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Aims Nicotinic acetylcholine receptors (nAChR) are integral membrane proteins and 
prototypic members of the ligand-gated ion-channel superfamily, which modify synaptic 
transmission at the neuromuscular junctions. The Purpose of the present study was to 
compare the effect of combination training on the content of nAChR in Fast-twitch and slow-
twitch muscle fibers of male rats.
Methods In this experimental study,a number of 16 male Wistar rats underwent the 
combination trainings from their 10th week of life. Under the environmental conditions, these 
animals were randomly divided into two equal groups of control and combination training. 
Combination training consisted of Strength and Endurance training, which was lasted for 12 
weeks simultaneously. Forty-eight hours after the last session of training session, animals 
were anaesthetized with a mixture of KetamineTM and Xylazine, and their soleus and anterior 
tibialis were removed. The amount of nicotinic acetylcholine receptors was measured using 
ELISA kit. In order to compare the effect of training on the given two fibers, independent T 
test in SPSS 16.0 statistical software was employed. 
Results the difference in the content of nicotinic acetylcholine receptors in the slow-twitch 
muscle of combination group (3.49±0.61pg/mg) was significant compared to control group 
(1.87±0.51pg/mg). In addition, the difference in the amount of Nicotinic acetylcholine 
receptors in the fast-twitch muscle of combination group (1.49±0.42pg/mg) was significant 
compared to control group (2.89±0.51pg/mg; p=0.001).
Conclusion The content of nAChR is increased by implementation of a combination training 
protocols in Fast-twitch muscle (tibialis) and slow-twitch (soleus) muscles in the male rat.

A B S T R A C TA R T I C L E  I N F O

Article Type
Research Article

Authors
Gorgin Karaji Z.1 MSc, 
Gharakhanlou R.2 PhD, 
Rajabi S.3 MSc, 
Parnoo AH.* PhD

              All keywords and available citations are linked in this page.

 Keywords   Keywords Receptors, Nicotinic; Education; Muscle Fibers, Fast-Twitch; Muscle Fibers,
                      Slow-Twitch

http://www.ncbi.nlm.nih.gov/pubmed/12504123
http://europepmc.org/abstract/MED/17651090/reload=0;jsessionid=KWKwz22RBgph3uk7TWJy.20
http://www.ncbi.nlm.nih.gov/pubmed/16019575
http://www.ncbi.nlm.nih.gov/pubmed/16709648
http://www.ncbi.nlm.nih.gov/pubmed/21806615
http://www.ncbi.nlm.nih.gov/pubmed/21795528
http://www.ncbi.nlm.nih.gov/pubmed/16826524
http://www.ncbi.nlm.nih.gov/pubmed/9789802
http://www.ncbi.nlm.nih.gov/pubmed/428373
http://www.ncbi.nlm.nih.gov/pubmed/3410628
http://www.ncbi.nlm.nih.gov/pubmed/16228970
http://www.ncbi.nlm.nih.gov/pubmed/9216945
http://www.ncbi.nlm.nih.gov/pubmed/12191577
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2128788/?report=abstract
http://www.hindawi.com/journals/ijpep/2012/962651/abs/
http://www.ncbi.nlm.nih.gov/pubmed/11003794
http://www.ncbi.nlm.nih.gov/pubmed/11880817
http://www.ncbi.nlm.nih.gov/pubmed/10536264
http://www.ncbi.nlm.nih.gov/pubmed/16520081
http://www.ncbi.nlm.nih.gov/pubmed/16759874
http://www.ncbi.nlm.nih.gov/pubmed/18502212
http://www.ncbi.nlm.nih.gov/pubmed/16762377
http://www.ncbi.nlm.nih.gov/pubmed/2843834
http://www.ncbi.nlm.nih.gov/pubmed/12770550
http://www.ncbi.nlm.nih.gov/mesh/68011978
http://www.ncbi.nlm.nih.gov/mesh/68004493
http://www.ncbi.nlm.nih.gov/mesh/68018656
http://www.ncbi.nlm.nih.gov/mesh/68018657
http://www.ncbi.nlm.nih.gov/mesh/68018657


)**   �	"���� & %,�� ����� -��/�������������������������������������������������������������������������������������������� 

�01 2��� 3�	# 41	   �"&#)5 �"��6 78���9�/ 7 ):;)   

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

�
��� �
��� �� ������ !�"#$ %�	&�����  %�	&����� '

���(�' �� ����)* +��  
  

���� ����� �	
� MSc  

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

��
��  

�
������ ��� PhD  

����� ��!" � #�$%�� ������� ����&� ��!" � ���% '$%
( ��
)��  '$%
( �������

��
�� ���
*( �+&�	  

���� ���� MSc  

��% '$%
( ��
)� ��&� ��!" ��� ��% '$%
( �������� ��&� ��!"��  ����

��
�� ���
,�� ��	��� ���
 ������� ���
,��   

���� ���������
*

 PhD  

-�.��/$� ��
)0 ��&���  �1��& ������� ����&� ��!" � ���% '$%
( �������

��
�� ������	
�   
  

�����  

 :��������������	
 ���
���� ��� ���
��� ������ ���� ���� � ����

���� ����� �����	 ��!
 ��"#
 ���$� ����%�� &'�()  ��*��
 �+# &,

�-.# /0�.

 () 
( �$����	1  �� ���2
 ��3"#.����  ��
 5
 6��

������ 7
8�� �9 �-�,�
 ���+
 �:
 &$��*� ;��<�  =�����	
  �����

���
����  �� ��
�>! ?�� @�-*�
��� � @�-*�
��
 A�3"# ���(�
 ()

.)�9 

	
� :�� ;��<� ��
 () �A9�B
 CD (��$�� �� ?�� �	 E�) &�F� 5
 

A���5  G>
 /����+
A-���
 ���H�� (
�I /��
��J ��
 . G>
 K�
�L

M3��, �N�>� &9 &9���  &9 �H)�.
 (�O�) ���� =��$� ����, �  ���+


 �-���
 .���L E�$*
 �����*� � ����*�	
 ���+
 �) ���L �-���
 ���+


&9 &� )�9  /��CP &9 � &�F� 7��8+� (�O �L Q�B�
 .RS  5
 �29 G#�	

����+
 &$�T ���UV� 5
 �-�,�
 �9 /��
��J ������ � ��W�����
5  ?�X�9

�"# � ���L &GL()  ��
�I �� ��2� � 7
8�� .�L 
�T �X�V������ ���

���
���� ���	
  ����� �9G�� 
8�0
 �5
��
  ���� .�L ��:�
 &$��*� �
�9

7��5V 5
 (�
 Y�� �) �9 ���+
 ��V�( T �*�$� Q�� ()  =(��V (
8H
SPSS 

16.0 .�L �)�F�	
   


���� :�� 63�U
 7
8���������� =���
���� ���	
  ����� &�"# ()

) A-���
 ���� @�-*�
���DC/\±R]/^pg/mg ����� ���� &9 G-$� (

)`C/\±Sa/Cpg/mg 7
8�� 63�U
 ���'+� � (��������  &�"# ()

) A-���
 ���� @�-*�
��
RP/\±R]/Cpg/mg ����� ���� &9 G-$� (

)`C/\±S]/Ppg/mgA�2� ( ) )�9 (
)\\C/\=p(.  


���� :���� 7
8�� ;�
8H
 cT�� �-���
 &����9 �(�) d� Q�B�


������ ���	
 ���
���� ��� GL()) @�-*�
��
 /3"# () �����  � (��

��
�>! ?�� (��2�) @�-*�
��� ��  .)�L  

�!�"��
�  :�#2$3�� ���
$) 4�56����� �!7" �4�56����( �!7" �8�
�( �8$.�9  
  

:'���&� ;�&�( <=/?@/<AB?  

:C
�DE ;�&�( ?</?B/<AB?  
* 

 :F�G�	 �������ahmp2004@gmail.com  

  

�����  

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

���
�������� !�	"��
 ��#. $���
 %�&�' (ACh)( %�&�
 

������
����� ��)	�# !�# �
* ]+( , .[(-�#�
�/ �
 01 

$���
 %�&�' �� 2	34 5�1	��� 6�"� !��' ]7 [� �� 8�!��� 	9 2

��
$� &�'�% :;
� �� 	<= >01 ���1	� 5��3� ?@A� $B�� 

�5 .��# �	B�
 ��
$� &�'�% �� 8�!��� C�	� �	�-�# �	�	' 	9 �� 

	<= �5 .��#  -�#�	� �
 01�	�	' (�-� 	9 2���D ��
� ���� 

��3�5 !�# � EF�� �G��/�4 H��� I	J
�
 �5 �#�� ],[. 8�!��� 

��
�$ &�K�% ���	�9 	��� �;	��% 	<=( L	�
�� ��8M5 >	9 

N�&�K	��	4H� �	 ����
� 5J�� 5�� ��O�� 	9 2P��A� �� �� !��8 

8!���� 	9 2����Q�� 5��
$� &�'�% (nAChR) � 8!���� 	9 2

�	Q�	��� 5��
�$ &�'�% (mAChR) �
��D R� ] ���#,[. 

mAChR	9 	3�
> �S
5 !�
��	) A 8!���� 	9 2*"F !�# 

���1T�% G ����9 � E�=
 �	��
 ��
$� &�K�% �� ��D�� JB� 5

G��@ 5� UK�� 2
� ��V�	5 �82 �5 ���K ]W[. nAChR 	9

8!���� 	9� 21�������H X16�"��� 
�� 2���(D �	�1�D � 
��' ��

�/ .����9	Y ?��� ����Q�% �G��H �#! � ?��� �
��' �	Y� 

�5 .���# ��9 AChR	9 2G��@�/ ���	� (5	Y 5��' �� E�; �	 

1�!	8��� JB� 5��3� 5(����9 ����Q�R� ��
( ��J&
 8�!��� 	9 2

��
�$ &�'�% ����Q�� 5�� UZ� D9 ��-	 �5 ���# ]\[. 8�!��� 

����Q�� 5��
�$ &�'�% ����< �� �� !��8 ��3� 5� JB� 5�
��D 

�5 ���# .�^� ��3�5 
�% 8�!��� 	9 �� ��3� ��Q�
 5!�Y� -
�
� 

�*4	 !�# � �	
��
 JB�5_ ��3� 5
� �� EB� :�	
� R��3� 

(NMJ) �`��$ R� ] ��',.[ �	�	' ��� 5����a &���	� 2
�% 

8�!��� 	9 $�	# \ ���b
�� )α,( β( γ � ε/δ( *�
 �' �� �	�' D9 

�H !��8 
� Q<��$ !�
� � ��b f
��� U'�� 2$;	� 	<= �
�; 

��4�8 ��
 ],( g  h[�� 5&	b �' !����8 $���
 2	9 %�&�'  �
 5JB�i 

����b
� α )�� ��α( � 7 �b
���� β )� ��β!�# $�Q<� ( ��
 ]\( g( 

j.[  

��-	 -N ���	9�b
� 2AChR $;
�b 	� k l�� $�
�� ���N��(H 

*�&	`4 5Q���Q&
 �	� 5��3� � �A�� 2�
��� m	) 5�1	��� 

����' �5 ��#. �A�� 2�
��� m	) 5�1	��� $�	# ���8���% 

&	`4�* 
	
&!�# ?��� 8�!��� ��
�$ &�'�% (ARIA)( �n1�� ?J��� 

	� -N ��'5 ����% (CGRP)( �8/�% �8�T���1)�-	Q o�� �S
 5

���1	�5( � ATP *�
 ]p( i( +q( ++.[  

��L	�
 	���r 
G���	
 P��A�( 	9�	�2 R��3� I	J
�
��' 
�
�2 

�	G"S �'�G� 	Y��
 5�Hs�' (�� �@; �'��( ��Q� 	Y��
 5����' 

�� 	1���	 JB�5( 	1���	 ���'/ 5!	��' � At�D (�� r�Q# 	9 2

1���� 2D' u�� �� � D' ���	�# � 	� 
�/�v D���	� (�� ��� �' 5� 

�
�`� �)	# 	9 2���'( ��
�F �� 5���' �� �	G"S �'�G� � *`�� 

���' o�� 	9 201 ���1	� 5*J�� �� 	9�	�2 R��3� I	J
�
��� 



��������������������������������������������� ������ �	
�� �� 
����� ����� ��	 ����	 
������� ��� ���! ���"�� "# ��$��% & '��(�	���  ... )*+ 

Q Horizon Med Sci                                   Vol. 18, No. 4, Win 2013 

��9�� ]7[. 2	9�	� 5��3� 58M�� 2	9 ��-�� �'�b5 � ��	# 

NMJ 
� *G� ��w	� �
�; �5 ��9�. -���� 5�	9 �' 2	9�	� ���v�� 


� EB� 59� 5� '���( �� ��� ?���� �@; 5���'/ D�At 2�� 

�
��� � *��� ��	A�! x	�1 5JB� �� %�
 -���� 	9 g ��
�� ��<�� �
 

-���� 5�	9 *�
 �' 2	9�	� ��'v�� 
� EB� 9� 5�5 ��' ]7.[ 

	���r �	`&	@� -	<� R� � �' �9l�� �� 	9 2-
�F (y&	� ���� 	9 2

AChR ��3� ��' 	� EB� 
��� 5�	 �	�`��
 D� &�����x�� �
 ��% 

R�  (����&	b��5 �' 
�% ���� 	9 �� ��3� ��� (;	�R� 5 	���� 

]+,� .[� !���( �BA<� 2	9 2�	�)	� � 2��Q��� �	G"S 

'�G�� 5�	Y��
 U�� �� 2	9�	� 5��3� ��	"��( z�4 5� ��' ]7.[  


G�R� -	<� �	
� 9���  �'v9	' nAChR C�	� ���� 

���	�2 	9 2P��A� �5 .��# �� -
��� �	{� (���	� 2P`t � �G��$ 

��3�5 �����	 5��
�8�0 �� ����� ��/5 �	� 28�!��� 	9 2

��
�$ &�'�% ^�� ��3� 5
��	V � �V�� �� �	��S 	<= 5��5 .��# 

5<A� �
 ��-
�	� �����	 5��
�8�0( ��/5 �	��5 
��2 AChR 

���
�� � |o	��b
 �
�`� 
�% 8!���� 	9 �� ��J��-	 �� �����	 5

��
�8�0 v9	' �5 ���	 ]+7[. �� x���� H����	�� 5w�
 |
���b gq 

��� �� vYF2	9�b
� nAChR )ε( δ( β � α( 5� �	V�
 ��# 

]+W[. 2�	��� 2���� �' *G� ��w	� nAChR �
�; 5� ���8( 

��
U&/� .*�
 �	`&	@� -	<� R� �9�� �' �
�`� nAChR �� 2��1 

� �� -
�	��� ��J�  ����
U&/� v9	' R� 	��� ]+W[. �� -
�	��� 

(-�4�U�Q�
 ���)
 �� -	�� vA���� 2	9 α7 � α4β2 !����8 2	9 

5����Q�� �� u�	�� 2UZ� P��A� !��� R� #�� ]+W( +\[. �� 

!���( ��s�% �`&	@� -	<� R� �9�� �' nAChR �� -����'�	1 

v
� 5�	�b 2�	� 5� .��' �� ���	� 2^�S U�� ���2	9�b
� 

nAChR �	s� vYF �5 �#�� �' %�
 vYF �� �b
���� α4 

-
�
�4) ��� %����b
� >U'�� RJB� D����( ��<�� z	"�
 5� .��4
 

%��a�9 �
�`� nAChR	9 �� 0Q���' UZ� �� -
�	��� ��
�D� �	 

8��	���)�� 5v9	' 5� ��	� ]+\.[   

���� � -
�	Q�9 �� R<9�M1(  R���� 	���w	� �� ��	��� ����� 5

P��A� 5���	
�) � (5J�K�� �� -
U�� CGRP �� ��3� ��� � 

��K l�� R� l�
U8 ��9� �K �	����� (5��	
��
 5J�K�� � 

5���	
� EF�� v�
U4
 -
U�� CGRP �� ��3� 5�`� (��K) !�# � 

-
U�� CGRP �� ��3� *#�� 5� 5�
�; (���) U�� 5� ���� �	�

 5J�K�� � 5���	
�v�
U4
 R� 	� ��]+g[. ��� � -
�	Q�9 -	<� 

R�  ��9��' ����% ��	
��
 5��� � }@� �	G"S 	Y��
 5�
� 


U4
�v �5 .�9� �� 
�% ��-	 (�`��$ 01_ � 1�v ���1	� 5	� 

����% ��	
��
 5!
��9  (*�
	�
 Z���� �
!�
��
 � ^�� �	� R�`�  �
�

 *���]+j[. �	
��
 � -
�	O�9  R���� 	��	�82�	 2	9 5JB�_ 

5��3� �� %���� 5J�K�� 5���; � 5��	
��
 -	<� R�  ��9��K 

8!�� 2	9 %���� 5���; � 5J�K�� (v�
U4
 5Y�	<� �� *b	�� 

��3� (�����K
 ���O�4 � ���'
�/ -
� � U�� � $��J�4��� *b	�

 ^��, ���
�. x	V�
 7 ��� �� ��"9 %���� (5J�K�� 	� �	�82�	 5�	9 

�K �� (���; �	9n54���� 5��3� � �	`4 2�	� 5JB� �	V�
 !�# 

?��� %���� 5���; �� 5�	Y�� ��� (���	Z� ��
�� ]+p[. ������� � 

-
�	O�9  v�	��/ 	��w
 ��� R����% ��	
��
 �� 5��3� �"�� 5

�� ��J��-	 �� �����	 5��
�8�0 	� �F�� (?����  �' ���
�`�

����% *�	
��
 �"�� 5� ��U DVb $' ��� 
� 
U4
�v R�  h�9�

�s�8
 �F�� �����	 5��
�8�0 � ��Q��� ��� l�A��� 9�~ ���8 

Z���� 2�R� #�(� 	�
 ��-
�	� �
�w
 ����% 
� �� 58�	�/ ��� 5� 

0"�� *J{� ��
��	R� 5 '��� ]+i[. ����� � -
�	Q�9  v�	��/ 	�

�	J��
 ��% ��/5 �	� 28�!��� ��
�$ &�'�% (AChRAb) � 

 -���/ >	9���
�	14�U�N�&� 2�� ��-
�	� �����	 5��
�8�0  l�
U8

R�  ���'�' �	
��� AChRAb 	�  �� >�	��� D��� v9	'

 �� -	���J� 5���	����
�8�0 ?J��� ��*� ],q[.  

�� ����� w	��� ����% '���J 5�� �o	B�
 JB�5_ ��3� 5

�	���
 ���`� 2�� *�� .*�
 v9�M1 L	�
�� 	9 x	V�
 7 ��� 

�� ��"9 ����% '���J 5)���;5 � ��	
��
5(( �	8�	�2 9	 5�
� �' 

?��� ����% ���; 5�� 	9�4����n 5��3� 5� �	`4 �	� 2JB� 5


��	V (!�# v9	' ��5 �9� ]+p� [ ����% '���J 5�� �`��� �9 

�H �
 	9���'	4 2���; �	 *�	
��
 �� !�
��
 �	�� 5�' �9 �H �
 

����% 	92 ���;� 5	 ��	
��
 5�� 	Y�� 5�x	V�
  (���#"��� *�
 

]+j[. 
��	���(% 

G�	- w	��� ����% '���J 5�� ��-
U nAChR �� 

��3� 5�`� (I	J
�
��') � *#�� 5��
�; 5(I	J
�
���)  
����� 

5���� �
�; !�
� � w	��� 
�% ����% �� 8�!��� 
� �� �	� ��� � ��' 

	
���� .����'   
  

��� �	  

�� %�
 v9�M1 (R��V� +g �� l�� �� �	���� )�������
 ����	1h 

-
��
 (	� \ ��"9 %� � %���	�� +\±,,q x�8 (01 �
 �	
��
 �� 

/!	�<�	�� � W ��"9 2�
�Y�� )�� 2	�� °CW/+±,, (z	�
 uJ� 

�)�s +, *�	� �
�) � 2�
��� � 	� �� �
�/ R����� �/ � 
X= (� 

H� ��"9 ��	� -�
� �� $Q���1 (5����� �
 ��"9 D9� R8��� *G� 

�	����� 5�S
 �
�; ���4�8. %�
 �	�
��b �� ��� 54�	B� �� �� !��8 

>�	�� ����K � %���� '���J 5D��
� .���# ?�
�# 5@�G� 2
�� 

!��8 ����K |��	K ��	<� !��8 '���J 5��� (	� 
�% ��	"� �' 

l�� 	9 2!��8 ����' 9�~ ���8 &	`4�* #��� 5.���#
�� �'�� 

%��
�� ;�)
�	�
��b 	� �	' 5 u�	@� 	� �
�9	`� �)
� 5� 

%�� ���&
 5�� %�
  v9�M1	���* .�#  

����% '���J 5$�	# �� ����% ��	
��
 5� ���	
� 5��� �' �� ��� 

+, ��"9 � �� ��� -	�U�9 x	V�
 �#� h�`l�� 5 	9 01 �
 x	V�
 

����% ��	
��
 5�� 0"; ����� �� ����% ���	
� 5�
�; .���4�8 �� 

�9�% 	��
�l�� ( 	9 
�� 2x	V�
 ����% ��	
��
 5+, (��"9 ��"9 2
 

\ ��� � �9 ��� �{'
�b gq �
�;� 2�� $�����  -	8���F



)*,   �	"���� & %-�� ����� /��0�������������������������������������������������������������������������������������������� 

�12 3��� 4�	# 52	   �"&#), �"��6 78���9�0 7 ):;)   

5b
��) ��K� ?��� !�#  � (5K	�� 2�J�; L	J�	� *��� �{'
�b 

7q ��� �� �
�;� ������ ���F) +( .
�� 22
�F
 %���� 5���	
�( 

�	�
��b �� ��� +, (��"9 �� ��"; 2U�4 	� ��� 5��� �' , 2�@� 

�/ �� %���o	� ^	"��
 -/ �
�; ��4�8 (��� Y���2�
 .���# l�� 	9 

2
�� -���) �/ ��JV� ����� �
 ���2 5��� �
��
 ��"; o	� 

����� ]+g[. �� (
���
 2�@� 2	9 �/ �� ^	"��
 ,q 2������	� �
�; 

!�
� �#( 	�
 �� ���� -	�� �� ��� H� (��"9 ^	"��
 -/ �� ,qq 

������	� !��	�� .�# �� ��"9 2	9 +q( ++ � +, ($Q���1 >
�F
 

�� ���S �� ��� �� -	�� )7 ��� �� (��"9( �� E���� ���� 5�	9 

��	`� +q( ,q � 7q% -�� �9 -
��b �� ��x -/ -
��b >
�� �	��
 

�4	t
 	�� ���� .�# >
�� -	����
 �
 %�4�o	� �	�
��b �
 0�4 2��� 

� �	��
 (�	� �9 �� ��"9 �� ��� ,W *�	� �� ��) 2
�F
 

($Q���1 �	�
��b 	� !�	"��
 �
 %����� ����5�� ����' .���#  

  

 ����� (�3	�63�� 8�
�( �	��
% 

���	  

��
� ���

�����)  ��(���  

������ ����

���)  ��(�����  

�  A?  <?  

�  H?  <?  

�  HI  <@  

�  I?  <J  

�  II  @?  

�  J?  @I  

!  J?  A?  

"  J?  A?  

#  J?  A?  

�$  J?  A?  

��  J?  A?  

��  J?  A?  

  

Wp *�	� �`� �
 %��)/ ���F 5�����( �	�
��b 	� 5J�K�� �
 �	�'�% 

)\q_ 7qmg/kg( � 
���	'���% )\_7mg/kg( l�Y�� ���# � 

�3�� *#�� 5� 5�
�; � �`� 5�/	Y 
�F .�# *4	� 	92 ���� ��� 

��S	4�� �� -N����� :�	� ��V�� � %�t �	
��
 �� !	�<�	��/ �� 

2	�� °Cjq_ 	� -	�� 2
�F
 $O���1 ���� ��� 2�
�Y�� .�# 

*4	� 2	9 ���� ��� 	� !�	"��
 �
 -�	9 -N��9 ���#. -
U�� ��K5 

nAChR 	� *�' 
U�o
 )Accurate Chemical (!�G�� �o	�
 h

!�
��
 2��8 	� � !	���� ��<�
�) 
U�o
 >��� -	� U�
� 

)TECAN Cov���
 h(  !��
�).�#   

01 �
 E�K -	����
 �
 5`�J� -��� :���� !�
� 	9 	� -���/ 

���8��&�K_ (�������
  �� RJ�'�� %���� �w
 5���� 2
��

nAChR  �
 �	� ^�� �� �� %���� ��w	� ���	
� 2
�� %��a�9 �

-���/ 2�	�/ T $
��� x�� ��  >�	�/ �
U4
SPSS 16.0  !�	"��


�#.   

  


���
  

����	�% -�� l�� 	9 �� !��8 	9 2����' �  �� 5����� ��
 ��"9

��  E����qq/+\±7j/,W\  �qq/+q±j/,7i �� � x�8  ��"9

�� D9��
��  E����qq/+q±pj/77g � qq/,q±g,/,ii .��� x�8 

 -
U��nAChR !��8 (��') R�`� ��3� ��  5J�'�� � ����' 2	9

��  E����\+/q±pj/+  �g+/q±Wi/7pg/mg  �� �*#�� ��3�  R�

�� (���) R�
�;  E����W,/q±Wi/+  �\+/q±pi/,pg/mg  ���

 ���F),.(  

  
 �����(  ��/$	nAChR '�&� � (���) �!M� �!7" &� (��() �	��N ��  �� OE

<@ �5$�
( 8�
�( �3P, (pg/mg)  

%��&←  

↓�'*�  
���+,  -.�,��  

 /0�

-+1� 2�3�  

-'14  I</?±Q=/< J</?±HB/A ??</?=p 

�5��-�3�� -4  H@/?±HB/< I</?±QB/@ ??</?=p 

-+1� /0� 2�3�  ?I/?p> ?I/?p>   

  

���  

��  v9�M1�t	b( ��-
U nAChR �� �V��� ����% '���J5 

���	
�)� 5 ��	
��
5( �� �9 �� ^�� �	� 
U4
�v *4	�� h�`5 ��% 

-
U�� nAChR �� !��8 ����% '���J 5	� !��8 ����' �� �9 �� 

�	� ���_ � I	J
�
��' ���	" �`�R �
� 2��F� *#
�. 	�
 �� 51 

�	����� RJ�'��( %�� -
U�� nAChR �� ��3� ��K � ��� !��8 

'���J 5��	"��<� !�9	<� R.  

 �	`&	@�1�< %�-	

G�  U��-	<� R� �9�� �' �� ��"9 ����% 

�� 2�����$ �� ����: � ��-
U nAChR	9 �w
 ��
�� ],+[ .
�% �� 

&	b 5*�
 �' ��� R� l�
U8  ��'�' ���-� C�	� 
U4
�v 

*b	�� � ��� 	1���	 ���'/ 5� *b	�� 	9 201 ���1	� 5� 

1�v ���1	� 5!�# � �� ����V �� -�#��Y� ��O��� I	J
�
 

5��3� �V�� �5 ��# ]7[. %���� 5��	
��
 �a�9�% �
�`� � 

-
U�� �)�s AChR 
� v�
U4
 5� �9� ],,[. �
 �� 5����4	 	9 

-	<� R� �9�� �' ����% ���	
� 5��� )+\(% � b	��� )+g(% 

	9���
�	1�G"S 2  >	9	Y��
 5�� �a�9�% 8��'
�1 5nAChR 	9


� 
U4
�v !�
� � C�	� Z���� �	G"S 01_ � 1�v ���1	� 5

�5  .��#
�% ����% �a�9�% 	9�4����n 5NMJ  
��� 1��
� 5. �� 

:;
� (����% ���	
� 5�� &	`4�* JB�5_ ��3� 5	� ��# o	� ���	 

��
� �' �
 8��'
�1 5����< nAChR 	9�� ��
�� �
@�� �G"S 

	Y��
 5�#	� 5�5 ��# ]+j[. �a�9�% (	� x	V�
 ����% ���	
� 5

%Q�� *�
 �S�� 2�
 4�	9�J 5��' -��'	� �� �	' ��4�8 !�<� ��
 (



��������������������������������������������� ������ �	
�� �� 
����� ����� ��	 ����	 
������� ��� ���! ���"�� "# ��$��% & '��(�	���  ... )*; 

Q Horizon Med Sci                                   Vol. 18, No. 4, Win 2013 

*G�  *�&	`4�
�; ���.��� 
�% 	9�4����n 5NMJ 	� 
U4
�v �� 

}#�� ���
������	9�� !
��9 *�
 ]+7[. ��  v9�M1�t	b ��U 


U4
�v �
�`� 8�!��� �� �	J�� +, ��"9 ����% '���J 5���	
�) � 5

��	
��
5( !�9	<� #.� 	V�/ �
 �' nAChR �Q 5�
 	9���'	4 2

��F�� �� �G"S  >	9�'�G� � 	<= >01 ���1	� 5*�
 � 	� �F�� 

�� 	���r v9�M1  >	9!�#�'6 � w	��X1��� 2NMJ �
 �����	� 

���	
� 5� ��	
��
 5�9) x
�' �� 	Y��5�( (�5-
�� 
U4
�v 

nAChR 
� �� 
U4
�v *b	�� �G"S  >	9	Y��
 5�� 4����1	9 5

#	� 5�
 ����% NMJ *J�� .�
� ��` 5
U4
�v ��-
U 8�!��� �5-

��
�� �Q 5�
 o��$ � �9�% ���� (Q 5�
 1�	9��	 2Z���� �� �	�)	� 

�o	B�
 JB� 5��3� 5.�#	� �
 �� (5�	� �F�� �� 9	��* ����% 

��	
��
 � 5'���J 5�� ��	��� ����� v9�M1 5�t	b( �5 -
�� *"8 

�' ����% '���J5 	� *G� w	��� -�
��
�; NMJ �G���	Q x�o 
� 


�� 2&���� 8!���� 	9 2U����� 
��	V �5 .��'  

nAChR 	� 3`� 5���	�2 	9 ���	� ���	� 2P`t � �G��$ 

��3� 5� 
U&/��� � '�	1���-� �	J��
 ��
� (�� ��� 2�' ��-
U 

8�!��� �� �
�4
 ��J� �� 
�% ���	�2 	9 v9	' �5 ���	 ],7( ,W.[ 

x	V�
 �H !��� ����% ��	
��
 5��3� �"�� 5?��� ��-
�	� 

�����	 5��
�8�0( *�	
��
 �"�� 5� ��U DVb $' ��� 
� 
U4
�v 

R�  (�9�	�
 w	��� 2�� �F�� �����	 5��
�8�0 � ��Q��� ��� ��
�� 

]+i .[ v9�M1 r�	�� L	�
���t	b (����% �5 ��
�� ��-
U 8�!��� 

����Q�� 5^�� ��3� 5
� 
U4
�v �9� � 	� �F�� �� 
�% �' ���	� 2

P`t � �G��$ ��3� 5�� ��� 
����D 	� ^�� ��3� 5
�% 8�!��� 

�� �	J��
 (*�
 
�% �	��b
 ��F� ��
� �' x	V�
 �H !��� ��	��� 

����� 5��	<� $Q���1 ����� 5
�%  v9�M1	� 
U4
�v ��-
U 

nAChR �� ��JY� ��J��-	 �� 
�% ���	� 2�	���	V� ],\_,7 .[

�� ��� �' (5l��� �5 ��
�� �� -
��� #�� R=���
�� 5��� -	��� �	 

1��<�� 2�
 ���	�2 	9 2?J��� 	� v9	' nAChR ��w��{� �#	� 

�' ��J&
 
�% ��
 xU���� ���� 5����< *�
.  

�Q 5�
 $�� &	��b
 5
U4
�v nAChR �� �w
 ����% � &	`4�* 

���5( ����: � 
U4
�v ��-	 -N � ���� ��� 2
�% 8�!��� .*�
 

|o	��b
 ����% �5 ��
�� 	� 
U4
�v �9 �H �
 $�
�� �A�� 2�
��� 

m	) 5�1	��� C�	� 
U4
�v U��� � ���� ��� 2nAChR .��# 

w	��� &	`4�* �� CGRP � �8/�% �� �	Jw
 ���!� *�
 ]7 .[�Q��	�� 

CGRP �� !����8 l
 �� �G"S �'�G� 	Y��
 5�$B�� 5� (��# 

�����/ ��Q�� 
� �	`4 5� ��' �' EF�� v�
U4
 cAMP 

-��� 5&��� 5� ��# ],g [� ���% ����E (	� U��� 8�!��� 	9 2

��
�$ &�'�(% v
� �Y� 5�� $Q# X1�� 2�G"S �'�G� 	Y��
 5�


�	" �5 ��' ],j( ,p[. �� �9�% 	��
� (
U4
�v CGRP ��3� �� 

1 5����% ���	
� 5� '���J (5��  5<9�M1��	<�  v9�M1�t	b 

��!� R� #�� ]+g .[
��	���% �5 -
�� ��-	 ��'  �'�;2 ���% �	��b
 

*�� 
U4
�v nAChR ��  v9�M1(�t	b 
U4
�v CGRP �� �w
 

����% .*�
 �
 �� (5�	� �F�� �� 
��Q� cAMP (�
�b ?�
� ��% 

8�!��� ���� �`&	@� � CGRP  (*�
|o	��b
 ��  v9�M1�t	b ��U 

����% C�	� 
U4
�v ��-
U cAMP !�# �' ��J&
 
�% ��
 ���� 

�`&	@� �
�; �4���*�
 �. �
 	V�/ �' 3`� 5�
 ���	�2 	9 2����
� �� 

EB� � (��3� 8�!��� 	9 2��
$� &�'�% 
� �	s� ���)
 �5  (���'

�� ��� �5 ���  �'x	V�
 �H !��� ��	��� ����� 5�� ��JY� ��J��-	 

�� 
�% ���	�2 	9 H�' ��'.  

  

����
����  

x	V�
 �H !��� ��	��� '���J 5EF�� 
U4
�v ��-
U 8�!��� 	9 2

����Q�� 5��
�$ &�'�% �� ��3� ��� *#��) �5( � ��' �`�)5( 

l�� 
�GS 5��5 ��# .  

  

���� � ���	
� :����% ����� �
 !��8 ����* ���5 !	�<�
� 

����* L��� �' 	� 
� �� x	V�
 
�% v9�M1 �2�	 !���� ��
( �Q<� � 

�
���;5 �5 	��.D�� 

  


����  
1- O’Reilly C, Dirk P, Kay O. Increased expression of the 
nicotinic acetylcholine receptor in stimulated muscle. 

Biochem Biophys Res Commun. 2003;300(2):585-91. 

2- Lagoumintzis G, Konstantinos L, Anastasia S, Marios Z, 

Socrates J. Muscle and neuronal nicotinic acetylcholine 

receptors structure, function and pathogen city. FEBS J. 

2007;274(3):3799-845. 

3- Deschenes Michael R. The neuromuscular junction: 

Anatomical features and adaptations to various forms of 

increased or decreased neuromuscular activity. J Neurosci. 

2005;115(6):803-28.  

4- Lanzafame Alfred A, Patrick M. Interaction studies of 

multiple binding sites on M4 muscarinic acetylcholine 

receptors. Mol Pharmacol. 2006;70(2):736-46.  

5- Lomazzo E, Hussmann GP, Wolfe BB, Yasuda RP, Perry 

DC, Kellar KJ. Effects of chronic nicotine on heteromeric 

neuronal nicotinic receptors expressed in rat primary 

cultured neurons. J Neurochem. 2011;119(1):153-64.  

6- Harpsoe K, Ahring PK, Christensen JK, Jensen ML, 

Peters D, Balle T. Unraveling the high- and low-sensitivity 

agonist responses of nicotinic acetylcholine receptors. J 

Neurosci. 2011;31(30):10759-66. 

7- Aridon P, Carla M, Chiara Di R, Brilli E, Maurizio D, 

Fausta P. Increased sensitivity of the neuronal nicotinic 

receptor a2 subunit causes familial epilepsy with nocturnal 

wandering and Ictal fear. Am J Med Genet A. 

2006;79(2):342-50. 

8- Sanes Joshua R, Elizabeth D, Apel R, Burgess W, Ronald 

B. Development of the neuromuscular junction: Genetic 

analysis in mice. J Physiol Paris. 1998;92(3-4):167-72.  

9- Lopate G, Alan P. The myasthenic neuromuscular 

junction [dissertation]. Missouri: Washington University 

School of Medicine; 1989. 

10- Dons B, Bollerup K, Bonde-Petersen F, Hancke S. The 

effect of weight-lifting exercise related to muscle fiber 

composition and muscle cross-sectional area in humans. Eur 

J Appl Physiol Occup Physiol. 1979;40(2):95-106. 



)+<   �	"���� & %-�� ����� /��0�������������������������������������������������������������������������������������������� 

�12 3��� 4�	# 52	   �"&#), �"��6 78���9�0 7 ):;)   

11- Andonian MH, Fahim MA. Endurance exercise alters 

the morphology of fast- and slow-twitch at neuromuscular 

junctions. J Sports Med. 1988;9(3):218-23. 

12- Hughes Benjamin W, Linda L, Kusner H, Kaminski J. 

Molecular architecture of the neuromuscular junction. 

Muscle Nerve. 2006;33(4):445-61. 

13- Fahim Mohamed A. Endurance exercise modulates 

neuromuscular junction of C57BL/6NNia aging mice. J 

Appl Physiol. 1997;83(1):59-66. 

14- Lopez-Valdes HE, Garcia-Colunga J, Miledi R. Effects 

of clomipramine on neuronal nicotinic acetylcholine 

receptors. Eur J Pharmacol. 2002;444(1-2):13-9. 

15- Nashmi R, Lester H. Cell anatomy, receptor autonomy 

and thermodynamics in nicotine receptor up-regulation. 

Biochem Pharmacol. 2007;74(8):1145-54.  

16- Parnow A, Gharakhanlou R, Gorginkaraji Z, Rajabi S, 

Eslami R, Hedayati M, et al. Effects of endurance and 

resistance training on calcitonin gene-related Peptide and 

acetylcholine receptor at slow and fast twitch skeletal 

muscles and sciatic nerve in male wistar rats. Int J Pept. 

2012;2012:962651. 

17- Deschenes MR, Judelson DA, Kraemer WJ, Meskaitis 

VJ, Volek JS, Nindl BC, et al. Effects of resistance training 

on neuromuscular junction morphology. Muscle Nerve. 

2000;23(10):1576-81. 

18- McCarthy JP, Pozniak MA, Agre JC. Neuromuscular 

adaptations to concurrent strength and endurance training. 

Med Sci Sports Exerc. 2002;34(3):511-9. 

19- Rassler B, Hallebach G, Kalischewski P, Baumann I, 

Schauer J, Spengler CM. The effect of respiratory muscle 

endurance training in patients with myasthenia gravis. 

Neuromuscul Disord. 2007;17(5):385-91. 

20- Cengiz B, Hale Zeynep B, Mehmet U. Correlation 

between serum acetylcholine receptor antibody titer and 

electrophysiological parameters in patients with myasthenia 

gravis. Kuopio; 13th European Congress of Clinical 

Neurophysiology/Clinical Neurophysiology, 2008. 

21- Fernandez HL, Ross GS, Nadelhaft I. Neurogenic 

calcitonin gene-related peptide: A neurotrophic factor in the 

maintenance of acetylcholinesterase molecular forms in 

adult skeletal muscles. Brain Res. 1999;844(1-2):83-97. 

22- Arias HR, Bhumireddy P, Bouzat C. Molecular 

mechanisms and binding site locations for noncompetitive 

antagonists of nicotinic acetylcholine receptors. Int J 

Biochem Cell Biol. 2006;38(8):1254-76. 

23- Gotti C, Moretti M, Bohr I, Ziabreva I, Vailati S, Longhi 

R, et al. Selective nicotinic acetylcholine receptor subunit 
deficits identified in Alzheimer's disease, Parkinson's 

disease and dementia with Lewy bodies by 

immunoprecipitation. Neurobiol Dis. 2006;23(2):481-9.  

24- Bitzopoulou K, Kostelidou K, Poulas K, Tzartos SJ. 

Mutant forms of the extracellular domain of the human 

acetylcholine receptor gamma-subunit with improved 

solubility and enhanced antigenicity: The importance of the 

Cys-loop. Biochim Biophys Acta. 2008;1784(9):1226-33. 

25- Takada-Takatori Y, Kume T, Sugimoto M, Katsuki H, 

Sugimoto H, Akaike A. Acetylcholinesterase inhibitors used 

in treatment of Alzheimer's disease prevent glutamate 

neurotoxicity via nicotinic acetylcholine receptors and 

phosphatidylinositol 3-kinase cascade. Neuropharmacology. 

2006;51(3):474-86. 

26- Ohhashi T, Jacobowitz DM. Effects of calcitonin gene-

related peptide on neuromuscular transmission in the 

isolated rat diaphragm. Peptides. 1988;9(3):613-7. 

27- Fernandez HL, Chen M, Nadelhaft I, Durr JA. 

Calcitonin gene-related peptides: Their binding sites and 

receptor accessory proteins in adult mammalian skeletal 

muscles. Neuroscience. 2003;119(2):335-45. 

28- Felici F. Neuromuscular responses to exercise 

investigated through surface EMG J Electromyogr Kinesiol. 

2006;16(6):578-85. 




