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4 -  ����������� ���������� �� !"� �� �"� #$ �"� �� 	���� %�&� ������� �	���� ����.  
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M��D (����� 3� M�	 12 �7� "��.�� � ���. 

� 3=��.��: EF 7 FS �� �E >7�R(  F�6 )mg/kg 25 ("$�  3� >7�R "�80  (B$@A  '.�-B��  (B<�	��� )05/0<P (7 LVEDs� LDH 7 CK-MB 

�� (�E >7�R 6� F )mg/kg 25 ("$�  3� >7�R "�80 ($@A '��� (<�	��� ���  ��� )05/0<P.(  

� [Q� 7 3W�= ,��R: (�E 6� F \ �	 '.�-�� LDH 7 CK-MB� ,��R�@� �� '��� ��-�	 EF 7 FS 7 ��$J� M����]* (=���  
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3	�4	 

?�&���
� +�5 ������E 6� 	����� ?�F�=���F
�� G
 9
� �<

    �?�HF�=������ IHJ0 ������HE ?�� �K� ��<����  ��� ���
 ��

 � ?�HHF�=������ � ?�HHF�=���L��   6� 	M�HH
� NHH�O "�HH0�� �

	:�E�=       ���H0 "�+HF� "�O H
 � �H�:
�� ��H0�P�� IH�78 6� �<

	0 �� 8 ���P+
�� �!. :< =G+�� �= ���� ?�� ;��  ��H<DNA 

  Q����0� 
�H0 9E�H
 ��#0 G=  ��0 G
   GH��! �H���$ ��H<  ��H<

   GH= @�H
5 � "R�F
�  ���
��DNA     9H���M� ��H#0 SH� O 6�

 6� 0�������$ T���5II 	0��   �HU -� HV� ���#���� TF����0 ��

 9
� ���� ?�� ���0�$)1-3(.  

     9H���M� Y�
 H
 IH�78 6� ?�HF�=���F
�� 	+�:
 -� V�

  �RH�� GH= � ������5 �Z� P+
� � D�#$ ��6�F��E    	7��HA GHU���

	&[�    ��HA 	&HKM0 �$ ��� >��= 	7&8 9�:
 	�M� ���� ?��

 ���P+
� ��9�.��0 ��05  "�O H
 "�0�� �� ���� ?��   ��H��� �H<

 ��HH�)4( .THH\C�   	HH7&8 9�:HH
)cardiotoxicity ( 6� 	HH���

 I0�� ?�F�=���F
��;<�
 -��8  HU�7.�� 	�  -��H8  ��HL:� 

@&8 )5(� �
��� 	���.+]� 	@&8 )1(� ���
�0��$��� 	)5(� D�F$� 

@&8 � -^C+E� "��= 90C� ��T+  H7&8 	   GH
 9H
� G��PH
_+0 

;�� 	#!5   	H0 ���H�
 � G+��� 	P�MU  �H��=)1( .  THF����0

    -� HV� THF����0 �H= ?�F�=���F
�� `
�$ 	7&8 9�:
 �����

 � ���= -��P+0 "5 ���0�$ �Ua�$�:�     b +H
� ;���H�� I0�H�

     GH��! �H���$ ;���H�� GH
 9H
� 	7&8 9��= �� ��$���F
�   ��H<

     ��H�L�� "��H
���F
� � ;���HH�� � "R�HF
�  �H��
���HH��_$ 

 9
� "5 ����
)1,6-8( . "���0 ;<�
 	H+�5  "���HF
�  �H< )6( �

    ?�e$� H� � �<��H
� fH�e&
�� �+�H
 ��#0  �H<)9,10(   ;��H<�

?�05 ��+
��6�� ��<)11(�  	��� ���5 ��� 9���M�  ��i$)12(  �

"� "�HH�= ;<�HH
THHF����0  HH��� 6� 	HH[�E 	HH7&8 ��HH< ��HH<

 ��+F< 	7&8 9�:
 ����� �� = ��� ��#����)1(.  

"��
�$      ���� ?H�� j���H� ;<�H
 �� H= 	P&+*0 ��<����

     9H
� ��H�� GH+� ! 	=�H&k0 lH
�� 6��< �0� ��� ���P+
� . ��

       ��H<����  H= GH+� ! -��H[ -�H.�./$ ��H�
 �� G��06 ?�:<

 ���0 6� ���P+
� �	���:��� Vm0     �<�H�\���C� IH�78 6� 	<�H�!

)Flavonoids (  �� +HF! n��� 	H:&� -�.�./$ �� T< H+��� �� G

9
� .\���C� H��<�  ������HE     	��H�� 	H&� -�H7�
 $ 6� 	H:#0 �

�� +F! 	���� � G
 ��+F<   -� HV� � �H���� "�<��! � :&8 �� ��

   ��H0�$ �H�� ��#0 I�78 6� ���M+0 	�������=)13(   T�Ho�$ �

l
�� ����� 	=�#+�� ��<)14,15(    	��H0�� p��HE 6� ���P+
� �

"5 "�+
�= "���� "���� 6� �<"��
�$  9
� G+��� � =��
)16(.  

	�5 ?��� G= "���� �f ���C���\ �=  -� HV�  H+�5	 HF
�����	 

�HH8� �� HH
��@ �q� HH
 Q�HHi$ � � GHH���A %�HH�! ��HHA� ���� 

)17,18(. 9=�V ��� 9
� G
 	�5 ?��� ��  ��H7#=  GHs <   H+#= 

-C��0  H7&8 	 H8� � 	 fH:
  H0	 �H�
 �  @7H
  ��� H=�?+* 


�T+F ���:	� ��#0 t:�$ +
C�	 6� = ���M� H�9  =�#+���HU 	� 

-� V� +o��/0 	��  =� = "�O 
 	0 ���)19,20(.  

�HH<  Q�HH
 �� "���HH�:< �2015  GHH
 �HH���� "�HH��-� HHV� 

+o��/0 		�5 ?���  = �� �@&8 >��= ��7#= T\C�  b�+
��HP�� 

HH7&8 	��HH� � �6��HH��  GHH�]��+
��HHP��b� �� ;<�HH
 HH0	�HH<� .

	�5 ?���  >H��=  ;<�H
 ��M� H�9 CK-MB � LDH ��  A H�"� 

u� �  �� 
 �0	���� 6�  O H�S  ;<�H
    �6�H+���5 ?�e$� H�

 6�L
�
3 )Casp-3( � �����; e$� ��?�< ��6�+���5 �U o��  

Bcl2 � ;<�
 e$� ��?�< ��+���5�6 o��  Bax @7
  ;<�H
 

0�"�� 6�+���5 ���
�0��
��9�< 0	��� .G= ��CH�  >H��=  ��H#0 

 PF��
C�"� P38/MAPK ��  �5� �H� �� :�HF	-��� L H�"�� 

0	��� )21(        ����$�H� ��  H�!�� IH0��� GH= GHA�$ �H= ?�� =��=

 p��HHE � �HH
 fHH� 6� 	HH7&8 9�:HH
	HH+�5 	����HHF
�  	HH+�5 �

 f�$�+���5	�5  ?�H��    k0 ?H�� �� � H��� 	��H
 6� � GHM��  -� HV
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	HH�5 ?�HH�� :HH
 Q�HH0  HH=�9 HH7&8	 ���� `HH
�$ ��HH� �HH.��� 

=���F
���F�? � /[ w�0 ��	�  � 9� ! �� 8 	
 = ���0.  

O7� 7 ���	��  

���	 7 ��7���  

     ���H�  �HF
� �6�H
���� 9
 H� 6� ?�F�=���F
�� �����

 ���
)"� �� �"� #$( �	�5 ?���  ���&
 	F
�= 
 I�+0 �)  QCH]

	�5 ?���( 
 � 6� �:��
 9)��� 05( �� ����� E.  

M� ���_  

 6� GM��k0 ?�� %���� �� = ���M$60  6�  � 	�� /[ w�0  


 GHF��.0 � 	= �$ -�M��k0 �
 0 6� G
 ��+F�� ��R�  ���H���� ��

      �H�� ! ���P+H
� �H� ����H� E "� H�� 	�H��� %�&� .  	0�H:$

 	����$ � ��� GE s �= 	k�/0 �� -�����]12  9=�O� �G+��


25% � ��0�22  GA��	+��
 �� !    � Y5 GH= ��65 	H
 +
� �= �

   	���H)$ -��H[ G= ;��065 %���� ��o�0 G= � ��+��� �� 8 �yz

 ��6  �� !10 ��+� ! �� 8 	��$.  

3���L	 (_���  

	0  �6 B � G= GM��k0 ���0 ��<� !���=:  

1- >7�R X�=<�: �� ��?  �� H!  Q�H0 �  ��H
�?  GH=  "��H�� 

QC]  ?�HF�=���F
�� ��  HO	 12 6��  �H=  IH[���  ��H06	 48 

G+��
 G= -��[ IE�� 8�P[	 )i.p (��$�S   �"5  H= ��C� � ��

�= ����! I:�  ���&
 	F
�= 
 I�+0) QC]	�5  ?�H�� (   GH= �H��

 -�012 �� %���� 	���+0 6��.  

2-  ($@A "�80 >7�R)Dox:( �� ��? �� ! Q�0 :
�9 

7&8 	�= ��$�S ���� �=���F
���F�?  �H= 6��  HM:�$ 	)mg/kg 

12 (G= -��[ 6 6�� mg/kg 2 �= I[��� ��06 	48  G+��H
  GH= 

-��[ ��$�S IE�� 8�P[ 	)i.p (�.�� ��.  

3-  >7�R(�E 6� F:  ����� �T��
 -�����] G= �� ! ?�� ��

	�5 ?���  6�� �=50 	&�0    "�H= "6� % !�H&�
  H< ��6� GH= % ! 

)mg/kg50 (G= -�0 12 6�� ���+0	 G= ]�-���� ����! ��.  

4- >7�BBR  ( �BB	��(BB�E 6�BB F 25 7  (BB$@A "�8BB0

)Dox+Api25:( �� ��? �� ! "�0�:< �=  �H.�� � Q�H0  :H
�9 

7&8	� 	�5 ?��� �= 6�� 25 0�&	   "6� % !�H&�
  H< ��6� G= % !

"�= )mg/kg25 (G= -�0 12 6��  ���H+0 	 GH= ]� -�H���  ����H! 

��.  

5- >7�BBR  ( �BB	��(BB�E 6�BB F 50  (BB$@A "�8BB0 7

)Dox+Api50:( �� ��? �� ! "�0�:< �=  �H.�� � Q�H0  :H
�9 

7&8	� 	�5 ?��� �= 6�� 50 	&�0   "6� % !�H&�
  H< ��6� G= % !

"�= )mg/kg50 (G= -�0 12 6��  ���H+0 	 GH= ]� -�H���  ����H! 

��.  

6- >7�BBR  ( �BB	��(BB�E 6�BB F 75  (BB$@A "�8BB0 7

)Dox+Api75:( �� ��? �� ! "�0�:< �=  �H.�� � Q�H0  :H
�9 

7&8	� 	�5 ?��� �= 6�� 75 0�&	   "6� % !�H&�
  H< ��6� G= % !

"�= )mg/kg75 (G= -�0 12 6��  ���H+0 	 GH= ]� -�H���  ����H! 

��.  

"6�  	0�:$]�-���� �� ��+=� � �#+�� �GM��k0 �6����  GH+� ! 

�� � �� ���"� �065�; 6� 0�:$ 	]� -�H���     	H
� = ��Ho�0 GH=

 	7&8 � �&:����
�
���� !�	 �� ����5 I:� G= .|E��  ��H<

  T��H�5 I0�H� 	7&8 @�
5    6������H�<� -�H+
^ ��H<)LDH( �

 6���
 ?�$� 
)CK-MB (     ��H� �����H
 % H
 �� GH
 ���=� 

9��#��� 0�:$ 	]�-����  G+H�
  ��H� �  9H��=  H7&8 	 �H#�5  GH= 

��o�0 %���� -�M��k0  	+��=) 6� ���P+
� �= }H��  ��H�05 H&E (

n��E ��� !.  

   ��B� ��7 3B� 
@A ��7 "$� )HW/BW:(   "�H��� ��

 -�����] ;��065a����0 "5 	7&8 9��= � ��� "6�   qH� �H�� �<
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   @H&8 "6� 97HF� � ��� "6� "�= 6� "�� n��E 6�)HW (  GH=

 "�= "6�)BW (�� G7
�/0.  

(���R�.�������: |E��  I0�H� G
 	�� !�����
�
� ��<

 G�&*$  F
)EF( 	!�� ��$�
  F
 �)FS(   "�H��� 	H&E��  k8 �

 ?k= 	��+
��� ~s)LVIDd (   	��+HF�
 "�H��� 	&E��  k8 �

 ~HHs ?HHk=)LVISd (��HH= . ���+HH
� `HH
�$ �T<���HH
 6�� ��

  �� !�����H
�
�)M mode, 12 MHz ( �	$�HH.�./$ �HH
 0 ��

       9H7V "� H#$ 	��HA� ��#H� u� H� � @H&8 	��0�� � 	�6�05

����.  

>��� � ,��R S.- E (	�0 ��L0   ��B<�� 6�*��B� ,��

)CK-MB (F7��BB��� M�BB=�a 7 �� )LDH:(  	HH
� = �� HH=

      �	�� !�����H
�
� %�H��� 6� qH� �@H&8 GH= ����� @�
5 "���0

    ?�0�H+
 �H= SH�:� 	��#�= 9/$ -�����])mg/kg, i.p70 ( �

 ?�6C��6)mg/kg, i.p10 (     6� � ����HE qLH
 � GH+� ! �� H8

 GH��:� � ��05 I:� G= @&8 S� O      T�H� -�H0 GH= 	��HE ��H<

  �H.M�0 ������065 `�/0 �� 9��
   6� qH� � ��H� ��P� +��H
 

G��:�T���5 "���0 �% 
 ?+��� = � �< ��<CK-MB  �LDH   �H=

 9HH�
 6� ���P+HH
�   �HH� �����HH
 p�HH)*0 ���HH�^� ��HH< .

�6���� � �! MDA   ;�H
�� "5 b�
� G
 9
� 	��� b�
�  =

 ��
� f���+�=��=��$ �=)TBA (   "5 6� 	H��� �H0 8 }�� ����$ �

  �� ���H� YyA ?� +��= G
 9
� �HOQ  n�H0 532   ��  +0���H�

����. SOD  =      � ?�&�HF
�$�:< "��H
���F
��$� ��H#0 b�H
�

 �� ���HH� YyHHA ;���HH��Q�HHO n�HH0 560  �����HH
  +0���HH�

	0 ���.  

(=��� (0���  

  ��   9HHHF$ %�HHH��� 6� qHHH� � ;��HHH065 "�HHH���  ��HHH<

� 	�� !�����
�
�      6�H= -�H����] G��H
 GHFP8 �� ����E %����

  n��HE "�H�5 	7&8 9��= � ���    ?���H0 � �� � ��H�10 % �� H8 

w = qL
 � 9� ! ��<6    �H= � �H� G�#$ 	7&8 9��= 	�� ��0

 6� ���P+
�}�� ���05    ?�6�H\� � ?�&�HF
�$�:< 	+��=)H&E( �

    ��<�H�0 ���H0 ���H� ���
� ��0  �6 �� 	7&8 9��= -� ��i$

9� ! �� 8.  

,��	E -��� E  

    6� ���H05 IH�&/$ � GH���$ �� = % H�  ���H��   � ���H05  %�H�

)GraphPad Prism 5.00 ( �H� ���P+HH
� .����  -��HH[ GH= �HH<

Mean±SEM �� w���! .���� GF��.0 ��o�0 G=   "�H065 6� �H<

 q��HH���� ����HH�5fHH� GHH� O )One way ANOVA ( "�HH065 �

 �kHH
 � �HH�� ! ���P+HH
� 	
�HH$ @HH8�M+0	HH�M0 ���� ���� �HH<

05/0<P �� G+� !  o� ��.  

3=��. ��  

"��� 7 ��� ��7 b.�=  ($@A  

 6� I[�] ���+� �����5 �6��H��  � H�!    9H��= "6� � "�H= "6�

     �� 	H7&8 "6� ?����H�0 GH
 ��� "�H�� 	7&8 �� H!  ��H< Dox 

)001/0<P( �Dox+Api 50  �Dox+Api 75 )05/0<P (

   	H�M0 ;<�H
 Q H+�
 �� ! G= 97F����� ��� .  "6� ?�H��:<

 �� HH! �� 	HH7&8Dox+Api 25  �� HH! �HH= GHHF��.0 ��Dox  GHH=

 -��[	�M0 9��� ;����� ����)05/0<P .(   �� �H�� "�H= "6�

�� ! ��< Dox �Dox+Api 50  �Dox+Api 75   �H= GF��.0 ��

  	H�M0 ;<�H
 Q +�
 �� !   ��� "�H�� ��HE 6� ���)05/0<P .(

 ?�= �� "�= "6� G= 	7&8 "6� 97F��� !  ��H<    GHM��k0 ���H0

	�M0 -��P$ ���� "��� ����) Q��A1(.  
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 X7��1 .b.�=   3� c���	>��� � ,��R ($@A "��� 7 ��� ��7  

 "�= "6� G= @&8 "6�

)HW/BW ( @F] =

	&�0 % ! % ! G=  

 "�= "6�)BW (

@F] = % !  

 @&8 "6�)HW (

@F] = % !  

�� ! ��< 

	$�M��k0  

165/0±85/3  508/9±8/265  026/0±025/1  control 

195/0±5/3  47/14±5/253  0396/0±892/0  50Api  

153/0±375/3  625/6±3/209  * 0119/0±725/0  *** Dox 
104/0±75/3  84/17±233  0317/0±885/0  $ 25Dox+Api  

246/0±85/3  *91/10±3/212  0440/0±845/0  * 50Dox+Api  

204/0±9/3  27/11±5/213  * 0397/0±835/0  * 75Dox+Api  

BW "�= "6� �)gr( �HW 	7&8 9��= "6� �)gr( �HW/BW G= 	7&8 9��= "6� 97F� �

 "�= "6�)mg/gr( �Api �	�5 ?���  �Dox?�F�=���F
�� �.  ?�����0 -��[ G= ���+�

±SEM 9
� ��� "��=* .05/0<P  �Q +�
 �� ! �= GF��.0 �� ***001/0<P  GF��.0 ��

�Q +�
 �� ! �=	$05/0<P  �� ! �= GF��.0 ��.Dox  

  

(���R�.������� b.�=   

 3�@#* ���)EF:(    �:H� ����H:� �� GH
 ��k��:< ��A-1 

   "��HH�0 �9HH
� ��HH� ���� "�HH��EF  ���� HH! ��HH< Dox � 

Dox+Api 75    	H�M0 ;<�H
 Q H+�
 �� ! �= GF��.0 �� ����

 ��� "���)05/0<P( �� ���]	 G
   ��H<6�� �= "�0��25  �50 

0�HH&	 % HH! 	HH�5 ?�HH��  ;<�HH
 6� "�HH= "6� % !�HH&�
 ��6� GHH=

	�M0  ���EF 9
� �� 
 � �!�&A 	7&8 .   H= "�H0�� ?�H��:< �

 6��25 	&�0 % !	�5 ?���      >H��= "�H= "6� % !�H&�
 ��6� GH=

 	HH�M0 ;���HH�� ���EF   �� HH! GHH= 97HHF�Dox   9HH
� ��HH�

)05/0<P.(  

 (R�: >�*�� ���)FS:(     �� H! �� ���H.0 ?H��Dox  ��

      	H�M0 ��HO GH= Q H+�
 �� H! �H= GF��.0   9H��� ;<�H
 ����

)05/0<P .( 6�� G
  < �= "�0��	�5 ?���   	H�M0 ;<�H
 6�� ��

FS  "�0�� `.� �0� 9
� �� 
 � �!�&A Q +�
 �� ! G= 97F�

 6�� �=25 	&�0 % !	�5 ?��� "�= "6� % !�&�
 ��6� G=   >H��=

	�M0 ;����� ���EF    �� H! �H= GF��.0 ��Dox    9H
� ��H�� !

)05/0<P) ( ����:�B-1.(  
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3���L	 .Api d(�E 6� F  7Dox6����7����7� d . M��D 3� b.�= 

 6�e ��	±SEM "0� >�: ����* .05/0<P  >7�R �� 3�.�4	 ��

 �X�=<�$05/0<P  >7�R �� 3�.�4	 ��Dox.  

    fBg 6BL� (��=B0�.� ��.�� (@��� �LA)LVIDd:( 

 	H�M0 -��P$ ��< G
 ��� "��� I[�] ���+� ���05 �����5 ����

 ?�=LVIDd  ���� ! ��<  ��� ���� GM��k0 ���0)  ����H:�C-

1(.  

    fBg 6BL� (��=B��0 ��.�� (@��� �LA)LVIDs:( 

 ����:� �� G
 ��k��:<D-1   9H
� ��� ���� "���LVIDs  ��

 �� H!  ��H< Dox �Dox+Api 50 )01/0<P (� Dox+Api 75 

)05/0<P (  	H�M0 ;���H�� Q +�
 �� ! �= GF��.0 ��  "�H�� ���

� �� ����]	 G
  6�� �= "�0��25 	&�0 % ! 	H�5  ?�H��   ��6� GH=

	�M0 ;<�
 >��= % !�&�
  ~Hs ?k= 	��+F�
 "����  k8 ���

 �� ! G= 97F�Dox  ��)01/0<P.(  

 b.�= S.- E($@A ,��  

 �� F7����� M�=�a)LDH:(   T��H�5 	0 
 "���0LDH 

 �� ! ��Dox   �� H! � Q +�
 �� ! G= 97F�Api 50  ;���H�� 

	�M0	0 "��� ��� �<�)01/0<P .( � )0	�5  ?�H��    H< ��3 

  	H�M0 ;���H�� 6� 	��0�� �� ! ���LDH     �� H! �H= GHF��.0 ��
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 6�� �= "�0�� �#�$ �0� 9
� �� 
 � �!�&A Q +�
25 	�5 ?��� 

 	H�M0 ;<�
 >��= ���LDH     �� H! �H= GHF��.0 ��Dox   ��H�

 9
�)05/0<P( �) ����:�2.(  

 ��<�� 6�*���)CK-MB:(  ����:�3   	H0 "�H��   GH
 �H<�

 T���5 	0 
 "���0CK-MB   �� H! ��Dox     �� H! GH= 97HF�

	�M0 ;����� Q +�
 9��� ���)05/0<P .(   ��H<6�� �H= "�0��

25 )001/0<P ( �50 )05/0<P (	&�0 % !	�5  ?�H��   ��6� GH=

 �� ! �= GF��.0 �� % !�&�
Dox   	H�M0 ;<�H
 >��= ���CK-

MB �� .   �H<6�� �H= "�H0�� �50  �75  	H�5  ?�H��   ;���H�� 6�

	�M0 ���CK-MB  � �� 
 � �!�&A Q +�
 �� ! �= GF��.0 ��

 6�� �= "�0��25 	�5  ?�H��  "��H�0 �CK-MB    �H= GHF��.0 �� ��

 ��� ;<�
 Q +�
 �� !)05/0<P.(  
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���	 3���L	 .Api d(�E 6� F  7Dox6����7����7� d . 3� b.�= 

 6�e ��	 M��D±SEM "0� >�: ����* .05/0<P  �� 3�.�4	 ��

 �X�=<� >7�R$05/0<P  >7�R �� 3�.�4	 ��Api 50.  
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>7�R ,�� 3���L	 ���	 .Api d(�E 6� F  7Dox6����7����7� d. 

 6�e ��	 M��D 3� b.�= ±SEM "0� >�: ����.  
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 ����8 D -1 . �� fg 6L� (��=��0 ��.�� (@��� �LA ��-�	

>7�R ,�� 3���L	 ���	 .Api d(�E 6� F  7Dox6����7����7� d. 

 6�e ��	 M��D 3� b.�= ±SEM "0� >�: ����* .05/0<P  ��

 �X�=<� >7�R �� 3�.�4	**01/0<P  �X�=<� >7�R �� 3�.�4	 ��

$$01/0<P  >7�R �� 3�.�4	 ��Dox.	 	
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H
 (
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)

 ����8 2 . �� F7����� M�=�a S.- E (	�0 ��-�	)LDH ( ��

>7�R ,�� 3���L	 ���	 .Api d(�E 6� F  7Dox6����7����7� d. 

 6�e ��	 M��D 3� b.�= ±SEM "0� >�: ����** .01/0<P  ��

 �X�=<� >7�R �� 3�.�4	#05/0<P  >7�R �� 3�.�4	 ��Api 50 �

$05/0<P  >7�R �� 3�.�4	 ��.Dox   

 b.�= ]*��M�� (=��<: "���  

 ���� ! ��<  � Q +�
Api 50 	��&
 ?�= I[��� �	M�7O 

����� @M��0 ��+E�
 @&8 	�CK� ��< 7�� � .  �� H! ��Dox �

?�= I[���  	��&
     A�H0 	�CHK� ��H< 7�� �GH+��� ;���H�� 	

    	=�MHH��� 9H��] 6� � ��H� I�H� 	HM�7O   9HH
� ��H� n��HE. 

9�
��0�����
 �� +F! "��
� ���    ��H.� � 	��&H
 6� H�� ��<

 	����
  9H
� ��<�H�0 I=�8 B�U� G= ��� f�����:< .  �� H! ��

Dox+Api 25G+��� ;<�
 	��&
 ?�= I[��� ��  "��
� ��� 6�


��0�����
9�   �� H! �H= GF��.0 �� 	��&
 6� �� � �<Dox   �H$

9
� ��� � �!�&A ����6 �] . ���� ! ��< Dox+Api 50  �

Dox+Api 75"���
 � 	��&
 ?�= I[��� �< ��<  fH�����:  �H$

���]�  9
� G+��� ;<�
) I��1(.  
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 ����8 3 . ��<�� 6�*��� S.- E (	�0 ��-�	)CK-MB ( ��>7�R ,�� 

3���L	 ���	 .Api d(�E 6� F  7Dox6����7����7� d.  3� b.�= 

 6�e ��	 M��D±SEM "0� >�: ����* .05/0<P  �� 3�.�4	 ��

 �X�=<� >7�R#05/0<P  >7�R �� 3�.�4	 ��Api 50 �##01/0<P  ��

 >7�R �� 3�.�4	Api 50 �###001/0<P  >7�R �� 3�.�4	 ��Api 50 �

$05/0<P � 3�.�4	 �� >7�R �Dox �$$$001/0<P  >7�R �� 3�.�4	 ��

Dox.  
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 9%:1 :'.�	�E ��.�� �� 
@A (=��<: "��� M����]* .O�� ,��

 (C�/6  �� 3� 
@A hi� "80 3� >�/�A �� ,�=	7�%�	

6�@���*�8� -j � 6.��H�>�: ,-�	E� � . k�%07�%�	 �.�l*

8<R�-� �� ($@A "��� ,��  (.�40 )fg "80 ( (.�8<R�-� 7200 

 "��� ��8�)"0�� "80 ( ��>7�R ,�� 3���L	 ���	 . ��>7�R ,�� 

Dox+Api 25  7Dox+Api 75�� �� 7 (��@0 6�� 9D��� � ,��

 G.F���8�,�7�_ �* "0� 3=��. '��� .A : �X�=<� >7�RB : >7�R

Api 50 �C : >7�RDox �D : >7�RDox+Api 25 �E : >7�RDox+Api 50 �

F : >7�RDox+Api 75.  

 7 [Q�3W�=  ,��R  

G+���  ;�H� GHM��k0 ��<    ����� 9H����� GH
 ��� "�H�� ��

|E�� ;<�
 >��= ?�F�=���F
��  IHJ0 @&8 �� �&:� ��<

 	��+F�
 "����  k8 ;����� � 	!�� ��$�
  F
 � G�&*$  F


��� ! ~s ?k= .   T��H�5 	0 H
 B�kH
 "���0 ?���:<  ��H<

LDH  �CK-MB  ���  9H��� ;���H�� ?�F�=���F
�� S���$ �= .

 � )0  ��� ��
 6�	�5 ?���   6�� �H=25  	H&�0   ��6� GH= % H!

% !�&�
 �"�= "6� 	�M0 ;<�
 6�� G�&*$  F
 ���  ��$�
  F


   ?Hk= 	��+HF�
 "����  k8 ;<�
 �= � �� 
 � �!�&A 	!��

T���5 	0 
 "���0 ;<�
 ?���:< � ~s  ��H<LDH  �CK-

MB  ��7#= >��=�T\C   �� H! �= GF��.0 �� 	7&8 9�:
DOX 

��.  

GF
�0 ?�= 	&&:�� �"�O 
 0�:F0�9 ���� 	�G
   H= �� �

@HH&8  HHV� HH0	�HH�
 �� GHH= ��HHO 0�HH:�	   	HH7&8 9�:HH


)cardiotoxicity( %�� ���y! �� 
  9H
� )22( .DOX  GH=  ��HO 


��t � 9�.��0 ��05 �� "�0�� D���� 6��� �6� "�O 
�< G= ��
 

HH0	��� ��HH0� 0�:HHF0�9 HH7&8 	����HH� ��HH� `HH
�$ DOX �� 

GHH<� �HH< �E�HH�  �HH7$�I GHH= �HH� 	6� HH�� ��	�HH< ����HH= 

��������9F �< ��� 9
�. 0�:F0�9  H7&8 	 �H.��  ��H�  ̀ H
�$ 

DOX 0	����$ G= -��[ ��] �� 0�0? 6� = ��
 .D�� ��]  ���H� 

���= � �M= 6� ���9�� 6�� ^�=� DOX u�P$� ���+�� �   H��0  GH= 


�$	���
 �� �
��� 	���] 7&8 	 H0	 ��H� . ��H]�� 	 GH
  D�H� 

?0�0 ?�:0 9
�  �H�s�?  Q�H
  �HM= 6� ��� 9H��   HE5�? 6�� 

DOX �� ��:	 ��0�� 	��E �� "��� �<� )23(    GH
 �H��5 6� �

G���� "�O 
 G= C+70 "���:�= 6� 	E = �� 	7&8 9�:
 ��<4 

 �$20        "�H�� �� ��HE ?�HF�=���F
�� �H= "�H0�� 6� qH� Q�


	0  �� -��] ����
 ���#$ I0�� 	7&8 9�:
 w +F! �y� �<�

    	H0 ��:H� GH= "���H:�= ?�� ���)24( .���0� THF �H< 	� GH
 �� 

0�:F0�9 7&8 	E��I ��+F< ������ �  �H�s  &0�H� 	 ���H= � 
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I0��  D��H��  � H0  ��&H
	 ) �6�H+���5  �6� H��  ��H��$�� ()25(� 

b +
� F
��$���� )26(� <���� $ L 	��&
 	)27(� i$��  = H�"� 

"� )28(� i$HH��  9HH��]  $�HH0�q� n��HHE ��&HH
 	)ECM (� 

QC+E� ��y! �� 6�+
�e0�< F&
�T )29(  �i$��   9H��]  ?Hk= 

)30( 0	���= .    	H0  Ho� GH= GH
 ��s <    ?H�� 	0�H:$ �� �H
�

TF����0I�� �<Q������ � �!   @�H
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Abstract 

Background: Doxorubicin has been used in the treatment of malignancies, including lymphoma, 
leukemia and breast cancer. Cardiotoxicity is the main adverse effect of doxorubicin. Apigenin, as a 
flavonoid, has antioxidant, anti-inflammatory and anti tumoral properties. The aim of this study is 
the assessment of the effect of apigenin on cardiotoxicity induced by doxorubicin.  

Materials and Methods: 60 male wistar rats were divided into 6 groups. Cardiotoxicity was 
induced by 6 injections of doxorubicin (2 mg/kg, ip) over 12 days. The treatment groups received 
orally 25, 50 and 75 mg/kg/day apigenin for 12 days simultaneously with cardiotoxicity induction.  
Results: The heart weight to body weight ratio showed no significant difference between different 
groups. In the apigenin group (25 mg/kg), EF and FS showed  a significant increase (P<0.05) and 
LVEDs, LDH and CK-MB showed a significant decrease, in comparison to the cardiotoxicity 
group. 

Conclusion: Apigenin prevents LDH and CK-MB elevation and also EF and FS reduction and 
improves cardiac tissue changes and leads to a decrease in cardiac damage induced by doxorubicin.  
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