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ʃ̜�̌  

 17β-HSD  17β-hydroxysteroid dehydrogenase (17β-ȷ͠Đit�Uw˞ȷʹ͟ʹ) 

a.a.  amino acid (S�|͠)  

ACSF  artificial cerebrospinal fluid (¶Ɖ˟˝Υɋ) 

ACTH             adrenocorticotropic hormone (Ćˠʌ̬āɠ����) 

ADione  androstenedione (S�w�it�hZ�) 

AMPA    α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 

AR              androgen receptor (S�w�b�ĦŶÊ) 

ARC             arcuate nucleus (Ɯɱȗ) 

AVPV  anteroventral periventricular nucleus (ăˢÜųķŇȗ) 

BNST            bed nuclei of stria terminalis (øʁȈƖȗ) 

bp  base pair (ŘŒż)  

CA  cornu ammonis (S���̏)  

cAMP            cyclic adenosine monophosphate (ɺɱSu|g����͠) 

CBG              corticosteroid-binding globulin 

cDNA  complementary deoxyribonucleic acid (ʐ̃uZ]g��ȗ͠) 

CIA  chloroform-isoamyl alcohol (_�����-UmS��S�c��)  

CORT            corticosterone (c�qcit��)  

cpm              count per minute 

CRE              cAMP response element (cAMPƯʮ͛ú) 

CREB            cAMP response element binding protein (cAMPƯʮ͛úʿį˹ʊ̬) 

CRH              corticotropin-releasing hormone (Ćˠʌ̬āɠ����ǡ÷����) 

dATP  deoxyadenosine triphosphate (uZ]gSu|g�¡��͠) 

DDW  double distilled water (²ȩ˵ʂȷ)  

DG  dentate gyrus (ȬɱŅ)  

DHEA  dehydroepiandrosterone (u�w�X�S�w�it��)  

DHT  dihydrotestosterone (h�w�tivit��)  

DNA  deoxyribonucleic acid (uZ]g��ȗ͠) 

DNase  deoxyribonuclease (uZ]g��z_�S�l) 

dNTP deoxyribonucleoside triphosphate (uZ]g��z_�Zgw¡��

͠) 

DMSO            dimethyl sulfoxide   
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E1  estrone (Xiv��)  

E2  17β-estradiol (Xiv�hZ��)  

EDTA  ethylenediaminetetraacetic acid (Xq��hS��ń͝͠)  

ER  estrogen receptor (Xiv�b�ĦŶÊ)  

ERE              estrogen response element (Xiv�b�Ưʮ͛ú) 

ERK  extracellular-regulated kinase MAPK 

ESI  electro spray ionization (X�_v�i���UZ�ĐȾ)  

EtBr  ethidium bromide (˨ĐXqhV�)  

EtOH  ethanol (Xo|��) 

FSH  follicle stimulating hormone (ě˙āɠ����)  

GABA  γ-aminobutyric acid (γ-S�|͞͠) 

GAPDH  glyceraldehyde-3-phosphate dehydrogenase (`�k�S�u�w 3 �

�͠˞ȷʹ͟ʹ)  

GnRH  gonadotropin releasing hormone (Ʋˣāɠ����ǡ÷����)  

GR               glucocorticoid receptor (`�cc�qcUwĦŶÊ) 

HEPES           4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

HPAʶ � � � �    hypothalamic-pituitary-adrenal axis (̊Ɩ£͚ί£ŎÊίĆˠ9ģƯʶú) 

HPG̷  hypothalamo-pituitary-gonadal axis (̊Ɩ£͚-£ŎÊ-Ʋˣ̷) 

HPLC  high performance liquid chromatography (Φ͊ɋÊ_��v`��T

�)  

hsp  heat shock protein (ɬg�r_˹ʊ̬) 

HSD  hydroxysteroid dehydrogenase (ȷ͠Đit�Uw˞ȷʹ͟ʹ) 

JNK  c-jun N-terminal kinase 

LC-MS/MS  liquid chromatography-tandem mass spectrometry (ɋÊ_��v`

 ��-o�u�ŏ̬ͥøȌ̒)  

LH  luteinizing hormone (ΨÊơƼ����)  

LTD  long-term depression (ͮȁǄŊ)  

LTP  long-term potentiation (ͮȁśƟ)  

MAPK � �        mitogen-activated protein kinase 

M-MLV  moloney murine leukemia virus (��y��Viʊ˻ʇVU�i) 

mRNA            messenger ribonucleic acid 

NMDA  N-methyl-D-aspartate 

NGF  nerve growth factor  



 7 

OVX  ovariectomy (ěƈǜ÷)  

P450  cytochrome pigment-450 (gv_�� P450) 

PBS  phosphate-buffered saline (��͠ˇ˾ɻɹΗŘȷ) 

PCI  phenol-chloroform-isoamyl alcohol (�W|���_������Um

S��S�c��)  

PCR  polymerase chain reaction (�����l͌ͬģƯ) 

PEG  polyethylene glycol (��Xq��`�c��)  

PFA  paraformaldehyde 

PFBz  pentafluorobenzyl (��o��Z���h�) 

PKA  protein kinase A 

PKC  protein kinase C 

PR  progesterone receptor (��bit��ĦŶÊ) 

PREG  pregnenolone (��`{|��) 

PROG  progesterone (��bit��)  

PVN              paraventricular nucleus (ųÝȗ)  

RI                radio isotope (ǡŽƲİÈÊ) 

RNA  ribonucleic acid (��ȗ͠) 

RNase  ribonuclease (RNAø̐͟ʹ) 

RT  reverse transcription (̶͇ñ) 

RT-PCR  reverse transcription-polymerase chain reaction (̶͇ñ�����l͌

ͬģƯ) 

RU-486  RU-38486, mifepristone 

SDN-POA  sexually dimorphic nucleus of the preoptic area (̊ʺăͤƲʋ²ŏȗ) 

SDS  sodium dodecyl sulfate (wug�ʘ͠xv�V�) 

SEM  standard error of the mean (ƒōÛ9ȣə̞Ƌ) 

SHBG             sex hormone-binding globulin 

SL  stratum lucidumά͈ǲƅέ 

SO  stratum oriensά¢˼ƅέ 

SR �  stratum radiatumάǡŽɱƅέ 

SSC  standard saline citrate (ȣə_X�͠ĴǾɻɹΗŘȷ) 

StAR             steroidogenic acute regulatory protein(it�UwɼɻƱƲ̢ʱ˹ʊ̬) 

T  testosterone (tivit��) 

TAE  Tris/Acetic acid/EDTA buffer (v�i-͝͠-EDTAˇ˾ɋ) 
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TERP1            truncated estrogen receptor product 1 

TH-PROG  3a,5a-tetrahydroprogesterone, Allopregnanolone (3α,5α-tv��w�]

g��bit���S���`x|��) 

Tris  tris(hydroxymethyl)aminomethane (v�i�w�]g�q�S�|�

o�) 
TrkB  Neural receptor protein-tyrosine kinase 
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ʬβʪ� Ɨ̣�

 

1-1.�ɈΟ��
ɈΟ:˟8Ɗī 1 ż4Ŭŋ'L[g��xrsɱ9͚È4�K�Š˟̽ˈʶĝʌ̬8Ƅ

'L�ɈΟÊ:ɈΟĪ�S���̏ (CA: cornu ammonis)�ȬɱŅ (DG: dentate gyrus) �J

7K�ʜʾʻ˙�ͽʣ%-ǲʓ7ƅȡ͋PǏ03�L�S���̏:Šſ9ͫÊʜʾʻ˙

�J7K�ſͫÊʻ˙ΏŐP CA1�ŠͫÊʻ˙ΏŐP CA2 - 35Ĺ=��Ǭ�DG:ª8Α

ʳʜʾʻ˙5Ĺ;MLɸơ9ʻ˙ÊPǏ1ʜʾʻ˙4ȡƼ#M3�L (ň 1-1)� 

CA1 8��LͫÊʻ˙ƅIKîÜ9ΏŐ:�ʻ˙Ê�JÅ<-Ȧɱʧ̮�·Ɛ8Ÿ8ø

Ǝ%3�K�ǡŽɱƅ (SR: Stratum Radiatum) 5Ĺ;M3�L�ǡŽɱƅIKF#J8îÜ

9͚ø:�˄ɱøūƅ (SM: Stratum Lacunosum Moleculare)�#J8�ͫÊʻ˙ƅIKFŞ

Ü9ΏŐ:�¢Ǳƅ (SO: Stratum Orients) 5Ĺ;ML (ň 1-2)� 

CA1�CA3�DG+M,M9ΏŐ9˪ŦƲʜʾʻ˙:�ʐ³8ɰƬʋ7ǅŽȡ͋4{rv

��_PÌ03�L (ň 1-2)�DG8øƎ'LΑʳʻ˙:�ª5%3îŀʌ̬ (EC: Entorhinal 

Cortex) 9ʜʾʻ˙�JéĈPĦ�3�L��#J8 DG9Αʳʻ˙�J CA39ͫÊʻ˙>

:˯ɱˌ˃ (MF: Mossy Fiber) 5Ĺ;MLɰƬʋ7ǅŽ�Ŭŋ%�DG-CA3ͱ4ş�9ʜʾ

ʻ˙İŜ�ǖ˂#M3�L�CA39ͫÊʻ˙�J CA19ͫÊʻ˙>9ǅŽʾ̲:�ɰ8g

W��R�ÜȐ (Sch: Schaffer Collateral) 5Ĺ;M3�K�ª̆7ǅŽå4�L CA1ǡŽɱ

ƅ8:·Ɛ8ş�9˪ŦƲgx�i�ơƼ#M3�L� 

ɈΟ:̓ƻ�ŭ˒9©ȑ5%39ȧ˚81�3ş�ʗʥ#M3�K�ɰ8 CA1 ΏŐ:ʦ

ͱ̓ƻ (O'Keefe and Dostrovsky, 1971) 8�CA3 ΏŐ:͌ƶ̓ƻ8ͲOL5#M3�L 

(Lisman, 1999)�!MJ9ΏŐ4:�ʜʾgx�iʿį9ĩŗƲPʚ'F95%3�ͮȁś

Ɵ (LTP: long-term potentiation�̓ƻ9ơƼ) GͮȁǄŊ (LTD: long-term depression�̓ƻ9

Öȫ) 5Ĺ;MLɷ̩�̎ɔ#M�!MJ�̓ƻ9ʹ͑ʡ4�L5˓�JM3�L�gx�

i8��L LTP 769ʜʾÃ͒ÖΚ͑ʡ:�ɈΟ8��L̓ƻ�ŭ˒8ʏǖģǴ#ML5

˓�JM3�L (McHugh et al., 1996)� 

�rv9ɈΟ8��L;ͼƋ81�3�!MB4̐Ąŭʋ7Ƌʄ:7�5'L̈Ǭ��

˫ʋ4�0-��Ǽ̀4:ǫɻºȁ8:Zi9Ǭ��iIK CA1ΏŐ� 10θ16 %ʡƙŠ�

� (Isgor and Sengelaub, 1998, Nunez et al., 2003)�DGΏŐ4:�i9Ǭ�Ȧɱʧ̮9Ȑø�

M�ş� (Juraska, 1990) 769ŕĶ��L�ǹ8 CA1ΏŐ4:΅Ɠȁ8703FƲƋ�Ȯ

03�L5'LŕĶ (Markham et al., 2005) F�L��(M9ŕĶ4F�Ƽɴ87LΌ8:

ƲƋ:7�7L5%3�L��rv.�47���v9ŖįFɈΟ9Š�#8ƲƋ��L
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5̑OM3�L (Neufang et al., 2009)� 

 

 

1-2.�ʜʾʻ˙9Ȧɱʧ̮i�U��gx�iƥ͚���
ͫÊʻ˙9Ȧɱʧ̮8:�Ȧɱʧ̮i�U� (dendritic spine)�5Ĺ;MLşǦ9Ȝɱ9

ȡ͋�̈JML (ň 1-3)�i�U�:�ʜʾʻ˙ͱ9ǖį8��3ăʜʾʻ˙5gx�iʿ

įPơƼ%�Lƥgx�iȡ͋4�K�̓ƻP˶�L͚È5%3ʒʎ#M3�L (Harris 

and Stevens, 1989)�i�U�8: AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 

acid) ŏĦŶÊG�NMDA (N-methyl-D-aspartate) ŏĦŶÊ769`�o��͠ĦŶÊ�ʉɷ

%3�K�ª5%3`�o��͠ÌĎƲ9˪ŦƲʜʾéĈ9Ŗ5%3ȧ˚%3�L (Kasai 

et al., 2002) (ň 1-3)�  

ɈΟͫÊʻ˙9Ȧɱʧ̮i�U�9ǦGơƹ9ŝĐ:�ɈΟ�ĭL̓ƻ�ŭ˒˚Ĉ9Ā

Ʃ8Ɍ�ͲO03�L (Leuner and Shors, 2004)�ɰ8�ɈΟ CA1ǡŽɱƅ8��Li�U

�9ȡ͋ŝĐ:·Ɛ8ͣ̆4�K�ɈΟ8��L̓ƻ9ʹ͑ʡ5˓�JM3�L LTP 59

ͱ8Ÿǖ7ͲOK��L (Engert and Bonhoeffer, 1999)�LTP:�gx�iă͚5gx�iƥ

͚ (i�U�) 4ȡƼ#MLʜʾgx�i4ɻ&L̓ƻ9Ǻ�̾Cɷ̩4�L�B(�ʜʾ

̷ʺ8ȶÕĬ�ÃOL5�ɈΟ9˪ŦƲgx�i4:gx�iă͚�JʜʾÃ͒ɯ̬4

�L`�o��͠�ǡ÷#ML�!9`�o��͠��Ȧɱʧ̮¢8�Li�U� (gx�

iƥ͚) 9˿Έ8Ŭŋ'L`�o��͠ĦŶÊ (AMPA ŏĦŶÊ) 8ʿį'L!58I0

3�Na+�i�U�î8Ʉé%�ˤÈ�ŝĐ%3ˤ9˞øȟ�̮!L�'L5�NMDAŏ

ĦŶÊ�J Mg ��r_�ŞM3i�U�î8 Ca2+�Ʉé%�ʻ˙î Ca2+ɡƙ�¢Ǳ%3

CaMKII�ɃƲĐ#ML!58I03�̓ƻ9Ǻ�̾C (LTP) �Ƽʩ'L (Hasegawa et al., 

2015)� 

B-�Ȣ�7ŭ˒oi_P̡%-�rv9ɈΟi�U�9ǦGơƹ��ŭ˒8Ư&3ŝ

Đ'L!5FʔJM3�L (Knafo et al., 2004; Leuner et al., 2003; Moser et al., 1994)�#J8�

ʴʜ͏ɜGS�s}U��ʇ9ʈÎ4:�Š˟ʌ̬9i�U�9Ǧ5ơƹ8Γ˴7ʄƐ�

̈JML (Ferrer and Gullotta, 1990; Irwin et al., 2000)�!MJ9ʔ̈:�̓ƻ�ŭ˒�̚ʔ5

�0-˟9Φȩȧ˚��pUx�r_8ŝĐ'Li�U�9ȡ͋5+9ȧ˚8IKĀƩ#

M3�L!5PʚĽ%3�L� 

�  

 

1-3.�ɿƲ�ŧƲit�Uw�����
it�Uw:�g_���o|�Wx�v��ɥʹΤȘPŒȅȡ͋5%3Ǐ1Đįɯ9
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˅ʟ4�L�it�UwĐįɯ:˧ɩʁ8ƕ�Ŭŋ%3�K�+9�/ɻÊîøȽɯ̬ (�

���) 5%3á�F9Pit�Uw����5Ĺ=�ļΔ4:it�Uw����:ɻ

Ê9ƳƐƲ9˃Ǐ8ͲO03�K�+9ȧ˚�JƲit�Uw����5iv�iit�

Uw����58Šý#ML�ª8Ʋ����:ɻȯȧ˚8�iv�i����:iv�

iƯʮ8ͲOL!5�ʔJM3�L� 

ȅʗʥ4ʒʎ%3�LƲ����8:�ŧƲ���� (Xiv�b�: Xiv�hZ�� 

(E2: estradiol)) G�ΨÊ���� (bio�b�: ��bit�� (PROG: progesterone)) ġ

<ɿƲ���� (S�w�b�: tivit�� (T: testosterone)�h�w�tivit�� 

(DHT: dihydrotestosterone )) ��L�!MJ9it�Uw����:�c�it���PŒ

̬5%3�+9Üͬ9ùǪGÖΚ8I03įƼ#ML�ɿƲ����:ª8ʴƈ4�ŧƲ

����:ěƈ4įƼ#M�!MJ:˻Ʉ8«03ȣʋŁŰ8͐;M3Ìɽ'L� 

˟>9ɯ̬̻͆:˻ɋ˟ͲͯP¹%-͗Ǉʋ7F94�L��͑Ğ9ʗʥ�J�rv4

:˻ɋ©9it�Uw����9�/�PROG�E2�DHT�T:�˻ɋ˟ͲͯP͈͑4�L

!5�̐�03�L�!MJ9it�Uw����:�Ƽɴ�rv9˻©4:+9@5Q

6� SHBG (Sex hormone-binding globulin) 5ʿį%-ɱƹ4�L��˻ɋ˟ͲͯP¹%3˟

î8é03��!5�ĩ˚4�L (Pardridge and Mietus, 1979)�+9ƥ�megalinĦŶÊP¹

%3ʻ˙î8X�weUv�gi#ML!58I03���9ɱƹ87K�Ìɽ'L�!

�%-±Ų�J�Ȅțʽˍ4įƼ#M-Ʋit�Uw����:�˻Ʉ8I03˟8͐;

M3Ìɽ'L5˓�JM3�L� 

%�%Ƈƾ`���9å˼ʗʥ8IK�Zi�rv9˟8:ɲ˧9Ʋ����įƼʶ�

Ŭŋ%�+9ƃǀįƼ8I03˻©IK:L�8Φ�ɡƙ9ŧƲ�����Ŭŋ'L!5

�ǲJ�570- (Hojo et al., 2009; Kimoto et al., 2010)�˟ �ɲ˧8ÌK÷'Ʋ����:�

Ʋ����9˟ʜʾʶ>9ÌɽP˓�L¢4�Šŝͣ̆4�L� 

�

 

1-4.�ɿƲ�ŧƲ����ĦŶÊ�
Ĩíʋ7Ʋ����ĦŶÊ:�ȗîĦŶÊ�R���8Ƅ'L�+9ȡ͋: N ȄʫÜ�

J A/B�C (DNAʿįw�U�) �D (hingew�U�)�E (�\�wʿįw�U�)�FΏŐ5

Ēø#M3�L�ɰ8˹ʊ̬9©ţ8Èˏ'L CΏŐ (DNAʿįw�U�) :�DNAʿį

8Ʈ̆7�q��4�L Zn�T�\��q��PǏ1�Ʋ����ĦŶÊ8:�Xiv�

b�ĦŶÊ (ER: estrogen receptor)���bit��ĦŶÊ (PR: progesterone receptor)�S�

w�b�ĦŶÊ (AR: androgen receptor) ��K�ER:ěƈ8�PR:ūŴ8�AR:ʴƈ�

ʴŃ768ş�ʉɷ%3�L� 
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+MJ:6MFʻ˙̬�ȗîĦŶÊ4�K��\�w9ʿį8I03ɃƲĐ'L��\

�w9·Ŭŋ£4:�ĦŶÊ˹ʊ̬:Ɣ1�9g����øū (heat shock protein (hsp) 90�

hsp70�hsp4076) 5̅įÊPơƼ%3�L�ĦŶÊ5g����øū9ʐ³Ìɽ:�it

�Uw�����ĦŶÊ8ʿį'L-E8ƮΎ4�L� 

�\�w�ʿį'L5�ĦŶÊ˹ʊ̬:ʩÊȡ͋ŝĐP̮!%3g����øū�J̐

%�²ͥÊĐ'L�+9ƥ�ȗî8ʠ˼%3 DNA¢9ȣʋ͘Ãū9����o�ΏŐ8

�LƯʮ͛ú8ʿį%�̶ñëƣņū̅įÊPơƼ%3ȣʋ͘Ãū9̶ñP̢ʱ'L�5

!N�̀Ɠ87K�Ƈƾ`���9ʗʥFĴE3�ER�PR�AR :ʜʾgx�i8FŬŋ

%�˹ʊ]x�lPɃƲĐ'L!58I03gx�iPśĉ#)-K�gx�iͮȁśƟ

PƼʩ#)L76�ǰ�ÕĬÃ͒8��3FɃ̴%3�L!5�ȩ�5̈÷#M3�L 

(Tabori et al., 2005, Tsurugizawa et al., 2005, Mukai et al., 2007, Spencer et al., 2008, Mukai et al., 

2010) 

 

1-4-1. ��bit��ĦŶÊ  (PR) 

PR (͘Ãū: Pgr) : PROGP�\�w5'LĦŶÊ4�ȗîĦŶÊ9�14�L�PR8

:�PR-A�PR-Bġ<+MJ9i��Ui~�S�v�7Ņˤ̫͉w�U�ŏ (7TMPRβ) �

�L�PR-B :ůêͮŏ9SUm�Y��4�PR-A : N Ȅʫ�¤ůê7SUm�Y��4

�L�PR:Ĩíʋ7͘ÃūʉɷĀƩP˼��Ǭ4�ʻ˙ˤ�JŨBKǼʼʋ8̶ñņūP

ɃƲĐ'Lg`x�ʾ̲FĎ�' (Nilsen and Brinton, 2003)�!MJ PR9ɻȯ8Ͳ'Lȧ

˚:·Ɛ8ˬ�ʗʥ#M3�-��PROG9ʜʾǪ̂ÌɽGʜʾȔΛÌɽPŪ¹'LĦŶÊ

5%39ȧ˚81�3:�ȃ.ǲJ�8703�7��PR-A�PR-B:�rv9ɈΟ�̊Ɩ

£͚�Š˟ʌ̬�ſ˟PĴD˟êÊ8ƕ�øƎ%3�K�69ʜʾʶ9ʻ˙4Fʉɷ%3

�L� 

 

1-4-2. αŏXiv�b�ĦŶÊ  (ERα) 
ERα (͘Ãū: Esr1) :�ļΔ8��3 2ʢŬŋ'LĨíʋ7Xiv�b�ĦŶÊe�o

U�9 1ʢ4�L�E2:�Xiv�b�ĦŶÊP¹%3Ȣ�7ÌɽPʉǚ'L� 

Ƈƾ`����ǫ̉8ÌƼ%-ɰʄƲ9Φ�ʴ̄ǆÊ (C Ȅʫ 19 S�|͠9ǆÊ ; 

RC-19) Pɽ�-ΦƸƙçʆʽˍ̐Ȍ8I03�CA1-CA3ͫÊʜʾʻ˙G DG9Αʳʜʾʻ

˙8 ERα�ʉɷ%3�K (Mukai et al., 2007)�ERα:˟î9Ʋ����įƼʶ5ëƃŋ%3

�L!5�üǲ%-�+9-E�˟it�Uw5%3įƼ#ML E2:�ʜʾʻ˙4įƼ#

M3ƃǀʋ8˧ƌ�̀ǖ8øȽ#M�Ìɽ%3�L!5�ʚĽ#ML�̀Ɠ9Ƈƾ`��

�9ʗʥ8IK�ERα�ɈΟʜʾʻ˙9Ȧɱʧ̮9i�U� (gx�iƥ͚) 4Fʉ̈#M
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-(Mukai et al., 2007)�B-�ERα� E28ILƱƲʋ7i�U�ǫɻ8ͲO03�L!5F

ǲJ�5703�- (Mukai et al., 2007, Kimoto et al., 2010)� 

� Ƈƾ`���9 2007Ɠ9ʉ˿¾ă:�in situ hybridizationȾGçʆʽˍȓ˭Ⱦ9̐Ȍ�J�

ERα :ɈΟ9 hilus GU�o�y����9C8ʉɷ%3�K�CA1-CA3 ͫÊʜʾʻ˙G

DG9Αʳʜʾʻ˙8:̈JM7�5#M3�- (Weiland et al., 1997, Orikasa et al., 2000)� 

 

1-4-3. βŏXiv�b�ĦŶÊ  (ERβ) 
ERβ (͘Ãū: Esr2) :�ERα5:ʄ7L͘Ãū9ɼɯ.��³�8Φ�ΔÆƲPǏ1�ë

͉9�\�w4�L E25:İʡƙ9̍ĺƲ4ʿį'L��ʻ˙�����o�ÐŬʋ8ʄ

7L̶ñɃƲPǏ1�͗Ǉʋi��Ug�`8I03ɻ&L²19SUm�Y����K�

+MJ: ERβ1�ERβ25%3ʔJM3�L� 

Esr2:ɈΟ8ʉɷ%3�K�̊Ɩ£͚GŠ˟ʌ̬8Fʉɷ��L (Ishii et al., 2007, Mukai 

et al., 2007)�ɈΟ4:�Esr29ʉɷ: Esr19ʷ 1/84�L� 

ERα�ERβ:���²ͥÊB-:�t�²ͥÊPơƼ%3�+9ÌɽPʉǚ'L�+9Ì

ɽɃƲ:e��yrv9ʽCįO)8I03Š��ʄ7L-E�ʻ˙î9 Esr1�Esr2 9ʉ

ɷͥ5+9Ŭŋȵ�SUm�Y��9ŬŋG�+MJ9ʽˍîƃŋ4ʄ7L5˓�JML�

I03�˟î4 ER9Ŭŋͥ�e�oU�GSUm�Y��9Ŭŋȵ�ʄ7L!5:�˟î

9Į͚È4Xiv�b�9ÌɽG�+9ɃƲ�ʄ7L!5PʚĽ'LF95˓�JML� 

 

1-4-4. S�w�b�ĦŶÊ  (AR) 
AR (͘Ãū: Ar) :ļĎɯ4: 1ʢŬŋ%�ª8S�w�b�4�L T5 DHTP�\

�w5'LĦŶÊ4�L�T�DHT:�S�w�b�ĦŶÊP¹%3Ȣ�7ÌɽPʉǚ'L�

DHT: TIK̐͊ƙ�͏�-E�TIKF�I+ 4ØʡƙƟ�ɿƲ����ɃƲPʚ'�

̀Ɠ9Ƈƾ`���9ʗʥ8IK�AR�ɈΟʜʾʻ˙9Ȧɱʧ̮i�U� (gx�iƥ͚) 

4Fʉ̈#M�AR� T, DHT8ILƱƲʋ7i�U�Ÿƙ9śĉ8ͲO03�L!5�ǲ

J�5703�- (Hatanaka et al., 2015)� 

AR:ɈΟ5̊Ɩ£͚4ʉɷ�ş��Š˟ʌ̬�̊Ɩ8FʐƠͥ9ʉɷ��L� 

 

 

1-5.�Ʋit�Uw����įƼʶ�
Ʋit�Uw����įƼ8ͲOL͟ʹ:�ª8qv_�� P450 (cytochrome P450) ͟ʹ�

ȷ͠Đit�Uw˞ȷʹ͟ʹ (HSD: hydroxysteroid dehydrogenase) �it�Uw͙ã͟ʹ 

(steroid reductase) 8Šý#ML� 
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P450(17α) (͘Ãū: Cyp17a1) :���`{|�� (PREG: pregnenolone) Pu�w�X�

S�w�it�� (DHEA: dehydroepiandrosterone) 8ŝǙ'L͟ʹ4�L�Ȅțʽˍ4:ª

8ʴƈ8Φʉɷ%3�L�˟î4:�̊Ɩ£͚5ſ˟8ş�ʉɷ%3�L�ň 1-48ʚ%-

Ʋit�Uw����įƼʶ9©4:�PREG �J DHEA >9ŝǙ9»8�PROG �JS

�w�it�hZ� (ADione: androstenedione) PįƼ'LģƯPǋ��P450(17α) :�PROG

�Jiv�iit�UwįƼʶ5Ʋit�UwįƼʶ>ø�MLøƆɦ8Èˏ'L͟ʹ4

�K�Ʋit�Uw����įƼ8��3ͣ̆7ƣćPǋ03�L� 

P450arom (͘Ãū: Cyp19a1) :�it�UwΤȘ9 AɺPˮΞĐ'L͟ʹ4�K�Ȅțʽ

ˍ4:ěƈ8Φʉɷ%3�L�Ʋit�Uw����įƼʶ9©4:�T �J E2�ADione

�JXiv�� (E1: estrone) PįƼ'LģƯPǋ03�K�ŧƲ����4�L E29įƼ

8Ȩ�'!594�7�ͣ̆7͟ʹ4�L� 

17β-HSD:�ª8 TPįƼ'L͟ʹ4�L�17βÈȷ͠Œ9˞ȷʹĐ�B-: 17Èav

Œ9͙ãP˼��Ʋit�Uw����įƼʶ9©4:�ADione 5 T�E1 5 E2 769ʐ

³ŝǙ8ͲO03�L��˫ʋ8ɿƲ�����ŧƲ����5F 17βÈȷ͠ĐÊ� 17È

avÊIKFĦŶÊ8ż'L̍ĺƲ�I<ɃƲ�Ɵ��'7O/�17βÈȷ͠ĐÊ4�L T

5 E2 :ɃƲŏ9Ʋ����4�K�17 ÈavÊ4�L ADione 5 E1 :¤ɃƲŏ9Ʋ��

��4�L�!9!5�J�17β-HSD :Ʋit�Uw����9ɃƲP̢ʱ'L5��Έ

4ͣ̆7͟ʹ4�L5̑�L� 

�rv8��3�17β-HSD :ɷŋ 14 ʢΔ9e�oU��Ŭŋ'L!5�ʔJM3�L�

17β-HSD1�3�5�7�12:ª8 17βȷ͠ĐģƯPǋ03�K�17β-HSD2�4�6 (95İ&F

94�L)�8�10�11�14: 17ÈavĐģƯPǋ03�L�17β-HSD13:�17β-HSD115

Φ�ʐİƲPǏ1!5�O�03�L��it�Uw59ģƯ81�3:ȃ.̙%�̢?

JM3�7��!9©4ɰ8ɃƲ9Ɵ�͟ʹ� 17β-HSD1�2�34�K�Ƈƾ`���9å

˼ʗʥ8IK�Zi�rv9ɈΟ4: 2�ƀ7� 1�3�ş�ʉɷ%3�L!5�ǲJ�5

703�L (Kimoto et al., 2010)�!9!5�J�ɈΟ8��LƲit�Uw����įƼ8

Ʈ̆7͟ʹ5%3�17β-HSD1�39²1�ɰ8ͣ̆4�L5˓�JML� 

17β-HSD1 (͘Ãū: Hsd17b1) 9͘Ãū:�Ȅțʽˍ4:ª8ěƈ8Φʉɷ%3�L�B-�

17β-HSD3 (͘Ãū: Hsd17b3) 9͘Ãū:�Ȅțʽˍ4:ª8ʴƈ8Φʉɷ%3�L� 

5α-reductase:�TPIKƟĈ7ɿƲ����4�LDHT>5ŝǙ'Lͣ̆7͟ʹ4�L�

5α-reductase8:�5α-reductase1ġ< 5α-reductase29 2ʢΔ9e�oU��Ŭŋ'L!5�

ʔJM3�L�5α-reductase1 : T 8ż'L̍ĺƲGɃƲ:ƞ���Ǭ�5α-reductase2 : T

8ż'LɃƲ:·Ɛ8Ɵ���ʉɷͥ: 5α-reductase1 8ȵ?3ƀ7��!9 2 19oU�

ͱ9ʐİƲ:É��S�|͠���4 42%ʡƙ4�L� 
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5α-reductase1 (͘Ãū: Srd5a1) 9͘Ãū:�Ȅț4:ª8˕˦8ş�ʉɷ%3�K�

5α-reductase2 (͘Ãū: Srd5a2) 9͘Ãū:�ª8ͼƲɻȯŁ8ş�ʉɷ%3�L� 

� #J8�Ʋit�Uw����9ȇǩ57Lc�it���P�vc�w�Sîˤ8̻

͆'L˹ʊ̬4�LStAR (͘Ãū: Star):�Ȅț4:ª8Ćˠ8ş�ʉɷ%3�L� 

 

 

1-6.�Ʋit�Uw����9ɈΟîįƼ�
Ƨȉ�Ʋ����:ěƈGʴƈ5�0-Ȅțʽˍ4įƼ#M�˻Ʉ8I03˟8͐;M

3Ìɽ'L5��˓�Ǭ��˫ʋ4�0-�%�% 1980 Ɠ½8�˻©ɡƙIKF˟î9

PREG�PROG�DHEAɡƙ9Ǭ�ŊÙʋ8Φ�!5 (Corpechot et al., 1981, Baulieu and Robel, 

1998) G�!MJ9ɡƙ�ĆˠGʴƈ5�0-Ʋ����įƼŁŰPǜ÷%3F˃Ǐ#ML

!5 (Corpechot et al., 1981, Robel et al., 1987) �ʉ̈#M-�!MJ9ʉ̈8Œ2�3�˟

î8��3FƲ�����įƼ#M3�L5��̟�ǘľ#M-� 

%�%ͮ�ͱ�DHEAG ADione9įƼ8Ʈ̆7 P450(17α) PƼɴ9˟4ȝ÷4�7�0

--E8�̆ ºȁPͶ�Ƽɴ9˟4:Ʋ����9įƼ:4�7�5#M3�- (Robel and 

Baulieu, 1991)�Ƈƾ`���4:�ƼɴZi�rv8��L�
RT-PCRPɽ�-Ʋ���

�įƼ͟ʹ mRNA 9ʉɷ̐Ȍ��çʆĐŭʽˍȓ˭Pɽ�-Ʋ����įƼ͟ʹ˹ʊ̬9

ƃŋ̐Ȍ��ɈΟi�Ui8 RIȣ̦%-it�UwPŒ̬5%3ĉ�3U�]���g�

�%�Œ̬it�Uw9½̤Pɔű'LƲ����įƼ˚9̐Ȍ�ɈΟ8Ŭŋ'LƲ�

���9ɡƙɔű� P˼��ɈΟî49Ʋ����įƼʶPǲJ�8%- (Kimoto et al., 

2001, Kawato et al., 2002, Hojo et al., 2004) (ň 1-4)� 

ƼɴZi�rv9ɈΟî4:�E2 �˻©9 800 Ø9ɡƙ4Ŭŋ'LI�8 (Hojo et al., 

2009)�Ʋ�����˻©5ȵ?3ɈΟî8��3·Ɛ8Φ�ɡƙ4Ŭŋ'L9:�!�%

-ɈΟ8��LƃǀįƼ9ŷ¥8ILF95˓�JML�!9I�8�Ʋ����9ɈΟ

îįƼ:�Ʋ����9ɈΟ8ż'LÌɽP˓�L¢4�·Ɛ8ͣ̆7̆ʹ4�L� 

 

 

1-7.�Ʋit�Uw����9˟ʜʾʶ>9Ìɽ�
˟î8Ŭŋ%ɻɹɃƲPǏ1it�Uw:y���it�Uw5Ĺ;M�Ʋ����F

+9©9�14�L�!MB4�˟ʜʾʶ8ż'LƲ����9Ìɽ81�3:�ɻȯ˼

Ď8ͲÒ'L˟9ƲøĐ8Ͳ%3ş�9ʗʥ�˼OM3�-� 

�rv9˟8��LƲøĐ9�[yj�5%3:�ɷŋ95!N aromatization hypothesis 

(Naftolin et al., 1975) �ǠǏ#M3�L�!9¿̟4:�˟9ͼƲĐ�ŧƲ����4�L
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E2 8I03Ɲ�̮!#ML5˓�JM3�L�Zi8��3:�ɻƥǦǵͱ4ʴƈ�JŠ

ͥ9 T�øȽ#M3˻ɄP¹%3˟8ÿ͒% (Rhoda et al., 1984)�P450arom9á�8I03

E2 8ŝǙ#M3˟î4Ìɽ'L!58IK�˟9ͼƲĐ�̮!L��Ǭ�i4:�÷ɻʏ

ƥ8:ěƈ�ȃƼɫ4�L-E�˻©8Ʋ�����øȽ#M7��ȲÊɾȉ9 E2:�ķ

ɼȁ9Ȳ�rv˻©8şͥ8ĴBML α-fetoprotein8I03#M�˻ ɋ˟ͲͯP͈͑4

�7�!5�J�˘èȁ9Ziº��iº5F8ȲÊɾȉ9 E2:˟î>ʠ˼%7��ȲÊ

:Ơɩ�i794�T 9Ïˀ:ȟE3ƀ7��I03��iº9˟î8: E2 F E2 9Œ̬

4�L TFÏˀ#M7�-E�˟:ͼƲĐ)(;Ʋ˟PÔ15˓�JM3�L� 

˟9ʉɻȁ8��L E29Ìɽ8I03ɻ&L½˿ʋ7˟9ƲƋ:�̊Ɩ£͚9̊ʺăͤ

Ʋʋ²ŏȗ (SDN-POA: sexually dimorphic nucleus of the preoptic area) 4�L�Zi4: E2

8I03ʜʾʻ˙9S�v�gi�ǄĀ#ML-E�Zi9Ǭ��iIKF SDN-POA� 5

θ7ØŠ��7L5ŕĶ#M3�L (Gorski et al., 1978, Davis et al., 1996)�ɻȯ©ȑ4�L̊

Ɩ£͚8��L!9I�7Γ˴7Ƌ8I03�´Ƃ˼Ď9ƲƋ�ɻ&L5˓�JM3�L� 

+9»�©ȑʜʾʶ8��3 PROG :�̚ʔ�ȶø�ɤʈ��vc�w�S9ȧ˚�ʜ

ʾǫɻ�ΥΉơƼ�ʜʾǪ̂769·ɻȯȧ˚Pş�Ǐ1!5�ʚ#M3�L�+9Ìɽ

ȣʋ:�̊Ɩ£͚�ɈΟ�ʌ̬PĴDȢ�7ΏŐ4�L� 

E2:�̚ʔGʜʾǪ̂ (`�o��͠˪ŦȴƲ�S��Uw β�͠Điv�i769ßŵ

8ż'LǪ̂) 769˟8��L·ɻȯȧ˚PĀƩ'L� 

!�%-©4̀Ɠ4:�ɈΟʜʾʻ˙>9Ʋ����9Ìɽ�ɀʎ#M3�K�+9ì

Êʋ7čȏ�ǲJ�5703�-�ěƈPǜ÷'L5�ɈΟ CA1 ΏŐ9Ȧɱʧ̮i�U� 

(gx�iƥ͚) 9Ÿƙ (Gould et al., 1990, Woolley and Schwartzkroin, 1998)ġ<gx�i9

Ǧ (Leranth et al., 2002, Leranth et al., 2004, MacLusky et al., 2005) �ɑƀ'L�B-�ěƈǜ

÷ƥ9i�U�Ÿƙɑƀ8Ä��̓ƻ�ŭ˒˚Fɑͅ'L (Wallace et al., 2005) !5�ŕĶ

#M3�L� 

Ƈƾ`���9å˼ʗʥ8IK�E2 9ʜʾʻ˙8ż'LƱƲčȏ�ǲJ�570-�+

9ʗʥ8IL5�E2:ɈΟ CA1ΏŐ9ʜʾʻ˙Ȧɱʧ̮i�U�9ŸƙPƱƲʋ8śĉ#

)�ȶɻɹŭʋ8: LTD9ǄŊɵPƱƲʋ8śƟ'L (Mukai et al., 2007)� 

͑Ğ9ş�9ʗʥ�J�ɈΟ9i�U�Ÿƙ5ŭ˒9Ÿǖ7ͲÒ�ʚ#M3�L (Moser 

et al., 1994, Moser et al., 1997, O'Malley et al., 2000)�B-�LTD:̓ƻ9ʹ͑ʡ9�15%3

ʔJM3�K�!MJP˅į'L5Ʋ����:�ɈΟʜʾʻ˙9i�U�ŸƙPśG%

-K�gx�iĩŗƲP̢ʱ%-K'L!58I03�̓ƻ�ŭ˒˚8ƢΊP¥�Lͣ̆

7ņū4�L5̑�L� 
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1-8. c�qcit��(CORT)  
� ɻÊ�iv�i8#J#ML5�+9āɠ�̊Ɩ£͚ųÝȗ (paraventricular nucleus) >

5ÃOK�Ćˠʌ̬āɠ����ǡ÷���� (CRH: corticotropin-releasing hormone) �ø

Ƚ#ML�CRH :£ŎÊͯ˜Pʾɾ%3£ŎÊ8ÿ͒%�£ŎÊ�J˻©>9Ćˠʌ̬ā

ɠ���� (ACTH: adrenocorticotropic hormone) 9øȽPÓ͎'L�!9 ACTH�Ćˠʌ̬

Pāɠ'L!58IK�c�qcit�� (CORT: corticosterone) 9ɼɻ�śĉ'L�!9

̊Ɩ£͚ί£ŎÊίĆˠ9ģƯʶú:�HPA ʶ (HPA axis: hypothalamic-pituitary-adrenal 

axis) 5Ĺ;M3�L (Herman et al., 2003)�iv�iāɠ8I03 HPAʶ�ɃƲĐ#ML

5�CORT (�rvG�Vi76ΪȬΔ4: CORT��vGe�4:c�qn��) 9˻©

ɡƙ�¢Ǳ'L-E�CORT:iv�i����5%3ʔJM3�L (Reichstein et al., 1936)� 

� CORT:�̞ ˦49ʵǫɻPÓ'!54˻ʵÛP¢Ǳ#)-K�̔ ˍ9ɤʈPǄĀ'L!

58I03�iv�iƯʮPĀƩ%3ɻÊ9ƳƐƲ˃ǏPċ�L (Selye, 1936)�CORT:i

t�Uw����4�K (ň 1-4)�+9@5Q6� corticosteroid-binding globulin (CBG) 8ʿ

į%3˻ɄP¹%3ê̵8͐;ML�CORT:�ǈɊʽˍ8ƢΊ'L.�47��˟˻ɋͲͯ

P̰�3˟î>5ÿ͒'L!5�4�L�ɈΟ8: CORT 9ȗîĦŶÊ (glucocorticoid 

receptor : GR) �ş�Ŭŋ%3�K (Van Eekelen et al., 1988)�CORTɡƙ¢ǱPƸʔ%3̊

Ɩ£͚PȻΆĐ%�ACTH øȽPǄ�3iv�i����9ǡ÷PȫƐ8ƿ'á�P'L 

(Jacobson and Sapolsky, 1991; Sapolsky et al., 1984)�+9�T�w~r_Ìɽ8IK�iv�

iPĦ�3�Jʷ 2 ǵͱƥ8: CORT 9˻©ɡƙ:iv�iPĦ�Lă9���B4ƿL 

(Droste et al., 2008)� 

 

 

1-9. ɈΟ8��Lc�qcit��(CORT)9Ìɽ  
� ˟î8��L CORT ĦŶÊ:�ɰ8ɈΟ8ş�øƎ%3�K (Van Eekelen et al., 1988; 

McEwen et al., 1968)�CORT: GR8ʿį'L (Joëls and de Kloet, 1994; de Kloet et al., 1998)�

GR:�»9it�UwĦŶÊ5İȢ8ȗî4̶ñņū5%3á��żƯ'L͘Ãū̶ñP

̢ʱ%3ʻ˙ȧ˚9ŝĐPF-J' (Gronemeyer et al., 2004)�B-�GR: CORT5ȵ̹ʋ

É�̍ĺƲ (KdÛ: 5 nM) PǏ/�iv�i8#J#M-ƥ9I�7Φ� CORT���ǵ8

ş�ɃƲĐ'L� 

� CORT�ɈΟ4ĦŶÊ5ʿį'L!5�ŕĶ#M3¾ȉ�ʜʾʻ˙ơƹG̓ƻ�ŭ˒˚Ĉ

>9ƢΊ�ʗʥ#M3�-�CORT9ǅ¥G̵Êʋ�ƭɹʛÂʋiv�iPͮȁͱ (3–4͍

ͱ) ¥�˂�L5�ɈΟ CA1�I< CA3ͫÊʻ˙9Ȧɱʧ̮9˲ˊGøƆ9ɑƀ�i�U

�9ɑƀ�CJML!5�ŕĶ#M3�L (Gourley et al., 2013; Magariños et al., 1996; 
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Watanabe et al., 1992; Woolley et al., 1990)�B-�ͮ ȁͱ (1–8͍ͱ) 9 CORTǅ¥G̵Êʋ�

ƭɹʛÂʋiv�i8IK�ɈΟÐŬʋ7ʦͱŭ˒˚Ĉ�ǄĀ#ML (Conrad et al., 1996; 

Krugers et al., 1997; Luine et al., 1993)�#J8�̓ƻ9ʹ͑ʡ5˓�JM3�L LTPF�ͮ

ȁͱ9 CORT>9Ƿ΄8I03ǄĀ#ML (Alfarez et al., 2003; Pavlides et al., 1996)� 

� ¾¢9I�7�CORT8ILɈΟ>9ͮȁÌɽ�ŕĶ#M3�-�Ǭ4�̀ Ɠ�ʕȁͱάθ

Ǧǵͱέ9 CORT 9ÌɽFǲJ�8703�3�L�Î�;�ɈΟÐŬʋ7̓ƻ�ŭ˒̡

Β9ʏă8iv�iāɠP¥�L5ŭ˒�ʹŵ#ML��̡ ΒǼ©9iv�iāɠG CORT

9ǅ¥8I03�ŭ˒�Ó͎#ML!5�ŕĶ#M3�L (Akirav et al., 2004; Diamond et al., 

2006; Joëls et al., 2012; Schwabe et al., 2012)�#J8�ǦĔø9̵Êʋ7iv�iāɠP¥�

3�Jʷ 3ǵͱƥ8�ɈΟ CA1ΏŐ8��L LTP�śŠ% (Spyrka et al., 2011)�24ǵͱƥ

8:ɈΟ CA1ͫÊʻ˙9Ȧɱʧ̮i�U��śĉ'L5��ŕĶF�L (Shors et al., 2001)�� �  

� B-�Ƈƾ`���4:#J8�Ę%-ɈΟi�Ui8 1 µM9 CORTPʏǖÌɽ#)

L5�1ǵͱ5��ʕǵͱ4 CA1ͫÊʻ˙9i�U���I< CA3ͫÊʻ˙9m��άŸ

ͽ%-gx�iƥ͚ȡ͋έ�śĉ'L!5PǲJ�8%3�L (Komatsuzaki et al., 2012; 

Yoshiya et al., 2013)� 

 

 

1-10. �i9Ʋķȁ5Ʋ����9ͲÒ   
�i�rv:�proestrus (ʉƵăȁ�ě˙ȁ)�estrus (ʉƵȁ�ǔěȁ)�diestrus 1 (ÁȪȁ

1�ΨÊȁ 1)�diestrus 2 (ÁȪȁ 2�ΨÊȁ 2) 5��ε19it�h�JƼLƲķȁPǏ0

3�L�ĮƲķȁit�h:βǯ"58ŝĐ%�4 ǯ4ķȁ�βķ'L�Ʋķȁ9ĀƩ:�

̊Ɩ£͚-£ŎÊ-Ʋˣ̷ (HPG̷) 8I03˼OM3�L� 

Ʋķȁ8Ä��ūŴ4:ūŴîˤ9˖Ĝ5ǔě�̮!L��˻©4:!MJPĀƩ'L

����9ɡƙŝĎ�̮!L�¾£8Ʋķȁ8��L˻©9����Ďƹ9Ƞ̆P̓?L� 

ά1έ Diestrus 2θProestrus9ăȁ8 E2øȽ9ʬ 19��_��L�!M: Proestrus9ƥ

ȁ8̮!L�ě˙āɠ���� (follicle stimulating hormone : FSH) 9ʬ 1e�h8

I03ʉ˗%-ʬ�ě˙ːɾȉ9F94�L�ʬ�ě˙ː: Diestrus 28ʉ˗9�

�_P̿��+9ƥͅ˼'L-E E2ɡƙ:�ƙÉ£'L� 

ά2έ Proestrus9©ȁθƥȁ8 E29ʬ 29��_��L�!M: Estrus9ăȁ8̮!L�

FSH9ʬ 2e�h8I03ʉ˗%-ʬ²ě˙ːɾȉ9F94�L�!9 E2ɡƙ9

¢Ǳ8IK�̊Ɩ£͚4Ʋˣāɠ����ǡ÷���� (gonadotropin releasing 

hormone : GnRH) 9��iøȽ�ś��£ŎÊ�J9ΨÊơƼ���� (luteinizing 

hormone : LH) øȽ�Ʊɠ8¢Ǳ'L (LHe�h)� 
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ά3έ Proestrus ƥȁ9 LH e�h:�ʬ 2 ěƈː9ǔě5 PROG 9įƼ�FSH 9ʬ 1 e

�hP̛̮'L (ǫ%�ʬ�ě˙ː�ơƼ#MŨEL)�!95���͑ʋ8įƼ

#M- PROG: LHøȽ9ǄĀP˼�� 

ά4έ Estrus 9ăȁ8:�ǔě8I03Ƽɫě˙�ɊŤ'L!58I03�E2 5U��

��9øȽ�Ʊɠ8ɑƀ'L�U����øȽ9É£8IK�U����8IL

ǄĀPĦ�3�- FSH 9ʬ 2 e�h�̮!L (ǫ%�ʬ²ě˙ː�ơƼ#MŨE

L)� 

ά5έ ǔěƥ9 Diestrus 1, Diestrus 24:�ΨÊ�ơƼ#M PROG9ɼɻ�̮!L��+

9ɡƙ:'�8É£'L�!M:ΨÊʻ˙8 20a-ȷ͠Đit�Uwu�w�bx

�l (20a-HSD) �ʉɷ%�PROG PɻɹɃƲ97� 20a-h�w���bit��

8ʄĐ'L-E4�L� 

 

�i�rv:�Ʋķȁ8Ä03˥¢ʌʻ˙GūŴ¢ʌʻ˙9ơƹGˡî9øȽɯ (ˡi�

S) �ͩǣ8ŝĐ'L�+9-E�˥i�SP̎ź'L!58I03�Ŷǳ8Ʋķȁ9üű

�4�L�˥i�S9ʻ˙â:�Proestrus 4:�Šŏïơ9Ǿȗʻ˙�ş��Ǿȗʻ˙5

̬̏Đʻ˙�ɍ$03�L�Estrus4:�ǁƒ4ɧȗ9̬̏Đʻ˙�@5Q64�Ǿȗʻ˙

Gʊ˻ɸ:̈JM7��Diestrus 14:���ɸ�Ǿȗʻ˙�ɍŋ%-ʻ˙âPʚ'�Diestrus 

18ż%�Diestrus 24:���ɸ�ª̆7ʻ˙ʢ57L (ň 2-4)� 

 

 

1-11. ʗʥʎʋ  
ȅʗʥ4:�¾£9γ19t��9̐ǲPʗʥʎʋ5%-� 

 

A : ɿƲ�ŧƲ������ɈΟʜʾʻ˙9Ȧɱʧ̮i�U�ŸƙPƱƲʋ8śĉ#)Lø

ū�[yj�9̐Ȍ 

� ȅʗʥ4:�ɈΟ9ŧƲ���� (��bit��ηPROG�Xiv�hZ��ηE2) 

ġ<ɿƲ���� (h�w�tivit��ηDHT) 8ɨɦPƠ3�Ʋ����8IL

ɈΟʜʾi�U� (gx�iƥ͚) 9ŸƙĀƩ8ͲOLøūȧȡ̐ǲPʎʋ5%-�!

MB4�Ʋ�����ɈΟʜʾi�U�9ĀƩ8ͣ̆7ƣćPǋ�!5:ǲJ�570

3�-��+9ĀƩȧȡ5%3:͘Ãū̶ñP¹%-ͮȁčȏ (1�2ǯ��L) 9C8

ɨɦ�Ơ3JM3�-�%�%�̀Ɠ9Ƈƾ`���9å˼ʗʥ�J�Ʋ�����i

�U�PƱƲʋ8śĉ#)L!5�ǲJ�5703�- (Mukai et al., 2010; Hatanaka et 

al., 2015; Hasegawa et al., 2015)�!9ƱƲĀƩ:�͘Ãū̶ñP¹#(���͠Đ͟ʹ9
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á�8I03ƼKʩ15°ƶ%���͠Đ͟ʹ9ʹŵąPɽ�3Ʋ����8ILʜʾ

i�U�ƱƲĀƩ9̙ʻ7�[yj�9̐ǲP˼0-� 

� ìÊʋ8:�i�U�9ơƼ8ͲOLS_q�˞ͣįPƝ�̮!' cofilinP��͠Đ

%3¤ɃƲĐ#)L LIMK 5�i�U�9ơƼ8ͣ̆7S_q�ͣįPĀƩ'L

cortactin P��͠Đ%3ɃƲĐ#)L ERK/MAPK 8ʒʎ%-�#J8�Ʋ����9

ĦŶÊ (��bit��ĦŶÊηPR�Xiv�b�ĦŶÊηERα�S�w�b�ĦŶÊη

AR) 8Fʒʎ%3ŲΡP˼0-�ɰ8�E2 5İȢ8ʜʾ8Ìɽ'LŧƲ����4�

L PROG9ĦŶÊ (PR) 9ĎƹG�£Ʉ4á��[yj�9̙ʻ81�3:�ȃ.̐ǲ

#M3�7�͚ø�ş��¾¢P̳B�3�¾£9ʗʥP˼0-� 

 

ά1έ���͠Đ͟ʹ (LIMK, ERK/MAPK) 9ʹŵąPɽ�3�Ʋ����8ILƱƲʋ7ʜ

ʾi�U�ŸƙĀƩ9øū�[yj�̐ǲP˼70-� 

ά2έ�Ʋ����ĦŶÊ (PR, ERα, AR) 9S�odyivPɽ�3�Ʋ����8ILƱƲ

ʋ7ʜʾi�U�ŸƙĀƩ9øū�[yj�̐ǲP˼70-� 

 

 

B : �i�rv9Ʋķȁ8Ä�ɈΟ9ʜʾi�U�ŸƙŝĎ5ɈΟî9Ʋ����ɡƙŝ

Ď�ġ<Ʋ����įƼ͟ʹ5ĦŶÊʉɷͥ59ʐͲ9̐Ȍ  

� �i�rv9ɻȯŁŰ8: 4it�h�JƼLƲķȁ�Ŭŋ%�̫ 4ǯķȁ4ˎḰ

#ML�Ʋķȁ8Ä03�˟4:ʜʾi�U��ķȁʋŝĎPʚ'!5�ʔJM3�L

��ƲķȁP�/Q5419it�h8ø�3̐Ȍ%-ŕĶ:7��B-¢̓9ŝĎ:�

ŧƲ����4�L E2G PROG9˻©ɡƙ9ŝĎ8̮ņ'L5˓�JM3�L��Ɉ

Ο8��L E2G PROGɡƙ5�+9ķȁʋŝĎ:ɔű#M3�J(�i�U�Ÿƙ9

ĀƩȧȡ81�3:ȃ̐ǲ4�L�+9-E�Ʋķȁ8Ä�ɈΟȧ˚9ŝĎP̟ǲ'L

-E8:��i�rv9ɈΟîƲ����ɡƙPĮƲķȁit�h4Ųɔ'LƮ̆��

L�B-�ɈΟ9Ʋ����įƼʶG+9ĦŶÊ�Ʋķȁ8Ä03ŝĎ'L�ĳ�Fͣ

̆4�L�¾¢P̳B�3�¾£9ʗʥP˼0-� 

 

ά3έ��i�rv9ɈΟî8��Lʜʾi�U�Ÿƙġ<Ʋ����ɡƙ8:�Ʋķȁ9Į

it�h4śɑ��L9�6��P̢?-� 

ά4έ��i�rv9ɈΟî8��LƲ����įƼ͟ʹġ<ĦŶÊ9 mRNA ʉɷͥ8:�

Ʋķȁ9Įit�h4śɑ�7��6��P̢?-� 

  



(A) 

(B) 

(A) |]`+¯ǡ*��<ƃɆ+�Ǚ?Ʒ���ƃɆ,ýǡȒǖǋ*ĕ��ęØ�č
Ąì�<� 
(B) ƃɆ+ȮȏōÜŋȾê?Ʒ���CA (B�w�ǹ) ɀð*,Ȭ�ƸǐǍǞ�DG (ű
ƚæ) *,ɂǉƸǐǍǞ+ǍǞ��Ė?Ĥĸ�%�<��

º����
Å����

ê1-1. ƃɆ+�Ǚ'ŋȾê�

21 



(A) 

tÇ�e 
 (alveus) 

���:E 
(stratum lacunosum moleculare) 

�^E 
 (stratum oriens) 

º���E 
 (pyramidal cell layer) 

ZA�E 
(stratum radiatum) 

(B) 

ê1-2. ƃɆ+±ȠŧșÒ.CA1ɀð+Ȭ�ǍǞ�
(A) ƃɆ?Ȯȏ*č�%îƯ*¹"�ŋȾê�ƃɆ,B�w�ǹ (CA1-CA3)�űƚæ 
(DG) �:ĸ;�ƸǐǍǞ�ğ+ƛ�Ėƚ*�@&�<�(ƒǨ+ĜȠ¸)�B�w�ǹ&
,Ȭ�ǍǞ��űƚæ&,ɂǉǍǞ�ƸǐǍǞĖ?ŧĸ�%�<�ƃɆ±+�Ǵ)Ƹ

ǐæȍ,�ä±ȦƮȈ�:�.<ȇȗǕǓ�DG*ļĎ��DG �� (ǩƚǕǓ) → CA3 
→ (Tx�kA�§Ş) → CA1')"%�<� 
(B) CA1ɀð+Ȭ�ǍǞ (N~Zt�ȤƸǐ) +ľýê�CA1ɀð*¸ě�<Ȭ�ǍǞ+
Ėŧș,��ǮĖ (Stratum Oriens)�Ȭ�ǍǞĖ (Pyramidal cell layer)�ņĎƚĖ 
(Stratum Radiatum)�ǔƚ¸ăĖ (Stratum lacunosum moleculare) *¸�:=<�CA3�:
CA1+ņĎƚĖ*Tx�kA�§Ş�ļĎ�%�<�Ï�+ƸǐǍǞ*,40Ś1(+
ŬƚǀȊ�Ąì�%�;�ŚƵƾ&,�Ű¸ė��ŬƚǀȊ+VgD�?ǸČ�� (ȉ
&é@ Ƞ¸)��+Ƞ���ıq~w�*ŕ7Ňĵ*įǅ�<��

�ml��± 
second dendrite�
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l��±�

1 µm 

�����

(A) 

(B) 

ê1-3. TbmV'VgD��
(A) ƸǐǍǞTbmV+ŪĢê�ƸǐǍǞÛù,�TbmVǑÚ?��%Ĳò?�Ȝ�
%�< (ę)�VgD�,�ÁƸǐǍǞ'TbmVǑÚ?Ĥĸ�<ȷ+�ħTbmVŧș
&
< (Ø)�VgD�*,�NMDAïÕĊ�8AMPAïÕĊ�)(+N~Zt�ȤÕĊ
��ƫƞ�%�;�N~Zt�Ȥı+ǧÿıÀƏ+®Å+ó'�%ůǟ�%�<� 
(B) °ƕƓɃĬȭ&ńĥ��ŬƚǀȊVgD�+Ʀ©�ɊǨ+ƳÐ,VgD�?Ʒ�%
�<��
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ê1-4. |]`+ƃɆ*��<ıV^�Daq~w�Úĸǋ�
ĸƜ|]`+ƃɆ*��<ıV^�Daq~w�Úĸǐȍ�ÙV^�Da+ȱ*�Óį

?ǻĂ�<ȣǌ?Ʒ���ȼ�åǹ&é@ V^�Da,ƥıq~w��ȉ�åǹ&é

@ V^�Da,Āıq~w�&
<�RT-PCR*9;��=:+ıq~w�Úĸȣǌ+
mRNA�ƃɆ*ƫƞ�%�<�'�ŏ:�*)"��3��3Hũȅ��ñȈV^�Da
?ƣ�%Ǯ"��Ȅćɇ*9;��=:+ȣǌǚ+ȣǌƀı7ƶȁ�=��GV`|U

H�~ (E2) �HV+ƃɆ&ǭ�9;Ȟ�*Ɉ�Ɛġ&Ąì�<+,��ê+9�*ıV
^�DaÚĸǋ�ƃɆ*Ąì�%�<�'*9<7+&
<'ǜ:=<�ĸƜHV

|]`+óÚ�ƃɆ*��<E1,ȽĞ*đ)��6�E1?��%E2?Úĸ�<ǐȍ (Ɠ
ǕƳÐ) ,�Ǵ&,)�'ǜ:=<�vV+óÚ,ćǕ&Ʒ����

đķĖěĸĺĶ�

P450(17α)	

17β-HSD (1,3) 	

P450scc 

3β-HSD1 

3β-HSD1 

3β-HSD1 

17β-HSD (1,3) 	 17β-HSD (1,3) 	

P450arom 

P450arom 

9PĬĶİĹ�

P450(17α)	

E2 T ĄĹĞĸĖěĹĕĈĺĶË�

E1 

ĄĹĞĸĖěĹĕĈĹË�

DHEA 

PROG PREG 

�PĬĶİĹ�

ĕĥĞĸěĖĝĖěĸĹ 

5α-reductase 

ĖĝķĖĖěĸąĞ,R� 

DHT 

ěĖĝĖěĸĹ ćĖĝĴĕĈĺĶ 

ćĖĝĸĹ 

StAR 

CORT 

đĶęđĖěĸĹ 

ĩĸĐĖěĸĹ 

24 
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ʬγʪ� ŲΡǬȾ�

 

2-1. ŲΡĎɯ  
� ŲΡĎɯ8: Wistar�rvPɽ�-�Zi�rv:�12͍Ω9×ÊPÍɽ%-��i8

1�3:�Íɽ'L×Ê9ƲķȁP̢?L-E8 10 ͍Ω�JΘ˗PŨE�2 ͍ͱʡƙƲķ

ȁ9üűP˂�3Ʋķȁ9Ůű%3�L×ÊPɽ�-�Íɽǵ9͍Ω: 12θ13͍Ω4�L�

!MJ9ŲΡĎɯ:�'?3ȊµŲΡĎɯÏˀǀ(Ȗ) �J̭é%-� 

� ŲΡĎɯ:ųɓ 25��ǲǶķȁP 12ǵͱάĕă 8ǵɪǲɦɣ�ĕƥ 8ǵɊɣέ9ɱƹ4

Θ˗%-�Μ5%3ŉơ��rvP¥��ŲΡĎɯ�Μ�ȷ5F8˧ɾ8ƨJMLΘ˗ɺ

Ś8%-�ŲΡĎɯ:ĕă 9 ǵ 30 ø�J 10 ǵ9ͱ8Íɽ%�Íɽ9:Um����Χ

͜£4ǪΐP˼0-� 

� ȅʗʥ8��LĎɯPÍ0-'?39ŲΡ:�ȊµŠŭ�űELǭ̔ĎɯŲΡ̉Ă8Œ

2�3˼0-� 

 

 

2-2.�̘˸  
NaClήNaH2PO4�2H2OήKClήKH2PO4ήNaH2PO4ι2H2OήMgSO4�7H2OήCaCl2ήNaHCO3ή

D(+)-glucoseήParaformaldehydeήAgar PowderήDimethyl Sulfoxide (DMSO)ήLiClήActinomycin 

DήCycloheximide, 17β-estradiol�Dihydrotestosterone:ĺæʸ˸ƉȞ�J̭é%-�EDTA-4Na 

:İ·Đŭʗʥǀ�J̭é%-�Lucifer YellowήCorticosterone (CORT)ήICI182,780, RU-486, 

U0126 : Sigma-Aldrich �J̭é%-�LIM Kinase Inhibitor : Calbiochem �J̭é%-�

Isoflurane:��RUf�ȖƛÂʛ�J̭é%-�2-melcapt ethanol (ɻĐŭɽ)�2-propanol�

2-propanol (HPLCɽ)�8-hydroxyquinoline �acetic acid�acetic acid (HPLCɽ)�acetonitrile (HPLC

ɽ )�ammonium formate (HPLC ɽ )�ampicillin (ɻĐŭɽ )�CaCl2ι2H2O�CH3COOK�

CH3COONaι3H2O�chloroform�D-glucose�ethanol�ethidium bromide�ethyl acetate(HPLCɽ)�

glycerol�HCl�isoamyl alcohol�methanol (HPLCɽ)�NaOH�n-hexane (HPLCɽ)�phenol (ȗ

͠Ǌ÷ɽ)�SDS (ɻĐŭɽ)�sodium citrate dihydrate�Tris :ĺæʸ˸�J̭é%-�picolinic 

acid :ȊµĐƼƉȞ�J̭é%-� [1,2,3,4-13C4]estradiol :ȍʸ˸�J̭é%-�

testosterone-d3�progesterone-d4 : CDN Isotope inc.�J̭é%-�[1,2,6,7-3H]-testosterone�

[1,2,6,7-3H]-progesterone :Perkin Elmer �J̭é%-�EDTAι2Naι2H2O�EDTAι4Naι4H2O�

HEPES :İ·Đŭ̄Ļ�J̭é%-�BSA�diethylpyrocarbonate�Ficoll 400�Polyethylene 

Glycol 8000�RNase A�salmon sperm DNA�progesterone: Sigma�J̭é%-�Agarose S
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:yr��h���J̭é%-�10 X buffer for Blend Taq�10 X buffer for KOD -Plus- ver2�

Blend Taq�dNTP mixture 2.5 mM each�dNTPs 2 mM each�KOD -Plus-�MgSO4 25mM:

TOYOBO�J̭é%-�10X PCR buffer�DNA Ligation Kit <Mighty Mix>�Proteinase K�RNase 

H�TaKaRa Taq: TaKaRa Bio�J̭é%-�100bp DNA Ladder�5 X Reaction buffer�DNA 

PolymeraseΙ Large (Klenow) Fragment�M-MLV Reverse Transcriptase RNase H (-) (point mutant)�

Oligo-(Stromstedt and Waterman)15 primer�RNasin Ribonuclease Inhibitor�SV Total RNA 

Isolation System: Promega�J̭é%-� 

ȅʗʥ4Íɽ%-Įʢʹŵą9ȡ͋ƛP�ň 2-18ʚ%-� 

 

 

2-3. ̢̘̄˸�
ȅʗʥ4ɽ�-̢̘̄˸9ʽƼP¾£8ʚ'� 

 

2-3-1. ��͠ˇ˾ɻɹΗŘȷ  (PBS(-): phosphate buffered saline)9ʽƼ�
²ȩ˵ʂȷ (DDW) 8�¾£9I�7ʽƼ87LI�8̘˸Pĉ�3̢̄%-� 

̘˸ı ɡƙ [mM] 

NaCl 137 

NaH2PO4ι2H2O 8.10 

KCl 2.68 

KH2PO4 1.48 

EDTA-4Na 0.442 

�pH:ųɓ4 7.38įO)-ΰ 

 

2-3-2. ¶Ɖ˟˝Υɋ(ACSF : artificial cerebrospinal fluid)9ʽƼ�
ACSF9ʽƼ:¾£9͉K4�L� 

̘˸ı ɡƙ [mM] 

NaCl 124 

KCl 5.0 

NaH2PO4ι2H2O 1.25 

MgSO4ι7H2O 2 

CaCl2 2.0 
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NaHCO3 22 

D(+)-glucose 10 

 

� ACSF ̢̄4:�[�gV�9Ȍ÷Pͳ�-E8�B( NaClήKClήNaH2PO4ι2H2Oή

MgSO4ι7H2OήNaHCO3 P DDW 8ɛ�%�Ȃ£ƛ\�i����T�o (Ȃ£\�i,

ǯȅ)Pɽ�3 95% O2 / 5% CO2ɍį\iPΙĺ'LB4͉ȶ%-ƥ�CaCl25D(+)-glucose

Pĉ�-�pH: 7.48̢ǧ%-�ACSF:ŲΡ8Íɽ'LB4 4 °C4ÔŬ%-� 

 

2-3-3. ŉűɋ(PFA: �����S�u�wɛɋ)9ʽƼ�
� ɕɇ8IK 55 °C8Ô/7�J�ParaformaldehydeP̬ͥ��k�vɡƙ 3.5%B-: 4%

4 PBS(-)8ɛ̐'L!54ÌƼ%- (ň 2-2 (A))�ÌƼ%-ŉűɋ:�ĊĐPͳ�-E8ͮ

ȁÔŬ:)(�Ʈ̆ǵ8̢̄%-� 

 

2-3-4. ɈΟǠǏɽŹš9ʽƼ�
� ACSF8̬ͥ��k�vɡƙ 8%4 Agar PowderPéM�ū��h4ȼ#)ɛ̐%-

ƥ8˧ɩòĚ%3ŉE-� 

 

2-3-5. Lucifer Yellowȓ˭ɋ9ʽƼ�
� ȅʗʥ4:�ʜʾʻ˙Pĩ̊Đ'L-E9˺æ˭ʹ5%3�̬ͥ��k�vɡƙ 4% 

Lucifer Yellow (ň 2-2 (B), (C)) ȷɛɋPɽ�-�Lucifer Yellow:�͉Ɛ 2–5%4ʜʾʻ˙

9ơƹ̎ɔ8Ĕø7˺æ�ƨJML (Hanani, 2012)� 

 

2-3-6. ȷƲ̘˸9ʽƼ�
� PROG, E2, DHT, T, CORTήRU-486769ȷ8ɛƲ9̘˸Δ:�Íɽ'Lɡƙ9 1000

Ø4 DMSO8ɛ�%-ƥ�DMSOɡƙ� 0.1%¾£87LI�8 ACSF8Ə͢%3Íɽ%

-� 

 

2-3-7. ̬ͥøȌ8ɽ�-̘˸9ʽƼ�
� ɈΟ�J9Ʋ����Ǌ÷5�ĮƲ����9ø�ɡƙɔű8Íɽ%-̘˸9ʽƼP

ʚ'� 
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2-3-7-1. Ʋ����Ǌ÷  
�� buffer A (pH = 7.2) 

ʽƼ� ɡƙ�mM� ʽƼ� ɡƙ�mM� 

NaCl 136.6 Na2HPO4�12H2O 0.34 

CaCl2�2H2O 2.5 KH2PO4 0.44 

MgCl2�6H2O 0.6 KCl 5.36 

MgSO4�7H2O 0.6 D-Glucose 22.2 

NaHCO3 1 HEPES 5 

� � � � pH 7.28̢̄%3�95 % O2 / 5 % CO2ɍį\i4~���`P˼��͠ʹPΙĺ#

)-��

 

��Ʋ����9ǾȧɛŪǊ÷ɋ�� �]e� : ͝͠Xq� = 2 : 3 � 

 

�� C18[��ɛ÷ɽɛɋ  

��o|�� : DDW = 0 : 100 

��o|�� : DDW = 40 : 60 

��o|�� : DDW = 85 : 15 

��o|�� : DDW = 100 : 0 

 

2-3-7-2. HPLC 
��ɛɋ 1� �]e� : Um���|�� : ͝͠ = 100 : 0 : 1 � 

��ɛɋ 2� �]e� : Um���|�� : ͝͠ = 80 : 20 : 1 � 

��e����ɛɋ� �]e� : Um���|�� : ͝͠ = 98 : 2 : 1 � 

� !MJ:ê3̢̄ƥ 30øͱ9mya�g��8IL˞ȶöɹP˼0-� 

 

2-3-7-3. ̬ͥøȌ(LC-MS/MS) 
��ɛɋ A� 0.1 % formic acid � 

��ɛɋ B� Skvyv�� : �o|�� = 50 : 50 � 

�

�

2-3-8.�ȗ͠9ʴ̄�ȶɁĎ8ɽ�-̘˸9ʽƼ�
ɈΟ�J9ȗ͠9ʴ̄�Jȝ÷B48ɽ�-̘˸9ʽƼPʚ'� 
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2-3-8-1. total RNAǊ÷  
�� SV Total RNA Isolation System (Promega) 

�� 99.5 % Et-OH (RNase free) 

�� 80 % Et-OH (RNase free) 

�� 3 M sodium acetate (RNase free) 

�� DEPCöɹȷ 

 

2-3-8-2. ̶͇ñ  
��M-MLV Reverse Transcriptase RNase H (-) (point mutant) (Promega) 

�� 5 X Reaction buffer (Promega) 

ʽƼ� ɡƙ (mM) 

Tris-HCl (pH8.3) 250 

KCl 375 

MgCl2 15 

DTT 50 

�� dNTP mixture 2.5 mM each (TOYOBO) 

�� Oligo-(Stromstedt and Waterman)15 primer (Promega) 

�� RNasin Rebonuclease Inhibitor (Promega) 

�� RNase H 

 

2-3-8-3. PCR 
�� Blend Taq (TOYOBO) 

�� 10 X buffer for Blend Taq (TOYOBO) 

�� dNTPs 2 mM each (TOYOBO) 

 

2-3-8-4. ȶɁĎ  
�� TAE buffer 

ʽƼ� ɡƙ (mM) 

Tris 40 

Acetic acid 40 

EDTA 1 
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�� Blue/Orange loading dye, 6 X (Promega) 

ʽƼ� ɡƙ 

Orange G 0.4 % 

bromophenol blue 0.03 % 

xylene cyanol FF 0.03 % 

Ficoll 400 15 % 

Tris-HCl ( pH7.5 ) 10 mM 

EDTA ( pH8.0 ) 50 mM 

�� 100 bp DNA ladder Marker (Promega) 

 

 

2-4. ɈΟʜʾi�U�ơƹU��h�`5̐Ȍ�
 

2-4-1.�Ę%-ɈΟi�Ui�ƱƲɈΟi�Ui�9ÌƼ5˸ɹāɠ�
� ¾£9ǟÌ4:�ACSF: 95% O2 / 5% CO24Ɛ8͉ȶ%3���͠ʹ�Ιĺɱƹ87L

I�8%-�12͍ΩZi�rvPUm����Χ͜£4Ǫΐ%�ΐ˷Pȫ©�J͊G�ά1

ø¾îέ8ùͰ%3ê˟Pǜ÷%�4 °C9 ACSF4Ǧøͱȸò%- (ň 2-3 (A))�+9ƥ�

ɈΟPĥK÷%3ǠǏɽŹš8ǖʒ#)�ȸò%7�J���v��8I03Ĝ# 400 µm

9ɈΟi�UiPÌƼ%- (ň 2-3 (B))�ÌƼ%-ɈΟi�Ui: 25 °C4͠ʹPĔø͉ȶ

%3�L ACSF 9é0-q��~�8Ά�8ʠ%�2 ǵͱU�]���g��'L!54�

½̤ɃƲPŅƪ#)- (ň 2-3 (C))� 

� �[~��ƥ�DMSO 8ɛ�%3��-Ʋ����GĮʢʹŵąPŲΡȈÀ8įO)3

Įq��~�8ĉ��25 °C4U�]���g��%- (ň 2-3 (D))�U�]���g��ʼ

¯ƥ�4 %�����S�u�wɛɋ 8 4 °C4 12ǵͱʡƙɉ͈%3ɈΟi�UiPŉű%

- (ň 2-3 (E))�ŉű�ů¯%-i�Ui: PBS(-)4ɂɅ%�4 °C4 PBS(-)©8ÔŬ%-� 

 

2-4-2.�ɢɄŉűġ<ê˟i�Ui9Ì̄�
� �i�rv9Ʋķȁ9üű:�ȳȀ 10ǵ8˥i�SPǕĥ%�^�fȓ˭%-F9PΓ

ƫͭ̎ź'L!54˼0- (ň 2-4)�ƲķȁPȺű%- 12 ͍Ω�i�rvPUm����

4Χ͜%-ƥ�ƭ˦P¹%3 PBS(-)PăɢɄ%3ůê8˞˻%�3.5%�����S�u�

wɛɋP 200 mLɢɄ%3ʽˍPŉű%- (ň 2-5 (A))�ɛɋ:ê3ȸ¢4 4 °C8òG%7

�Jɽ�-�+9ƥ�ΐ˷Pȫ©�JùͰ%3ê˟Pǜ÷%�3.5%�����S�u�w



 31 

ɛɋ8 4 °C4 12ǵͱɉɞ'L!58I03ƥŉű%- (ň 2-5 (B))�ƥŉű%-ê˟P 8%

Źš4ǠǏ%����v��άDTK-3000; ŔŌU�X�ήǯȅέPɽ�3Ĝ# 400 µm9ê

˟i�UiPÌƼ%- (ň 2-5 (C))�ÌƼ%-i�Ui: 4 °C4 PBS (-)©8ÔŬ%-� 

 

2-4-3.�ʜʾʻ˙>9˺æ˭ʹɀé�
� ŉű%-i�Ui9`�o��͠ʜʾʻ˙8�ň 2-6 (A) 8ʚ'I�7́ˏPɽ�3˺æ

˭ʹ Lucifer YellowPɀé%-�Íɽ%-Γƫͭ:�ȫʩÈʐƋ˺æΓƫͭ (Eclipse FN600E; 

Nikon, ǯȅ) 4�L�˭ʹɀéɽ9ƫſ\�i��rv:�ŞƤ 1.5 mmήîƤ 1.1 mm9�

T���véK\�iʰ  (B150-110-10; Sutter Instrument, USA) P]�������� 

(P-87; Sutter Instrument, USA) 4ĉɬ%7�JƝ�!58I03ÌƼ%-�\�i��rv

9åʫƤ:ʷ 1 µm4�L�\�i��rv>9 4% Lucifer Yellowȷɛɋ9äř8:�~r

_�T��`ȾPɽ�-�\�i��rvåʫ8˭ʹ�Ĕø8ɚB0-J�[t��ͧP

ɽ�3 100 mM LiClȷɛɋPäř%�ͨˆȟ���rvî9ɋΈ8ɉLI�8�rwi

t�h8ŉű%-�ŉű%-\�i��rv:�ȷŊƛ�U_��y����o (MHW-3; 

x�gbήǯȅ) 4ǟÌ%-� 

� PBS(-)4ɗ-%-Γƫͭ9it�h8i�UiPŉű%�40×ȷɉżɯ��jάͰħǦ 0.8έ

4̎ź%7�J CA1ΏŐ9ʜʾʻ˙ƅ8ɨɦPįO)-(ň 2-6 (B))�!9ͱ9æɘ:}�

b����4�K�Γƫͭ8ǖ˂%- CCD [�� (C2400-77; Ɇȋ�vy_iήǯȅ) P

¹%-�uZ�yo� (SONYήǯȅ) >9÷ĈǴâP̎ź%-�\�i��rv9åʫP

i�Ui¢8Èˏ#)-ƥ�æɘPȷͨ���8ùKǻ��˺ æ̎ź (excitation: 450–490 nm, 

DM: 505 nm, emission: 520 nm) £4ȣʋ57LɈΟ`�o��͠ʜʾʻ˙9ǡŽɱƅΏŐ

8�L�ȩȦɱʧ̮8\�i��rvPāé%- (ň 2-6 (C))�\�i��rvåʫ�āé

#M-ɱƹ4 Axopatch 200B (Axon Instruments, USA) Pɽ�3ǼŠ 10 nA9ʏɄɄP 3ø

ͱʡƙɄ'!58IK�Lucifer YellowȷɛɋPȦɱʧ̮åʫB4DJ7�Ʉ%̾C�i�

U�Pĩ̊Đ%- (Huang et al., 2005)�ȓ˭%-ͻKį�ʻ˙9Ȧɱʧ̮�ͣ7J7�I�

8�ͱPʦ�3˭ʹɀéP˼��1i�Ui�-K 5–10×9ʜʾʻ˙Pȓ˭%- (ň 2-6 

(D))�ȓ˭ƥ9i�Ui: 4 °C4 PBS(-)©8ÔŬ%-� 

 

2-4-4.�͉Ɛŏ9ëɨɦ��f�Γƫͭ�PASCAL)8ILǪƅǝƢ�
� ¢̓9ǬȾ8IK˭ʹɀéP˼0-ê˟i�UiB-:ɈΟi�UiP������9

ƥǬ8 1×9ȝ÷ŁP͛ˏ%3�L͉Ɛŏ9ëɨɦ��f�Γƫͭ (LSM5Pascal; Carl Zeiss, 

Germany) 4̎ź�ǝƢ%- (ň 2-7 (A))�ȷͨ���Pæɘ8ɽ�3 63×ȷɉżɯ��jάͰ

ħǦ 1.2έ4˺æ̎ź%7�J�CA1ΏŐ9`�o��͠ʜʾʻ˙9Ȧɱʧ̮P̊ͤ9©ţ
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8ʠĎ#)�Ar-Kr��f�8ùKǻ�3 3Øj��4ǪƅǝƢP˼0-�̘ǩ9Č̮8:

Ar-Kr��f�9 458 nmˆPɽ��˺ æɽ�T�o�8IKȿͮ 505 nm¾¢9˺æ9CP

͗Ǉʋ8ĥƨ%-�XYƒΈ9ø̐˚: 0.26 µm4�L� 

ø̐˚9̒ʯ8:�¾£9ƛPɽ�-� 

 

 

� � � � � � � � � � � � � � � � � � � � � �  

� Č̮ȿͮ�I<ĵĤ�T�o�9ȿͮ:�Lucifer Yellow 9Č̮�˺æȿͮɰƲ (ň 2-2 

(C)) �JȺű%-� 

� ǝƢ͚È:�ƁʫȦɱʧ̮9 2ȩøƆȦɱʧ̮4�K�ʻ˙Ê�J9̱� 150–250 µm

9ʲŇ8�LF95%- (ň 1-2 (B))�!9ʲŇ:�CA1ΏŐ9ǡŽɱƅ�ʙŲ8ĴBML

ʲŇ4�L (Harris et al., 1992)�1ʀâ9©8Ȧɱʧ̮9êͮ� 40–50 µmʡƙĴBMLI�

8ʀâĥƨʲŇPȺE�1ȎʀâPĥƨ'L"58�Y�[iÈˏP 0.45 µm(1£ 3͌

˂%- 20–30Ȏ9ǪƅʀâPĥƨ%- (ň 2-7 (B))� 

 

2-4-5.�uc�����g��öɹ�
� ͉Ɛŏ9ëɨɦ��f�Γƫͭ4ĥƨ%-ʀâu�o8:�æ9şͣǥ¬8ILæŭʋ

7�a�ñ%̾BM3�L-E�ƍ̪9m�vVWS (AutoDeblur; AutoQuant, US) Pɽ

�3m�vʋ8 Point Spread Function P¿ű%�uc�����g��öɹP˼0- (ň

2-8)�uc�����g��5:�ĊĐʀâƪãǂȾ9�14�L�¨͎żʟ7ˆơæŭʶ

8��3�̎ɔâ�ʑ9˺æøƎ5ɦǎ�KͲǦ (point spread function) 59c����

�g��ʣ87L!5Pþɽ%�!MP͇ʯ'L!58IKʑ9˺æøƎPǗű'LǬȾ

4�L�AutoDeblur4:�Point Spread FunctionP��U�wuc�����g��Ⱦ

8IKʯ÷%3�L (Holmes, 1992)� 

 

2-4-6.�̯̐âëɨɦΓƫͭ8ILǪƅǝƢ�
¢̓9͉Ɛŏ9ëɨɦ��f�Γƫͭ PASCAL: 9ƓͱÍɽ%3�-94�2016Ɠ87

03�JǢͺPËƙFˎḰ%3�-�+9-E�PROG8ILʜʾi�U�>9čȏPɔ

ű'L8:�̯̐âŏ9ëɨɦ��f�Γƫͭ (LSM880; Carl Zeiss, Germany) Pɽ�-

̎ź�ǝƢ8ʠ˼%-�!9̯̐âëɨɦ��f�Γƫͭ:�Airy Scan5ʟ%3����

��9ƥǬ8 32 ×9ȝ÷ŁP}q9ƈɱ8͛ˏ%3ǝƢ'L!58IK�Point Spread 

Function FŲɔű'L!5�4�L�+9ƥ�ɔű%- Point Spread FunctionPɽ�3

Prossesing 5��uc�����g��P˼03�ǼʼʀâPƨL�͉Ɛŏ9ëɨɦ��

� � �   ø̐˚ =      0.61 � λ     
   ͰħǦ (NA)     � � � λ = ˺æȿͮ (505nm)�NA = 1.2 
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f�Γƫͭ PASCAL 4ƨ- controli�Ui9i�U�ʀâ5�̯̐âëɨɦ��f�Γ

ƫͭ LSM880 4ƨ- control i�Ui9i�U�ʀâPȵ̹'L5�̯̐â4ǝƢ%-ʀ

â9Ǭ� S/Nȵ: 4-8Ø@6ˬ��ø̐˚: x-y-z9ĮǬĲ8 1.7Ø@6ˬ�5#M3�L� 

 

2-4-7.�Spiso-3D8ILi�U�ȝ÷5i�U�Ÿƙ�ΐ͚ơƹ9̐Ȍ�
� ĥƨ%-ʀâu�o9i�U�ŸƙP�Ǧɹ̐Ȍm�v Spiso-3D Pɽ�3̐Ȍ%-�

Spiso-3D :�ʝŭǃ˽Ǒ˪ȧȡ~UZU��Y�tT_i��hW_v�ʜʾgx�i˧

Ď̐Ȍ�8��3Ƈƾ`����Ͱʉ%- (USA ɰ̕ĥƨɐ)�Ǧɹɝʯ8Œ2�-̐Ȍm

�v4�L (Mukai et al., 2011)�Spiso-3D9S�d�j�P�ň 2-9�Jň 2-118ʚ%-�� �  

� !9m�vVWS:�ʜʾʻ˙9 3 ȩãʀâ8Œ2�3ʜʾʻ˙9ơƹ̐ȌP˧Ďʋ8

˼�!5�÷ȉL�˧Ď̐Ȍʿȏ9©9̞K:�ê3ǂĎ4Öȫ%-�Spiso-3D Pɽ�-

̐Ȍ9Ȣū:�ň 2-128ʚ%-� 

� êi�U�Ÿƙ:�ĘÈȦɱʧ̮ͮ�-K9i�U�Ǧάi�U�9×ǦαȦɱʧ̮9

ͮ#[spines/µm]έ4űˑ%- (ň 2-13 (A))�B-�ΐ͚ơƹPȵ̹'L-E�ΐ͚ʏƤ9Š

�#8Ư&3i�U�P¾£9I�8 3 ʢΔ9e�_�i8øΔ%�+M,M9i�U�

ŸƙPʯ÷%- (ň 2-13 (B), (C))� 

� 1. Small-headi�U�  (ΐ͚ʏƤη0.2–0.4 µm) 

� 2. Middle-headi�U� (ΐ͚ʏƤη0.4–0.5 µm) 

� 3. Large-headi�U�  (ΐ͚ʏƤη0.5–1.0 µm) 

 

� å˼ʗʥ�J�i�U�9ΐ͚ʏƤ�Š��@6�GluR1 e��yrvPĴD AMPA ŏ

`�o��͠ĦŶÊ9ʉɷͥ�ş�5��!5�ǲJ�5703�L (Shinohara et al., 

2008)��Ǭ4�NR2Be��yrvPĴD NMDAŏ`�o��͠ĦŶÊ9ʉɷͥ:�i�

U�9ΐ͚ʏƤ8IJ(�ű4�L!5FŕĶ#M3�L (Shinohara et al., 2008)�AMPA

ŏĦŶÊ9ʉɷͥ9͓�8I03�i�U�9g`x�Ã͒čɵ8Ƌ��L!5�J�i

�U�9ΐ͚ʏƤ5̓ƻ˚Ĉ8:�Ÿǖ7ͲÒ��L5̑�L (ň 2-14)� 

 

 

2-5. ̬ͥøȌ8ILɈΟî9Ʋ����ɡƙɔűǬȾ  
� ɈΟî5˻©9Ʋ����ɡƙP�̬ͥøȌȾPɽ�3ɔű%-�+9ɄMPň 2-158

ʚ%-� 
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2-5-1. ɈΟ̘ǩġ<˻ɟ̘ǩ9̢̄  
Ʋ����ɡƙɔű8:�Zi�ĮƲķȁit�h (ě˙ȁ : Proestrus�ǔěȁ : Estrus�

ΨÊȁ 1 : Diestrus 1�ΨÊȁ 2 : Diestrus 2) 9�iPɽ�-� 

İ×Êɾȉ9˻ɟ5ɈΟPǕĥ%�(1) ˻ɟ5 (2) ɈΟ�JǊ÷�ʴ̄%-ĮƲ����

P̬ͥøȌ9̘ǩ5%-�ƲķȁPüű%-�i�rvPUm����Χ͜£4Ǫΐ%�(1) 

Ν�J˻ɋPǕĥ%- (˻ɋ9õŉPͳ�-E EDTA Pƀͥĉ�-)�Ǖĥ%-˻ɋP͔ƭ 

(1,900 x g�4��10øͱ) %3¢Ɏ9˻ɟP̘Ρʰ8øĥ%�ί30�4ÔŬ%-�˻ɋ9Ǖ

ĥ5¨˼%3 (2) 95% O2 / 5% CO2ɍį\i4Ĕø8~���`%- buffer A (4�) ©4Ɉ

Ο9ǜ÷P˼��Ę%-Ɗī 1ż9ɈΟɖͣͥPɔű%-� 

 

2-5-2. Ʋ����9Ǌ÷  
ɈΟ 1ż�-K 4mL9 buffer A Pĉ��#J8Ʋ����Ǌ÷͑ʡ49Ʋ����9Ǜ

ŤP̃ȫ'L-E8Ʈ̆7Ǌ÷čɵPʯ÷'L-E�űͥ'LƲ����P 3Hȣ̦%-F

9P��[�5%3 20,000 cpmøĉ�-�t�����hxUf�Pɽ�3ȸò%7�J

ʤG�8��hxUj%���h{�v9 2 Øͥ9Ʋ����Ǌ÷ɋ (�]e� : ͝͠X

q� = 2 : 39ɍįɛɋ) Pĉ�3 10øͱǞǌ%-ƥ�͔ƭø (2,500 x g�ųɓ�10øͱ) 

P˼��Ǿȧƅ8ɛ÷%-Ʋ����PŅĤ%-�Ʋ����9Ǌ÷ǟÌ:�Į̘ǩ81

� 3 Ņ(1˼���18B5E-�ɛŪPůê8˵ʉ#)�C18[��ɛ÷ɽɛɋ (�o|

�� : DDW = 40 : 60) 1 mL8ðɛ%�C18 Amprep minicolumns (Amersham) Pɽ�3¾£9

ǂ8IK˛̬ʭ9ťͿɯPͶ�-� 

 

[��9ăöɹ �o|�� 5 mLP[��8͉' 

 DDW 5 mLP[��8͉' 

 �o|�� : DDW = 40 : 60 5 mLP[��8͉' 

Ǌ÷ɋ9žé Ʋ����Ǌ÷ɋ 1 mLP[��8žé'L 

Ʋ����9ɛ÷ �o|�� : DDW = 40 : 60 5 mL4ɛ÷'L 

 �o|�� : DDW = 85 : 15 5 mL4ɛ÷'L 

 

C18[��8ILʴ̄ƥ�ðƙɛŪPΖ;%3�JXo|�� 1 mL 8Ʋ����Pɛ̐

%-� 

 

2-5-3. ʐ HPLC8ILƲ����9ʴ̄  
� HPLC:�ŉűʐ ([��) 8ż'L̍ĺƲ9Ƌ8I03ɯ̬9ɛ÷ǵͱ�ʄ7L!5
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Pþɽ%3�ɯ̬9øP˼�ǬȾ4�L (ň 2-16)�ŉűʐ8:g�[b��äř#M-

ʐg�[b�[�� (0.46 x 15 cm, Cosmosil 5SL (Nacalai Tesque Inc.)) P�ʠĎʐ8:�

]e��Um���|���͝͠9ɍįɋPɽ�-�[��îP͉͑'Lɯ̬9�/�g

�[b�5̍ĺƲ9Φ� (ȟƲ9Φ�) ɯ̬@6[��î8ͮ�v�r�#ML�ʠĎʐ 

(ɛɋ 1 5 2 9ɍįɋ) 9ɛɋʽƼP��`��8Ƨ03ŝ�L!54�ø˚PÔ/1

1êÊ9ɛ÷ǵͱPʕ�'LƉŢP˼0- (ň 2-17)� 

͔ƭƛɡˊȧ (VC-96N (TAITEC)) Pɽ�3Ǌ÷%-Ʋ����ɛɋ9ɛŪPůê8˵

ʉ#)-�!M8 HPLC9e����ɛɋ (�]e� : Um���|�� : ͝͠ = 98 : 2 : 

1) P 200 �Lĉ�3�Ʋ����P��tr_i8IKɛ̐%-�!MJ9Ʋ����ɛ

ɋP HPLC git� (Z�ve���� : AS-2055��]e� : MX-2080-32���� : 

PU-2080 (ǯȅøæ)���_g��c�_o� : FC-202 (Gilson)) 8žé%�ĮƲ����

8øʀ%-���_g��c�_o�Pɽ�3��J�&E��[�PɄ%3ɰű%-Į

Ʋ����9ɛ÷ǵͱ�J�ăƥ 3θ4øʡƙ9ʀøPͽE-� 

�͚9Ʋ����:�MSžéǵ9UZ�ĐčɵPΦE�ȝ÷ƸƙPĲ¢'L-E8̛ž

ÊĐP˼0-�ĮƲ���� (̛žÊ) 9ȡ͋5�LC-MS/MS9˾ʧ͚8��LͰ̀�o�

��m/zÛŝĐPň 3-138ʚ%-� 

E2 9̛žÊĐ9ǬȾ:¾£9͉K4�L�B(ʐ HPLC 4ʴ̄%- E2 ��_g��

9ɛŪPX~���o�4˵ʉ#)�5%9 pentafluorobenzyl bromide / acetonitrile (KOH / 

ethanol ɛŪ) 5 55��1 ǵͱ9ȈÀ4ģƯ#)-�+9ƥ�ɛŪP˵ʉ#) 100�L 9

picolinoic acid ɛ ɋ  (2% picolinoic acid � 2% 2-dimethylaminopyridine � 1% 

2-methyl-6-nitrobenzoic acid�ɛŪ: tetrahydrofuran) 5 20 �L9 triethylamine55F8ųɓ

4 30øͱģƯ#)-�ģƯɻƼɯ: 1% ͝͠8ɛ�%�Bond Elute C18 column (Varian) P

ɽ�3ʴ̄%-�!MP®ɭ#)�ɛɋ8ɛ�%3 LCžé9e���5%-� 

 

2-5-4. LC-MS/MSPɽ�-̬ͥøȌ   
̬ͥøȌ8: liquid chromatography–tandem mass spectrometry (LC-MS/MS) git�Pɽ

�-�́ˏ9ȠʃňPň 2-188ʚ'�LC͚� Agilent 1100 (Agilent Technologies) �MS͚

� API-5000 (Applied Biosystems) 4�K�MS͚49UZ�ĐȾ:ȫUZ� ESI (electro spray 

ionization) ȾPɽ�-�B-�øȌ̒ȅÊ: MS/MS�ĩ˚7v���it�hńͣȟŏ̬

ͥøȌ̒4�L�ʬ�9it�h�̍UZ�9øøȌ͚�ʬ²9it�h���`��

vɻƼɽ9˾ʧ͚�ʬ¡9it�h���`��vĐ%-ũUZ�9øøȌ͚5703

�L�LC͚9[��8:Cadenza CD-C18 column (3×150 mm, 3 �m, (Imtakt Japan)) Pɽ��

Z�ve����8: HTC PAL (CTC Analystics) Pɽ�-�!!4�̘ǩPU�hW_g
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��%-ǵͱP t = 0�̘ǩ�ȝ÷#M-ǵͱP t = t15%�t1PÔǏǵͱ5Ĺ=� 

 

2-5-4-1 . LC-MS/MS�����`��  
ɛɋ A5ɛɋ BP¾£9I�7��`��8Ƨ03ɍį%͆ɋ%-�ɛɋ9Ʉ͊

: 0.4 mL / min4�0- (ň 2-17)� 

 

(Î) E29��`�� 

0.00θ4.00ø    ɛɋ A : ɛɋ B = 40 : 60 	 5 : 95 (ˆơď͛ŝĐ)  

4.00θ6.00ø    ɛɋ A : ɛɋ B = 5 : 95 	 0 : 100 (ˆơď͛ŝĐ)  

6.00θ7.50ø    ɛɋ A : ɛɋ B = 0 : 100 

7.50θ7.55ø    ɛɋ A : ɛɋ B = 0 : 100 	 40 : 60 

7.55θ9.00ø    ɛɋ A : ɛɋ B = 40 : 60 

 

2-5-4-2. Ʋ����9UZ�Đ5ȝ÷ 
LC4øʀ#M-̛žÊ9UZ�ĐȈÀ:�UZ�i���Ŋ : 5 kV�o��\iɓƙ : 

600��ł\i : 45 psi (picolinoyl̛žÊ)�o��\i : 55 psi (picolinoyl̛žÊ)�ø

È : 90 V (E2-picolinoyl)�80 V (T-picolinoyl)�˾ʧ\i (Q2˾ʧŁ) : ʨʹ4�0-�Ʋ�

���9űͥ8: multiple reaction monitoringȾPɽ�-�!9ǬȾ4:�ʬ 1̬ͥøȌ̒

4̍UZ��͗Ǉ#M3͉͑'L (Î�;�E2̛žÊ7J m/z = 558)�!!4�m/z9 m:

̬ͥ�z:Ʋ����̛žÊ9˱PƷĸ'L�ȩ8�c�h��8��3ʨʹ\i59˾

ʧ8IK̛žÊ�Ͱ̀%�ǪɮĐ%-ũUZ� (E2̛žÊ7J m/z = 339) �ʬ 2̬ͥøȌ

̒4ȝ÷#ML�¸Ņɔű%-Ʋ����9 m/z transition :�PROG � 315 	 97�

E2-3-PFBz-17-picolinoyl � 558 	 339 4�0-�7��İÈÊȣ̦%-Ʋ����9̛ž

ÊPɽ�3 m/z transitionPɔű'L!58I03�ɛ÷ǵͱ9ȕȫP˼0-� 

ɛ÷ǵͱ9ȕȫ5İȢ8�RI ȣ̦#M-Ʋ����Pɽ�3�̛žÊĐ�ʴ̄�MS/MS

ȝ÷9ƥ8��LĮƲ����9ȝ÷čɵPȹE-�+M,M9čɵ:�PROG�71 ± 6Ϋ�

E2� 89 ± 8% 4�0-� 

 
2-5-4-3. ȝ÷ʴƙ5űͥ͵ʁ 
ĮƲ����9ȝ÷ʴƙ5űͥ͵ʁP˿ 1 8B5E-�ȝ÷ʴƙ:ȣəe���PȺB

0-ͥ4Ʉ%�+M8ż%3Ų8ȝ÷4�-ͥ9ćį�JȹE-�B-űͥ͵ʁ:�Ⱥ

B0-ͥ9ȣəe���PɄ%3ȝͥˆPƝ��ȝ÷%-ÕĬƟƙ5ɡƙ9ͲÒ�ˆơ8

7L£͵PȹE-� 
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2-5-5. Ǌ÷čɵ9̒ʯ  
ȫʙ7ɡƙ9ʯ÷9-E�Ʋ����Ǌ÷͑ʡ8��LƲ����9ø̐�ǛŤP˓ƺ

%�Ǌ÷čɵ9ʯ÷P˼0-�ɈΟP��hxUj'Lă8�3H ȣ̦%-ʎʋ9Ʋ���

� 20000 cpmPĉ�-�HPLC8ILø4ͽE-��_g��©8ĴBML 3H9[V�

vǦP�ɋÊg�q��g��[V�o�  (LS6500 Multi-Purpose Scintillation Counter 

(BECKMAN COULTER)) Pɽ�3ɔű%-�ɔűʿȏ�J¾£9ƛ8Œ2�3Ǌ÷čɵP

ȹE-ʿȏ�Ǌ÷čɵ: 40θ50%ʡƙ4�0-� 

 

 

 

 

2-5-6. Ʋ����ɡƙ9ʯ÷Ⱦ  
� ̬ͥøȌ8I03ƨJM-u�o�J�ň 2-15 8ʚ%-ǬȾ4ĮƲ����ɡƙPʯ÷

%-� 

 

 

2-6. RT-PCRPɽ�- mRNAʉɷ̐Ȍ9ŲΡǬȾ  
RT-PCRPɽ�3 mRNAʉɷ̐ȌP˼0- (ň 2-19)�̐Ȍ8:�Zi�rvġ<ĮƲķ

ȁit�h (ě˙ȁ : Proestrus�ǔěȁ : Estrus�ΨÊȁ 1 : Diestrus 1�ΨÊȁ 2 : Diestrus 2) 

9�i�rv9ɈΟPɽ�3�Į�81� 4×Ê (×Ê"58Ɗī 1ż9ɈΟPɍį) �J

ƨ- 4 ̘ǩPÍɽ%-�Į̘ǩ81�ǼÉ 2 Ņ9 RT-PCR P˼0-�Įȣʋ͘Ãū81�

3 PCRɼɯ9śƑ̐ȌP˼��PCRɼɯ9ǐǦśƑȁ8eU_�ǦPŉű%3 PCRP˼0

-�PCRɼɯ9űͥ:��(MFȶɁĎ%- PCRɼɯP EtBrȓ˭%�ȝ÷%-~�w9

̺ƙP̒ɔ%3˼0-�Įȣʋ͘Ãū9ŲΡʿȏ8:�PCR eU_�ǦPȥ̷�PCR ɼɯ

9 EtBr ȓ˭8IKƨJM-~�w9̺ƙPżǦʎʍ9ˉ̷8��rv%-ɮżǦ`��5�

ŲΡ8Íɽ%-̘ǩıPȥ̷�PCRɼɯ9 EtBrȓ˭8IKƨJM-~�w9̺ƙPˉ̷8

��rv%-`��Pʚ%-�PCR ɼɯ9śƑ̐Ȍ8:�ǼÉ 4 19ʄ7LɈΟ̘ǩPɽ

��+9ʿȏP Mean ± SEM4ʚ%-�+9�}Vi]���`͘Ãū4�L GAPDHP

î͚ȣə5%3ɽ�3̹ȫ%-�RT-PCR 8ɽ�-��U��͛ú5 PCR ȈÀP˿ 2-1 5

˿ 2-2 8ʚ%-�!MJ9��U��81�3:�Į��U��Pɽ�3śƑ%- PCR ɼ

ɯ�ȣʋ͘Ãū͛ú5�˩'L!5P�g�_X�g�`8I03ʙ̚%-�¾£�ĮŲ

ΡǟÌ81�3̙%�̓?L� 

 

Ǌ÷čɵ (%) =    ��_g��©9v�qV� (cpm) 
20000 (cpm) 

× 100 
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2-6-1. total RNA9Ǌ÷  
ȸò%- 4�9 PBS(-) (phosphate-buffered saline (-)) ©83��rv9ê˟�Jǜ÷%-Ɉ

ΟPɋÊʨʹ4Ʊ͊ôʿ%-ƥ�'�8 RNAǊ÷P˼70-�total RNA9Ǌ÷8:�SV 

Total RNA Isolation System (Promega) Pɽ�-�total RNA9ɡƙġ<ʸƙP�DDWPƏ͢

ɛŪ8ɽ�3�ȿͮ 260 nmġ< 280 nm49ĵæƙɔű8IKűͥ%-�y ƙ: A260 nm / A280 

nm� 1.6¾¢9F9PÍɽ%-� 

 

2-6-2. Xo|��Ȼȱ  
RNAɛɋ9 0.1Øͥ9 3M ͝͠xv�V�Pĉ�3I�ǑKɍ*�2.5Øͥ9 99.5Ϋ EtOH

Pĉ�-ƥ�ǂ4ɠ%�Ǒ03Ǟǌ%-�ί20�4 20øͱΆˏ%-ƥ�12,000 x g�4�4

20øͱ͔ƭ%-�͔ƭøƥ�¢ɎPǒ3 70Ϋ EtOHPĉ�3̸�ǑKɍ*�12,000 x g�

4�4 5øͱ͔ƭ%-�¢ɎP�U_���rv4ůê8ͶĞ%�Ε®%-ƥ�TE bufferĠ

: DDW8ɛ̐%-� 

 

2-6-3. ̶͇ñģƯ  
� ̶͇ñģƯɋ: 1̘ǩ�-K 25 µL4�ʽƼ: 5 µg total RNA�1x Reaction Buffer  (50 

mM Tris-HCl pH8.3�75 mM KCl�3 mM MgCl2�10 mM DTT)�0.5 mM dNTP mixture 

(TOYOBO)�1 µg Oligo-(dT)15 primer (Promega)�20 Units RNase inhibitor (Promega)�200 

Units M-MLV RTase RNase H (-) (point mutant) (Promega) 4�0-� 

ģƯɋ9̢̄:�B( total RNA5 Oligo-(dT)15 primer9ɍįɛɋP 7�4 5øͱĉɬ%3

ȸ¢4òĚ%-ƥ�¢̓9ʽƼ4 25 µL8̢̄%-�͇ ̶ñģƯ: 42�4 1ǵͱ˼��75�

4 15øĉɬ%ģƯPʼ¯#)-�͇ ̶ñģƯƥ9ɛɋ8�ɋͥ� 50 µL87LI�8 10 Units 

RNase H (TaKaRa Bio) Pĉ��37�4 30øͱģƯ#)-�ģƯƥ9 cDNAɛɋ (ɡƙ: total 

RNAͥǙʯ4 100 ng / µL) :�-30�4ÔŬ%-� 

 

 

2-6-4. PCR 
PCRģƯɋ: 1̘ǩ�-K 25 µL4�̔ Ƽ: 100 ng cDNA (total RNAͥǙʯ)�1x buffer for 

Blend Taq (TOYOBO)�0.2 mM dNTP mixture (TOYOBO)�0.2 µM forward primer�0.2 µM 

reverse primer�1.25 Units Blend Taq (TOYOBO) 4�0-�PCR: 3itr�4˼��+9

śƑ��vc�: 94��5ø (ŝƲ) → [94��30ʞ (ŝƲ) → Ta (58θ68)��20ʞ (Sy�

��`) → 72��30ʞ (Åͮ) ] x eU_�Ǧ → 72��7ø (Åͮ) 4�0-�ȣʋı��

�U��͛ú�eU_�Ǧ�Sy���`ɓƙ (Ta) 769ȈÀ:˿ 2-15˿ 2-28ʚ%-� 
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2-6-5. ȶɁĎ  
PCRśƑɼɯP�2%S\��ib�Pɽ�3 0.5 x TAE buffer©4ȶɁĎ%-�Į̘ǩ

81�3 5 µL PCRɛɋ5 1 µL 6 x Loading DyePɍį%3ɁĎɽɛɋP̢̄%�b�9Į�

��8S��U%-�PCRɼɯeUj9ǐȣ5%3�3 µL 100bp DNA Ladder  (Promega) P

İǵ8ɁĎ%-� 

ɁĎƥ9b�P 0.5 µg / mL9 EtBr / 0.5 x TAE buffer©4 1ǵͱΆˏ%�ȓ˭%-�ȓ˭

%-b�P UVɪŽ83̎ź%�Printgraph (ATTO) 4ʀâu�oPĥƨ�bmpơƛ4ÔŬ

%-�ĥƨ%-ʀâu�oPF58�ʀâ̐Ȍm�v Image J Pɽ�3 PCR ɼɯ9~�w

9̺ƙPʯ÷%�PCRśƑɼɯ9ͥP̈ʣF0-� 

 

2-6-6. ��U��9̔̒  
� RT-PCR9ȝ÷ƸƙĲ¢9-E8�¾£9Ǭͧ4ɰʄƲ5śƑčɵP§ʩ#)L��U�

�9̔̒P˼0- (ň 2-20)���U���ʐ̃ͬ5ʿį%-9ŮűƲ9̗Ñ8:�Ǽͻ

ǖɬĈŭ̒ʯȾ (Ǽͻǖ9ȗ͛͠ú9ƢΊP˓ƺ%�DNA ²ȅͬ9ʐ³Ìɽ9Ɵ#�Ůű

ƲPȹELǬȾ (Breslauer et al., 1986, SantaLucia, 1998)) 8I03ʯ÷%-^�i9˧ɾX

{�^�ΔGPɽ�-� 

 

[��U��̔̒9Ǭͧ ] 

ά1έ���U��êÊ9 ΔG(êÊ):�ͪ ŏêÊ4̒ʯ%- ΔG9ƒōÛ ΔG0IKÉ� (ŮűƲ

�Φ�) 7LI�8̔̒'L�Î�;�20ŘŒ9Z�dz_�ZqwPͪŏ DNA9

ʫ�JʫB4�JHL͛úP˓�3�20ŘŒêÊ9 ΔG(êÊ) PȹE3ƒō'L�!M

P ΔG0  (= - 40 kcal / molʡƙ) 5%3�ΔG(êÊ) � ΔG0IKÉ�7L͛úP̈1�3�

L� 

ά2έ���U��9 3’ȄʫÜ 5ŘŒ9 ΔG(5ŘŒ) �Φ�7L (ŮűƲ�É�7L) I�8̔̒

'L (ΔG(5ŘŒ) = -9 kcal / molʡƙ�ǿB%�)�!M:���U��9 3’ȄʫÜ�+9

��U��9ɰʄƲPƊī'L-E���3ʐ̃ͬ59ʿį�¤Ůű7͛úP͗=!

54�·ɰʄʋ7śƑPͳ�ʎʋ��L� 

ά3έ���U��9 5’ȄʫÜ9 ΔG:���U��î9ƒō ΔGIKFÉ� (ŮűƲ�Φ�) 

7LI�8̔̒'L�!M8IK�Φ�śƑčɵPÞ�-��U��57LI�8'

L� 
 

� ¢̓9ǬͧPF58���U��̔̒m�v PrimerSelect (DNASTAR inc.) Pɽ�3

��U��9̔̒P˼0-���U��:��1�9Ú̃PÌK�+M,M9 PCRɼ
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ɯͥ�e�~�w9ǾɧP̢?-¢4�ǼFɰʄƲ�Φ��śƑčɵ9ˬ�F9P͗

Q.�ǹ8g�_X�g�`P˼��PCRśƑɼɯ5ȣʋ͛ú59ʐİƲPʙ�E-� 

 

 

2-7. ˁ̒̐Ȍ  
� i�U�̐Ȍ8��3:�e���Ǧ n:Ȧɱʧ̮9Ǧ5%�u�o:ƒōÛ ± ȣə̞

Ƌ (SEM: standard error of the mean) 4˿̓%-�2ːͱ9ȵ̹8:�FȝűP˼��ʭøǥ

Ʋ�̚EJMLF98:iq��u�v9 tȝűP�ʭøǥƲ�̚EJM7�F98:VW

�q9 t ȝűPɽ�3ȝű%-�3 ː¾¢9şːͱȵ̹98:�ã͛ˏ9øǥøȌ 

(one-way ANOVA) P˼��ǾƷƋ (p < 0.05) �Ŭŋ%-Ŗį9C post-hoc test 5%3

Tukey-Kramer9şͣȵ̹ȝűȾPɽ�3ȝű%-�ǾƷȷə: * p < 0.05ή** p < 0.015%

-� 

� Ʋ����įƼ͟ʹ mRNA9ʉɷͥȵ̹4:�one-way ANOVAP˼0-ƥ�post-hoct

iv5%3 Tukey-KramerȾ8ILşͣȵ̹ȝűP˼0-�ǾƷȷə: * p < 0.055%-�� � �  

� Zi�rv5�i�rv9ĮƲķȁit�h9Ʋ����ɡƙ9ȵ̹4:�ANOVAP˼

0-ƥ�post-hoctiv5%3Zi�rvPżɪː5%- DunnettȾ8ILşͣȵ̹ȝűP

˼0-� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RU486 

(A) (B) 

(C) (D) 

(E) 

Hydroxy Flutamide 

ICI 

U0126 LIMK inhibitor 

ê2-1. ŚƵƾ&�ƣ��ȴĉÂ+ŧșĢ�
(A) LIMK inhibitor +ŧșĢ�LIMK + ATP ǑÚȠ�*�ƣ�%�ATP ǂÚƭ*ƀıË?
ȴĉ�<� 
(B) U0126 +ŧșĢ��ƀıï+ MAPK *ǑÚ�%ƀıË?ȴĉ�<� 
(C) RU-486 +ŧșĢ�m�OV^��ÕĊ� (PR)�Ò.N~PP~\PDaÕĊ� (GR) 
+B�ZQcV`� 
(D) Hydroxy Flutamide +ŧșĢ�B�a�O�ÕĊ� (AR) +B�ZQcV`&
<� 
(E) ICI +ŧșĢ�GV`�O�ÕĊ� (ERα) +B�ZQcV`&
<� 
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Lucifer Yellow 

Lucifer YellowôĖīčĝĶ 

Paraformaldehyde (A) (B) 

(C) 

!±ĖīčĝĶ�§�ĖīčĝĶ�

ê2-2. g|q~uB~_haÒ. Lucifer Yellow +ŧșĢ'VpM`~�
(A) g|q~uB~_ha+ŧșĢ�Z�gMȈ+ȱ&şŭ?Ĥĸ�<�'&�Ǐǘ
?ëĆ�<�'�&�<� 
(B) ŬƚǀȊVgD�?×ǶË�<�6*ƣ��ǬǨǌ&
< Lucifer Yellow +ŧș
Ģ�Ȇ+ȻǪ?Ŀ#�6�ƯƁȻƁ?Ɓ��'&ľň?ÆȘ�<�'�&�<��
(C) Lucifer Yellow +ÇȊVpM`~,� 428nm *j�M?Ŀ!�ǬVpM`~,
536nm *j�M?Ŀ#�ŚƵƾ&,�żȮ�458nm +��S��(Ar-Kr��S�) &ÇȊ
��505 nm ��+Ǭ?Ôĩ����

42 



(A) |]`?ŋɁ�%¯ǡ?Ô;·��4 �+ ACSF �&ŉ¸ȱŷµ��� 
(B) ƃɆ?Ô;·��il|`�u?ƣ�%Ñ� 400 µm +ƃɆV|DV?�ĸ��� 
(C) ƃɆV|DV?�Í¸ȗŵ (95% O2 / 5% CO2) �%�< ACSF +®"�\x�f�
*ƺ��2Œȱ}If}�?�<�'*9;�ƸǐVgD�?æī���� 
(D) }If}�ħ�ćɇś�*Ú>�%ÙƼV^�Daq~w�8ȴĉÂ?Æ%ǫ
ƠÀƏ?Ǯ��25�&D�Kyo�T{���� 
(E) ǫƠÀƏħ�4% g|q~uB~_haƍƅ*4�&12ŒȱƄƎ�%�V|DV?
ëĆ���ëĆą�ħ�PBS(-) &ſƂ�% PBS(-) �*4 �&£Ą����
 

DMSO  0.01% +ĖěĸąĞĬĶİĹ�
+ĖěĸąĞĬĶİĹË�

ÎË¾>��

(A) (B) (C) 

(D) 

(E) 

ê2-3. ơ��İıƃɆV|DV+�ǳÒ.ǫƠÀƏ�

�£āY�ËË�
&é�400µmô�
tÇĖĴąĖR�

tÇ�

ACSF�ïÏ_¼�
ĵĉģĵĺ�

ACSFËÐË	F£¡Èv�

��ô¦�ā àÝąĹċıĪĺĔĳĹ�

4% ĤĴĬĶĮĄĶĜĥĞzvï12_¼1<�

tÇĖĴąĖ�

tÇĖĴąĖ� tÇĖĴąĖ� tÇĖĴąĖ�
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ê2-4. vV|]`+ıßŘ�

4]0c 

ıßŘ+»Ć*,�ǤVvBŻ?ƣ���|]`&,ıßŘ*��ǭ��E2 Ɛġ+úË
*���Ǥ8ăĈ+�ƮĤĶ8¸źƘ�ȪŇ*úË�<�6�ǤVvB (Ãȹ��ǍǞ
?Ý5Ǥ±+¸źƘ) +ǸČ*9;�ĊŐ*ıßŘ�»Ć&�<�´Ʊ,�ÙıßŘV
^�U*��<ǢVvB?LuSŠǨ�%ɃĬȭǸČ��7+&
<�Proestrus &,8
8ýï+ŖšǍǞ�ü��Estrus &,ǹȈËǍǞ (š+)�ĺĠË��ǍǞ) �ü��3
��Diestrus +,}�gƟ�ü�ǸČ�=<+�ƙĭ&
<�ŚƵƾ&ƣ���Wistar 
|]`&,�ıßŘ��4Ŏ&æĝ�<��

Diestrus2 (Ê�c2)  

ĵĹĤ�ã7ß�

Estrus (W%c)  

øðĂñãª$êí���

Diestrus1 (Ê�c1)  

bh��ÝĵĹĤ�ã 
w2�

Proestrus (%�c)  

bh��ã7ß�
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(A) |]`?DYk~|�&ɉȢ��ħ�ǐĮƭ*ƑƁëĆ?Ǯ"��PBS(-) ?ÁƑƁ
�%ą¯*Ǡǭ��ħ�3.5Ɍ� g|q~uB~_haƍƅ?� 200mL ƑƁ��Ǐǘ?ë
Ć��� 
(B) ëĆħ*¯ǡ?Ń·��3.5% g|q~uB~_haƍƅ*�4�&12ŒȱƄƎ�<�
'*9"%ħëĆ����

(C) il|`�uƣ�%�ħëĆ��¯ǡ?Ñ�400µm +¹Ɨ*����ĸ��V|D
V,�4�&�PBS(-) �*£Ą����

&é400 µmô��£ĖĴąĖ 

GO=ó¸ā�êÝ 
*OSāõéúï�ÿ�

(A) 

(B) 

(C) 

PBS(-) ï�}sêî¢¨LÝ 
3.5%ĤĴĬĶĮĄĶĜĥĞ

(PFA)ï}s1<ËË�

�£āY�LÝ 
3.5% (PFA)zvó�` 
u{êîL1<�

&é 400µm ô 
ĖĴąĖR�

ê2-5.��ƑƁëĆ'¯ǡV|DV+�ĸ�
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Ėěĺĕ�

ÑÛÙÔÖÚ×Ø 
(10 nA, 15 min)�

NCĊĴĖĦīĚĝð�
¹�Âj�

ĵħăķĹĖÂj�

ĉįĴđĹĝĸĺĴ�

CCDĉįĴ�

İĠĘĺ�

ĭąčĸĭĠĦıķĺĘ�

ĢĸĐĹĴĹĩ 

o¹ĴĹĩ�

(A) 

(B) (C) (D) 

ê2-6. I��`D�UFMT{�ǱǙ�
(A) ƃɆƸǐǍǞ*ǬǨǌ?Ž®�<ǱǙ+Ŧƨê�J|Vjp]`¬ǁ* Lucifer 
Yellow ?«ö��ȩǕȻť*ǿǙ���sDM�scjy��Z&Ȼť?Ņ��)�
:��þV^�U�+V|DV+ƸǐǍǞ*J|Vjp]`?À®���AxoPacth ?
ƣ�%ŕý 10nA +ƯƁȻƁ?3¸ȱƻġƁ��'*9;�ǬǨǌ?ƸǐǍǞ0Ž®
��� 
(B) e�O�|�m?Ƌ'���ưĚɃĬȭ©�ő©,i_HwcZ�*·Å��ƃ
ɆCA1+ƸǐǍǞĖ*ƕƓ?Ú>�<ȷ*ƣ��� 
(C) Ŷȩ|�m?Ƌ'��ǬɃĬȭ©�N~Zt�ȤƸǐǍǞ+1#*Ȼť�À®
�=�ȻƁ*9"%ǬǨǌ�ǍǞ±*®;ā6%�<Ũă� 
(D) ǨǌŽ®�ą���ȷ+�ȸ;Ú�ƃɆCA1ɀðN~Zt�ȤƸǐǍǞ��

ÂsË(10nA) āsêòãþ 
ąĹĕĆčĔĳĹëÿçðï 
l��±ôd�ùï 
¥�āDæÿçðãïäÿ�
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Z����0.45 µm�����

深さ
0.0 µm

0.45 µm

0.90 µm

1.35 µm

1.80 µm

2.25 µm

2.70 µm

3.15 µm

3.60 µm 

4.05 µm 

Z軸方向に0.45 µm 間隔で撮影
3m���'Mąįĺĕ� CA1ZA�E�

(A) 

(B) 

ê2-7. ȗĞï°ƕƓ��S�ɃĬȭTV^u�
(A) ŚƵƾ&�ƣ��°ƕƓ��S�ɃĬȭTV^u+ŪĢê�63×ŶƄčƘ��W� (Ȱ
Öŉ1.2) &ǬǸČ��Ar/Kr��S�+�458 nm Ǖ&ÇȊ�%�505 nm ��+Ǭ?Ô
ĩ��� 
(B) ŋĖńĥ+ŪĢê�ƃɆCA1ɀð*¸ě�<Ȭ�ƸǐǍǞ+ņĎƚĖ+2Ű¸ėŬƚ
ǀȊ?�ZȏōÜ*�0.45 µm�'*ńĥ��� 

(458nm)�
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1 µm 0.6 µm 0.4 µm 0.2 µm 0.8 µm (A) 

(B) 

�ô��

Convolution 
Lô���

Deconvolution 
Lô���

Deconvolution 
Lô���

Deconvolution 
�ô���

ê2-8. _P�r}y�T{�¶Ơ�
(A) °ƕƓɃĬȭ?ƣ�%Ôĩ��Ʀ©_�Z,�Ʊ+©'Ɠľ�;Ȳŉ (point spread 
function) '+P�r}y�T{�ƽ*)<�AutoDeblur &,��=?ȕǇ�<�'&
_P�r}y�T{�¶Ơ?Ǯ��Ʊ+Ǭ¸ě?Ǉ·�łĆ�%�<� 
(B) _P�r}y�T{�¶ƠÁ'ħ+ŬƚǀȊƦ©�_P�r}y�T{�¶Ơ*
9"%Ʀ©+28��ȶ�=�ǝœ'+÷Ƨ�ŏƲ*)"%�<� 
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(A) 

(D) 

(B) 

(C) 

���ËË� l��±i�ËËË�

ê2-9. Spiso-3D +B~Q}Wu (1/3)�
(A) Ʀ©,�ƿȱ+ÙƓ*ȑġ?čį��<´©&
<�ȑġȲŉ I(x) ? TaylorĔȰ�%
ƞ=<2Ű+Ĭ¸¡ŉnV^�Y~ (Hessian tensor : H) ,�ēĹƭ)ŔƝ?ǯ��ƿȱ+
ÙƓ& H ?Ÿ6%čǹË���+ëŖ¦?λ1ɏλ2'�<� 
(B) ŬƚǀȊ�ĮǕ+ţ·�ŬƚǀȊ+ĒŢ�+Ɠ�O(x1) ,�ĒŢōÜ&,� f’(x1) = 0 &

;��#ĒŢōÜ+�H +ëŖoM`~*č�<ëŖ¦,�λ1 = 0��+ŻǕōÜ+ëŖ
oM`~*č�<ëŖ¦�λ2 ,�ŕĐ¦�- λmax ?'<�(¨��0 &ŕý+ť¦)��
(C) ŬƚǀȊğ+ţ·�ŬƚǀȊ+ĒŢ�+ƓO(x1) �:�§*ǄȌȹ+ƓA,B?Ź6<�
OA,OB ōÜ+Ï�oM`~�eOAɏeOB *č�<Ù	+÷Ƨġ+ƽ�(-eOA�grad fA)�(-eOB�
grad fB) = τ(r) +ťý¦?Ÿ6<�ťý¦,ê�Êȡ+úŔƓ&ĩ:=��=�ǁƓ')<��
(D) ŬƚǀȊ?¯Ʀ©�:Ě�ģ��ħ�ëŖ¦�λ1< 0�λ2< 0 &
<Ɠ (ȯ��ŔȾ) *V
gD�ɁȠ�Ąì�<� 
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ĖĤąĹÄ´�KËÌD) = 4 

(A) 

(B) 

�O~ô) PãÉß� �O~ô) Pã�ß�

(C) (D) 

(E) (F) 

(H) 

(G) 

ê2-10. Spiso-3D +B~Q}Wu (2/3)�
(A) ÊȡoM`~ grad fA +Ü��Ú�ġ (±ƽ)φA= (grad IA+1)�(grad IA-1) ?½ƣ�<������
VgD��ĮƓ&,�φA �Ȇ*)<� 
(B) Ƭ�jMX~,�grad I = 0 �ŮǨ+jMX~,�||grad IA|| > 0��
(C) λ1 '�λ2 �°*Ȇ+jMX~?Ý5Ę*#�%�Ü��Ú�ġ?ǽǇ�<�4#+Ü�
�Ú�ġ+�!�1#&7Ȇ')=-VgD��Į¥ǲ'�%Ų�� 
(D) Ę+û*¾Ȝ�<3&*ǐƤ�<ŕĐ+jMX~ŉ&ŉ¦Ë�<�ŕý+ŉ¦?7#
jMX~?VgD�+�Į'�<� 
(E) λ1 '�λ2 �°*Ȇ+jMX~*#�%�λ1λ2 > S (ȳ¦) ')<9�)jMX~?G'�<� 
(F) G?Ý59�)ŮǨjMX~ɀð?VgD�'ĆǛ�<� 
(G) (D)'ÛŨ*Ȍȹ?ŉ¦Ë��(D)&Ÿ6�VgD��Į+Ŀ#ŉ¦?VgD�+ÎĦ 
'�<� 
(H) ǽǇ�=�VgD�ƯĦ�D=4 +²�VgD��*ǯƷ�=<��

50 



(A) 

(B) 

ê2-11. Spiso-3D +B~Q}Wu (3/3)�

(A) ZōÜ*ȸ;Ú�Ⱦ+ȱ&�VgD�ɀð�5Ɍ��ȥ)<7+?Û�+VgD�'�
%N~�mË�<��Į�Ǚ,���'�<�ɁȠƯĦ, D = max(D1,D2,ɓɓɓDn) '�<� 

(B) Spiso-3D+ǥÉǺŜ¯[DBN|u� 
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5 µm 

(A) °ƕƓ��S�ɃĬȭ?ƣ�%Ôĩ��XYĠȾ*ŕý+ȑġ?ļĎ��Ʀ©� 
(B) Spiso-3D?ƣ�%�ŬƚǀȊ'VgD�?ţ·��Ʀ©�ȉǨ,ŬƚǀȊ�ŮǨ
,VgD�+ɁȠ?Ʒ�� 
(C) ţ·Ǒŝ?3Dw_~Ë��Ʀ©�360°æȎ×ǟ&
;�MAX-XY Ʀ©&,»¼
èȺ)VgD�+ţƴ*ƣ�<� 

(C)  i��fā3DİĜĶ$êí�� 

(B)  l��±ðĖĤąĹāi�êí�� 

(A)  ��~ÆN»âþ'MêÝXYHÃóTAêí�� 

ê2-12. Spiso-3D ?ƣ��VgD�ǺŜƦ©�

52 



ê2-13. VgD�ċġ+Ǉ·Ż'ɁȠƯĦ*9<3RlM|V0+¸Ʉ�

(A) ¯VgD�ċġ,�Ï�ŬƚǀȊȮ
�;+VgD�ŉ&ĆǛ�%�<� 
(B) ɁȠƯĦ*9<VgD�¸Ʉ+ŪĢê�VgD�ĤĶ*Ȳ�%,�ɁȠƯĦ+R
DW*9"% small-headVgD��middle-headVgD��large-headVgD�+3ƼɄ
+RlM|V*¸Ʉ��� 
(C) ɁȠƯĦ*ñ$�%¸Ʉ��VgD�ċġ+¸ěê�Ï�ŬƚǀȊȮ
�;+�
ÙRDWǈé±*Ý3=<ɁȠƯĦ?Ŀ#VgD�ŉ (VgD�ċġ) ?m�]`�
��3ƼɄ+RlM|V*¸Ʉ�<�'&�Ùś�ȱ&+ɁȠĤĶ+úË?ţƴ�<
�'�×ǟ')"�� 

(A) 

(B) 0.2 - 0.4 µm      0.4 - 0.5 µm     0.5 - 1.0 µm        

small-head middle-head large-head 

small� middle� large�
(C) 

Spine head size (µm) 
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  Small-head ĖĤąĹËË�  Middle-head ĖĤąĹËË� Large-head ĖĤąĹË�

ēĨĲĠĚĝ[õĖĤąĹô�Kó½�òå�<�NR2B 

ēĨĲĠĚĝ@IõĖĤąĹã8äåòÿð58ËË�GluR1 

ēĨĲĠĚĝ@IõĖĤąĹô�Kó½�òå�<ËË�NR2A, NR1, GluR2, GluR3 

NMDA4(?�ôēĨĲĠĚĝ: NR2B, NR2A, NR1,  
AMPA4(?�ôēĨĲĠĚĝ: GluR1, GluR2, GluR3 

ê2-14. VgD�+ɁȠƯĦ'�AMPAïN~Zt�ȤÕĊ�ċġ+Ȳ¡�
¬ǮƵƾ�:�VgD�+ɁȠƯĦ�ý��1(�GluR1 Rlzc]`?Ý5�AMPA
ÕĊ�+ƫƞȧ�ü��'�ŏ:�')"%�<�(Shinohara et al., 2008)��ō&�
NR2B Rlzc]`?Ý5�NMDA ÕĊ�+ƫƞȧ,�VgD�+ɁȠƯĦ*9:��
Ć&
<�'7òÞ�=%�<�(Shinohara et al., 2008)�AMPAÕĊ�+ƫƞȧ+ȝ�
*9"%VgD�+TNb~�ȜÈƝ*Ě�
<�'�:�VgD�+ɁȠƯĦ'Ǿ

ķǟÅ*,�ċŁ)Ȳ¡�
<'Ǽ<��

�Shinohara et al., 2008)�

Ä´�Kã8äßĖĤąĹõ	
AMPA4(?�ô[ã7å	
¬Q�ãÉß�

54 



ê2-15. Ȉȧ¸Ŝ+m�`P~ê�

Sol.1 

Sol.2 

ĻzÁvôsĀÿ\.�

HPLC+ǱǙ+Ŧƨê�Pump A �:Ȕ:=<ƪŶı+Ɉ�ƍȹƅ1 (Sol.1) '�Pump B
�:Ȕ:=<ǷŶı+Ɉ�ƍȹƅ2 (Sol.2) '��Mixer *��%�ê2-17 *Ʒ��ŴƝ
*Ĩ"%ƆÚ�=%�I|u?ȗ<�I|u*,ǷŶı+T}II|u?ƣ���R

�m~±+Ùıq~w�,�ëĆư (T}II|u) 'ƅư (ƍȹƅ) '+Ƿáı+Ě*
9"%�Ʃ)<ƍ·Œȱ&ƍ·�=<� 

ê2-16. HPLC+ǱǙŦƨ�

tÇôY��

PĬĶİĹU��

C18ĉĴĮóýÿ�©�

HPLCóýÿPĬĶİĹô�Á�

PĬĶİĹô       
picolinoyl ¯B�$�

LC-MS/MSóýÿPĬĶİĹ
/·ôx<�

ƃɆ,Ń·ħ�Ɗȥȧ?ȧ;qwUbDW����+Œ�3HũȅV^�Da?�2×104 

cpm ®=�HPLC *9<¸ȹħ*IE�`ŉ?Ɖ<�'&�ıq~w�+Ľ·ÈƝ?Ÿ
6��Ľ·��Ùıq~w�?�HPLC &¸ȹ��LC-MS/MS +R�m~'����Ƞ
+ıq~w�*Ȳ�%,�MS ď®Œ+DH�ËÈƝ?��<�6�Ȃď�Ë?Ǯ"���

tÇôĬİĕğąėô¿ó3Hk°ĖěĸąĞ
2×104 cpmā-_ó àÝçô¼ôU�"�ā
pûÿÞ�

�àö45 % 

x (pg) / 0.45 / 0.15 = X (pg / g) 

tÇôy¶·ā·ÿÞ�

�àö0.15 g 

 (PĬĶİĹ/·)  

= X (pg / mL) 

X (pg / mL) / M (PĬĶİĹ�:·) = Y nM 
 (PĬĶİĹ|I)  
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LC-MS/MS ćɇǱǙ+Ŧƨê�3� LC Ƞ&¸ȹ�=�R�m~,�ESI Ż*9;DH
�Ë�=%`}m~V^�UȈȧ¸ŜȠ*Ȕ:=<�ǃ1Ȉȧ¸Ŝǽ (MS1) &ƙĆ+
m/z¦?Ŀ#ǷDH�+4?ȗț����:*P}U{�*��%ơĸ�=�k|Nv
�`DH�+ţ·?ǃ2Ȉȧ¸Ŝǽ (MS2) &Ǯ�� 
��&�ȀŊ?D�UFMT{���Œȱ? t = 0�ȀŊ�ţ·�=�Œȱ?�t = t1 '

��t1?£ĿŒȱ'à/��

�

ê2-18. LC-MS/MS ćɇǱǙ+Ŧƨê�

ŚƵƾ&ƣ���HPLC +Ȕƅm�N|u�ƍȹƅ1 (Sol.1) 'ƍȹƅ2 (Sol.2) +ƆÚƅ�
*��<�Sol.2 +ÄÚ?Ʒ��N|k��

ê2-17. HPLC +Ȕƅm�N|u�

10 

100 

P
er

ce
nt

ag
e 

of
 S

ol
.2
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ê2-19. RT-PCR+m�`P~�

total RNAôU��

³²��

PCR 

Ânr#ÝEtBrg¥�

įĹĨķĹ÷²��

Southern hybridization 

PCR��ôčĸĺĠĹĎ�

ĔĺďĹĖ�®�

DNAĩĸĺĨ©�

total RNA+Ľ·ħ�Oligo dT primer ?ƣ��ȕȎ´*9;�cDNA?�ǳ���ǯ2-1�
ǯ2-2*Ʒ��ś�&PCR?Ǯ��BJ��VO~ȻŵžÉ?Ǯ"���+ħ�EtBrŠ
Ǩ?Ǯ��UVƖĎ*9<ȑġ?ńĥ�<�'&Ćȧ?Ǯ"��¯%+ȟ�ă*#�%
PCRƢƘ+T�MG�T�N'RS�l�]^C�N?Ǯ��ũƭȟ�ă'+ưÛı
?ƶȁ����

ê2-20. m|Ds�+ǿǽŻ�
ǿǽ+ōȨ,� (1) m|Ds�¯�+ΔG (¯�) ,�ȫï¯�&ǽǇ��ΔG+Ġí¦ΔG (0)

9;��)<9�*ǿǽ�<� (2) m|Ds�+3’řǁ§5õñ+ΔG (5õñ) �Ɉ�)<9

�*ǿǽ�< (ΔG (5õñ) = - 9 kcal / mol ƻġ���=9;ý��7+�ŗ3��)   (3) m
|Ds�+�5’řǁ§+ΔG ,�m|Ds�±+ĠíΔG 9;7��)<9�*ǿǽ�< �      
��+�#&
<��

5’ - TGGGGCGGGCATAGAGACAACT - 3’ 

-20

-15

-10

-5

0

Δ
G

 (5

�

) [
kc

al
 / 

m
ol

] 

ĩĴąĭĺðk�µ�ðô���óáæÿČĨĖ¤�ćġĶČĺΔÒā��

aÀX��;«�q�

P450(17a) forward ĩĴąĭĺ�

5’ - TGGGGCGGGCATAGAGACAACT - 3’ 

ĩĴąĭĺ�H3ËΔG 

ΔG (3’��5�) > - 9 kcal / mol 
 (2)  

 (3)  

 (1) ĩĴąĭĺΔG Ì��ÍË= - 45.9 [kcal / mol] < ΔG0 ĩĴąĭĺ�

k�µ��
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ʬδʪ� ŲΡʿȏ�

� ȅʗʥ4:�¾£9γ19t��8Ͳ%3ʗʥP˼70-� 

A : ɿƲ�ŧƲ������ɈΟʜʾʻ˙9Ȧɱʧ̮i�U�ŸƙPƱƲʋ8śĉ#)L 

� � øū�[yj�9̐Ȍ 

B : �i�rv9Ʋķȁ8Ä�ɈΟ9ʜʾi�U�ŸƙŝĎ5ɈΟî9Ʋ����ɡƙ 

� � ŝĎ�ġ<Ʋ����įƼ͟ʹ5ĦŶÊʉɷͥ59ʐͲ9̐Ȍ  

3-1�J 3-44: A81�3�3-5�J 3-74: B81�3̓?L� 

B-�A9ŲΡ8:δ�ǽΩ9Zi�rvPÍɽ%�B9ŲΡ8:�δ�ǽΩ9�i�rv

PÍɽ%-� 

 

A 
� 3-1�J 3-49ŲΡ4:�ŧƲ�����ɿƲ����ġ<iv�i������ɈΟ CA1

ΏŐ9`�o��͠ʜʾʻ˙9Ȧɱʧ̮i�U�8¥�LƢΊP̢?-�ȅʗʥ4:�ǡ

Žɱƅ8�L 2 ȩøƆȦɱʧ̮i�U�8ʒʎ%-�B-ȅʗʥ4:�ŧƲ����4�

L��bit��(PROG) 5�Xiv�hZ�� (E2)�ɿƲ����4�Lh�w�ti

vit�� (DHT) PÍɽ%-�#J8�Ʋ����8ILi�U�>9Ìɽ9ȵ̹ż̩5

%3�iv�i����4�Lc�qcit�� (CORT) FÍɽ%-�A 4:�ɻ�-Ʊ

ƲɈΟi�Ui8����PÌɽ#)L5��ŲΡʶPɽ�-�!9ʶ4:�ʹŵąPɽ

�L!58I03�i�U�ŸƙPŝĐ#)L����£Ʉ9øū[ia�wP̙ʻ8̐

Ȍ'L!5�ĩ˚57L�ìÊʋ8:���͠Đ͟ʹ4�L LIMK�ERK/MAPK ġ<ĮƲ

����9ĦŶÊ�`�cc�qcUwĦŶÊ8ʒʎ%3ŲΡP˼0-� 

� B-�ʬ 2 ʪ4̟ǲ%-I�8�̓ƻȧ˚�i�U�9ΐ͚ʏƤ8Ɵ�ÐŬ%3�L!

5�J�ɈΟʜʾi�U�9ΐ͚̐ȌF˼0-�ìÊʋ8:�i�U�9ΐ͚ʏƤ8Œ2

�3�small-headi�U� (ΐ͚ʏƤη0.2-0.4 µm)�middle-headi�U� (ΐ͚ʏƤη0.4-0.5 

µm)�large-headi�U� (ΐ͚ʏƤη0.5-1.0 µm) 9 3ʢΔ9e�_�i8øΔ%3̐ȌP

˼70-� 

 

 

3-1. ŧƲ����8ILʜʾi�U�ŸƙŝĐ5ơƹŝĐ  
� ŧƲ���� (PROGġ< E2) ��ɻ�-ɈΟ CA1ΏŐ9ʜʾi�U� (gx�iƥ͚)

8ġA'ƢΊ5�+9�[yj�9̐ǲP˼0-� 
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3-1-1. ��bit��(PROG)8ILɈΟʜʾi�U�>9ƢΊ  
� ��bit�� (Progesteron : PROG) :�½˿ʋ7ŧƲ����9βʢ4�L� 

 

3-1-1-1. PROGÌɽ8ILêi�U�Ÿƙ5i�U�ΐ͚ʏƤ9̐Ȍ  
� PROG �ɈΟ CA1 ΏŐ9`�o��͠ʜʾi�U�8ġA'ƱƲčȏP̢?L-E�ɻ

�-ɈΟi�UiP ACSF ©4 2 ǵͱU�]���v%-żɪː5�100nM 9 PROG P 2

ǵͱÌɽ#)-ÌɽːPÌƼ%�i�U�ŸƙPȵ̹%-�¸ŅÌɽ#)- 100nM PROG

:�Ų8ɔű%-ɈΟî9 PROG ɡƙ9ǼΦÛ8żƯ'L�+9ʿȏ�żɪː9êi�

U�Ÿƙ (0.95 ± 0.05 spines/µm) 8ȵ?�PROG Ìɽː9êi�U�Ÿƙ: 1.22 ± 0.05 

spines/µm5śĉ%- (ň 3-1 (A),(B)�ň 3-2 (B))� 

#J8̙%�̐ȌP˼�-E�i�U�9ΐ͚ʏƤ8Œ2�3 small-head i�U��

middle-head i�U��large-head i�U�9 3 ʢΔ9e�_�i8øΔ%3̐ȌP˼0-�

+9ʿȏ�small-headi�U�9Ÿƙ:�żɪː4: 0.56 ± 0.06 spines/µm4�0-98ż

%�PROGÌɽː4: 0.80 ± 0.05 spines/µm5śĉ%-�#J8�middle-headi�U�9Ÿ

ƙF�żɪː4: 0.24 ± 0.03 spines/µm4�0-98ż%�PROGÌɽː4: 0.37 ± 0.03 

spines/µm5śĉ%-��Ǭ�large-headi�U�9Ÿƙ:�żɪː� 0.17 ± 0.03 spines/µm�

PROGÌɽː� 0.13 ± 0.02 spines/µm4�K�@Aİʡƙ.0- (ň 3-3 (A),(B))� 

¾¢9ʿȏ�J�PROG PÌɽ#)L!58I03�ɈΟ CA1 ΏŐ9êi�U�Ÿƙ�

śĉ%�ɰ8 small-head i�U�5 middle-head i�U�Ÿƙ�śĉ'L!5�ǲJ�57

0- (ň 3-1 (A),(B)�ň 3-2 (B)�ň 3-3 (A),(B))� 

 

3-1-1-2. LIMK9ʹŵą(LIMKi)8IL PROGčȏ9ǄĀ  
� ȩ8�PROG8ILi�U�Ÿƙśĉčȏ�ɻ&L�[yj�P̐ǲ'L-E�i�U�

ơƼ8ͣ̆7ƣćPǋ03�L5˓�JML��͠Đ͟ʹ4�L LIMK 8ʒʎ%3ŲΡP

˼0-�LIMK:�i�U�ơƼ8ͣ̆7S_q�9˞ͣįPĀƩ'L cofilinP��͠Đ'

L͟ʹ4�L (Yang et al., 1998; Clcncy et al., 1992)� 

� PROG PÌɽ#)L 30 øă�J 10µM 9 LIMK ʹŵą (LIMKi) PĘÊ4Ìɽ#)�#

J8 PROG Pĉ�3 2 ǵͱU�]���v%-�+9ʿȏ�êi�U�Ÿƙ:�PROG Ì

ɽː (1.22 ± 0.05 spines/µm) 5ȵ̹%3�0.93 ± 0.05 spines/µmB4ɑƀ%�żɪː9êi�

U�Ÿƙ (0.95 ± 0.05 spines/µm) 5İʡƙ870- (ň 3-1 (A),(B),(C)�ň 3-2 (B))� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�meddle-headi�U�: 0.37 ± 

0.03 spines/µm �J 0.24 ± 0.03 spines/µm >5Š��ɑƀ%-��Ǭ�small-headi�U�:

0.80 ± 0.05 spines/µm �J 0.66 ± 0.06 spines/µm �large-headi�U�: 0.13 ± 0.02 spines/µm 
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�J 0.11 ± 0.02 spines/µm>5�ƀ%ɑƀ�̈JM- (ň 3-3 (A),(B))� 

� ¾¢9ʿȏ�J�LIMKi : PROG 8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPʹŵ'L

!5�O�0-�#J8�LIMKi8I03 PROG8IL meddle-headi�U�Ÿƙ9śĉ�

ǄĀ#ML!5FO�0- (ň 3-1 (A),(B),(C)�ň 3-2 (B)�ň 3-3 (A),(B))� 

!95��LIMKi PĘÊ4Ìɽ#)-Ŗį8:�i�U�Ÿƙ8ƢΊ:7�0- (ň 3-2 

(A))� 

 

3-1-1-3. ERK/MAPK9ʹŵą(U0126)8IL PROGčȏ9ǄĀ  
� LIMK5İȢ8�i�U�ơƼ8ͣ̆7ƣćPǋ03�L5˓�JML��͠Đ͟ʹ4�

L ERK/MAPK 8Fʒʎ%3ŲΡP˼0-�ERK/MAPK :�i�U�ơƼ8ͣ̆7S_q

�9ͣįPĀƩ'L cortactin P��͠Đ'L͟ʹ4�L  (MacQueen et al., 2003; 

Martinez-Quiles et al., 2004)�PROGPÌɽ#)L 30øă�J 25µM 9 ERK/MAPKʹŵą

(U0126) PĘÊ4Ìɽ#)�#J8 PROGPĉ�3 2ǵͱU�]���v%-�+9ʿȏ�

êi�U�Ÿƙ:�PROGÌɽː (1.22 ± 0.05 spines/µm) 5ȵ̹%3�0.91 ± 0.04 spines/µm

B4ɑƀ%�żɪː9êi�U�Ÿƙ (0.95 ± 0.05 spines/µm) 5İʡƙ870- (ň 3-1 

(A),(B),(D)�ň 3-2 (B))� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�small-headi�U�: 0.80 ± 

0.05 spines/µm �J 0.55 ± 0.06 spines/µm>5ɑƀ%-�#J8�meddle-headi�U�F 0.37 

± 0.03 spines/µm �J 0.23 ± 0.02 spines/µm >5ɑƀ%-��Ǭ�large-headi�U�: 0.13 

± 0.02 spines/µm �J 0.16 ± 0.03 spines/µm>5�ǾƷ7Ƌ:ɧ�0- (ň 3-3 (A),(B))� 

� ¾¢9ʿȏ�J�U0126 F PROG 8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹ

ŵ'L!5�O�0-�#J8�U01268I03 PROG8IL small-headi�U�Ÿƙ5�

middle-headi�U�Ÿƙ9śĉ�ǄĀ#ML!5FO�0- (ň 3-1 (A),(B),(D)�ň 3-2 (B)�

ň 3-3 (A),(B))� 

!95��U0126 PĘÊ4Ìɽ#)-Ŗį8:�i�U�Ÿƙ8ƢΊ:7�0- (ň 3-2 

(A))� 

 

3-1-1-4. ��bit��ĦŶÊ(PR)9S�odyiv(RU486)8IL PROG
čȏ9ǄĀ  
� ¾¢9ŲΡ4ʚ%- PROG8ILƱƲʋ7ɈΟ CA1ΏŐ9i�U�Ÿƙśĉ:���b

it��ĦŶÊ (PR) P¹%3�L�6��P̢?L-E�PR 9S�odyiv4�L

RU486Pɽ�3ŲΡP˼0-�PROGPÌɽ#)L 30øă�J 10µM9 RU486PĘÊ4Ì

ɽ#)�#J8 PROGPĉ�3 2ǵͱU�]���v%-�+9ʿȏ�êi�U�Ÿƙ:�
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PROGÌɽː (1.22 ± 0.05 spines/µm) �J�0.93 ± 0.04 spines/µmB4ɑƀ%�żɪː9êi

�U�Ÿƙ (0.95 ± 0.05 spines/µm) 5İʡƙ870- (ň 3-1 (A),(B),(E)�ň 3-2 (B))� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�small-headi�U�: 0.80 ±  

0.05 spines/µm �J 0.56 ± 0.04 spines/µm >5ɑƀ%-�#J8�middle-headi�U�F 0.37 

± 0.03 spines/µm �J 0.24 ± 0.02 spines/µm>5ɑƀ%-��Ǭ�large-headi�U�: 0.13 ± 

0.02 spines/µm �J 0.18 ± 0.03 spines/µm>5�Š�7ŝĐ:ɧ�0- (ň 3-3 (A),(B))� 

� ¾¢9ʿȏ�J�RU486 : PROG 8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹ

ŵ'L!5�O�0-�1BK�PROG 8ILƱƲʋ7i�U�Ÿƙśĉčȏ:�PR P¹

%3�L!5�ǲJ�570-�#J8�RU486 8I03 PROG 8IL small-head i�U

�Ÿƙ5�middle-headi�U�Ÿƙ9śĉ�ǄĀ#ML!5FO�0- (ň 3-1 (A),(B),(E)�

ň 3-2 (B)�ň 3-3 (A),(B))� 

!95��RU486 PĘÊ4Ìɽ#)-Ŗį8:�i�U�Ÿƙ8ƢΊ:7�0- (ň 3-2 

(A))� 

 

 

3-1-2. Xiv�hZ��(E2)8ILɈΟʜʾi�U�>9ƢΊ  
� Xiv�hZ�� (Estradiol : E2) :�TG E1�J P450arom8I03įƼ#MLŧƲ�

���4�L� 

 

3-1-2-1. E2Ìɽ8ILêi�U�Ÿƙ5i�U�ΐ͚ʏƤ9̐Ȍ  
E2�ɈΟ CA1ΏŐ9`�o��͠ʜʾi�U�8ġA'ƱƲčȏP̢?L-E�ɻ�-

ɈΟi�UiP ACSF©4 2ǵͱU�]���v%-żɪː5�1nM9 E2P 2ǵͱÌɽ#

)-ÌɽːPÌƼ%�i�U�ŸƙPȵ̹%-�+9ʿȏ�żɪː9êi�U�Ÿƙ (1.04 

± 0.03 spines/µm) 8ȵ?�E2Ìɽː9êi�U�Ÿƙ: 1.34 ± 0.04 spines/µm5śĉ%- 

(ň 3-4 (A),(B)�ň 3-5)� 

#J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�small-headi�U�9Ÿƙ:�

żɪː4: 0.53 ± 0.04 spines/µm4�0-98ż%�E2Ìɽː4: 0.75 ± 0.05 spines/µm5

Š��śĉ%-��Ǭ�middle-headi�U�9Ÿƙ:�żɪː� 0.35 ± 0.02 spines/µm�E2

Ìɽː� 0.40 ± 0.04 spines/µm5Š�7Ƌ:7�� large-headi�U�9ŸƙF�żɪː�

0.16 ± 0.02 spines/µm�E2Ìɽː� 0.19 ± 0.02 spines/µm4�K�@Aİʡƙ.0- (ň 3-6 

(A),(B))� 

¾¢9ʿȏ�J�E2PÌɽ#)L!58I03�ɈΟ CA1ΏŐ9êi�U�Ÿƙ�śĉ

%�ɰ8 small-head i�U�Ÿƙ�śĉ'L!5�ǲJ�570- (ň 3-4 (A),(B)�ň 3-5�
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ň 3-6 (A),(B))� 

 

3-1-2-2. LIMK9ʹŵą(LIMKi)8IL E2čȏ9ǄĀ  
� ȩ8�E2 8ILi�U�Ÿƙśĉčȏ�ɻ&L�[yj�P̐ǲ'L-E���͠Đ͟

ʹ (LIMK) 8ʒʎ%3 PROG5İȢ8ŲΡP˼0-� 

E2PÌɽ#)L 30øă�J 10µM9 LIMKʹŵą (LIMKi) PĘÊ4Ìɽ#)�#J8 E2

Pĉ�3 2ǵͱU�]���v%-�+9ʿȏ�êi�U�Ÿƙ:�E2Ìɽː (1.34 ± 0.04 

spines/µm) 5ȵ̹%3�0.99 ± 0.08 spines/µmB4ɑƀ%�żɪː9êi�U�Ÿƙ (1.04 ± 

0.03 spines/µm) 5İʡƙ870- (ň 3-4 (A),(B),(C)�ň 3-5)� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�small-headi�U�: 0.75 ± 

0.05 spines/µm�J 0.54 ± 0.06 spines/µm >5Š��ɑƀ%-�#J8�large-headi�U�

F 0.19 ± 0.02 spines/µm �J 0.07 ± 0.01 spines/µm>5Š��ɑƀ%-��Ǭ�middle-head

i�U�: 0.40 ± 0.04 spines/µm �J 0.38 ± 0.04 spines/µm5�@5Q6ŝĐ:ɧ�0- (ň

3-6 (A),(B))� 

� ¾¢9ʿȏ�J�LIMKi: E28ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹŵ'

L!5�O�0-�#J8�LIMKi8I03 E28IL small-headi�U�Ÿƙ9śĉ�Ǆ

Ā#ML!55�large-headi�U��ɑƀ'L!5FO�0- (ň 3-4 (A),(B),(C)�ň 3-5�

ň 3-6 (A),(B))� 

 

3-1-2-3. ERK/MAPK9ʹŵą(U0126)8IL E2čȏ9ǄĀ  
� #J8�ERK/MAPK8Fʒʎ%3ŲΡP˼0-�E2PÌɽ#)L 30øă�J 25µM 9

ERK/MAPKʹŵą (U0126) PĘÊ4Ìɽ#)�#J8 E2Pĉ�3 2ǵͱU�]���v

%-�+9ʿȏ�êi�U�Ÿƙ:�E2Ìɽː (1.34 ± 0.04 spines/µm) 5ȵ̹%3�1.08 ± 

0.05 spines/µmB4ɑƀ%�żɪː9êi�U�Ÿƙ (1.04 ± 0.03 spines/µm) 5İʡƙ87

0- (ň 3-4 (A),(B),(D)�ň 3-5)� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�small-headi�U�: 0.75 ± 

0.05 spines/µm�J 0.56 ± 0.06 spines/µm >5Š��ɑƀ%-��Ǭ�middle-headi�U�

: 0.40 ± 0.04 spines/µm �J 0.38 ± 0.05 spines/µm�large-head i�U�: 0.19 ± 0.02 

spines/µm �J 0.14 ± 0.03 spines/µm>5�@5Q6ŝĐ:ɧ�0- (ň 3-6 (A),(B))� 

� ¾¢9ʿȏ�J�U0126: E28ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹŵ'

L!5�O�0-�#J8�U01268I03 E28IL small-headi�U�Ÿƙ9śĉ�Ǆ

Ā#ML!5FO�0- (ň 3-4 (A),(B),(D)�ň 3-5�ň 3-6 (A),(B))� 
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3-1-2-4. Xiv�b�ĦŶÊ (ERα,ERβ) 9S�odyiv (ICI)8IL E2
čȏ9ǄĀ  
� ¾¢9ŲΡ4ʚ%- E2 8ILƱƲʋ7ɈΟ CA1 ΏŐ9i�U�Ÿƙśĉ:�Xiv�

b�ĦŶÊ (ERα) P¹%3�L�6��P̢?L-E�ER 9S�odyiv4�L ICI

Pɽ�3ŲΡP˼0-�E2PÌɽ#)L 30øă�J 1µM 9 ICIPĘÊ4Ìɽ#)�#J

8 E2Pĉ�3 2ǵͱU�]���v%-�+9ʿȏ�êi�U�Ÿƙ:�E2Ìɽː (1.34 

± 0.04 spines/µm) 5ȵ̹%3�1.03 ± 0.03 spines/µmB4ɑƀ%�żɪː9êi�U�Ÿƙ

(1.04 ± 0.03 spines/µm) 5İʡƙ870- (ň 3-4 (A),(B),(E)�ň 3-5)� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�small-headi�U�: 0.75 ± 

0.05 spines/µm�J 0.55 ± 0.03 spines/µm >5Š��ɑƀ%-�#J8�large-headi�U�

: 0.19 ± 0.02 spines/µm �J 0.11 ± 0.01 spines/µm>5ɑƀ%-��Ǭ�middle-headi�U

�: 0.40 ± 0.04 spines/µm �J 0.37 ± 0.02 spines/µm>5�@5Q6ŝĐ:ɧ�0- (ň 3-6 

(A),(B))� 

� ¾¢9ʿȏ�J�ICI : E2 8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹŵ'L

!5�O�0-�1BK�E28ILƱƲʋ7i�U�Ÿƙśĉčȏ:�ERP¹%3�L!

5�ǲJ�570-�#J8�ICI 8I03 E2 8IL small-head i�U�Ÿƙ9śĉ�Ǆ

Ā#ML!5�large-headi�U�9ŸƙFɑƀ'L!5�O�0- (ň 3-4 (A),(B),(E)�ň 

3-5�ň 3-6 (A),(B))� 

!95��ICIPĘÊ4Ìɽ#)-Ŗį8:�i�U�Ÿƙ8ƢΊ:7�0- (ň 3-2 (A))� 

 

 

3-2. ɿƲ����8ILʜʾi�U�ŸƙŝĐ5ơƹŝĐ  
 ɿƲ���� (DHT) ��ɈΟ CA1ΏŐ9ʜʾi�U� (gx�iƥ͚) 8ġA'ƢΊ5�

+9�[yj�9̐ǲP˼0-� 

 

3-2-1. h�w�tivit�� (DHT)8ILɈΟʜʾi�U�>9
ƢΊ  
h�w�tivit�� (Dihydrotestosterone : DHT) :�tivit���J 5α-reductase

8I03ɻƼ#MLƟ�ɿƲ����4�L� 

 

3-2-1-1. DHTÌɽ8ILêi�U�Ÿƙ5i�U�ΐ͚ʏƤ9̐Ȍ  
� DHT�ɈΟ CA1ΏŐ9`�o��͠ʜʾi�U�8ġA'ƱƲčȏP̢?L-E�ɻ�

-ɈΟi�UiP ACSF©4 2ǵͱU�]���v%-żɪː5�10nM 9 DHTP 2ǵͱ
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Ìɽ#)-ÌɽːPÌƼ%�i�U�ŸƙPȵ̹%-�+9ʿȏ�żɪː9êi�U�Ÿ

ƙ (0.97 ± 0.03 spines/µm) 8ȵ?�DHTÌɽː9êi�U�Ÿƙ: 1.28 ± 0.05 spines/µm5

śĉ%- (ň 3-7 (A),(B)�ň 3-8)� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�middle-head i�U�9Ÿƙ

:�żɪː� 0.33 ± 0.03 spines/µm�DHTÌɽː� 0.45 ± 0.03 spines/µm5śĉ%-�#J8�

large-head i�U�9ŸƙF�żɪː4: 0.25 ± 0.03 spines/µm4�0-98ż%�DHTÌ

ɽː4: 0.37 ± 0.03 spines/µm5śĉ%-��Ǭ�small-headi�U�9Ÿƙ:�żɪː�

0.41 ± 0.04 spines/µm�DHTÌɽː� 0.42 ± 0.05 spines/µm4�K�Š�7Ƌ:ɧ�0- (ň

3-9 (A),(B))� 

¾¢9ʿȏ�J�DHTPÌɽ#)L!58I03�ɈΟ CA1ΏŐ9êi�U�Ÿƙ�ś

ĉ%�ɰ8 middle-head i�U�5 large-head i�U�9Ÿƙ�śĉ'L!5�ǲJ�57

0- (ň 3-7 (A),(B)�ň 3-8�ň 3-9 (A),(B))� 

 

3-2-1-2. LIMK9ʹŵą(LIMKi)8IL DHTčȏ9ǄĀ  
� ȩ8�DHT 8ILi�U�Ÿƙśĉčȏ�ɻ&L�[yj�P̐ǲ'L-E���͠Đ

͟ʹ (LIMK) 8ʒʎ%3ŲΡP˼0-� 

DHTPÌɽ#)L 30øă�J 10µM9 LIMKʹŵą (LIMKi) PĘÊ4Ìɽ#)�#J8

DHTPĉ�3 2ǵͱU�]���v%-�+9ʿȏ�êi�U�Ÿƙ:�DHTÌɽː (1.28 

± 0.05 spines/µm) 5ȵ̹%3�0.96 ± 0.06 spines/µmB4ɑƀ%�żɪː9êi�U�Ÿƙ 

(0.97±0.03 spines/µm) 5İʡƙ870- (ň 3-7 (A),(B),(C)�ň 3-8)� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�large-headi�U: 0.37 ± 0.03 

spines/µm �J 0.06 ± 0.01 spines/µm5Š��ɑƀ%-��Ǭ�small-headi�U�: 0.42 ± 

0.05 spines/µm�J 0.50 ± 0.06 spines/µm�middle-headi�U�: 0.45 ± 0.03 spines/µm �J

0.40 ± 0.03 spines/µm5�ǾƷ7Ƌ:ɧ�0- (ň 3-9 (A),(B))� 

� ¾¢9ʿȏ�J�LIMKi: DHT8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹŵ

'L!5�O�0-�#J8�LIMKi8I03 DHT8IL large-headi�U�Ÿƙ9śĉ

�ǄĀ#ML!5FǲJ�570- (ň 3-7 (A),(B),(C)�ň 3-8�ň 3-9 (A),(B))� 

 

3-2-1-3. ERK/MAPK9ʹŵą(U0126)8IL DHTčȏ9ǄĀ  
� #J8�ERK/MAPK8Fʒʎ%3ŲΡP˼0-�DHTPÌɽ#)L 30øă�J 25µM 9

ERK/MAPKʹŵą (U0126) PĘÊ4Ìɽ#)�#J8 DHTPĉ�3 2ǵͱU�]���

v%-�+9ʿȏ�êi�U�Ÿƙ:�DHTÌɽː (1.28 ± 0.05 spines/µm) 5ȵ̹%3�0.98 

± 0.05 spines/µmB4ɑƀ%�żɪː9êi�U�Ÿƙ (0.97 ± 0.03 spines/µm) 5İʡƙ87
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0- (ň 3-7 (A),(B),(D)�ň 3-8)� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�middle-headi�U�: 0.45 ± 

0.03 spines/µm �J 0.31 ± 0.03 spines/µm5ɑƀ%-�#J8�large-headi�UF 0.37 ± 0.03 

spines/µm �J 0.23 ± 0.03 spines/µm5ɑƀ%-��Ǭ�small-headi�U�: 0.42 ± 0.05 

spines/µm�J 0.47 ± 0.04 spines/µm5�ǾƷ7Ƌ:ɧ�0- (ň 3-9 (A),(B))� 

� ¾¢9ʿȏ�J�U0126: DHT8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹŵ

'L!5�O�0-�#J8�U0126 8I03 DHT 8IL middle-head i�U�ġ<

large-head i�U�Ÿƙ9śĉ�ǄĀ#ML!5FǲJ�570- (ň 3-7 (A),(B),(D)�ň

3-8�ň 3-9 (A),(B))� 

 

3-2-1-4. S�w�b�ĦŶÊ(AR)9S�odyiv(HF)8IL DHTčȏ9
ǄĀ  
� ¾¢9ŲΡ4ʚ%- DHT8ILƱƲʋ7ɈΟ CA1ΏŐ9i�U�Ÿƙśĉ:�S�w�

b�ĦŶÊ  (AR) P¹%3�L�6��P̢?L-E�AR 9S�odyiv4�L

Hydroxyflutamide (HF) Pɽ�3ŲΡP˼0-�DHTPÌɽ#)L 30øă�J 1µM 9 HF

PĘÊ4Ìɽ#)�#J8 DHTPĉ�3 2ǵͱU�]���v%-�+9ʿȏ�êi�U

�Ÿƙ:�DHTÌɽː (1.28 ± 0.05 spines/µm) 5ȵ̹%3�0.99 ± 0.03 spines/µmB4ɑƀ

%�żɪː9êi�U�Ÿƙ (0.97 ± 0.03 spines/µm) 5İʡƙ870- (ň 3-7 (A),(B),(E)�

ň 3-8)� 

� #J8�i�U�9ΐ͚ʏƤ"58ŸƙPȵ̹%-5!N�middle-headi�U�: 0.45 ± 

0.03 spines/µm �J 0.33 ± 0.04 spines/µm5ɑƀ%-�#J8�large-headi�UF 0.37 ± 0.03 

spines/µm �J 0.17 ± 0.02 spines/µm5ɑƀ%-��Ǭ�small-headi�U�: 0.42 ± 0.05 

spines/µm�J 0.49 ± 0.05 spines/µm5�ǾƷ7Ƌ:ɧ�0- (ň 3-9 (A),(B))� 

� ¾¢9ʿȏ�J�HF : DHT 8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹŵ'

L!5�O�0-�1BK�DHT8ILƱƲʋ7i�U�Ÿƙśĉčȏ:�ARP¹%3�

L!5�ǲJ�570-�#J8�HF 8I03 DHT 8IL middle-head i�U�ġ<

large-headi�U�Ÿƙ9śĉ�ǄĀ#ML!5FǲJ�570- (ň 3-7 (A),(B),(E)�ň 3-8�

ň 3-9 (A),(B))� 

!95��HFPĘÊ4Ìɽ#)-Ŗį8:�i�U�Ÿƙ8ƢΊ:7�0- (ň 3-2 (A))� 

 

 

3-3. c�qcit��(CORT)8ILʜʾi�U�Ÿƙ9ŝĐ  
� Ʋ����9ȵ̹ż̩5%3�Ʋ����¾Ş9it�Uw�����ɈΟ CA1 ΏŐ9



 69 

`�o��͠ÌĎƲʜʾi�U�PĀƩ'LȧȡP�c�qcit��(Corticosterone : 

CORT) Pɽ�3̢?-�ȅʗʥ4:�Éɡƙ (30nM) 9 CORTPɈΟi�Ui8Ìɽ#)

-�!!4�30nM9 CORT:��rv9̋͡ǵ9˟îɡƙ5İʡƙ4�L� 

 

3-3-1. CORT5��͠Đ͟ʹ9ʹŵą8ILʜʾi�U�>9ƢΊ  
� ɻ�-ɈΟi�UiP ACSF©4 2ǵͱU�]���v%-żɪː5�30nM9 CORTP

1ǵͱÌɽ#)-ÌɽːPÌƼ%�i�U�ŸƙPȵ̹%-�+9ʿȏ�żɪː9êi�U

�Ÿƙ (1.15 ± 0.02 spines/µm) 8ȵ?�CORT Ìɽː9êi�U�Ÿƙ: 1.40 ± 0.05 

spines/µm5śĉ%- (ň 3-10 (A),(B)�ň 3-11)�¾¢9ʿȏ�J�CORT:ɈΟ CA1ΏŐ

9`�o��͠ʜʾ9êi�U�ŸƙPśĉ#)L!5�O�0-� 

� ȩ8�CORT8ILi�U�Ÿƙśĉčȏ�ɻ&L�[yj�P̐ǲ'L-E���͠Đ

͟ʹ (LIMK) 8ʒʎ%3Ʋ����5İȢ8ŲΡP˼0-� 

CORTPÌɽ#)L 30øă�J 10µM9 LIMKʹŵą (LIMKi) PĘÊ4Ìɽ#)�#J8

CORTPĉ�3 1ǵͱU�]���v%-�+9ʿȏ�êi�U�Ÿƙ:�CORTÌɽː (1.40 

± 0.05 spines/µm) 5ȵ̹%3�1.10 ± 0.03 spines/µmB4ɑƀ%�żɪː9êi�U�Ÿƙ 

(1.15 ± 0.02 spines/µm) 5İʡƙ870- (ň 3-10 (A),(B),(C)�ň 3-11)� 

� #J8�ERK/MAPK8Fʒʎ%3ŲΡP˼0-�CORTPÌɽ#)L 30øă�J 25µM 

9 ERK/MAPK ʹŵą (U0126) PĘÊ4Ìɽ#)�#J8 CORT Pĉ�3 1 ǵͱU�]�

��v%-�+9ʿȏ�êi�U�Ÿƙ:�CORTÌɽː(1.40 ± 0.05 spines/µm)5ȵ̹%3�

1.16±0.04 spines/µmB4ɑƀ%�żɪː9êi�U�Ÿƙ(1.15 ± 0.02 spines/µm)5İʡƙ8

70- (ň 3-10 (A),(B),(D)�ň 3-11)� 

� ¾¢9ʿȏ�J�CORT :ɈΟ CA1 ΏŐ9`�o��͠ʜʾ9êi�U�ŸƙPśĉ#

)L!5�O�0-�#J8�LIMKi ġ< U0126 PÌɽ#)L!58I03�CORT 8I

Li�U�Ÿƙ9śĉčȏ�ǄĀ#ML!5�ǲJ�570- (ň 3-10 (A),(B),(C),(D)�ň

3-11)� 

 

3-3-2. `�cc�qcUwĦŶÊ (GR) 9S�odyiv (RU486)8
IL CORTčȏ9ǄĀ  
� ¾¢9ŲΡ4ʚ%-Éɡƙ CORT 8ILƱƲʋ7ɈΟ CA1 ΏŐ9i�U�Ÿƙśĉ:�

`�cc�qcUwĦŶÊ (GR) P¹%3�L�6��P̢?L-E�GR9S�odyi

v4�L RU486 Pɽ�3ŲΡP˼0-�CORT PÌɽ#)L 30 øă�J 10µM 9 RU486

PĘÊ4Ìɽ#)�#J8 CORT Pĉ�3 1 ǵͱU�]���v%-�+9ʿȏ�êi�

U�Ÿƙ:�CORTÌɽː (1.40 ± 0.05 spines/µm) 5ȵ̹%3�1.17 ± 0.06 spines/µmB4ɑ



 70 

ƀ%�żɪː9êi�U�Ÿƙ  (1.15 ± 0.02 spines/µm) 5İʡƙ870-  (ň 3-10 

(A),(B),(E)�ň 3-11)� 

� ¾¢9ʿȏ�J�RU486 : CORT 8ILêi�U�Ÿƙ9ƱƲʋ7śĉčȏPůê8ʹ

ŵ'L!5�O�0-�1BK�CORT8ILƱƲʋ7i�U�Ÿƙśĉčȏ:�GRP¹

%3�L!5�ǲJ�570-� 

 

 

3-4. ʹŵą9C8ILi�U�Ÿƙ>9ƢΊ  
� ¢̓4Íɽ%-ʹŵą��ĘÊ4:ɈΟ CA1 ΏŐ9i�U�Ÿƙ8ƢΊP¥�7�!5

PǲJ�8'L-E�ʹ ŵą (LIMKi, U0126, RU486, ICI, HF) 9CP 2ǵͱÌɽ#)-ŲΡ

P˼0-�+9ʿȏ:Įʱ4Ǯ8̓̓%-��69ʹŵą9CPÌɽ#)3F�i�U�

Ÿƙ:@5Q6ŝĐ%7�0- (ň 3-2 (A))�¾¢9ʿȏ�J�ʹŵą9C4:i�U�Ÿ

ƙ8ƢΊP¥�7�!5PǲJ�8%-� 

 

 

 

B 
� 3-5�J 3-79ŲΡ4:��i�rv9Ʋķȁ8Ä�ɈΟ9ʜʾi�U�ŸƙŝĎ5ɈΟ

î9Ʋ����ɡƙŝĎ�ġ<Ʋ����įƼ͟ʹ5ĦŶÊʉɷͥ59ʐͲ9̐Ȍ81�

3̓?L� 

 

3-5. �i9Ʋķȁ5ɈΟʜʾi�U�Ÿƙ9ŝĎ  
� Ƽɴ�i�rv:�ě˙ȁ (Proestrus : P)�ǔěȁ (Estrus : E)�ΨÊȁβ (Diestrus1 : D1)�

ΨÊȁγ (Diestrus2 : D2)� 5��ε19it�h�JƼLƲķȁPǏ03�K�ʷεǯ4

ķȁ�βķ'L�å˼ʗʥ4F�Ʋķȁ8Ä03ɈΟȧ˚�ŝĐ'L!5�ŕĶ#M3�

L��ΨÊȁ (Diestrus) P D5%3�18B5E3̢?JM3�K�!MP D1, D28ø�

3ƲķȁPȫʙ8ε19it�h8ø�3˼0-ŲΡ:@5Q6ŕĶ#M3�7��+!

4ȅʗʥ4:�Ƽɴ�i�rvPɽ�3�ĮƲķȁit�h4ɢɄŉűP˼��ɈΟ CA1

ΏŐ8��L`�o��͠ʜʾʻ˙9i�U�ŸƙPɔű%3Ʋķȁ8Ä�i�U�Ÿƙ

9ŝĎP̢?-�!9ʱ4:�×ÊPɢɄŉű'LŲΡʶPɽ�-�ɢɄŉűP'L!5

8I03�ɈΟîi�U�9ɱƹPɻă8̀�ɱƹ4ŉű%3̐Ȍ'L!5�ĩ˚57L

-E�ɈΟî9i�U�ŸƙPĮƲķȁit�hͱ4ȵ̹'L98͖%3�L� 

� +9ʿȏ�êi�U�Ÿƙ:�P 4: 2.33 spines/µm 4�0-98ż%�E 4: 2.04 
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spines/µm5ɑƀ�Dβ4ð< 2.33 spines/µm5śĉ%�D24: 2.04 spines/µm5ɑƀ'L5

��I�8�ķȁʋ8ŝĎ%-�!95��P5 D18��Li�U�Ÿƙ:�Zi9i�

U�Ÿƙ (2.36 spines/µm) 5İʡƙ4�0- (ň 3-12 (A),(B))� 

 

 

3-6. ̬ͥøȌȾ8ILƲ����ɡƙ9ɔű  
#J8�̬ͥøȌȾ (LC-MS/MS) Pɽ�3�ĮƲķȁit�h9�i�rv81�3�

ɈΟî5˻© (˻ɟ©) 9ŧƲ����ɡƙ (PROG�E2) 9ɔűP˼0-�+%3�(1) Ʋ

ķȁ8ILƢΊ� (2) Zi5�i9ƲƋ�5�� 2 19̎ɦ�JʿȏPB5E-�B-�

Zi�rv9u�o:�đȚJ9å˼ʗʥ8IKƨJM-ÛPÍɽ%- (Hojo et al., 2009)� 

 

3-6-1. ��bit��  (PROG) ɡƙ9ɔű   
� PROG:UZ�Đ%G'�-E�̛ žÊĐP˼O7�3Fɔű'L!5�4�-�̍ UZ

�9 m/zÛ: 315���`��vĐ%-ũUZ�9 m/zÛ: 97.24�0- (ň 3-13(A))�m/z

Û8Œ2�̍UZ�9ø�ũUZ�9ø�ȝ÷P˼��ň 3-14 9�i_��v`��

Pƨ-�ƨJM-ʿȏ�J��2-4. LC-MS/MS8ILɈΟîƲit�Uwɡƙɔű9ŲΡǟ

Ì�4̓?-ǬȾPɽ�3̒ʯ%- PROGɡƙ:�ɈΟî4: Proestrus : 55.7 ± 6.8 nM (n = 

4)�Estrus : 40.7 ± 7.8 nM (n = 4)�Diestrus 1 : 87.0 ± 8.1 nM (n = 3)�Diestrus 2 : 48.0 ± 6.2 nM (n 

= 4)4�0-��Ǭ�˻ ©4: Proestrus : 20.5 ± 2.6 nM (n = 4)�Estrus : 16.7 ± 2.3 nM (n = 4)�

Diestrus 1 : 51.6 ± 17.9 nM (n = 3)�Diestrus 2 : 24.1 ± 7.3 nM (n = 4) 4�0-� 

!MJP (Hojo et al., 2009) �JƨJM-Zi9u�oFéM3B5E-F9�ň 3-154

�L�69ː8��3F��i9ɈΟîɡƙ:˻©9 2Øʡƙ4�L� 

 

ά1έ�Ʋķȁ9ƢΊ5��̎ɦ�JɈΟî�˻©9 PROGɡƙPȵ̹'L5�ɈΟî�˻©

5F8Ʋķȁ8Ä�ǲʙ7ŝĎ�̈JM�²19ŝĎ8:ʐͲ��0-�ɰ8 Estrus

�J Diestrus 18��39ɡƙ¢Ǳ�Diestrus 1�J Diestrus 28��39ɡƙÉ£5

�0-ŝĎ9Èʐ�Æ3�-�%�%�ɈΟî9 PROG:˻©9 2Øʡƙ9ɡƙ4Ŭ

ŋ%3�L�+9-E�ɈΟî9 PROGͥ:�ª8ɈΟ4įƼ#M3�LF9�Ǡ͛

ʋ4�L��ɈΟî9Ʋķȁ8Ä� PROGŝĎPƝ�̮!'̆ņ5%3:�˻ ©�J

Ïˀ#ML9 PROG9ŷ¥�˓�JML� 

 

ά2έ�Zi59ȵ̹4:�ɈΟî�˻©5F8�i9Ǭ�ZiIKFΦ�ɡƙPʚ%-� 
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3-6-2. Xiv�hZ��  (E2) ɡƙ9ɔű  
� E2 : � picolinoyl ̛ ž Ê Đ 5 pentafluorobenzyl (PFBz) ̛ ž Ê Đ P ˼ � �

E2-3-PFBz-17-picolinoyl 5%-�picolinoyl ̛žÊĐ:�Picolinoyl Đ8I03̛ž˱P¥

��̬ ͥøȌŁ9©PΖ<G'�I�8'L-E9F94�L�B-�PFBz: Electron Inon 

Spray 4ȶĐčɵP¢ L-E9ǟÌ4�L�̍UZ�9 m/zÛ: 558���`��vĐ%

-ũUZ�9 m/zÛ: 3394�0- (ň 3-13(B))�m/zÛ8Œ2�̍UZ�9ø�ũUZ

�9ø�ȝ÷P˼��ň 3-16 9�i_��v`��Pƨ-�ƨJM-ʿȏ�J̒ʯ%-

E2ɡƙ:�ɈΟî4: Proestrus : 4.3 ± 1.0 nM (n = 6)�Estrus : 1.0 ± 0.4 nM (n = 4)�Diestrus 1 : 

0.51 ± 0.05 nM (n = 3)�Diestrus 2 : 0.7 ± 0.1 nM (n = 4) 4�0-��Ǭ�˻©4: Proestrus : 

0.111 ± 0.008 nM (n = 6)�Estrus : 0.017 ± 0.005 nM (n = 6)�Diestrus 1 : 0.009 ± 0.001 nM (n = 5)�

Diestrus 2 : 0.029 ± 0.005 nM (n = 6) 4�0-� 

!MJP (Hojo et al., 2009) �JƨJM-Zi9u�oFéM3B5E-F9�ň 3-174

�L�ɈΟîɡƙ:˻©ɡƙ9 10θ100Øʡƙ5��·Ɛ8Φ�ɡƙ4�0-� 

 

ά1έ�Ʋķȁ9ƢΊ5��̎ɦ�JɈΟî�˻©9 E2 ɡƙPȵ̹'L5�ɈΟî�˻©5

F8Ʋķȁ8Ä�Š�7ɡƙŝĎ�̈JM-�ìÊʋ8:�Proestrus�J Estrus8�

�39Š�7ɡƙɑƀ�Diestrus 2�J Proestrus9Š�7ɡƙ¢Ǳ�̈JM-�Ç%�

ɈΟ9 E2ɡƙ:˻©9 100Øʡƙ4�L-E�˻©9 E2ɡƙŝĎ�ɈΟ9 E2ɡƙ

ŝĎPƝ�̮!'O�4:7�5��!5�:0�K5O�0-� 

 

ά2έ�Zi59ȵ̹P'L5�E2 :ŧƲ����4�L8FͲOJ(�ɈΟî4:Zi9

Ǭ��iIKF 2�8ØΦ�ɡƙPʚ%-� 

 

 

3-7. �i9Ʋķȁ5ɈΟîƲ����įƼ͟ʹġ<ĦŶÊ9
mRNAʉɷͥ̐Ȍ  

RT-PCRPɽ�3�ĮƲķȁit�h (P, E, D1, D2) 9�i�rv9ɈΟ8��LƲ��

��įƼ͟ʹ9ʉɷ̐ȌP˼0-�̐ ȌP˼0-Ʋ����įƼ͟ʹ:�StAR �P450(17α)�

17β-HSD type1�17β-HSD type 3�P450arom�5α-reductase1�5α-reductase24�L��!!4

:½˿ʋ7įƼ͟ʹ4�L 17β-HSD type1�17β-HSD type 3�P450arom9CP̓̓'L�B

-���bit��ĦŶÊ (PR)�Xiv�b�ĦŶÊ (ERα�ERβ)�S�w�b�ĦŶÊ 

(AR) 81�3Fʉɷ̐ȌP˼0-� 

 



 73 

3-7-1. Hsd17b1�Hsd17b3 (17β-HSD9͘Ãū) 9ʉɷ̐Ȍ  
17β-HSD type1,3:�DHEA�JS�w�it�hZ��άADioneέ>9ŝǙG�ADione

�Jtivit�� (T) >9ŝǙ�ǹ8Xiv�� (E1) �JXiv�hZ�� (E2) >9

ŝǙPǋ�͟ʹ4�L� 

Hsd17b19 PCRɼɯͥ9śƑ̐ȌP˼0-ʿȏ�PCRɼɯ: 28θ34eU_�ͱ4ǐǦś

Ƒ% 36 eU_��JΙĺɱƹ8͒%-�I03�PCR :ǐǦśƑȁ9 33 eU_�4˼0

- (ň 3-19 (A))� 

12 ͍Ω�i�rv9ɈΟ8��L Hsd17b1 ʉɷͥP�ĮƲķȁit�h4ȵ̹%-�

mRNA ʉɷͥ9ȵ̹8:��i�rv9ɈΟ5�12 ͍ΩZi�rv9ɈΟPɽ�-�+9

ʿȏ��i�rv9ĮƲķȁit�h8��L Hsd17b1ʉɷͥ8:ǾƷ7Ƌ:7�0- (ň

3-19 (B),(C))�Zi8��3F�ɈΟî9 Hsd17b19ʉɷͥ8�i59Ƌʄ:7�0-� 

Hsd17b39 PCRɼɯͥ9śƑ̐ȌP˼0-ʿȏ�PCRɼɯ: 28θ34eU_�ͱ4ǐǦś

Ƒ% 36 eU_��JΙĺɱƹ8͒%-�I03�PCR :ǐǦśƑȁ9 34 eU_�4˼0

- (ň 3-20 (A))�Hsd17b15İȢ9ȵ̹P˼0-ʿȏ�Hsd17b39ʉɷͥ8ĮƲķȁit�

h8ǾƷ7Ƌ:7�0- (ň 3-20 (B),(C))�Zi8��3F�ɈΟî9 Hsd17b39ʉɷͥ8

�i59Ƌʄ:7�0-�!MJ9ʿȏ�J�Ʋķȁ8ͲOJ(�ɈΟî8:�ű9 Hsd17b1�

Hsd17b3�ʉɷ%3�L!5�O�0-� 

 

3-7-2. Cyp19a1 (P450arom9͘Ãū) 9ʉɷ̐Ȍ  
P450arom:�tivit�� (T) PXiv�hZ�� (E2) 8ŝǙ'L͟ʹ4�K�E2

įƼ8��3ǼFͣ̆7͟ʹ4�L� 

Cyp19a19 PCRɼɯͥ9śƑ̐ȌP˼0-ʿȏ�28θ34eU_�ͱ4ǐǦśƑ%�36e

U_��JΙĺɱƹ8͒%-�I03�Ėűͥ PCR:ǐǦśƑȁ9 34eU_�4˼0- (ň

3-21 (A))� 

12 ͍Ω�i�rv9ɈΟ8��L Cyp19a1 ʉɷͥP�ĮƲķȁit�h4ȵ̹%-�

mRNA ʉɷͥ9ȵ̹8:��i�rv9ɈΟ5�12 ͍ΩZi�rv9ɈΟPɽ�-�+9

ʿȏ��i�rv9ĮƲķȁit�h8��L Cyp19a1 ʉɷͥ8:�ǾƷ7Ƌ:7�0- 

(ň 3-21 (B),(C))�Zi8��3F�ɈΟî9 Cyp19a19ʉɷͥ8�i59Ƌʄ:7�0-� 

�i5Zi9ɈΟî E2ɡƙ:Š��ʄ7L8FͲOJ(�Cyp19a19 mRNA9ʉɷͥ8

:ƲƋ�7�0-!5:�ŠŝΣ�?�ʿȏ4�L� 

 

3-7-3.  Pgr (PR9͘Ãū)9ʉɷ̐Ȍ  
��bit��ĦŶÊ (PR) :�PROGP�\�w5'LĦŶÊ4�PR-A�PR-B9 2ʢ
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Δ�Ŭŋ%3�L�ʉɷ̐Ȍ8:�§˔9ë͉͚ÈP:#DI�8̔̒%-��U��P

ɽ�-� 

Pgr 9 PCR ɼɯͥ9śƑ̐ȌP˼0-ʿȏ�ER 8ȵ?3śƑǸˆ9ʩ/¢�K�ǰ��

22θ26eU_�ͱ4ǐǦśƑ%�28eU_��JΙĺɱƹ8͒%-�I03�PCR:ǐǦ

śƑȁ9 25eU_�4˼0- (ň 3-22 (A))� 

12͍Ω�i�rv9ɈΟ8��L Pgr ʉɷͥPĮƲķȁit�h4ȵ̹%-�mRNAʉ

ɷͥ9ȵ̹8:��i�rv9ɈΟ5�12 ͍ΩZi�rv9ɈΟPɽ�-�+9ʿȏ��

i�rv9ĮƲķȁit�h8��3 Pgrʉɷͥ8:ǾƷ7Ƌ:7�0- (ň 3-22 (B),(C))�

B-�Pgr9ʉɷͥ8:ƲƋF7�0-�Pgrʉɷͥ:ŝĎ%7�0--E�˻©ġ<ɈΟ

î9 PROGɡƙ9ŝĎ5:�˩%7��+9-E�PROG9Ìɽ8¥�LƢΊ:�Pgr9ʉ

ɷͥIKF PROGɡƙ9ŝĎ9Ǭ�Š��!5�°ƶ#ML� 

 

3-7-4. Esr1�Esr2 (ERα�ERβ9͘Ãū) 9ʉɷ̐Ȍ  
Xiv�b�ĦŶÊ (ER) :�E2P�\�w5'LĦŶÊ4 αŏ (ERα)�βŏ (ERβ) 9

2ʢΔ�Ŭŋ'L� 

ERα ͘Ãū(Esr1)9 PCR ɼɯͥ9śƑ̐ȌP˼0-ʿȏ�26θ30 eU_�ͱ4ǐǦśƑ

%�32eU_��JΙĺɱƹ8͒%-�I03�PCR:ǐǦśƑȁ9 30eU_�4˼0-

(ň 3-23 (A))� 

12͍Ω�i�rv9ɈΟ8��L Esr1ʉɷͥPĮƲķȁit�h4ȵ̹%-�mRNAʉ

ɷͥ9ȵ̹8:��i�rv9ɈΟ5�12 ͍ΩZi�rv9ɈΟPɽ�-�+9ʿȏ��

i�rv9ĮƲķȁit�h8��LEsr1ʉɷͥ8:ǾƷ7Ƌ:7�0- (ň 3-23 (B),(C))�

Zi8��3F�ɈΟî9 Esr1ʉɷͥ8�i59Ƌʄ:7�0-� 

ERβ:�ERα5İȢ8 E2P�\�w5'LĦŶÊ4�L�ERβFɈΟ9ʜʾʻ˙8ʉɷ

%3�K�E29ÌɽPŪ¹'L�ERβ8:͗Ǉʋi��Ug�`8I03ɻ&L²19S

Um�Y����K�+MJ: ERβ1�ERβ2 5%3ʔJM3�L�ʉɷ̐Ȍ8:�§˔9

ë͉͚ÈP:#DI�8̔̒%-��U��Pɽ�-� 

ERβ ͘Ãū (Esr2) 9 PCR ɼɯͥ9śƑ̐ȌP˼0-ʿȏ�26θ30 eU_�ͱ4ǐǦś

Ƒ%�32eU_��JΙĺɱƹ8͒%-�I03�PCR:ǐǦśƑȁ9 30eU_�4˼0

- (ň 3-24 (A))� 

12͍Ω�i�rv9ɈΟ8��L Esr2ʉɷͥPĮƲķȁit�h4ȵ̹%-�mRNAʉ

ɷͥ9ȵ̹8:��i�rv9ɈΟ5�12͍ΩZi�rv9ɈΟPɽ�-�+9ʿȏ�Esr2

ʉɷͥ: D14ɑƀ'LàĲ�̈JM-��ĮƲķȁit�h8��3ǾƷ7Ƌ:7�0-

(ň 3-24 (B),(C))�Zi8��3F�ɈΟî9 Esr2ʉɷͥ8�i59Ƌʄ:7�0-� 
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3-7-5.  Ar (AR9͘Ãū)9ʉɷ̐Ȍ  
� S�w�b�ĦŶÊ (AR) :�T�DHTP�\�w5'LĦŶÊ4�L� 

� Ar 9 PCR ɼɯͥ9śƑ̐ȌP˼0-ʿȏ�24θ28 eU_�ͱ4ǐǦśƑ%�30 eU_

��JΙĺɱƹ8͒%-�I03�PCR:ǐǦśƑȁ9 26eU_�4˼0- (ň 3-25 (A))� 

12 ͍Ω�i�rv9ɈΟ8��L Ar ʉɷͥP�ĮƲķȁit�h4ȵ̹%-�mRNA ʉ

ɷͥ9ȵ̹8:��i�rv9ɈΟ5�12 ͍ΩZi�rv9ɈΟPɽ�-�+9ʿȏ�Ʋ

ķȁĮit�h8��3 Ar9ʉɷͥ8ǾƷ7Ƌ:7�0- (ň 3-25 (B),(C))�Zi8��3

F�ɈΟî9 Ar ʉɷͥ8�i59Ƌʄ:7�0-�ɿƲ����9Ìɽȣʋøū4�L

AR9 mRNAʉɷͥ8ƲƋ�ɧ�0-!5:�·Ɛ8Σ�?�ʉ̈4�L� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ê3-1. m�OV^�� (PROG) 'ȴĉÂ*9<VgD�+ċġúË (1/2)�

(A)� control� (B) � PROG�

LIMKi + PROG�(C)� U0126 + PROG�(D)�

(E)� RU486 + PROG�

5µm�

LIMKi : LIMKô¾>��

U0126 : ERK/MAPKô¾>��

RU486 : ĩĸĐĖěĸĹ(?� (PR) 
ÜÜÜÜ�����ôĄĹĘĒĠĖĝ�

Ùgd~�ų : ƃɆCA1ɀð+Ȭ�ƸǐǍǞ+ŬƚǀȊ?�ǬǨǌ (LuciferYellow) &×ǶË�� 
�������ȋǺ©°ƕƓ��S�ɃĬȭ&ŋĖńĥ��Ʀ©?XYĠȾ*ļĎ��Ʀ©��

Ùgd~�ų : ŉƠǺŜYk`Spiso-3D?ƣ�%�ų+ŋĖƦ©�:ŬƚǀȊ'VgD�? 
                           ţ·��Ʀ©� (ȉ : ŬƚǀȊ�Ů : VgD�)�

Ùgd~�ų : �ų+ǺŜ&ţ·��ŬƚǀȊ'VgD�?�3Űª*³ŧĸ�%ǯƷ��Ʀ©� 
 �������(ȉ : ŬƚǀȊ�Ɋ : VgD�)�

(A) čƖǚ�(B) PROG?2Œȱ�ƣ���PROG�ƣǚ�(C) LIMK +ȴĉÂ (LIMKi) ?30¸�ƣ
���ħ�PROG?2Œȱ�ƣ���ǚ�(D) ERK/MAPK +ȴĉÂ (U0126) ?30¸�ƣ���
ħ�PROG?2Œȱ�ƣ���ǚ (E) m�OV^��ÕĊ� (PR) +B�ZQcV` (RU486) ?
30¸�ƣ���ħ�PROG?2Œȱ�ƣ���ǚ 
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(A)�

(B) �

(A) ƃɆV|DV*PROGÏ��3�,PROG'ȴĉÂ?°*�ƣ���ȷ+¯VgD�ċġ�
PROG,VgD�ċġ?øÆ�����:*�PROG*9<VgD�ċġøÆÈŝ,�ȴĉÂ
*9"%Ļ¿�=�����������������������������������������������������������������������������

LIMKi : LIMK+ȴĉÂ�U0126 : ERK/MAPK+ȴĉÂ�RU486 : PR+B�ZQcV` 
(B) ƃɆV|DV*ȴĉÂ+4?2Œȱ�ƣ���ȷ+¯VgD�ċġ� 
ȴĉÂ+4&,�VgD�ċġ*ĥȿ?�)�"�� 
|]`ŉ : 3�V|DVŉ : 6�ƸǐǍǞŉ : 12�ŬƚǀȊŉ (n) : 23�VgD�ŉ : 1000-1400 

ê3-2. PROG'ȴĉÂ*9<¯VgD�ċġúË (2/2)�
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(** : P< 0.01 vs PROG)�
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(A)�

(A) ƃɆV|DV*PROGÏ��3�,PROG'ȴĉÂ?°*�ƣ���ȷ+VgD�ċġ?�
ɁȠƯĦ�'*ǯ��¸ě� 
LIMKi : LIMK+ȴĉÂ�U0126 : ERK/MAPK+ȴĉÂ�RU486 : PR+B�ZQcV` 

(B) VgD�ċġ?�ɑ#+RlM|V (small-headVgD��middle-headVgD��large-head
VgD�) *¸Ʉ��ȷ+ċġ+N|k� 
PROG,small-headVgD�'middle-headVgD�+ċġ?øÆ�����+øÆ,�ȴĉÂ
*9"%Ļ¿�=�� 
|]`ŉ : 3�V|DVŉ : 6�ƸǐǍǞŉ : 12�ŬƚǀȊŉ (n) : 23�VgD�ŉ : 1000-1400 

ê3-3. PROG'ȴĉÂ*9<VgD�ɁȠƯĦ�'+ċġúË�
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(** : P< 0.01�* : P< 0.05)�
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ê3-4. GV`|UH�~ (E2) 'ȴĉÂ*9<VgD�+ċġúË (1/2)�

(A) čƖǚ (B) E2?2Œȱ�ƣ���E2�ƣǚ�(C) LIMK+ȴĉÂ (LIMKi) ?30¸�ƣ��
�ħ�E2?2Œȱ�ƣ���ǚ�(D) ERK/MAPK+ȴĉÂ (U0126) ?30¸�ƣ���ħ�E2
?2Œȱ�ƣ���ǚ (E) GV`�O�ÕĊ� (ERα) +B�ZQcV` (ICI) ?30¸�ƣ�
��ħ�E2?2Œȱ�ƣ���ǚ 

Ùgd~�ų : ƃɆCA1ɀð+Ȭ�ƸǐǍǞ+ŬƚǀȊ?�ǬǨǌ (LuciferYellow) &×ǶË�� 
�������°ƕƓ��S�ɃĬȭ&ŋĖńĥ��Ʀ©?XYĠȾ*ļĎ��Ʀ©��

Ùgd~�ų : ŉƠǺŜYk`Spiso-3D?ƣ�%�ų+ŋĖƦ©�:ŬƚǀȊ'VgD�? 
                           ţ·��Ʀ©� (ȉ : ŬƚǀȊ�Ů : VgD�)�

Ùgd~�ų : �ų+ǺŜ&ţ·��ŬƚǀȊ'VgD�?�3Űª*³ŧĸ�%ǯƷ��Ʀ©� 
 �������(ȉ : ŬƚǀȊ�Ɋ : VgD�)�

LIMKi  : LIMKô¾>��

U0126 : ERK/MAPKô¾>��

ICI ÜÜ : ćĖĝĸĐĹ(?� (ERα)  
ÜÜÜÜÜÜôĄĹĘĒĠĖĝ�

(A)� control� (B) � E2�

LIMKi + E2�(C)� U0126 + E2�(D)�

(E)� ICI + E2�

5µm�
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ƃɆV|DV*E2Ï��3�,E2'ȴĉÂ?°*�ƣ���ȷ+¯VgD�ċġ�                    
E2,VgD�ċġ?øÆ�����:*�E2*9<VgD�ċġøÆÈŝ,�ȴĉÂ*
9"%Ļ¿�=���������������������������������������������������������������������������������

LIMKi : LIMK+ȴĉÂ�U0126 : ERK/MAPK+ȴĉÂ�ICI : ERα+B�ZQcV` 
|]`ŉ : 3�V|DVŉ : 7�ƸǐǍǞŉ : 14�ŬƚǀȊŉ (n) : 28�VgD�ŉ : 1400-2000 

ê3-5. E2'ȴĉÂ*9<¯VgD�ċġúË (2/2)�

(** : P< 0.01 vs E2)�
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(A) ƃɆV|DV*E2Ï��3�,E2'ȴĉÂ?°*�ƣ���ȷ+VgD�ċġ?�ɁȠ
ƯĦ�'*ǯ��¸ě� 
LIMKi : LIMK+ȴĉÂ�U0126 : ERK/MAPK+ȴĉÂ�ICI : ER+B�ZQcV` 

(B) VgD�ċġ?�ɑ#+RlM|V (small-headVgD��middle-headVgD��large-head
VgD�) *¸Ʉ��ȷ+ċġ+N|k� 
E2,small-headVgD�ċġ?øÆ�����+øÆ,�ȴĉÂ*9"%Ļ¿�=��  
|]`ŉ : 3�V|DVŉ : 7�ƸǐǍǞŉ : 14�ŬƚǀȊŉ (n) : 28�VgD�ŉ : 1400-2000 

ê3-6. E2'ȴĉÂ*9<VgD�ɁȠƯĦ�'+ċġúË�
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(** : P< 0.01�* : P< 0.05)�
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ê3-7. Uha�^V`V^�� (DHT) 'ȴĉÂ*9<VgD�+ċġúË(1/2)�

(A) čƖǚ�(B) DHT?2Œȱ�ƣ���DHT�ƣǚ�(C) LIMK+ȴĉÂ (LIMKi) ?30¸�ƣ
���ħ�DHT?2Œȱ�ƣ���ǚ�(D) ERK/MAPK+ȴĉÂ (U0126) ?30¸�ƣ���ħ�
DHT?2Œȱ�ƣ���ǚ�(E) B�a�O�ÕĊ� (AR) +B�ZQcV` (HF) ?30¸�ƣ
���ħ�DHT?2Œȱ�ƣ���ǚ 

Ùgd~�ų : ƃɆCA1ɀð+Ȭ�ƸǐǍǞ+ŬƚǀȊ?�ǬǨǌ (LuciferYellow) &×ǶË�� 
�������°ƕƓ��S�ɃĬȭ&ŋĖńĥ��Ʀ©?XYĠȾ*ļĎ��Ʀ©��

Ùgd~�ų : ŉƠǺŜYk`Spiso-3D?ƣ�%�ų+ŋĖƦ©�:ŬƚǀȊ'VgD�? 
                           ţ·��Ʀ©� (ȉ : ŬƚǀȊ�Ů : VgD�)�

Ùgd~�ų : �ų+ǺŜ&ţ·��ŬƚǀȊ'VgD�?�3Űª*³ŧĸ�%ǯƷ��Ʀ©� 
 �������(ȉ : ŬƚǀȊ�Ɋ : VgD�)�

LIMKi  : LIMKô¾>��

U0126 : ERK/MAPKô¾>��

HF       : ĄĹĞĸĐĹ(?� 
ÜÜÜ       (AR) ôĄĹĘĒĠĖĝ�

(A)� control� (B) �

(C)� U0126 + DHT�(D)�

(E)� HF + DHT�

5µm�

DHT�

LIMKi + DHT�
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ƃɆV|DV*DHTÏ��3�,DHT'ȴĉÂ?°*�ƣ���ȷ+¯VgD�ċġ�                    
DHT,VgD�ċġ?øÆ�����:*�DHT*9<VgD�ċġøÆÈŝ,�ȴĉÂ
*9"%Ļ¿�=���������������������������������������������������������������������������������

LIMKi : LIMK+ȴĉÂ�U0126 : ERK/MAPK+ȴĉÂ�HF : AR+B�ZQcV` 
|]`ŉ : 3�V|DVŉ : 8�ƸǐǍǞŉ : 16�ŬƚǀȊŉ (n) : 32�VgD�ŉ : 1700-2000 

ê3-8. DHT'ȴĉÂ*9<¯VgD�ċġúË (2/2)�

(** : P< 0.01 vs DHT)�
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(A) ƃɆV|DV*DHTÏ��3�,DHT'ȴĉÂ?°*�ƣ���ȷ+VgD�ċġ?�Ɂ
ȠƯĦ�'*ǯ��¸ě� 
LIMKi : LIMK+ȴĉÂ�U0126 : ERK/MAPK+ȴĉÂ�HF : AR+B�ZQcV` 

(B) VgD�ċġ?�ɑ#+RlM|V (small-headVgD��middle-headVgD��large-head
VgD�) *¸Ʉ��ȷ+ċġ+N|k� 
DHT,middle-headVgD�'large-head-headVgD�ċġ?øÆ�����+øÆ,�ȴĉÂ
*9"%Ļ¿�=�� 
|]`ŉ : 3�V|DVŉ : 8�ƸǐǍǞŉ : 16�ŬƚǀȊŉ (n) : 32�VgD�ŉ : 1700-2000 

ê3-9. DHT'ȴĉÂ*9<VgD�ɁȠƯĦ�'+ċġúË�
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(** : P< 0.01�* : P< 0.05)�
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ê3-10. P~\PV^�� (CORT) 'ȴĉÂ*9<VgD�+ċġúË (1/2)�

(A) čƖǚ�(B) CORT ?2Œȱ�ƣ���CORT�ƣǚ�(C) LIMK +ȴĉÂ (LIMKi) ?30¸�
ƣ���ħ�CORT ?2Œȱ�ƣ���ǚ�(D) ERK/MAPK +ȴĉÂ (U0126) ?30¸�ƣ��
�ħ�CORT ?2Œȱ�ƣ���ǚ (E) N~PP~\PDaÕĊ� (GR) +B�ZQcV` 
(RU486) ?30¸�ƣ���ħ�CORT ?2Œȱ�ƣ���ǚ 

Ùgd~�ų : ƃɆCA1ɀð+Ȭ�ƸǐǍǞ+ŬƚǀȊ?�ǬǨǌ (LuciferYellow) &×ǶË�� 
�������°ƕƓ��S�ɃĬȭ&ŋĖńĥ��Ʀ©?XYĠȾ*ļĎ��Ʀ©��

Ùgd~�ų : ŉƠǺŜYk`Spiso-3D?ƣ�%�ų+ŋĖƦ©�:ŬƚǀȊ'VgD�? 
                           ţ·��Ʀ©� (ȉ : ŬƚǀȊ�Ů : VgD�)�

Ùgd~�ų : �ų+ǺŜ&ţ·��ŬƚǀȊ'VgD�?�3Űª*³ŧĸ�%ǯƷ��Ʀ©� 
 �������(ȉ : ŬƚǀȊ�Ɋ : VgD�)�

LIMKi : LIMKô¾>��

U0126 : ERK/MAPKô¾>��

RU486 : ĎĶđđĶęđąĞ(?� 
               (GR) /ĄĹĘĒĠĖĝ�

(A)� control� (B) � CORT�

LIMKi + CORT�(C)� U0126 + CORT�(D)�

(E)� RU486 + CORT�

5µm�
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ƃɆV|DV* CORT Ï��3�, CORT 'ȴĉÂ?°*�ƣ���ȷ+¯VgD�ċġ�                    
CORT ,VgD�ċġ?øÆ�����:*�CORT *9<VgD�ċġøÆÈŝ,�ȴĉ
Â*9"%Ļ¿�=���������������������������������������������������������������������������������

LIMKi : LIMK +ȴĉÂ�U0126 : ERK/MAPK +ȴĉÂ�RU486 : GR +B�ZQcV` 
|]`ŉ : 3�V|DVŉ : 7�ƸǐǍǞŉ : 16�ŬƚǀȊŉ (n) : 35�VgD�ŉ : 1800-2100 

ê3-11. CORT'ȴĉÂ*9<¯VgD�ċġúË (2/2)�

** ** ** ** 

(** : P< 0.01 vs CORT)�
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ê3-12. vV|]`+ıßŘ*��ƃɆCA1ɀð+¯VgD�ċġúÉ�
(A) ÙıßŘV^�U*��<vVƃɆCA1N~Zt�ȤƸǐǍǞ+ŬƚǀȊVgD�?
Lucifer Yellow&Ǭũȅ��°ƕƓɃĬȭ&ŋĖńĥ��Ʀ©?XYĠȾ*ļĎ��Ʀ©� 
(B) 
���6795."'3vVƃɆCA1N~Zt�ȤƸǐǍǞ+VgD�ċġ+úÉ� 
P�:E*��%VgD�ċġ�Ƈđ��D1&VgD�ċġ�³.øÆ�D2&Ƈđ���%
P&øÆ'��9�*�ßŘƭ*úÉ��� (** : p < 0.01)  
 P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2 
|]`ŉ : 3�V|DVŉ : 6�ƸǐǍǞŉ : 12�ŬƚǀȊŉ (n) : 24�VgD�ŉ : 
3000-4000 
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m/z =  558 

m/z =  339 

(B) 
E2-3-PFBz-17-picolinoyl 

(A) 

m/z =  97 

m/z =  315 

PROG 

ê3-13. Āıq~w�(Ȃď�)+ȰǰgZ��'m/z¦úË�
(A) PROG+ŧșĢ'm/z¦� 
ȰǰǆĹ?żǕ&�k|Nv�`DH�Ƞ¸?ƳÐ&Ʒ��� 
(B) E2+Ȃď� (estradiol-3-pentafluorobenzyl-17-picolinoyl) +ŧșĢ'm/z¦��
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ê3-14. m�OV^�� (PROG) +sVM�s`N|u�

LC-MS/MS*��<PROG+�ǯƭ)sVM�s`N|u�sVM�s`N|u,�ƙĆ
+m/z¦?Ŀ#ƘȈ+4?ƉĆ���+£ĿŒȱ (¸) ?ūȏ�ƉĆ�=�ƘȈ+ȧ (IE
�`ŉ / ƹ) ?Ǘȏ*m�]`��7+&
<�ɋ�ô:=�j�M�PROG?ǯ�%�
<� 
(A) ƃɆR�m~+sVM�s`N|u�£ĿŒȱ7.60¸*PROG+j�M�ǸƉ�=�
ũƌâ+j�M+£ĿŒȱ'�Ǧ��� 
(B) ũƌâ+sVM�s`N|u��
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ê3-15. m�OV^�� (PROG) +ƃɆ±�ǭ�ƐġŴȐ�
(A) LC-MS/MS?ƣ�%�ÙıßŘV^�U&ƉĆ��ƃɆ±'ǭ�+PROGƐġ (n = 
3~5)�HV8vV+¯%+ıßŘV^�U*��%�ƃɆ±+PROGƐġ�ǭ�9;7
2¤ƻġɈ�"��ƃɆ±�ǭ�'7*ıßŘ*��ŏƶ)ƐġúÉ�ǵ:=�2#+
úÉ,ưȲ?Ʒ���3��HV9;7vV+ō�Ɉ�Ɛġ?Ʒ��� 
(B) ƃɆ±+PROGƐġ�E�:D1*��%øÆ��D1�:D2*��%Ƈđ��� 
(C) ǭ�+PROGƐġ�D1&ŕ7Ɉ�Ɛġ?Ʒ���(** : p < 0.01�* : p < 0.05 )           ���                      
P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2�
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(** : P< 0.01�* : P< 0.05)�
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LC-MS/MS*��<E2+�ǯƭ)sVM�s`N|u�ɋ�ô:=�j�M�E2?ǯ
�%�<� 
(A) ƃɆR�m~+sVM�s`N|u�£ĿŒȱ7.01¸*E2+j�M�ǸƉ�=�ũ
ƌâ+j�M+£ĿŒȱ'�Ǧ��� 
(B) ũƌâ+sVM�s`N|u��

ê3-16. GV`|UH�~ (E2) +sVM�s`N|u�
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ê3-17. GV`|UH�~ (E2) +ƃɆ±�ǭ�ƐġŴȐ�
(A) LC-MS/MS?ƣ�%�ÙıßŘV^�U&ƉĆ��ƃɆ±'ǭ�+E2Ɛġ (n = 3~6)�
ƃɆ±+E2,�ǭ�+10ɒ100¤ƻġ'��ȽĞ*Ɉ�Ɛġ&Ąì�%������8
��,1.����.�!�%-���	$�24) ���.0�P#2 E.#'*/�%&

��(�D2#2P.#'*�%&��() HV'+ŴȐ?�<'�HV+ō�vV9;7
ƃɆ±E2Ɛġ�Ɉ�"�� 
(B) ǭ�+E2Ɛġ�ıßŘ*��ý�)ƐġúÉ�ǵ:=�P�:E*��%+ý��
Ƈđ��D2 �:P*��%ý�)øÆ�ǵ:=��ɍ** : p < 0.01�* : p < 0.05Ɏ                              
 P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2  
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ê3-18. ƃɆ±�Gapdh ƫƞȧ+ŴȐ�
GAPDH+mRNA+ƫƞǺŜǑŝ� 
(A) PCRƢƘȧ+øğm�]`ê�13ɒ21RDM~3&ŀŉøğ��23RDM~�:Ʌá
ƚĶ*Ȝ���� 
(B) GAPDH+mRNA+ƫƞǺŜǑŝ�mean ± SEM&ǯƷ�%�<�ÙıßŘV^�U*
��<ƫƞȧ*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2 
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ê3-19. ƃɆ±�Hsd17b1  ƫƞȧ+ŴȐ�
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17β-HSD1+mRNA+ƫƞǺŜǑŝ� 
(A) PCRƢƘȧ+øğm�]`ê�28ɐ34RDM~3&ŀŉøğ��36RDM~�:Ʌá
ƚĶ*Ȝ��� 
(B) 17β-HSD1/mRNA+ƫƞǺŜ+Ǒŝ�mean ± SEM&ǯƷ�%�<�ÙıßŘV^�
U*��<ƫƞȧ*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2  
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ê3-20. ƃɆ±�Hsd17b3 ƫƞȧ+ŴȐ�
17β-HSD3+mRNA+ƫƞǺŜǑŝ� 
(A) PCRƢƘȧ+øğm�]`ê�28ɒ34RDM~3&ŀŉøğ��36RDM~�:Ʌá
ƚĶ*Ȝ��� 
(B) 17β-HSD3+mRNA+ƫƞǺŜǑŝ�mean ± SEM&ǯƷ�%�<�ÙıßŘV^�U
*��<ƫƞȧ*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2  
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ê3-21. ƃɆ±�Cyp19a1 ƫƞȧ+ŴȐ�
 P450(arom) +mRNA+ƫƞǺŜǑŝ�  
(A) PCRƢƘȧ+øğm�]`ê�28ɒ34RDM~3&ŀŉøğ��36RDM~�:Ʌá
ƚĶ*Ȝ��� 
(B) P450(arom) +mRNA+ƫƞǺŜǑŝ�mean ± SEM&ǯƷ�%�<�ÙıßŘV^�
U*��<ƫƞȧ*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2 
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ê3-22. ƃɆ±�Pgr ƫƞȧ+ŴȐ�
PR+mRNA+ƫƞǺŜǑŝ� 
(A) PCRƢƘȧ+øğm�]`ê�22ɒ26RDM~3&ŀŉøğ��28RDM~�:Ʌá
ƚĶ*Ȝ���  
(B) PR+mRNA+ƫƞǺŜǑŝ�mean ± SEM&Ʒ���ÙıßŘV^�U*��<ƫƞ
ȧ*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2�
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38 

ê3-23. ƃɆ±�Esr1 ƫƞȧ+ŴȐ�
 ERα+mRNA+ƫƞǺŜǑŝ� 
(A) PCRƢƘȧ+øğm�]`ê�26ɒ30RDM~3&ŀŉøğ��32RDM~�:Ʌá
ƚĶ*Ȝ��� 
(B) ERα+mRNA+ƫƞǺŜǑŝ�mean ± SEM&ǯƷ�%�<�ÙıßŘV^�U*��
<ƫƞȧ*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2 
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26 28 30 32 34 36 

ê3-24. ƃɆ±�Esr2 ƫƞȧ+ŴȐ�
 ERβ+mRNA+ƫƞǺŜǑŝ� 
(A) PCRƢƘȧ+øğm�]`ê�26ɒ30RDM~3&ŀŉøğ��32RDM~�:Ʌá
ƚĶ*Ȝ��� 
(B) ERβ+mRNA+ƫƞǺŜǑŝ�mean ± SEM&Ʒ��ÙıßŘV^�U*��<ƫƞȧ
*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2 
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ê3-25. ƃɆ±�Ar ƫƞȧ+ŴȐ�
 AR+mRNA+ƫƞǺŜǑŝ� 
(A) PCRƢƘȧ+øğm�]`ê�24ɒ28RDM~3&ŀŉøğ��30RDM~�:Ʌá
ƚĶ*Ȝ��� 
(B) AR+mRNA+ƫƞǺŜǑŝ�mean ± SEM&Ʒ���ÙıßŘV^�U*��<ƫƞ
ȧ*ŖĴ)Ě,Ɣ��HV'+ıĚ7ǵ:=)�"�� 
(C) PCRƢƘ+�ǯƭ)ȻŵžÉƦ©� 
M: marker� P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2 
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ʬεʪ� ˓ź�

 

4-1. ʿȏ9B5E5ȅʗʥ9Ʒˑ  
� ȅʗʥ4:�Zi�rv9ɻ�-ɈΟi�UiPɽ�3�ʜʾi�U�9ĩ̊Đ̐ȌP

˼��Ʋ����8ILi�U�Ÿƙ9ĀƩ9̐ǲ8͂0-�#J8��i�rv9Ʋķ

ȁ5ɈΟʜʾi�U�9ķȁʋ7ŝĎ9̐Ȍ�ġ<ɈΟî9Ʋ����ɡƙɔű�ɈΟî

9Ʋ����įƼ͟ʹġ<Ʋ����ĦŶÊ9 mRNAʉɷ̐ȌP˼70-� 

+9ʿȏ9B5E5ƷˑP̣&L� 

 

A Ʋ����8ILZi9ɈΟʜʾi�U�>9ʕȁčȏ  
(1-1)� ɻ�-ƱƲɈΟi�Ui8���bit�� (PROG)�Xiv�hZ�� (E2) ġ<

h�w�tivit�� (DHT) P 2 ǵͱÌɽ#)-ʿȏ�ɈΟ CA1 ΏŐ9êi�U�Ÿ

ƙ�śĉ%-�!!4�i�U�9ĀƩ8ͣ̆7ƣćPȏ-%3�L5˓�JML��͠

Đ͟ʹ (LIMK, ERK/MAPK) 8ʒʎ%�+9ʹŵąPƲ����5ë8Ìɽ#)L5�

PROG, E2, DHT8ILi�U�śĉčȏ�ǄĀ#M-�!9ʿȏ�J�PROG, E2, DHT8

ILi�U�Ÿƙ9śĉ:�LIMKG ERK/MAPKPɃƲĐ'L!58I03ɻ&L5˓�

JML�¸Ņʒʎ%- LIMK :�i�U�9ơƼ8ͲOLS_q�˞ͣįPƝ�̮!'o

��_̬ (cofilin) P¤ɃƲĐ'L��͠Đ͟ʹ4�K�ERK/MAPK:�i�U�9ơƼ8

ͣ̆7S_q�ͣįPĀƩ'Lo��_̬ (cortactin) PɃƲĐ'L��͠Đ͟ʹ4�L� 

� !MB4�E2, DHT 8ILi�U�Ÿƙ9ĀƩ:�͘Ãū̶ñP¹%-͏�ʾ̲ (12-14

ǵͱ��L) �ş�ʗʥ#M3�-�%�%�ȅʗʥ4:γǵͱ5��ʕ�ǵͱ4i�U�

Ÿƙ�śĉ%-!5�ǹ8 LIMKG ERK/MAPK9ʹŵą8I03i�U�Ÿƙ9śĉ�Ǆ

Ā#M-!5�J�Ʋ����8ILƱƲʋ7i�U�Ÿƙ9ŝĐ:���͠Đ͟ʹP¹

%- non-genomicʾ̲4ĀƩ#M3�L5��!5�ǲJ�570-� 

� !!4�ȅʗʥ4ɽ�-ɈΟi�Ui:�ACSF©4γǵͱU�]���v%3�Lͱ8�

@5Q69Ʋ�����ɂ�Ʉ#M�ʷ 0.5nM B4ɑƀ%3�L�%-�03�ȅʗʥ4

:Ʋ�����Ȓɏ%-ɱƹ9ɈΟi�Ui8�Ş�JƲ����PÌɽ#)L!58I

03�ɻɹȈÀ£8̀�ɡƙ8Ņƪ#)3�i�U�Ÿƙ9̐ȌP˼70-5̑�L� 

 

(1-2)� i�U�Pΐ͚ʏƤ"58δ19e�_�i (small-head i�U��middle-head i

�U��large-head i�U�) 8øΔ%3̐Ȍ%-�+9ʿȏ�+M,M9Ʋ����8I

Li�U�Ÿƙ9śG%Ǭ8:ɰƬ��L!5�ǲJ�570-�#J8�êi�U�Ÿ
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ƙ9̐Ȍ5İȢ8�δøΔ9̐Ȍ4F��͠Đ͟ʹ (LIMK, ERK/MAPK) 9Ͳ¥��L5�

�ʿ̣�ƨJM-� 

� ìÊʋ8:�PROG : small-head i�U�5 middle-head i�U�9ŸƙPśĉ#)-�

+9�/�small-headi�U�Ÿƙ9śĉ:�U0126 (ERK/MAPK9ʹŵą) 8I03ǄĀ

#M�middle-headi�U�Ÿƙ9śĉ:�LIMKi (LIMK9ʹŵą) 5�U01268I03Ǆ

Ā#M-� 

� E2 : small-head i�U�ŸƙPŠ��śĉ#)-�+%3�small-head i�U�Ÿƙ9

śĉ:�LIMKi 5 U0126 8I03ǄĀ#M-�#J8�LIMKi PÌɽ#)-Ŗį8:�

large-headi�U�9Ÿƙ�Š��ɑƀ'L!5FǲJ�570-� 

� DHT :�middle-head i�U�5 large-head i�U�9ŸƙPśĉ#)-�+9�/�

middle-headi�U�Ÿƙ9śĉ:�U01268I03ǄĀ#M�large-headi�U�Ÿƙ9ś

ĉ:�LIMKi5 U01268I03ǄĀ#M-�!95��LIMKiPÌɽ#)-8:�large-head

i�U�9Ÿƙ�Š��ɑƀ%-� 

� ȅʗʥ8��3�i�U�Pΐ͚ʏƤeUj"58øΔ%3̐Ȍ%-!58I03�ê

i�U�Ÿƙ9̐Ȍ.�4:ʔL!594�7�ͣ̆7ŝĐPǲJ�8'L!5�4�-�

PROG, E2, DHT:��̈İ&I�8i�U�ŸƙPśĉ#)3�LI�8̈�L��Ų

8:ʄ7LeUj9i�U�ŸƙPśĉ#)3�K�ʹŵą8ILi�U�śĉčȏ9Ǆ

Ā8Fǲʙ7͓���L!5P̈÷%-� 

 

(2)� Ʋ����9ȗîĦŶÊ (PR, ERα, AR) 9S�odyivPÌɽ#)L5�PROG, E2, 

DHT8ILi�U�Ÿƙ9śĉčȏ�ǄĀ#M-�!9ʿȏ:�êi�U�Ÿƙ5ΐ͚ʏ

Ƥ"58øΔ%-i�U�Ÿƙ9̐Ȍ9ĢǬ4ƨJM-�!9ʿȏ�J�PROG: PR�E2

: ERα�DHT: ARP¹%3�i�U�ŸƙPśĉ#)L!5�ǲJ�570-� 

PR, ERα, AR:�o��_̬5%3:ȗîĦŶÊ5İ&4�L��ȅʗʥ4:!MJ9ĦŶ

Ê�γǵͱ¾î9ǰ�ÌɽPǋ�-E�ȗ>ʠ˼'L!5:7�i�U�î8Ŭŋ%3�

£Ʉ9��͠Đ͟ʹPɃƲĐ'L!58IK�Ìɽ%3�L5˓�JML�Ų8�ͦǆ

ÊPɽ�-ūΓƫͭ8IL̎ɔ8I03�i�U�î8 PR (Mitterling et al., 2010; Waters 

et al., 2008)�ERα(Mukai et al., 2007)�AR (Tabori et al., 2005) �Ŭŋ'L!5�ʙ̚#M3�

L�#J8�i�U�PĴDgx�iƥ˖Ĝ (PSD: postsynaptic density) øʀPɽ�-VX

io���rv8ILå˼ʗʥ�JF�ɈΟ CA1ΏŐ8��Lʜʾi�U�8 ERα (Mukai 

et al., 2007) 5 AR (Hatanaka et al., 2015) �ʉɷ%3�L!5�ǲJ�5703�L� 

� ̀Ɠ�ǰ�ģƯPǋ�4�N�5#M3�Lˤ¢ĦŶÊ9Ŭŋ�ɀʎ#M�Ʋ����

9ǫ̉9ĦŶÊ5%3ʗʥ#M3�-�%�%�ȅʗʥ4: PR, ERα, AR9S�odyiv
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8I03�Ʋ����8ILi�U�Ÿƙ9śĉPůê8ǉ#�L!5�4�-�1BK�

!MJ9ĦŶÊ9�͚:ȗ8ʠ˼'L!57��gx�i9ˤ¢ĦŶÊ5%3á�3�L

!5�O�0-� 

� #J8�i�U�Pΐ͚ʏƤ"58δøΔ%3 (small-head i�U��middle-headi�

U��large-head i�U�) ̐Ȍ%-ʿȏ�JF�êi�U�Ÿƙ9̐Ȍ5İȢ8�PR, ERα, 

AR9Ͳ¥��L5��ʿ̣�ƨJM-� 

¾¢9ʿȏ�J°ƶ#MLi�U�ŸƙĀƩ9g`x�Ã͒ʾ̲9�u�Pň 4-1 8ʚ%

-�#J8�ƱƲʋ7i�U�ǫɻ9�u�ňPň 4-28ʚ%-� 

 

 

B �i9Ʋķȁ5ɈΟ9i�U�ŸƙŝĎ  

(1-1)� �i�rv9ĮƲķȁit�h8��3�ɈΟ CA1ΏŐ9`�o��͠ʜʾi�U

�ŸƙP̐Ȍ%-ʿȏ�ķȁʋ8êi�U�Ÿƙ�ŝĎ%-�ìÊʋ8:�ě˙ȁ(Proestrus : 

P)4: 2.33 spines/µm�ǔěȁ (Estrus : E) 4: 2.04 spines/µm>5ɑƀ�ΨÊȁ 1 (Diestrus1 : 

D1) 4:ð< 2.33 spines/µm>5śĉ%�ΨÊȁ 2 (Diestrus2 : D2) 4: 2.04 spines/µm>5

ɑƀ%-� 

� !MB4��i9Ʋķȁ8Ä�ɈΟ9i�U�Ÿƙġ<ȧ˚ŝĐ8Ͳ'Lş�9ʗʥ�

˼OM3�-� (Shors et al., 2001; Woolley et al., 1990)�+9̐ȌǬȾ:�ƲķȁP P�E�

diestrus5�� 319it�h8ø�-F94�K�diestrusP D1�D25Ēý%-̐Ȍ:7

�0-�+9-E�i�U�Ÿƙ: P4ǼΦÛ�E4ǼÉÛ�diestrus: P5 E9©ͱ87

L5��ʿ̣8703�-�ȅʗʥ4: diestrusP D1�D29 2it�h8ø�3i�U�

Ÿƙ̐ȌP˼70-!54�Ʋķȁ8Ä� E25 PROG9ɡƙŝĐ5żƯ'Li�U�Ÿƙ

9ȫ%�ķȁʋ7ŝĎP̈÷'!5�4�-� 

 

(1-2)� ɈΟî8��LŧƲ���� (PROG�E2) ɡƙPɔű%-ʿȏ�Ʋķȁ8Ä�ŝĎ

�̈JM-�ɈΟî9 PROG :�˻© PROG 9ɡƙŝĎ5ʐͲPʚ'!5�J�!9ŝĎ

8:˻©�JÏˀ#ML PROG 9ŷ¥��L5˓�JML�%�%�ɈΟî9 PROG :˻

©9 2 Øʡƙ9ɡƙ4Ŭŋ%3�L�+9-E�ɈΟî9 PROG ͥ:�ª8ɈΟ4įƼ#

M3�LF9�Ǡ͛ʋ4�L��ɈΟî9Ʋķȁ8Ä� PROG ǑĎPƝ�̮!'̆ņ5%

3:�˻©�JÏˀ#ML PROGǑĎ�ŷ¥%3�L5˓�JML�#J8�ɈΟî9 E2

ɡƙFŝĎ%�˻ © E2ɡƙ9ŝĎ5ʐͲPʚ%-�%�%�ɈΟî9 E2:˻©9 10 ~ 100

Ø5��·Ɛ8Φ�ɡƙ4Ŭŋ%3�L-E�Ʋķȁ8Ä�ɈΟî9 E2ɡƙŝĎ:�˻©

�JÏˀ#ML E2 9ŷ¥:7�5˓�JML�Ƨȉ:�ɈΟî9 E2 ɡƙ�ɔű4�7�
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0--E�Ʋķȁ8Ä�ɈΟʜʾi�U�Ÿƙ9ŝĎ:�Ʋķȁ8Ä�˻©9Ʋ����

ɡƙ9ŝĎ�ĝņ4Ɲ�̮!#ML5˓�JM3�-�ȅʗʥ:�Ʋķȁ8Ä�˻©9ŧ

Ʋ����ɡƙŝĎ5ɈΟî9ɡƙŝĎ�ʄ7L!5PûE3ǲJ�8%-·Ɛ8ͣ̆7

F94�L� 

 

(2)�  RT-PCRPɽ�- mRNA9̐Ȍ9ʿȏ��i�rv9ɈΟî8��LŧƲ����į

Ƽ͟ʹ (Hsd17b1�Hsd17b3�Cyp19a1)�ġ<ŧƲ����ĦŶÊ (Esr1�Esr2�Pgr) 8:�

Ʋķȁ8Ä�ʉɷͥ9ŝĎ:7�0-�¢̓9I�8�ɈΟ9ŧƲ����ɡƙ:Ʋķȁ

8Ä03ŝĎ'L8FͲOJ(�ɈΟ8��LƲ����įƼ͟ʹ9ʉɷͥ:ŝĎ%7�

0-�!9ʿȏ:�ɈΟî9Ʋ����įƼ˚5Ìɽʶ9˚Ĉ:�Ʋķȁ8ͲOJ(Ɛ8

�ű8Ô-M3�L!5PʚĽ'L (ň 4-3)�ěƈ8��LƲ����įƼʶ9ʉɷͥ:�

ƲķȁPÌK÷'I�8ŝĎ'L��ɈΟ4:ê�ŝĎ%7�5��±Ų:·Ɛ8˪ĸɌ

�ʿȏ4�L�ň 4-3 8ʚ'I�8�Ʋķȁ8Ä�ɈΟ9 PROG�E2 ɡƙ9ŝĎ:�ɈΟ

9ŝĎ%7� PROG�E2įƼ˚9¢8�˻©ɾȉ9Ʋķȁ8Ä03ŝĎ'L PROG�¢«

)#M-F94�L5̐͢4�L�Ų8�PROG�J E2�įƼ#MLB48½̤#ML

Ʋ���� (S�w�it�hZ� : ADione, Xiv�� : E1) 9ɡƙFɔű%-5!N�

ɡƙ9Èʐ�ŝO03��Ȣū�̈�- (ň 4-4)�1BK�Ʋķȁ"58ŝĐ'L˻©ɾȉ

9 PROGɡƙŝĎP�0��5%3�ɈΟ˧̵�Ǐ1Ʋ����½̤˚8I03�E29ķ

ȁʋ7ɡƙŝĎPÌK÷'5˓�JML� 

 

 

4-2. ��͠Đ͟ʹʶg`x�P¹%-ZiɈΟi�U�9ĀƩ  
� ȅʗʥ4Íɽ%-Ʋ���� (PROG, E2, DHT) :�B(ûE8gx�iĦŶÊ (PR, ER, 

AR) 8ʿį%3ĦŶÊPɃƲĐ%�ȩ8!MJ9ĦŶÊ�£Ʉ8�L��͠Đ͟ʹ (PKA, 

PKC, LIMK, ERK/MAPK) PɃƲĐ'L!58I03�i�U�Ÿƙ9śĉ�̮!L5°ƶ

#ML�7*7J���͠Đ͟ʹ8: PROG, E2, DHT9ʿį͚È�Ŭŋ%7�-E4�L�

¾£4:�ȅʗʥ4ǲJ�8%-Ʋ����9ƱƲʋ7i�U�ĀƩȧȡ5%3�LIMKġ

< ERK/MAPK81�3ͣɦʋ8˓ź'L� 

 

LIMK[ia�w  
¢̓9��͠Đ͟ʹ9�/�LIMK: E2 4��͠Đ����¢Ǳ%3�ɃƲĐ'L!5

� McEwen group 9őΛʻ˙Pɽ�-ʗʥ8I03ǲJ�5703�L (Yuen et al., 2011)� 

LIMKʾ̲9¢Ʉ8Ͳ%3:�ɈΟ CA1ʜʾgx�i8��3 RhoA → ROCK → LIMK
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5��ʾ̲�Ŭŋ'L!5�ʚĽ#M3�L (Pilpel and Segal, 2004; Shi et al., 2009)�B-�

LIMK : p38 MAPK 8I03F��͠Đ#ML!5�ʚĽ#M3�L (Kobayashi et al., 

2006)� 

�Ǭ�LIMKʾ̲9£Ʉ8Ͳ%3:�S_q�9˞ͣįPĀƩ'Lo��_̬ (cofilin) P

��͠Đ'L!5�ŕĶ#M3�L (Yang et al., 1998; Clcncy et al., 1992)�cofilin:S_q�

9øƆ͚8Ìɽ%�S_q�ΤȘ9˞ͣįPǋ03�L� (Bernstein and Bamburg, 2010)�

��͠Đ8IK+9á��ǄĀ#ML�ʿ ȏ5%3�cofilin9��͠Đ:S_q�ͣįPÓ

'!587K�i�U�ǫɻPÓ͎'L (Calabrese et al., 2014)�Ų8�E2:ʜʾi�U

�8��3�RhoA → ROCK → LIMK	cofilin5��ʾ̲P¹%3��T���vɱ9S_

q�5S_q�ͣįPśG'5��ŕĶ��L (Kramar et al., 2009)�B-�LIMK5 cofilin

:�E2 8ILS_q�9ðȡƼ8ͲOK�i�U�ǫɻPƝ�̮!'5��ŕĶF�L

(Aizawa et al., 2001; Clancy et al., 1992; Liston et al., 2013)�#J8�c�qcit��:�LIMK

5 cofilin9§ǬP��͠Đ%�i�U�ǫɻPƝ�̮!'!5�ʔJM3�L (Liston et al., 

2013)� 

 

ERK/MAPK[ia�w  
� �Ǭ�ERK/MAPK:�i�U�PĴDgx�iƥ˖Ĝ (PSD: postsynaptic density) øʀP

ɽ�-VXio���rv8ILå˼ʗʥ8I03�ʜʾi�U�8ʉɷ%3�L!5�

ʙ̚#M3�L (Hojo et al., 2008; Mukai et al., 2007; Mukai et al., 2010)� 

� B-�2000Ɠ½9ûȁ�J� Ʋ����8I03 ERK/MAPK9��͠Đ����¢Ǳ

%�ɃƲĐ#ML!5�˭�7ʗʥų�JŕĶ#M3�-�Î�;�E28IL ERK/MAPK

9��͠Đ��˰ƓΩ�rv9ɈΟ (Kim et al., 2002)G�ǫɻº�Vi9Š˟ʌ̬ 

(Toran-Allerand et al., 2002) 4̮!L!5�ŕĶ#M3�L�B-�E2 9ƱƲčȏ8:�

ERK/MAPK �Ͳ¥'L!5FŕĶ#M3�L (Dominguez et al., 2007, Mukai et al., 2007, 

Logan et al., 2011, Ooishi et al., 2012)�Dominguez et al., 20079ŕĶ8IL5�12͍ΩZi�

rv9ê˟�JǕĥ%- synaptoneurosome8 10nM E2P 30øͱÌɽ#)L5�ERK/MAPK

9��͠Đ����ǼŠ87L!5PVXio���rv4ʚ%3�L�#J8�ER9S

dyiv8IK�ERK/MAPK 9��͠Đ�ɻ&L!5Fʚ#M3�L (Dominguez et al., 

2007)� 

� �Ǭ�DHT: ARP¹%3 ERK/MAPKPƱƲʋ8��͠Đ'L!5�Ȣ�7ʽˍ4ŕĶ

#M3�L (Fix et al., 2004; Gatson et al., 2006)�#J8�DHT�ɈΟû½őΛʜʾʻ˙9

Rsk1 (ribosomal S6 kinase 1) G BabP��͠Đ%3�1ǵͱ¾î8 ERK/MAPKP��͠Đ'

L!58I03�S��Uw β 8ILʻ˙ȭ�Jʜʾʻ˙PǪ̂'L5��ŕĶF�L
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(Nguyen et al., 2005)� 

ERK/MAPKʾ̲9¢Ʉ8Ͳ%3:�LTP8ILå˼ʗʥ�JɈΟ CA1ΏŐ8��3 PKC 

→ Raf1 → ERK/MAPK�B-: PKA → B-Raf → ERK/MAPK5��ʾ̲�Ŭŋ%�gx�

iʿįƟƙ9̢ǧ8ͲO03�L!5�ʚĽ#M3�L (Roberson et al., 1999)�B-�E2

5 DHTPɽ�-ʗʥ8IK�PKAG PKC9ʹŵą8I03 E2, DHT8ILi�U�Ÿƙ

9śĉ�ǄĀ#ML!5�ŕĶ#M3�L�!9!5�JF�ERK/MAPK 9¢Ʉ8 PKA

G PKC�Ŭŋ'L!5�ʚĽ#ML (Hasegawa et al., 2015; Hatanaka et al., 2015)� 

ERK/MAPK9£Ʉ8Ͳ%3:�S_q�̢ʱo��_̬4�L cortactinP��͠Đ%Ƀ

ƲĐ'L!5�ʔJM3�L (MacQueen et al., 2003; Martinez-Quiles et al., 2004)�ɃƲĐ#

M- cortactin :�S_q�Ͳ͌o��_̬ (Arp) ̅įÊ5ëİ%3S_q�ΤȘ9øƆ�

ͣįPÓ' (Weaver et al., 2001) !58IK�i�U�ǫɻPÓ͎'L (Hering and Sheng, 

2003)� 

 

� !MJå˼ʗʥ5ȅʗʥ9ʿȏPB5EL5�ɈΟ8��3 (1) E2, DHT769Ʋ���

�� RhoA 	 ROCK	 LIMK9ʾ̲PɃƲĐ'L�(2) ɃƲĐ%- LIMK� cofilinP��

͠Đ%�cofilin P¤ɃƲĐ'L�(3) cofilin �¤ɃƲĐ#M-ʿȏ�S_q�9ͣį�Ó͎

#M3i�U��ǫ-8ơƼ#ML5���[yj��ʚĽ#ML� 

� #J8�ɈΟ8��3 (4) E2, DHT769Ʋ����� PKC → Raf1 → ERK/MAPK�B

-: PKA → B-Raf → ERK/MAPK9ʾ̲PɃƲĐ%�i�U�î9 ERK/MAPKP��͠Đ

'L�(5) ��͠Đ#M3ɃƲĐ%- ERK/MAPK � cortactinP��͠Đ%3ɃƲĐ'L�

(6) ɃƲĐ%- cortactin� Arp̅įÊ5ëİ%3S_q�ΤȘ9øƆ�ͣįPÓ͎%�i�

U�9ǫɻPƝ�̮!'�5���[yj���LIMKʾ̲5¨˼%3ɻ&L!5�ʚĽ#

ML (ň 4-1, ň 4-2)� 

 

+9»9[ia�w  
� Ʋ����9Ìɽʾ̲5%3:�͘Ãū̶ñP¹'Lʾ̲�I�ʔJM3�L��ȅʗ

ʥ4ǲJ�8%-�Ʋ����9ƱƲʋ7i�U�ĀƩȧȡ:�!MB49Ʋ����Ì

ɽʾ̲5:ê�ʄ7L�͘Ãū̶ñP¹#7�ʾ̲4�L� 

2000 Ɠ¾ă9ʗʥ4:�ɻƥζǯ9�rvɈΟ9őΛi�Ui8 E2 PÌɽ#)�4�8

ǯƥ8i�U�Ÿƙ�śĉ'L!5PǲJ�8%-ʗʥ�˼7OM3�-��Ơǵ:B.

E2 8ILi�U�Ÿƙ9ĀƩ8��͠Đ͟ʹ�ͲO03�L5:˓�JM3�7�0-

(Pozzo-Miller et al., 1999)�ȅʗʥ9ʿȏ:�Ʋ����9ǫ%�Ìɽʾ̲5%3��͠Đ͟

ʹ9[ia�wPɰű%�+M�ƱƲʋ7i�U�Ÿƙ9ĀƩ8Ͳ¥%3�L!5PǲJ



 107 

�8%-ɦ4Š�7Ʒˑ��L� 

� !!B4�E25 DHT�Ď�'ë͉9��͠Đ͟ʹʾ̲81�3̓̓%3�-��§˔8

:ʄ7Lʾ̲FŬŋ'L�E2 : ERa 	  PI3K 	  Akt 	  cortactin 9ʾ̲FĎ�'� 

(Hasegawa et al., 2015)�DHT 	  AR 9ʶ4: PI3K :á�7�!5�ø�03�L 

(Hatanaka et al., 2015)(ň 4-1)�ERa 	 PI3K9ʾ̲:�AktP��͠Đ'L!58I03ʜ

ʾǪ̂ÌɽPʉǚ'L!5Fʚ#M3�L (Garcia-Segura et al., 2007; Jover-Mengual et al., 

2010)� 

 

 

4-3. ɈΟ9ʜʾi�U�4á�Ʋ����9ĦŶÊ�  
� ȅʗʥ8IK�Ʋ���� (PROG, E2, DHT) 8ILi�U�Ÿƙśĉ8:� ȗîĦŶ

Ê5İ&o��_̬4�K�i�U�8Ŭŋ'L PR, ERα, AR�Ͳ¥%3�L!5�ǲJ�

570- (ň 3-2, ň 3-5, ň 3-8)� 

� PR:�PRǆÊ5 silver-enhanced pre-embeddedȾPɽ�-ūΓƫͭ8IL̐Ȍ9ʿȏ�

J�ȗGʻ˙̬9C7J(�ɈΟ9i�U�î8FŬŋ'L!5�ʉ̈#M3�L 

(Mitterling et al., 2010; Waters et al., 2008)�ERα:�ERαǆÊ5 post-embedded gold particleȾ

Pɽ�-ūΓƫͭ8IL̐ȌG�gx�iƥ˖Ĝ (PSD: postsynaptic density) øʀPɽ�

-VXio���rv8ILʗʥ8I03�ɈΟ CA1ΏŐ8��Lʜʾi�U�8 ERα�

ʉɷ%3�L!5�ʉ̈#M- (Mukai et al., 2007)�#J8 ARF�ARǆÊ5 silver-enhanced 

pre-embedded ȾPɽ�-ūΓƫͭ8IL̎ź9ʿȏ�J�i�U�8Ŭŋ%3�L5ŕ

Ķ#M3�L(Tabori et al., 2005)�!MJ9ŕĶ:�ȅʗʥ4ɽ�-ȗîĦŶÊ9S�od

yiv��Ʋ����8ILi�U�śĉčȏPʹŵ%-!5P̂¼�L̖Ǎ5̑�L� 

E2 8ILƱƲčȏ4:�ERα ¾Ş8 ERβ �Ͳ¥'L5��ŕĶ�ȶɻɹ9ͮȁśƟ

LTPŲΡ�J:̅Ǧ7#M3�L ( Kramar et al., 2009, Ooishi et al., 2012, Tanaka and Sokabe, 

2013)�B-�ERβF ERα5İȢ8ʜʾi�U�8Ŭŋ'L!5FŕĶ#M3�L (Herrick 

et al., 2006)�%�%�i�U�ŸƙPɔű%-å˼ʗʥ4:�ERβ 9Sdyiv (DPN) P

Ìɽ#)3Fi�U�Ÿƙ�śĉ%7�0- (Mukai et al., 2007; Murakami et al., 2006)�#J

8 ERαKO �Vi (ERβ 9C�ʉɷ%3�L) Pɽ�-ŲΡ4:�E2 PÌɽ#)3Fi�

U�Ÿƙ�śĉ%7�0- (Murakami et al., 2015)�!MJ9ʿȏ�J�i�U�Ÿƙ9Ā

Ʃ8��3:�ERβ:Ͳ¥%7�5̑�L� 

 

� #J8̀Ɠ�Ʋ����8ILƱƲʋ7ĀƩPǋ�5#M3�Lǫ-7ĦŶÊ5%3�

ˤ¢ĦŶÊ�ɀʎPͽE3�K�ʗʥ�ʍQ8˼7OM3�L�Î�;�PROG9ˤ¢ĦŶ
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Ê5̑OM3�L mPR (progesterone membrane receptors) G� PGMRC1 (progesterone 

membrane receptor component 1) 769Ŭŋ��ɻȯŁŰG˟4ʉ̈#M3�L (Falkenstein 

et al., 1996; Falkenstein et al., 1998; Gerdes et al., 1998)�mPR8Ͳ%3:�mPRα5 mPRβ5�

�γʢ9e�oU�9Ŭŋ:ǲJ�5703�L��+9£Ʉ9g`x�Ã͒ʾ̲:@5

Q6ǲJ�8703�J( (Mani and Oyola, 2012; Thomas and Pang, 2012)�ȫƛ7ĦŶÊ5

%3á�3�L5��ŕĶ:B.ɧ�� 

� B-�E29ˤ¢ĦŶÊ5̑OM3�L GPR30 (G-protein-Coupled Receptor 30) :�GPER 

(G-protein-Coupled Estrogen Receptor) 5FĹ;M3�L��ɈΟGăΐ˳9ʜʾʻ˙ˤ8ş

�Ŭŋ'L!5�ŕĶ#M3�L (Akama et al., 2013; Almey et al., 2014)�%�%��i�V

i9ɈΟ8��3�E2PÌɽ#)L5 ER� PI3K, ERK/MAPK, Akt9��͠Đ͟ʹg`x

�ʾ̲PɃƲĐ'L98ż%3�GPR30 :Sdyiv4�L G1 PÌɽ#)L5 JNK (Jun 

Kinase) 769ʄ7L��͠Đ͟ʹg`x�ʾ̲P¹%3�̓ƻ9śƟP˼7�!5�ŕĶ

#M3�L (Kim et al., 2016)�Kim et al.,2016 9ʗʥ8IL5�E28IL̓ƻ9śƟčȏ:�

GPR30 9S�odyivPÌɽ#)3Fʹŵ#M7�!5�ǲJ�5703�L�!9ʿ

ȏ:�i�U�Ÿƙ9ĀƩ8: GPR30�ͲOJ7�!5PǠǏ'L� 

� #J8�ɿƲ����ĦŶÊ8Ͳ%3:�ȗîĦŶÊ(AR)5:ʄ7L DHT9Ìɽå5%

3�nonAR9ŬŋFʚĽ#M3�-(Foradori et al., 2008)�nonAR:�AR9S�odyiv

(Fultamaide) PÌɽ#)3F�DHT 8ILƱƲčȏ�ǄĀ#M7�!5�J�Ŭŋ�ǘľ

#M- (Foradori et al., 2008)�B-�ūΓƫͭ4ɈΟ CA1ΏŐ9gx�iPơƼ%-i�

U� (i�U�-gx�i) P̎ɔ'L̐Ȍ4:�Fultamide 8I03 DHT 8ILi�U�-

gx�iśĉ9čȏ�ʹŵ#M7�94 nonAR �Ͳ¥%3�Lĩ˚Ʋ�ʚĽ#M3�L 

(Hajszan et al., 2008; MacLusky et al., 2006)�%�%�!9ʗʥ8��3�Fultamide9CPÌ

ɽ#)-Ŗį8F�i�U�-gx�iŸƙ�śĉ'L94�!9i�U�-gx�i:�ƽ�

�̎ź%3�Li�U�5:ʄ7Lý9F94:7��5ʅ03�L�#J8�nonAR 8

Ͳ'Lʗʥ: 15Ɠ8ɒ03˼7OM3�-8FͲOJ(�ȃ.8͘ÃūFo��_̬Fİ

ű#M3�7� (Hatanaka et al., 2015)�Ƨ03 nonA:Ŭŋ%7�5��̟Fş�� 

� ȅʗʥ4:�AR8ɰʄʋ7S�odyiv (Hydroxi-Fultamide : HF) 8I03�i�U

�Ÿƙ9śĉ�ǄĀ#M-�!9!5�J�DHT8ILi�U�Ÿƙ9ƱƲʋ7ĀƩ8:�

AR�á�3�L5˓�JML� 

 

� ¾¢9̧̣9I�8�Ʋ����9ĦŶÊ5%3:�Ƨȉ�JʔJM3�LF99»8

Ȣ�7øū�ɰű�ǘľ#M3�L�%�%�ȅʗʥ8��LƲ����9ƱƲi�U�

śĉ8Ͳ%3�!MJ9øū�Ͳ¥%3�Lĩ˚Ʋ:É�5˓�JML� 
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4-4. Ʋ�����i�U�8ġA'ͮȁčȏ  
� Ƨȉ�Ʋ����8ILi�U�Ÿƙ9ĀƩ:�͘Ãū̶ñP¹%-ͮȁʋ7F9��

˫ʋ.5˓�JM3ȉ-�Ʋ����8ILͮȁčȏ5ƱƲčȏ4:�ĦŶÊ9á��ê

�ʄ7L�Î�; E29ͮȁčȏ4:�E2�ȗî8Ŭŋ'L ERα / ERβ8ʿį%�²ͥÊP

ơƼ'L�+9ƥ�ȣʋ57L DNA¢8�L estrogen response element (ERE) 8ʿį%3͘

ÃūʉɷPĀƩ%�ʜʾgx�io��_̬9įƼPÓ͎'L�!9Ìɽ:�24 ǵͱ�J

Ǧǯƥ8čȏ�ɷML!5�ʔJM3�L (Tsai and O'Malley, 1994, Beato et al., 1996, 

Charlier et al., 2010)�B-�AR9ŖįF DHT9ʿįƥ8²ͥÊĐ%�ȗî8ʠ˼%3̶ñ

ņū5%3á�!54�o��_̬9ʉɷP̢ʱ%3�L5#M3�-�Ƨ03!9ÕĬ

ʶ:�ȅʗʥ4ƨJM-γǵͱ9ƱƲčȏ9ʉɷ8:ŷ¥4�7�� 

 

 

4-5. ɈΟʜʾi�U�8��L CORTʕȁčȏ9g`x�Ã͒
ʾ̲  
� ȅʗʥ4:�Ʋ���� (PROG, E2, DHT) 9ȵ̹ż̩5%3�Éɡƙ (30nM) c�qc

it�� (CORT) Pɽ�-ŲΡF˼70-�CORT :�Ʋ����5İ&it�Uw��

��9�ʢ4�L�Σ�?�!58�CORT 9£Ʉ4F���͠Đ͟ʹ4�L LIMK G

ERK/MAPK 9g`x�ʾ̲�á��i�U�Ÿƙ9ĀƩP˼703�L!5�ǲJ�57

0-�!9ʿȏ:�it�Uw�����ΠĎ'Lʕȁčȏ����͠Đ͟ʹg`x�ʾ

̲P¹'L5���˫ƲPʚ%-ͣ̆7ʿȏ4�L�   

� ̀Ɠ�ʕȁͱάθǦǵͱέ9 CORT 9Ìɽ�ǲJ�8703�3�L�ɈΟÐŬʋ7̓

ƻ�ŭ˒̡Β9ʏă8iv�iāɠP¥�L5ŭ˒�ʹŵ#ML���Ǭ4̡ΒǼ©9i

v�iāɠG CORT 9ǅ¥:ŭ˒PÓ͎'L!5�ŕĶ#M3�L (Akirav et al., 2004; 

Diamond et al., 2006; Joëls et al., 2012; Schwabe et al., 2012)�B-�ǦĔø9̵Êʋ7iv�i

āɠP¥�3ʷ 3ǵͱƥ8ɈΟ CA1ΏŐ8��L LTP�śŠ% (Spyrka et al., 2011)�24ǵ

ͱƥ8:ɈΟ CA1ͫÊʻ˙9Ȧɱʧ̮i�U��śĉ'L!5FŕĶ#M3�L (Shors et 

al., 2001)�Ƈƾ`���4:#J8�1 µM9 CORTPĘ%-ɈΟi�Ui8Ìɽ#)L

5�1ǵͱ5��ʕǵͱ4 CA1ͫÊʻ˙9i�U�Ÿƙ��I< CA3ͫÊʻ˙9m�� (Ÿ

ͽ%-gx�iƥ͚ȡ͋) �śĉ'L!5PǲJ�8%3�L (Komatsuzaki et al., 2012; 

Yoshiya et al., 2013)� 

 

� ȅʗʥ¾Ş8F�synaptic GR�Ʋ����5İȢ9��͠Đ͟ʹʾ̲P¹%3Ìɽ'L

!5�ŕĶ#M3�L�Î�;�ǁșÊŒƘŞÜ͚�I<ăΐăʌ̬8��3�synaptic GR
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� PKA P¹%3ƱƲʋ (~1 ǵͱ) 8Ìɽ'L!5�ø�03�L (Barsegyan et al., 2010; 

Roozendaal et al., 2002)�B-�̊Ɩ£͚i�UiPɽ�-ŲΡ8I03 Ca2+5 phospholipase 

CP¹%- GR9Ìɽʾ̲�ʚ#M3�L (Liu and Chen, 1995)�#J8�synaptic GR� G

o��_̬5ëİ%3á�5��ŕĶ�̅ǦŬŋ%3�K (Groeneweg et al., 2012; Orchinik 

et al., 1992)�ɈΟ CA1ΏŐ8��3�CORT� Go��_̬P¹%3 PKCPɃƲĐ%�Ì

ɽ'L5��ŕĶF�L (ffrench-Mullen, 1995)�GR 8ILƱƲʋ7 ERK/MAPK 9��͠

Đ (~15 ø) G LIMK 9��͠Đ (~20 ø) �#J8��͠Đ#M- LIMK � cofilin P��

͠Đ'L!5��ɈΟi�UiGɈΟʜʾû½őΛʻ˙Pɽ�-ŲΡ4ʙ̚#M3�L 

(Jafari et al., 2012; Liston et al., 2013)� 

 

 

4-6. �iɈΟ9ŧƲ����ɡƙŝĐ5i�U�Ÿƙ9ͲÒ  
� !MB4�Ʋķȁ8Ä�i�U�Ÿƙ9ŝĐ:ƕ�ʗʥ#M3�- (Gould et al., 1990; 

Woolley and McEwen, 1992) ���1F Diestrus1 (D1) 5 Diestrus2 (D2) Pɍį%3 Diestrus 

(D)5%3ɔű#M3�-�ȅʗʥ4:�¦ʁ4ûE3 D15 D2Pø%3�ƲķȁPε1

9it�h (P, E, D1, D2) 8ø�3̐ȌP˼70-�+9ʿȏ�D15 D24:ɈΟ9i�

U�Ÿƙ�Š��ʄ7L!5Pʉ̈%- (Kato et al., 2013)�!9I�7Ʋķȁ8Ä�i�U

�ŸƙŝĎ:���͠Đ͟ʹ9ɃƲ9ŝĐ8I03Ɲ�̮!#ML5��ʗʥŕĶ�ş�

Ŭŋ'L�ìÊʋ8:�ERK/MAPK, Akt, LIMK9��͠Đ9ƙį�: P4ǼFΦ��E4

:ǼFÉ�7L5ŕĶ#M3�L�#J8�D15 D2Pɍį%- D5��it�h4:�

Akt9��͠Đ9����ΦBK�LIMK9��͠Đ���:�E5İʡƙ.5ŕĶ#M3

�L (Bi et al., 2001; Spencer et al., 2008; Znamensky et al., 2003)�%�%�!MJ9ʗʥ:ê

3 Diestrus Pβ18B5E3�L-E�D1 5 D2 8ø%3��͠Đ9̐ȌP˼7�Ʈ̆

��L�B-�Ǭ4�Ʋķȁ8Ä�ɈΟ9o��_̬ʉɷͥ�ŝĐ'L5��ʗʥ:�ȃ

.8ŕĶ#M3�7�-E�Š�7ŝĎ:ɧ�5˓�JML� 

� #J8ȅʗʥ9ʿȏ�J�ɈΟî9 PROGG E29ķȁʋ7ɡƙŝĐ8̮ņ'Li�U�

ŸƙŝĐ��L!5P̈÷%-�ìÊʋ8:�ɈΟî PROG ɡƙ9ŝĎ5i�U�Ÿƙ9

ŝĎPȵ̹'L5�PROGɡƙ� D14��_ (90nM) Pʚ'98įO)3�i�U�Ÿƙ

F��_Pʚ'�B-�ɈΟî E2 ɡƙ9ŝĎ5i�U�Ÿƙ9ŝĎPȵ̹'L5�E2 ɡ

ƙ� P (4.3nM) �J E (1.0nM) 8��3ɑƀ'L95İȢ8�i�U�ŸƙF P�J E8�

�3Š��ɑƀ'L�!9!5:�PROG G E2�Ʋķȁ8Ä�i�U�ŸƙŝĐPĀƩ%

3�L!5PʚĽ'L�ă̓9Ʋķȁ8Ä���͠Đ͟ʹ9ɃƲŝĐ8Ͳ'LŕĶ5�ȅ

ʗʥ9ʿȏPįO)3˓�L5�Ʋķȁ8Ä�i�U�ŸƙŝĐ:�PROGG E29ɡƙŝ
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Đ8I03��͠Đ͟ʹ9ɃƲĐƙį��ŝĐ'L!58I03ĀƩ#M3�L5˓�J

ML� 

 

 

4-7. �iɈΟ8��LƲ����9ƃǀįƼ  
� ƼɴZi�rv9Ŗį�PROG�˻©4 6.8nM�ɈΟî4 14.6nM (˻©9ʷ 2Ø)�E2˻

©4 0.014nM�ɈΟî4 8.4nM (˻©9ʷ 800Ø)�DHT�˻©4 0.63nM�ɈΟî4 6.6nM (˻

©9ʷ 10 Ø) 4Ŭŋ'LI�8�Ʋ�����ɈΟî8��3·Ɛ8Φ�ɡƙ4Ŭŋ'L

!5�ǲJ�5703�L (Hojo et al., 2009)�!9ɡƙƋ:�ă̓9ɈΟ8��LƃǀįƼ

9ŷ¥8ILF9.5˓�JML�!9I�8�Ʋ����9ɈΟîįƼ:�Ʋ����

9ɈΟ8ż'LÌɽP˓�L¢4�·Ɛ8ͣ̆7̆ʹ4�L� 

� ȅʗʥ4:�ɬĈŭʋ8̔̒%-��U��Pɽ�3�Ƽɴ�i�rv9ɈΟî8Fŧ

Ʋ����įƼʶ (Star�Hsd17b1�Hsd17b3�Cyp17a1�Cyp19a1) �Ŭŋ'L!5P RT-PCR

8I03ûE3ʚ%-�Ƨȉ��i8��L E2įƼʾ̲:�PROG → ADione → E1 → E2

9C4�L5¦ʁ©4˓�JM3�-�%�%�ȅʗʥ4�i9ɈΟî8FZi5İȢ8

ŧƲ����įƼ8Ʈ̆7ê39͟ʹ�Zi5İʡƙʉɷ%3�L!5�ǲJ�570-� 

#J8��i�rvɈΟ8ʉɷ%3�LƲ����įƼ͟ʹ:�Ʋķȁ969it�h8

��3Fʉɷͥ�ŝĐ%7�!5�ǲJ�570-��Ǭ�Ȅțʽˍ4�Lěƈ4:�T�

J E2 PįƼ'L P450arom (Cyp19a) 9ʉɷͥ� diestrus 2 4ǼFΦ� proestrus�estrus�

diestrus 18��3Ʀ�8ɑƀ%�+9ƥ diestrus 1�J diestrus 24Ʊɠ8śĉ'L (Lephart 

et al., 1992)�+%3 P450arom9͟ʹɃƲ:�mRNA9ʉɷŝĎ8ż%3Ʋķȁit�h 1

ǯø͏M3ŝĎ% proestrus 4ǼFΦ�7K�+9ƥɑƀ%3��5��eU_�PˎḰ

'5��ŕĶF�L�ɈΟî9Ʋ����ɡƙ:�˻©5İȢ8ƲķȁÐŬʋ8ŝĎ'L

8FͲOJ(�ěƈ5:ʄ7KƲ����įƼ͟ʹ5+9ĦŶÊ9ʉɷͥ�Ʋķȁ8Ä0

3ŝĐ%7�0-!5:�ŠŝΣ�?�ʿȏ4�L� 

 

ȅʗʥ8IK��i9ɈΟî8��LŧƲ����įƼ͟ʹ (Hsd17b1�Hsd17b3�

Cyp19a1)�ġ<ŧƲ����ĦŶÊ (Esr1�Esr2�Pgr) 9ʉɷͥ:�Zi5ê�İ&4�L

!5�ǲJ�570-�+M4:7*��i9ɈΟî9 E2 ɡƙά0.5~4nMέ:�Zi9Ɉ

Οî (8nM) 9 1/8 ʡƙ5͕�8É�9.N���!9̆ņ9�15%3�˻©�JɈΟî

8Ïˀ#ML T9ɡƙƋ�˓�JML�T:�E29ȇǩ57LɿƲ����4�K�Zi

9Ŗį�ʴƈɾȉ9 T ���i9ěƈɾȉ9 T9ɡƙ5ȵ?3 100-1000ØF�L�+9-

E�Zi4:˻©�JɈΟî8Ïˀ#ML T9ɡƙ�Φ��ɈΟî49 E2įƼ8ż'Lŷ
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¥�·Ɛ8Š��-E.5˓�JML� 

!9I�7É� E2 ɡƙ4�7*�i:Zi5İʡƙ9i�U�ŸƙP˃Ǐ4�L9

.N���ɷȰͷ4:�!9Ŀ�8ż'Lʮ�P÷'!5:4�7���˓�JML�1

9ʮ�5%3��i5Zi4:ʄ7LÕĬʶ�á�3S_q�ͣįPĀƩ%3�Lĩ˚Ʋ

��L�Ų8��i9Ŗį�ERα� mGluR (metabolic glutamate receptor )5ʿį%3�3

→ G o��_→ CREBo��_ → S_q�ͣį5��ÕĬʶPĎ�%3�Lĩ˚ƲPʚ

%-ŕĶ��L (Mermelstein et al., 1996)�B-�PROGɡƙ8Ͳ%3:�i9ɈΟî9Ǭ�

ZiIKFΦ�� 

 

 

4-8. �iɈΟî9Ʋ����įƼ͟ʹġ<ĦŶÊ9űͥ  
� ȅʗʥ4̐Ȍż̩5%-͟ʹGĦŶÊ9ɈΟ49ʉɷͥ:�ʴƈ�ěƈ�Ćˠ769̣

Ǩ4ʉ˿#M3�LȄțʽˍ5ȵ̹%-Ŗį�1/200 � 1/5000 5·Ɛ8É�-E�¦ʁ9

»9`����Ȅțʽˍ8ż%3Íɽ%3�L��U��P+9BBÍɽ%3F�ȝ÷Ƹ

ƙ�É'�3űͥ̐Ȍ�÷ȉ7��+9-E���U��9̔̒P˼03ɰʄƲ5śƑč

ȏPĲ¢#)3�L (Kimoto et al., 2010) (ň 2-20)���U���ʐ̃ͬ5ʿį%-9Ůű

Ʋ9̗Ñ8:�ǼͻǖɬĈŭ̒ʯȾ (Ǽͻǖ9ȗ͛͠ú9ƢΊP˓ƺ%�DNA ²ȅͬ9ʐ

³Ìɽ9Ɵ#�ŮűƲPȹELǬȾ (Breslauer et al., 1986, SantaLucia, 1998)) 8I03ʯ÷

%-^�i9˧ɾX{�^�ΔGPɽ�-� 

� ê39͘Ãū81�3 PCR ɼɯͥ9śƑ̐ȌP˼��Į PCR eU_�9 PCR ɼɯͥP

��rv%-�Ėűͥʉɷ̐Ȍ9:�eU_�ǦP PCR ɼɯ9ǐǦśƑȁ8ŉű%3Ė

űͥ PCRP˼0-�mRNAʉɷ:�i9ĮƲķȁit�h�Zi9ͱ4ȵ̹%-�Įȣʋ

͘Ãū9 mRNA 9ʉɷ:�î͚ȣə͘Ãū9 Gapdh 4̉ȘĐ%-ÛPɽ�3̐Ȍ%-�

Gapdh 9ʉɷͥ:�Ʋķȁ4ê�ŝĎ)(�ƲƋF7�0--E�!9̉ȘĐǬȾPɽ�

- (ň 3-18)�B-�PCR8ILśƑɼɯ9͛ú5ȣʋ͘Ãū͛ú9İ�Ʋ:�DNAg�_

X�g�`P̠Q4ʙ̚%-� 

 

 

4-9. �iɈΟî9ŧƲ����ɡƙŝĎ5ɈΟȧ˚9Ͳ͌  
!MB4�Ʋķȁ8Ä03i�U�9Ÿƙġ<ơƹ9ŝĐ5̓ƻŭ˒˚Ĉ9ŝĐ�̮!

L5��ŕĶG (Szymczak et al., 2006, Spencer et al., 2008)�Ʋķȁ8Ä�ɈΟʜʾʻ˙9

ȶɻɹŭʋƲ̬9ŝĐ (Warren et al., 1995, Good et al., 1999, Scharfman et al., 2003) �ɈΟÐ

Ŭʋ7̓ƻ�ŭ˒˚Ĉ9ŝĐ (Frye, 1995, Berry et al., 1997, Warren and Juraska, 1997) 81�
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3�ş�9ʗʥ�˼OM3�-� 

Î�;�ɈΟ CA1 ΏŐ9ʜʾʻ˙Pd�hȓ˭8IKĩ̊Đ%�ʜʾʻ˙9Ȧɱʧ̮i

�U�9ŸƙP̒ɔ'L5�Ʋķȁ8IKi�U�Ÿƙ�ŝĎ'L (Woolley et al., 1990, 

Shors et al., 2001)�B-�ěƈǜ÷ (OVX) �rvPɽ�3ʌ£ɀŽ4 E2G PROGPǅ¥%

-ǵ9i�U�ŸƙP̢?L5�E2ǅ¥ː� OVX5ȵ?3Φ�i�U�ŸƙPʚ%�E2 + 

PROGǅ¥ː:ǹ8Φ�Ÿƙ87L!5�ŕĶ#M-�E2 + PROGǅ¥ː:�Proestrus4

˻©9 E25 PROG9ɡƙ�¢Ǳ'L!5PȤ%-ː4�K�å9ʗʥʿȏ�˻©9Ʋ��

��ɡƙ9ŝĎ8IL!5Pʚ%-ʿȏ570- (Gould et al., 1990, Woolley et al., 1990)� 

ɈΟʜʾʻ˙9ȶɻɹŭʋƲ̬8Ͳ%3:�Proestrus 9ĕƥ8��3ͮȁśƟ (LTP) 

9śƟɵ� Diestrus8ȵ?3Φ� (Warren et al., 1995)�Proestrus4:ͮȁǄŊ (LTD) 9Ǆ

Ŋɵ�ɑƀ'L (Good et al., 1999) !5� in vivo̐Ȍ4ʚ#M-� 

#J8�˼ĎŲΡ�JFɈΟÐŬʋ7̓ƻ�ŭ˒˚81�3�ƲķȁÐŬʋ7ŝĎ�̢

?JM3�L�ɈΟÐŬʋ7ŭ˒̡Β5%3:�ʦͱ̚ʔ̡Β4�L��iȷ̲̈́Pɽ�

L9��˫ʋ7ǂȾ4�L�OVX �rv8 E2 5 PROG Pǅ¥%3��iȷ̡̲̈́ΒP#

)L5�Proestrus PȤ%-ȈÀ (E2 ǅ¥9čȏ4i�U�Ÿƙ�¢Ǳ%-ɱƹ4�̡Βʏ

ă8 PROG Pǅ¥'L) 4�ʦͱ̓ƻ9ÔǏǵͱ�ƚ<L5��ʿȏ�ʚ#M3�L

(Sandstrom and Williams, 2001)�%�%�İ&��iȷ̲̈́Pɽ�-ʗʥ4�Estrus4 Diestrus

8ȵ?3ŭ˒čɵ�ƴ�5��ŕĶ (Frye, 1995) F�M;�Estrus 4 Proestrus IKFƼˋ

�ˬ�70-5��ŕĶ (Warren and Juraska, 1997) F�L��Ǭ�Proestrus5 Estrus4Ƽ

ˋ8Ƌ�7�5��ʿȏF÷3�K (Berry et al., 1997)�Ʋķȁ�̓ƻ�ŭ˒8ƢΊ'L�

6��5��ɦ4F�˩%-̈̐:ƨJM3�7�� 

Ƨȉ:�!MJ9ɷ̩:Ʋķȁ8Ä�˻©9 E2ɡƙ9ŝĎ8̮ņ'LF94�L5Ë9

̖ǍF7�ʿ̣¼�JM3�-�%�%�ɈΟî8: E2�˻©9 100Ø5��·Ɛ8Φ�

ɡƙ4Ŭŋ%3�L-E�ɈΟî9Ʋķȁ8Ä� E2 ɡƙŝĎ:�˻©9 E2 ɡƙŝĎ8I

03Ɲ�̮!#MLO�4:7�5��!5�ȅʗʥ4ǲJ�570-�1BK�ɈΟî

9 E2:ɈΟî4įƼ#MLF9�ª4�L5��L�!9ʿȏ:�Ƨȉ9˓�ǬṖ'·

Ɛ8ͣ̆7ʉ̈4�L� 

 

 

 



ê4-1. ıq~w�*9<VgD�ċġ¿Ī+TNb~�Ȝǐȍw_~ê�

ıq~w�,�ǍǞǣ?Ȗț�%VgD�±*®;ȓ4�TbmVÕĊ�*ǑÚ�<�
�+Ǒŝ�ÕĊ��VgD�±*Ąì�<Ũ	)}�ȤËȣǌ?ƀıË�<���%�
LIMK�BM\�ǠȥÚ?¿Ī�<Cofilin?}�ȤË�<�'&�ƀıË���ERK/
MAPK�BM\�ȥÚ?¢Ț�<Cortactin?}�ȤË�%ƀıË��<�'*9"%�
BM\�ȥÚ�¢Ț�=�Ō�)VgD��Ĥĸ�=<'ǜ:=<� 

Increase in spine�

Actin polymerization�

PI3K�

ROCK�

LIMK�

PKC�RhoA�

Raf-1� B-Raf�

ERK/MAPK�

MEK� Akt�

DHT 
PROG, E2 

 

AR 

Cofilin�

Cortactin�

ERα 
PR 

PKA�
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 New spine formation (~2 h) 

ê4-2. ıq~w�*9<İıƭ)VgD�Ōơ+w_~ê�

VgD�±Ƞ+Ũă?ǯ��ŪĢê�VgD�±Ƞ*®;ȓ@ ıq~w�,�Vg
D�±*Ąì�<ÕĊ� (TbmVÕĊ�) *ǑÚ�<��+Ǒŝ�VgD�±*Ąì
�<Ũ	)}�ȤËȣǌ�ƀıË�=�ŕǎƭ* LIMK � Cofilin ?�ƀıË� ERK/
MAPK � Cortactin ?ƀıË��<�'*9"%�BM\�ȥÚ�¢Ț�=<�BM\
�ȥÚ�¢Ț�=<�'& F-actin �øÆ��ŬƚǀȊ�*Ō�)VgD��Ĥĸ�=
<'�ĳ�=<� 

F-actin 

G-actin 

PR	

New spine 

NMDA(?� 

AMPA(?� 

AR	

ER	

PĬĶİĹ�

Cofilin  
Cortactin�

 LIMK, MAPK 
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P E D1 D2 P E D1 D2 

P E D1 D2 P E D1 D2 

ê4-3�vV|]`+ƃɆ*��<ıq~w�ƐġúÉ+Ǵç�
vV|]`+ǭ�*��<ıq~w� (�*PROG) Ɛġ,�ıßŘ Ąƭ*úÉ�<
��ƃɆ±+ıq~w�Úĸȣǌƫƞȧ,úÉ�)���+�'�:�ƃɆ±&+ı
q~w�Úĸǟ,Ğ*�Ć&
<'ǜ:=<�9"%�ƃɆ±+ıq~w�Ɛġ+

úÉ,�ǭ��:�ǒ�=<PROGƐġ+úÉ*9"%ơ�<�'?Ʒã�<7+&

<�����������������������������������������������������������������������������������������������  
P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2�

P E D1 D2 P E D1 D2 

P0cèðó6$ëÿ
¨�ôPĬĶİĹ|I

Ì�óÔÕÓÒÍ�

P0cèðó6$êòß
tÇôPĬĶİĹ,R �

P0cèðó6$ëÿÜ
tÇ�ôPĬĶİĹ|I�
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ê4-4�vV|]`+ƃɆ*��<ıq~w�ƐġúÉ+�ư+�=�
vV|]`+ƃɆ±*��<ıq~w� (PROG, ADione (B�a�V^�UH�), E1 
(GV`��))  Ɛġ?ƉĆ��Ǒŝ�ıßŘ Ąƭ*Ɛġ�úÉ����:*��+Ɛ
ġúÉ+�ư,ıq~w��'*Ʃ)<�'7>�"���+�'�:�ƃɆ±*Ɓ

®�<ǭ�+PROGƐġ��ıßŘ�'*ßŘƭ*úË�<�'?�"��'�%�
ƃɆ±+ıq~w��Ȅ*9"%�ßŘƭ*úÉ�<�Ɓ+ıq~w�ƐġúÉ�ơ

3=�ŕǎƭ*E2Ɛġ+ßŘƭ)úÉ�ơ�<'ǜ:=<�����������������������������������
P: proestrus�E: estrus�D1: diestrus 1�D2: diestrus 2�

P E D1 D2 P E D1 D2 

PROG�

ADione 
(ĄĹĞĸĖěĹĕĈĹ)�

E1 
(ćĖĝĸĹ) 

 E2�

tÇ�PROGôV#õ�só(æ�ãĀÿãÝV#ôJü
�õìĀîßå�
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