
    �������	
�� 

 

  

 

 

 

 

٣٧ 

 

   ���� ���	
 ��
� �
��   ����92 ���	
 �3 ��
��� 1140              http://rjms.iums.ac.ir          

 

 
 


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

�'�  ()*��  +� �,�	� 

,-. ��  /�(2  

 

 :���� ��	
�� ����� �	
��� 
  ������  ���� ����� ���� 
� ���� ���� �� !"���� � ������	 ���  

���
� ��	 � :� ����� �	
��� 
  ������  ���� ����� ���� 
�  ���� ���� �� !"���� � ������	 ���  �" *)	��%& ((�)&� M.peeri@iauctb.ac.ir   

���� ��� ������ ����  :� ����� �	
��� 
  ������  ���� ����� ���� 
� ���� ���� �� !"���� � ������	 ���  

  
����       

 
 :!�" # $%��&������ *+ �,-� ����.�+ �� /�01  2�" 3+�	�2 355���6� 7�558"� �	�55"��� 7�1 ��"�01 ��9:.1 ;<�� =1�+��� 
�55< � ��55�

�� ���"� 3�>�� ;<�����.  �� @�<  7�8"�    A	�;<�B55C �55���+ � ��DE55� ���55< F��� 
 < ���55G1 @�55G� � 55�:9������ � 55���  �55+ H55��I��I

JI�� 
�<  ������ "�01� /� ���< 
  �	,+��    2�"2    .��+  

  '#���(:    ���	A    *6��K�+�8���  42  � �" /� ��	��,&  *+��M  ����G�  ��  7  � ���O ���� .�%,��) ����,�����750��7����9 � �+�7���55:  (��� ��

O�>R SI�� /��R *+�   *+/� �<���	T .�� /� �<� ���>,�� �+ ��55��� A���559�" �O�>55R ���� T55	���-A�55������,C�,�� ) ���60 �55:�� �55+ 7�55�

7���:��(  2�" �,+�	� �2    .�"��/�  �<���� ��  �:9������< ���G1 �S.9� 
�<����    H��I��I  
�<��� �+5    �10�:��  7����� *55+ 
 7���55:�� �55< 

  ��� �� ��+ ���  .�"��� 3��	�� 
���� F�� *+A	�.�   
���<  ����� 
��31�� �+ S  23�*Y�O� �� �,�30   ���� �� *Y�O�5  /�55� *+ � *,>< �� ���

��Z� *,>< 3!<    .�	���24  � ��� ��� /�"���� ��%	�.� *&:Z A	�I� �� �6+ 31���� �:6" *:01F[.Z �<.�� 
���  

$)*��:�"    *� ��� ��!" \	�,"  A	�.����<  �
  ���G1  H��I��I  �-���� *:I��� �  ���G1  H��I��I �+ �.� A	���<�55%6� ;<�55� *55+ �558%� 
 ���

+� ��   �
 
�<  Atrogin-1  )001/0p=(�  MURF-1  )001/0p=  (�  MiR-29b  )001/0p=(�55%6� ;	��55�� A�%^.< � S55�,� _�K55� ���

  A�"���)001/0p= (3"���&�� (��6� �-) 3"���&����CPAB ()001/0p= (/� ���< 
 � �"	��,&  ����,� ���� `�6� �� *,��� ���O  .��  

 �)$��:�	�+ *+�� �a" �-���� *:I��� ��� ���G1 H��I��I A	�.� �+���55< 
���55"��� �� T55	�M  ;<�55�+ 55� ��  �
 
�55<  �� �55���� 55������ 

"�01�  *+  ��-�+�M b	��� � 3+�	�H. .�	�."  

  

  

,*�%� -��
..3�� ��!" F���� :  

 ,/%�0���1��%%( :.����" ���� ����  

�2�#���(�" 

�	 �3+�   

�.�	A ���<
 �    

  �H��I��I ���G1  

������  "�01� �    

&�� ��!�������  

  

  

  

:3��	�� d	���   20/01/1401 

:e�f d	���       07/03/1401  

 

:����� �	
 �� ��
��
 ����  

Mojdeh M, Peeri M, Azarbayjani MA. The Effect of Aerobic Training and Tribulus Terrestris Hydroalcoholic 

Extract Consumption on Muscle Atrophy Indices in Type 2 Diabetic Rats. Razi J Med Sci. 2022;29(3):37-48. 

* ����� ��	 
���
	 ���
��   �� ����� �	�� ������CC BY-NC-SA 3.0  .��	 ����� �
�� 

 ID 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             1 / 12

https://orcid.org/0000-0003-1415-7319
https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


  Original Article 

 

  

 

 

 

 

38 

 

   Razi Journal of Medical Sciences. 2022;29(3):37-48.  http://rjms.iums.ac.ir        

  

 

 

 
 

The Effect of Aerobic Training and Tribulus Terrestris Hydroalcoholic Extract 

Consumption on Muscle Atrophy Indices in Type 2 Diabetic Rats 
 

Meraj Mojdeh: Department of Exercise Physiology, Central Tehran Branch, Islamic Azad University, Tehran, Iran 

Maghsoud Peeri: Department of Exercise Physiology, Central Tehran Branch, Islamic Azad University, Tehran, Iran 

(*Corresponding author) m.peeri@iauctb.ac.ir 

Mohammad Ali Azarbayjani: Department of Exercise Physiology, Central Tehran Branch, Islamic Azad University, 

Tehran, Iran 

 

Abstract    

 

Background & Aims: Diabetes is one of the most common metabolic diseases 

worldwide. The disease affects millions of people around the world and its 

prevalence is increasing rapidly. Muscle atrophy eventually leads to changes in 

intracellular signaling pathways that are involved in maintaining a balance between 

protein synthesis and breakdown. Muscle atrophy in patients with type 2 diabetes 

reduces muscle function, interrupts daily activities, and reduces the quality of life. 

The aim of this study was to evaluate the effect of aerobic training and Tribulus 

terrestris hydroalcoholic extract consumption on Muscle Atrophy Indices in type 2 

diabetic rats.  

Methods: This experimental research was performed with 42 male Wistar rats that 

were randomly divided into seven groups. Dexamethasone (750 μg/kg/day) was 

injected intraperitoneally into rats. Rats were type 2 diabetic using peritoneal 

injection nicotinamide-STZ (60 μg/kg). Rats in supplemented groups received 

Tribulus terrestris hydroalcoholic extract with doses of 5 and 10 mg per day by 

gavage method. Aerobic training was performed on a treadmill at a speed of 23 

m/min, 30 min/day, 5 days/week for eight weeks. 24 hours after the last training 

session, rat soleus muscle was collected. 24 hours after the last training session, the 

mice were anesthetized by intraperitoneal injection of ketamine [90 mg / kg] and 

xylazine [10 mg / kg], then a sample of horseshoe muscle tissue was collected. 

Horseshoe muscle tissue was isolated and after washing with PBS solution was 

immediately frozen in liquid nitrogen (-196 ° C) and then stored at -80 ° C. 

Concentration of 6-methylguanine using DLdevelop ELISA kit from Canada with 

detection range of 1000-125 pg / ml, sensitivity 27 pg / ml and coefficient of 

variation of 10-12%, expression level of Atrogin-1, MURF-1 and MiR-29b was 

measured by Real-time PCR and PAB horseshoe tissue was measured by 

immunoassay. Shapiro-Wilk test was used to ensure the normal distribution of 

variables. Two-way analysis of variance and Bonferroni post hoc test were used to 

compare the mean changes of the studied factors in the groups. Significance level 

was considered p≤0.05 in all cases. All statistical operations were performed with 

SPSS software version 23. 

Results: The results showed that aerobic training, Tribulus extract and combined 

intervention of Tribulus extract with aerobic training resulted in a significant 

decrease in the expression genes of Atrogin-1(p=0.001), MURF-1 (p=0.001) and 

MiR-29b (p=0.001), as well as a significant increase in methyl guanine (p=0.001) 

and oxidant-prooxidant balance (PAB) (p=0.001) levels in male wistar rats exposed 

to dexamethasone. Therefore, administration of Tribulus terrestris extract along 
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with aerobic exercise may be useful and effective due to the antioxidant effects of 

Tribulus terrestris and aerobic exercise, as well as their effect on the elimination of 

destructive metabolites and the expression of genes involved in muscle atrophy in 

diabetes. One of the limitations of the present study is the lack of measurement of 

other factors related to oxidative stress in skeletal muscle. Measuring signaling 

pathways such as PKC pathway regulation can also more clearly show the effects 

of physical activity on the transcription factors involved in skeletal muscle atrophy 

in people with diabetes. However, more research is needed in this area. 

Conclusion: The results of the present study showed that aerobic exercise 

significantly reduced the expression of Atrogin-1, MURF-1 and MiR-29b genes as 

well as significantly increased levels of O-6-methyl guanine-DNA-

methyltransferase and oxidant-prooxidant (PAB) balance in rats. Became type 2 

diabetic. Diabetes is widely and closely related to oxidative stress due to the 

intensification of the formation of oxygen free radicals. Various studies have shown 

that high blood sugar is associated with increased oxidative stress and this leads to 

many complications of the disease. In summary, the results of the present study 

showed that aerobic exercise, Tribulus terrestris extract and combined intervention 

of Tribulus terrestris extract with aerobic exercise reduced the expression of genes 

involved in muscle atrophy, as well as increased oxidant-prooxidant balance in 

male Wistar rats exposed to dexa. Metazone. Therefore, according to the results, it 

seems that the combined intervention of Tribulus terrestris extract with aerobic 

exercise can help improve the condition during diabetes by reducing the expression 

of genes involved in muscle atrophy. It is suggested that in the future, a study be 

conducted on the effect of different doses of Tribulus terrestris extract and exercise 

on signaling pathways affecting muscle atrophy in type 2 diabetic subjects. It seems 

that the combined intervention of Tribulus terrestris extract with aerobic exercise 

can help improve the condition during diabetes by reducing the expression of genes 

involved in muscle atrophy. 

 

Conflicts of interest: None 

Funding: None 
 

Cite this article as: 

Mojdeh M, Peeri M, Azarbayjani MA. The Effect of Aerobic Training and Tribulus Terrestris Hydroalcoholic 

Extract Consumption on Muscle Atrophy Indices in Type 2 Diabetic Rats. Razi J Med Sci. 2022;29(3):37-48. 

*This work is published under CC BY-NC-SA 3.0 licence. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

۴٠ 

 

��B� g��6� ��9.< ��� 

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

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

��� ,��-.� /	0 �
  )1  .( (��4 ��� �) �� �4	0 &���

  �
 (����!	# 5�����' (6����� 	� ��	�
7�&��!��	�   8����9�

(�:;�+   .+��)��� :���� ������ <=>' �  )2 .( ���.+��)
 @����9� + -�A��� �
 /
	��6� 7&��' �� ���
	! (���>'

��B�+�C�	�    (��4 ����� �D	EF!���&��!���  ���G   H�����

  8��9�(��� ��  *�! ��	�
2 ) 
���
 &�&I�3 .( ���.+��)

>'! �
 �!= KA��	AL�� �	���M� ���N� (� �OA� ��	�
  ����� PQ�
��
�
   ��� ����� /
	��6� R 0 �
 (4 + -�A

&��!��
 ,F! ��B�+�C (�-O� )4 .( T�������+�C �	�����M�
 ������ &A!	�U���4����- ��B�+�C�7+�W � ���7+�+--+ �X	��.��� 

�	Y�	4-3  + &A���M� <=>' �
 ��B�+�C @��9� /�BM�
' �.+��) (� @���� ��� (�  T�4 �!=>��&AA4  )5  .(  
  (4 ��� :&
 [9I��X�	�    (4 � ��9�(���4��G 

 :&��	! �X+��)��&!�
.&!��
 ,F! �!=>' �.+��) �
 W 

MuRF1  +Atrogin-1 �X+����� ����� (��� �� \-��� + 	���
]�M�� �&��4  ����U���4����- ��B�+�C� 7+� (��4 &A���M�

�.+��) (� ^���� �M��!+� P���' H��� �� /	6.&!���
 
)6.(MuRF1   +Atrogin-1 �	��L�� +
 �����A' (��� E3 

ubiquitin �
 (��4 &!&��
 ��	�	A
 �!=>' :;�+  (���>'
  �.+��) H���
 �"� ������!=>'�    ,��-��.���&��A�	� 

)7  �	��I! <	6�	a� .(:
�
&��!�  	��F�� (��4   �� ���
	! ����	�

�������+���C���� (STZ) ,��-��.� 	��� �	b&��!�� �
 

Atrogin-1+ MuRF1 mRNA�>' �
���� ( :������ ��
  �	��L�� ��	����0� ,F! �� �4	0 (4 ���E3   ���.+��) �


�
 �� �
	! ������ �!=>'  ����	��&��
	�  )8  .( ���.+��)
 ]��M����	�� �
 �����N� @����� ����	�
 �� ���
	! �!=>'

  ������ (�>' �	�Q	� + ��B�+�C��
�
  )9  .( W�.�G ��
[9I� (4 ��� :&
 �� �Q�� microRNAs  �����A' (�
/������	�  ]�eA�:&AA4  �)�. ���.+��) �
 ���M��!+� &��A

 f��-��b W	������ ������ �
 .&!��
 ,F! ������ <=>'
 ��
(��4 ����� :&miR-29   <=��>' ���.+��) ,��-��.� 	���

  (� g�	C �
 ������h�"��	�   :���� T�.+��) 8��9�
  ���)10W11  .(f+��	�    ���� � ��9� ��.+��) ,�	4� 
=>'<  ������ :
�
 �	��I! .����� :&��
 
	�AI�C  :&��


  ���
��+ <	��A���� (4 ���  (��� ]eA��� ��.+��) ,�	��4� 

=>'<  �����  T�4 ���&AA4  .���	��� + ���  )2018( 
<&� (� H���� <&
 	� �
��+ <	A���� &!
�
 �	I! 8 

  �
 �!=>' :
�� ,�	4 �� �!	� (� �f���	�   ���	���

 *���!2 ����Aj�� .&��
 �	����MuRF-1   �
f���	��� 

  *�! ���	�
2  � ������� /	��E!
 (�&��
 :&�	��I.   ,��-��.�
k�a���miR-29   -���! ������� @��%	6�� f��-��b&���
�b 

)12  .(l���	�!	b W/	0 ��� 	�  ���	��� +  )2017(   �	I!
 (��4 &��!
�
8 ������� ������� (��� � ��#$��� ���A6� ���


��Murf-1  + MAFBx/Atrogin-1   �������� (���>' �

f���	�  ��"m�
�&! ��  )13(.    �+-.� <����N� W��� ��

l4+
� H���
  /������	�  	� ����� ������ /	����! n��'
  &������ o����G �� ����� <��#� 
	O��/	��
���	���   + 
��)

  (4 
�
 	� &�M4��C��&��!���  (�����G   (��� ���OA� :�F�	���
 @��)��B�+�C	� W���p	� + DNA   
���
 /�����)14 .(

��� �� P0���  ]���� DNA �
�
�� P��� ��  ]����O6- 

methylguanine 
	O�� :&
 �"� ��#	� �' ����P (������) 

:&AA4 ��&
	� )15<��#� .( �Eq� ����� !&��� �  
���E��
�EM! &�M4�+�C�)	�- ��!) &�M4��)	�  ����b�
 P���' +

 �
��-!X� ���&A4���	�� �	I! ����� :&
 )16.(  ����� 	���
� r�	�! W/	08�� ��C + ���	����� )2017(  
�
 �	��I!8 

 ����!) ����.�s ��-���� ���� &�&��
 ��+	��A� ������� (� �
�M4�  �&E4 �.	� �!�&f���	�    ����"m��#$�   ���
�&!

)17  .(  

  �����' 7	��! 	� T�	Q�	Q :	�b�E��� l�������� t����
)Tribulus terrestris(  T�b�:	 ����� �� (����  oG	��A�

M��b��� �4���  (4 ��� :�	0 + �+	0W&�U��	��) ��C 

W	��A. 	�&�U�!+=. + 
��� �!&6� &��A!	� W� ��M. W]���M�4 

W��) W]�&� ]��	�CW W
�b�b <�� + ��4 ��	�&��A%  &��A!	�
W-4��b ����A����) + ����Aj��  �	�A�!�C	���U+�������& + �

) ��� &��� T��	���b + &��� T���	Y��18.( [9��I� 

:&��
 :�	��u' :	���b  T���	Q�	Q ����
  ����m	Q
 T��M��b�Y�� +  T��&�Y���Y�� �
 /&� ���O� ��	�
 

�&A% :&
 \	F�� H��� �������+���C���� ��&��
	�)19 .(
�-��O �4���Q  T�	Q�	Q ��&!��� �Q�� �� [Q	
�	� 

�����&�M4��C �&�Y�� + t���� M4�����&� �.	� �-N� 

��  �
f���	��� ����"��m ���	���
 ,�	��4 &���
 + �
 

���b��� ��  �Q����	����	� �Eu' ���
	! �� &�&��I� 

t���� ����&���M4�  �#v����� ��
	�& )20 /	��0 ����� 	��� .(
  �� :	�b ��� <��#� ��A4	�@��)�	�  �I�	M4�   <=��>'

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

٤١ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����29 ���	
 �3 ��
��� 1140

                    D���� ���< F���
 JI�� �+ H��I��I ���G1 ��<
 ������ "�01� /� ���<
 �	,+��         

 .��� :&I! ����� ������  
(� =�E� ���	��� �
 <=>' � �4 ,�	4  *���! ����	�


2   7	��O!� ��	��!��� 7&��' W�!=��>' 
������' ,�	4 n'	�
���	6.�	�    �b&��!� �� �4 ,�	4 + :���+���
���
   +

 �� t�
+� ����� + w���� ���aQ ����� ������ ����	�! �

  &�
 ,��-.�)2.(  ���	6.�	�  !&��  ���� ]eA�����   
���E��
�	M!� ��=�  ]����  �����  (�����G �!&��� �����	6. (��4 �

�
 T� �� ��+�D \-� ]eA� (��� + ��� ]�	� �b&!� :�
  �	����
 + ���LI�C��	����	���   ��	����� &��A!	� ��-���

 ��	�
��&A4. W&
 �4x (4 ��a!	�� 7&��' /
	��6� ����� 

P���' �!�&�M4�+�C + �!�&���M4� ����!) n��'	� ,��-��.� 

�	����4�	� t������ &���M4����� &��
 &�����Q ���.�G �� 

  ���	6. 7&' 	� :���� �!=>' �.+��)��&��!���   ����.�s
	O!�  7���	6.�	�   �
 �� �b&��!� �� �4 + :���+� �b&!�

 �"� ���	�
 ���	�����#$�  .&�
 ���% r�	�!,�+;C	�  �

  (A�����#$�   y%	��A�� �!=��>' ���.+��) P���' �� �����

��&
	�    ��A4	� ��Aj�� ��I�+;C  (��� ���#$���  -�� �	���
 ������� �������b :�	��u' z���u� + ���:	  ���� T���	Q�	Q

[Q	
�	�   ��.+��)�   ��>'!=�    �
�!
���)�	���  
 �����	� 
  .��� (�Q�
�Y!  �����	A�,�+;��C   (��� 
��
 &��u% ���D	0

  (4 
��
�Y� /��� ��� �����  	�)8  ����� ����� (� �   +
b :�	u' z�u��:	    ���� T�	Q�	Q[Q	��
�	�   ��.+��)� 

!=>'�    �
<��	�  
���	�   *�!2 ��#$� {
��
  
  

��� ���   
�
    T�  (6�	a�  ���O�42    �� ��! ���! <�  �	���M�+ 
�; ��

  .&!&��
 ������� ������	C ����M!� (M��� /	��F�!� �� l��C
<�	��� 0 (��� ������ �=���� 
��) :	L��I!�
 (��!	Q�  &��0�+

�

+��  W<�	�   	��� o�	��a� ����� (��� � T��� <&��� (�
  *���! |���� ���.	��
 �+&��� W&�&� H�"�(���Q�&���   �


l %�	���  (��� � T��� �� l��C .&!&��
 ���&���L! :;���+
  W&�&� H�"� 	� ��	A
)<�	�    (��� �.
	��u� <��m (�7 

  P�	
 :+�b1  (  	� :&
 7��M�) /��A4�+�	���-b
   �+&�
  �.	��
b :�	u'�:	   T�	Q�	Q  W(2  ������� (������  W�3 (

�����  �����  -  b :�	u'�:	    T�	Q�	Q5  ����7���b   (���
����  7�b���4 ��  �
 �&� ��+    �+�  W4  (�����  �������  - 

b :�	��u' ���:	  T���	Q�	Q10 ����7���b ��� (����  ����
7�b���4    �+� �
 �&� ��+  W5  (b :�	u'�:	    T�	Q�	Q5 

����7���b ��� (���� 7�b�����4 ����  �+� �
 �&��� ��+ W6 (

b :�	��u' ���:	  T���	Q�	Q10 ����7���b ��� (����  ����
7�b���4    �+� �
 �&� ��+  W7  :+���b ��) ]�	� /��A4 (6 

� ����(< .&!&��
 ]���MF� :+�b�	���  �
 (��6�	a� 
�����
(M %�	�    }�u9��	b&!��    ��  lA�PVC   f�C�
 	�

  8��4 (4 �-�. �����)	���    	���(��
����	�   ~���p -�����
 .&!&��
 ]���MF� W
���� :&
 :&!	
�C�	���
 �	���� 25-23 

  (��
��!	�
��b  � /
	6� ���G�50-40  P����� W&m�

��	A
+�-    ����	�12:12    
�����
 (� �L�� + (��!�
��) P

(�   ~) + ��	LI�	��) <	!���0 }�u9� 
��&!	��� ����
��
 	��� o�	��a� (6�	a� �%=Q� /�m� (��4 .&A�
�
 ���

 P����+�C �����)��	L��I�	��) <	��!���0 	��� �	��4 /���m�
  �LAM���2006 :	L��I!�
 ~���u� �!	��M!� <	��6�	a� + (

�.�b 7	O!� ����� ��
-C 7��'.  
����
 ���	� ���� 2: � �
 ����  (��6�	a� ���� �	��F�� ��

 *���! ����	�
2� W� f+� o����-� �+�
 �%	 ��m ��������! 
&��)-  STZ    �+
 	�60  ����7���b    7�b�����4 ����:
	 ����� 
  .&
72   ����Q -4��b �e�� W��	�
 �	F�� �� lC �'	�

(��!��! �� :
	 ��� 	������ �!���Q �	��� ��+) 7
 �� :&��

 /&���) ������4��b �� :
	 ����� 	��� + <	��!���0mini-01 W

X ��I4 �Q	�:��&!�  (�C� ��	��� ����Q &��A% .&
 ���b
250  ����7�b    ������ ��
 �� ������ ��	���6� �����A' (���

  �=����� �� �	A��G�f��	���    *���! ����	�
 (���2   ���e! �

  (�.�b&
 )21  .(  

���� !" #�����
 $ �%��&' $  ( )
��	* �+!��	* 
,�)���
+-�:  ) �+�	���-b
5/2  ����7�b  4 ���7�b��   �


 %	 m PQ�
 <��m (� (�+��  ���    �'	�10    	�11   �Em
):+�b�	��� 1  	���6 (��� (<�	��� �-� ���o + �+
 .&��
  :�+


 f+� t	���� ���� �+�	�����-b
 �	����
�C	��.   ���	����� +
)2019&
 ���� ( )22.(  

����"�)��  ���.':  f��	���    �
:+�b�	���   WP�����
  �����+�&�� :�	u'  T�	Q�	Q :	�b  �	����+
 	���5    +10 

����7�b  &� ��+ 7�b���4 �� ���� (� f+� (��� �+� �
 �
) &!
�4 �.	��
 X�+	b23.(  

 $
	 /! ���� �:  :+�b�	�  �����  �	�	A
) �� lC�  5 
:�+�W    <	A��������  �'�� 	� P��
�� �+� �23   �
 ���

 W(��F�%
30  W�+� �
 (��F�%
5  <&��� (��� + (��� � �
 �+�
 ���D	0 ���
��+ ����� P��+�C .&!
�
 7	O!� (� � �I�

  �'	� ���6.00  +8.00 �� �Em) &
 ��24.(  

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

٤٢  

  

��B� g��6� ��9.< ��� 

�
�� ���� ���	
 ��
�     ����29 �  ���	
3 ��
��� 1140                              http://rjms.iums.ac.ir   

������
� �    �01
���2   $����:  24   &��6� �'	�
��Q) ��f�� W�A���� (M�� �  	�(�(���+   �+�
 o����-�

 ���	���4 �%	 ��mmg/kg 90   �����=��� +mg/kg 10 
��f��  �.	� (!��! lY� W:&
   ���6! (�>'�  f���� 	���

�����+)  �.	� .&
 �6! (�>'� <�	� �&� :&��
 + &��6� 
��  ��M
  	�  /��"�   PBS     �+&�(�m	.  �
 �X+���! ��	� 
)196- (����
 ��!	���
��b (�&���OA :&��
 + lY��� �
 

�	�
  80-  (��
  ��!	�
��b  :��Qx  &
.    ��-���� ���e��
6-methylguanine  �4���
 �-����� ����4 �� :
	 ����� 	���

DLdevelop  [�9��I� (��A��
 	��� �
	��!	4 ��I4  5000-
125    ���	M0 W���� ���� �� 7�b���C27   ���� 7�b���C

  + ���� ����@��D    <����N�10-12%W  � �����-  � ����	   �X
Atrogin-1WMURF-1  +MiR-29b   �� :
	 ������� 	�����

f+�Real-time PCR   +PAB ���.	�  ���6! (���>'�  	���
  �OA��!���� f+� �� :
	 ���:��&!����b  .&
  

����" ���:    ���� ������� �
���� ���6�EG �� �	A��G�
  �� W	���N��  ����)
	C�+�-+� T���  &��
 :
	 �����  . �����

�����  	F��(M  ��L!	��  N���<��  �� 
��� P���'�
 ��� 
:+�b	�  �"� ������) �� ���P  ��+ ���l!	   ������) + (��.�G +


!+� !�� �E�F6�  �.&
 :
	 ���    �a��A6���
 (�� �
 �
  
����05/0p≤  .&
 (�.�b �e! �
   ��	���) <	�����' (��4

 	�7�!�	���-.�  SPSS    (9M! 	�23 .&�)�
 ���� (�   
  

����	�2  
���� �	I! r�	�!&���
  �������  )626/0=µ  W001/0=P W

938/49=F( W :�	���u' T����	Q�	Q :	����b )957/0=µ W
001/0=P  W286/33=F(    +  + ����� P�	6�  :�	��u' :	���b

 T���	Q�	Q )986/0=µ W001/0=P W711/1094=F(  ���#�
�A6���
�� �  ��-��  ��!��b P���  ���
�
 ����6! (���>' .

 ��-������!����b P�����  ����6! (���>' ����� :�	��u' :+���b 
	� T�	Q�	Q    �+
5    +10    <+	 � 7�b�A6���
�  ���
�
 

)001/0P=  ��Aj�� .( ��-����!��b P���  ����6! (���>'
 	��� �+
5  +10  7���b(�����G  :+���b �� ����I�� ���
	��A6�

 
�� /��A4)001/0P=(   P�
)1(.  
! r�	�!���� �	I  ������� &���
)834/0=µ  W001/0=P W

320/150=F( W :�	��u' T���	Q�	Q :	���b )903/0=µ W
001/0=P  W781/139=F(    + ����� P�	6� +  :�	u' :	���b

 T���	Q�	Q )953/0=µ W001/0=P W637/305=F(  ���#�
�A6���
  ���� �  ��-����Atrogin-1   .���
�
 ����6! (���>'
-���� ��Atrogin-1  ����6! (���>' �����  :�	��u' :+���b

	� T�	Q�	Q    �+
5    +10  A6� <+	 � 7�b���
�  ���
�
 
)001/0P=(  ��Aj�� .  ��-��Atrogin-1   	��� ��6! (�>'

  �+
5  +10  7�b(���G  /����A4 :+���b �� ���4 ���
	A6�
 
��)0001/0P=(   P�
)2.(  

���� �	I! r�	�!������� &���
  )873/0=µ  W001/0=P W
476/206=F( W :�	��u' T���	Q�	Q :	���b )911/0=µ W
001/0=P  W666/152=F(    + ����� P�	6� +  :�	u' :	���b

 T���	Q�	Q )981/0=µ W001/0=P W727/770=F(  ���#�
���A6���
 ���� � ��-����MURF-1  .���
�
 ����6! (���>'

 ��-����MURF-1 ! (���>' ����6 �����  :�	��u' :+���b

  

  

 3�41-  ,� 3a:h�S "����A   3��+:6" *:01� ���� ���<
 � i��� �+ /�1�M� .*6��K� ����� "��A  .3�� ��� F���� ����"�,�� @��j"� �  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

٤٣ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����29 ���	
 �3 ��
��� 1140

                    D���� ���< F���
 JI�� �+ H��I��I ���G1 ��<
 ������ "�01� /� ���<
 �	,+��         

  �+
 	� T�	Q�	Q5    +10  A6� <+	 � 7�b���
�  ���
�
 
)001/0P=(  ��-�� ��Aj�� .MURF-1   	��� ����6! (�>'

  �+
5  +10  7�b(���G  /����A4 :+���b �� ���4 ���
	A6�
 
��)0001/0P=(   P�
)3   .(  

���� �	I! r�	�!������� &���
  )807/0=µ  W001/0=P W
769/125=F(W  :�	��u' T���	Q�	Q :	���b )957/0=µ W
001/0=P  W245/335=F(    + ����� P�	6� +  :�	u' :	���b

 T�	Q�	Q  )993/0=µ  W001/0=P  W553/2098=F(   ���#�
���A6���
 ��-���� ���� �MiR-29b  ����6! (���>' .���
�


 ��-����MiR-29b  ����6! (���>' �����  :�	��u' :+���b
  �+
 	� T�	Q�	Q5    +10  A6� <+	 � 7�b���
�  ���
�
 

)001/0P=(  ��-�� ��Aj�� .MiR-29b  	��� ����6! (�>'
  �+
5  +10  7�b(���G  /����A4 :+���b �� ���4 ���
	A6�

 
��)0001/0P=(   P�
)4   .(  
���� �	I! r�	�!������� &���
  )975/0=µ  W001/0=P W

204/1183=F( W :�	��u' :	���b T���	Q�	Q )978/0=µ W
001/0=P  W237/662=F(    + ����� P�	6� +  :�	u' :	���b
Q�	Q T�	  )994/0=µ  W001/0=P  W554/2437=F(   ���#�
�A6���
� �  ��-�� �PAB   ��-���� .���
�
 ����6! (���>'
PAB    ��6! (�>'���    �+
 	��� T�	Q�	Q :�	u' :+�b5 

 +10  <+	�� � 7���b���A6���
� ���
�
 )001/0P=( .
  ��-�� ��Aj��PAB    	��� ����6! (�>'  �+
5    +10   7���b

(������G  
����� /�����A4 :+����b �� �����I�� ���
	���A6�
)0001/0P=(   P�
)5.(  

  
  

  
 3�42-  �����+���  �
Atrogin-1  �:6" *:01 ��� ����<
 � i��� �+ /�1�M� .*6��K� ����� "��A  �j"� � .3�� ��� F���� ����"�,�� @�  

  

  
 3�43- +���  �
MURF-1  3��+:6" *:01� ���� ���<
 /�1�M� .*6��K� ���� � i��� �+� "��A  .3�� ��� F���� ����"�,�� @��j"� �  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

٤٤  

  

��B� g��6� ��9.< ��� 

�
�� ���� ���	
 ��
�     ����29 �  ���	
3 ��
��� 1140                              http://rjms.iums.ac.ir   

34�  
  ������� (��4 
�
 �	��I! ���D	0 ,�+;��C r�	�!������ �

  ,�	4 @����A6���
  ���	    �XAtrogin-1W  MURF-1  
+MiR-29b   ,��-��.� ����Aj�����A6���
 �� k�a���-6-

 ��������!�����b P-DNA- �� ��� ���M!��� P���� /
	���6� +
�!�&�M4�-) �!�&�M4�+�CPAB  (  �
<��	�  
���	�   *�!

2  .&
����	�
 ^	��E��� :
����Mb �����
-! + 	��� t������ 

����&�M4� ���
	! �� &�&��I�  P����I�/	��
���	��� 
��) 

�;�M4� .
��
 <	6�	a� � ��9� �	I! :
�
&!�  (4 ,��-.� 

��Q&A% 	� ,��-.� t���� ����&�M4�  :������&��
	� + 
���� *�D�� ��	�M� �� 5���' ��	��� �� (�  
��
 /	E!


)25W26.(    �	I! <	6�	a���&A�
   �b&!� TE� T� (4
 ����&�M4� ��6D+ /��A4 (� ]eA� �!&� ���	6. 	� ]�	�

 T���4 ���	���
 
����.� �
��&��A4 )27(. ROS  �� ���
	!

f��+ �.	� ��� + ��� ��%�� ��Q�� �	��F�� (��� ^���� ( �
��	b�	��	�   l��4+
� H�����
 :;���+ ��=�����&��
	� 

(���G �&� �!�&�M4� ��!) *	.
 ]�M�� ��	b�	� (4 �
) ����� ���
��+ <	��A���� (��O��!28 ��	b�	��� ����� .(

  �
 /
	��6� @����� <	A���� @%	6���.	��	���   8����9�
  �������� <=��>' :;���+ (� �&���
���
   +��	����0�  ���#�

�Eq��  ��  �Ae]�  ��	�  �X�	�    �
 ����b�
 ��.+��)�  ' (���>
������  &
	� (�
�
  .  }�uQ �
 ��Aj���	4+�	�	���� 

�����# ���� <������N� � ����	  �XMuRF1  +Atrogin-1  �

  (�>'  	� �X ��� �	�� (4 :&
 f��-b P���	' +
 H�����

�!+��M�  ��eA�]�  ����:
���
FoxO   +NF-κB(���.	� . 	���
� �	I!��-��.� (��4 &��A�
,�  �	6. �
����  NF-κB  ������ 
,��-.�  
	!�    ��IκKB  �!+� �
���M�  MuRF1  �+���D� 

N� + �����<������ !=��>' :
�����  ��
	!� /	��6. �� �&��


  
 3�44- ���+ MiR-29b  3��+:6" *:01�  ��� ����<
 � i��� �+ /�1�M� .*6��K� ����� "��A  .3�� ��� F���� ����"�,�� @��j"� �  

  
 3�45- �����PAB   3��+ *:01 :6"� ���� �� .3�� ��� F���� ����"�,�� @��j"� � A� "��� i��� �+ /�1�M� .*6��K� ���� 
�<  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

٤٥ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����29 ���	
 �3 ��
��� 1140

                    D���� ���< F���
 JI�� �+ H��I��I ���G1 ��<
 ������ "�01� /� ���<
 �	,+��         

MuRF1  
 /	6. (�&  �NF-κB    :&
 :
�
 �EM!����� 
)29  .(���4	.  �M��!+�  FoxO  !-���  �"� �
P���  !=��>'� 

b�
&!��    +��	��0�  ��	��	L�  ������!��    �����MuRF1   +
Atrogin-1    l�6A� �� ����) &��AA430.(  ~	������   @E���

�-.�,�  �	6.��  p38  MAPK  o��G ��  NF-κB  ��
���
 
� (4��    P���'��&!���  � /�BM��	�  �X+��)  + 	���(���-O� 

��B�+�C(�.+��)) 	�  &
	�  )31(  .Aj��W��  �	6�	a��   (4
�+�  ���/	���  �A�� �� :
	 ����� 	��� �	b&��!�� T���	���� 
+��
��    +	���  +� ���� �X �	�����   ��.+��)�  	���  	����Y��.+�� 

  <��m(�.�b  :
�
 �	I! W��� ��eA� (��4 &!�]� �!+����M� 
MurF1  ��M� H�������  ��� KA��	AL�  (��� (���M��+AKT 

FoxO  7	O!�  ��) 
�
32(.    g�	CAtrogin-1  �	6. (��� 

��+�  -�!  ��&!���    �"���#$�  !�b	!�b P���'�  (��� ��

	6. <&� + <&
 ����  + �	���  ��#$���  ���	6.�	���  �������� 
N������� &���A4 )33(.miR-29  ' �
 ��������� <=���>

f���	�   �
 + �	��� �����p 	� ����� ]�X� 	� :&
 (��N�
  ���Eq� ]���eA� W�	p ���	�
 �!���0 �	� /&���
���
 

)36-34 ]�eA� (4 ��� �) �� �4	0 	� f��-b �Q�� .(
�	�� miR-29  �
�.	��	�  /&��� �
 ������M!� (��� 7+	F�

��	����� �������� (���>' + �	��p ���	�
 �	b&!�� �	� �
  (� =�E�  ��	�
 *�!2    P�9���
�
  )36W37 �����	��A� .(

��	��0�    �
 ������� <	��A����,�+;��C   o����G �� ���D	0
 :&��
 �	���� ,�	��4 (��� �OA� ����M!� (� ��+	F� 
�E��

  �
 &Ap �� ���,�+;��C   ������M!� (��� <+	��F� ���D	0
:��&!����b    ��� �	� ��
+&"� �� (4 &I!,�+;��C   (���

  ��Aj�� .
+� �� �	�
k�a�   f
���b ~�p �	�&���
 *���! ����	�
 (��� =�E� ���	��� +
 �� �
 ��Q2  /&��� +

  + &���	� ���� ,��-.� �	p ���	�
 �	b&!����&��!���   ����
  �
 �X �	���.	��	�   �#� ������ <=>' &A!	� �a�"�

) 
���L�37�	���� <	������	C (4 ��� :&
 :
�
 �	I! .( 

miR-29  �
/����	�  �� �	M!� ������ <=>'�-.� ,�
��&�
  )34  .(�����	A�   �
 (��4 
��
 
����+ /	����0� ���

,�+;C   f
���b ~���p �	�&����� �a��� ,�	4 �D	0
 ,�	��4 ���� �����b ���#� P�	' ����� ����� @%	6�� ��Q

�	��miR-29   �
<��	�  8�	9� W�.�G �� .&
	� ���	�

  ���	����� + ���	��� W���D	0 o���F0� �	� (�.	� 	���#$��� 

��+�&� �����  � + ���	F��� <&��� (� �	� <&
 	� ��+	A
 ���.+��) �	������4	. �+� �� P��
�� �+� �� (� � �	�p

  �
 �!=>'f���	�   .&!
�4 ����� �� ����"mf��	� 

 
�
 �	��I! 	���!) r�	�! .&!
�4 ����� (� � �
 (M�� rAC
 ���.+��) �	������4	. ��6��D+ �
 ������N� (!�b |�� (4

 &A!	�MuRF1 ����� :&��I! 
	O�� )38 .(��	����0�  7&��'
�!��9�� r�	�! ��� o�F"� 	� W��. (�.	� �!
���) *�! 	���

  �
 &
	� ����� P��+�C 7	O!� <&� ��Aj�� +,�+;��C 
�)  �X �	�� 	�MuRF1    �
f���	�   �
 + ]�	�,�+;C 

 �X �	���� ���D	0MuRF1  �
<��	��� 
 �����	�  *���!2 
:��&!��� .&��
 �����bj����A  �	��� (���.	�  ��	���!	b + l�

 ��4 
�
 �	��I! ���	���  (8   �+� �&���+
) ������� (��� �
 (P������
����#$����� �����A6���
������ �Murf-1  + 

MAFBx/Atrogin-1  �������� (���>' �
f���	��� 
��"m��  �
�&! ]�	�  )39  .((���.	� 	� y%	A� ����. �	���

��	��0�  �
���� ]�	��� (�  �!
�����)���� ^������ 	��� &��
	�
(���G  �
 (4 �,�+;C  �	� (!��! �D	0   
����� ���	���


�.�b ���% ����� .&A��
	��A6� �����N� 7&��' W��� �� :+=' 

�	�� miR-29b  �
 (� g�	C <	A���� �	A
 ����� ]��4 

<&
 �!��G <&� �
 <�	���:
	��� � �	��I!  :&��
 :
�

��� )40 P��
 .((�.	� 	� y%	A� ����. �	�����	����0�  (���

]4 <&
 *�!  �����  �� ^���� .&
	�  
  ��Aj��,�+;C r�	�!   (��4 
�
 �	��I! ���D	0 :�	��u'

b ���:	  T���	Q�	Q ,�	��4 @��������A6���
 � ����	  �X
Atrogin-1W MURF-1 + MiR-29b  ,��-��.� ����Aj��

���A6���
 �� k�a���-6-��!����b P�����-DNA-  P�����
�!�&���M4� /
	6� + ��� M!���-) �!�&���M4�+�CPAB  ( �


<��	� 
���	�  *�!2 &�&I� .&
 t���� ����&���M4� + 
�������&�M4��C �&���Y�� ���
	! �� ,��-��.� P����I� 

/	��
���	� 
��) �;�M4� ,F! �
 ���� -!X��	��C  ����	�

&!��
. ,�	4 �
�
 ����� <������N� �
 ����	�
  *���!2 	��� 

:
	 ��� �� 
��� :�#v� ��	���b 	��� ���	�
&��D ����m	Q + 
��!) ��!�&�M4� �� ����� �A��	� �
	��  ����� ��
��Q��

)41��	���
 <	E�4�� .( ��m� b�:	 Q T���	Q�	P�	��
 

��!�C	��� W	��� �	��)W	�&���U�!+=. W	�&���U� /+������ + 

���+���+��  �	�E  +A ��&
	� + �	#)  T���X���4	��	. 

:��� � ��� :	�b �� (� <	��E�4�� ��� �E��M! ����  .&��A�

�	FF"� �	I! &��!
�
 (��4  T���	Q�	Q��&��!��� @����� 

,��-.� �a� ��!) &�M4��)	�� �����-!)��� �&��� �
 + 
&�&I� �	6.���� �-��!) �	���� ����!) ��&���M4� 
�b&��! + 

,�	4 @��� �����&�M4��C �&�Y�� ) 
�
42
��+ .( 

��!�C	� 	� + ��Ap ]� <	E�4�� ���A. �
 :�	u' � ��� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

٤٦  

  

��B� g��6� ��9.< ��� 

�
�� ���� ���	
 ��
�     ����29 �  ���	
3 ��
��� 1140                              http://rjms.iums.ac.ir   

:	�b (��� �) ����!) ����m	Q �!�&���M4� ���� ) &���
43 .(
[9I� :&
 ��� (��4 ��!�C	��� �	��� o���I� �� :	���b 

�� T�	Q�	Q o��G /	��6. �
����! ����M�  KA��	AL���� 

PKC@����� @����) ,�	��4 ������� ����  ��
) &!�44 .(
�I9� ��Aj�� �� <��#� ��� &A�
�� :	���b �
 o���F"� 

�D	0 �� �� ���� (� <��#� �b&A�	4 ����&�M4� t���� 

�) (� ��' ���
 �
�� ��m	Q ��!) ��!�&�M4� �����F� + 

�b&AA4 ]�M�� z�0 /	��
���	� 
��) �;�M4�  �E��M!
(4 
�
 ��	��0� �� ��� �e! �	�M� (�	I�  ���	��+E  P���'

�� ) &�	�!45,9� .( �L�
 �� �#� &A�
��  T�	Q�	Q �
 

�D	0 ����� �� ���� ������ (��� ���#�  T����M��b�Y�� �) 

�EM! 
�
 (4 o��G �� ,�	4 �a��� <����u"� �U	���! 

@��� ����=������b ,�	4 t������ ����&���M4� ���� 

�
 )46.( ��	�! �
W  �E�4�� (�Q�&�:�	u'  T�	Q�	Q 

  	�  ���������  (��� ���OA� �� ,�	��4 ����	    �XAtrogin-

1WMURF-1  +MiR-29b  ��Aj���� �-��.��,  k�a���
���P  !��b��   ��M4� /
	6� +��!�&- ��M4�+�C��!�&   (���>'

��6! <��	� 
���	�  *�!2 &
 .�����	A� ��	��0� -��O� 

:�	u'  T�	Q�	Q (� :���� ����� ����� (� P��
 <��#� 

 T�	Q�	Q �!�&�M4� ��!) ����� + ����� ]��� ����Ap 

��#$� �)	� �� �	� �����	�� z�0 ~�9�  +��#$�  �	�� ��
�X�	� �
 ��b�
  .+��)� !=>'�  ����	�
 �G��&��!��� 

&� � + �#��  .&
	� �	� ��+&"� (��� ��,�+;C  �D	0
  7&' (� ���� ��:��&!����b   	��� HE��� �	����4	. �L�


t������ ����&���M4� ������� <=��>' �
� �	��
� .
���4 :
:��&��!� �	�����M� �����b ���� 7	���C�!	  ]���eA� ����j��
��M�PKC   -�!��&!���  P�����' ���� �!&��� ���	6. <��#�
�!+��M�    ��b�
  �
 .+��)�  ����� (�>'�   =�E� 
��.� �

  (�
���	  ��  (���G   /	��0�� (��� .&���
 �	��I! ��� �
+�

,�+;C	��    �	�! 
��� (A��� ��� �
 ���I����&
	�  .  
  

�1���� �-  
(���G    W(m=Q  r�	���!,�+;��C  ! ���D	0
�
 �	��I   (��4

  �����������  W�  :�	��u'  T���	Q�	Q ���E�4�� (���Q�&� +
  :�	u'  T�	Q�	Q  ����� 	�����  ,�	4 (� �OA� ����	 

�X�	�    �
 ��b�
 ��.+��)�  !=��>' ,��-��.� ����Aj�� W�
�!�&�M4� /
	6�-  �!�&�M4�+�C  �
<��	���  + ���!��	���M 

b ���%�+�	�� �-b
 5�6� �
 (�.�   (����� 	� �����	A� .&

 ��� Wr�	���! (� ���E�4�� (���Q�&� &���� ���� ���e! ( :�	��u'

 T�	Q�	Q ����� 	������� ���&��!��� �� o����G  ,�	��4
���	  �X�	�    �
 ��b�
 .+��)�  !=>'�    (�  
�E�� H�����


 �G
	�A��I�C .&���	�! T���4 ��	�
 ��
���
 �
 :&��A�) 

�� (��6�	a� �
 (��A��� ��#$��� +
8����9� �	����  :�	��u'
 T���	Q�	Q + ��������+� ����
 /	AL���� �	�����M� 

� �� ���b�# .+��)� !=>'� �!
���)�	���  *���! ���	���
2 
7	O!� 
��b  .  
 

 56! �  	��!  
�����4
 ��+
 (�	���� �� (���.�b�� (���	F� �����  ,�����b

�
��+ �X����-�.   	��� �=��Q� (�����4 &����	� 	��� (4 ���
  :�	�
IR.SSRC.REC.1399.027    �
 ����� :	LI�+;C

  �
 + &����$� ���
��+ 7��' + �!&� 
��) :	L��I!�
 ��=����
 -4�� ����� &0�+��&��� .&�
�b ���� (�����+ �� (����4� 

�
��.� (4 �
 7	O!� o�F"� ��	����� �D	0 (���
�
W&��!� 

(!	���m ��I� + �!�
�&% �� 
�
 .  
  

 
 
References 
1. Kharroubi AT, Darwish HM. Diabetes mellitus: 

The epidemic of the century. World J Diabetes. 

2015;(6):850–867. 

2. Perry BD, Caldow MK, Brennan-Speranza TC, 

Sbaraglia M, Jerums G, Garnham A, et al. Muscle 

atrophy in patients with Type 2 Diabetes Mellitus: 

roles of inflammatory pathways, physical activity 

and exercise. Exerc Immunol Rev. 2016;(22):94–

109. 

3. Lambertucci AC, Lambertucci RH, Hirabara 

SM, Curi R, Moriscot AS, et al. Glutamine 

supplementation stimulates protein-synthetic and 

inhibits protein-degradative signaling pathways in 

skeletal muscle of diabetic rats. PLoS One. 

2012;(7):e50390. 

4. Hulmi JJ, Silvennoinen M, Lehti M, Kivela R, 

Kainulainen H. Altered REDD1, myostatin, and 

Akt/mTOR/FoxO/MAPK signaling in 

streptozotocin- induced diabetic muscle atrophy. Am 

J Physiol Endocrinol Metab. 2012;(302):307–315. 

5. Sandri M. Protein breakdown in muscle wasting: 

role of autophagy-lysosome and ubiquitin-

proteasome. Int J Biochem Cell Biol. 

2013;(45):2121–2129. 

6. Zhao J, Brault JJ, Schild A, Cao P, Sandri M, 

Schiaffino S, Lecker SH, Goldberg AL. FoxO3 

coordinately activates protein degradation by the 

autophagic/lysosomal and proteaso-mal pathways in 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

۴٧ 

 

��B� g��6� ��9.< ��� 

atrophying muscle cells. Cell Metab. 2007;6:472–

483. 

7. Bodine SC, Baehr LM. Skeletal muscle atrophy 

and the E3 ubiquitin ligases MuRF1 and 

MAFbx/atrogin-1. Am J Physiol Endocrinol Metab. 

2014;307(6):469-84. 

8. Dehoux M, Van Beneden R, Pasko N, Lause P, 

Verniers J, Underwood L, Ketelslegers JM, Thissen 

JP. Role of the insulin-like growth factor I decline in 

the induction of atrogin-1/ MAFbx during fasting 

and diabetes. Endocrinology. 2004;(145):4806–

4812. 

9. Sun Z, Liu L, Liu N, Liu Y. Muscular response 

and adaptation to diabetes mellitus. Front Biosci 

2008;(13):4765–4794. 

10. Li J, Chan MC, Yu Y, Bei Y, Chen P, Zhou Q, 

et al. miR-29b contributes to multiple types of 

muscle atrophy. Nat Commun. 2017;(8):15201. 

11. Hu J, Kong M, Ye Y, Hong S, Cheng L, Jiang 

L. Serum miR-206 and other muscle-specific 

microRNAs as non-invasive biomarkers for 

Duchenne muscular dystrophy. J Neurochem. 

2014;(129):877–883. 

12. Liu HW, Sue-Joan Chang Moderate Exercise 

Suppresses NF-κB Signaling and Activates the 

SIRT1-AMPK-PGC1α Axis to Attenuate Muscle 

Loss in Diabetic db/db Mice Front Physiol. 2018;(9): 

636-48. 

13. Gonçalves NG, Cavaletti SH, Pasqualucci CA, 

Arruda Martins M, Lin CJ. Fructose ingestion 

impairs expression of genes involved in skeletal 

muscle's adaptive response to aerobic exercise. 

Genes Nutr. 2017;12:33-44. 

14. Russell AP, Foletta VC, Snow RJ, Wadley GD. 

mitochondria: a major player in exercise, health and 

disease. Biochim Biophys Acta. 2014;1840(4):1276-

84.  

15. Aquilina G, Biondo R, Dogliotti E, Meuth M, 

Bignami M. Expression of the endogenous O6-

methylguanine- DNA methyltransferase protects 

Chinese hamster ovary cells from spontaneous G:C 

to A: T transitions. Cancer Res.1992;52:6471-55. 

16. Siu PM, Pei XM, Teng BT, Benzie IF, Ying M, 

Wong SH. Habitual exercise increases resistance of 

lymphocytes to oxidant-induced DNA damage by 

upregulating expression of antioxidant and DNA 

repairing enzymes. Exp Physiol. 2011;96(9):889-

906. 

17. Usefpor M, Ghasemnian AA, Rahmani A. The 

Effect of a period of high intensive interval training 

on total antioxidant capacity and level of liver tissue 

malondialdehyde in male Wistar rats. SJKU. 

2017;22 (5):103-110.  

18. Chhatre S, Tanuja Nesari, Gauresh Somani,1 

Divya Kanchan,1 and Sadhana Sathaye 

Phytopharmacological overview of Tribulus 

terrestris Pharmacogn Rev. 2014;8(15): 45–51. 

19. El-Tantawy WH, Hassanin LA. Hypoglycemic 

and hypolipidemic effects of alcoholic extract of 

Tribulus alatus in streptozotocin-induced diabetic 

rats: a comparative study with T. terrestris. Indian J 

Exp Biol. 2007;45(9):785-90. 

20. Roghani M, Arbab-Soleymani S. The Effect of 

Oral Feeding of Tribulus Terrestris Fruit on Some 

Markers of Oxidative Stress in the Brain of Diabetic 

Rats. JSSU. 2013;21(2):127-135. 

21. Shirwaikar A, Rajendran K, Barik R. Effect of 

aqueous bark extract of Garuga pinnata Roxb. in 

streptozotocin-nicotinamide induced type-II diabetes 

mellitus. J Ethnopharmacol. 2006;107(2):285-90. 

22. Fappi A, Neves JC, Sanches LN, Massaroto e 

Silva PV, Sikusawa GY, et al. Skeletal Muscle 

Response to Deflazacort, Dexamethasone and 

Methylprednisolone. Cells. 2019;8:406. 

23. Gauthaman K, Ganesan AP. The hormonal 

effects of Tribulus terrestris and its role in the 

management of male erectile dysfunction--an 

evaluation using primates, rabbit and rat. 

Phytomedicine. 2008;15(1):44-54. 

24. Mallikarjuna K, Shanmugam KR, Nishanth K, 

Wu MC, Hou CW, Kuo CH, et al. Alcohol-induced 

deterioration in primary antioxidant and glutathione 

family enzymes reversed by exercise training in the 

liver of old rats. Alcohol. 2010; 44(6):523-9. 

25. Chang YC, Chuang LM. The role of oxidative 

stress in the pathogenesis of type 2 diabetes: from 

molecular mechanism to clinical implication. Am J 

Transl Res. 2010;2(3):316-31. 

26. Descorbeth M, Anand-Srivastava MB. Role of 

oxidative stress in high-glucose- and diabetes-

induced increased expression of Gq/11alpha proteins 

and associated signaling in vascular smooth muscle 

cells. Free Radic Biol Med. 2010;49(9):1395-405. 

27. Carraro E, Schilirò T, Biorci F, Romanazzi V, 

Degan R, Buonocore D, et al. Physical Activity, 

Lifestyle Factors and Oxidative Stress in Middle Age 

Healthy Subjects. Int J Environ Res Public Health. 

2018;15(6):62-74. 

28. Radak Z, Zhao Z, Koltai E, Ohno H, Atalay M. 

Oxygen consumption and usage during physical 

exercise: The balance between oxidative stress and 

ROS-dependent adaptive signaling. Antioxid. Redox 

Signal. 2013;18:1208–1246. 

29. Junyent F, Verdaguer E, Folch J, Beas-Zarate 

C, Pallàs M, Auladell C, et al. Role of JNK in 

neurodegenerative diseases. Recent Advances in 

PharmaceuticalSciences II. 2012;37(2):15-28. 

30. Clarke BA, Drujan D, Willis MS, Murphy LO, 

Corpina RA, Burova E, et al. The E3 Ligase MuRF1 

degrades myosin heavy chain protein in 

dexamethasone-treated skeletal muscle. Cell Metab. 

2007;6(5):376-385. 

31. Centeno C, Repici M, Chatton JY, Riederer 

BM, Bonny C, Nicod P, et al. Role of The JNK 

Pathway in NMDA-Mediatedxcitotoxicity of 

Cortical Neurons. Cell Death Differ. 2007;14:240-

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html


 

 

 

٤٨  

  

��B� g��6� ��9.< ��� 

�
�� ���� ���	
 ��
�     ����29 �  ���	
3 ��
��� 1140                              http://rjms.iums.ac.ir   

253. 

32. Antoniou X, Falconi M, Di Marino D, Borsello 

T. JNK3 as a therapeutic target for 

neurodegenerative diseases. J Alzheim Dis. 

2011;24,633–642. 

33. Khoramshahi S, kordi M R, delfan M, gaeini 

A, safa M. Effect of Five Weeks of High-Intensity 

Interval Training on the Expression of miR-23a and 

Atrogin-1 in Gastrocnemius Muscles of Diabetic 

Male Rats. Iran J Endocrinol Metab. 

2017;18(5):361-367. 

34. Yang WM, Jeong HJ, Park SY, Lee W. 

Induction of miR-29a by saturated fatty acids 

impairs insulin signaling and glucose uptake through 

translational repression of IRS-1 in myocytes. FEBS 

Lett. 2014;588:2170–2176 

35. Kurtz CL, Peck BC, Fannin EE. MicroRNA-29 

fine-tunes the expression of key FOXA2-activated 

lipid metabolism genes and is dysregulated in animal 

models of insulin resistance and diabetes. Diabetes. 

2014;63:3141–3148. 

36. He A, Zhu L, Gupta N, Chang Y, Fang F. 

Overexpression of micro ribonucleic acid 29, highly 

up-regulated in diabetic rats, leads to insulin 

resistance in 3T3-L1 adipocytes. Mol Endocrinol. 

2007;21:2785–2794. 

37. Boden G. Obesity, insulin resistance and free 

fatty acids. Curr Opin Endocrinol Diabetes Obes. 

2011;18:139–143. 

38. Holloway TM, Bloemberg D, da Silva ML, 

Simpson JA, Quadrilatero J, Spriet LL. High 

intensity interval and endurance training have 

opposing effects on markers of heart failure and 

cardiac remodeling in hypertensive rats. PloS One. 

2015;10(3):1–16. 

39. Gonçalves NG, Cavaletti SH, Pasqualucci CA, 

Arruda Martins M, Lin CJ. Fructose ingestion 

impairs expression of genes involved in skeletal 

muscle's adaptive response to aerobic exercise. 

Genes Nutr. 2017;8:12:33. 

40. Soci UPR, Fernandes T, Hashimoto N Y. 

MicroRNAs 29 are involved in the improvement of 

ventricular compliance promoted by aerobic exercise 

training in rats. Physiol Genom. 2011;43:665-73. 

41. Prabhakar PK, Doble M. Mechanism of action 

of natural products used in the treatment of diabetes 

mellitus. Chin J Integr Med. 2011;17(8):563-74. 

42. Kamboj P, Aggarwal M, Puri S, Singla SK. 

Effect of aqueous extract of Tribulus terrestris on 

oxalateinduced oxidative stress in rats. Indian J 

Nephrol. 2011;21(3):154-9. 

43. Ivanova A, Serly J, Dinchev D,Ocsovszki I, 

Kostova I, Molnar J. Screening of some saponins 

and phenolic components of Tribulus terrestris and 

Smilax excelsa as MDR modulators. In Vivo. 

2009;23(4):545-550. 

44. Wang SS, Ji YS, Li H, Yang SJ. Mechanisms 

of gross saponins of Tribulus terrestris via activating 

PKCepsilon against myocardial apoptosis induced by 

oxidative stress. Yao Xue Xue Bao. 2009;44(2):134-

9. 

45. Baluchnejadmojarad T, Roghani M. Coenzyme 

q10 ameliorates neurodegeneration, mossy fiber 

sprouting, and oxidative stress in intrahippocampal 

kainate model of temporal lobe epilepsy in rat. J Mol 

Neurosci. 2013;49(1):194-201. 

46. Yan LG, Lu Y, Zheng SZ, Wang AY, Li MQ, 

Ruan JS, et al. Injectable caltrop fruit saponin 

protects against ischemia-reperfusion injury in rat 

brain. Am J Chin Med. 2011;39(2):325-33. 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

3.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

26
-0

6-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.3.3.8
https://rjms.iums.ac.ir/article-1-6293-en.html
http://www.tcpdf.org

