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	* ?�L�� 	������F  ,� �� ��� ��N Z�2� �� ���
   ���

   ;���L�� A!�� ��� �����F  %�� .���� Z�Q&�    ���2� ����

%�r&$�   ���ECM    	:���& A!�� ��� ��    �����F  ����

%�r&$�  �� ;�� `�/* ;�&��  ���ECM ) �����1.(  

 	�* � 	���>����� .�G-J� $ .����T&    ��� ,���&

8��!& 8>�      ��� 	�!���� @U�# �����* s2�3* ���

 @� "	��:�$���$ �������  `��7 ��) ]V�    ��� ����


    ��� 	���>��� .[��Q&� �� $ (	!�&���$��!:� ���$���

  `���7 �� �*�# ]V� �� 6�� Z�!:�* Z�Q&� .�J

) ��� ?����L�� 	�����[�$�� ������� 4.( ���4H� ������� ��

���� t-& "���*   ,� �� ��� ��� ����
 .�J 	���

	��* ���2>#  %�r&$���  	XV��� @U��# ���� ,����&  �����

	J�Q�M���c   %�r&$��  	XV�� @U�# ��)&� "   ����

�� "	J�Q�M�    	:���& ���4u& ��� ;��* ����    A���N ����

   Z����� A�*�B& �� 	������ ���� Z�2� W��& 	������

��[��� $ Z�2� %�� ;�� � �� ;��� �����) �6.(  

������� ���������K�:   $ ��������F  �������* Z����B�

	2   	�* � ��������      	
��4��0 ���c�& ����� ,���&

        .��J ��� "���� @U�# ]V�� ��� "j��M 	:�2�

 ;���& ,$� �� $ �� ����  ]V� �� 	��[�$��   ;���* �

) ���L�
1.( ;��G ,���>/��� ;����� s2�3* ���   ����

�'�v$ �� �&  ,��� ��* 	�2  �*   -*��B& ��� ���  	XV�� .

Z�2�  .����� ��� j�M ��� ���c� �"     ��� ����* %���

%�r&$�   ;\��$ ���     ��� ,9-�"%��!�$��4�� ��2># �� ��

.���� ;��� b��  %���*[    Z��G %��� ���"   �� ;��'����

%�r&$���  ���V)� �� ����  ���� 	!����  ���������� ���5�

 	4��B* .��� 	������ �� 	:���&     	������� A���N ����

 A!� �� Z�2� W��&������F  ,� ��4u& $ 80��  ��

]V� �$" 	*  �� ,��& %����� �42c .-!/* )6.(  

RGD "��&  ����F   A!�/�*   ����*� ����� ��� �� � 

%�����9� )Arg(- %�����2
 )Gly(-  ������ 8�&�F����

)Asp "(*dw�� $ %��&�+ ;��L�� %��& �  ����F  ���� 

�0 ��4H� �#�* ��4     ���� $ ]V�� ��� 	:�2�� 	
��

 $�L* Z�2� �� Z�2� Z�Q&�	*   .����RGD  W���& 

Pierschbacher  $Ruoslahti" 80�� ,���= �� �&�% 

 ��* �����F d���0 � �+4  %��!�$���4�� � 	:�2��� 	
��

 ��� 	������ )10 .( ,� 	:��!:�* ,�$ g/mol 3/346 

 $ ��� 	:��!:�* Z�*�� ���� 6O6N22H12C  	�*   �����

)6 A*�= .( ,���  "�����42�$  "%���*[  "%���� �r����   �������&

 	���3��� %�r&$� �:���  ��2># �� ,��!*  ��� � ����
��N 

RGD ����� ,� 	K>� �� %�r&$�  �� ��   � ���#�* ���
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Z�2� ��/c 	* ;��� ��� ����� . ���& %��  ����F "   8�� ��

     �� $ %��!�$��4�� ��� Z�2�� Z��Q&� b����� �4� 6�7

�K�� 6�7" �0 ��4H� �4�4	* Z�2� 	
�� ��� )11.(  

RGD 	* �H�& ��    	
��4��0 ��+d�* �7 �� ����&

	��* ���!2� O����� 8����X& � 	:�2���  ���7 ���� ������&

;� 	J�Q�M�   ���N ��+z& �X& � 	J�M 	:�2� ���

p��  $ ��� ) �����K���� � 	J�Q�M� 	:�2� ���6 .(

	* � �����F  %��   `���7 �� 	��[�$�� .�J �� ,��&

;$�
  �� A������� �� %�*� "A���$��� ��� 	�2   ��* 

) ��� AQ�*1.(  

	2  �*   �M��� ����� ���B�* 	B�47 $ ���� ���

    ���N ��B:�V* ���* ,��3��� ������� ���� �����

����
  �5� 6�J .����4�# ��   "	�V�X* $ ���Q�N� ���

	
\�$ K�� ������� ����* �  ���3&   ��>�� "���U 

����� "(� � ����� "(� �M�� �   ����L& $ (� ?��H��

 �� �#�& b����� {=�� "���U 	2  �* ;�� 	B�47 ���

 %�� 	����� 	!���!* j��M ��4:� .���	2  �*   ��� ���

	* ���3& R��� �� ����� Z�2X*     ;���>� ��� "�����

   c� "���:�& 	�7 	!�9��:��� j��M 	:�>�G� ���  ��2

 ,� �� ;��'���� ,�!*� ?�= {=��     ;���* ,����= ��� ��� � 

	* ��� �� �QX�* ����� ) ���1.(  

	2       "��>�� ?��= �����* 	:��= j��M ��������

   � ������  $ @� � ���U�  Z-X�� "���U  ���L&

 .������T& �������pH   "	��&��G �������  ���*� .������

) ��� ���* %�� |��)� �� (� 	���>�� $ 	!���!*1 .(

	2  g�# �� ,� .�)�/* $ �:�2�   @���X* ��������

	��* ;$���
 �� 	��!� "������  �� (��H* �����	��2  �* �����

����  ���3&      	����H* � ��� ������ 	�B�47 ��U 

����
 ��N ;��'��� ��* ����  $ 	:������ ��M�� .���

   ��QX�* j���M ��� ,� �[�� 	:�!:�* ,�$ %��S>�

) ��� ;��� ,� �� ���� ��3.(  

   ��������� ������ �����B& ����#$ ���2= ���� �:�2���

;$�
 �� 	�9$���   ;���L�� ��� A���$��� ���   ����

 	�* �K� (� �� � �:�2�    ) ���� ���2� "�����7  ��� .(

	* �:�2� 	���>�� a-J�  (8���:�2�) 	&�)�/* ,��&

  "	2����7 ���� .����� ����:�& ����H� ���U��  �������� ����

8���:�2� � "��:�&��� ��2��N ���� �� $ ����� 	�����

���� 	* $ ���
���     	!���  ��������� � ������&

 .��������� ;��'�������� s�����2�3*Esterification  $

Etherification  ;$��
 ��     "�:�2�� A����$��� ����

  $ ,������ �2������� "	:����!��� $ 	������ ���������� 

t$ ���K�� �� ",�����������  	���>���� a-��J� �����

) �����12.(  

  {��=�� �:�2��� ,�����������   $ ��M���� �����T&

	* 	K���2�  �+� 	���>�� $ 	!���� j��M �� $ ���

	* ) ��U
7.(  �:�2�� ������   �:�2�� 	����) "OC(  ��

 �2>#	2  �* @� � Z�2X*�� ������   b����$ �� ��

 ;���� ����� A*��= �� �:�2�����*  "��2� ��
   ������� 

",9$��� "���� 8�����  ��   "��2� ������ ��   ������

",9$������� ".�':������  ".�����K�*�  ��  .����*$��

"���� 8��':��   "����� 8���2��F��    ��� ���:���F��

	* ��L�� .�����  .���  �� ��  �    %��� �� ;��*� ����

  �$��G ��� %!>* ;�� ;��'��� t$ �� ���� `��7

"8�2������� A*��=    ,���� ��� �����:�  ;$��
 $   ����

A���$��� ���� )12.(  

 $ �:�2� �0 �
�  ��� ����� 	�����& ,� .�)�/*

      A�!�/& ���):� ���J�M ��N�� ��*� "���� � ,��3���

	>� $ ����� ,��3���   ����# ,��3��� A�!/& �����&

AX* � ) ���� 8��X& � l�� ���4-3.(  

	
\�$ %���
 �5� � ��  ����� ��� �� �QX�* ���
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 ��4u& �#�& A��N .��+� $ �:�2�RGD   	
��4��0 ��

    ������ �M��� ��� 	���� `�)X& "	:�2� (��)& $

OC  ��4u& $RGD    ��5��� .����� ���>& ,� ]V� ��

	* ;��* �& ��� {=�� j��M ��4H� �$ �  ���� ���#

 ;��'���� ��* ",��3��� ������� ��������   ���/�� �

�
 ��N��.  

  

��� 	
  

   	:�������$�!�* ���  ,��� .���G �� �:�2� ����� 

) �:�2�90  ��J� >" Merck "USA � (°C 38   ���

 .�*13  ��
 ,���# �X& $ �=��2NO    .��� ���H&

    ���� ;���*� ����� ���� ����  �� 	����� ����)* iF���

	������2  A��������*  .-�����������*PMMA]  ��������  

Poly (methyl methacrylate([ )90  ����J�>" 

Sigma-Aldrich "USA;�'G ,���= �� (  �4�� �� ���

1:1    	!���� j��N 8� .�J �� $ ����
 ^�23*

 �VN �� A!�cm 1   �*�3�P $mm 3    ��/� ��X&

MPa 25  ;������� .���*� �  .�~ �PMMA  �$���G  

µm 600-300  ����>� "�*��� � .���     .��* ��� ���24 

�� � �=��������� ) ,���������*$�2�DCM  ���������

Dichloromethane) (90  ���J�>" Merck "USA (

 �& ���� ;��� ��NPMMA     "����H� � .���� �����

���>� .���� 8/M ��  

;$�
 Z�Q&� �� ���
�2# ����    $ A�������� ����

 � %�*�RGD  ����!��K 7	 4u& ��� $ ,��   ]V��

�� "������� ;$�
  ��� �������"A  ��Esterification 

���5��X* ��*	 ������ .����)* �����	 �� &������A ��2����� 

)SOCl2 �����Thionyl chloride) (90  ����J�>" 

Merck "USA  $ ��� AG `2V* Z���&� � (mmol 1 

 ��RGD    ;�K��/��� "�����F  	>���� .���)�)X& �����*)

     ����P� Z��2X* ��� (,����� "	��7 %��:���Q� �#��M

 .�* �� $ ��24 (� �=��    Z-�G iF�� $ �� ;��

.�� 6UG $ ��34& ��&$ ��34& ;�K��� ��  

iF���� RGD � �� �*����A *�*������� )DMF ����� 

Dimethylformamide) (90  �J�>" Merck "USA (

 $ ��������������� A�������������Gmg 50 �� TBTU   

)(1-[bis(dimethylamino)methylene]-1H-

benzotriazol-1-ium 3-oxide tetrafluoroborate)( 

)90  ����J�>" Merck" USA��
 ������P� (�����  $

�����  .�* �� ��72 �7�c ,� � �=��  $����.  

   ���L* ,���� Z�B� ���� ;$��
    "A�������� ����

����� ���4��-RGD   .��* ��2   ��*� � �=���� 

 Z���2X* � ����&�1/0  [���*NaOH )90  ���J�>" 

Merck "USA   ��� $� @� ��� iF� $ �� ;��� ��N (

.�� ���� ";�� ��V)&  

 ��FTIR )Equinox 55, Bruker, USA (� 

;�$�X* � 1-cm 4000-400 ���� �����	� ;$�
 ��� 

���������A  �OC" !��/&�A  ������ ����%  $ �������

RGD     ;������ $ A!�� .��� ;��'���� �  A�323&   $ ���

 �K���	 ,��� ��� �� *���!�$�! �$��!:�	  �/�$	 

)SEM ������ Scanning electron microscope (

)Czech RepublicVEGA II, TESCAN.�� 	��� (  

 ��4u& ��+z&RGD       ��/� ��� 	:�2�� ���:�B� ���

 ,�*�� $ 	:�2�MTT )3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide 	������ (

    ;� 	������� 	����-��r��� �4��� Z�2��� .������
  �  

SaOS-2  ;�K/��� "	:�!:�* $ 	:�2� .�)�)X& ���*)

      ��/� W��X* � (,����� ",����� 	!���  ?�2=FBS 

)Fetal bovine serume (10 ����J�- DMEM 

)Dulbecco's modified eagle medium (
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)Invitrogen, Germany �����B& $ ���� ;��� ���/� (

Z�2�  �� �� ;��� ���MTT    ����� .��� ;�� %�>3&

 ,�*��MTT����� "   ��&�  �� ��γ    $ ����� A������

10000 Z�2���   ����*� � 	��B�47°C 37  .���* ���� $  

72 .���� ;��� �/� ����� �$ �=��  

   ���� ���/� W���X* ",��������!�� �� i�� µl 150 

  Z��2X*MTT )Sigma-Aldrich, USA  ���52c ��� (

mg/ml 5/0  Z�2��� $ ���� %��K����#   .���* ���� ����  

90  A�!/& ,���*�� Z-X�� �� i  .���� ���!�� �)�N�

 �� ����� ;�����  ) ��������':�� A�����*DMSO  �����  

Dimethyl sulfoxide) (Sigma-Aldrich "USA (

 ��)*µl 100   ���2  �� Z�2X* ��96    $ A�)��* ����M

 �K0 ) ���� 	:�OD   ���Optical density  Z��7 � (

 h�*nm 570    ��� ������ ,$�� 8��0 .�� ;����M

 .�� ����
 �5� � 	'�* ���� ,���=  

������ X��Q&�]  @U��#MTT ����  W����& ,�����*��

 ,�$ "������,��! ��� ����� ��� ���>�  ���� OC 

 $OC-RGD  �����>� ���  ����   ,�$����� ,��*� � ������

MTT  ���P�$ ,�*�� MTT  ,� �� ^���* .�4��X* $

5  ��!& ��.�� ,�*�� One-way ANOVA ]V� � 

 ,���>7� ���P95 ) �J�050/0  =P( $ � ?��  ����� 

SigmaPlot  �3��� � 11.0 )Systat Software, Inc. (

 �����L&�� $ 2X&�A ;��� �� ��N ;��'��� ��* �
��.  

  

���	 	
  

 A!�1  s�7FTIR     ������ ���  "	�B�47 �:�2� �� 

 ���4�� $ ;��OC-RGD 	* ,�/� �   A!�� .���2   ����

    �����>�) A��323�* ������4�� ������� �� 	��BV)* �   

OC-RGD	* ,�/� � (  A!� � .���3  ���� 	:�K0 "

���>�  ���OC  $OC-RGD ��� ;�� ;��� ,�/�.  

  

  ���1 ��� .FTIR )Fourier transform infrared spectroscopy ����� (� ������ ����� (� ������ (��� .(OC-RGD  �� ���

 ���  !"#RGD ����� (� �OC-RGD  ���  !"# �� �"$RGD  
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 ���2) &����� '�$(�� ��)*+ ,�!-+ �� ./$0( .10)��� 2���0��+ ��34 .OC-RGD�*�*)+ (  

  

  
 ���367�)1 .  ��+�8 &MTT )3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide ��� (  &!�  

9��� .'�$(�� &0( 9�� 9��� '/� '�:$�;)��  <(�= 6$ !�mean ± SD 9�+8  �1�)5  =n �001/0 < P  

  

���  

     s��7 � 	�>H* .�����T& {�=�� �:�2� ,���������

FTIR ,�"     � ������N �������� �����Hv �����2># ��  
1-cm 1750-1700 ;�$��������X* � ����������T& $ �   
1-cm 1430-1150  $1-cm 3000-2800 	���*  ������

)13     ������ "�:�2��� ������* ;���� ������� �:�2��� .(

���� ) �
���5 $ (	2   ��*  ����� �  ����3&   ��U� 

;$�
 ���B& b����� .��� @� 	2������� ���   ���$�

���� ��4H� {=�� ���3&   ���U OC  	�*  ) ����6 .(

 ���� .��1-cm 1800-1700     "A�������� ���)* ���

0

0.025

0.05

0.075

0.1

0.125

0.15

0.175

0.2

0.225

0.25

0.275

0.3

0.325

 %��>�OC  %��>�OC-RCD

�
�)

� 2
!
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  � 8����  .����� b������ .��� (�)�����* �4�����  
1 -cm 1430  $1 -cm 3000 -2800  A!�������)1 -  (@

,�/� ;���� � �����b ������ ��)*�A  ";$-= �� .���

�3&�� �� � $��L ��M�� (5� b����"    ��X* {�=��

 ��������� ,������ �U���#	  �1 -cm 1160 -1030  $  
1-cm 1430-1160 ) �� ����M13.(  

 A!� �1-  8�  @1-cm 1735  ;��� a�P$ ��

	��*   ���� .��� `��2B& A��������� ;$���
 ���� ���� �����

Esterification   ����� A���������� ;$����
 A�����4& $

;$�
 "A��* 	������  %�*� ���RGD   ;$��
 ���   ����

	* b���$ ����� A������� ���   Z��Q&� {�=�� $ �

RGD   	�* 	���[�$�� ����  `��7 �� ]V� ��   .�����

    ) A�������� ;$��
 ��� ^����* 8� 1-cm 1735 � (

 s�7OC-RGD  A!�)1-    �����  A�!�/& �+� � (h

  � %��*� ;$�
 $ ����� ]V� A������� ;$�
 %��

RGD       ���L* ,���� Z��B� .��� �����M �X*RGD 

	������ ;$�
 ���T& {=��   � A���*RGD   ��5��X*


 �� ;��	* A������� ;$�  �K�� �� "�L��� � $ ���
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Abstract 
Background: Human tissue failures caused by different damages or injuries are the most serious and 
costly problems in health care and have direct effect on life quality. Tissue Engineering, as a scaffold-
based strategy, provides promising research field and may offer innovative viewpoints to treat 
diseases. Scientists in various fields have tried to functionalize polymers to achieve special surface cell 
interactions.  

Methods: Cellulose powder was oxidized with NO2 gas and the porous scaffold was fabricated via dry 
pressing. RGD peptide was immobilized on the surface of scaffold via grafting to make a hybrid 
scaffold. The hybrid scaffold was characterized by FTIR (Fourier transform infrared spectroscopy) 
and SEM (Scanning electron microscope) and its biocompatibility was examined through MTT  
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay. 

Findings: FTIR results proved oxidization of cellulose and bonding between scaffold surface and 
RGD. Porous microstructure having suitable size was confirmed via SEM. The results of MTT showed 
significant increase of viable cells on hybrid scaffold. 

Conclusion: Porous structure and high biocompatibility were benefits of prepared hybrid scaffold. 
Cellulose oxidation can present suitable condition for RGD immobilization caused to enhance 
biocompatibility. In addition, existing pores in good size conditioned hybrid scaffold to engineer bone 
tissue. 

Keywords: Cellulose, Oxidized-RGD peptide, Tissue engineering 
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.��M�� �� �����   �
 �"�3� 0-� �4���� .��# ��

+)��) ��g�& 1���
 ��������� �� )11(.  

	1���
�� 6;�(�&      �"/�
 F"�2 ."-��� ���'�� �

  ���"� .�( �( �M��#M2    �"� ."%$ �"�L ��   ) 1"GG(

	1���
��   �"��I&)�2 �"�      41"= ."%$ �"( �M��"#

 ��I&)�2HA   �"� d":��� ��  1"GG(   �;"#G� c�1"�� �

   ,��"� �)� �"� �"h� � 1�18 ��� �R��X ����   0G"(

.��#- ) 1G��� +)��)12 .(  

 H�--J��B�M�G�&��� ��)��
  �� 	1G���$ 0���� �

	
�)��""$ !�""#   1""�M�& ) �""R��X �""� ���""�� �""�

	
�)� �)� H��� ��)��
 .1�� � 	�# �E:�   �"��� F�

Sambucus nigra �""o�/�
   DX""G� �
 �""( !"#� ��

��f��(    �
 �H�"Go�� ) 4"e���p� ) 4�1�� 1G�� ��

�� 1=� q�X�� DXG� *�� .1G(    �r"�� �;"# 4� ��

���1�
 ���s��  �� 5(�� ) ��
7-5 �� ) �o���   �"�

�=�/ ) 1��# 4�      ��"t �"3� �"/�)� �
 �"( !#� ��

�� 	��� .1��= �� H�� ��� ��\�� ��;= 	   	�"�& ��� r��

�� 	�# & 0O� F�& .1=�   �"( 	"�� H�� �� »  ��"\��

�M�( « )»��;( 4�/ «�� 	1��� ��� �
�=  	
��#� ��:

 .1G���	���   
 �	�"# �"E:� �����    H���"#���� 9��"��

 ��=Chrysanthemin� Sambucin� Sanbucyanin �

�H���M   ) S"����M�) 1�"#� ��1G: 
���   S��"#� 1�"#� 

) !"""#�  ) ��
��/��"""# 4"""��
 �
 4� W�"""G�


����� .
��
 
���( ���G& 	\�#
 ��   	1"= W����

    �)� �"3Q �� K"2 	"�� H�� !��= c�U� �( !#�

;#     4��"�� 0�"( ) �����"���� ��"��� ,��� 
�;3� 5

�� 5& ) 
�=13.(  

	�U� �h� �0�)b2 H�� �
  �   	�"�� �"��   �"E:� �

��R�� )
 �
 ��������� +)��) �)� �� 	�#  �� 0�2 �

       4� �"�g�& �)� �"� �"�� ) .��"# �"� +)�"�) .U&�

1= �#���.  

  

��� 	
  

��3& 	�U� � 	��� ��� �  :	�"# �E:� �  	�"�� �  	"�� 

�E:�  	�"# �
  	"�
�
�� 1394 ��  ��"#)�  H��"��� 

4�#�3=  �3"'3�  4�"#�  4��1"���  j"�8 ��)�  1"= .

Kf# �
 ��# S'/ 1= ) ��  �
�"2  ��1";&  1"�
�� .

100 F�� �� �
�2 �� !#
 	1�� �
 300  �"���  �"��M q� 

)
 �� ��E-& � ��
 80 �8�
 � ��#� 
��� ��  61"� 

20 �-�:
 ���: 	
�
 1= . .�"�J�  "�  	
��"#� ��  i"L( 

H""�&�) 	��""= � S""� c""7 1""= .Kf""#� �� �""���$   

22/0 ��)����  ��";� 	
�
  1"= . K"2 ��  �"�O;&  .�"�J� 

��7R 	�U� � S'/ 	1= �� 4�) 5/14 F�� & 4�� 

	
��#� �
 ��
 4 �8�
 � ��#� 
��� ���: !$��. 

) 4��� ���G& �a�y�M� .��#A549.��# :(   �"�

�2�  .��& +)�"�) c1� H�M)� ����G&    �����"���� �"�

 	
� �0�)b""2 H""�� F""e�� ���""� .1G�""��  �M��""# �

)ATCC NO CCL-185 (A549   �� 	1""= �""�$��

   4��""�� ���""#2 ����""��� �� �4""��� �""��G& �a�""y�M�

  T�""""J� �
 .��""""# .1""""= ���1""""��/DMEM 

)Dulbecco’s modified Eagle’s medium�""� ( 
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 	��""��10   H�""G8 F�""# 1""7�
) �M""#��FBS  ""�  

Fetal bovine serum���� .��J� ) (    ��"= S"�&���

�""G2  �""�
 �
 H�""�����2��#� ) H���""#37 �""8�
  �

���# .1= 	
�
 !'( 
���  

 :�����""���� +)�""�)   �����""���� +)�""�)H9N2 

���18  .# �2011  �
 	1= !;h 4����GenBank   "�

	��""=  ��""�\�� �JX456181  �""�� .1""= q""O���

)��)) z�2 0eG# W)� � +14   .��"# �)� �"� (

A549  .1�
�� H��%&  

0eG""# 4��""�� ���""#� !��""# � 	�""U� ���""� 

.��""#  :�""��G& �""�   W)� �� ���""CG� H""�� ���""�

	1�'� ) �M��# 5�#� �h� �2��#)���� �CPE   "�

Cytopathogenic effect  4��""�� 
�)��""� ) (50CC 

)Cytotoxic concentration 50 r""�� ""� ( ""��� ��

Trypan blue .��""# .1""= 	
��""#�  �""�A549 �
 

!��2)����  ��48   ,(��"& � ��/106    �"� �
 .��"#

    �"�a S"& ���"'& �� K"2 .1= 	
�
 !'( S�Q  �

!:� �.��# �� ���( .��# �� 	�U� d��O� ��   "�

       �� 5"#G� 1�"= H�$�"� �"C� �
 "� .1"�
�� �$Z�

!��2)���� �.��#  ��
 �
 �37 �8�
 ���# �   
��"�

 )2CO 5      ��1"�12 �"C� �� �"���)� ) 1"G�$�� ���: 17�


 41=CPE .1�1= �#��� 48    �"( !"'( �� K2 !�#

       ��"'��= �� K"2 �!"#� �M��"# �"�g�& 4"�� H���3�

.��#  r�� ��Trypan blue 4 S�Q F�& �� 17�
   "�

.��# 17�
 ) 	
)�$�     H��&a"� .1"= �;"#J� 	1�� ��

     �� �"��( 1"=� 0�"( �"� �( 	�U� !C�L50   1"7�


.��# ���#� �
�= �eG� �   	�"U� !��"# �  	�"�� �  �

�# �E:�.��# ���� 	 .1= ��$�� �C� �
 ���G& ��    

�#��� �h� 1Z �#)��)  	�"U� �  	�"��   �"E:� �

   :�����"���� +)�"�) �)� �"� 	�#     �"h� �"#��� ���"�

  H�I&)�"2 !�M%$ �� 	�U�HA    1"G���$ )
 �+)�"�)

0�2     �"h� "� .��"# �� +)��) .U&� �� 0�2) 4����

 K"2 ) (,�-���       �"� +)�"�) qi"8 �� K"2) 4�"���

��#    .��"# .1"= �"R��X (,�-�"�� ��L �h� � .   �"�

A549 !""��2)���� �
  �""�24  ,(��""& ""� �""�/105 

  |�""�O� .1�1""= 	
�
 !""'( S""�Q �""� �
 .��""#

    	1"GG( ���"�� �"��)
 � ��������� +)��) ) 	�U�

)MOI  �Multiplicity of infection  "� ����� (1/0  )

1    �$"Z� S"�Q �� �� ����18 1"�
��   ���"� )  �"�

.1= ��$�� �C� �
 S�Q �3Q �!C�L  

  1�"= �!"��2)���� �� �
     ��"= �"��1GQ �"�

.��# .��#)  +T�J� �(.��#) +)��)  + (+)�"�) 

) .��""#) 	�""U�  +H���""'�� !""C�L �""�L ��""# 

	�U� �    .1"= �"�$�� �"C� �
 (	��    !"=i� �� K"2  

1    �"""�
 �
 !"""��2)���� 4
�
 ���""": �� !�"""#  

37 �8�
 ���# � �
���    S"�Q �"� VE# �� |��O�

 ���O&1�
��  T�J� )DMEM  H��\�8 F�# �)R

 !""��2)���� .1""=   61""� ""�48   �""�
 �
 !�""#  

37 �8�
 ���# �  ) 
���2CO 5  .1= 	
�
 ���: 17�


   �� !"%��� W)� +"#� ��CPE  !"C�L �"h� �   �"�

   �)�""� j�""� �""( 	�""U� d""��O�50  1""7�
CPE   

)Half maximal inhibitory concentration  �50IC (

S�Q �� ��� �
      N/"= ) 1"= �;"#J� �
�"= �

) ��O���SI  �Selectivity index  �"� "� (   �� ���"Z

 !;��50CC  ��50IC  .1�� !#
 ��  

 0�"2 �
   ""� �����""���� +)�"�) �4�""���1  =MOI 

.��""# �)�  �""�A549  !""��2)���� �
 �""(  �""�  

24  ,(��& � ��/105  	
�
 !'( S�Q �� �
 .��#

 61� �� �1�
�� 	1=1  Kf"# .1= 	
�
 qi8 !�#� 

 	1= ���O& S�Q �� VE# �� �#)��) 4����f#�#
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!C�L ) 	�U� ��   T�"J� �
 	1= ��3& �DMEM 

     !"��2)���� .1"= H��\�"8 �F�"# �)"R    61"� "�  

48   �""�
 �
 !�""#37 �""8�
 ���""# �  ) 
��""�  

2CO 5  ) !""$�� ���"": 1""7�
SI  �""� .1""= �;""#J�

 .��# 4
�( 	
�M� F\G�A549   ������"���� +)��) ��

) 1'� 	
)�$� H��f��& .��J�15.(  

 !""=��)� 
�1""%& ��""����  �""�mRNA  4BNP 

""� +)�""�) �� 	
��""#�  0�""���Real time PCR   

)Real time reverse transcription polymerase 

chain reaction( :  ���O�""""#� ���""""�RNA  �


4����f#�#   !"�( �� �M��# !'( ��High Pure 

RNA Isolation )Roche, Germany D�""""E� (

  �"���� .1"= 	
��#� 	1��# !(�= ��%M����#
   �"�

RNA   �"�
 �
 	1= ��3& 20-  �"8�
  ���"# �   
��"�

4B 4�� ������ ���� .1�1= ���13\�  NP   +)�"�) )

  �"( H�� N�O'&»    	1"= .��"# 
��) +)�"�) "��  )

  �!"""""#� �"""""�$� �"""""�g�&« � �"""""����L� ��  
NPF: 5'-ACTCAGCGACCAAGAAGGAA-3' 

 )NPR: 5'-CAGCAGTTGCATCTTCTCCA-3' 

 !"""""�( )SuperScript®qRT-PCR SuperMix 

)Invitrogen, USA) 1= 	
��#� (16   .�"UJ� ��1"-� .(

 �� 	
��"#� � 1 Fluorescence SYBRGreen reporter 

 )
 6%E: ���
� ���� ��"=�     4"�� ) 	1"= �"�g�& ��

�""/�Q W��� ) ���""#� �Ct  ""�Cycle threshold (  

 4B 4""""""�� """"""� �""""""��-� �
β-actin �""""""�    

 1�"""""= 4��"""""G��"""""�/�
 �"""""����L� """""�  

 ß-actinF: 5'-TGCTGTGTTCCCATCTATCG-3' )  
 ß-actinR: 5'-TTGGTGACAATACCGTGTTCA-3'   


�)��� 1�
��.  

	
�
  F�"� �� 	
��#� � 	1�� !#
 �� ��   ���"$�SPSS 

 �O"��  �16 )version 16, SPSS Inc., Chicago, IL( 

     ""� c��"/� ) !"$�� ���"": ��"���� 
��"�050/0 < P 

�G%� 1= ��$�� �C� �
 ��
.  

  

���	 	
  

 !=i� �� K248    !":� V�"-�& 4"�� �� !�#   �"�

 4���� �	�U� d��O�50CC 	�U�  	�"�� �   �"E:� �

 .��# �)� �� 	�#A549  � �����6/82  �� F��)����

���� !C�L �( �G%� H�1� ]1�� !#
 �� ���M  0�� ��

 0�"2 �
 .!��� ��J& ��: .��# ���� H�� ��   4�"���

�
 S�Q �� 1�=   !"C�L �)
 �"� ) .��#   �"�

�	�U� .��# ���# �   �"( �M"R �
 .
�� �%�;X �
 

S�Q �1�= � S�Q ) +)��) �� |���� �� �h� 

1Z ��#)��) CPE .��# 41= *��� ) 
�� ��=  �

4� 41= 	1G( ���2 6�# �
 )   	1�"'� ���� �� �

1=  ��=)1 4���� .(50IC  � �����47/5  )SI   "� �����

10/15 F��)���� �� ���� ���M .1�� !#
 ��  

��R�� �
 0�2 �   ^�"�� +#� �� �4����  0�"���

   �)� �"� ��"h� ,�-��� ��X �� 	�# �E:� �eG#���

!=�1� ��������� +)��)  .��"# 1G��� )    1�"= �"�

  �
 +)�"�) ��� �1�
�� 	1= 	
�M� +)��) � T-$ �(

     !"=�
 �e��1"& 0���"$� �	1"GG( ����� �)
 H��] ��

18/0 ± 68/3  �""�17/0 ± 53/4 �)R"""1 &"""���' .

�2 z���� ��  ���M)PFU/ml([. �� ��X ���'�  0���"$� 


�1%&  !"=��)�  �"� NP  +)�"�) ) ��"= 2 ( 4"'� 

	1""G�
 � �""�g�&  .!""#� 	�""U� ��""sR �
 +)�""�)

	
�
  	�"U� �( 1G��� H�� �\��� �  	�"�� �   �"E:� �

    ."""U&� !"""�M%$ �)� ��1"""���
�� �"""h� �	�"""#

 H�I&)�2�����HA     �"( ��"Q ]
��1"� ��������� +)��)

�& ) 	1= .��# 
��) +)��)  .!#� ��$� ��g  

K2 �
  4���� �4����50IC  � �����05/2  )SI  �����
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 �29/40 F��)���� �� ���� ���M    �� K"2 .1"= �;#J�

 !=i�48   .��"# ���"# �!�#  "�   ) 
�"� �"%�;X 

.��# 1G���     
�"8) F1"� "� .
�"� 1�= �� CPE �

 �� +)�""""�) �""""�� 0�""""( 18/0 ± 68/3 �""""�   

18/0 ± 45/2 PFU/ml !=��)� 
�1%& 0�( ) �� 

 4BNP 1= 	1�'�  ��"'�� 4���� .SI   �;"�� 0�"( �

!=��)� 
�1%& ��  H�� 4B    1�1"= 0�"( ) �"�/�


0�2 � ���-� �
 +)��) ���  	1"G�
 4'� �4����  �

 �""� +)�""�) .""U&� �� K""2 	�""U� �""( !""#� H""��

	1����        	
�"( ."��� �� 
�"/ �"h� �.��"# VE"# ��

+)��) �( ��Q ]!#� ��$� ��g�& �	1= qi8 ��  �1��

.��# �
 �� 	1'� �'�G� �\�
 ��  ��=) 1��2.(  

 	�""U� �5""�&�& H�1""� 	�""�� �  �	�""# �""E:� �

	1���
��  .U&� !�M%$ �HA !��� )  ��g�& �)� ��

+)��)  � ) qi8 �( ���   .��"# 4)�
 ����"#)1��

	1= 
��) �1�� �h�� 
��1�.  

  

 ���1 .��	
  ��A549  �� ������� ���� �� �����	��� ����� �  !"� !��#�1  =MOI )Multiplicity of infection&�' �� (  �  )�*+�

!��,- !��* � ��	
 )"� !"./ � )"� 0��  �*�� 1#�	
 2�
� 3�4- .!��
 156� �  +� 7' �24  !"�:* ;-�
1* 0�� ) "���  1��<�100 .(×  

  

  
 ���2 .;����� ��"?�  ��NP !��,- ��@A �� �����	��� ����� !��* �  �� !��
 156� �1 = MOI )Multiplicity of infection �� (

&�' 7' � )�*+� ��	
 �  B���C* �� )�*+�  ��A549 !"� !��#� ����� �  DCE B/ ) "��Mock +� 7' F	GH* I�-�
 �� (1J��#�  
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���  

���  ��"��       1"�13& ������"���� ��"38 ) 	
��"�� �"�

!�%�8 ���� �18 ��    VE"# �
 ����"�R ) �����

  	�� 4
�"� 4"#� .1G��� ��38     �"'��� ) ."-��� �"�

  �1""�12�� ) �1""�12�� �S""���B 6��""���& �+)�""�)

9�G& ���� �� ��# 41= ��1�12 ) ��B� ��    �"� F)"-�

      �"R��� �"( �&";�(�& �"$�%� �"� ��� �^��� ��)��


�""/�Q d""��O�  ���"": c1""� �� +)�""�) ��1""�� �

�� !#� 	
�( ��'�� �1G�
 )17(.  

,( ����� 5X !�1: ��M
 �� 4���   4
�"� �G���

��3&       H�"Go�� ) �����"= �"�)��
 �"� !;"�� 4� �

    4� c�"U� �� �"=� ,"( ��"�� �����    0"O� �"�

� �����      �"U�/� 
�"/ �"� �� �"�)��
 6"-�-J& �

	
�
     1"Z �"h� 6";h� ) 	
���� 6-�-J& 
�8) � .1��

	�U� �#)��)   �1"�y��)�$ ����
 �( 4��� �/�� �

) 4�G�(����� 4� 6-�'�  �1G��� �4� �h� �\��\Q   "�

+)��) �)� ��        �"�( ��"X �"� �"%ME� 
��"� �"�

.!#� 	1'� NO'�    

  !"�M%$ �0�)b"2 H�� �
   	�"U� ��1"���
��  �

	��� !'( �
 	�# �E:� �    4"��� �"��G& .��# ��

  �""�R�� )
 �
 �����""���� +)�""�) ""� 	1""= 	
�""M�   �

0�2 K2 ) 4����      �� 4"G��X� ���"� ) �"#��� 4�"���

      "� ��"O��� N/"= �	�"U� �"#)��) 1Z !�M%$

��  	1"GG( 1���& N/= H�� .1= �;#J� 4� ���Z  �

 �#)��) 1Z !�M%$	�U� �%:�)    �"� ]!"#� 	�� �

 .1=� ��=�
 .��# �)� �� ��# �h� �( 4�����  ��g�&

���# �/��  ����������� +)��) �� H��f��& 4
)�$� �

.��#  H��"# 1:$ ��    .!"#� ��)�"Z �"I&)�2   H"��

H�I&)�2 ��1G;�Q ) .U&� �,���� ,��� ) � 0G(  ��

.��#- .��# ) .��#-   �"� H�"� �� �� K���&�   .
�"�

    .��"# 41"= 	1"G( ���"� ���M
 H��� ��    ��"�� �� "�

�� 	
)�$�    4"�� 61"� ) H��f��& ��1-� �o�GQ .
�=

      	1"�� 4��"& �� �
�"= 
"�� .��"# �)� �� 4� ��
�h�

.��# 4
��    +)�"�) �"�� �"e��� �
 ) �    	
�"M� �"�

�� ��#( 	1GG(   .
�=  

   �""( !""#� H""�� �\�""�� H�""'�2 6""%ME� ^�""��

.��"""# �"""� �"""2� F�"""��& �"""��G& �4"""��� ����
 

H��""# ��""��I&)�2 1""G�� TMPRSS2 1G�""�� �""( 

H�I&)�2 HA +)��) ��������� �� �� W�� �� 1G�
 ) 

�
 ��e��� T���= 
)�) ) ��g�& ��M)� �  H"��  +)�"�) 

4)1� ��� �� 4
)�$� H��f��& �� ,���$ ��  ) 1"GG(15 .(

   	1"GG( "-M� �����"���� +)��) ��\�
 c�X �� �   *�"�

����� 	1= ����    �
 4"�� ) �)
 �"� �����) �M��# �

 .��#A549 ) !#�16 �( 4� ���� �0�)b2 H�� �
 .(

  	�"U� �"#)��) 1Z �M��R� �h� � ��/�1&   	"�� �

!'( �� H��f��& �
�'� 
e��  1'� 	
)�$� �M��# ��

 4���� )MOI  �� ���( +)��)2    .1"= �"�$�� �C� �


	
�
 � �#��� H�� ��   	�"U� �"( 1G�"�� H�� �\��  �

	���  !�M%$ �)� �� �	�# �E:� �HA    ]
��1"� ��"h�

0�2 �R��� �)
 �� �
 �( ��Q  K"2 ) 4����   �4�"���

  .!#� ��$� ��g�& ) 	1= .��# 
��) +)��)  

 �"� ^��� c�/ ��       ��"%ME� H"�� �
 	1"�� !"#


   	�"U� �"( !"#� 	1= 	
�
 4'�     �"h� 	�"# �"E:� �

� ��1���
��  .��"# �
 �����"���� +)��) �)� �   �"�

�""""""��(  ) 4�""""""# r""""""# �MDCK  """"""�  

Madin-Darby canine) 
��
 (18  .��"""# H"""�� .(

     �� �����""���� +)�""�) ��""#�18 ���""� ���""O���

�����   �"�M)� �"�g�& ) 
)�) ���� ) !#� �G�M� ��  �

�� ��)�Z 4� �� H��2�& 4
)�$� �+)��)    "G� .1"=�

 +)�"�) ��� 0�( 
��
 .��R� �H�� ��    	
�"M� �"�



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���33  ���
 /352 ���� /  ���!��"# 1394 1614 

��������� 	
��
 � ������� ���� ���� 	
��  ���
��!
"#�� $ 

  .1""=� .��""# �""� H�""�f��& 4
)�""$� �� �""=� �	1"GG(

Roschek ) 4�����  �"h�      �"� 	"�� H"�� ��1"���
��

 !""�M%$HA +)�""�)   �""���� 1""�y��)�$ S""� �""� ��

)5,7,3´,4-tetra-O-methyl-quercetin 9�"""""""� ) (

������""""""#� ) 4� �dihydromyricetin-3-yl-3,4,5-

trihydroxycyclohexanecarboxylate !;"""""""�� (

	
�
 ) 1��19.(  

 �� 2 6;�(�& ����
 �( ����� ���( ��X��   ��"�G$

    ���"'�� 1"�y�M�M� ) 1"���(��� �H���2# �1�y��)�$

     �"� ��1"���
�� �"h� �� �&"8�
 
��
 .��R� �1G���

!���� �)�   �
�";3� �
 ) 1G=� ��=�
 �#)��) ��

 ) 1G"=� �hk� ��� ����� �G�M� ,���22-20  ^�"�� .(

   	"�� �4"��)� ��1���
�� �h� �\��� 
1%�� 6%ME�

 "� �G=�(   ��"G�Q T"�:  �"��� ��     ��"G2�B �"� 	"�� ��

 �	����� ����/�# ���� ��&��7 ���( �� ����1%�=

    �����"���� +)�"�) �)� �"� �;# �Q ) z17: ��

) !#�28-23	�U� .(     H"�� ��"'�� �"��M� ) ��� ��

��2 6;�(�& �� �GL �4���      H�"�� �"� ) !"#� �"�G$

 �"�M)� �R��� �3� ���M
      d":�& "� +)�"�) �"�g�& �

 .""U&�HA    ) ��\""'���� T���""= �
 .��""# �""�

4� �M��R� 
����� �� 4�� �  .
�=  

  	�"U� �"( !#� 	1= 	
�
 4'�  �"'�� �   	"�� �

�""2 !/""# �	��""��� H�I&)M  �
 �����""���� +)�""�)

  �"� d":��� �� 4���� .��# ,#�2���#    ��"h� ) 1"G(

 +)��) ���� H�
���� ��e& �)��
 �� ��;=H1N1 

) 
��
23  .(  

      !"�M%$ H�"=�
�� �z1"7: �"� ��"7� 
�����

��2  �"�   4��"�� 0�"( ) ���mRNA   H�I&)�2�"I�(��

) !#� ��������� +)��)28   �"� ��"���) ��1"���
�� .( 

 �� |���� �;# �Q �)
Epigallocatechin  !#� 4�

 �"��� !�7/ �� 	)�� �(     �)� �"� ���": ���1�"�(�

!�M%$  ��HA  )NA  41= ��/# )RNA ��2  ����

��R�� )
 �� �
 +)��) 0�2 �  K"2 ) 4����   4�"���

�� �h� ) 
��i�24 .(  

 H""�� �� �
)1""%� 
�1""%& �""#)��) 1""Z ��""���2

.1� �
 4��� �R ��    .!"#� 	1"= �"#��� ��� ����

	�U� �'�� ���M� ) ��� ��    ����1%�"= ����"� ��

  ��1"-� �
 ) 1G��� ��G$ ��1�#� ) 1�y��)�$ �)R

 �� ���(10  �"��� �� F��)����     �"R��� �)� �"� �"��M

��M)�      �"h� .��"# !"'( �
 �����"���� +)��) ��g�& �

��  �"� .��R� .1���i�     �"� ��1"���
�� ��"���2 
)�

  0G""& ) ""�B$)�(� 
�""���� S""��J& �""�M
  �""�

    ����"�R .1"� �
 �+)�"�) T#�& 	1= -M� ��&�1��(�

	�U� .1=� ��'��   �� �"GL ��&��7 ���( �� ��� �

��2 6;�(�&      !"C�L �
 �"( !"#� H���"#���� ) ��G$  

50 ���� �� F��)����   ��"��M   �"�M)� �"R��� �)� �"�  �

  
)�) j�"� ) !#� �hk� +)��) ��g�&   .��"# �"� 4�

��        �W�"� �
 	�"U� H"�� �(���"/ c�"U� .
�"=

) !#� 	
��� -M� ��������� +)��) ���� ��t�R20  .(  

W���""� 	1""= !""#�  !��""= c�""U�Sambucol 

      ) 5"& 0�"( 5;"# �	�"# �"E:� 	�� 6;�(�& �)R

) !#� 	1= 4���;� �
 �G�M� ,���29  ,"��� �
�;3� .(

�� ��G�M�      �
 H���"#���� ) H�"��M 
�"8) �"�M
 �� 1���&

  ���"# !"��-& 5;# �( 1=� 	��   �"� �"G��� �   .1��"=

	
�
  	�"U� �( 1G��� H�� �\��� �%ME� H�� ��   �"�� �

	��� 	1���
�� �	�� H�� �    H�I&)�2�"���� !"�M%$ �HA 

      �"� !"38 )
 �� !"#� H"��� "�� �!���& �)� �"�g� 

 �"( 4� ��� :
��i\� �h� +)��)   
�"���� �)�NA   �"h�

Q ]1=� ��=�
    1�"#� �"�-� ci"R � H�I&)�2 H�� �( ��

 	1"= 	
�M� .��# �� +)��) ��#�� 5;# �S�M�#  �



 

  

  
www.mui.ac.ir  

 �	
�� �	���� ���� ������–  ���33  ���
 /352 ���� /��"#  ���! 1394 1615 

��������� 	
��
 � ������� ���� ���� 	
��  ���
��!
"#�� $ 

�� �\�
 .��# �� 4� 
)�) ) 4����  .
�"=    �"�� 0�"(

 61� �
 ��M)�48 K2 �
 !�#   !"#� 4� �\��� �4����

+)��) �(  ��   ��"������ ��"�$� �"�g�& 	�&   1"�� "'L �� 

�( 4� F)
 .1GG( 	
�M� �� �)e� .��# ) 1G��� ����8  H��

    ��"=� 4
�
 ���": c1"� "� ���� 5�(�&    �1"�f�M �"�

    4"���� .��"# ,"#�2���# �� +)��) 
)�) j�� �.��#

�� 	
�M� �� 4���� .��# �+)��) �( ��\G� .
�=   �1"G(

���#  H�I&)�2 ) �� �� 
�/ !�1/ �
 �� .��#   
�"��

4� S�( � &   .
��� �1�18 �#)��) 6��p �  

��=�    d"��O� �"R��� �
 ��3� 0-� �1�f�M ��

,� ��= ��������� +)��) ��g�&     "� +)�"�) �"=�8

H�I&)�""2 �M��""# �""/�
 .""-��� �.��""# �""'L  �""�

 ) 1""���
 	1""3� �""� 4
� �""���8 ) +)�""�)31-30 .(

	�""U� �""h� �""#���  �	�""��  �)� �""� 	�""# �""E:� �

 H��y)�2 
�����NA      0"-� �"�� ) �����"���� +)�"�)

��=�    1"Z T���"= �-M� �
 4���� .��# �1�f�M ��

�� 
3G'�2 �&� 6%ME� �
 �+)��) 

��.   

  

������� � ����  

��#�� T#�& 	B)�2 H�� ����8� �M� j�G� �   6"-�-J&

F�# ) H�(�) & ���� ��#� .!#� 	1= H��H�1�   ���"#)

�� ����\#f# 4��(�1�� !#
 �� .
�= 

  

References 

1. Butt KM, Smith GJ, Chen H, Zhang LJ, Leung 
YH, Xu KM, et al. Human infection with an 
avian H9N2 influenza A virus in Hong Kong in 
2003. J Clin Microbiol 2005; 43(11): 5760-7. 

2. Russell CJ, Webster RG. The genesis of a 
pandemic influenza virus. Cell 2005; 123(3): 
368-71. 

3. Wright PF, Neumann G, Kawaoka Y. 
Orthomyxoviruses. In: Fields B N, Knipe DM, 
Howley PM, editors. Fields virology. 
Philadelphia, PA: Lippincott Williams and 
Wilkins; 2007. P. 1961-740. 

4. Shahsavandi Sh. A review: evaluating the 
dynamics of influenza viruses replication and 
host cell- virus interactions. J Arak Univ Med 
Sci 2015; 18(5): 1-20. [In Persian]. 

5. Ong AK, Hayden FG. John F. Enders lecture 
2006: antivirals for influenza. J Infect Dis 2007; 
196(2): 181-90. 

6. Cheung CL, Rayner JM, Smith GJ, Wang P, 
Naipospos TS, Zhang J, et al. Distribution of 
amantadine-resistant H5N1 avian influenza 
variants in Asia. J Infect Dis 2006; 193(12): 
1626-9. 

7. Kiso M, Mitamura K, Sakai-Tagawa Y, 
Shiraishi K, Kawakami C, Kimura K, et al. 
Resistant influenza A viruses in children treated 
with oseltamivir: descriptive study. Lancet 
2004; 364(9436): 759-65. 

8. Triana-Baltzer GB, Babizki M, Chan MC, 
Wong AC, Aschenbrenner LM, Campbell ER, 
et al. DAS181, a sialidase fusion protein, 

protects human airway epithelium against 
influenza virus infection: an in vitro 
pharmacodynamic analysis. J Antimicrob 
Chemother 2010; 65(2): 275-84. 

9. Furuta Y, Takahashi K, Shiraki K, Sakamoto K, 
Smee DF, Barnard DL, et al. T-705 (favipiravir) 
and related compounds: Novel broad-spectrum 
inhibitors of RNA viral infections. Antiviral Res 
2009; 82(3): 95-102. 

10. Malakhov MP, Aschenbrenner LM, Smee DF, 
Wandersee MK, Sidwell RW, Gubareva LV, et 
al. Sialidase fusion protein as a novel broad-
spectrum inhibitor of influenza virus infection. 
Antimicrob Agents Chemother 2006; 50(4): 
1470-9. 

11. Eyer L, Hruska K. Antiviral agents targeting the 
influenza virus: a review and publication 
analysis. Vet Med 2015; 58(3): 113-85. 

12. Pinto R, Herold S, Cakarova L, Hoegner K, 
Lohmeyer J, Planz O, et al. Inhibition of influenza 
virus-induced NF-kappaB and Raf/MEK/ERK 
activation can reduce both virus titers and cytokine 
expression simultaneously in vitro and in vivo. 
Antiviral Res 2011; 92(1): 45-56. 

13. European Medicine Agency. Science Medicine 
Health. Assessment report on Sambucus nigra 
L., fructus. EMA/HMPC/44208/2012. 
Committee on Herbal Medicinal Products 
(HMPC) [Online]. [cited 2013 Mar 12]; 
Available from: URL:  
http://www.ema.europa.eu/docs/en_GB/docume
nt_library/Herbal_-_HMPC_ assessment 



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���33  ���
 /352 ���� /  ���!��"# 1394 1616 

��������� 	
��
 � ������� ���� ���� 	
��  ���
��!
"#�� $ 

_report/2013/04/WC500142245.pdf. 
14. Shahsavandi S, Ebrahimi MM. Influenza. 

Tehran, Iran: Iranian Student Book Agency; 
2013. [In Persian]. 

15. Zarrin Lebas N, Shahsavandi S, Mohammadi A, 
Ebrahimi MM, Bakhshesh M. Replication 
efficiency of influenza a virus H9N2: A 
comparative analysis between different origin 
cell types. Jundishapur J Microbiol 2013; 6(9): 
e8584. 

16. Shahsavandi S, Ebrahimi MM, Sadeghi K, 
Mosavi SZ, Mohammadi A. Dose- and time-
dependent apoptosis induced by avian H9N2 
influenza virus in human cells. Biomed Res Int 
2013; 2013: 524165. 

17. Shahsavandi S. Virus genetic variations and 
evade from immune system, the present 
influenza challenges: review article. Tehran 
Univ Med J 2015; 73(7): 469-77. [In Persian]. 

18. Zakay-Rones Z, Thom E, Wollan T, Wadstein J. 
Randomized study of the efficacy and safety of 
oral elderberry extract in the treatment of 
influenza A and B virus infections. J Int Med 
Res 2004; 32(2): 132-40. 

19. Roschek B, Jr., Fink RC, McMichael MD, Li D, 
Alberte RS. Elderberry flavonoids bind to and 
prevent H1N1 infection in vitro. Phytochemistry 
2009; 70(10): 1255-61. 

20. Hudson JB. The use of herbal extracts in the 
control of influenza. J Med Plants Res 2009; 
3(13): 1189-95. 

21. Wang X, Jia W, Zhao A, Wang X. Anti-influenza 
agents from plants and traditional Chinese 
medicine. Phytother Res 2006; 20(5): 335-41. 

22. Liu AL, Wang HD, Lee SM, Wang YT, Du GH. 
Structure-activity relationship of flavonoids as 

influenza virus neuraminidase inhibitors and 
their in vitro anti-viral activities. Bioorg Med 
Chem 2008; 16(15): 7141-7. 

23. Lee CL, Chiang LC, Cheng LH, Liaw CC, Abd 
El-Razek MH, Chang FR, et al. Influenza A 
(H(1)N(1)) Antiviral and Cytotoxic Agents from 
Ferula assa-foetida. J Nat Prod 2009; 72(9): 
1568-72. 

24. Song JM, Lee KH, Seong BL. Antiviral effect 
of catechins in green tea on influenza virus. 
Antiviral Res 2005; 68(2): 66-74. 

25. Ketabchi S, Moatari A, Shadram M, Rostami Y. 
The anti influenza virus activity of Anchusa 
Italica. Asian J Exp Biol Sci 2011; 2(4): 758-61. 

26. Kwon HJ, Kim HH, Yoon SY, Ryu YB, Chang 
JS, Cho KO, et al. In vitro inhibitory activity of 
Alpinia katsumadai extracts against influenza 
virus infection and hemagglutination. Virol J 
2010; 7: 307. 

27. Sawai R, Kuroda K, Shibata T, Gomyou R, 
Osawa K, Shimizu K. Anti-influenza virus 
activity of Chaenomeles sinensis. J 
Ethnopharmacol 2008; 118(1): 108-12. 

28. He W, Han H, Wang W, Gao B. Anti-influenza 
virus effect of aqueous extracts from dandelion. 
Virol J 2011; 8: 538. 

29. Vlachojannis JE, Cameron M, Chrubasik S. A 
systematic review on the sambuci fructus effect 
and efficacy profiles. Phytother Res 2010; 
24(1): 1-8. 

30. Suzuki T, Suzuki Y. Virus infection and lipid 
rafts. Biol Pharm Bull 2006; 29(8): 1538-41. 

31. Takahashi T, Suzuki T. Function of membrane 
rafts in viral lifecycles and host cellular 
response. Biochem Res Int 2011; 2011: 245090. 



 

 

1- Department of Agricultural Biotechnology, Payame Noor University, Tehran, Iran 
2- Assistant Professor, Razi Vaccine and Serum Research Institute, Karaj, Iran 
3- Associate Professor, Department of Agricultural Biotechnology, Payame Noor University, Tehran, Iran 
Corresponding Author: Shahla Shahsavandi PhD, Email: s.shahsavandi@rvsri.ac.ir 
 

  

www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���33  ���
 /352 ���� /��"#  ���! 1394 1617 

Journal of Isfahan Medical School Received: 08.06.2015 
 

Vol. 33, No. 352, 4th Week, November 2015 Accepted: 06.10.2015 
 

 
The Potential Inhibitory Effect of Sambucus Nigra Fruit on  

Early Replication of Influenza Virus  
 

Ameneh Hasaninejad-Farahani1, Shahla Shahsavandi PhD2, Mohammad Ebrahimi PhD3 

 
Abstract 
Background: Influenza is considered as a serious threat to human and animal health worldwide. In 
recent years, with the rise of drug-resistant strains, antiviral property of herb natural components with 
fewer side effects is of great importance. In this study, the potential antiviral activity of Sambucus 
nigra fruit was evaluated in human epithelium cell (A549) cultures infected with influenza virus.  

Methods: The aqueous extract of Sambucus nigra fruit was prepared and the cytotoxic concentration 
of the extract on A549 cells was determined. Subsequently, the 50 percent inhibitory concentration 
(IC50) of various herbal extract concentrations for inhibiting the replication of influenza virus and the 
selective index (SI) were assessed following pre-treatment (before the virus attachment to cells or 
direct effect) and post-treatment (after virus absorption to cells or indirect effect) procedures. 
Inhibitory effect of the herb on virus replication was examined via using virus titration and 
quantitative real time reverse transcription polymerase chain reaction (real time RT-PCR). 

Findings: The concentration of 82.6 µg/ml was the threshold dose of the substance that did not cause 
a cytotoxic effect against the cells. The estimated selective index of the extract before cellular 
attachment (15.10 µg/ml), increased viral titer as well as synthesized viral nucleoprotein RNAs 
indicating that the herb had no direct inhibitory effects on viral hemagglutinin activity. In post-
treatment, the higher estimated selective index, a significant decrease was seen in virus titer and viral 
nucleoprotein copy numbers confirming that the herb inhibited virion budding and release activities. 

Conclusion: The results suggest that Sambucus nigra treatment of the influenza virus infected-human 
epithelial cells may affect either inhibition of virus particle release or involving in cellular lipid raft 
function. Mechanism of this interaction will be investigated in future studies. 

Keywords: Influenza virus, Sambucus nigra, Antiviral activity, Early replication 
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The Epidemiology of Dermatophytosis among Elementary School  

Children in Koohrang City, Iran, in 2014 and 2015 
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Abstract 
Background: This study aimed to determine the prevalence of dermatophytosis among elementary 
school students in Koohrang city, Iran, in 2014 and 2015.  

Methods: From a total of 4313 elementary schools students, 891 cases were evaluated for cutaneous 
lesions. The suspicious head, nail or cutaneous lesions were examined for the presence of fungal 
elements using direct smears and culture methods. 

Findings: Out of 891 subjects, 40 cases were suspicious; of them, 10 cases were confirmed to be 
positive for fungal infections. The causative agents of 8 cases of dermatophytosis were identified as 
Trichophyton verrocosum (5 cases), Microsporum canis (1 case), Microsporum gypseum (1 case), 
Trichophyton violaseum (1 case). Two cases were Malassezia pityriasis positive. 

Conclusion: Seventy percent of positive cases lived in poor hygienic quality. Probably more 
important causes of this condition are lower health and lifestyle of ranching and farming. As 
dermatophytosis is a zoonotic disease, lifestyle has significant role in prevalence of it. Agriculture and 
ranching and living closely with animals such as cats and dogs, in addition to low health and low 
awareness are important risk factors for dermatophytosis. 
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Abstract 
Background: In nuclear medicine, reliable estimation of radiation doses from the diagnostic or 
therapeutic radiopharmaceuticals is essential to evaluate the risks and benefits of their use. The general 
Medical Internal Radiation Dose (MIRD) method is used in analysis to estimate the internal emitter 
whole organ absorbed dose. This study aimed to estimate the absorbed doses from 99mTc-methylene 
diphosphonate (99mTc-MDP) in patients following bone scan.  

Methods: 22 patients referred to the Nuclear Medicine Department of Shahid Chamran Hospital, 
Isfahan, Iran, for investigation bone metastases were enrolled. Whole-body images were acquired at 
10, 60, 90 and 180 minutes after the injection of 99mTc-MDP. Organ activities were calculated via the 
conjugate view method, using conventional background correction method. Finally, the absorbed dose 
was calculated using the MIRD technique. 

Findings: The absorbed doses of 99mTc-MDP in bone, bladder and kidneys, using the conventional 
background correction method, were 0.13 ± 0.04, 0.08 ± 0.01 and 0.02 ± 0.00 rad/mCi, respectively. 

Conclusion: The results of this study showed that the calculation of absorbed dose, using 
conventional background correction method, was in good agreement with MIRD report No. 13. 

Keywords: Absorbed dose, Conjugate view method, Cumulated activity, Medical Internal Radiation 
Dose (MIRD) method 
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Inflammation in Metabolic Syndrome: Role of Adipose Tissue 

 
Majid Khazaei MD, PhD1 

 
Abstract 
Metabolic syndrome is a chronic low-grade inflammation condition which is associated with central 
obesity, dyslipidemia, insulin resistance and hypertension. Inflammation in metabolic syndrome is not 
only associated with elevated serum inflammatory markers, such as C-reactive protein (CRP), but also, 
is associated with low-grade inflammation in adipose tissue and releasing of adipokines. Higher 
secretion of adipokines such as adiponectin and leptin, activated macrophages, and signaling pathways 
such as nuclear factor kappa B (NFkβ) are reported in adipocytes. It seems that more knowledge 
regarding the role of inflammatory markers in adipose tissue may be useful in management of 
metabolic syndrome. 
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