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Abstract    

 

Background & Aims: The dimensions and characteristics of tendons and muscles 

are much related to each other and change according to each other. The reason for 

this phenomenon is probably due to the ability of the muscle to exert force. 

Therefore, the desired characteristics of the components of the load-bearing baffles 

are regulated by the amount of daily mechanical load. This concept is important not 

only for understanding the function of these tissues but also for understanding the 

mechanisms of damage and its causes. Muscle hypertrophy is also affected by the 

intensity and type of physical activity, especially resistance training. Nutritional and 

hormonal factors also play a key role in this. Testosterone is very important as one 

of the key anabolic hormones. Accordingly, the effect of 4 weeks of resistance 

training and testosterone on mTOR gene expression in male rat tendons was 

investigated. 

Methods: In this experimental interventional study, 48 rats aged eight weeks, in the 

weight range of 220 ± 20 g at a temperature of (20-20) ° C, humidity (55%) and 

free access to water (300 ml bottle) Clear and graduated with autoclave capability 

and with a 1 cm cap made of stainless steel without thread) and enough food 

(produced by Behparvar Company, Iran) with a 12-hour dark / light cycle. After 

one week of adaptation, rats were randomly divided into four groups: control, 

resistance training, testosterone enanthate and resistance training - testosterone 

enanthate. At first, the rats in the training groups were introduced to climbing the 

ladder for a week. Rats' weights were calculated, and the training program was 

adjusted based on the initial weight. The rats then practiced resistance for four 

weeks and five days a week. In the first session, a weight equal to 50% of the 

weight of each rat was attached to the tail and the rats climbed the ladder. If the 

animal was able to climb, then 30 grams was added to the weight and the animal 

climbed the ladder again. Again, if the weight was able to lift 30 grams, it was 

added to the rat's tail. This was performed as long as the animal was able to climb. 

The highest weight that the animal could carry was the maximum muscle strength 

of the animal in the first session. In the next session, the rats performed four sets of 

climbing the ladder, so that in the first set they climbed the ladder with 50% of 

maximum muscle strength, in the second set 75%, in the third set 90% and in the 

fourth set with 100% muscle strength. After the fourth set, if each set was capable, 

30 grams would be added to the amount of weight and the rat would climb the 

ladder. The program continued in one session until the inability to perform the 

climb. At the beginning of each week, the rats resumed training with the pattern of 

the first week, based on the maximum weight they had shifted at the end of the 
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previous week. Expression levels of mTOR gene were measured by RT & PCR. 

One-way ANOVA and Tukey post hoc test were used for statistical analysis. 

Significance level was considered p <0.05. 

Results: The results of one-way analysis showed that the expression level of 

mTOR gene was significant in four groups (P = 0.014). Referring to Tukey post 

hoc test, the results showed that the resistance training group and testosterone 

showed a significant difference with the training and control group only (P <0.05). 

The other groups did not show significant differences in pairs (P <0.05). 

 

Conclusion: The results of this study showed that resistance training activates the 

pathway of activation of collagen protein production in tendon tissue by increasing 

mTOR expression and possibly reduces apoptotic cells and the formation of new 

cells in the tendon, all of which indicate It has a positive effect on this tissue. 

Testosterone in combination with the resistance training process is also more 

effective in activating muscle hypertrophy pathways in the short term. It seems that 

the interaction effect of testosterone with resistance training can have a more 

favorable effect than either alone on improving the expression of mTOR gene in rat 

tendon tissue. 
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mTOR Forward:  TGATTTTGGGAGAACAGAAGATGA 

Reverse:  GAGGTAACAGGATGGTGGAGTG 

 

mTOR

Test
ost

er
on+E

xe

Test
ost

er
on

E
X
E

C
O

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025
*

Groups

N
o

rm
a

li
z

e
d

 g
e

n
e

 e
x

p
re

s
s

io
n

  
  �2����1-  H������±��!��/=�� g��?��    6��=��+   ��=�-�
  mTOR   ��

����==%:� 6��==M  ����==�� * .���==� ��==�Z  ���==� �==- ���/==&/& +H	�< 

����.*�� (�/%� � �/���C� H	�<  ����/&/&  
�F  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

1.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

30
 ]

 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.15.6
https://rjms.iums.ac.ir/article-1-7417-fa.html


 

 

 

١٥٠  

  
�
�� ���� ���	
 ��
�     ����29 �  ���	
1 �
������ 1140                              http://rjms.iums.ac.ir   

                                                                     @� �� 4 �<  2/MF	H /���C�� F� V<,� �� - �- ���/��/& ��� �
 mTOR ��!��  *��- �� 

 6 ����G  �% ����%4AKT    ��Y%3���(   ��G�	 �������
  K�$�w�    �> ���� � ,����^� /��1%� �. Y���)��mTOR 

������  )21(.   /1%� �
����� '���� �n�0 +E"�F� ��
  �> �� � 7�	56	mTOR    �$ Y�
�- K��� �� +G���� ��

  7�	56	 �	��� '�	 ��	+�K�	��	�	   ������. ���[� �	 +- �%)�
��E��	�  .����    

  +F�	�+
G1���	   �
4��� � ��
V�� �� ���
�%
G� ' �
�    ��	� �%��1� �������� 
�)Q)12( �	 ���#� ���
���%
G� .

�3����N	'��� Y�E6����������-  k� "��T ����� � ����G�
AKT/mTOR IGF1/  �	 ��� ��G� ��L6������(  �����

�����$��)22( ����J� ���EF9 �(	%��$ .�����(�  �� ����	
 ��� l#� � 5������ ������ ������ Y���E6 � ��G� '���	 ��������

L ���%���>���- �	%��
^� ' ���h�( � �(  
�%��N +���
��+
G1�	  ������ ���� 7�	56	)23(.  ��+��E"�F��  ���n�0

 6 ���; �	 :��
0	 ���
�%
G� <�#� U5 � � �����- Y���E
  7�	56	IGF1    �AKT    �> �� � 7�	56	 /1%�mTOR 

 �� ������. �	����� ���[� �	 7�	5��6	 '���	 ����	 ���$�� K�$
  ����. �[� �	 +- K�%)� �
 En���E��	�  .�%$   �%���%�

) �	��#�( � K�	�2020 �	 �# ����#� ����J6 ���	� ��J� (
  ���;K��� ���(    �% ����%4G6 ���� '��T
��	AKT 

  ��Y%3���(   /��1%� �. Y�)�� +� � K�$ ��G�	 �������
  �> �� � ,��^�mTOR  ��������  )9 ���� %��G�( +��- .(

 Y�E6 ���	� ��J� ����^� '�	 .L�	 �n�0 � �^� {��
�
  ��$AKT/mTOR   �>���- �> �� � ! [�� /1%�1  �

 ' t�����D ��� "%� 7�	5��6	 ' t�����D �F��� �� ' ���h�(
 �>���-1 �������� )13'������ ���n�0 +��E"�F� �� .( 

 �> �� � 7�	56	 /1%� �
�����mTOR  �>���- U-1  �
  �>�- ' t���D �� �-1   ����J6 ����� ���� ���[� +��� .�$

 +
��G�	%� �
������� '���� +
4( ��*y �	 <N�0 �# ��#�
  k� "��T �� G� L�	AKT/mTOR   � K�%���� Y���E6 	�

 +
��G�	%� � K�$ Y�E6 �
�� ' ��D ��(� G� �. �	 `D
  �>���- 7�	56	 /1%�1  �F��� ��  mRNA  ' t�����D �

 {����
� K�����- ��� ��� +- +E"�F� '�	 �� !*� +
#� .����
  ' J D 
�E"�F����$��  7�	5��6	 ���
���	��( UmTOR 

  � "%� ��Y%3���(    �������� L6�� �� ���1�����$��   +��-
 � ��G� ����$ Y���E6 +��- L���	 +
#� '�	 �� �� ��� �%V

AKT/mTOR   � ���$� �����1 ��( ' t���D 5
�� �	��
  5����Y%3���(   .L���	 �	��%V�� ��:�� L �(	 �	 ���1
  +F�	�+
G1���	   � �
4��� � ��
V�� �� ���
�%
G� ' �

) ��	� �%��1� �������� 
���)Q18 �	 ���#� ���
���%
G� .(
�3����N	'��� Y�E6����������-  k� "��T ����� � ����G�

AKT/mTOR    ��� ��*
6�� �	 ��� G� �����$��)19 .(
 ��J� �EF9 �(	%$���(�  �������� �� ����	 � ��G� '���	

 ' ���h�( � ���( L �%�� � l#� � 5���� ���� ���� Y�E6
 �>�- �	%
^�1  
�%N +�+
G1���	  ������ �� 7�	56	

)20  7�	56	 < "� .(��(����   ���� � 7�	���6	 ) ,�� "%���.
  �>mTOR ���"	 �	 `D �( L �%�� � l#� � ������ ��(

 �	�1	 L 3��9 �� �. �Q	 z��	 �� �	%� �� 	� ���
G
G�

 3#�41-  
��- ���  �1�C:  ����� Y	�/�mTOR �� �����F
 ���� �(�/%� �/���C� H	�<  ���� �H	�<  ���� � ���/&/&   ���/&/&  +�/���C�  

) ����I (  ���� )J(   6��M  H������  ���!��/�� 
�J9 
����%:� 

���/&/&  +�/���C� H	�<   ���/&/&   ĊúúúĂĀüĀú ĊúúúýĀÿúā Ċûüÿ 

�/���C� H	�<   ĕ
Ċúúûûüûþú ĊúúúýĀÿúā Ċúýý 

 (�/%� ĕ
ĊúúûüĀĀĂú ĊúúúýĀÿúā Ċúûÿ 

 ���/&/&   ���/&/&  +�/���C� H	�<   đĊúúúĂĀüĀú ĊúúúýĀÿúā Ċûüÿ 

�/���C� H	�<   ĊúúúüÿĂĂú ĊúúúýĀÿúā ĊĂăü 

 (�/%� Ċúúúþúþüú ĊúúúýĀÿúā ĊĀăú 

�/���C� H	�<   ���/&/&  +�/���C� H	�<   ĕ
Ċúúûûüûþúđ ĊúúúýĀÿúā Ċúýý 

 ���/&/&   đĊúúúüÿĂĂú ĊúúúýĀÿúā ĊĂăü 

 (�/%� Ċúúúûþÿþú ĊúúúýĀÿúā ĊăāĂ 

 (�/%�  ���/&/&  +�/���C� H	�<   ĕ
ĊúúûüĀĀĂúđ ĊúúúýĀÿúā Ċúûÿ 

 ���/&/&   đĊúúúþúþüú ĊúúúýĀÿúā ĊĀăú 

�/���C� H	�<   đĊúúúûþÿþú ĊúúúýĀÿúā ĊăāĂ 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

1.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

30
 ]

 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.15.6
https://rjms.iums.ac.ir/article-1-7417-fa.html


 

 

 

١٥١ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����29 ���	
 �1 �
������ 1140

                    ���� !<?��	 ����,<F �        

��) �%�� + 1%� 	� �
����� 
����21�22.(  
 7�	5��6	 ���� +��F�	� ������E��	�  '������ <����E� ���Q	

 K��$	 ��� <�:� '�	 +� �	%� �� ���
�%
G� � �
�����
 '������ U' ��J D 
���E"�F� {����
� +��� +��1%� ���� .�%����
 ����$ Y���E6 7�	5��6	 /��1%� +��#��	 �� K��� U�
�����

  �> �� � � G�mTOR  ���%$  *�� +� �%V  �������	%� 

G� �%��%( 7�	56	 /1%�% �	%���� +��� +- �%$ ���
�

  �> ���� � � G� ��$ Y�E6 �	�� �-�^�mTOR  ���$�� 
)21  ,22(  '���	 +� 
� �� .	 �T����#� ���� <����E� �� 
	���Q

  K�$ L�%��56	 /1%�	  7�����E��	�    �> ���� �mTOR 
  L6�� ��  ������K�$��	  . ����� ���n�0 +E"�F� L����^�

K�	��	�� �    �> �� �IGF-1   �AKT  �%��� �������� L��6��
 '���	 �	 K����. L����� {����
� < 3^� �� ��
G�	%� �� +-

����$�� �Q%��� +��E"�F� "�F� +��- �������. �	 �� ��G� 
���E
  '���� �Q	 �� +F�	� �� ����^��
�����   ���
���%
G� �

  �> �� � ��mTOR  �$ +
V	��D ������ L6�� ��UL�	 K 
  ��*�J D��������  � ���T�� ���$��� 
�������� U�>����( 

  +3�1 �	 �T��IGF1    �AKT   ������� ��%� K���. �� 5 �
.��� � �	�9  

  
�5��$+��6  

  � +� 
� �3- �%F�+E"�F��   <����E� �	� ��J� �n�0
 �> ���� � 7�	56	 /1%� ���
�%
G� � �
����� '����

mTOR   ������ L6�� ��
���(  ������������.  ��� ���[� +
 ��#^
���	 � 
�)Q 7�	56	 <�:� �	 7�	56	 '�	 U��� ��

.�$�� ������ L6��  
  

��7� � �	���  
 ���� ����
-� +"����� �	 �JI� �	 +
6���� �n�0 7(�MD

  7�	��  � �� $% ��� �$��� !G "%��
�  � ���$�� '�����
 +��- �5���5� ��
����� � �	%��5� � ���	 
��0� �	 +3 ��

��
��$	� ���#�( 7(�MD �	�1	 �� ��	�����9 � �#��J� U
������.  

 
 
References 
1. Brumitt J, Cuddeford T. Current concepts of 

muscle and tendon adaptation to strength and 

conditioning. Int J Sports Physic Ther. 

2015;10(6):748. 

2. Birch HL. Tendon matrix composition and 

turnover in relation to functional requirements. Int J 

Experim Pathol. 2007;88(4):241-8. 

3. Benjamin M, Kaiser E, Milz S. Structure‐

function relationships in tendons: a review. J 

Anatomy. 2008;212(3):211-28. 

4. Tardioli A, Malliaras P, Maffulli N. Immediate 

and short-term effects of exercise on tendon 

structure: biochemical, biomechanical and imaging 

responses. Br Medl Bullet. 2012;103(1):169-202. 

5. Arampatzis A, Karamanidis K, Albracht K. 

Adaptational responses of the human Achilles tendon 

by modulation of the applied cyclic strain magnitude. 

J Experim Biol. 2007;210(15):2743-53. 

6. Marqueti RC, Durigan JL, Oliveira AJS, Mekaro 

MS, Guzzoni V, Aro AA, et al. Effects of aging and 

resistance training in rat tendon remodeling. FASEB 

J. 2018;32(1):353-68. 

7. Seynnes OR, Erskine RM, Maganaris CN, Longo 

S, Simoneau EM, Grosset JF, et al. Training-induced 

changes in structural and mechanical properties of the 

patellar tendon are related to muscle hypertrophy but 

not to strength gains. J Appl Physiol. 

2009;107(2):523-30. 

8. Scott A, Danielson P, Abraham T, Fong G, 

Sampaio A, Underhill T. Mechanical force modulates 

scleraxis expression in bioartificial tendons. J 

Musculoskelet Neuronal Interact. 2011;11(2):124-32. 

9. Tofas T, Jamurtas AZ, Fatouros I, Nikolaidis 

MG, Koutedakis Y, Sinouris EA, et al. Plyometric 

exercise increases serum indices of muscle damage 

and collagen breakdown. J Strength Cond Res. 

2008;22(2):490-6. 

10. Phillips SM, Winett RA. Uncomplicated 

resistance training and health-related outcomes: 

evidence for a public health mandate. Curr Sports 

Med Rep. 2010;9(4):208. 

11. Quiñones A, Dobberstein KU, Rainov NG. The 

egr-1 gene is induced by DNA-damaging agents and 

non-genotoxic drugs in both normal and neoplastic 

human cells. Life Sci. 2003;72(26):2975-92. 

12. Hansen M, Kjaer M. Sex hormones and tendon. 

Adv Exp Med Biol. 2016:139-49. 

13. Srinivasan N, Aruldhas MM, Govindarajulu P. 

Sex steroid‐induced changes in collagen of the 

prostate and seminal vesicle of rats. J Androl. 

1986;7(1):55-8. 

14. Vingren JL, Kraemer WJ, Ratamess NA, 

Anderson JM, Volek JS, Maresh CM. Testosterone 

physiology in resistance exercise and training. Sports 

Med. 2010;40(12):1037-53. 

15. Hooper DR, Kraemer WJ, Focht BC, Volek JS, 

DuPont WH, Caldwell LK, et al. Endocrinological 

roles for testosterone in resistance exercise responses 

and adaptations. Sports Med. 2017;47(9):1709-20. 

16. Guzzoni V, Selistre-de-Araújo HS, de Cássia 

Marqueti R. Tendon remodeling in response to 

resistance training, anabolic androgenic steroids and 

aging. Cells. 2018;7(12):251. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

1.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

30
 ]

 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.15.6
https://rjms.iums.ac.ir/article-1-7417-fa.html


 

 

 

١٥٢ 

 

                    ���� !<?��	 ����,<F �        

17. Hornberger Jr TA, Farrar RP. Physiological 

hypertrophy of the FHL muscle following 8 weeks of 

progressive resistance exercise in the rat. Can J Appl 

Physiol. 2004;29(1):16-31. 

18. Chodari L, Mohammadi M, Ghorbanzadeh V, 

Dariushnejad H, Mohaddes G. Testosterone and 

voluntary exercise promote angiogenesis in hearts of 

rats with diabetes by enhancing expression of VEGF-

A and SDF-1a. Can J Diabetes. 2016;40(5):436-41. 

19. Galloway MT, Lalley AL, Shearn JT. The role 

of mechanical loading in tendon development, 

maintenance, injury, and repair. J Bone Joint Surg 

Am Vol. 2013;95(17):1620. 

20. Bakker AD, Gakes T, Hogervorst JM, de Wit 

GM, Klein‐Nulend J, Jaspers RT. Mechanical 

stimulation and IGF‐1 enhance mRNA translation 

rate in osteoblasts via activation of the AKT‐mTOR 

pathway. J Cell Physiol. 2016;231(6):1283-90. 

21. Mousavizadeh R, Hojabrpour P, Eltit F, 

McDonald PC, Dedhar S, McCormack RG, et al. β1 

integrin, ILK and mTOR regulate collagen synthesis 

in mechanically loaded tendon cells. Sci Rep. 

2020;10(1):1-12. 

22. Gharahdaghi N, Rudrappa S, Brook MS, Idris I, 

Crossland H, Hamrock C, et al. Testosterone therapy 

induces molecular programming augmenting 

physiological adaptations to resistance exercise in 

older men. J Cachexia Sarcopenia Muscle. 

2019;10(6):12794. 

23. Cong XX, Rao XS, Lin JX, Liu XC, Zhang GA, 

Gao XK, et al. Activation of AKT-mTOR signaling 

directs tenogenesis of mesenchymal stem cells. Stem 

Cells. 2018;36(4):527-39. 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

1.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

30
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.15.6
https://rjms.iums.ac.ir/article-1-7417-fa.html
http://www.tcpdf.org

