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BRI IC L VRSN D~ 7 ADT < RTBICKT 5 7 AR FH 2> (Smgke, ip) O
PIsh R, HAFEE (03 B LU gkg, po.) Z 1 H 16 HRERHRS T2 Z LIk 0 #Em Lz,
Fio. ZOHESENRED HiLio~ 7 AOMNTIX, AITEATREIZIT D 5-HTon ZF RO I B &
DAEBIZRED LTWe, S5I2, WIATEERTEE ISR 5-HToa XA REREE TH 57 2 & )
> (5 nmol/mouse) ZJEFTHEEGT 2L ThH, F<HTHEIORIA P IMH SN, —F, ¥ 7~-1
SZRBMEEIIETH 5 SA4503 (1 mg/kg, i.p.) OFEGIZEVFERIN DT AITEIOR I, FIATHK
Z 1 H 1E6 A MAHG-9 2 2 & Tl S,

INHORREY | PIIFE O KGR 513, BERATREICIIT 5 5-HToa AR LI L72IE RIS
EORTAZGIEE T ZLICED | ZURFY IV OFARLENREHERT 5 2 LRI,
Flo, MDA =L E LT, ¥ I v-1 ZHREEN LIZERSZEDOIR T —HBE L TW\W5 Al
PES PR ORI ST, L7ei> T, BAFOFEMIEIR TIE 0 2R 3G bR WAL IEE O K

B LT, 7R I EMIFROI ARG PERTH L TN S X DD,

F—U— R . 7RSI BURSHATIT . 5-HTaa 2 RIR, v 7 ~-1 2 /IR
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The inhibitory effect of fluvoxamine (5 mg/kg, i.p.) on the freezing behavior of mice induced by fear
conditioning was synergistically enhanced by repeated pretreatment with yokukansan (0.3 and 1 g/kg, p.o.)
once a day for 6 days. Western blot analysis revealed that, in the brain of mice in which the enhancing
effect of fluvoxamine with yokukansan was observed, the expression level of 5-HT,a receptor was
specifically decreased in the prefrontal cortex. Furthermore, microinjection of the 5-HT.a receptor
antagonist ketanserin (5 nmol/mouse) into the medial prefrontal cortex significantly suppressed freezing
behavior. In addition, the enhancing effect of SA4503, a selective sigma-1 receptor agonist, on freezing
behavior was significantly attenuated in mice that had been repeatedly pretreated with yokukansan (1 g/kg,
p.o.) once a day for 6 days.

The present findings indicate that repeated treatment with yokukansan synergistically enhances the
anxiolytic-like effect of fluvoxamine in the contextual fear conditioning paradigm in mice in conjunction
with a decrease in 5-HT2a receptor-mediated signaling in the prefrontal cortex. Furthermore,
downregulation of o; receptor-mediated signaling, which positively modulates the conditioned fear
response, may be related, at least in part, to the mechanism of the synergistic interaction between
yokukansan and fluvoxamine regarding anxiety. Therefore, combination therapy with fluvoxamine and

yokukansan may be beneficial for the treatment-resistant anxiety disorders.

Key words: yokukansan, fluvoxamine, contextual fear conditioning, 5-HT»4a receptor, sigma-1 receptor
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t M E BT, e R 5 L ORITORILR &2 REIFRE L. BOREROREIC
IHEIND &, EEMRBMOFERMBFELRS ThEARA MLV ARIGE 2T 5, 20X 572
RFLIRIC AW THELT 2 2 b U AROSE TRWRSRATIT X U ARIS ] EFFT, ASRITAE
PR ZREEOR E L TREARRI RS D THLH05, WEIZRD & ) DIRORLIHEERED A~
AVERHIRBDOFIEIZ DR D EEBEZ BN TS, £7o, BRUMFLIED A I =X Lk L O#E MERE
FRIME R A b L AREE & G TR U 7o R E O RBAEFIIL Nt = k= (5-HT)
MHRERDIRS G LTV D ZEDRBINTEY D, 26 OHEBOIRFICIE, 7/LRFH I
RaXtFrBLOEL FT U U ED] S-HT MR ICRIICER T 2515 23K Th 58I
5-HT UV IABRBRESENER E ST D 29,

R G & id, RIS RUG R 2 355 D MG AN & 22105 7 & D S i 2 BE
FIRRIETR S A, BRI 2 A FEH P EER SN SER TH Y, RREW THLHE
THZENARETHD Y Bl o wBICRIT 2 RUSEMATHT Tld, —ERE T O FERERE
O CEGEER FTREZL FERRIM A AR T D & A (EBRIEE OBEE) & EERIRNG (FE5RH
W) L ZBEM T ZRENER SN D, EORE. T olHEZ O CEBREEICAND &
WRMATT A RV AROS & LTH L ATE) (FFROEBN LS ORE 27T 2 L 2 < R A3 < FH
LES) DREBFRO HND, ZOF < HATENT, LIAT X D EAEFE IR R I B4
HDARZOEEE LTHNLTEY D B2, BIRE 5-HT FEY AL FEO G L0 il =
DT LD SO FERIZIT 2 RZREEIT T 5B IRA 5-HT BE Y IALPLEROIGR K% T
W42 ECHARBIELEEALDNTND,

BIRW 5-HT FFEY JABPEEIKIL, 5-HT b7 UV AR —Z —ITZ T, 7 ~-1 ZHEIC LB
MEETLIZEnmbTWnD W, 7 ~-1 ZAKIE, /MK mitochondria-associated ER
membrane (MAM) (ZHFFRANOEIREICHEBL L TWH Uy Xa ¥ X7 ETHY ) IHNT
ILRRREIRICEEIAAEL D, v U 2% OB R Cldy 7 -1 SARIEBIIEN
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PO OB RE L E I R A R T 2 LD W FEMECTR I RE O FRENIC BV CEE R
BENZHSTND Z EARBEINTND 10D, F7 7R FH I U id, SBIRA S-HT FFEY 5A R
FHESED 2D THRIT, ¥ 7 ~-1 TR L TR b RVMEBNEE 2 7R3 2 E BB LIS T
W5 D) X 512, positron emission tomography % F N2 ERRIFSE TIE JERED 7 /LR FH I VA8,
MO 7~ -1 SEEBICEOBAMETHAT 22 b RSN TWE Y, ZhboWEaikE x
HEL TNRXY I UDRTEIAG RO A =X L ERFHT 5 LTI, 5S-HT b7 U AR—H—(C
Mz T, I~ 1 ZHEEOEELBET L LBRELEZZOND,

AR, PEPESR O S FIER-CRIE A A2 B & L C, BEARE AT 2 MAERSER ST
WD, FEMEMERCHEE OB OGN HR I TBY . TD B0 1 DL LTHFEN
T B 5, ML, Bt (BoVIEE)., KR35 IE | S8, H)m. S, HEo 7 &
DA THERL SN DB TH Y | 16k, MRAE, RIRE, /NI RE, INHE R & O o
BSVICKT HHEIEEFT D, £lo. BALDOBRKRMIZETIZ, 7Y N, v —JRZlZ L & T 53R
HUERE TROOND, AL, L5, B, MEIRFEE 22 £ 0178k L OVLEAYER (Behavioral and
Psychological Symptoms of Dementia: BPSD) (2%} L C, #IfF#AUGENIR Z R T2 EAME I T
W5 P —J5 RS TIE, B R S-HTia AR Z SR 588 S H 7o fiia 2 V72 [PSIGTPyS # 6
FBRIZHB T, HIIFEAY 5-HTia BRI U TR EENEME A/ 35 Z &AL SN TN D
200 F 7= T O SAE B 51 BTSERT R E ST S-HT A2 BIR O R B2 BN S 8 ORI 5-HTaa
SERERORH PO SEDL L bRESNTND 2P, ZAHOHE LY | MIFHUL S-HT A R
REN LI RIREARE S E 2 — . S-HTaa XEERE N LIS =T I0H 3 2 KB ER 2 F
THZENREEND,

BIfE, 5-HT Z&RICIX, 5-HT 205 5-HT; O 7TEEO X A TIMFEET D Z E NP L ISR
TEY, SHIZINOZREL A 7L, MEN R OS2 R 2 14 FEOY 7 52 A 7125y
I TWd M, Ziuh S-HT AR Z L THRELT 5 5S-HT OAERERIZZIGIC =223, X
FRFERICIVN TR, HFIZ 5-HTia B LT 5-HToa XBKR DA Z ORBFHEIRS b - THY . H

O, WZFIRITLOERE|ZH S TWAEZ ENRREINTWS, T742bb, 5-HTia &8Ik LT



TR 2 A4 233, £77 5-HTon ZAEMITH U CIRERER 2 A5 2 W03, PIRLHE
B T EDRWE IALTND 108 Uiz pio T, BEE L2 HIFHELAS 5-HT1a 36 £ OF 5-HToa SEAAK
HEREIC R B 2O DERE 2 5 & KRB IIRLREDIRRICED TH S5 Z LIRS 5,
EBRIZ, BEDT v b ERAWIATEFE PR CIL, A58 H 5 WITRURRICE S AL
BATENC X L, JIIFEOS BB R 2R3 2 L i S Tung 2899,

BIFE, BRI ClX, RLREFICHT 2GR 1 DL LT, BRAY 5-HT FELY IAA PRI
DHAVLN TS 2D, LinL, KEEREDOHTORDHRIT40~60%THY, X/ ITEE R
PIRLHECIEEAGRGHELZFH L TH, BIITHONDIEINHRIL S RIEETH DL Z ENRES
TS 3D, 22T, KRB TIE, BEFOEMIEHE T2 035 b WIiRRIEI O R
FEEICT 2T O A AMEEZ T 2 L2 B E LT, v U ZADORUGSRMEAHT A b L A%
MANT, ZARXH I OFARLZEN T 2 MIFRO AR RICOWTHE LTz, 72, 2D
= A LOfFRAE BRI E LT, BRI A b L 2B O~ U AMNIZE 1T 5 5-HTia 25K
LU 5-HToa ZBR D FEHBED LA OV TAELFERNTHFT L, & 61T, MATH Y 7 ~-1 2/ K

FEREIZ T30 W T B ATEER LA T RGT L7,
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ARHFFEIA T O FEREREAR TN FEREZB 2 OAKROL & THEREREERFEY) E R
BUR ) 72 oM TEWRBICBI 5 AARKE 22 iEE ) 20857 LT, MIERFEREYOFET & &)

Wy 2R % FEhE L 72,

1. EREBWME L UFRBERE

FEIT, 6 il (KERBALARE) O ICR R~ T 2 (AART Az Lo —HAath, M) %
L7z, BIEERERE (23+1°C, 50£5%) [CCT 7 A F v 77—V N THRIE L. 7:00 54T,
19:00 {HXT D 12 BefE ¥ A 7 VL OWRESAE T CE Lz, . B (A MR X by 7 AAREZE

TEMASE, MiR) BIOWOK OKEAK) 1ZEbICHEBE LT,

2. ERAEY

PIFBOK e 2 2 (DUF ., i & 5e9) 13, BAATo @i 203239 LAk o Hik ol S h
Too Bt (4.0g). K3 402, JIIE (B.0g. #EE (3.0g). M) (3.0g). &5 (20g. H
B (1.5g) OFIG CHE - RE LREVERE (9500 kg) ZREUK (6,000L) THIL, 56417

Pl R 22 32 Oy BERS TR L 72 R ITARIRIRME L7z, £ 0%, A7 L— R I A 3EEIC T, Rk Z

¢

BRI EDL LT AMEKRESZ, DX AMKROMEORZEMX, WEHRERS (EPE
PERSY) THHZVFAIFo, A ahR=2 by, 7x=TWHOEGRE, @ik s o~ v
T 7 4K EEDT L TR LTz, AR THW X 2RO E R OR R % Fig. 11
AT, 2 OYER JOMVEE I, BATEE S E D L ERERE (Good Manufacturing
Practices: GMP) (ZHIJ> T S vz,

P B LT VR F Y I o~ LA Uy (LUF, ZAREH I L5ET) 13, 2 thikal
StV AT B0 BLOBBRRE Y 7 L~ HASt GER) kv tiahi, £/, ¥k

VoiBamgE (LT, 720U v Eid) 88X 1-2-3,4-Dimethoxyphenyl)ethyl]-4-(3-
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phenylpropyl)-piperazine dihydrochloride (LA T, SA4503 & 5i97) 1, 4 Z 4L Sigma-Aldrich £ (MO,
USA) I J O Tocris Bioscience £1: (Bristol, UK) XV EEA L7=, HIfFEHIIERIKIZ, 7RSI
15 LUV SA4503 ITABR BRI IR IR LTz, 7% 2 Y 1% 30 % Tween 80 % 7 oA FR AR I

WS, SEYOMER LOREHER, URTOHE 333N SN THRE LT,

3. AR IT R b LR

RS 2 b L ARBRIE, LATOF 2« O B, JMEFITETARD 2y v e
VCHEM LTz, RIEMT TR REICEERMMA O Y v RERIT T2 55H (20 x 18 x 30 cm) |
~ U AZAN, BEHE 1mA, 1) 2 1-10PHEET36EEGL5 2 EI280, 2WimEz#5
STz, T A MIGMA T 24 Bt DV 1 IERIRICER L, SO06 21T o 7 EBRBICHE D
~ U A% NI BBEBA A AR LRVWARIE T, ~ U A0 < ATEN 2 /R TR & 6 3 [FITE L 72,
T HATEIOFBURFH L, B O EJ7IC3% & L7 7RSM & o — (SUPER-MEX; = MTA#ig =
Sh) WX ik Le, 7R F 2 (510,20 mgkg) . SA4503 (1 mg/kg) 3L O AR
(10 mL/kg) 1%, 7 A MBA4A 30 syl (p.) L7z (Fig. 2A, 3A, 8A, 9A), #fiTHL (0.3,
1 g/kg) B L ONERIK (10 mL/kg) (%, SRMEAHTOEANS 1 B 1E 6 HICHZ 0 EO&S (p.o.)
L7= (Fig.3A,4A,9A), 7% t% V> (5nmoL/0.1pL) B L OVREX, 7 A b 40 rafic NAIRTEE

AR E /T G- L7z (Fig. 7A),

4. FRBIP~A 00 V2sva v

YU AL RV E X —/L (80 mg/kg, ip.) XV EEEL, BMEAMEELEE (David Kopf
Tujunga, CA, USA) |Z[EE L7z, ~ U ADKKGEE DHEV WRIRTSERTE (7L 7~ XV Riks
[Z22.0mm, /AJ71202mm, FHIZ2.0mm) (ZHA Rh=a—L (267 —) ZfHAL. HEH
A D THBEFICEE Uiz, BT 3R 5~7 B BIZATWV. 20 24 FFAIRICT A M &
1772 o0z, r2 kU (Snmol) B RLOEHIL, 3% ER TN T AT K DWAREE TIZHW T,

TANEIT 40 FANCHA FA=a—UIHA LA v 2 —T1==2—L (33 /=) &L T



MWEEA L, B, 77t ) B OEEOR G A 81T 0.1 pL/mouse, %53 % 0.1 pL/min
L7,

R SAHT A B L ARBRIE TH, v e ¥ —0 ) U oA (80 mgkg, i.p.) VEBEET
2T, Y TADELELY 4 %/ XT7HRVAT VT e RGNS, SMERH Lz, 2k
O NIRTERRT R E 2 3 )2 S 100 pm OMEI A ZAER L, BIEE T~ Th = 2 — L O A& % s
L7z, EBRASE R, NRTEER TR EA~DO ) = 2 — L O ADNHEGR TE 72 (Fig TB) =7 ALY

Honl-T—20HEEHH LT,

5. VZREFUTayT 4T
5.1. ¥ FIVOMER

VI RZ T ayT 7R, VRIOH A O ANt o THEM L7z, BRI A L
ZFBRIZ BN TT < ZTEV A JE L2 ERIC Zfit L, K L CRITERRTECE., 55 L O™k
% 7 U7e, RIBHATECEIZIE 500 mL, ¥ 36 X OVRHEARIZIE 300 mL @ radioimmunoprecipitation
assay (RIPA) buffer (150 mM NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium
dodecyl sulfate (SDS), 50mM Tris-HCI (pH 8.0) . 1% Triton, 5 mM EDTA) Z iz, HEHOKREY
A #— (PELLET PESTLES® Cordless Motor; 77 / /7 X IR &4 #HOWTEHEEY A X
L7z, BREVFA RS-k =008 (6,000 xg, 15min, 4 C) L, Honz EEF 7%
=70 CTHAFERIE LT, Vo TN & X7 EIREEX,. BCA # /X7 ET vt A% v b (Thermo

Scientific, Waltham, MA, USA) Z W CEE L7,

52. B F R BOBRHB LI UOEER

RTZINEET R O L—=RY 727 U7 I R VESVKENE (SDS-PAGE ) 121> T, k
FEDOFECTHRE LY TR OFRY VX T ROZEICE SO CTHE Lz, RWT, &
RUKEYLT-PURZ R e R Y 7 vk =17 (PVDF) A 7 L > (Millipore, Billerica, MA,

USA) IZERMINCBATS B2, PURK VX EERBITS T A7 Lt | T T 1R, 7



%73y 77— (20 mM Tris-HCL (pH 7.6), 137 mM (b7 N U &7 A 0.05 % Tween 20, 5 %
AXLINY) PCRE) SHEDLZLICEYV Ty 7L, S5IT, HL5-HDaHA (Santa Cruz
Biotechnology, CA, USA; diluted 1:500) & 7213$T 5-HT1a H1f& (Abcam, UK; diluted 1:1000) & 4°C T
—WiA X aX— LT, TDOHE, A7 L% 0.05% Tween % 15 ¢p Tris-buffered saline (20 mM
Tris—HCI (pH 7.6), 137 mM NaCl) OF T K LIEH L, F—ATT 4 v a - A F T F—F
(HRP) #=3% 2 kHif& (Jackson Immunoresearch Laboratories, PA, USA) & =R C 1 B A > % =X
— hUL7o, X NIET, FINI ) =y AR VEEEAEORE (Santa cruz
biotechnology) % H\»"C, Chemi Doc XRS (Bio-Rad Laboratories, Hercules, CA, USA) & TR Hi L7z,
Bt L7e &2 o " 7 B ORREEE Image J 2 WD THRPT L R RIZPEEE X O X0 B TH D 7 ) BT
VT e R 3-UriET e Kr g —1 (GAPDH) OREICHT DFRHIS /37 OO E LT

£,

6. BEFHAFAT

I TP AR HERRZE TR L, Sl FRYA B2 E1X. GraphPad Instat & %\ % GraphPad
Prism (GraphPad Software, CA, USA) % W\ CTiTo7-, 2 BEMIOH#IT Student's t-test, 3 BERILL |
D g 1 E— ol B H 0T 3 K OF post-hoc test (Dunnett’s & % M3 Student-Newman-Keuls 25 5t
WHRTE) MW TIT o 72, Eio. MRIFZE(LA M S BER O HuliE, — ol 583 £ O post-hoc
test (Bonferroni 2 M ILERIRE) 2 AV TIT o 72, W TR OREIZB W T H SERE 5 %A (P<0.05)

rHEAEDY LHE L,
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(C) Ferulic acid
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Fig. 1. Typical chromatograms and contents for glycyrrhizin (A), saikosaponin b, (B) and ferulic acid (C)
contained in the yokukansan extract used in the present study. The amounts of each ingredients was

expressed in milligram per gram of yokukansan extract.
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1. BHRAT R PV ARISICHT B 7R FH I v 0phR

B RMFIC R VFER SIS T ATENSKT 2 7 R F 4 I DORITHOWT Fig. 2 1R
L7z, RS 24 BERIZIC 7 VR 9 2 U 2 MEENE G- L, 30 3% £ 0 3 < ZATEh O HE
Refi 2 1 50 2 212 6 70 MMIE L7z (Fig. 2A), £ DGR, HELE 1 5% TIIETOHED 7 VR
FH I EHGRHICBWT, 2 0% TIE 7 LR F Y I 2 (10 BXL V20 mg/kg, ip.) #5EICE VT,
HERT < HATEOMGHINGFRD iz (Fig. 2B), £72. 6 0T 53 < AATEYOKR HBLRER

I, ZARFF I (10 BLON 20 mg/kg, i.p.) HEEECTHEICHH S (Fig. 20),

2. BT R D VARISICHT 5 7 AR FY I B X OHFBRORRR

R REFITIC R O FER I N DT BATENS T2 7 AR F 5 I k6 KOO OFH 2R
(22T Fig. 3 1R Lo, ZYMSRIEATT 24 Refil#2 L0 T2 1 B 1 [E 6 HRERA&EG L, 2D
24 IR T A N & T -T2, 7 A N TIETZVRFY I U2 @ENEE L, 30 5% L0 3 < ZIT7E)
DOHBIRER A 157 Z 812 6 2FllE L7z (Fig. 3A), £ OfER, HERL 1 5% TlE, 7R FH
2V (5Smg/kg, ip.) HIMELGEER X OWIAFEL (0.3 BE O gkg, po.) & 7NARFH I (5mgke,
ip.) OPFHEEGRICIHN T, AERT K ATEIOIGINTRD biviz, £, WIERL 3 /3% Tld.
PIATE (1 g/kg, po.) & 7R FH I (Smgkg, ip.) OUFHEGEACI N TOHR, § < AITEN
AR SN (Fig. 3B). & HIZ, 6 IR T 59 < ZATEIORRIHBIREFIZ, 7R FH¥ 3
> (5 mg/kg, ip.) HIME SHE CIIABERZENRBD SN2 -T2 b OO JIFHK (0.3 B IOV g/kg,

p.o.) & T7NARFH I (Smgkg, ip) OUFHEGHTHREICHEI =N (Fig.30),

3. BMEMEAT R DV ARISICRT A EFFRROZIR
RUH ST K 0B SN D T < AITENC )T 2 MR O 2RO\ Fig. 4 IR LTz, &
MR 24 BEREIZ LV MFHEcA 1 B 116 BRI OG- L, 2D 24 BFERICT A N &1T- 7,
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T A N TTIIAEBEAER 2 EENEE L, 30 0% L0 < HITEO BRI Z 152 &2 6 4y HH
& L7 (Fig. 4A), T OFEE, MEBHEE 1 25 Z L2857 HATEIOHBFER, 3 L0640
BT 5T < ATHOBHBEFF OIS LTh, JATFE (1 gkg, p.o.) ORERGIIAEEREY

B RESTe o7 (Fig. 4B B L 0V40),

4. PN 5-HToa RBEDOFEBEITHN T 5 7 VA FH I LT OB RZIR

M S-HTo0 ZAROFEBLRICRT 5 7 VR EH o LI OO RA Fig. 5 105 Lz, &
WZRAFATT A N U ARABRDHE T LT E% CTORTEARBCAIZI T D 5-HToa XA ORB BRI, 7V
AFY I (5Smgkg, ip.) HMBZGHCIARREMITRO DNRDSTDB, TARFIY IV (5
mg/kg, i.p.) & HAFIR (0.3 B L1 gkg, p.o.) OPFREGETITAREICHED L7z (Fig. 5A), —H.
MR LORAEICIS O TR, WTNOBHZIWTY 5-HToa RO R B 8ITH B 222801338

otz (Fig. 5B B L OV50),

5. BIEARTREICRIT B 5-HTiAa SRERBERICHTH 7RV I v L MFEBR OB ERIE
ATSAAT R EIC BT 5 5-HTia ZBR OB &I 2 7 VR 54 2 2 L TR OO HZ R % Fig.
6 (2R Uiz, BYRSEAHT A b U ARBR VK T L7 E % CORMERTREIZB T 5 5-HTia 2B D

FREEIT, WTNOBIIBWTHAEERZLITRD bz nroiz,

6. RMERMHAT R MV ARIBICHT 57 & o ) CNRIRTETRER S O%HR

B RAIFIC L VB SN DT < ATENIKRT 2 INW) 5-HToa ZRKIETHR 2 o2 )
O NRIRTERRT R B % 5 DR AT DOV T Fig, 712 Lz, BYRSGMEATHT 24 BRIy 2 ok ) v %
PRIRTERRTECE (S RAT &R G- L. 40 0123 < MTEZIE L7z (Fig. 7A), £ OfER, HIERA 1
BB L6 £5%ICBT 5T BATEIN, 22 & Y > (5 nmol) #ERECIWTHZICHIH &
iz (Fig. 7C), E72. 6 pMICHIT 23 < AHTEOMHBIR &, 7% 1Y (5 nmol) &5

FEICBWTHEICH S (Fig. 7D),
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7. BT R b VR RISITHRT 5 SA4503 DRIF

BRI R VFERE SN DT < ATENS KT 28R 2 7~ -1 ZARKRIEEIEE SA4503 D%)
RAZDOWT Fig. 8 1R LTz, SIS 24 IR # 12 SA4503 ZIERENE G- L. 30 73 f2ic 3 < A
TEVZJIE L7= (Fig. 8A), T OfER, WIERAA 1| %I 57 < AITEIA., SA4503 (1 mg/ke,
ip.) HHHIZBWCHEICHEM L (Fig. 8B), 7=, £/, 4 5HICBIT 2T < ATEIORTEL

IRFfH] & . SA4503 (1 mg/kg, ip.) HEGREIZIBWTHEICHEMR L. (Fig. 8C),

8. BRRMATIT R T VARIRIZH$ 5 SA4503 36 L UHIFFR O HFAZIR
R SRAAHTIC KV FER SN DT < HTEITKT D SA4503 35 L OHIIFBOOF I RIZ DV
T Fig. 9T L7z, 2ZMMgefEfriT 24 et K O IIiTHRA: 1 A Ll 6 BRI NG L, £ 24
FIRRICT A M &AT 272, 7 A b TIE SA4503 Z NI G- L. 30 431% & 0 9 < BATE O H BEHFH]
1472 &0 6 AIE L7z (Fig. 9A) . £ ORGSR, HIERR LG 1 20%&I2HB1T 53 < ZATENAS, SA4503
(1 mg/kg, ip.) BB GRS WCHEICHIR L, 2 OFTEZKIL, #IITH (1 g/kg, p.o.) & SA4503
(1 mg/kg, i.p.) OHFHEERIZIB W THEICISI 7z (Fig. 9B), £7o. 4 IR T 53 < A
ITEY DO BLRH 1. SA4503 (1 mg/kg, i.p.) HIME G-EE CHEITHETR L7225 #iT# (1 g/kg, p.o.)

& SA4503 (1 mg/kg, ip.) OPFHESHETIIAERZITRD ben-7- (Fig. 90),
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Fig. 2. A: Experimental schedule. B and C: Effects of fluvoxamine on the time-course of changes (B) in

and total duration (C) of freezing behavior induced by contextual fear conditioning in mice. SAL: saline,

FLV: fluvoxamine. Values are the mean £ SEM of 20-22 mice. *p<0.05, **p<0.01, ***p<0.001 vs. SAL

group.
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Fig. 3. A: Experimental schedule. B and C: Influence of repeated pretreatment with yokukansan for the
effect of fluvoxamine on the time-course of changes (B) in and total duration (C) of freezing behavior
induced by contextual fear conditioning in mice. DW: distilled water, SAL: saline, YKS: yokukansan, FLV:

fluvoxamine. Values are the mean = SEM of 10-11 mice. *p<0.05, **p<0.01, ***p<0.001 vs. DW+SAL

group.
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Fig. 4. A: Experimental schedule. B and C: Effects of yokukansan on the time-course of changes (B) in and
total duration (C) of freezing behavior induced by contextual fear conditioning in mice. DW: distilled

water, SAL: saline, YKS: yokukansan. Values are the mean = SEM of 8-10 mice.
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Fig. 5. Effects of co-treatment with yokukansan and fluvoxamine on the expression of 5-HT»a receptor in
the prefrontal cortex (A), amygdala (B) and hippocampus (C). Photographs show representative western
blots of 5-HT2a receptor. Graphs show the relative densities of bands. Quantitative data were normalized
and expressed as a percentage of the expression of 5-HT»a receptor in the DW plus SAL group. DW:
distilled water, SAL: saline, YKS: yokukansan, FLV: fluvoxamine. Values are the mean = SEM of 9-11
mice. *p<0.05 vs. DW+SAL group.
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Fig. 6. Effects of co-treatment with yokukansan and fluvoxamine on the expression of 5-HT1a receptor in
the prefrontal cortex in mic. Photographs show representative western blots of 5-HTia receptor. Graph
shows the relative densities of bands. Quantitative data were normalized and expressed as a percentage of
the expression of 5-HTia receptor in the DW plus SAL group. DW: distilled water, SAL: saline, YKS:

yokukansan, FLV: fluvoxamine. Values are the mean + SEM of 9-11 mice.

18



(A)

Foot shock Ketanserin or vehicle
(1 mA, 36 times) administration
40 min after

Contextual fear conditioning test

(B) (C)

h ‘\\‘,//r T 7'*\\ 30 r
oV

-~ KTS (5 nmol)
20

10

Freezing (sec/min)
*

*| ‘ ‘ Time (min)

| “J19amm (D)

| 120 ¢

100 | T
80 |
60 t

2 *%

40

Freezing (sec/6min)

\% KTS (5 nmol)
Fig. 7. A: Experimental schedule. B: Schematic diagram of microinjection sites within the prefrontal cortex
of mice used in the present study. The injection sites are indicated by asterisks. C and D: Effects of
microinjection of ketanserin into the medial prefrontal cortex on the time-course of changes (B) in and total
duration (C) of freezing behavior induced by contextual fear conditioning in mice. V: vehicle, KTS:

ketanserin. Values are the mean + SEM of 7 mice. *p<0.05 vs. V group.
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Fig. 8. A: Experimental schedule. B and C: Effects of SA4503 on the time-course of changes (B) in and
total duration (C) of freezing behavior induced by contextual fear conditioning in mice. Values are the

mean = SEM of 9-10 mice. SAL: saline. *p<0.05, **p<0.01 vs. saline group.
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Fig. 9. A: Experimental schedule. B and C: Influence of repeated pretreatment with yokukansan for the
effect of SA4503 on the time-course of changes (B) in and total duration (C) of freezing behavior induced
by contextual fear conditioning in mice. DW: distilled water, SAL: saline, YKS: yokukansan. Values are the
mean = SEM of 10-11 mice. *p<0.05, **p<0.01 vs. DW+SAL group. #p<0.05 vs. DW+SA4503 (1 mg/kg)

group.
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Fig. 10. Schematic diagram on the mechanism of the combined effect of fluvoxamine and yokukansan on

fear conditioning stress response in mice. PFC: prefrontal cortex, YKS: yokukansan. +: acceleration of fear

conditioning stress response (anxiogenic action). -: suppression of fear conditioning stress response
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