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	ʩƟȦ˩
  

 

ƶʩƟ-�Īʈ˻ʢ*Ƒˁ�= ��,ʩƟ@đȲ'�<7,&�<� 

 

ĪʈʩƟ  
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nucleus accumbens. Neurochem Int. 129, 104494 (2019): Ʌ 1Ʉ  
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Shimizu, Kensuke Yamashita, Tomohisa Mori, Akihiro Yamanaka, Naoko Kuzumaki, Minoru 

Narita. Conditional activation of peripheral sensory nerves induces an aversive state with the 

down-regulation of neural functions of the nucleus accumbens. Jpn. J. Pharm. Palliat. Care Sci. 
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	șʥ{V`
  

 

3-MT: 3-Methoxytyramine 

AAV: Adeno-associated virus  

AAV6: Adeno-associated virus serotype 6 

Adra2a: Adrenoceptor alpha 2A 

AMPA: DL-α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptor 

ANOVA: Analysis of variance 

cAMP: 3’5’-Cyclic adenosine monophosphate 

ChR2: Channelrhodopsin-2 

CNO: Clozapine N-oxide  

COMT: Catechol-O-methyltransferase 

CP: Caudate putamen 

CPP: Conditioned place preference 

CREB: cAMP response element binding protein 

CRHR: Corticotropin-releasing hormone receptor 

DA: Dopamine 

DAT: Dopamine transporter 

DNA: Deoxyribonucleic acid 

DNMT3a: DNA methyltransferase 3a 

DPP: 2,4-Diphenyl-pyranylium 

DREADD: Designer receptors exclusively activated by designer drugs  

DRG: Dorsal root ganglion 
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EGFP: Enhanced green fluorescent protein 

EYFP: Enhanced yellow fluorescent protein 

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase 

GR: Glucocorticoid receptor 

hM3Dq: Human muscarinic receptor 3 DREADD subtype 

hM4Di: Human muscarinic receptor 4 DREADD subtype 

IMS: Imaging mass spectrometry 

KOR: Kappa opioid receptor 

lNAc: Lateral part of the nucleus accumbens 

MALDI: Matrix assisted laser desorption ionization 

mGluR: Metabotropic glutamate receptor 

mNAc.: Medial part of the nucleus accumbens  

MS: Mass spectrometry 

N.Acc.: Nucleus accumbens 

NMDA: N-methyl-D-aspartate 

NR: NMDA receptor  

OXR: Orexin receptor   

OXTR: Oxytocin receptor 

PBS: Phosphate buffered saline 

PDYN: Prodynorphin 

PFA: Paraformaldehyde 

QOL: Quality of life 

RNA: Ribonucleic acid 
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RT-qPCR: Quantitative reverse transcription-polymerase chain reaction 

SN: Substantia nigra 

Tac: Tachykinin 

TH: Tyrosine hydroxylase 

VTA: Ventral tegmental area 
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	ƶȰɁ&¦ȓ� ʃȈ,Ǐˌ
  

 

CNO (clozapine N-oxide) 
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	Őʩ
  

 

ȡ4'�ťűÛ  

� ȡ4-��ɔɡ,ĮʴȤ)��ǺċȤ)´İ'˯ˍ� �<�-�,9
)´İ'

˯ˍ�%ˆ1:=<�ť)ųʖȤűÛ¤̕�'Ċ˷ȝȡĪ�*9;ĭɤ�=%�< 1�

�,9
*�ȡ4�-ųʖȤ):.*űÛȤżÊ-:)<ʐ˻)¤̕&�<'�=%

�;��ȡ��'�
ųʖ*9;��Ĭ��ť):.*ŪŦɆ,�ʮ,űÛ��ŗż

�=<�'�Ȯ:=%�< 2,3,4��,9
)�ȡ4�*9<�ʮ,űÛ���ˬƲˮ

Ƌɚ�<�'&ȭȬ˸İ8
$ȟ,ȢȠåĆ');�Ůɨ, quality of life (QOL) @

ɾ��¢���<�'�ɷŏ�Ā̊')#%�<� 

 

�ɰ˄ɠafq�ȹɕɌ  

� �ɰ˄ɠafq�ȹɕ-�ɲ²ʋʀ˥ (ventral tegmental area: VTA) -:²ĎǄ 

(nucleus accumbens: N.Acc.) *ƃĹ�%�;��,afq�ȹɕ-�ȵ�ũ�Ųŧǟ

ĭ�Īɦʞź�9.Ă.8ōȺ)(,ťűÛ,ȢȎ*��%ˤʒ)řÔ@ƿ ��'

�ƨ:-*)#%�< 5-10�3 ��ɰ˄ɠafq�ȹɕ-�ȡ4�V`}V)(,

ǐ�)ȑȏŤɈ*9;ȹɕǥÛ�ěÜ�<�'�ƨ:-*)#%�; 11-13�ȡ4*9

;ɸȂĒˠ*Ķ�<ųíũ�¢��<�'8�ŠČ9�̅ǎ8̍Ȉ�̒;'�# ť

Ðǻ*9;ȡ4�ʿǰ�=<�'�×�%ȡ4@ì;˴��˪ȡ�@Ƥ��'*9;

�ɰ˄ɠafq�ȹɕ,ǥũÜ@��%ĒˠÚƿ�ʤȢ�=<�'7ƨ:-*)#

%�< 14-16� 
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¸˘�ĪȤſǡ  

� ¸˘�ĪȤſǡ'-�¸ųíũDH�\ud|@�˘�ĪȤſǡ*Ŝ�ȉĭ,ɒɬ

*ȢȎ����,ɒɬǔɭ@ȉĭǢˬ,¸&Ɩ¥�<�'�ïɭ)Ɓʈ&�<�¸˘

�ĪȤſǡ,˭Ȣ*9;�ȉĭȹɕɒɬ,ǥÛ@̘�ƬˮÊʙɭ&ǘȱ*Ɩ¥�<�

'�Í6%ïɭ')# �Ŝƻ,ȹɕǥÛ,Ɩ¥ſǡ'�%-�˿ǝÐǻ*9<ȹɕ

ǥÛƖ¥��Ǧ&�# ��˿ǝÐǻ-ɒɬȉțũ�¢��˿Ǎ,˅³*ĩċ�<ʾ

ɑ8ɒɬ¤@7õƬ*ǥũÜ�%�3
'�# ǖǿ@ư�%� ��:*�ʃȈ,

ĽŽƃ�)(*9<ȹɕƖ¥-�ȹɕǥÛ,ǥũÜ3 -ƂÏ�<�'�ïɭ&�<

�ƣ&�ƬˮÊʙɭ):.*ɒɬȉțũ�¢�'�
ǖǿ��# �¸˘�ĪȤſǡ

-�=:,ǖǿ@¼%ʎ#%�;�ȉĭȹɕɒɬ,ǥÛ@pDM~�q{ȼã¡'̘

�ƬˮÊʙɭ&ɺĢ�<�-ƂÏ�<�'�ïɭ&�< 17-19� 

 

ʃȏ˘�ĪȤſǡ  

� ʃȏ˘�ĪȤſǡ-�˘�ĨƙěíĲ¤@ȉĭȹɕ*ȢȎ����,íĲ¤*ȉț

Ȥ){J�a@ƃ��<�'*9;�ȉĭ,ȹɕǥÛ@ɺĢ3 -ƂÏ�<�'�ï

ɭ)Ɓʈ&�<��,Ɓʈ@Ťȓ�<�'&�ʃȏĪȤſǡ8˿ǝȤ)ſǡ&-ÏŞ

�ć˽&�# ȉĭȹɕɒɬ,ǥÛÏŞ�ïɭ');�ȹɕd]`��Mʙƾ*��

%ƴʙƨ'�=%�<ȹɕǔɭ@9;ʡɒ*ʙƨ�<�'�ïɭ')# 20�

DREADD (Designer Receptors Exclusively Activated by Designer Drug) TV^r-�̆ �

Ĩƙěďg`rVI{�íĲ¤@ȉĭȹɕɒɬ*ȢȎ���̆ �ĨƙěďíĲ¤*ȉ

țȤ){J�a&�< clozapine N-oxidase (CNO) @Æɢ�<�'&ȉĭȹɕɒɬ, 

ON/OFF ʨɉ@ïɭ'� Ɓʈ&�< 21� 
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Ds�U�Nʴ˦Êƾǡ  

� Ds�U�Nʴ˦Êƾǡ̟imaging mass spectrometry; IMS̠-�ɒɬ�9.ɔɡË

ȇ*��%ÊĨűĒ@¶= ɂˮÊʙɭ&ïʕÜ�< 6*ưÚ)ſǡ,̡$&�

< 22, 23� �,ſǡ@ȓ�<�'*9;�¢ÊĨȈʴ�ĜĆũʃȈ8ɮʴ,�ˮ�ʬ

ȒȈ�Bqeˢ�ưǔˢ)(,ɔɡ�Êņ@ïʕÜ�<�'�ïɭ')# 24-26� ʴ

˦Êƾȕƻ,ǋÉåȏ*9;�IMS *-� i̠ÊĨ@ǋÉ�< 6*zm|3 -ȉ

ĭ,l~�k@ȓ�<šʒ�)��'�iĩ̠˗ƅȤ&�< 6��Ʋ�)�ÊĨ*

˯�<űĒ@ìŝ�<�'�ïɭ&�<�'� iii̠ǐ�)Ⱦ̌,ÊĨ,ɔɡÊņ@

õƬ*ïʕÜ�<�'�ïɭ&�<�'���,Îǿ@ư�%�<� 

 

ƺ���ēŽăĤũʠ̕   

� ƺ���ēŽăĤũʠ̕-�g`8ÛȈ*¨ĩũʃȈ@ƃ�� Ƭ�ʃȈ�œ�ʷ

��ųʖÚƿ (�ǀȹɕ¥ȓ) 'ȐĘÐǻ (ʕʖÐǻ�ʚʖÐǻ)() @ɖ.��<

ƣǡ'�%˭Ȣ�=�ʃȈ*9<ĒˠÚƿ@ǋʝ�<ƣǡ'�%Ŏ�ȓ�:=%�<

27, 28� �ƣ�ƺ���ēŽăĤũʠ̕-ʃȈ,ĒˠÚƿ,4):��ħůÚƿ,ʟ©

7ʇ
�'�ïɭ&�<��ɻȤ*ħůÚƿ-ʃȈ,ưİ¥ȓ*$)�<ïɭũ��

< 6�ƺ���ēŽăĤũʠ̕@Îȓ�<�'*9;Þʃý,˭Ȣ*��%ħůÚ

ƿ@ʤȢ�)�ÜóȈ,VM{�c�N*Ťȓ&�<'ɧ�:=<� 

 

CREB (cAMP response element binding protein) 

� CREB -ʽÁÏŞĆĨ, 1 $&�;�Per�,˘�ĨʽÁÏŞ̈Đ*ĩċ�< 

cAMP ŤɈ˞Ì@�� ʽÁǥũÜ*˯?<ˤʒ)ǄZ�fMʴ'�%Ȯ:=%�

<�CREB -ȑ¤À*��%ĝ�,ɒɬ&ūŉȤ*ȢȎ�%�;�ɒɬ,ęǙ8ÊÜ
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)(,ĝǐ)ɒɬŤɈ*��%ˤʒ)řÔ@Ƈ#%�< 29�CREB ,ʽÁǥũ-ǐ�

)XI�as]X�Uu�ɕʹ@��%ʨɉ�=%�;�ȹɕɒɬ*��%- cAMP 

¨ĩȤ)ǥũʨɉ*×�%�TblVǥũÜ* 
ɒɬÀI|TErǼŒ,�Ƨ8í

Ĳ¤,ǥũÜ)(� CREB ǥũÜ*˯��%�<�CREB -�ȹɕɌ*��%ˬƲ

ʞź,ŗż�ʃȈ¨ĩ��:*-̙)(,ɋȹȞŮ,ȢȠ*˯��<�'�ƨ:-'

)#%�< 30-32� 
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	ȦȤ
  

 

� ƶȰɁ&-�¸˘�ĪȤſǡ):.*ʃȏ˘�ĪȤſǡ*Ŝ���ȀȤ*Ȯʖȹɕ

Ðǻ@�� ˷,��ťűÛʤȢsIcWr@ʙƨ�<�'@ȦȤ'����,ʇÛ

�9.ÊĨȑȈĪȤ)ǋʝ@ʇ# � 

 

Ʌ 1Ʉ  

� �ȀȤ*ȮʖȹɕÐǻ@ʤȢ� ˷,�ɰ˄ɠafq�ȹɕǔɭ*é2�Ř̆@

ǋʝ�<ȦȤ&�̧ ˘�ĪȤſǡ):.* imaging mass spectrometry ǡ*Ŝ��N.Acc. 

):.* VTA *��<afq�Ȓȑ��ʬěÛ,ʙƾ@ʠ4 �  

 

Ʌ 2Ʉ  

� ʃȏ˘�ĪȤſǡ&�< DREADD TV^r@ȓ���ȀȤ*ȮʖȹɕÐǻ@��

 ˷,�ħůʇÛʤȢsIcWr,ʙƾ@ʠ4 � 
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	°ȏ
  

 

� ƶȰɁ@ːʇ�<*� ;�ȻĪȤ*-7'9;�ÛȈȺȷ,ʘǿ-:7˖ǘ)Û

ȈĮ̕,ĮƤ@¬��'@ȦȤ'�%ʔĭ�= ƩʃȻğĪÛȈĮ̕ʔĭ*Ŝ��ƶ

Ī,ÛȈĮ̕Ħþ�&ƀʣ@ŝ 
�&�ÛȈ*Ķ�<°ȏ̄@ßÊ*ɧŸ�%ÛȈ

,¦ȓƞ@ƯĻ˲*�%�1%,Į̕@ʇ# �3 �ɔ4ƒ� DNA Į̕*$�%

-�ƩʃȻğĪɔƒ� DNA Į̕Ĭ¼Ħþ�&ƀʣ@ŝ%ʇ)# � 
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Ʌ 1Ʉ  

 

�ȀȤ*ȮʖȹɕÐǻ@ʤȢ� ˷,  
�ɰ˄ɠafq�ȹɕǔɭěÜ,ʙƾ  
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	ɝʛ
  

 

� ɲ²ʋʀ˥ (ventral tegmental area: VTA) -:²ĎǄ (nucleus accumbens: N.Acc.) 

*ƃĹ�<afq�¥Ûũȹɕɕʹ-�Ũũ�9.Ŷũȝȡ 33,34 �9.ȝȡˇ˙ʇÛ

35 ,ȢȎ*ˤʒ&�<�'�Ȯ:=%�<��&7�²ĎǄÀ²˜ (medial part of the 

nucleus accumbens: mNAc) -��ɰafq�¥Ûũȹɕ):.*�,ɰ̈Đ-:,ų

űűĒ,Æȏ):.*ɘó*��%ˤʒ)řÔ@Ƈ#%�< 36, 37�˅Ō�N.Acc. -

:,ƃĹɕʹ-�afq� (dopamine: DA) ' DA íĲ¤,Ȩ�¥ȓ@���ųű�

9.ʇÛ,ǟĭ*˯��%�<�'�ƨ:-*)#%�< 38��:*��,ɕʹ-�

ȝȡÏŞ*ĴƐ*˯��%�;��ʇũªİíĲɕʹ,ǥÛÏŞ*��%ˤʒ)řÔ

@ƿ �%�< 39�˅Ō�ŖȰɁį9;�VTA @ʷĥǄ'�<afq�¥Ûũȹɕ

,ǥũÜ� N.Acc. À,ɒɬĜ DA ˑ˼˦@ę×����=�ȹɕƓ´3 -̖�

A*9#%ʤȢ�=<�Aȝȡ@ɟû��<�'@Ēù�%�< 13��:*�DA ¥

Ûʃ,ƃ�*9; mNAc *��<ɺĢũ@ÏŞ�<�'&�ȹɕ˸İũȝȡt_|

,ǔǈȤʚB~_CcBëŤ�ʿǰ�=<�'�ƨ:-*)#%�< 40��ƣ&�ħ

ůÐǻ- VTA @ʷĥǄ'�<afq�¥ÛũȹɕǥÛ,�ˏ@˱İ�<�'�ƨ

:-*)#%�< 41-43� 

� ˅Ō�¸˘�ĪȤſǡ&�<Hl`UFd^CMV@Ťȓ��pEV,Ȯʖȹɕ*

¸ųíũDH�\ud| (channelrhodopsin-2: ChR2) @ȢȎ���ȁƉƹ��pEV

,ʸő˜0́ɼ¸ (473 nm) ȃĹ@ʇ
�'&�ʸő˜*��<ªİíĲĄ@̃ªʑ

Ȥ*ǥũÜ��<�'�ïɭ')# 44�ŖȰɁį,·ʇȰɁ9;��,ſǡ'Ds

�U�Nʴ˦Êƾǡ (imaging mass spectrometry: IMS) @Ťȓ��́ ɼ¸ȃĹ*9;Ȯ

ʖȹɕÐǻ@��<�'*9;� mNAc *��<ɜ DA ÷ư˦,ǰļ�œ�ʷ��
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=<�'@ƨ:-*�%�< 45�IMS -�ɔɡËȇ,òÊȗ-:,ɜ DA ÷ư˦)

(,Ľċ@ïʕÜ�<�'�ïɭ)Ɓʈ&�<46, 47��)?"�ȮʖȹɕÐǻ*9< 

mNAc *ʯʁ�= ɜ DA ÷ư˦,Ũˋ-$ğ�)ěÛ-�ȝȡ˰¯,¢�*˯�

�%�<�'@ȳÿ�%�<��-�)�:�ƋɚȤ)ȮʖȹɕÐǻ��,ɰ̈Đ*

��< DA ÷ư˦*7õǐ,Ř̆@��<-ö-*$�%-ƨ:-*)#%�)��� �

��&ƶȰɁ&-�ȮʖȹɕÐǻ@�� ˷,òɰ̈Đ*��< DA ÷ư˦,ěÜ

@ǋʝ�<ȦȤ&�  IMS @ȓ�%�Ĭĭõ¡¤ǒʭ  tyrosine (13C15N-Tyr) -: 

13C15N-DA (Ƣʔóż*�=  DA) 0,�ʬěÛ,4):��̃ǒʭ DA �9. 

13C15N-Tyr ƃ�*9;Ƣʔóż�=  DA ÷ư˦,ěÜ@ N.Acc�ɞƺ¤ (caudate 

putamen: CP) �9. VTA *��%ǋʝ� � 
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	Į̕ƣǡ�9.Į̕ƸƠ
  

 

Į̕ÛȈ  

� Į̕*- 8-12 ˎ̜,˹ũ C57BL/6J Ɍ˹ũpEV (Ƽ�Į̕ÛȈ (ǃ)�Ƽ�)@

¦ȓ� �pEV-ūǱūǳ (24 ± 1 °C, 55 ± 5%) *% ̐ɫ��ƨƮƺ�- 8:00 ǿ

ȅ�20:00 ǫȅ, 12 ƬˮRDM|'�  �)��ƕ̑ (ĉŗ̐Ơ MF�H{G�Z

|ˡǛŃǌ (ǃ)�Ƽ�) �9.̏Ǟ (Ǟ˓Ǟ) -ɸȕƕì'� � 

 

Ƣʔóżafq�,ɕƬȤÊƾ   

� Į̕-ə̍ 12-15 Ƭˮś* 13C15N-Tyr (Taiyo Nippon Sanso,Ƽ�, 30 mg/mL in H2O, 

10 µL/g body weight) @ɕîƃ�� �Isoflurane (3%, ø») *9<¼ʼ̚˟��ƃ� 

0.5�1�1.5 Ƭˮś*ɰɔɡ@Əì��Əìȧśˋ8-*azDBDV&Äɖ��-80 	 

&Äɖ­ĩ� �  

 

¸˘�ĪȤſǡ*Ŝ# �ȀȤȮʖȹɕǥũÏŞ  

� g` synapsin l~t�Z�,ȧ�* enhanced green fluorescent protein (EGFP) 3

 - ChR2 (ET/TC) ):.* enhanced yellow fluorescent protein (EYFP) ʐó˘�Ĩ

@ƍ»�  AAV mMZ� (AAV6-hSyn-EGFP, AAV6-hSyn-ChR2 (ET/TC)-EYFP) -�

ʆǯď 6 ,ĜʋZ�fMʴ@ȓ�%¥ʏ� �3 �ò AAV mMZ�,Õ©@ 1 × 

1011-3 × 1012 copies/mL *ʨʏ� �Isoflurane (3%, ø») *9<¼ʼ̚˟��sV@

ȓ�%Ď̖ȹɕ,ʶʇ*Ǡ#%ȥɴ@ɍ 2 cm Ë˭��ğɶɇ):.*ğɳ�̉ɇ@
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Ëơ�%Ď̖ȹɕ@̀É�� ��,˷�D�UFMTy�˧@ȹɕ�ɵ�*Șɢ��

AAV mMZ�@ 1 µL/min ,ˋŒ& 8 µL ǣ»�  (8 min + 1 min ̂ɢ)� 

 

IMS ǡ   

� ɰËȇ (ä��8 µm) @MzDHpDM~`�r (CM3050, Leica Microsystems)&Ë

ơ��indium-tin-oxide &Q�^C�N�= VzDaJzV̟Bruker Daltonics, MA, 

USA) *ʱ;��� -16 	 &ʙÄ� � �,ś�À˜ǒǵȈʴ'�%ˤǞɐǒʭa

fq� (D4-DA, 5 µM in 50% MeOH, IsoSciences PA, USA) @�~o]`Vl}�ʌɢ 

(SunCollect system, SunChrom, Friedrichsdorf, Germany) @ȓ�%�ɸÛ&Vl}�Q�

^C�N� ��:*�Ëȇ* 2,4-diphenyl-pyranylium (DPP) tetrafluoroborate salts 

(Sigma-Aldrich, MO, USA; 1.3 mg/mL in methanol) ǶǬ@GBkzT (Procon Boy FWA 

Platinum 0.2 mm caliber airbrush, Mr. Hobby, Ƽ�) @ȓ�%�ſÛ&Vl}�Q�^C

�N� ��,ś�Ëȇ* 2,5-dihydroxybenzoic acid (40 mg/mL, dissolved in 50% 

methanol) ǶǬ@~o]`Vl}�ʌɢ@ȓ�%�ɸÛ&Vl}�Q�^C�N� �

_�Zǲĭ-�MALDI ȓ}�S�xc]`  (AP-SMALDI10, TransMIT GmbH, 

Giessen, Germany) 'H�h`z]lďʴ˦Êƾʌɢ (QExactive Focus, Thermo Fisher 

Scientific) ,ɔ4ó?�7��- MALDI DH�ǴƔˁ{cBDH�`z]lďʴ

˦Êƾʜ (MALDI LTQ XL, Thermo Fisher Scientific) @ȓ�%ʇ# �H�h`z]l

ďʴ˦Êƾʌɢ-�350-400 ,ʴ˦ɊĈÀ*%�m/z 200 &ʴ˦Êʙɭ 70,000 &ǋ

É@ʇ# �DH�`z]lďʴ˦Êƾʌɢ-�DPP-DA (m/z 368> 232)�DPP-D4-DA 

(m/z 372>232) �9. DPP-13C15N-DA (m/z 377>233) TNb|*$�%-�m/z 1.0 ,

Ñ̔DH�Ê˼Ŋ&ǋÉ@ʇ# � 
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� _�Zʙƾ-�ŝ:= VnM`|_�Z@ȗµ_�Z*ěƒ� ś� ImageQuest 

1.0.1 (Thermo Fisher Scientific)�SCiLS 2019a (Bruker Daltonics) �9. ImageJ 1.51 

(National Institutes of Health, USA) Yj`EFB@ȓ�%ʇ# � 

 

ɘʜʙƾ  

� �1%,Į̕,ǲĭ¯-ŋč¯ ± ǒǵʦń (mean ± S.E.M.) '�%ʉʞ� �ɘʜ

ĪȤưŲńǋĭ-�2 ɣˮ*��<ǜˀ*$�%�unpaired t-test @ȓ�%ʇ# � �

1%,ɘʜʙƾ-�Prism version 5.0̟GraphPad software, La Jolla, CA, USA̠@ȓ�%

ʙƾ@ʇ# � 
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	ɖƿ
  

 

IMS @ȓ�  VTA/̛ʴ  (substantia nigra: SN) ȹɕąʹ*��<  DA Ľċ,

ïʕÜ  

� IMS @ȓ�%ɰÀ DA ,Ľċ@ïʕÜ�<�'*9;�CP �9. N.Acc. ̈Đ

*��%̘ǼŒ*Ľċ�%�;�ʷĥǄ&�< SN �9. VTA ̈Đ9;7̘�Ǽ

Œ, DA �Ľċ�%�<�'�ƨ:-*)#  (Fig. 1A, B)� 

 

òɰ̈Đ*��<̘ǼŒ  DA ĽċsIcWr,ʙƾ  

� CP �9. N.Acc. *��%�̘ǼŒ*Ľċ�< DA ,�˜�Ƣʔóż�= �

DA *˯ˍ�%�<-ö-@ǋʝ� �13C15N-Tyr @pEV*ɕîƃ���ƃ�, 0.5�

1.0 ):.* 1.5 Ƭˮś, CP ):.* N.Acc. @÷5ɰËȇ*��%Ƣʔóż�

=  DA ,ïʕÜ@ʠ4  (Fig. 2A, B)��,ɖƿ�13C15N-Tyr ƃ�, 1.5 Ƭˮ�À

*� CP ):.* N.Acc. *��<ɜ DA ÷ư˦,À�10̞ ���Ƣʔóż�=  

DA *ɢƒ�=%�<�'�ƨ:-*)#  (Fig. 2C-E)� 

 

¸˘�ĪȤſǡ@Ťȓ��ȮʖȹɕǥÛȉțȤ*ǥũÜ� ˷,  CP�N.Acc. )

:.*  VTA *��<  DA Ȓȑ):.*�ʬǔɭ*��<Ř̆   

� Ǘ*�pEV,ʸʻ*́ɼ¸@ȃĹ�%ȮʖȹɕÐǻ@�� ˷, CP�N.Acc. )

:.* VTA *��< DA Ȓȑ):.*�ʬǔɭ,ěÜ@ǋʝ� �Ȯʖȹɕ* 

ChR2 @ȢȎ�� pEV0, 13C15N-Tyr ,ƃ� 1.5 Ƭˮś�30 Êˮ́ɼ¸@ȃĹ

��ȮʖȹɕÐǻ@�� pEV9;�ɰ@Əì� IMS @ȓ�% DA�Ƣʔóż�
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=  DA ):.* DA ,�ʬȒȈ&�< 3-methoxytyramine (3-MT) ÷ư˦,ïʕ

Ü@ʠ4  (Fig. 3A)��,ɖƿ�CP �9. N.Acc. ̈Đ*��%�DA ÷ư˦,ư

Ų)ǰļ�ȱʣ�=  (Fig. 3B, C *p<0.05 vs. EYFP)��ƣ&�VTA *��%ěÜ-

ʣ6:=)-#  (Fig. 3C)�3 �CP �9. N.Acc. *��%Ƣʔóż�=  DA 

(13C15N-DA) ÷ư˦,ěÜ-ʣ6:=)-# �ƣ&�VTA *��%-Ƣʔóż�=

  DA ):.* 3-MT ÷ư˦,ưŲ)ǰļ�ȱʣ�=  (Fig. 3C *p<0.05 vs. EYFP)�

��,ɖƿ-:�ƋɚȤ)ȮʖȹɕÐǻ-�CP �9. N.Acc. ̈Đ*��% DA ÷

ư˦,ǰļ@ ��VTA *��%- DA ,Ȓȑ):.*�ʬǔɭ@ƂÏ�<�'�

ƨ:-')# � 
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	ɧĵ
  

 

� ƶȰɁ&-�¸˘�ĪȤſǡ@Ťȓ���ȀȤ)Ȯʖȹɕ,ǥũÜ*9<ȝȡÐǻ

@�� ˷,�CP�N.Acc. ):.* VTA *��< DA ÷ư˦,ěÜ@ IMS @ȓ

�%�ǋʝ� �3�ĥ6*�Ƣʔóż�=  DA (13C15N-DA) ��13C15N-Tyr ƃ�

, 1.5 Ƭˮ�À*�òɰ̈Đ*��%Ũˋ*ę×�<�'@ƨ:-*� ��,ɖƿ

-�DA ,̘�§ɗǔɭ@ƨ:-*� ·ʇȰɁ'õǐ,ɖƿ&�<� 48, 49�IMS @

Ťȓ�<�'&�Í6%̘ʙµŒȗµ'�%ïʕÜ�<�'*żÖ� � 

� IMS @ȓ� òɰ̈Đ*��< DA ÷ư˦-��Ų,Ýȗ*��<ɒɬÀ�9.

ɒɬĜ DA ÷ư˦@óʜ�%ïʕÜ�=<�ˊŉ�ɒɬÀ DA ÷ư˦-ɒɬĜ DA 

÷ư˦9;7̘��'�Ȯ:=%�< 6 50�·ʇȰɁ&ȱʣ�=  DA ÷ư˦,

ěÛ-��*ȹɕɓƵ*��<TblVĻɬ*ĩċ�<ȹɕɒɬÀ DA ÷ư˦,ě

Ü@ëƪ�%�< 51���&��,ƁʈȤ)ʧ̊@¹Ʊ�<ȦȤ&�ȹɕTblVĻ

ɬ9;ƛÉ�=< DA�13C15N-Tyr ,ƃ�*9;ǒʭ�= Ƣʔóż DA ):.* 

DA �ʬȒȈ&�< 3-MT ,ʟ©@ʇ��ƋɚȤ)Ȯʖȹɕ,ǥũÜ�afq�ȹ

ɕǔɭ*��<Ř̆*$�%9;ʡɒ)ǋʝ@ʇ# �IMS @ȓ�<�'&��Ȁ

Ȥ*Ȯʖȹɕ@ǥũÜ� ˷,òɰ̈Đ*��< DA�Ƣʔóż�=  DA ):.

* 3-MT ÷ư˦,ïʕÜ@ʠ4 ��,ɖƿ�ƋɚȤ)Ȯʖȹɕ,ǥũÜ*9; CP 

):.* N.Acc. ̈Đ*��< DA ÷ư˦�ǰļ�<�'�ƨ:-')# � �ƣ

&�Ƣʔóż�=  DA ):.* 3-MT ÷ư˦*ěÜ-ʣ6:=)-# �3 �

VTA *��%7õǐ*ǋʝ� '�>�ƋɚȤ)ȮʖȹɕÐǻ@��<�'& DA 

÷ư˦*ěÜ-ʣ6:=)-# 7,,�Ƣʔóż�=  DA ):.* 3-MT ÷ư

˦�ǰļ�<�'�ƨ:-')# ���,ɖƿ-:�ƋɚȤ)Ȯʖȹɕ,ǥũÜ*
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9<ȝȡÐǻ@��<�'& VTA *��< DA Ȓȑ):.* DA �ʬǔɭ,ǰ

Ŕ�œ�ʷ��=��ɰ˄ɠafq�ȹɕ,ƃĹ·&�< N.Acc. *��% DA ÷

ư˦,ǰļ�œ�ʷ��=%�<ïɭũ�ɧ�:=<��,ɖƿ-�ŖȰɁį,·ʇ

ȰɁ&�<�Ŷũȝȡ):.*�Aȝȡ���ɰ˄ɠafq�ȹɕǥÛ�¢��<�

'@ƨ:-*� Ēù'õǐ,ɖƿ@ȳ� 13��:*�¸˘�ĪȤſǡ@Ťȓ� 

ȮʖȹɕÐǻ*9;�ħůʇÛ�ʤȢ�=<�' 44�):.*Ŷũȝȡ�*��%�

�Ĭ�ʤȢ�=<�'�ƨ:-*)#%�< 52��ƣ�ȝȡÐǻ*Ķ��˪ȡ@Ƥ�

�'& N.Acc. *��<ɒɬĜ DA ǼŒ�ę×�<�'�ƨ:-*)#%�; 53, 54�

N.Acc. *��< DA ÷ư˦,ę×-˒Ó)ȝȡÐǻ@ǰʊ��<řÔ@ƿ �%

�<ïɭũ�ɧ�:=<���,�'-:�ȡ4*9<�ťűÛ,ȢȎsIcWr'

�%�ȮʖȹɕÐǻ@�� ��ɰ˄ɠafq�ȹɕǥÛ,ǔɭ¢���,�Ć&�

<'ɧ�:=<� 

� ���ƶȰɁ9;�¸˘�ĪȤſǡ*Ŝ# ƋɚȤ)ȮʖȹɕÐǻ-��ɰ˄ɠa

fq�ȹɕǔɭ,¢�@œ�ʷ���'�ƨ:-')# � 
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Ʌ 2Ʉ  

 

�ȀȤ*ȮʖȹɕÐǻ@ʤȢ� ˷,  
ħůʇÛʤȢsIcWr,ʙƾ  
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	ɝʛ
  

 

� ˬƲȤ)�ȡ4�-��Ĭ�Ƃ
$ȊŴ�ʣȮǔɭ´İ��:*-ȭȬ˸İ)(,

ȢȠ*ĳ���Ůɨ, QOL @ɾ��¢���<�'�ɷŏ�Ā̊')#%�<��

,9
)�ȡ4�*9<űÛěÜ-��*ɰÀȹɕǔɭțŉ*9;œ�ʷ��=<�

'�ƨ:-*)#%�< 55��&7�VTA -: N.Acc. 0ƃĹ�%�<afq�ȹ

ɕ-ť�9.�ťűÛ,ÏŞ*ˤʒ)řÔ@ƿ ��'�Ȯ:=%�< 56�Į˷*�

t|gd�QID�3 -sZ�jFZq�,ƃ�*9<afq�ȹɕ,ǥũÜ-�

ĒˠÚƿ@ʤȢ�< 57-59��ƣ�Ŷũȝȡ-�ɰ˄ɠafq�ȹɕɌ,ǥÛ@ƂÏ�

<�ƣ��ɰ˄ɠɌafq�ȹɕɌ,�˒ũ,ǥũÜ-Ŷũȝȡ*9<ȡʖ˒Ɯ@ʿ

ǰ�<�'�ƨ:-*)#%�< 13���,Ēù-�ȝȡÐǻ*9<�ɰ˄ɠafq

�ȹɕɌ,ǥÛǰŔ�ȝȡʤȢũ,�ťűÛ,ȢȎ*˯��%�<ïɭũ@ȳÿ�

%�<� 

� ˅Ō�̆ �ĨŃĪ,Ȣľ*9;�ȉĭ˘�Ĩ,ȢȎ@ÏŞ�<�'�ïɭ')# �

�&7�ʃȏ˘�ĪȤſǡ&�< Designer Receptors Exclusively Activated by Designer 

Drugs (DREADD) TV^r-�˘�ĨƙěíĲ¤@ȉĭ,ɒɬ*ȢȎ����,íĲ

¤*ȉțȤ){J�a@ƃ��<�'*9;��,ɒɬ,ǥÛ@ɺĢ3 -ƂÏ�<

�'�ïɭ)Ɓʈ&�< 60, 61�3 �ʆǯď 6 ,ĜʋZ�fMʴ@ư�<B_e˶

 ED|V (adeno-associated virus: AAV) mMZ�-Ļď,ƵǇųʖȹɕɒɬ*̘�

ųǁÚȌ@ư�%�;�DREADD TV^r'ɔ4ó?�<�'&�ȮʖȹɕǥÛ@

ȉțȤ-$�ȀȤ*�ˬƬˮÏŞ�<�'�ïɭ')# � 

�  

� ��&ƶȰɁ&-�ʃȏ˘�ĪȤſǡ&�< DREADD system @ȓ���ȀȤ*Ȯ
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ʖȹɕÐǻ@�� ˷,ħůʇÛʤȢsIcWr,ʙƾ@ʠ4 � 
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	Į̕ƣǡ�9.Į̕ƸƠ
  

 

Į̕ÛȈ  

� Į̕*- 7 ˎ̜, C57BL/6J Ɍ˹ũpEV (Ƽ�Į̕ÛȈ (ǃ)�Ƽ�) @¦ȓ�

 �pEV-ūǱūǳ (24 ± 1 °C, 55 ± 5%) *% ̐ɫ��ƨƮƺ�- 8:00 ǿȅ�20:00 

ǫȅ, 12 ƬˮRDM|'�  �)��ƕ̑ (ĉŗ̐Ơ MF�H{G�Z|ˡǛŃ

ǌ (ǃ)�Ƽ�) �9.̏Ǟ (Ǟ˓Ǟ) -ɸȕƕì'� � 

 

ʃȏ˘�ĪȤſǡ*Ŝ# �ȀȤȮʖȹɕǥũÏŞ  

� g` synapsinl~t�Z�,ȧ�* enhanced green fluorescent protein (EGFP) 3 

- human muscarinic receptor 3 (hM3Dq) ' mCherry ,ʐó˘�Ĩ@ƍ»�  AAV 

mMZ� (AAV6-hSyn-EGFP, AAV6-hSyn-hM3Dq-mCherry) -�ʆǯď 6 ,ĜʋZ�

fMʴ@ȓ�%¥ʏ� �3 �ò AAV mMZ�,Õ©@�=�= EGFP: 2×1011 

copies/mL�hM3Dq: 1×1011 copies/mL *ʨʏ� �Isoflurane (3%, ø») *9<¼ʼ̚

˟��sV@ȓ�%Ď̖ȹɕ,ʶʇ*Ǡ#%ȥɴ@ɍ 2 cm Ë˭��ğɶɇ):.*

ğɳ�̉ɇ@Ëơ�%Ď̖ȹɕ@̀É�� ��,˷�D�UFMTy�˧@ȹɕ�

ɵ�*Șɢ��AAV mMZ�@ 1 µL/min ,ˋŒ& 4 µL ǣ»�  (4 min + 1 min 

̂ɢ)� 
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ºȜɔɡĪȤǁɼǡ  

� AAV6-hM3Dq pEV-�3% isoflurane ø»̚˟��4% paraformaldehyde @÷5 

0.1 M PBS (pH 7.4) ȓ�%ǾǦĉĭ@ʇ# �ǾǦĉĭś�ɯ̗śǅȹɕɉ (dorsal root 

ganglion: DRG) ):.*Ď̖ȹɕ@Əì��4% paraformaldehyde &śĉĭ@ʇ# �

(DRG: 20Êˮ�Ď̖ȹɕ�120Êˮ)�Ǘ*�20% sucrose @÷5 0.1 M PBS �9. 30% 

sucrose @÷5 0.1 M PBS@Ɨƈ�)�:�=�=Ǫˉ�� (DRG; 200Êˮ�Ď̖ȹ

ɕ; 1Ʀ)�OCT-Compound (Sakura FineTechnical, Ƽ�) @ȓ�%Äɖ�� � Äɖ�

� R�l|-MzDHVZ]` (Leica CM1510; Leica Microsystems, Heidelberg, 

Germany) *%ä� 8 µm *ʂË��poly-L-lysine Q�`ÜVzDaJzV�*ʱ�

ś�įǱ�Ȇ��%-:ºȜǁɼ@ʇ# �VzDaJzV*ʱ�� ÄɖVzDV

Ëȇ-�0.01 M PBS � 3% *Ňˣ� ǘŉvLʆǯ (normal goat serum, NGS; Vector 

Laboratories, Inc., San Diego, CA, USA) �<�- 0.1% ,ƯɓǼŒ*)<9
 triton 

X-100 (sigma-Aldrich Co., St. Louis, MO, USA) @×�  3% NGS (0.1% triton/ 3% NGS) 

� 1 Ƭˮk~]K�N� ��,ś��ǗƄ¤ (anti-peripherin (1:50, Santa Cruz 

Biotechnology, Inc., TX, USA)�anti-myeline (1:300, Thermo Fisher Scientific, Inc., CA, 

USA) ):.* anti-mCherry (1:1000, Abcam plc., Cambridge, UK)) ''7*D�Kw

m�`� �Ǥǧś�ò�ǗƄ¤*Ķ�%�<�ǗƄ¤'�%� Alexa 488 3 - 546 

(Thermo Fisher Scientific, Inc.) 'ɖó� �ǗƄ¤@ƞǹ×��D�Kwm�`� �

R�l|-ʅ¸ķ»Ò (Dako, Glostrup, Denmark) @ȓ�%ķ»� �3 �ȗµ,

ìŝ-�ǘɃďʅ¸̋ş˫ (BX-61; Olympus, Ƽ�) @ȓ�%�ʅ¸��̘ ųŒ_U

Z| CCD Isz (MD-695; Molecular Devices) *9;ʇ# 13,62� 
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Ȅȡʖ˒ƜëŤ,ʟ©   

� ȡʖ˒ƜëŤ,ǲĭ-�ʸőȄÐǻʌɢ (IITC Ins./Life Science Instruments, CA, 

USA) @ȓ�%ʇ��ȄÐǻ-ǘŉÛȈ*��%śɪ@ʺ+,�<3&,ëŤǺƬ��

ɍ 8-10 ȼ*)<9
*ʨɉ� �pEV,�²śɪ,ʸʻʉĿ*�=�=ȄÐǻ@

×��śɪ@ʺ+,�<3&,ëŤǺƬ@ȝȡ˰¯,ƌǒ'��3 ąǲĭ� ŋč¯

@ɖƿ'� �)��¤ˤȽÛ)(*9<śɪ,Û�-ʟ©�)-# �3 �pE

V@Į̕ȐĘ*ŷ=��< 6*BM{|ʏT{�[� (̘� 15 cm�ȧŚ 8 cm) À

&Ư¢ 1 Ƭˮ̓Ü��%-:ȁƉƹ�*%ǲĭ@ʇ# �  

 

ƺ���ēŽăĤũʠ̕   

� ēŽƺ���-�˨Ƴ:63 ,ƣǡ@Ťȓ�%ʇ# �Į̕ʌɢ-�BM{|Ǔɮo

�a&¥ʏ�=�2 $,õ�RDW,Q�f�`s�`*ÊÔ�= o]MV (Ŋ 

15 cm×ˬ� 30 cm×̘� 25 cm, ĻåÞȻȒǌ (ǃ), Ƽ�) @ȓ� � 1 $,Ýȗ-

ȣɼ,o]MV&�ÈÇ@ư�%�<ŏ̄@ȓ��7
 1 $,Ýȗ-̛ɼ,o]M

V&�Ƿ:-)ŏ̄@ȓ� �ēŽƺ���,VOUw�|-�3 $,jF�W (ƺ

���Ñʠ̕�ƺ����ƺ���śʠ̕) &ʇ# �900 ȼ,ʠ̕�*òÝȗ*Ǹ

ċ� Ƭˮ-�ʵĜɞh�rX�R� (TimeLD4; ĻåÞȻȒǌ (ǃ)) &ʞ˩@ʇ#

 �ēŽƺ���-�ȑȏ̍ĖǞƃ�ȧś�ƺ���Ñʠ̕&ǸċƬˮ�ȯ-# Ý

ȗ*�pEV@ 1 ƬˮǸċ���ɥƦ* clozapine N-oxide (CNO) ƃ�ȧś�ƺ��

�Ñʠ̕&ǸċƬˮ�ˬ-# Ýȗ*�pEV@ 1 ƬˮǸċ��<�'&ʇ)# �

�,ēŽƺ���@ 6 ą�ʜ 12 Ʀˮʇ��ēŽƺ���ƯɓƦ,ɥƦ*�ƺ��

�Ñʠ̕'õǐ,ƣǡ&,ƺ���śʠ̕@ʇ# � 
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RT-qPCR ǡ*Ŝ#  N.Acc. ):.*  VTA *��<˘�ĨȢȎʙƾ  

� mirVanaTM miRNA Isolation Kit (Thermo Fisher Scientific, Inc.) @ȓ�%�R�l|-

: total RNA @ƆÉ��SuperScript® VILOTM cDNA Synthesis Kit (Thermo Fisher 

Scientific, Inc.) @ȓ�%�̍ ʽÁëŤ@ʇ
�'*9;�cDNA @¥ʏ� �RT-qPCR 

-�Fast SYBR® Green Master mix (Thermo Fisher Scientific, Inc.) 'òȾ˘�Ĩ*Ķ�< 

primer (Table.1 èȃ) @¦ȓ��StepOnePlusTM System (Thermo Fisher Scientific, Inc.) 

@ ȓ � % ʙ ƾ @ ʇ #  � ˘ � Ĩ Ȣ Ȏ , ĭ ˦ - � À ǒ ǵ ' � % 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) @ȓ��ΔΔCT ǡ*Ŝ
�'*9

;�ȨĶĭ˦@ʇ# � 

  

ɘʜʙƾ  

� �1%,Į̕,ǲĭ¯-ŋč¯ ± ǒǵʦń (mean ± S.E.M.) '�%ʉʞ� �ɘʜ

ĪȤưŲńǋĭ-�2 ɣˮ*��<ǜˀ&-� unpaired t-test @ȓ��Ȩ˯ʙƾ-�

iBY�,ɀȌȨ˯«ƞǋĭ@ȓ�%ʇ# ��1%,ɘʜʙƾ-�Prism version 5.0

̟GraphPad software, La Jolla, CA, USA̠@ȓ�%ʙƾ@ʇ# � 
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	ɖƿ
  

 

ȮʖȹɕǥũÜ*9<ȡʖ˰¯,ěÜ  

� Gq-DREADD @�� �ȮʖȹɕǥũÜ*9;ȡʖ˒ƜëŤ�œ�ʷ��=<-ö

-@ǋʝ�<ȦȤ& AAV6-hM3Dq-mCherry (Fig. 1A-i) 3 - AAV-hSyn-EGFP (Ķȃ

ɣ�Fig. 1A-ii) @�pEVñśɪĎ̖ȹɕ*ş˦ǣ»�<�'&ųǁ���ǥũÜď

˘�Ĩƙěg`rVI{�íĲ¤&�< hM3Dq @ȮʖȹɕȉțȤ*ȢȎ��  

(Fig. 1B)��,ś�hM3Dq ȉțȤ){J�a&�< CNO @pEV*ɲɱÀƃ���

ȡʖ˰¯,ěÜ@ǋʝ�  (Fig. 1C)�AAV ş˦ǣ» 2 ˎˮś�DRG *��% 

pheripherin ˵ũȹɕɒɬ' hM3Dq-mCherry ,¾Ľċ�ʣ6:= ��ƣ�Ď̖ȹɕ

*��%�hM3Dq-mCherry -ʾɑ˅³*Ľċ�%�<�'�ƨ:-')#  (Fig. 

1D, E)��,ƺ���ȮʖȹɕǥÛ@ǥũÜ� ˷,ȡʖ˰¯ěÜ*$�%ǋʝ� 

ɖƿ�Ď̖ȹɕ* AAV6-hM3Dq @ųǁ�� pEV*��%�CNO ƃ�*9;ȡ

ʖ˰¯,ưŲ)¢��ȱʣ�=  (Fig. 1F�*** p <0.001 vs. EGFP)� 

 

Gq-DREADD @�� ȮʖȹɕÐǻ*9<ħůʇÛ*��<Ř̆  

� Ǘ*�Ȯʖȹɕ,ǥũÜ*9#%œ�ʷ��=<ȝȡÐǻ*9;ħůʇÛ�ʤȢ�

=<-ö-*$�%ǋʝ� � Ď̖ȹɕ0, AAV6-hM3Dq ş˦ǣ» 2 ˎˮś�

CPP o]MV@ȓ�%ēŽăĤũʠ̕@ʇ#  (Fig. 2A, B)� �,ɖƿ�Ķȃɣ&�

< EGFP ɣ*��%-ƺ���Ñʠ̕'ǜˀ�%�CNO ƺ���Ýȗ*��<Ǹċ

Ƭˮ*ưŲ)ěÜ-ʣ6:=)-# �ƣ& (Fig. 2C-i)�hM3Dq ɣ*��%-�ƺ

���Ñʠ̕'ǜˀ�%�ȮʖȹɕÐǻ@ʤȢ�  CNO ƺ���Ýȗ*��<Ǹċ

Ƭˮ,ưŲ)ǰļ�ʣ6:=  (Fig. 2C-ii, *p <0.05 vs. Pre-test)� 
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Gq-DREADD @�� ȮʖȹɕÐǻ*9;ʤȢ�=<ħůʇÛ'ɰÀ˘�Ĩ

ȢȎěÜ,ʙƾ  

� ȮʖȹɕÐǻ*9#%ʤȢ�=<ħůʇÛ,ʤȢsIcWr@ʙƨ�<ȦȤ&�

RT-qPCRǡ*Ŝ��N.Acc. *��<ȹɕp�I�,ȢȎěÜ@ǋʝ� � Ȯʖȹɕ

ȉțȤ)ǥũÜ*9;ħůʇÛ�ʤȢ�= pEV, N.Acc. ̈Đ@Əì��25 ˘�

Ĩ,ȹɕp�I�,ȢȎěÛ@ʙƾ� ��,ɖƿ�ȮʖȹɕÐǻ*9<ħůʇÛʤ

Ȣƺ��*��%�ȹɕȉțȤʽÁʨɉĆĨ&�< CREB mRNA,4�ưŲ*ǰļ

�� metabotropic glutamate receptors (mGluR; mGlu1, mGlu2, mGlu3, mGlu4, mGlu5, 

mGlu6, mGlu7, mGlu8)�N-methyl-d-aspartate receptors (NMDAR; NR1, NR2A, NR2B, 

NR2C, NR2D) � DL-α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptors 

(AMPAR; GluR1, GluR2, GluR3, GluR4)�dopamine receptors (D1-R, D2-R)�adrenoceptor 

alpha 2A (Adra2a)�tachykinin 1 (Tac1)�prodynorphin (PDYN)�kappa opioid receptor (KOR) 

):.* DNA methyltransferase 3a (DNMT3a) *ěÜ-ʣ6:=)-#  (Fig. 3A 

**p<0.01 vs. EGFP)��:*�N.Acc. *��< CREB mRNA ȢȎ˦'ħůʇÛ,Ȩ˯

ʙƾ@ǋʝ� '�>�ŕ�ǘ,Ȩ˯�ʣ6:=  (Fig. 3B, r = 0.987, p = 0.013)��

ƣ�VTA *��%-�õǐ,ƺ���oxytocin receptor (OXTR)�glucocorticoid receptor 

(GR)�corticotropin-releasing hormone receptors (CRHR1, CRHR2)�dopamine receptor 

(D2-R)�catechol-O-methyltransferase (COMT)� tyrosine hydroxylase (TH)�dopamine 

transporter (DAT)�orexin receptors (OXR1, OXR2) ):.* CREB mRNAȢȎ˦*ě

Ü-ʣ6:=)-#  (Fig. 3C)� 
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	ɧĵ
  

 

� ȡ4-ųʖȤʒɐ'ųűȤʒɐ&Ǐż�=<ʐ˻)¤̕&�;��ťűÛ-ªİí

Ĳũ,Ðǻ*Ķ�<ųíũ@̘6<�'�Ȯ:=%�<�ƋɚȤ)ȮʖȹɕÐǻ-�

ħů):.*Ēˠ,ÏŞ*ˤʒ)�ɰ˄ɠafq�ȹɕɌ,ƃĹ·, 1 $&�< 

N.Acc. *��%�afq�,Ȓȑ):.*�ʬǔɭ@¢���<�ƣ&�N.Acc. 0

ƃĹ�<afq�ȹɕ,ƋɚȤ)ǥũÜ-�ȡʖ˒Ɯ@ƂÏ�<�'�ƨ:-*)#

%�< 13�3 �functional-MRI @ȓ� ȰɁ*��%-�ȡ4�ˬƲȤ*ɚ�%�

<Ůɨ*��% N.Acc. *��<ȹɕǥÛ�¢���˪ȡ@ʇ
�'&¢�� ɰǔ

ɭ�ƙā�<�'�ƨ:-*)#%�< 64��:*��ťűÛ3 -ħůʇÛ-��

ɰ˄ɠȹɕɕʹ*��<afq��˔ǔɭ,¢�@ 
�'&ʤȢ�=<�'�Ŏ

�Ȯ:=%�< 13, 65-71���,�'-:�ųű):.*ȝȡ˰¯,ÏŞ*��%ˤʒ

)�ɰ˄ɠafq�ȹɕɌ-�ƋɚȤ)ȮʖȹɕÐǻ*9;ǔɭ¢�@œ�ʷ���

'�ƨ:-*)#%�<7,,�ȮʖȹɕÐǻ*9<afq�ȹɕǔɭ¢�*˯�<

sIcWr*$�%-ƴ!ƨ:-*�=%�)�� 

� ��&ƶȰɁ&-�Gq-DREADD @����ȀȤ)ȮʖȹɕÐǻ*9<�ȡʖ˒Ɯ

ëŤ):.*ƺ���ēŽħůʇÛ@ʤȢ� ƺ���N.Acc. ):.* VTA *�

�<˘�ĨȢȎěÛ,ʙƾ@ʠ4 ��,ɖƿ��ȀȤ)ȮʖȹɕÐǻ*9<ħůʇ

ÛʤȢƺ��, N.Acc. *��%�ʽÁʨɉĆĨ&�< CREB mRNA ȢȎ˦,ɾ�

�ǰļ�ȱʣ�= ��ƣ&��,ȹɕǥÛp�I�&�< mGluRs�NMDARs�

AMPARs�dopamine receptors�Adra2a�Tac1�PDYN�KOR ):.* DNMT3a , 

mRNA ȢȎ˦*ěÜ-ʣ6:=)-# ��:*�VTA *��%7�OXTR�GR�

CRHRs�D2-R�COMT�TH�DAT�OXRs ):.* CREB , mRNA ȢȎ˦*ěÜ

-ʣ6:=)-# ��ƣ&�N.Acc. *��< CREB mRNA ȢȎ˦'ħůʇÛ,Ȩ
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˯ʙƾ@ǋʝ� '�>�ŕ�ǘ,Ȩ˯�ʣ6:= �˒ç,Ēù-:�CREB � 

N.Acc. *��%�* dopamine D1 receptor @ȢȎ�<�ďưǉȹɕɒɬ,�ǦÊĨ'

�%ĩċ��ɒɬɺĢ�TblVïĔũ�9.ȑĩ)(,ĝǐ)ɒɬŤɈ@ʨɉ�%

�<�'�Ȯ:=%�< 72-76���,�'-:�ȮʖȹɕÐǻ*9;ʤȢ�=<�ť

űÛ-�N.Acc. *��<ȹɕǥÛ,ƋɚȤ)¢�*9#%œ�ʷ��=%�<ïɭ

ũ�ɧ�:=<� 

� ���ƶȰɁ9;�Gq-DREADD @�� ƋɚȤ)ȮʖȹɕÐǻ-�ēŽħůʇÛ

@ʤȢ��N.Acc. *��%ȹɕȉțȤʽÁʨɉĆĨ&�< CREB mRNAȢȎ˦@ǰ

ļ��<�'�ƨ:-*)# � 
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	ɜƊ
 
 
��,ɖƿ,ɖʩ@��*ȳ� 
 
Ʌ̡Ʉ 

� ƶȰɁ&-�̧ ˘�ĪȤſǡ@Ťȓ��ƋɚȤ)ȮʖȹɕÐǻ@�� ˷,òɰ̈

Đ*��< DA ÷ư˦,ěÜ@ IMS @ȓ�%ǋʝ� ��,ɖƿ�ƋɚȤ*�ȀȤ

)ȮʖȹɕÐǻ@��<�'&�N.Acc. *��< DA ÷ư˦�ǰļ�<�'�ƨ:

-*)# ��ƣ&��ɰ˄ɠafq�ȹɕɌ,ʷĥǄ&�< VTA *��%-� Ƣ

ʔóż�=  DA Ȓȑ˦,ǰļ):.*�DA ,�ʬȒȈ&�< 3-MT ,ǰļ�ȱ

ʣ�= � 

 
Ʌ 2 Ʉ 

� ƶȰɁ&-�ʃȏ˘�ĪȤſǡ&�< Gq-DREADD system @ȓ�%��ȀȤ*

ȮʖȹɕÐǻ@�� ˷,�ħůʇÛ,ȢȎ):.*sIcWr,ʙƨ@ʠ4 �3

�ȮʖȹɕÐǻ@�� ˷,�ħůʇÛ,ȢȎ@ CPP ʠ̕*9;ǋʝ� ɖƿ�Ȯ

ʖȹɕÐǻ@��<�'&�ħůʇÛ�ʤȢ�=<�'�ƨ:-')# ��,ƺ�

��ħůʇÛʤȢsIcWr@ʙƨ�<ȦȤ&�ħůʇÛ�œ�ʷ��= pEV,

²ĎǄ̈Đ*��%�ȹɕȉțȤʽÁʨɉĆĨ&�< CREB mRNA ˦,ưŲ)ǰ

ļ�ȱʣ�= ��:*�N.Acc. *��< CREB mRNA ȢȎ˦'ħůʇÛ,Ȩ˯

ʙƾ@ʇ# '�>�ŕ�ǘ,Ȩ˯�ʣ6:= ��ƣ&�ɲ²ʋʀ˥*��%-�

òȾ mRNA ȢȎ˦*ěÜ-ʣ6:=)-# � 

�  

� ���ƶȰɁ*9;��ȀȤ)ȮʖȹɕÐǻ*9;�ɰ˄ɠafq�ȹɕǔɭ�¢

��<�'��:*-²ĎǄ̈Đ*��% CREB ,ȢȎ¢�@��%ħůʇÛ�ʤ
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Ȣ�=<�'@ƨ:-'� ��
� ɖƿ-�ȝȡ�*��%��ǗȤ)űÛ˸İ

,ȢȠ@Ƃ��3 �̘ � QOL ,ɛƋ, 6*7�ɀǍȤ)ȝȡQ�`~�|@ʇ


šʒũ@ȳ�Gh_�V,̡$*)<'ɧ�:=<� 
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	ʬ˃
  

 

� ɓ?;*ɷ4�ƶȰɁ*˷���ĝţ,�ĝğ)<�ÕǮ�'ȄŲ�/=<�ƌĺ

@ʲ;3� żȔŌ��ƝƎ*�ǭ�ųʬ�<''7*ŵA&ŞȴȖ���3�� 

� ƶȿ¥ż@ˊ�%�ŞŠŕ�Ù3�'ŞØʛ�:*-�áÕ@ʲ;3� Ǌ� ê�

ƝƎ*ǭ�ųʬ� �3�''7*ä�ŞȴȖ���3�� 

� ƶȿ¥ż@ˊ�%�ɓĥæ��Ǳ-��ƌĺ�ŞØʛ�:*-�áÕ@ʲ;3� 

ɿŅȧĨÃƝƎ*ǭ�ųʬɹ�3�''7*ä�ŞȴȖ���3�� 

� ƶȿ¥ż@ˊ�%�ɓĥȄŠ)�ƌĺ�ŞØʛÙ3�@ʲ;3� �ɽ̝ȫʍʫň

*ǭ�ųʬ� �3�''7*ä�ŞȴȖ���3�� 

� ƶȰɁ,ːʇ):.*ƶȿ¥ż@ˊ�%�ɓĥæ��Ǳ-��ƌĺ�ŞØʛ��%

ŬĤ <�ʘʗ@ʲ;3� żȔ˓Ĩģð*ǭ�ųʬɹ�3�''7*ä�ŞȴȖ

���3�� 

� ƶȰɁ,ːʇ):.*ƶȿ¥ż@ˊ�%�ƦĞæ��Ǳ-��ƌĺ�ŞØʛ��%

ŬĤ <�ʘʗ@ʲ;3� ǽȔȸ˂ØƝ*ǭ�ųʬɹ�3�''7*ä�ŞȴȖ

���3�� 

� ƶȰɁ*ŞáÕ��;�ɓĥȄŠ)Şƌĺ��Øʛʲ;3� ̇Ȕ˾ƨȉ�ØƝ*

ǭ�ųʬɹ�3�''7*ä�ŞȴȖ���3�� 

� ƶȰɁ*�áÕ�!�;�ŞØʛ'ŞáÕ��:*-ƭ-�Ù3�@ʲ;3� Ź

ŻɤėğĪ,Ʒǩŭǚĸ�ʫň�̂ ŁȩɃğĪ,Ʒŀǂ�ØƝ*Š9;ŞȴȖ���

3�� 

� ƶȰɁ*ŞáÕ��;�ĝğ)<ŞØʛ'ŞØÕ���3� £ʄğ�ğĪ˳ȑ�

Ȕ�ʪ�ğĪ˳ȑ�ôȔĻğĪ˳ȑ�Ǩ˥¹¿ğĪ˳ȑ�éłğ�ğĪ˳ȑ�̒łȍ
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ĨğĪ˳ȑ��ʳƫ̒ğĪ˳ȑ�ƽƶɏɩğĪ˳ȑ�ŀ˛ŹōğĪ˳ȑ�@-�6�

ʃȏĪȰɁį,Ȱ®ȑ�ĸƚȑ*ǭ�ųʬɹ�3�''7*Š9;ŞȴȖ���3�� 

� ƶȰɁ*ŞáÕ��;��Ț˅�&Ƙ�%���3� Ǖ�Ɂàʩȑ�Ȕ˚�ʰà

ʩȑ�Ǒî�̒àʩȑ�ȪĚ�Ţàʩȑ�Ǟ˥ʰɄàʩȑ���˝ŭ�àʩȑ�̎ĕ

̚Ɏàʩȑ�ǯǞ˕ġàʩȑ�ŀ�±�àʩȑ�Ȕ˄ȫÅàʩȑ*ǭ�ųʬɹ�3�

''7*Š9;ŞȴȖ���3�� 

� ƶȰɁ, 6Ġ?= ĝ�,ú*üŰ,Ų@ʉ��Š9;�ÂȺ@�ȶ;ɹ�3�� 

� Ưś*�9 Ōˮ,ʰˤ)ğĪȑǥ,ē@��%��;�(A)Ƭ7Ƙ�');Ǳ-

�ʓī#%��# ıƥ*Š-:ųʬɹ�3�� 
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