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 �.�� �

%!�1$ �� 4����
 ��	
 ��	
 �� /�!6      ��� .L��� ���
�� ��	�
 �� [!
Q

%�
�� �"� �: F�� �� �d	$ F!5:	$	"��
 �+"#
 F��$   L!�a�A ��.

�Q /��
_ m�7$ �W��i
 �L�� ��5�� �-� �� �.  �5� /  �� ���d�	
 LW

�
 �4-Z F!!�$��7
 �)-X �� ��; =���� �	�    4-�?.� ���#� -���	$  /

����)� L;���� LW5� -Z�� F
[
 �	� �� 4-??: 4�	8Q / .  �9	�`	
 F��

 q�	$Li    F!�?B�. ) �����"�. )Wang     �� 4��f3��� ��� �����"�. )

 �]A lA�ZHazard quotient  L;�6 ���* ����� ��	
)13-12(.  

    ���� 0��1
 <�3�56 ���"�)� �� �d	$ ��     r�A ) %!�7X /��.

   /���� ��3;�� @�13A� ��Q �� F!5:	$+;Q Lg(� �� �	d	
 �$��+��

��� F�� ��8�]
 ��. �`�X /        ��]A ) 9	�`	
 F��� ������ 0-�. ���

  �� %!�7X ) �3?� ��� 4)�6 )� 0�1
 b��� �� F!5:	$+;Q L;����

��
�d / ��� 9�	�� �� 9	?$  !8� �� .-���6 F!!�$ ������    �� ��3?�� /��.

4-?���� ��	?� �� /���� ) =>?� ��� 9	� )� / -Z 4��f3�� �3?� ���.  

  

��� 	
  

 F��  "Z �� �b!'i$��8�]
 =�   ����7$ 9	� �� �(!(i$ /  .-�Z ���7�� 

��8�]
 F�� ��� ��
�d  /��
Q /   ��!�$ /���� 4��f3��� ��	
 ��Q  
�Z  /

) %!7X ��� 9	� -?h29  =n  
�Z (24 ��	��  �-!f� ��Q /3 ��	��  /

 ) F6)� ��Q2 ��	�� ) %!7X ��� .�	� /��A	� ��Q /10  =n   
��Z (

7 ��	��  ) L6�� /3 ��	��  ��6�W�. ��� / =>?� ���  
�Z �3?� ���

)10  =n) /���� ��� �(4  =n) ( �!�$ /��� 4��f3�� ��	
 /�[d�   ���� /

) 4�!� -7?:  
�Z4  =n) -!f� -7?: �(5  =n) ���$ [e
 ) (4  =n (

 .�	����A��: L5!8 ) �. ���	��� 4���� �� �. / ) LZ�-��  ��	
 �� ���g�

 ���
�-���6 �!�$ ���fa� ��3����	�� . �. �(a� L:�Z -?h �� ��Q /

4-??: m��	$     �-���. ����!: ����]
 ) �8V ��B?�  
�Z %!7X ��� ��Q /

4-��?��� ����	�� ) ��3������� ) �)�  �� ������$ [��e
 ) -��7?: ������ /���.

���	��� m�d ��Z t]� ���. ��	��  X��
 .-Z /�)Q    ����� ��� /�!6

 ���-��3��4���Z  /12005 a ��'!'i$ ) ���-��3�� ��
���  ������ �3�?

��	�� <)�) (F!5:	$+;Q �	
�Q L�d /��)�#: �V	1i
 /����� 

L;�6 ��7��. ��	��  R��?
 q���Z �� �.4-0 �d�� /  �3����    ��� ����6

)  '3?
 4�>#��
�Q    ���8�]
 ���7�� ���
� �$�   q����Z ��18-  ��d�� / 

�3��� �>� ���6 -Z /���-�.  

4��-��  <)� ���� �� /��7$ L!: �� F!5:	$+;Q /�!6ELISA :

����	�� ^���3����  .L��;�6 ��	��a L��!:  ��8��	3���� b����]
 ���. ��

�(X�
 ^���3�� /� �)-X 30    R�!:�$ ��$ -Z 2�!�Q ��	�� �. �� ��6

��!5� ?>�.� -
Q L�� ��  Nv�� .3   ���	�� �� ���6 /   4-�Z 2�!��Q� 

�8	8 =�  A�� ) -Z �3��� ���
�Q / 9 �(!
  �	��3
 �3!880  �� -a��
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 �-
 �� ) -Z �;�`� �Q30 �'!*� Shake  -�Z.    �a�X w	�(�
�   ���

 �-
10  �� �'!*�2�3Z 2000   .-�Z &	!f��3���� �'!*� �� �)�   Nv��

50  �� �3!8)�"!
L�5*  ���)��   ���150   ��3!8)�"!
Dilution buffer 

 b��!*�6��-�������	�� �6�	��8Q t]��� . 4����
Q /���. 4-��Z /������ ���� 

RIDASCREEN  )  <)� �� 4��f3����ELISA   L���!: =���: �����

  (-��?(. �	��#: LA����)   ��8��	3���� b����]
 )  �4-������ L:���Z

4��-�� .-Z /�!6  

�	g?
 F�� ��� 50 �	(i
 �� �3!8)�"!
 ��	�� ) ���-��3�� /�.   /��.

4��
Q 4�fX �� �(v�� =�: �� 4-Z /���   -�Z �;��`� L!(_)�"!
 /�.. 

 ��	�� ) ���-��3�� �. /�����       ����* 4��f3��� ��	�
 ����6�-d �(v�����

 .L����;�625   ) �����6)x?: �	����(i
 �����3!8)�"!
25  �����3!8)�"!
  

 ��������3�Q �	�������(i
 ) /����������Aflatoxin-A-HRP  ���������  

Aflatoxin-A-horseradish peroxidase4�fX �� (  L!(_)�"!
 /�.

-Z �;�`�.    �-�
 ��� Nv�1      �����X �� ) �	�� �� �)� ��� L����  

37 �d�� / �3���  ���6Nv� .-Z ��	"���   L�!(_)�"!
 �� �	d	
 m��


     ��� �Q ���� ����* ) L�!(_)�"!
 ��� %�+
 ��� ���` �� ) 4-Z ^��A

   2\��d /�.
���: /)� ��� ��)��)  "Z�     �� �	�d	
 m���
 L��	��

4���fX -��Z ���!(�$  ��
�: �	��� ���� ���. �Q . �4���6 ����. / 4���fX  ���� ���.  

300  �	#35Z @	1�
 �;�� �3!8)�"!
 ��� ��  -�Z �35Z ��. )  ����� 

�!(�$ �� -�� / 	#35Z m��
� �� ��)��) �	� �� L!(_)�"!
   -�?h /)�

�
 ���* /
��: ���3�� ��V  �$ L;�6 �	� ��  �*���  �
�:  4-���
 /  2Q

�	Z ^��A 	#35Z. R!$�$ F�� ���      �� �-�
 F��� �� -��� ��: /��	


  4���"� L:�Z �?:�)�	� -���     Nv�� .-�-�Z ^���A100   ��3!8)�"!


. �� ��35�	�L���� �� ) -Z �;�`� 4�fX �
 � �	(i$	) y*  ��� �?:�

 ��-'
100 4�fX �� �3!8)�"!
   ���	�� ��. 2
d ��[!
 ) -Z �;�`� �.� 

 ^	
 �	� ��450  �3
	���-Z 4-��	A      ��[�!
 ��� w	���
 ����+�� )

 LWz =!"f$ �� 4�fX �. 2
d-���6.  

<)� ������� : L!: �7?���W3�� /���ELISA    �4��f3��� ��	�
3 

��	�� ��6    ��� ���8�]
 F�� �� F6)� ��Q /500    �	�(i
 �� ��3!8)�"!


 ���-��3��1 ) �	!(!� �� L�5*Parts per billion   ���ppb  =��v��� (

��	�� b��]
 ) -Z       ����* ����
�Q ��	�
 �����"$ ���� )� �� /��� /�.

 �������� ��[!
 n��3� .L;�62/78 .-���6 �W��i
 -a��  

 F!!�$ ���	�� �� F!5:	$+;Q %� L;���� �]A   ���� /��. :  L��d

����� �!� ��zQ �)�� �]A ��)Q��     lA��Z �� �F!�5:	$+;Q %�� ����

 �	
�; ���� �� �]A R��`1  .-Z 4��f3��  
  

HQ =
�����	
�	
���	

���
  

Exposure	dose =
��×��×�


��× !
mg/Kg/day  

 �	
�;1  

�`�R  �]AHazard quotient )HQ�� LW5� �(� L�;�    ��� �����)�

 md�
 �� �� F
[
 ��	a
� -Z��   ��:��� L�;�    �. ����� �	�� �� �Q!k 

��	6  ��`����/ �� ���7  ����  .-�?:Concentration index )Ci  L�g(� �(

��5:	$+;Q!F �
��� ��	��
 ���� ) y��(3�
ppb ���� � �� L���5*!(��!�	 ) (  

Daily value )Dv
 (!��[ ����� /    �
�� ��	�
 0��1
�� :)! ��6	�( (�)�/


� -Z��. � �� 4)+���F Exposure duration )Ed  ) ���d�	
 ���� �	� (   

)Average lifetime (At  ����� ��; ��� �	�70   ) ����Body weight 

)Bw
 (!>��!F � {8�� ���;� ��)�����  �: L��70 :! ��6	�(    ��3;�6 ��g� ��

.L�� 4-Z  
 

Excess lifetime cancer risk = Exposure dose * Slope 
Factor 

  

 �	
�;2  

  ������ �)��� �;�`� �]A �������  
��     F��� �� ���� �	�� ��

����� /��� �1A�Z ��8���
  �: �$�	a �� ) L�� �3;���� %� ����

       /���� �� ��`����  ���* q����Z ��	�Z �W���i
 %!�	!(!
 =� �� �3�:

����� �W��i
 �: �$�	a �� .��� -.�	A ��#� �3;���� %� ��	� ��  /

 �� �$V�� ��-��10000/1 �
 ��#� lA�Z F�� ��     ���]A F��� ��: -.�

%#h  ��* b!*�  "Z �� -��� ) L5!� �Z	_   /�3�#!� L!��5X �� ) �$

��!6 ���* ����� ��	
.  

  �� ��.)x�_ F�� ��tolerable daily intake )TDI   ��[�!
 ��� (

19/0-15/0      �����)� �-�� ��) ��6	�(!: ��. /��� �� ��6	���)14(  )

Provisional maximum tolerable daily intake )PMTDI  ��� (

 ��[!
1  ����)� �-� ��) ��6	(!: �. /��� �� ��6	���)15(    ��	�?� ���

 �� ) md�
 lA�ZCancer slope factor )SFC (1-2900 �(!
  ��6

� �� �����)� �-� ��) ��6	(!: �. /��� ������� R!Z ��	?  /��� ����

 .-Z 4��f3�� ��W��i
 ��7��  

) ��[7$ 4���  !(i$ ��� �� 4��f3�� �� �.  ��[�;� SPSS  ���5�  /18 

)version 18, SPSS Inc., Chicago, IL( L;�6 ��	a.   F!>���!


������
�Q ������"$ ����. ����(X�
 ����. ��� �� 4��f3����� �����  �	���
�Q  

Repeated measures one-way ANOVA    ���?!��� R���` ��95 

 -a�� ��5��'
 L�d .-
Q L�� ��  F!>���!
 /     ��W!'�$ �	�
�Q �� ���.

Fishers least significant difference )Fisher's LSD (  

-Z ��7��.  

  

���
	 	
  

 �)-d ��1       �� F!�5:	$+;Q ��� �6�	�8Q �)-�X ) L�g(� F!>���!
 �

�!(: ��	�� /   ��!�$ �� 4��f3��� ��	
 /�.[e
 ) ��� ���Q /�.   �� ���� /

 ���!(: .L���� 4-��
Q b��!'i$ F���  ���	�� /   ��
�X �����8�]
 ��	��
 /���.

4�)-i
 �� F!5:	$+;Q  F!� /54/6-5/0   ��� .-��	� �	!(!� �� L�5*
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  �6�	�8Q �)-�X ���X F��   ���	�� k!�. ��     ��(
 ���-��3��� -�X �� /�  

)15    F!�� �� F!�5:	$+;Q 9	!Z ���)��; .�	W� �$��; (�	!(!� �� L�5*

��	��   �6�	�8Q F��$V�� F6)� ��Q �: ��� ��#� ������ ��	
 ��Q /�.

  �	��
�Q ������ ���� .L��Z�� ��One-way ANOVA   ����?!��� ����  

95  ���?�
 /����
Q 0+3��A� �-��a��  ��8Q L��g(� F!��� /��� �� �6�	

��	��      ) -�Z 4-.��#
 ������ ��	�
 ��Q /��.05/0 ≤ P ��5��'
 .(  /

   ���	�� �� F!�5:	$+;Q L�g(� F!>��!
     ) F�6)� �4��3�� /��.��Q /

 �	��
�Q ���� /��A	���Fisher's LSD   F!>����!
 F!��� ���: ��� ����#�

��	��       ���?!��� t]�� ��� /���
Q ��g� �� �F6)� ��Q �� 4��3� ��Q /�.  

95 �?�
 0+3A� -a�� �) LZ�� �	d) /��05/0 ≤ P �)-d) (1.(  

  ���!(: �� %��� L��g(� F!>����!
    �������� ��	��
 ����� 9�	���� /  

92/0 ± 99/1  Lg(� �� �?��� /��� �: -Z �W��i
 �	!(!� �� L�5*

�
 ��#� �� ����� �� �	d	
 ��� 9�	�� �� F!5:	$+;Q  ���X F�� �� .-.�

  �	��
�Q n����3� ������ ����One-way ANOVA /����
Q 0+3��A� 

�?�
 ��	�� �� F!5:	$+;Q Lg(� F!>��!
 F!� /���   ���� y(3�
 /�.

) -Z 4-.�#
05/0 ≤ P.(  

���  4�	�8Q ��d	$  ��* �	� �� (/���� ) =>?�) �3?� /�.   �� ��$

���      ��3?�� ���� �� .-�-�Z �������� (�6�W�. ) L6�� ���) %!7X /�.

100 ��	�� -a��     �� j-���	� 4�	�8Q F!�5:	$+;Q �� ����� ��	
 /�.

       �������  ���* ��!� �����'
 /)��X ���	�� �� %!7X ��� �� �: �8�X

��'
 .-�-Z 4��� l!�#$ ��5       ��W!'�$ �	�
�Q ��� �6�	�8Q F!>���!
 /

Fisher's LSD 4-?.� ��#� �?�
 0+3A� �-� /   =>?�� ��� F!� ���

) /���� ��� )05/0 > P   ) ��6�W�. ���� ) L�6�� ��� �(05/0 > P ) (

�?�
 �)�f$   ) �3?�� ��� 4)�6 )� F!� �6�	8Q �)-X F!>��!
 �� /���

) �	� �3�?a05/0 < P.(  

/�.[e
 �� �]��� ��   ����)��; 9	!Z ���� F!�[$ /��� 4��f3�� ��	


��	�� �� F!5:	$+;Q F!��_ ����$[e
 ) 4�!� -7?:�-!f� -7?: /�.  �$

) ����� �(
 ���-��3�� -X��15   �	�
�Q .-Z 4-.�#
 (�	!(!� �� L�5*

One-way ANOVA  �	��
�Q )Fisher's LSD  /����
Q 0+3��A�

�?�
 ��	�� F!>��!
 F!� /���    ) -�7?: /��.  ����$ [�e
   ��� ���#� ��

)05/0 ≤ P �)-d) (1 ���	�� �� �6�	8Q F!>��!
 �: /�	� �� j(   /��.

��	�� ����� )� �)-X ���$ [e
 .-Z 4-.�#
 -!f� ) 4�!� -7?: /�.  

       b���� �� F!�5:	$+;Q L�;���� ��]A ��[�!
 F!���$ |iW
 ��

  �����)�  ��i$  ��* -X F!!�$ /��� ����� �8�h =� ���� 0�1
  /

VQ F��   ��5��'
 ��]A lA��Z ��	?� �� ��-� F�� .���� �	d) 4-?�  /�

�
 ���* 4��f3�� ��	
 �]A ������� �� %�
   /���� �: ���d �Q �� .��!6

 ������ L!a�A ��Q ��'3#
 ) F!5:	$+;Q    4-�Z  �O�* �����   �� �-���

��
��� �� /��!5�     L�;���� ���7
 -�X �� ��*�) �$��+�� ��?��� /�.

 R����8�* �� ��������)�TDI ) m����d�
 �� ��	����?� ������RFD  ������  

Reference dose.L�� 4-#� ����� (  

   /����� R�5X �� �� �W3�
 ��(� m��?
 �� �A�� �� �R!$�$ F�� ��

  <��[�6 �f(3�
 ��*�� ) ��-�� ��
� F�� �� l1�3
 ��''i
 �� �A��

    �>�-�"� ��� /�)-�X �$ ���-�� F�� �: L�� F��  "#
 .L�� 4-���6

 F�� �� j-?35. �)�f3
��8�]
 �� �)�    /	73�5d ��� �d	$ �� �`�X /

�!(: �� �: �'!��    m���?
 �� ��: �-� �� �-���6 ��7�� w	��
 ���	
 /

�Q �� F!#!_ �W3�
 ��(�     ��� �����)�  ��i$  ��* ��7
 -X ��	?� �� �.

     ���5��'
 m�W?
 ��	�?� ��� ) ^���3��� ��	� 4-Z 4��f3�� md�
 ��   ��

.L;�6 ���* 4��f3�� ��	
 �)-d ������ ��zQ F3;�6 �g� �� �)-  ����

   F!�5:	$+;Q L�;���� �]A R��` �)-d F�� ���� �� �F!5:	$+;Q

 �� �0�1
 b��� ��101-4/5 �
 �)�f3
  �)-d) -Z��2.(  

  

 ����1��	
� ��(��� �� ���	���) ����	���� �� �� �! � "������ . �$%�&! ��	! '()*! +�,  

  �����  (����) �����   ����	��± �	��� ������*   � ��!" #$��%  � ��!" �&'��%   �����P   

A 
�� � ��(  )100 (24  a09/0 ± 32/1  51/0  95/1    

,-.� ��(  )100 (3  bc86/1 ± 86/2  50/0  54/6  017/0  

0��12� ��(  )100 (2  ac27/0 ± 26/1  99/0  54/1    

B  ��� 03434  )100 (4  a2/0 ± 57/2  71/1  45/3    

��� 56"�  )100 (10  a38/0 ± 37/2 10/2  84/3  001/0  

��� 7-�4  )42/7 (7  b08/0 ± 88/0  67/0  16/1    

��� 3-38�!  )6/66 (3  b16/0 ± 15/1  99/0  32/1    

C  
�9� ��":  )100 (4  a08/0 ± 10/1  92/0  21/1    

�9�� ��":  )100 (5  a15/0 ± 50/1  85/0  10/2  013/0  

��;< �=� )100 (4  b17/0 ± 26/2  73/1  76/2    

  4-?.� ��#� �	3� �. �� F!$V =h	: 0)�X ����
�Q ��	
 ���
� ��	
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Flour and Bread Aflatoxin Contamination and Risk Assessment of Aflatoxin 

Intake through Bread Consumption in Iran 

 
Samira Shokri-Jokari1, Maryam Mirlohi PhD2, Laleh Mosharraf PhD3 

 
Abstract 
Background: In recent years, limited information has been provided regarding the occurrence of aflatoxins in 
flour samples and in traditional flat breads in comparison to the leavened breads in Iran. In this study, aflatoxin 
contamination in some bakery products and assessment of risk of aflatoxin intake were investigated.  

Methods: In this experimental cross-sectional study, 66 samples including 29 different flour samples,  
14 traditional flat bread samples, 10 leavened bread samples, and 13 samples of sesame and seeds used for 
dressing breads were randomly collected from different factories and bakeries in Isfahan, Iran, and examined for 
aflatoxin residue using the enzyme-linked immunosorbent assay (ELISA) specific kit. The risk of aflatoxin 
intake for consumers was assessed using hazard quotient and mean and data analysis was conducted using one-
way ANOVA and Fisher’s least significant difference (LSD). 

Findings: Aflatoxin residue was found in all of the studied samples in the range of 0.5 to 6.54 pbb and did not 
exceed the national standard level (15 pbb). Traditional flat breads contained two times more aflatoxin than 
leavened breads. Hazard quotient ranged from 5.4 to 101 and the relative carcinogenic risk was higher than 10-4. 

Conclusion: Despite the low aflatoxin contamination levels in bread in this study, the hazard index of higher 
than the tolerable limit for humans showed that reduction of daily bread consumption in Iran is critical. 

Keywords: Aflatoxin, Bread, Enzyme-linked immunosorbent assay (ELISA), Flour, Risk assessment 
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The Association between Obesity, Constipation, and Functional Constipation in 

Iranian Adults 
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Ahmad Esmaillzadeh PhD4, Peyman Adibi MD5 

 
Abstract 
Background: Constipation is a common disorder of the gastrointestinal tract which affects the quality of life 
(QOL) of patients. However, findings of studies on the relationship between obesity and constipation are 
conflicting. The aim of the present study was to assess the relationship of general and central obesity with 
constipation and functional constipation in a large group of Iranian adults. 

Methods: This cross-sectional study was conducted on 4457 adults, through obtaining anthropometric measures 
using a validated self-report questionnaire. The subjects were classified into three categories of normal weight, 
overweight, and obese based on their body mass index (BMI) and normal, central overweight, and central 
obesity based on their waist circumference. The prevalence of constipation, functional constipation, and its 
components was investigated according to Rome III criteria. 

Findings: The prevalence of constipation and functional constipation among the study population was 33.6% 
and 15.3%, respectively. After adjustment for potentially confounding factors, obese individuals were at a 32% 
greater risk of constipation compared to those with normal BMI (OR: 1.32; 95% CI: 1.03-1.71). There was no 
significant association between general obesity and functional constipation. Gender-stratified analysis revealed a 
significant association between overweight and obesity, and constipation among women in the crude model; 
overweight women (OR: 1.21; 95% CI: 1.02-1.45) and obese women compared to women with normal BMI 
(OR: 1.65; 95% CI: 1.26-2.15) were 21% and 65% more likely to have constipation. Although significant 
associations were found between abdominal obesity, and constipation and functional constipation in the crude 
model, these associations disappeared with adjustment for confounding factors. Gender-stratified analysis 
revealed no significant associations between abdominal obesity, and risk of constipation or functional 
constipation in men or women. 

Conclusion: General obesity was associated with a significant increase in the risk of constipation, while 
abdominal obesity was not associated with constipation and functional constipation. General obesity was related 
to increased risk of constipation in women. However, no significant association was found between constipation 
and functional constipation, and obesity or abdominal obesity in men. 

Keywords: Constipation, Functional constipation, Body mass index (BMI), General obesity, Abdominal obesity 
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9�W%�������0   �Z��1�����G�� �9��,�����G%�FBS �HbA1c �AST �ALT �  

Low density lipoprotein )LDL �(High density lipoprotein 

)HDL �(Triglyceride )TG �(2 hour post prandial blood sugar 

)BS2hpp � (Body mass index )BMI( " �S��) �"��m10 �� �� �

  X���� �  �%�  �����K =�:�0 :�% � (��� -�3 ��u �"��m10 Z��C &(

$
;& �K�� !��  )5-4 $1J" &( ��&� ��&$%�  #M��S H�0 $ 30  ($�U�M( 

� )� ) ��$�8�K $  �� $1J" &( ��& !  �� N�  ��  ��Y% &( =��  $1J"

(�����K H�0 91K�Q �  $�
;& X���� �  H�a�:
� � -,�0 .�/0   !��� 

�K�� )��  =�,��� �� !:
� 
�(��& &( -,�0 
  �)�    .��/0 j��B)

(��& &( !:
� � -,�0 $
;& X��� �  �"�0 .�/0 � �K�� !��  )  ���

($1J" &( &�  )� �  $��8�K �  � )Y�0�% &,� $  �"�0 .�/0) !   �%��0�

-���%� =�&�'�  &( ($1J" �� �� N�  �3 !��Q.  

-(�( X��� �  �'� !�" � 9�W%��0 &���0 .��v%� -(�( �  �J�� !�"

 X��� � �8&( � �%����K �&�� $�3. -(�(  =,0�� �� -(�J1�� �  �'� !�"

t -(�( �  =,0�� �� -(�J1�� �  �J�� !�"2
χ     &���M #���v; � $��:a; (&,0

��1K�Q.  ����% H&,8 &(�  =,�0�� ��   !��"Multivariate  ���%�0   <�,�%�

 -(�J1�� =,���Q&�3. 05/0 < P  $   ����0 \I�� =�,�B &�(!   ��Y% &(

 $1K�Q�3.  

  

���
	 	
  

$���I0     ���&�  &,�Y�0 $�  ���S !   -��+ � �� ��( ��%����K   &( �� ��(

  -���Q �  $G��U0 � ����� ��	 
�� �
� $  V1
0 =�&�'�    j��a%� �"��3

 (���; �� .�3106  �$���I0 (&,0 (�K80 ) �J%4/75    -���Q &( (��8&(

 � (&,��026 ) ���J%5/24   .���%(,  �"���3 -����Q &( (���8&(64  ���J%  

)3/60  � =� (�8&(42 ) �J%7/39       9�W%���0 $�� ��%(,  (��0 (��8&(

    �(&,�0 -���Q &( (���K� ���8/10 ± 8/48     ��"��3 -���Q &( � Z���  

4/13 ± 3/42  Z��      &( �(&,�0 � �"��3 -���Q =���0 H���J; �]�; .(, 

 ��m10HDL ���0    ����0 ��"��m10 ��W�( H��J; � (,
% &�(    $�  w(,�  &�(

 $�%,Q  $��� !�HbA1c    � (,��  �"���3 -���Q �� �;L���  (&,��0 -���Q &(

 (&,0 -��Q &( =� 9�W%��07/5  ��"�3 -��Q &( �9/4 ���0  �1�� �  Z,0

) (, 001/0 < P(.  

     � (,�  �"��3 -���Q �� �;L��  (&,0 -��Q &( Z��1G�� �9��k'"

 (&,0 -��Q &( =� 9�W%��08/200  �"�3 -��Q &( �4/174  ����0   j��Q

��( �  ) (,  �1��001/0  =P( .LDL      -���Q �� �;L��  (&,�0 -���Q &(

  (&,��0 -����Q &( =� 9�W%����0 � (,��  �"���3115  �"���3 -����Q &( �  

97 ���0 ��( �  j�Q ) (,  �1��015/0  =P.(  

TG      &( =� 9�W%���0 � (,�  �"��3 -���Q �� �;L�  (&,0 -��Q &(

 (&,0 -��Q3/184  �"�3 -��Q &( �2/125 ���0 ��( �  j�Q   (,�  �1��

)004/0  =P( . 9�W%��0AST ) (&,0 -��Q &(2/32  9��  �S��   ����'��

���0 �   �"�3 -��Q �� �;L�  (�1��)8/20 9�  �S�� ���0 �  ���'��   (��1��

) (, 001/0  =P(.   

�k'"��9 0�W%��9  ��M2   -���Q �� �;L�  (&,0 -��Q &( $1B��

;�; $  � �"�3�� 4/135  �2/121 0� ���  j��Q   ��( �� � �� ��1   (,� 

)004/0  =P .(  

BMI $%,Q $  w(,  �"�3 -��Q �� �;L�  (&,0 -��Q &(   $�� !�

 (&,0 -��Q &(6/28  �"�3 -��Q &( �0/25    �� �0�10 ��  j�Q,���

) (, 001/0 < P(.  �� �;L�  (&,0 -��Q &( �13�% =,2 ��M 9�W%��0

 ��;�; $  � �"�3 -��Q1/103  �3/89 ���0 ��( �  j�Q   (,�  �1��

)001/0 < P(.   

   9�W%���0 � (,�  �"�3 -��Q �� �;L�  (&,0 -��Q &( 9��,G%� ��K�� ��

 �(&,0 -��Q &( =�7/19  �"�3 -��Q &( �5/8 9�  �S�� ���0 �  ���'��   ��1��

) (, 001/0 < P(.  �9��k'"ALT ) (&,0 -��Q &(2/44 9�  �S��   ����'��

���0 �  �1��) �"�3 -��Q �� �;L�  (6/19 9�  �S�� ���0 �  ���'��  ��1��  w(,�  (

���0 !&�0� y�v� �� .V12� 9�� ) (,  &�(001/0 < P Z��C) (1.(  

 �$���I0 (&,0 (��K� #� ��44 ) �J%5/41 -�+ $  V1
0 (�8&(  � ��(

 �11 ) �J%4/10       -���Q &( ��W'" $�� ��%(,  �� ��( $  V1
0 (�8&(

� ���%(,  (&,��0 -���+ $��  V1��
0 !(���K z���" ��"���3 -����Q &(  ��� ��(  

)001/0 < P) � ��( �� (046/0  =P(  Z��C) (,
%2.(  

 .qS �  �9��k'"BMI  ̂ ���D0 #0�B �� =�,�B $     ��]�; ���Q

 9� ,�Q,'"A1c � 9��,G%� ��13�% =,2 ��M �ALT ���0 H��J;  !&�(

.�%(�( =�*% -��Q �( =��0  

  

���  

����� ��	 
�� �
��  ����� �� ���� ��� ������    ������  !��"
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���       #���� $�� �%�&��'�  &( ��
� )��*%�&�+ &( � �� 
,�& �  $�

-(��% .�/0 �%��   ��0 $12���3  (,�3 )1 .(    ������ ���	 
��� ��
�� 

���3  � �	 �1��8 !�"&,*� &( !�
� 90:0 !&�'�  9��; ����  �

 <,�3�=� 40 -20 �8&(  �0,'B ���'C�0  �3� )2.(    ��
� <,��3

=�(�0 &( ����� ��	 
�� �      &��*K !�&�( $�� �%��G� � 9�G0 (���K�

=,2  �L� �M��  ���1G" � ��(� �0 N��:K� � �� )3.( ,;�+O   ��
� :�%

��� -�*% PD*0 ��IM &,� $  ����� ��	 
���   � 9��1�*�  �0�

-(�1GQ    ��0 ����'S $�� !&,R; 9��;  (,�3�     $�  ��0��U0 )�G�%��0

 TB�  $� ��� 9��,G%�Hepatic Steatosis �0  ) ((��Q4  9��� �� .(

$�����I0 �� .���" ��&  � ��� ��( �
��G% ���%����K ����&�  ������S !

-�+ $G��U0 � ����� ��	 
�� �
� $  V1
0 =�&�'�  &( � ��(  �  =� !

�0 �"�3 -��Q .�3�   

  

 ����1 ��	
��
� ����� ��
��� � ������� .��
� �� �� � �	�������  ) ��"� ��	80  =n) �	�& � (26  =n(  

�����  ����   ����	��± �	��� ������   �����P 

(���) *�  ��+�  8/10 ± 8/48 032/0  

�!�
  4/13 ± 3/42 

HbA1c  
)mmol/lit(  

��+�  72/0 ± 7/5 001/0 <  

�!�
  68/0 ± 9/4 

�./ 0�1  

)mg/dl(  

��+�  6/37 ± 8/200 001/0  

�!�
  2/28 ± 4/174 

LDL  
)mg/dl(  

��+�  0/31 ± 0/115 015/0  

�!�
  8/29 ± 7/97 

HDL  
)mg/dl(  

��+�  0/11 ± 0/47 497/0  

�!�
  3/11 ± 2/45 

TG  
)mg/dl(  

��+�  9/105 ± 3/184 004/0  

�!�
  1/79 ± 2/125 

AST  
)IU/ml(  

��+�  3/16 ± 2/32 001/0  

�!�
  3/8 ± 8/20 

 �"22 ) � 
�� 3� �45 67��BS2hpp(  

)mg/dl(  

��+�  9/30 ± 3/135 028/0  

�!�
  3/16 ± 2/121 

BMI  

)kg/m
2

(  

��+�  6/3 ± 6/28 001/0 <  

�!�
  5/3 ± 0/25 

FBS 
)mg/dl(  

��+�  6/17 ± 1/103 001/0 < 

�!�
  5/11 ± 3/89 

*89+0��  

)IU/ml(  

��+�  2/26 ± 7/19 001/0 < 

�!�
  5/2 ± 5/8 

ALT  
)IU/ml(  

��+�  1/30 ± 2/44  001/0 < 

�!�
  2/9 ± 6/19  

25(OH)D  
)ng/ml(  

��+�  1/30 ± 2/29 264/0  

�!�
  6/25 ± 6/28  

HbA1c: Glycated hemoglobin; LDL: Low density lipoprotein; HDL: High density lipoprotein; TG: Triglyceride;  
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; FBS: Fast blood sugar; BMI: Body mass index;  
BS2hpp: 2 hour post prandial blood sugar; 25(OH)D: 25-hydroxyvitamin D 
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  ����
���� �����	 ���� �! � 

 ����2�	�& � ��"� ��
� �� �� ���
* ��"� �+�, ��	
��
� �����
- .  

����  

�����  

����  

(����) ����!  

�
	"  

(����) ����!  
 �����P 


/� 65�:�  ����  )0/55 (44  )0 (0  001/0 <  

�����  )0/45 (36  )100 (26  

65�:�  ����  )8/13 (11  )0 (0  046/0  

�����  )2/86 (69  )100 (26  

�!�� ;/<�  =1  )5/77 (62  )5/61 (16  109/0  

�>�1  )5/22 (18  )5/38 (10  

 . 
+8� ;/<�?��:�@�  ����  )8/63 (51 )4/65 (17 068/0  

�����  )2/36 (29 )6/34 (9 

�	:�8> 689�4> ���8�  =1  )2/76 (61 )7/57 (15 578/0  

�>�1  )8/23 (19 )3/42 (11 

  
     � �� ��( <,��3 � $�I �& {,�/2 &( -�3 j�a%� H����I0 �e��

    $�  V1�
0 =�&��'�  $� ��12�(�+ $�|G0 9�� =��  $  ����� ��	 
�� �
�

 ����� ��	 
�� �
� $  V1
0 �1*�  $�0�C (��K� �W�( $  �
G% �� ��(

�0 $���I0 &( �0� ��%,3     =�&��'�  &( �� ��( <,��3 ��&�  $  ����S !

�
� $  V1
0     H�����I0 $���0� 9��� &( $� �3 $12�(�+ ����� ��	 
��

$�����I0 &( .(&�( (,��C� �����%�  !Willner  ����&�  ���  =�&����'" �

$I �&  !NASH     %� $�  ��0��U0 =�:��0 ��      $�� ��3 -�"��*0 �9��,�G  

85  $  V1
0 =�&�'�  �8&(NASH -�+ i���3 &(     ��  $�� ��%(,  � ��(

  (��B 9�� $� �3 ��"�,2 � ��( $  V1
0 (��K� 9�� ��	� �=�0� �3qQ

$���I0 &(  ���S !55   �� ��1'� &��G  � �8&( $����I0  !Willner  �

 =�&��'") �0� ��( $ 15.(  

Musso $���I0 �� &( =�&��'" �    $�  :����%��10 � ��;�'1G�� !

 $��  �������� ����	 
���� ���
� ����&�  &,��Y�040 $����U0  ���  i
;���0 !

 � ����� ��	 
�� �
� !O,�,�:�K,;�+32 $��U0 ^�& �  i
;�0 !   !��"

$12�(�+ �/�D*;   ������ ��	 
�� �
� <,�3 $� �%(�( =�*% =�%� .�%�

� ��( $  V1
0 (��K� 9�  &(   V1�
0 =�&�'�  &( � ��( <,�3 ��K�� �� �

�0 L�  ������ ��	 
�� �
� $       ��� ������� ���	 
��� �
� � �3� 

�0 � ��( $  V1 � !��  �I2 #0�B       ���&�  ��  �$����I0 9��� &( .��3�   

72   ��
� $  V1
0 =�&�'�  &( � ��( $  V1 � �I2 $� �3 PD*0 �$��U0

 ����� ��	 
��2 �� �1*�  � ��   9�� ��B $� ��� $�0�C �W�( (��K�

     � 9��,�G%� $�  ��0��U0 N��:�K� ���2 $  �1*�  �$���I0 9�� &( $�M��

)�:%� N��:K� ) ��� -�3 =��  !�
� !�"16.(  

$���I0 &( =�&��'" � -��+ 9�GS  $� �%(�( =�*% !� <,�'a0 &(  ��

76 �$���I0 (&,0 � ��( $  V1
0 &�'�  63  ) &��'� 9/82  ��8&(  V1�
0 (

 i�,10 .�%(,  !�
� �,;�R1�� $ P2�3 -(,; ! %� �    $�  =���V1
0 &(

 g��,;�R1����5/4 ± 4/29 j�Q,����� ���  ��� �0�10 � &( =����V1
0 ����	   

8/3 ± 8/24 j�Q,��� �  � �0�10 (,    !&��0� y�v� �� �.V12� 9�� $�

���0 .(,  &�( !�; ��'�&�( ���G��Q � BMI     y��v� �� -���Q �( 9�� 

���0 !&�0� ) (,  &�(17.(  

H����I0 ��2� =�*% -(�( �%� $� j&��� ���, �10 �   <,��3 N��:K� 

Non-alcoholic fatty liver disease )NAFLDi
;�0 ( ����   ��"

��� ��� }�M( ����M� $� �a�0 $   ����  NAFLD  ��0  ��%,�3  �,��" 

$12��3 -�*%  ��%�.  j&����  ����, �10  ��   $�B,'a0 !� ��   ��I2 #�0�,B 

-�'B �
�M !- �M��B &( &,~S �0��U0 $  9��,G%� $12��3 �0 (,3. 

�0��U0 $  �9��,G%� Z�hG0 (�a�� ZV12� -��2u ! � �� :��,b�� � &( 

�K�   !��"  X��GS  $�   9��,�G%�  ����  $��  ��C,0   =����C N��:�K� 

!�"���� 
�� �� �K�  � �� $  �
� � (�a�� �0 �,;�R1�� (,3. -�VB 

�  �9�� �0��U0 $  �9��,G%� TB�  � �� =,�����G���+  ��0  (,�3  $�� 

(,2 TB�   Z���K  =��3  9���,1���  !��"  � � ��]1��  #�]�G;  �K��*�+ 

�,;�R1�� -(�� $   �'��  ��;�b",;�R1���   ������ ���	 �  ����
�K  !��
� 

�0 (,3 )18.(  

H����I0 $13qQ �W% !(��10 g�C �T%h0   �'�G��Q�b��" ��M��� 

� �0��b���b��" �& $  =�,�B #0�,B �I2  !&�'�   ������ ��	 
�� �
�

�K��0 -(�� �%�. �I2 #0�,B $12��3 -�3 ! !&�'�  9�� #0�3 $�qm; ! 

#0�� �!��&� �,� $�qm; ! 9�R;��+-  �!�����  !��   g�+  Z��R���,%OO � 

�"��Q �� �"�&�( �0 ) ��3� 19 �4.( 

Bacon � =�&��'" =��  �%(�� $�   ������� ��	 
�� �
� !&�'� 

�0 �%�,; &( !&��G  �� (��K� =��  $12��3 �I2 #0�B -�3 (�a��   (,�3

)5(w �0� &( ���]%� NAFLD �  �M�� � N��:K� �0��U0  $�   9��,�G%� 

$  =�,�B �(  �I2 #0�B$12��3 -�3 !  !,�M  i
;��0  ) ����21-20(. 

<,�3 !L�  NAFLD � �K���% =(,  H�BV�� &( $��0� ! ��� ���
� 

�=� TB�    ��Y% .V1�2� &(  $��8,;  $�   j��a%� ^�&  !��"  ��/�D*; 
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�'C�]; �� j��M� <�� � $  ^�& !�" �%�0&( ���C -�3 ���. ^V; �" 

!��  N�+ �� !��Q =�0&( NAFLD $  #��( =��UK H�BV��  �K��� &( 

(&,��0 :%O,;���+ !&���'�  &����G  (����v0 ���0� ���1��G"  �Z���S ���" $�� 

!O,�,�;�  !��"  !&��'�   $�  �(  $1��(  !  ����  ��"�&�( �  j,'�� �   :��%

HLV12� ���, �10 )�GU; !��  �0 ��%,3 ��� �" NAFLD $   =�,��B 

�J�� �� !&�'�  !�" !�
� �  ��"�0 ��� $12��3 ��0�B �0 (,3. 

&( $���I0 ! ����S �,;�R1�� !�
� $   ��'�  �K��Q,%,��  (&,�0 

&��M � ���&� �K�Q $� ����GS � ��8�/12� =� &( $G��U0 �   &���0

�K�   �12���3  $�   =�,��B  (&��%�1���  ���V�  $�   ���;�; 83  ��8&(  �  

100 �8&( ^&�:Q -�3 ) ���23-22 .(  

&( 9�� �N"�f+ ��I0 �I2 #0�,B  -��3  !���   �,;�R1���  !��
� 

��M) =,2 ��13�% P2�3 -(,; ! ��%�  \I� !�; ���'�V+  �����G��Q 

Z��1��G��  �j���;)�:��%� !���
� !���" � HbA1c���  (  #��0�,B .q��S

^��D0 �Q (&,0 ��&�  &��M �K�Q    =�,��B $�  9� .qS �� g+ $�

^��D0 #0�B �� ���0 H��J; �,�" $� ���"��m10 �]�; ��Q  =��0 !&�(

    #0��3 ���%(,  �1�*�  (&,0 -��Q &( � ��13�( -��Q �(HbA1c  ���M �

 �Z��1G�� �9��,G%� ��13�% =,2AST �ALT     $1B��� �( =,�2 ���M �
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Abstract 
Background: Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in Western 
industrialized countries. The pathogenesis of NAFLD has not been clearly determined, but the most widely 
supported theory is the mechanism of insulin resistance. Therefore, the aim of this study was to evaluate the 
frequency of diabetes and pre-diabetes in patients with NAFLD.  

Methods: The present study was performed on 80 patients and 26 healthy controls matched for age and sex. 
Patients were diagnosed with NAFLD through ultrasound and were selected. From each participant, a 5 cc 
sample of blood was obtained and sent to a pathology laboratory for analysis. Quantitative data and qualitative 
data were analyzed using t-test and chi-square test, respectively. Moreover, multivariate tests, such as regression 
tests, were used where necessary. 

Findings: Among the participants, 64 (60.3%) were women and 42 (39.7%) were men. The average age of the 
subjects in the case group was 48.8 ± 10.8 years and in the control group was 42.3 ± 13.4 years. Of the  
106 participants, 44 patients (41.5%) had pre-diabetes and 11 (10.4%) had diabetes; all were in the case group. 
In the control group, no subjects had pre-diabetes (P < 0.001) or diabetes (P = 0.046). After removing age as a 
confounder, the only variables that differed significantly between the two groups and were higher in the case group 
were hemoglobin A1c (HbA1c), fasting plasma glucose, insulin, cholesterol, aspartate transaminase (AST), alanine 
transaminase (ALT), two-hour blood glucose. Moreover, with the removal of BMI as a confounder, only 
hemoglobin A1C, fasting blood glucose, insulin, and ALT showed significant differences between the two groups. 

Conclusion: This study showed that the prevalence of diabetes in patients with NAFLD was high. Even with the 
removal of confounding factors, factors associated with diabetes, such as hemoglobin A1c, fasting plasma 
glucose, and insulin, had significant association with this disease, indicating a strong relationship between the 
two diseases. 
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Abstract 
Background: Functional constipation in childhood is a common and frustrating problem and probiotics are 
increasingly used in the treatment of functional gastrointestinal disorders. This study investigated the effect of 
probiotics on the treatment of functional constipation in children of 4 to 12 years of age.  

Methods: This clinical trial was conducted on 4 to 12-year-old children with functional constipation, according 
to Rome III, who referred to the clinic of Besat Hospital in Sanandaj, Iran, in 2013. The exclusion criteria 
included receiving any kind of laxative during the previous 4 weeks, mental retardation, hypothyroidism, cystic 
fibrosis, and intestinal surgery. The sample consisted of 90 children who were randomly assigned to either the 
intervention or the control group. The control group received routine treatment of constipation (0.7-1.5 g/kg 
Pidrolax powder daily) for 4 weeks and the intervention group received routine treatment of constipation in 
addition to probiotics. Patients were examined 2 and 4 weeks after the intervention. Initial assessment included 
the frequency of bowel movements per week, stool consistency, number of fecal incontinence per week, and 
abdominal pain and painful defecation. The secondary assessment consisted of successful treatment, and side 
effects such as diarrhea and vomiting. 

Findings: The results showed no statistically significant difference between the two groups before and 2 and 4 weeks 
after the intervention in terms of the frequency of painful and difficult defecation in (P > 0.05). Nevertheless, 
there was a statistically significant difference between the two groups in terms of abdominal pain in  
2 and 4 weeks after the intervention (P < 0.05). 

Conclusion: The results show that probiotics have no side effects; thus, their addition to standard therapy can be 
useful in children with functional constipation. 
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Comparative Expression of Breast Cancer 1 Tumor Suppressor Protein in 

Cancerous and Healthy Colorectal Specimens 

 
Mehdi Nikbakht-Dastjerdi PhD1, Vahid Kashanian2 

 
Abstract 
Background: Various tumor suppressor genes play a role in colorectal cancer; the role of breast cancer 1 
(BRCA1) tumor suppressor gene is of the most importance among them. The biological performance of breast 
cancer 1 (BRCA1) in cancer has been recognized and its prognostic significance has been verified in colorectal 
cancer; decrease in the expression of this protein in cancer indicates a poor prognosis for patients. The aim of the 
current study was to evaluate BRCA1 protein expression in cancerous colorectal specimens compared to healthy 
tissue surrounding the tumor using immunohistochemistry method.  

Methods: A total of 50 cancerous colorectal and 50 healthy specimens were collected. The expression of 
BRCA1 protein was evaluated upon paraffin sections through immunohistochemistry method. 

Findings: The findings of the current study showed that the level of BRCA1 protein expression significantly 
decreased in cancerous specimens compared to healthy tissue surrounding the tumor (P = 0.026). 

Conclusion: The expression of BRCA1 could be used as an appropriate biological marker in the diagnosis and 
prognosis of colorectal cancer. 

Keywords: Colorectal cancer, Immunohistochemistry, Breast cancer 1 (BRCA1), Tumor inhibitor gene 
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Abstract 
Background: Apoptosis defect plays an important role in the formation of tumors and its disruption causes 
resistance to treatment. The effects of pomegranate on the inhibition of apoptosis and cell proliferation of some 
cancer types have been demonstrated. The aim of this study was to investigate the effect of black pomegranate 
peel extract on cell survival, morphology, and apoptosis of melanoma cells and human umbilical vein endothelial 
cells (HUVECs).  

Methods: The hydroalcoholic extract of black pomegranate pericarp was prepared. Toxicity of melanoma and 
HUVEC was evaluated through MTT assay (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) in 
the experimental group at different concentrations of the extract (10, 100, 200, 300 µg/ml) and dimethyl 
sulfoxide (DMSO) 0.1% in the control group. In addition, apoptosis was studied using Annexin-V test and flow 
cytometry. The morphology of the cells was examined under a microscope. 

Findings: After 48 hours, melanoma cell survival significantly decreased in a concentration-dependent manner  
(P < 0.05), but it had no effect on HUVEC proliferation. Exposure of cells to half maximal inhibitory concentration 
(IC50) at a dose of 77.5 µg/ml led to the induction of early apoptosis (43.05%) and late apoptosis (0.05%) in 
melanoma cells that was significantly increased compared to the control group (P < 0.05). In addition, 56.9% of 
cells were healthy. Apoptosis induction was not observed in HUVECs. Pomegranate peel extract only induced 
morphological changes such as cell shrinkage and rounding of cell membrane in melanoma cells. 

Conclusion: Pomegranate peel extract induces apoptosis, death, and morphological changes in melanoma cells. 
However, it has no effect on HUVECs. It seems that this extract can be a good candidate for apoptosis induction 
in melanoma cells as complementary therapy. 

Keywords: Melanoma, Pomegranate peel extract, Apoptosis 
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�\ �1 �� �I 4� %��K(
� ��' & ���U&� �#� )13(.  

C�?�#�1' 454?��1 5� �
' +1�#�"' �Q& �� ��� ���  ̂ �� ��"  ��
' 

��+W ?��1� �"�� Q& ���i� 
��m ?�1�� &� �#�� .�V   +�
 � >M� 5�?k�&

� ���	� g
�V ?��1� �
 ?��1 �" ��� �
'   2L��1 R�"�M ��N �" �� +1�#�"� 

�JF��] &� �
�� �" .�V ]���/ ���G1 ��3 5��L� �
' ?�1 ���   �� %��-

+
 �+L�' ��V %�W(
� z��� 5>
� %��K(
� 4� �I  �+�"'  1����L�&�  ��" 

D�$YN� (�C�� 5���U& ZJ�(�& �+L�'  ���G(&  �&�  ��-�"  ��� 4�  +�<� 

��h(M�' ���#3 ��+Q& �" �F+E ��>� .�� 5R"�Q& ��V #�1��  ��J�"�' 

�#	1��M �+"' ?��1� �"�� ��9& Z��C �
' �(/�#- %�-  �&�  ��-�" )11( .

�?��1 '�+" ^�� V�� 5��s& ���#$ �" ];" �"��  �C 4� ����
    ��� '��


5:;- �" ��<#& ;�1�: ]2L �
' "���	' �4 �" "�/� R	$ &�  ��#� .

�" ��<#& �JF��] >$+
 �� ��V 5���& 1��������
� &�  ��#���1  ��"  ���	
 

1+1��� �� �� ?��1� �N�G� �(/�#- %�- ��L�  5������  �F��{�  ����- . ��" 

��V 1+1�5A ]2L 4� +N�w Z�$ ����1�� 1�������� �N� �G�  �+�"'  ���h1� 

�� �� GM�&�> q�/ �" =��
� ;�1�: %��� &� ��- )10(.  

  

����	
�� Illumina/Solex  

>�+- Solex  ��
 �� ��2006   %�W(�
�Genome analyzer   ��" ��

��� ��4�"��  ��
 �� �� �+�2007  >�+- 8
�1Illumina +/ �����' 

   Z��� ��" �G" �" ��&4 �I 4� � �-Illumina/Solex   �& �(/�#�-�  ���- .

 ��N?��1 8
�(&� �
' � 8
�1 %�- %����/ ��V  C��?�#�1'5 150-37 

& 4�" >KL� �-�" )8(�?��1 Z�9�� '�+" .   5'C��?�#�1 V�� �	� �" �"��

 ��("�DNA   1��G,M ��" +<� ���&�     4� +�(	� ���N ��"800    4��" >�KL

& �(��-�  ���-� . ��V  ���� 5D��G,M'  ��2(��'    �� 4� � �#(��
 j��E

�
��(P��I �" j+N�� & Rh(&� ���- %����+�F .  ��
'    4� .�P 5R�E�\
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#�$ % 

%��1���  4� ��-��  �+P ��" �2(��� ��
+	��     ?���1 ��" R�	�& �) R�h(&� 

 �" (��(P��I��  Z�� �" �&�L v,
Flow cell 
�+���  �&�  ����-   +�" �

��' �s1 v,
�> &� ���- �2(�� 4� �' ��5+W ?��1 �"� � R	�&� +�W  ��

 v,
Flow cell 
�+��� &� ���- � �" ��V 1+1�5A  ���    R�P ��(/��


��& R���- ���#��&� =����+ ���W?� ����' s�1���+  ]#����� ��PCR  >��
�  

)Bridge PCR ]#��� Z�9�� 4� .P .(PCR5  ���\ ��2000 p��  4�

 D�G,MDNA �(-� �� �' �� +"' ?�1 �&�L v,
�� &� ���-    ��" ���

�I ) �-�/ *Y,E� �� �
Cluster (�(K= &� ��-  R�-)2.(  

�� ��\+& ' G1 ��<#& �" 5�G" ���V  ?���1�   ����?�& 5D��G,M  ��
' 

DNA ��,/ � %��1������ ��&� 5�����- 
 4� .��P�+����
����� �+P�+��	 

?��1 q�h;&� �"�� ?��1 �"�  ���(P��I R	�&'  ��2(�� ��'    5�(�-� +�


Flow cell �+"' G1��V ?��1�     +�
 �� .>�
� %���&I u�"+& %�W(
� ��

�/+3 ' ?��1� �"��5 N��;&� 1������ ��23 4���    O��� ��" Z��� +
 ��

����� H�(;& >#
���F ��c=' %�-     ��L�� >#�
���F O���) ��� ��� 

%�#
� �	1�/ %�+= ' 9�4 J(#
�%+ ��J &� �-�"  v,�
 �" 5(Flow cell 

& �F�{�� ��- ��
�#- 4� .P .�� 1������ ���     �(�-� ��" %��- �F��{� ' 

DNA    4� %��#
� ��	1�/ %�+= %�+	
 �" >#
���F O�� 5J(#
 ��\ ��

�2(��' & �(-��+" 4�"� ��-   1������ u���;& ���- �F�{� �" � ���'   ��"

�/+3 5v,
 ' �G"' & 4�BI� ��+=  R�-)2.(  

�" ��V 1+1�5A  �2#1 5�/+3 +
 ���� 1��������   �(�-� ��" ' DNA 

& %��JF� J(#
 ��\ ��� ��- )14(    'C��?�#�1 jY�/ +�" .454  ��#��+F 5

 �?��1 V��G1 �" ���M �"�/ �" 5g(��
 V�� �� �
4�" ��- �F�{�DNA   ��"

\��� �� S�" >M�� �P�	
�+	 ?��1 �� �
' ��+�1' ��� �� .>
��R   ���


2010 5Illumina 
�g(� Hiseq   ��� ��4��" ��" �� ���     �+��
�� 4� ��� �+��

P�] 5�(K= �+"' G1��V ?��1� & %��K(
�� 5�#� L�+/ �&�� �Q& �� �I���   ��"

�;�� �
' ��M� �"��� "�+(� � .>
��V 
�g(�    ����M �+�L� +
 �� ��("� ��

 �����/ �"Gb 200 ?��1�  �" �� ��"Gb 600 �JF��] ��(F� >
� )15(.  

+=� ?��1 %�1�� ��N �3� �
' ?�1��  8
�1 %�-Illumina   Z��9��

?��I��
J' M��w � �"�%n 1���L�& ��� (�C D�$YN� �"��  ��"���   �� g��

& ���U&� 5�#� �"�M �&��> ?��1 Z�9��� �"��     ����?�& >�2L �� +�
 ��

DNA  �" ��Paired-end sequencing j�+G& 4 �\ �1 5>
����' 

� +"�V ��N �" d>
� %�+� ���B R��&'  4� %��K(
� �" A�B� %4�+&� ��

��V 
�g(� ����& �� �' �+1�A 
 ��� g(�� 454  �Illumina5  Z���C 

�"���' 4� D���L�& �� ��\ ?��1� �"�� >
� )8(.  

  

����	
�� ABI/SOLiD  

 >�+�- Sequencing by oligonucleotide Ligation and detection 

)SOLiD (�� ����
 2006 5C���?�#�1' ?����1� ���"�� 4� +N���w ����h1� 

)Sequencing by ligationF+G& ��4�" �" �� (� 	
 �� � �+��V   ���


��J  >�+- 8
�1Applied biosystems )ABI (+/����'  ��- . ��" 

%��K(
� 4� ��V  C��?�#�1'5  ?���1�  ��
��  ��"  ���N 75-35  >�KL  4��" 

%����/ &� ��- .R\�+& %��&I 4�
' ���	� ' DNA5  ��"  ���N +Q1� ��� 

�"��& �" 
�g(� ?��1� �"�� 454 d>
�  ��"  ���N'   ����	� ��� ' DNA 

�3�� D�G,M �" +<� ���&  +�1'   ����\)200     �(���- (4��" >�KL

&� ��- �2(�� �" ��(P��I ��h1� 4� .P �' � 5RE�\ D�G,M�V   D��G,M

+N 4��w Emulsion PCR s�1�+ &� ���+= )8(.  

  

  
��� 2�� .		
 ��
�� �
�
��� ��� Illumina )58(  
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��� 3�
� . �� ���� Applied biosystems/Sequencing by oligonucleotide ligation and detection )ABI/SOLiD sequencing ()57( 

  

�� ��\+& ' G1��V  ?���1�5 �+P� +�	  ?���1�  ��"��    ?���1 R�	�& ���� 

�2(�� �� ��(P��I'  D�G,MDNA � �" 5>
��V & Rh(& D�G,M�  5���- 

 .p
��  +�
'  ��
+&�(��' ?��� ��W 1������ ���'  �����    ��" %��- ���

O�� �
' �+" 5>#
���F' �+P �" ��h1��+	  �"����+W & >"�M��  ��##� .

� ���V  ��
4�") 8
� 4�" �� 5+&�(��'  4 �5  ��" (� ���    O��� ���23 4�

���F���� >#
 � �" .>
� %�- ����V 1+1�5A    ��" +&��(�� ��h1� 4� .P

�+P�+	 ��V �
�#- �
4�"�� �- �#
��/ )14( '��1������ �W�?�� +&�(�� .

�& �(��- g9#P 4�" 4� .P  ��& ��4I J�� >#
���F O�� � ��-   .��+�=

�/+3 +W�� +&�(�� ��h1� �" 5.p
  ��h1� � ���
���+��
 '�
  ��+��1 �

�&  '�
4�" �1 ���-9  �10    ��/+3 �� .����- �?���1 V��G1   5'��G" '

�"�
4��  ��� �� GM�& ��>  ��
' 14 � 15  ��+�M  ��(F+=  5����  ?���1�  ��"�� 

&� ���+= ..P 4� �� +
' �/+3 �
'  ���h1� )Ligation ��G,M 5( ' 

�+P �" +<� ���&�+	 � q�h;&�+W' GM�& R	�& �� ��> n-1   5>�
�


�+��� &� ��- �/+3 5%��"�� � �
'  ?�� +&��(�� ��h1��1�������W ���' 

�+P �"�+	 & ��+�1� ��+= �
4�" �1' �� +�W  ?���1�  ��"��    4� .�P .����+=  

5 
 ����+��
����� �+P��
+	' ?��1� �"�� �G,M �" H�(;& '  +<� ���&

	�1 ��R �/+3 ��+�1 �
' �+" ��h1�' ?�� +&�(�� +
� ��W 1������ ���' 

���� �+P �� 4� %��K(
� �" 4�" +
 5����+	 ?��1� �"�� N �� ��  ]#��� ��

?��1 RQ(�& ��h1�� �"�� &� ��-� .�V G1 ^����V  ?���1�   *Y,�E� ��

Two base encoding &���%� &� ��-  R�-)3.(  

>UE ?��1� �
' %����/ %�- �"  %��K(�
� 4� � ��V  C��?�#�1'5 �� 

�Q&��� �" 
�g(� �
' ��+W �� v,
 S�"�� >
� .�" �	� � ��V ^�� 

G1��V ?��1�5 &� ���1 "�V �,/'  ?���1�  ��"�� )Sequencing error � (

 ��#3  ���-�  ��1 1������ ���' )Single nucleotide polymorphism( 

�	1�J � .�- R��M�V �	1�J � V(F+= +<� �� �"�V  ��,/ �� >
� �?k�&' 

?��1� �"��  �� �2#1�� G1 ]#�����V ?��1� �� R"�M�"��   ��#3 �&� 5>
�

��-� �
�#- ]#��� �� +
 ���� &� ��-� 4� .�V ?��1 >M� 5���  ��"�� 

� ���V 
�g(� �Q& ����� 
 �"�g(� �
' ��+W   S��" v,�
 ����   .>�
�

�+L� +
 �� 5��("� ��'  �1 %�W(
�Gb 3 ?��1�  �& %����/�  5��-   �� ��&�

 +�&���
�2009�;���� 5 ' �L����' � 4����V C���?�#�1'  �����#$ >��U1  

Plus Plus 3TMSOLiD F+G&�  �" 5�+L� +
 �� >
� ���M �� �-�] 

 4�Gb 60 ?��1� ����;" �� )14(.  

  


���� ����� ��
��� ���	� )Single molecule sequencing(  

�� ��\ 5+{�\ �L�+1��V 
� g(��  ?���1�  ��"��  ���  ��"  R���  Z��
 

?����1� ���"�� )Next- next- generation sequencing j�+��G& (

?�� 5>
��V  >�+- 8
�1 ��"Helicos Bioscience F+G&�  � �-

?��1 �" ���M� �"�� ��  �& �+K#& ���?�&�  ��-�" )16( ��=n�� .   '��
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��#�1 �" ����Q& �� 'C�?�#�1 V�� 4�(	& �?��1 Z�� R�� '�
   5�"���

 +�s�1 �" 4��� Z�$DNA �"  ]#���PCR &� �-�"  �J�F� o$�" ���] 

 �+�" Z4S ��&4 ]
�� � >M�'  ?���1�  ��"��    �#T	
 d>�
� %��-�5V 

�"�M�> �
�#-�� 1�������� 9�4 �" %�- �F�{��%+ '  5>/�
 ��\ ��

 �GM�� ��&4 ��� )Real time     4� ���- �F��{� 4� .�P ���E�FY" � (

(&��D�4� ��V #�1�� &� �-�"?��1 8
�(& ��N .� �
'    %��- %�����/

� 8
�1�V 
�5g(� 1300     ?���1 ���N 4� ��� >�
� 4�" >KL�  ��
' 

%�W(
� Z�	1 8
�1 %�- %����/ �
' " Z�� R���+(�   � ��" .>�
� ��V 

� 5��L��V  C��?�#�1'  �+�"' �&4I� %�W��  ��
' ���# ���   ��" �� ��%n 

QU1�D�Q &�"�+�� � �
�#-�� �C�1�P 5�
 �"���  A�
�#& �  �+"����' 

&� �-�" )17(.  

>�+- Ion Torrent  ��
 +/��� ��2010
�W(
� 5�   ��" Z�
�&

Ion personal genome machine )Ion PGM (��  ������ '  ��4��" 

���+� l�� ��+W' 4� %�W(
�  R���  Z��
  ?���1�  ��"��  >�
� .�� � ��V 

C�?�#�1'5  �4� ��"'    1������ +�
 ���- �F��{� ���  �P 8�
�1� 4�+�	   ��"

 ���?�&DNA 5�� & ��4I ��1�+P� ��+=  �pH U&�8 |1 ]#��� ���+ 

&� ��"�� �" .�V 1+1�5A |1��+ pH .\ 8
�1 �
+=�� ���"��  �&�  ���- 

1������ ��- �F�{� ��� �� �� �I l�� ��"�� &� �#�  R�-)4 ()16(.  

  

            A 

 

          B 

 

��� 4 .A�
� !
" #$� %&�'� (	�($ %)�� %� � #
�*+, #$� ��-. * /)�0 1�2 ��  .�(B�� (		
 ��
�� 0* %�	%  � �
�
����  3!+�

Ion Torren4 ������ �
� !
" +(	$ 0* %�	%  � 52 �(+6� *�78 )8(  
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��������� NGS  

>$+
 J
 � S�"��# ' �P��V ?��1� �"��   � 4� %��K(�
� ��" ��V #�1 ��5�  ��

�Q&��� G1 ^�� �"��V  ?���1� Sanger5  ��
�+"���'  �����+F�  �+�"' �I 

����9 %�+� >
� �� �" /+"� 4� �I �
 %��-� &� ��-  ���L)1.(  

��
�� ���� �! 9
"� %� �
:�; 30� �
)&� %� ��*�3"� �(�  <= )>; 

?@�+; �� �	��A� �( 

>
� �V(F� �" ����>�� �
' (�C�� �� ��+F� �� >��� �" ��+W  ��+�F�  ��G&�L 

�G(�& Y("� �" �� "���	' &� �	��5� 4� ��("� ���& �L�1 %��"  >�
� . ��G?�,& 

+" ��' R� Z��C 4� +N�w ?��1� �"��5 �� ��("� +" ��' ����>��  ��
��  ��� �� 

�G&�L �-�m �#(�
 )50  ��E�� > MAF  ��� Minor allele frequency (

Z�9�� &� >F+= )18(>
� �" �&� 5  ̂ �� ��" �"��   '��
NGS  ?���1 ��  ��"�� 

+N 4� Z��C R��w 
�+" ���&� 5�I� ����>�� �
��   �����+F ��"�  ��P��V  +�1 )1 

 �E��> MAF (� +" ��' ���G1 ��+F� "�+(�' g
�+F 5�- �"  ����#$  ���s& 

�� *+N 1000 5Z��C ����>��  ��
��  ��"  �����+F�  +�(	� 4� 1  5��E��  ����& 


�+"� ��+M �#(F+= )20 -19(.  

��
�� ���� BC��; D$( )Targeted sequencing( 

+��=� ?����1 ���3� ���"��  4� %��K(��
� ���" Z����C R���NGS 2" ^������#  �

m&�L +1' �+"' ?��I�J & Z��C�  5��-�"  � ��&� ��V #�1 ���  ��" �����'  4�

�&4I�%�W� �
 QU1�Q� � ?�"�#� �� i+(
�  �	��  ��-�" )21(  ��9�(� �� 5

�?��1 �?��1 '+
 �� �"��    �� +�W�� D�+���|1 �� ]2L �� q�/ '�


�I �& '��	�" AL�& �
    4� 5%4�+�&� .>
� �(F+= ��+M �L�1 ���& 5��-

 Z+�F >�P    H��(;& '��
NGS    ���<#& ��"Exome sequensing  ��

"���	' �
�� �#3 ���V  �+�" �G(�& H�(;& �C'    � ������ ]�2L ��� 

   u��Q� ����"Hot spot  �+�"'  ��& ]�2L�  5�#�-�"   �& %��K(�
�� ����-   

)23-22 518(�& 5����& V�� 4� .  '���	�" �" ���1     � ��#	�� :�Q� '��


��N+
 ��� �#��& �
  ��& ��� ��	� %��-� �#�
 �� � ��(��    R�E�\ �����1

�C '+��
 ���� �� ]��2L  ����s& �����#$ ���" ���� � ���-�" j���
 '���
  

�+�����"' �����
�+"� |1�������+ & �������N�Y(�����
�+��> ������
   

)Microsatellite instability by next-generation sequencing 

�� mSINGS (�� ��N+
 ��(����� %��-� ��	� ��  g�
 ��  ;��1�: 

l�� ��N+
 � g
 �� ��&�� �I �"��� K&�� &� �-�" )25-24(.  

�� 	=	
  ��
=�� -�  
=" *   @A=0�� )De novo sequencing and 

Assembly(  
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Next-Generation Sequencing and its Applications 
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Abstract 
DNA sequencing is an approach exploited to determine the sequence of a DNA molecule. It includes any method 
or technology used to identify and determine the order of the four bases of adenine, guanine, cytosine, and 
thymine in a strand of DNA. DNA sequencing might be used to determine the sequence of individual genes, 
larger genetic regions, full chromosomes, or entire genomes. Traditional sequencing methods are mainly based 
on the original Sanger sequencing technique which makes them very expensive and low-throughput; thus, they 
do not meet the needs of researchers. Consequently, with the considerable advances in molecular biology and the 
high demand for low-cost sequencing has encouraged the development of high-throughput sequencing (or next-
generation sequencing) technologies that parallelize the sequencing process, producing thousands or millions of 
sequences concurrently. Next-generation sequencing enable us to rapidly sequence a large piece of DNA which 
could span the whole genome with the latest instruments capable of producing gigabases of data in one isolated 
sequencing run. Next-generation sequencing platforms have a wide variety of applications, such as whole-
genome sequencing, de novo sequencing, RNA sequencing (for applications such as transcriptomics and small 
RNA analysis), methylation analysis, and protein-nucleic acid interaction analysis. 
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