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Objective: Considering the synthesis and release of myokines from muscle tissue during 

exercise and the relationship of myokines with strength development and muscle mass 

increase, the aim of the present study was to investigate the effects of a period of resistance 

training, detraining, and retraining on serum levels of myonectin and FGF-21 in middle-aged 

men.  

Methods: In this quasi-experimental study, 20 middle-aged men with an age range of 35-50 

years were selected and randomly divided into 2 training groups (n=10) and control (n=10). 

Subjects in the training group experienced 3 months of resistance training, 6 months of 

detraining, and 3 months of retraining. Also, the retraining program was followed using the 

same resistance training program. Blood samples were taken in the two training and control 

groups in 4 stages. Also, serum levels of myonectin and FGF21 were measured using the 

ELISA method. The data were analyzed using the Shapiro-Wilk, Levene and repeated 

measures analysis of variance tests at a significance level of P < 0.05 using SPSS version 26 

software.  

Results: The results showed that serum levels of myonectin and FGF-21 increased 

significantly in the post-training and retraining stages compared to before training and the 

end of non-training. In addition, serum levels of myonectin and FGF21 increased after 

retraining compared to after training, but this was not significant. In addition, in the control 

group, no significant changes were observed in serum levels of myonectin and FGF-21 in 

any of the phases (P<0.05). 

Conclusion: It seems that performing a course of resistance training and retraining may lead 

to an upregulation of cytokines, which can be a suitable tool for accelerating the hypertrophy 

process and inhibiting atrophy during injury or aging. 
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Extended Abstract

  

Introduction 
Skeletal muscle functions as an endocrine 

organ, secreting myokines that play crucial 

roles in muscle adaptation and metabolic 

regulation. Among these myokines, 

myonectin (CTRP15) and fibroblast growth 

factor 21 (FGF-21) have emerged as 

important regulators of muscle hypertrophy 

and metabolic homeostasis. Myonectin, 

exclusively expressed in skeletal muscle, 

appears to enhance protein synthesis through 

the PI3K/AKT/mTOR pathway, while FGF-

21 contributes to angiogenesis and muscle 

growth. The concept of "muscle memory" 

suggests that previously trained muscles 

regain mass and strength more rapidly upon 

retraining, potentially mediated through 

epigenetic modifications or myonuclear 

retention. This study investigated the effects 

of resistance training, subsequent detraining, 

and retraining on serum levels of these 

myokines in middle-aged men, providing 

insights into their role in muscle adaptation 

and the molecular basis of muscle memory. 

 

Methods 
Twenty healthy, sedentary middle-aged men 

(35-50 years) were randomly assigned to 

either a training group (n=10) or control 

group (n=10). The training protocol consisted 

of three phases: 3 months of progressive 

resistance training (3 sessions/week), 6 

months of detraining, and 3 months of 

retraining using the same resistance program. 

The control group maintained normal daily 

activities throughout. Blood samples were 

collected at four time points: baseline, post-

training, post-detraining, and post-retraining. 

Serum myonectin and FGF-21 levels were 

measured using ELISA kits, while muscle 

strength was assessed via 1RM testing. 

Statistical analysis employed repeated 

measures ANOVA with Bonferroni post-hoc 

tests (p<0.05). 

Results 
The training group showed significant 

increases in both myonectin (p=0.004) and 

FGF-21 (p=0.002) following the initial 

training phase compared to baseline. During 

detraining, levels declined but remained 

elevated compared to pre-training values. 

Retraining restored myokine concentrations 

to post-training levels, though the increase 

from post-training to post-retraining was not 

statistically significant (myonectin p=0.612; 

FGF-21 p=0.581). Muscle strength followed 

a similar pattern, with rapid recovery during 

retraining. The control group exhibited no 

significant changes in any measures 

throughout the study period. 

 

Discussion 
These findings demonstrate that resistance 

training effectively upregulates myonectin 

and FGF-21, potentially mediating the 

observed muscle hypertrophy. The 

persistence of elevated levels during 

detraining and rapid response to retraining 

supports the muscle memory hypothesis, 

suggesting these myokines may contribute to 

the molecular mechanisms underlying this 

phenomenon. The results align with previous 

work by Bruusgaard et al. (2010) showing 

myonuclear retention during detraining, 

though contradict studies reporting 

myonuclear apoptosis during inactivity. The 

differential response of the two myokines 

may reflect their distinct roles - while 

myonectin primarily regulates protein 

turnover, FGF-21 appears more involved in 

vascular adaptation to training. Limitations 

include the small sample size and lack of 

muscle biopsy data to directly assess cellular 

changes. 
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Conclusion 
This study provides evidence that resistance 

training modulates serum myonectin and 

FGF-21 levels in middle-aged men, with 

patterns consistent with proposed muscle 

memory mechanisms. The rapid recovery of 

both myokine levels and strength during 

retraining suggests these factors may serve as 

useful biomarkers for monitoring training 

status and designing rehabilitation programs. 

Future research should investigate the 

specific signaling pathways involved and 

examine whether these responses are 

maintained in different age groups or clinical 

populations. 

 

Key Message 
Resistance training induces lasting changes 

in myonectin and FGF-21 that persist through 

detraining and facilitate rapid recovery 

during retraining, potentially contributing to 

muscle memory effects that could be 

leveraged for athletic training and 

rehabilitation strategies. 
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�F���$�* %�=-� +��� `#9 	� V� �� 
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��	 ��: 9)�
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��>� ����9 ]37[*U8+ .��7 .�� ��_*)�*8� ���9 
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��� .<��Z)� �]37 ,38[ * ���%� ���C�) .0278/0 (- 0278/19 .� ��	 / (�
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1 3 Index Mass Body 
1 4 maximum repetition-one 
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 ��">1������� ���	� =����2 .  
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 	 ��)�	� ��  �� 
�F�� ����� 	 
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.��8� 7�� � �*��8���� .�G�) ����- �� ���c� �� 	 ����9 }	�� ��� .��") .��8� ��?�����<B ?�+ ����)�� �� ��� �9j .� 
�V .�� .�:�� �+ ��

 ��h�48 � � �� �
���7 .#�>? �8��7 �)	�/)� .�� �� ��_*)�7 7�:� g~��$�� ��G .#�> �8� � ���7 8+ ��. ����)����� �� x��I) �+�l .�G�)
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��  �� CH	�� .�#"� 	 ���G �G����� �� ����� 	����� ��� ����9 l��� �u�*��� O�F) �)�����!" 
�F�� .�:�� ��. ��  �+4 .�G�)? 
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�$�) .����c� �� .�� ��> 
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)�� �_��� �)��%���7 V� W	� .���= 9)��  �9��SIGMA ���#G �� (��8���� 39/0 �� �� 
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FGF-21 .� V� W	���= 9)��  �9��CASABIOw ��7��#G �� (�� 27/0 �� �� 
������� ���� ���������? .��  

3��/�! /���F  
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YG��) e��P) �7��8� ���*��8� 	 ��)�� �� �*��8���� X�����	 �� ������?���?�+ ��%)15 ������ ��) �(��)� �g� ?���.�� ���S��� �7�� �� �	;
 

�c> 
�F�� ��)��?�+ ���8%� �� ��)�� ��	�S��� ���S��� �����. ��=:� 
�� x��] �� �+����8� E�� .� .)��� ��16 ��� ��� .� ���-. 

@�I%B� �ABE�  

.C��I) �H�G �� ���
� ��S) Y)�9 .��89 �; � �� D+	,- .� ���8� IR.SSRC.REC1402.171 .9 �� .��89 �; � �� D+	,- 

��!"+	,- ����� ���� 	 
��
 ����	 ���~� �� 	 �� ���
� '�k� .�);
� �%*�#�+ 
�F�� .��  

)�.���!  

����?�+ A���) .� ��,�	 ?��)�-	���� �	��?�+ D+	,- �� '	�> 2 ��"� ���� ��� ���.  �� A�<��� ��BMI ������ \��" ���� ��)� e��P) ?�+

�� ?�g�) Y)�
 (7��8� Y%�	�- YG��)) BMI  ���F� �	���*C) $	�S� ��F�� �
�� ��)� ��h� �*C� .����� ?��� BMI  ���F� �	��

) ��� ���012/0p=) 	 (16/25F=$	�S� ����� 7�*U8+ �(�+	�� �	�� ?�+ �*C) $	�S� ���� ��"� �� ?���BMI  YG��) �� '��*9 �	��

�� �7��8��� ��>	 �*��8���� 	 �*��8� ���)942/0p=) 	 (16/0F=(.  

 ��">2 .JE�H��
���F ������2����F /�!)&*��� 
��� /�!  

�+��^�) '��*9 �	�� ���F� �	�� 

('��) 7�  7/42±1/5  30/41±8/5  

(
�����9) ��	  66/82±9/7  10/85±4/8  

(��8�����) �B  66/181±6/7  20/183±9/6  

(��) �	hF) /
�����9)���� ���� v ��  35/25±9/1  30/25±2/1 

  

 ����8�1  .� A���) \���� 7��%����) �)�� LI��	�� �� �� e��P) ?�+�) ��"�.�+� X������	 Y��Z� ������ ����%) ?���  $	���S� ���� ����"�

���*C) �� ?���7��%����) �)�� LI� )004/0p=) 	 (43/25F=( ����F� �	�� �	�� 7����>	 e���P) ?�+ ��)�� \������� .���� ���	�S��� 

��� ���"��  �)��� LI��7��%����)  �	�� ���C� ����F� ��  7��8�)002/0=p (	 ����-  �*��8����)011/0=p(� ��<# .� Y<B �� 7��8� D��=:� 
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 .��� ��"� �� ��  7��8�)001/0=p (	 ����- �� �*��8��)003/0=p(� �<#� .� 

����- ���*��8� D��=:� �*C).� �� ?����)� .���� '�<�� �� .�G�) Y<B �� 7��8� �<#� .� �-��� ����*��8� D��=:� �*C)��� ��+�") �"� 

)731/0=p(� LI� �7�*U8+ �)�� 7��%����) �C� �� �*��8���� �<#� .� 7��8� �� �C� D��=:� �:�� .9 7�� ��=:�D ����*C) ��<� )612/0=p.( 

 �7�� �� �	;
X������	 Y��Z� ������ ����%) ?��� �	�� 7�� ?�+e���P) ����� ����"� ���*C) $	���S� �� ?���7��%����) �)�� LI�  �	��

�'��*9  ���>	����� )921/0p=) 	 (14/0F=.(  

                                                           
1 5 Measure Repeated 
1 6 Graph pad prism 8 
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�� ��	����� �!�� 7�� �� �	;
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�)	�/)� �� LI� )��� �)��%���7 	IGF-1  � ���> ���:� ���'�C:� �*� ���- . �����9 W��=� �c��6 �8� .�S+�7 �)	�/)� �
�� �=:��D  ����*C)

)�� LI�� �)��%���7 �� �8� �	���7 �)	�/)���� '�<��� �� � *C) $	�S� �)�����? .� '�<��4 �8� .�S+�7 �)	�/)� ����F  	 e��9 .)��� �� .�"�

)��c� �� .9 ����9 ���*
6 �8� .�S+�$�* �)	�/)� #)��+�? ����� ��%��)� �������K @
 �� ��; $�� �Z��K 	 '�C: )� ��)� $�) 	 �*94 

��� .�S+? � ��� '�C:�7 #)��+� :�9� 8������ .*U8+�7 E+ �� ������.�:��+? D+	,- ��H�G ) ����%8+ 	 �����Sk2017 (�� "+	,- ��  �

���� ��"� 8 �8� .�S+�7 �)	�/)� ������? �=:� �
���D *C)�- [�I� �� ���;�8��� �)��%���7 *C) D+�9 	� ���	 �� ���BMI  [�I� 	

- 
�� '	��#�9;�8��) �� .������ �� Y��/) ���\ #8+��� ) �H�G D+	,- ������� .C��I) .�? �9�8� ) ����%8+ 	2019 (.9 ���� .�� g���� 

$�*��8� �)	�/)� �� 	 �	�� ���	�Z) ����> ��  �� )���= ���9�: ��#�� .<��71�%����) 	 �	�����#� ��7 ��*� ���- ����� ��9 ��"� �c�� \���� .

� ���9�: .9 ���<��#�� .�71 	 ����*C) D��=:� �	�����#�? �)	�/) 7��8� �	�� ��� �%����) [�I� �)� ���� ���	�Z) ���7 � D��=:������*C)� ?

�� .����� ���8+ .- [�I� �	;C�;�8��� �)��%���7 ��#�� .� �)	�/) v �� 	�7 �� .C��I)? ���!? �� ���S��� �� �8��$�* ���)? �� ���� 

�*8��� ���) ����� ���B �:����� .�\ ��7 D+	,- +�.��!U ;� �����*C) J? ) �����= �)��%���7 	 LI� ��#���7 ;-� �8��7 �	���+? �8��*� 

	 '��*9 ��"� ���� .�8� $�) 	 }�� �$�� iV�8�G��$�* Ec) .8+ �� 	���)�� }�� ����+?  ���)CH	 	 .C��I)�� .��8�� �E���) �+������  	 ��w

.� (��	 .:�H�^� �� Ec) Y)��
 ���*
��$��  [�I�)��� �)��%���7 �� $�C��I) $	�S�)  .����  

-���c*" ��� ��� .9 �8��$�* ���	� �� �]�x �=:��D LI� #�9�E �	�� ����� 	 �S#:��;��� ������7 $�S#:���) �/�G? `<� �=:��D 

LI� �)��%���7 )���� ]27[ .�� ��7 )��.* ��"� ���� ��� ��� .9 �=:��D ���/) #�9�E 	 $�S#:���) �/�G? �	�� ����� �� $;@
 ��%��� 

.� �=:��D ���� �)��%���7 �F*) )���� ]29[ .*U8+�7 �8� ���� ��� vP")�7 �)	�/)� �] ���x �=:��D ���9�� �=:� `<� .8>���D =�*� 

(�	�-�7 	 ������ '����+? �;@
� )��9 �� .9 ����. $;)�C� �����)�K �;@
� �� ���� �:���+? �] �� ����x �)�9��7 ��� ��h��g� �+]41[ .

��� ���\ ���!  �H�G D+	,-6 � ��)��8��*� �=:� `>�) �#����� .9 ����D *C)� ����)��%���7 �8� �	�� ���7 �)	�/)� �8� �� Y<B .� �<#��7 

.��� �C�) $�C��I)� ��"� )���*+� ���8��*� 	 
�
 
�F�� �8��$�* �)	�/)�� D+�9 �$��B D+�9 �� ��	�? <N
� :	��� 	� �;@
�  l<��)

���]42-44[� .��8��*� �K �� ��S���\ V� �� 	 ������ ��� .9? �8� eB���7 ���? �K ��%���	 ��>	 ���� )����� �- .���� �K ���B� YN:�� 

!�# �� "P<����� ���` ������ !�� D+�9��=  .��9 ����� ... 	$�C��I) ��"� )���+� �;@
 $��B� �� �� .9 ������� 	�.F �8��7 �)	�/)� 

�=:��D )������ ��	� '�] ���+? ���8��*�  ��)12 ) D+�9 (.�S+����� ]45 ,46[ .�� ��7 �	� �#8+ �� �.�:��+?  ��"� �H�G D+	,- ��� ����

����) �����  $�) .� .95  ��6 �8� ��)�$�* ���B� 
�F�� �������.� �c>�� Y��B ��]� ���Z) 	 $��B �p9��G �$;@
 EFG? ���9�7  	 $�S#:

����r�% �=:� �� �� �D ����f� �� :�]� ���9�G� .� $�)5 c>�� Y��B D+�9 �
�� .�S+� � 
�8� ���7 �+��)���- �� .� ���7  ��C�) $�C��I) ��

���:� ��� vP") .�:�� $��k? ��� .9? 10 ]47[ �16 ]48[  	24  .�S+]49[ �8��7 ���B� 
�F�� ������ �=:��D �� �p9��G $��B ����)	=��K 

'�C: ���? <N
� 	 +�:	���b� :��+�<? �*� {�</�� �� .��F� ����9 � '�<��� .9�K 	��� 8-12 .�S+�? ���8��*� ����)  D+�9 ��� �9j��*�:� .

�� ��%) .�8>�E#�+? ��8�G�� D+�9  �� $;@
 $��B 	 EFG ��*+���)� ���8��*� )������ .� � �� ';� ��=�r� 	���9�� � �� .8>����
	��< 

��)��+ D+�9�+?  �K�������O�c��� S �e   	�� ���� �-��7 :��< �;@
� ]50[� ����� ��9. *U8+�7 ���! ����\  ���� ��"� �H�G D+,-12 

�8���� .�S+�*� �=:� �
���D )�� LI� ����*C)� �)��%���7 �8� �	�� ���7 �)	�/)� �8� �� Y<B .� �<#��7 �- 	��� ���8��*� ��. � ���7  �'�G

.)�����+? ���	�  �� Y<B .9���8��*� ) 
�F��������  ��� 7%8)�
�� �K ��%�8
 ���SG? �����8� $��g� .9 ��� ��� W��=� .�$�* 



 

 
27 

���B� �<B� �G� � �� X-�9�Z�� �V�]� B�� �$�)�  	 ���) �+�� �� �8��7 ���:� ��F)?  i;<B .9�8��7 .�������� �����C �;@
 �����  	

) ���� �� $��B� ���	�]6 ,9 ,51[E+ .��  ���.�:��+? #- ��H�G D+	,-���*� ) ����%8+ 	2019g~� (�� �8���7 ���8��*� �� 	�*��8��  �$��B ��

+�:	���b� ) ��
 	�.�#+��? ��%�� $;@
 ��� � .����� ���B .C��I) ���) �� ��#���c� W��=� ����9� �K �8� ��	��7 ���B� .� 	 �� '�<��

���8��*��  ���C�.�#+ �=:� ���D � �� .�����7 �8� �� '�G�7 ��F)� �@
�� �8� ;<B .9�7 �8� q��- �����*�  .��� m� ���	� ��	;C�  	 �	�����

����%8+)1991( �	��7 ���#9 ����� .9 ��"� ����� ���� $��B ;@
: ������ 	 ����< ��  �� �� '�] 6 .�S+ 7��8� ��F) �� .#��/) �� 20 .�S+ 

�	��. 7��8� ����B .� �
�� ������� ����9. � ���7	� ) ��"� $�C��I)���*+� .�'�<�� �K ��	� ���8��*� .9 �� D+�9 EFG 	 $��B .�@
 

���8+ ���� �8�����*� )�8��7 ��F) ()������ �F*) .� ������� ���a EFG ���� �;@
� �� ��� .�:� ��� ]6 ,8-11[ .�%� �� .<*>�+? ._:�G 

�;@
� ������� .�@
�? ��� .9 i;<B �� �>��� ��C:�� ���	� ���B .�:�� ��� .�� ��7 u��� $�C��I) ���� )���*9  ��� �� �+��)���- �*��) 

LI� :��< 	 �p9��G $��B �� �;@
� .9 i;<B �8��7 ���9��� X- �� �K ��	� ���8��*� )�!*+� .9 ���F) �Z� �8��7 ���B )������ �� �
�� 

V���� ����	� ������? )����� ]11[. �� ��7 	� �� .>�� .� D/� �)��%���7 �� �=:��D =�*� (�	�-�7 	 ��c) �P��` ���+ )����� ���*
 ��9 

�)��%���7 D/� 8c)� �� �=:��D ���� �;@
�� +�:	���b� �;@
� 	 �=:��D $��B $;@
 �� .����8+ ����  .  

���! �.�:��+?  ���� ��"� �H�G D+	,-12 �8� .�S+�7 �)	�/)� 
��� ��=:�D *C)���� FGF21 ) ����) ������8� �	�� '���7 �)	�/)� 

�8� �� Y<B .� �<#��7 ��$�C��I) .� �	����� ����%8+ 	 )2021 	 (����%8+ 	 u�)�� u��9 )2012 (�=:��D  �� LI�FGF21 �8� �� �C��$�* 

���	� .��c*��� G 	 ��#�� �� ������ ����� ��"�  .��� �#8+ �H�G D+	,- \���� �� .9�� Y��/).C��I) K� \���� � ��� ��"��  �� �C�8  .�S+

�8��$�* �)�/���� ����  LI� 	 �r)��� FGF21 ^���� ����*C)?  ��w ���:� ��.� �� ����� ���8+]52[ . �7�*U8+��  ����%8+ 	)2021 ( E+

) �� $	�S� 
�
���=  [�I�)��� FGF21 �8� �� �C� ���$�* ������? �F"��� �� V�� $�� ����� � ����'�C: ����9 W��=� .*��w�!�  	

����%8+ )2016( ��=  [�I� ���9�: D+�9)��� FGF21 �8� �� �C� ���$�* �)�/���� ����9 ��+�") .�� .>�� .�  ����)��� ���� ^���$��  [�I�

)��� FGF21 �8� ���$�* ���	� 89� �Z�!�����= �8� $�) 	 }�� �$�� iV�8�G� �)� �����$�* + �� 	Ec) .8���)�� }�� ����+? ���) 

CH	 	 .C��I)�� .��8�� �E���) �+������ .� (��	 .:�H� 	 ��w^� �� Ec) Y)��
 ���*
��$��  [�I�)��� FGF21 ��C: .� �<#��� ���	� 

 .����  

�� }�8F) ����l )	�Z)�� r��� ��? �V�]�$�)  L��� `>�)FGF21 �<9? � 	�'�*!�+? _*��E��**9 ) e��P)���� W��	 
�!*+ �� .

��� �Z� ����l )	�Z)�� r��� ��? ���� ) ���B�����. �� �k� �����8+ x<]� ��/) �=9����� ����� �=:� ����9����D )������ �� ��G�.9 

��/)�� ��#���7 ) D+�9����� �� ..>�� �9j `��I) .���%) ����E# ��8�G�� ���? �=:��D  [�I�)��� FGF21  �� �C��K �8� ��	��7 ���	� 

���+? �� �)	�/)� �=:��D ����+�? �=:� ����� O�w�D ���� �r PPARα� �=:��D ����� ���9 
�#>�� �=:� 	�D ���9���� ��#�� D+�9 	�7 

��� ]53[.  

�=:��D FGF21�c��i�� CH	 ��<c� `<��� ,���=�r� ��  	����� �:�� .��+? ) e��P)���� ]54[ .����%8+ 	 K��9 )2016 (���� .�� 

�8��$�* ��	� $�)�*? �+���9�:? ,���=�r� ��� .�*� ���- ���> ����) �� ��  ��": 	�\ ���8� ��� ��"� �+�$�* ���	� �=:� `<��D  ��� Y)�


��	����'� B	�
� �=:� 	�D  FGF21) ��  ��": D+�9 	���� .����\ � �H�G D+	,-�=  ��� ��"�12 S+��8� .�7 �)	�/)� �=:� `<��D 

�=:��D )�� LI�� FGF21 )���� � .9�7 �=:��D *C)���� ,�� ��<c� `<� iV�8�G���=�r� �� ����� �=:� 	�D ) $;@
 EFG����� .��! 

����\  ���� ��"� �H�G D+	,-6 � ��)��8��*� �=:� `>�) �#������D *C)�  ���LI� )��� FGF21�� �8� �	���7 �)	�/)�  Y<B .� �<#�

�8� ���7  �� �#8+ .����.�:��+? D+	,- ��H�G ��!��� ����%8+ 	)2019 ( .�S+ �"+ .9 ����9 W��=��8��$�* �)	�/)� �=:� �
���D 

+�:	���<� �;@
� ����;-��X ^���� ��*: .��� #9������� ����" .�#+ E9��� 	�? ����" W�) .� �<#��+? �	�� '��*9  �� X- �)� .��12  .�S+

���8��*�� .�#+ ���C��+? ����;- .�@
�X �8� �� Y<B .��7 � .9 ��� ��� ���� ��"� .�"������8��*���� �� ��Z) aIB ���+? �8��*�  	

�� �8��7 :�9���  �� ��89) $�) ����9 $��k .�4  	 (.�S+�� � ) $�)�*�����"  ��4 ������ ��	� ��� u�%C) `>�) (.�S+? )�*U8+ .����7 

�!�� ����\  .9 ��� ��"� �H�G D+	,-12 �8���� .�S+�*� �=:� `>�)�D *C)� ���LI� )��� FGF21 �8� �	�� ���7 �)	�/)�  .� �<#�

�8� �� Y<B��7 �8� �� �C��7 �- 	��� ���8��*�  .���� ��7 ������ �����< 	 ����%8+ )2018 (.C��I)�? �� J�+ ����� �g� ._:�G �;@
� �� 

	����% ^���$�� -���r�K �� ���) ����� ���B ������ .�c�  .9 ����9 W��=��K �8� .#�>�7 �)	�/)� �=:� .� �F*)�D �r f�+GRIK2 �



 

 
28 

TRAF1 �BICC1 �STAG1 + ��*+� ��"� .9��)�b��;���  �������� � .9�7 �=:��D �8� ���7  `B�C�) ��F)22 � .�S+��8��*� 

�� zSG. *U8+��7 �� )����%8+ 	2018g~� �(�� �<B ��	�� �8��7 ���B� ��)���� 	? c#� ���Y +�:	���b� ��%�� $;@
� H�</�� ���  	� 

� �� X-��8��*� �V�]� ��Zk W�) �� $�)�� ���) ����� ���B ������ .�c� ���7  ��_*)24 ���) W�)� .�S+ �"+�? .� ��:��N� ��]� �� 

��cw �	�� � �'��*9��8��*��8� ��7  	�8�����*� ���B � .������ �8� .9 �*���� ��c�� ����%8+ 	�$�* �)	�/)� �<B� +�:	���b� �;@
� ����  ��

�8�����*� .� ���V�] eB�� '�<��� �8� $�)�7 c#��Y )� �*9.   

�� ��: .�:�� $��k $�C��I) x<] }�8F)��* �;@
 ._:�G� ���  .��� ��%�� Y��B78H ���.%* � $�C��I)���? *�<)� g~� ���� ��C: �<p)�� 

���	�  	�)�9��7�+ ����, �)��%���7  	FGF-21 .���� ��>	  �:�] �� ��� ��� vP").9 ��7 	� (�	�-�7 �] ���x �+��9	 �����  ��w

��S#:��;��� #)�� �������%� PI3/AKT/mTOR �=:� `<��D (�	�- =�*���7 ������� �P� ��c)�` (�	�-�7 + 	�:	���b� �;@
� 

)���� .��� � Y��/)K � .SB	��8��*� .� '�<��E9 9�Z��� ��9�Z���� ��` �;@
� �� �*8���? �� ������ ���� ��� ��?�+? .� ��C�) ���

��� ��)�� ��C: ���� ���	� .�8> ��)� +�:	���b� �;@
�� �)��%���7  	FGF-21 (���8+ ���.  ���� ��� vP") �7�� �� �	;
�8�����*� 

������ `#9 .� �F*)?�+? .� ��)� ����)���.  

.��) �_� �����>���	� K� ? �8��*�$ �F*) ��� 7%8) �*��8���� 	 ��)	�/) �"��=:� E�_*� .� �����7��9�+ .9 ��� )������ .���=�� ���*
? 

��� `��*)? �#��a ��:��* +�:	���b� :	��� ��c) 	� �� ��)� ���` �� �*8���? ����� � ���7 �;@
 ._:�G ��� 7%8) 	�� -��)� 8c)�� ���? 

����* .� ������ .���� ���8+.  


�"N��-��O /�!  

�	�Z) .�8> �����+�� ) ���� ��>	 �H�G D+	,- �� .9����� ���)�� E9 ���C� .��h^� Y)�9 '��*9 
�
 	 �+��. ���)�� �G����� 	 O�� � �+

.��9 �����  

��
�"A � ��4��  

���7 �	�.� �� ��	�C) "+	,-� ��!"��� ������ ���:� 
�8� 	? � �� .9�7 �����B 	 �%"� ����9 �9�� D+	,-� )���� .  

��%� *���  

��7 .��/) �� .���� ?��9� E��   ��+��e����	 �F"���? ��� ���P��� ������ ��!"������ ��� 	 +�.��!U �8G�� ��**9 ��)� �����.  

PQ� �<"� ��� �  

?�F) [�] :��+� e������	 �8*+�� 	 �	�") �� �G��] 	 [;k� :��C#) ���8G� E�G� ?��N���). 

R��&� S.��� 

?���) l��� ����*#��� W��=� �"� . 

 

References 
1. Gundersen, K., Muscle memory and a new cellular model for muscle atrophy and 

hypertrophy. Journal of Experimental Biology, 2016. 219(2): p. 235-242. 

2. Smith, E., Body Memories: And Other Pseudo-Scientific Notions of «Survivor 

Psychology». Issues Child Abuse Accusations, 1993. 5: p. 30-36. 

3. Mackay, C.R., Dual personality of memory T cells. Nature, 1999. 402(Suppl 6763): p. 3-

4. 

4. Rutherford, O. and D. Jones, The role of learning and coordination in strength training. 

European journal of applied physiology and occupational physiology, 1986. 55: p. 100-105. 

5. Gundersen, K., et al., No change in myonuclear number during muscle. J Appl Physiol, 

2012. 113: p. 290-296. 

6. Bruusgaard, J.C., et al., Myonuclei acquired by overload exercise precede hypertrophy and 

are not lost on detraining. Proceedings of the National Academy of Sciences, 2010. 107(34): p. 



 

 
29 

15111-15116. 

7. Bruusgaard, J.C. and K. Gundersen, In vivo time-lapse microscopy reveals no loss of 

murine myonuclei during weeks of muscle atrophy. The Journal of clinical investigation, 2008. 

118(4): p. 1450-1457. 

8. Taaffe, D. and R. Marcus, Dynamic muscle strength alterations to detraining and 

retraining in elderly men. Clinical Physiology, 1997. 17(3): p. 311-324. 

9. Egner, I.M., et al., A cellular memory mechanism aids overload hypertrophy in muscle long 

after an episodic exposure to anabolic steroids. The Journal of physiology, 2013. 591(24): p. 6221-

6230. 

10. Gundersen, K., Excitation‐transcription coupling in skeletal muscle: the molecular 

pathways of exercise. Biological Reviews, 2011. 86(3): p. 564-600. 

11. Staron, R.S., et al., Strength and skeletal muscle adaptations in heavy-resistance-trained 

women after detraining and retraining. Journal of applied physiology, 1991. 70(2): p. 631-640. 

12. Gundersen, K., et al., Muscle memory: virtues of your youth? The Journal of physiology, 

2018. 596(18): p. 4289. 

13. Arentson-Lantz, E.J., et al., Fourteen days of bed rest induces a decline in satellite cell 

content and robust atrophy of skeletal muscle fibers in middle-aged adults. Journal of applied 

physiology, 2016. 120(8): p. 965-975. 

14. Day, M.K., et al., Adaptations of human skeletal muscle fibers to spaceflight. Journal of 

Gravitational Physiology: a Journal of the International Society for Gravitational Physiology, 

1995. 2(1): p. P47-50. 

15. Dungan, C.M., et al., Elevated myonuclear density during skeletal muscle hypertrophy in 

response to training is reversed during detraining. American Journal of Physiology-Cell 

Physiology, 2019. 316(5): p. C649-C654. 

16. Murach, K.A., et al., Muscle memory: myonuclear accretion, maintenance, morphology, 

and miRNA levels with training and detraining in adult mice. Journal of cachexia, sarcopenia and 

muscle, 2020. 11(6): p. 1705-1722. 

17. Dupont-Versteegden, E.E., et al., Activated satellite cells fail to restore myonuclear 

number in spinal cord transected and exercised rats. American Journal of Physiology-Cell 

Physiology, 1999. 277(3): p. C589-C597. 

18. Siu, P.M. and S.E. Alway, Mitochondria‐associated apoptotic signalling in denervated rat 

skeletal muscle. The Journal of physiology, 2005. 565(1): p. 309-323. 

19. Radugina, E., et al., Exposure to microgravity for 30 days onboard Bion M1 caused muscle 

atrophy and impaired regeneration in murine femoral Quadriceps. Life sciences in space research, 

2018. 16: p. 18-25. 

20. Bruusgaard, J.C., et al., No change in myonuclear number during muscle unloading and 

reloading. Journal of applied physiology, 2012. 113(2): p. 290-296. 

21. Lee, H., et al., A cellular mechanism of muscle memory facilitates mitochondrial 

remodelling following resistance training. The Journal of physiology, 2018. 596(18): p. 4413-

4426. 

22. Rahmati, M., J.J. McCarthy, and F. Malakoutinia, Myonuclear permanence in skeletal 

muscle memory: a systematic review and meta‐analysis of human and animal studies. Journal of 

Cachexia, Sarcopenia and Muscle, 2022. 13(5): p. 2276-2297. 

23. McCarthy, J.J., et al., Effective fiber hypertrophy in satellite cell-depleted skeletal muscle. 

Development, 2011. 138(17): p. 3657-3666. 



 

 
30 

24. Schnyder, S. and C. Handschin, Skeletal muscle as an endocrine organ: PGC-1α, myokines 

and exercise. Bone, 2015. 80: p. 115-125. 

25. Carson, B.P., The potential role of contraction-induced myokines in the regulation of 

metabolic function for the prevention and treatment of type 2 diabetes. Frontiers in endocrinology, 

2017. 8: p. 97. 

26. Lee, J.H. and H.-S. Jun, Role of myokines in regulating skeletal muscle mass and function. 

Frontiers in physiology, 2019. 10: p. 42. 

27. Seldin, M.M., et al., Myonectin (CTRP15), a novel myokine that links skeletal muscle to 

systemic lipid homeostasis. Journal of Biological Chemistry, 2012. 287(15): p. 11968-11980. 

28. Seldin, M.M., et al., Skeletal muscle-derived myonectin activates the mammalian target of 

rapamycin (mTOR) pathway to suppress autophagy in liver. Journal of biological chemistry, 2013. 

288(50): p. 36073-36082. 

29. Díaz, B.B., et al., Myokines, physical activity, insulin resistance and autoimmune diseases. 

Immunology letters, 2018. 203: p. 1-5. 

30. Seldin, M.M. and G.W. Wong, Regulation of tissue crosstalk by skeletal muscle-derived 

myonectin and other myokines. Adipocyte, 2012. 1(4): p. 200-202. 

31. Domouzoglou, E.M., et al., Fibroblast growth factors in cardiovascular disease: The 

emerging role of FGF21. American Journal of Physiology-Heart and Circulatory Physiology, 

2015. 309(6): p. H1029-H1038. 

32. Kim, H.-j. and W. Song, Resistance training increases fibroblast growth factor-21 and 

irisin levels in the skeletal muscle of Zucker diabetic fatty rats. Journal of exercise nutrition & 

biochemistry, 2017. 21(3): p. 50. 

33. Hansen, J.S., et al., Exercise-induced secretion of FGF21 and follistatin are blocked by 

pancreatic clamp and impaired in type 2 diabetes. The Journal of Clinical Endocrinology & 

Metabolism, 2016. 101(7): p. 2816-2825. 

34. Tanimura, Y., et al., Acute exercise increases fibroblast growth factor 21 in metabolic 

organs and circulation. Physiological reports, 2016. 4(12): p. e12828. 

35. Hojman, P., et al., Fibroblast growth factor-21 is induced in human skeletal muscles by 

hyperinsulinemia. Diabetes, 2009. 58(12): p. 2797-2801. 

36. De Glisezinski, I., et al., Adrenaline but not noradrenaline is a determinant of exercise‐

induced lipid mobilization in human subcutaneous adipose tissue. The Journal of physiology, 

2009. 587(13): p. 3393-3404. 

37. Blocquiaux, S., et al., The effect of resistance training, detraining and retraining on muscle 

strength and power, myofibre size, satellite cells and myonuclei in older men. Experimental 

gerontology, 2020. 133: p. 110860. 

38. Ramezani, S., et al., The Effect of Eight Weeks of Resistance Training on the Plasma Levels 

of Preptin and Endothelin 1 in Men with Type 2 Diabetes. Iranian Journal of Diabetes and 

Metabolism, 2023. 23(2): p. 80-90. 

39. Piccirillo, R., Exercise-induced myokines with therapeutic potential for muscle wasting. 

Frontiers in physiology, 2019. 10: p. 287. 

40. Yoon, J.H., et al., Comparative proteomic analysis of the insulin‐induced L6 myotube 

secretome. Proteomics, 2009. 9(1): p. 51-60. 

41. Das, D.K., Z.A. Graham, and C.P. Cardozo, Myokines in skeletal muscle physiology and 

metabolism: Recent advances and future perspectives. Acta Physiologica, 2020. 228(2): p. e13367. 

42. Turner, D.C., R.A. Seaborne, and A.P. Sharples, Comparative transcriptome and 



 

 
31 

methylome analysis in human skeletal muscle anabolism, hypertrophy and epigenetic memory. 

Scientific reports, 2019. 9(1): p. 4251. 

43. Mitchell, W.K., et al., Sarcopenia, dynapenia, and the impact of advancing age on human 

skeletal muscle size and strength; a quantitative review. Front Physiol, 2012. 3: p. 260. 

44. Andersen, L.L., et al., Changes in the human muscle force-velocity relationship in response 

to resistance training and subsequent detraining. J Appl Physiol (1985), 2005. 99(1): p. 87-94. 

45. Gillespie, A.C., Biochemical adaptations in the rat following various intensities of chronic 

treadmill exercise. 1978: The Ohio State University. 

46. Staron, R.S., F.C. Hagerman, and R.S. Hikida, The effects of detraining on an elite power 

lifter: a case study. Journal of the neurological sciences, 1981. 51(2): p. 247-257. 

47. Houston, M., et al., Muscle performance, morphology and metabolic capacity during 

strength training and detraining: a one leg model. European journal of applied physiology and 

occupational physiology, 1983. 51: p. 25-35. 

48. Häkkinen, K. and P.V. Komi, Electromyographic changes during strength training and 

detraining. Medicine and science in sports and exercise, 1983. 15(6): p. 455-460. 

49. Häkkinen, K., M. Alen, and P. Komi, Changes in isometric force‐and relaxation‐time, 

electromyographic and muscle fibre characteristics of human skeletal muscle during strength 

training and detraining. Acta physiologica scandinavica, 1985. 125(4): p. 573-585. 

50. Snijders, T., et al., Muscle fibre capillarization is a critical factor in muscle fibre 

hypertrophy during resistance exercise training in older men. Journal of cachexia, sarcopenia and 

muscle, 2017. 8(2): p. 267-276. 

51. Correa, C.S., et al., Effects of strength training, detraining and retraining in muscle 

strength, hypertrophy and functional tasks in older female adults. Clinical physiology and 

functional imaging, 2016. 36(4): p. 306-310. 

52. Besse-Patin, A., et al., Effect of endurance training on skeletal muscle myokine expression 

in obese men: identification of apelin as a novel myokine. International journal of obesity, 2014. 

38(5): p. 707-713. 

53. Emhoff, C.-A.W., et al., Gluconeogenesis and hepatic glycogenolysis during exercise at 

the lactate threshold. Journal of Applied Physiology, 2013. 114(3): p. 297-306. 

54. DFGHJK, F., D. DFGHJ, and D. DFGHJK, The effect of 10 weeks of high-intensity exercise 

training on resting levels of some angiogenesis and pulmonary function of men with prostate 

cancer. Journal of Advanced Biomedical Sciences, 2018. 8(4): p. 1097-1105. 
 


