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Abstract

Gender differences in prevalence of psychiatric disorders such as depression
has been known in clinical populations, however its detailed mechanisms remain
unsolved. The present study elucidated the possible involvement of the median raphe
nucleus (MRN)-hippocampus 5-HTergic system via 5-HTj;a receptors in gender
difference underlying emotional regulation, focusing on the synaptic plasticity in rats.
Behavioral study using elevated plus maze (EPM) and contextual fear conditioning
(CFC) paradigm showed that 5-HTergic lesion in males and intact females produced
low-anxiety like behavior. The extracellular 5-HT and GABA levels in the
hippocampus were increased by CFC in males, but not in females. The long-term
potentiation (LTP) in the hippocampal CA1 field was suppressed following CFC in
males, which was mimicked by the synaptic response to electrical stimulation of the
MRN. 5-HT positive cells in the MRN significantly increased in female compared with
males. In addition, 5-HT contents in the hippocampus and MRN significantly increased
in female compared with males. Pretreatment of 5-HT 1 receptor agonists, tandospirone
(10 mg/kg, i.p.) and 8-OH-DPAT (3 mg/kg, i.p.) significantly suppressed LTP induction
in males. Tandospirone-induced LTP suppression was reversed by pretreatment with
WAY-100135. The synaptic responses to CFC and 5-HT1a receptor interventions were
not observed in females. Ovariectomy at 3 postnatal weeks, but not at 8 weeks old,
produced an inclination to anxiety during CFC in adulthood. These results suggest that
the metaplastic 5-HTergic mechanism via 5-HT;a receptors in the MRN-hippocampus
pathway is a key component for gender-specific emotional regulation. In addition,
gonadal hormones may have critical roles for the gender difference in behavioral and
synaptic responses to emotional stress. These facts may be causable for psychiatric
disorders based on vulnerability or resistance to fear stress. To further clarify the
5-HTergic mechanisms underlying gender-specific emotional regulation may provide
insights into better understanding the pathogenesis of psychiatric disorders and the
development of novel therapeutic strategies.



aCSF: artificial cerebrospinal fluid

ACTH: adrenocorticotrophic hormone
ANOVA: analysis of variance

AUC: area under the curve

BDNF: brain-derived neurotrophic factor
BLA: basolateral nucleus of the amygdala
CA: cornu ammonis

CeA: central nucleus of the amygdala

CFC: contextual fear conditioning

CRH: corticotropin-releasing hormone

CS: conditioned stimulus

DA: dopamine

DRD: dorsal raphe nucleus dorsal parts

DRL: dorsal raphe nucleus lateral wings
DRN: dorsal raphe nucleus

DRV: dorsal raphe nucleus ventral parts
DSM: diagnostic and statistical manual of mental disorders
EPM: elevated plus maze

FS: footshock

FS-box: footshock-box

GABA: y-aminobutyric acid

HPA axis: hypothalamic-pituitary-adrenal axis
HPLC-ECD: high-performance liquid chromatography with electrochemical detection

HPLC-FLD: high-performance liquid chromatography with fluorescent detection



LTP: long-term potentiation

mPFC: medial prefrontal cortex

MRN: median raphe nucleus

NA: noradrenaline

NMDA: N-methyl-D-aspartate

OVX: ovariectomy

PAG: periaqueductal gray matter

PB: phosphate buffer

PBS: phosphate buffer saline

PBST: phosphate buffer saline triton-X
PET: positron emission tomography

PSA: population spike amplitudes

PTSD: posttraumatic stress disorder

SNRI: serotonin-noradrenaline reuptake inhibitor
SSRI: selective serotonin reuptake inhibitor
Tetanus: high-frequency stimulation

US: unconditioned stimulus

5-HT: 5-hydroxytryptamine (serotonin)
5,7-DHT: 5,7-dihydroxytryptamine
8-OH-DPAT: 8-hydroxy-2-(di-n-propylamino)tetralin
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AN L R KM 0 A AR R AT B -3 2 5-HTVEBh M A 8 3R L 1k 22 N A7 AE
THIENHEIN TS, #HlziE, AY br gk (positron emission
tomography: PET) Z H W 7=BEIRAFZE TlX, MEMWIZE T 25-HTARREE %2 Lt
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WEPES » R CIHMEME AR L2, 2 7, WEIKKRBR 2T /S » b
TS TOS-HT A% B EMRNAR BLZME N L7z D2k LT, #EHEZ >~ T
X T CO5-HTaZ A AEMRNARBL ML T L. 22 2ok dica kv
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FoTRRY, MEZES AD=ALZELTHRBER AR S, 2
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Innate fear

Anxiety / Fear Sound, Light

Conditioned fear

Context
[ Space perception

Surrounding environment etc.

]

Fig.1l. Anxiety and Fear
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B59%. MEEIXEE L oikel, MEErokInDs. 2056, BE
1322 RBANS° JE D BR BE 72 & O SUARICHR 17 % s8I B b 2 B B 2R i AL ©
H5. P02 ML RCKTHWEDO L F T AREE, HEICEST 5V
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No. 7y bOWREREERMRELIE CALMIA S #REMRNIZ 7 1T T CA2,
CA3a,b,c IZX &N 5. CAAL FERBEAR I THELEN, ToHWETIEA
SR OV T AMRENRITEE OKEZ X THRIEO -2 TH Y,
FrIZUERS CALfEI D > 7 AWM T o 5 EHIHE TR (long-term potentiation:
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LTP OB MH Sh 5. ) S 512, PTSD OJFHEA B =X LIZOWNW T,
R S A T I B 3 2 WAk, PNAIRTEERTEF (medial prefrontal cortex:
MPFC) ¥ X OIS 2 & Lo BE -0 R EIE OGN E XL bR TS
PTSD (IR o 7 7 A Al ¥ % JE A & 90 2 22 5 JE il D B A oD 28 45 7% B
Do TWAHAREMENIEM ST WS, 3 1 o 88 2S SCIRIC 25 < 2L FL s
AL THD, [FEIA MLV RASELZRTETOMEL Fig.2 IZ/R7.
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Fig.2. Emotional Responses Based on Context-dependent Fear
Memory in Rodents
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Fa kR L (central nucleus of the amygdala: CeA) % #% T, H MK & J& B K
I (periaqueductal gray matter: PAG) (ZE 5. = LT, LD EHOKEE
72 EOHABARINE S, 1 o R O R LRI T HIEE A L RR
BECTHDHT L HITH “freezing” 2 E&FIEEZT. 2D XK I ITRITIKTF
L7 ZWfReiBIC kT 2 FE 2 b L 2 SEITITME N R & kBl 2 ]R- .

A M VAT K DWSE YT T AIGEL, WK SO AL B D AT &
ZFLHZEbMON TS, 30 72, A X I UBIEEBEMRRR v-7 3
J BE/E (v -aminobutyric acid: GABA) {EENEMRE R 72 £, 5-HT LA O sk
RO LMo TWS. D Lal, ElRLZESi, AL AT
DAGH PR ORBITIE, I S-HT AFEME R R 2R & L7233 AT W 6
NTHY, HFEA N L RAREIZOWTH LT T 572D 21F 5-HT fEB) P
RRNDEEAPEETHLEEZDOND.

5-HT {FENMEMRR R DRI TH 5, MMRZITIMENICHEET 2 # B OR
PRC, WAl & RANC RIS D . DRARERZIZ S B2, RBERRYIAIZ 5-HT
TEEhMEARRR 2 B & L T 5 A5 (l%& 52 4% (dorsal raphe nucleus: DRN) & #3/&
WZHH LTV 2 IEFREMREZ (median raphe nucleus: MRN) (2377 Hivs. IE
PREBEZ I S-HTIA R BRI b EEEICHFELTEY, AL/ KLE L
T 5-HT Dl - SR ZIHIICHEI L TWD . LIei-> T, IEFRERE-
WSS 5-HT MREMPEARRR 1T, B IEICE S SIFEINES v T 7 A af i %
L CWa EHERIEND. LanL, MEL WD BLED G IEPREREZ-1E
5-HT {EEh MR B ENSE E721E v F 7 A8 & O B2 B 5 22
L7emEITIZE A L0,

ARHFFETIXEB R B L RARE 72 b CNSHERE  F 7 2 W O MEEIZ D
TIEHEMAZ- 1B 5-HT (EEPEARR OMRERENICE R L TERREZ1T -
o, Thbh, T v hEAWT, B A N L RIS D IE B TE) 2 AT
L, 5-HT {FEMEMIREEL 7 » F OATENSE L IBMRFT Lz, £ 72, Rk
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B1E BFBHAPMLVRGBEOHEEIZRITAERr b= U 1EEIKE
MR RO E

HEIA b L A SE LI, EEN A B L RICBRBE SN L S IORT AR
JSRITEN e EDO—EDOHRE DO Z L AF . ARITEEEHER O DI, fkx
IRA BN VRS T DISEEEZ EENICALTEBY, & b ET>EHEDORMIC
LRBOBENRFAET DLZZXHNTND. FEHA L RIGEDRNTY,
ANZ TN S0 T D M B AR 1A A AE R D T2 D 1T o o To BB AR A 1S AV RE
(KEE) TH Y, AEITEkx RIGEERT.

) TR W T, AR D58 X b L R RE A ATE IR
i FELLTEWS20DTHANy TV —=2AHVneL TS, BT
AR RLZOFmEE LT, =77 4 — L FRBROE R 7k
(elevated plus maze: EPM) B H 5. £z, FLRICE S RLEOFEAME &
LT, SCHRAYRYM 4+ 1) (contextual fear conditioning: CFC) #BR2N Ji <
WHRNLTWD

ZZ T, ZCOITHFE A b L RREDHEEIZ SOV T, EPM iR E L O CFC
R E AW CTITEI R RF 21T - 7=, EPM #BR & 13, mATICERE L-BED
bHT =X RT —AEBEDRNT =T T — L6 D 5K
Fy heEE, TOTBHEHMT 2 TETH L. @, 7y MIEFTOMK
ZERICH L TR ZE L2 L INTNnDH b 7 —X R — LD
WERMNELS, =7 7 — 4 OFERMCEABEE IRV ESZS X DN
TW5. £7, &7 —L~O#iE ABEI% (total arm entries) & ZHHI+ 2% = &
IZE - TC, TEEFMICHVWS. —F, CFC MBrE X, BER F L AINE
gl % & Z 9 5 # ¥ (conditioned stimulus: CS) & 4 2% {4 ] ¥4
(unconditioned stimulus: US) % #H7& ¥ T CS-US B ATE) 2 7Ffi % & D
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5D EDERESIND, RIEER T 9 v 75 (footshock-box: FS-box) 5 LY
FS-box NENNTWDHERE 2 &MRIIME LT, o WERA O A2 BEE T
BEENTWDTL AITEAFME L. S5I2, FBI X ML RSE DM
BT 5 5-HT EEPEMIR R DB 512 DWW T, IE TR 1S 5-HT {EEh L
RICEH LT, 5-HT fFEMEMREE T v M2 W, 1TEIFPAIRE 21T -
lz. £, WEBIZE 5-HT AFEMEMRE D A 72 &4 7 0 Z I i X> GABA {EH)
PEAR L BB OMLTRBY, 2L OMRT 2 /By IFBSEICEb -
TWH AR H D . & BT 5-HT MR A#REIE 5-HT 2B EK LM LTI
K TR BN GABA R A RN & D VI IHIICHEEI LT b 2
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1 EBREMB LUOHEETERG

TR - (HR) oA LTHMEY + A2 —ST 7 v M &
HZEEM L, Wahtg (11~14 Him) EBRICH Wz, B FolioREz S
F AT, Atk 28 A HICHERL L7, BERLE, MG, 15—
\Z3~4Cd >, |iE 22 +2 °C, 12FfEOHREY A 70 (BHH: 8:00
~20:00, M5 20:00~8:00), FHxHEE 50 + 10%, #Hia1%L 12 BI/FED
ST CEHE L. KB XOEBEE (MF, #FU = 2 VEERE T,
RA) THEHERSEL. EREITNTEMERZESOKREZZIT
b K F B EBR O fREE ) ICHEL L CTIT o 72,

2 kv b= EEEWREET v b OERR
2-1 fLFHIREE
M2 >~ h &5 V77 22 (25 mglkg, i.p.) (Sigma, MO, USA) T 30
IYHLE ., X2 b LB 2 —)L (60 mglkg, i.p.) (FESEELEE HURT) SRR
TICT 5-HT &k#HECTH D 57-Ve Funx v b 7 &I v
(5,7-dihydroxytryptamine: 5,7-DHT, 150 pg/rat, 10 ul) (Sigma, MO, USA)
ZRMMEN (V7 ~ X0 RBM:0.8mm, IEFLVHIS: 1.4 mm, E:
3.3mm) (&G L, 2 MFBICERICH W BLERICIE, 77T 2
U G5%, NLIKNEBEH (artificial cerebrospinal fluid: aCSF, KCI 27 mM,
NaCl 140 mM, NaH,P0O,40.3 mM, Na;HPO,41.7 mM, CaCl, 1.2 mM, MgCl, 1
mM, pH 7.2) 10 ul Z M= 5 L 7= (Fig.3A).
2-2 BRAIE
YT v &2 AL EZ — L (60 mg/kg, i.p.) (GESZHIEE HOR)
T, EPRERE (7 V27~ X0 EMA:10.3mm, EF L[l 0.1
mm, ES: 8.3 mm, & FAE: 18°) ([T MR EM A fH A L7z, HItE
(CRITHIRES: 300 pA) & 10 PRI G- 2 72, 2 pM#EE L. £0t%, Bl
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EWOBRE, FHASMICERAEZH AL, 2, BH#ERE (T L7~
LV JRMA: 10.3 mm, EEF X VM 0.1 mm, R 6.4 mm, %5
22°) b IE R RERREZ & RIBRICE RIS U7 (Fig.3B). & FHFREIZHE
PRAZABETE & [RIRR (ORI BB AW 2 # A 12, [ELHR BR R O AT 1971 2 43 [
FREL7C. Tk, B2 ERE, MABMICEA2E AL, ik
4 HEL EoEEHIMZ BV CTERICH W,

(A) (B)
Dorsal raphe nucleus (DRN)
(AP: -10.3,LR: 0.1, DV: -6.4 mm, Angle: 22°)
5,7-dihydroxytryptamine
(5,7-DHT: 150 ug/rat)

7é |

Median raphe nucleus (MRN)
(AP: -10.3,LR: +0.1,DV: -8.3 mm, Angle: 18°)

Fig.3. Chemical or Electric Lesions of the 5-HTergic Neuron in Male
Rats

(A) Chemical lesion: 5-HT neurotoxin 5,7-DHT (150 pg/rat) was
intracerebro-ventricularly (i.c.v.) injected under anesthesia. (B) Electrolytic
lesion of the raphe nuclei: A stimulating electrode was inserted into the
median raphe nucleus (MRN) or the dorsal raphe nucleus (DRN) through a
hole drilled in the skull under anesthesia. Electric lesions were made by
application of a direct current of 300 pA for 10 sec.

e

3 ITEVZERIRFY
3-1 BHEKX+FXKK (elevated plus maze: EPM) RBR
FEBRICHWZEEIZS S 40 com OB EN - 70— X R T —
LEBEDIRWA =T T — b0, %7 — AFE 10 cm, £ & 50 cm
T, RENH50em OFE S ICHREINTWD (Fig. 4). =7 —X R
T =LA =TT = AN RET LRI Ty 74— (10 cm x
10 cm) &> TWa. ABRIZT v hOBEEL A —T 7 — L F M
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FCTF Ty h 7 F—Ah EIZEX 200 lux OBBABEEO T, 10 O e 4
R L7, BEIXATENVENT S A T 4 (Limelight2, Actimetrics, IL, USA)
ERWTHNT Lz, 7y MEEOFREIDET — LI AT 2 L &L
THENE B LT,

(A) (B)

Anxiety state Low anxiety state
Open arm

Enclosed arm

Fig.4. Elevated Plus Maze (EPM) Test

The equipment of EPM consisted of two open arms (width: 10 cm, length:
50 cm) and two enclosed arms (width: 10 cm, length: 50 cm, wall height:
40 cm) with a central platform (10 cm x 10 cm). The maze was elevated
50 cm from the floor. A rat under anxiety state does not generally enter the
open arm (A), whereas a rat under low anxiety state frequently stays on the
open arm (B), as indicated by behavioural trace.

3-2 UARBIRBMSATF (contextual fear conditioning: CFC) #B&

Z v MIEBEESHEL (footshock: FS) Z A4 2 72 FS-box (77 V
VL BE:50 cm, BATE:16 cm, & &:25 cm) (2 AL, 5 rEEREICHIME
¥, FS (RIBGRE: 1 mA, R 2 #, W 30 &, #ild
%5 ) 25 27 FSIZTEBEN A b L A FEBREERE (SS-1, HASLE, K
W) ZHONT, KA ENTZ AT =R 7Y > R (IE: 3 mm, [HE:
lcm) I L TiT o7 (Fig. 5). o IR A DAL - RGBS EATE) & &
26N TW5D [ < ITH) (freezing)] ZFRIE L L CITEMENT 217 - 7=.
FTLATEIOAEEL, FFRIZEE T 285 & O OB & LIS O4TE) 23538
D HALZRVVIREEDS b B RIFRRE L 72 B &I < 2 ATH) (+) &L, < H4T
BB RIL 5 I EHA L7 2 B 0 RIE L TR 7. FS AfFEZ )
5 5 4yf# % Post FS (acquisition period), FS & f{af 24 FFf14I1Z FS & 5 29
(Z[Fl— D FS-box ~ 15 47 [ FHig#% L 72 % CFC (retention period) & L T
T HTEN A RIE LTz,
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FS Home cage CFC

5 min NN, 5 min | 24 hrs 15 min

| 1 1 |
Acquisition Retention

Footshock box

&2 T |

A S 8

™ : Electrical footshock
(1 mA, 2 sec, 5 times)

Freezing

Fig.5. Experimental Protocol of Contextual Fear Conditioning (CFC)
Paradigm

A rat was acclimatized in the footshock (FS)-box for 5 min, and received FS
stimuli (shock intensity 1 mA, 2 sec, 5 times). After FS stimuli, a rat
remained FS-box for 5 min and measured freezing behavior (acquisition).
Twenty-four hours after FS stimuli, a rat was re-exposed in the FS-box
without FS stimuli for 15 min and freezing behavior was measured (CFC:
retention).

4 MRRRCZFRIRET (BB INENTIE)

Ry koL E X — L (60 mg/kg, i.p.) (G EEE RR) BEBEFC, 7
L7~ & T AEPKFTI D KO ITHEN EELEE (SR-6R, AEE T
A IEET, BOR) WCEEL, v~ A 7 m X AT VT AHHTA R =a—
L (AG-4, =A =k, 5#) 4GS CAL sl (7L 27~ X v 2L
50 mm, EFEDMSG: 35 mm, HES:20mm) (ZFHALZ. B RXEEH
BHIZT A= L THDIAL, BEEFREAL Y (V—Yv—2=
Ty AN Y—y—, HR) ICTEE L. 1 #EMOM%E1E
D%, Fig5lZr L7 CFCRBO 7 ha—/LIiC LAWY FS Z AR L
. FSAWMOBEA, HA RH=a2—L% LTS CAL fHikic~ 1~
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DX A7 VAT —7 (A-1-4-02, =4 3k, FTH) A L. A
AHA N U Y (#1002, Hamilton Co., NV, USA) (ZFEH L 7= AN LK
TR zE ) YR (ESP-64, = A 2 A, AL Z MW T 2.0
ul/min TEEPE L, MM NLE LT, 20 pfE T 7V v 7 %297 -
e, 7Y 7B 60 5% T v b & FS box | oy AR R L7
(CFC). 2D, "—L 7 —VIZR L 0 Y7V 7 2k LT-.

G ONTBHKIE 5-HT JIEH & 7 v % 2 U ERIGABA JIE 21T,
5-HT & @R ITE bICERIL PR EmEigik s e~ 77
7 4— (HPLC-ECD) # HHWTE&E L. D7z Oids L OV
st % Table 1 (2.

Table 1. Analytical Conditions for Determination of Extracellular 5-HT
Levels

HPLC EP-300 (Eicom, Kyoto, Japan)

ECD ECD-300 (Eicom, Kyoto, Japan)

Column Eicompack PP-ODS (Eicom, Kyoto, Japan)
Mobile phase 0.1 M sodium dihydrogenphosphate/

0.1 M disodium hydrogenphosphate buffer (pH 6.0)
1% (v/v) methanol
50 mg/l EDTA-2Na
500 mg/l sodium 1-decanesulfonate
Flow rate 0.5 ml/min

Column temperature 25 °C

Applied voltage +400 mV vs Ag/AgCl

13



ZNVZ I UERE L OVGABA RS X ENTIR 2 50% A %/ — L THRL,
FLUITAULHFEREICLY 0-7 2 AT AT RERISSE%, Ht
MR & mdiRIk 7 v~ ~ 7 Z 7 ¢+ — (HPLC-FLD) % M\ CHlE L7-.
T D T2 DR ERE L OV AT/t % Table 2 127~ 7.

Table 2. Analytical Conditions for Determination of Extracellular
Glutamate and GABA levels

HPLC EP-300 (Eicom, Kyoto, Japan)

FLD FLD-370 (Eicom, Kyoto, Japan)

Column Eicompack MA-50DS (Eicom, Kyoto, Japan)
Pre-column CA-ODS @ 3.0 x 4.0 mm (Eicom, Kyoto, Japan)
Mobile phase 0.1 M sodium dihydrogenphosphate/

0.1 M disodium hydrogenphosphate buffer (pH 6.0)
30% (v/v) methanol
5 mg/l EDTA-2Na

Derivatization reagent 20 mM o-phthaldialdehyde-2-mercaptoethanol
Reaction temperature 10 °C

Reaction time 2.5 min

Flow rate 0.65 ml/min

Column temperature 30 °C

Emission wavelength 445 nm

Excitation wavelength 340 nm

5 MERFERIRE
5-1 kv b=VBEMEREOEH
5-1-(1) #EREERLOEREAER
ARy R E X =)L (60 mg/kg, i.p.) (GEAZBUEK HR) TR I
P L, AR KkZZ 0= OHEER L TR LZ. RIZ 4% T &K
AT VT e REHR 01 M U EREEMEKR (PB) (pH 7.2) %W L CTHL
U7z, iz —Me, F#ECHEER, mIEFTICT30% A7 n— X514 PB
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ICEBRL, 74V 2— T v 7 OCT 2V XUy KN (W77 77407
w7V x Ny B ICEMLT-80 CTRIF L. 794 FRAZ » K
(HM 300, Leica, Nussloch, Germany) % F\ ) C/E & 30 um O bR 4 (RS
L, 001% 72T b U 7 AEH 0.IM U U EeiEEAEFLAH /K (PBS) 12T
4°CTHRAFLTZ.

5-1-(2) BERBLEIE (DAB RER)

BESRPURIEIC LD, FEREEREICAFET D 5-HTEG MM 2 nT gifk L 7.
BOSIZT N TERILTITo 7. ML SR &, 03% K~V
k2 -XEAPBS (PBST) IC607 IR ZESE72. D%, WHRME~SLVAF
=P aRET LD, 3% mE{bKFEZH50% A%/ —/&305)
[A] SO S H 72, PBSTIC K 2 Peift %, FERr RIAVSOG 2 B k92 720 1210%
¥ X IEH MLY% (Histofine, =F LA XA AV A4 = X, HIix) EHPBT
7 a oy XU S A 605 1T o 7o, LRBUE & LT U B FHS-HTHK
(1:500, Zymed Laboatories Inc., CA, USA) % —lif)i =72, PBSTIZT
Ve th, 2IRPLIKE LT AT U E#Y v ¥ FHIK (Vector
Laboratories, CA, USA) %605 MG S ¥z, & HIZPBSTIC X % W%,
ABC X )V 4 % v ¥ — B 3 # (Vectastain Elite ABC Kit, Vector
Laboratories, CA, USA) %607 Mk S H72. WIZ, DABREE F v |k
(Vector Laboratories, CA, USA) % H\»T0.05% 3,3-7 I /X F TV
(DAB), 0.6% Fiifit = v 7 VIR, £ 100.01% mEE{L/KFEEH50 mM
N U REEEAREWL (pH 7.6) A0z, 5-HTRPEANIG 4 "f8i{k L7=. PBST
TUEH%, YR 2 AT A RH T R0 1 TR S8, KkicT
7 7 v == — (Merck KGaA, Darmstadt, Germany) % W CHEH AL 7=.

5-1-3) ku b=rBEMEoOEE

LA F A — Bk D A VTR AT o 7. SR,
Shikanai & *¥ ® 512 C 5-HT Btk s 2 G000 U7z, 008 B 1ot

FHMEE (BX50, AU N, H) B LOREZEE (MCID system:
InterFocus Imaging Ltd., Cambridgeshire, UK) (Z##t L7~ CCD 1 X 7
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(CCD-IRIS, Y =—, Hi) TF VAL FRICTRE L. T L7 ~0 5
A 7.8 mm OIREO) &2 PSR 30 pm T 2T, IETRERREL &
W AIRE R B2 D5 A% (dorsal raphe nucleus dorsal parts: DRD), A& 10
(dorsal raphe nucleus ventral parts: DRV) 72 & ONMZ lateral wing #3 (dorsal
raphe nucleus lateral wings: DRL) (Z431F, & ERALICI T 5-HT (54l
Rt DRNE % 3 [B1 21TV, T DR EZ KD T,

5-2 MBAMERCEVEOEER

ANy oL E X — )L (60 mglkg, i.p.) (RSB BR) CHRERTE, W
FHB L OWM LT, EHEsE, SRRz X OVERICHE L, 587
F T-80 CTHUERTE Lz, T 7 N TIMEBEIR 2 N % TSIk
WEL7-%,02M IR EZ Mz TR& 37 Ll srEE (10,000 rpm,

10 43, -2°C) L7=. EiEZEREL 1M Eifig- R Y 74 20w 2012 C pH
BITHHEE L, HONELAHEL TS b L7z B3 % HPLC-ECD (2 Tor L7z,

TIHT DT ORgs I L OV AT M % Table 3 (27”7,

Table 3. Analytical

Conditions for Determination of Monoamine

Contents
HPLC EP-300 (Eicom, Kyoto, Japan)
ECD ECD-300 (Eicom, Kyoto, Japan)
Column Eicompack SC-50DS (Eicom, Kyoto, Japan)
Pre-column PREPAK g 4.0 x 5.0 mm (Eicom, Kyoto, Japan)
Mobile phase 0.1 M sodium acetate/0.1 M citric acid buffer (pH 3.5)
17% (v/v) methanol
190 mg/l sodium 1-octanesulfonate
5 mg/l EDTA-2Na
Flow rate 0.5 ml/min
Column temperature 25 °C

Applied voltage

+750 mV vs Ag/AgCl

16



6

T

R A O £ %GRS (mean £ SEM) TH L=, MNIK/INE
Witz W @B i 5-HT B X7 v 2 X U FRIGABA DRI ZE AL,
1%, CFC ELAT D B A 100% & L TEHSHETE L7z, E7z CFC BHIAIE
%6 O 60 O E AR THfE (area under the curve: AUC: %:-
min/1000) TH M L, #EtFRICFEAm L 7.

2 HER O LE#ZIZ DU T Student’s t-test & 2 VN E Mann-Whitney U-test
IZEY, ZEMICOWTIE— AL E 5 80T (one-way ANOVA) % 721X
T onhlE ) BT (two-way ANOVA) 1T - 7-. L &E L #IZIL,
Bonferroni post hoc tests & %\ E Dunnett post hoc tests & H W\ THIE L
Iz, W OHE bERE 5%AM 2 LL> THREFHICARE L L.
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B2 EBRER

1 TEVFRUBRE

1-1 BRKX+FHKK (elevated plus maze: EPM) 3RER

1-1-(1) EPMRBRICBIIZEEIR ML RGEDOMHZE

EPM B4 W CTAGR RIS T 218 2 b L RSB OHEZEIC

SOWTHiIRT L7z, #dE AEI%EL (total arm entries) (ZMEMEZS 1374 5 AL 72 )
ST EXD, ATHEIZIIHEDNRB O b > 7= (Fig.6A). —J7, &
— T =L ~OMEANFEET, BT > R0 QMR v FOFREE
WZEfEZ R L7 (Fig.6B). LA EDORI RN, MEMET » MIHEET v MZ
HARTEARAZRREBZ R T2 RN R Tz,

(A) (B)

(=13

o
(=13
o

— *
(/7]
T —_
8 50 - R 50
. g
(7)) 40 7 ': 40 7
.g *g'
e
c 30 T 30
) £
£ © g
= 20 - c 20
= g
©
2 10 - O 10 -
|_
(8) (8)
0 0
Male Female Male Female

Fig.6. Behavioral Responses to Fear Stress using EPM Test in Male
and Female Rats

(A) Each column shows the count of total arm entries consisting of enclosed
and open arm entries. (B) Each column shows the % of open arm entries.
Fear-related behavior was assessed by measurement of open arm entries.
Data are expressed the mean £ SEM. The numbers of rats tested are shown
within each column. *p<0.05.
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1-1-2) EPM BRIZBIFLFEHA FLARE~DEE b= EE)HE
FREELORE

AR 72 BRI X3 D IE BN B 81T D 5-HT EEh 1 % o0 5 i1 1 2%
B2 MFT D72, 5-HT (FEIEMRRIEELZ » b (HEME) & v TEBR
177z, 5-HT #ik 58 CToh 5 5,7-DHT ORIALER: TIIA—7 7 — A
~OHENBEFE DG EFEIZ LA REISHEI L7 (Fig.7A). £ 72 EH &R
BABXMICHE LTI RB DTS, BFINFEIC T —T 7 — b
D ABEE DK 2 FHITHIM L T2, L LR S, PR Rl i
TIEA =T 7 — L ~OEANBE TR FIE S TR H R0
o7z (Fig.7B). 2B A REM OB EE AR (total arm entries) (22 IELFE
Lo Te (T —2RKEH). DLEOERS, EPM RBRIZHE T 51
B I A AR I FAE AR AL -5-HT EB MR AR L TWnad 2 &N

IRIBE X7

(A) (B)

) % * *
= 30 = 50 - [
8% o 40
g 30 - g 30 -
£ 20 I E 2 I
© ©
3 10 S 10 4
o o
0o 9 (11) 0o (9)

0 0
Control 5,7-DHT Control MRN DRN
Lesion

Fig.7. Behavioral Responses to Fear Stress using EPM Test in
5-HTergic Lesioned Male Rats

(A) Chemical lesion of pretreatment with 5-HT neurotoxin 5,7-DHT (150
pg/rat, i.c.v.). Control: pretreatment with artificial cerebrospinal fluid (10
pl/rat, i.c.v.). (B) Electric lesion of the median raphe nucleus (MRN) or
dorsal raphe nucleus (DRN). Control: sham operation group. Fear-related
behavior was assessed by measurement of open arm entries. Each column
shows the % of open arm entries. Data are expressed the mean £ SEM. The
numbers of rats tested are shown within each column. *p<0.05.
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1-2 SCHRAOZM S fF 1) (contextual fear conditioning: CFC) 3B
1-2-(1) CFCHBRIZBITAHEHBHR F L RIGEDOHEZE
CFC #Br% M\, RUFEIBICE S\ BB TE O M2 IZ oWV TR

L7z, Fig5 IZ/RL7ZFEBR T 1 2 — LIZHEW, FS ARTER D A
fif 24 Wi 12127 » b % FS-box ~FFMg#E (CFC, retention period) L 7= [
DI HATEZWE L=, FS AffE# O Post FS (acquisition period) T
F T < AITEPRBLRICHEZIZ R b r>7. —J, CFC (retention
period) TITHEMZ v s OF < BATEVRBLRIILEME T » MIHXFEIZ
KME%~ L7= (Fig.8). UL EDO#ER NS CFCRBRICEH W T, MMET » b
(ZHEME T > MR TARLKEDNMENZ ERRB I, 3 b bk
7 v M, EERNRAOZ R 6, FRIRICESWIZRYR ISR LT HIK
REFRREEZ R T Z ENHL N Lo T,

FS Home cage CFC
\\\\\\‘ 5 min ‘ 24 hrs 15 min
-‘-’-’-'-’_’_"’_,-"' - B \-\\\\. "///’/ - "\I‘I‘
" Acquisition pd Retention
(A) (B) **
100 - 100 -
T
80 - __ 80 -
= = I
> 60 > 60 -
= £
N N
g 40 - g 40 -
L
- 20 - 20 -
0 (9) 0 (9)
Male Female Male Female

Fig.8. Behavioral Responses to Fear Stress Based on Contextual Fear
Conditioning (CFC) Paradigm in Male and Female Rats

Fear-related behavior was assessed by measurement of freezing which was
determined immediately after footshock (FS) conditioning (acquisition
period) (A) and during exposure to CFC (retention period) (B). Each value
represents the mean £+ SEM. The numbers of rats tested are shown within
each column. **p<0.01.
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1-2-(2) CFC RRIZBITDZHEER ML RIRE~DER b =B
PR EL D B
R FL B S W T I B S 1238 1 5 5-HT {EEh ARt % O B 5 % 1
EMZ T D7, 5-HT @R EEL T » b (KEME) 2 W TERZ
7oz, R 1-1-Q) TR L7 X 91T, EPM BRBRIZ IS TR Ml SR A% ik
BTl e < IEWPRERRZ IR RE MR AR ZRRREB A R LT 2 &0 b, RIH
TITIE PRI OV TOZRME Lz, FS Aff 24 FFfE%E O
FS-box ~® F 1 (CFC, retention period) T 5,7-DHT L& B D9 < A
ITENFE BLERITA ML E R~ L <D LTz (Fig.9A). & 72 IEH R
WEERE S A FIRE LV ABEITEWT  RITEVREBLE LR LT (Fig.9B).
2%, FS ATMFE % D Post FS (acquisition period) Tixd < AITEI R B R
CHEBEMCTHEBEETIRO bR o7 (T — % KBH).

FS CFC
‘\\‘\\‘ 24 hrs 15 min
I I e T Retention .
(A) (B) "
100 - 100 -
* *

Freezing (%)
g 8

Freezing (%)
g 8

40 - 40 -
20 _ L 20 |
0 (7) 0 (9)
Control 5 7-DHT Control MRN

Lesion

Fig.9. Behavioral Responses to Fear Stress Based on Contextual Fear
Conditioning (CFC) Paradigm in 5-HTergic Lesioned Male Rats

(A) Chemical lesion of pretreatment with 5-HT neurotoxin 5,7-DHT (150
pg/rat, i.c.v.). Control: pretreatment with artificial cerebrospinal fluid (10
pl/rat, i.c.v.). (B) Electric lesion of the median raphe nucleus (MRN).
Control: sham operation group. Fear-related behavior was assessed by
measurement of freezing during CFC (retention period). Data are expressed
as mean £ SEM. The numbers of rats tested are shown within each column.
*p<0.05.
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2 MRRALFRIRET (BBUNEITER)
2-1 MiRgshte b=VREIXTS CFC DRELMEE
CFCIZ K )5 5-HT R & O LB B 1T D HE IOV TRAU/NE

Prifz M VWTRE Lc, BEMEZ » Tk FS A 24 K% O FHRER
(CFC) 12X v, Hifash 5-HT R IR TR L5 FEAL, %
DR 2 (LR £ CIK T L7=. CFC BHAAE % 60 /o fil4 AUC THT
&, MREAL 5-HT R IIRIREEIC A E R LA 2/~ L7z (Fig.10A).
kLT, MEMET v b TIE CFC 2 X 0 RS 5-HT BT L5

T, KRB L ENA LN o 72 (Fig.10B).

(A) Male
%) Extracellular 5-HT levels AUC 60 min
0
200 ~o=Control (n=5) —e—CFC (n=6) 10 - *
150 - o8
8
100 - = 6 1
a4
50 - -
CFC E P
0 i ‘ i i i i i . 0 (5)
-40 =20 0 20 ﬁm:-?minl 60 80 100 120 Control CEC
(B) Female
(%)
200 - 10 -
—~Control (n=6) —8-CFC (n=8)
150 o 8
3
ﬁ 4
100 - = T
a4
50 - ] )
CFC s2 -
(6)
0 0

=40 =20 0 20 40 60 80 100 120
Time (min)

Control CFC
Fig.10. Dynamic Changes in Hippocampal 5-HT Levels following
Contextual Fear Conditioning (CFC) in Male (A) and Female (B) Rats

Time-course responses (left) and the area under the curve (AUC) (right) of
extracellular 5-HT levels. Data are expressed as mean £+ SEM. The numbers
of rats tested are shown in parentheses or within each column. *p<0.05.
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2-2 MRS TLVE I BRIGABAREICXT S CFC DB L MHE
5-HT {EEhPERREIX 5-HT /KL L CHlEE 7 v I g b OND
GABA JiFfff & 2 R ER & 2 VIZIHIFNICHE L T\ D Z B b T
W5, 4 2 - TN 2 L &2 X RS KON GABA BEBEIC X 5 CFC
DL MEITHONT, MAB/NETEZ AW THRET L. £ ORE R,
HEMEZe & ONCHEYE T »~ R OS2 v & X U ERIEREIT CFC IT L Y 21k
L7227 - 7= (Fig.11).

(A) Male
(%) Extracellular glutamate levels AUC 60 min
200 =o=Control (n=7) —e—CFC (n=8) 10 -
150 - o8 -
26 | =
100 £
g4 -
E—— :
%0 - CFC R
0 . . ‘ ‘ . . . . 0 @
40 20 0 20 40 60 80 100 120 Control CFC
Time (min)
(B) Female
(%)
200 - 10 -
=Control (n=7) —&-CFC (n=6) g8
150 =
_ 26 -
100 £
g4
I .
20 - CFC 2,
(M
0 T T T T T T T 1 0
-40 -20 0 20 40 60 80 100 120 Control CFC
Time (min)

Fig.11. Dynamic Changes in Hippocampal Glutamate Levels following
Contextual Fear Conditioning (CFC) in Male (A) and Female (B) Rats

Time-course responses (left) and the area under the curve (AUC) (right) of
extracellular glutamate levels. Data are expressed as mean + SEM. The
numbers of rats tested are shown in parentheses or within each column.
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—J7, HiMuS GABA JEEE X, MM >~ FTiX CFC I Xk v XFHREEIC I
REBICEA L, L2 LM » FTIlX CFC I X % GABA EEDE
{BIZH B 72> 7= (Fig.12).

(A) Male Extracellular GABA levels AUC 60 min
(%)
200 - —o=Control (n=5) -8-CFC (n=8) 10 - *
150 - o 8 -
(=]
100 | 26 - .
£
£ 4
50 — "
CFC =g
0 T T T T T T T | 0 (5)
40 =20 0 20 40 60 8 100 120
Time (min) Control CFC
(B) Female
(%)
10
200 —~Control (n=7) —&-CFC (n=5)
150 g 81 :
e
100 =
g4
50 =9
7
0 -+ . . . . . . . | 0 @
40 =20 0 20 40 60 80 100 120 Control CFC

Time (min)

Fig.12. Dynamic Changes in Hippocampal GABA Levels following
Contextual Fear Conditioning (CFC) in Male (A) and Female (B) Rats

Time-course responses (left) and the area under the curve (AUC) (right) of
extracellular GABA levels. Data are expressed as mean * SEM. The
numbers of rats tested are shown in parentheses or within each column.
*

p<0.05.
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3 MR

3-1 MOk w b= B
BB DRI T 5 5-HT (EB AR IR O 4682 T & 5 IE AL
(MRN) L O I#E#-E% (DRN) o 5-HT B5tEf %k & DAB Yt ik %
FAWTCEHI L7z, IEHFREREEO 5-HT G tErtE 7 » o fF»
HEMEZ » MR THEBEICEELZ R L. —F, HRREAZICEL T
(X558 (DRD), BE{AIES (DRV), lateral wing & (DRL) DWW 3 AL D HS
MAZIBWT S 5-HT M M 221X 78 0 b o 7 (Fig.13).

(A) (B) (mm?)

2 2 800 O Male
; " m Female
£ 600 -

3

-

3 o

“u'z 400 -

(=]

2

5 200 - |

| £ b (6) L |6) (6) (6)
1mm MRN DRD DRV DRL

DRN

Fig.13. 5-HT Positive Cells in the Raphe Nuclei of Male and Female
Rats

The number of 5-HT positive cells was determined by immunohistochemical
staining. (A) A low-power photograph of 5-HT immunolabeling in the median
raphe nucleus (MRN) and dorsal raphe nucleus (DRN), including ventral
parts (DRV), dorsal parts (DRD) and lateral wings (DRL). (B) Column
graphs show the number of 5-HT positive cells in the MRN and each area of
the DRN. Each value represents the mean + SEM. The numbers of rats
tested are shown within each column. **p<0.01.
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3-2 WB/ROLCICHREDOE /T I VHEBRE

WSS & I RERREE (MRN) 8 X OV MIREME: (DRN) @/ v 7 KL
F U (NA), RXI2 (DA) BLW 5-HT Mk EIZ>WTEE L T-.
WE VT RLT U BRI UlBEIR YTy NolnE
UME A 23 22 & LT SRR PN ITHENE D v b E DORIICH EEIZA bR
oo MRV TIIW T ROEAMICEB N TH /LT KLU v
BLEORNRI VEBEICHERZTRO DN o 72 15 & EP D
5-HT AHk & ITMEME T v FOSHEYES » M~ A EICEEEL R L. —
07, ERERREE O 5-HT MLk & CTHEE A SR> 7= (Table 4).

Table 4. Monoamine Contents in the Hippocampus and the Raphe
Nuclei

NA DA S5-HT

(ng/g wet weight)

M (5) 69.08+4.48 6.86+1.17 5.70+2.02
Hippocampus
F (5) 92.14+10.08 8.62+1.64 14.18+2.36*

M (5) 136.15+13.70 21.43+3.56 47.90+3.97
MRN
F (5) 139.84+9.86 23.86+3.14 70.53+7.34*

M (4) 241.28+52.41 2.41+0.63 95.48+16.37
DRN
F (4) 258.94+41.40 3.45+0.25 87.89+1.81

Tissue contents of noradrenaline (NA), dopamine (DA) and serotonin (5-HT)
were determined in male (M) and female (F) rats. Each value represents the
mean + SEM. The number of rats used was indicated in the parentheses.
MRN: median raphe nucleus, DRN: dorsal raphe nucleus. *p<0.05 vs. male.
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FIH EHE

B ARk (EPM) RABRICBIT DA —T7 0 7 — LA~ ANR L, MM
Ty MBS v LY bABICEM AR L2, 2 OfE5 I Weintraub &+
WA Lifs e — %3 5. EPMERBRE X, 7 v MREFTCH L WG
bk 5 AN E 2R LT, AR R R KEDFMIZIE S AV G
NTWLITERBRIETH L. Fio, FarBREICR§ 5 RN ZKEZ M 5 4
— 7T 4=V FRBICEBWTHHENET v MIEAZRREZ RS Z &R
WESN TS, Y £, S-HTIEBIVEMRR &2 AE L 7= /EVE T » M, R
FICHEANTE =T T = ~DEARPAEICEHEEZ T L. Thbb,
PEZ » b CTHDLNTARRLZHIRIEIL, HEVET » b OS-HTHRR Rk EEIC
THELDZEDHONE R ST, 2O ORERIE, MEMET » MR TGS
A NV RIRECIE, S-HTIEBMEMIRIC X 2 JHEE 2B 5 L T 2 ATREME
R L TWD.

BLIRZRVN Z &0, FRS-HTEEMEM R OB Th dMEZD 5 b, 1E

IR & BRI AREE U 7B CIIER AR ZERIREE A2 R L7 ozt L T,
MR ERE CIIRB T L B b o oz, Thbh, 5 IRERE: & Ep
PERRAZ ITTEEY A b U ATk T 2 PE BN B2 5/ /BENH 5. FEE,
U % T2 SRR T, BRI & R 7 iR e & B S U Bl ) S
T RREIC & HGEREE = = — 1 IR 22 R - AR R L D 1
DRAERCBREL ) (UIR) 22— FLTWA Z &AWL, Y Hkn
TR - BB & 1X, EPMBRBRICB W TIE A — T U T — A~ O AR EE
T EEZ LS. EPMERBR CIISUIR & 13 BE 3 7 <, TRERER 72 B T 1%
W] MR ENDTET DT, TNRICE DL 2 MRS IEEIN THEES
ng, =TT —A~OEABENBEE L ZR o L Bbhs.

— 75, SUIRMRL ST (CFC) BBRICH 1T 59 < ARITEI R ELRIT, M
YTy MIMEMET v MCHNEEZ R Lz, 2 Ok F 1 Mitsushima %2 0
WwiE L —HT 5. CFCRBITAMFLIBICES S ALZOITEFMIETH Y, H
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5 E OB T CFSe E O MEERNR A AN L, —EREMZICE CBREICH
RFET DL, EAEE G220 hb LT, 7y MIT < AATECM
¥, PR EOEBRE AR T, ZHULREE & BRSO S IEF T bz,
THARAFLIE Z T i & T OARRICHESATHIEE TH Y, T RATEI B EN
BVIEERE - BMIOBRETRNEEBEZ DN TS, ) Lo TAED
FBRAERIL, MEME T MIEET v b XD B ARLKENME, TR BEAR
LHRRBIZHD Z LR L TWL EEZEXDBND. FTo, S-HTIEEMEM LR
ARE LT v PEF LS TS HITEIRBERNKR T LEZZ E D,
EPMARER & [RIERIC, CFCRER CTA LIl T v b DR ALK AEIX, 5-HT
MRIEIZ L > THAELLZ EBHLNER ST, LEDORER G, EfiE
MRAZ LR R IR IS 3 S BT BN R A & AN e B IC 3 9~ 2 B BIS & O
WIS LThY, ZMEICES IEBTEIRE L, 1EPREREE-IE
FES-HTEBM LM IR R IC L A FAFBME N G L T\ ad 2 EBRMRB I k.
WEES CAL fEIRIZ 31T 2 Mgk 5-HT IEEIE, BEMET » FTIZ CFCIZ &Y
ERL, MMHET >y N TIEEADR LN RN 2T, ZORENS, BEICBT
D WNKVES-HT (EEN MM RIEE O Z B IIFEN A M L A IRE TAHA LN MEELE
BLEL TWAD Z &N SN, SV x 5 L&, [EPRERZ-1EE 5-HT {E@)
PEMIRERIC X D G BV ETHEE O FE DS, EET » MIZB T DIEEINE H D0
IZA R LR T DR EOENE XL TWD O E L7y, Shors and
Miesegaes (Z MR ML AITXK Y, HEMET v N TEHERE - FEIBRILIND
DXL T, MEMET v F TIRBISEBT L E@mE LTS, ) o
HI%, MEMET v N TR LNIARRLRRITENE, LR - FEBRICBIT Dk
BN T OMEELKML TNDHEEZEXDHTENTED. LL, KEILE
I 5 CFC B CTiL, Post FS (acquisition period) (Z351) 59 < RITENRE LR
[CHERETRO BB N7 &0, MHEREBEOFMICHVWLND Y Tk
B SO CBVWTHERA LN AR DS T &0 ) YRFRREOHE ) b,
FlE - FEBRICBT OMBREBEROLMITAET TV RN ERER bR,
KM > b &b U CHEME T > b T, B RERREE O 5-HT Btk a4
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AREICEMEAZ R Lo, M5B X OIE TR O 5-HT ik & b MEZ v b o
HvEfEZ R LT, 26 ORRIZ, THE 5-HT G AEER 5-HT 32 251K D Jgk
ZPEIHENE S © FOHTRENE VI ZNETOHRE L —FT 5. ¥ £,
WMEVEZ » ML, HEVET v MCHAEE & BRI O 5-HT k&0 A6 &
WCHEEZ R L7e 2 &b, IETRERR -G 5-HT 1EEh Mt R 28 M 78 1 B
LTWAZERREBEIND. LML) b, 5-HT k&N EMEE R L7z
HLbbd, MEPMET v R TIL CFC IZ L 2 /fash 5-HT IRE D EH IR D
biviarolc. ZOBRICHONT, KEDOFEBRFERNL T +H2IC@HT 5 2
EAXHCRZ2 W L L7220 BERIRAFZE TUX, ML B MEIZ A~ MY 5-HT #1
BENZ L, 5-HTia ZREKEN LTA NV ASITBIT D RRE-1EE 5-HT
VEBNPEAR R R O M IRAGE & 9~ 5 7200, hED 5 SIRITH T 5 MasstE s
CTWa LIS TS, 2 FERICAREORERIT, HET v hTIRES
TERAZ I B BICAFET D 5-HT NEH AR TH D 5-HTia AR FIH L,
T RIS CTO 5-HT it 2 #fil 2 2 L 2R L TWnWo B2 D, —
Ji, Dilts 5IET7 v MIHEIZEL DA ML RAE G225 L, EF#EHREZO 5-HT {E
EIPE R SR L S D L HE LTS, S v FDOB4A, CFC
IZ L > TH RERICIEFRERREEZ O 5-HT {EB) AR R AL 23T PE{E L T 5 AT EE
Wnd s, LT, ZOEHICITHENTFET L2 BB bNS. T4
HbH, CFCIZXT 5 ERREMEE DIRZYEDOYEED, KI5 5-HT Mt
B LHEZ TWLARBENRB I OND.

WSS CAL ik oM st 7 & I U lgiR L, CFCIC XV MERET » FIkIC
TAL L7 hro iz, —J57, Milast GABA JREEIL 5-HT & RERICHEMET » Mgk
WTODH CFC 12X D EANRBO LN, EO IV I B b DI
GABA {EEh PRI 5-HT 2 AR 2 L TIREERI & 2 W IZHHI I TR ET S
TW5., 8 LERoT, AEBBNTZ CFCIZE D 75 I Uil X
O GABA it 8 D ZZENTIL 5-HT BV 7 X A 702 X 2 il sAE o B 523
EZob. Bz S-HTia S /FIEIT 7 V2 2V BRIEEEME ORI F 7 A
CIFIEL 7 V2 2 VREEAZ PRI L T b, P E i fEma—ur b0
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GABA i 1Z 5-HTa A RIS L il S b, 2 —J5, 5-HT,™ B LW
5-HTs 241K 340 |3 GABA W 2 (R MERICFHE L TV 5 (Fig.14). D=
EMMBIEYET v MZBWTIX, CFC 2 &L v #fE L 7= NEM: 5-HT 28 5-HTia
SREENLCTTNVE I UEREREC R L CTHHIBICER Lo R, 7 v 2
VIR \CEB N LR o I RREMER B 2 H LS. GABA EREIZ DU
TIX, 5-HT, £ 5-HTs 2B RN 5-HTia /K L 0 LEMLICE &, GABA
WEREIZ R U TIRIERICHE L7co b Livpvy., —J5, M\ S » F TIiX CFC
IZ XV 5-HT DR 72 st 7 v 2 I il L ONGABAREZALIZR b
otz Lo THWIAME 5-HT 12 L % 5-HT Z &K A L 7= i ikt 2
EEIE T, BRI VZ I UERD 50 L GABA IREOEALNE U o
Db Lt 50 E GABA IEHEIZ DUV TiE, 5-HTia E AR DK
FIIIHEBEMIMIEIC KV, 5-HT 3 L OV S-HT = AR ORHEME R % &

MHEFICER L= bLE 250D (Figld). LML, ZORHE
MAET DI S-HTA Z AR E 5-HT, B X O 5-HT: LRI OIERAIED
NTUALZOWTHBICTDMER D D . T O ITIE 5-HT R IEY 7 4
A T O 5-HT A REZR & & & DHRRINFFEIC DWW TA R S HITHRFTT %

BN DD .
Hlppocampal CA1 field
, Interneuron
, = : GABA
,/ (<) : 5-HT44 receptor
’ 3
’ e}
x:'::r’als CA1 II, QCE}
(+) : 5-HT, receptor
% ' (+) : 5-HT; receptor
R 0enhtp gyrus 4 : Glutamate
AN (-) : 5-HT,, receptor
N A
. ;"AA

N
\Q-amldal neuron Glutamatergic neuron j

Fig.14. Modulation of Glutamate and GABA Neurotransmission
Mediated via 5-HT Receptors in the Hippocampal CA1l Field

GABA release from inhibitory interneurons is facilitated by 5-HT, or 5-HT3
receptors, whereas the release is inhibited by 5-HT14 receptors. Glutamate
release is negatively regulated via presynaptic 5-HTin heteroreceptors
located on glutamatergic nerve terminals.

modified figure based on reference [42-46].
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W2E FEIR NUVRIGEDOME LS VT 7 R AT o B E

VT ARBED —OTH LR (LTP) BiZ L i3k T 7 225
#E P #3%  (high-frequency stimulation: tetanus) L7-#ICk & 52 F 7 A S
BRIEDFFRIEMO Z L TH Y, ZOBIGIT 1973 FIC U FEHITB T
Mo TR SN, Z0%, LTP BLRITIKMEE R, #Eeke Eho
JHERAL T H G S, TOABTPHERNER S TWD. FIZEE CAlL
BNk LTP 1%, 3l - #H OB AHPNIEBE L 520 T05. 29 LTP
TE R VI R Sk piRt S 2 K+ (brain-derived neurotrophic factor: BDNF) (2 X ¥
FEIND ZENMOENTNDA, 5O BDNF BIEITA b L AAMIC
EVRLTSH. N F A DL RISEEE O T2 2SR T - TR -
B %8l (hypothalamic-pituitary-adrenal axis: HPA axis) DREIEILIZ K - Torus
5 B B E R AR v Vi A L > (corticotropin-releasing hormone:
CRH), R B I A V8 > (adrenocorticotrophic hormone: ACTH) B X O
ANFARATaATMEKRICBT LS TP BRICEELBXET 2L bMmbL
TW5. O WG CAL Bk LTP BRI, AEHMA N L ASRZE - Bifirg
EDEIMA P LA K-> THELZIT L. HI2IE, @A L AAfE TIE
5 CAL IO LTP JE Il S v % 23 %009 Hrar e 2 b L A A
ﬂiUP%%ﬁWﬂéﬂ&m.w:@:kﬁ%,%%ﬁ%ﬁéyf727£
PEDZEALITZA RV ABEICKFE LD THL EHAIESND. Thbb, iff
BT T AL D v T AMRE RO ZEACITFE A b LR EEIC
R<EHELTWDEBXLND. LOLENRL, IFEIR L RAIRETHLA
TeMEE LIS 2T T AT L OBBEMEIZ O WTIEIA S TRV,

AETIE, H1EOMRELSERT, FHHFHEHEME I D ET MR-
WERS 5-HT % R OB REMI R ENC DWW T U 7 R AT LI 2 2 Tl
el FL5-HT ZB/ERIS T XA TOHTEHARE - Belfize & OFEERER
filC A 2o TV D 5-HTaZ AR ) O v 7 A T ZE 1L
~OBEGIZOWT, BRAEBENR L OIS PNFIEL O TR L.
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B ERGE

1 EREMEB L OFEEE&HE
FHLIESELIHEH LICYEL /-,

2 BRAEHEZHRHN
2-1 BHEEEDALTGIE

Ry oL E X — L (60 mg/kg, i.p.) (G BRI MEET, L
I T AEBKEZRD LD T Y MEMENMEEEE (SR-6R, i
SRR AT FE T, HOR) ICEE LB S 2 ETR Ui, B AR
H & 7=, GLeREMm A A 7R CALEIK (v 7~ X v B[ 5.0 mm,
EFXVMIT:3.0mm, HEE:1.5~3.0mm), FIEEmE LTS ¥ —7 7
— Mk (v ~<X v EM: 3.0 mm, EFLOMEG: 1.5 mm, ES: 2.8
mm) ([ZfA L7z,

RN RLEEMR T A VB AT L AR BEREM (Y5 100
um), FEE T HAIMEM TS AP ERA T L A ROBRIE Y &b
i (JEdiAE 200 pm, JoinfERRE 500 pm) AW, ERAEZIHEE 2 P
FITICHE D IA Fx, FLER BRI ATE S W 72 SR 2 % & (1) CRBEEmE L O
T— A& L. RIPEM L BRI E (SEN-3401, HAOLHE, M)
BLOTA Y L—2X (S8-203, HALE, HL) (2 L, MEX~A
/ma~=tal—% (MMO-220A, mERHFEMATFZEHT, HX) ICTH
FIOGREE & TN L7z, FoekEmd s B E B g 25 (S-0476, H AL,
FOR) WCHEERE L7, vv— 7 7 —MIECRITRIC X DS CAL MO
LN (population spike amplitudes: PSA) Z#IZ L7 6, 3k
FERNBIE SN DRE E THA Lo IR AR FEER H D 2 L 2 il L
7ot%, BEMEEREALY Y (VY —a2=T77AbIl, V—r—, K

F) ACTHEE L, # 1 HEOIREEBEZ B\ T, EZERIZHWE.
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2-2 BRERESBEMOWE

W T CERT 256, A— 27— VN THRIKEM & Lk EmIC 2 —
Ra3E3E L C, 5 CAL IO FRESENM (PSA) ZHIE L. &KX
BORS 34 B 40 2 MR E % 100% & L C, 20%[E & T PSA % & L
input-output curve Z/ERL9 2% Z L X 0 REERIFE AR Lz, T A b
FB & LT PSA 23 e KB D 50%142 72 5 il i 58 & ¢ 30 #0481 250 psec
DELKAMEZ 5 %, 7 —FfEArEE (Power Lab System, ADInstruments
Pty. Ltd., NSW, Australia) # W7+ a2 « 7 VX )VEREZITV T [0
DT A MRS LD MFE 2 b gl iigk Lo, mBEERHE LTT
Z NI & REE R, RN I O BT I A B, BELRFRA] (100 Hz: /3
JL A [#]f@ 10 msec C 10 pulses % 10 P EIfE T 10 [A]) OEMETH 272, &
BHEERNS %, 7 A MIMIZ X 2D PSA % 60 2 [IE L7z, EBR#E T4,
TRIBRE: U AL ek IS X O B I E BT (900 pA, 30 B) Zif L
THZEfH L, EMRALEOHKEREZIT-> 7 (Fig.15).

JREE T COERAEHFFERIT, VL& (1g/kg, i.p.) (Sigma, MO,
USA) A2 L, HEET & kD FiE 2-1) TEMEZHAL, L
VAL DEEIFETICEREIT o7, PSAOMIE S 52 b N mMHE
FIPASEAE X TERRE T CORE HIEICHEL 1.

3 IEH ML E SR S
Ef#ERRE (v 7~ X0 EM: 103 mm, EF L VMY 0.1 mm, &
X:8.3mm, %5 18°) ICHMmEM A AL, mBEERTKO 20 4
6 FEBRIE T £ T 80 43 M, FRNKSREE 100 % 7213 300 pA T 30 B4 (C 250
usec DESHFNM A G- 2 1=, EBRETH, (2 -2) LIFERD G L TEMBA
& DR %17 > 7= (Fig.15).
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(A) (B)

Stimulus : =
l P2 Stimulating electrode
Lo
'S .
P e > \ :
PSA s ndin

,,,,,,,,,, Schaffer collaterals
N |100pv (AP: -3.0,LR: + 1.5, DV: -2.8 mm)

10 msec 5 '
Recordingelectrode " stimulating electrode .
v i N
<o 2
CA1 field MRN

(AP:-5.0,LR: +3.0,DV:-2.3mm) (AP:-10.3,LR:+0.1,DV:-8.3 mm, Angle:18°)

Fig.15. A Typical Wave-form of an Evoked Potential in the CA1 Field (A)
and Diagrams Showing Electrode Placements (B)

(A) The population spike amplitudes (PSA) in the CAl field was defined as the
absolute amplitude between the two dotted lines separating the positive line (between
the P1 and P2 components) and the negative (N) peak. PSA is defined as the absolute
voltage with a latency of 7-10 ms. (B) Diagrams depicting stimulating electrodes in the
Schaffer collaterals and the median raphe nucleus (MRN), and a recording electrode
in the CALl field.

4 EREY

5-HT1p 2 BAKER S EENHE # o R 2 B o (tandospirone; K H A&
FUIE HL), 5-HT 4 T A REIRAIEBEE 8-hydroxy-2-(di-n-propylamino)
tetralin (8-OH-DPAT; Sigma, MO, USA) 72 & ONZ 5-HT1a 5% & AR IR A 1
7% WAY-100135 (Tocris, Bristol, UK) ZfEH L7=. # > KA w2 (10
mg/kg, i.p.) ¥ £ TUX8-OH-DPAT (0.3 & % \ i 3 mg/kg, i.p.) 13 & A8 B il
20 Sy BT G- L7=. WAY-100135 (3 mg/kg, i.p.) 1¥% v Fav o &5
20 PRNCEES Lic. 3ide CABAREKICEMR LT,

5 #EEHLE
PSA DRI HYZE b 13 & B8 B RIECRT OB 2 100% & L, HARTHL
7. F BRI 60 0D PSAICOWTAUCEZHIE L. ot
WHOWTIEFELIEFLIH 6 ICHE L.
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B2 EBRER

1 BRAHEHZHORHN
1-1 ARAMBMGREMTICL BT F T RAABEOE(L & =
RE2 R A N L AT D > 7 AISEITHEEDNFET D S0

BT D20, MEE CAL HI O > 7 2 [ ¥avE-R iR (LTP)
FZAZ 3 J T3 SUIRMI G S fh 815 (CFC) O EBIZ >V TR L7z,
HHRBECITMERES » b & b mBEERIBIC LY LTP AR Sz, B
PEZ v b TIE CFCRICEBMERM A 5 2 5 & LTP AU ISl S iz
(Fig.16A). —J7, WEMET » b CTiX CFC 12 & 5 LTP Rk O #iill i% &4 &
LT LTP MBS 417 (Fig.16B).

(A) Male AUC 60 min
200 - 12 - *
Tetanus -
10 -
150 8
;9: ‘o_ 8 -
< 100 ST E 6
o E 4
50 = )
=c=Control (n=8) -o—CFC (n=7) 0
0 —— 0 -
40 30 -20 10 0 10 20 30 40 50 60 Control CFC
Time (min)
(B) Female
200 - Tetanus 12
1
8 10
o 8 -
£ 6
E 4 .
X 2
—~Control (n=7) —&CFC (n=5) | @)
40 -30 -20 -10 0 10 20 30 40 50 60 Control CFC
Time (min)

Fig.16. Effects of CFC on LTP Induction in Male (A) and Female (B) Rats
under Freely Moving Conditions

Time-course response (left) and the area under the curve (AUC) (right) of the
population spike amplitudes (PSA) in the CAL1l field following exposure to
CFC. Control: FS conditioned group without exposure to CFC. Each value
represents the mean + SEM. The numbers of rats tested are shown in
parentheses or within each column. *p<0.05.
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1-—

2 EFREHBERIEBICE DT ARBHEOE L HEE

WS~ F T2 5-HT fEEMEMR ORI Th 2 EH s (MRN)
(2T 5 Frft 72 BEAURIIC L 5, S CAL SEI O LTP BRI K K 1F
TRELZRE T CRE L. BEMET > b CIRIE PRI (100 £ 72
13 300 pA) 1KY, LTP FEEUHRITIREAKA A INE S 47z (Fig.17A). M
PEZ v hCIE, HIEGREE 300 pA CIEHFRERZ A RIIM L CTH LTP FEROF &
7eWENE A B o 7= (Fig.17B).

(A) Male

=C~Control (n=8) —e~MRN stim. 100pA (n=6) —e—~MRN stim. 300pA (n=9)

AUC 60 min

*

250 ml 12 - E3
Tetanus
200 - ol0 -
— o
2150 l 287
< L £6 -
100 2 =% 4= —— —_
& | P Ee
50 - MRN stimulation (100 or 300 pA) R2 -
0 — 77— T T 0 (8)
40 30 -20 -10 0 10 20 30 40 50 60 Control 100pA 300pA
Time (min) —————————————
(B) Female MRN Stim.
==Control (n=6) —8-MRN stimulation (n=7) 12 -
250 Tetanus 10 -
200 =4
— oa 1
= -
Z150 S6 |
o 100 £
o ~-4 -
50 MRN stimulation (300 pA) 322 |
0 T T T T T T T T T T T T T T T T T T T T 1 (6}
40 =30 <20 -10 0 10 20 30 40 50 60 0
Time (min) Control 300pA
MRN Stim.
Fig.17. Effects of the Median Raphe Nucleus (MRN) Stimulation on LTP
Induction in the CAl Field in Male (A) and Female (B) Rats under
Anesthesia

Time-course responses (left) and the area under the curve (AUC) of the
population spike amplitudes (PSA) (right). Electrical stimulation of the MRN
(100 or 300 pA) was performed 20 min before tetanus and continued until

the

end of the experiment. Control: group without MRN stimulation. Data are

expressed as mean = SEM. The numbers of rats tested are shown in
parentheses or within each column. *p<0.05.
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2 FEEZEMRE
2-1 ZUVRRAPO LBV F T RAAEEODEl L HEE

S-HTZBAEDOHF TH S-HTiaZ BRI AL R 72 E OB ERET I E
B E B B LT B, ) 2 - 0 BeHT A BRI ERN I T B

HHE U RAEBR EZHWT LTP BRICB LIE T2 2R LT,

Ty FTEHZ Y FAE R Y (10 mg/kg, i.p.) #5512 X0, wm8EE R %
D LTP BN A EICHE S, LrLens, MET7 Yy hTIEx

FAE | XD LTP ML A & iv7e - 7= (Fig.18).

(A) Male
Tetanus AUC 60 min
200 - Tandospirone i.p. -
12 -
’_\150 o 10 - T
= S s
100 T oo = - oo T
% s Ea
=C=Control (n=8) —e~Tandospirone (n=8) » 2 |
1 0 ®)
40 30 -20 10 0 10 20 30 40 50 60 Control Tand
Time (min) :
(B) Female
200 - Tetanus 12 -
Tandospirone L.p. 10 |
3
o 8 -
hany
£6 -
Ea |
50 - ==Control (n=6) =&-Tandospirone (n=6) ‘.:‘.32 |
6
0 —— 7T T T T T T T T T T 7T 0 (®)
40 -30 -20 -10 0 10 20 30 40 50 60 Control Tand.
Time (min)

Fig.18. Effects of Tandospirone (Tand.: 10 mg/kg, i.p.) on LTP Induction

in the CA1 Field in Male (A) and Female (B) Rats under Anesthesia

Time-course responses (left) and the area under the curve (AUC) of the
population spike amplitude (PSA) (right). Tandospirone was administered
20 min before tetanus. Control: group without tandospirone administration.
Data are expressed as mean + SEM. The numbers of rats tested are shown

in parentheses or within each column. *p<0.05.
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BT v hThHLNEX Y RAER VITL D LTP O il 23
5-HT1a X AR Z L TWDENEIBRT H7201T, 5-HT1a ZHRERA
HHH TH D WAY-100135 % IV THeET L72. WAY-100135 (3 mg/kg,
ip.) ¥ KA (10 mg/kg, i.p.) &5 20 DRiic&KE Liz. £ Dk
F, WAY-100135 Rij# 5 1C L » CTH v AR I XD LTP ko il
DEER S, LTP B & vz (Fig.19). 728 LTP Ehk % WAY-100135
(3mg/kg, i.p.) HMBEHIZ L DHEBEZ T Rhoie (T — 2 KBH). L
EORRND, HEMET v b TIEB-HTIAaZ AR Z I L LTP JE K2 il &
O, MEMEZ v b TIE S-HTIA X BIRIC KL 27 7 AWM 23 4 6 17
WZ ERBHBMNETRo T

Tetanus AUC 60 min
*
12 -
10 _ L
]
o 8
=
£ 6
E,
-Co=Control (n=8) —i—Tandospirone (n=8) —e-WAY+Tandospirone (n=7) =
2
o 7777 (8)
60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 0
Time (min) Control Tand. WAY

+
Tand.

Fig.19. Effects of Pretreatment with WAY-100135 (WAY: 3 mg/kg, i.p.) on
Tandospirone (Tand.: 10 mg/kg, i.p.)-induced LTP Suppression in the
CAl Field in Male Rats under Anesthesia

Time-course responses of tetanus-induced LTP in the absence or presence
of WAY-100135. (left) The area under the curve (AUC) of the population
spike amplitudes (PSA) (right). WAY-100135 was administered 20 min
before tandospirone treatment. Control: group without tandospirone and
WAY-100135 administration. Data are expressed as mean = SEM. The
numbers of rats tested are shown in parentheses or within each column.
*p<0.05
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2-2 B8-OH-DPATIZ L BV RAAHMOEI & hE
5-HT1a S A EIIEENFL TH % 8-OH-DPAT % N, 5-HT 14 AR
I LIc v T T A OEACITHEEDNFET D TREMEZ & BB
L7z, ZORER, T » b Tk 8-OH-DPAT (0.3 5 X U 3 mg/kg, i.p.)
B G X0 BRI LTP BRI Shiz. —F, HEZ v 1T
I% 8-OH-DPAT Z S H & (3 mg/kg, i.p.) &S5 L7-icb b bd, LTP
e O MHNL A By o 7= (Fig.20).

A) Male
(A) AUC 60 min
250 8-OH-DPATI.p. . .
l Tetanus
200 - 10 -
~
y S 8
=
£ 6 1
E 4 |
= 2 |
0 -o=Control (n=8) —=e~8-0H-DPAT 0.3mglkg (n=5) ——=8-OH-DPAT 3 mg/kg (n=5) 0 (8)
40 30 20 10 O 0 20 30 40 50 60 Cont. 0.3 3
Time (min) ——
8-OH-DPAT
B) Female
(8) (ma/kg)
250 1 g-OH DPATI.p. 12 4
200 - Tetanus o0
= S s -
=150 g
< [ 6 4
) 100 =
o = 4 -
50 | R
~O=Control (n=6) ~8-8-OH-DPAT 3 mg/kg (n=6) 2
0 e ]
0 il
40 30 -20 10 0O 10 20 30 40 50 60 Cont 3
Time (min) " —
8-OH-DPAT
(mg/kg)

Fig.20. Effects of 8-OH-DPAT on LTP Induction in the CAl Field in Male
(A) and Female (B) Rats under Anesthesia

Time-course responses (left) and the area under the curve (AUC) of the
population spike amplitudes (PSA) (right). 8-OH-DPAT was administered 20
min before tetanus. Control: group without 8-OH-DPAT administration.
Data are expressed as mean + SEM. The numbers of rats tested are shown
in parentheses or within each column. *p<0.05.
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HIE BE

HEMEZ » b OWFEE CAL fHIgIC I 1T 2 RISR (LTP) JEALIE, SCARM R
SMEAHT (CFC) B8 X NEH MR L > THfl sz, Zokoky
T T ARBEOIENL, HEMET v FTIEALNR ST, HHET v R THAD
N7z CFC I X D v T 7 RISE L IEPREMBZRIIIC X 5 v ) 7 2 w24t
N —E U7 FFEIE, E A -G 5-HT fEEMEMR RN IEEI A b L 2 ISE
DOWEZIZEG L TWL L2 EMTLHDOTHD. D L, EHHEREK
AR ST HEME T > b TIEIMEYE T » b & RERIZ CFC IZ X 23 < AATENS
HRMET L, BARLHIREZ R LR (F1E) Lo ThbXESh 5.
W2 DL, REORERIL, IETRHERZ-IEE 5-HT TEB PSR R A3 M 2
v MBI HEARALZHEREBICEG L TWDH I 2 RBT 5. LR - T,
IEHRERRAZ -1 IS 5-HT MEEhMEM R RIT, IEEN A B L R IZxE T 2178 e ©H ONZ
VRSB O ECEBERFHNEE AR L TWDLIEEILND.

Tada 5130 HEMET » b OUER CAL SEHIO MR = = — 1 > 0 H 33 kN
CFCIZE VBT aMELTWVWD. EE, AEBRTH CFCIZL b
M7 v FOFRESENM (PSA) ITHETERT TN ALNT. Ll
N5, MEME T >~ B CILCFCIZ X % PSADZEALITFE® b7z )~ 7= (Fig.16).
LMo T, BT v P TILCFCIZ L o T LTP 23589 % v 7 ARER
HOBMEMAZLL, fRELTLIP BROMEZ5 S I LTS EE X
bivd., IHIZHE 1 ETHLMNZLIEXESIZ, HETZ Yy hTHBLLE CFC
2k AR CAL fEIK D 5-HT W& O LRI, MET » N TR bk
Mmool Thbb, FEHA ML RIZNET D 5-HT fEBY ARG S 0 21k
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Fig.21. Hypothesis of the Mechanism of Gender Differences underlying
Hippocampal Synaptic Plasticity Mediated via 5-HT;a Receptors in
Response to Fear Stress

In male rats, stress-induced increases in endogenous 5-HT reduce
excitatory postsynaptic potentials by eliciting a 5-HT.a receptor-mediated
increase in potassium conductance. Thus, activation of postsynaptic 5-HT1a
receptors could impair LTP induction at the NMDA dependent synapse. In
female rats, due to lack of increases in 5-HT release, and probably due to
down-regulation of postsynaptic 5-HT1a receptors, LTP suppression did not
occur after stress exposure.

43



TIE FHA P LVARBZEOHEIIBITIA A=A IS 0B E

M TIE TR D W S5 IR AR VE o & IR VE O
EB X OEROFEB 2L Lo TARBDBEK S v, H IR 7 B
RSN TWD. ZOFPOEBHIIENCLERESEELTNDLZ &N
RS TWD. BlIE, ZERARZ - 5 D7 EDREMHIEIR Z i 2 5 DL
RIEL, Wb BEEMIZZNE SN TWD. 7o, I 6 ARG E
TOMIZARZ « 5 D7 EDORFMHIERSCIEIRIEE 72 & %277 THRATE BERE
WHIDBITWD., 61T, FEMICKDEFEORIERPEINT L w2 =7
A TN ] EREENDBGENEET L. T DK D IR R O JE I &
IOEENCET 2MEIZ= A e ooy A7 s EOIFRALVE
DOREERZEZ NS, 2T LT, BHETIIEEIICET 5 MEIZH BT
H o L, BHEOMTITEENPOREOT A N AT v U NS
nNa [7rRaesFr-vxU—] EMENLBHEBIHERICA LR, Zhi
Lo THMEDL I BREPEERI LD EBZXLLNTND. 2D L) RIMNIC
B DRV E Y, FRCLMERLVE L D REN, KRBT 5
Wega MO BRI I OMAERELHEL TW D RN HER SN D.

7 v b ORI R AR XL AR S S T D A% 2~3 kR

WCRHIZHEL, —a—r gk F T RN ALND. L, )
FREIC B 40 D IR D FE TS ENLIT K » TR D . Bl 20, RN AL
Th2RBIRITAESE 2 BEFHICKRRAT20ICx LT, MER LI OREIX 2
ﬁ%ﬁ&%ﬁﬁ%#ﬁgmit,y%fx%mmﬁbf%%%&%%ﬁo
TV 5 5-HT fEBY AR O Z FIRICIX, Z ORI BRI EREZ N L
HSRERI LS AE LA Z ENMONT WS, 8 iz 3, RE#ERMIRIC
BT, 2 BERRFTIX 5-HT 1T X o TR A4 U 2 238 3 3 ERIRE C 13t 43 i
ICEA LS. 59 3BT HEE R L A& 5 272 BE (BW-FS) DRk Ec 1)
% BEANHERS TlE 5-HTia ARSI LCR 0, * Py I & sE A 8 <1k
5-HTia ZBROBENE T+ 52 L bWESN TS, ¥ SHFIE=E DT

44



fFZEIC BT 3W-FS BE CTIIaaheg, 1 FREFREZ T 5-HT BRI A3 L
TWHZLZWs Lz, 0 H/e, MEPET v b CTIRIEPREMREE O 5-HT Btk
AR 25 2 R RE 2> © 3MWERREIZ 20T T— M CBEE 2 il Z R 3 D3 L T,
WEPES » TH 3EEIFICREO Y — 2 2 A 5N, % O RITHEN: S
v MCHANTESNTH . %) 20X I EPREEEICE T 5 5-HT B
Bl 48 AR & U 7o 5-HT {EEhEM IR R DR - BT B L CH MRS 5.
X 5T, SUIRMRG ST (CFC) BBRIZE T 53 < RITENEHLR T, i
PEZ v b TIE 2 BB ICHE X N L 2 &2 5 2 728 (2QW-FS) TIE T4 2 23
PEZ o FTIE BW-FS BT LRI 5. 3% 2o X 912 5-HT fEEPEMFR R O
KIEHATH D 2~3 HEIFICA ML AE 52D & A OB IS E DA
BT L0V FHx OEREREKLICT DL, MET v N TIE 3 EERER
5-HT {EEMEMRR R OB EEIC L o C, HERRPTHLIZERNBZ2OND.

ZDE DT, 5-HT fEEMEMRR DT ITITER RN FAET 5. S 51T,
5-HT,, XA KROHBES LORBUT= A ha v oflfi Tich 5 2 & @i
SNTWD. ULEDZ &b, FEIZX FLAREOHEICKITLZA My
VOB EBRFNTOIILIEFEECHHEBSZOND. T TAETIE, FH
ARMVRSEICRT 2R b o 0B EBRT 572012, I0EAE I
(OVX: ovariectomy) Zfii L7 7 v M & W TITEV MG 21T - 2.

45



B ERGE

1 EZREWMEB LUOHEBT&RE
1S LEILICHEL .
1-1 SREMET v M DOIERK
1% 3l (BW-OVX) F 7213 8 i (BW-OVX) @7 v MIZkIL,
AU R L E X —)L (60 mg/kg, i.p.) (FEIZHER R FREE I CHREL
T (OVX) &1T7-7-. FHE#H%Z KR E K 3 — K (Meiji Seika 7 7 /b
v, BUR) CTiH#E%, ETUEE LM L OURE A RIS Es. IIE O
bl B DN AR A - UIBRTR, PANE L7=. B FINRRIZONER RS % - O
BRLISL, IREERH T > b ERBROLEEZIT o772, T v MIRA%L (11
~14 W) EBRICHWZ. EBRE T%, BIE L CINEBIEOME A H
Iz TIT > 7= (Fig.22).

3 et
H1IES 16 UL /-,

46



2H EBRER
1 AREBM RS ITRRICBIT2EH R NV ARE~DIEHMEHOEE
3W-OVX BEIL A T RE (sham) 12~ T4 < BRITEIR B R O _F FAH7 A,
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FS CFC
‘\*\\\\| 24 hrs 15 min
,,,,,,,,,,,, e Retention *,
(A) 3 W-OVX (B) 8 W-OVX
100 - 100 -
p=0.059
— 80 - — 80 -
S s
gj 60 - E’ 60 -
£ . =
g 40 - g4 1
L 20 - L o -
0 (7) 0 (8) (8)
Sham ovX Sham ovX

Fig.23. Effects of Ovariectomy (OVX) on CFC-induced Freezing
Behaviors

Freezing behavior during exposure to CFC (retention period) in OVX rats.
(A): % of freezing during CFC in OVX at post-natal 3 weeks group. (B): % of
freezing during CFC in OVX at post-natal 8 weeks group. Data are
expressed as mean = SEM. The numbers of rats tested are shown in
parentheses or within each column.
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Fig.24. The Hypothesis of the Gender Differences in Expression of
Emotional Stress Responses
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[ Neurobiological basis ]

Early postnatal stress

Gonadal hormones (ex. Estrogen)

Fig.25. Hypothetical Basis of Gender-specific Emotional Regulation
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