVEBRER RIS TWD
ZOFER, 5-HT 22 mRNA OFBLUL, KRIMEVE. WS, BUR. mHKIK, BUR FEIC @I
OB, Ho, 5-HT XBERZ 7 EORIEH R BT 5 Z L shTng 8810, =

DE DI, B-HT AR RGO f5CR B 2 TS @B EITAF(E L T D FFEIT, AZAERLE

y

FREIREEE & 2 VITERA « 2 - FRIEEE & iR < BIEAT I AR — o Lo TN D, 5-HT
ZRIE ) v 7T =T AEHWEZNE TOMEICEBW T, ERKREEOFEERIEIC 5-HT, %
BARNBEEG L TWAZ ERHLMNICENTWS L1 F7= Fox OLIRTOMZE ClE, IR 5-HT;

ZRKIEPLE TH D 2a-[4-(4-phenyl-1,2,3,6-tetrahydropyridyl)butyl]-2a,3,4,-tetrahydrobenzo(c,d)



indol-2-(1H)-one (DR4004) % 4:f:F1) G LT, SUIRBYE L OSSR A7 R R
AEICETTHZLEZAMLTVD B, ZhbomAiL, HEREOESS 5 \WITRFHRRIC
WT, S-HTy BN BEEREE 2 M- T D Z L 2Ry 5,

Mitogen-activated protein kinase 7 7 X U —® 1 > Th 5 extracellular signal-regulated kinase
(ERK) 1%, TEBEEICHIT D 5-HT SBEEOEE| & BEHACBRT 5 2 & B HE S 1L HHERERI 5
FThHD, TOWPE LT, < OWFERROBFEIC LY | BHER L OREKIZE T 5 ERK 1H#
(RN, SURAIB L OE R R T IR HADER TH L Z R RE SN TND ¥, —
U7 BBRZRENZ 12, BB TEAIC LY 5-HT7 A A REIE B S W7o a2 VA28 it
5-HTy ZBRE RS D22 LIk, a7 A %) —8 AKRENER B NS IHRAEMEDO IR & 4t
L CERK DIEMEALRBIEH Z 5 2 E BB LM S TR Y 1818 [ 5-HT; BRI
ERK DIEMEALIT IS R ARG 2 W 2 BEHZ B W THRE STV 5 19, L7228 > T 5-HT
SR LT D ERK F ISR, IFERLIEICE S L TV D AREMENE 2 b D,

AWFFETIE, FTHANINETHTE A BOFIMEZHERT L7202, v U ATBT
% SUNRASFS K OV IR R S (417 1238 K1E 9™ DR4004 DI OV THRFI L7z, S i, 1§
BFLIRIC BT D 5-HT A —ERK EHARE R OEEI 2 520N T 5 72D1c, SUIRME L OV
TEHERMG SRS T AT o 7o~ U A DORHIRR LOWER IR 5 ERKIEMEDOZE L & | 2 BTkt

% DR4004 D%z DWW THET LT,
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AT, EREWIST 28 E# EORTEICEE L, TEERERE LR F B FZBRBLUE |
BEO TEWERICET D ARS8y L, EREREERFE ZRE B2 DK

ROG & IR FEREMW O E L B IR 2 Eh L7z,

1. ER#WE LOEREE &G

KBTI, KE 30~359 (EBRBILGEE) O ICR RifitE~T A (AARTZ AT LY — (FF) | &
) ZMHA Lz, BidfEiRfEEE (23£1°C,5025%) ICTCFITAF v/ r—INTEHE L.,
7:00 AT, 19:00 VAT O 12 KE[EIH A 7 L OGS T CHRIE LTz, i, B (R MR X by 7|

AARRETLRE (KK | fiik) BIUBOK OKEK) F&bICHEBE Lz,

2. fERZKY

BIRA 5-HT, LA RHEHIHE Tdh 5 DRA004 (FIIEHLEE (BK) . #0411 % Tween 20 (Z¥AR L .
WWNVTABLRIEE ORGREE (BK) . a0 TR L7, 3T o Tween 20 DRAAIREEIE 1%
& L7, DR4004 D&, RIS L OG- AT ¥ 2 —/1id, LIETOF 4 ORFE B2 6 TNl

DIFIET V— TN & % 5eqT w3 DA W TRIE LTz,

3. RYMSMHAMIT R P URARER

R SRIEAT T 2 b L AFABRIL, Stiedl & P)DZE BICHE->T, 3 HRIO A2 —/L (L HA -
ST ;2 B A - SRR ORIE 5 3 B B - FIRIFERMSOSORE) TiTo7z, #Er 1
AHETCIX, REICERIMAO Y v RERITTZ3 a2 /— A DY a vy 75 (Lar—

FAL FH72D 10%x30x25cm) 1T~ 7 A Z AL T 180 RoIHIiiE L. % D% . 5 il (80 dB, 60 sec)



LR BRI (0.6 mA, 2sec) ZAM L7z, ZO—H#HOFHE42 3MEFVIKL, K%ZIC
g v 7 FHNIC 60 RIKET 5 2 & TRIMHT 21T o 7o, IEFRIMMFTTHEO~ T 2, va v
FANTERR O Z TR L, BRATIIAR LR o7z, W, SR 247 9 anciX, R,
va v HNE 1L %EERE CIER Lz, ST 24 5% GREBR2 B H) Tl, B, 1 %ER T
HEi L7y a vy 7RIS~y U A% AL, EBRRM A AR LR2VIREE T, 3 < ATEIO BN % 6
SEAE Uiz CCARMIBYSOGOFHE) . X HIcE o 24 1% GABR 3 HH) T, &tz
Toleya v 7l i3 BARbRE 0%y /) — L TIHER LTI AF v 78 ) v 27— (i
B19x @S 25em) ) [T~ A& AfL, 180 MUEILIE L 7= IS B liliEZ 180 /rfElfes L. E K
R L TWAHHICY U ZADRT T < ATE) O HBLRFE 2 JIE U7z (B KM BSOS O FEAT) .
FTLAMTEOHBIFEIE, Y a v 7BHD VTV U4 —0 EFICEE LR v —
(SUPER-MEX, =EMTHE® (BK) . BR) ([CX VRt L7z, £7-. DRA004 (TS5MATT#4& T4 I2IE

e (p.) #&5-L7=,

4. ERK IEHEQORIE

SR & 2 W ME AR BOG 2 I L 72 BRI, AT KOS 2300 ol L7,
MR T O ERK B35 L VY U R{k ERK &1, B A OMIE S » b (Assay Designs Inc., M1, USA)
ZHAWTHIE Lz, B#ikE 10 580 1 mM 7 ==L AF /L ALK =L7 LA T A K (Sigma
Aldrich, Co., Ltd., MO, USA) | 2mM AL s X F T g7~ U 7 A (Sigma-Aldrich) . 20 mM £ =
U vgF b Y v (Sigma-Aldrich) 38X 07 a7 7 —BEA] (Sigma-Aldrich) Z & Tem Al L7
RIPA #lRiAf#FEE R 2 (50 mM U 2Hg (pH7.4) . 150 mM b+ R U 74, I1mM =F L >
T I NEE, 1mM = F L7 ) a— L UERE, 1% Y R X100, 1%T A F T a— Lk S
FU DA 01%RT VAR R Y 7 A) &L BITREYT A XL, w0k (12,000 x g, 30 min,

4°C) IckvEonz biEx2 80 AR LT 7Le Lz, 7L (100 ulL) % ERK £721%



U VB{L ERK ICHT 5/ Zu—F Afilf Ca—T 4 v/ Lit~A 7 a7 L— MIRMNL, I8
LN HEE T IRFHEA o F 2 _X—F Lz, IRWT, A 7 17— 2P HFREHE T 4 BIYE
WL, ERK £7213 U VBBt ERK IZx T2 U XRY 7 u—F Gk a iz T, IRE LR bE
BT L1RHEA v Fax—F Lz, 20%, BRIOTVEEZRE LRI —RAT7T 4 v v a~ULt
XU —ETER LI AU F 1gG Hri Nz THREE L7235 30 ffl A v F 2 X—h L, &
BICPEIFE. 3,3°.55-T T AF AR VP (TMB) B L ONEBMLKTHEZ &A% L IRIE &
EBIT 15 A o F 2 _X— bk L7z, ®EIC, INEBZRNT L2 LiIcL ) KsEEESE, &
Bt YR (OD ) %R 450 nm CTHIE L7, 554172 OD fifl & BEAR L ERK £ 7213 Y
PRIV ERK FE%E S, > OD i & g L, &% 7 Lo ERK F 7213 pERK DIEEE (pg/ml) % H

L7z,

5. WuEHLE

VAR TPERHEHERE TRR Lic, 3 < MTEIORIEEL (Fig. 1A-1 3 X OV1B-1) (2B %
R FIA B EREL, ZIohliE 08 HT# £ O Student-Newman-Keuls 2 B H#R E % AV T1T
ol o, TOMORERIT, —ITRLE S HBHT I KO Student-Newman-Keuls £ & ELigitf E % H]

WT, MRMHERIABZEZBIE LIz, fEbR= 5% (P<0.05) ZAEAHY &HE L,



[%R]

1 BIRE 5-HT; RAEAHEHIZE DRA004 H33CARAYER & ORGSR T I RIS TR
BRI 5-HT7 52 B R4 H13E DR4004 73 SUIRFYFS & OV IR AFMERM S+ 1T 12 BT 5288 % Fig.
LITR LTz, RBMSEATT 24 BREIEZ IS, BE. RMHTT E2To7cv a vy 7RI~ U A& AR
DL, Bt o R BRI HTE) CUIRIZMGEOR) 23580 bz (Fig. 1A-1) . £z, £D
24 RIS, SRIEFT EAT ooy 2 v 7L ZE BARDREE (FI2F v rflv Y v 4—)
2~ U A& NI, R CTHER LERME R rT 5 L, —BEICEERT S ATE) (FRE
PERIEOS) 2B LT (Fig. 1B-1) o 24U 5 SUIRAYIS X OVEIRAAPERMG SO T, SRR T B
\Z DR4004 (5mg/kg, i.p.) ##HEGT 52 LICL W HEEICHHI Sz, £/, T D DRA004 Ol

BRIE, < TE ORI OMTIC L > THh R Sz (Fig. 1A-2 B L TV1B-2) .

2. SOAREGBMIREATITIC & VB SN D RkiER L OMRICRIT 5 ERK EHEDOEITXT 5

DR4004 D%h5H

SCIREGASAEATIFIT K 0 B S 2 Wbk LOMEICBIT 5 ERK EEDOE(RIZHT 5
DR4004 D% % Fig. 2 128 LTz, SUIRRIBMG SR 2R Lo~ U 2 D@k OIS TiE, #
ERK B|3Z2{tT 5 Z &£ 72< (Fig. 2A-2 B L1V 2B-2) . U VML ERK BEOHERBEINNED b
7= (Fig. 2A-1 B L2B-1) . 2 oDEDH b, RHEICEIT S U (b ERK BT,
S-S % O DR4004 (5 mglkg, ip.) DG L 0 I E =2 (Fig. 2A-1) . WEEICHITH Y
VAL ERK ®IZ & 512 L7c (Fig. 2B-1) . =612, U vk ERK &% [F UilEHH Ok ERK
B CHRT 2 Z &IC X WA L7z ERKIEMEDHHTIZIS VW TH . DRA004A DRSS 5 AR RS S 4L

7= (Fig. 2A-3 B3 L' 2B-3)



3. BREMAMEHMTICLVBRINIBRERB I OMEICRIT 5 ERK EHEOEKICRTT

% DR4004 D%hE

EARAFPERA SRS T IS & 0 58 S 2 WHkiRd L OMEE I2361T 2 ERKIEPEDZARIZHR 5
DR4004 D& R % Fig. 312 LTz, ERAMRBIS 2R Lo~ U ZORHMATIE, # ERK &I
b5 Z & 72< (Fig. 3A-2) U U FE{b ERK &E23H8/0 L (Fig. 3A-1) . ERK IEMEDOF E 72 E5F- (Fig.
3A-3) BRBHOLNTZ, £72. Zh b U Rk ERK BB X O ERK iEMEOZE LI, S&MEAHTEEZIC
DR4004 (5mg/kg, i.p.) Z#& 575 Z Lic kv AEICIHI S (Fig. 3A-1 B LTV 3A-3) , — 4,
WEE I, U UEAE ERK &, # ERK &1 X ERK IEMEVFHICE N TH, BB & 2 hidEl

wEniho7- (Fig. 3B-1, 3B-2 5 L13B3) ,
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Context-dependent fear Tone-dependent fear

(A-1) (B-1)
60 i 50 —O— Non-shock + Vehicle
*k *%  aw k%
= = 40 —A— Shock + Vehicle
£ Sk = '
E 40 # # E —E—  Shock + DR4004 (5 mg/kg)
° S 30
e # e
e 2 20
3 20 VW 3
o o ]
w w 10} B
0 0
1 2 3 4 5 6 1 2 3 4 ) 6
Time (min) Time (min)
(A-2) (B-2)
400 - 120 - [0 Non-shock + Vehicle
= = *%
€ |5 [l Shock + Vehicle
o™
S 300 | 2
o @ 80 4 [d Shock + DR4004 (5 mg/kg)
9 # K23 T
2 200 1 £
N N 1
o £ 40
5 100 " S
L 8
0 . 0

Fig. 1. Effects of DR4004 on context- and tone-dependent fear conditioning in mice. In the
context-dependent fear test session, the mouse was exposed to the same chamber that had been used in the
conditioning session, and the duration of freezing behavior was recorded for 360 sec. In the tone-dependent
fear test session, the mouse was exposed to a novel context, and a 180-sec pause without stimulation
preceded a 180-sec period of auditory stimulation. The duration of freezing behavior was recorded for 180
sec during exposure to auditory stimulation. The duration of freezing behavior in each 1-min segment in
the context- and tone-dependent fear test sessions is shown in panels A-1 and B-1, respectively. The total
duration of freezing behavior in the context- and tone-dependent fear test sessions is shown in panels A-2
and B-2, respectively. DR4004 (5 mg/kg) or vehicle was injected intraperitoneally (i.p.) immediately after
conditioning was finished. Each point and column represents the mean with S.E.M. of 10-13 mice.

**P<(.01 vs. non-shock plus vehicle group. #P<0.05 vs. shock plus vehicle group.
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Amygdala Hippocampus

(A-1) (B-1)
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B 16 o
) o~ i
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a ” 812}
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2osf £
& £ 04
W 04 | w
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__ 60 30
(0] (0]
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(2 (72}
R] K]
2 40 - ER )
()] (=]
> )
£ £
& 20 & 10}
w L
= S
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= = *%*
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0.04 = '
X K i
X 4 X 0.06 |
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= 0.03 = =
2 = 2 0.04 |
< 0.02 | 2
o o
0.01 | '
0 L L J 0 L L
NS+V S+V S+DR NS+V S+V S+DR

Fig. 2. Effects of DR4004 on the changes in ERK activity in the amygdala and hippocampus of mice that
displayed context-dependent fear responses in mice. To evaluate ERK activity (A-3 and B-3), the
phosphorylated ERK (pERK) levels (A-1 and B-1) were normalized with respect to the total ERK levels
(A-2 and B-2) in the same samples. DR4004 (5 mg/kg) or vehicle was injected intraperitoneally (i.p.)
immediately after conditioning was finished. Each point and column represents the mean with S.E.M. of
11-13 mice. **P<0.01 vs. non-shock (NS) plus vehicle (V) group. ¥P<0.05, #P<0.01 vs. shock (S) plus
vehicle (V) group.
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Amygdala Hippocampus
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Fig. 3. Effects of DR4004 on the changes in ERK activity in the amygdala and hippocampus of mice that
displayed tone-dependent fear responses in mice. To evaluate ERK activity (A-3 and B-3), the
phosphorylated ERK (pERK) levels (A-1 and B-1) were normalized with respect to the total ERK levels
(A-2 and B-2) in the same samples. DR4004 (5 mg/kg) or vehicle was injected intraperitoneally (i.p.)
immediately after conditioning was finished. Each point and column represents the mean with S.E.M. of

10-12 mice. **P<0.01 vs. non-shock (NS) plus vehicle (V) group. #P<0.01 vs. shock (S) plus vehicle (V)
group.
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RS 2 31T 2N B5-HT iR & BIOEEMIL, IKEFEH 295 5 WV ITEER D
EIC LY 5-HT ZRESEov U R Z AN 2R E TOMRICE W CEEH S T b, —7, 5-HT
PERT 2 14 O 5-HT ZBRY T2 A4 7D 5 6 IEFEELE & ORE CIEH SN TE 22K
ELTESHTI B L OS-HT ZF BT 7 X A TRZET B DM 0 o> 5-HT ZFEKY 7 2 A 70
BENZHOWTIRT & A R S TO R, ABFZETIE, LATOF &« OMFZER R DI —E L T,
SAEAHIT A IZB-RE) 5-HT; SR RHEHIEE Ch H DRA04 #5525 Z LI2 LD, SUREIEB XY
BARAFERM OGS & BT Shlz, TAVE TIZ, 5-HT 2 AR 4 il 7 8 & ¥ 7= COS Aifuic
F T, DRA004 (T CAMP DIEIE L~ ZIIs B A G 2 720 b O D 5-HT IZ X D % S5 cAMP
LoLd ERAIEIT 2 2 ERMESNTND 20, 20 Z &1k, DRA004 23, 5-HT; LA MICKIF
LRI TH L L2 LI bDOTH D, £lo. ZAMREERIZIHBVTIE, DR4004 (X, 5-HT,
(X D mBIRIME L | 5-HTa AR, 5-HT 28R, 5-HT. AR, 5-HTe AR LU D%
RIZHARTO 7 &S 50 EORBREEL AT L2 ENRHLNISNTNS 8, L7 - T, ARIF%E
DOFER IV . WRAVE L OB REHEZRM ST I8N T, 5-HTy SR RN EE R EE 2 ]- L
TWDHZENRBEINS, M, EFid L7 DRA004 DK AEIRNMEICBT 2 DA BET 5 &,
SUURAYFS Z ORI S T 236 1T DD 5-HT ZREY 7 X A T OG22 HET
HZEFTERNWED, ZORICONTIIA BRI LR DFEMARRFBNLELE X D,

SCARADH & OVFARTEVERUG S AT 2 B 59 2 IS & L CL mBkIR O &E] o BB R
SNTWD I, ABHETIE, RIS L OFIRAAMERI RS 278 LTz~ 7 A DO RHAIZ BV T
B ERK ®EITZbT 5 2 &72<, U Uik ERK 2D bz, T ORERIL, ZUfiiED
AR, WRICHB W T ERKIEMERS EH T2 2 L AR L7 2N E TOWE 208 —HK§ 25, —

J5. KR TRO b RPHMARIZEBT 5 ERK IEMED _EF I, USRS %12 DR4004 % ¢
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B2 Z LT k0 il A7z R, fERREZ D B D 5-HT MR D A ) &8I Tk Y 3,
Z ORMFEIRIZ I S-HT, SRR EEITRELL T\ 5 8810, F7- v MMk H S o - EE 21
feldo DuME e b 5-HT7 A 2 sl S 3 S W7o Ak 2 V72 in vitro AIFJE T, 5-HT AR
TEMEGIZ Z Y ERK ¥ 7 FVREMEET D Z E BB NI TN 5 1819 4% fEik L~/ T
7 in vivo BFFEIZ BT 5-HT, AR & ERK 1EHARIER & OERZH LI 5 2 EBBETH
LR, TNETOWMEZTEE 2 5 L. AR RIL. ORI X OEHRAEER RO RS & 5
WIFEIZFB W T, RBMEIZIR T D 5-HT: AR —ERK RIS ER N HBER KR 2H > T\ Z
EERRET D, W, 5HT ZRET7 7 IV —05 b, 5-HT ZAEKEFKIC, #ET 25 Gs & v 8
IJEBENLCT T =NBmy 7 7 —EBOiEHEbE cAMP OREAMINZ S S Z T2/ K E LT,
5-HTs WK KOV 5-HTe IR IRN BT b D 3239, F/o, 2 bW FR %I Ll g i
BEIZ, ERK2BEG LTS ZE B LNITIN TN D 73, I 512, DR4004 (X, 5-HT7 S &KIC
MMA T, 5-HTa ZAEB LV 5-HTe ZEKICH B LT 5 Z el shTng 2, Len
o> T, AWIZE TR bz ERK IEME LR ORBBRETIC S, 5-HTy AR L & bI2 5-HT A KR
K OVB-HTe ZAENEE G L TV D HIREMENR B 2 Hiv b,

o, BIRAERMGOS 2R Lo~ U ZDWHEICI T 5 ERKIEMEAHIE L7 L 2 A, Rikik
({212 ERKIEMED L7 LIXRR Y | BRSNS ZBMITRRD b o 7z, [FRRO I 3073 LIRS
WESNTWDZ L 2BET DL AFFZEE R, TREEOZMTLIEIC I T D18 OB 5130
BNWETHINETORMIOIEIFTHbDEEXD, £z, HERENZ L2, SRR SOS
2R LT~ U ADRIRICEB T 5 ERKIEMED EF~OZF L3 BAgic, WS ICk1 5 ERK &
PED LFIE, USRS OE#%IC DRA04 25925 Z LIC KR LTz, BIfEDL Z A, K
HROBRZTRICHIAT 2 Z LITRETH L2, 1 SDOFEEMEE LT, SUIRAYZNFLEE 2 0
THHEENZBNT, ME &R RBRICH 2 Z ENESND, T72RD5, CRAYR

MFCRICEERRIIARIC I T D 5-HT? AR —ERK EHISEZRDOKEI DR T 255 T 272012,
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MBI 2 ERK TN & B (ZHTR L 72 rIREMEN B 2 DD, T4, WA D 5-HT7 7 14 %
Wrd 2 Z LI L Y ERK O FCAFET DRI 1 Tdb 2 activity- regulated cytoskeleton-associated
protein 2NV IZIBWTHIINT 5 Z LA S TRV 0, Z oM RITH 4 O Z SR+ 5 60
Th D, £z, URAYBHISAATITIZI1T DS — RV OMRsIEO BB T, RALE
B~ DIIERIT DAFAE TR ST D RIS 32T 5 2 L1280 | SURBIRM SR
PEESND Z L THEH SN TS B, M T, WEICBT 278 F =l AFRISER, BE
— AR A N IC B 1T D ERK IEMEDO IR > TV A Z L AHENTREY ¥ 20X )
IR EGEALIENCAFAE T D A = AL AR TH LN IR L TW D RN EZ 2 i
Do A, FrEDMMEIIC I Y L EHIEAT 282 V572 8 L0 MR 2175 Z &1
F 0 SOUREGRMAG ST I I 31T DT 5-HT7 X AA — ERK [F HIn R DI RERE R 5 7x(C
B EEZD,

5-HT7 AR —ERK THHURERIC K D HBIRLIEOFE A I =X MZOWTIIREARHTH S
. MRS AL O WA DB HAVRIR S D, BIAIR. D<K Bl OIS TiE, 5-HT, A 1E
VEEhEE )Y, tropomyosin-related kinase B (TrkB) Z&BAROFI L U UL AR ST D Z L AURE
TS 40, TrkB =AM, IR O rT IR 542 2 L 28 5T 2% brain-derived
neurotrophic factor (BDNF) DK TH D72, 5-HT ZHFEDIEMALIZ L Y . BDNF—TrkB 5
BARNEWARER &1 LTI R e O af P E DRED U RIZ S D, ZAVE TIT, SR LUk
fRIZH1F % BDNF O TrkB 2/ K2 L7 HHmiED S B W TERE A gdl 2 R L
TWHZERHLMNTENTND 492, ZhbOMREHEZ 5L, 5-HT 2K —ERK 1H#H{s
R DSIRETT D AR AR O A EEVE I BB S A X TR T TNREIR D A 7 = X L ORI O —B))
LD ENIIFT SN D,

LB, AR THR O mRIE, RkiR KOVMEBICIR T 5 5-HT XA —ERK fF#isE

D, FHRREICB W TEHE» EERERZH S TWDH I L Z2RBRT5H0TH D, I, Rk
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R L OMEBICRT 5 ERK fF s d, RUAFLIEOMER & & BITHERICHHEE LT 2 L2 H
HEINTWD 94, F7z, BFLEOHEEOEEIL, EENORRHAIRRNLOREIU SRS Z
ENBESND, LIEBN- T, SMERA L ABREDO L 5 Ri@ED A b b AREBRA~ORIENIE ) B
PRI DIFRIREICR T DR RIERIEZ RS 2 ETH, 5-HT, ZAEMIIER T~ SHRED 1

bHEBERD,
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w0 =

A LV RIZHHT B EIEEICBIT S

5-HT7 RBEERDEE



[k

il

BRIT, SR D DA N U ARG UTE M2 AR 2 72D OB (X B L RS
RS 2L TEY., ZOBBORETOBIEN 2 L AMEBRORIELZET S E2 50T
Do LIEi3o T, ANV ABECHEEICEAL T DMBRELZERT 22 LI1X, APV AREERY X
777 7B —LBEZLNTODJFEHREDIFEMI O 53 Zh b OREEO TEIRIEH
#1795 ECORRERE IO ENMIFFSND, — . ZRRFEREOREICL Y, 1F
EIPEOFEIC A b U AR ORIEITIT, M 5-HT #ERSIRSBIL- L Tnd 2 L ARL
REENTWS, £, HxlIINETIE, A DL RABEISORICES T DN A D =X L%
el 5-HT ZRET T XA T D 1 OTHD S-HTaZRENEE2EE 2 M- TnDH 2 EE2HL
AN LT D 4548)

VLR L 0 | BURSIRSE, BUARLIE, H1 0 2387 CBEF O MIEO I 5-HT, Z &K L
TEWVBFIMEZE T2 b ORFEIET D 2 &R0 95D 19 Sl BRI OANR D D1
[TA N L ARIBEOARTD 5-HT XA ROMRERZL A5 SR T2 & PRI oS TND,
ZNHOFIRIE, AR L7z 5-HTy L SRR KGO BRI @B B L TV D & O 6810 L 4
o T, EEHRAEICKT D 5-HT XBEROHEEZR RET 26D TH D, EFEIC, ZHETO
FTRSEF LRI TR 35U C L BB 5-HT7 S B IRIEHTIE DY, FUARZERRED IR S55054T 5 DRRZHAL 5559)
RTZEPREINTND, 61T, BREWEIR L LT, 5-HTia ERDBIAET D LI
5-HT; XA L THB Y, SHICMEZARIL 2 ERETEN L THEREMICHAEFEH LTV
TEBRHEENRTNS 9, ZNLOME LA DZNETOMA SO EEIT 5 L. PA 5-HT,
BB A B LV ABIEOIE G LTS Z LRI D,

Z b L RSB D EAETFE AT O BT, MPERANICAG T e T VB ZRIET D 2

COREETHDH, 1980 AN, Kennett ©H 0%, T v MIFE—DA b L AR A8 MERICE
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w5 e, BHAFRBICEEINIEA DA NVAKIENHHITLHZ 2R L#ELTWD,
Fro, FRROBIZRIT, MOBEHOMIE 7 N —TICBNTHHRINTND 88, ZD L5722k
L ABUGEOWFI L, A b L AR5 U CTAMRO IR PEHERFEAE 2 B RE L 7o/ AR U 25 B4
LR DZENTEDLZ LMD, A MLV RBEISOEKRMM A Z5T 5 ECAEARET AV EEZD
b, 2T, kAL, RETLVOREEZ LVWMICT 222 HME LT, AMTDHA B
L AR OBREE & ISR & OBIEMEIC SN T, v 7 AE AV CREICHRE L7z 9, ZOfER,
AR — BRI K VTR IS B T 2B TE 2B e L CA VARG ZRME L7z & 24,
1 RFE O A b L 2RO HIFARIZ K VER SN D ROE ETEORD . 1 H 1A 14 HH
DOV ELARICL VL L, A L ASOBEISTERBRD SNl, LHLARBNL, 4 KEfoH
WA N L 2RO IR LA TIXNROZ ZATEIOE FITWHEE T, A THRROZEHE ORI o
JERBHER SN, T72DH, ANV ARIOAMBEZZZ D2 LICED, AN VABEISET
WV EFEHEISE T VOIERRRATRE TH D Z E N B E 725 TN D,

AWFZETIER, ZNDH A b LRSI K OEIGET L~ U A2 VD TTEREBL A3 L OVE
LFIRFIEAT ) Z LI L0 A N L ABIS OB 1T 2P 5-HT7 SRR OBENZ OV

THEIE LT,
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[7i:]

AT, EREWIST 28 E# EORTEICEE L, TEERERE LR F B FZRBLUE |
BEO TEWERICET D ARS8y L, EREREERFE ZRE B2 DK

ROb & T IERFERENW) OEE & B A I LT,

1. EREWE KOFRERME

FBRITIE, KH 30~359g (FEBRBALARF) @ ICR RMEME~ T X (AR 2R v —) ZEAL
7o, B ItEIRIEIL S (23+£1°C, 50+ 5 %) (2T — N CHERBIEE L, 7:00 4T, 19:00 H
KT 12 B ¥ A 7 VORGSR T T L, W, #8 (A MR A by 7 (BREE) | AA

JRPETHE) BRLUWOK OKIEK) 1F&BICHBE LT,

2. HRAEDE X ORYOREFE
FERITIE GBINAY 5-HT, 2 B /EE# T & % 4-(2-Diphenyl)-N-(1,2,3,4-tetrahydronaphthalen-1-yl)-1-
piperazinehexanamide (LP 12; Tocris Bioscience, MN, USA) # i L7-, FE¥IAEBREEIR (K&

B |ZPAfE L. 4 ul/mouse DR THMEN (i.cv.) TG LTz,

3. HIRZ b U ARIBOAR L AT DR

~ U A% 50ml OEHFEICHACAD D Z EIE Y 1 H 1B 1RFFEZIT 4 BEROHRA F LA
gz 1 BB D014 HREAR Lz, 72, A LV AREO~ 7 R TR A b L AR &2 AT LT
WD REEHE, JEA DL ABEO~ U R IRAE 7 — DICHKE Lz, FIEA b L R FIREK 0 B AT L
(20 A=A — FRBRIC LY ~ 0 ZOFEMEZFHE L7z, 1. LP 12 DR Z M 2 FHCid,

1 H 184 KHOMEA b VAR Z AT DHMP, #EH, 2 b VAR Z A L7ZERIC,
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LP 12 (33 L1V 10 pg/mouse, i.c.v.) FoI3AHBER AL LT,

4. F—R— FERABR
R—/LAR— FRBRCIE, FHREICR T 5~ U AOWETE 4, BEIR—/L AR — FBREE
(model ST-1, ZEMTHEML) 454886604 FW T AN O RBINCE BN Lz, ~ U A& KEOH
e B FEEEC AR TN (BAE3 em) 2R 2K EAOA—7 27 1 —/1 R (50 x 50 x 50 cm)
P AR, HEERN T~ U AR 2 ORRITE) GRBERREE, L5 E2s 0 ATEI O & ki
i, ROZATEIOREL, Mkpilre L OWR,) Z50ME Lz, SERRITENIIEEO L7
B LT VAN AT R I OBEEICRE LR o —Iic vt L. RO 7 — 2 —fi#r

V7 (ERTEER) & W TE LTz,

5. Western blot ¥
5.1. % VD ER
ITERRBRIE TS~ U ADMAHGH U, SN (RTEERTRVE. 5. RPAE, SR T8,
HIN) REAR A 7 - BRER U7, BdfEARZ 20 MM R U R IERER (pH 7.4 FIOBMIBE T3 (BR) . KR .
2mM =F L DT I CUEER (FOEMBETSE) | =F Ly 7 ) a—Lex -7/ =Fbr—
7 1) -N,N,N' N-PUEERE (FOGAiSE T2) | 250 mM A7 m—2 (FOEHIET3E) 1% Y b
(Calbiochem-Novabiochem, CA, USA) B X O7'u 77 —EHEAIL 7 7/ (Complete®; Roche
Molecular Biochemicals, Mannheim, Germany) % & &r 6 (5 & OME L7oAREK & & HITHRET T A

AL, B (1,000 x g, 10 min, 4 °C) 12X Y 15 537z EiF % western blot 4 7L & L7z,

5.2, % R EDOKRHE - EE

KT URREE T ) O A=KV 77 VLT I R VESIKENE (SDS-PAGERE) (2t~ T,
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5-20 %D AELD &7/ (Bio-Rad Laboratories, Co., Ltd., CA, USA) H1 D4 L—\ZH v 7 VR
% (Bio-Rad Laboratories) & EFLOHFIETIHE L=V 70 (& X7 &S50 pg (5-HT &K
) & 2320 g RERKIES L VY U ERLERKHR ) ) Z1EA L, BRIKENC L o7
WD L 737 G % oy F R D FETEE ST LTc, 2BEE THRISESIC T VAR L,
I RIA47 ey b F T A7 1> FSDE/L (Bio-Rad Laboratories) % AV T, E5WkE) L 7=
PURS N7 E %, 20%A % 7 —/b (ROEHEE T26) Z2ate b U 227U 2 i (Bio-Rad
Laboratories) (Ziz L7 Y 7 vk =17 A 77 (Bio-Rad Laboratories) (ZHEXHIZREAT
SHIHURY VRV BEBATISETIA LT T %23% Y VIET V7 X 2 (BSA) (SIGMA-Aldrich)
£0.05% Tween 20 (FOGHIZE T2) A &de b U ARE@E AP AR (TBS) (Bio-Rad Laboratories)
TTT7myF 7L EHIT, 3%BSAT TI00fEAM L 725-HT 2 A fiiA (IMGENEX, Co., Ltd.,
CA, USA) . 100015 R L7= U » R{LERKHL{A (Cell Signaling Technology, Co., Ltd., MA, USA) &
A UMF1000/5 4R L 7-ERK#Hi{A& (Cell Signaling Technology) & —#t4 °ClTA v F 2X— kL7,
ZDH%, AT T ETBSTH L., 3% BSAH T2000f5A M LI2AR—RATF T 1 v a~dFk s
A — RO kPR (Jackson Immuno research laboratories, Co., Ltd., PA, USA) & =12 CT1IFH]
A rFaN—FLl, A rFaX—MTRICHEAST 7 ZTBSTHREFL, FILI /Ty
o BTV E R A D FYE (Santa cruz biotechnology, Co., Ltd., CA, USA) & AW T, By &
3% 4 2237 g % Chemi Doc XRS (Bio-Rad Laboratories) & CHili L7, M L7=& v 7 E D

X, HEAOMTY 7 b (Quantity One, Bio-Rad Laboratories) % VTR L7z,

6. SIS FRRAIE
6.1. GRS G+ D YRR
Ry b Z— v MU A (70 mglkg, ip.) FREEFICT, v 7 ADLELELD 0.6 % ~/8

Uy (BRZEERTE B . KR 2atAmafii (REREE) 2 25 miEAL, ALY
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D AT Z AU TN S B2 e VT AU N TRV AT VT b Regite U o e B A thik (PBS;
pH7.4) (ROEMIZETEE) % 10 SMEHHER S BB~ AO2MAERH L, #RREH 500X
MRS % 5 To ik 2 /0 18 U7, 201 L 72 AR IE 4 %X T RV AT VT & REETe PBS HIC 2 B
2 L CHEE L, Tk, RIREOBRRELEE EIZT20% A7 m—2 (AOEMZBETE) 2
RiBESHT, BAPGIE0%AZ m—A (FIEMEELHE) ICEHBEL TSI DI HEEL, fSoh
TIRHRRIE R T A T A ATHAILEZEEA (777740 T v Px 80 () . Hx) oFf

TG SH-30 °C TRAF L 7=,

6.2. =R & 2 R B D RIEDOKGT

VIAFTAZy b (W I TT7A0T 7 P% ) VT, B S B RER & 0 #iR
[l 5 VNI 2 G E S 10 um ORI 2 ER L, APS =— MERX T A K7 F 2 (RAJEE 1 L
¥ (BB . KB WZAEfF LT, A T4 K27 Z AZAE L7280 FriE, 0.01 M PBS (FReiffisi T.3)
T 10 %IZAR L 7= IE% Y M (NGS; Vector Laboratories Co., Ltd., CA, USA) T 60 /77 v v &%
V7 LTz, & D%.10 % NGS Z & ¢ 0.01 M PBS T 100 {5248 L 7= 5-HT7 S AR HLIA IMGENEX)
BI OV gk ERK Hiik (Cell Signaling Technology) % 817 BIZisINL, 4 °C T KA >3 =X
— hL7coA % 23— b 42130.01 M PBS T5 55RO Peidt & 3[A11T1 N, 10 % NGS %1542 0.01M PBS
C 500 %A L 7= Alexa™488 FEHEHT ™ 1= IgG Hitik (Vector Laboratories) 33 L TN Alexa™546 12
#fi~ U A 1gG Hifl (Vector Laboratories) ZEI/ RIZHINL T, SR THEL LR H I 51T 2 I
A Fa—hL7, ZO%, #HETIZT001LMPBS T5 55 MOWEH% 4[EFTWV, 274 K7
7 A _EIZEAAI (Perma Fluor Aqueous mounting medium (immunon™); Thermo, Co., Ltd., PA, USA)
WM LT-BIS, IN—=T 7 ZATHI A Z2H A LTc, IMUIFIZEBIT D 5-HT B KRB L O ViR

1t ERK @ JafErx, LESEMEE (FV1000, A4V 232 (BF) . BR) ZHAVWTEIgR LT,
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7. WiEHoE

T2 TREHHFERE TR R LI, MAENAEERE L, —tRESBITB LT

Student-Newman-Keuls £ & LR E & WV TITUV., G 5 %R (P<0.05) ZHEZAH D &

E LT,
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[#%R]

1 A= R— FRERICBIT 5= 7 2DFETEICRIETHIRA b VAR OREE

A=V R — RRBRICB T 5~ 7 ZADFETENC KT TR A b L ARRRO R Fig. 4 8 X
OB ITR LT, #IERA b L2 filEE LR EREAR T 5 2 L8, ROZZATEOREL LW
FrfihrB]OA 22 (Fig.dD B L UV4E) LERFDIER (Fig. 4F) MNFHEFE SN, ZHHDA
MU ISR, FIREE (LHERH]) OB A b L ARIMA 1 H 11814 HF# D IR LART 5 Z &1
L ViHLL (Fig. 4D, 4E B L UV4F) | A DL AMIEOBEIFED bz, —JF, #RA KA
H DA MIREE 2 4 RERICIER L7238 CTIE A B L A OTERITRS HivT, HEARHIZ XY
FHHE SN D NRDOZE ZATEI ORI X OFHE R OA B 2T, 1 H 115 14 A F#R 0 IR LAR L

THEHE L7~ (Fig. 5D B L WV5E)

2. RAFVRBEGBIOHEBGET VT ZADOMNIZEIT D 5-HT: ZFEEFRB VNV DOE(L

A B VAR KOS E T L~ U ZADMNIZI T D 5-HT 2 B IRREL L~ L D2 % Fig.
6 12k L7, VSRR Z FVT western blot 1512 5 0 5-HT Sk & L 0 B a i L= & 2 A,
45 B X ONB0KkD Oy 8D 2 DO RN Lz (Fig. 6A) . L7~ T, 5-HT &K
BRI BORBIET, W TEOLOEAEDY TER L, £o, S-HTZAKROHEBL L~ L
I3, GAPDH ZWNHEAEL L CTH 7 HRETIEEE TS Z LICKVFME L7z, TORR, 1 H 1
[ L RFE O b U 2 Hilli# A 2 B[R D IR LAR SR A B L RABEISET L~ T ZADMAN T,
D fpinEisk bk, FUR THEE, i) TIIFEST NS BB ECRP T b OO, FiEHAT R E
(Fig. 6B) 3 X OV (Fig. 6C) (ZBW T 5-HT; ZABROFEL L~ LGRS L, —7. 1

H 1[5 4 RFE ORI A b L AfilE A 2 B D K LAM SNz A b L AIE#EISET L~ 7 AT,
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RN

AIEERATZE (Fig. 6B) BILOWMEE (Fig. 6C) W ILUIZEBWTH, 5-HT ZBERORBEL L~ )VIZH

BREITRD bR o7,

3. HPOREIR X UMER CA2/ CA3 BIRICKIT 5 5-HT Z &R XY Bk ERK O JFTE

~ U ADHRIEE X OWERS CA2 / CA3 fHIRICE 1T 5 5-HT, LA EB LY VRl ERK O /TE
% Fig. 7\ Uiz, i bmoe it 2 O CORet L7z E, #9kEl (Fig. 7A) B L OVEE
CA2/CA3 (Fig.7B) DOWMFEIICAF(ET 5% < D U (b ERK BEMERIRRIZ . 5-HT7 2 BIRDIEAE

DHERR ST,

4. A BMVRBEIGE X OHEBEGET LV~ U 2 ORTEERTEER X OMRICIBIT 5 ERK IEHEOZELL
A b L AT L OIS TV~ U AORER R E B L VRS (281 5 ERK GO E L%
Fig. 8 IR L7z, ERKIEMIZ, U o Mefk ERK HELE 4 ERK BELE THRT 2 Z LICX VMl L
Tzo ZORER, B-HT ZRERORILL SNV OZIEBIL T, 1 A 1[E 1R ORI A N L2l
Z 2 B D R LAM SN2 A B L ABEISET L~ U ZAORTEHATRE (Fig. 8A) F X OV (Fig.
8B) TiE. ERKIEMENHEICIUE LTz, — . 2O XK 572 ERKIEMEOZE(IZ, 1 B 1[0 4 K¢
DA b L AR A 2 TR K LAR S A bV RIEEINE T L~ 7 A TIEGRD v h

~7- (Fig. 8A B XL 1'8B) .

5. XA FVRFEBGET N U ZADEEATEIOBR TITH T2 5-HT, ZAEEEZ LP 12 DR
Z h L AIEEISET N~ U ZAOEFITEVOIR T 5 5-HT A RFENEE LP 12 Dzh R %

Fig. 91ZR L7z, 1 H 1Al 4 BFEOHFRA b L AR Z 14 HE# D K LAR L2 A b U ARG

BTN T ATIE, A=A — FRBRIZEB T 5 X0 E AT OIS KL OFRHR H O A &5 2B

WRD LT (Fig. D BELUE) . —F, ZOA KL AIHIGET L~ U7 ADEETTEN DMK T
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X, EE, FE A LA A AR LZERZICLP 12 (3 B XY 10 pg/mouse, i.cv.) 515

Zlicky, AEEEN» O EICIH Sz (Fig. 9D BELOVE)
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Fig. 4. Effects of exposure to adaptable repeated restraint stress on the exploratory behaviors of mice (A:

moving distance; B: number of rearing; C: duration of rearing; D: number of head-dips; E: duration of

head-dips; F: latency to head-dips) in the hole-board test. Each column represents the mean with SEM of

12-16 mice. *P<0.05, **P<0.01.
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Fig. 5. Effects of exposure to unadaptable repeated restraint stress on the exploratory behaviors of mice (A:
moving distance; B: number of rearing; C: duration of rearing; D: number of head-dips; E: duration of
head-dips; F: latency to head-dips) in the hole-board test. Each column represents the mean with SEM of

8-15 mice. **P<0.01.
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Fig. 6. Changes in 5-HT7 receptor expression in the frontal cortex and hippocampus of mice exposed to
adaptable or unadaptable stress. Immunoblots of hippocampal tissues showing 5-HT7 receptor (A). The
expression level of 5-HT7 receptor was assessed in terms of the combination of two molecules in the same
tissue; frontal cortex (B) and hippocampus (C), and is expressed as the percentage of values measured in

the corresponding non-stressed group. Each column represents the mean with SEM of 8-10 mice. *P<0.05.

30



B o,
.
)

5-HT, receptor Phosphorylated ERK Merge
Scale bar: 100pum

Fig. 7. Localization of 5-HT+ receptor and phosphorylated ERK in the anterior cingulate cortex (A) and
hippocampal CA2/CA3 subfields (B) in mice. 5-HT7 receptor (green) and phosphorylated ERK (red) are
almost co-localized. High-magnification images suggest that 5-HT7 receptor is localized in membrane of

phosphorylated ERK positive cells. Scale bars: 100 pm.
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Fig. 8. Changes in ERK phosphorylation in the frontal cortex and hippocampus of mice exposed to
adaptable or unadaptable stress. The level of ERK phosphorylation was measured as the intensity of
phosphorylated ERK (pERK) normalized with respect to that of total ERK in the same tissue; frontal cortex
(A) and hippocampus (B). ERK phosphorylation is expressed as the percentage of values measured in the

corresponding non-stressed group. Each column represents the mean with SEM of 8-10 mice. **P<0.01.
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Fig. 9. Effects of LP 12 on the changes in exploratory behaviors of mice (A: moving distance; B: number
of rearing; C: duration of rearing; D: number of head-dips; E: duration of head-dips; F: latency to
head-dips) in the hole-board test. Mice were either exposed to repeated restraint stress for 240 min/day
(stressed group: S) or left in their home cage (non-stressed group: NS) for 14 days. LP 12 (3 or 10
pg/mouse, i.c.v.) or saline (SAL) was injected immediately after the daily exposure to restraint stress. Each

column represents the mean with SEM of 16-19 mice. *P<0.05, **P<0.01.
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