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1�1� =C 

� Ɍ¾·�ǤM*ɸÃ=�ɑȂSɢŴ&,O$7�ɐȢS˽�:*O767ʲ

8<I7�ɐɑSĂɋĉ*O/H:ɽŞƮ˘SɢŴ&,5�/.Í8>̔ž<

X�r�}uyƮ˘J��uyɑȂ�ȈǾŞʰ98<ɢŴ=H'E(6I<�

5O.(�(�ɐȢ<̃<ĥ£=$PE6<ɽŞƮ˘<ɢ̢<F6=ƧNʅ/

967ʲ8MPO.ɐȢ<̃<ĥ£:=�Ùƃ65O$7�ȉ�,96.§ɖ

ÓÙȈ̷ƥʆ<Ţʮ6=��Ùƃ7=�šæ9ʵÉɤ�ʏɻɤĚ?ɸÃɤɼɺ<

ɇƣ65N�đ:ɝɞę=ɞƆ<ŝĻ(96$76=961767.(�(�

Ɍ¾:965·<Ùƃ=ʾ�&P56O.Í8>�Ɍ¾:965ly�l:̆

ĵ*O7ʲ8MPOɝƝ�Ɇ:ʏɻɝƝ<ʫƝɋ=ž�ňþ(59N�ǗǮ<

2011ž<ʝ˫6= 320¡·¿£:I<DO7&P�9�6I73ɞ<ňþ=ˑ

(6 (ĕɐāßɬ, 2015).ɌĻ=ċŞɤ9Ʈ˘:L25ɝƝS˨Ș(56O��

$P=5!E6ŭɟɡȝ65O.ăɅ�ǮǱƷ3ɐɅŞɤ9ly�lʦĬȈȄ

J�-<Ʒʟƛ:ȟɩ(�-PSƄ�ð,OL79ɐȢ<5NǔS̗ȗ*O$

7=�İ͔<ǻǮɤ9˨Ș</H:̭ˡ65Q7. 

� ɐɅ=ɏŇŌĉJōǎ98�M̊SşNɐ�ȏO/H:�ly�l:ŭ*O

̥ƙȈȄSɢ̢&,5�/.Í8>ăɅ<ÔÉê6=�ly�l:ǥ&PO7

[}�a�ȲSɴÓ(�̓̚9̘̅�̸±ĜƙSğʼ7*OL79ly�lƙ

ʊȈȄSI3  (Cannon, 1914).ˣƀ¤̨ŤÛǺ  (PVN; paraventricular 

nucleus of the hypothalamus)�Mú˄ɦ̃÷ȸ����ǋð�����ñȜ

&P�-P�¤ĽÉ:Ëɒ*O$76ú˄ɦ̃÷ȸ����<ñȜ�Ò&PO.

-(5ñȜ&P/ú˄ɦ̃÷ȸ����=ú˄:Ëɒ(�f�tflw��<
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ñ Ȝ S Ò * 7 6 7 � 6 R K O ˣ ƀ ¤ ̨ 
 ¤ Ľ É 
 ú ˄  (HPA ͩ

hypothalamic-pituitary-adrenal)̌<Ȣƛĉ�̆$O (Axelrod & Reisine, 

1984; Papadimitriou & Priftis, 2009).(�(�ly�l�̥ƙ<ʎĸṠ8O

7�ʹȷɠ98<̊Éɤ9ɝƝJʏɻɤ9ɝƝ�Ƅ�̆$&P5(E7 

(Roozendaal et al., 2009; Selye, 1936; Selye, 1970; Wolf, 2008).$<L79Ô

Éê6<ly�lƙʊȈȄ0"69!�ÔÉ̶:9"OɸÃɤɫ³ËɒIly

�l:̥ƙ*O/H<̭ˡ9ƨɘ<�365O7ʲ8MPO.Í8>�uy=�

đɈ6ƺ͗ʳˈ:ǥ&P/Ńģ:=īĨ¿ō<ă�SØȌ&,O*!F˗ă 

(freezing)767ÉĆS7Nƺ͗ʳ�Mˢ3�N:!6L7:*O��̈́Ķ6ǥ

&P/Ńģ:=̈́ģ(ʂF̭9OřĆS7O$76�Ũ̈́(5ƺ͗ʳ�Mˢ3

�N:!6L7:*O$7�ɯMP56O (Bowen et al., 2012; Kendig et al., 

2011).$<L7:�¼ÔÉ�ŝĻ*O$76�đɈ7=̣2/ly�l:ŭ*

OLNˍ6ô<ƨɘ�ɌPO$7�ʲ8MPO.-</HÔÉê6<ly�l

ƙʊȈȄ:þ85�¼ÔÉ�ŝĻ*O$7:L25ɐ)Oly�lƙʊȈȄ:

ȟɩ(˨ǵ*O$7=�ăɅ�ǮǱƷ3ly�lʦĬȈȄ7-<Ʒʟɤ9Ëɒ

SɎ˨*O£6̭ˡ9ˣȾ65O7ʲ8MPO. 

 

1�2� 8�4>A�3 

� Ĥʁ¼ÔÉ7�ʤ:śƞ÷ȸ:ǥ&PO7�śƞ÷ȸ:L25Ƅ�̆$&P

Oly�lĜƙ�ʦĬ&PO$7�Ŏ!<ăɅʁ6ɯMP59N�ɸÃɤʦ˙

Ëɒ7ī>P56O.$<Ɍ˾=ȑŜ̶�3�6̶Ě?ø²ʳ:ħEP96�

ƛɤ̷Ñ:96ÔÉ̶:965˦ū&POI<6�-<�^|m��ɚ9O$
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7�ɶĮ&P56O.Í8>Ǔɐº<�uy=͇̀&PO7 distress call 7ī

>PȮ͍ȞɢŋS*O��ȑ˥J�áƅŖŕ��ʤ:6O7ɢŋ�Ưö&P

O.(�(ȑ˥:LOɢŋƯö:=z����ĞŧÉ�̷¦(56O�ǔ6�

áƅŖŕ:LOɢŋƯö:=z����ĞŧÉ�̷¦(5696$7��˔Ɏ

Şɤɲʄ:LNǛM�7&P/ (Shair et al. 2009).-</H�Ĥʁ¼ÔÉ<r

X�SȪĤ(96$7��ɸÃɤʦ˙Ëɒ:̷*OɲʄS˗7£6̭ˡ79O

65Q7.Ǯ˺ǐ:9"OɸÃɤʦ˙Ëɒ7=�ƛɤ̷Ñ:96ÔÉ̶:96

5˦ū&POɌ˾SƸ*$77*O. 

� $PE6:�ǍŎ!<ɸÃɤʦ˙Ëɒ�łĩ&P5�/.Í8> 12Ǘ͢<º

�uy=�áƅŖŕ�6O$76 distress call <ɢŋ�ȬŲ*O$7�ɯMP

56O (Hofer & Shair, 1978).E/Ƨ̴Ə<ăɅ:965I�ɸÃɤʦ˙Ëɒ

�ǓœɏŇ:ŭ*O HPǍ<Ȣƛĉ7�-P:Å7˗ăŞɤ�ɐɎŞɤĜƙS

Ưö*O$7��|�y� (Bryan Jones & Merry, 1988)��Yl (Klein et al., 

2015)��uy (File & Peet, 1980; Terranova et al., 1999)����uy  

(Hennessy et al., 2008)��vk (Lyons et al., 1993)��r (Kanitz et al., 2014)�

���nuy (Galvão-Coelho et al., 2012)�V^ei� (Winslow et al., 2003)

:965łĩ&P56O.E/Ĥȅ:�ɸÃɤʦ˙Ëɒ�ŐǎJ·̶:ŭ*O

HPǍ<ȢƛĉSƯö*O$7��uy (Bowen et al., 2013)��a (Lyons et 

al., 1988)��li� (Vogt et al., 1981):965łĩ&P56O. 
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1�3� ('/�
� 

� ǰÂ4"=�Pavlov � 1927 ž:łĩ(/ǔȝ65N���98<-PˇÉ

6=ĜƙSƄ�̆$&96ªƛ÷ȸ7�ɐƑɤ9Ĝƙ (įȨ<ñȜ)S̆$*͚

767ȿǰÂ÷ȸSĤǞ:ǀɶ*O7�-P¿Ə=ªƛ÷ȸ<ǀɶ:L25ȿ

ǰÂ÷ȸ�Ƅ�̆$*ĜƙSɐ)O$7�ğʼ79OɌ˾65O.$<́�ª

ƛ÷ȸSǰÂ÷ȸ7ī@.E/ǰÂ4"<9�6I�ȿǰÂ÷ȸ7(5͉ȕj

�ub98<śƞ÷ȸSɒ6OI<S�Ɇ:ƜƚǰÂ4"7ī@.ƜƚǰÂ4

"=�̺ƒĜƙJ˭Ʀ<ɻʚ�^|m�SǛM�7*O/H:�̴žɲʄŭ˾

7&P5�/.Í8>�uy=ªƛ÷ȸ65O�i�͍7�ȿǰÂ÷ȸ65O

͉ȕj�ubSĤǞ:ǀɶ&POƜƚǰÂ4"Sʚ͞*O7�ǰÂ÷ȸ:ŭ(

5 freezing<ʞʟǞ̶<ňþJ�HPǍ<ȢƛĉSɶ*L7:9O (Coover et 

al., 1978; Kiyokawa et al. 2007; LeDoux et al. 1984). 

� $<ƜƚǰÂ4"<ɻʚ�^|m�:̷(5=˳ʗ9˨ǵ�˗RP5�59

N�ƫǼÉ�̭ˡ9ß�SƳ256O$7�ǛM�7&P56O.ƜƚǰÂ4

"Sʚ͞*Oø<˛͞ăɅ6=�ȿǰÂ÷ȸ=ƫǼÉōÚǺ (LA; lateral 

amygdala)SȢƛĉ*O�ǔ6�ªƛ÷ȸ:L25 LA=Ȣƛĉ&P96.(�

(ƜƚǰÂ4"Sʚ͞*O7�¿̼=ǰÂ÷ȸ<F6 LA�Ȣƛĉ&POL7:

9N�-<jc{��ƫǼÉªƕǺōŲ́ (CeLͩ lateral division of the central 

amygdala)I(!=ƫǼÉŁƁǺ (BA; basal amygdala)Sʚɓ(5ƫǼÉªƕ

ǺêŲ́ (CeMͩmedial division of the central amygdala)A7Ä̢&P�CeM

SȢƛĉ*O.CeM=ȅ�9ly�lĜƙS3�&8O˃͑ĿA7̛ʜ(59

N�Í8>ª˃ȼɣ̃Ajc{�SÄ̢*O$76 freezing SƄ�̆$(�E
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/Í8>ñɖǰƀǺ (BNST; bed nucleus of the stria terminalis)Sʚɓ(5

PVN Ajc{�SÄ̢*O$76 HPA ̌SȢƛĉ&,O98�ȅ�9ly�

lĜƙSƄ�̆$*$7�ɯMP56O (LeDoux, 2000; Paré et al., 2004; 

Peters et al., 2009; Sotres-Bayon et al., 2006) . 

 

1�4� ('/�
�������	8�4>A�3�79 

� $PE6ɊċăɅ˗ăŞɲʄŤ6=�ƜƚǰÂ4"�x�Sɒ65�uy:

9"OɸÃɤʦ˙Ëɒ<ɲʄ�˗RP5�/.ƜƚǰÂ4"Sʚ͞(/�uy

=ǰÂ÷ȸ:ŭ(5 freezingS=)H7(/˗ăĜƙJ�HPǍ<ȢƛĉSɶ

*.(�(ǰÂ÷ȸ<ǀɶ<́:�ǰÂ4"MP5696ˢɯM;�uy�ŝ

Ļ*O7�$PM<Ĝƙ�Ưö&PO$7�M�¼ÔÉ<ŝĻ�ɸÃɤʦ˙Ë

ɒSƄ�̆$(�ǰÂ÷ȸ:ŭ*Oly�lĜƙSʦĬ(/ (Kiyokawa et al., 

2007)7ʲ8MPO.$<ɸÃɤʦ˙Ëɒ=��̭I(!= 5cm ̶̀<²̭<

ʡ6²ÔÉ̶�»òMP/Ńģ:I̻ť&P96$7�M�²ÔÉ̶<̊Éɤ

ƾ˩=Ɩˡ96$7�ǛM�792/ (Kiyokawa et al., 2009).&M:¼ÔÉ

�ɢ*Oǂɢƛ<ıˤƛjc{�<FSǀɶ*O$76�¼ÔÉ�ŝĻ*O7

�7Ĥȅ<ɸÃɤʦ˙ËɒSƄ�̆$*$7�ğʼ65O$7�M�¼ÔÉɓ

Ǳ<ıˤjc{��ɸÃɤʦ˙ËɒSÁ¹(56O$7�ǛM�792/ 

(Takahashi et al., 2013).E/ĤǞ:�ɸÃɤʦ˙Ëɒ<ȅ�9ƛ̃IǛM�7

925�56O.Í8>¼ÔÉ7(5���uy (Kiyokawa et al., 2009)Jɚ

ʑʝ<�uy (Nakamura et al., 2016)Sɒ6/Ńģ:=ɸÃɤʦ˙Ëɒ�Ƅ

�̆$&P96$7J�é͙ʸ&P/$76͝ǸF<5O�uy=ˢɯM;�
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uyLNIɸÃɤʦ˙Ëɒ<ĂǷSƈĉ*O$7 (Kiyokawa et al., 2014b)�ͅ

�uy:965IĤȅ<ɸÃɤʦ˙Ëɒ�˦ū&PO$7 (Ishii et al., 2016)

9865O. 

� £˭<ɲʄ7©˗(5�ɸÃɤʦ˙Ëɒ<ɻʚ�^|m�:̷*OɲʄI̝

HMP5�/.ɸÃɤʦ˙Ëɒ=˛͞ăɅ<ı£ɦSÝť*O$7:L25̻

ť&P/$7�M�¼ÔÉɓǱ<ıˤjc{�=ı£ɦ:5Ğŧ&PO$7�

ǛM�792/ (Kiyokawa et al., 2009).ı£ɦ:ŝĻ*OƢˤɻʚ=-<̌

ʖS«ıɍ<F:ưů(56O$77�ǰÂ÷ȸ= LAJ BASħGƫǼÉŁƁ

ōÚˠģÉ (BLA; basolateral complex of the amygdala)SȢƛĉ*O$76

ly�lĜƙSƄ�̆$(56O$7SĄǽ*O7�Ğŧ&P/ıˤjc{�

Ɵł=«ıɍA7Ä̢&P/Ə:�BLAA7Ä̢&P�-<ȢƛĉSƯö(5

6O$7�ʲ8MP/.(�(�ǔ6�«ıɍ= BLAAɪƾưůS(5696

$7�ɯMP56O/H�6+P�<˃͑Ŀ�$<Ä̢SÁ¹(56O=+6

5O.-$6�«ıɍ�Mɪƾ<ưůSĞ"56O͑Ŀ<ƌüSȁˬ(/7$

Q�ıˁƏêŲ́ (pmOP; posteromedial olfactory peduncle)Sɳŉ(/Ǟ<F

ɸÃɤʦ˙Ëɒ�̻ť&PO$7J�pmOP7 BLAS 13+3Ĥ)˃Ďɍê6

ɳŉ(/Ńģ=ɸÃɤʦ˙Ëɒ�˦ū&PO��-P.PSɚ9OĎɍê6ɳ

ŉ*O7ɸÃɤʦ˙Ëɒ�̻ť&PO$7�ǛM�792/ (Kiyokawa et al., 

2012).$<$7�M�pmOP�«ıɍ�MĤÚ< BLAA7ıˤjc{�SĞ

"ȭ(56O$7�ɶĮ&P/.&M:͉ȕɐɎŞɤɲʄJäɜʙʨĉŞɤɲ

ʄ:LN�BLA <ª6I LA �Ưö&PO$76ɸÃɤʦ˙Ëɒ�Ƅ�̆$&

P56O$7�ɶĮ&P/ (Fuzzo et al., 2015).E/©˗(5�pmOP<71
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øıǺƏ̨ (AOP; anterior olfactory nucleus)�ɸÃɤʦ˙ËɒSĞ"/́:

Ȣƛĉ*O$7�ǛM�792/.$PM<$7�M�¼ÔÉ�M<ıˤjc

{�=˛͞ăɅ<ı£ɦ6Ğŧ&P/Ə:«ıɍA7Ä̢&P�AOPSªʞ(

5ĤÚ< LAA7Ä̢&P�-<ȢƛĉSƯö*O$76ɸÃɤʦ˙ËɒSƄ�

̆$(56O$7�ǛM�7925�/. 

� (�($PE6<ɸÃɤʦ˙Ëɒ:̷*Oɲʄ=¼ÔÉ�ŝĻ*O̶<Ɍ˾

:ɀȾ�Ɖ5MP56//H�¼ÔÉ�ŝĻ(9!92/Ə:I˦ū&POL

79�Ʒʟɤ9Ƌ͎S˛͞ăɅ:¦8O�:̷*Oȁˬ=˗RP5$9�2/.

ɊċăɅ˗ăŞɲʄŤ:LOâ˗ɲʄ:965�˛͞ăɅ=ɸÃɤʦ˙ËɒS

Ğ"9�M 5 Ĵ<ǰÂ÷ȸSǀɶ&P/ʯǗ:�˛͞ăɅđɈ6ì?ǰÂ÷ȸ

Sǀɶ&P/$7�52/��ǰÂ÷ȸ:ŭ(5˛͞ăɅ=ly�lĜƙSɶ

(/$7�M (Fuzzo et al., 2015)�ɸÃɤʦ˙Ëɒ�¦8OƷʟɤ9Ƌ͎=˦

ū&P9�2/.(�(ɚ9Oţ͞ʑ6˗RP/¼c���:LOâ˗ɲʄ6

=�ǰÂ÷ȸ:ŭ*OƗ̧˗ă�¼ÔÉ<ŝĻ:L25ȬŲ*O77I:�¼

ÔÉ�ŝĻ(9!92/ƏI$<Ɨ̧˗ă<ȬŲ�ʞʟ*O$7�łĩ&P5

6O (Baum, 1969; Hall, 1955).E/ɻʚʗʻ̶<ƾʟ̨Ç65Oj{�l<

ŏ�&=ɢȻ͓Ƃ:ƙ)5ğŅɤ:Ōĉ(�͓͟Ƃ:ɢȻ*O7j{�l�ŏ

�!9N�-<Ä̢Ăɋ�̴Ǭ:R/25ňƈ&PO$7�ɯMP56O.-

</H�ɸÃɤʦ˙ËɒSĞ"9�Mǀɶ&POǰÂ÷ȸ<ĴǍSňJ*$7

:L25ɸÃɤʦ˙ËɒSƄ�̆$*ɻʚĴ̈�Ȣƛĉ&PO͓ƂS£ǚ&,

O$76�ɸÃɤʦ˙Ëɒ�˃:¦8OƋ͎�ň(�˦ū6�OʀƂ:E6ŏ

�!9O7ʲ8MPO. 
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1�5� /�
���	 &� 2�� 

� ȧė7=�5M�)HǰÂ4"Sʚ͞(/˛͞ăɅ�ŎǍĴ<ǰÂ÷ȸ:ǥ

͊&POȧėy��|�cSʚ͞*O7�ì?ǰÂ÷ȸ:ǥ͊&POƠ̆wl

y<́:ɶ*Ĝƙ�È¤*OɌ˾65O.I7I7= 1927ž: Pavlov�ǰÂ

÷ȸ<Ə:͚Sǀɶ(96$7Sʟ"O$76�͚:ŭ*OȋȗĜƙ�ȬŲ(�

˦ū&P9!9O$7Sˢð(/.(�(�$<Ɍ˾=ƜƚǰÂ4":L25

ɐ)/ly�lĜƙ:ŭ(5I˦ū&PO$7�M�«:ƕɤōÝƏly�l

͂ť762/ly�lƛɝƝ<Ɲʳ<ly�lĜƙSȬƆ&,OȚɡȝ<ɲʄ

ƬȐ7(5�Ɍ˾ˇÉJɻʚ�^|m�:365ȟɩ&P�̴žɲʄ�ʟ"M

P5�/ (Milad & Quirk, 2012; VanElzakker et al., 2014).$PE6�ȧė<

¢ŏɆƛ7(5�ȧėy��|�cSʚ͞(5�M̴Ǭ̶�ʚ̡*O7�Ơ̆

wly:965ȬŲ(56/Ĝƙ�à:ƩO$7 (Brooks & Bouton, 1993; 

Quirk, 2002)�ȧėy��|�c7ɚ9OɏŇ6Ơ̆wlyS˗77Ĝƙ�ȬŲ

(96$7 (Bouton, 2004; Corcoran & Maren, 2001)�ȧėy��|�cƏ:

ǮǱ=ƜƚǰÂ4"�Ƨʅ(96L79ƔƆ9ȿǰÂ÷ȸSþ8O7�Ơ̆w

ly:9"OĜƙ�ȬŲ(96$7 (Rescorla & Heth, 1975)�ɯMP56O.

$<L79ȧė<Ɇƛ�M�ȧė6=ȧėy��|�cƏIǰÂ4"ˇÉ=ʠ

Ʒ&P59N�ɇț:̥ƙ(5ǰÂ÷ȸ:ŭ*OĜƙ�Ưö&P56O$7�

R�O. 

� ɻʚ�^|m�:̷(5I$PE6ɲʄ�˗RP5�59N�̷¦*Oɻʚ

Ǻ�Ų(+3ǛM�7925�/.ȧė:̷RO̭ˡ9ɻʚǺ7(5�$PE

6ø͒øɦ̃̑ʧ¤̨  (IL; infralimbic cortex) (Do-Monte et al., 2015; 
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Sierra-Mercado et al., 2011)�BA (Amano et al., 2011; Herry et al., 2008; 

Sierra-Mercado et al., 2011)�ȥ͜ (Sierra-Mercado et al., 2011)�łĩ&P5

6O.ȧėy��|�cSĞ"O7 IL<ȢƛĉJ BA<Ȣƛĉ�ɐ)�-P�

GABA|����65OƫǼÉ¹Ļʗʻń (ITC; amygdala-intercalated cells)

<ȢƛĉS¹(5�CeMSƯö*O$76�ly�lĜƙ�Ưö&POL7:

9O7ʲ8MP56O (Amano et al., 2010; Amano et al., 2011; Ehrlich et al., 

2009; Lee et al., 2013; Likhtik et al., 2008).�ǔȥ͜= ILJ BA7=ɚ9N�

ǐˀS˵˼(ȧė<ɏŇɆɚƛSɐFð*$7�«9ƌü65O7ʲ8MP5

6O (Maren et al., 2013).Í8>ȧėy��|�cø:ȥ͜<ȈʼS˔ɎŞɤ

:Ưö*O7�ȧė<ɏŇɆɚƛ�˦ū&P9!9N�ȧėy��|�c7ɚ

9OɏŇ6Ơ̆wlyS˗2/Ńģ6I freezing �Ưö&PO$7�ɶ&P5

6O (Holt & Maren, 1999).(/�25�ILJ BA=ȧėSɪƾɤ:˶Ű*O

�ǔ6�ȥ͜=-<ɏŇɆɚƛSġO$76̶ƾɤ:ȧė:̷¦(56O7ʲ

8MP56O. 

 

1�6� -79�54 

� Ǯɲʄ<ɩɤ=�ɸÃɤʦ˙Ëɒ�˃:¦8OƷʟɤ9Ƌ͎SǛM�7*O

$765O.-</H:=ɸÃɤʦ˙ËɒSĞ"56O˛͞ăɅ:ŎǍĴ<ǰ

Â÷ȸSǀɶ(/Ə:�˛͞ăɅđɈ6ì?ǰÂ÷ȸSǀɶ(�-<ĜƙS˦

ū*O$7�Ɩˡ79O��$<�̛<ǈË=�ȧė<ɲʄ:965˗RPO

ǈË7Ĥ�65O.-</H�ɸÃɤʦ˙Ëɒ�ȧė:¦8OƋ͎Sȁˬ*O

$7:L25�˃A¦8OƷʟɤ9Ƌ͎S˱Ð*O$7�6�L7. 



 

11 

� $PE6ɸÃɤʦ˙Ëɒ<ɲʄ:ɒ6MP5�/ǰÂ÷ȸ=«: 3 ɾ̶65

2/<:ŭ(�ȧė<ɲʄ:ɒ6MP5�/ǰÂ÷ȸ=«: 20 ɾ̶652/.

-$6¿¤<ʇ 2 ʆ6=�¨ʳ<ǰÂ÷ȸSɒ6/Ńģ6<ȧėSȓ̎*O$

76�Ǯɲʄɩɤ:ģˊ*OǰÂ÷ȸȘŢ(�Łɨ79Oţ͞ʑSɴʅ(/.

ʇ 3 ʆ6=ʇ 2 ʆ6ɴʅ(/ţ͞ʑSɒ6�ɸÃɤʦ˙ËɒSĞ"9�Mȧė

y��|�cSʚ͞*O˛͞ăɅSË˟*O$76�ɸÃɤʦ˙Ëɒ�ȧė:

¦8OƋ͎Sȁˬ(/.ʇ 4 ʆ6=�ɸÃɤʦ˙Ëɒ:LOȧė<Ò̝:9"

Of�tflw��<ƌüSȁˬ(/. 
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ʇ 2ʆ 

ɲʄ<Łɵ79Oţ͞ʑ<ɴʅ�
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2�1� =C 

� $PE6ɊċăɅ˗ăŞɲʄŤ6=�ƜƚǰÂ4":LOʴˤƛǰÂ÷ȸS

ly�uh�7(5ɒ6O$76�ɸÃɤʦ˙Ëɒ<ɲʄS˗25�/.$P

M<ɲʄ6=�3ɾ<ǰÂ÷ȸSɒ6�5OɆŢ<˲͞Ǭ̶:9"Oȅ�9ly

�lĜƙ<ʞʟǞ̶S˦ū(5�//H�˦ū&P/Ĝƙ<C7T8=ǰÂ÷

ȸ<ǀɶ&P5696Ǭ̶<I<652/.�ǔ6�ǍČɾ<ǰÂ÷ȸ�ǀɶ

&P56OǬ̶ª<ĜƙS˨ǵ*O<��ƜƚǰÂ4"Sɒ6/Ŏ!<ɲʄ6

ɒ6MP56Oǔȝ65N�ª6I 20 ɾ<ǰÂ÷ȸ�ſ!ɒ6MP5�/ 

(Amano et al., 2011; Lamprecht et al., 2009; Sullivan et al., 2004).$PM<

Ĝƙ�*9R1«7(5 3 ɾ<ǰÂ÷ȸ�ǀɶ&P5696Ǭ̶<Ĝƙ7�20

ɾ<ǰÂ÷ȸ�ǀɶ&P56OǬ̶<ĜƙS�ǰÂ÷ȸ<ǀɶ̵ŗ�M 20ɾ̶

< freezing S˦ū*O$76ȓ̎*O°Üţ͞S˗2/7$Q�Ƅ�̆$*Ĝ

ƙ<Ɇƛ:̣6�ɐ)O$7�ǛM�792/.*9R1�3ɾ<ǰÂ÷ȸ�Ƅ

�̆$*ly�lĜƙ<ǔ�LNƈ6$7J�¨ʳ6=̷¦*Oɻʚ�^|m

��ɚ9O$765O. 

� 3ɾ<ǰÂ÷ȸ7 20ɾ<ǰÂ÷ȸSȓ̎*O7�3ɾ<ǰÂ÷ȸ:365=

ɸÃɤʦ˙Ëɒ:̷*OƟł�˽ũ65O�ǔ6�ƜƚǰÂ4"Jȧė:̷*

OƟł=¬(6.ŭɁɤ: 20ɾ<ǰÂ÷ȸ=�̴žƜƚǰÂ4"Jȧė<ɻʚ

�^|m�:̷*Oɲʄ�̝HMP5�/<:ŭ(�ɸÃɤʦ˙Ëɒ<ɲʄ:

̷(5<Ɵł=¬(6. 

� -$6Ǯʆ6=�ɸÃɤʦ˙Ëɒ<Ʒʟɤ9Ƌ͎Sȁˬ*Oţ͞ʑSɴʅ*

O:5/25�3ɾ<ǰÂ÷ȸ7 20ɾ<ǰÂ÷ȸ<�81M<ǰÂ÷ȸSɒ6
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O<�LN̥ò�Sȁˬ(/.3ɾ<ǰÂ÷ȸSɒ65ƜƚǰÂ4"MP/˛͞

ăɅSË˟(�-<ʯǗ:ǰÂ÷ȸ<FSǀɶ&POȧėy��|�cSʚ͞

&,/.ŭɁʭ7(5�Ĥ)Ǟ̶wlyd�k:Űå&POI<<�ȧėy�

�|�cSʚ͞(96˛͞ăɅSË˟(/.-<ʯǗ:Ơ̆wlyS˗6�ǰ

Â÷ȸ<ǀɶ̵ŗ�M 20ɾ̶< freezingS˦ū*O$76�ȧėy��|�c

<Ƌ͎S˱Ð(/.Ĥȅ<ǈËS 20ɾ<ǰÂ÷ȸSɒ65˗6�¨ʳ<ʛǷS

ȓ̎(/. 

 

2�2� .+�,1 

2�2�1ţ͞ăɅ 

� Ǯţ͞=ǲ¶ŏŞăɅţ͞ŘĭÃ<ƭ˵<I7ţǕ(/  (ƭ˵əĠ : 

P12-608).ţ͞:= 9̜͢<Wistarʑ̓�uy (ǗǮt���l�����ɻ

ŔŸ)SÎ˲(/.Ǆå(/�uy=ȮƂ (24 ± 1�)�ɫŭȰƂ (45 ± 5ͣ)9L

?ǛǣĪǬ (ǛǬͨ8:00�20:00�ǣǬͨ20:00�8:00)�ʌɎ&P/͙ʸŤê:

9652�3͒+3��ltub˟<͙ʸd�k (28 ´ 44 ´ 20.5 cm):5ʠƷ(

/.Ȗ7ĺƊ͙Ǒ (MM-3ͩˌȇ̐Ń�čː)=ˇɓǅĝ7(/.*B5<ăɅ

=ƜƚǰÂ4"< 3ǗøLNÔô͙ʸ7(�ƜƚǰÂ4"S˗7øǗE6ȒǗ 5

ñ̶<��z��cS˗2/.*B5<ţ͞= 9Ǟ�M 16Ǟ<̶:ţǕ(/. 

 

2�2�2ţ͞Ƭ͐ 

� ţ͞ 1Ǘɩ:ƜƚǰÂ4"�ţ͞ 2Ǘɩ:ȧėy��|�c�ţ͞ 3Ǘɩ:

Ơ̆wlyS˗2/ (Ĺ 2-1). 
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ƜƚǰÂ4" (ţ͞ 1Ǘɩ) 

� ˛͞ăɅS͙ʸd�k:åP/EE�͙ʸŤ�Mţ͞Ť:ˮʪ(55O̺͍

ʍ (65 ´ 45 ´ 45 cm�űĖċɽɑȂ�ǲ¶):ɿă&,�60ñ¿£͋ʪ*O$7

6ɿă:LOly�l�ţ͞:¦8OƋ͎S̍Ȭ&,/.-<Ə�̺͍ʍ�M

̠Ǆɒ�dv:5˛͞ăɅSɿă(�͉ȕj�ub˿ˏɒ<c�uz�˜ɭ&

P/Vb��˟<÷ȸʍ (28 ´ 20 ´ 27 cm):ɣˎã¤630ñ̶Űå(/ (ǐˀ 

A).90ɾ̶¿£<͝ĉǬ̶Sˮ"/Ə�ƜƚǰÂ4"ø:=�i�͍:ŭ(5

freezingSƄ�̆$&96$7Sɴ˵*O/H:�3ɾ<�i�͍ (8 kHz�70 

dB)<FS 2Ĵǀɶ(/.-<Ə:�i�͍7 0.5ɾ<͉ȕj�ub (0.55 mA)

�ĤǞ:ʘ¯*OL7: 7Ĵǀɶ*O$76�ƜƚǰÂ4"S˗2/.-<Ə�

ƜƚǰÂ4"�Ƨʅ(56O$7Sɴ˵*O/H:�ì?�i�͍<FS 2 Ĵ

ǀɶ(/.÷ȸ<ǀɶ= 90~220ɾ̶̀6��s�7(/.ƜƚǰÂ4"ª<˗

ă=�x]^�� (HDR-HC9ͩp|��ǲ¶)7ƾʟ&P/����X�f�

s� (DMR-BW770ͩ�{p|ub�ŏ̹):̲ɕ( (Ĺ 2-2)�Ə:˨ǵ(/.

ƜƚǰÂ4"Ə�˛͞ăɅ=̠Ǆɒ�dvSɒ65̺͍ʍê<͙ʸd�k:Ʃ

(5͋ʪ(�*B5<˛͞ăɅ<ǰÂ4"�ʘ¯(/Ə:�͙ʸd�k%7͙

ʸŤ:Ʃ(/.÷ȸʍ=�ÌɒƏ:ȒĴȡù (7XͩMP Biomedicals�^��\

�|V�V��^)Sɒ65ȡȤ*O$76�ȏɗ(/ć6�Ȋ<ţ͞:¦8O

Ƌ͎S̺60. 

� E/Ĥȅ:�20ɾ<�i�͍ (8 kHz�70 dB)SǰÂ÷ȸ7(5ɒ6/˛͞

ăɅSË˟(/. 
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ȧėy��|�c (ţ͞ 2Ǘɩ) 

� ƜƚǰÂ4"< 24Ǟ̶Ə:�øǗ7Ĥȅ:˛͞ăɅSţ͞Ť:ˮʪ(55O

̺͍ʍ:ɿă&,�60 ñ¿£͋ʪ(/Ə:�̄ˎã¤6 40 ñ̶<ȧėy��

|�cS˗2/.wlyd�k7(5�ɪƍ 8 mm<ʃ� 51Ô̵6/Vb��

ǴS˒7(/d�k (28 ´ 44 ´ 20.5 cm):p�ytu� (¢ď��h��l�

ǲ¶)SǏ6/I<Sɒ6/ (ǐˀ B).˛͞ăɅ=͙ʸd�k%7̺͍ʍ�M̠

Ǆ(�wlyd�k:Űå(/.5ñ̶<͝ĉǬ̶<Ə�ǰÂ÷ȸ65O 3ɾ<

�i�͍S 60~120ɾ̶̀6��s�: 24Ĵǀɶ*O$76ȧėy��|�c

S˗2/ (3ɾǰÂ÷ȸͨy��|�c5Nʭ�n=7).E/�ŭɁʭ7(5Ĥ)

Ǟ̶wlyd�k:Űå*OI<<��i�͍S�ƂIǀɶ(96ăɅ�*9

R1ȧėy��|�cSĞ"96ăɅ (3 ɾǰÂ÷ȸͨy��|�c9(ʭ�

n=8)SË˟(/.ȧėy��|�cª<˗ă=�x]^��6ǇƋ( (Ĺ 2-3)�

Ə:˗ăS˨ǵ(/.ȧėy��|�cƏ=˛͞ăɅS͙ʸd�k:Ʃ(�̺

͍ʍê6͋ʪ(/.-(5*B5<˛͞ăɅ<y��|�c�ʘ¯(/Ə�͙

ʸd�k%7͙ʸŤ:Ʃ(5ʠƷ(/.wlyd�k=ÌɒƏ:ȒĴȡùSɒ

65ȡȤ*O$76�ȏɗ(/ć6�Ȋ<ţ͞:¦8OƋ͎S̺60. 

� øǗ:20ɾ<�i�͍SǰÂ÷ȸ7(5ƜƚǰÂ4"S˗2/˛͞ăɅ:ŭ

(5I�20ɾ<�i�͍Sɒ65Ĥȅ<ǈËS˗6�ȧėy��|�cSĞ"

/ʭ (20 ɾǰÂ÷ȸ: y��|�c5Nʭ�n=8)7ȧėy��|�cSĞ"5

696ʭ (20ɾǰÂ÷ȸ: y��|�c9(ʭ�n=9)< 2ʭSË˟(/. 
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Ơ̆wly (ţ͞ 3Ǘɩ) 

� ȧėy��|�c< 24Ǟ̶Ə:�øǗ7Ĥȅ:˛͞ăɅS͙ʸŤ�Mţ͞Ť

:ˮʪ(55O̺͍ʍ:ɿă&,5 60ñ¿£͋ʪ&,/Ə:�̄ ˎã¤6Ơ̆

wlyS˗2/.øǗ<ȧėy��|�c7Ĥȅ:�p�ytu�SǏ6/w

lyd�kSɒ6/ (ǐˀ B).3 ɾ<ǰÂ÷ȸSɒ6/y��|�c5Nʭ7

y��|�c9(ʭ<¨ʭ:ŭ(�5ñ̶<͝ĉǬ̶Sʚ5�ǰÂ÷ȸ65O 3

ɾ<�i�͍S 90ɾ̶̀6 2Ĵǀɶ(/.-<̶<˗ăS�x]^��6ǇƋ

( (Ĺ 2-3)�Ə:˗ăS˨ǵ(/.Ơ̆wlyƏ=˛͞ăɅS͙ʸd�k:Ʃ(�

̺͍ʍê6͋ʪ(/.wlyd�k=ÌɒƏ:ȒĴȡùSɒ65ȡȤ*O$7

6�ȏɗ(/ć6�Ȋ<ţ͞:¦8OƋ͎S̺60. 

� E/ 20ɾ<ǰÂ÷ȸSɒ6/y��|�c5Nʭ79(ʭ:ŭ(5I�£˭

<ǔȝ:Ɛ6�20ɾ<ǰÂ÷ȸSǀɶ(/. 

 

x�r˨ǵ7ʝ˫˨ǵ 

� *B5<Ǎ×=Žļ× ± Ȇȳ˷ź6˚(�ʝ˫<ǫơȖȳ= P=0.057(/.

Microsoft Excel:ʙF̒EP/ visual basicp�yYZVSɒ65�-P.P

<ǰÂ÷ȸ<ǀɶ̵ŗ�M 20 ɾ̶:9"O freezing <ʞʟǞ̶S˫ȯ(�20

ɾ:ŭ*O freezing<üģ7(5ʋð(/. 

� ƜƚǰÂ4"6=ǰÂ4"øƏ:-P.P 2 Ĵǀɶ(/ǰÂ÷ȸ:ŭ*O

freezing <üģ<Žļ×Sʋð(�ǰÂ4"øƏ<˗ăĜƙ7(/.-(5�

-P.P<ĜƙS�Student’s tȁŢSɒ65ȓ̎(/. 

� ȧėy��|�c6=�ǩó<ǰÂ÷ȸ<ǀɶ̵ŗ�M 90ɾø< 20ɾ̶<



 

18 

freezing <üģSʋð(�͝ĉǬ̶:9"O freezing <üģ7(/.ȧėy�

�|�cª:ǀɶ&P/ 24Ĵ<ǰÂ÷ȸ:ŭ*O freezing<ʞʟǞ̶S�͐ Ȋ

2 Ĵ+3< freezing <üģ<Žļ×7(5ʋð(/.E/ȧėy��|�cª

<ĜƙS one-way repeated ANOVASɒ65ȓ̎(/. 

� Ơ̆wly6=�ǩó<ǰÂ÷ȸ<ǀɶ̵ŗ�M 90ɾø< 20ɾ̶< freezing

<üģSʋð(�͝ĉǬ̶:9"O freezing<üģ7(�Student’s tȁŢSɒ

65ȓ̎(/.E/Ơ̆wlyª:ǀɶ&P/ 2Ĵ<ǰÂ÷ȸ:ŭ*O freezing

<üģ<Žļ×Sʋð(�Student’s tȁŢSɒ65ȓ̎(/. 

� E/̗þ˨ǵ7(5�ǰÂ̶<ȓ̎S˗2/.3ɾǰÂ÷ȸ7 20ɾǰÂ÷ȸ

<y��|�c5Nʭ< 2 ʭ̶:965�ȧėy��|�cª<˗ăĜƙS

two-way repeated ANOVASɒ65ȓ̎(/. 

 

2�3� ;0 

� 3 ɾǰÂ÷ȸ:965�ƜƚǰÂ4"Ə< freezing <üģ=�y��|�c

5Nʭ7y��|�c9(ʭ6ĤʀƂ652/ (t13 = �1.66, P = 0.12) (Ĺ

2-4A).ȧėy��|�c̵ŗø:=�y��|�c5Nʭ<͝ĉǬ̶< freezing

<üģ=È6ɇƣ65O$7 (0 ± 0)Sɴ˵(/.þ85�ȧėy��|�c̵

ŗƏ< freezing<üģ=ǰÂ÷ȸ<ǀɶĴǍ:Å25ȬŲ(/ (F11,66 = 12.9, P 

< 0.01) (Ĺ 2-4A).Ơ̆wly̵ŗø:=�y��|�c5Nʭ7y��|�c

9(ʭ<̶6͝ĉǬ̶< freezing <üģ=ĤʀƂ02/ (y��|�c5N

ʭͨ11.7 ±�7.1, y��|�c9(ʭͨ0 ±�0, t13 = 1.58, P = 0.14).Ơ̆wly

6=�y��|�c5Nʭ7y��|�c9(ʭ<̶: freezing <üģ=Ĥʀ
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Ƃ652/ (t13 = �0.69, P = 0.80) (Ĺ 2-4A, 5A). 

� 20ɾǰÂ÷ȸ:965�ƜƚǰÂ4"Ə< freezing<üģ=�y��|�c

5Nʭ7y��|�c9(ʭ6ĤʀƂ652/ (t15 = �0.25, P = 0.12) (Ĺ

2-4B).ȧėy��|�c̵ŗø:=�y��|�c5Nʭ<͝ĉǬ̶< freezing

<üģ=È6ɇƣ65O$7 (0 ± 0)Sɴ˵(/.þ85�ȧėy��|�c̵

ŗƏ< freezing<üģ=ǰÂ÷ȸ<ǀɶĴǍ:Å25ȬŲ(/ (F11,77 = 13.8, P 

< 0.0001) (Ĺ 2-4B).Ơ̆wly̵ŗø:=�y��|�c5Nʭ7y��|�

c9(ʭ<̶6͝ĉǬ̶< freezing <üģ=ĤʀƂ02/ (y��|�c5N

ʭͨ0 ±�0, y��|�c9(ʭͨ0 ±�0).Ơ̆wly6=�y��|�c5N

ʭ=y��|�c9(ʭ7ȓ̎(5ǫơ: freezing <üģ�È¤(56/ (t15 

= �2.52, P < 0.05) (Ĺ 2-4B, 5B). 

� þ85�̗ þ˨ǵ6<ȧėy��|�cª< 3ɾǰÂ÷ȸ7 20ɾǰÂ÷ȸ<

y��|�c5Nʭ< 2ʭ̶ȓ̎:965�ǰÂ÷ȸ<ʁ͖:LOƋ͎ (F1, 13 = 

14.4, P < 0.01)�ǰÂ÷ȸ<ǀɶĴǍ:LOƋ͎ (F11, 143 = 25.4, P < 0.01)�$

PM 2ˡĵ<µ³Ëɒ:LOƋ͎ (F11, 143 = 1.96, P < 0.05)�˵HMP/.$<

˨ǵLN�3ɾ<ǰÂ÷ȸ= 20ɾ<ǰÂ÷ȸ7ȓ̎(5ȧėy��|�cª<

freezing<üģ�͟6$7�ɶ&P/. 
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2�4� ?" 

� Ǯţ͞:965�3 ɾ<ǰÂ÷ȸSɒ65ƜƚǰÂ4"&P/˛͞ăɅ6=�

y��|�c5Nʭ=Ơ̆wly:965 freezing �ȬŲ(96$7�ǛM�

792/.�ǔ�20ɾ<ǰÂ÷ȸSɒ65ƜƚǰÂ4"&P/˛͞ăɅ6=�

y��|�c5Nʭ=Ơ̆wly:965 freezing �ȬŲ*O$7�ǛM�7

92/.ȧėy��|�cǞ:ɸÃɤʦ˙ËɒSĞ"/Ńģ�ɸÃɤʦ˙Ëɒ

SĞ"9�2/Ńģ7ȓ̎(5Ơ̆wly:9"O freezing �ȬŲ*O$7�

°Ơ&PO.$<Ǟ 3 ɾ<ǰÂ÷ȸSɒ6/ţ͞ʑ6=�y��|�c5Nʭ

=Ơ̆wly:965 freezing Sɶ(56O/H�ɸÃɤʦ˙Ëɒ:LOÈ¤

S˦ū(ǜ6$7�ǬƎ&PO.�ǔ 20ɾ<ǰÂ÷ȸSɒ6/ţ͞ʑ6=�y

��|�c5Nʭ=Ơ̆wly:965 freezing <ȬŲSɶ(56O/H�ɸ

Ãɤʦ˙Ëɒ:LO&M9OȬŲS̥ò:˱Ð6�967ʲ8MPO.-</

HǮţ͞<ʛǷLN�3ɾ<ǰÂ÷ȸSɒ6/ţ͞ʑ<ǔ�ɸÃɤʦ˙Ëɒ<Ʒ

ʟɤ9Ƌ͎<˱Ð:LN̥(56O$7�ɶĮ&P/. 

� Ǯţ͞:965�20ɾ<ǰÂ÷ȸ6=Ơ̆wly:9"O freezing�ȬŲ(

/:I̷RM+�Ĥȅ<ǔȝ6˗2/ 3 ɾ<ǰÂ÷ȸSɒ6/ţ͞ʑ6=

freezing�ȬŲ(9�2/.$<Ɏɓ<�37(5�3ɾ<ǰÂ÷ȸ= 20ɾ<

ǰÂ÷ȸLNIǰÂ4"�Ƨʅ(J*6/H:LNƈƂ<ly�lĜƙS˶ɢ

(/<6�ȧėSƄ�̆$*:=LNŎǍĴ<ȧėy��|�c�Ɩˡ652

/767ğʼƛ�ƹ#MPO.$<ğʼƛ=�3ɾǰÂ÷ȸ<y��|�c5N

ʭ��20ɾǰÂ÷ȸ<y��|�c5Nʭ7ȓ̎(5�ȧėy��|�cǞ:

LNƈ6 freezing Sɶ(/$7�MIǉƷ&PO.ɰ6ǰÂ÷ȸ<ǔ��Ĥ)
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ǰÂ4"ǈË:I̷RM+̴6ǰÂ÷ȸLNIƈ6ĜƙS˶ɢ*OL7:9O

$7=�ȅ�9ţ͞ʑ6˦ū&P56O (Meltzer & Brahlek, 1970; Shipley, 

1974; Waddell et al., 2006).Í8>�25ɾE/= 100ɾ<ʴˤƛǰÂ÷ȸ:L

OƜƚǰÂ4":L25͘Ȗ˗ă�Ưö&P/�uy6=�100ɾLNI 25ɾ

<ǰÂ÷ȸSǀɶ(/Ǟ<ǔ�͘Ȗ˗ă<Ưö�ƈ!ˢMPO (Shipley, 1974).

$<L79Ɍ˾�ɐ)OĖĵ=ɌĻ<7$Q¥Ǜ65OI<<�˛͞ăɅ:7

25̭ˡ9͍=ǰÂ4"&PJ*!ȧė&P:!6ğʼƛ�ƹ#MPO.Í8

>��uy�Ĕ̿SƢ)/Ǟ:ɢ*Ȯ͍Ȟ7(5ɯMPO 22 kHz<͍6Ɯƚ

ǰÂ4"S˗2/Ńģ:=�¼<ĪȞǍJɣˎ͍͆Sɒ65ƜƚǰÂ4"S˗

2/ŃģLNIƈ6ly�lĜƙ�˶ɢ&PO77I:�ȧėIɐ):!6$

7�łĩ&P56O (Endres et al., 2007).E/Í8>ăɅ�Ĕ̿SɯM,O/

H:ɢ*O alarm call7ī>PO͍<Ŏ!=���V`�uy= 1͍5/N 0.3

ɾ¿ê (Manser, 2001)�k�l=ʒ0.225ɾ<͍̇Ȟ (Wilson & Hare, 2004)�

�uy=̴!5I 1ɾʀƂ65O$7 (Brudzynski et al., 1993)98�Ǎɾ:

ȱ/96̴&65O$7�ɯMP56O.$<$7�M�3 ɾ<ǰÂ÷ȸ= 20

ɾ<ǰÂ÷ȸ:ȓ̎(5Ĕ̿7̷̛4�J*�2//H�LNƈ6ly�lĜ

ƙS˶ɢ(/$7�ʲ8MPO. 

� I7�3<Ɏɓ7(5�3ɾ<ǰÂ÷ȸ6= 20ɾ<ǰÂ÷ȸ7ȓ̎(5ȧė

y��|�c<ĂǷ�Ɔ�2/ğʼƛ�ƹ#MPO.Ǯţ͞:5 3 ɾ<ǰÂ÷

ȸ6=20ɾ<ǰÂ÷ȸ7ȓ̎(5ȧėy��|�c:9"O freezing<ȬŲ�

ʦJ�652/$7=�$<ğʼƛSǉƷ*OI<65O.-<Ėĵ7(5�

Ǯţ͞<ȧėy��|�c:965ȧėS˶Ű*Oɻʚ�^|m�SȢƛĉ*
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O:=�3ɾ<ǰÂ÷ȸ6=ɰ�2/ğʼƛ�ƹ#MPO.ȧė:=ƫǼÉŁƁ

ǺBA�̭ˡ9ƌüSǷ/(56O$7�łĩ&P56O (Amano et al., 2011).

Í8>�Ɖó=ǰÂ÷ȸ:L25-<Ȣă�Ưö&PO��ʩN̕(ǰÂ÷ȸ

:ǥ&PO7Ȣƛĉ&POL7:9Oɻʚʗʻ� BA :ŝĻ*O$7�ɯMP

56O (Amano et al., 2011; Herry et al., 2008).E/ BA:=�ǰÂ÷ȸ<ǀ

ɶ̵ŗ�MǍɾƏ:óH5Ȣƛĉ&PŗH�-<Ȣƛĉ� 20ɾ<ǰÂ÷ȸ<ǀ

ɶƏE6ʞʟ&POɻʚʗʻIŝĻ*O$7�ɯMP56O (Amano et al., 

2011).-</H 3ɾ<ǰÂ÷ȸ6=�ȧėS˶Ű*O<:̭ˡ9ƌüSƳ25

6O BA <ɻʚʗʻSȢƛĉ(/N�-<ȢƛĉSʠƷ*O:=ɰ* /N*

O$7�ʲ8MPO. 

 

2�5� #) 

� Ǯʆ6=�ɸÃɤʦ˙Ëɒ�˃A¦8OƷʟɤ9Ƌ͎S˨Ǜ*O/H:Ɩˡ

9ţ͞ʑSȁˬ(/.3ɾ<ǰÂ÷ȸSɒ6O7�ȧėy��|�cSʚ͞(5

IƠ̆wly:9"O freezing �ȬŲ(96$7�ǛM�792/.�ǔ6�

20 ɾ<ǰÂ÷ȸSɒ6O7�ȧėy��|�c:L25Ơ̆wly:9"O

freezing �ȬŲ(/.ȧėy��|�cǞ:ɸÃɤʦ˙ËɒSĞ"O7�Ơ̆

wly:9"O freezing �&M:ȬŲ*O$7�ǬƎ&PO/H�3 ɾ<ǰÂ

÷ȸSɒ6/ţ͞ʑ<ǔ�Ǯɲʄɩɤ:LN̥(56O$7�ɶĮ&P/.
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Ĺ 2-4�3ɾ<ǰÂ÷ȸ(A)E/= 20ɾ<ǰÂ÷ȸ(B)Sɒ6/Ǟ<�
ƜƚǰÂ4"�ȧėy��|�c�Ơ̆wly:9"O freezing<üģ�
1Ⱦ= 2Ĵ<ǰÂ÷ȸ:ŭ*O freezing<üģ<Žļ×Sɶ*.�
�Mean ± SEM, ͦ: P < 0.05	 
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Ơ̆wly:9"O freezing<üģ�
Ơ̆wly<ʛǷ(Ĺ 2-4)Sǿc��:5ɶ(/.�Mean ± SEM, ͦ: P < 0.05	 
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3�1� =C 

� ʇ 2ʆ<ɲʄʛǷLN�3ɾ<ǰÂ÷ȸSɒ65ȧėS˦ū*Oţ͞ʑ=Ǯɲ

ʄɩɤ:̥(/ţ͞ʑ65O$7�ɶĮ&P/.-$6Ǯʆ6=�ʇ 2 ʆ6ɴ

ʅ(/ţ͞ʑSɒ65�ɸÃɤʦ˙Ëɒ�˃:¦8OƷʟɤ9Ƌ͎Sȁˬ*O

$77(/. 

� ȧė=�ȧėy��|�cª<ly�l���:L25Ƌ͎SĞ"O$7�

ɯMP56O.Í8>ȧėy��|�c<ɪø:͉ȕj�ub (Maren & 

Chang, 2006)J͟ƪly�l (Akirav & Maroun, 2007)Sǥ͊*O7�Ơ̆w

ly:9"O freezing <ȬŲ�˦ū&P9!9O$7�M�ȧėy��|�c

Ǟ<ly�l����͟67ȧė�̻ť&PO$7�ɶĮ&P56O.$<$

7�M�ȧėy��|�cSʚ͞(/Ǟ<˛͞ăɅ<ly�l����È67�

ȧė�̙:Ò̝&PO$7�ʲ8MPO.-</HɸÃɤʦ˙Ëɒ:L25ȧ

ėy��|�cª<ly�l�̍Ȭ&PO7�ȧė�Ò̝&PO767À˸�

ʅ5MPO.*9R1�ȧėy��|�cǞ<ɸÃɤʦ˙Ëɒ=ȧėS˶Ű*

O/H:Ɩˡ9˃êŌĉSÒ̝(�-<Ƌ͎�Ơ̆wlyǞ:IƷʟ*O/H�

Ơ̆wly965˦ū&PO freezing�&M:ȬŲ*O767$765O. 

� ǰÂ÷ȸ:ŭ*Oly�lĜƙ:=�ƫǼÉ�̭ˡ9ß�SƳ256O$7

�ɯMP56O.ƜƚǰÂ4"Sʚ͞*O7�ƜƚǰÂ4"Ə:ì?ǰÂ÷ȸ

:ǥ&PO7LA�Ȣƛĉ(�-<jc{��CeLI(!=BASʚɓ(5CeM

A7Ä̢&P�CeM�Ȣƛĉ*O$76�freezingSħH/ȅ�9ly�lĜ

ƙSɶ*L7:9O (LeDoux, 2000; Paré et al., 2004; Peters et al., 2009; 

Stores-Bayon et al., 2006).E/ȧė=�ȧėy��|�cSʚ͞*O$7:L
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25Ơ̆wlyǞ<ƫǼÉ<Ȣƛĉ�Ưö&PO/H:˶̆&PO$7�ɯM

P56O (Pare & Duvarci, 2012).-</H�ȧėy��|�cǞ<ɸÃɤʦ

˙Ëɒ�ȧėSÒ̝*O$76Ơ̆wly:9"Oly�lĜƙSƯö(/Ń

ģ:=�Ơ̆wlyǞ<ƫǼÉ<Ȣƛĉ�Ưö&PO7ʲ8MPO. 

� ȧė<Ɇƛ< 1 37(5�Ơ̆wlySȧėy��|�c7Ĥ)ɏŇ6˗2

/Ńģ:<F˦ū&PO767�ɏŇɆɚƛ�ɯMP56O (Bouton, 2004; 

Maren et al., 2013).Í8>�ȧėy��|�cS̄ˎã¤6ƀ�lt��Ǵ<

͡6ʍ:5˗2/Ńģ�Ơ̆wlySȧėy��|�c7Ĥ)ɏŇ6˗77

freezing �ȬŲ*O��ɣˎã¤6ƀ�g�66�/ȼˎ<ʉɇ<ʍ:5˗7

7 freezing�ȬŲ(96$7�ɯMP56O (Corcoran et al., 2005).$<L

79ɏŇɆɚƛ=�ǰÂ4"MP/˭ƦˇÉ<ȧŒ7ī>POɌ˾<Ńģ:=

˦ū&P96$7�ɯMP56O (Monfils et al., 2009; Myers et al., 2006; 

Nader et al., 2000; Quirk et al., 2010).Í8>�ƜƚǰÂ4"�M 24Ǟ̶Ə:

�Ƃ0"ǰÂ÷ȸ:ǥ&P5�M�-< 1 Ǟ̶Ə:ȧėy��|�cSʚ͞(

/�uy=�Ơ̆wly:965ɶ* freezing �ȬŲ*O$7�ɯMP56O 

(Monfils et al., 2009).(�($< freezing<ȬŲ=�Ơ̆wlySȧėy��

|�c7ɚ9OɏŇ6˗25I˦ū&PO$7 (Monfils et al., 2009)�M�ȧ

ė6=9!ǰÂ4"MP/˭ƦˇÉ<ȧŒ7ʲ8MPO.-</H�ȧėy�

�|�cǞ<ɸÃɤʦ˙Ëɒ�ȧėSÒ̝(/Ńģ:=�Ơ̆wly�ȧėy

��|�c7Ĥ)ɏŇ6˗RP/Ńģ:<F�freezing SħH/ly�lĜƙ

<ȬŲ�˦ū&PO7ʲ8MPO. 
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� -$6Ǯʆ6= 2 3<ţ͞S˗2/.E+ţ͞ 1 6=ȧėy��|�cª:

ɸÃɤʦ˙ËɒSĞ"O7ȧė�Ò̝&PO767À˸Sȁ˰*O77I:�

Ơ̆wlyǞ<ƫǼÉ<ȢăSȁˬ(/.ƜƚǰÂ4"MP/˛͞ăɅ:đɈ

6�I(!=ǰÂ4"MP5696¼<̓�uy (¼ÔÉ)7é:ȧėy��|

�cSʚ͞&,/.ŭɁʭ7(5�Ĥ)Ǟ̶wlyd�k:đɈ6I(!=¼

ÔÉ7é:Űå&POI<<�ȧėy��|�cSʚ͞(96˛͞ăɅS-P

.PË˟(/.-<ʯǗ:Ơ̆wlyS˗6�˛͞ăɅđɈ:ǰÂ÷ȸSǀɶ

(�ǰÂ÷ȸ:ŭ*O˗ăĜƙ7(5 freezing 7�HPA ̌<Ĝƙ7(5 PVN

:965ɻʚȢă<��^�79O Fos˕ɣ̃ɢɌ (Kovács, 1998)S˨ǵ(/.

E/ĤǞ:�ƫǼÉ:965I Fos ˕ɣ̃ɢɌS˨ǵ(/.ʟ!ţ͞ 2 6=�

ţ͞ 1 6˦ū&P/Ɍ˾<ɏŇɆɚƛSȁˬ(/.ƜƚǰÂ4"MP/˛͞ă

ɅS¼ÔÉ7é:ȧėy��|�cSʚ͞&,/.-<ʯǗ:˗7Ơ̆wly

Sȧėy��|�c7Ĥ)ɏŇI(!=ɚ9OɏŇ6˗6�ǰÂ÷ȸ:ŭ*O

freezingS˨ǵ(/. 
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3�2� .+�,1 

3�2�1ţ͞ăɅ 

� Ǯţ͞=ǲ¶ŏŞăɅţ͞ŘĭÃ<ƭ˵<I7ţǕ(/ (ƭ˵əĠ: P13-788�

P14-897).ţ͞:= 9̜͢<Wistarʑ̓�uy (ǗǮt���l�����ɻ

ŔŸ)SÎ˲(/.Ǆå(/�uy=ȮƂ (24 ± 1�)�ɫŭȰƂ (45 ± 5ͣ)9L

?ǛǣĪǬ (ǛǬͨ8:00�20:00�ǣǬͨ20:00�8:00)�ʌɎ&P/͙ʸŤê:

9652�3͒+3��ltub˟<͙ʸd�k (28 ´ 44 ´ 20.5 cm):5ʠƷ(

/.Ȗ7ĺƊ͙Ǒ (MM-3ͩˌȇ̐Ń�čː)=ˇɓǅĝ7(/.*B5<ăɅ

=ƜƚǰÂ4"< 3ǗøLNÔô͙ʸ7(�ƜƚǰÂ4"S˗7øǗE6ȒǗ 5

ñ̶<��z��cS˗2/.E/˛͞ăɅ:=��z��c< 1 Ǘɩ:ų<

ǻà:͡ˎ<șƛ�kub6ēS3"O$76�¼ÔÉ7Ċô6�OL7:(

/.*B5<ţ͞= 9Ǟ�M 16Ǟ<̶:ţǕ(/. 

 

3�2�2ţ͞Ƭ͐ 

ţ͞Ƭ͐=ʇ 2ʆ:Ɛ2/ (Ĺ 3-1). 

 

2ţ͞ 13 

ƜƚǰÂ4" (ţ͞ 1Ǘɩ) 

� ˛͞ăɅS͙ʸŤ�Mţ͞Ť:ˮʪ(55O̺͍ʍ:ɿă&,560ñ¿£͋

ʪ&,/Ə:�ɣˎã¤6ƜƚǰÂ4"S˗2/.÷ȸʍ: 30ñ̶Űå( (ǐ

ˀ A)�90ɾ̶¿£<͝ĉǬ̶Sˮ"/Ə�3ɾ<�i�͍ (8 kHz�70 dB)<

FS 2Ĵǀɶ*O$76�ƜƚǰÂ4"ø:=�i�͍:ŭ(5 freezingSƄ
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�̆$&96$7Sɴ˵(/.-<Ə:�i�͍7 0.5ɾ<͉ȕj�ub (0.55 

mA)�ĤǞ:ʘ¯*OL7: 7 Ĵǀɶ*O$76�ƜƚǰÂ4"S˗2/.-

<Ə�ƜƚǰÂ4"�Ƨʅ(56O$7Sɴ˵*O/H:�ì?�i�͍<F

S 2Ĵǀɶ(/.÷ȸ<ǀɶ= 90~220ɾ̶̀6��s�7(/. 

 

ȧėy��|�c (ţ͞ 2Ǘɩ) 

� ƜƚǰÂ4"< 24Ǟ̶Ə:�̨ ͞ăɅS͙ʸŤ�Mţ͞Ť:ˮʪ(55O̺

͍ʍ:ɿă&,5 60ñ¿£͋ʪ&,/Ə:�̄ ˎã¤6ȧėy��|�cS˗

2/ (Ĺ 3-2).˛͞ăɅSđɈ6 (đɈ6<y��|�cͨ y��|�c5N

ʭ�n=9)�I(!=¼ÔÉ77I: (¼ÔÉ7<y��|�c: y��|�c5

Nʭ�n=9)wlyd�k: 40ñ̶Űå( (ǐˀ B)�5ñ̶<͝ĉǬ̶<Ə�ǰ

Â÷ȸ65O 3ɾ<�i�͍S 60~120ɾ̶̀6��s�: 24Ĵǀɶ(/.E

/�ŭɁʭ7(5y��|�c9(ʭ (đɈ6<y��|�cͨn=9�¼ÔÉ: 

n=9)S-P.PË˟(/. 

 

Ơ̆wly (ţ͞ 3Ǘɩ) 

� ȧėy��|�c< 24Ǟ̶Ə:�̨ ͞ăɅS͙ʸŤ�Mţ͞Ť:ˮʪ(55

O̺͍ʍ:ɿă&,5 60ñ¿£͋ʪ&,/Ə:�̄ ˎã¤6Ơ̆wlyS˗2

/.*B5<˛͞ăɅSđɈ6wlyd�k:Űå( (ǐˀ B)�5 ñ̶<͝ĉ

Ǭ̶Sʚ/Ə�ǰÂ÷ȸ65O 3ɾ<�i�͍S 90ɾ̶̀6 2Ĵǀɶ(/. 
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äɜǸˎ 

� Ơ̆wly<60ñƏ�˛͞ăɅ:��y���r��{y�Y� (p�~�

�t�ͩéʅ˟˔�ǲ¶)Sˆ˅êư¦*O$76ȩ̩͠(�4%�����V�

x�z���̫ʦ˙ȴȨSɒ65æ̊ȺȣĺŢ(/.ƽǯ(/˃=4�:5Ĥĺ

ŢȨ:�ǟȦȵ*O$76ĺŢ(�-<Ə30ͣlb��l���̫ȴȨ:Ȧȵ

(/ɇƣ6Óŝ(/.˃SO.C.T Compound (hb��UX�wubk����

ǲ¶)6Ĉľ(ïʛƏ�b�X]lruy (LeicaͩCM1850��un��zXv)

Sɒ65�PVN (Bregma �1.80mm)�LA�BA�CeL� CeM (Bregma �2.76mm)

<Ģ͑ĿS˦ū6�OL7�-P.P<ɻʚǺ:ŭ(5ĕ&30 µm<6Ƕ<̛ʟ

òɃSË˟(/.0.3%̡̫ĉȖʕ��̫ʦ˙ɐɎ͗ņȖ730ñ̶Ĝƙ&,O$

76�êĵƛ��]`jr�oSŒȢ&,/Ə�30ñ̶<��u`�cS˗6�

Fos˕ɣ̃:ŭ*O�ȊƱÉ (ABE457, Merck Millipore��ht��nuv�

V��^ͩ8000ÕŻ̬)765Ǟ̶Ĝƙ&,/.-<Ə�²Ȋ�]t�ĉƱYha

IgGƱÉ (BA-1000; Vector Laboratories�^��\�|V�V��^)9L?V

�k���]t�ĉˠģÉ7-P.P2Ǟ̶Ĝƙ&,/.$<�̛<ËȂ:=

VECTASTAIN ABC kit (Vector Laboratories)Sɒ6/.-<Ə�3, 3’-kV��

�kk� (DAB)9L?|ud�Sɒ65ɢˎ&,/.Ǹˎ(/òɃ=l�Xz

_�l:̂N½"/Ə�˂ȖŮå(/. 
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x�r˨ǵ7ʝ˫˨ǵ 

� ʇ 2ʆ<ǔȝ:Ɛ2/.ƜƚǰÂ4"7Ơ̆wly:965�2Ĵ<ǰÂ÷ȸ

:ŭ*O freezing<Žļ×S Student’s tȁŢSɒ65ȓ̎(/.E/ȧėy�

�|�cª<ĜƙS one-way repeated ANOVASɒ65ȓ̎(/. 

� E/̗þ˨ǵ7(5�Ơ̆wly<͝ĉǬ̶<Ȣă̯7(5ƏʶS̉Fǁ8

OǍ (ȎǍ)S˫ȯ(/.-(5�y��|�c5Nʭ�ɶ*ȎǍS�đɈ6<

y��|�cǰÂ7¼ÔÉ7<y��|�cǰÂ̶6�Student’s tȁŢSɒ6

5ȓ̎(/. 

� PVN�LA�BA�CeL�CeM:965�xkr�^�� (DP30DW�]��

�l�ǲ¶)SÜ8½"/͕Ɣ̳Sɒ65ǇƋ(/.-P.P<͑Ŀ:965�

Scion image Beta 4.0.2Sɒ65 6Ƕ<òɃ£6 0.5mmĳǔê< Fos˕ɣ̃ɢ

ɌʗʻǍS˃òɃ<¨Ú6˫ȯ(/.0.5mmĳǔêLNI͑Ŀ�ű&6Ńģ:

=�͑Ŀê<FS˫ȯ(/./0(�Ʈ˘ɤ9İ͔6�6!3�<͑Ŀ�ŒR

P//H�*B5<ʭ=˨ǵğʼ02/ 6�9͒ñS˨ǵ(/.Fos˕ɣ̃ɢɌ

=đɈ6<y��|�c7¼ÔÉ7<y��|�c<-P.P<ǰÂê6

Student’s tȁŢSɒ65ȓ̎(/. 

 

2ţ͞ 23 

ƜƚǰÂ4" (ţ͞ 1Ǘɩ) 

� ţ͞ 1<ǔȝ:Ɛ6�÷ȸʍ:5ƜƚǰÂ4"S˗2/ (ǐˀ A). 
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ȧėy��|�c (ţ͞ 2Ǘɩ) 

� ţ͞1<ǔȝ:Ɛ6�wlyd�k:5ȧėy��|�cS˗2/ (ǐˀB).

¼ÔÉ7<y��|�cǰÂ<FSË˟(/. 

 

Ơ̆wly (3Ǘɩ) 

� ţ͞ 1 <ǔȝ:Ɛ6Ơ̆wlyS˗2/ (Ĥ)ɏŇͨy��|�c5Nʭͨ

n=8�y��|�c9(ʭ�n=8)./0(ɚ9OɏŇ (ɚ9OɏŇͨy��|�

c5Nʭͨn=5�y��|�c9(ʭ�n=6)6=�øǗ<ȧėy��|�c7=

ɚ9N�ɣˎã¤6lw��l˟<̰ʡɇ<˒<36/�ʔ˟<ƀǏ (��p�

yͩ]�[�r�̪ȑŹȂ�ǲ¶)SǏ6/ëʉƊ<Vb��˟ŧĲ (28 ´ 28 ´ 

25 cm)Sɒ6/ (ǐˀ C) (Ĺ 3-3). 

 

x�r˨ǵ7ʝ˫˨ǵ 

� ţ͞ 1<ǔȝ:Ɛ2/.ƜƚǰÂ4"7Ơ̆wly:965�2Ĵ<ǰÂ÷ȸ

:ŭ*O freezing<Žļ×S Student’s tȁŢSɒ65ȓ̎(/. 
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3�3� ;0 

2ţ͞ 13 

� đɈ6<y��|�cǰÂ:965�ƜƚǰÂ4"Ə< freezing <üģ=�

y��|�c5Nʭ7y��|�c9(ʭ6ĤʀƂ652/ (t16 = 0.27, P = 

0.79) (Ĺ 3-4A).ȧėy��|�c̵ŗø:=�y��|�c5Nʭ<͝ĉǬ̶

< freezing<üģ=È6ɇƣ65O$7 (1.95 ± 1.95)Sɴ˵(/.þ85�ȧ

ėy��|�c̵ŗƏ< freezing <üģ=ǰÂ÷ȸ<ǀɶĴǍ:Å25ȬŲ(

/ (F11,88 = 5.32, P < 0.01) (Ĺ 3-4A).Ơ̆wly̵ŗø:=�y��|�c5

Nʭ7y��|�c9(ʭ<̶6͝ĉǬ̶< freezing <üģ=ĤʀƂ02/ 

(y��|�c5Nʭ 9ͨ.75 ± 7.55, y��|�c9(ʭ 1ͨ.23 ± 1.23, t16 = 1.11, 

P= 0.28).Ơ̆wly6=�y��|�c5Nʭ7y��|�c9(ʭ<̶<

freezing<üģ=ĤʀƂ652/ (t16 = �0.36, P = 0.72) (Ĺ 3-4A, 5A). 

� đɈ6<y��|�cǰÂ:965�Ơ̆wlyƏ:˃<Ģ͑Ŀ:9"O Fos

˕ɣ̃ɢɌS˦ū(/7$Q�PVN (t12 = −0.28, P = 0.78) (Ĺ 3-6A)�LA (t13 = 

0.38, P = 0.71) (Ĺ 3-7A)�BA (t13= −0.93, P = 0.37) (Ĺ 3-8A)�CeL (t13 = 0.18, 

P = 0.86)9L?CeM (t13 = −0.28, P = 0.78) (Ĺ3-9A):965y��|�c5N

ʭ7y��|�c9(ʭ=ĤʀƂ652/ (Ĺ 3-10A). 

� ¼ÔÉ7<y��|�cǰÂ:965�ƜƚǰÂ4"Ə< freezing<üģ=�

y��|�c5Nʭ7y��|�c9(ʭ6ĤʀƂ652/ (t16 = −0.26, P= 

0.80) (Ĺ 3-4B).ȧėy��|�c̵ŗø:=�y��|�c5Nʭ<͝ĉǬ̶

< freezing<üģ=È6ɇƣ65O$7 (0 ± 0)Sɴ˵(/.þ85�ȧėy�

�|�c̵ŗƏ< freezing <üģ=ǰÂ÷ȸ<ǀɶĴǍ:̷Ñ9!È6×SÓ
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256/ (F11,88 = 1.14, P = 0.32) (Ĺ 3-4B).Ơ̆wly̵ŗø:=�y��|

�c5Nʭ7y��|�c9(ʭ<̶6͝ĉǬ̶< freezing <üģ=ĤʀƂ0

2/ (y��|�c5Nʭͨ 0 ±�0, y��|�c9(ʭͨ 8.64 ± 7.52, t16 = −1.15, 

P= 0.27).Ơ̆wly6=�y��|�c5Nʭ=y��|�c9(ʭ7ȓ̎(

5ǫơ: freezing<üģ�È¤(56/ (t16 = −5.04, P < 0.01) (Ĺ 3-4B, 5B). 

� ¼ÔÉ7<y��|�cǰÂ:965�Ơ̆wlyƏ:˃<Ģ͑Ŀ:9"O

Fos˕ɣ̃ɢɌS˦ū(/7$Q�y��|�c5Nʭ=y��|�c9(ʭ7

ȓ̎(5 PVN (t16 = −2.46, P < 0.05) (Ĺ 3-6B)7 LA (t13 = −3.73, P < 0.05) (Ĺ

3-7B):965ǫơ:ȬŲ(56/.�ǔ�BA (t13 = −0.51, P = 0.617) (Ĺ 3-8B)�

CeL (t13 = −0.51, P = 0.617)9L? CeM (t13 = −1.34, P = 0.20) (Ĺ 3-9B):9"

O Fos ˕ɣ̃ɢɌ=y��|�c5Nʭ7y��|�c9(ʭ=ĤʀƂ652

/ (Ĺ 3-10B). 

� Ǯţ͞6=�Ȣăƛ:Ƌ͎�ðO$7�ʲ8MP//H�̗ þ˨ǵS˗2/.

y��|�c5Nʭ�Ơ̆wlyǞ<͝ĉǬ̶:ɶ(/ȎǍS˨ǵ(/7$Q�

đɈ6<y��|�cǰÂ7¼ÔÉ7<y��|�cǰÂ6=ĤʀƂ652/ 

(đɈǰÂ: 61.9 ± 10.2, ¼ÔÉǰÂ: 81.9 ± 8.3, t16 = 1.52, P = 0.15). 

 

2ţ͞ 23 

� Ĥ)ɏŇǰÂ:965�ƜƚǰÂ4"Ə< freezing <üģ=�y��|�c

5Nʭ7y��|�c9(ʭ6ĤʀƂ652/ (t14 = −0.07, P = 0.94) (Ĺ

3-11A).ȧėy��|�c̵ŗø:=�y��|�c5Nʭ<͝ĉǬ̶<

freezing<üģ=È6ɇƣ65O$7 (0 ± 0)Sɴ˵(/.þ85�ȧėy��
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|�c̵ŗƏ< freezing <üģ=ǰÂ÷ȸ<ǀɶĴǍ:̷Ñ9!È6×SÓ2

56/ (F11,77 = 1.27, P = 0.26) (Ĺ 3-11A).Ơ̆wly̵ŗø:=�y��|�

c5Nʭ7y��|�c9(ʭ<̶6͝ĉǬ̶< freezing <üģ=ĤʀƂ02

/ (y��|�c5Nʭͨ1.90 ± 1.90, y��|�c9(ʭͨ0.92 ± 0.92, t14 = 

0.47, P = 0.65).Ơ̆wly6=�y��|�c5Nʭ=y��|�c9(ʭ7

ȓ̎(5ǫơ: freezing <üģ�È¤(56/ (t14 = −2.34, P < 0.05) (Ĺ

3-11A, 12A). 

� ɚ9OɏŇǰÂ:965�ƜƚǰÂ4"Ə< freezing <üģ=�y��|�

c5Nʭ7y��|�c9(ʭ6ĤʀƂ652/ (t9 = −0.44, P = 0.67) (Ĺ

3-11B).ȧėy��|�c̵ŗø:=�y��|�c5Nʭ<͝ĉǬ̶<

freezing<üģ=È6ɇƣ65O$7 (0 ± 0)Sɴ˵(/.þ85�ȧėy��

|�c̵ŗƏ< freezing <üģ=ǰÂ÷ȸ<ǀɶĴǍ:̷Ñ9!È6×SÓ2

56/ (F11,44 = 0.58, P = 0.84) (Ĺ 3-11B).Ơ̆wly̵ŗø:=�y��|�

c5Nʭ7y��|�c9(ʭ<̶6͝ĉǬ̶< freezing <üģ=ĤʀƂ02

/ (y��|�c5Nʭ 0ͨ ±�0, y��|�c9(ʭ 0ͨ ± 0).Ơ̆wly6=�

y��|�c5Nʭ7y��|�c9(ʭ<̶< freezing <üģ=ĤʀƂ65

2/ (t9 = 0.69, P = 0.50) (Ĺ 3-11B, 12B). 
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3�4� ?" 

� ţͧ͞LN�đɈ6<y��|�cǰÂ<y��|�c5Nʭ6=Ơ̆wl

y:9"O freezingJ Fos˕ɣ̃ɢɌ=ȬŲ(96$7�ǛM�792/.$

<$7�M�Ǯţ͞6˗2/ȧėy��|�c=Ơ̆wly:9"OĜƙSȬ

Ų&,96767ʇ 2 ʆ<ʛǷ�ɴ˵&P/.�ǔ�¼ÔÉ7<y��|�c

ǰÂ<y��|�c5Nʭ6=�Ơ̆wly:9"O freezing�ȬŲ(�PVN

9L? LA :9"O Fos ˕ɣ̃ɢɌ�È¤*O$7�ǛM�792/.E/ţ

͞ 2 LN�ɚ9OɏŇǰÂ6=y��|�c5Nʭ:965IƠ̆wly:9

"O freezing =ȬŲ(96$7�ǛM�792/.¿£<ʛǷLN�ɸÃɤʦ

˙Ëɒ=˃:Ʒʟɤ9Ƌ͎S¦8�ȧėSÒ̝*O$7�ɶĮ&P/. 

� ţ͞ 16˗2/ Fos˕ɣ̃<˨ǵ6=�-<ɢɌʗʻǍ= freezing<ƈƂS

đʓ:Ĝǝ(56967ʲ8MPO.Í8>¼ÔÉ7<y��|�cǰÂ<y

��|�c9(ʭ=�đɈ6<y��|�cǰÂ<y��|�c9(ʭ7y�

�|�c5NʭLNI Fos ˕ɣ̃ɢɌ�͟�2/��$< 3 ʭ=F9ĤʀƂ<

freezing ƈƂSɶ(56/.Ĥȅ:¼ÔÉ7<y��|�cǰÂ<y��|�

c5Nʭ=�đɈ6<y��|�cǰÂ<y��|�c9(ʭJy��|�c

5Nʭ7ĤʀƂ< Fos˕ɣ̃ɢɌSɶ*I<<�¨ʭ7=ɚ9N freezingƈƂ

=Ɔ6I<02/.$<Ɏɓ7(5�ȧėy��|�c:9"O¼ÔÉ7<ɸ

Ãɤɫ³Ëɒ��Ơ̆wly:9"O Fos ˕ɣ̃ɢɌ<ŁƁ���:Ƌ͎S¦

8/$7�ƹ#MPO.$<$7=�ɸÃɤ̟?˗ă:LN LA :9"O Fos

˕ɣ̃ɢɌ�ňþ*O767łĩ�MǉƷ&PO (van Kerkhof et al., 2014).

(�(Ǯʆ<ţ͞=�đɈ6<y��|�cǰÂ<ţ͞Sʘ¯(/Ə:¼ÔÉ
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7<y��|�cǰÂ<ţ͞S˗7767L7:�ɆŢ<ǰÂ:9"Oy��

|�c5Nʭ=ż:ĤǰÂ<y��|�c9(ʭ7é:Ë˟&P/.-</H�

đɈ6<y��|�cǰÂ7¼ÔÉ7<y��|�cǰÂ̶6 Fos ˕ɣ̃ɢɌ

Sȓ̎*OLNI�ĤǰÂê<y��|�c9(ʭ7y��|�c5Nʭ7<

̶6ȓ̎*Oǔ��LN̥ò9ȓ̎65O7ʲ8MPO.¿£<$7�M�ȧ

ėy��|�cǞ:ɸÃɤʦ˙ËɒSĞ"O7�Ơ̆wlyǞ< PVNJ LA�

Ưö&PO7˨̬6�L7. 

� ¸Ĵ�¼ÔÉ7<y��|�cǰÂ<y��|�c5Nʭ6= LA<Ưö�˦

ū&P/��-<¼<ƫǼÉ͑Ŀ:965=Ưö�˦ū&P9�2/.$<Ɏ

ɓ7(5�Í8> BA :=ly�lĜƙ<ɢɌ:̷¦*Oʗʻʭ7ȧė<˶Ű

:̷¦*Oʗʻʭ�ȪĻ(56O$7 (Herry et al., 2008)�ƹ#MPO.E/

Ĥȅ:�CeL :965Ily�lĜƙ<ɢɌ:̷ROʗʻʭ7ȧė<˶Ű:̷

ROʗʻʭ<ŝĻ�ɶĮ&P56O (Duvarci et al., 2011).-</H$PM<

͑Ŀ6=�/78ly�lĜƙ<ɢɌ:̷ROʗʻʭ<Ȣƛĉ�Ưö&P56

5I�-<¾RN:ȧė<˶Ű:̷ROʗʻʭ�Ȣƛĉ(//H�y��|�

c9(ʭ7ĤʀƂ< Fos˕ɣ̃ɢɌʗʻǍ:92/7ʲ8MPO.�ǔ6 CeM

:=ly�lĜƙ<ɢɌ:̷ROʗʻʭ(�ŝĻ(5696/H�-<Ȣƛĉ

Ƃģ6�ly�lĜƙ<ƈƂSĜǝ*O7ʲ8MPO.(�(â˗ɲʄ:96

5I�ȧė:LO Fos ˕ɣ̃ɢɌ<Ưö=˦ū&P9�2/ (Knapska & 

Maren, 2009)$7�M�Fos˕ɣ̃ɢɌSɒ65ȧė:9"O CeM<ȢăS˱

Ð*O$7=ķ͈65O<�I(P96. 

� ţ͞ 1 <ʛǷLN�ȧėy��|�cª:ɸÃɤʦ˙ËɒSĞ"O7Ơ̆w
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ly:965�PVN7 LA<Ȣƛĉ<Ưö77I:�ǰÂ÷ȸ:ŭ*O freezing

<Ưö�˦ū&P/.E/$< freezing <Ưö=ɏŇɆɚɤ65O$7��ţ

͞ 2 :965ɴ˵&P/.-</HǮʛǷ=�ɸÃɤʦ˙Ëɒ=ȧėSÒ̝(

/$7�ɶĮ&P/.-<Ɏɓ7(5�Ǯţ͞<ʛǷ�ȧė<Ɇƛ7�ˊ(5

6O$7�ƹ#MPO.Í8>ţ͞ 1 :5˦ū&P/ LA <Ưö=�ȧė�˶

Ű&P/$7:L25 freezing �ȬŲ(/́:˦ū&POɌ˾65O$7��

â˗ɲʄ:5łĩ&P56O (Hobin et al., 2003; Knapska & Maren, 2009).

E/ţ͞ 2 :965ɴ˵&P/ɏŇɆɚƛ=�ȧė<«ˡ9Ɇƛ<�365O

$7�ɯMP56O (Bouton, 2004; Maren et al., 2013).E/ĤǞ:�Ǯţ͞

ʛǷSƄ�̆$(7O¼<ğʼƛ�È6$7Iƹ#MPO.ʇ�:�ȧėy�

�|�cª:ɸÃɤʦ˙ËɒSĞ"/$7:LN�ǰÂ4"MP/˭ƦˇÉ<

ȧŒ�˶Ű&P/ğʼƛ�ƹ#MPO (Monfils et al., 2009; Myers et al., 

2006; Nader et al., 2000; Quirk et al., 2010).(�(ţ͞ 2:965�ɚ9O

ɏŇǰÂ6=ly�lĜƙ�˦ū&P/$7�M�$<ğʼƛ=ĦŢ&PO.

ʇ²:�ȧėy��|�cǞ:ɸÃɤʦ˙Ëɒ:LOly�l<ʦĬ�wly

d�k7̷̛4"MP/ʛǷ�Ơ̆wly:965ly�lĜƙ�Ưö&P/

ğʼƛ�ƹ#MPO (Mohammadi et al., 2014; Rogan et al., 2005).(�(�

¼ÔÉ7<y��|�cǰÂ<y��|�c9(ʭ:965ly�lĜƙ�ɴ

˵&P/$7�M�$<ğʼƛ=ĦŢ&PO.ʇ¢:�ȧėy��|�cǞ:

¼ÔÉ<ŝĻ:LOȢă̯<ňþ�wlyd�k7̷̛4"MP//H:�Ơ

̆wly:965Ȣă̯�ňþ(�-<ʛǷ͋Ȍ(56O$7�Ɩˡ79O

freezing �ȬŲ(/ğʼƛ�ƹ#MPO.(�(Ơ̆wly:9"O͝ĉǬ̶
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<Ȣă̯=�đɈ6<y��|�cǰÂ<y��|�c5Nʭ7¼ÔÉ7<y

��|�cǰÂ<y��|�c5Nʭ76ĤʀƂ652//H�$<ğʼƛI

ĦŢ&P/.¿£<$7�M�đɈ6<y��|�cǰÂ6=˶Ű&P9�2

/ȧė��ȧėy��|�cª<ɸÃɤʦ˙Ëɒ:L25Ƅ�̆$&POL7

:92/7ʲ8MPO. 

� Ǯţ͞6=Ơ̆wly<Ə: Fos ˕ɣ̃ɢɌS˦ū(//H�Ơ̆wlyǞ

: LA�Ưö&PO$7=ǛM�7(/I<<�ȧėy��|�cǞ:Ȣƛĉ&

POȧėS˶Ű*Oɻʚ�^|m�:̷*OƟłSƑO$7=6�9�2/.

ɸÃɤʦ˙Ëɒ�ȧėSÒ̝*O/H:=�ȧėS˶Ű*Oɻʚ�^|m��

ȧėy��|�cǞ:Ȣƛĉ&PO$7SÒ̝*OƖˡ�5O.ȧėS˶Ű*

Oɻʚ�^|m�:= BA (Amano et al., 2011; Herry et al., 2008; 

Sierra-Mercado et al., 2011)7 IL (Do-Monte et al., 2015; Sierra-Mercado et 

al., 2011)�̭ˡ9ƌüSƳ256O$7�ɶĮ&P56O.-(5�ɸÃɤʦ

˙Ëɒ=$PM<͑Ŀ:ŭ(5�-<ȢƛĉSÒ̝*Oğʼƛ�ƹ#MPO.

Í8> BA= pmOP�Mɪƾ<ưůSĞ"56O/H (Kiyokawa et al., 2012)�

ɸÃɤʦ˙ËɒSĞ"/́:¼ÔÉ�M<ıˤjc{�� pmOP�M BAA7

Ä̢&P�Ȣƛĉ&P/ğʼƛ�ʲ8MPO.E/ IL:̷(5=�ly�lĜ

ƙƛ�͟6ʑʝ<�uy=�ly�lĜƙƛ�È6ʑʝ<�uy:ȧėS˶Ű

*Oȧėy��|�cSʚ͞(5IȧėSɶ&+�E/ȧėy��|�c:L

O IL :9"O Fos ˕ɣ̃ɢɌIŲ96$7�ɯMP56O (Landgraf et al., 

1999; Muigg et al., 2008).$PM<$7�MɸÃɤʦ˙Ëɒ:L25ly�l

�ʦĬ&PO7�Ĥ)ȧėy��|�cSʚ͞(5I IL�LNȢƛĉ&P/ğ



 

44 

ʼƛ�ʲ8MPO.¸Ə�$PM<ğʼƛSȁˬ(56!Ɩˡ�5O0Q7. 

 

3�5� #) 

� ɸÃɤʦ˙Ëɒ�I/M*Ƌ͎�Ʒʟ*Oğʼƛ:365ȁˬ(/.ȧėy

��|�cSđɈ6ʚ͞*O7�Ơ̆wly:9"O freezingJ Fos˕ɣ̃ɢ

Ɍ=ȬŲ(96$7�ǛM�792/$7�M�ȧėy��|�c=Ơ̆wl

y:9"OĜƙSȬŲ&,96767ʛǷ�ɴ˵&P/.�ǔ6�¼ÔÉ7�

ʤ:y��|�cSʚ͞*O$76y��|�cª:ɸÃɤʦ˙ËɒSĞ"O

7�Ơ̆wly:9"O freezing�ȬŲ(�PVN9L? LA:9"O Fos˕ɣ

̃ɢɌ�È¤*O$7�ǛM�792/.E/$<ĂǷ=�ȧėy��|�c

�˗RP/ɏŇɆɚɤ:Ƅ�̆$&PO$7Iɴ˵&P/.¿£<ʛǷLN�

ɸÃɤʦ˙Ëɒ=˃:Ʒʟɤ9Ƌ͎S¦8�ȧėSÒ̝*O$7�ɶĮ&P/. 
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Ĺ 3-2�¼ÔÉ7<ȧėy��|�c<ȅŜ�
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Ĺ 3-4�đɈ6<y��|�c(A)E/=¼ÔÉ7<y��|�c(B)ǰÂ6<�
ƜƚǰÂ4"�ȧėy��|�c�Ơ̆wly:9"O freezing<üģ�
1Ⱦ= 2Ĵ<ǰÂ÷ȸ:ŭ*O freezing<üģ<Žļ×Sɶ*.�
�Mean ± SEM, ͦ: P < 0.05	 
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Ĺ 3-5�đɈ6<y��|�c(A)E/=¼ÔÉ7<y��|�c(B)ǰÂ6<�
Ơ̆wly:9"O freezing<üģ�
Ơ̆wly<ʛǷ(Ĺ 3-4)Sǿc��:5ɶ(/.�Mean ± SEM, ͦ: P < 0.05	� 
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Ĺ 3-6�đɈ6<y��|�c(A)E/=¼ÔÉ7<y��|�c(B)ǰÂ:�
9"OƠ̆wlyƏ< PVN:9"O Fos˕ɣ̃<ɢɌ�
Ⱦʥ=͑ĿSɶ(/.Scale bar = 200 µm�
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Ĺ 3-7�đɈ6<y��|�c(A)E/=¼ÔÉ7<y��|�c(B)ǰÂ:�
9"OƠ̆wlyƏ< LA:9"O Fos˕ɣ̃<ɢɌ�
Ⱦʥ=͑ĿSɶ(/.Scale bar = 200 µm 
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Ĺ 3-8�đɈ6<y��|�c(A)E/=¼ÔÉ7<y��|�c(B)ǰÂ:�
9"OƠ̆wlyƏ< BA:9"O Fos˕ɣ̃<ɢɌ�
Ⱦʥ=͑ĿSɶ(/.Scale bar = 200 µm 
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Ĺ 3-9�đɈ6<y��|�c(A)E/=¼ÔÉ7<y��|�c(B)ǰÂ:�
9"OƠ̆wlyƏ< CeL�CeM:9"O Fos˕ɣ̃<ɢɌ�
Ⱦʥ=͑ĿSɶ(/.Scale bar = 200 µm 
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Ĺ 3-10�đɈ6<y��|�c(A)E/=¼ÔÉ7<y��|�c(B)ǰÂ<�
Ơ̆wlyƏ< PVN�LA�BA�CeL�CeM:9"O Fos˕ɣ̃<ɢɌʗʻǍ�
�Mean ± SEM, ͦ: P < 0.05	 
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Ĺ 3-11�¼ÔÉ7<y��|�cǰÂ:965�ȧėy��|�c7�
Ĥ)ɏŇ(A)E/=ɚ9OɏŇ(B)6Ơ̆wlyS˗2/Ǟ<�
ƜƚǰÂ4"�ȧėy��|�c�Ơ̆wly:9"O freezing<üģ�
1Ⱦ= 2Ĵ<ǰÂ÷ȸ:ŭ*O freezing<üģ<Žļ×Sɶ*.�
�Mean ± SEM, ͦ: P < 0.05	 
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Ĺ 3-12�¼ÔÉ7<y��|�cǰÂ:965�ȧėy��|�c7�
Ĥ)ɏŇ(A)E/=ɚ9OɏŇ(B)6<Ơ̆wly:9"O freezing<üģ�
Ơ̆wly<ʛǷ(Ĺ 3-11)Sǿc��:5ɶ(/.�Mean ± SEM, ͦ: P < 0.05	 
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ʇ 4ʆ 

ɸÃɤʦ˙Ëɒ<ȧėÒ̝ȈȄ:9"Of�tflw��<ƌü�

�  
� Ǯʆ<êŧ=�Ş˘͆˴˺ǐ7(5ðɄ*O˫ɕ�5O/Hç˚6�96. 
� 5ž¿ê:ðɄ°Ţ. 
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ʣģʲū�

 
� Ǯʆ<êŧ=�Ş˘͆˴˺ǐ7(5ðɄ*O˫ɕ�5O/Hç˚6�96. 
� 5ž¿ê:ðɄ°Ţ. 
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ɐɅ=ɏŇŌĉJōǎ98�M̊SşNɐ�ȏO/H:�ly�l:ŭ*O

̥ƙȈȄSɢ̢&,5�/.ÔÉ̶6<f��|d�j��I̭ˡ9ƨɘ<�

365O7ʲ8MPO.Í8>��vkJ���uy98<ʭPSƊƧ*OL

79ăɅʁ6=�Ĥʁ¼ÔÉ�̔Û:ŝĻ*O$76ly�lĜƙ�ʦĬ&P

OɸÃɤʦ˙Ëɒ767Ɍ˾�ŝĻ*O.ɸÃɤʦ˙Ëɒ=ǓœɏŇJƺ͗ʳ

ˈ762/÷ȸ:ŭ*Oly�lĜƙ0"69!�Şʰ<ʛǷ7(5Ƅ�̆$

&POly�lĜƙ�Í8>ƜƚǰÂ4"�x�:9"OǰÂ÷ȸ:ŭ*Ol

y�lĜƙIʦĬ*O$7�ǛM�79256O.ɊċăɅ˗ăŞɲʄŤ:9

"O�uySɒ6/ɲʄ:LN�Ĥʁ¼ÔÉ<ŝĻ�˛͞ăɅ:9"Oȅ�9

˃͑Ŀ:Ƌ͎S¦8�ƫǼÉ<ȢƛĉS̻ť*O$76�ǰÂ÷ȸ:ŭ*O*

!F˗ă (freezing)SŗH7(/ly�lĜƙSʦĬ*O$7�ǛM�:&P

5�/.(�(ɸÃɤʦ˙Ëɒ�˃ê:¦8OƋ͎=�Ĥʁ¼ÔÉ�̔Û:ŝ

Ļ*OǞ:0"˦ū&PO�Ǟɤ9I<9<��Ĥʁ¼ÔÉ�ŝĻ(9!92

/ƏIƷʟ*OI<9<�=ȁˬ&P5$9�2/.-$6�ǰÂ÷ȸ<ǀɶ

ĴǍSŎ!(5�LNɻʚǺSȢƛĉ&,O$76Ʒʟɤ9Ƌ͎S˦ū*O$

7�ğʼ:9O<6=96�7ʲ8/.$<L7:ǰÂ÷ȸ<ǀɶĴǍSňþ

&,�-<Ə:ĂǷSɴ˵*Oţ͞ʑ=�ˋɤ:�ȧė17ī>PO.-$6

Ǯɲʄ6=�̓<�uySɒ65�E+Ʒʟɤ9Ƌ͎Sȁˬ*O/H<Łɨ7

9O�ȧė1<ɲʄ6ɒ6MPOţ͞ʑSɴʅ(�ɸÃɤʦ˙Ëɒ�˃ê:Ʒ

ʟɤ9Ƌ͎SI/M*$7SǛM�:(/£6�$<Ƌ͎:̷¦*OˡĵS˨

Ǜ*O$7Sɩɤ7(/. 
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Ǯ˺ǐ= 5ʆ�MȄƧ&P�ʇ 1ʆ<ʣģʤ˪6Ǯɲʄ<ʺǠ7ɩɤS˺)

/Ə�ʇ 2 ʆ�Mʇ 4 ʆ:965Ǯɲʄ6ţǕ(/ţ͞:365˭̖(�ʇ 5

ʆ:965Ǯɲʄ6ƑMP/ƧǷSI7:ʣģɤ9ʲūS˗2/. 

 

ʇ 2ʆ6=�Ǯɲʄ<Łɨ79Oţ͞ʑ<ɴʅSɩƸ(/.ƉɲʄŤ:9"

OɸÃɤʦ˙Ëɒ<ɲʄ6= 3 ɾ<ʴˤƛǰÂ÷ȸ�ɒ6MP5�/�ǔ6�

̡ė<ǐɉ:9"Oȧė<ɲʄ:= 20 ɾ<ʴˤƛǰÂ÷ȸ�ɒ6MP56/.

-$6�ǮɲʄS̞˗*O:5/2581M<ǰÂ÷ȸSɒ6O$7�̥ò6

5O�:365ȁˬ(/.E+�˛͞ăɅ: 20ɾE/= 3ɾ<ǰÂ÷ȸ7͉ȕ

j�ubSĤǞ:ǀɶ*O$76ƜƚǰÂ4"S˗6�-<ʯǗ:ǰÂ÷ȸ<

FSʩN̕(ǀɶ*Oȧėy��|�cSţǕ(/.ʟ65ʯ�Ǘ:ìƂǰÂ

÷ȸSǀɶ*OƠ̆wlyS˗6�-<̶:˛͞ăɅ�ɶ* freezing <üģS

˦ū*O$76�ƜƚĜƙ<ȧėS˱Ð(/.ŭɁʭ7(5=ȧėy��|�

cS˗R96ʭSË˟(/.20ɾ<ǰÂ÷ȸSɒ6/Ńģ:�ȧėy��|�

cSʚ͞(/ʭ6=ŭɁʭ7ȓ̎(5 freezing <üģ�ȬŲ(56/$7�M�

Ǯţ͞6˗2/ȧėy��|�c:L25 freezing �Ưö&PO$7�ǛM�

792/.�ǔ6 3 ɾ<ǰÂ÷ȸSɒ6/Ńģ:=�ȧėy��|�cSʚ͞

(/˛͞ăɅ�ɶ* freezing <üģ=ŭɁʭ7ĤʀƂ652/$7�M�Ǯţ

͞6˗2/ȧėy��|�c6= freezing =Ưö&P96$7�ǛM�792

/.Ǯʆ<ʛǷLN�ɸÃɤʦ˙Ëɒ<Ƌ͎S˱Ð*O:=ȧėy��|�c

:L25ƜƚĜƙ�Čñ:ȧė&P96 3 ɾ<ǰÂ÷ȸSɒ6/ţ͞ʑ�̥*

O7ʲ8MP/. 
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ʇ 3ʆ6=�ɸÃɤʦ˙Ëɒ�I/M*Ƌ͎�Ʒʟ*O�87�:365ȁ

ˬ(/.3ɾ<ǰÂ÷ȸSɒ65ƜƚǰÂ4"SǕ(/˛͞ăɅSȳÜ(�ʯǗ

:˗7ȧėy��|�cSđɈ6ʚ͞*Oʭ7�Ĥʁ¼ÔÉ7�ʤ:y��|

�cSʚ͞*O$76y��|�cª:ɸÃɤʦ˙ËɒSĞ"OʭSË˟(/.

ŭɁʭ7(5=ȧėy��|�cS˗R96ʭSË˟(/.$PM<˛͞ăɅ

:ŭ(ȧėy��|�c<ʯǗ:Ơ̆wlyS˗2/7$Q�˛͞ăɅđɈ6

ȧėy��|�cSʚ͞(/ʭ6=�ȧėy��|�c= freezing <üģJ�

ˣƀ¤̨ŤÛǺ (PVN)JƫǼÉōÚǺ (LA):9"O Fos ˕ɣ̃<ɢɌ:Ƌ͎

S¦89�2/.�ǔ6�ȧėy��|�cª:ɸÃɤʦ˙ËɒSĞ"/ʭ6

=�ȧėy��|�c:LN freezing<üģ�ȬŲ*O77I:�PVN9L?

LA:9"O Fos˕ɣ̃<ɢɌ�ȬŲ*O$7�ǛM�792/.E/$<ĂǷ

=�ȧėy��|�c�˗RP/ɏŇɆɚɤ:Ƅ�̆$&PO$7Iɴ˵&P

/.$PM$7�M�ɸÃɤʦ˙Ëɒ=ly�lĜƙ<ȧėSÒ̝*O$7�

ɶĮ&P/.*9R1�ǰÂ÷ȸ:ŭ*O LAȢƛĉ<Ưö762/�ȧėy�

�|�c:L25ɐ)O˃êŌĉ�ɸÃɤʦ˙Ëɒ:LNÒ̝&P�-P�Ơ

̆wlyE6ȏŝ(56O$7�ƿū&P/.Ǯʆ<ʛǷLN�ɸÃɤʦ˙Ë

ɒ�˃:Ʒʟɤ9Ƌ͎SI/M*$7�ɶ&P/. 

 

ʇ 4ʆ6=�ɸÃɤʦ˙Ëɒ:LOȧė<Ò̝ȈȄA<f�tflw��<

̷¦:365ȁˬ(/.ɸÃɤʦ˙Ëɒ6=ˣƀ¤̨�¤ĽÉ�ú˄ɦ̃��HPA) 

̌�Ưö&PO$7�M�ȧė<Ò̝:=ȧėy��|�cǞ<HPǍ<Ưö�

*9R1f�tflw��<È¤�̷¦(56O$7�ɛRP/.�ǔ6�â
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˗ɲʄLN HPǍ<Ȣƛĉ�ȧėS̻ť*O$7�ɶĮ&P56OI<<�ȧ

ė:9"Of�tflw��<ƌü=ǭ0¥Ǜɮ652/.-$6Ǯʆ6=ȧ

ėy��|�cǞ<f�tflw��ȹƂ<Ƌ͎Sȁ˰*O$77(/.ȧė

y��|�cƏ<˖Ȩªf�tflw��ȹƂ<ƿɿSȁˬ*O/H:�ȧė

y��|�cʘ¯�M 0�10�15 ñƏ:˛͞ăɅ<ų͋ˀ�Mƽ˖S˗2/.

-<ʛǷ�ȧėy��|�cʘ¯ɪƏ:965˛͞ăɅđɈ6ȧėy��|�

cSţǕ(/ʭLNI¼ÔÉ7ȧėy��|�cSţǕ(/ʭ<ǔ��˖Ȩª

f�tflw��ȹƂ�È6$7�ǛM�792/.ɸÃɤʦ˙ËɒSĞ"5

6Oǩª<f�tflw��ȹƂ�Ưö&P56O767â˗ɲʄʛǷSʲ8

ģR,O7�ȧėy��|�cǞ<Ʒʟɤ9f�tflw��<È¤�ȧė<

Ò̝:̷¦(56O$7�ɶĮ&P/. 

 

ʇ 5ʆ6=�ʣģʲūS˗2/.ǮɲʄLN�3ɾ<ǰÂ÷ȸSɒ6/ţ͞

ʑ�Ǯɲʄ:̥(56O$7�ɸÃɤʦ˙Ëɒ�˃:¦8OƋ͎=¼ÔÉ�ŝ

Ļ(9!925IƷʟ(�ȧėSÒ̝*O$7�$<ȧė<Ò̝:=f�tf

lw��<̷¦�ɶĮ&PO$7�ǛM�792/. 

� ǮɲʄʛǷLN�ɸÃɤʦ˙Ëɒ=˃:Ʒʟɤ9Ƌ͎SI/M*$76�ǰ

Â÷ȸ:ŭ*Oly�lĜƙ<ȧėSÒ̝*O$7�ɶĮ&P/.$<L79

ĂǷ=Şʰ:ÏM96÷ȸ:ŭ*Oly�lĜƙ:ŭ(5IɌP�͝ĉSÒ̝

*O$7�ʲ8MPO.E/Ǯɲʄ6�x�7(5ɒ6/ɸÃɤʦ˙Ëɒ<F

9M+�Í8>ȑƛ˗ăJƛ˗ă�Ǌǆ˗ă762/¼<ɸÃɤ9÷ȸI˃:

Ʒʟɤ9Ƌ͎SI/M*$7��Ŏ!<ăɅʁ:965ɯMP56O.Ǯɲʄ
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ʛǷ7ʲ8ģR,O7�Ĥʁ¼ÔÉ:LOɸÃɤ9÷ȸ=˃:Ƌ͎S¦8J*

6I<65O$7�ƿū&P/. 

Ĕ̿:ŭ(5ʕǙ!ly�lĜƙSɐ)O$7=ɐŝƨɘ7(5̭ˡ9$

765OI<<�I=JĔ̿6=9!92/÷ȸ:ŭ(5Êñ9ly�lĜƙ

S̴Ǭ:ɐ)O$7=̙:¥õɧ79O65Q77ʲ8MPO.Á̶�ŝĻ*

O$76̡û9̴Ǭɤly�lĜƙ�M˨ǋ&PO$7=�ly�l:ŭ*O

̭ˡ9̥ƙȈȄ65O7ʲ8MPO.¸Ə�ǮɲʄƧǷSɢŴ&,�Á̶76

7ɸÃɤ9÷ȸ�˃:Ƌ͎S¦8O�^|m�SLN˳ʗ:˨ǵ(56!$7

6�Í8>ƕɤōÝly�l͂ťJ73ɞ762/̡û9ly�lĜƙ:̆ĵ

*O·̶<ɝƝ:ŭ(5�ɸÃɤ9÷ȸSĝNåPOL79Ǔ/9°̺ȝJȚ

ɡȝ<̵ɢA<ƙɒ�ǬƎ&PO. 
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