
��� � ���� / � ��	
�� / 	���	�����  

 

 �

  

  

����� �� �	�
��
� ��� ������	���II ����  �� ����� ���� ��������� ���   

 !	�"�#$% &��	� �$��� ��� ��  
  

  

  

�����: ������ ��	
�� ������  ����� ��� ���
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* -�� ��.�����/. �#�1 �� �� 2#�1 �� ��/*��	�3*' 45�� ��' �
 II  �� �	6	�

�56 �
 ��$�+ �������*� 7�/�# + 8 ��/*��	�3*'  �9:	� 7;< �# =�	� ��  

-�*�%' �	6% ��( ��>�� ? �� �*	�1��. �� �# @���A>� @��B1 �C ? % 4' 45�� 

 45��=���D%�� �	���%�* ���  (VEGF) %�� +? @�# �*	E< =��1	�1�
 

 ��%31�# ����F ��)* �:�� .�����	 :  ���� �*	>*? ��$�+(    

� � -��' �#� +GHI �� 7;< � =>� ���%�� J'@ KL �� !�"� �M*  ��	
�� ��

������ �	��* �
 + � �@��>� NO �M* P�� ��=��1	�1�
 �� 4����   �*�	� %4�E�� 

 Q�� +�*	F ��%?-���
 ��R� ( ��/*��	�3*' P�"� 7�5*'  )ACEIs(  -��M�#  

>*��*��
  . �U�V��/*��	�3*'II�  ����#%(  �#	*	>�	����U�V %  VEGF 

 W%� ��5�$�)�# ��	� ���F .  �����	
�� ��5�*  X1 ��6 =>� +� �� 

����9�( ��$�� ����+� � ����F. �
 ����:  �U�VVEGF��/*��	�3*' % II ���� 

����� ��� �� ��$�+��/��Y� �� ����� ��V ��� �� � �� �� ��9� ( �*	F�	� �����  

) &���� ��ZZG/Zp= @ZZN/Zp< .( 45��VEGF��/*��	�3*' % II 4��>�� �� 

 �� !�"������� ��	
�� ��@ �
 P�� ���*�	� =��1	�1�
 �� 4���� @����1   ��� + ��

�!�"���	� @
  � P�� ����%�� �� 4����? ACEIs �*�	"* ) &���� ��

ZZZN/Zp< @ZZK/Zp=.( �����:  45�� ��5�VEGF  % ���A>�

��/*��	�3*'II �� !�"� ��� �� ������ ��	
�� ��� ]$�>�� �Y* ��� �� �R*' 

�#��� &�#'��>�� ?� �����  . 45�� &#���� ���
VEGF %   

��/*��	�3*'II  ��� ���P�� �� =��1	�1�
 �� 4���� �� �^� �*	� _��C  

%��?���� =��1	�1�
 .  
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 ���� ���	:=��1	�1�
 8 ��/*��	�3*' II@��$�+ @ =���D%�� �	���%�* ��� @  ������ ��	
�� ��  

  

  

  

������ ��	
�� �� (DME) ��� ���� ���� 

 �� ������ ��� �������� ����� !� "�#� ��$ 

�% ]&[. ���'� (�� ) �*� �	�� !� ���+,� 

��$ �� ������ ���� -/��� ���%   �� 0 ���

!�$�� !1%	� 2���	3
�%  ]4[ .  

2�� ��056!� �7 8�� ��37 ��9  (��� ��� 

:0�� �	���0�7(VEGF)   �� ��*� ����;�

8�<�%	�6 �=% >�� (Tight Junction)   

?	�% �@� !�*#� :0�� ?����0�7 >�� 0 ��� �� �

3A7� �� :0�� >��B6 C	D7 ��E$ �� -/�   

-3F >����$ ��� �� >)�� ������  . ��G	�

VEGF!H%0 !� 2  (�	� ���I �� ��@7 �<�� 

 !� �% �G�� �� �� 0����$ ��0� ���+,� �J 

 ���� �,7]&[. VEGF!H%0  2  E7K	�57J >����

�% ���� �� ]L[. �� �%��� �7 8�� ��37  �� !�

��7� -�'�% M� -3F N ��	O !� ��'7��	�57J 

�1P	� 0 2 !7	I ) !7�I�Q ��	,� ��� �	Q0 

]R[ !�  !� "�#� ��$ ��S������ ���6	���� 

�� 2��@���7���% 8�� 8���3� -�'�% �� ��  

]L[G�� �� �� 0 ���7� -�'�% �A7 !
 �% N 

,3F ��'7��	�57J� ��/� ) > !G�� �� )	�� 

�% . ���7	�VEGF >��B6 C	D7 ��E$ �� 

�$�3�6 0 :0��T� �) � )E7K	�57J( ����8����  

G�,�� ��E$ !� �% !�P�$ ��� ��G	� 

VEGF 2 !��%0 !� ��'7��	�57J IIS >���� �A7 

 ��(��� (�*3� 0 �$�3�6 �� �  ��	
�� ��

 ��������� �� ��37S'� �� !� W !� ���+,� !G

2�� �%������ )��7 ��3��  ]X[ . !� !Q	� ���	#7 

) �1HY >��<3�6 0 ����� ������ ��	
�� �� SE�7 

 Z�	���<,3F�����   !� )��7 S�	Q	� >��

����� 8���� >��<3�6 0 !P��� -� >��2  

�	� �� [�'� ��� !� �,Q�/� ��\ 0 ��0�� .

��,�!7	I  !� �� !�DIS 2�� ��056 ��9  ����

8����2  ��  !� �7�	� ]�H��� ���� 2��@���7 

��7� -�'�% N3A7 �7	� �� ��'7��	�57J � �� -/� 

���� !��� ������ ��$ �� !�*#� >��,�� �$�3�6 .  

 �7���� ^�� �7	� ��  ��,�� -�'�% �� -�_��

 ) >��<3�6 0 ��0�� ����� �� �,/� ���'�  

 �$�3�6 �� ���J �	Q0 !� ������ ��	
�� ������. 

 )S��	%��7� -�'�% ��7	�� !� ����0�� N

 -�_�� � ��'7��	�57JS���
���'� [��%� ��  .  

 ��2 !��6 ]G�H� !�DI S�	Q	� >�� !�$�� 0 8�� 

 2�� ��'7��	�57J �E�� �� (��6	�6�� �` ���1�II 

 0 ���	���% ���+,���0� ��% �� (�9� �,3F 

��,��> ��� 0 ������ ��	
�� �� �� S ��

��056 ��'7��	�57J �E�� II 0 VEGF  ����

 !� "�#� ��$ �� !�G�)DMES !� ?�� �� ����� 

 ) !� >��$ �� !'��A� �� �7�	� (��6	�6�� ��

8���� -�_�� >��0��2 ��7� -�'�%  N ��'7��	�57J 

�7��� �,7 8��D�%S  �%����7 8�� .  
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8�37 a�Y� >�� !7	,72  ) !�G�) bc-3F  �� 0 

J  ���Q (,� )�\���0�� dJ�%� !� ��J  !� 

ef �� ) �D7 ��,� !� "�#� ������ ��	
�� �� 

��F��7�	�  . �� )S��,� gh �D7 ?�� �� ����� 

 0 (��6	�6�� ����<�� i�� ) !7	I >0��  ��/�

8���
2 ��'7��	�57J ?�#� -�E7J   ��8���
 j	��2  

8�7��I2  ��'7��	�57J D�%�7��� �,7 8�� . ���E,�

!7	,72 �� !�$�I E�7 �/7J >�,%"6  . ����056S 

��,�6 2 !��6 �� �*��'�� gkfbS ?�% �� !� gkce 

�% 8�� >�<7)��0  E�7  �� ��056 >�	� ���W�

�% !�$�I ��@7 8�<37� .0 ���1� 80�I >�� �0�

 !� ����� !� "�#�ACEIs�7��� �� 8��D�% S 

^�l� (��� 0�!7)2  -
 �%� bm��� � ��I 

 ��� !� (��6	�6�����% 8�	� 8��  . >�����1�

 ) n0�9�%���(��� E�7 S ���Q ��3�6 S-3F 

2 !��3�6 S-3F d�/�G 2 !��3�6 

 S�	��� �	�%�	IJ	�	�	$ 	���D�G0�6 ���6	����

������ Rubeosis Iridis>��,�� 0  ��> �,3F 

���,7 ��I�� � �	��� !��	� . 2 !��3�6 ^�l� 

��0��>8���
 j	�� 2  ��'7��	�57J ��7� -�'�% 

)ARB (8���
 ��/� 02  E@� -�'�% �� 

 (��6	�6�
)�_7 ��	� 80�I �� ( n0�9 o��� E�7

 ) ��$��056�	� . 2 !,� !AH�� p� ) ���,�� 

)��/DO ���J q@7( 0 ) ��,
 �% �� rX ?�% 

 8��EI���7��.  !� ������ ���,��sm 0 ��� gf �) 

�	�S�7 ��% ��<7��� kt/h±bm/bb?�%   

(Mean ±2SD) 0 ����� ��� ��<7��� !� "�� 

E�7 �/7J �����S fm/e±g/gm�	� ?�%  .��<7��� 

���	�I	,�  A1cc/s±k/f �O�� ����I !#%�v� .

����1� ^"�9 i������  (��6	�6�� !� ��0�I 0� 

 80�I 0 �7��� �� ^�l������% �_7 )  ?	w S

 0 ����� !� "�� ���HBA1c���7 �	Q0  

)]���� !� hk/mp= Sxy/xp= S&/xp=(.  80�I ��

 (��� !� E�7 ������ ��\gg 0 ��� gm �7�	� �) 

  ��% ��<7���fm/c ±bf !'��A� �� !� �	� ?�% 

 ���7 �	Q0 ����1� ^"�9 i�� ������ 80�I ��

)fb/mp= .(��056 �� ) 2 !7	I <7 !��BI �

��	�N2����  �	�S �� !
 ���%��,�� 2��  ����

��/DO ��1���S E��� 0 ���J q@7 >��EG !,w�$ 

z�$ �*�E6 -3F ��@7 ��/DO ���% �� S

����I. 8�� >��� ��	
�� �� �� �� ��056S   

 ��2 !��6�% 8����I q��1� ���G�� {�=3�  . ��

��� tc ���% |6���Q (,� ) S !���1�  2

G��������)� 0 ����,�� -3F  2 !��%0 !� M� 

 M�E6 -3F ��@7�$�I �� . ��� ��	
�� ��

��I �� ���1� ��) ]���� !��� :  

!Q��2 �DO  :��	
�� �� �0��    

!Q��2  g : 2�	
�� ���1P	�    

!Q��2  s :��~	�'�% �� �3��� 2�	
�� ��  

 ���Q (,� )�\J �����0�� dJ-3F S g/m �� 

s/m���� !�G�) ���� ) ���G 2  8�37 a�Y� �� 

 !�  �1��% |�% 0 8�� !�$�I ��G	'7 �7�%  

 >�� !G	G�0��%�7�� 8�� ?�A�7  .!7	,7 �� ��

����)J 0 ����)� ��<��2�� >��� �� �)�  2�/�� 

	
� 
 ���  

Archive of SID

www.SID.ir



 � ���� ����	
 ���	� ����	��� ���� ������� ����� �	� ����	
 ������� ..����! �"	�� �� ���#"$ 

 

����� ���	�
� ��� �

cm !Q��2 ��7�%  �7����I >��/<7 ��I .  

 �	9 >�� !7	,7E�7 ��	� ��$ ) �%���   

��I 0 >�0J !��%0 !� �J >�,%"62  K	D���7�% 

>��� �� |�% 0 �� �Q 2�/�� cm!Q�� 2    

��7�% ��/<7 ��I>�7����I .   

 �E��VEGF  E�G �0� !���� ) 8��D�% �� 0 

 85�0 �%����7�� (Biosource, USA) .  

 �@�% ���VEGF  8��D�% ��	� !� ���Y

{�=3�0�  ) ��$0E�  ��/F ��$0E�VEGF 

(VEGF121 ,VEGF165) 0� �� !� ���� �� 

�7	� �� ���� �,3F �$�� ) ��$0E� .  

 �� �� ����)�2 !��6!7�9��� ���,��� 2 8�7)�%   

�� ��@7 ��� .����6 ��� �� �� ?�7	��	7	� 

���	���% �� �w�A�� ���0 !� �� ��37 ��>  �<��

(��� ��7�� S�DGJ �	�	� )0��7 (��� ��� β �� 

(��� ���%	���� ��� �% 8���D�7 :�D� . �@�%

 ��'7��	�57J �E��II!�G�) 0 �,%"6 S!��%0 !� 2  

�%	7	,� 	��� (RIA)����I ��@7 .  

2�� 20�
0 >���J 2 !��%0 !� >���J �E$ ��7 

SPSS version 10 (Chicago, USA) ��@7 

�% !�$�I .�� !�$�� ��	O !� Mean ±2SD 

 ������ 0 2�� !�O�$ ����,w kb �O��  !#%�v�

����I.�<�'#,�   ����%0E�7 ����0 ��    

�� ��@7. p ) ��,� !$�w 0� mb/m   

 ����1�!���<7����I  .  

  

  

  

  

  

  

  

  

  

  

  

  

 

 )ef !� "�#� ��,�� ������ ��	
�� �� �� �� !� 

��056 ]���� !� �7 !��� ���� sh ��,��  ��

�	
�� 2�1P	� 0 gg��,��  2 !7	I �� �3��� 

 ��~	�'�%����� .8���
 �$���� 80�I ��2  

(��6	�6�
S ��6	�'�% ��,�� ~ ����	
�� ��0 gg 

 ��,�� ���1P	� d !7	I����� )  ?0�Qg 0 s(. 

 �E��VEGF!�G�) ���� 2  !� "�#� ��$  ��

������ ��	
��S s/gs± ggf  ���G ���� �� ��I	��6

0!�O�$ 2  ����,w kb�O�� S s/gb Nh/ggm  �	�

 ���� ������:: ���� ����� �	
���  ���� ����� �	
��� ��������  

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

����� ���� ��	!��� 

 �� ���	�� ���	���ACEI 	� 

ARB��� ���"� ��	!���   

�	�#)  ��� /�$ ( %&) && / &'(  &*) &'/*(  %&) &%/+(  

,�(Mean ±2SD) -'/.± 0-  1/+± 02  -/*± 0*  

 �3��4�� ��5 �	��¥  .&/&± &%0  %'/%± &10  -%/%± &2'  

  �3���	�� ��5 �	��¥ ./'± .'  1%/&± .0  &'/&± +'  

ACEI: Angiotensin Converting Enzyme Inhibitor 
ARB: Angiotensin Receptor Blocker 

 ¥: 6������7 ��� 
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����� ���	�
� ��� �

 !� !� �� ��1� 2 !7	I ��� ����	
�� �� ��#�� 

���) mb/mp< S�L/xp= .( 2�� !�$�� 2 !��6 ��

S��056 ��'7��	�57J �E�� ��<7��� II ���,�� �� 

 !� "�#���	
�� �������� S es/f± eg  �� ��I	��6

 ���G ����0!�O�$ 2 ���,w  �kb�O�� S mg/tm – 

es/ss ��� �� !� �	� ��	
�� ��!H�� 2    

 �� �� ��37 �� ��1�)mmk/mp= S�y/xp= .( ��

!'��A�2  !� "�#� ��$ ������ ��	
�� �� 80�I �� 

S���� �� 0� (��� ��1� �%��� ��	� VEGF 0 

 ��'7��	�57JIIS �� 8���3� ����1� ��E$ ) !�

 ]����mmmg/mp< Sxxx&/p<(.����  �E�� 

��'7��	�57JII 0 VEGF!H�� 2  �	Q0 ����1� 

 ���)xX/xp<.( �����E�� ���	�I	,�  A1c 0 

 �'7��	�57J �H%II � !� "�#� ��$ �� !�G�) ���

�����S !H��  2 ��� �	Q0 ����1�

)msb/mp= .( !H�� i�� 2����1����� �E��  

���	�I	,� A1c 0 VEGF$ ��  !� "�#� ��

 ���7 �	Q0 �����)g/mp=.( 80�I 0� �� 

 !� "�#� ���,��DME ) 8��D�% �_7 ) 

(��6	�6��S� ��) ����7  !��J �%�: �E�� 

 �'7��	�57JII 0 VEGF 80�I 0� �� !�G�) ���� 

 ��� �	Q0 ����1� ^"�9) ]���� !�

mmmg/mp< 0 xxL/xp=( ]��	,7 g 0s[ . ��

!'��A�2 ��  �EVEGF!�G�) 0 �,%"6 2  i�� 

 !H�� 2 ����1��37 8���) g/mp=(.  �E��

 �'7��	�57JIIw�#�� !�G�) ���� � �#'7 ����1� 

 ���7 �,%"6 !�)mf/mp=.(   

  

  

����� !� "�#� ���,�� ��S �% ��� !�'*�   

 > !�*#� N7	9 � :0�� >��B6 C	D7 ��E$ 0 

 !� �@��  �	,1��	
�� �������� � ������ ���� 0 

�	� �� . >�� !�$��S��3�6 2�� ��056 �<7��� 

 �E�� ��E$VEGF ���	G���� 0 h ���� �� 

 0 !�G�)!�Q�Q) �A7 0 �� �J �� �%��� ]�%J 

�% 8�	� >��,�� .-�A�'� 2 !H��E�7 S �� ���� 

���	���% �� ) M�  ������ !�Q�Q) 0 !�G�) 

���% 8����I��� ]r[. ) S��	% ���� 2��@���7 

��7� -�'�% �� E�7 N ��EI �,3F ��'7��	�57J 

8���%  .����,� 0 	'��7	$ S �E�� ��E$

 ��'7��	�57JII��6	���� p������ !� "�#� ��$ �� � 

 8�,� !� � !�Q�Q) ���� ��VEGF ��EI 

�7��
 ]�[. '7��	�57J �E�� ��E$� �II ���� 

 �� �� !�G�)��056 �� �E�� �� ��E$ ���� �� 

 ����!�Q�Q)2  !� "�#� ���,�� ������ ��	
�� �� 

  �����:����� �� ��	
 ���� �����
  ���� �)����(  

 8��� ��� 9�;)9	�( -'/1± &/&' 

                �	���  

���<� =�>�  

 ?	@������5 �AB C ��A@	D 

 �����5  

,�3�4��  
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Effect of Captopril on Aqueous Humor Level of Angiotensin II and Vascular 
Endothelial Growth Factor in Patients with Diabetic Macular Edema 

 
 
Background: Diabetic macular edema (DME) is the most 
common cause of decreased visual acuity among diabetic 
subjects but its pathogenesis is still poorly understood. 
This study was undertaken to determine if the levels of 
angiotensin II (AII) and other related cytokines in the 
aqueous humor have any relationship to DME. The effect 
of captopril administration was also studied in this regard. 
Patients and Methods: Aqueous humor samples were 
obtained during cataract surgery from 58 eyes of which 37 
were diabetic patients. From these subjects, 16 had taken 
captopril and 21 cases had not taken any angiotensin 
converting enzyme inhibitors (ACEIs). The level of 
vascular endothelial growth factor (VEGF) in the aqueous 
fluid was measured by enzyme-linked immunosorbent 
assay. Angiotensin level was assessed by 
radioimmunoassay. Severity of macular edema was 
evaluated by clinical examination after surgery. Results: 
The aqueous levels of angiotensin II and VEGF were 
significantly higher in patients with DME compared to 
non-diabetic cases (p<0.001 and p=0.0005, respectively). 
Aqueous concentrations of both angiotensin II and VEGF 
were significantly lower in patients with diabetic macular 
edema treated with captopril than in patients with diabetic 
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macular edema not treated with ACEIs (p<0.0003 and 
p<0.0001, respectively). Conclusion:  The findings of this 
study suggest that the aqueous level of angiotensin II has a 
significant correlation with the severity of macular edema 
and this may play a role in the pathogenesis of macular 
edema in correlation with VEGF. It seems that modulation 
of the renin-angiotensin system may become a very 
important target for drug treatment in patients with DME.  
Keywords: Captopril, Angiotensin II, Vascular 
endothelial growth factor, Aqueous humor   
 
 
 
[1]Funatsu H, Yamashita H, Ikeda T, et al.: Vitreous levels of interleukin-6 and vascular 
endothelial growth factor are related to diabetic macular edema. Ophthalmology 
2003;110(9):1690-6. 
[2]Balasubramanyam M, Mohan R, Premanand C: Biochemical and molecular 
mechanisms of diabetic retinopathy. Current Science 2002;83:1506-14. 
[3]Funatsu H, Yamashita H, Ikeda T, et al.: Angiotensin II and vascular endothelial 
growth factor in the vitreous fluid of patients with diabetic macular edema and other 
retinal disorders. Am J Ophthalmol 2002;133(4):537-43. 
[4]Funatsu H, Yamashita H: Modulation of the renin-angiotensin system and 
retinopathy. Heart 2000;84 Suppl 1:i29-31. 
[5]Funatsu H, Yamashita H: Pathogenesis of diabetic retinopathy and the renin-
angiotensin system. Ophthalmic Physiol  2003;23(6):495-501. 
[6]Funatsu H, Yamashita H, Noma H, et al.: Aqueous humor levels of cytokines are 
related to vitreous levels and progression of diabetic retinopathy in diabetic patients. 
Graefes Arch Clin Exp Ophthalmol 2005;243(1):3-8. 
[7]Funatsu H, Yamashita H, Nakanishi Y, Hori S: Angiotensin II and vascular 
endothelial growth factor in the vitreous fluid of patients with proliferative diabetic 
retinopathy. Br J Ophthalmol 2002; 86(3):311-5 
[8]Funatsu H, Yamashita H, Shimizu E, et al.: Quantitative measurement of retinal 
thickness in patients with diabetic macular edema is useful for evaluation of therapeutic 
agents. Diabetes Res Clin Pract 2004;66(3):219-27. 
[9]Pradhan R, Fong D, March C, et al.: Angiotensin-converting enzyme inhibition for 
the treatment of moderate to severe diabetic retinopathy in normotensive type 2 diabetic 
patients. A pilot study. J Diabetes Complications 2002;16(6):377-81. 
[10]Hogeboom van Buggenum IM, Polak BC, Reichert-Thoen JW, et al.: Angiotensin 
converting enzyme inhibiting therapy is associated with lower vitreous vascular 
endothelial growth factor concentrations in patients with proliferative diabetic 
retinopathy. Diabetologia 2002;45(2):203-9. 

�����

Correspondence: 
Mohammadreza 

Peyman 
P. O. Box :81645/641  

Isfahan, Iran 
Tel: 09133100141 

E-mail: 
drmpeyman@ 

yahoo.com 
 

Archive of SID

www.SID.ir


