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�� $( �% �""%) �
 ������ ��  �!�  �$�*� ��+�,��!-���!.��#/ '��

(�% .�12�# �1#�$/ �� ������ ��� �3�415� '�����6�. �� ��,$�( 7
�8 '�� �
   �!� / 9�4��  / :;� �<�1� $( , 9!�# �� �$ �� 9!�# �� �$ ��  '��

(�( =��>?� �
!��&� .��� @���� $( ,$�( A�!B =��% CD# $�% �
 ,$�( �EF��G� =��>?� , H�� ��I '�� (!* .�J.�K
 �� H�� ' �L�8)  M�
# �#$��

72�
 ����!1%��� �"
?�� N!�F
 '�� '  O��,$!��F127 , O��,$!�� L122 �($ �� ��2��,$!2%,( �� ��*$�� '  �.!�#HepG2 !�(.  

��� ��:  ��1������!1%��� P1E
 ' O��,$!��F127 �* >1"# .72�
!���  ��	� ��Q12
 9RS�� T,$ �� ��2��,$!2%,( ',�8 '����(�� .

72�
!��� ����!1%��� �"
?�� '�� ' '��# �"�	� ������ U�#� �� ��* ' �$V  )��� 7�2��1� )'���� W%��� , �1�#�&2�(  =�$ , '���$�� ���$�%

72�
!��� �� ��2��,$!2%,( �� �J.�K
 M	� ' �($ ',$ �� M�
# '  �.!�#HepG2  T,$ ��MTT � ��(�� $�% �*. 

����� ��: 
!����72 ��' 	���" �$�(' ������ ' �$V �' 2/0 ± 9/1972��1� )�1
!����7 ���' 6/18 
��� M.,�� W%��� )� (�#�&2�1� 058/0 ± 308/0�$�% )�� 

�$����' 3/0 ± 3/78  =�$ , �3$(3 �1B�# ' ,$�(' 5/0 ± 5/32 ��(!� �3$( .��� 
!����72 ��' �,$!2%,( �� ��*$���2�� $( M\�I ��' 2/0 )8/0 )3 , 

6 
�9!
,�- "J
 $!] ��� $�(' )05/0 < P (�$�(' 
#�M .!�#� ���1E' $( �Q
��2 �� 
!����72 ��' I�� �"
?�� , ,$�(' (��/ ��(!�. 

����� ����: 72�
!��� ����!1%��� �"
?�� N!�F
 '�� '  O��,$!��F127  ,L122 �3�415� , �1E�� �EF��G� ��2��,$!2%,( ',�8  ���B '��

9!�#  ���]�# '��HepG2 72�
!��� �� MD2� �
  �E� (!5 �� (��/ ',$�( , �"
?�� ��I '�� �"�(.  

����� ������: 72�
!��� $�!�#!��&� )��2��,$!2%,( )N!�F
 �"
?�� '�� )�
!"�#$�% HepG2)  MTT assay  

  

 �!��: �28 )�.�` ��#!*$, ��B �a(�3 )��*�? �(�� ��� '�1�R% )M<8 '(��/. "#$�% ��&% "'��(�� )*��$��� ���($��+�� �,&��� ��� � 

 -����$��F127/L122 .$�% �' /�*�'��$*��� �' 0�1��'  ���HepG2 .  �	b3� �-*>� ��-E��( ��<
1391 c30 )221 :(2492 -2482  

  

�����  

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

�� ���� � � �! ��"	 �! �# ���� $ %��&   �! '�(�

 �! )*(��� +�,     -(�� .��/(0� +�(,)1(.   �4("�& �!

)��5�    )(& '��(5�& ��� �� 6(�7!  �$��(�    !�(8�� '%(9	

��  !��)2 .(4�<  )��=(� >(�?�   ����(5�& ���(��   )(��4�

�'��(  ���)� 



 

 

 ����	
 ��
�� �����
� ����–  ���30  / ����
221 / �!�"�#��
 $%� 1391 2483 

www.mui.ac.ir  

����� ��	� 
����
�
 ������������ ���� ��	��� ��� ������� 	
�� 
��� )���*+, � 

 !�@ '��5�&�� )�,�� )& '��5�& )	 %��� ' �#  '��

)"�� �� �,��� ��*� .A&�=� ����! �� ��	   $ %(��

-�� ����B� $ �4�CD ����! EF�� ����.   

 G�*7� � HC@ �& '$� �&  �5�@%(& �4("�&   '�(�

�5�� �I� E�J�!   ����(���	 �! /K�� L�54B�� �����!

�
������
�    -(�� F%("� G�(9I� . �(&  !�(�$   )(	 �(�� 

�<G�9I� '��MK��I   F%(�  '��(&   ��(B�&$��B	$!  F%(�!

-�� F%"�E   �(��   ���(�/N �� �(O*& �� �#   ���(�D )(&

�������	 '��& ��5� ����!  )40�("�N '   �
��(����
�

((((40��MN)  %((((��)3.(   �((((J�! $ ��((((B�&$��B	$!

��������4�#  �(� ���A4�� /Q� R�*O� SD�& ��   %��(�

 )497� )	     �%(� !$%(T� >9(� -(�� ��5� 6��D ���

!�� $��! H�U� 6&�V �$!. 

 W���D �� ���$��! ���  �4�B�B	����!��	 -��

$  �(�� �&      �� '���(B& ��(��! �! ��(B�&$��B	$! )(	

����� � ��X �I�� E%��&   )(& �# �� F!�=4��   �$�(& 6(�7!

 �((�� )((Y��D)((& �((8�� )((	 ���((N�����!��	 .��/((0� 

�� E!��  -�� F%� !$%T�)4 .(  

   +��(� )(& %(�50%� �����$��!     L(� [�(@ '�(�

       )(& $ ���(��! G��(I� .��/(0� '��(& \(0�� ']���4��

�� ��$��! W���D �%���� 6V�%,  %(��& .  ���(��$��!

�� %�50%�  �(�    \(��� �� ���(� ��%(����0'   �(U�A"�

  %(��J�7 ���(���� 6��� [�@-  $ F%(���K  �(4�# �_- 

�4�# '!�&E 6��, \��� �� +�`4�� %����E  !�! ��(8��.   �(��

$�=� a��� �& �������G   ��(�& '�(�    ��&�(� �7�(�7��

+���  ��(5�& '�� $  +��(�   '�(� b7�(�  )(���V �# '  �(� 

��  %��&)5.(  

b�� )�5� ��  ����F%���K ��� �   '��(5�& �(�� �! )	

 �(� �%�N ��
�& ���&  %(��	E  �(�    F%(���K )(& ���(�   '�(�

����� EG
�0 E���=B�����  �(4�# E%�(�� L�  '!�(&   '�(�

�4�# %Y �_ +��� ��� �T � '��   $ �(� F%(���K  '�(� 

 !�	 F���� ��d�$�N����K�7���#)8-6 E2.( & ) [�U@

F%((���K  �� F!� ��%((�g �! ��d�$�N����K�7��((�# '�((�

 +��(�    ��(B�� '�(����
� '�(�    $ %(���! '!�(�� ��(�& �

�� b4B�� �4���# �& ���� F�h���� ��$��! 6��, '��  '�

�# )& ��E �# +�U��     iM(� )(8�4� �! $ +��(� �& �� ��

�# +��� )& �� �� !�! .��/0� ����
� '�� . ���F%���K  ��

 !��� ���B& b	��� �& ��%`� )& $500000  �� '$� !%D

 %���! !��$ +���)12-9 (   �(��� )(� $ �(�    )(& %(�����

     6(5D )(��& %��(� 6(l$ ��4	
�K '$�, '��%��J�7

   �$�$%(�� �$�! )(& �� b4(B�� �!�	 F/�7���4���  �(�   /(��

�� ��8��  %��!)13(.   m��
(5	 �%� F/�7���4��� �� mN

F%���K–  E%��J�7 F%���K�J�! ��&    ��(& +��(� � � )&

��  !!�K)14 .(  

H%� '��&  �����$��! b4B�� ��� �!�5� ��! '��&

%9	E �� ��� n$�   -(�� �!�(	 )����4	
�K ��. Lu  $

 ����(((�5� L(((��$���NF68 �� �!   )(((�,�� %(((�g

%�!�5� )����4	
�K )15 .( )& n$� ��� 6(�7!   ��(O,

F%���K  +��(� � � �& ����$�N����K�7���# '��   '�(�

�# +�U�� $ '%9	  L(��$���N )& ��   (� )(����4	
�KX �I

�((((� �((((V�$ !�((((�. Zhang ����((((�5� $  /((((��

��N        L(� ���(�D )(& $ %(�!�	 /4�(� �� G�%�����=(B0

H%� 6��, ��!    +�(`4�� '��(& F%(�     !��(� %(9	 )(& �_

%�!�! ���V �&����� )16 .(  

  E�((�@� G�((*7� � �!b4((B��   ���((��$��! '�((�

   )(& ����(� %Y 6���D '$�, G��h���� 6(�7!   ��(40�

!�0 )& �UT�� �*58� !�@   ��(��� 6(T� �!E   )(���

F!�((	 >((�� !�((@ )((& �� '!�((�� �((I� .��/((0� $ %((�� 

Electron paramagnetic resonance )EPR(  )(((&

   �4(B�� �(���� 6��0$�N '��& o@�� bB����� ����D
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!�0 )& �UT�� �# �� �� �`��  !��)17 .(  

b4B�� �& �����$��! '�� �$��
�7 a���  G��h E��

6B�� $ ����   (B�� )(	 !��! !��$ '�5��N '��6   '�(�

      $ !�((0 )((& �((UT�� ��4@�((� ���((@ )((& '�((5��N

�K]�$   F!�(& )��� !��� �4"�& ��"���$   G�(*7� � �!

& ����� %Y '��$��! ������	 ))40� ��	  � -�)18(.  

6B��  ��54@�� '�5��N '��)4��N )4B� '�   %(���!

  b���(0 �� i# �! +��T��� '��$��! qC4@� ����� )	

EF!�$#     L(�_�7��& r�(T� �! $��! �%(� +�*0 ��? ��

& -*��5� )�� 65D !�$# .) ��$ )& '  F��%(�� ' F�h  '�

L((g�	 �# �((� ) �((�� )((	100 -((�� �4����((�( �((�� E

b4B�� �� ��"� !�@ �� ���$��0 '���/� ��   �� )(	 %��!

�� )�5� �#     E�(�$��! �!�(5� %(�50%� ������� )& ����

7�� -7��� $ ��
�� n!�K �����# %�  !�5� F���� ��

)19 .(�� ��"� ��9V G�*7� �   L(� �� F!�=4�� )	 %�!

)��� �! L��$���N ��� ' 6B��  �(� ��     ��(� )(& %(����

((�X �� $��! �40�((& �((���� $ ���((@ n!�((K ��((�� �I

%�! .��/0�E     �! $��! '��K��(& ��/(�� $ '��%(��N ���

�# ����N ��  -��)20.(   

F%�! F%� -�� L��$���N ��� $! q��A� )	E  b�

'��K��& '$��! ��/��  �(� .��/0� �� F%�    b(� $ %(�!

+��� �! �� �7��� -�5�   ��(� ������ '��MCF7 

 )& -9B������  F%� F!�=4�� L��$���N ��� L� �� )	

-��E ��  %��/0�)21(.  

)*7� � �Y�, ' H%� �&     �7��(� -�5(� �&�(����

6((B��  )((����4	
�K %((�50%� '�((� ' )((��� �� F%((� 

 L��$���NL122/F127  �! ��B�&$��B	$! �& F%���&

F!� '  �7���HepG2    ��(B�&$��B	$! �(& )B��`� �!

   %(�50%� ���(��$��! n$� L(� )���� -�� !��#   )(&

%��� ��8��.   

��� 	
  

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

���	
����
�� :-�� ���) ' ������6B   �(� )(& n$� 

+CT��  ̀ 4(B��bE  �%(4&� �$���N (�L F127 ��4	
�K� )(� 

���) %� . )(& � (��  G��(l  )(	  -(��  +�(U��  6(��D 

%((�50%� F%((��	 ' L((����&�4	
 %�((�� )((& L((��$���N 

F127E �%((4&� ��
 !�((& �((� L((��$���N +�((*0 F%((� �((& 

6���&�	 '! +$��%�5�� )F127-CDI ()��� !��. '��& 

��	 ���E 15   +!�(*� ��K2/1  �(���  +�(� F127 �! 36 

�� �� THF )Tetrahydrofuran (L"@ 6, %� $ 

F� V F� V �! +�� 5 -D��  r(���  R(�V  F%(����g 

-T� �_$�4�� $ �! '��! t���E  )&940/1   +!�(*� ��K  

12 ����  +�(�  6(���&�	 '!  +$��%(�5��  6(,  F%(� �!   

36 �� �� THF EL"@ F!$/0� %�!�K .  

%*& �� )& ��5�� G�� V �%��� Eq��A�  )(&  G%(� 

$! -D�� �J�! '$� Stirrer F�J� )4��! %� . m
(�E 

+��T� -T� u@ )& b8, �5	 v��Q� %� $  m(N �� 

�#E 6��� ��� )& ����D %Y +C, )& ��/�� )0�Y�  )(& �# 

F!$/0� %�!�K �� i��� %�=�  �(J��  6(l�,  %(�!�K. 

��� i��� r��� ������4��0 -T�  u(@  �(5� '�$# 

%�!�K  $4/11  ��K)76 %l�! (�!�N %�=� w��  %(*& 

�� L"@ �%� )& -�! %�# .  

m
�E  '��(&  )(��� '  L(��$���N F127  )(	 '���! 

)����N ' )���#  -(��  )(�,�� $ '  '%(*&  '��(&  +�(U�� 

6��D F%��	%�50%� ' L����&�4	
 %��� )&  L(��$���N 

F127 �� E%��& +�UT� .�	�$ 69V �! 36  �(�  �(� 

THF 6, %� $ r��� R�V F%����g -T�  �_$�(4�� 

 $�! '��! t��� �!  +�(� 3  -D�(�  )(& 17  �(�  �(� 

����� '! ���# F!$/0� %� . m
(�  F��(�� F!�!  %(�  �(� 

q��A� �! �# r���� �! +�� >� .�	�$ %�! .  
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%*& �� E.�	�$ ����� !' �#�� .�	�$ F!�%� �&  `� (�� 

�! u@ x��@ %� $ )&  V�(&�  F%(��� ' �� (�6  �(��  )0�(Y� 

F!$/0� !�K�% �� i��� =��% J��� 6l�,  y!�(� � (�� 

i��� �& 0����4���� -T� u@ �5� �$#' $ �! THF 

6, !�K�% $ F��&$! !' ���6  �(��  ��(&'  i�(�� K (��' 

F!$/0�  %(� .� (��   ��(	2  ��(&  ���(��  %(�  �(�  �N�(	��5 

�#�)�  F%(�  6(l�,  !�(� .�! � (��  )(�,�� 14/10  ��(K 

i��� =��% )& ����D +�UT� �#�)� F%� 6l�, %� .  

Em
� �! )�,�� ' �N���� �� (�) ' �$���N (�L F127 

��4	
�K�)((� 14/10  +�((UT� ��((K)((�,�� ' 6((9V )((& 

F��5� 37/7 ��K &�4	
����L ���% $ 14/6 ��K  %(��b 

�����&����G��% �! �L �7�& �4T�' 70 �� ��  �0�(& 

%��b G���& 1/0  �
�(�  �(& 4/9  =pH   F!$/(0� %�%(� .

q�((�A� 6((l�, )((& G%((� 96 -D�((� �! �((�!'   

37 )��! ' 4���� !��K -T� ���_$�4 ���V -0�K .  

'��& x��@ �!�	 L����&�4	
 %��� .�	�$  F!�%(�E 

�� '�"? /�7��! �& Cut off 8000 ��47�! F!�=4�� %� $ 

6l�, +��T� �� E.�	�$ )& G%� 72  -D�(�  -(T� 

/�7��! ���V -0�K .+�UT� %*& ��  /�7�(�!  /(��0 '��! 

%�!�K. m
�  ��%`�8 ����    ��(B�&$��B	$! ��(K  )(&

    -9(B� �(& oA("� ���(`� F��5�   '�(�20  %(l�!  ��

 L��$���NL122 $80  %(l�! F127  )(����4	
�K ) �!

100 ����   �(5��N $! q�(�A� �� ��K ( �!15  �(�   �(�

  '�((�! �((& $ %((�!�K 6((, F/���((�! i#60 )((��! ' 

�4��((�  '$� !��((KStirrer  �� %((*& $ -((0�K ���((V60 

& )`�V! ) �!��(@ b�    G%(� )(&2    (��� /(�� )(`�V! r

��4������ i$�N )Sonicator probe( %�!�K )����� 

)Sonicate( 6B�� ��     %��(� 6��("� �(�)22 .(  -(��

)��� '  6,��� ���5� L�C&.�N )4=K    �!$/(0� '�(���

%� ����� $��!.  

��� ��! "��#	
�
:   )(��� �� m(N '  6(B������   E�(�

F��%�� ' F�h ��N m	%�� $ ��� 6�B��4N E'�   �4�(��
B�!

 F�J4�! r�������- ���  �/��(�  ���7�(�  F��%(��   '�(�K

%((�. F��%((�� -((��   ��((B�&$��B	$! ��/((�� '�((�K

'��K��((& F%((� E6((B�� ��  )((��� '�((� F%((�  ��%((`�  

400 )���$ )& �4�7$���� ���� L� ��
5� L� '   '�(4�7

)4��!�& %�  G%� )& $5   '�(�! �! )`�V!37  )(��! ' 

�4���    �$! �(& !��(K10000   )(`�V! �! �$!  _�=��4��(�

%�!�K .    '��(��%� 6(l�, H�=(� ���(�E    -9(B� )(&  

1  )&10 \�V� F/����! i# �&  '���%� ))��5� )� �! (

 x�� +�� �! �# iM� $247   F�J4(�! r��� �4�����

�4��40$�4�
�� F��%�� .=�& '��$�� %� '��K.   

  ���(�D )& $��! �$%& �7$ 6B�� '$�, )��5� L�

$ %� )��� L�C&   '��(& ��B�� r���� �! 
�& 6,���

   x�((� +�((� ��((5� �! �# iM((� $ %((� ���((�� �#

F��%�� %� '��K. -�! )& iM� ��%`�    iM(� �� F%(�#

)��5� '   %(� b(	 q�&�� '$��! '$�,.     )(& ��(	 �(��

�� L� �� �7�54,� iM� HM, ��{��   �(J�! '�/��

 ���((�
���0�((&! .)((7!�*� �� F!�=4((�� �((& ' iM((�– 

-(({�? �! r�((T� i# �(( `� ��/((�� '$��! !��# $ �� 

'$� �# '$��! '��K��&  F%(�  )9(��T�  %(� .  �����(	

 %((l�! $ G��h���((� �! $��! '��K��((&  �((& '��K��((&

%�!�K )9��T� ��� +���0 �� F!�=4��:  

0088/0 - x 0402/0  =Y )7!�*� '  iM�-  -({�? 

�! r�T� i# � `� 

$���
� %�&�  '(&�)  *��� ���� ��  "��#	
��
: 

 G�* VM=�� �& /�7��! '�"? )Cut off (12000  ��47�!

)E�((����# Membra–CelE Viskase (F��%((�� )((&  '10 

�4���  G%� )& �4�24  F!�! ���V F/����! i# �! -D��

 i# iM� �I� �& �� %�E-0�& '�"?   ��(& b� �� /�7��!
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   b���(0 �# �! +�(�T� �!�	 !��$ ����� $ !�� !!�(K 

)23.(  ��%((`�3 �((��� �� �((4�7   ��((B�� ���((�
���0

)��� F%� '    %(� )4(B& �"? �� $! $ )4A�� �"? 6@�!

 �! $20 ���� G�=B0 �0�& �4�7 )4/7  =pH ( '$�(, 2 

%l�! �����20  ���V-0�KE   '$��! .(�� -D�� ��

'��K��& 6B�� �! F%� !!�K ����& ��.  

 )��5�  G%� )& ��24    '$� �(& -D�(�Stirrer   �(&

 �$!400 ! �! )((((`�V! �! �$! '�((((�37 )((((��! ' 

�4��((�    ���((�� 6((l��0 �! $ %�%((� F!�!���((V !��((K

   )(��5� G�=(B0 �0�(& r�T� �� oA"�    $ %(� '�(�K

 x�� +�� �! �# iM�4/499     $ %(� ��(�*� �4����(�

6B������ ���� �&��& �! .�� ��!�5� %� b�� ��.  

�������� � � +����,(�-	,����)�&,! TEM 

)Transmission electron microscopy:(  ��%((`�

    �(& �(B� %(��K L� '$� �& ���
B�!���� �� >����

 .�300   %(� F!�! F���� $ F!�! ���V ��&�	 .	$� $

!�� L"@ t��� '��! �! �� .   _�(47$ �(& ��$�U� m
�

i�4� F%��! ' 80    }�/(& �(& $ -(7$���	  ���(5�   '�(�

%�%� )��� R�4A�.  

��)�&�! ���)�' 0	���)! ���� 1�� MTT ) ����

 �� $��23)�3-)475-��   ���3� 9������-2-yl(-275-

��   �� ���&� ;�0���&�3� ����(:  �%(4&� 180   �(4�7$����

-(({�? �((& �7��((� ���((B��
��� 104 × 2  �! +��((�

����  -��N L��g �� )& �4�796   )(��@)    L(� /(� )(&

 )(��5� -�� R�!� '      '$�(, �(��� )(	 L(�C&180 

 !�(& -"	 r�T� �4�7$����(     G%(� )(& $ )0�(Y�24 

 ����&���� �! -D��37 )��!  �4��(� '  !��(K E2CO 5 

 %l�! -&��� $95 %l�! ���V F!�!  +��(� �� %�   �(�

%���J& ���V %�� ��0 �! . �� %*&24 -D��E   �� �(�? )&

 �7�@ -"	 r�T� r`0 )	 L�C& R�!�!�&  R�!� $

%���   '$�(, )	 �=��180    ���(B��
��� �(4�7$����

 �7���E!�& 20   ��(B�&$��B	$! +��T� �� �4�7$����

E!��# 20 6B������ +��T� �� �4�7$���� '�� L��$���N 

F127  L((��$���N $ )((����4	
�KL122 ��((&   �((& F%((�

 ��((((((((((((B�&$��B	$!)DoxF127-Gal/L122( E  

20      )(����4	
�K �(�? 6(B������ +�(�T� �� �4�7$����

F127  L��$���N $L122 ��&  ��(B�&$��B	$! �& F%� 

)DoxF127/L122( E20  +�(((((�T� �� �(((((4�7$����

L��$���N �! F%���& ��B�&$��B	$! 6B������ F127 

���� )DoxF127( $ 20  6B������ +��T� �� �4�7$����

 L((��$���N �! F%((���& ��((B�&$��B	$!L122 �((��� 

)DoxL122(  -(((({�? �((((&  '�((((�2/0 E8/0 E3 $   

6    �! -({�? �(� $ �
��$����4     b(� ��(�	 L(��g

 F!$/0��% .  

 '�(((J�! -(((��N �! /(((�� �(((I� �(((���& '��(((&

�4�B�B	���4���E ����� 6B��  $��! �$%& ��� t�0 '��

%�!�K F!$/0� +���� ��5� )& L�C& ����D )& .  

 G
�, L�C&.�N )4=K   >(���� )&  )��("� �(&   '�(�

F127-gal/L122 EF127/L122E F127 $ L122  �!

%� F!�& ��� )*7� �.  

((��N m
((�-   G%((� )((& �((�48  �! �((J�! -D�((�

-((0�K ���((V ����((&����y G%((� �((�� ��((5�� �� %((*&E   

20  +��T� �4�7$����MTT  -{�? �&5 ����   �! ��(K

����  �4�7  �� %(*& $ %� )0�Y� L��g �� )&3   -D�(�

 L(��g �$�! +��T� E�����&���� �J�!     ��(� )(& �(�

 )((((4A�� �$! 6((((��	  $150 �((((4�7$���� DMSO 

)Dimethyl sulfoxide (    $ %(� )0�(Y� L(��g �� )&

E�!�	 _�4
�N �� %*& L��g iM�   F�J4(�! L5	 )& ��

ELISA reader   x�(� +�� �!570    F%(���@ �4����(�

%�. )��	  t�0 6,��� '3 ����� ��& %�!�K.  
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 ����$����TEM )���    G��h���(� �� F%�

 #�-�� F% .    6�(� '�(��K 6�(� ���

 �(� 6l�, '��  %(��& . F��%(�� ' �hF  �! '�

F��%�� F�J4�! ���4�  G��h /��� '��K!�&.  

  
 2 .& 	=� >	,)�&,�� TEM   

Transmission electron microscopy (����   �� $�?

 @�
��	�- �	��� ���F127 �� �	3�A�%/@�
��	�- L122  

 +��((� %((l�!  '�((�HepG2  F%((��

F$�((K �! F%((���  '�((�6((B������ R((�4A�  '�((�

     L(��$���N $! q�(�A� %(�50%� �(�? $ )����4	
�K

-{�? �& F%���&    �(� E��(B�&$��B	$! R�4A� '��

������ )& �5��N�	E F%� ��& $��! �& )	  -(��E $   /(��

6B�� ��� �� L� �� L�C& �� F%�! �� !�� .  

 �J��"� 6�� ����# +��� %l�! )	 -��   '�(�

 �# ��((B�&$��B	$! �! F%((��  %((l�! �� �4(("�& !�

  �! F%((���& ��((B�&$��B	$! �! F%((�� '�((�

)4@�� '�� �� F%�  L(��$���N q��A�  '�(� 

-�� )����4	
�K.   6(��T� )& )��� �&

��*� G$�=� ��� '���# !�& ��! )05/0 < P( .  

    �(�*� ��(� )(& /(�� %�50%� ��? '�� ��!' 

6B�� )& -9B� '�45	 -�5� � ��"� )����4	
�K '�

< P(.  
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F%�� '�� �!    )(7!�*� �(& )(��5� �� ' 

Cell	survival% �
Mean	of	each	group

mean	of	negativecontrol

���	 	
  

)((���& ���((�
���0 '�((�E  ��J��((��

/2 ± 9/197 �4�����  6�(B��4N E

/18 �((���  -((7$ m	%((�� $

  ��/(�� )(& 058/0 ± 308/0   )9(��T�

 '��K��(& 3/0 ± 3/78  ��/(�� $ 

 -D�(� 5/0 ± 5/32    )(& %(l�!

      ��/(�� �(���& ���(�� )(9��� )(� �� 6l�, ���4�

6B������ �� $��! '���!��# )���& '��   %� )9��T� )(	 

-�� F%� F!�! ��"�. �� ){,C�  )(	 !�� 

 6((B�� �� ��((B�&$��B	$! '��((�!��# '�((J7�  '�((�

 �� mN $ F!3 -D��E  L�!/�

6B������ �� $��!    )(��! L(�4��	 �(& �� ' 

  
�
��	
�
 �� ���� ���)���C D�E�� ����� ��� �  @�
��	�-

F127  @�
��	�- �L122   

')� ��&,� ��� �) ��F
��� �� �	�&� �GH
 &� I �3
 . J�&K
� & ��H�

� ���L !�K�� ��� D�	� @M	� ��0� �� ���N�O'
�
 ' .  

���U�  ����$����

 6�� �! )���&2 

6B�� '$�	  �(� 6l�, '��

F!$%T� ' F��%�� F�J4�! ���4�

  

�,? 

)Transmission electron microscopy

�
��	
�
  @�
��	�- �	��� ���

  

 6�((� �!3E 

�V�((& F$�((K �! F%((���

     L(��$���N $! q�(�A� %(�50%� �(�? $ )����4	
�K

-{�? �& F%���&

������ )& �5��N�	

6B�� ��� �� L� �� L�C&

 �J��"� 6�� ���

 �# ��((B�&$��B	$! �! F%((��

+��((�   �! F%((���& ��((B�&$��B	$! �! F%((�� '�((�

6B������ )4@�� '��

L122  $F127 -�� )����4	
�K

��*� G$�=� ��� '���#

6B��     �(�*� ��(� )(& /(�� %�50%� ��? '��

6B�� )& -9B� '�45	 -�5�

��  %��!)05/0 <

 

 ����	
 ��
�� �����
� ����

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

��� %l�!+  F%�� '��

%�!�K )9��T� ���:  
group �mean	of	blank

negativecontrol � mean	of	blank
� 100 

 

���	

6((B������ '��((& )((���& ���((�
���0 '�((�

F��%�� ' F�h '�  �& �&��&1/

�((�� '$�((B� 4/6 ± 6/

��N  �4�(��
B�!   ��/(�� )(&

%�.  E����5������	  '��K��(&

'$��! !��# F%� �� 3  -D�(�

%�# -�! .  

      ��/(�� �(���& ���(�� )(9��� )(� �� 6l�, ���4�

6B������ �� $��! '���!��#

 6�� �!1 -�� F%� F!�! ��"�

 6((B�� �� ��((B�&$��B	$! '��((�!��# '�((J7�

)����4	
�K E  %�	F%� �& �� mN $ F!

 )&50 %l�! 6B������ �� $��!

 !��# �=l-�� F%�.  

  

 �,?1 .�
��	
�
 �� ���� ���)���C D�E��

�� �	3�A�% � F127

')� ��&,� ��� �) ��F
��� �� �	�&� �GH
 &� I �3


� ���L !�K�� ��� D�	� @M	� ��0� �� ���N�
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 �,?3 .9	�) D�
�� $�
� �Q�� $�&% �� ��  R�3�� �����	� $�� �� * ���C �  !0	�)HepG2  

  

���  

F!����@ �� ��B�&$��B	$! ' ���������4�#   ��(� �& $ ��

  ��(	 )& ����� ����� �! ��B������!# '��8� �(� !$�. 

 F%� �	h $��! ��� '��& '!%*4� �9��� W���D -��

�# ���� �� )	  �(� ��      )(& �4�(B�B	����!��	 )(& ���(�

b�� ����D !�	 F���� )Y��D ���� .   �(4, )(Y��D ���

�� )�,�� �9�V ���`4,� ������� %, �� %���� '   ��(�g

/� $ %�	 -0�"�N b� �  !$%(T� b(�� 6���D  F%(��	 ' 

-�� ����! )1(.  �� $��! �`��� )& b����4& �K� ���&��&

+��� )& �l�U4@� $ %�50%� G��l )&   'C4(9� '��

b�����& %9	E    W���(D �(�� .��(	 �& F$CD   �9��(�

�� ! .��/0� �� $��! �I� b�����$ b��   '�(45	 ��	 �$!

b��9& ��	 )& �� �# ��.  

  �(� ���(� /��� �& ����, �! $��! �!�! ���V �&   b����(�

+��� r��� �� �# -��!�& b��! .��/0� ��.   6(��, ���

$! '��K��	 )& �& �� L��$���N F127   )(����4	
�K)  )(&

F!� '��& 6��, �!�5� %�50%� ��{�� '  �7��(� HepG2 

F%���K '���! )	   �(� ����$�N����K�7��(�# '��  %�(��& ( $

 L��$���NL122   b�!�(	 )(��� .   n$� �� )(*7� � �(�� �!

)��� '��& b�`4B� +CT�� ' 6B������  F!�=4�� ��	M� '��

%�!�K .�)40� ��  ����� )(	 !�! ��"�� 6(B  �(�' �� (�)   F%(�

F��%((�� '  >((����1/2 ± 9/197   m	%((�� $ �4����((�

�N� !���
B�4� 058/0 ± 308/0 �! 4(�   (�*� )(& )(	 %�� 

�4@����� &�@� �! ����� ���/ �# !�& �� .  

��� ��6B ���! ��' 4/6 ± 6/18 ����  (B��4N -7$�6 

 ����!�&� )	 %X�% �N (���%' �#    ) (��$ )(& �(� '  �(`7�' 

�4�7� _������ T � >����� �# �!  !�(& �� . (��5��� 

G��h ���!' ���((	�� K��((&��' r((��4� 3/0 ± 3/78 

&$��B	$! %l�!�B�� �!�&%.  

.�� �����	  �!3  -D��5/0 ± 5/32 %l�! !�&. 

��"� ��/�� ���  F%(��! '     ��(58� �! $ >(���� .(��

6B������ �� $��! %����	      -(�� F%(� )(��� )(���& '�(�. 

 ���U�TEM       -(@����� 6�(� $ >(���� /��(� b(�

�� ��"� �&�@ )& �� G��h %�! . ��*� )& �4@����� ���

-�� G��h >���� 6��"�.  

 .��	MTT )& ����D L� .����# ���*�  -�7�*0

�K%((���	 �����%((�	�4�� +��((� '�((� -(("	 F%((� E

�� %��&. MTT F!�� '� !�� b	 )	 -�� w�� �4V$  �(& 
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+��� '�� F%�� �� )&����  !�(� $ �!  �(I�   G���(B	��

���_$�%((��! �����%((�	�4�� +�4((B��	 '�((�  ����((���0

w((�� .=�((& %((�7�� �((� %((�	. ����&�((�& ��/((�� %((�7�� 

�J���& �������0 !�%*� +��� '�� F%�� �� %��& . ��� )&

�((� )((	 �((�*� )((g w((�� �((�� �((N w((�� �((� %((��& E

��"� %��!F  '%�7�� �������0 �4"�& $ )8�4� �!  !�%(*� 

+��� F%�� ' '�4"�& -��. ��/��  F%(�%�7�� w��   �(&

n$� '�4��40$�4�
((�� �! +�((�  x�((�630 �4����((� 

���*� ��  !��)24.(  

 )((*7� � �((�� �! +��((� %((l�! E   �! F%((�� '�((�

+��� %l�! �� �4"�& !��# ��B�&$��B	$!   F%(�� '��

 ��B�&$��B	$! �! '��K��(&   6(B������ �! F%(�   '�(�

)4@�� �� F%� L��$���N q��A�   '�(�122L  $F127 

 )����4	
�K!�&        �(�� '��(�# 6(��T� )(& )(��� �(& )	

��*� G$�=� !�& ��! .  ��(B�&$��B	$! ��& G$�=� ���

 ��B�&$��B	$! $ !��# '��K��(&   6(B�� �! F%(�   '�(�

)4@��  �5��N �� F%�L122 �5��N $  )(����4	
�K ��?  '

F127 %� �4"�&y    ��(B�&$��B	$! �4�(B�B	�� ��*�

'��K��&   L(��$���N �! F%(� F127    )(����4	
�K �(�?

�� )	 %� �4"�&  ��("� %����  F%(��!     )(	 %(��& �(�� '

�!�	 )����4	
�K F127 ��   �(��h �4�B�B	�� �� %����

%���& �# .  

)��5� �! +��� %l�! b� L�C& '��  F%(�� '�� ' 

 )((����4	
�K L((��$���N  'F127   %((l�! �� �4(("�&

+��� L��$���N �! F%�� '�� F127   )(����4	
�K ��?

!�& ��*� b� G$�=� ��� )	  ��! !�(&.    ���(4� ��(�85�

 ��(("��!L((��$���N )((	 ! L122  �K%�(("	 �((I� ��((�

-��%� )100 %l�! +��� %�%��� F%�� �� .( �!�& �&��&

+��� %l�! �9��`�  !��# ��B�&$��B	$! �! F%�� '��

 ��B�&$��B	$! $'��K��&    L(��$���N �! F%�L122 

 ��� � �� ��(Y��<  �(� %(��  %(�	 .    �(9��`� �!�(& �(&��&

+���  ��B�&$��B	$! �! F%�� '�� '��K��(&   �! F%(�

6B�� )��� '��   L��$���N �& F%�F127    $ ���(��� )(&

 ��B�&$��B	$!'��K��& 6B�� �! F%�  )(��� '��   F%(�

L��$���N �&  '��F127  $L122 � /��X ��Y�� ��� %�

!�& .6B�� F$CD )&   %� �(�? '�(�     ��(� )(& /(�� %(�50

�((�*� ��!' 6((B�� )((& -9((B� '�((45	 -�5((�  '�((�

 ��"� )����4	
�K%�!�!.  

 )(((& n$� �(((��6(((�7! F%(((���K ��(((O,  '�(((�

   +��(� � (� �(& ����$�N����K�7���#    $ '%(9	 '�(�

�# +�U��      (� )(����4	
�K L(��$���N )(& �(�X  �(V�$ �I

�� !�� .�����5� $ �5��	 ���V H%� '��&   �!�(	 ��!

 ��$��! b4B�� -9B�+��� )&     $ %(9	 �����(� '�(�

 �((I� .��/((0�  F!� �((�� )((& -��%((� ' �7��((� EPEI 

)��N  ��(5�� ����� (   H%(� %(��J�7 $! �(& ��  F%(��	��! ' 

%��� L�7�0 $ ��4	
�K %�!�5� )K$]��	 )25(. �#   �(�

F%��(("� %((�!�	 )((	 �((I� -��%((� �((�� �5��N�((	 

)((K$]��	 F%((� �! F!� ' �7��((� HepG2  ��((� )((& 

�(((�*� '��! -9(((B� )(((& $! F!� ' �7��(((� KB $ 

HEK293 .��/0� )40�� -�� )25 .(  

�! )*7� � ' '�J�!E Lu $ �����5�  L(�  '�("? 

PVDF )��N �%�����$ '!  %(�����0 (��  �(&  L(��$���N 

 )����4	
�KF68 )�& L����&�4	
  %�(�� ( )(&  )��(�$ ' 

+�U��  ��(& PVDF $  )(* V '  �(�N  ���N$�(N  %�(B	� 

!���� �! L��$���N F68 %�%����N $ F%��"� %�!�	 

)	 ��� �"? �� %���� .�N F!�� ' �9����  '��(&  -("	 

+��� ��' %9	  %��&)15 .(  

����5�E Zhang $ �����5� ��N  G�%�����=(B0 �� 

�& G���! R�4A� ���"��� )����4	
�K %�!�5� $  )(& 

����D 6V�� �_ %�50%� F%� '��& -�����
�   �(� !��(� 



 

  

2490  ����	
 ��
�� �����
� ����–  ���30  / ����
221 / �!�"�#��
 $%� 1391  

www.mui.ac.ir  

����� ��	� 
����
�
 ������������ ���� ��	��� ��� ������� 	
�� 
��� )���*+, � 

�&����� ���0  %�!�!)16( .�# F%��"� �� %�!�	 )	  ��(�& 

�_ �! +��� ��' HepG2 .��/0� �� %&�� .  

�! )*7� � ' �Y�, /�� ��� n$� )&  ��(O, -�D 

F%���K ��' ��d�$�N����K�7���# �& � �  +��(�  '�(� 

 '%(9	 $ +�((U�� �#  �(� )((&  L(��$���N )((����4	
�K  '

F127 �IX� �V�$ %�.  

  

����� ����  

-�! )& ���4�  �� ��"� F%�#   6(B������ )(	 %�!   '�(�

 q��A�'��K��&      �� 6(l�, ��(B�&$��B	$! �(& F%(�

)((����4	
�K L((��$���N ' F127  L((��$���N $L122 

   �%(� %(�50%� '��& �9���� �����$��! 6��, b4B��

 +��(� '��& ��B�&$��B	$!     '��(5�& �! '%(9	 '�(�

   ����((���	 )((& C4((9��! �
��((����
�  �((& )((B��`� 

�� !��# ��B�&$��B	$! ��&�%.   

   �(�$��! 6(��, b4B�� ���  �(&   W���(D .��(	

L�54B��E �9�V -�5� F]�$ )&E /�� $   �$! .��(	 �&

) ��$ )& ' �%� %�50%�E  .A&%���>���� ����!  ��

 ����5�&�� %��&.  

  

������� � ����  

  F�J("��! '�$��0 $ G�`�`T� -�$�*� �7�� -��5, ��

 ���D     �("�$]N ��(� �(�� ��(8�� �! ���=l� ���/N

�� ���!�%V !��. 

  

References 

1. Barraud L, Merle P, Soma E, Lefrancois L, 
Guerret S, Chevallier M, et al. Increase of 
doxorubicin sensitivity by doxorubicin-loading 
into nanoparticles for hepatocellular carcinoma 
cells in vitro and in vivo. J Hepatol 2005; 42(5): 

736-43. 
2. Sano K, Takayama T, Murakami K, Saiki I, 

Makuuchi M. Overexpression of retinoic acid 
receptor alpha in hepatocellular carcinoma. Clin 
Cancer Res 2003; 9(10 Pt 1): 3679-83. 

3. Edeline J, Raoul JL, Vauleon E, Guillygomac'h 
A, Boudjema K, Boucher E. Systemic 
chemotherapy for hepatocellular carcinoma in 
non-cirrhotic liver: a retrospective study. World 
J Gastroenterol 2009; 15(6): 713-6. 

4. Cai S, Thati S, Bagby TR, Diab HM, Davies 
NM, Cohen MS, et al. Localized doxorubicin 
chemotherapy with a biopolymeric nanocarrier 
improves survival and reduces toxicity in 
xenografts of human breast cancer. J Control 
Release 2010; 146(2): 212-8. 

5. Weili Q, Bochu W, Peng L, Lichun Y, Pengyu 
S. Improved nanoparticles preparation and drug 
release for liver targeted delivery. Iran J Med 
Hypotheses Ideas 2009; 3: 15. 

6. Terada T, Iwai M, Kawakami S, Yamashita F, 
Hashida M. Novel PEG-matrix 
metalloproteinase-2 cleavable peptide-lipid 
containing galactosylated liposomes for 
hepatocellular carcinoma-selective targeting. J 
Control Release 2006; 111(3): 333-42. 

7. Managit C, Kawakami S, Yamashita F, Hashida 
M. Uptake characteristics of galactosylated 
emulsion by HepG2 hepatoma cells. Int J Pharm 
2005; 301(1-2): 255-61. 

8. Managit C, Kawakami S, Yamashita F, Hashida 
M. Effect of galactose density on 
asialoglycoprotein receptor-mediated uptake of 
galactosylated liposomes. J Pharm Sci 2005; 

94(10): 2266-75. 
9. Ashwell G, Harford J. Carbohydrate-specific 

receptors of the liver. Annu Rev Biochem 1982; 

51: 531-54. 
10. Schwartz AL, Rup D, Lodish HF. Difficulties in 

the quantification of asialoglycoprotein 
receptors on the rat hepatocyte. J Biol Chem 
1980; 255(19): 9033-6. 

11. Fallon RJ, Schwartz AL. Asialoglycoprotein 
receptor phosphorylation and receptor-mediated 
endocytosis in hepatoma cells. Effect of phorbol 
esters. J Biol Chem 1988; 263(26): 13159-66. 

12. Knowles BB, Howe CC, Aden DP. Human 
hepatocellular carcinoma cell lines secrete the 
major plasma proteins and hepatitis B surface 
antigen. Science 1980; 209(4455): 497-9. 

13. Ashwell G, Morell AG. The role of surface 
carbohydrates in the hepatic recognition and 
transport of circulating glycoproteins. Adv 
Enzymol Relat Areas Mol Biol 1974; 41(0):  
99-128. 

14. Ciechanover A, Schwartz AL, Lodish HF. 
Sorting and recycling of cell surface receptors 



 

 

 ����	
 ��
�� �����
� ����–  ���30  / ����
221 / �!�"�#��
 $%� 1391 2491 

www.mui.ac.ir  

����� ��	� 
����
�
 ������������ ���� ��	��� ��� ������� 	
�� 
��� )���*+, � 

and endocytosed ligands: the asialoglycoprotein 
and transferrin receptors. J Cell Biochem 1983; 

23(1-4): 107-30. 
15. Lu HF, Lim WS, Wang J, Tang ZQ, Zhang PC, 

Leong KW, et al. Galactosylated PVDF 
membrane promotes hepatocyte attachment and 
functional maintenance. Biomaterials 2003; 

24(27): 4893-903. 
16. Zhang XQ, Wang XL, Zhang PC, Liu ZL, Zhuo 

RX, Mao HQ, et al. Galactosylated ternary 
DNA/polyphosphoramidate nanoparticles 
mediate high gene transfection efficiency in 
hepatocytes. J Control Release 2005; 102(3): 

749-63. 
17. Yoo HS, Park TG. Folate-receptor-targeted 

delivery of doxorubicin nano-aggregates 
stabilized by doxorubicin-PEG-folate conjugate. 
J Control Release 2004; 100(2): 247-56. 

18. Xiangyang X, Ling L, Jianping Z, Shiyue L, Jie 
Y, Xiaojin Y, et al. Preparation and 
characterization of N-succinyl-N'-octyl chitosan 
micelles as doxorubicin carriers for effective 
anti-tumor activity. Colloids Surf B 
Biointerfaces 2007; 55(2): 222-8. 

19. Torchilin VP. Structure and design of polymeric 
surfactant-based drug delivery systems. J 
Control Release 2001; 73(2-3): 137-72. 

20. Bromberg L, Temchenko M, Hatton TA. Dually 

responsive microgels from polyether-modified 
poly (acrylic acid): swelling and drug loading. 
Langmuir 2002; 18(12): 4944-52. 

21. Wang Y, Li Y, Wang Q, Wu J, Fang X. 
Pharmacokinetics and biodistribution of 
paclitaxel-loaded pluronic P105/L101 mixed 
polymeric micelles. Yakugaku Zasshi 2008; 

128(6): 941-50. 
22. Liu J, Lee H, Allen C. Formulation of drugs in 

block copolymer micelles: drug loading and 
release. Curr Pharm Des 2006; 12(36):  
4685-701. 

23. Varshosaz J, Soheili M. Production and in vitro 
characterization of lisinopril-loaded 
nanoparticles for the treatment of restenosis in 
stented coronary arteries. J Microencapsul 2008; 

25(7): 478-86. 
24. Zhuang H, Zheng JP, Gao H, De YK. In vitro 

biodegradation and biocompatibility of 
gelatin/montmorillonite-chitosan intercalated 
nanocomposite. J Mater Sci Mater Med 2007; 

18(5): 951-7. 
25. Ghiamkazemi S, Hajiabedin M, Amanzadeh A, 

Amini T, Dinarvand R, Amini M, et al. Folate - 
galactose - targeted delivery of fluoresceine 
isothiocyanate as a drug model prepared by Fol-
Peg-G-Pei-Gal conjugate as a novel carrier. Int J 
Pharm Res 2011; 3(2): 20-6. 



 

 

* This paper is derived from a Pharm D thesis No. 389379 in Isfahan University of Medical Sciences.  
1- Professor, Department of Pharmaceutics, School of Pharmacy AND Novel Drug Delivery Systems Research Center, Isfahan 
University of Medical Sciences, Isfahan, Iran 
2- Assistant Professor, Department of Pharmaceutical Chemistry, School of Pharmacy, Isfahan University of Medical Sciences, 
Isfahan, Iran 
3- Professor, Department of Biotechnology, School of Pharmacy, Isfahan University of Medical Sciences, Isfahan, Iran 
4- Student of Pharmacy, Department of Pharmaceutics, School of Pharmacy AND Novel Drug Delivery Systems Research 
Center AND Student Research Committee, Isfahan University of Medical Sciences, Isfahan, Iran 
Corresponding Author: Jaleh Varshosaz PhD, Email: varshosaz@pharm.mui.ac.ir 
 

2492  ����	
 ��
�� �����
� ����–  ���30  / ����
221 / �!�"�#��
 $%� 1391  

www.mui.ac.ir  

Journal of Isfahan Medical School Received: 28.11.2012 

 

Vol. 30, No. 221, 3rd Week, March 2013 Accepted: 03.02.2013 
 

 
Cytotoxic Effects of Targeted Galactosylated Pluronic F127/PluronicL122 
Nano-Sized Micelles Loaded with Doxorubicin in Human Hepatocellular 

Carcinoma Cell Line 
 

Jaleh Varshosaz PhD1, Farshid Hassanzadeh PhD2, Hojjat Sadeghi Aliabadi PhD3,  
Neda Kalantari4 

 
Abstract 
Background: Asialoglycoprotein receptors are among the most important over-expressed receptors in 
hepatocellular carcinoma (HepG2). Decorating drug carrier to specific ligands of these receptors can 
enhance their absorption to cells and elevate their permeability to hepatoma cells. This can reduce the 
side effects of the drug in nonspecific tissues and enhance drug efficiency. The aim of the present 
work was to evaluate the cytotoxicity of doxorubicin-loaded mixed micelles of galactosylated Pluronic 
F127/L122 on HepG2 cells.  

Methods: Galactosylated Pluronic F127 was synthesized. Doxorubicin-loaded nano-sized micelles 
were prepared by direct dissolution method. Based on particle size, zeta potential, polydispersity 
index, loading efficiency and release efficiency of doxorubicin from nano-sized micelles, optimized 
micelles were used for cytotoxicity test on HepG2 cells by 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) assay. 

Findings: The optimum targeted nano-sized micelles had particle size of 197.9 ± 2.1 nm, zeta 
potential of 18.6 mv, polydispersity index of 0.308 ± 0.058, loading efficiency of 78.3 ± 0.3%, and 
drug release efficiency of 32.5 ± 0.5% (until the third hour). Nano-sized micelles loaded with 
doxorubicin in concentrations of 0.2, 0.8, 3, 6 µM caused significantly higher cytotoxicity compared to 
non-targeted nano-sized micelles and free doxorubicin. 

Conclusion: Mixed targeted nano-sized micelles of galactosylated Pluronic F127 and Pluronic L122 
loaded with doxorubicin showed more efficiency and specificity to toxicity against HepG2 cells than 
non-targeted nanoparticles and free drug. 

Keywords: Targeted mixed nano-sized micelles, Doxorubicin, Hepatocellular carcinoma, HepG2, 3-
(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay 
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