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/%��+�Ev%Arv�»Cé%DHI�%LMv:BS�zÖRS,X�1#B�P�R

ò!î������¾ËvLM�f��#B� Backman(1) Ogiso(2)�%LM��s�RNa+}»/

W;RK+RCa2+RMg2+W�zvò!î��v:BSR3�!%��vº»�¾Ë'#%Y�¶

BR*+�#2����%ÜÝ�§�~#vRC]sCR���%Ê%�·�¾Û©(vLMR

SB�1�£ì�CgvRQ�!#R$¨tÃ%����E©(#¾Ëv:BSRÜÝ�¶�C] 

 

�����


����vw�E©(%}RDHI�#ò!î��vw�¾Ë©(%}/,R��,R2

�ã57RRSÑå#n#®*+�ãSlc:ddYRTU 12~27TRVå%�%�.BC]��e3�
��%¾Û©(%}/,R2�R�B�3R��R�S!RîH%����.RC]2�,%

�QÁ�R*+�,.ÏÙ��ÏT;W:»R{�RC#~��*HJ�ï²Ë�/Ö�RC]

�B�3,PXÙ�wíRîH,��Ù�wíR�S!,'¶Y/vw�S�Zî/Ö�RC]

���
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��,R.%�»d��Ø�3/W:»SÖ�RC] 



cd {ti¢ù¢=�I�¦�gh	øWä»&��


=E©(�£ì�}/,R0.0%1� 1.2%% NaCl���� 0.1%Z¾/ 13�!.�RC]

10mm½%��[v�NaCl��� 1mL�ï¨RÖ�RC��� 1��±RRê;\M%� 37¥

/ 30�6YVRC]$%�Rz��PQ%L�¶BR%LRCPQ� A4mH�v��RR·^

¤v�|}���%=E�~�P/F³��.BSY\RC]$%�R��%®/%LRC(

3ØJ���+��F³�/Y\RR���%EvbZRC]WºRNaCl���#��%��

���e§�[v�.RC¼�À�!ï²Ë�v,R��%(µ��çCgv 0.1%M¼3���

RC] 

 

cd �ti¢ù¢=�)(?�æ$À�""X�gh	øWäþn&��


¾Ë©(v:BS%}/,RNaCl�� 0.6%R0.9%R1.2%�»%���vW�w�v NaClR

KClRMgCl2RCaCl2Rò!î������£�ã�!,FH� 1#RSYZåRC]0.5mL%�

���v 10�L%����±RR$%������FH,+S!?��YZÉã*����j=

!+HñRDigital BioRC-Chip DHC-N01åvï¨R&�����ñ/ÝÞ��çCgv]�RR0

�1� 60�6% 15�Z¾%��#R24�6�%Y 6bPQ%L�¶�C]���%¾Ë�!,R

Ø��Ëï��%���H�<u(5)v��T¨SB��RËb,v 1v�RCR¼¾?R�¾?R

B�+�?Rî�²H�+?R�¼?Rª��,?% 6�!v�!RR¾Ë'#vY�¶�C]

WºR}"r 24�6�/�R��YZÉÕ%���,�eÑ���SBWB] 

 

cd �tö÷Ç�øWä&þo��


��e3���%¾Û�£ì�[v,R0.0%1� 0.4%% 0.1%Z¾R0.9%,1.2%,1.8% 3.0%%

Y 9�!% NaCl����£�RC]0.5mL%����v 10�L%����±RR$%����

��FH,+S!?��YZÉã*����j=!+HñRDigital BioRC-Chip DHC-N01åvï

¨R&�����ñ/ÝÞ��çCgv]�RR}"r 60��# 24�6�%Y 2bPQ%L

�¶�C]���%¾Ë�!,Rv 1#v 2v�RCR¼¾?R�¾?RB�+�?Rî�²H

�+?Rª��,?R�¼?R1»?RW¾}?Rg}s?RR´?Rwí?%Y 11�!v�!

RR¾Ë'#vY�¶�C]WºR}"r 24�6�/�R��YZÉÕ%���,�eÑ�

��SBWB] 

o^%��vwíR���%¾Ë©(,þ�%LM��»�~#��1�SBC%/R} 2

#} 3/,R&]%þ�yz�9^§�CgR2:%ÈG�¶�C]1:,RPQ%L%[vþ

��©(§�%�¬»�Cg%�%/R̂ 1v�RCRø^¹þ��Ø%�./\�]~¨� 37¥

vW�w�£.RR���PQ%L.²-��$%Õövï¨S%LRC]�� 1:%ÈG,R

���
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24�6Eþ%Cg%�%/R^ 2v�RCw�Wmnv\�C^�ò!��ÅA(+�� ^�ò

!��ª YM-1200 )��.RR37¥vEþRC~#/\�]WºRÖ��v�.RC*HJ�ï

²Ë�#$¨Ö¨%���#��%�����e§�[v�.RC¼�À�!ï²Ë�v,R

} 1#��R} 2R} 3/���%(µ��çCgv 0.1%M¼3���RC] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

@A


cd {|i¢ù¢=�I�¦�gh	øWä»&��


*+����/,R�������v�11´�tR©¾�¨~§�%#�ÃWËÛ�E�S

B��%#��âRSB�ËÛ����� 0.7ÄR0.9%R1.0ÄR1.2Ä/e�¨CCgR$¨�%

¾Ë��#v�0; 2ò!�ñv�»SY\�¶�C]^ 3,*+����%����vw�=

E©(�vRCòKL/\�]*+����,R0.4%t±%��/,Âw§ìS����¨~R

SBC]sCR���VB����v\�S�RE��0B�¹�e�¨CíR���WB��

��v\�S�RE�ÏTB�¹�e�¨Cí§�~#��1�C]����/�$%w�Wï

O�e�¨R��vw�S&_v�¹�E%�0T�©(T��´»/,WB~#��1�C]

j¢®��v§SK�,�/�RCw�vR 0.7%1� 1.2%v1»S,R���%E%�0Tv

®í��0;Rú�%���vRú_�v�»§�©�¹�±�\�~#��1�C]óv 0.5%R

0.6%����/,RE%®í�ÏTB]�

^ 4,2����%����vw�=E©(�vRCòKL/\�]2����/, 0.4%R

1.0%%��/*+����#��vR�ÃW¾Ë%�%#©¾RSB��%#��âRR¾Ëv

� {
 (Éú�:Ë²


^ 1,} 2#} 3/R²-�PQ�%�[v�.RC¹þ��Ø/\�]_þ1�%þ�©(
¬»�Cg%�%/R�.�v, 37¥vW]§�]�ÉvEz�Ì��!�Èí�»SÝËvV¾
ÄSR$%Õövî+À%2�+��aí�»SB�]sCRÕö%5j%\M§�Cgv¼�î

�%J�K�L���WVRC]��Ø%^�v,#��!����n`Ëv±SB�] 
 
^ 2,} 2#} 3/R24�6Eþ.%¹þî#RS�.RC^�ò!��ÅA(+�� ^�ò
!��ª YM-1200)/\�]ñK�ÌËJ4��%Õöv��YZÉ�ï¨RÌC��gSÏ_v
&Ë�RR37¥vW]RS�.§�] 
 

� �
 û�æ$�89È


���
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®í�\�CCgR2ò!�ñv�»SY\�¶�C]0.3%t±%��/,Âw§ìS%���

����¨~RSBC]sCR1.0%�zvE��0;©(RR��%WB/,E��0;WíR

VB/,ÏT;W�C]$%�0W©(^�/,E%�0T,Âw&]vEC¨SBC]~%

w�v����v#�W�SE�©(§�%/,W;R±?Ë%¥ÉÊW©(�RSB�~#�

�1�C]0.6%%��/E�o��0;WíR$¨t±%��%���/,�0T�ÏT;W�

SB�~#RsCRX%��vºBS�®í��0;R©�¹�±�\�~#��1�C] 

*+����#2����%E%�0T�ÜÝ§�#R���v�»§� 0.9%NaCl����

/*+����,ì 5.5�mR2����,ì 8.6�m#âW�SBC] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




cd �ti¢ù¢=�)(?�æ$À�""X�gh	øWäþn&��


} 1/,R���%¾Ëv�0W®í�e�¨C NaCl��vºBSR2ò!�ñv�»S

Y\�¶�C]$%[vR2ò!�ñv�»�£¶Î¢#RSR¾Ë%�B��ÞRCCgR�

���v 1v�RC 6�!%¾Ëv�!RR¾Ë%©(�����§�~#vRC]�¾Ë%È

gv:BS,Rt±%(1)1�(6)%�í/\�] 

(1)¼¾?,RQ�!���%�ÃW¾Ë#RS%�¤�B;Í|;w|}¼ÇË%�%}»/

W;R�¾%�%�ý|}¾Ë�QRSB�]²-�/%��vºBSRµ]jÏS9�W

���6�a¨�ò�RaíSb��£�§�~#/¼ÇËR�¾��É§�~#,�-/

\�]R1RRËb%}/,Yv�6�1»�~#�/0WBCgR²-�PQP/�

��Y�¶�C]~%²-�PQP/,R~¨�ÔÓ%�É,�Ñ/\�]$%CgRS

� 3, 0.0%1� 1.2%% NaCl����/%*+����%=E©(�vRCòKL/\�]SK�
,�,j¢®��vRSºíRSK�,�%)��0BÂXR$%��vºBSE%�0Tv®í�

\�#B�~#vW�]0.4%t±%��/,Âw§ìS%������RSB�]����V;S�
����/%�0T#���/\��¹�e�¨�]0.7%1� 1.2%v1»SE%®í��0;R$¨
t±%��/,®í�Â#|X·B]�

�

^ 4, 0.0%1� 1.2%% NaCl����/%2����%=E©(�vRCòKL/\�]SK�,�
,j¢®��vRSºíR$%)��0BÂXR$%��vºBSE%�0Tv®í�\�#B�~

#vW�]0.3%t±%��/,Âw§ìS%������RSB�]1.0%�zvE��0;©(RR
$%^�%��/,V��Ï/ÏT;RW��Ï/�0;W�SB�]~%©(%^�%��/%R

E%�0T,Âw&]/\��R0.6%�ï�Jv$¨t±%��/,E,SSÏT;W�SB�]�

���
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ú�vtR�¾�ýgS¼¾Ë#RS�!RC] 

(2)�¾?,R���%Wv�¾�l�C¾Ë�QRSB�] 

(3)B�+�?,RU�¾R½�¾%w�v���C¾Ë�QRSB�] 

(4)î�²H�+?,���%v�vc�l�C¾Ë�QRSB�]SùÝ/,����V��

�vï¨C[v~%¾ËvW�R#\�] 

(5)�¼?,�¼¾%����QRSB�]Q�!tÃ%��e3/,~%¾Ë��Ã/\�]

¼¾?%�������©��#~%w�W¾Ëve��ò�����¨��RËb%}

/,$¨�%£É�¥�-/\�CCgRSú�vtR$¨�§ìS�ýgS�¼?#�!

RC] 

(6)ª��,?,d¾�¥]¾%����QRSB�] 

 
 

üþY
 ýmY
 p?f?Y
 À?h)�þY
 �üY
 >.�ÚY


     

    

���øWäZ

ñX�Ee�	

þnt��Ön
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�=¹FE	�
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FE	�&&�

���	t


øWä&ó�ý

mnV�FE	

þnt�þÊ


&�UZ�`�

&þnn��Ã

Et


øWä� 3j¢
s� 4j&��
V�FE	þ

ntåþ"øW

ä&¼XÇ�

XZÏzu�

�	t


øWä&Ä°�é

�&�nV�FE

	þntU=I�

ª"X� æ̀$À�

"ª"X�ZÏz

u��	t


�üþ&øW

ät��� 

8&ö÷Ç�

øWäZ�ñ

X&þnt!

�øWäZ�

m��>&"

�Ç�¦Z`

m�pDS�

��	t


�þÇ[Dþ&

øWätNaClª
"X&¼X�

Z`cd4� 24
kv&!�øW

äZ&mu��

	t


 

sCRDHI�%�!vw�¾Ë%�BSRST!³�u-%LM�£ì�CgvRNaCltÃ

%�¢�.BSR5�!%���/}�¶�~#vRC] 

0.6%R0.9%R1.2%NaCl���,RFH�1#RSYZ§�#R$¨Ö¨205mOsmolR308mOsmolR

410mOsmolv�»§�]é%�!���W�zvò!î������~%����»vW�w�R

�!���£.RC]t±R205mOsmolR308mOsmolR410mOsmol%����$¨Ö¨W��R

���RV��#êÍ] 

!�øWä


0.6%NaClª"X

cd4� 24kv
 


!�øWä


0.6%NaClª"X

cd4� 24kv
 


!�øWä


0.6%NaClª"X

cd4� 24kv
 


åþ"øWä


0.6%NaClª"X

cd4� 60�
 


åþ"øWä


1.2%NaClª"X

cd4� 60�
 


!�øWä


0.6%NaClª"X

cd4� 60�


Ä {
 cd��gh	øWä&þn��

���
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^ 51�^ 9,*+����% 60�6/%¾Ë©(�vRCòKL/\�]*+����%

60�6%��/,R�!����v\�#R�6��û§�ÂXR����VBÂXR¼¾?1

�%©¾��;RÈvî�²H�+?#�¾?v©¾§�#B�ïOv\�~#��1�C]R

1RR����VB����v\�S�î�²H�+?v©(�tR¼¾?/\������

;��T¨C]&�%DHI����#¸�%DHI�����v\����/,©(%�v

�B�e�¨R^Ó/,R����WB#�¹�îW;W�SBC]�Ó/,RX%���±

v\�S��¹vÂ#|X�â,·1�C]sCRCaCl2����/,Èv���©¾�¨~

RSBWB�¹��;W�SBC]ò!î������/,W���/î�²H�+?��;

e�¨C]sCR$%V���/,©¾RSB��¹�îW;W�SBC] 

^ 15%òKL, 24�6�%�����%*+����#2����%¾Ë�vRC�%/\

íR*+����v:BS,%Ïv�RSB�]*+����,�!����%���,���

¨~RR�¹�Â#|X��/0W1�C]ò!î������v\�#R60��#ÜÝRS�

¹,îW;W�S,B��R�¹���§�~#�/0C]¾Ë,Â#|X�¼¾?/\�C] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

^ 5,*+����% 60�6% NaCl����/%¾Ë©(�vRCòKL/\�]����V;R�6
��û§�ÂX©¾§��¹����]Èvî�²H�+?%�����0;��SB�]����WB

ÂX�¹�îWB] 
 
^ 6,*+����% 60�6% KCl����/%¾Ë©(�vRCòKL/\�]����V;R�6
��û§�ÂX©¾§��¹����]Èvî�²H�+?%�����0;��SB�]V���wí

�W�����%Â�/�¹�îW;W�SB�] 
 

���
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^ 101�^ 14,2����% 60�6/%¾Ë©(�vRCòKL/\�]2����% 60

�6%��/,R�!���%����V���/î�²H�+?v©¾RC�¹���T¨C]

R1RR�_%¾Ë©(ïO#RS,RX%¿Àv\�S��¹vÂ#|X�â�W;R©¾

�¹�îW;RËb}RC���#�6�ûvw�LM�\sí�»WB#B��%/\�C]

ò!î������/,�!����%�%#��vR¼¾?��;%0��RgSBC]R1

RRW��/,}"r 30�wí�1��¹��0;�írgR����V��/,}"r

0�ve�¨Cî�²H�+?��6%�ûvRC��S$%��îT�SºíR����/

,}"r 30�vRV���/,}"r 45�v,§ìS·;W�SBC]~%w�v�!�

���/%©(#,âW�C��e�¨C] 

^ 15%òKL, 24�6�%�����%*+����#2����%¾Ë�vRC�%/\

^ 7 ,*+����% 60 �6% MgCl2����/%¾Ë©(�vRCòKL/\�]����V;R�

6��û§�ÂX©¾§��¹����]Èvî�²H�+?#�¾?%�����0;��SB�]�

���âW�SBS�R�¹v�0W�â,WB] 
 
^ 8,*+����% 60�6% CaCl2����/%¾Ë©(�vRCòKL/\�]����V;R�6

��û§��©¾§��¹����]Èv�¾?%�����0;��SB�]����âW�SBS�R

�¹v�0W�â,WB]é%�!����%���wí�©¾�¨~RSBWB�%��B] 
 

^ 9,*+����% 60�6%ò!î������/%¾Ë©(�vRCòKL/\�]����W
BÂX©¾§��¹��B]0��1�î�²H�+?��0W0��egSB�]�6��û§��R
î�²H�+?��0;�¹§�]���%��\�S�R�_%�¹v,Â#|X�â�WB] 

���
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íR2����v:BS,&Ïv�RSB�]24�6�%��/,RCaCl2���#ò!î��

���%W��#����/����²;W���¨~RSºíR�¹�Â#|X��/0W1

�C]$%Â1%�!����/,R60��%�¹#ÜÝ§�#R©¾�¨~RSB��¹��

�SBC�R�¹,Â#|X©(�·1�C] 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

^ 10,2����% 60�6% NaCl����/%¾Ë©(�vRCòKL/\�]��V���v\
�#î�²H�+?�e�¨C]X%���±v\�S�¼¾?��;R�6��ûRS�Â#|X©

¾�¹%0�,©(RW1�C]����WB#�¹�SSîW;W�SBC] 
 
^ 11,2����% 60�6% KCl����/%¾Ë©(�vRCòKL/\�]V���v\�#î
�²H�+?�e�¨C]X%���±v\�S�¼¾?��;R�6��ûRS�Â#|X©¾�¹

%0�,©(RW1�C]����VB#�¹�îW;W�SBC]  

^ 12,2����% 60�6%MgCl2����/%¾Ë©(�vRCòKL/\�]V���/,î

�²H�+?�e�¨C]X%���±v\�S�¼¾?��;R�6��ûRS�Â#|X©¾�

¹%0�,©(RW1�C]���%�B�\�S��¹v,Â#|X�â�W1�C] 
 
^ 13,2����% 60�6% CaCl2����/%¾Ë©(�vRCòKL/\�]X%���±v

\�S�Rî�²H�+?�e�¨R�/�¼¾?��;R�6��ûRS�Â#|X©¾�¹%0

�,©(RW1�C]����VB#�¹,SSîW;W�SBC] 

���
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���,*+�#2�/ÜÝ§�#R*+����%��B]sCR*+�����2��

��vk�RSRÂ#|X§ìS%yz±/��%¾Ë���T¨C]����v\�S�Y

RS�ÃW©�¤�;w|}¼ÇË±%���}»�e�¨�´»/,WB~#��1�C] 




cdìtö÷Ç�øWä&þo��


� } 1#} 2/,R2�#*+�%����.BS¾Û©(�£ìC�RQ�!tÃ%��

�/,X%w�W©(�¨~§%1�R���,�Ê}#·Ê%�%wí����v(§��Ñ

�\íR©¾Rv;B%/,WB1R#B���%±/R} 3#RS£ì�~#vRC]$¨

Ö¨%e3%NaCl���/%���%��,FH� 1#RSYZ§�#R2� 0.9%R�B�3

1.0%R�� 0.9%R�S! 0.7%RîH 0.8%/\�]¾Ë�!,v 1#v 2v�RC 11�!v�

^ 14,2����% 60�6%ò!î������/%¾Ë©(�vRCòKL/\�]��V���v\
����,î�²H�+?�e�¨RBt¨� 45 ��s/v,·;W�SB�]X%���±v\�S�
¼¾?��B]W���/, 30 ��1��¹��0;�îRrgR��V���/,�¹,���S
�6vLMT¨tRÂw&]vEC¨SBC] 

^ 15 ,*+����#2����% 24 �6�% NaClRKClRMgCl2RCaCl2Rò!î�

�����/%¾Ë�s#gCòKL/\�]*+����%ò�Rò!î������

%���tÃRÂw§ìS����¨~RSºíRò!î������/,¼¾?��B]

�¹,V��/îW;W�SB�]2����%ò�RCaCl2���#ò!î����

�%W�����/;RB���e�¨C]$%é%���/,�¹, 60�6/%�
�#���/\��R©¾�¹,�;W�SBC] 

���
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!RC]¼¾?R�¾?RB�+�?Rî�²H�+?R�¼?Rª��,?%¾Ë%Ègv:

BS,} 2%×k#v 1v�RC�í/\�]iCve:1�C¾Ë/\�R1»?RW¾}

?Rg}s?RR´?Rwí?%Èg,t±%�í/\�] 

� (1)1»?,R�¼¾%���%Ì��B;�1VfRSB�¾Ë�QRSB�] 

� (2)W¾}?,R�¼¾%���%���#��SB�¾Ë�QRSB�] 

� (3)g}s?,R�¼¾%���%Ô��#��SB�¾Ë�QRSB�] 

� (4)R´?,R���v�vR´�\�¾Ë�QRSB� 

� (5)wí?,R�¼¾%���%��sC,Ô�v�¹¢�®�SB�¾Ë�QRSB�] 

 

 

� ^ 16#^ 17,$¨Ö¨R2����%}"r 60���R24�6��/% NaCl��vw

�¼¾?%E%�0T�\�´RCòKL/\�]} 1#,âWíRËb, 0.2%t±%���

�/Âw§ìS%�������¨~RSBC]©(ïO�} 1#,âWíR?±ÐW©(,

e�¨tR���W±§�v:¨SE�ÏT;W�SB;#B��%/\�C]jÏ�} 1

wí�îW1�CCgR×kv�B�/C#���¨�]Ë�RjÏ��SRå}§���

�\�] 

 
 
 

�hY
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 ��¢Y
 reY
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���#��SB

�¾Ë]����
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/�;e�¨�]


�¼¾%���%Ô

��#��SB�¾

Ë]Q�!tÃ%�

��/, 24�6�
ve�¨�]


���v�vR´�

\�¾Ë]î�²H

�+?#,�BR¹

%¾Ë/\��¼?

�dRSB�]�B

�3���% 24�
6�%V��/�;

e�¨�]


�¼¾%���%�

�sC,Ô�v�¹

¢�®�SB�¾

Ë]�����SR

îH���% 24�
6�%V���/�

;e�¨�]


/.øWä


1.8%NaClª"X

cd4� 24kv


/.øWä


1.8%NaClª"X

cd4� 24kv
 


/.øWä


1.8%NaClª"X

cd4� 24kv


/.øWä


0.2%NaClª"X

cd4� Ìk�
 


 p�QøWä


1.8%NaClª"X

cd4� ��kv


Ä �
 cd��gh	øWä&þn��

���
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^ 18#^ 19,$¨Ö¨R2����%}"r 60���R24�6��/%NaCl��vw�

�¾Ë%0��\�´RCòKL/\�]~¨s/%}/,NaCl�� 1.2%�o�V�/\�

���#RS.BS0C�R$¨tPvV�/\� 1.8%R3.0%/£ìC]§�#R60��/,

Â#|X©¾RW1�C2����%�;�©¾�¨~RC]60��R24�6�#�v���

VBÂX¼¾?��î§�&/�¾?#î�²H�+?��¹RR�_ÐvRV��Ï/�;

©¾§�ïOv\�C]24�6�/,W���/�©¾�¨~§w�vWíR���/\� 0.9%

tÃ%��/©¾�¹��¹RC] 

 
 
 
 
 
 
�  

 
 
 
 
 

^ 16,}"r 60��% NaCl��vw�2����%E�vRC�%/\�]} 1#,âWíR1.0%^
�/E�SSÏT;W�SB�] 
 
^ 17,}"r 24�6�% NaCl��vw�2����%E�vRC�%/\�]Â#|X%��/���
E�ÏT;W�SB�]1.8%% NaCl����/, 60��#�0T�\sí©´�W1�C] 

^ 18,}"r 60��% NaCl��vw�2����%¾Ë%0��vRC�%/\�]V���v\�Â
Xî�²H�+?#�¾?�%©¾��;e�¨�]W���/,Â#|X©¾�¨~RSBWB] 
 
^ 19,}"r 24�6�% NaCl��vw�2����%¾Ë%0��vRC�%/\�]Â#|X%��
/©¾�¹%0���0;W�SB�]V���/,î�²H�+?�RW��/,ª��,?�ÈgÐve

�¨C] 

� {Í

� {Ì



���
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^ 20#^ 21,$¨Ö¨R�B�3���%}"r 60���R24�6��/%NaCl��v

w��¼?���%E%�0T�\�´RCòKL/\�]Q�!tÃ%��e3���,R�

ÃW¾Ë��¼¾/\�CgRèE#¦E��»SY\�¶�C]�B�3���%ò�R0.1%

t±%��/Âw§ìS%�������¨~RSBC]60��# 24�6�/,�0Tv�B

,Â#|Xe�¨W1�C]sCRèE#¦E,��vR��©(�RSBC]�û�6v�´

�tRèE#¦E#�v 1.2%\Cí/E�o��0;WíR$%^�/,E,ÏT;W�#B�

åWí%©(�¨~RSBC]W��Ï% 0.4%/,�0T�SS�0;W�SBC] 

 
 
 
 
 
 
 

^ 22#^ 23,$¨Ö¨R�B�3���%}"r 60���R24�6��/%NaCl��v

w��¾Ë%0��\�´RCòKL/\�]60��/,�¼?�X%��vºBS��0;$

%0��egSBC�RW�/\�ÂX©¾�¹��;W�SºíR�v¼¾?RB�+�?R

W¾}?���SBC]24�6�/,R�B�3���%���/\� 1.0%^�%��/\�

0.9%# 1.2%���/,Â#|X©¾�¨~RSº�tR�¼?��0;egSBC]R1RR

$¨tÃ%��%����/,R©¾�¹%0���0;W�SBC]W��Ï/,�v¼¾?

#�¾?�RV��Ï/,R´?��;áâRSBC] 

 
 
 
 
 
 
 
 

� �k
 � �{


^ 20,}"r 60��% NaCl��vw��B�3���%èE#¦E�vRC�%/\�]èE#¦E,
��v©(RSB�]���vnB��/\� 1.2%/o��0;Wí$%^�%��/,E�ÏT;W�#B
�åWí%©(�RSB�]0.4%/E�åz�0;W�SB�] 
  
^ 21,}"r 24�6�% NaCl��vw��B�3���%èE#¦E�vRC�%/\�]èE#¦E
,��v©(RSB�]���vnB��/\� 1.2%/o��0;Wí$%^�%��/,E�ÏT;W�#
B�åWí%©(�RSB�]0.4%/E�åz�0;W�SB�] 

���
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� ^ 24#^ 25,$¨Ö¨R�����%}"r 60���R24�6��/% NaCl��vw

��¼?%E%�0T�\�´RCòKL/\�]�����%ò�R0.1%t±%��/,Âw

§ìS%�������¨~RSBC]sCRèE#¦E,��vR��©(�RSBC]0.9%

\Cí/E�o��0;WíR�B�3���#��vR$%^�%��/,�0T�ÏT;W

�SB�#B�åWí%©(�¨~RSBC]60�# 24�6��ÜÝ§�#R24�6�%�

9�W¨g�e�¨C]W��Ï% 0.3%/E��0;WíR0.2%/ÏT;W�#B�©(�R

60��R24�6�vk�RSe�¨C] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

^ 26#^ 27,$¨Ö¨R�����%}"r 60���R24�6��/%NaCl��vw�

�¾Ë%0��\�´RCòKL/\�]60��/,X%��/��Ã/\��¼?��0;0

��egSBC�RW��/\�ÂX©¾�¹��;WíRÈv1»?��¹RSBC]24�6

^ 22,}"r 60��% NaCl��vw��B�3���%¾Ë%0��vRC�%/\�]�¼?�X%
��vºBS��0;$%0��egSB��RW�/\�ÂX©¾�¹��;W�SºíR�v¼¾?RB

�+�?RW¾}?���SB�]  
 
^ 23,}"r 24�6�% NaCl��vw��B�3���%¾Ë%0��vRC�%/\�]�B�3�
��%���/\� 1.0%^�%��/\� 0.9%# 1.2%���/,Â#|X©¾�¨~RSº�tR�¼?�
�0;egSBC]$¨tÃ%��%����/,R©¾�¹%0���0;W�SBC] 

^ 24,}"r 60��% NaCl��vw������%èE#¦E�vRC�%/\�]èE#¦E,��
v©(RSB�]0.9%/o��0;Wí$%^�%��/,E�ÏT;W�#B�åWí%©(�RSB�]
0.3%/E�åz�0;WíR0.2%/ÏT;W�SB�] 
  
^ 25,}"r 24�6�% NaCl��vw������%èE#¦E�vRC�%/\�]èE#¦E,�
�v©(RSB�]0.9%/o��0;Wí$%^�%��/,E�ÏT;W�#B�åWí%©(�RSB
�]0.3%/E�åz�0;WíR0.2%/ÏT;W�SB�] 

� ��
 � ��


���
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�/,�����%���/\� 0.9%^�/,\sí©¾�¨~RSBWB�%%R$¨tÃ%

��/,©¾�¹%0���0;WíRW��Ï/,1»?�RV��Ï/,wí?Rg}s?R

W¾}?��¹RSBC] 

 
 
 
 
 
 

^ 28#^ 29,$¨Ö¨R�S!���%}"r 60���R24�6��/% NaCl��vw

��¼?%E%�0T�\�´RCòKL/\�]�S!���%ò�R0.1%t±%��/,Â

w§ìS%�������¨~RSBC]sCRèE#¦E,��vR��©(�RSBC]�

0.9%\Cí/E�o��0;WíR�B�3S�����#��vR$%^�%��/,�0T

�ÏT;W�SB�#B�åWí%©(�¨~RSBC]~¨�%©(,�S!���%ò�R

24�6�%�,�0í#e�¨R60��/,SS¿%vW�SBC] 

 
 
 
 
 
 
 
 
 
 
 
 

^ 30#^ 31,$¨Ö¨R�S!���%}"r 60���R24�6��/% NaCl��vw

��¾Ë%0��\�´RCòKL/\�]�S!���%ò�RèE#¦E%��ÏT1�C

Cg1R60��R24�6�#�v¼¾?%eg�0���0;RÈvW��vW�v:¨S$

^ 26,}"r 60��% NaCl��vw������%¾Ë%0��vRC�%/\�]�¼?�X%��
vºBS��0W0��egSB��RW���v\�ÂX©¾�¹��;WíRÈv1»?��¹RSB�]

  
^ 27,}"r 24�6�% NaCl��vw������%¾Ë%0��vRC�%/\�]�����%�
��/\� 0.9%^�/,\sí©¾�¨~RSBWB�%%R$¨tÃ%��/,©¾�¹%0���0;W
íRW��Ï/,1»?�RV��Ï/,wí?Rg}s?RW¾}?��¹RSB�] 
 

� �ñ
 � �%



^ 28,}"r 60��% NaCl��vw��S!���%èE#¦E�vRC�%/\�]èE#¦E,�
�v©(RSB�]���vnB��\� 0.9%/o��0;Wí$%^�%��/,E�ÏT;W�#B�å
Wí%©(�RSB�] 
  
^ 29,}"r 24�6�% NaCl��vw��S!���%èE#¦E�vRC�%/\�]èE#¦E,
��v©(RSB�]60 ��#��våWí%©(�RSB�]~%©(, 60 ��wí� 24 �6�%�
9�W¨g�e�¨�]  

���
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%0���0;W�SBC]sCRX���©¾�¹%0�,RW��/\�ÂX�0;W�#

B�ïOv\�C]60��/,©¾�¹%Â#|X�¼¾?/\�C�R24�6�/,B�+

�?S�¾?%0���0;W�SBC] 

 
 
 
 
 
 
 
 

 
 
�  
 
 

^ 32,îH���%}"r 60���/%NaCl��vw��¼?%E%�0T�\�´RC

òKL/\�]îH���%ò�,R60��/, 0.2%t±%��#R24�6�/,§ìS��

��¨~RSBC]0.9%/E�o��0;WíR$%^�%��/,�0T�ÏT;W�SB�

#B�åWí%©(�¨~RR0.3%/,�0T�åz�0;W�SBC]^ 33,îH���%

}"r 60���/%NaCl��vw��¾Ë%0��\�´RCòKL/\�]Â#|X��

¼?/\�C�RX%��vºBS�¼¾?�Âw&]%0�/áâRSBC]V��Ï/,��

W�!%©¾�¹�e�¨C] 

 
 
 
 
 
 
 
 
 
 
 
 




^ 32,}"r 60��% NaCl��vw�îH���%èE#¦E�vRC�%/\�]0.9%/E�o��
0;WíR$%^�%��/,�0T�ÏT;W�#B�åWí%©(�¨~RR0.3%/,�0T�åz�0
;W�SBC] 
  
^ 33,}"r 60��% NaCl��vw�îH���%¾Ë%0��vRC�%/\�]Â#|X��¼?
/\�C�RX%��vºBS�¼¾?�Âw&]%0�/áâRSBC] 

^ 30,}"r 60��% NaCl��vw��S!���%¾Ë%0��vRC�%/\�]èE#¦E%
��ÏT1�CCg1R¼¾?%eg�0���0;RÈvW��vW�v:¨S$%0���0;W�S

BC]©¾�¹%0�,RW��/\�ÂX�0;W�#B�ïOv\íR©¾�¹%Â#|X�¼¾?/

\�C ] 
 
^ 31,}"r 24�6�% NaCl��vw��S!���%¾Ë%0��vRC�%/\�]60��#
��v¼¾?%©¾�¹�X%��/�e�¨RÈvW���/�;%0��egSBC]B�+�?S�

¾?%0���0;W�SBC] 

� ��


���



  

   16 
 

�Ë


=E©(v:BS,*+����%ò�R����VBv�11´�t=E��0;EC¨S

BCíR����WBv�11´�tE�ÏT1�Cí§��¹�e�¨C]Èv 0.7%1� 1.2%

v1»SRTs[sWE�e�¨R§ìS%�¹�&�W©(�¨~§´»/,WB~#��1

�C]2����%ò�, 1.0%#B�Âw��vnB���zvRW��Ï/,�_#RSE�

�0;RV��Ï/,�_ÐvE�ÏT;WíR$%^�%��/,ÂwE%�0T,©(RW

B#B�R±?Ë%¥ÉÊW©(�¨~RSB�~#��1�C]§W´�RX��%�vºB

S�$%���,R����WBÂX=E��0;RVBÂXÏT;W�#B�����v��

CE©(�¨~§%/,WB] 

&'vR��%��,R�{M�ò�#����æ�ÐvY\§�~#/£]§�(3)]R1RR

Ëb%}/,���E%\]S¾Ë'#%Y�¶�CgR��%�·,²-�PQP/£¶

RC]$%×kR���¨~§����v:BS,Matsuzawa�(3)vw��æ�ÐW®/%×

k#,âW��%#W�C]*+����,�æ�ÐW\]}#R0.4%NaCl���/ì 50%%

��#B��%/\�C�RËb%}/,Âw§ìS���RSBC]2����,R0.1%NaCl

���/ì 30%%��#B��%/\�C�RËb%}/, 0.3%NaCl���/Âw§ìS�

���¨~RSBC] 

~%w�WTs[sW��%����/%E©(v,R¾Ë%©(�#�W�SB�~#��

�T¨C]���¾Ëv:BS,RØ��Ëï��%���H�<u(5)v$%�!���T¨S

B�]$¨�,���v#�W�©(/,W;RTs[sWh
v#�W�¾Ë©(�vRC�

%/\�]sCR[v������RC#0R�tR�~¨�%�!vRC��Sz v�É

/0��%/,WB~#�\íR~%}/,ø�øm/ 6:%¾Ëv�!§�~#vRC]� �

60�6/%¾Ë©(v:BS,*+����%ò�R$%©¾,�!����v\�#R��

�#�6�û%LM��0B~#��1�C]R1RR§ìS%�������vRC��C©

(�¨~§%/,W;RV���/�¼¾�E�SB��%RsCRW���/�©¾�¨~R

SB��%�\�~#��1�C]sCRMgCl2�CaCl2����v\��¹,RNaCl�KCl��

��%�¹#ÜÝ§�#R���%�Bvw��¹%�â,Â#|Xe�¨W1�C]sCR

CaCl2����/,Èv©¾RSBWB�¹��;W�SBC]Ë�Â1%�¢�.BS}�

¶BRz\§����\��RDHI�%��¾Ë©(vLMRSB��-Ñ�\�]ò!î

������v\�#RW���v\�S�î�²H�+?��;e�¨R���tÃ%���

��RSB�#���¨�] 

2����%ò�RËb}RC���#�6/,Â#|X©¾�¨~TWB~#��1�C] 

&R24�6�/,��v:BS 60�6/%��/,e�¨W1�C©(�¨~RSBC]

*+����/,ò!î������%�%%¾�d�SºíR�!����/,V���/�

���¨~RSBC]2����/, CaCl2�ò!î������/²;W���e�¨C]2�

���
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��vº»�ò!î���, 0.1%(ì 0.006MR6mOsmolå��%��/\íRËb%}/.B

Cò!î�� ¹/%����»%��,R���v#�SfgSV��/\�]ò!î��,

���v#�S=7ÐWST!³�ï/\��R~¨}»V��/,R�¹v#�SâÃWËÛ

/\�]sCRò!î��v½�tRDHI�v:BS�Ïñ%�i���vÜì�#âÃWÂ

X%V��/\�]tP%~#1� 60�6��%è�6/%���%¾Ë©(v,DHI�Sò

!î��,�v����Y]§��¢é�#RS%LM�\�#���¨��R24�6�%¾Ë

©(v,DHI�Ì6T!Sò!î��vw� ATP%l_�âjWX%u-��´�SB��-

Ñ�\íR�6vw�S¾Ë©(�}0¨~§���âW�SB�~#����¨�]

Backman(1) ,Weed(4)�%óØvºBS�RCa2+,�¹³S�¹kH%©¢�}0¨~§~#RATP

%�î� Ca2+%�¹�}0¨~§#B�~#�§/T¨SºíRÈv 24�6�%���%©(v

:BS,R³eÅS�ûÑ%©(#DHI��ATP��%��v:BSRT�vzÖRSB;�

��\�] 

sCRËb%=E#¾Ë©(v:BS%×k��RS¾�#R*+����/,���¨~R

rg�����, 0.4%R2����/, 0.3%#R2����%�W;W�SºíR¾Ë©(

v:BS�2����,*+����vÜìS©¾�¨~§�¹�îW1�C]~%~#1�R

*+����#2����/,���v(§��Ñ�âW�SBSR2����%��Ñ�V

B#���¨�]l�(6)vw�#R*+����%mÎ,ì 40¥R2����,ì 120¥/\�

#B�]~%mÎ%�%&��#RS���v(§��Ñ����¨�] 

��e3���%¾Û©(v:BSR·Ê/\�Q�!���#R�Ê/\��!�Ôl!�

��!� !����ÜÝRS¾�#RE©(v:BS,R·Ê���/,W��vW�v:¨

SE�ÏT;W�SBC]&R�Ê���%ò�/,RV��1����%6%��/,��

�ñ;W�v:¨SE��0;WíR���^�/E�o��0;W��R$¨t±%��/\

�W��vW�#E�ÏT;W�ïOv\�]Â#|X%���%ò�R��&�W���/�

0;WíR$%����¨~§]~%w�W©å±�0;w�W©(,R60��wí� 24�6

�%�9�W¨g�e�¨C]sCRèE#¦E,��v©(RRX��1&��0;WíR

��&,ÏT;W�#B�©(,Â#|Xe�¨W1�C] 

¾Ë©(v:BS,·Ê���/,V��/�;�©¾�¨~RSBC�R�Ê���/,W

��/©¾RS§B#B�ïOv\�C]sCR·Ê���v,e�¨tR�Ê���/,e�

¨�¾Ë�\�~#1�RÊ%�·S¹%¾Ë%�BWX�¾Ë©(�LMRSB�#���¨

�]X��%���� 60��wí� 24�6�%�Ts[sW¾Ë�e�¨C] 

Ëb%}×k1�R�Ê/\¨«�¹vp��\íR¾Û©(S���¨~Rv;1�CíR

���v(RS�Ñ�\�Cí§�#B�´»/,WB#���¨�] 

�Ê���%�/�RÏñ%¾ÛR���¨~Rrg���RËb,�R;£ìSBWB�R

���%��1�£¶§�#R�����vw�SâW�SºíR$¨Ö¨�l÷§�yzSR

���
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�A%üTWX%_%:;ív��RSB��-Ñ�\�]} 1#} 21��1�w�vR

·Ê���vºBS�R*+�#2�,��Q�!/\��RTs[sW����e�¨C]s

CR��nS�v�!T¨�e3/\�S�Rql1�l1WX%�Bvw�S���%�B�

e�¨�#���¨�] 




@~�67  

*+�����2����#�vR��v��S yv$%ES¾Ë�©(§�´»/,WB]

*+����#2����/,=E#¾Ë%©(ïO�âW�SB�##�vR���v(§�

�Ñv���\íR�����±v\�#R2����%��Ñ�VB]sCR��¿À±v

\�S�����âW�C¾Û�#�SºíR¾Û©(%R1Cv,©�¹�±�\�]¾Ë©

(�}0¨~§��,�6vw�SâW�SºíR60�6/,�v����R24�6�v,�

v���%DHI�Ì6T!SST!³�u-�11´�SB�#���¨�]·Ê���#�

Ê���/,¾Û©(%ïO�âW�SB�]R1RRÊ%�·����v(§��ÑvLMR

SB�´»/,WB]����%�Ñ,RÊ%�·���RSB�#B�wí,R$%e3%l

÷yzS_%:;ívLMRSB��-Ñ�VB] 

Ë�,R������^% NaCl��/E%¿Ö¾�±��4µv:BS|<RSB0CB#

��SB�](��/,R(1)���%mÎ���RSºíR=E��0;W�C¬B����Ü

ÝÐVB��%��/���¨~RS·;W�~#vw�S�_%¿Ö¾�±��CR(2)��%

R1C���RSºíRËb%��/,Ñ�v¾Û�e�W;W�CËÛ���#RC�RW�

��/e�¨C���%ò�R¾Û,�/#���~#�/0����%��/\�R#B��

-Ñ�\íR$%[%M�ò�#��{�=E�ÏT;RSB�R#B�wA�ÄSSB�]�

��%mÎ�$���Cgv,RL»�!2¿K���.BS���%����§ìS��T�R

_Õ/����^�¨S1�%¥�$���R#B�®�\�#B�P��¥Ïe3�r�

È�r(2012I 9Ì)/�»C]$%®�.BSR���%mÎ#¾Û%��v:BS�|<R

CB] 

sCRCaCl2���#ò!î������/ 24�6�ve�¨�²;W��%��#RS��

�¨�RCa2+# ATP%¾Ë©(�%��Ñ%z\Rl4Ð�!��1�RÈ]%HI�}»�Ó

BC����£�RR�HI�%���¾Û�%LMv:BS£ìSB0CB#��SB�] 

�Ê���v:BS�R;�<§�CgvR�B�3R��R�S!RîHtÃ%����.

BS}RRe3%l÷yzS�!P%!��#���%¾Û©(ïO#%�É�#��CB] 

 

:�;<
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�����&���Ê�ý


Èßvm�

ÒÓÔÁÂUV��Ä� øsù�öl3ú�




 
â_!%"#$%&'()Ñ,�vw�SYs�SB��R$¨tÃ% !/,ú_vw�

SâW�#B�]&Râ_!tÃ/�%&'()Ñ�Ys�SB���\�#B�LM�

\íRHB�!WX��.RR"#$%&'()Ñ%Y]%�·�£ì�~#vRC]$%

×kR*HB�Rm�*,ú_vw�SâW��R*ª�R*�½H,&Fµñ%"ä��

�Ï��íR+!�HB�,�Ï���~#�´1�C]sCR�+JÌHB�,"ä��

Ï%"ä�õv�1¨�?/\íR"ä�õ%ÏS�Ï���"ä�õ�%&X��%

F�vµñ§�1,&]/,W1�C]~%�+JÌHB�%"ä��y³#"�#%6�

X%w�vÉw§�1�T�v£ìC#~�Ry³%�Ïö�1�ªz�"ä�,%&v#

$RR�(Ï%"��Ïv7ÊRSºíRy³%�Ïö�1�ªz�"ä��R%&�(Ï

%"��Ïv7ÊRSBC]sCR�+JÌHB�/"#$tÃ%%&'()î¢%]ó#

RSRxyRz�<R4�£ìC]$%×kRxyRz�</,%&'()Ñ,e�¨W1

�C�R4,��Wbc�e�¨Rú_vw�S°�¨�Ts[s/\�C] 
 




����


� %&%F�1�fvªz�"ä�,R��e3%ò�%&#$RSfvï�]~¨�"#$#

B�] !%"#$,Q�!#,âWí�#$#W�SºíR%&ÔF�1�ªzSB�"ä�

,Ñ�v%&ó%"�vï�]�7(1)vw¨«R�Ï���"ä��%&X��%F�vµñ§

�1#B�"#$%%&'()Ñ,R�½H�2K�#B�Câ_!/,�vw�SYs�SB

��R$¨tÃ%�/,ú_vw�SâWíR$¨Ö¨Âw��0�/áâ§�#B�]&R

���(2)vw¨«â_!tÃ/�R%&'()Ñ�Ys�SB���\�#B�]$~/RHB

�!WX��.RR"#$%&'()Ñ%�#RS%Y]%�·�£ì�~#vRC]sCR$

%û�vºBSR�+JÌHB�%"#$��%"ä�õv�1¨S#$§�?/\íR%&

"ä�õ%ÏS�Ï���"ä�õ�%&X��%F�vµñ§�1�&]/WB~#vj�

BC]$~/R} 2#RS"�#y³6%Éwv:BS£ìC]sCR"#$tÃv%&'(

)Ñ��§eÅ�WB1v:BS�£ì�CgR} 3/,$%]ó#RSxyRz�<R4v

ß�RS�+JÌHB���{�Ðv|�RC] 

 
 

�����


� ÁÂ*Õ%��¼�*�4Ë�sC,²Ë��TËñ/DïRCR+!�HB�(Etumens 

teres)2ú_R�+JÌHB�(Engraulis japonicas)2�ú_R+H&H^+���(Clupea harengus )3

ú_R*HB�(Sardinops melanostictus) �mú_RîH(Cyprinus carpio)7ú_Rm�*(Cololabis 
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saira)mú_R*ª�(Trachurus japonicas)`ú_R*�½H(Pleuronectes herzensteini)2ú_R�Y )

� )�ú_��.RC]C}RR�.RC�+JÌHB�,§ìSRB´®�©�/R±#RS£

|T¨SBC�%/\íRF�#"ä�%7ÊWXv�´���,RfW�WBÏ�.BC] 

 

cd 1
 ���&Y 

� "#$,R���vw�S^av�RC

w�W_:%?v�!T¨SB�]§W´

�R"#$�±}Ï1�eC#0vRType1

,&Fµñ%"ä���^R:sí�Ï�

���%RType2,%Fµñ%"ä���

Ï����%RType3,"ä���%"

ä�õv�1¨S#$§��%/\�] 

� ~~/�R���v�!®vwíR"

#$%?��vw�SY]RSB�%1�

£ìC]�u#W�C§ìS% ,±}Ï1��{RSB0R"#$�e��ËÛvRCP/R

_²-��.BS���%LRC] 

 

cd 2
 /f%y)pR��>&������&�� 

� �+JÌHB�,R"ä��B;:1%"ä�õv�1¨SºíR$¨��#�vV¾�´T

�w�W"#$�¾_RSB�]$~/R�+JÌHB�y³#"ä�õ%7ÊRW�zv"#

$�%"�#"�#%7Êv:BS£ìC] 

� �+JÌHB�%�ö�±}Ï1��{RRF��"#$�f�Æ{RSR�3SÌ½�ò3

î�! 4000/~�RC]$%�R�~��"ä�#¿¶vW�w�v�Ø�3/ñ;�Ë�RR

�Ì½�=!�/t�RSV�Ç��^í²-�/���%LRC] 

 

cd 3� ��� 8&���Ê��9 

� "#$tÃv�%&'()��§eÅ�\�#��R%&v(#W�eÅ��§��%#RS

^ 2b%w�Wxy��zR$%Ïv:BS£ì�~#vRC]sCRâ(î�$%UV�°�

¨WX/%&'()��§%/,#��SR�vß��SB�z�<#4v:BS$%¾Û��

�§�~#vRC] 

� �+JÌHB�%�ö��{RS%&Ô%xy%Ï�Ã&xy1�Ã½xys/��&

/R�Ï��{RS4�z�<�aí{RR$%�����R�4ËÌ�0BC]sCR"#

$%%&'()Ñ#~¨�%î¢%%&'()Ñ#%�ÉÑ�£ì�CgvR} 1#��vR

SR�ö�±}Ï1��{RSB0R"#$�e��ËÛvRSR$%"#$%?��!RC] 

È �� rÉÊ¿Ë$1�
"#$�±}Ï1�eSRÈ*Õ7� ,&Fµñ%"

ä���Ï����%RÈ*Õ7G ,%Fµñ%"ä

���Ï����%RÈ*Õ72 ,"ä���%"

ä�õv�1¨S#$§��%/\�]�

���
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@A


cd 1
 ���&Y 

 
 
 

 

 Type1 Type2 Type3 

���� 

� �+JÌHB� �� �� 2��

� +!�HB� �� 2� ��

� +H&H^+��� �� �� 2�

� *HB� )� T� ��

îH� 

� îH f� 2� ��

�À� 

� m�* 2� G� ��

��Ú� 

  *ª� n� 2� ��

�½H� 

� *�½H 2� �� ��

Ä {
 :Ë¼�&�� &���rf�?


îHRm�*R*HB�R*ª�, Type1R2%Ô�\íR*�½H, Type1%¾R+!�HB�,
Type2%¾��+JÌHB�R+H&H^+���, Type3%¾�e�¨C]�

��� �é
 !Ö&"#
 
 
 
 
 
 
 
 
 
 ��� �Ü
 ��&�p"#


^ G<,�ö%%Ï%x��ÃRC�%]^ G-,��ö1�%&ÔÏ%Ã&,Ã½xy

�aí{RR%%Ã&xy%¾�ÇíHRC�%]xv,xÒ#ê«¨�k��'vR

SÃÏvx¸RÕÏvxy�\�]�

���
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� v 1v�RCw�vR*HB�RîHRm�*R*ª�R/, Type1# Type2%ÔR*

�½H/, Type1%¾R+!�HB�, Type2%¾R�+JÌHB�R+H&H^+���,

Type3%¾�e�¨C]R1RR�+JÌHB�, Type3%¾/\��R"ä��ZÏ%"ä�

õv�1¨S#$RSB�1�£ì�#R"ä�õ%Ï%

�;�%&�´�S 8ÏsC, 9Ï/\íRÏ�&UîW

Bú_/, 6ÏR&U�Bú_/, 11Ï/\�C]sCR

�Ï���"ä�õ�%&X��%Fvµñ§�1�£ìS

¾�#R&Fµñ� 15ú_R%Fµñ� 15ú_#W�Sº

íR%&�,W1�C]sCR&ö%ú_vºBS^ 3%w

�v 2Ï%"ä�õ��1¨tR&¦v#$RSB�ö��

e�¨C]�� Type3/\�+H&H^+���/,R"

ä�õ%Ï,%&�´�S 3ÏsC, 4Ï/\�C]Ë

b%"#$%?%�!×k,���%LM#&�RC] 

 

cd 2
 /f%y)pR��>&����$�&��

 
 
 
 
 
 
 

� �
 %ä�w��Â��w&�	��>

%F#$~1�ªz�"ä��aíÓBC

�%/\�]"ä��F�v(RS<=W

O1�/,W;R7[O1�p³v7ÊR

SB����e��]�

� �
 /f%y)pR&��>Ó


G Ï%"ä�õ��1¨tR&¦v�

#$RSB�ö��\�C]�

� �
 ��>&���&w&Ö�

&F%¾��ö1�aí{RC�%/\�]"

ä�,F�%SS��/p³#7ÊRC�=�

v���Sy³v7ÊRSBC]"ä�%CB

ö�,F�%���V�#7cRC�!/R$

¨��v[Ë/\�~#1�����/,W;

ñË/\�~#�´1�]�

� Ì
 «n&'(


F�1�y³%¾�aí{RC�%/\�]

ãB�¼/l�Cö����/R�/,W;

ñËvW�SB�]�

� Í
 '(��õön�)#	��>


^%y³Pö%å»SB�ö����#W�S

ºíR$~1�"ä��YZËvªzSB�]�

���
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� �+JÌHB�%"ä�,^ 4%w�vF�v(RS<=WO1�/,W;R7[O1�

p³v7ÊRR$%�^ 5%w�vÂw=�v���S1�y³vï�SBC]^ 6%w�vy

³%¾�F�1�aí{RSe�#R��,y³%SS�vUVRSºíR�/,W;ñËv

W�SBC]~%~#,RF�%¾��ö1�aí{RS%LRC^ 51��´1íR"ä��

C;W�SB�#~�����#7cRCö���RSB�]^ 7%RF�1�aí{RCy³

���§�#ñËvW�C��1�"ä��YZËvªzSB�~#��1�C]^ 8%#ºí

"�,6f���SºíR"�vï�"�,°�¨�~#W;"#$ö�1�¿¶vªzSBC]

sCR^ 8%V�Ç�%��1�"ä��Âw¿¶v¬�SB�~#���/0C] 

  

cd 3� ��� 8&���Ê��9 

 

¼� No.
 {
 �
 �
 �
 �
 Ì
 Í
 ñ
 %
 {k
 {{
 ��


�"#


� {"#
 70 66 67 70 71 68 66 66 69 69 71 68.4 
� �"#
 65 64 64 67 66 66 64 67 62 63 62 64.6 
� �"#
 50 49 51 53 52 52 49 51 50 50 50 50.6 
� �"#
 43 45 42 47 47 47 44 44 45 39 45 44.4 
�"#
             
� {"#
 71 68 68 70 71 68 67 70 67 67 69 68.7 
� �"#
 64 71 66 67 66 65 65 66 64 63 63 65.5 
� �"#
 54 52 50 54 51 51 46 50 47 49 50 50.4 
� �"#
 43 43 44 47 45 45 46 45 46 42 43 44.5 

Ä �
 "#&��<�


��RCú_,�ö/ 11ú_]¶�xy%UVRÍ�&ú_%xy%¾�v§]�
+JÌHB�%xy%,Rú_vw�SsC,xy%UVvw�STs[s/\íR

xy�_#RS&]%%&'()Ñ,e�¨W1�C]�

� ñ
 v*�+b��

�Ï1���RC"#$#"�/\�]"

�Õ%"ä�,Âw¿¶v¬�SB�]�

� %
 ��>&¶,-.


�%w�W&Ï&Ï�"ä�v»CíRÂw

¿¶v¬�SB�] 

���
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�  
 
 
 
 
 
 
 

 

�+JÌHB�%xy%v:BS,v 2%w�W×k#WíRÃ&xy/&Ï%xy%�

�;S�Ã¸xy/,%Ï%xy%��Bú_SR%&���;WBú_WXú_��\�C]

z�<vºBS,^ 10b%w�v§ìS%ú_/$%UVv%&/%t¨,W1�C]R1RR

^ 11%#ºí4bc,X¨���vbcRSºíRú_vwíbc%?,Ts[s/R$SB�

�%S�;âW��%�\íR%&'()/\�C] 

 

�Ë


cd 1
 ���&Y 

� +H&H^+���#�+JÌHB�,R#�v"ä���%"ä�õv�1¨S#$§�

Type3/\��R$¨Ö¨�������ù#�����+JÌHB�ù/\íRType3,È]

%ù/%¾e�¨�"#$¼+��#B�´»/,WB]~¨�% ,�#RS"#$%?�Y

��� {ké
 /��
 
 
 
 
 
 
 
 
 
 
 ��� {kÜ
 ��Ê�=/��


^ ��< �%ãB¼/l�Cö��z�<v\C�]z�<,�#4%7Êö�v\íRâ(��

ô%�P»�RSB�]^ ��< %z�<,�Ã�%ËÛ/R^ ��- ,$¨�4C�%/\�]

^ ��-%äB�¼/l�Cö��%Ï%z�</R�B�¼/l�Cö��&Ï%z�</\�]

^ ��- 1�´1�w�vRz�<,%&ÔÏvÂw��;�B%�\íR%&()WeÅ/\

�#´1�C]�

� {{
 /f%y)pR&0·¸.�z{��


��T¨C4bc%&ö�Ü�(RC�%]~¨�tÃv�R��W4bc�

e�¨C�RX¨���Wbc�RSºíRú_��\�SR$SB��%S

�;âW��%�e�¨C]�

���
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]RSB��R������/\��������ù%*HB�, Type1# Type2�e�¨R"

#$%¼+��,Y]RSBW1�C]:síR����% §ìSvºBS"#$%?�Y]

RSB�#B�´»/,WB]sCR����%�/� 3:%?§ìS���T¨R���%�

/�"#$%?,Y]RSBW1�C]�½H�Ó;����tÃ% ,�#RS%"#$%?

�Y]RSBW1�C]Ëb%��×k,���%LM#��×k#W�C] 

� Type3%�+JÌHB�vºBSR"ä�õ%Ï,�;�%&�´�S 8ÏsC, 9Ï}�

C�RÏ� 1UîWBú_/, 6ÏR1U�Bú_/, 11Ï/\íR%&"ä�õ%Ï,Y

]RSBWB]sCR�Ï���"ä�õ�X��%F�vµñ§�1,%FµñR&Fµñ$

¨Ö¨ 15ú_#R%&�,W;R�%�/Y]RSB�´»/,W1�C]�� Type3%+H

&H^+���vºBS,R"ä�õ%Ï,%&�´�S 3ÏsC, 4Ï#R�+JÌHB�

vÜìSîW1�C] 

 

cd 2
 /f%y)pR��>&����$�&�� 


 &'ÐvR"ä�,F�v(RS<=v7ÊRSB�#¦´¨��}�R�+JÌHB�%"

ä�,F�v(RS7[O1�7ÊRSºíR"ä�,p³#7ÊRC�Âw=�v���S

1�y³v7ÊRSB�Cg����vW�SB�]y³v7ÊRC"ä�,��1�YZËv

ªzSºíR��,F�%�¤/,W;SS�v

UVRSR�/,W;ñËvW�SBC]F�1�

ªzSB�"ä�õ,°�¨�~#W;¿¶v¬�

Css"�vï�SºíR"ä��"ä�õÕ/Â

w¿¶v¬�SBC]"�,6f���SºíR"

�vï�C"�,Âw¿¶v¬�SBC]~¨�%

~#%�/�R"ä�õ�"��"ä��¿¶v¬

�SB�~#R��1�"ä��YZ

ËvªzSB�~#wíRy³%öU

#"�%öU��s1v/,\��(

�û»�¨�%/,WB1#��R(

�^�^_RC]$%×kR^ 12%

w�vy³%�Ïö�1�ªz�"

ä�,%&v#$RR�(Ï%"��

Ïv7ÊRSºíRy³%�Ïö�1

�ªz�"ä��%&�(Ï%"�

�Ïv7ÊRSBC]  

 

Ì
Í�

Î
Í�

�

�Ï�
�

�Ï�

� {�
 �����&���1���:Ë�

^/,R"��6f���SB�ËÛ1�}0,�T

¨S4�¨CËÛ/��RSB�#A]RSB�C

gR"�vï�"��°�¨SB�]y³%�Ïö�

1�ªz�"ä�,%&v#$RR�(Ï%"��Ï

v7ÊRSºíRy³%�Ïö�1�ªz�"ä��

%&�(Ï%"��Ïv7ÊRSBC] 

���
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cd 3
 ��� 8&���Ê��9 

� �+JÌHB�%xy%,Rú_vw�SsC,xy%UVvw�STs[s/\íRxy

�_#RS&]%%&'()Ñ,e�¨W1�C] 

� ^ 10bv�RCw�vRz�<%UVv:BS�%&'()Ñ�e�¨W1�C�R4bc,

^ 11%w�vX¨���vbcRSºíRú_vwíbc%?,Ts[s/R$SB��%S�

;âW��%�\íR%&'()Wî¢/\�~#�´1�C]sCR$%¾_v:BS��S

¾�#R°�¨���RSB�~#��1�C] 

^ 13%#ºíR4%Ô���#��#RSµ]RCò�R4�¦;Wí¦Tv®#í�{S;

�#R4,�¨���]~%ss4�_¦RS�¨���S�R[v��T¨C4bc,¾_

T¨WB�R̂ 14%w�v4%&Ï§W´��Ï��YbívR%Ï§W´���Ï���Yb

ív°��#��&:^�¨�]��Ï���&���Ybív°��#±Ï§W´��Ïv�

���&:^�¨�]~¨�^�%��%Ov�§#��T¨C4bc#��vW�]~%~

#wíR�+JÌHB�%4bc,4�_¦vQ�SC} v�¨���S¾_T¨�%/,W

;R°�¨�¹´�S8gS¾_T¨��%/\�#���¨�]  

 

@~


� ����vß�§�#R&ö%�vºBS"#$%¼+��%Y]�e�¨R���%�/�

"#$%¼+����vw�SâW�SBC]sCRType3,È]%ùv¾�¨�"#$%¼+

��/,WB]~% Type3/\��+JÌHB�%"#$/,%&"ä�õ%ÏS�Ï���

"ä�õ�X��%Fvµñ§�1��%�/&]/,W1�C]�+JÌHB�%"ä��y

³#"�#%6�X%w�vÉw§�1v:BS,Ry³%�Ïö�1�ªz�"ä�,%&v

�2�;D

i�FE	

� {�
 Ù��&éETU&0·¸&þÊ


4%Ô���#��#RSµ]RCò�R4�¦;Wí¦Tv®#í�{S

;�#R^%w�v4,�¨����R��T¨C4bcv,W�WB]�

�2�;D

i�FE	


� {�
 Ù�����sTU&0·¸&þÊ

4%&Ï§W´��Ï��YbívR%Ï§W´���Ï���Ybív°��

#��&:^�¨�]��Ï���&���Ybív°��#±v����&:

^�¨�]~¨�^%��%Ov�§#��T¨C4bc#��vW�] 

���
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#$RR�(Ï%"��Ïv7ÊRSºíRy³%�Ïö�1�ªz�"ä��%&�(Ï%"

��Ïv7ÊRSBC]Ë�RËb%~%×k�Îü<u#RRType3%"#$/\�ð=KL

�Ë�ð��.BS5GAR"ä�õ�El?±/X%w�vV¾�´T�%1£ìSB0CB] 

� �+JÌHB�%4,X¨���Wbc�RSB��Rú_vwí¼+��,Ts[s/R$

SB��%S�;âW��%�\íR%&'()Wî¢/\�C]~%�+JÌHB�%4bc

,R4�C}�¨���C}»/,¾_T¨tR°�¨�¹´�S8gS¾_T¨��%/\�

#���¨�]Ë�,R�+JÌHB�%4bc%¾_v°�¨���RSB�~#wí���

��%��1�4bc%¼+����!RR$%%&'()Ñv:BS"#$%%&'()Ñ#

���\�1zÖRSB0CB] 




:�;<


1) �7�4. (2005). 8ºElvº»�"#�%%&Ñ¾_v(§�El�Ðªñ��Ì.

Nippon Suisan Gakkaishi]71(6) : 1004-1005. 

2) Mogi K, . et al. (2009). Optic chiasm in the species of order Clupeiformes, family Clupeidae: optic 

chiasm of Spratelloides gracilis shows an opposite laterality to that of Etrumeus teres. Laterality 14: 

495-514. 
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åþ"�{1"f�&Ú*?"¡�3&4�


5<6�


���TU���(ÎÏ�ÖV�


 

*+�(Mus musculus)%.%/0v:BS£ì�CgR*+�#²�!*����+�

(Mesocricetus auratus)%,K��-Dv:BSR©nÐí±%�Ævw�S£ìC]¸:

%��Â6vÐRC��Ê%p¶b�£ìC#~�R*+�%.,,K��-Dvh

;��RSB�~#��1�C] 

 

����


Hanson(1)vw¨«*+�,nÐí�/0�#B�][v*+�,�B3%P�p¶§�~#

�/0�%1]/0�ò�RX%w�vRS,K���#�SB�%1�}/�1g�~#v

RC]sCR*+����§�#R.�,K���#�Cgve1RSB�w�ve��]~%

.�,K���a�P/¯�W/0���SB�#��R.%èB���+�#ÜÝRR[v

Ê�Ð��R$%�%.S_%e0R}×k1�$¨Ö¨%,K��-D#.%/0v:BS

£ì�~#vRC] 

 

�����


�u#RSTZì 15,31T%*+�(Mus musculus)%Y#�R���+�,TZì 45,50

T%²�!*����+�(Mesocricetus auratus)%Y#��.RC] 

sCR[v}e3vÊ�Ð���CgR^ 1%w�WðV�.�RC]^a%w�v}

e3�±v�í�¨WBw�WÂ�%:BC��Â2:%6vR}e3�Ð�=E5 mmR8 mmR

12mm%@Ê#R$) 4mm%�Ê�V¾�´�S^_RC 4 mmR8 mmR12mm%�Ê�©n

Ðí±%n%u´ívÐRC] 

���



 

2 
 

cd {


^ 1%ðVvºBSR1�6/}e3�&%Â1�O1BÏ%Âs/p¶�-1£ìC]

~%�RøEÐvÐ��#RW1�Cò�,�/�°§�R\�B,�1�´§WXRSÐ��

C]$¨/�Ð�WBò��\�C%/R1�6#�6�]gR�6��ûRCò��7±#�

�;��#RC]sCR×k,RC,K���ÆTtÐ�CRt,K���ÆRC��³�ÄS

=RÐ�CRv,K���ÆRCss%_³/Ð�CRÓ�6�ûsC,·�v7±RCR#B

� 4:%¼+��v�!RR�ú_/v�¨C×k%¿Ö¾�òKLvs#gC] 

cd �


*+��[vX%w�v.���S,K���a�SB�%1�£ì�CgR*+�%.vR

��¹��#=E�¬úª¬Ìð�=�,gRé%¿À,} 1#��vRSp¶�-1£ìC]

$RSRv�¨C×k�} 1#��v 4:%¼+��v�!RR$%¿Ö¾�òKLvs#g

C] 



@A


cd {� �

^ G�2 v�RCw�vR*+�,§ìS%Ê/_0b��1�C�R���+�,R@Ê�

Â#|XÐ�~#�/0tR�Ê�&U�BÊ/,_0b�îW1�C]}�%¶e%�v

ºBS�R���+�,*+�ÂX�fÑSv�TWX�e�¨tRÔÓ%6v,�]%Äek

l%�WX�e�¨C]sCRÊ�p¶�vR*+�,.�X�R,K���ÆRC�vÊv�

0:»�WX%¶e�e�¨C�R���+�,.�0´gSèBCgÈv.�����,e�

¨W1�C]


cd � 

� òKL 3wíR*+�%.%e0��½RC#~�R§ìS%ÊvºBS_0b��îRC]

sCR} 1#Üì�#Rp¶C�%W±RâfÐvW�WX%¶e�¾�¨R.�µ]T¨R

���



 

3 
 

$%e0��½T¨SB�ò�/�R} 1#��vR.���S,K���#�w�vRSB

C] 




�Ë


� §ìS%}vºBSR*+�,^�%é�^�vRSÊ%Pv���1RÊ�^�%é/�

|/Ð�SBC]R1RR���+�,��é�Ê%P/^�vRS���~#,�tR��é

/Ê��úò�,P�;Ê��gt,K���Æ§~#��1�C]} 1vºBSR���+

���Ê%&U)%ÏTBÊ�Ð¨W1�C%,R~%~#G�}#���¨�]sCR} 2

/*+�%.%e0��½§�#R_0b%�îRp¶C�%W±WX,K��-D%W±�

e�¨C~#SRÊ�p¶�v.�X�R.�Êv�0:»S_³�ÄS=§#B�C~#1�R

S,í*+�%.,*+��,K���#�P/¯�W/0�kCRSB�#���¨�]*+

�#���+�/v�TR�fÑR�]%ÄeklWX%�/��e�¨C~#,R*+�#²

�!*����+�%�#vW�C�%6/R�0Wl÷yz%��\íR*+�%�#vW�

C�À�T�Ø�RÎ&S�WXR�B�%%PWX�Ð�~#%�Byz/\�%v(RSR

���+�,ô�WX/·�%�v����Sl÷RSºíR~%w�W¹�%l÷yz%�B

��´�SB�#���¨�]  

Ë�,R*+�%.%µ]®�ÈGRRT�v�R;.�,K��-Dvf��LMv:B

S£ìSB0CB] 

 

:�;<


(1) Hanson, Anne.  “The Rat’s Tail.” Rat behavior and biology. 29 Aug. 2011.  

http://www.ratbehavior.org/history.htm, (accessed 2011-10-8)
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(2)�P�m]���%l(�[Ã 2»]]%~��{»r(UP BIOLOGY)]1993] 

(3)Ogiso T., Iwaki M. & Ohtani M. Hemolysis of Human Erythrocytes Induced by Glucose Solutions and 

Its Prevention. Chem. Pharm. Bull. 1980, 34(1), 413-417. 

(4)Matsuzawa H., Ikarashi Y. Haemolysis of Various Mammalian Erythrocytes in Sodium Chloride, 

Glucose and Phosphate-Buffer Solutions.  Laboratory Animals. 1979, 13. 329-331.  

(5)Weed R. I., Celle P. L., Merrill E. W., et al. Metabolic Dependence of Red Cell Deformability. J. Clin. 

Invest. 1969, 48, 795-809. 
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