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(5-hydroxytryptamine, 5-HT) L-

(Tork, 1985, Parent et al.,

1981)

L- L-

5-hydroxytryptophan (5-HTP) 5-HTP 2

( . ) L- 5-HTP

(PCPA)

(Koe and Weissman, 1966)

PCPA

(Kakeyama and Yamanouchi, 1993)

(Matsumoto and Yamanouchi, 1997)
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(Patisaul et al., 2008)

(Carlsson et al., 1985; Kakeyama et al., 2002)

(Dorsal Raphe nucleus, DR)

(Median Raphe nucleus, MR)

DR MR DR

MR

(Azmitia and Segal, 1978; Jacobs and Azmitia, 1992)

(nucleus Raphe Magnus, RMg)

(Tork,

1985) ( 2)

(Carlsson and Carlsson, 1988a) PCPA

(Tohyama et

al., 1988)

2

PCPA DR, MR,

RMg

.1 Serotonin synthesis pathway.
PCPA is an irreversible inhibitor for the synthesis of 5-HTP.

L-tryptophan

Tryptophan hydroxylase (TPH)

L-5-hydroxytryptophan (5-HTP)

Aromatic L-amino acid decarboxylase

Serotonin (5-hydroxytryptamine, 5-HT)
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DR

(Kakeyama and Yamanouchi, 1996)

MR

MR (Kondo and Yamanouchi, 1997)

MR

MR

(Yurino et al., 2001) DR

(Maekawa et al., 1999) DR

(Maekawa et al., 1998) DR

.2 Main serotonin-containing pathways in the rat. (Tohyama and Takatsuji, 1998)
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(Carrillo et al., 2009) ( ) (Quay,

1968) (Blundell, 1984)

DR MR RMg 14-15

(Wallace and Lauder, 1992)

(Watts and Stanley, 1984)

8 12

(Ladosky and Gaziri, 1970)

(Kanno et al., 2008)

(DR)

(MR)
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(AVPV)

(Terasawa et al., 1980)

(VMH) (Pfaff and Sakuma, 1979a;

Pfaff and Sakuma, 1979b) (Barfield and Chen, 1977)

(LS) (Yamanouchi, 1997) (Satou and Yamanouchi,

1999)

(ER) (Shughrue et al.,

1997) ER

Helena et al., 2006; Shughrue et al., 1992

ER

ER ER (Kuiper et al.,

1996) mRNA

Shughrue et al., 1997

ARCN

vlVMN

( )
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Simerly and Young, 1991 ER

ER

(Ogawa et al., 1999)

ER ER

DNA ERE

ER

Parsons et al., 1982

ERE

DNA Kato et al., 1992

(Yamada et al., 2009)

Lauber et al., 1991)

Shimogawa et al., 2014

ER
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AVPV VMN ARCN
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2

.

(Tork, 1985) (DR

(MR)

(Azmitia and Segal, 1978; Parent et al., 1981; Kanno et al.,

2008) (RMg) (Tork,

1985)

DR

(Maekawa et al., 1999)

(PCPA)

(Kakeyama and Yamanouchi, 1993)

DR MR

(Matsumoto and

Yamanouchi, 1997)

(Carlsson et al., 1985; Kakeyama et al., 2002)
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(Weissman and Olfson, 1995)

(Patisaul et al., 2008)

DR MR

(Carlsson and Carlsson, 1988a) PCPA

(Koe and Weissman, 1966)

PCPA (Tohyama et al.,

1988).

1 4 PCPA DR MR RMg

(Kanno

et al., 2008) DR (dDR) (vDR)

(lDR)

8 Wistar (230-280 g)16 (320-380 g)16

14:10

19 (19-24 )
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1 PCPA

08J012, 09J006

1 100 mg/kg b.w. DL-parachlorophenylalanine methyl

ester hydrochloride (PCPA, 200 mg/ 1 ml saline, Sigma Aldrich Co., MO,

USA) 4 100 mg/kg b.w.

PCPA 3 (Koe and

Weissman, 1966) 8

PCPA 8

1

PCPA 24 (2 ml/kg body weight,

) 10

( 3 ml/kg body weight, ) 50 mM

(PBS) 2/3

4 % 50 mM PB

4 %

50 m M PB (4 , 1 ) 30 %

50 m M PB 4 4-5
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40 m

-20 C

50 m M (PBS) 3 0.6 %

50 m M PBS

5 % (Normal Rabbit Serum, NRS, Chemicon, CA, USA)

0.1 %Triton-X-100 - 50 m M PBS 1

(Goat anti-serotonin. 1:25000,

ImmunoStar, WI, USA) 0.1 % Triton-X-100, 5 %NRS- 50 m M

PBS 4 48 50 m M

PBS 3 (Rabbit anti Goat IgG, 1:1000,

Chemicon, CA, USA) 0.1 % Triton-X-100 5 %NRS 50 m M

PBS 2 50 m M PBS 3

Enzyme streptavidin-HRP (1:300, Dako Corp. CA,USA)

0.1 %Triton-X-100 50 m M PBS 2

50 m M PBS 3 DAB metal enhanced kit (34065,

Thermo Fisher Scientific, IL, USA)
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(PDMC /OLYMPUS)

Photoshop CS (ver.8.0.1 Adobe Systems Inc.)

0.2

(dDR: dorsal

raphe nucleus, dorsal part) (vDR: dorsal raphe nucleus, vental part)

(lDR: dorsal raphe nucleus, lateral part) 13

pixel (=7.96 µm)

(Paxinos

and Watson, 2007) ( . 3) 3

1 ( )

. 3 5-HT-immunoreactive cells were counted in the frame (0.2 ×0.2 mm) in the right side of
the subdivisions of the dorsal raphe nucleus (lDR; lateral part, dDR; dorsal part, vDR;
ventral part), medial region of the median raphe nucleus (MR) and medial region of the
nucleus raphe magnus (RMg). Figures were modified from Fig. 100 and 126 of Paxinos
and Watson (2007).
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PCPA

Student s t test one-way analysis of variance (ANOVA)

Tukey post hoc test SPSS( ver. 13.0J, SPSS inc.)

p<0.05

.

(DR)

DR PCPA 1 mm3

. 4

. 5-1 PCPA

PCPA (p<0.05) ( .

5-1)

DR

lDR lDR PCPA

( . 5-2) vDR dDR

PCPA
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(p<0.05) DR DR PCPA

. 4 Representative photographs of 5-HT-ir cells at the dorsal raphe nucleus in the
saline or PCPA-treated female and male rats. Less immunoreacitivity was seen
in the PCPA-treated male rat. Black bar indicates 0.2 mm.
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. 5-1 Mean numbers of 5-HT-ir cells per 1mm3 (density) in the dorsal raphe nucleus (DR) in
the saline or PCPA-treated female and male groups. Bar on the top of each column
shows SEM. *p<0.05 vs. saline treated group

. 5-2 Mean numbers of 5-HT-ir cells per 1mm3 (density) in the subdivisions of the dorsal
raphe nucleus (DR) in the saline or PCPA-treated female and male groups. lDR; lateral
part, dDR; dorsal part, vDR; ventral part. Bar on the top of each column shows SEM.
*p<0.05 vs. saline treated group

lDR dDR vDR
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(MR)

MR PCPA

PCPA PCPA

(p<0.05) ( . 6 . 7)

. 6 Representative photomicrographs of 5-HT-ir cells at the median raphe nucleus in
the saline or PCPA-treated female and male rats. Less immunoreacitivity was seen
in the PCPA-treated male rat. Black bar indicates 0.2 mm.
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(RMg)

RMg DR, MR

PCPA

( . 8 . 9)

. 7 Mean numbers of 5-HT-ir cells per 1mm3 (density) in the median raphe nucleus (MR)
in the saline or PCPA-treated female and male groups. Bar on the top of each column
shows SEM. *p<0.05 vs. saline treated group
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. 8 Representative photomicrographs of 5-HT-ir cells at the nucleus raphe magnus in
the saline or PCPA-treated female and male rats. Black bar indicates 0.2 mm.

. 9 Mean numbers of 5-HT-ir cell per 1mm3 (density) in the nucleus raphe magnus (RMg).
Bar on the top of each column shows SEM.
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PCPA

.10

.

RMg PCPA

DR MR PCPA

PCPA

. 10. Representative photomicrographs of 5-HT-ir fibers at the ventromedial hypothalamic
nucleus in the saline or PCPA-treated female and male rats. Less 5-HT-ir fibers were seen
in the PCPA-
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(McEwen, 2002)

1

PCPA DR MR

DR MR

(Kanno et al., 2008)

0.2 mm

Kanno et al. (2008) (Paxinos and

Watson, 1998) 3

PCPA Ramos et al.

(2000) PCPA

(Koe and Weissman, 1966; Kornum et al.,

2006) PCPA
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PCPA

(Kornum et al., 2006) RMg

PCPA DR, MR

DR, MR, RMg PCPA

PCPA RMg DR

RMg

(Carlton et al., 1987) PCPA

(Aghajanian

et al., 1973) vlVMN 5-HT-ir

PCPA

DR PCPA RMg

(Steinman et al., 1987)

PCPA

PCPA

PCPA

2 (Aghajanian et al., 1973; Tohyama et al., 1988)

PCPA
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(Rosecrans, 1970)

(Nishizawa et al., 1997)

(Carlsson and Carlsson,1988a) (Vaccari et al., 1977)

PCPA

(Harvey and Gal, 1974)

1 2 (Knapp and

Mandell, 1972) 2

(Walther et al., 2003) PCPA

(Koe and Weissman,

1966; Sanders-Bush et al., 1974) PCPA

Alenina et al.(2009) 2

5-HT

2

2 PCPA

DR

(Ramos et al., 2000)

PCPA

PCPA
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( Yamanouchi, 1997)

(Kato, 1960;

Carlsson et al., 1985; Carlsson and Carlsson, 1988b)

(Kakeyama et al., 2002)

RMg

PCPA

PCPA

(Bourgoin et al., 1980)

PCPA

(Kojima and Sano, 1984)
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3

1.

1

POA

VMH

Carlsson and Carlsson, 1988b;

Kakeyama et al., 2002

Patisaul et al., 2008 DR

MR

2

(Ito and Yamanouchi,

2010)

( , 2006) DR MR

12-13 15

(Lauder, 1990)

Altman and Bayer, 1978

DR MR 5

30
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.

6 Wistar 8

( : =14:10 7:00 )

(22-24 °C)

10 1

5 5 15 5 30 5 4

8

5, 15, 30

( 08J012)

5-HT

(2 ml/kg body weight, )

10

(2 ml/kg body weight, ) 50 m mol/L

(M) (PBS, pH7.4)

2/3 4 %

50 mM PB

4 % 50 mM PB (24

4 °C) 30 % 50 mM PB 4 °C

50 m

50 mM PBS 3 MgCl2
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50 mM PBS -20 °C 3 4

5 1 5

4 2 1

50 mM PBS 3 0.6 % 50

mM PBS 30

5% (Normal Rabbit Serum, NRS, Chemicon-Millipore,

Billerica, MA) 0.4 %Triton-X-100 50 mM PBS 1

(Goat anti-serotonin. 1:25000, ImmunoStar, CA, USA.20079)

0.4 %Triton-X-100, 5 %NRS-50mM PBS 4 °C 48

5-HT (Lu et al.,

2001; Kanno et al., 2008)

(Takeoka et al., 2009)

50 mM PBS 3 (Rabbit anti Goat IgG,

1:1000, Chemicon-Millipore) 0.4 % Triton-X-100 5 %NRS

50mM PBS 2 50 mM PBS

3 Enzyme streptavidin-HRP (1:300, Dako Corp. Carpinteria,

CA) 0.4 %Triton-X-100 0.1 M Tris-HCl (TBS)

2 0.1 M TBS 3

0.05 % DAB(3,3'-Diaminobenzidine tetrahydrochloride dehydrate , Dojin,

Kumamoto) 0.05 % ( ) 0.01 %

0.1M Tris-HCl

1
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DR MR

DR dDR vDR lDR 5-HT-ir

Image J (ver.1.33u , NIH, USA)

DR

dDR vDR lDR MR

DR 3

(PDMC /Olympus)

Photoshop CS (Adobe Systems Inc.)

dDR vDR lDR MR

(Paxinos and Watson, 2007)

(Paxinos et al., 1994) ( . 11A)

DR MR 0.2

( . 11B) DR

3 3

1
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DR MR

5-HT-ir 1 Fisher LSD

.

DR 5 : 0.39 0.03 mm2 15 : 0.70 0.003 mm2

30 : 0.64 0.02 mm2 :0.61 0.02 mm2 5

15 30

(P<0.05) ( . 12)

. 11. A: Schematic illustrat ions of samples from the midbrain dorsal and median

raphe nucleus (DR and MR, respectively). The DR was divided into 3

subdivisions: dorsal, ventral and lateral (dDR, vDR and lDR,

respectively). (drawn from Paxinos and Watson, 2007).

B: 5-HT-immunoreactive cells were counted in a 0.2 -mm2 frame in digital

images of the subdivisions of the DR and MR



30

DR (5-HT-ir) dDR

vDR lDR 3

5 DR 5-HT-ir

3 5-HT-ir

DR 15

DR 3 lDR

15 DR lDR

5-HT-ir

( . 13AB)

. 12 Mean areas of the DR and MR of male rats aged 5, 15, and 30

postnatal days and of orchidectomized adult rats
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. 13 A: Mean density of 5-HT immunoreactive cells in the dDR, vDR and lDR of

male rats aged 5, 15, and 30 days and in orchidectomized adult rats.

B: Representative photomicrographs of the DR of male rats aged 5, 15, and

30 days and of adult rats.



32

MR 5 :0.07 0.01 mm2 15 0.09 0.01 mm2 30

:0.10 0.01 mm2 :0.09 0.01 mm2 ( . 12)

MR 5-HT-ir 5 15 30

( .

14B)

(DR)

lDR 1 mm3 5-HT-ir ( )

11917 1272 5 7600 871 15

15067 3172 (P<0.05) ( . 13A) 15

30 5 dDR

5-HT-ir 11200 1228 5-HT-ir

10875 650 vDR 5

5-HT-ir 8200 942 12375 4488

(MR)

MR 5-HT-ir ( ) 5

11400 ± 918 15 (11433 ± 544), 30 (10667 ± 1487)

(9333 ± 540) ( .

14A)



33

. 14. A: Mean density of 5-HT immunoreactive cel ls in the MR of male rats aged 5,

15, and 30 days and of orchidectomized adult rats.

B: Representative photomicrographs of the MR in male rats aged 5, 15, and 30

days and in adult rats.
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.

DR 5 15

30 MR 15

30 DR

(Lauder,

1990) DR

MR 5

DR

MR

lDR 5-HT-ir 5

15 30

dDR vDR

MR 5 5-HT-ir

DR 5-HT-ir

5-HT 12

(Ladosky and Gaziri, 1970) 5-HT

DR TPH

TPH 24 TPH MR

DR (Park et

al., 1986) TPH

5-HT 12 13

(Liu and Wong-Riley, 2010)

5-HT (Liu and Wong-Riley, 2005,

2008) -HT TPH
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DR lDR 5-HT-ir

5 15

MR 5-HT-ir 5

MR

MR TPH DR

DR (Park et al.,1986)

MR 5-HT-ir

MR 5-HT

DR MR

( Gorski, 1971)

5-HT

Ladosky and Gaziri (1970)

5-HT

5-HT (Watts and Stanley, 1984)

lDR 5 15

5-HT
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5-HT

PCPA

(Hyyppa et al., 1972)

2 5-HT

(Soga et al., 2012) -HT

5-HT -HT

5-HT

(Nagano

et al., 2012)

lDR DR

(Takeuchi et al., 1982) DR 5-HT

POA VMN DR lDR

(Kanno et al., 2008) DR 5-HT

PCPA

lDR vDR dDR (Ito and Yamanouchi,

2010) lDR DR

lDR

DR MR DR MR

VMN POA 5-HT

DR MR

(Kanno et al., 2008) DR 5-HT

MR 5-HT
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Kakeyama et al., 2002

(Loizou 1972) 32

5-HT

16

VMN 5-HT

POA 3

5-HT 9

(Ugrumov et al.,

1986) 5-HT

(Dori et al., 1996) 5-HT

(Dori et al., 1998)

5-HT

5-HT DR MR DR

5-HT
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1.

ER

(Ogawa et al., 1999)

vlVMN ARCN

AVPV

Simerly et al., 1991; Shughrue et al., 1997

Yamada et al., 2009

ER

Shimogawa et al., 2014

ER

PCPA ( 1) (DR) ( 2)

AVPV ARCN vlVMN

11 8 Wistar ( )

( : 14:10 7 )
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(19-24 )

1 ( 1) (DR) (

2)

( No. 08J003,

08J012, 2013-A097)

( )

1 6 100 mg/kg body weight

DL-parachlorophenylalanine methyl ester hydrochloride (PCPA, Sigma, 200

mg/ 1 ml saline) 4

3

Koe and Weissman,

1966 5

( )

DR (DRL)

3.3 mm

9 0.7 mm

6.5 mm 7.8 mm (RGF-4A;

Radionics Inc., Burlington, MA, USA) 0.7 mm

1 52 54 °C 7 (Sham)

DRL

DR
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PCPA 1 ( 1) 7 ( 2)

(2ml/kg body weight,

) 10

( 3 ml/kg body weight, ) 50

mM (PBS)

2/3 4 %

50 mM PB

4 % 50 mM PB

4°C 30 % 50 mM PB

4 °C

40 ( 1) 50

( 2)

-20 °C

3 4 1

50 mM (PBS) 3 H2O2

3 % 10

10 % (Normal Goat Serum, NGS, Millipore,

Temecula, CA,USA) 0.1 %Triton-X-100 50 mM PBS 90

(Rabbit

anti-

0.1 % Triton-X-100, 5 %NGS- 50 mM PBS 4°C 72

50 mM Tris-HCl buffer (TBS)
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3 (biotinylated goat anti-rabbit IgG ,1:1000,

Vector Laboratories Inc., Burlingame, CA, USA), 0.1 % Triton-X-100,

10 %NGS 50mM TBS 2 50

mM TBS 3 Vectastain ABC Elite kit (Vector

Laboratories Inc., Burlingame, CA, USA) 0.02 %Triton-X-100

50 mM TBS 1 50 mM TBS

3 DAB metal enhanced kit (34065, Thermo Fisher

Scientific, IL, USA)

2

(Muto Pure Chemicals, Tokyo, Japan)

(DP72, Olympus)

Photoshop CS (Adobe Systems Inc.) 0.2

AVPV

2 vlVMN ARC

2.28 2.76mm 3

vlVMN

(Shimogawa et al., 2014)

2

(Paxinos and Watson,

2007) ( . 15)
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-test

StatView 5.0. SAS institutes, Cary, NC, USA p<0.05

.

ER PCPA

PCPA AVPV

PCPA AVPV

( . 16A) 1 mm3

( )

19125±3778 PCPA 41198±4024 PCPA

. 15 Schematic illustration of the counting area for ER -ir cells in the

anteroventral periventricular nucleus of the preoptic area (AVPV),

ventrolateral-ventromedial hypothalamic nucleus (vlVMN), and arcuate

nucleus (ARCN) in female rats. ER -ir cells were counted within a 0.2

0.2 mm2 area in digital images of these nucl ei.
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.16 -ir cells in the

AVPV, vlVMN, and ARCN in saline - or PCPA-treated female rats.

Scale bars indicate 200 µm.

-ir cells per mm3 (density) in the AVPV,

vlVMN, and ARCN in female rats. Error bars on the top of each

column show ±SEM. *p < 0.05 vs. saline -treated group.

A

B



44

(P<0.05) vlVMN ARCN

26375±6888 22063±3147 PCPA

( . 16B)

ER (DRL)

PCPA ER AVPV

( . 17A) AVPV ER

21563 ± 2235 24778 ± 6415 ( . 17B)

DRL 41282 ± 4812

(p < 0.05) vlVMN ARCN ER

DRL

DR

DR

( . 18) DRL
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. 17 A: Representative photomicrographs showing ER -ir cells in the AVPV,

vlVMN, and ARCN in the control, sham, and dorsal raphe -lesioned

(DRL) groups. Scale bars indicate 200 µm.

-ir cells per mm3 (density) in the AVPV, vlVMN,

and ARCN Error bars on the top of each column show ±SEM. *p < 0.05

vs. sham group.
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.

AVPV PCPA

vlVMN ARCN

DR AVPV vlVMN

ARCN AVPV

DR

AVPV

AVPV

AVPV GnRH Wiegand and

Terasawa, 1982 AVPV

Greco et al., 2001 GnRH

.18 Representative photomicrograph of the site of the lesion in

the dorsal raphe nucleus. Scale bar indicates 1 mm.
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Ogawa et al., 1998

AVPV GnRH

Smith et al., 2006; Adachi et al., 2007

AVPV

AVPV

Yamada et al., 2009 AVPV

PCPA

LH Burri et al., 1987

DR 2A2C

Maekawa et al., 1999 DR

POA Kanno et al., 2008 AVPV

AVPV

Simerly and Swanson, 1987; Simerly

et al., 1985 GnRH

DR AVPV Hahn and Coen, 2006

Kallo et

al., 1992 DR

DR

AVPV

vlVMN PCPA DR

vlVMN
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Pfaff et al., 2006 PCPA

Zemlan et

al., 1973; Yamanouchi et al., 1984 DR

Kakeyama and Yamanouchi, 1996 VMN

Patisaul et al.,

2008 VMN DR

MR Kanno et

al., 2008

Luine et al., 1983 VMN

VMN

VMN (Shimogawa et al.,

2014)

ARCN

ARCN

ARCN

Steffens et al., 2008 ARCN

Centeno

et al., 2007 ARCN VMN

DR

ARCN
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50

(ER)

2

PCPA

DR MR

DR

MR

RMg PCPA

3

DR MR

DR MR

DR

(lDR)

DR

DR
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MR

DR

4

AVPV ER

vlVMN ARCN

AVPV

AVPV ER



52

Adachi, S., Yamada, S., Takatsu, Y., Matsui, H., Kinoshita, M., Takase, K.,

Sugiura, H., Ohtaki, T., Matsumoto, H., Uenoyama, Y., Tsukamura, H.,

Inoue, K. and Maeda, K., Involvement of anteroventral periventricular

metastin/kisspeptin neurons in estrogen positive feedb ack action on

luteinizing hormone release in female rats, J Reprod Dev, 53 (2007) 367 -78.

Aghajanian, G.K., Kuhar, M.J. and Roth, R.H., Serotonin -containing

neuronal perikarya and terminals: differential effects of

P-chlorophenylalanine, Brain Res, 54 (1973) 85-101.

Alenina, N., Kikic, D., Todiras, M., Mosienko, V., Qadri, F., Plehm, R.,

Boye, P., Vilianovitch, L., Sohr, R., Tenner, K., Hortnagl, H. and Bader, M.,

Growth retardation and altered autonomic control in mice lacking brain

serotonin, Proc Natl Acad Sci U S A, 106 (2009) 10332-7.

Altman, J. and Bayer, S.A., Development of the diencephalon in the rat., J

Comp Neurol, 182 (1978) 945-1010

Azmitia, E.C. and Segal, M., An autoradiographic analysis of the

differential ascending projections of the dorsal and median raphe nuclei in

the rat, J Comp Neurol, 179 (1978) 641-67.

Barfield, R.J. and Chen, J.J., Activation of estrous behavior in

ovariectomized rats by intracerebral implants of estradiol benzoate,

Endocrinology, 101 (1977) 1716-25.

Blundell, J .E., Serotonin and appetite, Neuropharmacology, 23 (1984)

1537-51.

Bourgoin, S., Oliveras, J.L., Bruxelle, J., Hamon, M. and Besson, J.M.,

Electrical stimulation of the nucleus raphe magnus in the rat. Effects on

5-HT metabolism in the spinal cord, Brain Res, 194 (1980) 377-89.

Burri, R., Petersen, S.L. and Barraclough, C.A., Effects of



53

p-chlorophenylalanine on hypothalamic indoleamine levels and the

associated changes which occur in catecholamine dynamics and LH surges

in estrogen-treated ovariectomized rats, Brain Res, 416 (1987) 267-76.

Carlsson, M., Svensson, K., Eriksson, E. and Carlsson, A., Rat brain

serotonin: biochemical and functional evidence for a sex difference, J

Neural Transm, 63 (1985) 297-313.

Carlsson, M. and Carlsson, A., In vivo evidence for a greater brain

tryptophan hydroxylase capacity in female than in male rats, Naunyn

Schmiedebergs Arch Pharmacol, 338 (1988a) 345-9.

Carlsson, M. and Carlsson, A., A regional study of sex differences in rat

brain serotonin, Prog Neuropsychopharmacol Biol Psychiatry, 12 (1988b)

53-61.

Carlton, S.M., Steinman, J.L., Hillman, G.R. and Willis, W.D., Differential

effects of p-chlorophenylalanine on indoleamines in brainstem nuclei and

spinal cord of rats. II. Identification of immunohistochemically sta ined

structures using computer-assisted image enhancement techniques, Brain

Res, 426 (1987) 310-22.

Carrillo, M., Ricci, L.A., Coppersmith, G.A. and Melloni, R.H., Jr., The

effect of increased serotonergic neurotransmission on aggression: a critical

meta-analytical review of preclinical studies, Psychopharmacology (Berl),

205 (2009) 349-68.

Centeno, M.L., Reddy, A.P., Smith, L.J., Sanchez, R.L., Henderson, J.A.,

Salli, N.C., Hess, D.J., Pau, F.K. and Bethea, C.L., Serotonin in

microdialysate from the mediobasal hypothalamus increases after

progesterone administration to estrogen primed macaques, Eur J Pharmacol,

555 (2007) 67-75.

Dori, I., Dinopoulos, A., Blue, M.E. and Parnavelas, J.G., Regional

differences in the ontogeny of the serotonergic projection to the cerebral

cortex, Exp Neurol, 138 (1996) 1-14.



54

Dori, I.E., Dinopoulos, A. and Parnavelas, J.G., The development of the

synaptic organization of the serotonergic system differs in brain areas with

different functions, Exp Neurol, 154 (1998) 113-25.

Gorski RA ,Gonadal hormones and perinatal development of neuroendocrine

function. In: Martini L, Ganong WF eds Frontiers in

Neuroendocrinology Oxford Univ Press. (1971) pp 237-290 31

Greco, B., Allegretto, E.A., Tetel, M.J. and Blaustein, J.D., Coexpres sion of

ER beta with ER alpha and progestin receptor proteins in the female rat

forebrain: effects of estradiol treatment, Endocrinology, 142 (2001)

5172-81.

Hahn, J.D. and Coen, C.W., Comparative study of the sources of neuronal

projections to the site of gonadotrophin-releasing hormone perikarya and to

the anteroventral periventricular nucleus in female rats, J Comp Neurol, 494

(2006) 190-214.

Harvey, J.A. and Gal, E.M., Septal tryptophan-5-hydroxylase: divergent

response to raphe lesions and parachlorophenylalanine, Science, 183 (1974)

869-71.

Helena, CV., de Oliveira Poletini M., Sanvitto, GL., Hayashi, S., Franci,

CR., Anselmo-Franci, JA., Changes in alpha-estradiol receptor and

progesterone receptor expression in the locus coeruleus and preoptic are a

throughout the rat estrous cycle. J Endocrinol. (2006);188(2):155-65.

Hyyppa, M., Lampinen, P. and Lehtinen, P., Alteration in the sexual

behaviour of male and female rats after neonatal administration of

p-chlorophenylalanine, Psychopharmacologia, 25 (1972) 152-61.

Ito, H. and Yamanouchi, K., Sex and regional differences in decrease of

serotonin-immunoreactive cells by parachlorophenylalanine in rat raphe

nuclei, Neurosci Res, 67 (2010) 33-9.



55

Jacobs, B.L. and Azmitia, E.C., Structure and function of t he brain

serotonin system, Physiol Rev, 72 (1992) 165-229.

Kakeyama, M. and Yamanouchi, K., Lordosis in male rats: the facilitatory

effect of mesencephalic dorsal raphe nucleus lesion, Physiol Behav, 51

(1992) 181-4.

Kakeyama, M. and Yamanouchi, K., Female sexual behaviors in male rats

with dorsal raphe nucleus lesions: treatment with p -chlorophenylalanine,

Brain Res Bull, 30 (1993) 705-9.

Kakeyama, M. and Yamanouchi, K., Inhibitory effect of baclofen on

lordosis in female and male rats with dorsal raphe nucleus lesion or septal

cut, Neuroendocrinology, 63 (1996) 290-6.

Kakeyama, M., Negishi, M. and Yamanouchi, K., Facilitatory effect of

ventral cut of dorsal raphe nucleus on lordosis in female rats, Endocr J, 44

(1997) 589-93.

Kakeyama, M., Umino, A., Nishikawa, T. and Yamanouchi, K., Decrease of

serotonin and metabolite in the forebrain and facilitation of lordosis by

dorsal raphe nucleus lesions in male rats, Endocr J, 49 (2002) 573 -9.

Kallo, I., Liposits, Z., Flerko, B. and Coen, C.W., Immunocytoche mical

characterization of afferents to estrogen receptor-containing neurons in the

medial preoptic area of the rat, Neuroscience, 50 (1992) 299 -308.

Kanno, K., Shima, S., Ishida, Y. and Yamanouchi, K., Ipsilateral and

contralateral serotonergic projections from dorsal and median raphe nuclei

to the forebrain in rats: immunofluorescence quantitative analysis, Neurosci

Res, 61 (2008) 207-18.

Kato, R., Serotonin content of rat brain in relation to sex and age, J

Neurochem, 5 (1960) 202.



56

Kato, S., Tora, L., Yamauchi, J., Masushige, S., Bellard, M. and Chambon, P.

A far upstream estrogen response element of the ovalbumin gene contains

several half-palindromic 5'-TGACC-3' motifs acting synergistically. Cell 68

(1992):731 742.

Knapp, S. and Mandell, A.J., Parachlorophenylalanine--its three phase

sequence of interactions with the two forms of brain tryptophan hydroxylase,

Life Sci I, 11 (1972) 761-71.

Koe, B.K. and Weissman, A., p-Chlorophenylalanine: a specific depletor of

brain serotonin, J Pharmacol Exp Ther, 154 (1966) 499-516.

Kojima, M. and Sano, Y., Sexual differences in the topographical

distribution of serotonergic fibers in the anterior column of rat lumbar

spinal cord, Anat Embryol (Berl), 170 (1984) 117-21.

Kondo, Y., Yamanouchi, K. and Arai, Y., P-chlorophenylalanine facilitates

copulatory behavior in septal lesioned but not in preoptic lesioned male rats,

J Neuroendocrinol, 5 (1993) 629-33.

Kondo, Y. and Yamanouchi, K., Potentiation of ejaculatory activity by

median raphe nucleus lesions in male rats: effect of p-chlorophenylalanine,

Endocr J, 44 (1997) 873-9.

Kornum, B.R., Licht, C.L., Weikop, P., Knudsen, G.M. and Aznar, S.,

Central serotonin depletion affects rat brain areas differently: a qualitative

and quantitative comparison between diffe rent treatment schemes, Neurosci

Lett, 392 (2006) 129-34.

Kuiper, G.G., Enmark, E., Pelto-Huikko, M., Nilsson, S. and Gustafsson,

J.A., Cloning of a novel receptor expressed in rat prostate and ovary, Proc

Natl Acad Sci U S A, 93 (1996) 5925-30.

Ladosky, W. and Gaziri, L.C., Brain serotonin and sexual differentiation of

the nervous system, Neuroendocrinology, 6 (1970) 168 -74.



57

A.H. Lauber, C.V. Mobbs, M. Muramatsu, D.W. Pfaff, Estrogen receptor

messenger RNA expression in rat hypothalamus as a function of genetic sex

and estrogen dose, Endocrinology 129 (1991) 3180 3186.

Lauder, J.M., Ontogeny of the serotonergic system in the rat: serotonin as a

developmental signal, Ann N Y Acad Sci, 600 (1990) 297 -313; discussion

314.

Liu, Q. and Wong-Riley, M.T., Postnatal developmental expressions of

neurotransmitters and receptors in various brain stem nuclei of rats, J Appl

Physiol (1985), 98 (2005) 1442-57.

Liu, Q. and Wong-Riley, M.T., Postnatal changes in the expression of

serotonin 2A receptors in various brain stem nuclei of the rat, J Appl

Physiol (1985), 104 (2008) 1801-8.

Liu, Q. and Wong-Riley, M.T., Postnatal changes in tryptophan hydroxylase

and serotonin transporter immunoreactivity in multiple brainstem nuclei of

the rat: implications for a sensitive period, J Comp Neurol, 518 (2010)

1082-97.

Loizou, L.A., The postnatal ontogeny of monoamine-containing neurones in

the central nervous system of the albino rat, Brain Res, 40 (1972) 395 -418.

Lu, H., Ozawa, H., Nishi, M., Ito, T. and Kawata, M., Serotone rgic neurones

in the dorsal raphe nucleus that project into the medial preoptic area contain

oestrogen receptor beta, J Neuroendocrinol, 13 (2001) 839 -45.

Luine, V.N., Frankfurt, M., Rainbow, T.C., Biegon, A. and Azmitia, E.,

Intrahypothalamic 5,7-dihydroxytryptamine facilitates feminine sexual

behavior and decreases [3H]imipramine binding and 5-HT uptake, Brain

Res, 264 (1983) 344-8.

Maekawa, F. and Yamanouchi, K., Effect of deprivation of serotonin by

p-chlorophenylalanine on induction and maintenance of pseudopregnancy in

female rats, Brain Res Bull, 39 (1996) 317-21.



58

Maekawa, F., Tsukahara, S., Tsukamura, H., Maeda, K.I. and Yamanouchi,

K., Inhibitory effect of neural transections of dorsal raphe nucleus on

induction of nocturnal prolactin surge by vaginal stimulation in

ovariectomized rats, Brain Res, 813 (1998) 195-9.

Maekawa, F., Tsukahara, S., Tsukamura, H., Maeda, K.I. and Yamanouchi,

K., Prevention of inhibitory effect of dorsal raphe nucleus lesions on

ovulation and LH surge by 5-HT 2A/2C receptor agonists in female rats,

Neurosci Res, 35 (1999) 291-8.

Matsumoto, T., Kondo, Y., Sachs, B.D. and Yamanouchi, K., Effects of

p-chlorophenylalanine on reflexive and noncontact penile erections in male

rats, Physiol Behav, 61 (1997) 165-8.

McEwen, B., Estrogen actions throughout the brain, Recent Prog Horm Res,

57 (2002) 357-84.

Nagano, M., Liu, M., Inagaki, H., Kawada, T. and Suzuki, H., Early

intervention with fluoxetine reverses abnormalities in the serotonergic

system and behavior of rats exposed prenatally to dexamethasone,

Neuropharmacology, 63 (2012) 292-300.

Nishizawa, S., Benkelfat, C., Young, S.N., Leyton, M., Mzengeza, S., de

Montigny, C., Blier, P. and Diksic, M., Differences between males and

females in rates of serotonin synthesis in human brain, Proc Natl Acad Sci

U S A, 94 (1997) 5308-13.

Ogawa, S., Eng, V., Taylor, J., Lubahn, D.B., Korach, K.S. and Pfaff, D.W.,

Roles of estrogen receptor-alpha gene expression in reproduction-related

behaviors in female mice, Endocrinology, 139 (1998) 5070-81.

Ogawa, S., Chan, J., Chester, A.E., Gustafsson, J.A., Korach, K.S. and Pfaff,

D.W., Survival of reproductive behaviors in estrogen receptor beta

gene-deficient (betaERKO) male and female mice, Proc Natl Acad Sci U S

A, 96 (1999) 12887-92.



59

Parent, A., Descarries, L. and Beaudet, A., Organization of ascending

serotonin systems in the adult rat brain. A radioautographic study after

intraventricular administration of [3H]5-hydroxytryptamine, Neuroscience,

6 (1981) 115-38.

Park, D.H., Snyder, D.W. and Joh, T.H., Postnatal developmental changes of

tryptophan hydroxylase activity in serotonergic cell bodies and terminals of

rat brain, Brain Res, 378 (1986) 183-5.

Parsons B., Rainbow TC., MacLusky NJ., McEwen BS.,Progestin receptor

levels in rat hypothalamic and limbic nuclei. , J Neurosci. 2

(1982)10:1446-52.

Patisaul, H.B., Fortino, A.E. and Polston, E.K., Sex differences in

serotonergic but not gamma-aminobutyric acidergic (GABA) projections to

the rat ventromedial nucleus of the hypothalamus, Endocri nology, 149

(2008) 397-408.

Paxinos, G., Watson, C., The rat brain in stereotaxic coordinates.4 th and 6

th ed., Academic Press, New York., 1998 and 2007.

Pfaff, D.W. and Sakuma, Y., Facilitation of the lordosis reflex of female rats

from the ventromedial nucleus of the hypothalamus, J Physiol, 288 (1979a)

189-202.

Pfaff, D.W. and Sakuma, Y., Deficit in the lordosis reflex of female rats

caused by lesions in the ventromedial nucleus of the hypothalamus, J

Physiol, 288 (1979b) 203-10.

Pfaff DW., Sakuma Y., Kow L-M., Lee AWL. and Easton A., Hormonal,

neural, and genomic mechanisms for female reproductive behaviors,

of Reproduction, vol. 34, Third Edition, Elsevier, New York, (2006),

1825-1919.



60

Quay, W.B., Differences in circadian rhythms in 5-hydroxytryptamine

according to brain region, Am J Physiol, 215 (1968) 1448 -53.

Rajendren, G., Dudley, C.A. and Moss, R.L., Role of the ventromedial

nucleus of hypothalamus in the male-induced enhancement of lordosis in

female rats, Physiol Behav, 50 (1991) 705-10.

Ramos, A.J., Tagliaferro, P., Lopez, E.M., Pecci Saavedra, J. and Brusco, A.,

Neuroglial interactions in a model of para -chlorophenylalanine-induced

serotonin depletion, Brain Res, 883 (2000) 1-14.

Rosecrans, J.A., Differences in brain area 5 -hydroxytryptamine turnover

and rearing behavior in rats and mice of both sexes, Eur J Pharmacol, 9

(1970) 379-82.

Sakai, M. and Yamanouchi, K., Effects of estrogen, androgen, and

phytoestrogen on retrieving and licking behaviors in nulliparous and male

rats, Zoolog Sci, 24 (2007) 894-8.

Sanders-Bush, E., Gallager, D.A. and Sulser, F., On the mechanism of brain

5-hydroxytryptamine depletion by p-chloroamphetamine and related drugs

and the specificity of their action, Adv Biochem Psychopharmacol, 10

(1974) 185-94.

Satou, M. and Yamanouchi, K., Effect of direct application of estrogen

aimed at lateral septum or dorsal raphe nucleus on lordosis behavior:

regional and sexual differences in rats, Neuroendocrinology, 69 (1999)

446-52.

Shimogawa, Y., Maekawa, F. and Yamanouchi, K., Unilateral lesion

increases oestrogen receptor alpha expression in the intact side of the

ventromedial hypothalamic nucleus in ovariectomised rats, J

Neuroendocrinol, 26 (2014) 258-66.



61

Shughrue, P.J., Bushnell, CD. and Dorsa, DM., Estrogen receptor messenger

ribonucleic acid in female rat brain during the estrous cycle: a comparison

with ovariectomized females and intact males . Endocrinology. (1992);

131(1):381-8.

Shughrue, P.J., Lane, M.V. and Merchenthaler, I., Comparative distribution

of estrogen receptor-alpha and -beta mRNA in the rat central nervous

system, J Comp Neurol, 388 (1997) 507-25.

Simerly, R.B., Swanson, L.W. and Gorski, R.A., The distribution of

monoaminergic cells and fibers in a periventricular preoptic nucleus

involved in the control of gonadotropin release: immunohistochemical

evidence for a dopaminergic sexual dimorphism, Brain Res, 330 (1985)

55-64.

Simerly, R.B. and Swanson, L.W., The distribution of

neurotransmitter-specific cells and fibers in the anteroventral

periventricular nucleus: implications for the control of gonadotropin

secretion in the rat, Brain Res, 400 (1987) 11-34.

Simerly, R.B. and Young, B.J., Regulation of estrogen receptor m essenger

ribonucleic acid in rat hypothalamus by sex steroid hormones, Mol

Endocrinol, 5 (1991) 424-32.

Smith, J.T., Clay, C.M., Caraty, A. and Clarke, I.J., KiSS -1 messenger

ribonucleic acid expression in the hypothalamus of the ewe is regulated by

sex steroids and season, Endocrinology, 148 (2007) 1150-7.

Soga, T., Wong, D.W., Putteeraj, M., Song, K.P. and Parhar, I.S., Early -life

citalopram-induced impairments in sexual behavior and the role of androgen

receptor, Neuroscience, 225 (2012) 172-84.

Steffens, S.M., da Cunha, I.C., Beckman, D., Lopes, A.P., Faria, M.S.,

Marino-Neto, J. and Paschoalini, M.A., The effects of metergoline and

8-OH-DPAT injections into arcuate nucleus and lateral hypothalamic area



62

on feeding in female rats during the estrous cyc le, Physiol Behav, 95 (2008)

484-91.

Steinman, J.L., Carlton, S.M., Haber, B. and Willis, W.D., Differential

effects of p-chlorophenylalanine on indoleamines in brainstem nuclei and

spinal cord of rats. I. Biochemical and behavioral analysis, Brain Res, 4 26

(1987) 297-309.

Takeoka, A., Kubasak, M.D., Zhong, H., Roy, R.R. and Phelps, P.E.,

Serotonergic innervation of the caudal spinal stump in rats after complete

spinal transection: effect of olfactory ensheathing glia, J Comp Neurol, 515

(2009) 664-76.

Takeuchi, Y., Kimura, H. and Sano, Y., Immunohistochemical demonstration

of the distribution of serotonin neurons in the brainstem of the rat and cat,

Cell Tissue Res, 224 (1982) 247-67.

Terasawa, E., Wiegand, S.J. and Bridson, W.E., A role for medial preo ptic

nucleus on afternoon of proestrus in female rats, Am J Physiol, 238 (1980)

E533-9.

Tohyama, I., Kameyama, M. and Kimura, H., Quantitative morphometric

analysis of two types of serotonin-immunoreactive nerve fibres

differentially responding to p-chlorophenylalanine treatment in the rat brain,

Neuroscience, 26 (1988) 971-91.

Tohyama, M. and Takatsuji, K., The serotonin system. In Atlas of

Neuroactive substances and their receptors in the rat, Oxford Press, 1998,

pp.42-53

Tork, I., Raphe nuclei and serotonin containing systems. In G. Paxinos (Ed.),

The Rat Nervous System, Academic Press Australia, 1985, pp. 43 -78.

Ugrumov, M.V., Taxi, J., Mitskevich, M.S. and Tramu, G., Development of

the hypothalamic serotoninergic system during ontogenesis in rats.

Immunocytochemical and radioautographic study, Brain Res, 395 (1986)



63

75-84.

Vaccari, A., Brotman, S., Cimino, J. and Timiras, P.S., Sex differentiation of

neurotransmitter enzymes in central and peripheral nervous systems, Brain

Res, 132 (1977) 176-85.

Wallace AJ, Lauder MJ. Development of the serotonergic system in rat and

chick embryos. In: A.Bjorklund., T.Hokfelt., M.Tohyama., editors.

Ontogeny of Transmitters and Peptides in the CNS, Handbook of Chemical

Neuroanatomy: Elsevier. (1992). pp. 619-645.

Walther, D.J., Peter, J.U., Bashammakh, S., Hortnagl, H., Voits, M., Fink, H.

and Bader, M., Synthesis of serotonin by a second tryptophan hydroxylase

isoform, Science, 299 (2003) 76.

Watts, A.G. and Stanley, H.F., Indoleamines in the hypothalamus and area of

the midbrain raphe nuclei of male and female rats throughout postnatal

development, Neuroendocrinology, 38 (1984) 461-6.

Weissman, M.M. and Olfson, M., Depression in women: implications for

health care research, Science, 269 (1995) 799-801.

Wiegand, S.J. and Terasawa, E., Discrete lesions reveal functional

heterogeneity of suprachiasmatic structures in regulation of gonadotropin

secretion in the female rat, Neuroendocrinology, 34 (1982) 395 -404.

Yamada, S., Noguchi, D., Ito, H. and Yamanouchi, K., Sex and regional

differences in decrease of estrogen receptor alpha-immunoreactive cells by

estrogen in rat hypothalamus and midbrain, Neurosci Lett, 463 (2009)

135-9.

Yamanouchi, K., Brain mechanisms inhibiting the expression of

heterotypical sexual behavior in rats. In K.-I. Maeda, Tsukamura, H., and

Yokoyama, A. (Ed.), Neural Control of Reproduction -Physiology and

Behavior, Jap. Sci. Soc. Press, Tokyo, (1997), pp. 219-235.



64

, (2006) ., ,

,

Yamanouchi, K., Nakano, Y., Fukuda, M. and Arai, Y., Mesencephalic

central gray as supraspinal neural substrates for lordosis reflex: deprivation

of serotonergic influence by p-chlorophenylalanine., Zoolog Sci, 1 (1984)

126-31.

Yurino, H., Tsukahara, S., Koranyi, L. and Yamanouchi, K., Inhibitory

effect of postpartum lesions or cuts in median raphe nucleus on maternal

behavior in female rats, Zoolog Sci, 18 (2001) 1225-30.

Zemlan, F.P., Ward, I.L., Crowley, W.R. and Margules, D.L., Activation of

lordotic responding in female rats by suppression of serotonergic activity,

Science, 179 (1973) 1010-1.



65



66

2010

1. Shunji Yamada, Daisuke Noguchi, Hiroyuki Ito, Korehito

Yamanouchi; Sex and regional differences in decrease of estrogen

-immunoreactive cells by estrogen in rat hypothalamus and

midbrain, Neuroscience Letters, 463 (2) 2, 135-139. 2009

2. Hiroyuki Ito, Korehito Yamanouchi; Sex and regional differences in

decrease of serotonin-immunoreactive cells by

parachlorophenylalanine in rat raphe nuclei. Neuroscience Research,

67 (1), 33-39. 2010

3. Hiroyuki Ito, Tetsuji Moriizumi, Yuji Shimogawa, Korehito

Yamanouchi; Postnatal changes in the number of

serotonin-immunoreactive cells in midbrain raphe nuclei of male rats.

Anatomical Science International, 89 (4), 199 206. 2013

4. Hiroyuki Ito, Yuji Shimogawa, Daisuke Kohagura, Tetsuji Moriizumi,

Korehito Yamanouchi; Inhibitory role of the serotonergic system on

Neuroscience Letters, 583, 194-198. 2014

Hiroyuki Ito, Shunji Yamada, Daisuke Noguchi, Korehito

Yamanouchi; Sex and regional differences in number of estrogen

receptor alpha immunoreactive cells in the rat brain, 12th annual

meeting of Society for Behavioral Neuroendocrinology, Groningen

University, The Netherlands, Supple. -P2-51, July 2008



67

Hiroyuki Ito, Korehito Yamanouchi; Sex difference of

p-chlorophenylalanine-sensitivity in serotonin-immunoreactive cells

in rat raphe nuclei, 16th International Congress of Comparative

Endocrinology, Hong Kong University, Hong Kong, China, Supple.

-P-49, June 2009

Hiroyuki Ito, Yuji Shimogawa, Korehito Yamanouchi; Effects of

serotonin-synthesis inhibitor, parachlorophenylalanine, on number

female and male rats, The 7th International Congress of

Neuroendocrinology, Rouen University, France. Supple. -P1-45, July

2010

, 78

, , 2007 9

, 79 ,

, 2008 9

, 80

, , 2009 9

p-chlorophenylalaninin , 32

2009 9

,

85 2014 9


