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����� :���� +	�49@; F�G9 :	 
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�� ��O/ :� �+� ���3�    ��@�	 �1�� �� .&���9   
�����

?���E ��# 
� *�8/ 
.�.��    �	 �	&�L�� ���1� &#	

 ���7	 *1��7 ����8� 	��P�� :����, �� :��� &'���3# �  *;


� �&!�) �&!� ���/; :� *�1� ��3'�1�Q/; (�E )ACE  ��

Angiotensin-converting enzyme(   H��(�	 R����(�

)3 -1(.  

 ������/;ACE �����'�'��)II  �����Kininase II �	 9

 ��&���������TU 
�������3�1��� �&���������TU  ���������  

Dipeptidyl carboxypeptidase ����� �	 (1950  �	

 .&( H��� ���FU   ����/; ���ACE    �� R&�( &��K1�

   ����3'�1�Q/; �&��!� Y����� Z1����&��/�Ι )AngΙ  ����

AngiotensinΙ ������3'�1�Q/; :����� (II )AngΠ  ������

AngiotensinΙΙ (
0'7 ��'[�# � 	�� ����R �  \�3��

R&���'#	 � �	������ 
���'L� Y������ �����'�� )BK  �����

Bradykinin (
�  &(��)4 91.(  ����/; ���9    *�1�'� :��

  ���������/� ��������3�� ����������,� �� 
������)�-   

��������3'�1�Q/;– *�����������&K; )RAAS  ��������  

Renin Angiotensin Aldosterone system (  ��./

O'� �	 
�+��� �^ �� *17 ��8��_ �CD�� �#��8�; ��� 

�'��� �#� �� �(1����
�  ����� .	��	�� K�L� ��H ACE 

���FU
� �^ �� H�� �)���_ ������ K1� ��& AngΠ 

 &#	 ������ �� *17 ��8�)6-5a(  �� ���� ��9   b&�#

     
��!�" 
�������/ � *1��7 ����8� *�����	 �	 
���+�  


� c13��  .		�E  

��  
� � 
����     *	��� &���3� ��� R�F� 9
����

:'��� �   ������� �1�+d   
�!�" ���#–  
�"���9   I!��

�&'�/�1� � I��'� �#��   :�3A�� *�/� �	�)��� ��#


�  	1()1( Z�P/� e�.�.�� .  �� f1�g7 �	 R&(C ��D

   
�����FU h1G�� �� 
(��� e�'����ACE   ����3�


� 	�&��      R&�( ?����E ���8�U e��LK�G� �	 .&(��

H�� :� �����     
���� h1G�� R&�'���� ��#ACE  ��

 H�� R	�	 ������ *��	1� �	)7(   ������� ���'[�# .

 
����FU h1G�ACE    ������ :�3�, J� Z�@'# :�

F� *; �#�� � R&'���� ���1#    ������ �� B�U :�����

 &��( R&#���8�)8(�	 ����� .  e����k� :��� H���� 
K��� 


'L� �	 h1G� �	 ���	   ?	��EACE    :�� l���U �	

 &8/ R&�	 
����.� �� ���1# ����� :3�, J�)9( �� .


� ���� 	���� 
/&� H�K�L� �� ������  �1� �� .	1(

�@�	9    ��<�E�D� ���1� �� 
��<= ��>� � 
/&� H�K�L�

  �� e�����m� ��� 
�� *     � *�� ��.��3� -��!��� .&'�(��

ACE   H��� R&( ?���E ��8�U e�LK�G� �	)10 92( .

'L� �#��
 ��	 �^ �� *���_ >��� �<=
� ��� ��� 

 *�/� �	�:3A�   	��.� �#��� ���� ACE    	1�� R����#

)10 .(�� ��� 9��  �	 *17 ��8� ?��3E :� :,1� ��

 *�/�� :�3A�   �(�/ eF)�8� �
  �	 *; �� :�L��, � 

� �	 e�LK�G� o&/� 	�&L� � *�/��� ���9:'  �� b&#

���   ����� �#�Q�U
 m� ���e��  H�O�=  ����FU
� 

ACE  :� l��U �	 ��J R��	 �  ������  ��1�#�  �	

 *�/��:3A� �1	.  
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*1��; :���17 &( �� &L� �� Z�E *	�� 	17  H���3� 

m 1600 �� �� �+/�H H��� R�� &/��� .�	 ^
  Z��P/� 

9*1��; r!/ ��� 	���� s�1� H�� ���'� � *��� *; �# 

�� ���1/�� H!D &( .�	 �+/�9H 5 /�D ��:  &�L� ��  Z����� 

9H��3� 	�&L� *���t I�" ?���( � H!D 	�E ��&  �

*; ��&.� �# 	�E 	��;�� :K	�L� s�1��& �  ���  I�3  

ml/kg/m :!���� &( )11.(  

 - )*�� *&�  :�� �� Z�E1��  ×1692/0 (- 85/132 

- )�� × 3877/0) + (B', × 315/6 = (max2VO 

)*��� �� H"	  Z&�� /�D ��: × 2649/3 (- ) *����t 

I�" �	 "	�:. × 1565/0(  

   *&�� 
���y &��	     
���E�� �T�K��� �� R	�k���� ���

:��G./ :��� ?�� � ���U�> H7����  ���� :��� 9*��) ��

   oz1�U � *1�3), �1���� � (R���7 Y1� � 
����� 

)Jackson and Pollock(  &( :!����)12� ( � &���	� 
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�b<  .&�	�E  
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/	1��; 
'���� �   ���( �#8    ��# � :��k#

 :�k#3     :���/�� .	1�� ���1�# ������ :3�,  ��� � ���

:�k# �	 ���1# �  e&( �� �K�� �	 *&��	 ��( ���

45-40     e&�� :�� R���7{ I�" *���t �0��&  &��	

25 :�k# �	 |��&� :� .	1� :.�"	   &�L� ���#9   � e&�(

 :�k# �#) H��� ������ ���1# H�K�L� e&�5   :�.�"	

 � ����� *��� :�5      R	����� ������ e&�( :�� &��	

:�k# �	 �� (&( �  :� ��8#45 "	 �� :.�80-70  &��	

 ���# ����'[�# .&����� R����7{ I���" *�����t �0��&�� 

:3�,  ��( ����� �15   ��&���� �	 *	�� Z�E :.�"	

 � :3�,10       9Z��/ ��	 ����,� ��� *	��� 	��� :.�"	

    .	1�� :�3�, ��# ��+�/� �	 
8��/ � 
88� e��� 


/	1��; I�" *���t *���t �� R	�k��� �� �#  �z1U |'�


� ���'�     �1���� �� :'��8�� I��" *���t .&(» ���-

220«    �1���� _���^ �� R��7{ I�" *���t �0��&  �

�/���� )Karvonen( &( :!���� )11(.  

:��/1�/ R��&��/� � *1��7 �����E  *1��7 ����8� �����E  

24  � ��K�� �� !" H���48    ����7; �� &�L� H���

:3�,    ���� :/�!�( 
���(�/ �� BU .&( Z�P/� ����� �

 e����9-8 �!�9  
/	1���; 
����� &��� ��   ��#cc 5 

:/1�/ � &( :���E *17 :K1K �	 �#  R	��� ���  ��# � 

*1�������7 	��������.L/� &�������t )EDTA  ���������

Ethylenediaminetetraacetic acid( ��,  � ���; :�

 �1^���� H��� ��) rpm 3500  e&� :�15   (:�.�"	

 >1k���/��.&�	�E ���FU :� �   H��	      *���� ��� R&��;

�����; Z�P/�   ������ �	 ��# Cº 70-    .&�( ���&�+@/

  h1G������ACE    ?�� ������� ��������FUELISA   

)Enzyme-linked immunosorbent assay ( ���� �

   f1�gp� H��� �� R	�k���� )Human ACE ELISA, 

CUSABIO BIOTECH, Wuhan China( R��&/�  ���E

 H���3  .&(� ��?�� 9ng/ml 95/1 .	1�  

 *1����; ��Kolmogorov-Smirnov   �1��O'� :���

 
����
L�!^ R	�	 ���1� *	1�    *1�y .&�( R	�k��� �#

R	�	  ���1� ����	 �#
L�!^ &/	1�9  �D� 
���� �1O'� :�

:3��.� � ����� �    B�U � �!" ��	��.�   ������ ��9  ��

 *1��;t      ����L� ����� ���'[�# .&�( R	�k��� :�3!�#

 -�!���ACE  R��&�/� ��#��m�� ���� ��   R&�( ����E9  ��

 
@���3!�# I����tPearson :����� .&��( R	�k����� � 

   Z���/ �� R	�k����� ���� ������; e�������  �������SPSS   

 :p�3/ � 16 )version 16, SPSS Inc., Chicago, IL( 

Z�P/�  
�'L� �G� � &(  *1���; ���	  ��#9 050/0 < P 

&( :���E �O/ �	.  
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���	 	
  

�	 9\1���P� 14 *� �	 ����� :��LK�G� H����( &��/	�� .

��@/��� '�
 ��� 	���� 9/5 ± 0/54 ���� 9 ��@/���   &�"

41/6 ± 40/157 
�/�������  ��������� �������@/���  *��  

41/10 ± 70/71  Z�E1���  ��&�, .	1�1 �� �EQ
  ��#� 

U�P'��)
 /	1��;
 �# !" � &L� �� :��/�� � ���� �'
  ��

� *�8/
 &#	��/ ���� �� .�|   *1���; �� �� Pair t 9

 ��'L� �#����
 ��	 ��	 ����� )010/0  =P������ � (�� 

���'L�
 ��	 max2VO )001/0  =P  �� B���U (8  :����k# 

    ��@�	 �	 .&�( R&#��8� :3A�� *�/� �	 ���1# �����

  R��&�/� ���#��m��    ���t�  �#�Q�U �	 R&�( ����E   ��

R	1����� �7�����( 9*�� :������, � /&�����
 9WHR   

)Waist–hip ratio(   ���8� � J�K1��3�� *17 ��8� 9

 �� BU J�K1����	 *178  e��k� ���1# ����� :�k#


'L�  
����FU h1G� .&8/ R&#�8� ���	ACE   B�U

 ��8  
/	1���; �	 ���1# ����� :�k#     e�1�� :�� ��#


������'L� ) ������������ ���	020/0  =P H��������� (  

))( 1.(  

  
���� 1��	
 . �	 �������� � ���������� ����� !   " �#$ � %&' 	8 � "� )��*+ ,-. 

	
�����  ����� �� ��� ����� �� �� �������  �����P 

) �*+kg( 79/71 ± 41/10 86/70 ± 99/9 92/0 ± 90/1 103/0 

����. ! �#/ ) ��0 !2kg/m( 91/28 ± 34/3 52/28 ± 02/3 39/0 ± 80/0 090/0 

) 1�2 �+�cm( 57/94 ± 11/13 72/90 ± 82/11 78/3 ± 90/4 010/0† 

345 �+� �0 1�2 �+� 678� 87/0 ± 08/0 85/0 ± 60/0 19/0 ± 04/0 130/0 

019� ) ��0����( 02/24 ± 70/3 22/21 ± 90/1 80/2 ± 30/3 070/0 

) !*�#  ��#/ 1:2��;ml/kg/m( 89/28 ± 12/5 93/32 ± 04/5 04/4 - ± 05/2 001/0† 

) =>5#�8>� �#? ���@mmHg( 03/12 ± 26/1 64/11 ± 71/0 39/0 ± 05/1 180/0 

���@ ) =>5#���.� �#?mmHg( 50/7 ± 01/1 21/7 ± 80/0 28/0 ± 90/0 302/0 

��/|�  ��@/��� e�1� :�± R&( *��� ��@/��� �� b���/�  .&/�† 
'L� e��k� 
� *�8/ �� 
#��E *��	 ���	 ) &#	050/0 P <.(  

  

  
 %�
1.  ��	*�/� 0123ACE )Angiotensin-converting enzyme(  ,67	� 8	�  9�

  " �#$ � %&'8  )��*+ ,-..� "� * ����� ! �9	�! ;�	.+ 	 <  " �#$ � %&'8  )��*+ ,-.

)050/0 < P(  
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���� 2 ��	*�/� A�B� )�$ �C-6&* .ACE )Angiotensin-converting enzyme ()��*+  " %&' D�E� �	��F-� ��	� 	$  

	
����� ������
 ���   �����P 

) �*+kg( 377/0- 180/0 

����. ! �#/ ) ��0 !2kg/m( 485/0- 070/0 

) 1�2 �+�cm( 597/0- 020/0 

345 �+� �0 1�2 �+� 678� 728/0- 003/0 
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Abstract 
Background: Angiotensin converting enzyme (ACE) is secreted from vascular endothelium. This 
enzyme is one of the main determinants of blood pressure regulation. This study aimed to investigate 
the effect of aerobic training on plasma concentration of angiotensin-converting enzyme in 
postmenopausal women.  

Methods: 14 postmenopausal women (40-65 years old) were enrolled. Plasma levels of angiotensin-
converting enzyme, anthropometric indices, maximal oxygen uptake (VO2max), and systolic and 
diastolic blood pressure were measured before and after a training program. The exercise intensity 
started by 40-45% of maximum heart rate reserve for the first week and gradually received to 70-80% 
of maximum heart rate reserve in eight weeks. 

Findings: The plasma levels of angiotensin-converting enzyme after 8 weeks of aerobic exercise 
significantly increased (P = 0.020). In addition, a significant decrease in waist circumference was 

observed (P < 0.001). Maximal oxygen uptake increased significantly, too (P < 0.001). There was 
significant negative correlation between the changes in angiotensin-converting enzyme and the 
changes in waist circumference (P = 0.020, r = -0.601), weight (P = 0.020, r = -0.63) and body mass 
index (BMI) (P = 0.010, r = -0.637). 

Conclusion: This study indicated that aerobic training could increase plasma levels of angiotensin-
converting enzyme in postmenopausal women, without significant changes in body composition and 
blood pressure. Further studies with more numbers of subjects are needed to confirm these results. 

Keywords: Angiotensin-converting enzyme, Aerobic training, Blood pressure, Fat percentage, Body 
composition 
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