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��������� ���� ���� �� ���� ��� ���� �� !" �#�  .%&�% �"'�( )*� &�" �'+,'+� � �-& &% � �-'. �/� �,&�. 0�1 '. 2345'6� 7��

�+�� 8&'9� :������� �- ;'<�� '��=� ����( >�� &% 8'�, ?,@ &'�� �� 5��&��1 A.  

��� ��: 8&'9� A 1�� 5��&�� , &'�� ?,@�8'  >�'"� >=( �� 8%'B+,� '.70 �'( �E&%A 1 ,� �E&%�� +,��: F"�3 %�G�� .106  ×1  3. '��=� >�,

3J1 A K� � L&E 3. 345'6� �BE ��& &% '1�� ���A &
"�M  .�-&% K� 2345'6� N+B1 ��& '1  3.9  8��G8 '"�� P*"�N  �6*� Q� �1'- 8��G .���-

&%�?	' 8��G .%J�'1A ;�%  '"N<#@ "�" 3.�R '1��%A 50 2100 2200  �400 ���� ;�G T �.�;�G� �� 8&'9� A &% �& %&���'+,��?	' ��%J� N!- 8��G .

�G'+�� 8��J1 3. �& 8&'9��?P PPAR-γ )Peroxisome proliferator-activated receptor gamma) (mg/kg 5&% (�?	' %J� N+B1 8��G .

�G'+�� 8��J1 3. �& 8&'9��?P PPAR-α )mg/kg 10&% (�?	' %J�� NF� � N+!1 8��G .�
 	#	�L��� )mg/kg 100��& � (��W�X��'+ )mg/kg 100 �& (

�G� X�#� 3.�?P '1A PPAR &%�?	' � &% .��%J��7 345'6� �/� 2+��� �������: 8&'9� A 1�� 5��&�� , &'�� ?,@�8' &%  >��K� ,&�. '��=��  .�-

 ��& &%16 K� 2345'6� 3�J� � ���- 3+!T '1 A X� &�" %�G X�� '1�� ,� 3. ��3� A Y�& ���
A ��1�J�-+P�J� 31 CD 5'���
 �-. 

����� :�� 8&'9� A ) �- &�" X�� � 
������ X�
�� )1'T 3. �<#� ��% 3. 3+P.�� L&E 3. &'�� ?,@050/0 < P.(  X�� � 
������ X�
�� 7�#ZJ1

8��G &% &�"  ?P��G'+�� 3T ��'1PPAR ��%�T ?	'�&% 8&'9� 8��J1 3.2 8�##T ?	'�&% 8��G �� �+!�. A %. ��'F#" 3. 8&'9� )001/0 < P.(  X�
��

����8��G &% &�" X�� � 
�� 8�##T ?	'�&% A'1 8�##T ?	'�&% 8��G �� �+JT X��'+��W���& � L����	#	 A  %. &'�� ��% 7��"['. A)050/0 < P(. 

����� :���� 8&'9� 3. )*� '��=� X'\�, X'�&% &% &'�� ?,@ A 8&'9� 
������ �] �/� � %&�% ���
, %J� >'4	 M��\ �� &'�� ?,@ A ��P� X

PPAR-α  �PPAR-γ �� L&E %��G.  

:����� ������ 8&'9� 2'��=� A  2
������2&'�� ?,@Peroxisome proliferator-activated receptor  
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       ��1� ��� 3 ����� 9�'�  � ���� � :��� �(�� ;���	

�� � ��� 9'� �� 
	� ��)��� �/�� ��.�� 3�/;   �����

<�  ��='� �� ��  �>�& �  ���'�. ���� � 3�/  ���	

)29'� �� �>' .( <�     �'��	�-� ;��'�. ���� � 3�/

  .
��	� 3 ������ 9��'� ���� @���A� �B���>B�� C������

�� � 9�)�'  �D-� �� 3��"�� �B�-E�	 3�/��F�  3�/

 ���G�H��� � �����'�.     � ���� �����	 3����� ����  

 ������)�%  ������I �����	 ��   ������F� .�������PPAR   

)Peroxisome proliferator-activated receptor (

    �B�-E���	 3�/����F� 9'�����'�. �� ���>'
��	� .

�%�J��  3�/PPAR C����  �A�F�     J��� *��") 3 �����

    K��)�('� ��	 C���� � �-�F/ ���E�B L	��α ;β  �γ 

) �-���F/3.(   ���� 
��	� J��� ���6� ������ N���"B�O�


F���%&  3�/αPPAR-  9�-P�/ �γ-PPAR   R����

J�  9'�-S ��   �$� 3  J��� �����	 *�T	  ) ����4 .(

� ���T�  �;    ���F� ��� 
	� J�� ��$-6��PPAR   �

� �V� ������ ��2$�� ) � �� �'�(	5.(  

X�&';(�Y� �)�'�- >6��C Z��� �.'� �� Z���  �T2I� 

��  ���� ��'� ��)' ��- K�[  � )�(' Y��B�3  
�	� �  � 


B�+ ���3 L	�� *��"� ��� C���� J�� ����� � C���� 

�VB� J�--� D-��\ �� ����� N �G  � .  � � ��� \/ �'9 

;*��"� �� ��3  ��.� ���� &'� ��  � �'9 ;N �G    ��$�

X�&'(�Y� '� ��� � <� �  ]�F^���  ���)7 -6.(  

   3���� �������  ���� �� 
	� J��� �6� N�"B�O�

     � � �� ����� ��'�. Z���� C�>�6� �� ���	��� � �� 

��� �� ������  � (�Y�'X�& <��F%  9'� a�"# �$%&

 �/�� ;3 ����   �'�(�)� 9��-P�/ �  ���� 3�V� N��

 ) 
�	� J��� J���/ 3 ���� ��� 
��	9-8.( 31CD 

*�T	 dO	  � �� 
	� �-�e����     ���I *��T������ 3�/

    3���'� �(��� ��� \���� 3�/ ����  � � 
	� ��)�%

�� ���    (�Y��'X�& �(��� �	 �� 3��� 9'����-� � ���%

��  ��I J��!�	� � ��  ���� ) ���%10.(  

�%��� �� �/�      ��� � 3���� �-���� ����g% 3�/

3 ���� �� 3 ��F�  ���)�%  ��I J��!�	� � �� �/    ��� .����

J���F% h�H� �� �.��   i����.  � �"�2� N�2���� 3

    ��# N��2���� ;����� �2��. j ��� C�B� �� aT�A�

6-� �� (�Y�'X�&0      �� ����� 3���'� 
���/� �� �"�2�

J�� ) ���11��� �� C�B� �� .( :  ��V� ��     � ��'��

   ��# N���1� 3� �� N�2���� ;���	 3 ���� <��F%

:    ���/��% �-����� � ���-�)�' 3����'� 
����/� ���'��

       ���I ��"B�O� � ��� (�Y��'X�& ��# N��1� �� 3��"��

����)�%  ��� N���2���� �� ������ ����+ � �����k& �1  ���/

J�� 3��	��. � �'�	�-� ) ���12-11.(  

 ��T� K�� ��  ���Punica granatum �  �F�TE�� K��

Pomegranate   J�������� ���� l��T"��  3Punicaceae 

�� J �H� .����    ��A� K���� �� C�G�+ 3     ���� 3��/

  ���� ������ � m����� 3� �� ) ������13 N���2���� .(

     ���	� ��	 C����  ����  � ���.�� �'�����   �T�G� 3

9����	���&  9���� ;�/     ��� �B��-) N��2���� � ��/  ����- .�

9����	���& ��.�� 3�/  ;9'�����	 C���  ��� 
	��  �

 9����; 9'����% �� � 9'��-�!B�     C���� ���.�� 3��/

 �B���-) n������ 9�>����� � 9'Y[���>���� � 9�B���>����

��  ��� 
	��  � ��.�� ) ����14.(  

    ��� �  �  ���� ���!� N��1� �%���% N�"B�O�  �

���	 J��  3�/     ��'  � ���F� ;N���	��� ;: (� 3

 ����I ���"B�O� � ���� ) 
��	� ����)�%13 ;J����� ���� .(

 ����& �1� �� �-2� 3�/���   J ��H� ����Y�'X�&    ���� 3

) � �� ��.�15  J��� J�/�6� ;*�o� ��-� �� .(  
�	�

 ����-���  ������  � �����.�� N����2���� �� ������� �����

����)p��Y���	� �2� 3�/��; ���& m���   ����Y�'X�&
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9'� �' � �� ��     � �& 9�'��� l�'�� �� �  (�Y��'X�& ��

C���� ��  �$� ;& q�^� ) �--�17-16 ;13(.  

9'� �� �.�� ��       � ���  3���� �������  ����� ���

�� ��F��� (�Y�'X�& �� ���	���    3���>'�  9�)��' ;����

  :   ��$� l�'�� �� ������ �� ���� �    ��  ����� ��'��

�'��� 3��%�T. & ���	��� � �� ; �� �D� �� .����  

 nB�O� �� �.�� �����  ;��!%  �� ��"B�O� 9'�  �0 ��1

J �H� 3        �(��� ���  ���� ��T��� � �. ��� 
�	��

 �� & �1� \F���>� 9�-P�/ � �����	  ���� (�Y�'X�&

J������% l��'��  3���/αPPAR-  �γPPAR-  *����  �

�� �	 �� �����+.  

  

��� 	
  

J ���H� ���"B�O� 9��'�  �   ����� 
��	�� �T>B�� ����/ 3

     �1k��� r��A���	� 
��$. �����	� ����	� ���� J�����/

9����	���&  ;�"B�O� 9'�  � .
)�%  ��I J��!�	� � �� �/

���% �� �(' J��	 
	�� 9'���  ���  3Punicaceae  ��

  ��VO-� 3� ���6� N�V�V^� (���  ��� s�� ��F>T�  3

  ��T� K��� � ��$� �$!G� ��E�	�   9���/ L�	�� & �

     � ��� J��-� ��/ ��� 
�	�� ,t	 .�� ��'0� �F	k�

 J��� �6� 
	�� �� �����->'  ��� & 3    ���$� ��/

 .�'��%g 50   ���  ��� �6� 
	��  ��� K�%ml 100 

 *����� *�+70  3��+ �G �1    ����	� ���	� �G �

 N�� �� �� \/ �� C�� � �� u�TA�24   � 
��	

 3���Cº 35 .
��� �����  

t	J �H� ,     � �)��G g�v�� ��� J��& 
	� �� 3

 *��+ ��� r �� 
$. .�� h�G w� 
^�   3��/

 J�E�	� L	�� &Eppendorf concentrator  
�^� ;

   3���� ��� � �� J���  ��I w�Cº 60  *��+   & 3��/

J�����& 
��$. ;�������  � .���� ����A2�  ;J ���H� 3����	

J �H�    ��T+�� �� J���& 
�	� �� 3      ��� ��� C�2I 3

 ���%��. *��'� � �       9�'� � ��� ���A'  ���"�� 3��/

*�'�  J ��H� �-'��)  � ��  ��� 
$. �/    ��� 3���%

 N����24  C��V�-� 3� �(��'�) J�E���	� C����� 
����	

  3����  � h�H� ��� �� CG�+  ��� .�'��%Cº80- 

) �� 3 ��$E�19-18.(  

 ���"� ;�"B�O� 9'� K�=�� 3���72   <���6LB57C 

 9	 ��8-6  �� �)��H�  �� �� ��!/ �9   J���%8  �'���

��/ �� .���� \�FV�  <�� 3    ��"B�O� �!�G ��   � �/

106 × 1    l�' (� 3��T. �'� N �G �� ������ *�T	

<�� � ��  N�� �� �/16 .����  ���� ��   

   � �/��� ��-� �� *�� J��% ;�"B�O� \�!/ ��  ��

   � ��� ���)�% �D�ml 1     (J ��H� *��+) ��OV� ]&

 �� K�� J��% .���� 
)�' �   3��/��� n����� �� \=-�

mg/kg 50 ;100 ;200 ;400  ��� ����� l���'�� �� � 

   ��� \�6� J���% .������ 
)�' �400    J����/ ��� � 

mg/kg 10 6471GW 
��F���%���&) αPPAR- C��+ (

  � J����Dulbecco's modified eagle medium 

)DMEM (  � ����� 
)�' � �I�!G C��� N �G ��

 ��� \�!/ J��%mg/kg 400   J����/ �� � 0070907T 

mg/kg 5  
���F���%���&)PPAR-γ  � J����� C���+ (

DMEM       ����� 
�)�' � �I�!�G C���� N ��G ��

)21-20     ;J ��H� ���"�� 3��/��� �� J��!��	� 
T� .(

�O��  �	 �� ��� 3- �� y	��     � \��6/ J���% .�����

) N��2�)���-) (���� \��$�mg/kg 100 �������TE'��  � (

)mg/kg 100���� �� �  (  
�F���%& ���-� �� n   3��/

PPAR-α  �PPAR-γ .������ 
)�' �  

<�� �/ J��� ��.� 
$. �� ��  �/ 3  ,�B C��I

 (� C^�  �'l  �	 ���   <��� .�����   ��   � ��/16 

�	 L	�� �"B�O�'\ � ����-��*�� ��<�$   ,t�	 .����
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+��� ���� ��[� �   �����  ���. �  ����'9  ��� �  � 

B���)�9 10 �G � ���3 ���&'� �/3 �"�3 
��1  ��E� 

����� ��.  

  ,���-'� �� (�Y�'X�& ���'� �31CD   �T��	� ���  3

z�      � ��� 
)�'g�� K�=�� ������F�/����'� 3(��&

���& �� &    ����& ���T� 3����  Y31CD    .��� J��!��	�


)��  
��A#  � �/µ 4   K[ 3�  � ����� J��� <��

9�)� ���� �� ,��� .���-�)�%  ����I  ���� ���'���Xylene  �

K[ ;C>B� �� �� ��� ��/�    ����& ��� ��/   ���B�� 3����  3

   ����& ��# ��� *���B������    *����T����� 3����31CD 

)Dako 
I  � (1:100     ����>�� 
���	 \��� N�� ��

�T+��  � .���� K[ 3�"� 3   N��� �� ,'�� �)�� �� �/

10    ��T+��  � .����� J��� ��6�F� �V�I�   �� ;��"� 3

) *�����T^�DAB Diaminobenzidine 
����$. (

K[ � �� J��!�	� Y�����       ��� Y������ 9�'� ��� ��/

 N��10        ����� hg�+ 
�$. .����� ����>�� ��V�I�

K[ �� ��	�����      3 ��. ]& ��� ��6�F� ��E'�  �� ;�/

.�� K�=��  

  3 ��� |�>	��>�� �'�  � ��)�� i��V� ;�'��  �

Olympus  : (��� ����  �'�����400   � ������ ���	 ��

*�T	 z�  *��T����� 3�/   ��� J��31CD   �10   ��T�)

     ������ ��/ �� �)���H� N ��G ��� ���A���   ��)��� 3

) �%�'�� \���� .�'��% < ���Capillary density (

:�'�� ���"� N �G �� (�Y�'X�& �E'� N �2� �� �'  �/

�T�� �/  � .�� < �(% i��� ���  

  J������ }'���� ;�'��  �      �� J��!��	� ��� ��/��~�� 3���%

��������& One-way analysis of variance  

)One-way ANOVA( ���& ,� �Tukey    J��!��	� ���

K����������� ��   �(���������)�SPSS �A���������F�  316   

)version 16, SPSS Inc., Chicago, IL J���% 9�� (   ��/

.
)�%  ��I 3 ��& C�T^� � �'(=� � �� � �� �F'�V�  

  

���	 	
  

����� ���  

��V� �� ��6�� �/�� J��%  �  ���� �� J��% 3  ��� �/

)050/0 < P(  �� ��� �'�()� �� �mg/kg 50   ���400 

�-"�  �� ��    
�)�' �/��� 3 ��)050/0 < P( �� .

J��%  �  ���� J�--� 
)�' � 3�/   J����/ �� J �H� 3


F���%���& J�--� 
)�' � J��% �� ��6�� �/   J ��H� 3

 ��� �'�$-� ��)001/0 < P(  �  ���� �� ;J��� �� .

J�--� 
)�' � J��%     
�F���%���& J����/ ��� J �H� 3

PPAR-γ  J��--� 
)�' � J��% �� ��6��    ��� J ��H� 3

 
F���%���& J���/αPPAR-   ����)001/0 < P( �� .

 ���%  �  ���� J    J��--� 
�)�' � 3��/   � N��2�)��-) 3

J�--� 
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Abstract 
Background: Angiogenesis is the process of formation of new capillaries from the preexisting vessels 
and plays an important role in the growth and metastasis of tumor. In this study, we aimed to 
investigate the antiangiogenic effect of hydroalcoholic extract of black pomegranate pericarp extract 
(PPE) in the animal model of melanoma.  

Methods: The hydroalcoholic extract of black pomegranate pericarp was prepared using 70% ethanol 
containing 1% acetic acid. 1 × 106 B16F10 melanoma cells were injected to all mice on the day 0, 
subcutaneously (s.c). On 7th day, mice were divided into 9 groups of 8 animals. The first group 
received distilled water. Groups second to fifth received 50, 100, 200 and 400 mg/kg of black 
pomegranate pericarp extract. The sixth group received the extract and peroxisome proliferator-
activated receptor gamma (PPAR-γ) antagonist (5 mg/kg/day). The seventh group received the extract 
and PPAR-α antagonist (10 mg/kg/day). Eighth and ninth groups received fenofibrate (100 mg/kg) and 
rosiglitazone (100 mg/kg) as agonists of PPAR-α and PPAR-γ, respectively. On 16th day, mice were 
euthanized and their tumor samples were weighed and then analyzed via immunohistochemistry 
staining for CD31. 

Findings: The black pomegranate pericarp extract dose dependently decreased tumor weight and 
angiogenic marker (P < 0.05). Moreover, tumor weight and angiogenic marker in the groups which 
received both peroxisome proliferator-activated receptor antagonists and black pomegranate pericarp 
extract, was more than the group which received the extract (P < 0.001). Level of angiogenesis and 
tumor weight in the groups which received fenofibrate and rosiglitazone was less than the group that 
received the highest dose of pomegranate pericarp extract (P < 0.05). 

Conclusion: Taken together, our observations suggest that black pomegranate pericarp extract may have 
potential implication in melanoma cancer treatment, and show that antiangiogenic effect of this extract 
may be mediated through modulation of peroxisome proliferator-activated receptor activation pathways. 
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