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Abstract 

 

    Obesity has been a problem in developed 

countries, thus weight control becomes an 

important issue in the public health in these 

countries. One of the causes for Obesity is 

overeating. Neuropeptide Y (NPY) from the 

arcuate nucleus of the hypothalamus is a 

strong stimulant for feeding behavior. The 

primary sites of its action is at the arcuate 

nucleus and the paraventricular nucleus. The 

present study is aimed to investigate whether 

neuropeptide Y stimulates feeding behavior 

via the dynorphin neuron in the 

paraventricular nucleus. The first experiment 

investigates the effect of exogenous NPY 

administered into the cerebral ventricle of 

male rats on the gene expression of dynorphin 

neurons in the paraventricular nucleus using 

radioactive in situ hybridization for dynorphin 

mRNA. The second experiment utilizes 

food-restiction as a physiological mean to 

raise endogenous NPY levels. Dynorphin 

mRNA levels in the paraventricular nucleus 

are also detected by in situ hybridization. 

With the assistance of a computerized image 

analysis system, levels of mRNA can be 

measured by counting the silver grain 

numbers precipitated during the 

autoradiography of the radioactive in situ 

hybridization. I expect that when NPY levels 

is high, there will be an increase in dynorphin 

mRNA levels in the paraventricular nucleus. 

 

Keywords
Dynorphin neurons, 

Neuropeptide Y, Feeding behavior, 

Paraventricular nucleus, Arcuate nucleus, In 

situ hybridization 

 

���
��� 

 

���������	
��


�������b��WX��@��

��G���z� �?¡¢�£�¤

e*[R¥,¦§¨�����
�-


�N©ª«¬���­®�¯$N�

��
*,°�����������

†
 ��������	
�

�
�����(����

������)�����

 !"#$%	��&�


�'()*!+,-.�


�/�01234 

 



 2

 �!"���#$%&'�()* 

�±²���LM��,?³´µ

¶´·�¸?�¹º�­»¼³��­

i»¼³�½i?¾[�¿À�ÁÂÃ

-Ä­´ÅÆÇ�ÈÉ*°Ê�ËÌd

Í����­-.d¿ÎÃÏÐ�­�

EÑ��ÒÓÔ�*¢�ÕÖ13×.

�ØÙÚ�ÛÐÜ�������* 

[¶4ÝÞßàáâã13C�L

M[t
567(hypothalamus)��*�

$ä��å,��æ[Zhang et al, 1994]

çèéÕÖ
ê;<ëì��íîïë

ìðñbòÅó�ô3��à*��å

,�c4 Leptin ?�@õöÐ�÷ø

ù
�Bú*û� Leptin ?HIÅ56

7ü�13C��;<:��ó��3

�×.*�à Leptin Ï��13C�Ô

ó�,b��ýÔ�*UäVþáâ

Leptin LMHIN567
� Y-;<

d>(Neuropeptide Y�NPY)��Î�ó

�13C�[Craftet al, 1995]* 

��567
� NPY;<�Ð13

C��ÝÞÍ�µãlm NPYÅtP


-AB13C�[Catzeflis et al, 1993]��

NPY� antisense oligonucleotides��5

67 NPY �z������s�13

C�[Akabayashi et al, 1994]*°ÊN�

�ô3�¶4
 NPY å,��æ�q

���[Swartz et al, 1993]*	ËVþ�

áâ NPY ;<��
O13C��c

d���
����,°RefPÃ�

������ NPY ��òÅ��13

�ØÙ* 

567
�NPYLM��@%�(1)

[t�����mn5676Q:

(paraventricular nucleus�PVN)�û�Î

�ú (norepinephrine)��j��z�

NPY[Chronwall et al, 1985]*(2)KÐ56

789:(arcuate nucleus�ARC)� NPY

;<a-HIÅ ARC R � PVN [Bai 

et al, 1985]* 

PVN 
���µ;<d>�-ó�

13C�*PVN �����s30�

·���� �bÚ NPY !�lm"

PVN-¨ÃW�13�¶H�,° NPY

�Ð13C��ó�-.LM<[PVN

�;<a%ò�*N PVN
���@^

_`(opioid) �� --- dynorphin (DYN) 

[Meister et al, 1990] * DYN [

Prodynorphin å,#$�LMHIN

kappa-%�*��µÝÞVe DYN�Ð

13&��M�|'*NtP
lm"

DYN-��13[Gosnell et al, 1986]�b

°(¿)N
ê;<���[*+lm

�DYN��13,-|'[Hoskin & Ho, 

1986]�,°
ê� DYN -.?AB�

3�@M,.��*/bnUä�01

-!2VþáâqtR � DYN ?3

û4O13C��W��	-.?%�

Ð56�7�p� DYN %�(Ã kappa-

%�) �89k�� DYN -.�HI

Å kappa �Ê�%�*¸��efáâ

NPYW��13C�:<[ kappa-%�

�HI[Lambert et al, 1993]�,° NPY

-.Z[AB PVN
� DYN;<ab

��13C��cd* 
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� DYN;<ab

cd�Ref
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H��I�qrs(Spraque-Dawley rats)
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1. U�tJ NPY lm�Ð DYN

å,�æ����|'ã 

[Ð��?�@U��æVLå

,�æ�WÏX�:�Y�RZ~[´

��,b°ef�U� NPYlm�\] 

DYN ��N��¶4
-.2%Å�

^_* 

¶4~�`a (1)�ba 

(2)NPY-1cg (3)NPY-5cg�da� 10

e* 

¢�¶4�2%�`tPE�f

ghQ�i_�jkGlm��nop

ÌdÌÎqh�0�����Ð�sr

s�9t5[tPE�lm"tuv÷

(�ba)� 1cg �NPY (NPY-1cg) D 

5cg � NPY (NPY-5cg)*�wÌÎq

�0����� 4% paraformaldehydeÚ

¶4xyz��2�qt1{|Ð-80}


~k
�* PVN
 DYNå,�æÚ

�vmpRKwx��* 

2. �3�Ð DYNå,�æ�|

'ã 

�3.WXARC
 NPY���z

��~��Ref�d¿�NO���

� NPY��v�����dp NPY?

�.�� DYN����p*[ÐUä

1-¿�� NPY 89k�,°Ref

)�� NPY����|'* 

¶4~��a�da� 10e  

(1)�baãô3i��� 

(2)�3aã��û�30��0ô

3 

¢�¶4Nefä����i�

��ô3�¸dÌ�S�G3012G

���H�û�30*�baO�3a

��ô3(¿����dÌÎq��0

����wÌÎq�0����� 4% 

paraformaldehydeÚ¶4xyz��2�

qt1{|Ð-80}
~k
�* ARC 


� NPY O PVN
 DYNå,�æÚ

�vmpRKwx��* 

B. Prodynorphin cDNA��� 

Úqs567 total RNA�2���

reverse transciptaseÚ�Ù�� cDNA�

uEþ�� [Civelli et al 1995]§S

primers � � PCR � N O Ú q s

Prodynorphin cDNA���%*����

cDNAg" pGEM-11Zf(+) phagemid. �

��z� cRNA probe� template. 

C. ���  

Úa�������2�v"��


�Ø
�a�
�� 20cm ��Â


���2ä� ¡¢K�
��ý�C

RKwxa�F* 

D.!"#$��%&�' in situ 

hybridization histochemistry)
 

Probe�() 

Oligonucleotide probe �() 

­£z�O prodynorphin mRNA¤¥� 

48mer� antisense oligonucleotide [Baker 

& Herkenham, 1995] � terminal 

transferase � N O N 3’ ¦ � �

digoxyginin-dUTP. 

CRNA probes�() 

O mRNA ¤¥� antisense RNA�[

cDNAN�Êz��Ù�§¦
� [
35S] 

¨-thio-UTPh©4Fz����vmp

�ª� 1x109 dpm/cg*  

!"#$��%&�NF�5ã 

a�
��  4% parafomaldehyde 

z�«~¬�Ð 0.1M �­®¯°±÷

(pH7.4)r²�³�/�v��� 0.25%

- ´ µ ® �  triethanolamine (0.1M, 

pH8.0) 
 10~¬*25%��¶� SSC

r²1Ð·¸
(70%�95%�100%) ¹

´º»��� 100cl ���¼(0.3cg 

/ml) �wx±÷½¾Na�Î�1Ú¿

�ÀÐÁ��À4Â
v"�Ã�N 45
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}5ÄÅ 12Æ�*wxÇ��µÈ��

¼h��� 2.0mM DTT� 4¶ SSC±

÷r²*� cRNA H� probe �a�:

v":É:®~ÖÊ(RNAse)±÷
Ú

G~Ö*��¿������ËÂ� 

SSCr²1¹´* 

*+�,- 

Digoxigenin ��� probe hO

1:2000 �9� (Anti-digoxigenin-alkaline 

phosphate conjugate)§¦(4C, 24 hr) ��

�O BCIP+NBT �Ìz4§¦(37 C, 

~120 min). 

35S��� probe Í��Î¶á}�

Ï (autoradiography)���,°¿�º

»�ÐÎÑK�1|±÷(Kodak NTB-2 

emulsion)�uÀÐÁ�iÒÓ�ÔC¿

�Â
�Ð 4}
ÕÓ 5 Ì�2��Ö

² XÓ×��NOá|*a��� 0.5%

� cresyl violet H�ØÙC�ý��Ú

t*Ç��¿��{t|}(¿ëì

(Image Analysis System) NÛ6ÜáÝ

Þ
~� mRNA��0* 

mRNA./�0)---123456
 

�vmpRKwx��� mRNA <

Î¶á}�Ï��Å�?ßà.�á

â�[ÐvmpãÂOßà.ä���

Ø����,°�0a�Îßà.�ä

UÃ-å� mRNA����0*/bæ

­�çèÃçNáÝÞéÛ5êëìS

í�;e�ßà.ä�T�îÛïð�

{tñOO§òÚáÝÞ
�|}ó2

5%�uSíG
ßà.��0*°t

|}(¿ëìi¾Ü�¸;j��q�

��ßà~��ôÂ* 

Ç��¿�ÀÐÛ6ÜáÝÞ
�

Ú�� ARCD PVN�JKÀÐ6Ü


��õI{tñOSíó2|}
ßà

.öä�-å� mRNA����0* 

78��
 

PVN JK DYN � mRNA ���d¡


���ßà.öä(total silver grains per 

section) �â�da�����¢÷øN~

��f?��aRWÏ*ARC 
 NPY �

mRNA ���j�Nâ~���;��3

¶4�;� NPYÎù�æV* 

 

9�*+�:; 

 

Oligonucleotide probe 

[Ð-F2´����  dynorphin 

cDNA�,°ef� in situ hybridization-

F� cRNA probe�C� TefúC�R

�ä�Y�Rû�� oligonucleotide 2å

[Baker & Herkenham, 1995]* ?@�·-

ü�vmýþ������Ívmý�

digoxigenin H���4F�fG-Cp*

[Ðoligonucleotide�digoxigenin����

Â~�� cRNA �vmý���,b-F

��áâ�567� dynorphin mRNA �

KÀ*��ef.	o�C�Y
�R¥

d
À��
�������éÛ�ÎC

��qs� prodynorphin cDNA* 

 

Prodynorphin cDNA��� 

4?������NF[Civelli et al 

1995]�èé���qs� prodynorphin 

cDNA�G��O GeneBank
�����

Ç���z�èéÚ�g" plasmid
�õ

cRNA probe�z�*èéÚ� EcoRI
�

� plasmidõI SP6 RNA polymeraseÙ�

antisense cRNA��N��(gel)Î´Å��

�Ç�� band�áâ-�õz� cRNA 

probe* 

 

[Ð�ä oligonucleotide probe ���

� dynorphin cDNA�����þq0��

RO¸ª�Ñ in situ hybridization J~�

£H��JÇ�T��~�ê��Ç£�

S Ð 88$×-Ç��J�ef 
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