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,	�-	:,
���	 �� /��0� ����� 1�2�3���� ����� ���� � ����� �����	 ��	�
� ���� �� � "� #$�%�& ����	�4��

5�� �!�� ����) ��� �63*0��	 �7#8 (�) �$ �����.��� � ��	��:1,
���	 "�� � �� ���	&:;�����' ��	 ��

�8 *�6 �� �� <�� �=$ �$ .,$�7$ �!�� � >�? ����� @��), 6� � 1A�� ���B;�C;�!�D ���' .,$�7$ �� EF �����

,��F >& � ,�);�$�8 , H� ��(1:J� *�$�	 �K�� ��	 �� ,*��D ,� �!�L� ��M ������8 N�<-� O�)�F ���PQ N�R� �

�$�8 .��	 ,� O�)�F *��DB;*��D��� ,� E%� � �!�D ���K O�)�F N�R� ��� , 6� N�R� � �R�$� �6�	 A�
� ���

�8 N�<-� O�)�F .��	 0�� ��	 ,� �R�$� �6�	 A�
� *��DBJ� 1, 6� ,��� O��� 	 ���'���� ����� )>��� (��

��8 VO2maxST USJ�'� �CT�'� �� !�D ���K ����� �����	 ., !����:��PQ ,� �V<$ O�)�F ���PQ N�R�

 , 6� � ���$� ��B;�C;� >�� W��4!� XV� W��� "� #$�%�&�!�� � 0���K�6' ���) Y�6�?�8)JT/J<P.( A�
�

��	 � O�) ��PQ �� ,<��-	 � �R�$� �6�	��' �����
	 W��4!� *��7� ,� >�� A� �� XV� (�) ��� �	�� ���� ��

 � 5�� "� #$�%�&\�� ���#��	 >�� �� "� #$�%�& �!�� "� #$�%�& ����) ���@7#8 ���D ���H3� �)JT/J<P.(N�"��)

 "���<$� ,� �	��-	 ]?�8N���� � 4���D 1"���<$� �	�� ���� �� �� A�
� *��D � ����<��D �� ,<��-	 � �R�$� �6�	

�!�� W��� O�)�F ��PQ )JT/J<P(.,^� $���D:�V���� ��� ,� � >�H$ ,
���	 "������ ����� �����	 � �����

�	 O�)�F ��PQ /�L	 >�	� � � 3�!�� � 5�� � "� #$�%�& ���� �$����63 ���) ���*0@6�? Y @K�6' � ��

��	� � �� W��4!� (�) ���N�� �� �V_� X`�	 >&0�7$ �8 �#����� 	 � ���%��.

���*> 2�!$1 :���?@ �,�A �B�/�%C'�D EF�A�	 G'$� ��$��1 �?5� 7���. �B�&%6�1 �, -� �H� ��'�0�1 �,�A ��?*I 
�&�H� -��'�� :
J/�/LM���3@1 -��'�� E:�M/N/LM�&�H� "�'O	 E:P/Q/LM

���H� 

�  F�A�	 ���1OR S�T�G����.�U�1%+ 21%5+ �,

�� ���! �V� �� ���A �*@1��%).
.X3I1 �, ���A=��

�&%,��G6�*@1 U��+ �� -�1 �1��� B�(� F��&1  ��Y'1

 B�&%6�1 �, -� �H� -�1��  �� -'���7�5� ��+ Z�%@ 

�, �Y5� # �, ���,[�\%� -,�'���) ��1%I.�B��%C'�D ��

)�,�A -��, #1 ��)�� %��1%�, �����C	(��� ���� ^H�

 �# �*/�1 �.D �-,�'� �B�&%6�1 �, -� �H� �$%&%' (��%.�	

�� �#�, F��&1  �� �+ 7��*. ��1 �� 73I1�55�.J�M 

-��, #1 �� �� �.  �,�A -��, #1 _�.��+ B�/�%C'�D

  ��3`+���N�� a)�. �� �1�1� 2%I "��! ��  �%)

��� ('1 )HMW �MMW  LMW(i��6�� Z1�c1 �,

�H� 7�� B'1 �, -�1 Z �?� B�/�%C'�D "��! 7�� �� �'�

d�A �1��1 ��M�Q B�&%6�1 �, � �H�  e�� ^����,�' .

��1%��  ���6�1 Z�H�H�. f��1 �,�" � 7���. ���

 �$��1 �?5�)NEB(ii U��) �� -'� ��� ��&���-�&���

 �)#�  �-�1 d%� " �  � #1 �����. �'3+ �%��,'G

, 1� g�&%,�� ���5� �7����-)1� ��1%I #1 1� 7��+1 B'1 ��

�(���/� h'�i j%k� �� ���l. �*�; #1 m*n� �&%*� ���

 
i- High, Medium and Low Molecular Weight 
ii -Negative Energy Balance 
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�������	
�,����������� � ������� ���� ���	 
��� �� ���������� 
���� J�Q

�� ��Y�1 B�/�%C'�D�5��.
: oP.��&�k� p'��" � #1 �� �-

?�1 �$��1 �?5� 7���. m*n� ������� ������1 �%��,

���� "�1(! 1� �/�&%,�� -��q ��1.
Q �
Mo

�%;  B'1 �,�

" � #1 ���?�1#%� �� �$��1 �?5� 7���. ����[

B��%C'�DG� B�/�%C'�D �*�; #1 �� �56�� %�.

���� ���?�1 ��&�� -'� ��� #1 �� �.�H�H�. p'�� ���1

�5�1�%k� ^'1(�1 �. ���l. ��+ #1 �1 "�1(! 1� B�/�%C'�D j

������1.
N�
Q ��1�1  B���*�  i�&�H� �� "�1(! �� �� �1

 ����� �� #1 �� �.��&�k�J�.Q��&�� -'� ��� �?�

���� ���?�1 �%,��� �*+ GR� 2#  ^���
�oe���@�� 

r�� "��! �� j%k� �� ����l. �%�O� Z��&�k� #1 �1��

 B�/�%C'�D����0� ����/� .�, ��1�1  "�1(! f��1

�1��/��^, ��&�� -'� ��� ��(�� 2��� �� # � g' Z�%@

 m*n� ����@�� �,)�N�N:�eN 
:: �@�� (.��, ���c

-)1�� B�/�%C'�D �)��! j%k�.
N U,�H� ���-'� ���

 Z�� �5*, ��&��)NQ�?� (B�/�%C'�D j%k� ^'1(�1 �,

-�1 ��%, �1���.
Q 

���!#�� �' s��	 B�/�%C'�D �6, Z��  Z�) �,

-�1 Z �?� �)#�  -�&���
J�
e ��  -'� ��� �5���� ��1%.

2��, ���&�� G6���/� �%;  �! ��0� �, �6,1  ���

�)�, �/�&%,��.
P ^� t	 �, u%,�� ��� ��c�. -�&���

 �)#�  �,B�/�%C'�D a)�. �' 2$ 2��, (�� �`��5� p'��

�^'1(�1 �5���
L �^���: ��l. ��+ �'  ��
 ��1� 2�0� 1���1 .

�)#�  -�&���  ��&�� -'� ��� v���. #1 �� �.��&�k�

���� ���?�1��1��5A���� w��1)�,5 �B/�& �`��5� p'��

�)1� �, �� ��1.
������J � �)���'ii /��  EEEEE�1��^^���

 ��&�� -'� ��� v���. �, s��	 �� B�/�%C'�D�:�@��[

�  �)#�  -�&�� 1�"%� ������� "�1(! d�A ���.�J 1B'

�4'� 2�HH�� �� -�1 �&�����^'1(�1 �' ���l. ��+

" � �, s��	 �� 1� B�/�%C'�D ��� �����. �?5� 7���.

���� "�1(! �$��1��1.���
� 

-��, [�� B'1 ��&%. �� S�� -��, 21%5+ �, �,�A

 j�k� B��%'��%C'�D�56� .�, �;%. �, �� �'���5)

�����[-��, x�Y. [�� �'#  �?*I ���?@ ��'�0�1 �,�A

��� B���. �2�!��%; 2�, �� ��%	����,�A x�Y. v&�R

�� B�/�%C'�D a)�. ��k,1� G6���/� #1 �� ���!D ��1%.�[

-��, �, B�/�%C'�D �?5� [�� ��� ^'1(�1 1� �,�A .�, 1O&

 
i -Varady and Hellerstein 
ii -Yamashita 

-��, �/�&%,�� -���1 �, �;%. �[��?� �,�A�[���/)

 �q�� h�H�. ����, ��@ �� #1 B�/�%C'�D a)�.

-��, [�� �,�A m*n� ��1%�-��, B'1 ) �?*I ���?@

�'�0�1 ( ��. B�/�%C'�D g'$%& �� Z1���l. B�5y��  

HMW �[��� "%� �� B�&%6�1 �, -� �H�  ���C�& ���

 �'1��@ �� #1 z	 F�A�	 �'1OR G'$� -�. d�A
:�?�

 �$��1 �?5� 7���.)�N�@�� B'��.  ��&�� -'� ���

Z���5*, �#1%�(�%,.

" �  �1%���

���%�#D�q�� ^� t	 ����MP�� �'1��@ "%� ��

 2#  B�4���� �, ��6'  �1t� #1Q/
�±N/
LM ��!���%, .

"%�z?��� ���*	 z5; #1 1(Y� ���� �! �� Z�5,�� ���

� |'1�) ��  �'�.���A ���� �, �k��� ��) 7�5�±��

���� �;�� -,%i� ��1�!N±Q:�'�5) � �I�A  o�/'��.

 f%/��
�:
� �t'  �1OR  FD �, �1#D ����� �, -+��

"%��4� �'1��@ ��� ���) ��1� .���%�#D  � #1 z	 ��

 �, ����T. �%i �, ��40'��#D |��� �, �'�5)D �?�  �

��� � �! ���) )�M��(�!  [1OR �  F�A�	)�M��(

���) G�6H. .F�A�	 [1OR � �� �� �0�, �,�A  ��&��

�%, ��1����1 �1OR �, �6'�H� )1OR ��&�� PM/M[�&��%*��

 U,�H� ��PQ/J�,�A #1 1OR �$��1 �@��  ��&��%*�� JL

�@�� U,�H� ���/J�@�� .("%� �'1OR G'$� � �! ���

 #1 z	 F�A�	
P! �'# �, �?�� � F�A�	 �1OR ���)P

�� (�$��1 �?5� 7���.  )"#�   �#1%� ��&�� -'� ���

F�A�	 G'$� -�.) (P��(���) G�6H.)U/)
.(

, �$��1 �?5� 7���. � �! �Z�%@ # � g' F �5� -�.

I1���*[�'1OR # � g'  "#�  �1�� Z�� �5*, �#1%�

�5��!.�M "%� �1OR$��1 �?5� 7���. � �! ��� �^�	 #1

Z�� �, ��&�� -'� ��� 7��+1
M# �)�?� ���
e 
P(

z?� �� ���'�� �1OR B�4���� �. �5��! �1�� �V� �'#

 Z�� �, zC�  �%) }n0�
:, �?� �# � g' Z�%@

�5��! �1�� �'1OR �*I1�� -�. 2��� ��.
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J�e � ����� �
 � !��"# �$�%�& ��'( )*+,�-./�� �	*"0 1�*& �����2�

)U/
.h�H�. U/. �	 .��%�� ���, ��1��, �?� �� ����  ���) ��Y�1 G0�  -6�,  G��Y� �7 1 ���.

�N �@�� f��1 �, ��1# � ���'�� �$��1 B�4���� #1

�N �@�� �1# � F�A�	 �1OR 2#  #1���?5� 7���. � �!

�$��1 )��&�� -'� ��� ���# � �� (� �!  �) ���� ���

 F�A�	 G'$�  7�5�
:: �@�� , 1� #��� ��%� �1OR �

����� -��'�� 1OR �, �1#D ����� Z�%@ .�1�;1 -�;

"#�  "%� 1�,1 �$��1 �?5� 7���. � �! �� �#1%� ���

 Z�� �, �'1��@
N-+�� �,  �H���
��, �H��� �, ��

 �� p'��. �,  �5�� �1� 21��! �1%� � � ��@���?@ v�)

 Z�� 7%i�2D -�&��� Z�) �?� �, ��eN�@�� �~�1��

�1 ���T� 2t�6)�P�H��� �, �� (-��' ^'1(�1 .�*��� �� [

-��~.�"%� , �� �2��� �� # � g' Z�%@)�� �'��# �

I1���*[�5)1�� �'1OR (Z�� �,L:21��! �1%� � � �H���

�@�� �?@ v�) �, Z�)  eN2t�6�1 �~�1�� �@��

���T� ���' � .�&���1 f��1 m*n� j%k� SO� �1�,

%�� B�, � �! �Z��1���) Z�� �, (�� F�A�	 �1OR  N

-+�� �, �?� �� ��, g' �H���
�v�) �, ����c �, ��

���' � �@�� �?@ .�4�  �'1�;1 U�1�� ���. Z��1%�� ��1�

�4� ���� |�%. ��'�. ��%� 23�! ��40�1� Z���3I1  ��1�

-��! �1��.

��%�� �?� �� ���,  ��%I ���! �7 1 ���  G��Y�

�) ��Y�1 ����) �'�)�� #1 ��, G0�  -6�, .SO� -�;

��%�� B'��. ��� �c1 �#1%� B'��. � �! #1 ���!MP-+��

z	 ��D U�+ �, B'��. �6*; B'�ID #1 ."%� 1�,1 �, ��

 B���� #1 �����. ���?@ 2 �� h'�(.)e:�*�� ��!

��!%*���, (B'#3'1#  )NoJ�*����!%*���, ��!(�,"%�

2%I  ���)-��! Z�%@ ����%� S%;1 �'�  #1 ���! .

��%�� ��%I ����,�&%& ����) ���
MUH5� �%Tn�

  ���)z	#1�:�%.�,%/�1 �� B��! �1�� �H���)������

���� �;���1�! (-+�� �,M::: Z�� �,  �H��� �� � �


N ���) $%�?'���� �H��� .��5	1 �� ��) 1�; ���S ���

 �, h�H�. ���, U�1�� ��Y�1 �1�,  �) ��1� �1�� B���

 �('��e:o;���[����-��' 7�H�1 �1�! .�#1��1 �1�, ���!

 ����, B�/�%C'�D=, #1 z	 -��, �Z��1%�� U��� =)%�

  �1�n�1 =?*I =��?@  �'�0�1 =�1%� =,�AN�*�� ��!

  B'#%. �1�� �� #1& ���&% [^'��#D
Q�) ��1� �1�� .

zC�
:�*��7%*�� ��& ���,)N:�*�� 7%�Tris Hcl  

Nacl L/:�@�� �,N/ePH= (�'��! ���q1 2D �, .B'1

 Z�� �, �('��$%�� �/�� #1 ���?�1 �, u%*n��:�, ����c

-+��RPM  P::: �&�� ��%& ���&[S�� 2 �� ^'��#D

�'��! B4�� �-)1� �1�� s' ., 7%*�� �-�� Z�� �, ���D


: -+�� �, �H���RPM  L::: ���� ��M���;[���� -

�) $%�?'���� �1�! .2 ��  1�; -��.���	%� 2D #1 z	

S� �5	1 ���, U�*�. �1�,  �) �n'� ��) ��1O!�� ���

 �('�� ��e:o���� �;�� -��! �1�� �1�!.

" � #1 ���?�1 �, ��. B�/�%C'�D ���,  ���� -V*R

1���Y. -��  1('X)Bioassay Technology Laboratory, 

Shanghai, China ( -���6� �,
Q/:�*��  ��& �, ��!

�1��5[�/:�&1Q:�*�� #1 ��� ���l. v'�q  ��& �, ��!

7�5� [1OR)��?�(

F�A�	 [1OR)
P�?�(��1����1 [1OR)
P�?�(

��1����1 [1OR

)
:�?�(

 [�&�� -'� ���

"#� )
:�?�(

ORF�A�	 [1

)
:�?�(

��%�� =���  =��, [��! 
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�������	
�,����������� � ������� ���� ���	 
��� �� ���������� 
���� J�P


: �@�� �) B���. .B�/�%C'�D ���� -V*RHMW �,

���Y. -�� #1 ���?�1)Biovendor Co., Ltd., Shibukawa, 

Gunma, Japan ( -���6� �,J
J/:�*�� �, ��!%���  ��&

�1��5[
J/J�.�:: �*�� �, ��!%��� ���l. v'�q �,  ��&

 #1 ���N�@�� �) B���..

#1 ���?�1 �,  1('X1 " � �, ��� B�&%6�1 -V*R

-��)Ultrasensitive Rat Insulin, ELISA, Mercodia AB, 

Uppsala, Sweden (�1�#1��) ���! .�1��5[�#1��1 ����!

2 �, Z1���l. v'�q�#1��1 " � -���6�  2%�#D ���!

 v�.�. �,
o:�/:�Q/N �@��:�/:��& �, ��! �/��

���%, B�&%6�1 �1�, .��'(�D " � �, (�%*!o�, �Y5� ���

B� (�%*! -�� #1 ���?�1 �,  #1��6�1 (�%*! �� D)-��)

�'1 �2%�#D f��	21(�#1��1�) ���! . Z1���l. v'�q

�#1��1 " � -���6� v�.�. �, ���!P/
�@��  N�*�� -

��!=*�� �@ �� ��& �%, .G�B�5A E 7 �6*�HDL  

��.  g'��%� ��'(�D " � �, 7 �6*� �, (�� �'��6�*!

��� ��'(�D " � -��) -�� #1 ���?�1 �, �Y5�

f��	 �1�� ^Y5� ��%� 2%�#D �5��! .j%k�LDL-C (��

  �&1 �'�� �&���� #1 ���?�1 �,21��/��io7%��� �'# o

�) ������:�N 

)=*�� =*�� �@ �� ��! ��&) (TG/5.0 (LDL=TC - HDL–
�#1��1 " � -���6�  Z1���l. v'�q v�.�. �, ���!

 �1�,HDL-C ��@��  
�*�� ��!=*�� �@ �� ��& �

7 �6*��/
�@��  J��*� ��!=*�� �@ �� ��& � 

��. �'��6�*!�/��@��  
�*�� ��!=*�� �@ �� ��& �%, .

B�&%6�1 �, -� �H� }I�))HOMA- IR ( #1 ���?�1 �, (��

�) ������ �'# 7%��� 

N/��÷)��& �, ��1  �*�� (-V*R B�&%6�1 ×)�*�� ��& �, 7%� (-V*R (>%*! HOMA-IR= 

-�; #1 2�5��i1 .x'#% 7���� ��1���#12%�#D

S �!%�&%>o �) ���?�1 S%�����1 �1�,  ����D U�*�.

'�H��6[� �! B�,�� �$��1 �?5� 7���. �F�A�	 �1OR �

���) �?� �� �, [G0�  -6 #1 2%�#D g' z��'�1  U�*�.

 ���H�. 2%�#D  ���iTukey �) ���?�1 .G��1�, B�5A

�6'�H� [B�, B�4���� � �!�� F�A�	 �'1OR G'$� ����) 

�?� �� G��Y� [2%�#D #1t�'��! ���?�1 UH6� .

��������� #1 ���?�1 �, �� ����D �1(�1SPSS �n6� 
L 

��Y�1  �) �5�� ak�2%�#D ��1� ��:N/:≤P�V� ��

�) ���!.

���'��

�1�%��
"%� 2#  � �! �� �� 73I �� 1� m*n� [��

�P ?�=� 2�0� � ���.#1 z	P�F�A�	 �1OR S�T� �?�

� �! �� Z��1%�� 2#  F�A�	 �1OR)M/
J±�/�Qe ��! (��

� �! �, �6'�H����) )N/
Q±�/�MP ��!(�5�� Z �?. ���1�

 1� �1� 2�0�):�M/:=P.( G'$� -�. Z��1%�� 2#  Z �?.

 � �! �, F�A�	 �'1OR���) ?� ���[
P�1)P/�:±M/JL: 

��! U,�H� ��Q/
N±
/J�: ��! (�,
L�@�� ���� 

)::
/:<P(.#1 z	 v�.�. B��� �,�P�1OR S�T� �?�

(�� F�A�	��5�� Z �?.�1�[ F�A�	 �1OR � �!  � B�,

���) )N/�J±
/MJP ��! U,�H� ��Q/
Q±�/JQL ��! (�,
N

�@�� �?� 2�5y�� F�A�	 G'$� -�. � �! �� �0�, 2# 

 �))::
/:<P(.�%;  B'1 �,�
:�� �$��1 �?5� 7���. �?�

"%�F�A�	 �1OR G'$� -�. �'1��@ �����*+ ^��� GR�

M/M�@�� F�A�	 �1OR � �! �, �6'�H� �� �2#  ��

)N/�M±�/M
L ��! U,�H� ��N/�J±
/MJP ��! (�5�� Z �?. -

��/� ��Y'1 ��1� )
JL/:=P(.

7 �;��� 
 ��1��1 �����l� ���� -V*R�#���!

�?� �� ��) � �! �� �� G0�  -6�,  G��Y� �7 1 ���

���) 2�0� 1� �$��1 �?5� 7���.  F�A�	 �1OR S�T� �

�����.

�(�%*! ���� j%k� �� �1� 2�0� G��Y� �?� p'��

  B�&%6�1HOMA-IR � �! B�, ������) F�A�	 �1OR  

)7 �;
(�5�� Z �?.���1� ��1� ):N/:<P.(G�j%k� B�5A

B�'�	 �.HDL-C �.X�, j%k�  LDL-C �� ��. 7 �6*�  

� �! �, -�6� F�A�	 �1OR � �!���) B'1 �, ��) ����0�

Z �?. 7���5�� �%�O� ������%�� �1� .?� ���[G��Y��

��. �'��H� �� F�A�	 �1OR � �! �� �'���3	 �'��6�*!

 � �! �, �6'�H����) ,��5�� Z�%@�1�X�, ��%, �. 

):
N/:P= .(-V*R 2#   ��. B�/�%C'�D ���� ���

 � �! �, �6'�H� �� F�A�	 �1OR � �! �� X�, �&%/&%�

���) G&���B�'�	 ��%, �.=&  Z �?. B'1?� �� ���[G��Y�

 �,&�5�� ����D ������%�� �1� )7 �;�(.j%k�

-��, B�/�%C'�D [�� ?*I ���?@  �'�0�1 �,�A �� (�� �

?��[ � �� ��%�O�����1� 2�0� ^��� )7 �;�(��� �,

7���^��� B'1�-��, �� ��5. [�� �5�� �?*I ���?@ �,�A -

�%, �1� )::N/:P=.( 
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J�L � ����� �
 � !��"# �$�%�& ��'( )*+,�-./�� �	*"0 1�*& �����2�

�1�%��
oZ1���l."%� 2# � �! �� �'1��@ ���m*n� ���.

7 �;
o 2# ��&�k� ��%� �����l� ���� �'��H� �� �! �m*n� ��� 

7 1 �?��?�
P�?��P

���)���)F�A�	 �1OR���)F�A�	 �1OR�$��1 �?5� 7���.

2# )��!(Q/
�±N/
LMQ/
N±
/J�:P/�:±M/JL:e/�P±L/JQ
N/�J±
/MJPN/�M±�/M
L

(�%*!)�*����& �, 7%�(M/:±N/eQ/
±N/

e/
±P/
M*M/
±�/
J‡N/�±Q/
N‡J/
±�/Q

B�&%6�1)�, 7%�%/�	��&(N/Q±N/�L�/L±J/Q:L/
J±L/PP*M/�
±P/PeL/
N±P/
:�‡P/N±Q/eN

B�&%6�1 �, -� �H� }I�)
(HOMA-IR)


/:±Q/:�/:±J/
N/:±J/�*N/:±
/�Q/:±L/�†‡
/:±M/


X�, �&�4A �, B�8. �	%C�&

)�*�� ��!=*�� �@ �� ��&(

L/�±:/J:�/�±�/�L:/J±M/�eQ/M±�/�PN/J±e/�NNL/J±:/�P

B�'�	 �&�4A �, B�8. �	%C�&

)�*�� ��!=*�� �@ �� ��&(

L/N±Q/JJL/L±N/�PP/L±N/J
J/L±N/JeL/P±
/M�L/L±N/JJ

��. 7 �6*�

)�*�� ��!=*�� �@ �� ��&(

e/e±:/eM
/Q±N/eML/

±
/P

/Q±M/P:�/P±�/PP
/L±
/eQ

��.�'��6�*!

)�*�� ��!=*�� �@ �� ��&(

J/

±:/N�e/
Q±L/PJe/��±M/


*
/
L±L/e�Q/�:±Q/
:
†‡ 
/
N±
/eJ

B�4���� Z�%@ �, �'��H�±=� ����� S1���1 �)�,.*�5�� Z �?. � �! �, �6'�H� �� �1����) ?��[G��Y� ):N/:≤P(�†�5�� Z �?. �! �, �6'�H� �� �1� ����) ?��[ -6�,

G0� ):N/:≤P(�‡�5�� Z �?. �$��1 �?5� 7���. � �! �, �6'�H� �� �1�):N/:≤P.( 

2��#)�?�(

2#
 

)
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�������	
�,����������� � ������� ���� ���	 
��� �� ���������� 
���� JJ:

7 �;�o� �! �� �� B�/�%C'�D ���,  ���� �'��H�m*n� ��� 

7 1 �?��?�
P�?��P

���)���)F�A�	 �1OR���)F�A�	 �1OR�$��1 �?5� 7���.

�%C'�D��. B�/

)�*�� �, ��!%�����&(

JJ/:±�L/Q�Q/:±L/N�L/:±Qe/NMP/:±PQ/NMP/:±e�/N‡MQ/:±
�/e

�?*I ���?@ �,�A -��, B�/�%C'�D

)�*�� �, ��!%�����&(

�Q/:±�N/eML/:±�e/e
Q/:±QQ/Q*�J/:±�:/e�L/:±MJ/Q†‡Q�/:±QN/e

�'�0�1 �,�A -��, B�/�%C'�D

)��!%��� �*�� �,��&(

�N/:±PM/Qe�/:±Q
/QNL/:±NP/QNJ/:±MQ/Q�:/:±NN/Q‡QM/:±MP/e

X�, �&%/&%� 2#  �, B�/�%C'�D

)�*�� �, ��!%�����&(

:L/:±eN/:
�/:±QM/::P/:±Q
/::e/:±Q�/::Q/:±NQ/:‡
J/:±e
/:

B�4���� Z�%@ �, �'��H�±=� ����� S1���1 �)�,.*�5�� Z �?. � �! �, �6'�H� �� �1����) ?��[G��Y� ):N/:≤P(�†�5�� Z �?. � �! �, �6'�H� �� �1����) ?��[G0�  -6�, ):N/:≤P(�‡

�5�� Z �?. �$��1 �?5� 7���. � �! �, �6'�H� �� �1�):N/:≤P.(

?� ���[G0�  -6�,)7 �;
 �(�5�� ^��� ��1�

 �����l�HOMA-IR��. �-��, B�/�%C'�D  �'�6�*!

����� �,�A [�?*I ���?@ � �! �����) �, �6'�H� ��

�) ����0� F�A�	 �1OR � �! ):N/:P>(.�����l� �'��

�?� �� (�� ��&�k� ��%� [� �! �� �G0�  -6�,���) �

�5)1� ���, -��q  F�A�	 �1OR � �! �, �6'�H� �� .�,

� Z �?. ��1�� r�� 7�� B'1�5� ���1�� 2�0� ��1�):N/:P>(.

�?� �� [�G0�  -6�,�5�� ^��� �;%. U,��  �1�

(�%*! )Q
�@��(�):::
/:P=(�B�&%6�1)::�Q/:P= (  

G� B�&%6�1 �, -� �H� }I�) B�5A )HOMA-IR(

):::
/:P= (�$��1 �?5� 7���. � �! �� �� �! �, �6'�H� ��

�) ����0� F�A�	 �1OR .� B�, #1 �����l[��� ����C�&

X�, �&�4A �, B8�. �	%C�& �B�'�	 �&�4A �, B8�. �	%C�& j%k� 

 ��. 7 �6*���?5� 7���. � �! �� ��;%. U,�� �%��,

 �1OR � �! �, �6'�H� �� �$��1�	���1� 2�0� 1� F�A 

)7 �;
.(7�� B'1 �,�r�� �5�� �%�O� Z1����. #1 �1�� �1�

��. ��5.  ���%��!, �'�6�* ��5�� Z�%@ ^��� ��1�

�1� 2�0� ):J�/:P= .( �6'�H� �� �$��1 �?5� 7���. �?� ��

 ^'1(�1 v�� v�.�. �, F�A�	 �1OR G'$� �,�Q �M

��. B�/�%C'�D ���� j%k� ��@��):JPM/:P=( 

HMW �'��!):::
/:P=()7 �;�(.k�EEE ���, j%

-��, �� B�/�%C'�DI ���?@ �,�A ����?* ):
JQ/:=P( 

^'1(�1 �, h,�k� (�� �$��1 �?5� 7���. � �! �� �'�0�1

 F�A�	 �1OR � �! �, �6'�H� �� B�/�%C'�D ���� j%k�

 #1 z	
:I1�� �?��*[, �5'��.  �'1OR ��5�� �%i ��1�

)v�.�. �,
M 
L�@�� (^'1(�1 �1� 2�0�):
/:P=(

)7 �;�.(

��, 

���'�� h�H�. ��� <�56� ����, U,�� ^n,  � �� �q

�*��� [�6'�H� U��) h�H�. 7 1 [S�T� �?� ��Y�

 � � �*���  ��1����1 �1OR �, \��)1 ��R F�A�	 �1OR

�6'�H� U��) [G� �#1%� "#�  �?� �� G'$� �, 2��#

"%� �� \��)1 ��R F�A�	 �'1OR G'$� -�. d�A ���

�6'�H�  F�A�	 �'1OR [�5� � �! z	 F�A�	 �1OR �, 7

�� �?� -0�  -6�, #1�)�, .G�����' B'�. �*��� �� ��

�5�� ^'1(�1 �7 1 �, F�A�	 �1OR S�T� 73I �� 2#  �1�

 \��)1 ��R �,�A �X�, �@��)��R �,�A #1 �$��1 G��

 7���� \��)1M/J��@�� (B�HH�� ��V�1 S3I �, �� �%,�

�� ('1 ���� j%k� ^'1(�1 �,��%�� �1��� B�/�%C'�D �� .

����i #1 U,�� ^'1(�1  �0�, ��&�� -��'�� U�&� �, _X���1

2#  �;%. � �! �, -�6� F�A�	 �1OR � �!���) 73I1 �

F�A�	 �1OR � �! �� (�%*! G6�&%,�� �� �'�) ����0�

�5�� ���l. �, ��5. �� �)��. �1� �'��  �%, �1��� �'�6�*!

��� �����l��*+ ���C�& [-��q  #1 2�) � � GR�

�5�� ���l. F%*k����1�� 2�0� 1� ��1� .�5�� ^'1(�1 �1�

 B�&%6�1 �, -� �H� }I�)  ��5� g'$%& �� �����l�

G� ^'1(�1 �1��� �, ��. ���� j%k� �� %� �� �'��6�*!

 � �! �, -�6� F�A�	 �1OR � �!���) �?� �� [�G��Y�

2�0� �5���[3I1 7g�&%,�� �X�, ��&�� -��'�� �c1 ��

 #1 UH6�\%� �,�A �� ���?�1 ��%� -�1 �'1OR G'$� .��

�?5� 7���. �?� �� �� G'�1� 2�0� �� �h�H�. � � �*���

 �$��1)��&�� -'� ���  �#1%� "#�  v���.(�%��, �

"��! �� j%k� ^'1(�1  ���C�&  ��5� g�&%,�� -��q 

��. B�/�%C'�D -)1� �1��� �, 1�.
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JJ
 � ����� �
 � !��"# �$�%�& ��'( )*+,�-./�� �	*"0 1�*& �����2�

�0�	 f��1 �,�5[�%;%���(���/� #1 �/' ���

B�/�%C'�D "��! �� j%k� ^'1(�1 �1�, ����50�	�^���

�%.�[-�1 ��) "�1(! 2�, �,�A�Q�
�  Z��&�k� #1 �I�,

(�� U�1�� ^���
:�@�� Z� �q 21%5+ �, 1� 2�, 2# 

���� j�k� B�/�%C'�D a)�.  2��, ^'1(�11��.
� S3I �,

 �B�0�	 Z��&�k��q�� h�H�. ����?5� 7���. � �! 2# 

�*+ �$��1 ^��� GR�M/M�1OR � �! �, �6'�H� �� ��@��

�5�� Z �?. �F�A�	 ^'1(�1 �%;  B'1 �, ��1�� 2�0� ��1�

  ��. B�/�%C'�D ���� j%k� �;%. U,��HMW )v�.�. �,

�M �@��  �Q�@�� (G� ^'1(�1 �1��� �, �5��  %� �1�

-��, B�/�%C'�D j%k� [�� �?*I ���?@  �'�0�1 �,�A

)v�.�. �,
M�@��  
L�@�� (�, -�6� �%�O� � �! ��

�) ����0� F�A �1OR � �! .���' p'�� �, ��) ���)1 ���

��&�i =����!
�1��/��  ^��, �5�� 1j%k� ^'1(�

"%� �� B�/�%C'�D �'���3	 G&�� �'1��@ ��� �c1 ��
�

2 �, �� �'�)  |�%� Z�) �, �#1%� B'��. �?�

2#  ^����G���1� ��1%I.N�5�� ^'1(�1�1� ����� ('1 

B�/�%C'�D���� ��F��R . � �! �� 2#  ^��� �?5� 7���

�$��1 1OR � �! �, �6'�H� �� F�A�	 G'$� -�. �F�A�	 �

_X���1 ���#  Z1���l. (; �, ��4'� U�1%+ �%;  �4���,

�%. ��V��[�*`+  7%*� �1��.  �#1��1 �� �,�A ���

�� j%k� G�V5. �� B�/�%C'�D "��!�)�, .B'1 ��

�1�EEEEw�%/�1 (�� �i�1��/��  ^���� "�1(!� ��1EEE �

#1��1�[-��%C'�D�� ���55� B���. ��1%.�[��&%. �� ����

�)�, B�/�%C'�D a)�.  .�e 

�� Z��&�k� �I�, p'�� S3I�, �5��%� Z1�c1

 �� ('1 �, 1� B�/�%C'�D �/�&%,��HMW -�6� B�/�%C'�D

����5���P �N^'1(�1  � �� � �! �� ��&�k� ��%� �� ('1

 B�5A �%;  �F�A�	 � �! �, -�6� �$��1 �?5� 7���.

�� �� 1� ��.�,5��.����i #1 j%k� �0�, ^'1(�1

 �,�A �, -�6� �?*I ���?@ �,�A -��, �� B�/�%C'�D

 �'�0�1)
L�@�� U,�H� ��
M�@��(?� ���[ -6�,

G0� �$��1 �?5� 7���. � �! �� G�  ^��� ��5. B�5A

�5�� �?*I ���?@ �,�A -��, B�/�%C'�D j%k� �1� ��

�?���� -6�,  G��Y� G0� � �! �� �'1OR G'$�

 F�A�	 � �! �, �6'�H� �����) �����1%. p'�� S3I �,
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Abstract 
Introduction: The aim of present study was to investigate the interaction of aerobic training and 

calorie restriction on levels of adiponectin isomers in serum and abdominal fat depots in obese 
male rats. Materials and Methods: Forty-eight wistar male rats were used as the study sample. 
Blood and tissue samples were collected at the 1st, 18th and 28th weeks. After baseline sampling, 
the remaining 40 rats were randomly divided into control and high-fat-diet groups. The high-fat-diet 
group received their regimen for 18 weeks and were then randomly divided into the negative 
energy balance (NEB) and high-fat-diet (HFD) subgroups. NEB group alternately underwent 25% 
calorie restriction or aerobic training (running) with an intensity of 70 to 75% of vo2max for 10 
weeks. Results: Compared to the standard diet, HFD feeding increased weight and decreased 
retroperitoneal adipose tissue adiponectin level at the 18th and 28th weeks (P<0.05). In comparison 
to the HFD, group negative energy balance in obese male rats, caused weight control with 
significant increase in serum levels of total and high-molecular-weight adiponectin as well as 
adiponectin levels in retroperitoneal and mesenteric fat depots (P<0.05). Also insulin resistance 
index in line with serum concentrations of insulin, glucose and triglycerides were decreased in 
negative energy balance, compared to the high-fat-diet group (P<0.05). Conclusion: This study 
indicates that even with simultaneous consumption of high-fat-diet, combination of aerobic 
training and calorie restriction can increase concentrations of adiponectin in serum and abdominal 
fat depots of obese male rats, and aligned with it improves lipid and metabolic profiles. 

Keywords: Adiponectin, Retroperitoneal fat, Mesenteric fat, Insulin resistance, Negative-energy-balance, 
High-fat-diet 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-0
6-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://ijem.sbmu.ac.ir/article-1-1921-en.html
http://www.tcpdf.org

