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����� ��: 
!����72 ��' 	���" �$�(' ������ ' �$V �' 2/0 ± 9/1972��1� )�1
!����7 ���' 6/18 
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�$����' 3/0 ± 3/78  =�$ , �3$(3 �1B�# ' ,$�(' 5/0 ± 5/32 ��(!� �3$( .��� 
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�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 ���

!�� $��! H�U� 6&�V �$!. 
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$  �(�� �&      �� '���(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�  '!�(&   '�(�
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�K '$�, '��%��J�7
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�� ��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.  



 

2487 

������� 	
�� ��� )���*+, � 

 ����$����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 ��?
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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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