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  �: �� ���+� ��,%  .   �	�K�!� �	�,�8 C�O�� �%�   0� �,�&
	� �!

        �7�; �� )�!Y !(
�: ��,% ��' � �: �� /�	��q; �7�Y .

    ' /�	��  �D�' �'!�� 2�'  �     %�� Z+�� �+"	 I!��� C����

                /%�% ���D �, �!
�� ���� �% ��6�-�
�,�� /�: [�D�

�: ��.   �'   +���+��!,�
�� 0� /%�#
��!  �)Kyowa B8�5 �  ( �

      �� �(�: �!
��8 �K�8 4"� �'�    �,�61 B�S ��%     4, �' � 

 �� 3�
�� 2,% ��
8�	�:.ii
 

                                                           
i - Hank’s Balanced Salt Solution  
ii- First- picking  
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 �������� 	�
� ��
���� �� ��� ��
����  � ���� ������������ �� �! � "��#
�$ %��� ������ ��  

 ���)���(  

�� �	 
��
��� ��	 ���� 
*§��/�±��/��� †*��/�±��/��� ��/�±��/�	� 
��
 
‡§��/�±��/��� §‡��/�±��/�	� ��/�±��/�	� ����� 

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

 ���� $�#��* �&  
�# .*)+�, ��-� �� 0+# �+� �� 123� �#� 456� �+�78  9†) ��/�(p< 9

‡-� �� 
��
 )+�, �� 123� �#� 456� �+�78 �+� �� 9  §)���/� (p<. 

 

 

 

 ����&��
'!�(����) � *�+�,
� %#)�-� 
���.� / ��'��
 ���� ��� 	�
� ��
���� �� �0!1$ � ����� "��#
�$ %��� ������ �� 
������ �� �! � 

 ������������)���� �� ������� ����(  ������	)���� �� ����!��������� (  
����)�������� ���� "#�� ��� (  

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

��/��±��/��� ��/��±�	/�
� ��/��±��/��� ��/�±	
/�� �	/�±��/�� �	/�±��/�� �	/�±��/	�� �	/�±��/			 ��/�±	�/	�� ���� 


�/�	±��/��� ║‡†*
��/��±��/��� ��/��±	�/��	 §‡†*


�/�±��/�� †‡*
��/�±
�/�� ��/�±��/�� 	�/�±�	/		� ║†‡*


�/�±�	/��� ��/�±��/	�� ����	 

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

 ���� $�#��* �&  
�#.*)+�, ��-� �� 0+# �+� �� 123� �#� 456� �+�78 ;  9† ��/�p<9 

‡�+� ��-� �� 
��
 )+�, �� 123� �#� 456� �+�78 ;   9§ ���/�p<9║ ��/�p<. 

 

 

��������	
� �
�� � 

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

  ��
� ��
� ���
�.�����          �� �	 
� ��
� ��
�!�" 
� ���� #� 

    ��� $%
� &�'�(� ��� �)(*+     
	��� �� �	�� ) -��� $%
�  / 

$
	��(            $1� ����
� ����2� ��3 #� 4	� �
�" �� 5%�� 

  �6�' �����7" ���
8�     	 ���
� �9�� �� :��%    $��� ��
� ;

1� ��.i    #�  ��
8� <	�       
��� �(�� �	 =�
' >�(
�)  KRS(     ii 

-���:�����  mM@@A  NaCl  &mM  A  KCl&  1mM  H2O  B×

MgCl2  &mM  A/D  CaCl2  &mM  D+  NaHCO3  )  �'
�Merck& 

5�E�F(  &mM@B  HEPES)    �'
�Sigma ��	
�F &(  &g/dl  A/G

BSA  )  �'
�Fluka 5�E�F &([      ��%�H�� ��� �)(* ���
� ��

  �'�(�)//D  &B/A&  I//    % J/@B �K�� �(��   ( 1� �� #��L� .

  M
N �� ��
8�          $1� $��� ��
� �����K �� �� �� #8�� ���

   O1� ��
�PG      O��
Q �� #R��� IJ    #���!� ��
� ��!�� S��� 

1!1� ��  .           5���
� T	
3 �� &5�������!� ��1��� �� ���

  5U��
')PA  %   % 5W�X'�A  %<�
'1�X'� ��  ( � ���% �� #8�

                                                           
i- Second-picking  
ii - Krebs-Ringer Solution 

1� ��  .   5�������!� Y�E�� �� ="&  �!���� >�(
�    ��
8�  �Z�

            M�%19"� ��� #��� #� 
	��� <���X!� [�
� 5���� ���	���

      ���� �� $1� -R�9�JG\     1� �� ���� #]! ��
]��!�� #��� . 

            Y�^!� _���%
��� 
	� &��
8� �� >�(
� ����
� S(Q
�

��� �
���(� 
	��� 51� $�
E� �� �� 1� ��. 

 
����� ����� � ����� 

   `	��!     O��a #�   <�]!���  ±��bc  ���1!����   �)(*

          <���X!� ��1R� % �E�7" 5%
��������' % �'�(� &<���X!�

        
	��� �� $1� [�
� 1� 5���  .      ���% ���
� ��)9� #�

    �� $%
� �� M7�c���   �	 =!�	��% ����!F �� d(�e� ����%� 

       � M7�c� ���% ���
� ��)9� #� % #�
3   1��� ��� $%
� <�

 ��F %   d(�e� ����%� �� 5�        #� #�
3 %� =!�	��% ����!F �� 

     1� $��H��� �'�� �X� $�
E�.   ��1R� p    �� 
�E' GA/G � ���� 

1� #��
� 
)! �� O��7�c� 5��� ��� �9��. 
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 ��� !��" #�� $#�%�&'� ������ �(  

        5�8! #�
3 %� =!�	��% ����!F���    #'     5��� ��f� ��
        $%
� %� 
� �� O�!���Q 5�%5���F      4	���� 1��� %  #���	

  &���      ��F $%
� �� 4	���� <	� ���5�       1��� $%
� �� % g1!� 
    ��� �9�� h7��'���)        i���!�" �%� ��G@/Gp<      �%� �� % 

  Y� ��GG@/Gp<)  (  >%1�@  .(        �� 5�% 
��j� <	� <�9kE�
    ��F $%
� O�!���Q5�     #� 5����  ��� �9��      ����%� �� �

              
�E' 1��� $%
� O�!���Q #� �lX! Y� �� % i���!�"���  

)GG@/Gp<( ) >%1�@.( 

)       #��&��*����+ � ����	
� ,�+��" ��(�-� $��&
�
  �.�/0 

��� � ���
 ��� !��" �(#�%�&'� ������ �( )  23��4�in 

vivo( : 

             % 1��� ��� $%
� <�� �E�7" �����! �'�(� SX	�R�
��F5� 	����               �%� �� �� �E�7" �'�(� �)(* ��� �9�� 4

              5�8! 1��� $%
� #� �lX! 4	���F $%
� �� i���!�" ��� 

)GA/Gp<  ( ���Q ��           ��� �9�� Y� �� �%� �� 4	���� <	� #'
��l!)    >%1�D  .(        �'�(� �)(* ��� �9�� 4	���� 
]	� ��� ��

    $%
� �� �E�7"5���F         >%� �%� #� �lX! i���!�" �%� �� 
 #)Q7���1� ) G@/Gp<( ) >%1�D .( 

      5�8! �� 4	���F `	��!���      ��F $%
� �� #' 5�  �)(* 
          �lX! Y� �� % i���!�" ����%� �� �E�7" �����! <���X!�

    1��� $%
� #�       ���� �9�� 4��'     ��� #����)G@/Gp< (
)  >%1�D.(             S)Q7� -��� 4��' 5���F $%
� �� <�9kE� 

     �%� �� �E�7" �����! <���X!� �)(*   i���!�" ���)G@/Gp<( 
    Y� �� %)GG@/Gp<(           ��� �� $1��8� >%� �%� #� �lX! 

) >%1�D .( 

        $%
� O�!���Q �� �E�7" �����! 5%
��������' �)(*
��F5�                  1��� $%
� �� #X	�R� �� i���!�" �%� �� �R�  

)GA/Gp<  (            $%
� 5�E� �� >%� �%� �� #X	�R� �� <�96 i� %
 ���� �9�� 4	�������	) G@/Gp<()  >%1�D(. 

 

6             %�&'� ��� 78�9 ��;< �( ����= �� ����	
� �
�� $

�+��")  23��4�in vitro:( 

             ��mQ �� 
	��� �� <���X!� [�
� 5���� SX	�R� ��
             O%�H� #�
3 %� =!�	��% ����!F �'�(� d(�e� ��� �)(*

       % 1��� ��� $%
� <�� ���� �9��5���F     % >%� ����%� �� 
   �� �E! 5�8! i���!�"  1)  �������E!@    % D(   ���Q �� &   #'

        ��� �)(* ���E� ��mQ �� <���X!� [�
� ��� �9�� 4	����
  �'�(�)//D  &B/A  &I//   % J/@B �K�� �(��   (   ��
� �� �����

      $%
� �� Y� �� �%� ��5���F      $1��8� 1��� $%
� #� �lX! 
 ��� ��)GG@/Gp<) ( ����E!I .( 

 

  ��������     	
����� 
��� ���
� ������       ��� ���� 	
� ����� �� 
!���     "�� ��� �� ����# �  .    �$��
� %&�� ��mean±SEM  ���� 

   '(� ���
) �( *+, )/          �0�1� �� '213 �� ���� %� ����� �� ���� 
���
) �� ����.( 

  ������5�             � !��� ��� ���� �� ����� �� 	
����� 
��� ���
� 
    6�����, ��� �� ����#  .     �$��
� %&�� ��mean±SEM    *+, ����

 '(� ���
) �()/ ���� �0�1� �� '213 �� ���� %� ����� �� ���� 
���
) ��.( 

  ������7�             � !��� ��� ���� �� ����� �� 	
����� 
��� ���
� 
   8� 9( ��� �� ����#  .    �$��
� %&�� ��mean±SEM    �( *+, ���� 

   '(� ���
))/            �� ���� �0�1� �� '213 �� ���� %� ����� �� ���� 
�
)��  .(*::�/:p<               !��� ���� %� '<�� ��� 9+=� >?@A� 

!��� 9�. 
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��� 

        ������ �� 	
�� �
� �� �����in vivo   ��� ���� ������ 

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

         
-� �� "�.� 
-�! 	�#* �� �/0� "$��� 	�#* �� 1-����� .

       �!�� ���3 �� ��
�� 4&�$0�� �+), 54&�6�-   ��-��� �� �

            �-�( 	
�� 7#�
� 8���$&3 �� ������ 9� �
 � 1-�����

����  ���         �:� �� �( ���3 �� 5�
� �����in vitro   ;&<=' �� 

        7#�
� 8���$&3 >��-#?�@ #���A �� 4&�$0�� B!#' #C�3

    �+), �$D3 �� 	
��      �($)* E)�:� ��-)G/I  5J/K  5L/G �  

M/NJ �@$� �)&�   (    ! 	�#* �� �0��<� ��    1-����� ��� �� 
-�

                 ������ 9� �
 ��� �� ��3 � ��!�
� ���� ���� #&&P'

�
� ����� ���� ����. 

      �� "�.� #C�3 ������ �����        Q��R� �S&�� �� �( 
-�

        ��� 	�#* 8���$&3 "�� 54��� ����� 7#�
�"$   �� �/0� 

      �� 
-�! 	�#*"��&�          � 1-����� ��-��� �� ���� ���� 

   #��( 9� �
   �
� 	�$�)  Q�
AN  .(   	��� "�.� �
��� 8������ 

�
�    4��� ��- 7#�
� �(   ��(#3 ��5i   ��(#3 ����
=� 5ii 

          �-�( �� #S�� ���#=T ��- U$� �� ��! � �%�#�%�� V$!

               
-�! 8���$&3 �� �/0� "� ��� ���� ������ 9
R �� "��

�$! ��.�����                  W
��(���� "$��$- �&���� ������

     4&��#'$%&'�$((CRH)    � 5     �"�$�R         
&�X���$� Y� 

 �0(�$�� Y&�Z)       �[�!� W
�-� �-�((      7#�
� \]���� 5

                  �� "�� ��� ���� ������ 9
R �� �-�( ^&�� 
��$' ��


!�� 	
�� 7#�
� 8���$&3.�� ��
 

               �� 1-����� ��� �� 4&�$0�� �-�( � �($)* ������

                ��- U$� "�#( �A�$� �� ^T�3 ����� �� "$��� 	�#*

    A� ���! 7#�
� �� ���#=T���/iii)   ����� 7#�
�  ( �<����

����.��              �� 9� �
 ��� �� �($)* �+), ��� ���� #&&P' 9
R

              �� 5�
� ��!�� ���� ���� �-�( 4&�$0�� �+), �( ���3

              ���� �<���� #?�� 8������ �_#� ��- �����  . �#���(

   ��(#3 �� ��- 7#�
�)K/I        8
� �� 5��� �� �R�
 M   �� `I 

     �� � ���I      � 5��� �� �R�
     8
� �J ���   (  ����
=� �

   ��(#3)I`             8
� �� 5��� �� �R�
 IN  ��� (     "�$�R �� 5

         #&&P' 9
R \A$� ���#=T ��- U$� �� �&� ����� ��- 7#�
�

           �
� 	
! 4&�$0�� ��� ���� �-�( � �($)* ��� ����.�����  �� 

                                                           
i - Immobilization 
ii - Hypokinesia  
iii- Forced swimming 

         	���� �
� �� �'��a�� ����� 8������ �_#� 54�� �$A� 
�� .

     U$� �� Q�b� "�$�R ��      9c$' 7#�
� �=' �( ���#=T ��-

     ��#
 � �?�
#*) �%��&� ��- 7#�
�  (   8
� ��`G  �R�
 

                  �-�( 4&�$0�� � �($)* ���� ��- �+), 5
��!�� ��#]
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� ����� ���� ����.��     �%�#�%�� V$! )Ld     5��� �� �<&]� 
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� ��L ���   (        5�%��&� ��- 7#�
� "�$�R �� 5�3�#A �

      �$0�� � �($)* ����
�� e$�
     
�� 	��� ������ �� 4&.�	��
 

           �%�#�%�� V$! � ��3 8�$T �� ��(#3 ��  7#�
� �#���(

�� ��.'iv)    �%��&� 7#�
�  (          4��� � ��3 ��- ���3 ��

)  ������N       8
� �� 5V$! N    �� Nd ���   (    ������ �$A� ��

         
�� 	�#%� ��S�� 4&�$0�� �+), �� �#&&P' �($)* �+),.����	 

        
T �#
 4��� 7#�
� 9�S��#
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�  ( �

              � 4&�$0�� e$�
 �� �#&&P' ��(#3 ����
=� 7#�
�


�� 	����&� 
�
� 9#
 �($)*.�����
 

        1-����� ��� �� ��
�� ���!�� "�#�
$%&'�$( ������

                  "�#( �A�$� �� ^T�3 ����� �� 	
�� 7#�
� 	�#* ��

       �%�#�%�� V$! �� ���#=T ��- U$�)I     �� 5��� �� �R�
 

  8
�L ��� (��5    ��(#3 �� 7#�
� )K/I     8
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 N  5M 

  �`I    �� ��� I        8
� �� 5��� �� �R�
 J ���   (  ����
=� �

  ��(#3)I`           8
� �� 5��� �� �R�
 N ��� (�����  �<���� 
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 4��� 7#�
� ^��<� ��

              ��
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� ��!�
�.��   �� �� h$�'      E)�:� ��- ������ �� ^T�3 ���

        V#=� i�$_ �� j��_� �)R �� 
��$' ��)   8
� 58
! 5h$�

"���(          Q��R� "�&� ����� ^T�$� �� V#=� �� �[A�$� 8���� 5

V#=�  
!�� �-.��          4&�6�- � #C�3 ������ �� ^T�3 ����� 
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 8�#&&P' �( 
-� �� "�.� #?�� 8������ �� ���&0�

    * � 4&�$0�� ����
��         k/'#� #?�
%� �� 7#�
� �l �($)


��0&�.��           �� 7#�
� �l "$_ �($)* �+), ������   
��$'

                     "
! �-� Q�� 10&��%� m
!�� 10&��%� �� ^T�3

           Q��� �� �!�� �$_ �( �-
&n$%&'�$($($)* � �- 4&�@$%'�(
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Abstract: 
Introduction: Despite documented studies, the exact role of stress in diabetes is still unclear. In 

the present study the effect of chronic psychological stress on insulin release from rat pancreatic 
islets has been investigated. Materials and Methods: Male Wistar rats were divided into two equal 
groups of control and stressed (n=8/group). The animals of the stressed group were exposed to 
restraint stressors (1 hour twice daily) for 15 and 30 consecutive days. At the beginning and end of 
the experimental periods the animals were weighed and blood samples were taken to determine 
the basal plasma levels of glucose, insulin and corticosterone. Following this, the pancreatic islets 
of 5/group of the above animals were isolated and the static release of insulin in the presence of 
different glucose concentrations (2.8, 5.6, 8.3, 16.7 mM) was assessed. Results: The results 
showed that in the stressed group fasting plasma glucose levels on the 15th day were significantly 
increased compared to those of the control group. However there was no significant increase on 
the 30th day. Fasting plasma insulin showed a significant decrease on the 15th and 30th days of 
the experiment in the stressed group. Stressed rats showed significantly higher basal plasma 
corticosterone levels, only on the 15th day, as compared to the controls. Insulin secretion from 
islets of the stressed group, in response to increasing concentrations of glucose, showed 
significant increase on the 30th day of the experiment compared to the control group. Conclusion: 
The results suggest that chronic psychological stress could increase response of pancreatic β 
cells to glucose and thus, low insulin levels of the stressed animals, in vivo, could be explained by 
reason(s) other than the reduction of insulin release capacity of pancreatic β cells.  

 
 

Key words: Stress, Glucose, Insulin, Corticosterone, Islets of langerhans, Rat. 
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