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Abstract 

Aims: Herbal medicines and their derivatives were considered for treatment of 

diabetes and its side effects, for a long time. On the other hand, aerobic training 

considered as an essential treatment of diabetes. The aim of this study was to 

determine the effect of aerobic training and Pistacia atlantica extract 

consuming on plasma levels of Lipocalin-2 and insulin resistance index in 

Streptozotocin-induced diabetic male rats. 

Materials & Methods: In this experimental study, 40 male Wistar rats were 

divided into five groups; normal control, diabetic control, diabetic+training, 

diabetic+extract, and diabetic+training+extract. Diabetes was induced by 

Streptozotocin (40mg/kg) intrapritoneal injection. 6 weeks of aerobic training 

on treadmill was the training program (5 sessions per week, each session 40 

minutes at a speed of 20 meters per minute and the slope 5 degrees). At the end 

of each training session, extract groups received Pistacia atlantica extract 

(25mg/kg), based on the body weight. After six weeks, plasma levels of insulin, 

glucose and Lipocalin-2 were determined. Statistical analysis was done in SPSS 

19 software by one-away ANOVA and LSD as a post hoc test. 

Findings: No significant difference was observed, among the 5 groups in the 

Lipocalin-2 level (p=0.115), but the insulin resistance index (HOMA-IR), 

showed a significant difference among the 5 groups (p=0.025). The mean 

amount of HOMA-IR index in diabetes+training (p=0.025) and 

diabetes+training+extract consuming (p=0.017) groups in comparison to 

diabetic control group was significantly lower. There was no significant 

difference between HOMA-IR index in other diabetic groups (p>0.05). 

Conclusion: Aerobic training, alone and combined with Pistacia atlantica 

extract consumption, by reducing insulin resistance, improves the oxidation 

disturbance effects of diabetes. 
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 f�c �4�c _g�L -$ ��6 ����'$ A [(�'�� ���'A� )�e�(� 

%
 �	R�' s�* [
$�
. j	/`' {
�� /G �� )%
	� �S	
 ���  �� �$

P*$�  ���� �� �A��°C�� ��
 )#	7��"
�L �' %
 )�$� �$�V[20] .

H�;�$�( 
��� �S* )��X, H��  Pc�� )��X, ��"� �L %�6 �(�

 �+� )�	� ������ % �$#	� ?
��' �"/� �� -$ %&� ��$-A� .


��/	� �� )��X, H�� 1�� �-A H���/	L �� �$-$ )��/	� H��

�� )��X,  �� �$-$
���� (1�� �%� �-A H��  �� k$A�� I��c
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��� ���� 	�� 
���                               
����� 
���� ��� ������ ����   

1�� )A�� ���  )%�$��* )��X, ���  .%
2	V� -$ yG  �-�( )��X,

�k�7�
#	4 H�( �� ��L_�� �� �)%
k$A�� )��� ];� �� �$-$  1��


�� �A%� �����/��(  .��� �(��">
 [
$�
 ��;
$ �$��  ��

1��];� �� #	� �e
� ��� �� k$A�� W6 �A�"� ��� .%
  �-A

1����0� �� �
 �$ ) A-$�' -$ )��0�($ �� ���Bonso  �%��

  ��

�
 �	(�"� )-$%�$ (?G$k �*�( aH�� .%
 ��r A ��	�  

 P��
 �+
��' ������� -$�� ?
��' ��0�� �$�� �A� �$���  �$%&' A

 I�"/�� ��0� �� -A�  9RS� ���- ���,�( ��  ���

 	�  ��

@�c ����/��� .%
 ��$�3 �/��� �( �� ?
��' ������ . �A$ 

�
�+
6  )�eS
��-6 [
$�
 �� ���1�� �/��� ?
$ �� �<  [	\� �� ��

�(� A )�eS
��-6  �+
6 �$��� �$�� �A� ��< A ��"�$ [(�' ���<

.%�%
 1�� ��/��� ?
$ ��  ��� 	
 �� �"/�  I%�
�  �� �:	V�

 �,�(
� 	� .%+�4� )$� �$��� �$�� �A� ��0c d	
 A �:	V� �� ���

�4��$ �/��� �
 HA� �/��� ���� 5
$#4$ P��
  ?
��' I%� A �,�(

 ����� �'  n
�%'�  I%� A I%
 �?
��' P>'A�G �A�
 -$ yG ��0�

�� �	7�&4  �
��� �$#	��� �:	V�  �,�( �� ?
��'
� A �:	V� �� ���

 d	
�����  .%	(��*6 ��0� A� �� �	�u' �
 j0� �/��� �
 P|'A�G 

#	� 1��?	&� �
��� I%� A I%
 �� �� ) )%
��  �� ?
��' �:	V�

 �,�(
� d	
 A �:	V� �� ���������$�� �A� �(  �	7�&4 �$���

1�� �$�� ?
��' I%
 ?
$ �L �($ �Ll �� H-! .%�����  ���

}���"� ����
� �($ !��  A{��+� �� ��  �$�+, A I��L! ����(6 �� I%


}��
�:' ���&� �� )%
 ��4�� �U� �� �4�X� �Y	"L$ �uL$%� %

�($[21]. 1�� �
�+
6 �$�� �� ���+L )A�� ��� �$��� �$�� �#	�

 �"/� �
)$� ?�4�  �� ���� ��0�  I%��  �,�( A �:	V�
� �� ���

A �:	V� c d	
�0 .%
 H�;�$ ?	+T�� �� �� �"/� H��  A ���L

���L��( )�  �,�( �� �:	V�
��� ���  (�0c d	
 A �:	V�H�;�$ 

�� .%
 1�� �
�\' ��U+��%
A� �$�� ��$ �- �$�� )�$�
� �� ���� 

�� )��0�($ ]L k��7A �� �|
��|7$ ~�
 �� )$��� �$��� %
 .  

 �
��� ��1�� H��' ���� ?
�*6 -$ yG �,�(  A �+
��' �"/�

 -$ yG

 �
��
�� �,�( ��� �'$ ��  �A%� .%�%
 1����/	�  ��	7

 -$ ]	:�"� ��*1�� d/V �7�7 �� A %
 ��4�� o��( [(�' ��

 P:�+� 5
��-6
Z�/R� -$ yG .% ����� ���L  �7�7 �� ���* ���

���
$ ��/\� �� 5
��-6 EDTA  f�X� �$#	�)EDTA 

�/
�/	��/	� �� �$�� H��	7(��* �� �����  �$�� ���* ���

�� ��(�G �-�($%�  I%�
�  �,�( �� �:	V�����  �:	V� �� �A�

0
����(	 ���� �� �6 -$ Pc�� ���(�G A )%
 k�°C��	  %�;+�

 �
��(�G �
��:� 5;+( A �
�	�	
�	� #	7��6 �$�� .%
 )�	*l A

Lcn2 $� �S�AYG �	L -) �
$�\c 1�� i�XR �L�


CUSABIOBIOTECH,Wuhana ?	K �*�(( ��  $#
!$ 1A�

 ��I$�		`' d
�� �/�% �	(�"� A )-$%�$ 1A�  ��	�

���/��/	� �� H������ ��	7 ��(�G ?	7�"�$ B�C( 5;+( �$�� A

 �	L -$ #	��
$�\c 1�� i�XR� �XXR' ) �L�


Mercodia, Uppsalaa %��( �*�(( �� #
!$ 1A��� $  d
��

 I$�		`'�/�% A �	(�"� )-$%�$ 1A�  ��	�
�/���	7 �� H��A�>	� 

.%
 )��0�($  ?	+T��x$��  -$ ?	7�"�$ �� ��A�:� ���
-�$

�U/g  -$ )��0�($ �� A %
 )��0�($ ?	7�"�$ A #L�/� �
��(�G ���

��4�� HOMA-IR %
 ��(�\�[3]:  

  

�/

� ?	7�"�$]/��
���(�G �
 )8/	� ��	7 �� ���(×��
�� #L�/� �


��(�G )8/	� ��	7 �� ���(=[HOMA-IR  

  

{�� -$ yG )�$� ��A6 H�� [(�' I�,�3$ ��� �$#4$ SPSS 19 

A %
 P	/\' A �
#;'  ����6 ���-6 -$fA����7�L 	 ($f���	� 

�&	�3 �$�� ����  {
-�')�$� A �� �
 y��
�$A #	7��6 ���-6 �4�3 

?	e��	� �"
�:� �$�� )A�� �� �U� ���� ��� ��  ��	:&' ���-6 A

LSD  .%
 )��0�($ ��0� �"
�:� �$��  

  

 $����(  &�����- 6��-71�- ���  �! � 8�9;"'���
 �*;<3 &�#�+��
  =>��HOMA-IR �'�(�# �#&� � ���� �� ?$3 )�! ,���  �� �@�� ,�>��- ,A�!  

�#��%&
  
'(�) $�&�"  

)�(�;  

�&*�+, $�&�"  

)�(�;  

�&*�+, -+��.  

)
(�;  

/*�+,+���1�+-+��.

)�(�;  

/*�+,+ ���1�

)�(�;  

23�(���) 

�3D��-�7 ��/��±��/��� ��/�±��/��� �
/��±��/��
  ��/�
±��/���  ��/��±��/���  

E3 ��-�7  ��/��±��/���  ��/��±
�/���  �
/�
±��/���  ��/��±��/���  ��/��±��/���  

��)45 6"�!7 
��-) 
;� �� ��� (�A�#  

�3D ��-�7  ��/��±��/�
  ��/��±��/�
�  ��/��±��/���  ��/���±��/���  ��/��±�
/���*  

E3 ��-�7  ��/�±��/��  ��/��±��/��
  ��/���±

/���  ��/

±��/���  
�/���±��/���*  

 ��)45 -�(�����-)������ (�A�# ��  

E3 ��-�7  ��/�±��/�  ��/�±��/�  ��/�±��/�  ��/�±��/�  ��/�±�
/�  

/
��8
-�(���� �* ) =>��HOMA-IR( 

E3��-�7 ��/�±��/� 
�/�±��/� ��/�±��/�  ��/�±��/�  ��/�±��/�*  

�(�"�9�(-�� ��)45 
��- �� �������) (�A�#  

E3 ��-�7  ��/�±��/�  
�/�±��/�  ��/�±��/
  �
/�±
�/�  ��/�±��/�  

*��/�p<  
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 9*�
 �� [:4HOMA-IR )A�� �� n+G ���  f��*$ ����

�+&� ) %
 )%��S� ��$��
�/�=p( A ?	7�L�E	7 9*�
 ��
  ��

)A�� n+G ��� �+&� f��*$ ���� ) %S� )%��S� ��$�

�/�=p a

 �A%�
.(  

 9*�
 ?	e��	�HOMA-IR  �� �"
�:� �� ����
� ���+L )A�� ��

�� ]7�( ���+L )A�� �+&� ��3 ) ��� �'!�� ��$����/�=p .(

 9*�
 ?	e��	� ?	+T��HOMA-IR )A�� ��  ���

 ?
��'+���
�)�
�/�=p ( )��X,+?
��'+���
� A)�
�/�=p (�� 

�� ����
� ���+L )A�� �� �"
�:� �+&� ��3 ?	
�G ��$� ��� �'.  ?	�

 9*�
 ?	e��	�HOMA-IR  �� ����
� ���+L )A�� ��

)��X,+���
� )���/�=p(�  ?
��'+���
� �� )��X,+?
��'+���
�

)��/�=p(�  )��X,+���
� ��) )��X,+?
��'+���
���/�=p( A 

 )��X,+���
� ��?
��'+���
� )��/�=p( $�+&� f��*  ��$�

.%S� )%��S�  
  

 ./�  

��4�
 ��5�AYG ?
$ � �
��(�G #L�/� @C( 5��L ����� �

8+&� �		`' H%, A ?	7�"�$ �� ��A�:�  �
��(�G B�C( �$�

?	7�L�E	7
  -$ yG $�� �-$�� ?
��' ��0� �+� )��X, f�X� A 

 .�$� ��S������ ��	
�  �+� )��X, A �-$�� ?
��' �	r�' �$��>�� A

1�� �A� $� �L �$� ��S� ���6 n
��� .%���L �(��� ]7�( ���� 

�+&� �	r�' �+� )��X, f�X� A �-$�� ?
��' ��0�  #L�/� �� ��$�

�� $� #L�/� �		`' H%, �/, �L ��$%� ��(�G  �6 �	7A$ @C( �$�'

�����-6 $�
- ���L �Ll  1�� ���6 �( ������ ]7[22] �S�AYG �� .

���
���� 1�� �� #L�/� P�\' %��$� ��S� �$��>�� A ���

�
_`' �� �+� �� )%
 �� 5
$#4$ ����' P��V ��3 )%
 1�$#� .%��


 �6 �
��$�' �� Z��'�$ �� }!����$ ��+� ��* %+V )%+��L �	7�&4 �($

 -�	�6�076 ]
#�6 ���� ���($[23, 24]�� �+� .
�3 -$ %�$�' ����� 2

 ����� �� �;+� #L�/� W_� �	7�&4 ���L�A%\� A ?	7�"�$ @
�'

�� A ��
 #L�/� -��(���� �U��� P��V ��3  ?	7�"�$ @
�' �r$ �$

��/( �� �
�:' $� ��� ���%+L[24]�	7�&4 .���  )$� -$ �
-�A

�� �0/�R� �����LA-�(�$�'+ f�X� A �4�
�� ����� d��� %

�� ��* #L�/�  A H�e+� ?
$ -$ �*�� .%��
 �
-�A �	7�&4 -$ yG

����LA-�( � ?	7�"�$ ��X'$ 5
$#4$ ����O, ��* ��
�� 5
$#4$

A ?	7�"�$ )%��	� P
%�' A �		`' 5
$#4$ ��6 )%��	� ��  5
$#4$

�� #L�/� ��:��$ ��� �� �
�\' �/	(A�  �
��GLUT4  @C( ��

 ���O, ��/(%+�"�[25, 26] )$� -$ �
-�A �	7�&4 . )��' 5��L

�� A �
�S�$ ���K ?	L��
�( �
��� 5��L �6 �����  ���

5	G �� �����7$%� �C	\� ��;
$ A �����7$ ����	� ���+L  ���

��$� �
$#"� �	r�' ���
� �	U� �W���7$ �� [�'��[27].  

���
2	:\' n  A ����
� ?
��' )A�� �� ?	7�"�$ �� ��A�:� �$� ��S�

��"� )��X,+?
��'+���
� )A�� �� ����
� ���+< )A�� ��  ��3

8+&� �� ]�� ?
$ �L �
$� 5��L ��$� -$ ��S� %�$�'

����-�( ����4�
 .%
�� )��X, A ?
��' -$ �
�� �7�/( @C( � ���

�� �(�  �� ���� 5�AYG �� ?	7�"�$ �� ��A�:� A ?	7�"�$ -$ )%�6

��4�
  ������
 .��� ��($��� �$��>�� A  �	7�&4 �L %+�
$� ���t$ ���6

)�'�L �
-�A �� [(��� I%
 �� I%� ��A�:� 5��L d��� ��+' �� 

�� ?	7�"�$ d	(6 #L�/� P�\' �$�$� �$�4$ �� )%
� ��
�  �>/�

��/( ��>/�, ����� d����� #	� M$�>��G ���� ��� ��
[28] .

�� �� �U�?
��' )A�� �� ?	7�"�$ I$�		`' ���� 5�AYG �� %(� 

 ��>/�, ����� �� }!����$ ����
� ���+L )A�� �� ��"� ����
�

��/(  M$�>��G ���� ���.%
�� �	��' P��V  ?	+T�� 5�AYG ?
$

 �L �$� ��S��  )��X, f�X� �A%� A )$��� �-$�� ?
��' ��0�

 B�C( �+�Lcn2 8+&� �		`' $� ��� ��$�  ��($� ?
$ �� .%��

����������� �(��� �� �$��>�� A 
� �L�
 )%�A�  �� )%++L

 1��� �� B�C( �L %��$� ��S� ?'$��� ��4 �:��"�Lcn2 

 A �
$� 5
$#4$ �
-�A �	7�&4 -$ yG �/c�4����  -$ yG �,�(

%
 �
�#� �
�G @C( �� �6[29] ?	+T�� .������  �	r�' �$��>�� A

�$�� �A� )%+
$#4 �
-�A �	7�&4 �"/� �
  ��K �$�4$ �� $� �$���

�L �(��� B�C( �L �$� ��S� ���6 n
��� .%��Lcn2 ��  �
 �$�+,

 )%+
$#4 �
-�A �	7�&4 ���� �
 H�;�$ -$ yG �����7$ 9*�


)%���$A �4�
 5
$#4$ ��K �$�4$ �� -�([30] 5
$#4$ .Lcn2  ��

 5�AYG�����������  A������  W���7$ 5
$#4$ �e��	� }!����$

�L �($ )%
 9RS� .�($ )��� 1-�A -$ �
�� Lcn2 ��  �$�+,

b(�G P��, �
 ��+e	( �� )%+���� P�, �����7$ ��� ��	� A %+L

�$�� �� #	� ��>7�� ?
$� �����7$ P�$�, A �S
�"L$ ��S4 �� �

�� 5
$#4$%��
[31, 32] .���  I$�r$ �(��� �� �$��>�� A�  )��

?	J'A�G �A� �'�%V A �-$�� ?
��' A ?	7�L�E	7 )�$���* ���

���S�  �U/g %��$� ��S� ���K�	g A ��K ���- �� �����7$ ���

Lcn2  -$ yG A P�V� 8+&� IA�0' ?
��' )�� �
$%� ��$�[5] .

�����  $� ����:�($ A ���A�:� ?
��' ��� A� �	r�' �$��>�� A

��  I%��  @C( �� ��0�Lcn2  ���� ]7�( �$�� �$��� ��(�G

$�V �&7�C�%��$� �.  �$� ��S� ���6 n
����  A ����:�($ ?
��' ��0�

�+&� 5��L w,�� ���A�:� �$� �� @C(Lcn2  )A�� �� ��"�

�+&� 5��L A ���+L A #L�/� �$� �+	7�"�$ ��A�:� �� ��"�

5	G �� ]7�( �$�� �$��� �� ���-6 ��
[33] .�����  A

�!��" ��
�  �	r�'�  �$�$� ]7�( �$��� �� $� �-$�� ?
��' ��0�

�4��$  �$� ��S� ���6 n
��� �L %���L �(��� �-A�  ?
��' ��0�

 5��L w,�� �-$��Lcn2 �� ��
[34] �� �L �($ �7�� �� ?
$ .

�+&� �		`' H%, ���+L 5�AYG  �$�Lcn2 �� }!����$ �� %�$�'  �/,

�����-6 ��� %
�� ?
��' I%� A ��.  
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��� ���� 	�� 
���                               
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���� ��� ������ ����   

��( �� ���6 i$�* �� �
A�$� ����	� �	*$ ���  ���' ��$%	"L$

��L d/� ��* �� $� ���
- )$�(  ?
$ �L �($ ?
$ �� ��:�,$ A

�4�� �����	� ��
- I$�r$ P��:� �� $� �� ��>
�$� �A6  �t�0� �$-6 ���

��%++L[35, 36].  ?
���� -$ �>
 �L �($ ?
$ -$ �L�� I�:	:\'

���6 {��+� �$%	"L$  �� ����� �7�+4 I��	L�' ��&	�3 ���

y��($ �� I��	L�' ?
$ }!����$ .�($ (�+� Pu�) ���	� ���  �
��+'

$��($ �
�( �� d	L�' �� �
'�Y  ��
-�A �	7�&4 �/�� -$ ������ ���

{
�
 P��:� �� ��'�r�� ���A�$�  ���
� Pu� �	'$��k� ����	� ?
�'

%+�"�H�;�$ I�&7�C� . 1�� �A� )%
  ��� ?	+T�� A ����
�

�� �
��� �	��4 ?
$ -$ ����� �&7�C�  I��	L�' �L %++L

���6  �� ��$%	"L$ SR� ����� $� #�k�'�G ?
$ %+�$�'+ ?>�� ?
$ �L �%

 �?	7�"�$ @
�' �A� I��	L�' ?
$ ]	:�"� I$�r$ -$ �
�� �($

 -$ ��	eS	G d
�R'��/(  ��
�-$ ]	U+' 2
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