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����� �� 
4
� 2���    @
�%�� h����

3���; 2Y	 	 ���  ��� *��
� .  +��c�% 2Y	 
Z��

 2R @�c �� 2����2��:� ��  �g$
 ���� +
���� Y� 2

3  �Z�
�% .�� 2R Y� y> I$Y !3    �	� ��� 
4
�

��1N ��
�  D
�� �� 93  
�
j |T�% ��    ���Y �
�7

 Y�0  
�3 �H�� 3���; �3:�.   

0:   I�$Y 2	3�� �J�Zc �7
� 91:    +
����� 	 I�����

I��$Y 2	3��� 92:  ����H	I��$Y 	 +
������  	3 :I��$Y 

2�$ �3:7� �8�� Y	�6� 	 )15.(  

 /��� Y� I$Y 
�
�% *��J� 
�H   ��8�4�Image J 

3  ��
1��� )16.(  

Y� y> �>�6�	��
% !
J�
T%9 �����  
�4
� �   ���

 ���c ��c 	 ���$ G���� �� 3���; I��W� 
��X .

P� !
J�
T% ���� 
��X    *��
�%�4 �� �>�6��	�6�%

10 3N�� 3  ���3�S� . 	�     ���c ��� ��S�� 
���X

 �� ��
;�3H���� �
7  f�	3:>� !Y� /
��� �� 	  8���4 

 J4 ��
���Y�� 	 ��
����� ��� 8��
���R ������ 	 3��  
����


 �
��%� �� Y�3�����	�>�-�%20– ���H�� ���
��� � �����; 

 ���3�S�3���;.  

 !
"��#"�$ 
�%��&$  

   *��
�%�4 2	�� ��� 2���� 
4
� Y� ����X10   3�N��

 *�4��
> L$�� 9��� �3  
�Zd��c�. �	  	 G�� Y� y>

������ 	 9t��TW% |T��� � *�Y����� 	 *�-�������
�7 
��� 

)H&E (  3�  �8��%R }�� .  �>�6��	�6�% !
�J�
T% 

 y��6� L%
��    ���H�� 	 @
����i�� ��������   �3��:�

 P�Q����
>����7�����  9
7��� �
6�7 h 
��Q����
>


Z�� �� 2
%�� �� 
7 �� 9��� B#c� 3  /
i�� .  

	 ��
���Y�� ���H�� ���
>������7 �3��:�� h����� P�Q

 ��6���	�6�%Carl Zeiss® (Standard 20)  8���i%

 *���	� P� �� �3 Sony® (Color Video Camera) 
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4�; !��N . ��
��Y��   !3�  
J��	 	   	 +
�����

�H�� D
�� �� ��e��� ,��R  @	3H �3:�1   !���N


4��s> )17.(  

  

 )��*1 .�*�� ,�-��   .��/�� 	�#. 	�0.
�-�� ��1
�
��!  


���#-��� ���
�  

���� 
�	� ����  ���� �����  

)���*� +�
  0 :)���*� �%�.  

  1 :/"�0  

  2 :1�2��  

  3 :�3�
  

 45�%)���*�  0 :)���*� �%�.  

  1 :6�7�  

  2 :6�7�!38 % 6�7�  

  3 :
��23� 9!: !��!� �2*2; <  

��=3!; >"�?  0 :>"�? �%�.  

  1 :
�:�@ $2� A3 �B �� >"�? 4=3!; < �   

  2 :
�:�@ $2� %� �B �� >"�? 4=3!; < �   

  3 :4=3!; ���CD �EF� $2"��"�� �2GB H�   

  4 :4=3!; ���CD  ���CD H� �EF� $2"��"��  

  

  /���������-��#!
2�$ ����������%3  ��������#.

)Myeloperoxidase  ��MPO( 

100 �-�% ����� /�;  2���� �3   !3�% �� �
�30   ����
j

 L$��2 �-�% !
1�4 I��
�> �4
� ���� mM 50   �	
��

5/0 3N�� HTAB )  ���� L�����8S7    /�����%R L���%

3�
%	�� ( 
�6 = pH 3  8�
�Q��7 .  2	�� ��� @�g�%

���� P� � 	 3  ���� @
W��� �����   ��� =� /
�� L$��

 !3%10  3����; �6���� ���
j.  ye��9 3    ������% �
��

 ��
�	� 	 3  /�; 	 8��410  �6���� ���
j 3����; . 2R

 9�
; �	� 
�� �3%R 
�� �� 2����
e��� rpm 15000 

 !3% ��15   �
�%� �� ��W�X� 4  ��H��  ���
�� �   ����;

Q�1����
� )MIKRO200, Hettich, Germany(   3� 

 	�����	� @����-�% �Y�3����� �������  
�����
J4 ������;


4�; ���X 8��
�R ���% Y�3���	�>�-�% .   ,����� *�3��

 ��1/0 �-�%  Y� ����2R  ��9/2 �-�%   �4
�� ����� mM 50 

Y� K3PO4 )6  =pH ( *�3�������8��
������ �	
�������

��   3�������-�	�3�7)mg/ml 167/0 ( 2Q	�3������7 	

3�����> 005/0  3N�� 3�  ��	84� .   @��g�% +s�H

��%���4	��6e���� h����� V:����	 UV–Vis  @���c ��

��% nm 450 3  *��J� .    ��� Y�3����	�>�-�% 
���
J4

!��N 
4
� 2Y	 �� 3��	 ���; 2
�� 3)18(.  

 ���6�7
�. �����8 ) 9���$ :��%�TNF-α  �IL-6(  

100  ��-�%      !
1���4 �4
�� 2	�� 2����� 
�4
� Y� /��;

)Phosphate-buffered saline  
�PBS (
� 4/7  =pH 

�	
��� mM 10 Y�NaCl 9mM 150  Y�Tris Hcl 	   

1 Y� 3N�� Triton X-100  =� /
�� L$��3    ��� �
��

 !3%30  3����; 8�
�Q��7 ���
j . @��g�%9   2	�� ���

���� � 	 LW�:% f�	3:>� �
7!3% � 10 � �� �W�X��
% 

4 �H�� ���
� �   ����; �	� 
�� g x 13000   Q�1����
��

3  .ye�9 @�-�% ��	�   8��
��R 2
%Y 
� �3%R 
�� ��

�
%� �� 80- �H�� ���
� �  ���;3  ���3�S� .  

*���������  �
���7TNF-α  	IL-6  
����� h������

ELISA      L�J�������� ��� ��H�� 
�� 	 !� {�g'%

3���� �3::� � �Y�3�� 
�� 3  ���; .  +s�H ������   
�7

  �
S���� Y� ��
1��� 
�ELISA reader    ���% @��c ��

nm 450  ��T� 	 *��J�TNF-α  	IL-6   !���N ��

/�;�6�>/�-�% 2
�� ���� 3���; )19.(  
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���� �� �7	�;(9 
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4 �
�7    9!3�  *���"
��

	 
�
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Z��� *����(��

2���� @�c �� 2Y	 ��� 2
(� ��3�.   

 ������� �
���g$
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���� �� �����Z�� *�����(��

I$Y �>�6�	��
%9     �	��; ��� C����%   
�Zd% 37
� 

) �������$ 2	Y
���%�8;� (����� .  ���� C�����% ��3����


���g$
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�
���% 9!3��  	 &$
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� 2
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X !	
1� 2	Y
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�� Y� ��

 �	�; 
� ���
W% �� ��
%R37
   2
(��%   *��� 
� 5���

 �
�����g$
  
���������� 2	Y
�����%�8;� 9������H	

� �>�6�	��
% �� 
���)2Y	 
Z�� �
:d��� ��/ @�c

2���� (3�
��� �J�Zc 3� ��.  

      @��c ��� 2Y	 
Z��� 8��� 	 I�$Y !3  V7
�

�	�; �� 2����    @���e���
� 
�� �3�  2
%�� �
7   �
�7

37
  �	�; �� 
Z�� *�Z�-��   
�� ,���� ��05/0 < P 

 	001/0 < P  ����:J% !	
���1� ��� 2
���(� �� ���� .

@��e���
� �	�; �� I$Y 
�
�%  
Z�� *�Z�-�� �
7

  ��:J% V7
��� 37
��  �	���; �����  ������3��� 2
��(� 5

 �� ����N��&$
  I$Y9 �3:7� 2
(� �� �  	� �7

   �	��; ��� 
Z�� 9
�� I$Y 
�
�% 	 !3  ����
4

37
   
�01/0 < P 
4
� V7
� .����    ��� C����% �
7

�	�; �� 92���� @�c �� 2Y	 
Z��   �3�  2
%�� �
7

@��e���
� 
� *�Z�-�� �
7   �	��; ��� ��
�%R `
�� Y� 9 

I�
� ��� P��8�.  

 !
"��#"�$  .��/��  

   @	3�H �� ��� ���; 2
�73   L6�  	1   ���� V�
���

�3:7� 2
(� 37
  �	�; �� C���% M�
�� 9
�� �3   �

     �
��(��� 	 ����e��� 3�3��  ,����R 93�3��  +
������


������ ��" 2	�� �� 
7    �c
�'%��Y 	 �c
�'% �
7

   �	��; �� ��� ��
� �� 5���   ��
�(� ���7 9I�
��  Y� ��

   3����S� 
��q� P�Q����
>�����7 ,��R .��   2�����

 �	�;9I�
� "�� � c
'%� �� 	
e� 
7  ��J�Zc  ���� 	 

2������-�1:�� 
������ 
7 �37
(% ���  3�  .��   �	��;

937
��  3��  +
������3� C
��'% 	 9C
��'%��Y ,����R 

��e��� 	 8�� 2������-�1:�� 
������ 
7   �37
�(% L�
X

��� .�� �	�;  
�4
���  �3�::� �   2	Y
��%�8;�)mg/kg 

1(9 LX�3� 2������-�1:�� @�-� �
7 �
����� � �3��  3�  

	 �	�; 
���� 2
%�� �3  
� @��e���
� �
7  *�Z�-��� 

)mg/kg 75 (+
���� v�1$ 
� h���% ��" �  c
�'%� 

�R 	,� ����e� �3��� 2
(� ���.  

  

 )��*2 . 9�$�� /� <! 
� �� ����� ���� ��
� =�7 ���� ���
�  !
"��#��$  ��#. �. >
.#$ ?����5  =/��)6  =n(  

���� ��� ��� ���� 

)3 -0(  

��� $%	&� 

)cm2( 


�	� ��� '()(* +(, �� '�� $-&. 

)w/l, mg/c( 

I*��  ***0/0 ± 0/0  ***0/0 ± 0/0 ***0/0 ± 0/0 ***6/6 ± 0/137  

� �
  2/0 ± 6/2  3/0 ± 2/7 4/0 ± 9/9  4/8 ± 8/217 

�%8�����M� **1/0 ± 1/1 ***5/0 ± 5/3 ***4/0 ± 7/4 ***9/4 ± 9/142 

N"O"�"� �2P=;2���  2/0 ± *5/1  6/0 ± 3/5  6/0 ± **8/6 ***4/11 ± 1/154 

Blank 2/0 ± 5/2 3/0 ± 1/7  5/0 ± 6/9  6/8 ± 5/210 

 !��N �� ���
W%mean ± SEM �3  2
�� 3��.  

���
W%  ��
%R 2�%YR h��� 
7Mann Whitney U )�H�� ���� I$Y !3  � ( 	ANOVA )&$
  ��
� ���� 
7 (
�� ��4�; /
i�� 37
  �	�; 
� 	.  
* 05/0 < P9   ** 01/0 < P 9  *** 001/0 < P    
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� �� ����� ���� ��
� =�7���� ���
� ��!
"��#"�$  ��#. �. >
.#$ ?���� 9�$��5 =/�� )6  =n(  

���� /	0�)1 ���  

)3 -0(  

/	0�)1 $�2�  

)3 -0( 

3�4��* 5627  

)4 -0( 

9	� $6)(* 
�	�  

)10 -0( 

I*��  ***0/0 ± 0/0  ***0/0 ± 0/0 ***0/0 ± 0/0 ***0/0 ± 0/0  

� �
  0/0 ± 0/3  0/0 ± 0/3 0/0 ± 0/4  0/0 ± 0/10 

�%8�����M� **2/0 ± 5/1 ***5/0 ± 6/1 **5/0 ± 5/1 **5/0 ± 6/4 

N"O"�"� �2P=;2���  4/0 ± *8/1  3/0 ± 6/1  **4/0 ± **6/1 **8/0 ± 1/5 

Blank 1/0 ± 8/2 2/0 ± 6/2  2/0 ± 6/3  3/0 ± 1/9 

 !��N �� ���
W%mean ± SEM �3  2
�� 3��.  

���
W%  ��
%R 2�%YR h��� 
7Mann Whitney U 
�� ��4�; /
i�� 37
  �	�; 
� 	.  
* 05/0 < P9   ** 01/0 < P 9   ***001/0 < P  
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�
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7)  �	��;
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001/0 < P �3:7� 2
(� 9M�
�� 5
4
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1� �

�:J%   ���� I�
� �	�; 
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�� �3  2
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�� ��H��� L��
X ���c �� Y�3�����>�-�% 
��
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4
�)01/0 < P .(  

  

  
 D"72 . ����%3 O&�$/���-��#!
2� =�#F �� 9
�
� �3�. ��  	��

�%��&$ ��
$ )6  =n(  

 
�
P �. #����$mean ± SEM =�7 9��. ���.  
** 01/0 < P I*** 001/0 < P 0%$ ST�U� I ���7 =�#F �. ���  

  

=/����  	#�FIL-6  

 L6  �� �H�� 
�3  |T�� 9IL-6 !� ��    2
�%�� �
�7

 *��
�> �
��� 2	Y
�%�8;� 
� �3     |T�� Y� ���IL-6  ��

     �
���� I�
�� �	��; ��� �� ���c �� 5��� 37
  �	�;

�% P��8�  ����� .    @���e���
� ��H�� L��
X ��j���   �
�7

 V7
� �	� *�Z�-��IL-6    37
�  �	��; 
� ���
W% ��

 ��� ���(% L%
� ��c ��)001/0 < P.(  

  
 D"73 . :��
�#�0�� 9���$6 )IL-6 (=�#F �� 9
�
� �3�. ��  	��

 �%��&$ ��
$)6  =n(  

 
�
P �. #����$mean ± SEM =�7 9��. ���.  
*** 001/0 < P 0%$ ST�U� I ���7 =�#F �. ���  

  

=/����  	#�FTNF-α  

�Y�3�� Y� LN
� M�
��  ���;TNF-α  L6  ��4   �3���

�% ��  .     2�8��% 9������� *��� ��� �H�� 
�TNF-α  ��

 !	
��1� 37
��  �	���; ���� 
Z���� 2	Y
���%�8;� �	���;

�:J% 2
(� ���� ��� )001/0 < P .(  |T��TNF-α  ��

!�   @���e���
� 
�� �3  2
%�� �
7    �� *�Z�-��� �
�7

*��
> �
��� 937
  �	�; 
� ���
W% ���� �.  

  

  
 D"74 . 9���$TNF-α =�#F �� 9
�
� �3�. ��  �%��&$ ��
$ 	��

)6  =n(  

 
�
P �. #����$mean ± SEM =�7 9��. ���.  
*** 001/0 < P 0%$ ST�U� I ���7 =�#F �. ���  
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Abstract 
Background: Silibin is the major (70–80%) and the most active biological flavonolignan of silymarin 
with antioxidant and anti-inflammatory effects. Studies have shown that nanoparticles can effectively 
be swallowed by macrophages which are associated with inflammation procedure of ulcerative colitis. 
In addition, further reducing the particle size increases particle uptake into the intestinal cells and the 
particles could be deposited more effectively on affected areas. In the present study, nanoparticles of 
silibin were designed to evaluate their effectiveness on ulcerative colitis in rats.  

Methods: Test nanoparticles consisted of 15 mg of silibin loaded in 15 mg of poly(ethyl acrylate-co-
methyl methacrylate-co-trimethyl ammonium ethyl methacrylate) polymer with average particle size 
of 109 nm which had been coated by 20% w/w of poly(methyl acrylate-co-methyl methacrylate-co-
methacrylic acid) polymer in order to deliver nanoparticles to colon specifically. Five separate groups 
of rats were fasted for 36 hours and then, colitis was induced with 2 ml of acetic acid 4%. Treatments 
were made for 5 days, once a day, started 2 hours before colitis induction. The designed groups were: 
nanocapsules containing 75 mg/kg silibin, nanocapsules without silibin, dexamethasone (1 mg/kg), 
normal saline (2 ml/kg) and normal group. 24 hours after the last administration, colon tissue was 
removed; macroscopic and histopathologic assessment, also determination of myeloperoxidase (MPO) 
activity, tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6) levels were conducted. 

Findings: Silibin nanocapsules were effective to diminish inflammation and ulcer severity while it was 
not able to reduce ulcer area statistically. Weight/length ratio in dexamethason and silibin nanocapsule 
group was close to that in normal group. Microscopic assessment of silibin nanocapsule group showed a 
mild to moderate inflammation of mucosa and minimal crypt damage as the values were significantly 
different from those of control group. Treatment with silibin nanocapsules resulted in decreasing of 
myeloperoxidase activity and also both levels of IL-6 and TNF-α compared to control group. 

Conclusion: Poly (ethyl acrylate-co-methyl methacrylate-co-trimethyl ammonium ethyl methacrylate) 
nanocapsules of silibin could be considered as a suitable alternative for present drugs with anti-colitis 
property. However, more studies are needed to support this hypothesis for clinical use. 

Keywords: Silibin nanocapsules, Ulcerative colitis, Myeloperoxidase activity, Tumor necrosis factor 
alpha (TNF-α), Interleukin 6 (IL-6), Rat 
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