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��� ��.�/��-#0 ���� ���)�.  

4 -  ���&  �!" 	#$� ��%��� ��2�#34�� � �5��� ���� �	
��� ���46 ���� ������)� ���& ��.  
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����� ���	
� : 14/1/96            ����� ��	�� :27/2/96  

� &��'� :)��*� �+,-. /�0�1-2�� 3� 4��5 67 8�! ��!�-9 
1-��:-! 6 
1�	�:.�� ;���� 
� 77�9 .     7�=>6 &=? &=>�� �=? ��=!�-9  ��=@ 

���  A�� B�C�� 	7 
1�	�:.���	7 �
 D�� �&�2�E� �*� ��;���?	 )G,-!�9$ ��!�-9  
1�	�:=.�� (6  D-���I�:=.� ) G=,-!�9�+!$  ��=!�-9 


1�	�:.�� (�? J�K'!� B�C��  3� 
L�!KCl A�� 	7 
����  �! M2�? 7	�� 
.	�? 	��N GO�9.  

� A6	 6 7����@ :PQ? 
��R+!� B�C�� A�� 
����  7�S! 	�+,�6 ��> �L 6 )���K'!� T$ G�� /�  B�=9  P=U� 6  ��=�7 37  &=>	7 


+!�. 7��9� 	7 B��� GO�? �6�� ;��� 76���� &? A6	 /-!��6W�� GK* �L. GO�? B�C�� &? )	�  &!�9��>  �6�=9 	7 ;6�  G=��  �-*X=� KCl 

YZ.  G�� B67 �6�9 �;���?	���-*X� KCl  G�� B�. �6�9 �D-���I�:.� YZ.�-*X�  )�� &? D-���I�:.�30    YZ=. &='-N7KCl  �6�=9 �

 G�� B	�R\*X��-  G]� �? D-���I�:.�3 - 10  )�� &? 	���30  G]� �? ;���?	�� YZ. &'-N72 -10 �-
  �? B�9
-� �+-2 GO�9 	��N. 

� &+O���@:  )6�_�
1�� �	�7  6 �_  G]� D-?G]� �@� )mg/ml
2 -10 �3 -10 �4 -10 (;���?	�� GL�7 7�>6 )001/0P<( .  )6�=_� 
=1�� �	�7 

 �_  G]� D-?G]� 6 M 3 -10  D-���I�:.�)01/0P<( 6  W-!7�'��� M 4 -10 �6 -10  GL�7 7�>6 )001/0P<( . )6�_� 
=1�� �	�7    G=]� D-=?

 G]� 6 �_ M 3 -10  D-���I�:.�)01/0P< (��7�'� W-! 6  M 4 -10 )001/0P< (6 M 
6 -10 )05/0P<(     &=? G=O�? &=� 
!��3  )�=�30 N7- &='  	7

GL�7 7�>6 �GO�9 	��N D-���I�:.� J���.  

� &c-+! 6 d�?��-9:  &� 7�7 T�U! &�2�E� D��G]� ��@   �	 �-=.�+I 	6�� 3� 
L�! J�K'!� ;���?	�� e+Q� &=?  )	�=     &=? &+=,?�6

 G��'� G]�
� �1� 7	�7 �,�0�1-. �*� �-.�+I 	6�� �? 6 . D-1f�@G]� ��@     �	 �-=.�+I 	6�=� 3� 
=L�! J�K'!� D-���I�:.� e+Q�

&? )	�  &? &+,?�6  P@�� G]�
� �@7.  

� �0�6��-� ��@:  A�� �D-���I�:.� �;���?	�� �B�C�� �J�K'!�
���� .  
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&��'� 

 � ��	C2 ��� ��<���	��#� �& D�!,�  �	E��#�  ��E& 

   � F�.���2��EE� �FEE�.���9�� ���#4�)EE�#& ������
EE��4

  �E� �&��)3������6)1 .( :�EI  J)E�#�  FE�.��#/�� � 

KEE��L �� M�EE� �	EE��#� ��#2�EE
#� � �����
EE��4 N�EE!� 

�4 ���� )2 .(�	��#� ��&   ��� �����
E��45    	EP� �E��

 �� D� 	�)�&N��� ��& �#Q � �;R� � 	��� ��,� �;R�

 �	� �& D9G  SR)4 �2��T)4 U#<2��+�4 	���   VE��+ D�

 WX�4 � �/��� SY��4 	�� .�	��#� ��& M1  �M3  �

M5 �3#/�TEE�0 KEE��L � �C  ��	EE��#� ��EE& M2 � M4  �

 S!� �Z
#� S#�#��6 �#�4�4 	���   DE�  D�#E�� DE9   	E��9

   FE��>2 �%)E�&6 D9 U#/�� S#)�  	� �E4  	��E� )3(. 

S#)� U#/�� )ACH (F� N�8)� �	�&�  �;ER�  �E
��>2 

 �E�  DE�  [E��9  FE��>2  \�E;8�  D�E]�  ̂ �E? �  _E��2 

�/�#�)#+   ���4 ��� )4 .( ��N���  ��E&   �E? DE`#&�4 �^

N�EE��� ��EE&  �� �EE!$4 7EE8� .�EE)/� DEE9 D)EE�9� �!#EE���

 	��� F��>2 S9�a ��&��Q)5 .(   �E�� :�C/�b4 �E4  	E&� 

 �U#/�� S#)� D�N��� ��&  DE`#&�4 �    �� ��E<�� ^�E?

 =�4���>?  F��>2 ��4  	E��    �	E��#� ��� DE�M3 

  \�EE;8� [EE��9 � 	�)EE�& �����
EE��4�EE4 ��EE� )6 .( ��

 ��� ��&  d�)X4,�D�! N�#����9 �=��� ��%)��   ��E&

 ^�? D�]� \�;8� JP� � D��e4 �D�� DbE�� D9 �   M�E� ��

 �	��#�M2  �M3   :��E? �E4  ��E#� )7 .(  U#E�`!&M3 

 g-9 _��2 7�-0 � =��� ��%)�� �#/�C0 F��>2 [��9

 �
� �	Q ��4 ��� )8 .(  ���#E�9 �� �=��� ��%)�� ��

  ���E� ��� �� �& ^�? :Z]� �M2  �M3      �E#9 JE& �E9

�4 	��� . �	��#� ����4 i�Q ��M3  �� \�;8� Db��

 �	��#� J$� D� �/�P ��M2     �E� WXE�4��  �E�`!&

)9 .( ��R2�4 ���       DE9 ^�E? :ZE]� �E5�;8� VE��+ D�

��#���6  D9 �N� D,�� �� �����
��4 ��&Db�� �  N�C0

  	EE��	EE��#� ��EE&  �����
EE��4M3  :��EE?�EE4 ��EE#� .

�	��#� ��&    N�E)�� �� �	E#�� 78� �b#>4 �����
��4

 ���EE9 ^�EE? :ZEE]� �EE#/�C0 � iEE�a  �9�EE5�EE4 	EE��� .

N�C0 ���� �	��#� ��&  �9 �����
��4V��+ ��&  �
�.�/�#9

    ��E!& ^�E? D�E]� �� \�;8� 	#/�2 � i�a  �9�5 	���4

�EE� .    7EE8� DEE9 �%)EE�9 ���EE��2 UEE� �N�EEP UEE� �EE9

 M�� D� k�Y �
�.�/��-#0 	E��#��  ��E&   �� �����
E��4

�0�9 ��&  �� :��T)4 �	��� d�)X4)10 .(   �;E�� J$E�

�	��#� ��& M2  �M3   D�E]� ��9 �&�%���4�6 m��� ��

 i#2�2 D9 D��e4 ����2�5 % �95 %  :ZE]� \�;8� ��9 �

 ���� �/�L25 % �75 %  �E� ���9)11 .( �E�#���6  ��E& 

    dE�)X4 M�E� �� \�E;8� o�8/ [��9 d�)X4 ��E�N  ��E& 

   J#E��� �Ep�Q ��  �4-!& 7�-0 K��L � ^�? :Z]�

 �/��� SY��4 	��� .    J#E��� ��E�& J#E���  �� q;�4

    �/��E� SEY� q9�E�4 � J#���  	� ��6 � �/��� r��Y

�� .       �/��E� r��EY � �/��E� SEY� q9�E�4 �;E�� J$�

      ��� FE��>2 �E/�P � �E0�9 M�E� DE9 �%)�9)12 .(KCl 

��4 F�  ��� D9 i�Q F��>2 ��9 ��	��#� ��&   D)E�9�

 D9G   ^�E? D�]� �#/�C0 � U#<2��+  D�#E�� DE9   �� �E##s2

 � J#��)+ N��C2D%� U)��  � �2B�9 �	84 �� ��Q S#���)+

 ���T)EE� �P�)EE� _bEE��EE4 ��EE� )13 .( :�EE5�;8� ��

 � SEE?�PKCl �N�EE��� ��EE&  .�EE)/� DEE9 D)EE�9� �!#EE���

Y�#S 	�  M�� ��,� �L M�� U�  N�E���  ��E&   �� �!#E���

 =�4 ��<�� ^�? :Z]����>?   �E� �	#�� :�;I D9

)14 .( � ���� ��<�� \�;8�KCl  D�E]� �9 �!#8)�4 �I �

��� ��<�� ^�? . �Ep�Q  ��E&  �B�E9KCl    DE� DE9  :��E? 

  ���-E0 �/��� r��Y �E4  ��E�     �#E�-��Z+� DE9 �E��4 �

 D�#)� �� � �/���N�C0 ���� N���� ��& #���  D)E�9� �!

     ^�E? D�E]�  ��� DE9 J#E��� ���� � .�)/� D9 �E4  ���E� 

)15.(  

   N���E9��� DE� �	� ���  ��� DE9  :��E?    DE9 D)E�9�

 �p�Q)Mμ1 ( ��� �9 �5�;8� �I ���D8�P  ��E&   ��E�

   SE!� UE� �� D� �� �	E��#�  ��E& M1    	�)E�& SE#Y�

)16.(   ��� :�8#8>2 U#�`!&�4 	&�  [��9 N���9��� D�
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 �#/�C0  �	E�& D`��Y �� ��� :Z]� �5�;8� �E4  ��E� 

)17 .(    ��EL DE9 �����
E��4 �)�6 ��&��� ���)E�� �  ��

       �E��P �E##s2 DE9 t�E9�4 DE� =��E� ��%)�� :BZ)Y

  DEE)0�� ��EE� DEE9 �	�)EE�&�EE4 ��EE� . ���EE2��$" K)EE�4

 U#4B�+�
�) U#E��#& (   DE� ���E4� DE9  :��E?   ����EY

 ���T)��4 ��� �D9 :��?   �	9 � ��>4�#Iu2   ��E
�!� ��

 ���� ��� �& �4 	��2  �I ���� ^�? D�]� ��
�!� ��� �9

 ��v%9)18.(  

  N���EE9��� �EEI �EE���9 �DEEC/�b4 UEE� ��EE�� � ^	EE&

)  �����
EEE��4 �	EEE��#� �EEE�#���6 ( U#4B�+�
EEE� �

)�����
��4 �	��#� ��#����)�6 (   �E��� ��E<�� \�;8� �9

 �KCl  EEEE�#����)�6 7EEEE8� �EEEE���9 U#EEEE�`!& � �)

  =�E4 �� N���9��� �I �9 U#4B�+�
� ���>E?    @/�E9 �E�

��. 

A6	 6 7����@  

=�4 ��& ���>?     ���	E>4 �E9 ��)E��� �w� � @/�9 ��

 ����25±225    ��	E$%� � �E#e
2 �:�8#8>2 -��4 � ���

  ��+�E� �	�, �
�-+ ���� ��%��� �&�%���4�6 :���#P

   � ��	��)E� m��E� �� � 	�	E� D#$2 ��&   ���E� � ���E4

)2±24  D,���)���  ��E�  ���� �12  D)��E�   � ����E���

�
���2 (   ��6 �E��)�� � 	�	E� ��	$%� i���4 D��$2 �9

      	�)E��  ��	E��, k�ERX4 ��	��)E� �vEQ � x6 DE9 .

yTa ���&  D�=�4 �&  N�L ��24   6 �� �%���� ����

 ��	$%��4 	�	� �yTa ���&  ����9 ���2 d� �9 k�RX4

���b9  ���)��  �
4 D�=�4  �E&     � ��EY :B�E]0 DE9

 �	�4 ���T)� �$,�4 U
!4�#Q �Y��.  

 =�4 �&     	E��v� � yE+24     DE� �%�E��� ���E�

  =�E$#9 d#TY ��L D9 �2 �9 �	�)�� x6 D9 ��6 ���)��

       7EX9 � J
E�  ��E� ��E9 � yE+ � �	E� ���X� y3�

 N�L D9 �2�Cba ���<�� ���$)�2   �E!� 	E, �)!#)��� � ��

      	E4�, U#0��E+ D�#E�� DE9  6 dE� D� ��)+ �� D�?�0Z9

    ��E� D�w#E�� FE�.�/��-#0 N��>4 ���P � �	� �	#��+

 	EE� ��� ��EEa ���EE9 .   N�EE�>4 DEE� �EE� �EE�z DEE9 ��B

 D�w#�� ����T)� � S;a ��� F�.�/��-#0�4  	E� .  SEY�

 	E� D)�� �4�6 D9 ��� D�w#�� �����2 N��>4 �9 ��<�� .

 �� �y3�  JE�P �9 �0�9 ��!P10  �E�#4  �E)#/   ��E)>4 �

 �����2 N��>4) ��4� ��˚C 37  �4/7pH= (  xZEa �� U#9

   ��E!2 �� � 	E� ��� ��a ���!� ��L D9  -� |�� S#)�

   �E0�9 ��E!P SY� D9  w#�� ��	4  ���, 7��4�6 N�L

��9 ��a�9 . �	C2=�4 ��&    7��E4�6 SE� �� ���T)� ���4

20 ��EE9 �	EE� .�EEL  �EE" ��EE<�� �EE;��82 N8  �)!#)��EE�

�4 	��9 =�4 �& ��<�� � v/ �4  DCba2  	, ��)!#)���

 7��4�6 �& ��9 � 	�7    UE� � DE� ��� ��,� ��
27 

 	EE� DEE)0�� U#%��EE#4 ��EE
2 .   �EE4�6 � ���T)EE� �EE��

��	� ��&    DE�#)� �  �E�#!L ���
2  �E�� DE9   � �	E46

 J&  �4� S4�� � ��9 7��4�6�I}4     DE��!� �E& DE� �" ��9

 	� D0�5 � S;a KCl  :	4 D9 �0�9 ��!P �� ���� ��1 

  Sa	EP ��� �& �I �	&��4 ��9 � 	� ����
�� ����5 

��� �	&��4 ��� ���$� �I �2 ��9 ��#� �a� D8#a� . D9 ��B

       ��E
2 FE� ��E9 �E$�2 ��E<�� DECba �& � D� �� ��z

 �	C9 ��
2 ��9 � 	� ���T)��0� ��� D9 �	�	, DCba .

 N� ���� ��28 ��<�� DCba  ��� ���� �� �21  �� �DCba

 ��� ����21  ���$" ���� �� � DCba7  ���4 ��<�� DCba

���T)� �0�� ��a.  �� ��<�� �0�9 ��� S
2��+4   DE�P�4

	� ���� . N���9��� ��9 DC/�b4 U� ���p�Q  ��E& 2-10 �
3-10 �4-10 �EE�#4 ��EE�  �EE9 �EE�#4 �EE)#/) (19(  ��EE9 �

 U#4B�+�
��p�Q ��& 3-10 �4-10 �6-10 �B�4) (20 ( �

 �EEp�Q J#EE��)+ ���EE�� ��EE960 4#EE�� B�EE4� )7 ( ���EE4

�0�� ��a ���T)� . �0�9 D9 D#/� 7��  -#41 ��9 ��� .

     ��%)EE�� � ���T)EE� �EE9 FEE#��2�-� :�EE5�;8�  :�EE;I

)�����EE& FEE#��2�-� �EE���	���2 (�EE� �EE9 vEEQ�� ��1/0 

��#4 �)4  �����& ^����#�� ��%)�� F� ��� �9 D#��I ��

	���� �;I .      �E9 �E�� iE#��2 ��� ��E!P �����E2 N��>4

 i�P��#4  �B�E4  ��E9: NaCl )9/136( �MgCl2 )05/1( �
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KCl )68/2(� CaCl2 )8/1(� NaH2PO4 )42/0( � -��EEEE��

)55/5(  �NaHCO3 )9/11(	EE� DEE#$2 �EEb84 x6 �� DEE� .

�� D#F!� �&    ���E� � �����E2 N��>4 �� ��,�4 -���� �

 ��!%#� ���� � U#4B�+�
� � N���9��� �  �!/6 ��4

	���9 �	� D#$2 �
��46 .    N�E�>4 �KE#8>2 � 7EX9 U� ��

 ��9 U#4B�+�
� NZP �b84 x6 � N���9��� NZP �����2

)21.( 

����9 ��p�4 D9 �I �9 N���9��� \�;8� ��<��  �E��� 

� KCl y+ �  ��#!L � �4Z� �0�9  �EL  �E;I  VE��+ 

�EE5�;8� DEE9 ���EE�� J#EE��)+ � ��EE�)�� 15 DEE8#a� � 

ia�C)4 � 6 ��	�4 ����� J#��)+ �9  �p�Q60 4#��  �B�E4 

D9  ��E!P  �E0�9  D0�E5  	E����    6 � yE+ � �Ep�Q  ��E& 

 N���9��� � �T�)X4)mg/ml 2-10� 3-10 �4-10( D9 :��? 

�!P D9 D���	,	� ���-0 � .  FE� �I �;I � y+ D
���b9

 ���)�� � N���9��� � �p�Q15 D8#a� �   �Ep�Q ��0�9

   ���-E0 �	E� �;8�4 �4�<�� �0�9 D9 N���9��� � ��%��

	����.  

  �EEEI �EEE���9 �EEE$, �7��EEE4�6 �EEE%�� DEEE�P�4 ��

    ���E�� mE��2 ��E<�� �� �	� �8/ \�;8� �9 U#4B�+�
�

    dE�)X4 �Ep�Q DE� �J#��)+  U#4B�+�
E� �)M 3-10�    
4-10 �6-10 (	� x�X)� .  �E0�9 �4Z� �  ��#!L � y+

 � F� �& �\�;8� ���� � �Ep�Q  ��E&    DE9 U#4B�+�
E�

 ���EE4� D�EE?�0 �EE9 � DEE���	, ��EEL15 DEE8#a� � ) �EE$,

�0�9 ���)�� (    	�	E� D0�E5 ��E!P DE9 .   �E%�� ��E� ��

+ ����� ��0�9 ���� ���46 � 	C9 �7��4�6  ��E!P D9 J#��)

  ��E�)�� � �0�9 �4Z� �  ��#!L � y+ � 	� D0�5

15 DEE8#a� �  �EE9 U#4B�+�
EE� ��EEp�Q ��EE&  dEE�)X4        

)M 3-10 �4-10 �6-10 (D9 :��?    :	E4 DE9 � D���	,30 

   mE��2 �E0�9 F��>2 � S;a D8#a�KCl     �E0�9 ��E!P DE9

	���� D0�5.  

�EE���9 ��EEp�4 DEE9 7��EE4�6 �EE%�� DEE�P�4 ��  7EE8�

    � yEE+ �N���EE9��� �EEI �EE9 U#4B�+�
EE� �)EE�#����)�6

  ��EE�)�� � �EE0�9 �4ZEE� �  �EE�#!L15 DEE8#a� � �

 �p�Q �9 U#4B�+�
�M 3-10 �   :	E4 D930    DE9 DE8#a�

	���� D0�5 �0�9 ��!P . �p�Q �9 N���9��� 	C9 D�P�4 ��

mg/ml
2-10 	� ���-0 �0�9 ��!P D9.  

�	��$ g-��  

T)� �9 ���)� � ������  �-0SPSS   DXE��16    ��EL DE9

 ����9 ��#�>2 � �T#?�2�	�	 . S#�>2 ��p�4 D9���  �E& 

  �EE9 y��EE��� -#/�EE�6 ���	EE� ��EE#�  ���EE
2)Repeated 

Measured ( ��#!
2 ��2 �LSD  	E���� ���T)� .  ���E)�

D9 :��? U#%��#4 ±�� �	���� DA� ��#C4 ^�>� . _b�

��C4 ��� �9 �9�9 05/0P< 	� D)0�� �p� ��.  

&+O�� �@  

  ;���==?	�� �==*� 
==.	�?) 
��==�� G==,-!�9$

��!�-9 ��@ 
1�	�:.��(   3� 
=L�! B�C�� J�K'!� �?

 �-.�+I 	6��mM60: 

 ��<�� \�;8� ��8/ N�;�� D9 7��4�6 � D�P�4 U� ��

 J#��)+ ����� �9mM60 ��p�Q ��&   N���E9��� � �T�)X4

)mg/ml
2-10� 3-10 �4-10( D9  :��E?     ��E!P DE9 DE���	,

	EE� ���-EE0 . � �EEp�Q FEE� �EEI �EE;I � yEE+ DEE
���b9

 ���)�� � N���9���15 D8#a� �  � ��%�� �p�Q ��0�9

	���� ���-0 �	� �;8�4 �4�<�� �0�9 D9 N���9���.  

 �� �	� ���� \�;8� ��0�9 ��!P D9 N���9���  ��-0

�� 7�-0 � ��<�� �0�9 .6 D���84  ��� ���4�4 	&�  D�

 :��T2��C4 ���   � �TE? �p�Q U#9 �Ep�Q  ��E& mg/ml  
2-10 �3-10 �4-10 )001/0<P  (��� ��EEE,� . :�EEE5�;8�

 m��2 J#��)+ ������p�Q  ��E&     N���E9��� �EC!�2 �E#Q

D9 :��?    �E� DE)0�� 7�-0 �p�Q D9 D)�9�)  S
E�1 �

 S
�2(.  
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 g:L1 . T76WO�G]� ��@ ?	�� 
��c� �-� ;���)mg/ml

2-10� 

3-10 �4 -10 ( GO�? 	7 ��L 7�c�� J�K'!� �GO�? B��� &?��B�C 

)�-.�+I 	6�� 3� 
L�! ( 	�5 &? �	
1�� �	�7  7�7 P��WO�

)001/0<P ( 

  

  

  
  

 g:L2 . 3� 
'-'� GK*�-*X� G]� ��@  �? ;���?	�� e+Q�

 �-.�+I 	6�� 3� 
L�! B�C�� J�K'!�)mM60( 

 �*� 
.	�?���I�:.�-D )   
��=�� G=,-!�9�+!$

��!�-9 ��@ 
1�	�:.�� (  3� 
=L�! B�C�� J�K'!� �?

 �-.�+I 	6��mM60:  

 U� ��#����)�6 �I ����9 �$,�	��#� �&   \�E;8� �9

        �Ep�Q DE� �J#E��)+ ���E�� mE��2 ��E<�� �� �	E� �8/

 U#4B�+�
EE� � dEE�)X4)M
3-10 �4-10 �6-10 ( x�EEX)�

	� . ��#!L � y+    �E& �\�E;8� ���� � �0�9 �4Z� �

 � F��p�Q ��&  D�?�0 �9 � D���	, ��L D9 U#4B�+�
�

 ���4�15 D8#a� � )   �E0�9 ��E�)�� �E$, (   ��E!P DE9

	�	� D0�5 . � F� �&  ��-0 � S?�P V��+�p�Q  ��E& 

 ���� \�;8� D� ��9 ��	��� S� V��+ F� U#4B�+�
�

� 7&�EE� � J#EE��)+ ���EE�� �� .  �EE�� ���EE46 DEE���84

�4 	&�  :��T2 D���C4 ���   � �TE? �p�Q U#9M 3-10 

)01/0<P ( �  -EEE#�  ��EEE84�� M 4-10 �6-10 )001/0<P  (

 ��� ��,�) S
�3 � S
�4(.  

  
 g:L3 . T76WO�G]� ��@ D-���I�:.� 
��c� �-�          

)M 3-10�4-10 �6 -10 (GO�? 	7 ��L 7�c�� J�K'!� �GO�? B��� &? 

��B�C )�-.�+I 	6�� 3� 
L�! ( 	�5 &? �	
1�� �	�7 7�7 P@�� 

)01/0<P � 001/0<P (  

  

  

�8;�\ا  

�8;�\ا  

�8;�\ا  

�8;�\ا  

�8;�\ا  
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 g:L4 . 3� 
'-'� GK*�-*X� G]� ��@  D-���I�:.� e+Q�

 �-.�+I 	6�� 3� 
L�! B�C�� J�K'!� �?)mM60( 

 D-���I�:.� �*� 
.	�?)   
��=�� G=,-!�9�+!$

��!�-9 ��@ 
1�	�:.�� ()�� &? 30   3� g=KN &'-N7

 �-.�+I 	6�� h.�� GO�? /����)mM60(:  

        ��E!P DE9 J#E��)+ ���E�� ��E0�9 ���E� ���46 � 	C9

  ��E�)�� � �0�9 �4Z� �  ��#!L � y+ � 	� D0�5

15 DEE8#a� �  �EE9 U#4B�+�
EE� ��EEp�Q ��EE&  dEE�)X4        

)M 3-10 �4-10 �6-10 (  :	EE4 DEE9 �30   � SEE;a DEE8#a�

 �0�9 F��>2 m��2KCl      	E���� D0�E5 �E0�9 ��E!P DE9 .

 :	4 D9 U#4B�+�
�  ��-030   �EI �0�9 ��!P D9 D8#a�

 ����� m��2 ��<�� �	� ���� \�;8� �9 ��)�#9 ��&��

��� J#��)+ .  ���E46 D���84t-test    �E�� �E4  	E&�   DE�

 :��T2��C4 ��� � �T? �p�Q U#9 M 3-10)01/0<P  ( �

 ����E84 M 4-10)001/0<P  (� M 
6-10 )05/0<P (   ��E,�

 ���) S
�5 � S
�6(.  

  
 g:L5 . T76WO�G]� ��@  D-���I�:.� 
��c� �-�)M

 3 -10� 

4-10 �6-10 ( )�� &?30  
U@�� �*� �GO�? B��� &? &'-N7

 	7 �-.�+I 	6�� h.�� B�C�� ��L 7�c�� J�K'!� �? ��+U-?

3� ��? D-���I�:.� T76WO� �? &,��'� KCl  GL�7 �	 J�K'!� 6

 	�5 &?
1�� �	�7  7�7 P@��)05/0<P  �01/0<P  �001/0<P ( 

  

     

  
  

 g:L6 . 3� 
'-'� GK*�-*X� G]� ��@  D-���I�:.� e+Q�

 �-.�+I 	6�� 3� 
L�! B�C�� J�K'!� �?)mM60( 

   �=*� �=? D-���I�:.� 
+,-!�9�+!$ P'! 
.	�?

;���?	��:  

#4B�+�
� D
�� D9 D,�2 �9   �E�#����)�6  �E�� D9 U

 �4�!��	��#�  ��E&      ���E� � U���
E��4 �EI �����
E��4

��#���6 ��& �	��#� �   �-#����E)�6 � ���v4 �E4  	E�� �� �

   �EE�� DEE9 N���EE9��� �EE9 U#4B�+�
EE� �EEI DEE�P�4 UEE�

 �4�!� ��#���6�	��#�  ��E&     �E���9 ���E4 �����
E��4

�0�� ��a .      FE� �� � �E0�9 ���E� ���E46 � 	EC9  DE�P�4

        � yE+ � 	E� D0�E5 ��E!P DE9 J#E��)+ ���E�� �D���	,

  ��EE�)�� � �EE0�9 �4ZEE� �  �EE�#!L15 DEE8#a� � �

 �p�Q �9 U#4B�+�
�M
 3-10 �   :	E4 D930  DE8#a�   DE9

	���� D0�5 �0�9 ��!P .�p�Q �9 N���9��� 	C9 D�P�4 �� 

mg/ml
2-10   	E� ���-E0 �0�9 ��!P D9 .   7��E4�6 UE� ��

  DE� � N���9��� ��	�&� \�;8� �I ����2 U#4B�+�
�

�8;�\ا  
�8;�\ا  

�8;�\ا  

�8;�\ا  
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  ��EL D9 ��9 �	#�� :�;I D9 S;a SP�4 �� ��E;��82   SE4��

 	�� ��$4) S
�7 � S
�8.(  

  
 g:L7 . D-���I�:.� G]� �?M

 3 -10  J�K'!� �*� G,!���

 ;���?	�� 
9�1@7 G]� �?mg/ml
2-10  &? gKN g���� 	7 &� �	

 	�5 &? 7�? ��-.	 )�K*�i�K��'� �1� 	�R� g��� )001/0<P (  

  
 g:L8 .�-*X�  D-���I�:.� �? B�C�� GO�? T�-.�?�:!�        

)M
 3-10 �30 N7-&' ( ;���?	�� 
��K'!� 7�:�� �?)mg/ml

2-10 (

B�C�� GO�? 	7  

 6 d�?&c-+! ��-9  

 DEEC/�b4 UEE� � �EE5�P ���EE)� ��EE]P DEE� ��  �EE��

�p�Q ��& mg/ml 2-10 �3-10 �4-10  N���9��� DE9  :��E? 

     J#E��)+ ���E�� � �E��� ��E<�� \�;8� ��p�Q D9 D)�9�

mM60  7�-0 ��4 	&� ) S
�1 (  ��� ��4  	E&�   DE�

  JE��.��#� �I F� J#��)+ ����� � N���9��� D)E��  	E�  �

    ���E�� ��	E�&� \�E;8� �I N���9���  ��-0  � J#E��)+

�� ���� ���82 .   :�E��-� � �EY�9 �9 D�P�4 U� ���)�

J& ��Y� ���.  N�� ��  ��
!& � =���+2006 ��#/�C0 

�v9 y��� ��Z]� ��	��� S� S#;���  D�]� ��� �9 �

 �	� ���� �5�;8� V��+ D� 	���!� ����9 �����A� ^�?

 � N���9��� m��2KCl  � SE�  ��E!� )22 .( ���b4 DEC/ � 

   ��E
!& � �wE� ��#�, D�   N�E� ��2014  ���ER� ��� �

      =�E4 ���� \�E;8� ��� �E9 SE#;��� ��-E�� ��
/��	#&

���>?     DE� 	E� WXE�4 	��� ���� �Ep�Q  ��E&   �E#Q

  SEE#;��� ���EER� �EEC!�2)μg/ml100�200 (�EE4 	EE��2 

   � �EEE��� \�EEE;8�KCl )μmol/ml120(   N���EEE9��� �

)μmol/ml100(  �D9 :��? �    	E&� 7&�E� ��� DE9 D)�9

)23( .    ��E
!& � �ZE� DE� ����4�6 ��   N�E� ��2011 

  ��� �	��� �������  	E�      U#E9 �Ep�Q �� N���E9��� DE�

M/L 7-10  �6-10    ^�E? D�E]� F��)4�-� \�;8� [��9

 :� ���� ���4 ���  D�D9 :��?   �Ep�Q D9 D)�9�  �E�

)24 .( ��
!& � �;�� U#�`!&  N�� ��2011�   :�EC/�b4

   �U#/���EE)4 ���� DEE� �EE2z �EE#/�C0 �� FEE�.�/���4��0

  �	E� 	, ��<�� ���� ���46 �� N���9��� � U#/�� S#)�

 � 7��EE4�6 UEE� �� DEE� 	EE��� ��EE�� � :��EEp�Q ��EE&      

)M 8-10-5-10 ( N���9���D9 :��?   �	E� ���T)� �C!�2

      ��E� �	&�E�4 �E0�9 �E5�;8� VE��+ �e�	P �2)25 .(�� 

 ��8#8>2 ��� U� D4��p�Q ��&    U#4B�+�
E� �ET�)X4

)M 3-10 �4-10 �6-10 (  �4�EE!� �EE�#����)�6  �EE�� DEE9

  SE?�P V��+ �	� D0�5 �0�9 ��!P D9 �����
��4 �	��#�

 � F� �&  ��-0 ��p�Q ��&     VE��+ FE� U#4B�+�
E�

        J#E��)+ ���E�� � �E��� \�E;8� DE� ��E9 ��	E��� S�

mM60  �D9 :��?   7&�E� ���>4 �E4 �� )  S
E�3 .(

    :	E4 DE9 �E0�9 D���	, 7��4�6 �� U#�`!&30   DE8#a�

  mE��2 �0�9 F��>2 � S;aKCl   \�EC4 �� �Ep�Q  ��E& 

  �E�&�� �I ��9 U� D� 	� ��� ��a U#4B�+�
� d�)X4

      �E�� J#E��)+ ���E�� mE��2 ��E<�� \�;8� �9 ��)�#9

) S
EE�5 .(k�EERY �� �2�EE��-� DEEb9� U#EE!& ��  �EEI

)�6���#��� ��&   ��� ��E,� F�.��#/�� J)�#� DE�!,� �

 U#+��26)100 4# �B�E4��
 (     VE��+  	E� ��	E�4 [E��9

 U#/�� S#)� �5�;8�)100 4#�B�4��
 ( ����� ����  �

    @/�E9 � ���E� =�E4  �/�� �E4  ��E�     :�E5�;8� UE� DE�

 F�.��#/��D�#�� D9   	� N�C0�	��#�  ��E&   �����
E��4

D)0�� :��? �� .  �� U#+��E26 � ����  	� ��	�4 �I

 �� �	� =�-� -#�  ��� ����)26 .(   DE� �E���4�6 ��
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    � N���EE9��� �N�
��EE)9 �U#/�EE� S#)EE� DEE)0�� :��EE?

 U#+�����#+D9 :��?       :�E5�;8� [E��9 �Ep�Q DE9 D)E�9�

    �	EC4 �	E� 	E, ��8�P � �/�L ��Z]� D�B �� F#��2

  ����4 	��� . ��2 �U#+��26   �U#+-E��#+ �S�	E#�0 �-%&

     :�E5�;8�  	E� ��	E�4 iE,�4 U#4B�+�
� � U#+-��2

 �/�L ��Z]� D�B �� �& �� U#/�� S#)� � ���� F#��2

 ��8�P ��4 	���    ��$�E�#+ ���E)� � �E4  	E���   DE�M1 �

  �E�  ��� �	C4 ^�? D�]� �� i/�Q �����
��4 �	��#�

)27 .( ��9 �96 ���R�Solanum aethiopicum D9  :��E? 

     �	E�& DE`��Y �� ��E<�� :�E5�;8� [��9 ��� D9 D)�9�

�4 ���   U#+��E26 �)  FE�.��#/�� �E�#����)�6 ( �E4  	E��2 

D9 :��?      	E�� ��E$4 � VE��+ UE� �p�Q D9 D)�9�)28 .(

 ���T)� ��� 	5  ��� D9 U#4B�+�
� �E4  ��E�   SE4�� �

  JE��3� 	5 � ^�? D�]� �	��� S� �E4  	E��9 )29 .(  �E9

�2  �4�E!� ��#����)�6  ��� D9 U#4B�+�
� D
�� D9 D,

�	EE��#� ��EE&    ���EE� � U#/�EE� S#)EE� �EEI �����
EE��4

��#���6 ��&     �-#����E)�6 � ���vE4 �	E��#� �E4  	E�� �� �
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Abstract 

Background: The effects of cholinergic system are applied through both nicotine and muscarinic 
receptors. Considering to muscarinic receptorsexistence in therat ileum, in this researchthe effectof 
carbachol (muscarinic receptor agonist) and scopolamine (muscarinic receptor antagonists) on the 
ileum contraction induced by KCl in adult male rats were studied. 
Materials and Methods: The distal part of Wistar rat’s ileum was separated and its contractions 
were recorded under one gr stretching and 37 degree temperature in the bathroom containing the 
solution of Tyrode by Isotonic method. The ileum tissue separately affected by KCl then carbachol 
in the first group, KCl then scopolamine in the second group, scopolamine for 30 minutes then KCl 

in the third group and 10-3 M concentration of scopolamine for 30 minutesthen 10-2 M 
concentration carbachol in the fourth group. 

Results: There was a significant difference between zero concentration and (10-2,10-3,10-4mg/ml) 
concentrations of carbachol (P<0.001). There was a significant difference between zero 

concentration and 10-3 M concentration of scopolamine (P<0.01) and also the values of 10-4, 10-

6M (P<0.001). There was a significant difference between zero concentration and 10-3 M 

concentration of scopolamine (P<0.01) and also the values of 10-4M (P<0.001) and 10-6M 
(P<0.05) when scopolamine was exposed tissue for 30 minutes. 

Conclusion: This study showed that different concentrations of carbachol enhance induced 
contraction by potassium chloride in a concentration-dependent manner and has a synergistic effect 
with potassium chloride. Also, different concentrations of scopolamine decrease induced 
contraction by potassium chloride in a concentration-dependent manner. 

Keywords: Contraction, Ileum, Carbachol, Scopolamine, Rat 
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