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3��!�T     %��� � ��!& /�t�e /8T &%����(�� =���? %& ��

 �%��9-����&��    =��h! ��' u'��Z7 >9R +�����F .�

#�j � +�����F/    %& 3���!�T ��  �Il #(�� B�  l��F

����F #��6 � ? �%��9-� �����.��  

& #' +�����F /#(�� B� >?t� �� \� #(��& � � 

 �1
 #' [(I! ��e � #' [(I! 5��47 >'��&���? >9R .

 ��%�& �� >��'��& &���k��STZ )Streptozotocin #��
 (

��1� u1Z! �� �I�� X��$7 v"�'  c��)��� ��(' ���

���! &���?/  �&��(�������? .STZ  ��.���! #��'mg/kg 50 

    #�' � ��?  �F &�� K���� %& u�%.7 ��  Il #1E��['

 ) ��F�� ��& +%�ESingle dose(    �l���E  �6�& �

�&��(�� ) �?17 .(��% #� >?t� �� �
'/    ���6 ��	l

+% ������ ��  �� �7j�' ��6 �	l � ����mg/dl 250  #'

.�? #(��� �O� %& >'��& ���	"  

 +�����F �� ���� �� #' #' [(I! ��e � [(I! >'��&

���� ��� #' ? 5��47 ��� ����:��  

 ����1���� : #
 ���? [F >���%& �%�& � ��&�


)6  =n(. 

 ����2+��I���	� #
 �7�����F : mg/kg/day 100 

   >������T) *����� +%�E #'PPAR    >����%& (����T

) ��&�A�6  =n) (18(.  

 ����3����(�1-��% #
 �7�����F : )Rosiglitazone( 

mg/kg/day 8   >�������T) *������ +%���E #��'PPAR 

 >���%& (�!��) ��&�
6  =n) (19.(  

 ����4   #�
 �7������F :742GWO mg/kg/day 1 

  %& ����������1h! +%���������E #��������'DMSO   

)Dimethyl sulfoxide ('+%�E #  ��1R ��� u�%.7

 >��������T)PPAR (����(�&/�('  >������%& �����&�
  

)6  =n) (20(.  

 ����5:  +���I���.' #
 �7�����F mg/kg/day 400 

   >������T) *����� +%�E #'Pan PPAR  >����%& (

) ��&�A�6  =n( )21.(  

 +�����F %& #' [(I! ����� .�� >'��&    #'��D! ����

����  ���3�� #(��  .��?  �)D7     ���!%& +��! ���`  

21  ��%&�' . 

    K�!��(
 ��' +������F /3���!�T ����� %&   j��' ��& ��' 

Sacrifie &���� .��    K����7 � ��? y%��6 +�����F X1l

      .��? #I���h! ���' ��� #�' X�1l ��� >I�� � ��&��

 K���!�� %& � �? y%�6 zN KZ' \:�10   %���l �E%&

  +��
Zl � #�97 �(��' r�1' \:� .�? �&�&mµ 5   s��'

 �' #��A� .�?Picro-Sirius Red   ����(h! ���%�' >9R

{�% ��*[
  �' .��&�� �.�!T��� �� �&��(��   ��E%& /%�.��

���� K�' �*[
 ���(h! .��&�� ��%�' ��  

�&�&  ���� �� �&��(�� �' ��   %�.���SPSS  #$���  �16  

)version 16, SPSS Inc., Chicago, IL(  .������T

  #����4! >�9R .���? �&�& �  %& ���   ����� K��'   ����

 s�% �� Q1($!One-way ANOVA  .�? �&��(��P 

 �� �(A
050/0 �	
! ��&�� ����6 �417 %�&.  
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���
	 	
  

  5���� ���� +�����F %& ��' ��� #' X1l ��� >I��

    ) &��' >�'��& #�' [(�I! ���� �� �(A
050/0 < P � (

r�h! .��k7  Q1($! ���PPAR     ��9	7 #�� >�����(�

  #�)1' i�	
 &�k�� ����|7 5��� ���� %& >I�� K�� %&

   ��	
! ����|7 5�� >'��& #' [(I! ���� %&   &��k�� �%�&

) &�)�050/0 < P ���R) (1.(  

    r���h! ������%�& +����,� ����%�'PPAR  ���'

      �*[��
 �����(h! #��
 &�& ����D� ���I1l ��������'

)Collagen content   %����' �('���& #' [(I! ���� %& (

    K��� � &��' (>�'��& #' [(I! ��e) 5��� ���� �� �(D�'

�	
! /+���7 ) &�' %�&27/1 ± 00/9    �'�4! %& �E%&

13/1 ± 00/5   r��h! .���k7 .(�E%&    Q�1($! ����

PPAR  ����	
! ������|7 >�������(�  ������I�� %& �%�&

   �' [(�I! ����� %& #� � 5��� ���� %& #� �����(��(�� #

  ) ����A� &��k�� >'��&050/0 > P   )�? .(1   ����L7

#��A� �*���7�� {�% zN KZ' ���   %& �% ���? �.�!T

���� �! ��D� Q1($! ��� ��&.  

  
 ����1��	
�� . ���� �� ��� ��� �� ��� ��� ���� � ��� ��� ���� ��� � ���
 � ��!� �
"  

  ����  ���� �
	��� ����  �����
��
  �����
���  742GWO ���	�� !���  

�'( )�*  +�,� �  - �.�  04/0 ± 78/0 02/0 ± 80/0 00/0 ± 76/0 02/0 ± 72/0 05/0 ± 65/0 

34��  03/0 ± 11/1 05/0 ± 94/0 01/0 ± 01/1 01/0 ± 89/0 04/0 ± 67/0 

�'( ��   +�,� �  - �.�  13 ± 236 22 ± 241 6 ± 222 5 ± 220 11 ± 195 

34��  9 ± 345 3 ± 286 10 ± 300 10 ± 274 8 ± 227 

�'( )�* �  �'( 

��   

+�,� �  - �.�  0000/0 ± 0034/0 0000/0 ± 0034/0 0000/0 ± 0034/0 0000/0±0032/0 0000/0 ± 0032/0 

34��  0000/0 ± 0032/0 0000/0 ± 0032/0 0000/0 ± 0033/0 0000/0 ± 0032/0 0000/0 ± 0030/0 

  

        
  

         
 #$%1��!&� �'!�!(
) �	!*( . +�� (-. / �) ��� �
"  
� ��% �12�3Picro-Sirius Red ���� ��  �
"���
 � ��!�  
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"#�  

������ ��		
 ��
� ��� ��
��� ��0)7 � ) ���PPAR (

 �� ����� �������  ����  #(��� ��    ����-�� #�' #(��'�� 

�!  ���	" #' #
 �	?�' !��"  #$���    5��O	7 � �%�&��'

��		
  ��!  A" �* ���' ���  ��		
 .PPAR    +���,� ���

 %& ��0! ���' /��%�& �)�*����.�� � �)�*����' &�
(!

     /���1�� .���A7 /8��9(�� /�����:�� � .
�1� ��(��2!��

�%�A�' %& � 56� 5�!�7 � .�*��p�T    />�'��&  �0! ���

  ���%�& 34� �l�N � ���1)����7T /��`��)14(  #�� .

 ����.��PPAR  =��7 #
 >�� ��? #(6�	? ����� %&

�*  ��! �
 �7���(! ���   :����?PPARα/ )δ(PPARβ 

 �PPARγ  ��! ��O� #' .      &��)1A" �����.�� ��� ���%

 /���-�� #' �-(�'�� �O� �� � &%�& �E�6 B�*����.��

   �* /�(����' }�����7 �����' � %���9P   � G���� �����

>���
�  �	(�� +���(! B���'�(! Q1($! ���)16(.  

�&�& ��D� +�
��Z! �� �&��
7 #
 ��� Ciglitazone 

 �Troglitazone    r���h! �����	" #��'PPAR  /���!��

 /+�R�9!.��A7 � ��0)7 ��1�    %��9! �% ���17����� ���

�! �		
 �! .�*��p�T %�9! XR�! �   ����?)8-7(.   ��'

\)"/      K��� B���*��p�T��� +���,� ���-�& +�
��Z!

�&�& ����D� �% �����%�&  �����  ������? /���-�& ����� �� .

#��
 &%�& &���R� �����.����%  3����
 v��"�' >��'��&

.�*����p�T/ n�����! ���Zl 3����
 ����/  >I���� 3����


n���!     X�1l %& �I���R S���"  �)D7 � ���I�� #' ��

��! � ����� %& �! �����F ��� &&�� )10-9(.  

#��
��Z!  �*[��
 �����(h! #��
 &�& ����D� ���m�F �

)Collagen content   %����' >�'��& #' [(I! ���� %& (

) 5��� ���� �� �(D�'     K��� .&��' (>�'��& #�' [(I! ��e

    K�Z' %& ������(��(�� ����I�� �(D�' �E%& �' q�m�!

   #�N ���� .�? g$D! >'��& #' [(I! +�����F zN

 r�h! ����%�&PPAR      5(���� ��' ���1($! +���,�

�I1l- #
��Z! �!� /��%�& �l��"   #�
 &�& ��D� �m�F �

r�h! .��k7    Q�1($! ����PPAR    ����|7 >�����(�

�	
!  �%�&  � 5���� ���� %& #� �����(��(�� ���I�� %&

.���A� &�k�� >'��& #' [(I! ���� %& #�  

  

�$��% &���  

r�h! .��k7    Q�1($! ����PPAR    ����|7 >�����(�

�	
!  � 5��� +�����F %& �����(��(�� ���I�� %& �%�&

���A� &�k�� >'��& #' [(I!.  

  

'%����( � �)*+  

#��4!       �%�A�? #�' ��D��p� ~��` �� #�(����' ��m�F �  �

289155 �!  >���
! �� K�44h! .�?�' �%���	� � +�4�4h7 

��)D��&  >�'�' ��9�E� �)?.� ��1" ��-D��& �)?.� � 

>��AF �! �)D7 ~�` K�� �� �&�! ��� �	��A�. 
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Effect of Peroxisome Proliferator-Activated Receptors on Cardiac 

Remodeling in Normal and Diabetic Rats 
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Abstract 
Background: Peroxisome proliferator-activated receptors (PPARs) have three isoforms: β/δ, γ and α. 
It is indicated that peroxisome proliferator-activated receptors have different effects on cardiovascular 
system. In this study, we investigated the effect of these receptors on cardiac remodeling in normal 
and diabetic rats.  

Methods: 60 male rats were divided equally into normal and diabetic groups and each group was 
divided equally into following groups; saline (control), fenofibrate 100 mg/kg/day, rosiglitazone  
8 mg/kg/day, GW0742 1 mg/kg/day and bezafibrate 400 mg/kg/day. After 21 days, the left ventricles 
were removed and stained with Picro-Sirius Red. 

Findings: Collagen content in left ventricles of diabetic animals (9.00 ± 1.27) were higher than 
controls (5.00 ±  1.13) (P < 0.05). Administration of peroxisome proliferator-activated receptor 
agonists did not alter interstitial fibrosis in control and diabetic groups (P > 0.05). 

Conclusion: Although, peroxisome proliferator-activated receptor agonists have several effects on 
cardiovascular system; it seems that they cannot alter cardiac remodeling in normal and diabetic animals. 

Keywords: Cardiac remodeling, Diabetes, Peroxisome proliferator-activated receptors 
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 ���� ���	
�� �
 �
 ��� ��	�
 � �	� ��� �	���	������� �	��� �� ���	
 ��
 ���� #
$�%�� & 

���
 3
����  ������� ���0����4 ��5��"
 6������� �� .�����

��� �� )�$ ��*�   �$��� #�",%�7 8��54� �"�� #��

 �9 �� 6��	� �� �: ;�"� ��5"
 � ���   ����< ��=���

   !��� ���>�� �� �-��?$
 �@"A
 � �
"$0B 3
��C .����

) �0��� 8E0 �����2-1.(  

��"� !"IJ%�      �� ��	
 ��@� 3�
�C K�� �'�0� #

  ��
 )��$ ��*�  ����� �� �$�� �@� 8��54�    ��  .�����

    ��� �$��� 6��,"�� L�M
 6N��I
�0 ���OP ��B� 6� �A-

��� #�����4�Q 6������� 6�<���7) K��"*���$
 R��I��� � ��

S��  �E���� �� ���%� (�
�"T"*      ��� �$��� ��UV
 �W"
��4 #

  3�
��C �� X"*�Q � ��%"� ��� �� ����� �� �$�� 6�����

  ��
 )��$ ��*�  ����� ���� �� �YZ
    63���E
 �� � �����

��"�    6��U"4 �� ��IP ���OP ��B� 3
�� N��I
 �'�0� #

��"
 � ��>�5U�  ���' � [�7�Q #���OP 3��\- � ��

65��
�<   �� [���I$�� � N����I
 �0���� ���"*�\4 !"��IJ%�

  ��
 #�",%��7 ��� �� 6��,"� � 3
*� L�M
   �� ��0��-

) ���%0 #�",�"Q )�$ ��*�  ����� ����3.(  

)�� ��     ������ ��� �$�U
 ����%"� #�E� 6�"�� #��

 6��� �$4�� ��U	� ��	� ^��I
 �� ���� �� )�$ ��*� 

�U	� !�� �� �W
��C �7 �  �_"0 `a�
 �
�  8�E0 �

�$����� 3��"WA- b����� ���� .���0�  6���$4�' �����2 #����

�����- `����� #����%"� 6�0���� #  6���� �����	$*� #����

���� 63
*� L�M
     ���' ��� ��$���$
 6���
�- #   #���

������ �� ��
�- c�?0 ��5"
 6#��?I*  �� ��$��$
 6���� #

�W9�
 � �dC� ����      ��Y� �� 1��
 ���
� ��� 6��
�- #

�
 �YZ
 ��*�  ����� ��     ���
� ��� ��  �*��9 �� e��

���- `��� 6R�$ � ����� �Y� �� 1�
  ;�0 6�0�� #

 ���' �� ��$��$
 6��
�� !"*��     #��dC� � #���?I* #���

�
 63"*� !"%� �� � �0��� �"Yf- �,��   �"Yf�- �?' ���-

  8�a� ��� �@� 3
��C   ���� g�W$a
 #���   1�5�� #

 ����� ���
 �0�'��� ��� �� �$_��� � ��� ���?$


���< ) ��"'4-3.(  

�\*�@
 ��       ������ ��� �$�U
 �����%"� #�� ��� #�

 ���"W��< ���� �����- ���� ���  ���� �������
 6)���$ ��*� 

       ����� 8��5�4� ��� ����- ��� � ������ !�� #�",�"Q

 ��W���
 6#��%"� �0�	�     i��M� �� �����
: #���

    ���B� 8�E0 6`"a��- � #�,*���P 6#��%"� �"%��

 ���%"� ��>�� �� �0�� �"*�\4 � ���OP   ��� #����j #

 ��
 �k0  ) ����1   #�� ��� �����lQ �� .(100   ���%"�

      3�
��C !"�� �� ��  ��� ���"� 6R�$ � ����� �� �$U


     ���B� 6#���%"� !��� �� �YZ�
 ���OP ��B� � �@"A


    ����� ��@� 8���  �� �� �"Yf- !��$�"� �U"4�Q ���OP

R��I� 63��E
 �� � ���� R�$ � �����   K�"*���$
 #��

 6�
�5"4 �"*�\4 �     #���%"� !��� ���>�� �� ��%  �"Yf-

) ����2�\*�@
 �� .( �0�"
 6#�,�� #    �����%"� #��E� #

  6����*�  ������� ���� �$��U
118/1 ± 75/7  #����� �

    6R��$ � ������ ��� �$U
 ����%"�26/0 ± 91/3   )���

) �� ��� !"%a-4-3.(  

 6)�$ ��*�  ����� �� �$U
 ��0� #�� �� ����lQ

 ����%"� �� �  ��� ���0�E��� ����   [��	$*� #��%"� #

 ����� �� 6����       ��� � ���� 5���%$
 g"\�j ���
�- #

�W9�
  K�B�*�-�Q #1     #�-=��� #��E� )��%$9� 6��
�-

 �����0� � 3
*� L�M
 !"IJ%� .���� ����   ���
�- #

�� ����%"� !�� #�E� �� �
 �"Yf-   ��Q ��EEA
 !�� .����

 �%"� 6R�$ � ����� �� �$U
 ����%"� �  �0���  ��  �0���

�: ��
�� !"*��      #��E� )��%$9� 6���� ��9��� 3%C ��

�E��� 3
�C �� �
� e�I$��� #�-=��   ��� �$�� �Ma� #

�W9�
 � �����     #��E� ��� #��Y� 6��
�- K�B�*�-�Q #

) ����0 ����%"�4.(  ���4 #��%"� �� 8E0 �� ���- ��

    �� #�",��"Q � ����- �����j � ����� � =�� ���
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�� �
 �
 ��� ��	�
 � �	� ��� �	��  ���	
 ��
 ����#
$�%�� & 

#��%"� !���� )8-5 (� ��    R��>0� #���>$�_� b���

�\*�@
 6���  ��� ���4 ;�"� !""\- #��� ����� �� #�

       ������ ��� �$�U
 �����%"� �� �� ;��0 ������ � =��

����� �����0 R���>0� )���$ ��*�  .6�� !���� �� ���\*�@
  #

�j�9 �� L�� !""\- ;�"� ��� ���4  =��� �  ������ 

;�0 �� � �Y� �: �� �� �0�"
 # ��
� �E� �� ����%"� �$U
 

�� ����� )�$ ��*�  R�>0� ����'.  

  

��� 	
  

�� ;�0 �� ����� !��  ���� �� 6�: �� � ���� ����'   #���

���\*�@
 ���� #  ����I�: ������'   ����E"EA- 5�� �
 ���,0

#��%"�        R��WC ��,��0�� ��� �$�_��� ��U  � +����' #��

        ��� �$�U
 �����%"� .��� ���?$��� �$��	� �"	�� �
�5Q

     �� 8"���� �� 5��� �
 !����� �� )����$ ��*�  ��������  

10  (�%� �2�M� � �$*�� ��$���%"� �:  .��0����' #�

���j� �� �\*�@
 !�� �
�0  ��0���': � �U$  #   � �����%"� #

�$"%  ��>
 N_     ���%�� ��� s���� #  #676   !��� ��

) �� R�>0� ��,�0��4     �����%"� 6��\*�@
 R��>0� ��� �� .(

       `"a��- ���
� �� ����4� #��","Q .��0��� ���
�� �A-

  ��� �\*�@
 ����Q � 1�
 ��
� �- )�$ ��*�  ����� �\@<

�: LO9         R��>0� ���� K�� ���
 8�� ��� ����2 �� ��

  �$�_"� #����"\
 �� )�$ ��*�  ����� `"a�- .����'

�EU� !"� #�I� #��%"� �WW%*� N"�: � ��     b���� ��� � ���

  #���� ���
��
: ��"_"%  #����"\
 � #B�*�-�Q +��5'

  �W"��� ��� ����%"� �� ���	0 �
�"Q .��� �����   b��%- #

 ���< 8��Q ���
 �I?W-  �� .��4�' �98    �����%"� ��2��

.�
: ��� �� �k0 ���
 ��C���  

�>9 �0�%0 �� �����' ���
  ������ 1127  ���%"� 

��� �  �� ;�%>
   �� ��
 �����%"� 2570  ��?0-  )��� 

#���","Q �0����.  �� 6�� ;���0 ������� `"a���- #�����

  � �$���0 ��� �I< 8��
�:300Spectrophotometer 

by Erba-XL  ���� ���W���
"W' !"����W'�%� � �0���%*:

 #����� .������' ���?$���� �0�$��� �4��'�-���
��  +��

      �� �� ����4� ���� ����4 6=��� ���� ���4 `"a�-

�W2�4 �� � ���0  #5     tI�����4 �� ���?$��� ��� �E"<�

��"�  �����0� #�       �� �-=��� ���� ����4 .�����' #��"'

mmHg 90/140   .������' ���EW- #����%"� �����IC ����

��%"��� �$U
 �� ���4 ���  =��� �  ������  ;��0 26 �� 

�� �\*�@
  5�"0  ��A-  ���
��  ��0���.  ̀ ����   #���

  ��0�"
 #��E� 5"*�0: �� ���?$�� �� � �� �U��A
 �?"2�- 

�       #���%"� `"a��- �� �����%"� #��E� ���
� !",0�"


 ����
�: ���� � �U����A
Log-rank �: #���E� ����
�  ����

 R��0 �� .����' �_��E
   ��5�4�Stata  �a�_0  #12   #����

���� 3"WA- � ��5>- �� ���?$�� ��.  

  

���
	 	
  

93 �2�� ����%"� 3�f$
  ��0���.    L���A0� � !",0��"


   �����%"� `"a��- !� ��"\
30/14 ± 38/53   6)���

 �����0� !",0�"
   ���
�- #mm 90/31 ± 35/53   .����

2/30   �� ����$%  !���� �������%"� ����2��45  6)�����  

5/45     !"��� !��� ������%"� ���2��65-45  � )����  

3/24  �� �-=���� !��� ���2��65  .�I$����� )����3/61 

) ���2��690    � ����
 ������%"� (���?07/38  ���2��  

)437     `"a����- b������ ����� .����0��� �� (����?0

 6K�B�*�-�Q�$_"�5/55 ���� ����%"� �2��   6K�� #

7/35 ���� ����%"� �2��  � �� #8/8    ��,�� ��2��

������� ����� ����� #  .�0����� ���� `"a����- �����	7  

2/45   ��W9�
 �� �����%"� �2��  ��"*�� #   � ������ #

8/54 �W9�
 �� �2��    ����4 ;�"�� .�0��� �$4��"Q #

  ������ �� �$U
 ����%"� �� �� ;�0 ����� � =�� ���
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 ��
 ���� #
$�%�� & 

   N�"-�- ��� )�$ ��*� 38/13   � ��2��69/8   ��2��

   ������ � =��� ��� ���4 ��I"%�� ���9 � ;�"� .���

�0 )��� �� �� ;1   ��0�"
 .���� ��
:    #��E� ���
� #

    ��� 6�� ;��0 ������ � =�� ��� ���4 �� �$U
 ����%"�

 N"-�-52/8  �9/4 6�0�"
 .��� )�� !",0�"
 �  ����9 

��I"%�� ��
� �E� �� )��� 2 ��
: ���.  

 ��
�: b��� ��Log-rank �I\
 ���?-  !"� #���

 �� �  )�$ ��*�  ����� ����%"� #�E�  =��� ��� ���4

      �����,0 ������
 6��0��� �$�U
 5�"0 �� ;�0 ����� �

)818/0  =P.(  

  

���  

     ������ ��	
 #���%"� �� ��� �$�� ;�"� 6�\*�@
 !�� ��

    ������ ��� �$�U
 ����%"� �� =�� ��� ���4 � �� ;�0

�: �Y� � )�$ ��*�       ������ �� �����%"� #��E� ��
� �� ��

 �� �\� ����
 !"� �� )�$ ��*�  ����� .����' +��5'

�����  �� ��\
 � �U  6��� #��320600   � 1��
 ���


 �� 6�"
   �� ��\� 5�"0 ��0� !"� �� � �WC !"
��	7 ���IC

 �� �I"� � ��� �����288100      ��� 6��"
 � 1��
 ����


   [��_A
 ������ �� ���0 ����"
 �WC !"
�� ���IC

�
 ) ���12 -9  ������ !�� ����� �� .(7    ��� �� ����


100 ) ��� ��� +��5' �?0 ��5�15 -11.(  

�
 �k0 �� )�$ ��*�  ����� (��� ��� �  ��� 

�\
�� ��  �W%� �� �@"A
 3
��C �"Yf- �� ���0 �
 #

     L���M
 8��5��4� ���I0�
 i���� ���O��P ������C

����"����  ���7 � ��    ��� ��U"4 L�M
 8��  � ��

     v��A- R��C 6�'��0� KU�� �""w- 6��0��� �� �l��

  ��*��� � �\
�� ���V � ���� ���� 6�<�7 � �4� 

  ��
 ��
"$0B 3��_
 �*�%$9�  ) �����17 -12 ��5�"
 .( 

  ���� ���_��E
 �� ������� �� )���$ ��*�  ������� #���E�

      6��
:�� �"\�j� .���� !"���Q �$4���"Q #����� 

�E���     � ��M"a�- +�� 6��$���$
 63�
*� L�M
 #

 �E� ��5"
 �� �YZ
 3
��C �W%� �� 5"0 ����%"� �0�
��

�
 ) �I���19 -13.(  

  
���� 1 .�	
� �
�� �	� �
� � ��
�� �	� �� �� ���
�
� ���� �� �
� ! �
�"�	#	"  

��	���  �� ���	���  �����  �	��  

������
  ����  ���  �	!��"�   

95 �%��  

������
  ����  ���  �	!��"�   

95 �%��  

������
  ����  ���  �	!��"�   

95 �%��  

���* �#+ ,�   116  38/13  8/15 -1/11  46  60/6  5/7 -3/5  70  01/16  8/16 -2/15  

/ �0� 1#� 2  77  69/8  7/10 -0/7  28  05/4  2/5 -7/3  49  21/11  2/12 -0/11  

2� 3�* 26  03/3  3/4 -9/1  10  44/1  3/2 -2/1  16  66/3  2/4 -8/2  

45� "��6**  908  0  0  606  0  0  302  0  0  

* :�� ;�0 ����� + =�� ��� ���4 �� ��
5%� #�$�� 6** ;�0 ����� � ��� ���4 �� �$�� R�C :2  

  

���� 2 .%
&�

� � ��

� ' �
�( '
)� ���
�
� (� �
�( *
+�, �
� ! �
�"�	#	" �� �� �� �	� �
�� �� ����  
- � ���� �
� � ��
�� �	� ��  

��	���  	�� �	�� �	!��"� ���  � &�'�	��  	�� �	�� �	!��"� ���  � ��	��   �����P  

3� 1#� / �0� 3 ,�  �#+ ���* �  7�8� 259  31/9  06/11-56/7  66/6  10/13-13/5  :;2�  

3� 1#� / �0� �  7�8� 3 ,�  �#+ ���* �  7�8� 259  46/5  07/7 -84/4  90/4  91/4 -58/3  871/0  

3� 1#� / �0� �  7�8� 259 3 ,�  �#+ ���* �  7�8�  69/7  17/10-87/5  52/8  60/8 -01/4  638/0  

3� 1#� / �0� 3 ,�  �#+ ���* �  ������ <7�8�  15/5  42/6 -88/3  30/4  85/4 -32/3  399/0  

�����5  =6  43/9  02/11-83/7  07/3  53/19-86/6  818/0  
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Comparing the Patterns of Hypertension and Type 2 Diabetes Mellitus  

in Patients with Colorectal Cancer 
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Abstract 
Background: Type 2 diabetes mellitus (DM) and hypertension are worldwide epidemic. Colorectal 
cancer (CRC) is the most prevalent gastrointestinal cancer in Iran. Prevalence of type 2 diabetes mellitus 
and hypertension in the patients with colorectal cancer had not reported in Iran, before this study.  

Methods: Overall, 2570 individual-year follow-ups were conducted for 1127 patients with colorectal 
cancer. For diagnosis of type 2 diabetes mellitus, fasting blood sugar and glycosylated hemoglobin 
tests were used and for that of hypertension, blood pressure was measured in two turns. The 
descriptive indices were calculated and the mean and median survivals, from colorectal cancer 
diagnosis time, were calculated using survival analysis and the comparison among survival times was 
done through log-rank test. Stata12 software  was used for data analysis. 

Findings: The prevalences of hypertension and type 2 diabetes mellitus in the patients with colorectal 
cancer were 13.38% (95% CI: 11.1-15.8) and 8.69% (95% CI: 7.0-10.7), respectively. Median 
survival time in patients with hypertension and diabetes mellitus were 8.52 and 4.90 years, 
respectively. According to log-rank test, no significant difference was observed between the survival 
time of patients with colorectal cancer suffering from hypertension and type 2 diabetes mellitus. 

Conclusion: The obtained findings in this study indicate that survival time in patients with type 2 
diabetes mellitus is less than those with hypertension; but two metabolic diseases have same effect on 
survival rate of the patients with colorectal cancer. 

Keywords: Colorectal cancer, Median survival time, Hypertension, Type 2 diabetes mellitus 
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�P+�K / �(��� U�+�� ,+ .�(-�( ��� /- .�"%�P� &�V"�� 8�8� .
��+ �*H 

/< 

W-�- �  �� .���< ,H�� �+��-
 �?�
 )CTT �� Trails test color(2 X5�� ,Y0�E 
 Z�90 A����/ Q
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,�  � ����-��  �+�� .  "�#+��  /�+� .  �+��  �+
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��� .F���� D�����$E  �+8  �+�  1+����
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������ 1�
��  ! �� ��� ") (�8 D�����$E  H.��I�+�J�K 
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1�1+++
 5L+++
 

������ �� ��G�� �� 1�! )1 (. :��) 1�1
  �  D%+��� 

�M++@� ��  ++� 9��++�8 ���� )3 .(��++����� (�#++O� 

D&� ���
 . ���
��PA  Q��� � ��� D�����$E ��� 

. R#' "�7��S� 1�1
  ���+���   +�  9T+�. ��  "�+!��! 

U��V� �� ��
 )5-4.(  

������� �#O� �� "�!��! �� 1���
  (Z�+S
  �+��) 

(1�1
 ����-��I�8 )Hypoglycemia(( *8�! [P� 

����
�8 . ��! ��  � 9���8  %
�� 1
�� . #��  � \�M�� 

��G�� :��) ��8 (�#O� :M�  ��+G��  ]+^�  ���+8 �� 

��++L-�� �%A��++
 �++�� "�++!��! ��++
 )7-6 (4 .( ++� 

`��M� (�7�� U�&%J� �S6 *�E  ���+S�E )Prefrontal (

. ���S�E )Frontal (�
�� ,� �����  (�+-7��  �+K.�
) 

U�J  ���+S�E .  �8�+7G�� )Temporal((  \$%+A� �� 

1� ���A (�#O� :��)  � U�J  ���8) �� )Parietal(( 

 6�� � #O� . (a��!�I�8 :��) ��8  �M+@�  �+
�� ,� 

��L���8/��!�I� . #�� D�$� 0�c�J��#�K�
�E  1+���� 

��SK 5A��  �G�'  ! ,� ��81���E  ��+�����  �#+O� 

(1�%�8 �7�8  �+�  1+����
  ]+^�  ��+8  �1�1+
 �� �� 

��L-�� �%A��
 ��� "�!��! ��G�� 1��! )13-8.( 

��  '�
  � ���  ! 9�.� �  (�!��+! 9�.� �  �+�&� 

���� 1
� . ������� ���K� U��V� ��  (��+
  ��+G�� 

 :�+�)  ��+8  �%A��+
 ��  �+�� 9�.�  �+�  1+���
  (1+
� 

(������� ��L-�� �-�@V
 .   +�  ��+�  �+-!  ��1+�, 

9��,.� � "�!��! $%M�  � ������� �#O� ��  � `1
 

�V
 ��ef
  ���+6  1+8� )14 .( ��+�g�8  Z��+%�  �+A�� 

*8.TE �8 �!�4 ,� ���1��E :��) ��8 �%A��
  �+%4 

hE ,� "���� \$%A� ��8 :@� �%A��
 ���  "�+!��! 

�� 1
�� )17-15 .(,� ��� (.�   +'�
   +�  :�+�)  ��+8 

�%A��
 �
�� ,� ���  ���+��� .  ���+�,��  �+�6�  ��+>�� 

i-%j�  ��+L-��  �%A��+
  �+��  ("�+!��! ,�  �+��8� 

���.��K �����A�� ��� . �+��  �+�   ��+'. �+��  (�+��8� 

�S8.TE  !  � ����,�� ��>�� i-%j� ��L-�� �%A��
 

"�!��! $%M�   +�  ��+�����  �#+O� ��  "��+��   +%A���E 

(1
�� �K�� 1S� .��� �� �J�4 ���  !  �+��  ���+��� 

�� �A�� "�%��  ��+8  ("��+��   +�  ?�+@A ��  "�%+�� 

"�%��� . ("�%�B�-�  "�+!��!  ���+�, ��  $%+M�  9��+! 

��� . ������
 :��) ��8  �%A��+
  �+��  "�+!��! . 

 ++����� �#++�� ���++� H�++G�� `$A�1++� �� �++��  ++���, 

��.�Q �� 1
��.  

 ++� ��++�8 (5++�J� *8.T++E �++Q�4  ++� �++���� 

��8��L-�� �%A��
 "�!��! $%M�  � �������  �#+O� 

�� "�%++�� "�%++��� . "�%++�B�-� �++A���E .�� �++�� 

(*8.TE ��8��L-�� �%A��
 5��
 ( '�
   +3K�4 � 

 (\�+>K   +3K�4 � ���1++��  (���+K   +3K�4 � ���1++�� 

(���Af
  3K�4 � ���1��
 (���K  3K�4 � ���1��
 

���Af++
 . ��++8��!��! �++���'� "�++!��! $%++M�  ++� 

������� �#O� ���� ����,�� ���6 �K�� . �� ��L-�� 

"�!��! DJ��  ���^� 1
.  

  

��� 	
  

*8.T++E �++Q�4 �++� k�++�� �++�8�� . (l1++8 h++E 

���1�.� ,� F�� �-�-  ���^� �� ��� . >��' � ����) 

(*8.TE 5��
  �-! � "�!��! 12-7  J�� �  $%+M�   +� 

������� �#O� "�%��  "�%+��� .  "�%+�B�-� ��  \�+� 

1392 . #�� "�!��! DJ�� ����� ��8���>� �.�. ���.  
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��8���>� �.�.  � *8.TE 5��
 $%��   +�  ���+��� 

������� (�#O� �
n� `1� "��, 6-3 9�� ,�  "�+�, 

$%�� . �%
�� �� 12-7 \�� ��� .$%��  � ������ ��8 

D++&� "�.� �L++
#E 5��++
 *�++� (�J�++>K (����++�K� 

`�$%++A� ����P++Q� 1�1++
 . ��8,�L��++�  %A��++
 

(91
 ���g�8 $%��   +�  ���+���  ��+8  ?�+A  ��+�' 

1���� (��J�->�  (�+����  ���+���  ��+8  �+M-6  �+�  ���+� 

������ ��8 D&� . #�� l�@� ��8.��� "�.�  (�L+
#E 

��8���>� o.�A �����,) �8 ,� *8.TE 1����.  

�� (���&� 30 q��! $%M�   +�  ��+�����  �#+O� . 

30 q��!  DJ�+� �����  q$+�  ��+8 (�.�.   +�  "��+�� 

9.��  ���� ���. *8.TE 1�1
 .�����,)  ��+8  (��+��� 

�++� 9���%++�� ,� r.�  ++���� ��++�� �� k�%++�� ,� 
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 ��&��B "�%�� "�%��� . "�%�B�-� 

U�j%�� 1�1
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�� ��� .� "�%��&
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  �+�  "�+!��! 

����� �%�8 1�1
  .  

�++�T�. ��++8 �++�>�' �%A��++
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\.1' 1 91�) ���.  
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") �8 �� 9���%�� ,� "��,)  '�
 ������ (�7�� ]A�
 

 ++3K�4 � \�++>K *���++�. H��++&B "�++�,) r�++8 

Wechsler )WMS  �+� Wechsler memory scale(( 

"�++�,) ���1++�� Rey( "�++�,)  ++3K�4 � ���1��++
- 

�++�$! Rey . "�++�,) ��++L-�� �++���'� o�++� "1++�J 

)Tower of London( ���� ����,�� ���6 1�%K��.  

"�+++�,)  +++'�
 ���+++��� �+++7�� )CTT +++��   

Trails test color :(   �+�� ,� l1+8 "�+�,)(   ���+�,��

���1�� ��G%�' .  '�
 ����-    �+�� ���+uK. 

 j++�� �  "�++!��!")  ���++�9.�++�  ��++�16-7 \�++� 

��.1
 91
      H�+K .� ����� "�+�,) �+�� .�+��1  .2 

��  H�K .1
��1   5��+
25  9�+��� �   �+7�� �+��   +! 

��1�� 25-1  5+A�� ")  �+8   %+
��  91+
 . ��   V�+= 

91�!��E 91
 1�� .�����,) 1��� ��1�� �� ��  V�= 1���� 

. ") �8 ��  � :�
�
  � �7�1L� 5=. 1�! .��   H�+K2( 
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��� .��� ��� �����,) 1��� v�� ��1�� �� #�� �L� �� 

"��� ���O
  1+8� . ���+�,   +!  ����+�,)  l�+=  H�+G�� 

i�-L
 �� (1�! w��
 �7���,) �Me ��  ��+
  ���+��E .

���  ����� "��,)68/0-45/0 . �7%�M�8 ��� H�K ��8 

1 . 2 ����� 69/0 1
 r��#�9 ��� )18.(  

  
���� 1 .�	
��	
 � ������ ��������� ����� ��� �	��� ���� ! ���"
#$ �� 

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

����	�� ± �� ��	��  ! �"�  ����	�� ± �� ��	��  ! �"�  

+�  58/1 ± 03/9 76/8 ± 38/1 

,-./01 )3  456 ���(  58/1 ± 03/9 76/2 ± 38/1 

8.59: );3�<� 35�(  )14; 16(  )15; 15(  
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��>� ��� )001/0 < P (��'. ����.  

Z��%� 5�-V
 h�����. 1�B ���O%�  ��+L-��  �+���'� 

�� \.1' 5 91�) ���.  

  
���� 2 .�	
��	
 � ������ ��������� ����	&�
 '�"( � ���)� *+�,
 '-.�/ �� �� 0��� ��"
 ����)  

��
��  
�	���� ���� �� �	���	� �	���� ��	�  
����	�� ± �	�$� ! �"�   ����	�� ± �	�$� ! �"�   

�:#1 "3= 1 66/129 ± 60/262 04/83 ± 93/164 
�:#1 "3= 2 73/181 ± 87/376 61/75 ± 80/224 

�>=�6 ? ��@=  45/4 ± 30/13 79/4 ± 40/22 

�>=�6 ? ?�#= ?���.9
 88/3 ± 00/33 65/5 ± 30/45 

�>=�6 ? (?�A!��B) ?3.<C1 ?���.9
 11/1 ± 83/8 80/1 ± 36/11 

�>=�6 ? (���9
D� ) ?3.<C1 ?���.9
 04/1 ± 76/12 62/0 ± 43/14 

�>=�6 ? ?�#= ?���B� 27/4 ± 13/23 80/4 ± 80/29 

�>=�6 ? ?3.<C1 ?���B� 75/3 ± 13/13 84/4 ± 36/19 

  
���� 3 .�	
��	
 � ������ ��������� �����2��2 ������ �� �� 0��� ��"
 ����)  

��
��  
�	���� ���� �� �	���	� �	���� ��	�  
����	�� ± �	�$� ! �"�   ����	�� ± �	�$� ! �"�   

E.F�	1 A� ��G36 29/3 ± 05/13 78/2 ± 36/7 
30/0 ± 16/0 12/0 ± 03/3 

E.F�	1 �� ��G36 79/4 ± 76/18 92/2 ± 72/10 

30/0 ± 38/0 28/0 ± 21/0 

E.F�	1 ���H ��G36 21/5 ± 11/20 56/3 ± 28/12 

41/0 ± 34/0 28/0 ± 21/0 

E.F�	1 I9� ��G36 08/4 ± 15/15 35/2 ± 21/10 

33/0 ± 45/0 23/0 ± 22/0 

E.F�	1 J
 ��G36 06/4 ± 86/23 04/3 ± 57/14 

31/0 ± 40/0 16/0 ± 10/0 

E.F�	1 8�� ��G36 92/4 ± 23/28 73/4 ± 15/17 

25/0 ± 55/0 26/0 ± 21/0 

  
���� 4 .4���� 5	+�( 6������ ��	&�
 '�"( � ���)� *+�,
 '-.�/ �� �� 0��� 7�2�"2 8�9
 ') ����:�
 �;&
 � <=��  

	
��
��  F � ��� P � ��� ��%&' � �' ��	�( 

�:#1  "3=)1( 06/12 001/0 17/0 92/0 

�:#1  "3=)2(  90/17  001/0  23/0  98/0  

�>=�6 ? ��@=  03/58  001/0  50/0  00/1  

�>=�6 ? ?���.9
 ?�#=  47/96  001/0  62/0  00/1  

�>=�6 ? ?���.9
 ?3.<C1 )?�A!��B(  57/42  001/0  42/0  00/1  

�>=�6 ?���.9
 ?3.<C1 ��9
D� )�(  55/56  001/0  49/0  00/1  

�>=�6 ? ?���B� ?�#=  26/32  001/0  35/0  00/1  

�>=�6 ? ?���B� ?3.<C1  69/34  001/0  34/0  00/1  
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 "�#��  ��+PA 

.� 9.��  � #' i�J�L
  0+� . .�  (�+%!�4 ��  ���+� 

(i�J�L
 ��>� ��� )010/0 < P (���.  
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��L-�� "�!��! DJ��  %A���E 1
 .Z��%� "�S� ���  ! 

��8��L-�� �%A��
  5��+
  ( +'�
   +3K�4 �  (\�+>K 

 3K�4 � ���1��
 (���K  3K�4 � ���1��
  ���Af+
 

)��.)��++� . �++���
,�� (( ++3K�4 � ���1++�� (���++K 

 3K�4 � ���1��  ���Af+
 .  ��+8��!��!  �+���'� �� 

"�!��! $%M�  � �������  �#+O�   +�  ��+�  �+�>� ���� 

i�>Q �
 ,� "�!��! DJ�� ��� . �+&�
 ��  ��1+>
  �+PA 

�� i�J�++L
 .� �++%!�4 .  ++� (�++%!�4 ��++8��!��! 

����'�  ! i�J�L
 9��� ��  (1�%+�8  ̀ .�+�
  �+�>� ��� 

��� .� 9.�� ��'. �
�1� .�8 (1�B  �+%4 ��  "�#+�� 

"��, l�= 91
 ���� ��� .� i�-L
 D8 `.��
  ��+� 

.� (9.�� ��>� ��� ���.  

���  %K�� �8 �� Z��%� 5=�4 ,� *8.TE ���8   +! �� 

���  ���,  H�+G��  91+
  (1+��  D+8  �%+���  �+�  1+
�� . �+�� 

*8.TE �8  �  ���^� � ��8��L-�� �%A��
  "�+!��! 

$%M�  � ������� �#O� �� "�!��!  DJ�+�   +%A���E  1+�� .

���++� \�++y� Dugbartey . "���++L�8 )24 (��++L-�� 

 3K�4 � (\�>K  3K�4 � ���1��
 .  3K�4 � ���1�� 

���K . ���Af
 "�!��! $%M�  �  ��+�����  �#+O� �� 

�� "�!��! DJ��  ���^� 9���� 1�� .Z��%� *8.TE ")  �+8 

�7���� ��L-��  i�>+Q  �+
  "�+!��!  ��+���  �M+��   +� 

"�!��! DJ�� 9��� ���.  

Holding  ."���L�8 )25 (#��  ]+^� ��   +'�
 . 

 3K�4 � ���1��
  ���+K . Al Serouri  "���+L�8 . 

)26(( ]++^� ��  ++3K�4 � ���1++�� . ��++8��L-�� 

����'� ��� "�!��! �� r��#� 9���� 1��.  

  
���� 5 .4���� 5	+�( 6������ � ? ��	&�
 �����2��2 ������ �� 0��� 7�2�"2 8�9
 ') ����:�
 �;&
 � 7�2�"2 <=��  

��
�� *�+,' F � ��� P � ��� ��%&' � �' ��	�( 

���D 2 ��G36 62/50 001/0 46/0 00/1  

3 ��G36  73/61  001/0  51/0  00/1  

4 ��G36  07/46  001/0  44/0  00/1  

5 ��G36  02/33  001/0  36/0  00/1  

6 ��G36  02/101  001/0  63/0  00/1  

7 ��G36  83/78  001/0  57/0  00/1  

�K< 2 ��G36 56/3 060/0 06/0 45/0 

3 ��G36  12/2  150/0  03/0  29/0  

4 ��G36  25/6  010/0  10/0  69/0  

5 ��G36  77/9  003/0  14/0  86/0  

6 ��G36  45/21  001/0  27/0  99/0  

7 ��G36  07/26  001/0  31/0  99/0  
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Abstract 
Background: Cerebral malaria is the most common parasitic infection of the central nervous system. 
This disease is more common in children than adults. Cerebral malaria could cause neurologic injuries 
and cognitive deficits. The aim of this study was to assess cognitive function in children with cerebral 
malaria and to compare them with healthy children in Sistan and Baluchestan Province, Iran.  

Methods: The population of this causal-comparative study was children aged 7 to 12 years in Sistan 
and Baluchestan province. 30 children with cerebral malaria and 30 healthy children were selected 
from Razi hospital in Saravan, Imam Ali hospital in Chabahar and centers for children in these two 
cities. They were assessed through the Color Training Test (CTT), Working memory subscale of 
Wechsler Intelligence test for Children (WISC-IV), Rey visual memory test, Rey Auditory Memory 
Test and The executive functions Tower of London Test. The data were analysed using multivariate 
analysis of variances (MANOVA). 

Findings: There were significant differences between the two groups in attention (P < 0.001), working 
memory (P < 0.001), immediate visual memory (P < 0.001), delay visual memory (P < 0.001), immediate 
auditory memory (P < 0.001), delay auditory memory (P < 0.001) and executive functions (P < 0.01). 

Conclusion: Findings indicated that cerebral malaria causes deficits in cognitive performance of 
children with this disease. 
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І 70/60 90/20 08/37 79/0 67/0 80/0 

ІІ 64/68 66/34 45/57 79/0 68/0 43/0 

1V 44/68 11/56 38/59 84/0 43/0 64/0 
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6V 08/43 28/23 36/33 77/0 35/0 72/0 
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Partial Linear Transformation between Frank XYZ Leads Vectorcardiogram 

and 12-Lead Electrocardiogram Signals 
 

Niloofar Salehpour1, Alireza Mehridehnavi PhD2, Hossein Rabbani PhD2,  
Mohaddeseh Behjati3 

 
Abstract 
Background: Various techniques are used in diagnosing cardiac diseases, one of those is using 
electrocardiogram tool. In special situations, like ambulatory care and emergency condition, using 
vectorcardiogram (VCG) regarding its fewer electrodes is much easier and more useful. However, 
most cardiologists are accustomed to the 12-lead electrocardiogram, even though some of the leads are 
either nearly aligned with or derived from the others and consequently contain redundant information. 
The ability to transform from orthogonal 3-lead vectorcardiogram to 12-lead electrocardiogram 
enables the use of fewer leads for computer visualization, signal analysis and wireless transmission of 
signals. This can also improve mobility, albeit limited, to the patients.  

Methods: Vectorcardiogram and electrocardiogram signals used in this study obtained from 50 
healthy persons. We presented a statistical approach to transform 3-lead Frank vectorcardiogram to 
12-lead electrocardiogram signals and vice versa, based on partial linear transformation (Least Square 
Method). In addition, our linear transformation function would be compared with Dower and affine 
transformation function. 

Findings: For healthy subjects, the partial linear transformation method had different transformation 
coefficients from other existed methods like Dower and affine ones. Using these new coefficients in 
partial linear method lead to gain more accurate statistical parameters in calculating the efficiency and 
accuracy of new method. 

Conclusion: Regarding the obtained results in this study, electrocardiogram signals derived from 
vectorcardiogram signals by using our method had more correlation with general electrocardiogram 
leads than ones derived by using Dower transformation. Therefore, by using this transformation 
function, achieving to general information of the case’s heart would be possible and useful. 

Keywords: Vectorcardiogram signal, 12-lead electrocardiogram signal, Partial linear transformation 
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� )3-2(.  

����$W ����))� �����>8 ����
�7�	 K��	�W :����� 
  #*����

TU� �).%� ��M � �
��F ���= �� 
���%� ��    :��� 
���


�7�	 9%���=��  :��%����7��	 ��>�� �� ��   ������& 
��� #

�	 ��))� ,�!	 
��� �����_6 K	�W �)����   
 X�� 
���

 T�U� .�)��� *�%�� �a�.� ��   9�%���=��
�7�	 #���   
���

�.��  *8 ��U�C� �� �).%� 
�      ��� �.���� ?�4�EF �� ���

b�� ���� 
 ��8 #<EC V�).	 
�� �	 ���� 
� ���� )4(.  

�	�$W �� -)( :���  d���� 
 TU� 
��    ��� �����

���& �� ����� ���	 

� �� 
    #��( #X��)= ��^� �5�

 
 ��e���� �	 ���   ��	 ��a�.� �� 
 �))�   �� ��)����

*8 �� �� 
��8 �	 ���� �� �)��� �.��� ��(
 <�� ���# 

�	     ��)& #f�'�g�U�C8 ��� *����    #f��&
<��� #X��'��C

��� ����� ���$/	 
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�� 
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 f�����l�����U����C�)17 #15 #8-7 (
� 
  �����%��
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 ��4>�_	 #�B56 ��F ��   
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  �� ���P.��C� �����	 *���� ��4����0 �=����>8 �� �����1
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 TU� V���� �� ���).%� �	 ��   ��)����

:�%����7��	 ��>�� ��   ?������ 
 ?	5C #�����& 
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  ����� 2��$.1� ��#   T�U� ��U�C�     ���� ����$/	 
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 DF�)	 Q��� �� ��4��0 ?������ 
 T�7P� #
����O�

6  
7    
g��>���
�7�	 o�/� �� *���� ��� 
������

��O���	�8   
��� 
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� �� d��� 
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8

.�� �.��= �^� �� <�� ?��� ?�$�� ���  

���$�  ��7� �� ��   5W *
��� 
��� ��   ��=�� T�U� 9
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    �� ���� ���� �����1
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 �C��� ���	  

 -UC��  ��'1�	 
  #��4�  o���	�8   
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#� ��$�%&� !�
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� *
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��	�� � �����  ����� � �������  ����� � ��	��	� �	�  ����	  

1  7  *#�+� ���  ,��- ���� .�� /�0� 1#�23/4�! 5 (�#7#�)  

2  7 *#�+� ���  ,��- ���� .�� (�#7#�)  

3  7 *#�+� ���  ,��- ���� .�� (1#�5�2��) /�0� 1#�23/4�! 5  

4  7 *#�+� ���  ,��- ���� .�� (�#7#�) /�0� 1#�23/4�! 5  

5  7 *#�+� ���  ,��- ���� .�� (1#�5�2��)  

6  7 *#�+� ���  ,��- ���� .�� (1#�5�2��) /�0� 1#�23/4�! 5  

7  7 :;<� ���  �<� :47 "#0=��4=7� "#0�0�  

8  7 >�#? ���  /�0� 1#�23/4�!  

9  7 >�#? ���  /�0� 1#�23/4�!  

10  7 :;<� ���  /�0� 1#�23/4�!  

11  7 �#�@�A  ,��- ���� .�� (�#7#�)  

12  7 ./ /   155B@ 1#�23/4�!  

13  7 C0�D ��� (EF� )  �<� :47 "#0=��4=7� "#0�0�  

14  7 *#�+� ���  /�0� 1#�23/4�!  

15  7 �#�@�A 5 >�#? *#�+� ���  ,��- ���� .�� /�+� 5 (1#�5�2��) "#	2/A#GH) "#2�2���7(  

16  7  :;<� 5 �#�@�A I>�#? *#�+� ���   -  

17  6  >�#? ���  ,��-  .������ (1#�5�2��)  

18  6  �#�@�A ���  /�+� /�0� 1#�23/4�! 5 (K<	0L?! ��2���7)  

19  6  *#�+� ���  ,��- ���� .�� /�0� 1#�23/4�! 5 (�#7#�)  
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1#G��/75� 1#�23/4�!  
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�� ���$� �C :�)l$� 20   ��� ���>8 *�	<$� #���$�


� 
 :�%���5�8 K	�� #:�%����7��	 V�� 
�   ��%��

    :��%����7��	 ��� ����>8 ����$� T� 
 2�)>����   
���

���$� �	�$� �� ����� :�%������� 
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 o�����	�8 X����a�� �� 
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Abstract 
Background: Many species of sustainable mycotoxin-producing fungi are considered as dangerous 
agents for humans. Bread is one of the materials exposed to fungal infection and molds are amongst 
the most important pollutant microbial and chemical mycotoxin-producing agents of bread. In this 
study, the microbial and chemical contamination of recycled waste breads and the types of produced 
mycotoxins at two areas of Tehran municipality, Iran, were investigated.  

Methods: Using fungal culture media, twenty samples of waste bread were analyzed for microbial 
contaminations. To recognize contamination to mycotoxins, high-performance liquid chromatography 
(HPLC) method and fuorescence detector (FLD) were used. 

Findings: All but one sample were contaminated to mold infections such as Aspergillus, Penicillium, 
and yeasts including Geotricum candidum, Candidia albicans and Saccharomyces cerevisiae. Eight 
samples were contaminated to aflatoxins, ochratoxin A and deoxynivalenol, whereas none of them 
showed contamination with zearalenone. 

Conclusion: The results indicated that presence of microbial and toxic contamination in bread waste is 
inevitable, which is harmful for human health. The sanitary control of food waste to reduce or 
eliminate microbial hazards in food recycling is necessary. 
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