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Abstract 
Background: Aflatoxins are toxic and carcinogenic secondary metabolites usually produced by certain strains of 
the fungi such as Aspergillus flavus, Aspergillus parasiticus and rarely Aspergillus nomius. In appropriate 
temperature and humidity, these fungi are able to contaminate agricultural commodities and then produce 
aflatoxins. This study aimed to determine the total aflatoxin level  in “Gaz” produced in Isfahan city, Iran.  

Methods: 40 Gaz samples containing 28% and 40% pistachio nuts were prepared from production units in 
Isfahan city and the total aflatoxin level was evaluated via enzyme-linked immunosorbent assay (ELISA). 

Findings: 39 samples (97.5%) were contaminated with the mean aflatoxin level of 4.11 ± 3.55 ng/g. The total 
aflatoxin level in 40 samples was between non-detected and 13.97 ng/g. The mean aflatoxin level was 3.53 ± 2.49 
and 4.70 ± 4.40 ng/g in samples containing 28% and 40% pistachio, respectively, with no significant difference 
between the two groups (P = 0.82). The mean aflatoxin level was found to be lower than the maximum tolerance 
limit (15 ng/g) determined by the Iranian National Standards Organization but in 4 samples (10% of samples) 
higher than the maximum tolerance limit (10 ng/g) accepted by the European countries. 

Conclusion: According to the Gaz economic importance, especially exporting to the world markets, as well as 
dangers of aflatoxin for human health and considering it as one of the most important health indicators, 
definitely an extra effort is needed to warranty the hygiene and safety of this product. In addition, national 
standard should be promoted to the level of developed countries. 
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Diagnostic Value of Lanwei Acupuncture Point for Acute Appendicitis 
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Seyed Alireza Hosseiny MD3, Reza Eshraghi-Samani MD3 

 
Abstract 
Background: Appendicitis is the most common cause of acute abdomen often hard to be diagnosed that leads to 
high incidence of negative laparotomy. Therefore, clinical methods for the diagnosis of appendicitis with high 
sensitivity are necessary. This study aimed to evaluate the diagnostic value of Lanwei acupuncture point for 
acute appendicitis.  

Methods: 150 patients admitted to Alzahra and Kashani hospitals, Isfahan, Iran, with suspected appendicitis 
were entered the study. The patients were examined using the tests Mcburney and Lanwei and then, went to the 
operating room and the appendix was assessed by pathologist. Finally, the results of pathology were compared 
with the results of Mcburney and Lanwei tests using t, chi-square test and ANOVA tests. 

Findings: For Lanwei test, the sensitivity, specificity, false positive and false negative values were 22.6%, 
23.5%, 77.4% and 76.5%, respectively, with the accuracy of 22.7%. But Mcburney test, the sensitivity, 
specificity, false positive and false negative values were 95.5%, zero, 100% and 4.5%, respectively, with the 
accuracy of 84.7%. 

Conclusion: The Lanwei test did not have high agreement with the results of pathology other clinical criteria of 
diagnosiing such as Mcburney test. 
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<� 9�a& ���  ���0R 1  40� 
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'� k1@� �'� (TP  ����)10(.  

8$00�#, ��00) .�/001� 
00� 400'�D � Polymerase chain reaction 
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9TP �'�	�@� (TP  ��0)  4-?�@0�  ��0� ��   ���0D$@��$23$�) 7�$0"� 
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DNA  �µl 17 ) �� %�!"� �J�"$'� g,KBC, Iran.(  

4��"
� � PCR ��  #� ���+-	���b-	� ��
x$ )TC-XP-G  A�$06 4� (

'n D 42R
��( 	��$��"��8$ ��� ��� ºC 95  A�� 4�5 K��4:   st0	 �

35  >��� 4?
yºC 95   A�0� 4�30 "�z 0�54 ºC 60    A�0� 40�30 "�z 0�54   

ºC 72  A�� 4�30 "�z�4 $[ 5�T-"� �� � 0'>  #�0	�  �0T-"��'  ��ºC 72   40�

 A��5 K��4: �[� �$\@� 4� .�� �
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��	� 8��� �"��1 ���:� 5(ng 50 #� 8,  �0)   40@�T� ��
0�   �#�0	

 (@*��PCR  >e�) ��$�Z�2� ( %�!"� HRM ���+-	� ��  40*  ��0-�� 

40 4?
y � 
�pe� ��
� ('�J<� �t* ��) DNA %�!"� �� ) >e�3 .(  

  

  
 ���1���	
 . �
����	��� DNA� ����	�� ��� �� ��� ��� ����� �
�� 

 !��"� �# ��
 $% �
�&'. �(�
�#� DNA #)�*
� +),)- .��/� �' ��#� 

��0
� �1��� �!#� �2 ���#.  

  

  
 ���2�)4�� .  !"5 � 110-,7 ���# .��8( 
�9  + 
� ���:� ;�<� =-�� 


�  ����C° 60 �)4�� ���#  
�8
 ��( -)?��� �# @A	�� ��0
� ��.  

  

 
 ���32/C/� .  ��*	�� 
�  !"5 �)4��Real-timeD��E�� . F

 �:	�  # DNA� ��  	�
 ��<
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Abstract 
Background: Beta-thalassemia is one of the most common autosomal recessive disorders in the world 
population caused by more than 200 different mutations in the beta-globin chain. It is clinically classified as 
minor, intermediate and major. Beta-thalassemia is the most common monogenic disease in the Mediterranean 
countries, Middle East, Indian Subcontinent, and Southeast Asia and one of the widespread hereditary disorders 
in Iran. Among different �-thalassemia mutations identified among Iranian populations, IVSII-1 (G/A) is the 
most frequent mutation in different regions of Iran. This study aimed to determine the specificity and sensitivity 
of high-resolution melting (HRM) method in the diagnosis of individuals carrying IVSII-1 (G/A) mutations from 
patients who do not have this mutation.  

Methods: In this study, blood samples collected from 30 individuals carrying minor thalassemia were assessed. 
The genotype of each sample was previously determined via the polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) or amplification-refractory mutation system (ARMS) or sequencing method in 
the genetic laboratory of Al-Zahra hospital, Isfahan, Iran. DNA extraction from peripheral blood was performed 
and high-resolution melting method was used for genotype samples. The results were analyzed according to the 
normalized and difference plots. 

Findings: High-resolution melting analysis identified individuals carrying IVSII-1 (G/A) mutation with a 
sensitivity and specificity of 100%. 

Conclusion: In summary, high-resolution melting method showed high sensitivity and specificity. Therefore, it 
is an appealing technique for identification of common mutations in genetic diseases. 

Keywords: Beta thalassemia minor; IVSII-1(G/A), High-resolution melting (HRM); Normalized plot; 
Difference plot 
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:����� ��
 ��� ����� ������� ��� ��  �!���" #$%&���� '�(�) * - �,��- ./0 &� ��� 1��23�� % 456) *%� 7%�38!��!� )Postoperative nausea and vomiting  ��

PONV�8��:� % �!��� ;5" (  % #$%&���� ��� �� 7= *>�� ���6?) �� 7%�38!��!�.  

��� :�� 140 A�8:) B%�" ��6C �D ��/��  �!�E *�?�% mg/kg 75/0  �#$%&����mg 4  �7%�38!��!�mg/kg 75/0 #$%&���� B��/  �� mg 4  % 7%�38!��!���  G���!

 �����9/0  (� �E) �H�D �E56�� &� .IJ % *���% K�5H ���!D5/! >L���D.  �M�"�� % D�D�� .N� � %��D O��50 % 456) �P *%��D ��Q� �1��23�� % 456) �����

 K�� �� �,��- ./0 &� ���24 �E #�M!� >0��. 

����� ��: ��7�R  &%��456) ,��- ./0 &� ��� 1��23�� %� ��  �5SATC ��"*  B%�" �D��#$%&�� -  7%�38!��!��3/(  &� %DB%�" ��#$%&�� % 7%�38!��!� D5� )001/0 < P( % 

 K%�2)ATC ��"* ��� B%�" *�  ��#$%&�� % 7%�38!��!� �D 24 >0�� G%� ��� &� ./0 D5-% >E��!. !�&� %��D ��* L�P� 456) �P� �D  B%�"� �E )4/71  (�H�D �5S ��

ATC ��" *���3T &� ���� B%�"  � %  B%�" �D��#$%&�� -  7%�38!��!�)4/11 �H�D (�3/( &� B%�" *�  ��#$%&�� )4/31  % (�H�D7%�38!��!� )3/34 ) D5� (�H�D001/0 < P(. 

����� :���� #$%&���� '�(�) R�5M)- ��
 �D 7%�38!��!� &� *��" 456) % 1��23�� ��� &� ./0 �,��- >�� ���6?) �� 7%�38!��!� % #$%&���� R�5M) &� �)��U�.  

:����� ������ 7%�38!��!� �#$%&���� ��!��� ;5" ./0 �./0 &� ��� 1��23�� % 456)  

  

: �!�� �A�V0 �?��?  ��P��/W� ��� *52H B�5Q?� �?XC. 
 "#��$%��& '�� ������ � ()*�+���� ,��-
 � ����.�����  /���
)*�+���� -����.����� 

�  12
 ��� �3$ 4��5�#� +� � "���� �1� "6��! 789 �.���� � ���: ;��� �$ �<.  7�62H� �YER
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  ��������� �����	
 �� �����
� ����������� � �������� )PONV ������   

Postoperative nausea and vomiting(  � ������ ������
 ��  

!��"#�  ��$ �%&� �'��(' �70-40    -�.� /�0 -�� �'���	1� �&�2

�3 ���4 ����� 5�	
�  ��'�16 )2-1(.      ��	
 �� ��
� �������� � �����

:���	1� ������' � ;'� <=� >?@  ����� 	'� A2��   �3 /�B%��  ��'��� 

'C�D <=�� � :�'�3 :�3� :��1:���	 -=4��3 EF� �2  ��GH   �� ��
�

�1����  ��� ����
 �H   I���BI� JCK��L� ��M31 ���  N�$1 ����1 :� 

�O@��E :�L��OH � ��� :�� PL� 2�� )4-3(.   

�3 ;'� ����� �	
 �� �
� ������� � ���� �� /0 �'���	1�    ��'��

-=4��3 �R3��1' �&�S�L� � ��T1� H�G �R�UG H�� )3(.   � ����� :�O13

 2���  ����� �	
 �� �
� �������30-25   ������ �2 ��&�2   H��G

 � �3�	
80-62 -�� �'�13 Y�6 ����� 5�	
� �� �
� �&�2 )5(. 

 �3��
 H��1U��1Z'    �����1� ��'  ����� �	
 J�1&�SL � �.3

    ��3  /[16��� � ���	1� :��  \R��  ]�  ����1� H���2 ��'   ��R'���

�� � ���� H���R��� �^_3 ����� �	
 �� �
� ����� )7-6(.   � :��3�

 O1' `2����� 2��3 ������� �# H���2 �2-�� P�3 )16-8(.   

`�'�16 -U1'�6��'$ :���U'��'�  H5-HT3 �3 ]1'�����   /�0 ����

E1a -�� 5�	
3 ��D /�       ��D �2 �������� � ����� :��3�2 � H��16

���3 ����0 /��� ������� ���	
 �� ���
� � ���	
 ) 2��17(.  ���� ���2 ]����

  ̀2��3 b�� /0 ]1'����� �	
 �� H�16�%�    ̀��RR0 2��[�� ��
1=D H  H

�3 �	
  -�� ������� � ���� �R0. ]1a���2�OR� `��6 �2 cC����13   ��G

��4�3 �  -�1I�
@ :2�0 /�UG$ �� � 2�16      � E�3��$ <=��  HO�d3 H��G

�3 H��1��G EG�0 2��. /
I�"3 2�=' /� /��� ��  /�R13� �2 H�   �1^e�� H

�40�5� 
6(/� 
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���� ���������� � ����� ���� �� �� ���� � ����� � �!� 
� "#$ ������ ��	
 ���
  !��"�� # 

/
I�"3  �G���2 ]��        <�10�� f���O� �1^e�� ������ g��G ��� �#�� H

cC����13-  Y�6 ����� 5�	
� �� �
� ������� � ���� �� :���U'��'�

� /U��?3 �2 �'�13`2����� � �� c�['� ����R� /� �G���2 ]�� H.  

  

��� 	
  

/
I�"3 `�� �@2�S� �R1I�� ���3�$��0 ��' �� �#�� H    ���0 ��� �2 H

/�1	0 �� ��[3 hL� �� �
� /0 2��   -���#� hL� � `�(T'�2 �TG�ia H

5�� �2 :���	1� �� �=�0  H�G92-1391 /�$ �B�Oa O0�3 �2  �'���0 /I�

-@�6 c�['� :���&�.  H�� �� /
I�"3140 ��	1�  /���2 ��  HI   ��� �II 

ASA )American Society of Anesthesiologists H������'�0 (

   ) �'����13 Y����6 ������F�'� �������� ����	
Tympanoplasty  �

Mastoidectomy  ]�� �� (62-18    ��� c��['� 5���.   2��� �'����	1�

 �D /0 �'�� /
I�"324     ����� ��# H���2 ���' k1G  /��h6 -
��

     �� �I��� l���  ]1�Rm	G A��'2�� `2�B' -@���2Motion sickness 

�	' `�RR0 g�S3 � �'2�2 �'2�=' ��(1� H.   g��S3 ��F3 /0 �'���	1�

�3  �'��T' /
I�"3 2���  �'2�� ��2��� �� �'2�0.     /�'�6 ��G J���& �2

�2 �11d� �3 n��L /
I�"3 �� :���	1�  ����1� Y�� �'��.  

140     P1�U?� `���6 ����o �2 `2��� �@2�S� Y�� /� ��	1�   H��R�

 /0 �'��mg/kg 75/0    cC�����13mg 4    :����U'��'�mg/kg 75/0 

 cC����13 `��	G /�mg 4  � :���U'��'� ���   5��3�'  ]1I���9/0   ��&�2

 (�G����) ���'2�	' -��@���2 ������1� �� ���=4 � H������ J����& /���. 

q'�� �2 ����1� rSF�3 >��� /
I�"3 2��3 H�G���2   /���T3 H�G

P[� �    ��� f���O� � `2��3$ :�UB� H�G.  ��	� `2�2 H��$    >���� ��G

�� c�['�  -���' �G���2 2��3 �2 �
KD� /'�6 k1G /0 H2�@.   

  -�.�  2���'����� Y�� �� :���	1�  H��?I� 1� �����  ��� mg/kg 5 

Sodium thiopental  µg/kg 2 Phentanil  �mg/kg 6/0 

Atracurium �R�@�6 ���4.  ��� /���R�� :���	1�  �3�0 �%� �� �
��'  �

 f��O� �� ����1� -.�mg/kg/min 150-100 Prepoful   `���	G /�

�R�@�6 ���4 :i1U0�. �� -��   ]1@���3  �	
 ]1� H2�2mg/kg 1/0 

 J��& /�  ��� f���O� H����.       ��� �'K�s
 �%��  ��	
 H����'� �2

' �� `2�����t ]1	(1���mg/kg 4/0  ]1a����$ �mg/kg 2/0  ̀��'�2�6�� 

�� � �
� �1��	 /���U0� 2�6��. ���� � ������� �� `2����� �� 
31��  ����� 

� ������� )Nausea vomiting scale  ��NVS (2-0    �� ��
� -
���

 � EF� /� 2���24-2 �� ������� :$ �� �
� -
��  5���)1(.   

       :2� ���$ ��� J��� ��� :��G2 �� `��
3 J�����.3 n��L �������

�3 u��
� ) 2��18(.    �� `2������ ��� O1' �	
 �� �
� :���	1� ���� � 2�2

 ��1
3VAS )Visual analogue scale �2 (2 -0    2��� �� ��
� -
���

 � EF� /�24 -2       c��
 H��R
3 /�� ���& ��� ������� :$ �� �
� -
��

 �� 2�2 2���PONV  �10P1L�� � ]�����     ��� 2�2 ]���PONV  ��

�3 :�T' 2�2.  ̀��	' �� ������� � ���� ���� J��& �2  H2     ���T1� ���

 ��	1�mg/kg 15/0   ��3 -�@���2 H���� �13��a�%0��3   :$ �2 � 2��	'

�3 -=^ ��2�6.  :�3�   ��� -�=^ O�1' �0���L J�
��3 P�v� ����.  �2

  ��� 2�2 ���� J��&VAS 4       g�1�� :����	1� H����  :$ �� ���T1� ���

 w�R@�%B�2mg 50 �3 -=^ :$ �2 � O��[� ��.  

  

 ����1. �	
��
	 � ���� �����	  

�	�
��  ����
�� � ����  

0  ����� *�+���� ,����� -"�.  

1  ����� *�+���� ,���� -"�.  

2  ���� *�+���� ,���� -"�.  

3   /� 01  *�+����2 �213� �� �4.+�  

  

  x���� �� H���B�� �2 -3�4� J�3Modified Aldrete score 

�� �������.    H���2 ��"4 :��3� ��) :�1�����U0� :�3� J�3  ]1Rm	G

��2�6 ]11
� O1' (!�1� n��L �� ����1�.   :����	1� H�R	���#� :�O13

 ��1
3 x��� ��VAS �� �������.    2��=' x���� �� ���2 /� �3�0 y��a

 �2 ������� � ����24 �3 u��
� �	
 �� �
� 5�� -
�� 2��.   ��������

 z"���:���3� �2 H��1����G  x����� ���� ��������� � ������ ��������� H���G

OAA/S )Observer's assessment of alertness/sedation( 

) -@�6 J��&1  � ��1��G � ���1� =5 (f1	
 !��L =.  

`2�2 �	� �� \a /
I�"3 H�G �� �� H��$`2���  c��' ��   ��O�@�SPSS 

/FU'  H20 )version 20, SPSS Inc., Chicago, IL( :�3�$ �  H�G

 H����3$t  2
χ  One-way ANOVA  �Kruskal-Wallis  � /���O[�

��2�6 �1%.�.  

  

��
�	 	
  

140 P1U?� `��6 ���o �2 �@2�S� ��D /� ��	1�     k1�G � �'��� H��R�

�T' n��L /
I�"3 �� H��	1�.       ������ ��	
 ���'  ���	1� J�SFT3

    :��3�  J��
��3 ����� �� :�3�  ����1� :�3� J�3  �	
 :�3� J�3

-=4��3 EF� �2 -3�4� :�3� J�3  :�1�����U0�     :�O�13 � `i��� H��G

 5��� �2 :���	1� H�R	���#�2 -�� `�3$.  �2 J�
��3 ���� �� :�3�

 `��6�G�� `��6 ���� ��  ) -��� ��T1� �G001/0 < P(.    :��3� J��3

-=4��3 EF� �2 -3�4�  J���� `��6 ���o �2 `i�� H�G P�To  ��16 H

��'-�  � `��6 �2 :���	1� H�R	���#�cC����13 - :���U'��'�   ����� ��

`��6 ) 2�� ��T1� �G001/0 < P ( 5���)2(.  

�
�  `��6 �2  �	
 ��31cC���� 11 �1��	 )4/31    `���6 �2  (��&�2

:���U'��'� 12 �1��	 )2/34    `���6 �2  (��&�23 �1cC���� -  :����U'��'�   

4 �1����	 )4/11  �2 � (���&�2`����6 �G���� 25 �1����	 )4/71  (���&�2
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���� ���������� � ����� ���� �� �� ���� � ����� � �!� 
� "#$ ������ ��	
 ���
  !��"�� # 

mg/kg 15/0 3��a�%0��3���1� �������H �2�-���@�  J������� � ����'2�	'

PTo 61�H �1]  `��63 �1cC���� -  :����U'��'�  ��� ���  ̀���6    2���� ��G

) -��2001/0 < P(.   

PONV � �� /��2 :$ �21'���	� 0�� /01< 31cC���� -   :����U'��'�

�2 ���-@� �� �� ��	0 l�#� /�  �'2�	'��  ̀���6   2��� ��G.   �� J�����1] 

`��6 �GH 31cC����  �:���U'��'� PTo 61�  � �2 /�0 �Ro �G A2�=' ��]  �2

 `��6PONV  `��6 /� -=U'�G��  5���) 2�� ��	03(.    

 ��1
3 x��� �� ����VAS   `���6 �2 cC�����13-  :����U'��'�  ��

`��6 ���� 2�� ��	0 �G.  ��1
3 x��� �� 2�2 E[R� �2VAS   J�����

PTo �16`��6 ]1� H �T' `��2 �G.  

  

 ����2. � � ����� �����	��	�� �! ��"�#�$%	�  

 ����  

���
�  

��������  

 = ��� �)35(  

%��
&'��'�  

 = ��� �)35( 

�������� - %��
&'��'�  

 = ��� �)35(  

�
	)  

 = ��� �)35(  
 �����P 

(���) �� 5/12 ± 6/27  6/13 ± 4/26  6/13 ± 5/28  5/13 ± 6/25  815/0  

(!+8"�19) �/:  61/9 ± 7/72  6/9 ± 0/70  8/8 ± 5/71  5/8 ± 4/69  424/0  

(�//�+�) ;<=  2/12  9/26  1/21  6/29  167/0  

 >4?�ASA )II/I( 2/13  2/16  2/14  2/15  998/0  

@�A -"�  ��"�9�1B"����  20  17  15  19  923/0  

���C�"��D�1. 9  10  11  10  

���C�"��D�1. : ��"�9�1B"����  6  8  9  6  

(�213�) @�A ���/ E��  2/9 ± 5/138  9/12 ± 0/135  7/12 ± 4/136  4/13 ± 3/132  188/0  

(�213�) �
"�1  ���/ E��  2/9 ± 9/150  9/12 ± 5/147  7/12 ± 8/148  4/13 ± 7/144  188/0  

(>A��) E�FG�� -:+
 �. ���/  9/0 ± 2/3  0/1 ± 4/3  6/5 ± 3/2  5/1 ± 3/6  001/0 <  

(�213�) �"1�� "�?9� ���/  6/2 ± 8/13  8/2 ± 0/14  9/2 ± 3/14  6/2 ± 6/13  759/0  

>43�+� 0H  �� >��3� ���/ E�� (�213�) 
IG: J��  3/5 ± 5/53  3/5 ± 6/54  2/5± 9/52  2/5 ± 2/51  057/0  

�����1  J�<��G�K�  4/1 ± 9/5  4/1 ± 7/5  9/0 ± 2/8  0/2 ± 1/4  001/0 <  

ASA: American Society of Anesthesiologist 
`2�2  ]1('�13 J��& /� �G± `�� :�1� ��1
3 g��.'� -��.   

 `��6cC����13 mg/kg 75/0 `��6  cC����13 :���U'��'� mg 4  `��6  :���U'��'�cC����13 - :���U'��'� mg/kg 75/0 � cC����13 mg 4  `��6 � :���U'��'� �G���   ]1I���9/0    J���& /��

2�	' -@���2 H�����'.  

  

 ����3. �	'�� �	�� �! (�
) ���* �+ ���� �, ���	+ -! ���. � �	
��
	 � ���� /�	
��
	 /���� ��
! )+	�1� (�
) 
2 �	
!  =35(  

����  

���
�  

��������  

 ��� ��*��)(   

%��
&'��'�  

 ��� ��*��)(  

�������� - %��
&'��'�  

 ��� ��*��)( 

�
	)  

 ��� ��*��)(  
 �����P 

PONV  >A�� ��2-0  0  )6/68 (24  )7/65 (23  )6/88 (31  )6/28 (10  001/0 <  

1  )3/14 (5  )1/17 (6  )7/5 (2  )0/2 (7  

2  )3/14 (5  )1/17 (6  )9/2 (1  )0/40 (14  

3  )9/2 (1  )0/0 (0  )9/2 (1  )4/11 (4  

PONV  >A�� ��24-2  0  )4/71 (25  )6/68 (24  )4/91 (32  )3/34 (12  001/0 <  

1  )3/14 (5  )1/17 (6  )7/5 (2  )0/20 (7  

2  )4/11 (4  )3/14 (5  )9/2 (1  )1/37 (13  

3  )9/2 (1  )0/0 (0  )0/0 (0  )6/8 (3  

-"�. �K J:��� �  /�1�  )4/31 (11  )3/34 (12  )4/11 (4  )4/71 (25  001/0 <  

PONV: Postoperative nausea and vomiting 
 `��6cC����13 mg/kg 75/0  `��6  cC����13:���U'��'� mg 4  `��6  :���U'��'�cC����13 - :���U'��'� mg/kg 75/0  � cC����13mg 4  `��6 � :���U'��'� �G���   ]1I���9/0    J���& /��

2�	' -@���2 H�����'.  

/��2  H�R�PONV :0 :2���' �������  2���' ����  1 :2���' �������  2��2 ����  2 :����  2��2 �������  2��2 3 :������� �1E �� 2 /=��3 �2 421/?  
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���� ���������� � ����� ���� �� �� ���� � ����� � �!� 
� "#$ ������ ��	
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Prophylactic Antiemetic Effects of Midazolam, Ondansetron and their 

Combination after Middle Ear Surgery 

 
Azim Honarmand MD1, Seyed Mohammad Reza Safavi MD1, Mansoureh Chegeni2 

 
Abstract 
Background: The purpose of the present study was to evaluate the efficacy of midazolam-ondansetron 
combination in prevention of postoperative nausea and vomiting (PONV) after middle ear surgery and its 
comparison with using midazolam or ondansetron alone.  

Methods: 140 patients were divided to four groups to received midazolam 0.75 mg/kg, ondansetron 4 mg, 
midazolam 0.75 mg/kg and ondansetron 4 mg or normal saline 0.9% (as control) intravenously just before the 
anesthesia. Assessment of nausea, vomiting, rescue antiemetic and side effects of study drugs such as headache 
and dizziness were carried out postoperatively for 24 hours. 

Findings: The incidence of postoperative nausea and vomiting was significantly lower in midazolam-ondansetron 
group compared to midazolam and ondansetron groups (P < 0.001) and there was no significant difference between 
the two last groups during the first 24 hours postoperatively. Need to the additional antiemetic was significantly 
more in the control group (71.4%) compared to other three groups; and in midazolam-ondansetron group (11.4%), 
it was lower than the midazolam (31.4%) and ondansetron (34.3%) groups (P < 0.001). 

Conclusion: Our study showed that prophylactic administration of midazolam 0.75 mg/kg combined with 
ondansetron 4 mg was more effective than using midazolam or ondansetron alone in prevention of PONV after 
middle ear surgery. 

Keywords: Postoperative nausea and vomiting, Middle ear surgery, Midazolam, Ondansetron 
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 �+!$ �$ @�+�A�!�  B�8

�#%�    D��E-� ���" ���A �F� ��  +�	� ��/ ����
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�G�H$� 4�	$ ��  "	B ( H$�J��) L�B ��� ?$  B�8  
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 � �D�-% �	�B ���� �  ���O

����23 ���4� 



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /363 ���� /���  !"� 1394 2194 

��� �� ���	
 	 ��
���	 C �� ���� �
	
�� �������
��  ������� 	�
�� .	�% /0 � 

P��� ?H�B	:
 Q%�6 D�-% ��8 ) D�-% �	93 �	�  
 ?�R
6   ) ���"

��" #�	F �� ��	
 ��� ����
 4����� �$ #%�  ) �8��D�-% �� S�	8� 

  D�-�% �	93  ��T �� &�%/ ) ��6���H$� U�+%� Q���" �	5�� <�	�

@
��B� ) 	��/ �  
 ���� )4-1.(  

����� � 
 �	9B 	  ��� �$   �
��
  �H$�J���  �� �� �BY�6	
�J�%� 

��
   ���Z1 �	� 
 ,��+
 ��!�
 ) ) �
$5.( ��
=!��    �H$�J��

 ��;)�6)�	��B�� ����" ���/ ) �+
��% �� ���B �	���B�' ��  �������-' 	���

 
 �
$ )7-6(��
� �$  �	' �/ �� . ��	
 ���
� �� ��������   &�%	

 ��

?$ L�B ��� �	^A� ����   ��0A	�
 )  B��8 	:
 � ?�H�B   ?�$ �	��    B��8

 #%� ��" ,�1�6)1(  �	�5�� �
	� ���
� �� ��	
 ��� �0A	�
 ��� �� �

��

$ ?$ �  .#�� �	$ ��  B�8  

 ��
	+�)C  	�D�-    ��B�� �����  6	��_ �`�a
��� (	���:%/   �	��

����!�
 ��	��HB� ���
B	
 �+����9�;  ���B�� ��  $���B� �	!��" )  ���b�� �	���

�� �����B	+H; �=$�8 �G�) � �B�� �� ����06 ) ��
�   ) �	���B�; �	�

 �	
  8�� 	� � .#%  ��
	�+�) ���^
C     �����  �%	%� c8	�" @�� �

���
 ��	56 ���� ,��06 ��E% ) 	�  
 	�   .��"	� ��
	�+�) C  ��	�
  �

�
	' ��
	+�) ��  :� ) dB� ��*% ��3 ) e/ �� D�-Z
 �	�   !�%  )

 ��^-_ �+%� �����#%�   �/ Q�Z
 �� )��A)���� 
    ) ���"  #�A	_

 
 ���; ���%�  �
$)9-8( .��
	+�) ���� �� 4
$�)   ����  �	�!�" �	�

��

$ �!_ @� � ?h
 �� ) #%� �)�+:A�  +B/ ���6 ����H$�   #�%� 	�� 

)10(   �N
8 �� ��
=!� )   D	�:���� ��	�%     U�+�%� j��� ) ���/ �	��

 ���� 4^B ��6���H$�)12-11( .  

) D	���)� DYRoyal Jelly  	���RJ ���� ( ���:-
 ��`��3 �����
� � 

��" �+8	
" �H� �	���EB� #%�� ��EB� ���' �	�)�7 Q%�6  �H�

 
 ���� ��	*+%� ���
 �:-
 ) ) ����    ���`a6 ��  �!h
 4�^B �   ��:-


  �� ��	�
 ��� .����  )  �^-_��� ���3Hypopharynx(  )    �:� #�Z6

)Submandibular ( ��
 l��"�6 �����' ���	��$ �	�����EB�  DY .����"

D	�)�� ��	
   ) ��
6 ��� ����� ) #%� ���" ��*% dB� ��  
�67Y ��

��
 ���
 ��  
 ��)���  ��`3 ���� ) �� .�"	� DY ���� m��� �
	�   ��6

 ��N' �������6 ) �	�� ��)�	�      #�%� ��:-
 ��!� D��O ����� �+9�� 

)14-13(#�A	0� L��B� ����� D	�)� DY . @�Y�A��� �	� D�-% ��   ) 	��

#�	� D�
 ,-+.
 �	� � 
  B���_ �	    �+B/ ) ��"	�   B����H$�   �	��H�

�
/�	$ ) ��� #%� �$ �+H'�� ���:-!� �� �	h
 D	:����  �	��  ���/

 ����)15(2��B� ��  :��Z6 (��F� �D	�)� DY .  ) ���� ��� ,-+.
 �	�

 
 �/ ��:-!� �B��6  �9.E� ��Eh� �� 	�)16(   o��Z
 @�� �D	�)� DY .

    #��A	0� p�*_ ��� ���

$ @!$  B�
���      :�A��	�+
  �0�EO ) ?R
�


��

$ #��^6 @� ��
=!� ) #%� ��
���  2	!6 ���� �Y�B� �!:
 �

 
 �	!" �� ��
%       �H
'  ��	�+�� �	�$ �� (q:�9
 �	
�� �� ) �)�

 #%� �
!"��� �
�
)17.(   

���0A	�
 r���� � ���M	_� (����F�  ��%���   +R�	��Z
DY )����D	 ) 

)�
	+�� C �� �� �����-'       ���" 	�^A� @��+�A�!�  �!B/ s��% (��F� 	�� 

����
� ���� ���������� $�*���#   ���8�� �	��^A �2�J��%� �	����+
��	;  ��8��

�� �)�+%�+H6 ��
��� ����
 )  �	b9�	
�/ ��
 	����% � tA	� ���.  

  

��� 	
  

��� �0A	�
 @� (��1 ��  �	
�/�	$  ��56  ��	u6 ��" � ��� ��	" 

�"  _��O ) ��
�  ��������)Sigma Aldrich P6926(  �	^A� #h'

?$    ��
	�+�) .#���� ���� ��	*+%� ���
 @�+�A�!�  B�8C  ��� 
 �����   

ml 5/mg 500     ��" ���h6 (������ �����h6) 4.; )��� #$�" ��. DY 

D	���)� �����
 ��	*+��%� �� ����� ����0A	�
 ����h��" �	��
 D	��% 1392 �� 

	�)�
$� �	+%��EB�	�� �	+%�h" 
)���� h6�� �����.  

64 �% ��
 ��*% @T�$   �	b�9�	
�/  ��B  tA	��   ��) 	��25 -20 

�� 2�� �$�
  ��)��; )  �����hbB  (	�B���_   �	b�9�	
�/  ��:�9B�� � 

2��  :"�; �	b9B�� ��
)�� ��h6 ����� .(	B���_ #Z6 Q���"  ����B	+�%� 

12 #�	��%  �	
��")� ) 12 #�	��% � :��	��6 �	��
� 2 ± 25 ���'�� � 

 +B	% ���� ) #��O�  EHB 10 ± 50 �1�� ��  w�*�    4�"�; 	��  �	�� 

o	8 ����hbB e�T �B�" .2	!6 (	B���_ �� Q���"  ���`a6 ��  �	�H:� 

	� �(�x �2�
� �' ) #-; �� #EHB �	�  ������  ���`a6  �B��" )  �	�:
� 

 %�+%� ���/ �� e/ ��B  B��
	"/ ����   
	�!6 �/  	��  ���')  #�"�� .

��-$ � Q���M ) ����hbB Q���" ) 2	5B� 4�	
�/ 	� �)� (	B���_   ���B

�� �!0A���+%� U	%� �	�  e��u
  ��+�!$ �  yq�8�  ��:�9B��  (���1 

#���`;. �+*� )� �� w; ��	��	% 	� Q���" �Q�Z
 (	B���_ �� (��1 

 ��	u6 �� �	hT �)�� 8 ��%  ���  �:�"  ����  ?��H^6  ��)� ) �B��"  �

 (�
 ��  B	
��35 ��� �)�:  

1-  �Y�A����� 2�% �B��)� �)�� ��� (	B���_ :��	" 	� D)� �)��

 ���^
 ��1/0  -�
  �+�A�� (��1 �8�� �	*1   .�B��$ #�	���  

2- ��
� 	� 2)� �)�� ��
� �)�� ��� (	B���_ :��������  ��������

�� �� ����
 60  -�
 2�� �� ����  ���  2����-�$ ��)  ����  ���  (���1 

�8��  �	*1  ��48     ?�$ �	�5�� ���R

 ��� #�	%   B��8  @��+�A�!� 

#�	��� �B��$ )18( .  

3 -   :2��% �)��_� (	�B��  ��� ���  �)���  �)q��  ��� 
� ��� � ��������   

 ��)48 (#�	%� ��
	+�) C �� ��  ����
250  -�
 2��   2����-�$ �� ���� ��

��� ��) �� (��1  ��8��   �	*�1    	�� ����!�DY )� ��D	  ��� 
 ����� 100 


�-  2�� �� ���� �� $�2���- ��) ��� �� (��1 $���8  4  #�	�%  ��E� 

�� �56�� 
��� ��������  �B��)� ��O �����#�	 �B��!B )20 -19.(  

4-   :2�	��hT �)����_�(	��B�� ����� �)���� ��
	��+�) C ���� ��   

 ����
250  -�
 2�� ��� ��) 2���-�$ �� ���� ��  ���  (���1  ��8�� 

 �	*1  	� ���!�DY )��D	 �� 
���� 100 
�-  2�� �� ���� �� $�2���- 
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��) ��� �� (��1 $���8.�B��$ #�	��� �B��)� ��O ��      


	!6  ��
 	�� ��'�
 �� �	hT �)�� �$x ���" 24  #�	�%  w�; 

�� �8/�� 6���	! �	%/ 9$  �B�" .wJ%� � ) ��� ��)� ��{ � _� (	�B�� 

)���6 �� ��	*+%� 	�� ���P 	
�/��	b9  
 �_ ��)�-   2��� �����B� ( � ���� 

 ) �"�B�!B 	�� ��8 Q%�6 dB�% 	�� �+%��� ��  (���1  ̂+�H
�? �� 

&-� j!' �)/� ����� .#h' h6���  �2��%  ��B�!B  	�� �� 3000 �)�  ��� 

(�
 5 ����^ �+B	%�*�Y� �" 2�% )	�  	�6  �	�
�  45
�%  B��
���  �� 

	
�� 20 - �'�� � +B	%  ���� ���hbB� �"��� .�   ��)�+�%�+H6 45
%

 �)�Enzyme-linked immunosorbent assay )ELISA(  )

��������+
�
!�  $ �� ��	*+�%� 	� ��#  �1	u+8�  )Diaplus Inc. USA (

2	5B� ) �)��	� 	� ?� 	^
��H �B�".  

��ZB � h6�� � 2�J%� �� ;������?: �� ��R

 ��� ���	  $�* ��#  �2�J�%� 

��+�� ;������? ��� |�A 	� m��� 	!B � 20 ����� �� #�	� ���{ ��'  #�9� 

) #�	� 	�� r��O� �/ !6�� ��� ��� . �-�1	�q� 2� ;��� ����? �)��  ��+;� 

��4 	��  )	�_�  ��@ 
� �-  A� ��+  �Z
�Q  #�9$ Human tubal fluid 

)HTF (���� #��� . ���  ���R

  ���-'��� �� �� �	�5  o��"  �6���_  ) 

%/�& �� 2�J%� �	� 2	!6  	�%)��  ����
  ��	*+�%� )  �Z
�Q  #�9$  ��E� �� 

r�u
 �� ��6	��:B� 37 �'�� � +B	%  ���� ���� ����  �B��" . wJ�% 2� 

;������? �� �8�� Z
�Q #9$ �� (	0�� @T�$ ��8 �" )  ���  (��
 

20 ����^ �� �)�� Z
�Q #9$ �� ��6	��:B� �	�  �B	
 	6  �	�:
�  S)��8 

2�J%� 	� �� ;������? ?���� /�� .�� 	hB��# HB	J%�%��� )	_�  2�J�%�  	�� 

��	*+%� �� Z
�Q #9$ �� #EHB 1 ��20 ���P �����  .  

���  �	�
����  �%/&�  �+�"�  �:DNA  ��� �����  �	��    ��B�� ���

b+H:"  �+"� )� ��  �DNA }���
 �� 2�J%� ��
 �	� dB�  ����
/ 

Acridine orange 2	5B� ��� .#��  6��1 �$ DNA    �	�T� 2�J�%�

b+H:"  �"	� ��"� D	EB� �� dB� 
/  �����DNA ��  ��  �*�O  d�B� 

��� 	6 �
�� #
%��~�-�  b+H�  ���  �����
  �&��%/  �	��	!B   �
   .���"

DNA A	% �� ?B� dE% ���� �
  ��". �� ��� �)�� w; ��  ��%  �	�� 

 ���9+H" ���B�!B � 2�J��%� 	��� ��	��� Phosphate buffer solution 

)PBS( ) r`_ j�	
 � �)� e�%� �1	_ ��  @�!$   ��	��PBS   ���

	hB #R-3 � !%� .�" ��B	%��	��� Z
 �� �RB ���
Q�   �)	�_ #9$

h6 2�J%���  @98 �� w; ) �"��" Z
 �� �/Q� 	
�/�	b9�  (�
 ��

30 ���^� ��+%� �)	_ r�� �8�� ��- D�B	6� �� #EHB 1   ���1  ����� 

#���. 27 ��" @98 �� w;  ���� (�)	5
 �� 	� ���27  (�
 �� 	�

7 ���^� dB� D�-Z
 �)	_ r�� �� Acridine orange ���� #��� 

) w; �� @98 ��"   �	�hB  Q�%�6  |�:�%)��:�
  #
�%��~�-� ) 

  %��×100 	� �+-�� 460 �"  %��� �+
�B	B )21( 	+B )��   ��� �1	_

� �1�� (��1�	� ��� ��)22(.  

�+H� ��-�  �	����  :2�J�%� �     d�B� �� ����R

 ���� �����   ����
/

Aniline blue  #%� ���+%� �+:B ��� �� ���A	B/ ��� U	%� .�" ��	*+%�

���-_�
  ��O �� ���$  �� ��+��H�� �	��' ���� ��
	��6)�; ��BY��
�J��%� �

 
 ���� �+H� ��6	
)�$    ������	; ) ?$���6 �� � 
��b�	' ��� �$ ����

�	�H� 2�J%� #�!�� dB� ��� �� .���� 2�J%� ����
/   ���A� �� tA	�	B �	�

dB� �� �	�� ��+H�� 2�J%� ) �B�
/ ��  �/   d�B� �� tA	�� �	�   ���`�;

4�; �)� �
B	!� .�B��� �����8�� ��+!$  27 #��EN6 �� w; ��+*�   	��

D�-Z
 �� ��+%�- D�B	6�  )  27 ���" @�98     ����� (�)	�5
 �� 	��

27  (�
 �� 	�7     d�B� �)	�_ D��-Z
 �� �^���Aniline blue   �����

	� ��� (�)	5
 �� ��" @98 �� w; ) #���   ����B |�:%)�:�


m��� ) )  �	!B×100) �B�"  %��� (23 .(  

  %��� ����6    �	b�9�	
�/ ��)�	�� )In-vitro fertilization   	��

IVF:( 2�J%�       ��� ���+�%� Q����" #��	�� 	�� 	� ����"  ��; �4  ���+*� 

j!'  .�B�" ��)/%wJ�  ���HB	J%�%  �)	�_ 2�J�%�     (��
 ��� 	��5 

 #�	%#���� #h'   �	�  ��6	���:B� ��2CO    #�R-3 	��5   ) ��1��

 �	
�37 �'��  +B	% � .�" ���� ���� ����  

�� ����    �%))� �+���� #�h' ��	
 ��
 �% ���06 ��B ��
 ���# 

�Z6 #Z6 tA	��@ B��!.6  ��
 .�
+��� ����	�� ��	
  ��+��5/7   ��_�)

PMSG )Pregnant mare serum gonadotropin  #$��" #8	%) (

Folligon  (�
-� ��9$�� �O�P ��6�P   �	*�1 ��8��  ��� #��	   ��B��$  

)  #���"`� �� w���;48 -46  �#�	���%5/7  �����
��� ����_�)HCG   

)Human corionic gonadotropin (  #$���" #8	��%)Folligon 

 �� (�
-� ��9$�)� ��6�P �8�� �	*1  �� �/ 	� ��6�P �" )24.(  

 2	5B� �� �E� �)� �u�IVF� Z
�Q  #9$2�7  ���8��   ��6	���:B�

 #R-3 	�2CO �� 
���� 5 	
� ) �1��� 37 �'���  +B	�%    ����� �����

���� �"��� .� �)�� �� 2��$ �� � �	��4 	�� ��5
 �   .��" �+��� �RB ��

��4 	�� Z
 	� �	^A�Q  #9$HTF  	� �$4 
� �-  2��
/� �-  A� ��+ BSA 

)Bovine serum albumin (��  #$���"Sigma $�6���&  ������ ����"

���� ��`�� �" .�@ ���� � 500 
�A)�:��+� � �� ���4 ����   ) �	�^A

�
T��  ����� � 100 
�A)�:� ��+�  �����  � �� ��9+H" ��4  	��� IVF 

�+"�`� �B�" ) )�� �/ 	�  	��  ��3)�  B��0
  )Mineral oil, Sigma (

  .�" ��B	"�;  

�� �%� �� ���b  @�!.6     #�"`� �� ��0� 	��13  ��6 �� #�	�% ��P 

HCG� 	�  ��	*+�%� �� �)�  �+�	:�" )Dissecting_	B �� ( ��� �   D��J
/

)��#$)� j!' �)/� ) �B�"25 �Z
 	� �9+H" �� w; ) (�Q HTF�   ���

� �� �	^A (������ B�0
 �3)�  )	_�  �Z
�Q   #�9$HTF    	�� ��$4 


�-  2��
/�-  A��+ BSA $�6�&  D	^+B� ���� ��"��
+�	.  

2�J%� #���� �	�  ��"  �	�   �����
 ���106 × 1  ����   ����� ��� � 

@!.6 �)	_ #9$ Q�Z
 D	^+B� �+�	� �9+H" �	� �B�" ����.   ��!�

 �)�_ �	^A6  2�J�%� ���$ ��	M� �� w; #�	%   	��  ���	�9
 	�� �  )�
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 	 ��
���	 C �� ���� �
	
�� �������
��  ������� 	�
�� .	�% /0 � 

4�; �+H� � ��	
 ) �B  |�:�%)�:�
 ���  (���
��   c.�9
 ����� .�

@!.6  �	� �9+H" �+�	� �	^A ��" ���� #9$ Q�Z
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Abstract 
Background: Hemolytic anemia induced by phenylhydrazine (PHZ), as a hemolytic compound, can cause 
disorders in spermatogenesis and fertility. The present study aimed to evaluate the effect of vitamin C (Vit C) 
and royal jelly (RJ) as effective antioxidant compounds against phenylhydrazine-induced hemolytic anemia.  

Methods: Adult male mice were randomly diveded into four groups of eight. The first group received 0.1 ml of 
normal saline intraperitonealy (IP). The second group received 60 mg/kg of phenylhydrazine in 48-hour intervals 
intraperitonealy. The third group received 60 mg/kg of phenylhydrazine along with 250 mg/kg of vitamin C 
intraperitonealy and100 mg/kg of royal jelly orally. The fourth group received the same doses of vitamin C and 
royal jelly as the third group. After 35 days, serum samples were taken, the sperms were collected from 
epididymis and in-vitro fertilization (IVF) was evaluated. 

Findings: Phenylhydrazine-induced hemolytic anemia significantly decreased serum testosterone concentration 
and increased damaged DNA and immature nuclear sperm. Moreover, phenylhydrazine decreased the number of 
fertilized oocytes, two-cell and four-cell embryos, morula and blastocyst and increased arrested embryos. 
However, administrating of royal jelly and vitamin C improved these parameters significantly. 

Conclusion: It seems that royal jelly and vitamin C, as free radicals scavengers, have the potential to decrease 
oxidative damages on reproductive organ in phenylhydrazine-induced hemolytic anemia. 
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� �
 ����� ����� Magnetic resonance imaging  

)MRI (��� 	� 	� ����  )2 ("#�� � �$%&�'� )Gray matter  ��

GM  ()3 ("#�� � )��* )White matter  ��WM) + (4 (���� 

���� - .�/
) 0Cerebrospinal fluid  ��CSF(  

  

��-�*	�*� �%-/� �� Voxel� �!� ��  
��#������,�' T$�  ��& �� 

�1��� p$�E# 
�� ���	� 21� .�� ���� �(��1 VBM  ��G��Y� ��  2�1� 

�, ���� �1��� �:O� �,��# (��� � ��-G,�6 �f� 
�� ���	�  _�:-<� 

h�d
� �� �*0.  

�R��J D� �>��9� � 2<��  ���1�%0  ��� ��  ��a
  
-	���  .���*8 

_:-<� ��`���kK# �� �� �� �
�*# �� �%c 2��R "�GY# �*0:  

�-G� �� Z�& ��*� �a
 )�%
�� ��1�%0�0�  \��1�  ��1�%0 $  ��� 

.��!# ���)
 (��  ��*�#  ��>��9� ��  ��� $� T$�  ��*�J ) D�� ��  ��f� 

5�6 $ �� ����  ���&  _�:-<� ($  ��>9Y� ) 
���  ���&�f�  _�:-<� (

 "��GY# ����, . ��$��L# �� ���f� ����  ��*�# ����  ���)�$ ����& ���E:-<� �� 

��������*L# "-G�1  �/�L8  N��� ��$�  ���, . ���)�$  ���&  ��f� �� 

�� ��*# �� 2��R ��&  _�:-<�  .��:O#  ���, ) .�t�  ��1���  .�,  ���f� 

��R�
 � ��*� �a
 $ �� ��&��-6�1 ��+M $ �� ��+M��� 5�6 .( 
��� 

(��� �� �� ��*# �� \�,�# T$� ��& _:-<� $ .R��� .�:O#  _�:-<� 

T����' ��,.  

�-G� � h�
 ���	�� Statistical probability mapping )SPM( :

 T$�VBM ���� (��E-��1� �� �-��G� ���&� h���
 �����	�� ���%
�� 2��0��
 

pF��-R� %-/�� ��  ) �����SPM ($  ��
�<��-, �  h��
  ����	�� FMRIB 

)Functional MRI of the brain ( .���M ' ��(��  ���1�  2�1�. SPM 

2O# $��$�% $ �� ���
�� � Matlab .��M ����  ���  ��0�� Q�� �$� 
��� �� 

��
 ��>��9� 2�� T����' VBM �� �-G� � SPM8 (��E-1� �0  ��, �� 

������1�2 (�������+
�� University College London )UCL (

)http://www.fil.ion.ucl.ac.uk/spm/ext (.��M �*:
��  ���  ��0�� . ��� 

D�, y1�$ 	����!� SPM� �� ��*# �� ���*� ��� 1�-1�� '��� ��,:  

- b<+� ���, B�� $ 
��<# p�L<+� ��  

- |�/%-1� ��& �����  

- ��' T����' ���*L#.  

��' T����'  ����o	 : �����  B���8� T$�  ���&  2�<��  ��1�%0 

��$�L# MRI ��f� �%-/� �� T1� h�d
� D� ��1 ��' T����' h�F 

21�. VBM .��0 ��%���	 21� �, ��-�� ��$�L# �� ��  D��  ���o	 

����%
�� ����
�-���1� Montreal Neurological Institute )MNI (

}%&��& �� �%, �# ��*-� ��$�L# �� �� D� �*��� �R�$  l��/9# ��� .�� 

������ 
�� ����1����
�-1� 2�:��M �G��Y� �� ���Y�  ���&  ��/->�  ���:8 

21� �, �� �NM�$ D� N��� �-6�%0 �� �
*0 $  ���
  ����
�*#  ��1��� 

p����f# �� w91 Voxel �� ���� $ ����  ��1���  ��9Y
  ���  ��9Y
  ��� 

Voxel �� Voxel $ �� p�*;  ���R�
 �  ��*��  ���a
 VBM  ������� 

��E� �� �0�� .�� ������ ��*L# MRI  ���  2�	��  ���f� $  ���]  ���f� 

"�GY# $ 7u1 �� �1 �<� (���  ��-�G,�6 � )GM(�  (���� �  ��E�1 

)WM ($ N��� ��f�- �8�<
 )CSF ("�GY# ����� )12.(  

N�9Y# :�� 
�� ��:R�� ��$�L#  ���  ��1  2�	��  (���� �  ���-�G,�6 

(��� � ��E1 $ N��� ��f�- �8�<
 N�9Y# �0 .
�� ��, �� \�,�#  D�� 

20��
 B��-R� 
�+�' �, �� ��*# �� �
�� �:/M �� N��*#  2�	��  ���& 

D� ��	 "��1 �� 21�  (����  �*�� $  �����
�  �-�1�  ���%�  B���  ��/�,�# 

�0 .;�R $ ����c �� Voxel ��& 2	�� ��& _:-<� N��*# ����� .  

�� N�9Y# ~�	 �0 �, ��*L# �f� ����� �1 2	�� ��d� �� �0�� 

�, h��, �& �� 
�� 2	�� �& ����� D� N��*# �>�/J �%c  (���f-�  2�1� 

�, y1*# D� ����� �
��
���  7��#���  7
�����*, $  �����># Voxel 

l:>-� �� �� N��*# b<+� �� �*0 . 7u�1   ��& �����  �($���  ����># 

Voxel ��& 
��
��� p�0 Voxel �& 7
����$ $ �/1�O�  ��0.   �(��� ��

�� 
-0�� ��&�-����' N��*# ��>�/J N��# N��*#  B���-R�  l�:>#  ���  ��& 

 b<�+� ($��   7u�1 $ ������  ���  (��E-�1� ��  ��*�q# Bayesian $ 


-0�� ��*L# B��-R� ���$� $  2&�/0)N��# N��*# l:># ��  ��&  ($��� (

���Y� B��-R� 
�G' �� 21� ���. .R��� ��' ��-E� �# "&  ������ ) "�, 

��0 2&�/0 �� ��R 5�6 ($ �� ���1�  ���  ����>#  p��>	�  5��6 

���!#  �0)13.(  

7' �� ��
 ��:R�� �� $�� $�L#��� *��� ����d  ��0 . ��� � ��
  ��*�a%� 

���
��
 2	�� �-G,�6� �f� h��#  �����	�  ���  ��*�%8  *����� �$� ��� ��  ��a
 

�-	�� �0 .7u1� f#��� .!0 �& h��, �� $�L#�� 2/G
  ���  *����  �/�1�O� 

����� $ �$��$ ��
 f#��� .!0 �& �� *��� B��8�  ��0 $  *����� �� ���  ��� 

21� ��� .�� �(�� ��
 �*����"- �� �%c �:R�� ���!#  ��0  7�' .�� �� ���d 

*��� �� $�� $�L#��� /J�>� ��1� B�Y-
� $�L#�� �� �o	� *��� h�d
� �0.  

�� 
�� ��:R�� 
�%n�& ��] �-6�*%!� p�0 ��*L#  ���
  jI�;� 

.�0 �� ��*# �� �, 
�� B��-R� l:># ���� �& Voxel ���8 
�� �E; 

$ D� $ 21� 
�%n�& ��  
���  ��:R��  ��*�L#  N��9Y#  (��0  ��%���� 

�� ��*0 
�� �� �%� �& Voxel ��  .��-O�  
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(��� ��-G,�6 � $ N��� ��f�- �8�<
  (����  ���  �*�0. ��  .!�0 1� 

�
*�
 �� �� N�9Y# �f� �� �1 2	�� (��� � ���-G,�6 (��� � ��E1 �f� 

$ N��� ��f�- �8�<
 (��� �� �*0.  

�>�/J ���1 ���o	 :�� 
�� ��:R�� �& h��, �� ��$�L# MRI  ��� 

D� *��� }%&��& �0 �, 
�� �*��� �� 
��
���  ����� ��  ����>#  ������ 

��$�L# MRI �� 21�  ��� .�>�/J ���1 .��0 $� �:R�� �*� �, �!� 

�� �� �& D� .��/# �Y:># 12 ��-����' $ ����� D� .��/# �96 ��] 

�� \�,�# ����># N��# ���' �*� .
���  \��#�#  ��, ��  2��GM B$� ��� 

D� N��# �Y:># �� 12 ��-����' ��*L# �� �� *��� }%&��& ��  �*��
  ��, 


��� ��*a%� �� T$� Bayesian $ �/1�O� � �%�+�� � B��-R�  
��G' 

�� 
-0�� B��-R� 
�G' �� (���
� �  ��f�  ��>�/J  (��E-�1�  ������ $ �� 

2�GM h$� ���� D� ���f# .!0 ��] ��96 �� B�� ��0  ���  \��,�# 

�96 �� N��*# �:' � ���o	 (��E-1�  ��0  ��,  
����  ��*�a%� ��  ��%��, 

���, p�>��� ��96 ZI-6� 
�� ��*L# $ *��� ���� 
��<# \���e 


�� N��*# ���' (��E-1� �����.  

���� ��*# 20�� �, �*c Z�& ��
�� ����+&$)' 1���� p$�E#  ��& 

��*� /J�>� ��1� �o	�� �� ��
 Z�& h�d
�  ��+
  ��,  h���# $� ��)�  ��&� 

�f�� �� �*J .��, }%&��& Q�*0 �!:� yY	 ����  �%&���&�  .!�0  �:,� 

�f� �� *��� h�d
� �0 .�� .!0 2 ��
*�
 �� �� *L#�� �f� ��  (����&  *���� $ 

-
��d � /J�>� ��0 *L#�� y1*# *��� ��(� �� �*0.  
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���1��*�& : �-G& D� �� ��0 2+��& �� ��*L# �>� �:R�� ��

�� ���1��*�& �\1�%-� �1*� �*0 .�� $� �.��� 
��  ��:R��  �-�G��� 

h�d
� 
�� �!� .�*0  �����1��*�& �,  \/�1  ���  �*�0  ��,  ���8  ��& 

Voxel� �%��
��� ��  (���� �  ��-�G,�6 $  (����  ��E�1 � Voxel  ���& 

���G�& T� �8�� �, 
�� ���� $ �0�� ���/� ���, 2>�/J  l��M� ��] 

�>�/J ���o	 ���1 �� �*0. �� .!0 3� ��*L# 2	�� ��-G,�6  ��f� 

�� (���& .!0 ��*�& (�0 � �� (��� �� �*0.  

 
 ���3 .����� ���� �$%&�'� ��� 	� "
��3 ��� 5
��3 "*�  5# 67 �
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�*�1F$�� :�:R�� � ����� �, �� �
�*# �� ��' T����'  h��d
� 

��*0 ���/� �k� �>�/J 21� ���1 �, �� 
��  ��*�a%� » p$��E#  "�dR« 

j�9� �� �*0 .�� ��*%8 �B�t� �L<0 �,  r*��  �&���d�� $�  _�L
 

"dR *��� ��0�� �-G��� 2�� �>�/J ���1 ���o	 $ }%&��&  ����, 

b<0 �� �*��� "dR r*� �&��d�� $� ����� �*0 �, 
�� ���� �8�� 

�� 21� 
-	� p�8IJ� "dR �:;� 
�� ��R�
 �� �*0.  

�� ��
 �B�R VBM �� �
�*# ���� �Y���G� �� ���c� /G
�  (���� � 

E1�� $ (��� � �-G,�6� �$�6� �:R�� � /J�>� ��1� (��E-1� �%, . ��� 

��
 �:R�� �, ���/� ��1� �� ��  h��d
�  ���  ��*�0 /J� �>�  ���1�  ��-E� 

�� �*0 .��
 ��:R�� .��0 r�e  ����,  ����c�  (���� �  �-�G,�6� �� 

"dR /G
� �� ./M �� �:R�� � /J�>� ��1� �o	��  2�1� . ���  #���/8�� 

���� Voxel �&� $� �f� �� (���
� �&� p$�E-� 7' �� /J� �>�  ���1�  ��� 

�D �*��� p�0 *L#�� ���� 2��k ��
�� p�0 (��� � �-G,�6� ./M $ 

�>� �� /J�>� ��1�� f#��� �� �%,.  

.�:O# ����� ���-
 ��$�6 VBM : 7�' ��  h��d
� ����  .�R��� 

��' �T����' ��*L# w91 ��-G,�6 }%&��& (�0 � �:, �f� ���	� 

_:-<� �� {�-1� �*� .�� 
�� ��:R�� ���� ��  ��a
  
-	���  p$��E# 

w91 ��-G,�6 Voxel ��& �f� 
�� ���	� �%���1 �>�/J $ ���	� I-/� 

�� MCI� D� B�� ����� t ���� $� ($�� ��G�&�
 �� �a
 �-	�� �0 .


�� B�� ������ ����� �%c ��f-� .Y-G� �*� �, ���� ��-G/�& ��  ��& 

�� ��f-� �-G��$ �, w91 ��-G,�6 Voxel  ���&  ��f�  �2�1�  ��1��� 

�� �0 .���� �, �� 
�� l�YO# �� �a
  ��-	��  ���0  .���0  ���&��f-� 

.Y-G� �
1 2�G%� $  ������  pI��LO#  �*��  ��, ��  .!�0 4  .���M 
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�� ��*0 �� ��*%8 ROI r�<-
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)20-14� 10 .(�� �� ������ ���, 
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b<+� �� �%, $ �� D�, �� p�L-<�  |��Y
  ��$�$X �Y  $Z �� 

��o	 �1 ��>� MNI� 
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Diagnosis of Mild Cognitive Impairment (MCI) via Estimating the Density of  

Gray Matter Using Voxel-Based Morphometry (VBM) in the  

Brain Magnetic Resonance Imaging (MRI)  

 
Zahra Karimi1, Saeed Kermani PhD2, Majid Barekatain MD3 

 
Abstract 
Background: Mild cognitive impairment (MCI) is a transmition phase between the normal elderly and demance 
which is due to the loss of brain cells, tends to irreversible loss of mental abilities and should be predicted at 
early stage. Common methods of diagnosis are biochemical and psychological tests. Recently, ragrding the 
developments in analysis of magnetic resonance imaging (MRI), it has been attended as a noninvasive and low-
cost method. In this study, we tried to diagnos mild cognitive impairment via estimating the volume of gray 
matter using voxel-based morphometry (VBM) in brain MRI.  

Methods: 20 patients with mild cognitive impairment and 20 normal subjects aged 66.4 ± 4.6 and 65.3 ± 3.9 years, 
respectively, were assessed. All subjects underwent neuropsychological testing using Neuropsychiatry Unit 
Cognitive assessment tool and were scanned with 1.5T MRI. Images were pre-processed and analyzed using SPM8 
running on Matlab2013b software. Finally for statistical analyses, modulated images of two groups were compared. 

Findings: Patients with mild cognitive impairment had significantly lower brain gray matter density in superior 
frontal gyrus (P = 0.013), inferior temporal gyrus (P = 0.013), inferior frontal gyrus (P = 0.017), paracentral 
lobule, superior temporal gyru, paracentral lobule (P = 0.022), and insula and middle temporal gyrus (P = 0.030). 

Conclusion: In this study were found several regions of local brain atrophy in patients with mild cognitive 
impairment within the regions known to be involved in early brain atrophy in mild cognitive impairment that 
reduce gray matter density. 

Keywords: Magnetic resonance imaging (MRI), Voxel-based morphometry, Mild cognitive impairment, Gray 
Matter, Density 
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(� ��.

      ����# 2��C �� ��
1 '�
I���+ ��.�
��� ����!� � ������ ���# 2�C ��

�# D�� ;3� '�� �� J�-��  ��# $. /�.    8��# �� �� �
���	 2���	   ���.

�
���    ��� �.��� !K�L �� �� ;
(� 9&� !BC $. � ��� M�N+� ������� �

)4(���&# ;3� . �3��� !� �E� /���!# � �(
#
 �� P�QR�� �   /��S�3��	 �

��+ ��.�
�� �
����� � ���# 2�C �� '
I� 21 
� 8��K��� ���(
#
  ��.

.���� ���	 
� �
� �
��	 T���#  

  

DNA ���	 
���
 �� ��� ����  

 ��� ;
���DNA       9���	 /������� ����# 2��C �� �����# �(
(�Lo � 

 �� .�- 8��� �
��	 2���)�.E��B#2�+1 P� /  �!
=���� �� ��  '�
()	

PCR )Polymerase chain reaction ������	 !��
U)	 ��!��� (  ����.

  M�
��#�!� ��� !� �L�>�C�Y  ���DNA    2��C �� �����# ��
1

    /��+��� !�<�# ;
�(� ����� �� �+����#  �
���	80    ����� ��L��

DNA    �
���	 � ����# 2�C ����R� �� �!%�70   �� 21 ��L��

 ���# M!�J�- M�N+�   Y��    '�
()	 M��N+� ��� 21 
�Real time PCR 

�+��+ ;3� ���    �
���	 5
���%Z /�.DNA    � ����R� �� ��(
(�

 �� /���# M!�100  56�3 �3�06� �L��)6-5( .    9���	 P��E��B# ;�3�

(��+�� !3�� 56!= ��!] �
3^	 ���# 0
+ 2��)8 -7(.  

 $#�%��&��� 
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������� DNA��� ���	 
���
  

DNAH��� 
�����1 !_� �� ���# 2�C �� ����# �(
(� ��
1 ��.   ���.

5�R��6�!	 8`3� �� 5K� �# ��N3� �.  �+�-)10-9(  ;�3� .DNA  ��.

��K. 
�  �5 )11(  �37 �# �
��	 G��] ���# 2�C �� �������  �(�-��/ 

�# �3�06� 21 2�0
# /������� ;� �3�06� ��  ���3)6(  2�+
 �#��	 �� �

 ;3� /������DNA�� 21 
� .���� ���� �.�3 ��
+ ��  ;3� ;
3�� !�Q �

DNA ���Z �� ���# 2�C �� �.16 �# �&
]�  ���Z 53��+ �� � �-��

2   ��# b<�Z ���# 2�C 
� ��� ��� �� 2��3�
 
� Y� 5Q��   /�+��-

�Z�0#  ����!� ��!�� ��c] ������� 
� ��      ���N3� ���E6 �������� ���.

��+  �((�)12( .  

DNA  �� ����# ��
12�C  
�2 ���# ^�(#� (� �
(� #� �(-��  ��

#
2�0 DNA� (�
(�   ����Z /G� �� 5c%+2/6 -4/3   �# ��L���  ��-�� 

)6(�E� P�E��B# �� .�  # ��� �- 8��� 2��+ �
2�0 � �3; DNA ��.   
� Y��

�!63�.�(�3 (#1 GU#
/0�(�� �06�3� e��f
!�  ����)13(   P��EB] H��� .

DNA (� ��
1
(�/  
� !��� H��E# ��� ��bp 200 #� �-�� )15 -14(.  

  

RNA��� ���	 
���
  

RNA    g�c(# ;
#��� 2���(Q �� /���# 2�C �� ����# �(
(� ��
1 ��.

8��# '
�+h � H��� 
� �E� �(
(�  � �(
(� ��.DNA �(
(� ��
1 ��.

�# ���- ��  ;3� .�(31RNA    9���	 ���� ;
���� /�.Poon �   2����)�.

     '�
()	 
� 8��K���� ��� 2��+1 .�- 8��� �
��	RT-PCR   ����!� �

���� mRNA )Messenger RNA 2h (ZFY �� ���  M�
�#�!�Y 

������ 2����# �� /���� ��!]� ���� ���  �(�
;      ����� ��� /��+��� !�<�#

RNA (�
(�  �� ���# 2�C ���     ���+ ��� ����	 ��� .��+�!� �3���� � � �
2� 

P��K�# mRNA8��# ;3� /�(
(� ��
1 ��. '
�+h �  �� ��(	22  �L��

�.�# �� �� /2�+
 
�   �� ���(	 � ������� H�� �63    �� 2��+
 
� ��L��

�.�# �� �# �
��	 G��] ������� M�� �  �-��)16( .  

 ���&#RNA  �� 5c%+ ���# 2�C �� ����# �(
(�DNA  �(
(�

 !��
�5�� 2h �� 5c%+ �   P���K�# 2�
� /T���# ��!6� � T���# ��.

         ��� ���� 2���� 5��� � �����3���+ !���C ��� /;
�(S�. .���� ����

mRNA   �����3�� .���� ����� 21 !��!� �� ���3
 �)
()	 PR)�# /

 �c%+mRNA      21 2��- 8�
�-�� G�
�� ��� /����# 2��C �� �.    ��� ��.

��
�� �# �
�����1 M�%�� � �# �� �-�� +��	21 �    �c�%+ ���� �� �� �.

 �(� 5i6�j# 2�- :3!�	 !��!� ��)18-17(.  

  


�� ���� � 
���� ������� ������  
���
 ��
�� �� 

��� ����  

 �� �� 21 
�DNA 
� �c
�!	 ���# 2�C �� ����# ��.DNA  �(
(�

 �DNA �# ����#  �-��)6(  
� ��
+ /;
(� �DNA   ����# 
� �� ��C

�# k�� ��     �
���	 Y�� /�!��DNA      G)��# ��� ��(
(� � �����#

���� �# ��     
������1 5��Q ��� 2�#
 �<= �� /�+��+ ;�6!= 
� Y� .��-

H��� ./�+�C ��  2�0
#DNA  �3�0�6� /�(�%. $Z�0# �� ����# ��.

�# ���� �� Y� .���3     �3�0�6� 
� g+��# ��3�� /H�� �DNA  ��
1 ���.

g3!� �f !. � �- ����#  !	DNA  
� Y� .���+ ��� ���# 2�C 
� ��

2�C  �3�06� 
� �� ;3� ��!� /�!
=DNA  �!
=���� ����# ��
1 ��.

 ��# /��-    ��� ��
l���#!6 
� 2���	     8����3� M�)j���� �3�0�6� ���i(#  �

H���     2��- ��
1 � 
������1 
� ��	 ���+ 8��K��� ���# 2�C ��.DNA 

 ��!= �!
=��� ����#)19( .  


� 21 ���3    P��EB] ���DNA (�
 �(�    ��� 5c�%+DNA  ����#� 

8
��+� � 'f��  !�	�  ����)15(/  �#�  2���	     8
���+� P���K	 m���� !�� � 

DNA/ 21  
� �� �.3�)3!e  ���+ ���)20 /15 -14(  �# /��(f !. .�  2���	 

�!�� 
������ ]�
n !	   ������ /!��� �DNA (�
 �(�     M��N+� ��� �� ����# �

()	
' U)	
! ���  ) M��+hWhole genome amplification �0�6� /(3� 

��+ �� � ���3/5 21 �� �� �.�  ���+ ��� $. 
� 
��6�!�)�� Hh)21(.  

  

!�� ���" ���� 
���# ��� ��$ � 
%�&$�� '��
  

����	 ����� ;
(� �.�=  �3�.  ��L�>�C�  5���  ���   ����� ����# ��

       M�
��#�!� ����� ;
�(� ���]� /H��U# 2���(Q ��� .����+Y    ��� /��-��

b���. ������	 �!��
=   ����.!�3�!� 
� 8��K����� � 21 o���>�# ����.

����	 o�>�# �# /M�
�#�!� ;3� ��� ����# ��.  2��	  ��� 5c�%+ 

 ;
(� 5
%(� ;

E	M��]�  ���+)22 /5(.  

 �+�C 8�!= 5
Ep� ����� ;
(� �� �+�#
 /;
(S�.Rh  T���#

 ���# ����� ;
(�) �-��RhD  ��# /(�-�� �K(# ���# � 5cU#    ��� 2���	

   2h �����	 2��� ��!��] b��.RhD  5
E��p� ����Rh   �!��� ���� ;
�(�  

)24-22( .��� �!� '3 $
&�%# 2�!� H�c+� ��   �� ��� o�C ��.

   �����+ ����� ����# �� �#� ���� ���� ���  0�
+  ��#  2���	/    ����!� ���

DNA �� �!� �� �(
(� ��
1 ��.»    ���� *��+ ;�3� ;
(� �31  o��C

r�+ �3 8�!� k�� �� �� ���� «)25(  .  

 2��(Q ��     ���� ����3�� ��� ����	 
� �
�� �
��	 
� ���U#   ���.

�# /����    8���-� ;
�(� �� �+�	�
# �6�!�%3� ����
� �
��	 �� 2��	

 ���+)26(M�
�#�!� ���3�� �� $
&�%# !
" ��� �� /!e3� ��� 
� .   ���.

     2h ��)3�0+ �� ��� �#�
��#�!� ��.!e+���+ 9��	 ����
� 2h ���Z

�# /�(�%. !i+ ���#     ;
�(� ��� �����
� 2h ���Z M�
�#�!� H�&�+� 2��	

 ��� �
��	 ��)29 -27(.  

  

!�� ���" ���� 
���# ��� 
(� ��$ � 
%�&$�� '��
  

b�.  2��� ��!]����	 ��. ��� '
�+h �L�>�C� /;
(�  �-��  5��� �

�# �� M��(� �
��	 ��!� 21 
� 2��	  .���+ 8��K��� ��
l����
+1 ��.
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�3�� !� /D�� ;3�   ��# ����# � ;
(� 2�
�R
�# ��e�� P��K	 �   ��-��

)16( 9��	 /�(
#
 ;3� �� P�E��B# ;
��� .Chim  ��� !� 2���)�. �

 2h ����	�#�!�maspin  M�
���#�!� ��� ����18  P����L /���� ��!��]

�%3�&# �� /�E��B# ;3� �� .56!=     � ��(
(� 5�6�� 2�
��R
�# ��e�� �

�
	 D�� �� ���# 2�C  ���) 2�
�R
�# P��K	 ���!� � 5
K��%
� �� ��

;
(� �� ����	 ;3� �� ;3� �� ���	    P���L ��� ���# �� � ��
�#�t3�. /

�# ��
�#!t3�. ����	 ���1 u!+ �N(� �� 0
+ � (�-��    � ���
�#�t3�. ���.

     2����� ���#03� ��3 ���#�03!	 5
E�p� ���� /���E
c� 5���Z ���� ��%3�&#

 M�
�#�!�18    ��+�!� ���)30( .   D�� ;�3� 5
���%Z100   �����# �

) 4v�� 5cU#False positive 21 (7/9  ��� �L��)31( .  

 � 5
�%(� 
� G&�%# �f !=� /D�� ;3�    ��.!e+���+ 
� G&��%#

���   ����&# :3!�	 :c� 5
K��%
� �� ���
	 2�f �#� /5�� ��%
6��#

 
� ���3
DNA�# ��
�#�t3�. �(
(� ��.  
� ���3
 ���&# �� 
�
+ /��-

DNA  ��# �(
(�   ��-��)32(     ��# /G)��# ;�3� G�Z ��!�� J   
� 2���	

��� ��.!e+��+ � �� ���+ 8��K��� '
�+h /���# �� � ��
�#!t3�. /;
(� �

�# ��
�#�t3�. ��� ��.!e+��+ ;3� 
� ����E	 .�-��    !3��� ��� /'�
�+h

M�
�#�!� M�
�#�!� 8`3� �� �.  ��.21 /18  �Y   
� � �+��- �3���(-

21 M��(� ���� ���!� ��!� �.    5��� 8��- 8��K��� �#�
�#�!� ��.

)37-33( .  

D�� 
� �# �� ��3�� ��.       ���e�� P���K	 
� 8��K���� ��� 2���	

 M��(�� �
��	 �� /���# � ;
(� �� 2�
�R
�#    
� ���
l����
+1 ���.

 D�� /�!� 8��K��� 21Real time PCR  8�!�. ��MeDip on chip 

)Methylated DNA Immunoprecipitation ��# (     ;�3� ��� .��-��

    D�� ��� ������ ��� P��LMeDip on chip  21 �� ��� �Z���+ /   ��.

DNA   ��# �3����(- /5�� ��
�#�t3�. ���# � ��
�#!t3�. �(
(�   .�+��-

   D�� 
� 8��K��������� ������� 8������= 21MeDip   8�!�������. �������  

Real time PCR  /2�
��R
�# ��e�� !i+ 
� n��(# ;3� ����	 P��K	 /

21 �E
c� 5��Z �� � ���!� �# �%3�&# �.    ��Z '�3 ;�-�<= �� � ��-

�+�����1 ) ��Threshold���# /21 ��!��� (   ������E	 5
E��p� ���� 2����	

M�
�#�!�  �!� �� �.)38(.  

  

!�� ���" ���� mRNA��� 
%�&$�� '��
  

D�� �3!e� # ��� 2��	 �!� 21 
�� ��	
� M��(�  ��.� +1
l���� �
�� 

 8��K����!�/ ��!�� mRNA�.�3 L�>�C� ��� �� �� 5��� (� ��
; 

�
2� #� J�+�- ��� ��� � ^�(# 2���+ ���# �� �� �3; mRNA ��.   ���

�� '������3��� 21    �.!e+����+ 
� 8��K����� ���� ���.�3 G��U# SNP���.   

)Single nucleotide polymorphisms ( ��� ��  wB�� 21  ��.  ����� 

/���� �%3�&# �  ;3� ����&# �mRNA  /�3��#
1 � �E
c� 5��Z �� �.

�# ��6!= ^�(# 21 
� �� �#�
�#�!� ����E	 5
Ep� �� 2��	    ��� /��+�

 �!�)42-39( ;
�%�+ .mRNA�� �   ��!�] ���!� ���# n3!� ;3� ��

 /56!=mRNA  2hPlac4 ���  M�
�#�!�21   9���	 �� ���Lo  �

��!� ���# 2���)�.�  56!= ��!])43( .  

�N(�   u!�+mRNA  �� !�� �3� � SNP/   �%(� 
� G&��%#
/5   ��#�

�� �� ��%���� 6��#
$% 5��J � 
�3; + /��

�   ���SNP  ��.�3 ����  ��� �� 

���# � (�
; P��K�# �-�� )17(D�� 
� . �.� ��3��  ����   
� 8��K����

SNP �.� �� !� ����#� �3; mRNA /�. ��1 u!+� 21   ���	 �� ��.
� 

�# �.� � E	 �� 
�
;  E�p�
5 +1
l���� �
��   8��K��������/  �#�  2���	   ���  

RT-MLPA )Reverse transcriptase-multiplex ligation-

dependent probe amplification (� Digital PCR  8��-�!��.  

  

Digital PCR:  

�3�� !� /D�� ;3� �+��+ 2�!� n
]� � �� 5�� ��    ���� ����&# �����

!i+ ���# G�1 
� �#  .�-��mRNA  2hPlac4   ��� 8�- G3�c	cDNA 

)complementary DNA�+��+ 
� ���U# /(     ;�3� �� 8��K���� ����# �

n
]� �� 5�� D�� �# �
�� $NZ �� �� 21 /8�= 21 .��-   ��
�%� ��.

'.�f 2��� $� 8
��+� �� ��. �# ��!] 2�!)
# �Z �� ��    �� ��� ��(.�

 '��.�f ;�3�   ��!��� !���3�!� ��.SNP   4�!��� � !�i+ �����# ���.  ����.

 �(��� M�N+� D��0= ��!� o�>�#PCR  ��� 21 
� .���� �����3 

n
]� :3!p � $� /�+��+ ���&# �� �# 7�� �
��   ����E	 �N
�+ �� /�-��

��%+ 
� ��� �# '.�f ���� !i+ ���# ���+ G�1 ��.     ���� ���) ���-

 H��E#1 '.�f D���- �� �� (��%+    �(���� 21 �� ��� �3�.PCR 

'.�f G� �� 5c%+ ��6!= P��L �%3�&# � �.   /��E
c� 5��Z �� 21 �

���#  M��(��� ������ ���� 2����	    5��30# .�!��� ���� ����
l����
+1 ����.  

Digital PCR   D�� ��� 5c%+ 21 x3��+ 5jL � 5]� �� 5�� ;3�

Real time PCR      ��!�� ���C�� �.��- 2h '�3 �� 
�
+ � 5�� !	7��

�E
c�  ����+ P�QR�� �
��)44 /39(.  

  

RT-MLPA:  

  D�� 
� ���c
�!	 g��]�� �� /D�� ;��3�  ����.RT-PCR  �MLPA 

���#  ������� /$���%
� ;��3� �� .���-��mRNA  D�� ����RT-PCR  ����

cDNA �# G3�c	  ���!� ��i(# �� /Yt� .��-SNP 
� /T���# ��.

4�!� �# 8��K��� P��K�# ��. 4�!� ;3� 2�0
# � ��!=   P���L �� /�.

�# �%3�&# �E
c� 5��Z �� 2�- !
U)	   ��!�� 21 
� /:
	!	 ;3� �� J��-

M��(� �
��	 �# ��
l����
+1 ��.  �!� 8��K��� 2��	)45(.  

  

�*�$  ���+  

8��K��� 
� ��
�.�� I���+
' ��
1 (�
(� ����# �� 2�C ���# /������  ��� 

2��(Q  �3' D��  ���	
� " �
!  �����	�  ��
� 
�  ����	  5��� .� �3; 
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D�� /�. �� ���	 �� ;�-��+ .
y �+�= !BC �!�� (�
;  � /����# ���] �
5 

8��K��� 
� D�� �.� �+3(� 2�S�. Next generation sequencing  �

+
0 �06�3� ��%Z
5 L�>�C� �
5 D��  ��.� ��	
 �>�   !	7��� ��	3; 

 ;)�# �Z)47 -46(/ 1 ��38�( �� # ��� 2��(f �+� �+��	     G�#�� ���� ���

��30e3; D�� �.� ����	� ��- � �� 2��(Q 3)� 
� D��  ��.�  �EB]� 

��	
� �
� 
� ���	 ���# 8��K��� ��!] =
�!.  
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Fetal Nucleic Acids in Maternal Circulation for Noninvasive Prenatal Diagnosis 

 
Meysam Mosallayi1, Rasoul Salehi PhD2 

 
Abstract 
Invasive techniques of prenatal diagnosis such as amniocentesis and chorionic villus sampling (CVS) are 
expensive and associated with risks to the mother and the fetus. Studies show that cell-free nucleic acids 
circulate freely in maternal blood. Therefore, the experiments performed worldwide towards noninvasive 
prenatal diagnosis (NIPD) have demonstrated great economical and medical benefits compared to the currently 
used invasive prenatal diagnostic techniques. The important point of using cell-free nucleic acids in maternal 
plasma for prenatal diagnosis is quality of the recovered DNA and messenger RNA (mRNA) fragments in 
conjunction with presence of maternal nucleic acids. The current analysis of fetal nucleic acids in maternal 
plasma is done via using fetal specific DNA and mRNA markers. Using the fetal-specific markers includes 
epigenetic differences between the placenta and maternal blood cells that could be used as a fetal-specific marker 
and also fetal-specific mRNA in maternal plasma that provides another source of fetal specific biomarkers. 
Techniques such as bisulfite sequencing, digital polymerase chain reaction (Digital PCR) and reverse 
transcriptase-multiplex ligation-dependent probe amplification (RT-MLPA) are used in these cases, too. 
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