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Abstract 

Although pomegranate flower extract has anticancer properties, it requires carriers to 

improve its efficacy by delivering it to the target cells. Therefore, this study focuses on 

the development of pomegranate flower extract-loaded nanoliposomes and investigates 

their effects on MCF-7 breast cancer cells. In this study, after extracting the 

pomegranate flower extract and determining properties such as the maximum 

wavelength and standard curves, the extract-loaded nanoliposomes were synthesized 

using the thin-film method. The physicochemical characteristics of the nanoliposomes, 

including encapsulation efficiency, drug release, size, and zeta potential, were evaluated 

using spectrophotometry and DLS, while their morphology was studied using Fe-SEM 

and AFM microscopy. Finally, the antitumor activity of the nanoliposomes containing 

the extract and the free extract was assessed on MCF-7 cancer cells using the MTT 

assay. The results showed that the encapsulation efficiency of the synthesized 

nanostructure was 73.2 ± 2.6%, and the maximum release of the extract under normal 

and cancerous cell conditions was 51.3 ± 1.4% and 67.2 ± 2.6%, respectively. The 

nanoparticle size was 155.7 ± 4.1 nm, their polydispersity index was 0.345, and the zeta 

potential was -17.1 ± 3.4 mV. Microscopic images indicated that the nanoparticles had a 

spherical and uniform shape with no aggregation or precipitation. The nanoliposomes 

containing the extract showed higher toxicity on MCF-7 cells compared to the free 

extract, exhibiting a lower IC50, while the blank system showed minimal toxicity to 

healthy fibroblast cells. The nanostructure developed in this study not only 

demonstrated favorable physicochemical properties but also effectively loaded the 

pomegranate flower extract and significantly enhanced its antiproliferative effects, 

making it a promising candidate for breast cancer research. 
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	)! a#��% 6� �6�>* ���!�H6 "�&�� �bF��� 4/1 ± 
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�6	G ��1�! �, ���+Y 6��� r�!� �� �F2050  ��  E�� j��

 �� "�E3' "�G�!2/3 �� 1�! 6� �#�Y �6	� "	�)�� �!6

 ����6�  ��������' /����]� �� (�0� ���� �F��	� 6� �6 �

4!� ���R% (�Z �M��Y 4� ! )9 .( 1�! 6�2015 �

 s�0#�h,600  .4!� ��% <6�&� "� �� �%�� �,	5 �6	� 6�&H

 �� [�� �1�! �H1,5  1��M� �"� "	�)��25  CF �� �T6�

"�G�! i�	�� ��  E0� "��� 6�?� "�E3' "�G�! �� ��H

����	% )10 .(� 6�#/Z�  1�! 6� ��PE�2025U, �R�J 

 ������	%  �F316950 �Y �6	�#�  "�G�!"�E3'  QY�+�

  "��� 6�2800 U�, "���� 6� �6	��e �	% ���� )5.( 

6	EF�5 �J! [#�&5� �4�3DY �)RY �� ���ME� ��H

"	�6	H[+Y �����	��B �h��! �"��E!� ��H ���E�� ��H

 �F ��6�� �	Y Q
�!�� ����� n0! ����	, 1�RE�� �D

 ��  E���DH� [#�&5� �6 "�E3' "�G�! )18 �27.( �D#&� ��H

  ����6� �R�% �����Y C��% "�G�! ����6� �)M5

 ����6�	,�' �D#&� J#� �� �0�F�, �#4!� �H )4(  �R�% 6�

 ���uE!� �#�H6�� �� ����6����	%  �F &ED! 6� CB��, ��

DNA   Q�3h, 6� 1 EB� �	E���  ��b�, ��1	)!�H �

 ����	)Y ���G�!���	% �D#��5 J#� .����	, �� � * �

1	)!�H �� ����G�! �1	)!�H `�!� &�� "�� Q
�! �

  ���!���	)N���  �E!�	B�� �0��Y v6�	*�)RY �� � 

�6�R�� �	� <&#6 �i	+, ��+E%� [H�F �����  �0)] ��H

�#�R� ��g#� )32 �47.(  �!�E!� �F �g�� �� �J#� �� � *

�45�� �� �H6�� J#� �E3# �4!� w�M@ s�E03� 6	�	, ��H

 6� ��#� 4�R! �� �gD� �F 4!� (�Z ��E��� ��H��

1	)!�H �� �����D? 4��h� ��� [#�&5�  �M�0G �

 �H6�����	% )29.(  �%6 �� �F 4!� l	)N� �J#����D�

 ���	E� �F Q�DF ���uE!�1	)!�H 1�M5 6	N� �6 ���G�! �

 J��6� �6 �0��Y v6�	* x#�G J#� ��  �H� 6��] I�H

 �"��6� �E%=� �H� � 6� 	��� �6�D5 6	+y .�H� [H�F

"��6� �6 �� �h�R* ��Oz, 6� .4!� �E%�� �D�
�� ��H

 �#6�� ��	� J�)]�� ��
	RM� ����6� �R�% C��	* �� �3#�h�

��6� ��U��O� �	0+� �� r��h�	���"�  �� ����	)Y JR@

 6� 4�R!1	)!�H��X# C�
� �� �M�0G � �D��� �#�H

 ��#='d	u� [#�&5� x#�G �� �H6	�	, 6� Z�� ���UE�� fRg,

 r�0E�� [
�? J#� �� �B�� �� �)��h� C�3��E' "��� �6 �H

������� )16 �42 �F 4!� ���L�
 C��� 	��� �*	� (�	L�
 .(

1�! 6���3� �Y	, ��B� ��H ��	� "����HX' �� �6

 �F 4!� ��	R� `)Y �	B �� �6 6�� �DR5�H [��!6 ��

 �� "� 4H�0% �� �Y	,QE3�!��H  ���#�	
	�� 43#� ��

 .4!� 6��6	B�� �#Z�� �6����! n# ��DH� "��� Q+� J#�

 "�	D* �� ��DDF 6����� C�3��E' �)��* 6�� C#	P, ����

% ���� "��� ��	� �� �M�! w�G .4!� �F 4!� ��

����	,�� �D(�	L�
 6� �O{� 6	G ����6� �� ����E!� ���� �H

�E+� ��	% �
	3LF )34 �6.(  �+�� /�hE��  �#6�� "�H���

 �D��� �F �DE3H �,�0�F�, �)RY �� �+�� V��!�  �6�>*

����	,  ����� �6�=�6�� "�!6 6�� /�6d	��� "6� �D

� �F 4!� ���� "��� ���#� /�h�hP, �+�� �� ���uE!����	, �

�6�R�� "��6� 6��6�R�� �4��#� "	? �#�H ��0>* ��H

�6�R�� �%�� ��u� "�G�!  �]�* �0)] ��H)3 �13(  J#�

43#� �"���M�0G 4�H�� C�
� �� ��	� �� "��#Z�� �6����!

 "��0!�D� 4R�]  &�?�� �0��Y v6�	* �"�3�� "��

����	, ���� CR�� �# J#&�#�Y ��H6�� "�	D* �� �D

 �#��R�% ��H6�� �5�M�.����� ) 6���granata Punica (

�R#�] ���	�� J#�,[U� �F 4!� �F�6	B ��H ��H

 w)EU�"� C��%�  ��6�� l�  C� ����� �4!	' /�0�F�,

��|	� 5�� ��|	
��
�� A�	B �� ����  �
� ��H��!� �

�E������@ �4����3F� ���G�!�@  ���+E
��@ ����

4!� )13 �38.( �	�� �6�>* J�)��! 6�+� �#���	, 6��� �

"�G�! 1	)! �%6 6�+� �� �gD� �F �6�� �6 �H��D�F  �� 

 �	E'	'� "� 1�0��1	)!�H ���3�� ���G�! ����	%  �� �F

 }N! ���~,Bax  Bcl-2  ���RH ���G�! 1	)! �	E'	'� ��

4!� )8 (�E!�6 J�RH 6��   �!6�� �M
�N� J#� �� I�H

�3#�h��6�>* ���G�! �@ A�	B �  6��� C� �)�
�6��H


	)! � ��6 �6 �� 1���	L�
� MCF-7  "�E3' "�G�!

 .4!�  

 � �(��?���  

 :�(�� -,IJC#��,�u35  J�
	F80 )SPC80  1�E3)F �(

 A�]Phosphate Buffered Saline(PBS)  �� x)ME�
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 4F�%Sigma  1	��,�  (�5�)F �C�'�'&#�  ���#���

 4F�% �� x)ME�Merck  .�% �6��#�B  ��+, "�R
�

 �
	)! ��H&�
��� 6� ��% ���uE!� �#��R�% ��	� J�D�RH

 ����� 4�F a�P� C��%DMEM��� J�DY (�! � 

)FBS�E�� ���RH �� J�3L#�,  (n�,	���D' ��H  J�)�!

 4F�% �� x)ME� J�3#��	E'�E!�GIBCO  ��PE� /Z�#�

�����  �6��#�B ��#�����% ���!.���  

K	����.8 � ���):���( 37 �5,7 fRY 6��� C� ��E�� 6� -

��	�  i	�  �6��!�D% ���� "�>>UE� ��#�, �� "� � 

�&# ������� C� J#� .��!6 n�B �#�! 6� VL! �H

�)�! �� "�% 6�	' �� �M�  ���#��� ��]�� l��!� �

�#�! �)�! �� C���� ���� .�% (�g�� �)T�� ��H6�	' �

 �	B �F �#��� ���uE!� �)3F	! ���E!� �� ���� �6�>*

�
	
  6	3���DF ��E�H �J
�� �)T� [U� 6�+? �� C��E� �

�6�>* i�% ���� .4!� �Y�B �����50  6�	' �� (��

 "	E! CB�� 6�  ����5 <	,6�F =��F "6� �)T��

� 6��] 6	3���DF "��F �5�@� ��  45�500 �)�� 1	��,� �E�


70%  �D#��5 ���E!� �� �� "� 1�>,�  �)3F	! J
�� ��

�6�>* f0D� 1�>,� �� "� �� �M� .��F ���' ����� ����

 .�#��� C��F �D#��5 J#� 6	3���DF �Y�B  l� ��6

�6�>* �6�>* �B� 6�  45�� (�g�� C��! [% 6� ����

�F �)�! �� �)T�� 6� .�#��� e�)U, JR,� �5�T =�

 I�y "6� �6�>* 1 � ��U0, 6	�D� �� �)��� J#�B�

 "��� �, ��M�  �DE5�� 6��] a�P� ���� 6�  � ���%

 �DE�� �6��+�� 1��U# 6� ���uE!�)2.(  

C�� �2A� L�� ��< ���521) ���.8 ��	�maxƛ(  �

"���> 5>�2 �� ��(�����( ���(��	� ��� � O,:��

�1�( :3,=�5= ��=Y S	� 1	G "�6� 4!� �� 6	�D� ��

F��&���P� 6� �6�>* (	R# ��|�� 6	�  1	)P� ��6�>* ��

 4�)� �� W	E!�1 �)��(��/�)�� C�'�'&#� 6� �E�
  �5��

PBS  1	)P� J#� �� ���uE!� �� .�% �EB�! <6  �H

4]6 ��!4�)� ��
�	E� ��H 6� �6�>* �� �u)EU� ��H

���P�� 0  �,1000 �)��(��/�)�� ���uE!� ��  ��+, �E�


) �E�	E5�E�L!� ���E!� ���Epoch(��#��� �  S	� 1	G

���P� 6� �6�>* ��=Y) �|�� 6	� �200  �,800 

4�)� ���R, 6� (�E�	��� 6� .�% ����	B ���% ��+, ��H

�RH 6� l=Y "�&�� �E��� �F �Y	� 1	G �B�4�)� � �H

�	D* �� 4%�� �6F�� ��=Y S	� 1	G "&�6�>* (	R#  C�

 /6	T 6���, 6�� �! �� �)��� J#� .�#��� l�UE�� 6���

.45��  6� �6�>* �6����E!� �DPD� Q!6 ����1 � 

  C�'�'&#�PBS ��+� �� &��l=Y �� ���� 4!� �� ��H

4�)� 6� �����5�� �� n# �H 6� �6�>* w)EU� ��H  �H

��+� ��(�� �� �����&5� 6Excel  6� �6�>* �6����E!� �DPD�

�5�� .��� 4!� �� �+�� aB �DPD�  Q!6 6	F=� ��H

�)��� �D��� &�� �)��� J#� /��#���� 6���, �� �! �� C0] �

 45�� /6	T)2(   

����9,:���� �P�� � Q��� �;,> ?�� ���4 ��

���( 37 ���.8 : ���L�
 /�6d	��� &ED! ���� �M
�N� J#� 6�

�>* ��� �	B �F �#��� ���uE!� W��� Q)�5 <6 �� �6

 4!� �)��� J#�D? C��%)2(  :�)���1� �:  Q)�5 &ED!

 ���
� �)��� 6� :W���SPC80  �
	� 403� �� 1�E3)F 

70:30"� � �� �F �0!�D� "	
�� "6� VL!  ��% ��D�

(�5�)F �6��h�  .�#��� C� �4!� ��% �' 4�)�

 �� �>U�� �� �6�>* .�% ��&5� "	
�� 6� ���L�
 �	)U�

6	,��'�	#� �6�,6 ���E!� �6 �6 "	
�� �VL!  �I�)#�H)

("�R
�  ��% Q��D, ���� ��50 �E��! �Y6� 4*�!  ����

 [B�?150  �G �, Q#��� 6��] �h�]� 6� 6�20  ��h�]�

����� 6� .�#�6� J�RH  4!��# /6	T �� �	)U�  6�

 B a#��%� �6 �
� 1 � � I=��DF n# �4#�+� 6�  Q�

.�#��� C���, "	
�� �, 6� ���L�
 W��� �#Z �)��� (� �

 "	�!����	! �� &#�! [H�F���R� : �)��� J#� 6� ����

n?	F �� "	�!����	! <6 �� �/�6d ���! �� ���R�

 /��40 �h�]�  .�% ���uE!�! �)��� (	 �� ���! J�RH

 :"	�!��E)�5 �"	�!��E)�5 �)��� 6��>
�B�� I=� ���� �H

��H�N] �� �#�H�E)�5 �� �l	)N��� ������ �� /�6d  45/0 

  �E�����22/0  "	�3��L!	! �, �% ���uE!� �E�����

"� �� �#�+�.�	% ���� 6	0* �H �)��� (6�+?;  ���!��Y

 :&�
�#� �3�F <6 �� ���� ����6��  ���� �6�>* ����

(�	L�
 6� �F �#6�� I=� <6 �� ��E5��� ��Y �H

�3�F .�% ���uE!� &�
�#� �
	�
	� "� �� &�
�#� ��H12  �,

14   �DDF ��Y �6 ���� �6�� �, �DE56 6�F �� "	E
��	)�F

�3�F .�DH� 6��] �!6�� �6	� �6 6�� [#�H6 "�&�� ��H
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 J�� ����uE!� �� [�' &�
�#�2  �,12 6� 4*�!  �Nh� l�70 

�E��! �Y6� �� �#6�� 1	)P� �VL! .���% ����3�B ����

 ��� �F ���� ��  45�# 1�hE�� &�
�#� �3�F "6�150 

 �5�� 1	)P� ��	R� Qg� �����PBS  ��6�� ��� .�% ChED�

 ���� 6� ��	R�4 �E��! �Y6� 45�� 6��] 7# (�R� 6� ����

6� &�
�#� �D#��5 .�% �E%�=� 6�F "&RH   �)��� �30 

�h�]� �5�� J#&�#�Y ���, �5�� ��)��� �H 6�  �% (�g�� ��

�% �R#�].  

����9,:���� ��,�R��9*�( �����(� ���52 ���4 ��

���.8 :(�	L�
403� �� �6 �6�>* ��� ��H ��H1  ��

10 �1  ��20  1  ��40  �, Q#��F �	)U� C�'�'&#� ��

"� ���L�
 �6�	#�% �E3�% �H 6� r	0P� �6�>*  �	

 ��% ���� �6�>* l=Y "�&�� �4#�+� 6� .���� ���� CB��

4]6 6� eU�� QR�3F�� S	� 1	G 6�  w)EU� ��H

������ �E�	,	5�E�L!� ���E!� �� ���uE!� �� �6 ��% ����

��+� ��  Q#��F 6� �6�>* �6����E!� �DPD� �� ����

 �N��6  C�'�'&#��#� �6�=�6�� �T6� � 6� �6�>*

(�	L�
 Q#��F �0!�P� �6 �H)2 :(
��%	6	>P�	�6�>*	6��h�

��
�	�6�>*	6��h�
  ×100 

 ="�����6 �6�>* 6����% �6�=�    

-��������� �( ���.8 S��� ���� ���52 :�M
�N� �� ��

(�	L�
	��� �� �6�>* ���!���� �D#��5��+, ��H (�g�� ��%

 J#� 6� .�#��� ���uE!� &�
�#� n�D�, �� "� 6� �F �%

 1��M� �Rg� �n�D�,20 �)��(�	L�
 �� �E�
 ��6�� ��H

 /�� ����  �% ���� 6��] &�
�#� �3�F CB�� 6� �6�>*

 "���48  6�DF 6� 4*�!200 �)�� �5�� �E�
PBS  403� ��

1  ��10 ����) /�uE� �E#��!�  �#��� a#��% 6� �37 

�E��! �Y6�  ����pH  1��M�4/7  a#��% �� x��N�)

 ����)  ("�� n#�	
	#&�542   �Y6�pH 4/5  a#��%)

 ����� CT�	5 6� .�#��� �6��+�� (���G�! 1	)!

�6�  eU��) ��0,5 �1 �2 �3 �4 �5 �6 �7 �8 �12 �24 

 48 �! �(4*1 �)�� �3�F I��G� �5�� 1	)P� �� �E�


) �+���� 6��h�  ��% �E%���� &�
�#�1 �)�� �5�� �� (�E�


  ��� �� ���,pH  "�&�� �VL! .�#��� J#&�#�Y �����

��	R� l=Y ���E!� �� ���uE!� �� ��% �E%���� ��H

 S	� 1	G 6� �E�	E5�E�L!�(	R#&F�� ������ �6�>* ����

 r�!� ��  �5�� 6� �6�>* �6����E!� �DPD�PBS 6��	R� �

 �% Q�!�, /�6d	��� �� �6�>* ���!����)2.(  

"(�T���� ��(��( � �#U� �*�5�*:( ��2 O,,VJ : ����

"� �PN! ��#�E�
� 6��  	��� /�6d �N] J��M, C�3��E') �H

) 6&#�! �,� ���E!� �� �(�,� 1��HORIBA .�% ���uE!� (

����������� �� �H S	� 1	G �� 6&�
 6	� �� ���uE!657 

 �#�� 6�  �E�	���90  ���� 6� �Y6�25  r	�3)! �Y6�

5�#=' (�g��) 42.( 

"(�T���� �W�:�>��� ���52 : �M
�N�  C�)P, ����6�� 

 ��% �EB�! x�hP, J#� 6� �F ���	L�
 QE3�!	��� �PN!

 1��M� �Rg� �4!�25  �� ���	L�
 1	)P� �� �E�
����

 �6 v�M� 6�  45�� 6��] �'	�!���� ���% n#

��	R� VL! .�% n�B �	H  G �� �H�,	F /�� �� �H

 �� �4#�+� 6� .�DDF ���' ��#�E�
� 4#��H �, ���% ����%	'

 ���E�
� \	�!���� �� ���uE!�Fe-SEM  "�	, �� 

100 ��X# �/�	��� �PN! ��HC����H  ����� �)RY ��

fRg,  �6�	RH �C�% .45�� 6��] �!6�� �6	� ��E5�#

) �R,� ���� \	�!���� �� �[HX' J#� 6�AFM (

��X# �M
�N� ���� ����� �)RY �� /�6d	��� �PN! ��H

C�% ���� \	�!���� .�% ���uE!� fRg,  ����

 4]� �� �	N! C�)P, ���� x�]� 6�&�� n# �F ��R,�

 "���� �� �� �4!� ��E�	������H�  �PN! �5���	'	, �,

��	R� 1��M� �
	G �� &�, 6��3� W	� n# �� ���uE!� �� �6 �H

2  �� �ERF ��N]  "����10  Q�DF �!6�� �E�	���)2.(  

����:�;� � : �� �M
�N� J#� 6�1	)!�H "�G�! ���G�! �

"�E3' ��6 �MCF-7  "�	D* ��1	)!�H �� �F ���G�! �

��% ��+, "��+, 6	E!�' 	E�3�� �� J�D�RH .�#��� ���uE!� �

��6 "�3�� ���DEB 4!	' �E! ��0�5 Q
�! ��H 1	)! �

HFF ) �66���� &F�� �� �FIVF �� ����� 4!� �� �&# (

��6 "�	D* 1	)! � �H .�#��� ���uE!� 1����  Q
�!  6�

 a�P�DMEM  �
	)! 4�F C�,�' �� x��N� ATCC 

)CollectionAmerican Type Culture (  ���� 4�F

 .���%  

����)�0C X,#� ���� : 4�F 1	)P�DMEM  x0G

 1�Y 6� �	Y	� CRM
�6	E!�1 �� ���uE!� �� �500 

�)�� ��D#� �� V' .�% ��+, ��% C#�E!�  �&��	#� l� �E�
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 ��% J�RH C��F 6	G �� 1	)P�500  �6�� �� �E�
����

J�3#�,	u�� �6�] �@-B  4�)� ��1 
�����)�� �� �E� �E�


 "�&5� �� 4�F a�P� �VL! .�#��� �5�@� a�P� ��10 

 (�! �T6�FBS �D�  ��% ���!pH  ���P� 6� "�

2/7  �,4/7 6� .�#��� Q��D, �E)�5 �� ���uE!� �� �4#�+�22/0 

 �	H �#� 4�F a�P� �C#�E!� a#��% 4#�*6  ��E�����

.�% �&�)#�E!� 6�D��Z 

 ���52 �:�;� �,	�"(�T���� : [#����MTT �� �F �

��6 r�!� CR* �gD!��DF1�E3#�F C#�0, �#�' �� �� ��H

��6�6� (	�
���E, )MTT( Q#&�� a!	, "�����5 �� ��H

 6� �#�#6�DF	E�� ��EF�61	)!�H� 6�	E!� ���� � �� .4!

 [#���� �� ���uE!�MTT ��h� "�&�� �1	)!�H  �� V'

(�	L�
	��� �� r�R,4�)' 6� �6�>* ��� ��H ��H96 

 �
	)! QF��, �� ���B1×410 ) nH�? �H ����100 

 4�F �E�
����DMEM  ���10% FBS  1% 

�E��n�,	���D' ��H .�% ���gD! (J�3#��	E'�E!�  J�)�!

 1�hE�� �� V'1	)!�H nH�? �� �� "�D�RG� ���� ��H

"� ���D03? ��H24  �VL! .�% (�g�� "	�!��	��� 4*�!

nH�? ���]	5 a�P� �#�Y 4�F a�P� ��  S6�B �H

4�)�) 1���	L�
 �6�>* ��6�>* ���� (�5 �����H 

5/12 �25 �50 �100 �200 �400 �800 �1000 

����(��/�)��(�E�
 (�	L�
 �) �
�B ��H4]6 ��! �-

 �� V' .���% 6�R�, (eU�� ��H72  �4*�!20 

 1	)P� �� �E�
����MTT 4�)� �� 5/0 �)��(��/�)�� �E�


 6�PBS  ��pH  �����7   �5�@� nH�? �H ��4  4*�!

 �, �% ���� "	�!��	��� ��#�1	)!�H 4T�5 ���� �

 "��F �&�
	��E�MTT  �/�� J#� �� V' .�D%�� �E%�� �6

B�� 1	)P�nH�? C  S6�B �H160  �E�
����DMSO 

1�E3#�F "��F C� ���� nH�? �H �� "����6	5 ��H

nH�? "6� 1	)P� .�% ��&5�  �	)U� ��	B �� �H30 

 nH�? �H �6	� l=Y �4#�+� 6� .�% ��	��� ��#� �h�]�

1��) 6�#6 �&#Z� ���E!� �� ���uE!� ��Synergy HTX �

 4F�%Bio Tek	G 6� (��#��� �S	� 1 ��H570  630 

 ��h� �T6�  ����	B �E�	���1	)!�H N��6 �� ���uE!� ��� 

�#�  �#��� �0!�P�)2.(    
"	���	���	6�	�6	�	l=Y	J�������	4�F	a�P�	6�	�6	�	l=Y	J������

1�EDF	���	6�	�6	�	l=Y	J�������4�F	a�P�	6�	�6	�	l=Y	J������
  ×100  =

���� "�&�� ����1	)!�H (%)  

����) 1,:��) :���� C�)P, ����/6�? ��+,  �6��� ��H ��H

(�� Q�% �U3� �� 43, .�% �E5�� ��+� Q3#�' 6�&5�

ANOVA ��� �3#�h� ���� }N! JE5�� ��� 6� �� �H

 �6���DM� ��NB5%  �#��h� .456 6�F ��P  �� �F5%  �E���

�#&g, ���� .���% �E5�� ��#��� ����	�	��� ^#�E� C�)P, "

MTT(�� �� � "�6 C3F� 45�!��#�� 6�&5�2013  ���uE!�

���� �!6�� ���� �J�D�RH .�% ��HFE-SEM �� �

(�� 6�&5�ImageJ .�#��� ���uE!�  

  

 1�Y1-  �� �5�>� ��	����RH  4�F a�P� 4B�! ���� ��% ���uE!� �6	� "�DMEM 

Table 1. Ingredients and weight used to make DMEM culture medium 
DMEM (g) NaHCO3 (g) Penicillin (g) Streptomycin (g) L-Glutamine (g) 

4.995  1.85  0.005  0.006  0.146  

 

Y����  

 L�� ��<��	�1C�� ���( 37 ���.8 : �F �%6 r�!� ��

 �6�>* l=Y �u�G 6��	R� ���% ��6� J���' [U� 6�

 ���� [#�R� �� ����� �4�)� /�uE� �	N! 6� 6��� C�

 C�% 6� ��%1 �� 1	G 6� �6�>* J#� l=Y �D���� .�%��

 S	�220  j6 �E�	������H� "�	D* �� S	� 1	G J#� �=
 .

 ��=Y S	� 1	G(	R#&F��  6�  �% �E5�� ��� 6� �#�!

C�)P,.�#��� ���uE!� "� �� �H  

 "���> ��5>�2 �� ���( 37 ���.8 ��(�����( ���(��	�

����=�1=�1�( � O,:�� :��+� �� �D���� S	� 1	G �� ����

 �6�>* ��=Y6��� C� J#� ���� �6����E!� ��H6��	R� �

1	)P� 6� �6�>* ��HC�'�'&#�  PBS  6� .�% Q�!�,
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 1	)P�C�'�'&#�  C�%)2 6��	R� �(6����E!�  /6	T ��

 1	��5 �� Q�hE3� aBY=0.0028X-0.0054  `#�@ 

"	�!��6 )R² �� ����� (0,9998 ��H������	% 1	)P� 6� .

PBS C�%)3  �� Q�hE3� aB /6	T �� 6��	R� �&�� (

 1	��5Y=0.01118X-0.003406  `#�@  "	�!��6

9996/0 .4!�  

�� �#U� �*�5�*:( ��2 � ��(��(�� ���4 ��
 1�� -�����

���( 37 ���.8 :(�	�L�
	��� &#�! �!6�� 4+Y ��H

 .�#��� ���uE!� &#�! �,� ���E!� �� �6�>* ��� ^#�E�

 �F ��� "��� �� ����� /�6d	��� &#�!7/4	±	1/155  �E�	���

���P� 6� ���* ��� �� �F �4!��� 6��] �0!�D� � .����

) ���DF��' eB�% J�D�RHPDI �� ����� (345/0  .4!�

�)�! �� &�� /�6d	��� �PN! 6�� ���E!� �DLS ������ -

�#��� ���� .��  r�!� "����� �H��"�	,  ��0DE!� ��	�D#�

 �� ����� /�6d	��� ��,� C�3��E' �F ��F4/3	± 1/17-  

�DE3H ��	��� /�6d 	���.  C�3��E'  /�6d ������ ^#�E�

 	��� ��,�C����H �Y 6� 12 .4!� ��% <6�&�  

���.8 S��� �(1,� � -����� ���� �5,Z���� �(1,� : 6�

 "�&�� ���% ��
	, QE3�!	�������6��  �� 6��� C� �6�>*

��+� a�P� 6� �G	��� "	�!��0�
�F �DPD� �� ����

 �0!�P� �eU�� "	�!Z	��5 �� ���uE!� ��  C�'�'&#�

 J������ 6	G ��  ��%2/73  6��M� I��P�� �� �T6�6/2 

 �6�>* ���!���� ��6 C�)P, .4!� ���� 4!� �� �T6�

  ��� ��~E� a#��% 6�pH ���� 6�  �� /�uE� ����� ��H

���� �� ���uE!� �6����E!� ��H �6�>* 1	)P� 6� ���� J#�

PBS  C�%) �G	��� 6��	R� 6�  �E5�#=' (�g��4 [#�R� (


� �M
�N� .4!� ��% ���� �� �6�>* ���!���� �	�

 ��6�� ��� �6	� QE3�! �F 4!� "� �� �F�� QE3�!	���

�)��� �  �g#6�, ���!������ �� ����� 6�  �%��

  ��� �D��� w)EU� W�P� C��	*pH [DF� �,�uE� ��H

 "��� �6���H� �G 6� �F ����!���� "�&�� J#�,Z�� .48 

� �� "�� n#�	
	#&�5 a#��% 6� 4*�! "�&�3/51  �� �T6�

 6��M� I��P��4/1  6� �F �
�� 6� ����� j6 �T6�a#��% 

  �E��� ���� �� ���G�!pH J�#�' �� "�&�� J#� ��,2/67 

 6��M� I��P�� �� �T6�4/2�� �T6� 6��	R� r�!� �� .�!6

 �)��� � 6� QE3�! �� �6�>* ���!���� ����� 4!� ��

 (�g�����	%!���� �� 1� �)��� �f#�! ��� 6� �F �,8 

 j6 ��
� 4*�!���H� 6� �Y	, C��] /�u, �� �%�� �

 6� �4!� "� I��G� a�P�  QE3�! "6� �6�>* 4�)�

 eU�� 6��	R� `�% [H�F �� (� �)��� �F �
��

���	%  .4!� ��% ��g#� 4�)� /�u, [H�F C�
� �� �F

 C�% 6��	R�4  ���	L�
 �����! �� �6�>* [#�H6 �	�
�

 ����� a#��% 6�1	)!�H "��� Q
�!  ���G�! ����H�.  

���.8 ���4 "(�T���� �W�:�>��� : CT�� �#	>,

 \	�!����FE-SEM  C�%)5(  "������H�  	��� �F

 ��	
	56	� ��  ��#��� C���, �6�>* ��� /�6d

 .�DE3H 6��6	B�� I�T }N!  ��F  �� CT�� ^#�E�

 �� 6��� C� �6�>* ��� /�6d	��� ��M� �! �!6��

�)�! �AFM C�% 6� &�� 6  �� .4!� ��% ���� "���

 �#�>, J#� r�!���"�	,  ��6�� /�6d	��� �F 45�� �g�E�

 �E!�	B�� fRg, �]�5  C�% ��F �`!�D� ��	
	'	,

	��� `!�D� ��	
	56	� �� ��#� �EPT �F �DE3H 

1	�#�.4!� �M
�N� J#� 6� ��% &ED! ���L�
 ��H  

 ��
 1��� -��������� �,	�52 ��;�� �2 ���<5� �

 ?��MTT : "��� �
	)! 4�R! 43,���H�  �F

(�	L�
 �� �&�?�� 4�R! �6�>* �]�5 ��H1	)!�H Q
�! �

) 4! ��0�5HFF�E%�� ( �����E5�# J#� ��DDF6����� �H

 �� �E!�	B�� �0��Y v6�	* �F 4!�1	)!�H "�� �M�0G �

 &��45�# �DH�	B [H�F43#� ��� J#� �F � �6����!

(�	L�
	��� ��#z, �6 �H��DF�  C�%)7( ^#�E� r�!� �� .

 "	���MTT  �� V' �F48  �6 �� "	�!��	��� 4*�!
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 J#� 6�1	)!�H ���G�! ����	% ��% ��H��� J�D�RH .

 �� "� 4�R! �4
�� � �H 6� ��6�>* 4�)� [#�&5� �� �F

 �61	)!�H�� [#�&5� ���G�! � "�&�� �3#�h� .���#

50IC �6�>* 6� ��% �
	3L���  ���� ��H C�%9  "���

���H� (�	L�
 �F4�)� 6� �6�>* ��� ��H  �H

 �ERF ��H������	, 4
�� �� 403� ��E��� 4�R! �D

 �F ��? ��DDF ��g#� ����50IC  �� ����� ���� 4
�� 6� �6�>*

2/8	±	6/426 �)��(��/�)�� ����� �
	3L��� 4
�� 6�  �E�


 ��1/4	±	3/164 �)��(��/�)�� 6��h� � J#� �F �4!� �E�


 .�DE3H /�uE� �6���DM� 6	G ��  

  

 1�Y2- ��X#��% &ED! �����!	��� �#��R�%	�#&�5 ��H  

Table 2. Physicochemical characteristics of the synthesized nanosystem 
Polydispersity 

index (PDI)  

zeta potential 

(mV) 

Size (nm) Maximum 

release within 

48 hours in 

cancer 

conditions  (%)  

Maximum 

release within 

48 hours under 

normal 

conditions  (%)  

Encapsulation 

efficiency  (%)  

0.345 -17.1 ± 3.4 155.1 ± 4.7 67.2 ± 2.6 51.3 ± 1.4 73.2 ± 2.6 

  

 
 C�%1-  ���� 6� �6�>* ��=Y S	� 1	G200  �,800  S	� 1	G 6� l=Y "�&�� J#�E��� .�E�	���220  �E�	���.�% ��H���  

Fig. 1. Absorption wavelength of the extract in the range of 200 to 800 nm. The highest amount of absorption was 

observed at the wavelength of 220 nm. 

  

 
 C�%2- �6�>* �6����E!� 6��	R� �5�� 6� 6��� C� � C�'&'&#�  

Fig. 2. Standard curve of pomegranate flower extract in isopropyl 
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 C�%3- �6�>* �6����E!� 6��	R� �5�� 6� 6��� C� � PBS  

Fig. 3. Standard curve of pomegranate flower extract in PBS buffer 

  

 
 C�%4- �!6�� W�P� �� 7!�' 6� ���	L�
 �����!	��� �� �6�>* ���!�H6 ��6  ��� w)EU� ��HpH "��� C�% .���H�  �����!	��� �F

�% J#� r�!��� .4!� �E3H�  ��% 1�EDF ��#�H6 ��6�� ���L�
C  eU�����	%  6� [#�H6 "�&�� J#�E��� �F48 1���� a#��% 6� 4/1 

± 3/51  a#��% 6� 1	)!�H �� 4!� ����� ���G�! � 4/2 ± 2/67 .4!� �T6�  
Fig. 4. Examining the release process of the extract from the liposomal nanosystem in response to different stimuli of 

temperature and pH. The figure shows that the lipid nanosystem has a controlled and slow release. Based on this 

figure, it is clear that the highest release rate at 48 is 51.3 ± 1.4 in normal conditions and 67.2 ± 2.4 percent in cancer 

cells. 

 

 
 C�%5-  �#	>, ��  &�
��� �� ���� 4!���	L�
	�����+  �6�>* ����� ���� \	�!FE-SEM  

Fig. 5. Image obtained from the analysis of nano-liposomes containing extract with FE-SEM microscope 
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 C�%6- �#	>,  4!� �� ����  �!6�� ��(�	L�
	����6�>* ��� ��H �)�! �� \	�!���� �AFM  

Fig. 6. Image obtained from examining nanoliposomes containing extract using AFM microscopy 

 

 
 C�%7- (�	L�
	��� 4�R! �!6�� �6 �� �6�>* �]�5 ��H Q
�!HFF �G 6� &�
��� J#� �� CT�� ^#�E� .48  <6 �� ���uE!� �� 4*�!

MTT  "������H�  /�6d	��� J#� �RF 6��3� 4�R! 1	)! �6 ��) 4! ��0�5HFF.��6�� (  
Fig. 7. Toxicity study of extract-free nanoliposomes on healthy HFF. The results of this analysis over 48 hours using 

the MTT method show that these nanoparticles have very low toxicity on fibroblast cells (HFF). 

 

 
 C�%8- !6��� R!�4 
	)!�  <6 �� ��% &ED! �����!	���MTTR! �O� �6��	R� �� �Y	, ��  .�4 �&5� ��#[   ���� 4
�� � �H 6� 4�)�

hE3� a��6 �
	3L����Q �&5� ��  �6��#[ R! 4�)��4 �&5�#[ �����D�RH .�J R!�4 4�)� �RH 6� �
	3L��� �6�>* ���� �6�>*  �� 403� �H

6���DM� 6	G ��� ���E�  .4!�NS6���DM� I B� �]�5 :� **: P <0.005   :***P <0.005  
Fig. 8. Evaluation of the cytotoxicity of the synthesized nanosystem by MTT method. According to the graph, the 

toxicity effect has a direct relationship with the increase in concentration in both free and encapsulated states, and the 

toxicity increases with the increase in concentration. Also, the toxicity of the encapsulated extract is significantly 

higher than the free extract in all concentrations. NS: No significant differences. **and***: p < 0.005. 
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 C�%9- !6��� ��"�& 50IC 
��� �� ���uE!� �� �
	3L���  ���� 4
�� 6� 6��� C� �6�>*�& MTT� r�!� �� .#J  6��	R���"�	, �#��	�D  ��0DE!�

R! �F ��F�4 6 �� ����� �6�>* �� 403� �
	3L��� �6�>*� 1	)!��H ��6�MCF-7  6���DM� 6	G �� "�E3' "�G�!� �&5�#[ '���  ���F

:** .4!� 005/0 P <   
Figure 9. Checking the IC50 value of pomegranate flower extract in free and encapsulated state using MTT analysis. 

Based on this graph, it can be concluded that the toxicity of the encapsulated extract compared to the free extract has 

significantly increased on MCF-7 breast cancer cells. **: p < 0.005 
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 �6 �� "� ���D�F �O�1	)!�H "�G�! ���G�! �
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