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Abstract 
Background: Staphylococcus aureus is one of the main causative agents in bovine mastitis. 
Resistance of some Staphylococcus aureus strains to antibiotics, particularly methicillin, can 
complicate the treatment of its infections. Moreover, the transmission of resistant strains into human is 
also important. Thus, the aim of this study was to investigate the prevalence of mastitis caused by 
Staphylococcus aureus in Isfahan dairy herds, Iran, and to determine the antimicrobial susceptibility 
pattern of the isolates.  

Methods: A total of 450 milk samples were collected. After inoculation and applying the relevant 
tests, antibiotic resistance was determined via disk diffusion method in isolates. D-test method was 
performed for the detection of inducible clindamycin resistance (ICR). Then, methicillin-resistant 
strains (MRSA) were detected using oxacillin agar screening and cefoxitin disc diffusion methods. 

Findings: Fifty-four Staphylococcus aureus were isolated. All isolates were sensitive to ciprofloxacin 
and gentamicin. Furthermore, 31, 25, 8, 7 and 2 isolates were resistant to erythromycin, clindamycin, 
tetracycline, oxacillin and cotrimoxazole, respectively. D-test was negative for all isolates. Nine 
methicillin-resistant strains were identified using oxacillin agar screening and ten methicillin-resistant 
strains were detected using cefoxitin disc diffusion methods. 

Conclusion: Since it is expected that the prevalence of Staphylococcus aureus, especially antibiotic 
resistant strains in herds, be too negligible, even the low incidence reported in this study can lead to 
many problems. Therefore, applying an appropriate antimicrobial susceptibility test before the 
beginning of antibiotic therapy in bovine mastitis cases is of primary importance. 
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    ��� 1���;*- 7���V $� n�� ��� .�� J��e�'� �I���

   .8�2� ���& $� x65a�����- n�� M d�����   ���o�3

$����*� �� �� ������� 7����e� $����3 z,��-  ������ ����-

$SI�T� � 1�;3�  ��-1 (3 (5  �8  .���� 1�B� M ���

  1�;�3� �� $& 8'� �&j $� )�k3 � ��� ?�) 1M �,,�  ��

�-������� SSCP(( $����*�   �� ���,,?�) {�6��B� �5 

 ����� �I����� �,��,S� �� x��a .������3 J�-���B� ($����*�

$����*� 1G �� ���,,?� ���-   H���'� ���� .���B� ���,�c� ���-

�'���  �� J�� )�R�� ��-  �� W�� z,- �� ($SI�T� ���

1�;3�  $�SI�T� ���� ��- �  1MLRTOMT(   � +�X�

.�B� J�-�B� ��,,?� ��  

  
���� 1.  �	 
	���� 	��� ��������� �����PCR )Polymerase chain reaction(  

)������ �����3→ 5(  ������ ���  ������ ) ���  !bp(  "�#$� %	�  

GAAAGCAGTTGCCATGGAGT 
GTGGGGGAAATCTCAGATCC  
GAAAGCAGTTGACATGGAGT  

F 
R 

FM* 

196  1E  

GCAAGGATGCAAGGAAGAGT  
GCTCCTGTACCGAAGTGTTC  
GCTCCTGTACCGAAGGGTTC  

F 
R 

RM*  

248  a3E  

GCACCTTTGAATGATGGCCT  
ACTCTCCCCTACCCTCCAAA  
GCACCTTTGAATGATTGCCT  

F 
R  

FM*  

259  b3E  

AGTATGGCTGTGGAGGGTTG  
TTCCTCCATGGGGTTCCCAT  
TTCCTCCATGGGGTTACCAT  

F 
R  

RM*  

270  a5E  

GTGAATAAGCTGGCTGTCCT  
CAAGGAATGGAGGGACTTGA 
GTGAATAAGCTGGCGGTCCT  

F  
R  

FM*  

277  b5E  

AGGATAATAATTGCTACTGGCAAAA  
GTGAGCACGTAGCTGAAG  
GTGAGCACGTAGCGGAAG  

F 
R  

RM*  

264  a8E  

GGCACTACTTCCGATTGCTG  
ATCCCAAATATTCCTTCACTGTCTT  

GGCACTACTTCCGATGGCTG  

F 
R  

FM*  

262  b8E 

F������2 �*���a :| RH���� �*���a :| FM*  �RM*(H���� �� ������2) 8����� ��-�*���a :  

a  �b �v0� $& ��� D,I� $� :PCR )Polymerase chain reaction 1�;3� $� <���� (3 (5  �8 �� }�;�  �� �-���� �u&��� � ����

 n��PCR-SSCP J����� �� ��k�v0� �����  �300 -150 �� ��� 8e� 1�;3� ��� ���� �� ��� �� |����  �� ����L �*���a 8e� �� (�-

8��[ �� ��� �� $& (1�6,5t�G ��)  ��-a  �b J�� ~_B� .���  
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��� 1. � �!� �"�# $�#�� %# ���!& DNA �'�( )� PCR )Polymerase chain reaction (�# ��� �* SSCP-HA   

)single strand conformation polymorphism- heteroduplex ( +�,-�)3(  

1: %"��" � ���� 012� %3 ���	� ��453�"!� 6�!!� �%7� �� 8���# 2 :DNA �:"� " bp 1008 6: %"��" � ���	� �"�# 6�!8� ���� ���"�#: %"��" ��� 

	��7� ��=��" �� ��#=� %3 6�!!� �:��� �"�#� �	 +> �� 	�
� �"� 	��.  

  

&'(  

  J���� J�-���B� d������ H���'� ����  ($��SI�T� ����� ��

+��X�  1�;��3� �I���*��� ����-  ����-1 (3 (5  �8  1M

LRTOMT  �������� ����R�� ���� �������� ���1� C��,� 

�����'� W� 3,�    �'��� ����� $�& 1�3;��- 1��'�� 

���2�3 ���.( qc�,� ����h�  .������Ahmed  1���6*- �

L� $SI�T� �� �l[� ���  qc�� 80�,�   J��� ��.�� � 4 

J�������� � C��,�  b:����� $��� ����:�����������  >���5?�

������� 63DFNB ��*- +X� ��Xh�7�A  ^5�_�

1�;������3� �� �������-� 3  �8  1M �� ��LRTOMT 

)612414.0004-612414.0001 (���'�����  .������&

� cB���� J������ &�� �-,($   .���� 1����&�a � x���  ��

� $�����1�B a,��X�B '���� ���  ��� � 1�;�3� �� �,$ � 

UTR '3 S*� ��,8 �-� ���A   .������ J��& 1���[ ��

  F[ $�� $���� �� �,J� � Ahmed  (1����6*- � ��� �,$ � 

UTR '3      1��� J������ 9�I�. ]��� ��2�3 �%� �� ��

����   >�h���h1LRTOMT m���a �,� ��-)�� ( �,1� 

� (J��� �� 8������*-� ;,8  ����)11(.  

DU  1M 1���6*- �LRTOMT ��  ��192  ����2

��������� ��q��� C��,� � b:������������ I����G,;  � ������&

��*-�'�A,�� ��� ��� �W � +X�� �S��   1�;�3� ��

J��*� � 3  ���W  J������� )612414.0005(  � ��W 

��*- +X��7�A  ��S��3� ]�� ��� )Missense �� (

J��*��� 1�;��3� � 2 J�������� �� � �����A���'��� (�� 

 ?� �� $��:I� .����& �,,� ����-� 7��A � �� ��� � 1M �,; 

� b'���1�B  �� ����� n��;3 $SI�T� )12(.  

 7�SI�T� $� $��� ��+,a $�e3 +�X� 1�;,� (   ���-

�-��B& �� J�� 82��� �� ^5�_�,�� �a,��   � 8�'�

5& 7��V $��  ������� .8'� �eV�d � �� DV���� 

$��SI�T�( &����� � ������ � $��& 8��'���,1�;  �� +��X�

1�;3� �- �1 (3 (5  �8 �,1���* C,� �����'� W� 3,� 

���� $SI�T� ��   ������� .8�'� �eV (1�3;��- 1��'��� 
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����d 5:. 7�SI�T�� $SI�T� � �  ��� 8-�:� �`��,�� 

k���� � ���� �� $& ��������� ����d  � �� D�V�� ��� 

c� �� $SI�T�,�� �� ���& )12(.  

 J�A� ��  ]��� �� $T��� �� ����0� 7�[�L� (�5&

�����2 �� +X� �-� �& 1M  J����& � LRTOMT  ��

S*�,8 �-�   ��2��3 �%� �� �� ��� .���� ���� ^5�_�

$SI�T� � Du ) 1���6*- �12 ($SI�T� �X�� $& �   D���&

� ���� ���� S*� �� 1M,8 ������ � �� D:.��   $�SI�T�

(8'� J��� ���� � 1������ $��3 ��,$R 3,��    $�& ���&

� ���� ���� S*� �� +X� ��� (1M �,8 �� �����(  ��

 J��*�� 1�;3� � 2  4�-   � ��� �T�'� ��A  1�;�3�  ��-� 

.���� J�� n��;3  

� $� $��� ���� � 1��� $& �����    ��& 1M ^�B& ��

 J����& � LRTOMT  �t�'�   F0� (8�'� J��B�, 7��F 

����� � �� .8'� $�2�A� 7��V 1G �� $T��� �� 4-�� 

����( �SI�T���   � (1��X� ^�5�_� <�F� �� �,�A��  1G

+X� $& 8'� �-�  1MLRTOMT  �A���a +F��  ��

����R �������� +X� .������ �-�  ��'�����   �� J���

 1���X� ��'���'(   ��X��5 ��� +��X��   +��F� $��& �����

4& � �� �� 1G y�����R �������� �,1� ��   .��&  

��,$R � �X��� ���   K�,F0� ���� �� $&(   W�,�6� ��

PCR-SSCP �T� �*��� ��� �a,�(�   ��� $�2�3 J�X�

��� ��d ��� ���G �� n���+ �-� ���A� c�,�� ��3�� .

��������  $� $��� ��� $��2�  ��-� � ���   ($�SI�T�  ��*���

����  $��& ��� �����+��X� ������ +��F� ���-� � �������R 

�������� ������ ���1� C,� �����'�  W�� 3 �,�   1���'�

1�3;��- �������� $��� �� .�� ��( � 7�SI�T�, ���B� 

S*� � )��.� �� 8'� )�k,8  ��-�  � ^�5�_�� �����  ��

� �%�,1�; 3��&��a� +X� �-� ���  <�:��� � 1M1G  ��

�������� �� �� ������ ]���� '���� .�,K ���  ����

� ���� 7�[�L� �� �,��  a 8�X�, A�B,��  ��� ����8 

���� ������ � $� $������� �c� 1M,� ���3.  

  

 � �)*����+��   

����� $��I�F� ���� H���:�.� �� ����L F0�,����F� ���� 1�����[ 

»���'���� +���X� 1�;���3� ����-� 1 (3 (5 � 8 1M 

LRTOMT  H�&�I)63DFNB (�� �, 1����* �� ����� 

��:� $�  ��������� ��M, �6�  ���  J��e��'� �� n��  ��-� 

PCR- SSCP (PCR-HA � I������ ������ DNA« ���� 

J��*� � 577-74-07-1390  J����3 �����8'�. 
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Abstract 
Background: Congenital hearing loss is the most common sensory disorder is modern societies. Two 
modes of syndromic and nonsyndromic genetic hearing loss can be seen. Autosomal recessive non-
syndromic inheritance hearing loss (ARNSHL) is the most common form of inheritance hearing loss. So, 
far mapping it, 95 loci of the 41 regions of deafness genes have been identified. Despite numerous 
studies in this field, for DFNB63 (Leucine rich transmembrane and O-methyltransferase or LRTOMT 
gene), few studies have been conducted. Thus, the locus mutations can help us to better understand the 
genes involved in hearing loss.  

Methods: 90 cases of hearing loss in Hormozgan province, Iran, were studied. DNA extracted via 
phenol-chloroform method. Polymerase chian reaction (PCR) was performed. Then, the product was 
used to perform polymerase chain reaction-single-strand conformation polymorphism (PCR-SSCP) 
and polymerase chain reaction-heteroduplex analysis (PCR-HA) methods. Samples with different 
bands were sequenced to determine the nucleotide changes. 

Findings: In different exons, 8 samples (each in a specific exon) were sequenced to determine the 
type of changes that shift single-strand conformation polymorphism bands. No change was found in 
nucleotide sequencing of exons in any of the groups. 

Conclusion: The results showed no relationship between non-syndromic deafness and LRTOMT gene 
mutations. As this gene is discovered in recent years, there are few studies on it. So far, only 5 
mutation of this gene have been identified in the world that can determine pale relationship of the gene 
and hearing loss. 

Keywords: Mutation, PCR-HA, PCR-SSCP, Leucine rich transmembrane and O-methyltransferase 
(LRTOMT) gene 
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6 #�D 	��' $!�?) #Viability( ��� 
�� 

2�*# 26-CT9 29-HT � 293-HEK �� '�'-= 
' 3/299 5/42 � 0/70 E[�� �� ��� MTT �$�E8� �-�� E8E% .�� ��f+9 ��� ;gF $��N�NJ 
� 


�*:!��,��� 	
O8 ��� �D 5�* 
�� 26-CT9 29-HT � 293-HEK �D 
� 0X*/ g/mlµ 100 ��
�+ � M'��N-F# '-�
> �E% E8���9 �� '�'-=  ��

	� -, 00/8 ± 72/47 )026/0 = P(9 21/8 ± 93/34 )056/0 = P( � 50/6 ± 50/17 )070/0 = P( ��� 5�* 
�� 8
��# V��G� �
I, �EFFD# E%� 

�%�� EF� Fj>�-( =.�, �8���-(�` $��N�NJ �� 	J 
�  E%E8. 

����� :���� 
� �.�' �� 
�8!k �� 0� �E,J �� �X8 ,# E� �D ��
�+ � M'��N-F# �!�O � %-�!( �-	
 �� 	��F+ !C ����� )>", ���� �
I, E%� 

5�* 
�� 8
��# ���� �� � =
F, E%
� (>H �!( �D ���� '-!lE 	J9 �72
L, � ��� 
�� 2�*# �-��O ���, 8-$
 0�.  

:����� ������ %-�!( �-9	
 9$��N�NJ 	
�� ���� � �� �  

  

: �!�� ��m�#! ���,!I 	
-9f 2EF+-*+ =-9
H� *7gF�# 8
�# >D
6# 9n� , �<� 9���$ 9E6� c��$ *7,f/ ���
D#. "��#$ %��&� � �'�� ()�*
��� � 

"�� �+� �, ���, -���+ ./�0 ���  (��1�0 ���29 -HT � 26 -CT . 	
I<[� #"% N �E"O8�� �*g,1393 o32 )298 :(1346 -1338

� �'� �(�)* 
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��� ����	 
���� ��� � ���	 ����� ����� ����	 ���  ���� ���	
� ������ ��,�0"& 1 

�����  

��� �� ���	
� 	�� ��� - ������ �	��� �� ��  �����  ��� 

����� ����   !�	�"�� � ��� �� �	#$  ���  �	
�% ���&. 

�	��� 	�� '	()�� *���+ ��  ,��-. '��� �  "�/�� 

01� �� 	%02 ��0   !���  "��� � � ��� ��  2����$  ���3� 

4�� � �� 5��! 6���� �(5�� 76�0� �� �� 2���$ ��  8	�9 

����� :��/ �0  �:�+ �	��� 	� �� 8	9 �/;�0< 4��=  ��� 

����� ����> ������  �	����� 	��%02 �� ������� � �	��:� 

�� �%	� )1( .*�� 	��  �C�)D��  �����  �	����  �	���� 

'��� � "�/���� �����:	� ���9��$�� ���%�
� :	������� � 

�0E����:�
� ;���� '�% �:� �	��  F���  G���>  H��;��  !��	� 

�#$�� ��  0� ��� �)%��: �:� � ���)I � �0  *��  	��  	�#�� 

�� �� .J���  ).��:� �%� �& �KL� �:��� )2(.  

�� 8	��� 	���� .������ ���� 5����! N������ :	��$� 

O��P�	: >���Q	 ))���R ���� ��0  ���  ,��-. �� 

	������  �%�
�  :	������ 	
� �0!  ���  4
��  S��-� 

+��	�	 �����0 ���)I '�% 4�� )3( .  0���%  �	���  	�� 

G	���: ����
�� Glycyrrhiza glabra �� '���:	���.  �

Papilionaceae '	�+ ���� �UP�� �  ��:��)0��  4��� � 

�� �V>� W	U: ��I> �� ,�-. ��  X�	�; �  �	)���5 

�� �0�� .'���&�; �	� �����0  4�� ��'��& ��  0��% 

�	�� �� �I0�  	�� �  ��	��  �	��  �������0�  '	��+  Y����; 

�� ��0&.  0�  '	��+  Q���K�  '��)�Z+  �10[�5�>	���	; � 

���� �> �� �& ��
$ �� ����  ���  Q���K�  ��\  �O	�#)5� 

�\  ��	����  O���. ���&  ��\  ��;���  ];	�^�  ���> 

�	��� �Y.� �\  �Y��  ��\  ��[��5&  �	����  '����> � 

4��	_�  �����0� �  Y��`��  ����>' �  4��5	�;  Y)�Z�� 

��
0� '�	%� ��> )11-4(.  

<��D� '���
� �� �� 4���5	�; �	��� '�	��%� '���% �� 

'�	-� � '	�+  0��% �	�� ��  ���  ���1���+&  �:�E	��  	�)� 

R��0��Z�+ ����  4�Z:  ���  �����  ��>  �	
).	��  ��% 

 ���b��)��� ���� � H)��I�  R�))��� �& �� �	����� Y��.� 

'��� � ������� c�P�  4��� )6(.  '�	�-� � � �0  + ��'	 

�	��9� >�����e �+���Z��0/0  ��0	 ������ �+����Z0/0R � 

R
: 	�� �	)E�Y �  �Z�>�Y  4��� . ����� �+� ��Z0/0R � 

�+�Z��0/0  ���� �	��� Y.� 	�� %���+� C��� 4�� � 

���U� �& 	� �$�� �� ��%0f ^��P� � �:�+ � +�'	 20 -5 

�i�� �� �%	� .�0�I  	��� � �0  + ��'	  �	�9�  �	���>0�  

���j;  3�� 	��  ����; �  8��)��� + ���	� : ��/  4�Z�. 

�k
��  �I0� �  0��%  �	���� �����  �/>���+   ����	>	�� 

� 0[�	_�&   0�� � �
> l:	�� �� �%	� )12(. 

����� 	�  �	�I: '���  4���  Q	��>��  ���3  ����m���E 

 ���$�� ��  ��I0� �  '	��+   0���%  �	���  ���:	� Q	���>�� 

��5�:	�� ����;  ����b�:�j; �  ���E  ��0�	>	���  e�$�� 

��)E�E& �5��� �� �:�% � ��  ��n�):  ���  ���:��� ��  ��%� 

8��� �	� �:	��� ���+��$  ����> . ��k
��   Q	��5	P� 

Z���	� �� �K� �	D):�� �0  >���Q	  ��� ���  8����  	��� 

:	���� �� ��0H (:���� )D  ���)E�E&  G	�n:�  '��%  4��� 

)16 -13(.  

��)E�E& 0R  "��� �� ��� ��  ���%0f ;�/0 �1� � 

������� � :	+���Y��Z 	���� 5������ 4���� � e��$�� 

6������� �� [�5�;���� 8���  	��  ���:	�  G���)�  ���% 

	I3�  8����  �	��  Y>���)�  ���%  �	����>��  5	�; ��4 

	��	_�	> � ��P� ��P� ��% DNA �� ��% )17(.  

	� �$�� ��  0� �>  �����  ���5	P� �� ��  �����  ��K� 

Q	���>�� �����m���E  ��0� '	���+ ���� ��� 8����� �	��� 

�:	����� Q����i ���);�(: ������ �� ���0  ����5	P� ���K� 

'�	-� � m���E��� +�'	 %��0  ���	 �� ��� �	#� �%� 

'�� 	���� 5������ �	����� '��� � "�/��� )29-HT  �

26-CT (����� �%.  
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��� ����	 
���� ��� � ���	 ����� ����� ����	 ���  ���� ���	
� ������ ��,�0"& 1 

��� 	
  

1- ���� � �	
�� ���  

�0�I � RI. %��0  ���	 f��� �&�O	 ��  Q���i 

�����E ����&�� .g 15 ��%��0  �����	 	��� ml 50 8����^� 

Q	C��Z; 5	����  )PBS) (M 2/0 �4/7 :pH( W����D� 

����0��+. l���E �� 48 4�	����� f������ [�C0�):	���� 

8	kD0 ���  	�� ��� rpm 5000 �  ���  Q��� 15  ��U��� 

[�C0�):	� �0��+ .l_� 8��^� �� ��0 ��  �;	�� PBS 

0R e% �05	�/ )>� ��Z � � �05	�/  	��  7�;	�� KDa 14� 

Sigma (�% � �� � 0 e����� ���� �0�� � �)���.	:  �� 

�� ��
$ ���� /5���� � �)��E 	�� 5���� � ���� 3�� 

m���E��� �� '�	-� S79 �0��+ �  5���^��  '��#� �� 

t:� !i	9 �% .�0  8��^� ���� '�	C)�� 	��  ����� 

�� �;0�/ Cᵒ 20- ���#(:� �% .4`�3 m���E�   	��� 

8��^� �� *�� ���;���� '���:� +��� �%.  

2- �	�������� �	
�� � �������� �����  �!
  

����� R���
> ������;��)15� ����� *�� SDS-PAGE 

)Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (�:	� 	�� u�)D� m���E� ���  �%��0  

���	 �� 4�� ��&. �� �0  ����e �> lE �� '�	�& �	�� 

�8[ µl 30 �� '�	-� � PBS  �%��0  � ���	  	�� µl 50 

�;	� ��:�
:  W���D� ��+ �0� �  ���  Q��� 5 ��� ��U �� 

�	�� ���9 Cᵒ 100 '�:	%�$ �%. l_� �:�
:  	�� � 

(:	I:� m���E��� ���� R�	v �	� 8[  !�U)��  �:��% .

[	)5� ��  4�	�� 8��  G	�n:�  ������& V 60 �  l�E �� 

w�C: �:�
: �� ���� 8[ 	E�0  )8[ 5/7 �i��(�  [	�)5� 

	� V 170 <0�/;� 04;	.  �	���  G	�n:�  �����&  ����9   

4 4�	� ��� .l_� 8[ 	�  '�	C)��� ��  t�:�  ��	��>� 

��� 350-R t:� �&�/� �%. ���� t:�  ���� � ��  ���  

���� t:� 	�� ;	\��� �� t:� �� �	9� O&�  !�:	)� � 

���� )���R '�	C)�� �% .����/ 4>�9  �Z:�  	���:	� 

)Relative mobility  =RM (�� �P��� � �0�  ���	^� 

��+0� �  	��  '�	C)��� ��  	���:	��  W�����  ���  (:	�I:� 

m���E� ��) �PageRuler prestained protein ladder, 

Thermo scientific(� ��� 5�15��� 	��:	��  !�i	9 

�� ���;��)15� 	� ���� ���� 4>�9 Z:� �� ����
: �� 

4�� ��&.  

RM=
y���	��	 �m���E			'�%	��	4;	Z�

y���	��	t:�	'�%	��	4;	Z�
 

3- #$% ��&'�  

'�� � 5���� ��	>�:�&�	���� '��� �  "�/��  :	�Z:� �

)29-HT�( '�� � :	������� '��� � "�/���� ���%�� �  

)26-CT( � 8��� 	� �293-HEK )��  ������   ��	�%

������ (�� )��Z:���) ��)���	E ���0��� �.��0���� ���% .

8��� 	� �� f�^� 4I> DMEM  �	�9� 10  ��i�� 

G���� ��	��+ )FBS ( 	��0 �� R���j; 4��I> 5����� �  
2cm 25 )Nunc z�	��
:�� (� �� f0����% e���	�� �� 

���	��1:� °C 37 � 2CO 5  �i��4I> '��� �:�%.  

4- '	� � ��	
) � )'�# �	
�� � �����  �!
  
*  

+�	 MTT assay  

�� ��`�� ����� �K� '�	-� � m���E��� %��0  ���	 �� 

����%� � V1������ 8������ 	����� :	�������� �� *�� 

t:� n��� MTT '�	C)�� �%. � �0  *��  ���  X	��� 

	:����0 8��� 	�� '�:� �� ��0! R
: 5����)� ��G�  ��� 

���	�����; 8��^�	��: 	���� '���% 4���� .4��#$ G	��n:� 

<0	��&� 8���  	��� 29-HT� 26-CT � 293-HEK 

�� �E�4 96 �:	. �� � �� �� �:	. 103 × 4 8��� �� 

Yn9 lµ 150 ^��f DMEM  4�I> '���  �:��% .�� 

�� R�	v �� ����� ��	% �Ci  f�U; lµ 150  �^��f 

4I> DMEM �	9� 10  ��i�� FBS  '��/�;�  ��% .
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��� ����	 
���� ��� � ���	 ����� ����� ����	 ���  ���� ���	
� ������ ��,�0"& 1 

��� �� 24 4�	�  ��	��1:���� �� Cᵒ 37�  8����   	��  	�� 

4`�3  	�� �g/mlµ 25 �50 � 100  '�	�-� � m���E� ��� 

%��0  ���	 ���	
  �:��% .��  8���^� MTT )mg/ml 5(� 

lµ 20 �� ��  ��:	. �0 ��)D  ��%.  ���� �� 5/3  4�	�� 

����	��1:� ��   �	���Cᵒ 37�  8���^�  ��0��  S7�9 �   

lµ 150 8j���9 MTT )ml 15 �08�:	���E��E�/  �lµ 20 

HCl (�;	\� ��+0�. ��� �� 15  ��U���  �����	��1:� �� 

�	�� |	�� �  !�9  ���%  !��	>  8	)�Z0�>  �	��  f���� 

'	()���� <:����. }���0�/ O7��$ ����:� ���:�
: 	��� ��   

nm 590 '�����:� +����� ���% .���
�  � <0	����& ��� 	���� 

Q��i �� 	��0 G	n:� �%.  

5- **'	� � -�**.� ��**����/ ��&**'� 0**  **'��0& � 


'�&����1���  

�� �����0  ��������& �� >�����4 )Roche, Germany(   

Annexin-V-FLUOS '�	C)�� �%.  ���  ���`��  ������ 

���)E�E& 8���  	�� �29 -HT� 26 -CT � 293 -HEK �� 

�E���4 24 	����0 4��I> '��� �:���% .�� ���� ���:	.   

104 × 4 8��� �� ml 1 ^��f DMEM G�� ���  4�I> 

'�	C)�� �% . ���� �� 24  4�	��  ��	��1:���� �� Cᵒ 37� 

8��� 	� 	� 4`�3  	�� �µg/ml 25� 50 � 100  '�	�-� � 

%��0  ���	 ���	
 �:�% � ����  ���  8����� 3  ��:	.  ��� 

����� ��	% �Ci �� �`: �);�+ �%  ��>  ���	;  ���  ��:�+ 

'�	-� � fU; �	9� ^��f 4I> �  8����  �����  ��`: 

��� .�
� � ����& 	� �� Q��i �� 	��0 G	n:� �%.  

�� ��`��  ��	�0���  ����)E�E& ��  ���)��  f����  ��� 

��_
� �)��0�! �)^�0Q	  R��	v  	��� �E ��4  4�I> 

5���� ���� �`: )%����� �% � �� �5�5  	���  S����E� 

�)��0! 	� Yn9 cc 5/1 �D� ���  ��0��+ . l_�� µl 50 

��0Z_�  �� R�	v 	� �;	\� ��+0� �  ���� ��  4�%7+ 

��v ����U� ^��f 4I>  2�
$  '��% ��  ���  R��	v 

'�	��� �� �& '�:���+�� �%  	�� ��0 �Z_�   �V�.�  ����+. 

8��� 	� �� ����� � ��_
� �� �� �:	. 2
$ �:�% � �� 

��`�� �I)Z%� 8��� 	�� ���$�� �5�5  	���  S����E� 

�� Q�� 5 ����U � 	� ��� g 2200 �):	�0[�C �0��+.  

l_� 	�02 �� ��0 ��� �0 ��)D   ��%�  ���  O���� 

5���� �	�� '�:	�� PBS  ����  �;	�\�  �%� �  l�E �� 

E�[	)_  ���  Q��� 5 ��� ��U  	�� ��� g 2200  �):	��0[�C 

����0��+ .�� ����5�5 �� ����:	+��$� µl 15 ���Z1:��    

V  +µl 20  PI +ml 1 Incubation buffer 	����� 

0�10�( W��D� .�:�% lE �� S79 	�02 �� ���0  ��� 

O��� 5��� �µl 100 �� 8��^�  '�	��&  '��%�  �;	�\� 

�0��+ .lE �� E� [	�)_  ;	�>��  ��:�
:  	�� ��  ��5�5  	��� 

,���-D� '	()���� 	�����;0�)��)� �D����� �:���% � 

f��� '	()�� 	���;0�)��)� 5	:&�/ �:�0��+ .�k
��  

0R ��5�5 ���� ��	% 4V� > �% �);�+ �`: ��� 	� �0� 

���)I0  ���U� ��)E�E& �� �	I: �� ���. �� �0  Q��i 

�> ��� �� 2
$ ��&�  8����  	�� �  ��I)Z%  	�� PBS�   

µl 500 ��;	�5�b� 3  �i���� �&  �;	�\� ��+ �0� � 

�� 	�� �Cᵒ 4 �� Q�� 30 ����U  ����� '���  ��% � 

lE �� �& �	
�� !9��� <�E �)C+ ���� t:� �&�/� 

�& ���1� �%.  

0R �5�5 /�: ���� ��	% C��� �� �	> �);�+ �% �> 

�� �&� 	#�� 8��� 	��  ��I)Z%  '��%  	�� PBS  ����� 

��F t:� �&�/� ��$� 4%�� �> ���U�  l:	�����;��� 

'	()�� �� �	I: �� ���.  

 	��� '�	C)����� ��  G���: ��/���;� SPSS �D���Z: � 15   

)version 15, SPSS Inc., Chicago, IL( � 	�  R�
> 

��	��I� �	���&� Q	���j�� W������ ����  � �5����� ������

 ����)E�E&'�� 	���� 5����� �u���)D� ������ ������� � 

	U�0�Z ���� ��);�+.  
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��� ����	 
���� ��� � ���	 ����� ����� ����	 ���  ���� ���	
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���	 	
  


���2 3�
1�/ MTT 

����� ����/ 	U�� 5����  	��  '�	C)��� �� *�� MTT 

�	I: ��� �> 4`�3 	��  u��)D�  '�	�-� � m���E� ��� 

%��0  ����	 �%� 8��� 	�� 29-HT � 26-CT �� �� 

Q��i �)Z���  ��� ���  <�	�>  ���  ����� .��  �ZC��� 

	��):0� <0	����&  ��0�� ������/ O7��$ ����:� )OD  	��0
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The Effect of Protein Extract of Licorice Root in Proliferation of HT-29 and 

CT26 Cancer Cell Lines 
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Zohreh Safari4, Ahad Zare5, Gholam Ali Kardar PhD6 

 
Abstract 
Background: Gastrointestinal cancers, especially colon cancer, are of the most common causes of death 
in western countries. Already, herbal and complementary medicine has been considered as a supplement 
treatment. The licorice is an ancient plant in herbal medicine that has many health benefits such as anti-
cancer and anti-inflammatory effects. So, the present study was designed to assess the effect of protein 
extract of licorice root on human colon cancer cell line (HT-29), murine colon cancer (CT26) and normal 
cells (HEK293) for considering the cell growth inhibition potential after treatment with the extracts.  

Methods: Protein extracts of licorice root powder was prepared after grinding in phosphate buffered 
saline (PBS) at room temperature. After the dialysis in buffer, the protein concentration was 
determined via Bradford method. The HT-29, CT-26 and HEK-293 cell lines were maintained in 
Dulbecco's Modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum. After 24 
hour of incubation at 37°C, the cells were treated with the concentrations of 25, 50 and 100 µg/ml of 
licorice extract. Cytotoxicity was evaluated via MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay. In addition, the inductions of apoptosis (Annecin-V-Fluos 
staining method) in the treated cells were evaluated using flow cytometric analysis. 

Findings: Up to 100 µg/ml of the protein extract had not toxin effect on normal cell proliferation 
(HEK293). However, the viability of CT26, HT29 and HEK293 was reduced by 29.3%, 42.5% and 
70%, respectively. Moreover, the treated CT26, HT29 and HEK293 cells showed the apoptosis 
percentages of 47.72 ± 8.00 (P = 0.026), 34.93 ± 8.21 (P = 0.056) and 17.5 ± 6.5 (P = 0.07), 
respectively, in comparison with not-treated cells. 

Conclusion: It appears that protein extract of licorice root could inhibit the colon cancer cell line 
proliferation and can be used as an adjuvant treatment. 
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 �� �����	� �
 ���������
���� �
 ����� ��� �� ������ ���  � !��"# $
�%# �	��


 ����# &'�Fluorescent nested polymerase chain reaction  

  
 �������� ��	
 �� ���1 ����� �	�� �����2  

  
  

�����  

:����� 	
��	��������� ��� ���� ������ �� ���  ��! "�#��$ �$ ��%& '(�& )�� *& .$��$",� � ��-� �$� .��/$ )� ��%& �� ����  01�

(� ����� 2�*��� "�� .$3� ���$ ���  / ��� ",�� -3/���� "�� )� �
�� ��� ��� ( 4�5 .6� �7 )� 2�*��� 8$39� � )� :,
 .��� ;6-�  8�<=�>(

����� 	
 $�/����������	� ��3 ;6 �	?� )� .��%@� ��3 ;6 A��B( �$8� "�C ;6 �
� �) ;6/ .��%@� :��7�",B� $� $/�.  

��� :�� � �$-�  D?E( �$ �<=�>(l 100 � A��B( )� ;6G� ��%! A?� �/6� ���B3 ��� /�� ������   /� ��Fluorescent nested PCR 

)Fluorescent nested polymerase chain reaction (��� �� )� "$�%��� �� /�?� ���� .J �
� UerC 8srRNA16  /1-Adhesion  $�(

����� �5�!���L. 

����� :�� ���� ��� ;6 �
� �) ;6 8�<=�>( $�(",B� � �� "$=6 $/�-� ������ ��?� $�( �$ .,3 ��M�B3 �
� "�C ;6 �*>B( 8�
 � =�?3� 3  8��?�

�*>B( � ��N� �*>B( 8��?� /$ � L�3� �*>B( / �%@ � �B�� 3 ��?�  !$=6� 	
 ������������	� ��3 ;�3 ;6 OPM �$ .,�$�$ .��� ��� 8

!$=6 .��%@� Q�3 )� ��?� /$ R*5� 	
 ����	��������� ,�$�$ .��� ��.  

����� :���� ��� )� "$�%��� ���?� .JsrRNA16 8UreC   /� /Fluorescent nested PCR  S/��/�	5 /5CY 1� $�,<U�?���� ������  $�(

���B3�� ,B�5�! ���L.  

:����� ������ 	
��	��������� 8srRNA16 8Fluorescent nested polymerase chain reaction  8UreC 81-Adhesion;6 8  

  

: �!�� V�U W�5 �X�� ;�� 8Y=�@� 2��.  "� #��$�%� �& ��'�������&'(��� �& )��'*+ �,� "� ��-$.� �-/ 0+ 1��2� 3&�4� )%��&

 )*'(*'� ���Fluorescent nested PCR . .��%@� ��3Z� ",����$ �	E(1393 [32 )298 :(1353-1347  

  

�����  
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'� �� () ��*�

��
+��  � ��
�,�  #-.
� 
�   ������ 	
���� (
/��0 


����1-� )MALT, Mucosa associated tissue( � 

 ��
���+�� 4����������� 567����� ����.��� #���$
� )1.( 

  �.
��* :�$�#�� (
� 
 ;�/  � ���������
������ 

)WHO  
<World Health Organization  (���-� �� (

�*�� (=�-��
� � ��#+�> ?<  .:�� 	#$  
�
-$< �

� @�
-�  :.�1� A
B�.� 	�� ���C-� �� ���������
������ 


D ����E��<:� :�+�� F )2.(  

�+. H'E� !,�.
�������� A
B�.� 	��  #�$
�0  
��� 

�(�')� ���*# 
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 � ��< 	��  � A
B�.� �
� � H'$ �� H'$  �  I<�/

���J#���- � �.
���� �.
����- ���� �.
���� #��$
� )3.( 

���F� �<
� �� �-6�  � �+�. �����)   (
��* :�%+*

�� ����
� M<� �� �� :� #$
� )4.(  :.�1�  ���/ ��

 � A�+%� �� O,� ����� (���� ��$ )5.(  

�<��� 
���< � � �� ���������
�������� � 	#��%�  
��<

	��� � ��<� (���.
* ?Q��  �   R
�+<�� ���+*  
��0 

S 
�0 ���� 
�0 � (
�#.�* �.�+. #-.
� (
�#.��   �
��

  :�� 	#�$ :J
< (
,.� ���-��� )6.(    ��� 
�-�  ��U%�

���F� 0
�  M�+�� �) :� �  A
�B�.� �� ���
� (��-�

����
� M<� #$
� ��$�� VB. )7.( ��    �� ��%�
X� ?�<

��� ��E�0  (��-� �� ���$ �) @�
-� ���
�   ��
�+�D�

��  V<�FJ�X"   Y��J ���������
������� �� :.�1� �

:� 	#$ )8.(  

    ���������
��������� ����� �) @�
���-� ��������)

����� �
�����E� �0 #[���0 ?��<F��0 � M����=  
���<��)

:������� 	#������$ ���F������� )11-10 09 07 02(. 

���^7 #�[���� _�J �� �)�� ���������
������   ���$

�� #�� . :E� ��
> ��0:,� 
�� �� 	#.    M�<�  � .#.
�

�� ��*� ���� DNA  �� ���������
������� �)0  
�� 

��� `��.� �
� PCR )Polymerase chain reaction( 

�� �<a� (
��� #$
� )2.(  

�� I�Bb7 M<�0 
�    ���*� A
�+�D� ��� �*�7   ��#�%7

  �� ����
��� !��� �
���,�  � 
���#* ���� �) () 
��� 

��� 
�<  ��� ���E� :E� #-.
� �  #�$
�0  �   ��$��

 	�
1��#$  � ��   ������"�� �J
� :�
,D  #�$
�� 

 
�
-$ (
���< �   .� 
� ��,�� �� ����
��  M<���
�-�  � 

��� Fluorescent nested PCR � ����+<��� ����   

1-Adhesion 0srRNA16  �UreC  :���*�<
��
-$ 

�) �� ����
��� ���BX-� �
��� � (
�1��c� ������) ��E� 0�

	
Q � ;��/� �
� �.
"��� � 	#-<�  (���  	�
1��$#.  

  

��� 	
  

�%�
X�   � �d
D � �1�c�7 `�. ���.�+. ���   �����

� ��� (
)  ��� ��#B�  ��.�+. � �) l 33  .����  � �) 

���.
"��� � 	#��-<�  ��� ��� �����/  � �J�
��e7  I/
��-�

	
Q �).#$ :$���� f��'� 
�   F��. � ����� �)   ��E�

 � ��$ A
+$ I/
-� 0��-* 0� ��g   :�$���� 4�$

.#$ �) ���^7 �
�  � 	��� S.�  .#.#�$ ;aD �%�
X� 

 � ���������
������ � 
�#* A
+�D� �.�+. �) �
� 

400/0  =P � 
� :>� 100/0  =d ) ���10.(  

����  A�����J j
��� �6��
b�   ���.�+. !��kD �  

)96/1  =zα  �2d)/p-1 (p.2z  =n (�.�+. �� !kD 
� 

l 100 � #<��� �6
b� 
� M<� �� �*�7     `��. �� ���

�.�+. �  �)�� ���� �%�
X� M<� �� ��,<
�    � 0#�$

   0@�
��-�  � ?��< ����l 33 @��+* �) #��<��� ���). 

�.�+. �� �� ���� ��1� l 8  �  I/
-�V�� ��1�   _
�k.�

.#$ �.�+. 
� �� �
�� 1392  �/2 �1>� 
� 	
� �  �.
� 

2 ���.�+. M���� ����1� ������ @��+* 
��� .#.#��$ ���)  
���

 :$���� � ?< �� l 8  �
��Q �/ �)   ���  � ���D�� 

@�
-�  � ?<0 ����J R
��+�  � (����  l��'��� DNA 

 ��� () ��� 
��� .:J�<a��� _
��k.�  � m��� @��+* ���)0 

�.�+. 
� 
�  � 	�
1��  �J
c ag
�����J M+7�� #.#$ 
7 

���e�
"
.  �����E� �
���  .������ ;a��D ()  mn��

�.�+. ����J �) �
�   � 	#�$   ����� �����J  ���� µ 25/0 

��6� 
7 #$ 	��� ����
�  ���*�� �
� ��  ��� �)  ���

����J .#.
+� �>
�    
�� �����) ��� ����J mn ml 1   �J
��

�E�,$ R 
1,J #$ 	��� �  � m�  �� R
<��b� A
B�.�

;�#��-�� ?��< ml 5/1 R#��� ���� 10 �� ���B�>� ���   

rpm 13000 =��1<��.
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 :.
7
.���	#�) :� �� � ���'7    :�,E. ��7 ��

��*�� ��  o���7 µl 100  �J
��   � �J
�d� R
1�,J  �� �

 :������  � mn���� .#����<��� m�����7�� �������"   

QiAamp DNA Mini Kit )Germany,Qiagen  (� 

 l��'�� () �+%������ I6/DNA  :J�<a�� _
k.�. 

M<� ���� :�*  ��7��� (��7 �>�#D ��PCR  ����

 ��.�+. �� ����
� _�.= H�'E7 �    ��Q V<
�� )����

:� (�F��0   � ��
<� :>�DNA   ������ ����
��  
�� 

1000-10    � #�<��� ����7 ����
�� _��.= A�
%� �',. 

 � m���  :-�����J _
��k.�PCR ������ ��
��< �� �����> 

.:J�� ��
> 	#$ �D��/ ��7��� ���    (�F��� M<���+�

�� ���������
������ .#�� H�'E7 :��� ��  

 � m���  l��'����DNA0   	�
1���� 
��� ���  �

Fluorescent nested PCR �   ���+<��� :��1* ���  

1-Adhesion 0UreC  �srRNA16 ���.�+. 
��� ������ 

���> ��
< �� .#-�J��  

 �  �+<���srRNA16     (���� O�
-� ����� ����

DNA  V-����� ������ 	#��$ l��'����PCR  	�
1����

 � .#<��� I<�/ M<�0 �.�+. ��
+7   	#�$ l��'�� �
�

     
�� ���q�7 :����
> r
�b� ��PCR    .#.#�$ ����
���g

  � 	�
1���� 
��� ���������
�������� H�'��E7  ���+<���

UreC :J�<a� _
k.� #*)� A�1 � 2.(  

  
 ����1. �	
���	 �� ��� ��
���� ����	  ��� ��µl  ��PCR��� �
���  
! 

����� DNA H2O ) 	
�����µl(  Taq ������� MgCl2 dNTP  ��	�X 10 ��  

16srRNA  5  00/14  
1  =F  

1  =R 
25/0 75/0 5/0 5/2 25  

Helicobacter pylori   
) �,� �,�PCR(  5 85/10 

5/1  =F  

5/1  =R 
40/0 75/0 5/0  0/5 25  

Helicobacter pylori   
) ",� �,�PCR(  3 �,� �,� .�  60/14 

5/1  =F  

5/1 =R  
40/0 50/1 5/0 5/2 25  

PCR: Polymerase chain reaction; dNTP: Deoxynucleotide  

  
 ����2 . �#�$%	
��� � %��� �
& %�  
!�'���(   
!PCR )Polymerase chain reaction(  

�����  �����   ��!  "	#$�PCR  

16srRNA  ´5´ CCTACGGGAGGCAGCAGTAG 3 

´5´CAACAGAGCTTTACGATCCGAAA-3 

��/!�  01 :Cᵒ 94 25 ) �345�1 (6	4�  

��/!�  02 :Cᵒ 94 230 �4��7 - Cᵒ 602   

30 �4��7 - Cᵒ 72 230 ) �4��735 (6	4�  

��/!�  03 :Cᵒ 72 21 ) �345�1 (6	4� 

Helicobacter pylori 
(Nested PCR)  

:�,� �,� 

UreC-F  
´5´ AAGCCTTTAGGGGTGTTAGGGGTTT-3 

´UreC-R 5´ AAGCCTACTTTCTAACACTAACGC-3 

:",� �,�  

 UreC-F 
´5´ CTTTCTTCTCAAGCAATTGTC-3 

UreC-R 
´5´ CAAGCCATCGCCGGTTTTAGC -3 

  

 :�,� �,�Cᵒ 94 25 5�4�3 )1 �46	( - Cᵒ 94 2

45 ��74� - Cᵒ 56 245 ��74� - Cᵒ 722 45  �4��7

)15 (6	4� - Cᵒ 72 25 ) �345�1 (6	4�  

 :",� �,�Cᵒ 94 25 5�4�3 )1 �46	( - Cᵒ 94 2

30 ��74� - Cᵒ 64 230 ��74� - Cᵒ 72 230 ��74� 

)45 �46	( - Cᵒ 72 25 5�4�3 )1 �46	( 
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��� ������ PCR !<F��.)  � 
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��� ��� �
����+<
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�. �����X�  �� �  :��

� #���
�. 0�� M��<�  �  �  (= �
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�.�+. �� ���������
������ _�.= H�'E7   	�
1��� 
�

.#��$ 
��� ��������J ���+<���  _���������J5Cy  ��#.
��E.


7 #<���  A�eb�PCR  ����� :-���J �    
�� (�����

 	
���� DNA Sequencer   � ���  :��
,D  �<s
�� 

:� �����"��0 ��$ 	�
1��. _�.    � ��� &����� ��FJ� 

�.
"�
� ;�/ � 	#. 
 � 	
��� DNA Sequencer 

��� 	#<��� Oe. 	
��� ���0  Rs�eb� F��
.) �
�

PCR  .��� _
�k.� ��  V-����� ��
�+7 ������ �
��� PCR 

#�
$� :6q� �
� �1-� O
-� .#<��� r
b�  

 V-��� _
k.�  � m�PCR  ��#B�µl 3  A�eb�  �

PCR  
���µl 3   �Loading dye 	
����� u���e'� 

Sequencer ALF-Express DNA  &��'� #$�  ��� 

����
� 	
����� ���a ���#��<���.  � m���  (#��$ (��

�.�+. 
�0  R#� ��8      � 	�
1��� 
�� t<
��. F��
.) :�


_�. ��FJ� � :J�<a� _
k.� 	
��� �.�+.  � 
�  :6q� �C.

�B6/ (��� �1-� 
< #.#<��� �#-�.  

  

�%�	 	
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����+<���  � 	�
1���� 
��� 	#��$ l��'���� 

srRNA16    ()�� ����
�� ���*� 
�7 #.#$ ?Q  � 
�� 

(��� O
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1��� ����� 	#�$ l��'�� 
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�  � 	�
1�� 

���+<��� srRNA16 ����q�7 �����" ���� #.#��$. �����7 � 
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�����
��� ��
��< �� ������ ��
<���< ����7��� �
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�� �.�+. 
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�E. ��� :�>� M<���+� ��� ��� (
�E.

	#-�� � 10 ��� ���������
������ _�.=  � �n� 0  ���
>

�� H�'E7 .#$
�  

 � �C. ��*� ���������
������ _�.=0  ��.�+.   �
��

 �) 	#-<� �+� �� ��� � ���.#.��� :6q� ��   ����� ��

�.�+.  	
Q �) �
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�.�� � O�7�7 �:#�) :�  

�BX-� �  ��
+$3 �.�+.0 �BX-� �  ���g2 � �.�+. 

�BX-� � ���-* 3  �����) �.�+. ���������
������ ��

�� #.��� (
E.   ��.�+. x��� � �)  � ��   �
�� ��BX-� � 

 �>�$#.��6. 	���). ��   ����$ ���$ �) u�e"0 

5BJ  � �.�+.  �
��  4��$   (
�1�c�2    ������) ��.�+.
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����  ����B� ������ � ���.�+.  
��� �������) 
��� 
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������  

  

&'�  

� ���������
������ A
B�.� 	�� �   :�,�. M�$�� ����

)3.( �� �� ��� � ��$a�0 ��J
< �
E�.� �7s
B� #.�  �-6�

�� M<�  � ���������
������ :� M�+� ��  I<�/ �)

����$ ���B�-� )11-7(.  ���� �)�� ���������
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#�[���� ��$ ���^7  ��$��  #��
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�.��7 ���<  	#�.  �

�� (#��.
� �� 
���� 0��. :��E� ����
>:��,� �  5��BJ
��� 

��� 

-$ ��
> ������� �
�<�� � #$
� )2.(  

  ��� 
��� ������ :��6q� t<
���.  � ��������� �� 


���<��) �
�����E�0 (
���,��.�0 #[���0 �����0 ���< ��0 

� 
�.
n� :� 	#$ ���F� (
�,�
� )16-10 08-7(.  

�d
D I�Bb7  � ;#�0  ���������
������ � 
�#*

 � �) �
�  (
�1c� ��$ 	#�-<� ) ��� 0 	
�Q �   
�� (���$ 

 �
��������+<���  � 	�
1��������1 -Adhesion 0UreC  �

srRNA16 � j
,D ��� Fluorescent nested PCR 

������ M<� . 

-$ �� ��
><��#%7 �    ����
�� !�� �
�,�

�� �� �.�+. #$
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DNA ��� 	#$ l��'�� M�< Bb7 I��    � 	�
1���
�

����
��+< srRNA16     ����
�� ���*� 
�7 #.#$ ?Q

�� () � 
��� (����� O��
-� DNA �� 	#��$ l��'���� 

 V-�����PCR 7<v.������ #���  � 	�
1���� 
��� ���+<��� 

srRNA16  ���.�+. ����� ��� 
��� �����q�7 �����" .#.#��$ 

Horiuch  � (��
���+� �   ������  � ���$��F� M����=

�)     � 	�
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Abstract 
Background: Helicobacter pylori infection is one of the most common infectious agents worldwide. 
However, origin and the mode of transmission of this bacterium have not been clearly explained. One 
of the most probable routs of Helicobacter pylori transmission is through water resources. The aim of 
this study was to evaluate the presence of Helicobacter pylori in tap waters, well waters and Zayandeh 
Rood River collected from various locations in Isfahan, Iran. 

Methods: Totally, 100 liters of water were collected from Zayandeh Rood River, wells and drinking 
water pipeline network in the north, west, south and west locations of Isfahan city. Collected waters first 
subjected to filteration through 0.25 µm, then, filters were washed with phosphate buffered saline (PBS) 
and the washed out PBS used for DNA extraction. For DNA extraction, QiAamp DNA Mini Kit was 
used, fluorescent nested polymerase chain reaction was used for detection of Helicobacter pylori genome 
using UreC, 16srRNA and adhesion gene specific primers. 

Findings: Our results showed Helicobacter pylori infection in Zayandeh Rood river, well waters and 
drinking water from eastern region of Isfahan. 

Conclusion: Using primers srRNA16, UreC, fluorescent nested polymerase chain reaction method and 
fluorochromes 5CY, very little number of bacteria were identified. 

Keywords: Helicbacter pylori, Fluroscent nested polymerase chain reaction, UreC, 16srRNA, 
Adhesion-1, Water 
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.&���G%3��������%��  &�������.&	 ���������� �������   

��(�#�= ��� )32.(  

��! ! &! 	 S����  ]*��( J��T ����/�  !��* !&�! 

  ��� =�%� �� ��O� � &!� ��&��'    ��� _��O� 2!���.��  !��N� 

�(����(��� �&���� !����V'4 &! ����	 3���(���#%U  &!

#�@��  G���� `��4�	  �� �  �� a��T� 6� !���� )33 .( ��� 

��(������ H���I�� � ���/ ���� �����\�� 5���� ����*��� 	 

��(�#�= &! +(��=  ^�(�@ ���&�	 $� ��&��.& ��  ��/�� 

 �^� �� �%=   ���  ��������  .���� &!  b��O(&�  ��� +( ���= 

���7� >���� ELF �� $�#!�$X	 � �%= � ��I���  O��4� $� 

���� 	 .�&� 	  �G�� &! -#! ��-�   =��c'���  ��*�( 

�� ��+��9�  &�/�  �/�  8��� $� � �%= ��( ��Y�  �#&��� 

�����7� >������ ELF ���� d9��# ���������- ��(���#�= &! 

���� 	 �.�& !�� ��  A�O�! ���X�  !�"�#� $� �%=  >����� &! 

���&! ����&�'  �� _�O��_�S�� #� @���  3���(��#%�U 

!�]�[�6 �� !!�2 .%�� $� a���� ��&�'	 ���%  ��� &! �X  ��� 

�e�= (�_�S�� %-.� �� !�/� ��&�'	 2!��.�� -#�.  

  

��� 	
  

������� 	 �
�� �������  

&! �%= ��(�Y $�  1���  ���	  ����,�% )Rat ( ���� $� 

!�f� %&���  ��� �$ g 250-200�   !�"��#�  ��/ .� �%= 

N�������� &! ����� 	 N��������  ���2 .�G%3�����	 

 ����[��! 	 ���/G6�  �\��[��! H���V4 ���/G6� ��]"��,� 
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&����]\�	  B�(���� �����/ .���%= N�������� ��� ��&���, 

 �2 ��	 3�(�% &!  C�"T  ��� `X   �W�g	  .����  &���T 

�������.�2 .&! �������� ������!�% ������= Cº 26 -20  

��/&�%&�(/%�� 12 ���4�# !�* -/�! .��$X%5 ���	 

��  �2 &! ��4�# % ������ $� $&  �&��,  W�6%-.� .

&! ��  �2 �!&�� 6 1�� ���,�% !�* -/�!.  

����� ����� ELF  

���	 ��(�� �%= >���� $� ��e   �\��#!  J����  ���  @�� 

 !�"�#� �/ J�/) 1(.  

��%J 
�������� � $� 6�����c  !��N 2500 &! 

#�@ ��� �� �9T mm 1� ��  ����� �	 $�  C��* ��6� ��� 

��S�#  ��/ . A��
 �� �%J cm 5/35�  ��9T  �VS�!� �X   

cm 24   ��9T  *&��S� �X cm 25 !���� .� �%= ����%J 

�&! C"T !�&�.	 &��T -.�2  ��( $�  �����	 � ����� $� 

�>&�S 2�V*��	 !�/. 

�������� ������
��  ���� 12Leybold didactic 

GMBH model S  
Vi�X�  ��.%� ��() �%-   ����� ( A��� 522.61Leybold 

didactic GMBH model  

1�� ��	 ���,�% -�( >���� 
������� 6� ���#� 	 

�O��/ #���#���� ���� ����/ µT 720-540  C������.   

Hz 10 &����T �����.�2 .�����	  $������ 2����	 ������� 


��������� �&! ����%�J $� ��%U ���_���( A���� 

516.62Leybold didactic GMBH model    !�"��#� 

���/ .����!	 �&! ����%J ��� ���#��V 	 ��%U k���#��! 

!%I�A��  $���� 2��	 �/  ��!�  ����[�  ���  ���!	  ���� 

^�(�@ !�2%� .  

#	� �
$�� ��%&�'  

12 !�4 1�� ���,�%  ��� !   ��2 6 ��(�%  ���(�@ 

���/ .%�� $� �%=   ��2  ����   ��2  !&���  !% ��\	 

 �2 ���/ !��.  

 ���2 !&����� -���( >������ ELF 6�����#� 	 �O��/ 

#�#���� 3 -4�# &! $& �)�= -4�# 8 dO, �( 12 

�]m �(�� ��� 15 $&  ��������  &���T  ����.�2 .  ��2 

���/ ��G -�( '��= ��/%n ��!�� �� �%= ��"(  ��� 

&! ��� ��$X%5�  �\�#! 1���S !��   ���o � ����� 


������� �&! ��%J !�* -/���.  

  

  
 (��1)����* ����� ����� .  ,-��.�� )/� ����� ,����� ��� .
��� -01�& 	 ����
�� ������ ,-��2�.3� (��4 %� (���� �

 ��� �5µT 690  9��4
� 	Hz 10 -� :�;�� (��4 <4
� �: �.4 

���	��� ���� 

������� ����	� 

��	� ����  
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��:	
��=��<  

C6 $� H�'(�  &! 	 �!�(�6�� 1�� ��	 ���,�%  ��� 

 !���� 	 ����/�]� A����V� ������&� )mg/kg 450 �(��� �

�&���, J��S�! T�"��, �)IP  ���%Intra Protaneal (

��1���] �����/  ���� &���^�� ����%��. ��N��*�  

��!��%���G ��&!  �\�#! ��#�%C��(� -��7 ���/.  

 ̀ ��6 ��!�� �%���G )M, Eicom, Kyoto, Japan 

01-12-I-A( ��&! �����%U p.�������� `������6   

)AG, Eicom, Kyoto, Japan12 �( &���T  !�!  ��/  

&! ���� 	 �.�& ��/�� �/.  

���q[�  ����� 	  ��.�&�  ���  ��+*���  ���  C�V
� 

��������6�$�� ������ �&������, �mm 4/6-  =DV �  

mm 2/0± =L �mm 02/8-  =AP s���q(� ���/ )34(. 

Ci# CSF )Cerebrospinal fluid ( \�S��#� )35 �(

������� �������#��V 	 t������'6 �����%=������[�I�   

)100KD scientific model �(���� -4���# µl 2  &!

���T!� �� �&! �`�6 t'6 �/  $� *�S� �`�6 

���'� �� )'* &X	 ���/ .�� ���'� J,�N 20 T!� ��� 

��+.�- t'6 !�� .&! A_S )'* &X�	 ��(���`� �� 

&	 %u &��T  !�!  ����/   C�6 $�  H��'(� 20 T!� ���� 

#�)% �� �.%&G Cº 70- J���� ���/ .���	  ���  1��� 

���,�% 6 ���'� )'* &X	 �/.  

>���=����  

C6 $� H�'(� ���'� 2��	� �# $� ���  1���  ����,�% 

��*  G�� $� �'I'* �%!�2 >&�S. �X   ��2  G���  ��� 

����� JT����N 10 $& &! ������.�= 10���,&! &����T 

-.�2 �(  -��7  !��X 	 1�� 2��	 !�/.  

C6 $� -��7 ���/ G�� � �#��V 	 �.%G ��H�(�� 

)R2000 LEICA SM(� � ��&�, �A���� 1�� �/ 

 Ci#  ���   !�"��#� $�  �(�3�= 5/0  ��,&!� &	 H� 

���O���e���/   .C��6 $� U��[S ����/ ����  !�"���#� $� 

��v��#��  &���	�  1���  ���  !&��� $&� �%���  &���T 

��.�2� .�2� ����  �9��  	  &�6  �/ &! 1��  n�#�( 

`�6 �,�d !��� �X  !�!  �\�  ���/�!  ��/�  ����  ��2� 

������ ��%�  ���9��  �O���/�  �!����  !�! 8W��N  ���/   

)J�/ 2.(  

  

 
 (��2)��> ?�@A�� .  9�B :DE ?F� .)��� �)��> ��G�H� �: I�� )��� ��J�� %�  K	
* %� -��� -L��* ,)��� �

)��> ��G�H� �: <3�  ��	��4 #
5 ,%�.��4�* 902� :?��� ?F� .?�� I�� I:�: M��� <�
A '0� �5 <�=��:	
��� )��� �  
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��
L����	
4- ���N �5 ���� O�5  

���	 5I�# ����G ��(�#�=  �������-  ��(��#��= 

&! ������'� �����	 )���'*  &X	 � ����/ $�  �\����#! 

.��2�(�������� �����%) ����� &����[. ������  &������(! 

��/������'��) �%HPLC-ECD  ���%High Pressure 

Liquid Chromatography- Electro Chemical 

Detector(  !�"�#� �/.  

�%� �= (�(�w �� ���'� �� �� � �\�#! ��  ���  ����# 

)2mm 6/4  ×150 �ODSA 120 �Teknokroma ( 

&������(! ���/������'��) �%RPE, USA 2143- 

Pharmacia LKB, type( J��� �!�� &G( �%Y  ����/ .

3��� &���! �� & 	mV 750+ ^�(�@  ��/ . ��VN�� 	 

Z���� )��"�.  @%�#g 4/8� 1-  ������  U���"���# 

 ����������������#�mg 360� EDTA  ���������������%

Ethylenediaminetetraacetic acid  ��G�� ��mg 30 

 12 A����� �,&! &! �� ���� `X  5/3  =pH �(  ���

�V���# 	 U��% ) t��'6D930 YONGLIN SD( ����� 

 -4�#ml 1&! ����T! 8�
 ��  �\�#! 3�i'6 ��  ��/ .

	��� G����X  U��6  	���  ��*�S  !�!  ���� $�  H���  &�G�.� 

)USA �3000 (Autochro  !�"�#� �/.  

 !�! �� C6 $� )'* �	&X �� U'�  H���  &�G�.� SPSS 

 �q���  	20 )version 20, SPSS Inc., Chicago, IL( 

G����X ���/ .�+�O
 �!�� )%$�(  !�!  ����  ���  �V��# 	 

�����$X Kolmogorov-Smirnov ����%M( ���/ .	����� 

��%��� 	 ! � �2 $� ���$X t  !�"�#� J���� �/ .&! 

H�'( J�V�(  ��050/0 < P ��+� &�! ��V( �%!�2.  

  

��!�	 	
  

&! =%� ��+��9� -^Vg -������� =���(�#  ���  �����4 

��S�/ 	��� -���+.  �U%3���(��#  !&���  ����%$&� 

&��T -.�2  .  

=�\���� -^Vg -������� =���(�# )HIAA -5(, &! 

���� 	 ��.�& &!  �2  ) !&���C.h3.PR�(  -��(  >����� 

ELF ���#��6 �� ��� 3  -4��# &! $&   ��
15 $& 

�������  -O���  ���   ��2  ) ����/C.h3.CO( �  &��
 ��� 

��+� 	&�! 5��� -.�% )050/0 < P J�/) (3(.  

  

 
 (��3. )���S� )��> �: �����	
� ?�=�5��� ?T0U � I	
L ��5 )��� �  �>�� 	 :��� ��>A - )���S�  -VW �B-  -���� ��:�F�  

) �������±  ,���@� Y�
Z��050/0 < P�>�� I	
L )5 ?/�� *(  
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"#$  

��+��9� ���&� '�� &! �9��& �� (M7�� >���� ELF �� 

-^Vg ��(�#�=  �������- �X &! -#! -#�   ���

&! �X  �� 1&�G2 	��  �zT����� &!  !&���  ��7�  >����� 

ELF �� -^Vg  ��(��#�=   �%� ������ ��-  �X�&� �%� 

 �/ -#�.  

���	 A�B� Sieron   ���&���'�  ���[�  ���!�!  ��� 

>�������� ELF� ������ C��������. Hz 10  ������/   

mT 8/3- 8/1  $&	 ��%U -4���# ��
� 14 $& 

��������� ��(M7�� ���+�� &�!	 ���� -��^Vg ��(���#�=  

�������- �X� &! �[T 6���[�   ���( 	  @��*  n�9q� 

)corpus striatum and frontal cortex (��/��� -#� 

)36 .(Zhang  ���&����'� ����[� ����!�! ���� ������� 


������� �� ��/ T 005/0   C�����. Hz 12- 4� 

�� ��� 45 T!� ����  ��� &	  ���&%5  ��(��#��= &! 

������ 	 ���.�& ��(M7�� ����/�!  ��(���#�= ��� �&���
 

�+�� &�!	 �G.�%5 %��.� -#� )37.(  

&! �+��9� 	 !%�\	� >���� ELF  ���  C�����. Hz 

6/55  ��/ mT 1/8� �� ��� %U  -4��# &! $& 

  ��
� 4 $& ����������  {��4�� �G���.�%5 ����+�� &�! 

��(�#�= &! ��?����(�i G�� 1�� ���,�%   ��/ 

-#�| ��� '��= ����� C6 $� 14 $&  �������  �(M7��	 

����� ��(����#�= �����/��� -���#� )18 .(Wilson &! 

5(�+��9� ���� �� ��� �� 5��( H��� >���� �����%�� 

 
������� ELF� -^Vg ��(�#�= �& @� ��  ����  

�N� {4�� S��� ��_�S� O�4� �� !�/|  ��N� &! 

S��� )T��� 2!��.�� �& �[(%� �� ��� )38.(  

���+��9� 	 Sieron ����'� ��& )36 (O��/�� ���(%= 

�+��9� 	 !�*�� !�� �X &! ���  -�^Vg ������ ��-  �� �

�&���, g���� ���+�� &�!	 �G��.�%5 -��/�!| ����� &! 

�+��9� 	 �}�N � �&�
 �+�� &�!	 5��� -/�! .�%= 

���%k ~T���� &! ��+��9� �V�q�� ��  �����(  �� �%� �= 

-V4 �/�� �� �� H��� $� ��+��9� &! ��/%n (�"��� 

H�I��  �/ -#�  ��/ ��	 ���"��  C�����.  ���	 

���"�� ���$  -��(  >�����  &���T  =�.��2   !��N  �%� 

H��� ��!�� ���7� ���&�  (��"���  ��� &	 �� 3����	 

����S -/�! �� &! �%= ����S ��4_
�  J����  

���*�� �	 &! -#! ��-�.  

-^Vg �������- ��(�#��= &!  )�T�  ��S�/� $� 

��+.�- #�@�� 3���(�#%U  -�#�   5����  d9�# 

�������- ��(�#�= &! G��� A�V+� ��e  -�V4  -�#� .

���� &���
 ��V��� d9��# ���������- ��(���#�= &! G���� 

�� ����(  ��S�/� $�  ���&%5  ��(��#�= &!  ��z.	 

#����6���� `W��*$�� �X n��#�( A�V��# ����	 ��6�5 

#��6�� �)39 ( %� ��+.�- MAO� �/�� )40.(  

��������%= 5����� d9��# ���������- ��(���#��= 

A�V+� %�� $� -V4 ��	 $%� -#� :5��� ��+. ��- 

MAO�  5�����  ����&%5  ��(���#�= &! ����z.	 

#����6���� �G��.�%5 `W��*$�� ��(���#�= n��#�( 

�&�� ��	 6�5 #��6���.  

5��� ��+.�- MAO� !�S �!� �V�  ����	  �G�.�%5 

d9# ��(�#�= &!  ��z.	 #� ��6���   ���&�  ����	 

���&! 2!��.�-#� � .! -V4 !%��\ {4�� @� ��/ 

��(�#�= &! �z.	 #��6��� �� ���/ �� �%=  {�4�� 

�%!�I 2!��.��  %� �[(%� �X ����S  ��/|  �e��   ���

%�� $� �!%J 2!��.��� �6�%= �!�� ����G ��(�#��= 

&! �z.	 #��6��� -#� )41.(  

���2� -��V4 V��,�� ���6�%= �����X d9��# ���������- 

��(�#��= 5��� ��+.�- MAO  ���/��  ���  ����( $� 

>���� ELF ���	 ���&! 2!��.��  !�"�#� !��.  
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��� �2�  -�V4 ��X  5����  ���&%5  ��(��#�= &! 

�z.	 #� ��6���   �%�  �G�.�%5  ̀ W�*$��  ��(��#�= 

n#�( �&�� ��	 6�5 #��6��� ��/�� �� ���(  -�"2 

�/%� >����ELF {4�� �%!�I 2!��.��  %� �[(%� �X 

!�/ .��� &!  &�6 �	 $� ��_�S�  ���&�  ������  H&���# 

��(�#��= &���� ��(�#��= �G.�%5 ��5 $�  $���� �	 

!&�! .>������ ELF ���� ( �����������&!� &! ���%= �����2 

��&�'	 �� �/��.  

  

 � �������%��&  

�%� �= #��V $� �[6���O�  �����  -���+� ��(� ����  

�.�&	  �\[��! H�V4  ��/G6�  ���]"�,�  ��c'��= $� 

��$X% �\[  A����� ��" ��-  ����S&�� 	  5�q6&�!  ��� 

-��]* ����'N$ ������. �%����[ ����[(  ��!&���T� 

��  !!��2 . =���c'� $�  ���'N$  ���'(�  ����#!  �� �

% f 	 �TX	 ?��]� &��	  @��S  ����!  ��'N�!�&	 

A�'� ��!&�T� � �J'4 �� X%�. 
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Abstract 
Background: According to several studies, the extremely low-frequency magnetic fields (ELF fields) 
affect extensively on biological system. These fields can influence the nervous and neurotransmitter 
system due to the electrical nature of them. The influences in some cases are therapeutic and sometimes 
are destructive. The purpose of this study was to investigate the effect of extremely low-frequency 
magnetic fields, with frequency of 10 Hz and intensity of 720 to 540 microtesla, on the level of serotonin 
metabolite, 5-Hydroxyindoleacetic Acid (5-HIAA), in the raphe nuclei of adult male rat.  

Methods: Using a magnetic coil, the extremely low-frequency magnetic field, with 690 microtesla 
strength at the center of the coil, was produced. 6 rats were under this field 3 hours daily for 15 
consecutive days. Then, 6 samples were collected from the raphe nucleus of each rat using 
microdialysis technique. Each sample was 40 microliters in volume. Then, the serotonin metabolite 
levels in each sample were measured via high-pressure liquid chromatography and compared with its 
control sample. 

Findings: Extremely low-frequency magnetic field with mentioned characteristics significantly 
decreased the level of serotonin metabolite in the raphe nucleus compared to the control group  
(P < 0.05). 

Conclusion: It can be concluded that extremely low-frequency magnetic fields affect the serotonergic 
system and can be used to treat some diseases. 

Keywords: Electromagnetic fields, Hydroxyindoleacetic acid, Microdialysis, High-pressure liquid 
chromatography, Raphe nuclei 
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