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��������� I�@= %#$ +�.7�8� I#�@"*'7 * #��J� '4.  

��� :�� B�#F2 .'4 +��" B#�= 3=�� �#7 �@ ?7*�'�$ %  3��= �K(= -����MTT )3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(  #&
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�8�
 �� ����	 ��  
 #$� ����� �� 9��:�  -752�)1(.   

>�� �?@�)	 ?A:� +B� � ?	�	� ��  (��57!  CD��@�$EF  ?�*�� 
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 � C��2
 �� G$��� H$D�@���� �I$� ?�  -7!)3-2( . " �/�  M�)3� 

C��
 ��@�B	 >�� ?@�)	 ��  
 ��  5	� &  >���   �����
  CE�$�  �-�� 

)� (N$��5���O >�� ?F��P� �(���Q�) +2:� ?� �-77! ��� R
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�� V���� �N$��5���O ����Q�  CD��F��� � N$���Q��  N$���5���� �  ...

�� -7��
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N$��5���O )Apoptosis>�� ( H$D�@�$EF �@�)	 �	�   �! �� 

G$��� �*�� M�	 ,WT (�)	 &�� ��� M	O ��-$� �F�X� �  ��Y� 
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 6��Q� � ��5	��� �5F�
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_:� �� �N$��5���O Z:�  ���B� ��  6Q�A�  �������� �  ���\$� 
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 +� ����8 +a7� ��O  b���
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Z$�EF� ��5	�5� E�  ��A
)6( . 
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�-��  H���5���O  &���
 

#5��A! (�)��	 &���� &������� �6����� &���:@� +:5��2� (���Q@�� &���� 

 H������O��� � 6$-��*� #`������ &����  ��5�O H����5���O ���$ &����	��
 

��Q)�� �D &�� ��B� �-77! & -�� �������  �	�)7(.   
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  .��	� 9���:� ���������� � ��     ��B7� G$���� #$��5B
 �� �1�.�30-15 

  ��� �-���A� �����  
 h	�� -e��   ����)8(    9��� (��:5�� &����2� .
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 �$  !

�� (�*F ����'� &������� � -���     �� ���I5�	� ��
 ������'� &�������
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)12( .�	�� ���� &�5l� ���� �)� (�7F  -�7���  H��]�   ���]� �-�	� 

#��� �� � H@�/ -	� � #��	�5�O �� �� .-��
  V��*@�S�  9��\��  ��-�� 

��A� ���� �	�  ! &��2
 V��!�� �� 6QA�  �-�7�� &  ��	��  ����� 
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      ���� uO �  5�2� #�3�� ���f�� ����� q�)54� V��!��   ��
 ��O &
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 �	� �-� ���� ��A� N$��5���O)22-20(.  

Z4
 V��j� � �)�. V�*@�S� w$�5�  
  ��� �
  �
 ���� q)54� &��

��� &�� �� ������	 �@�)	 &��  ! ����e ���5
 ��� &��!  ��F�$  ��� 

�
  )8�-�  ��N$��5���O (�)	 &�� �����	� >�� �O �� ��  &��Q5�	� 

����� -$�� �2� &-$-� �� ����� ����	  9�\�� �� ,-� .-$O +���F

 ����P� �j� �	��
 � *@�S� #$�        � ��:
 ��E�� ��
 ���	 ����� ��	�� &

(�)	 N$��5���O  2$�:� � ����'� �����	 &��   (�)�	 ��
 �O &   &���

 ��2�� ,�� -7
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 B� ���� :���P� & #$�� �	�� ��	 ���	 �� ��2Q)! y�
 ���� E!�� 

V�::l� &����A!  :S7� & ��z5	�  ��BI�e�   �B� �  9���  ���)� �O 

G	�� #��  2	r� -$k� -� . �����  ��	��  H�A8  �����   ('�T ��
 

(����� 70 -e�� &��T 1 -e�� -	� �H5	� {�)4� ���P� �  &�/

-� 9�\�� )23(.  

�� � ���� ���P� ���  
  ��/�-� ���� (�$�  &���  �-�*5�   �54$� 

-��� � #��$� (���$� ���� ���B� ���4�� (������� ���I5��	� �-��� �� -��7$��F 

���P�  �&��/   �
  ��z5�	� Ependorf concentrator  ��l�  |�8 � 

 &���60  ��� �5��	 &   6�:57� ����/  -�-�� . �����  6�e�T  ���  ����� 

,�P� �� &��� 80-  ��� �5��	 & &��-Bz� ���/ -�.  

�A! (�)	 :��� & �@�)	 �����	    �5�	�� &�����'�B16F10 

(�)����	 �      ������2�� ,������ -����7
 -����$�� (�)��-������ &������  

)Human umbilical vein endothelial cells   ��$HUVECs(  ��

    (�)�	 .-�-�� &��-�$�8 ����$� ��5	�� �552��  ���� ��  G�l�  ��A! 

DMEM )Dulbecco's modified eagle medium( &�����T   

10 -e��  � &��/ #7� 9�	100 -T�� ��  ��)�  ��5@  ��7�  #)�	 � 

100 9�/��Q� �
 �)�    ��A! �#�2$���5��5	� ��5@ ����  -�-�� � �� 

&��� 37  ��� & �5��	  ����/ � 5   -�e��Carbon dioxide )CO2( 

 
�Q�� %���� .-�-� �@�)	 �
  �5��5$��	���   -�� 9��\�� .��  ������ 

����O ��� �-5
� -e�� (�)	 &�� �-�� �
 }�� ��t$�� �)
  #�*�  -�$��/ 

 ! ������ �� Z
 95 -e�� ��
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�	��
 ��	 �@�)	 : 
 ��a7�  Z\7�	  ��j�  ���	   �� �@�)�	

������������������O MTT )3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide-� ���I5	� (.  

,�*� MTT  H�$  H���  9��@����5� ���  }���  ��	� � ��  ��j� 

�@�*F +$E�O &�� uW� ����D��-�� &�-7!�5�  (�)�	  &���   � �-���

(�*F �� �a� H@�
�5� ��  � ����   ��������F ���)
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 (�)	      ��� (�)��-��� � �����'� &���

-!     ��-�*�  �
  ���/�-� V���e  
 9�104 × 1��  H���"   ��)� &���   

96  ��8 �� Gl� �A! 6��! �A!   �
 �  V-�� 24  ����	   �
�Q�� 

-�-� .(�)	 Nt	 &��
 �� V-� 48 ���	 �a)3 �
  V���I5� &�� �� 

���P�  ���� �	�� &)10 �100 �200  �300  ��)� �
 9�/��Q�    (��5@

�� Gl� �A! (�)	 .-�-����� �@�)	      G�l� ��
 �-�� ����� &��

 &��T �A!1/0  -e��DMSO     ��a� �� -���� ����/ ���7�  
 E�

.-�-�  5F�/  

&��
 �
�$��� ��E� ��	� 10 �5@��Q� �� (�)l�  }��� MTT 

R�� ���  ���  �!��) (���$� �2$� �-$�  
 �� H��"  -�$��/  F�X� 

�  
 V-� 4 ���	 ��	�
�Q��  ����  �-��  ���! .   ��$�� 1$��� �Nt�	 

,WT � 100 �5@��Q� DMSO  
  H���" ��   F��X�  -�� . -�*
 �� 

�D�5t� uW� �� (��  ���570 �5����� �
 ���I5	� �� ELISA reader 

)Enzyme-linked immunosorbent assay reader (  

)Elisa reader Biotek elx800( �-���8 -�.  

Z\7	 N$��5���O:  ��Q$ �� %��  &���  ������  &���
   ��	��


�N$��5���O E@��O �  *@�S� & (�Q@�� &��  #$��	 6$-��I2F  ������ 

�� ����8 �S	 �A3  
  9��z7�  -�7$��F  N$���5���O  ��	� . (��Q@�� 

Annexin V H$ #`���� 6P5� �-���   �
  ��-t@�I�2F  ���YT �� 

��$ +2)! �� -��
 . #�$�  ������ &����  6�$���   &���
 �$]��
  (��Q@�� 

6$-��I2F #$�	 �	� .�#$� �
 �7
 &��
 (�)	 _4A� &�� ��  (��T 

N$��5���O �� H$ �*�� �@�)	 .�	� M	�7� ��2
  

 ��E��� � ��*@�S� #��$� �� N$����5���O (�)��	  &����B16F10  �

HUVEC �
  }���  &E��O     ��! �� ���I5�	� ��
Annexin V-FITC 

)Ebioscience� ( ��z5��	� �5��5$���	�)F ���-���� &���/ -���.  ��
  #��$�

V��e  ! (�)	  ��-*�  
 ��105 × 1�� H��" �)� &�� 24  ��8 �� 

Gl�  
 6��! �A! V-� 24  ��A! ���	 ����  .-�-��     �
 �Nt�	

V-� 48  ����� �l� ���	   ��
���  �-7�A! & 50  -�e��  (�)�	   ���

)IC50 ���$ Half maximal inhibitory concentration ��  ��! (

 )T�� ���
 �-�  �	�l� 6�. & -75F�/ ���..  

 )T�� �� (�)	 �-*
 & �� �
 ���I5	� ��   V�I�2F ��Q�� �F�
  ���	 

�
 &�� h$ �� ��)� �-� � D�I$�5��	 -�-�. �Nt	 (�)	  ���  ��
  �F��
 

}��  &E��O  ��A52�  -�-�� ����.   �)T�� ��  �-�*
 &   ��
5   ��5@��Q�

Annexin v-fluorescein isothiocyanate )Annexin V-FITC( 

� 5  ��)� �
 9�/��Q�   ��5@Propidium iodide �� 100   ��5@��Q�

�F�
 }�� &E�O  
 V-� 30 �� � :.�  &���� 4   ���� &  �5���	  ����/ � �� 

�Q$���  
�Q��  -��-$��/ . ����/ �O  (�)�	  ���   ��A52� ����
�� �  ����250 

�F�
 �5@��Q� }�� &E�O -�-� .���$�� �� (�)	 �
 ��  ��z5�	�  �5��5$��	�)F 

)BD FACS Calibur -e97600295( .-75F�/ ���. E@��O ����  

�	��
 &D�@�F���: -*
 �� ���� (�)	 &��  �����	B16F10  �

(�)	  &��HUVEC ���P� �
 & �	��  �����  ���	  ��
  ��a)3 5/77 
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Abstract 
Background: Apoptosis defect plays an important role in the formation of tumors and its disruption causes 
resistance to treatment. The effects of pomegranate on the inhibition of apoptosis and cell proliferation of some 
cancer types have been demonstrated. The aim of this study was to investigate the effect of black pomegranate 
peel extract on cell survival, morphology, and apoptosis of melanoma cells and human umbilical vein endothelial 
cells (HUVECs).  

Methods: The hydroalcoholic extract of black pomegranate pericarp was prepared. Toxicity of melanoma and 
HUVEC was evaluated through MTT assay (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) in 
the experimental group at different concentrations of the extract (10, 100, 200, 300 µg/ml) and dimethyl 
sulfoxide (DMSO) 0.1% in the control group. In addition, apoptosis was studied using Annexin-V test and flow 
cytometry. The morphology of the cells was examined under a microscope. 

Findings: After 48 hours, melanoma cell survival significantly decreased in a concentration-dependent manner  
(P < 0.05), but it had no effect on HUVEC proliferation. Exposure of cells to half maximal inhibitory concentration 
(IC50) at a dose of 77.5 µg/ml led to the induction of early apoptosis (43.05%) and late apoptosis (0.05%) in 
melanoma cells that was significantly increased compared to the control group (P < 0.05). In addition, 56.9% of 
cells were healthy. Apoptosis induction was not observed in HUVECs. Pomegranate peel extract only induced 
morphological changes such as cell shrinkage and rounding of cell membrane in melanoma cells. 

Conclusion: Pomegranate peel extract induces apoptosis, death, and morphological changes in melanoma cells. 
However, it has no effect on HUVECs. It seems that this extract can be a good candidate for apoptosis induction 
in melanoma cells as complementary therapy. 
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