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B��6� ����   B1��) 9���<�a��� 4� ��*1 �    �� � ���1

. ) Z�<�� T(�t,  

 ��K��` � ��� ������ ����4=��1 -5) �� T(�t,  �

 9���<a��� UT(�t,29-18 ���>   4�  �K� �1  ���� ��

B�����6�  ���+� ������� 9= 4� �����*1 �  Z����X U����(T   

T�����>�, ��������� � � �����) ��� ��*�����>� � MDQ   

)Mood disorder questionnaire -��5� �� ( . �����

 7�� B>� �1Q �� Z4uT>�,    T�>�, 
�� �����  ����� � 

  ���� q������ S���&! 9�D���� B���@ ����j�� ���� ��� ��*��>�

�� ��������  T�>�, 7�� . )��     %��!&#� -���) �����

�vJ���� U
�X������   U������� � �� !�" � �5)D, �

    9����� � ��d��> o��_� Ub4�� U���g�0 S�
�   ���(

) B>� �������� BY` � ) Z�<��4 U2 -1.(  

 ��>� �� �1 ����� ��  ����K� iMDQ   w�J�a�

�� ���"  ��A� ���� ��������  ��� ����� ��X � BX��

  T�����>�, U�������� ����������` ��������� � VAS   

)Visual analogue scale ���� �����" �� �����*+� �� (

��    ������ 4� 9= 4�  �K� . �)      7��$  �) �*�>��+ ��(

  ������ �� ��!�" �D������+2   o���_� 4� -���" �����

 k���>�    D��� � ��(2    o��_� ��# ����� k���>�  U���(

T>�,   �d� �5� �� r��*� k[> �  ����� -��5� ����

    -���) T(�t�, ��� ���� ���(���K� . � ) ������ 

��.1 �      ��� ��� &*��� U9�Y\��� �Y�) 71�> 9��*+�

 7> -"� $ ����� � (��������) �� !�"18   ?��>

��������� UZ������  �� B1����) ����� -������ � -����u�  

. ���� �K��L�  

T(�t, 4� x��+ ��(���K� :��� ��4 ����� -��)  

  �����)= �>��X 9��4 �� ����C� BY` �1 ����X�

  ������ %u&*+� �� &*�� B.! �� �1 ����X� U �*)� �

V�! ��      %���*�>� B�X���� z��C� 4� ���(Q �� ���

  B��K"�� z�C� �� �� �  ����� ���*!� -��" �da(�t,

V�! �� &*�� �*a�K�    ��� �  ����� �!��*`� �� ���

� 4� ��C�  %���*�>� Z�<�� � V>��� {����� ����"�

 �� !�" ��� B.! �1 ����1 U ���� 9����� �da(�t,

�>��� 4� k, 9��=   ��������� U������� ��( �   ������@

    9������ U�������� 7����n ��)  ��) ���� w�J��a�

����4 ������ 9���� �� �d*�� ��������  .(B)�� ��

����> �1 ����X� 7��v�( �   �>= U�
���= �� &*�� � S

������ ���>    ����<� %u&*�+� �� � �*�>��$ ��(

   �,��������= |���# �� �C��� Z��a*>� �  �*)�� ����

       ��� &*��� ��1 �����X� ��� � ����� 75�� 9�a�� ����

      ��+�� s��a�*>� ��1  �*�)�� ���Y}� �  ���� 9�d��

�.�$  � a� �� �<�� ~���� �    9���= ����d�� ����>

�� ��� �1 ����1 7��v�( .����     ��� 9���= �� �!�"

  B����KX Z��<�� �1 ���  � ) �� "    �� ����4�� ���(

    �� 9����� ��Y�� 
�)D, � ��� ���1 75���� 9�a����


�J� 3L"  ̂ ��" q>�� ���g�    4� ���d�a�, ���(

 �� �1 ����4 U9= �� ��&! .��� ���� w�Ja� �������

���` �� 7\.� 3L" -���    4� ... � B��5�> -�C� ���`
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  ��+ �d�a(�t, �>�*>�   ��# �� � �*�a� x�4   ����

�������     3��L" 9����= ���� �d��a(�t, {������� U������  

.��� � ����  

����� S<$    � �) Z�<�� �.�" %�K��L� �� ���*>� ��

����4 ��    � �) ��1Q ����= �� �`�� �� � �������� �  �

�������� M��) �K��` �� ����� � �K��L� �   U��6�$ �

150 . ) ���=�� �\� 

3���` i���+�L��>�  ���=�+���)�> 4� � ��)  ����(

-�   ���1 �� ����� ���      �� x��>�� � Z����> o���#� ���(

 ��Y� �+���1391  3��` �(�1 -�.1� D�� �   4� � �) ���=

�+�)�> -� ��( ��1 �� ���� ���    �� Z����> o���#� ��(

 9�*������1391  q��>�� 9 ��) 
��a+ 4� -���" �� ���( U

  B����K� i��)��1 ��> 4� � ) �X�K� B��
���1����X

�� � �g0    ����"  ���A� � ��>��� ���� 9�Y\�� 9�*>� ���

 3��` 9�(��� k[> . �*X��     ��d*�>� q�>�� � �) ���=

) �<��.1Clevenger � 5�a��� (    ��d�a��� �4��>���� �

k��>� 9�Y\�� �5)D, Z�.!      ���� ��( �� . � �) �����

k��>�  U����g 100   �����( �� � ) ��+ ����l 1  �� /=

 k���>� �  ) �*J�� ��d*>�   �����  % �� ��3   B!��>

.BX�� %��� ���� �( ����  

k��>�       ��.�" %��K��L� i��>� ��� � �) ��Y� ��(

 Bj.0�� �,�������=µl/l 25    ����� B�Y` . � ) ��Y�

   ��� 7����) Z���� k��>� 4� D�� (������� k��>�)  (�)

 Bj.0µl/l 25    r����� B1��) �� S��*�� ��# �� �1

�� . ���� ���\*>� U��� � ) ��Y� k��>� �  k���>� ��@

 ��� � ��� ���> U�� ��!�" ����(��� ���� 7�����) Z������

�v�(�� �K6��     � �) B���@ ��\.*J� %�K��L� �� ��

   ��� U%��KX� �� � B>�     %��K��L� �� �������� 9����!

�� �,�������= ) B>� �*X� ��116.(  

k��>� k[>  4�� 4�  K�  �>� 
����\� ?��[1 � �(

�� ?��[1 
�) /= �� 9 ) -$ � 9 ) CC 2  (/=

�a�) ��        S�<$ ��� m��� ����� 
�n�1 ���(CC 2 

S����   ��K��L� U������> T(�1 BY` . � ) � �� � 

    ��� � ����� Z��<�� ���1 �> ��    ����#    ���( �� ��1

���.$��  ������� U�����Y� D������= 9�����, 4� -���" ��  � ���(

      ������ ~�C��� w�J��a� ���� �����" 9��d��a>�,

 ������� � ���1�� ���� � �(�1 -�.1� Ui���+�L>�

�  ���# �a(�t, ��5�( q>�� w�_J� 7�� �  ����

�!�" V�$ �� � .BX�� %��� �a1  

    �������� ����( 4� UT(�t���, ����� ���� B���Y`

B��6� ���� �    �) �*>��+ �� 4� �  ���� g+� ��*1

  T�>�, ��Y�� Z�� � ?�� ��� �1  �����   -���5� �� ��� �

   ������ ��( �� k[> . ����12     
�� � k���>� � �!�

>�) �,�������= ��d*>�  ��� Z4u . ) ���� (��J� s�a�*

����� �� ��d*>� 4� ���\*>� b�� B>� �1Q   q�>�� �(

����� 4� �  ) ���� b4��= �da(�t,    B�>��+�� ��(

    �D�����+ M���) 4� UZ���Yn � Z�> ��� �� ��  ����

   Z� �"� B���� �� �� 4�� �( 4�� �> % � �� �� !�"

�, �� �  ����� ��d*>� |��# 4� k��>� s�a�*>� �� 9��

  T�>�, ��d�� ��� U��� �( �� Z�> 4��  ����� �   S��&!

    �� ���� 4��<� ������ �( . ����� -��5� �� ��������

    7X�����*�>�  ����� ?�� �*� ��(���� 4� -���� %���

  x���+ T(�t, 4� %��� 7�� �� �1 ���� ���\*>� D��

�� �.��X �� r��*� k[> . ����  9����#� �95    ����

X�� ���" ������ ����.B  

 -�.C� � ��D<� BY`  ����= 4� %�!&#�  �\�����

7�d����)U ���K� o��C��U    � (�������X 3��4�� ?�� �` 

 �#���*��>�9����4=)  ����(2
χ Ut  �Mann-Whitney � (

Z�����������  ��D���������X�SPSS �J�����������  �11   

)version 11, SPSS Inc., Chicago, IL ) ���\*>� (.  
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 4�150 ����� �\�  U�K��L� �� ���� q���)  `�� ��(2 

 Ui� +�L>� ���� 4� �\�1  �(�1 -�.1� ���� 4� �\�

 �1  7�$ �� ���� o�_� B.! �� ���1�� ���� 4� �\�

 . � ) x��+ �K��L�2   S�(  �>� 
����\� ���� 4� �\�

 �� T>�, -��5� Z ! B.!  x��+ �K��L� 4� ���� � ) 

� �K��L� �� ��<�M �� 144 �\� �� 5 ����  ������ � B�X� .

(�� o&*+� �K�� ����  ���7 �*�� ��(�� X������ ��
 �� 

��7 ���� �( ���   a� .�*��r �� ?� ` 1  -���"  � (��a� 

B����>��� ����!�" �D��������+ 9������4 q����>�*� .

������ ��  ���(3/1 ± 9/5 �.����X ���� 4��  �� ��!�" �  

4 ± 28   ��������� �# �� � ) b��D� S�&! .��� 4��

��   �d*��+ -��) V����83    M��Y� U ����61   U ����

 ����>53  e��\*>� �  ���22 .���  ���  

 �( ��4   ���\J� ������� ���� �� ������ �� ����

 ?�� `)  ) � �� ���2  �3 ����� �� .(    4� ��1 ����(

    9= V��1�� ��� i� +�L�>� U�(��1 -�.1�   D��� � ��( 

 ������� ���� �� ������ �� U ) ���\*>�  �>� 
����\�

 �� ��K� ��#  T(�1 S( � ��� % ) T(�1 S( ����

 . ) b��D� ��� % �  

 
 ����1��	
� ��
���	�� ������ . ��  

�����  
�
�� ����� ����  

 = �����29  

!��"�#$� ����  

�����  =28  

����� &���� ���� 

!��"�#$� � �
��  

�����  =29  

 '��	()� ����

��$�  

�����  =28  

	*+���� ����  

�����  =30  

%�  5/3 ± 24  9/2 ± 2/21  3/2 ± 0/21  6/1 ± 9/20  3/2 ± 2/24  

)��*� %�  4/1 ± 9/12  5/1 ± 1/13  1/2 ± 5/12  8 /1± 6/12  1/2 ± 2/12  


�"*�,-� ./#
 %�  0/1 ± 0/14  1/1 ± 5/14  2/1 ± 9/13  0/1 ± 5/13  0/1 ± 3/13  


#�� (����� 1� 234) ��� 6          

78�9  5  4  6  4  7  

;�"��  21  19  22  21  20  

�-�
  4  7  2  5  3  

<=�� �> ��� ?�� �"@  5/18  17  19  1/18  8/17  

  

 ����2���� ������� � �
����� ���� �  �!"�#� �� $%��&����' ���(� .  

�����  

 ����� ����

�
��  

 = �����29 

 ����

!��"�#$�  

�����  =28  

 ����� &���� ����

!��"�#$� � �
��  

�����  =29  

 '��	()� ����

��$�  

�����  =28  

	*+���� ����  

�����  =30  
 �����P  

��� %8A��8�              

����� 1� 234  8/5  3/5  7/5  5/5  4/5    

����� �/� 
��  0/3  8/2  4/2  9/3  0/5  001/0 <  

����� !/� 
��  2/2  5/1  3/1  8/3  0/6  001/0 <  

��� ?�� �"@              

����� 1� 234  5/18  0/17  0/19  1/18  8/17    

����� �/� 
��  0/13  0/12  0/10  0/12  0/16  001/0 <  

����� !/� 
��  0/10  0/8  0/5  0/13  0/18  001/0 <  
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 ����3�!"�#� .  �� ��� ��* +5 -���� .� �/  ����  

 �����  

 ����� ����

�
��  

�����  =29 

 ����

!��"�#$�  

�����  =28  

 ����� &���� ����

!��"�#$� � �
��  

�����  =29  

 '��	()� ����

��$�  

�����  =28  

	*+���� ����  

�����  =30  
 �����P 

�-�
  2  1  1  3  8  010/0 <  

;�"��  12  11  8  20  20  010/0 <  

78�9  14  14  17  5  2  001/0 <  

��� �/�>  1  2  3  0  0    

  

 �,���������= V���1�� 4� ���1 ���(��� �� 7����v�(

 ���\*>�  �� U ���1   ���K� ���#     ����� ��� B���� ����

      b��D�� ��� % �� � % �) T(��1  ��>� 
����\�

 9���( . ����       UB�>� wJ�a� ?�� �` �� ��1 ���#

������ �� ��� % ��� � % ��) T(���1 o���_� ����(  

� ��1    S�( �  ��>� 
����\� ���� 4� S( �,�������= �

������ 4� ���6��! ����( .B��>� �*��a�� ���������  �� ��

 a� b��D� �,�������= %���1�� o�_� ^�_+.  

  

./0  

      4� ���\*��>� ���1  ��) ���� 9���a� ���K��L� 7���� ��

9= V�1�� � �(�1 -�.1� � i� +�L>� �� �(  %���

      �� �� ��� % �� ?��# S�( � % �) S�( �,�������=

���������� ���� T(���1 ������� � )  ��(�001/0 < P .(

��.1  �Z��= %��@� �� {����  ��) %��@� 7��   � ��aJ�

 7���� 7� �.��*��>��,  ��6 D���� � 
������>�[>�  ��6

�� %���1��  . )��French     ����� ��1 B�>�  �*K� D��

) ?�������� -����) �(���1 -���.1� ������ �@����Linalol U(

) ?�W���Borneol) �( �c���5�= � (Alkaloid�� (   )��

 �� �     ��.�` 4� �( ��c���&X ^��_+  ����� U7�����

�� ��>�[>�  6 � ���Y*��  6 %��@�    %���@� �  ��)��

  �� ��[���[�( �*�= � ����5��  6 U
����>�[>� �*�=

) B>� �*X�� w�_J� ���� 7�� ��19.(  

�� 9��� 9��.�1� � �`��>   i� +�L�>� �1  ����

 9��*1 �1 B>� 9�*1 � -5�� U?������ ���$ D��   ��� ��(  

� /�Y*�� � ��� ��@�� ��#  ��� T(��1 �    ��� �  ��(�

  ��� 
��1 7*X� /��+   ���1)20(   �(�*�>� 7���v�( .

   U���aX T(��1 U%&'! S>�[>� 4� �����.` V`��

 ��� �����X� � ������  )  ���)21 .(Ericksen   9����

����     �����"  ��� <� � �d*���+  ��6 ���@� ���1  ���1

�� i� +�L>�   ���a�, ��� �� ��> i�[�1 %���

) B>� � ) B��@22 �j� �� .(Reed  �Norfolk  �*"�

    �,��������= q�>�� i� +�L�>� -�� ��0�� k��>�

��� q>�� � ���� TJ, ��( ��     k\��� ��� 7��$ ��(

 7�X�� ��= U����       ����� �� 9 �� �� � �)  ����� ���(

�� �K��# ��� T(�1 �� ��1 ) ����23.(  

       ��@A�� ��1  �*�)�� 9��!Q� D��� 9����5�( � �����

   ���� S��&! T(��1 �� i� +�L>� �"�a�*>� �����

�� � B>� �@��       
�� 9����! ��� ��(���� q�>��  ����

      ���) ��Y��a�, �����` �����! 9� �� V>��� b��

)24  ��� ��j� �� .(      U9��d�a(�t, 7��� %����Y}�  �>�

   ��*X�� ����� ���>��� ��`��     �� ��6�$ T(�t�, ���(

 ��� T(�1 BY` . )��  

  B�>� �1�$ ����4 7�� �� T(�t, 4� -��$ r��*�

 U�(�1 -�.1� o�_� �19= V�1�� � i� +�L>�  �(

 ����Y� �� ���������� 4� ���)�� ��� ������\*� 9�D���� ����
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��   �����4 �� �������C� �� |�"� ��# �� �n�� . ��1  �

������    9��(��� o��_� ����� �� ��� T(�1 9�D�� �

T�,       �����4 7��� �� ���� � �a� B�X�� U�d� 5� �� �*\�

 ���1� + 9���5�( � �*)�� 9��� ��    T(��1 ��@A�� �1

  ����� � i� +�L�>� �(��� %���1�� �� !�" ���  �

  ��� (9�����) 9����� D�� � kX�1   ���K� ���#   ��� ����
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The Aromatherapy Effect of Rosemary and Lavander on Primary 

Dysmenorrhea: A Clinical Controlled Trial 
 

Marzieh Davari1, Mitra Reihani MSc2, Naghmeh khoshrang3 

 
Abstract 
Background: Primary dysmenorrhea (PD) is seen in more than 50% of women of childbearing years. 
Considering the known side-effects of chemical drugs in the management of primary dysmenorrhea, 
this study was done to determine the aromatherapy effect of rosemary and lavender extract on the 
reduction of pain and other systemic symptoms accompanying the disease in female students.  

Methods: A randomized, double-blind and placebo-controlled pilot trial study among 150 female 
students aged 18 to 26 years, who suffered from primary dysmenorrhea was undertaken. The 
participants were randomly divided into five groups: rosemary, lavender, both of rosemary and lavender, 
mefenamic acid, and placebo. Participants were followed for two to three cycles from the beginning of 
menstruation through the three days of bleeding. Main outcome measures were the severity and duration 
of pain at 2 and 3 months. 

Findings: There were statistically significant reductions in pain scores and pain duration scores in the 
groups that took rosemary (P < 0.001), lavender, both rosemary and lavender and mefenamic acid  
(P < 0.010 for all) compared to placebo group. 

Conclusion: Each four groups effectively relieved menstrual pain as compared with the placebo. More 
clinical trials are needed to establish the efficacy of these herbal drugs. 
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�) 1�)�% #��? q�L%� ��$" ���� ,� � #+) ,� !+:E �Y

  5�������M �� *!����3?�(� �� !����:G$� $����& #+����) �  

Mann-Whitney  5�������M ������ �Kruskal-Wallis 
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 ���B- � 050/0 < P    ���3� 
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3  �2�
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���& 4-1 ���_:l) ��� � �.��
 ���� 5���R� 

mg/kg 200  ��$������"5* mg/kg 150  ��$������"4*   
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,� !��:G$�  
1  �� �>����% ���)�J F����B% *!��3?�(�

1�)�% P�Q�?�Y,�� F�3��=      � �,��� ��$�" #+�) ��&

     P�� �� ��X 1��G #��� �) .�
�.� ���� .&�
 ��$"

�,��  
28 ��,� )!:G$�  
2 *( P�Q�?�Y,�� F�3��=

 1�:�  
�, $) �,�� �) u��%,� ,�     $&��v �?��)�% 
��&

..
 
$)� .`,�  ��$" ,� !+:E �Y�) ,� q�L%� � �&1* 

!����:G$� ,� 
 1  C����+%$% !����)266/0 ± 400/0  �  

500/0 ± 500/0 !:G$� ,� .��)  
  q��L%� .`,� *c��

  ��$��" ,� �?���)�% #����?  
���&3  �5   C��+%$% !��)  

067/1 ± 500/1  �124/2 ± 500/3 ���������������)   

)010/0  =P(
$)�) �&$-��,�X #�� .   �?��)�% 1�:  
�&

 $& ,� ��?�+& �LE #+�w2& � (�?�)�% #��? q�L%� �
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��$"  ,� �&!:G$� 
 1   ��
�.� ����� .&�
 ��$" �x 

1���G #���� ���)* �,�� P��� �� ���X 
 28  �� ���X ���,

�,�� y��J�%* #+���w2& ..��
 $&���v �?�:��  Z8���,* 

!L��'�  
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�Y�� ;��8Y� �,�� ��� ;��8Y� )040/0  =P(.  
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 2 �$E �.+X ;��8Y� �

) ��� �020/0  =P.(  ����
3 ���� 5���R�  !��E .��&�
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 2 

.�$E �.&�R�  

 1�.� ,� 
Q�?�$  s��-�2 � � �.�M.  #�� s��-�

�� 5�R�  ��$" ,� �>�% !E .&�5 �,�� 5Q�$-+�  
5�� 

)BUN  ��Blood urea nitrogen  �$�E �.�+X ;��8Y� ( .

���  $%z�) 
�&�,�A:E ���%.���) !-L BUN   ;��8�Y� �,

&��. )030/0  =P(. ) !     1�.�� p�� � $�) *��7�62 *

���  #+��X 
�&  �,��A:E     5�8�+� 
�, $�) 
��>�R� $�I�

.� #+�+%�$��E!-��
� .���� ��� ����� *mg/kg 200 ��%h $+I

��3� � � !-
�� 
,�� )035/0  =P.(  

  
 ����2. ���. �< 8��� @:	�� $
8	A� �� � �	
  

��	�  Blood urea nitrogen Creatinine 

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

1  0/31 0/91 5/37 5/17 ± 0/43  2/0 0/1 8/0 1/0 ± 8/0  

2 0/23 0/35 0/26 7/3 ± 3/27  2/0 0/1 8/0 1/0 ± 8/0 

3 0/21 0/33 0/28 9/3 ± 9/26  6/0 0/1 8/0 1/0 ± 8/0  

4 0/18  0/41 5/31 6/6 ± 1/31  6/0 0/1  9/0 1/0 ± 9/0 

5 0/18 0/104 0/65 9/0 ± 4/60  7/0  0/13 0/1 2/2 ± 8/3  

56  0/18 0/104 5/30 3/20 ± 7/37 2/0 0/13 8/0 1/1 ± 7/1 
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 ,� F�$++{%;����M   
�$��:26 
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�))36(.    

!3?�(�  
      ����,�� ���+" P+�LE�%�-+Y $�I� $�=�G

�,���A:E 1�:��  
�, $��)  5���R� �, !��+:E �?���)�% 
���&
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Nephrotoxicity of Hydroalcoholic Extract of Teucrium Polium  

in Wistar Rats 
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Abstract 
Background: Teucrium polium L is widely used for different pathological conditions and may have 
side effects, especially on kidney. The aim of this study was to evaluate the nephrototoxicity of 
hydroalcoholic extract of Teucrium polium in male Wistar rats.  

Methods: In this experimental study, 100 rats were designated in 10 groups of 10. Five groups were 
injected intraperitoneally (IP) 50, 100, 150, or 200 mg /kg extracts or normal saline for 28 days and 
sacrificed to study the kidney degenerations. Five other groups were injected the same drug regimen, 
but they were sacrificed 28 days after cessation of drug injections to investigate the effect of possible 
complication or regeneration during recovery. 

Findings: The Teucrium polium consumption had dose-related toxic effects on kidney (P = 0.02). 
Following 28 days of Teucrium polium consumption (phase 1), kidney damages were not increased in 
comparison with control group (P > 0.05). However, following 28 days of drug cessation, kidney 
damages including degeneration, destruction and vacuolization were significantly appeared in 
comparison with control group and with increasing the doses of Teucrium polium (P = 0.03). 

Conclusion: Due to nephrotoxicity, Teucrium polium should not be used or should be consumed with 
great caution. 
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)  ��! �)  ��V�)� � Rcosα  =b�   ���

�
� &�  ��$� .��  x��)� ��  ,�$)  ���V<   "����*�  	��� 

��*! � &D�*K� n�*� ��  H��  "�gB�  &��  � ��8 � 

;*� *� ,$) �
) �! ,$) "���*�  	��� ,$)  ��V<   *�� 

H� �'
	��. 

���� ���* 

�� n�*� &�*� � &�*� �'! ���8 [�)�� �' 	� [�)�� 

n�*� &D�*K� � &D�*K� �'! ��8  ���
)  	��  ,�$) 

U�	J. �! �$)*p 7*. 	� v*� &� �'!. 

	� U	Q�p�. M�� �BJ6 � �V�)� � 2 &� �)�. �J6:  

)5(        �(�) = ��[2%	&	(')/√2)]  

���� ���* '(� )'� 

	� ;*� �&6�8 �'! �V�)� � 6 ��	JB
) &� ) ��811( :  
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�
� −

	+,-.& ����/ −
��
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!
�[ √��
� ���(�)+

��"��
�� ])  

&B�� �! ��)� �	� 7	1 ��

  �����  &�
�*�  �)*�� 

&� ��*�6 &� �)�. �� ��'+a( 	$  ��'+�a( *�W  ����� �� 

&� �*� .�
W) &6�'+a( �� �)���  �36�	� n�*� � 

�� U��@ �	'Q ) &J'� ��$� &� ��8 .x�)� �� �� ,$) 

��#	_ ��

 ��  k��   n�*��  &��  �+�a( � )� �� �� 

?e1 �>4 &6���1 n�*� �� ��
 ��1 &� �3! .

�� *�W �U��@ ,$) &6�'+a( ��4� ��)�  .*�  P�$ 

�) ,$) �#	_ �	� [$)*8 &@	1 )� �� U	+
	Q� �*� - 

7*� *��Z. �	f$) &� �''! �! ��   	�4 ,�$)  	��  ��4�.  ��� 

���	3� � �	B�� ���

  	�>'.  ��#	_   &6�'+�a( *��W 

���� &
�*� �)*� �B�*6 �
). 

&�	�'� �! ��

 ��'+a( *�W ��
) �) �V�)� � 7 

&� �)�. �)*� �+
	Q� *��Z. � 7*� ��

 ��	JB
) ��� :  

)7(               )d – d0 (– )Z – Z0 = (δ  

�!  *$�	<�Z0  �d0  ���  ���.*.  ���-���  L	�J.�) � 

�	'Q ) �
�� � n�*� �� �V<  m	�. �  �'B�a�  ��!  	�� 

H
� �)���  ��� &� �)�. �� ,$) *$�	<� �
� ��	$. 

�)*� �+
	Q�  � ��*�  �	f$) ��8 �� k�  �n�*� 

�) ���*� 8 ��	JB
) &� ��8:  

)8(         )d – d0(k  =F  

�! k �$*p ���� �*'� �
�� � n�*� �
) �! �� 

*� M$	���  ���
�
 ��  U	�gK3�  ������  *�  7  �)9��) 

rK3� ��8 �
). 

	� ��	JB
) �) [�)�� 7 � 8 &�  �)��.  �)����   �*�� - 

/�� &�B���*� )� H
� ���  .	� H
� ,$) �)���  � 	� 

,B8)� ,$) ��)� 	� &� �)�. U	�@�g1 &2� 	2� ��

 

)� ,��-. ��� . 

)���B�) ���$	� ���� ,��$) ���B2  ���4�. �����  ���! *��6) 

�	��)���  ��� � �36*� �*� - /�� &�B���*�   ���

&+$*<. ��D *� P$ *�a� �)*� �� *��� &�  �)��.  ��J6 

�! ��

 �	B�� :$�*Ba�� �) ��1 �	3   ��)��   ��
) 

� ?e.) �A* ) �� �
�  U	��@�g1  ��2�a$� �� �� 

��4� ��)�  .	�) *6)  *��a�  ���� �  ��36*�  *��  H�� 

/+V'� ��8	+  zV
 ,�� �� �*�a� �)�<� ?e.)  �A*� ) 

��)�1 ��� � 	� ��	JB
) �) [�)�� ���4�� &�  �)��. �� 

)� �+
	Q� �*! �! �� �
� 7�� ��	�  �) �����  [��)�� 

�� ��)���1 ��8 �
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�*� - /�� &�B���*� � �	�*B�)�	� �	B��  ���	��   ��$)�)

��8 � ) � ,$) �#ta� ����) �
� �� ����� ��)�  �	�� 

�*� - /�� &�B���*� )� �	3  &� ���. 

	�  ��	JB�
) �) ��)�  �	��  �*�� -  /���  �&��B���*� 

�	�*B�)�	� ��	� � ��

 �
� �� ���� �
) .)�B�)  ��� 

�)�'� ��	
 ,$*.  ���#	_  ���� Hertz  �����  ��	JB�
) 

�)*� ��*6 .�� ��_	  �� *b   ��B�*6  &��  ����8  �)*�� 

��a� 	. ����Q� � k�  �'! ��8 �  ��*�!  �n�*�� 

�) [�)�� n�*�  ��*�!  ��	JB�
)  &��  .���8  :N�
 �� 

��_	  �) �! ��a� &�*� n�*�  L�*�8  &��  ����8 �) 

[�)�� n�*� &�*�  ��'!  ���8  ��	JB�
)  ���8  ��
) .

;*� &� ��8 �! *
 ��*! k�   �n�*��  *��  Le�p) 

7*� m	�� ��8  ��
) �  ��
�
  ���  n�*��  ���+�a( 

.�
) �� ,$) ��#	_ L	-8 m	�. *�)*� 	� �)�<� b *!{ 

��8 �� [�)�� l��*� �� n�*� ��� ��)�1 . 

����  �B��a�B
%) �) �� I��  *�$�  &��  �� )�.   ���

�
� �$�: 

− 	��� ��	JB��
) �)  �����*�6� ������ �� *��� /���� 

&�B���*� �
� �� �$�. 

− �)���  �*� - �$*p ����  �B�a�B
%) ��  P�$ 

�)���  H
� ��8 � P$ ���� �Ba�B
%)  ���  �
��
�  �

��8  &�V1  ��!  ���  ,�$)  �)����   I�)*��  &��  ����8   

,��-. ��*6. 

U�	J. I�� �	� M��  �BJ6�� ,$) �
) �! I�� 

��) U)*��Z. ���� �B�a�B
%) )� �	3  &� |���  	��) �� 

I�� �7�� P$ ���� rK3� �� "! ��)�  	��  �+�a  

��)� &� ��8. 

�� �U	+
	Q� ,$) �	�  �� �)�<� L	-8 m	�. �
) .
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�V�)�  �9 �
� �� &� �$�:  

)9(     � − 	
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2
3
2

)
�)
2 − 	+,-.&  

	
� +

	 	2,
[(	2 −  2)1/2 	− 	] = 0  

	��� ���4�. ���� �����*� 9� ����( ,��$) ���#�	-� �) 

I�� �	� }$)� "_  U%�	�-�  "��	�  "�_  ���a�  �) 

I�� `��g  ) ��*��!Bisection���! ( U����@ ���� 

��	 *�  &�a$�  ��  7*�   �)9��) MATLAB  �B�8�   ���8 
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) ��	JB
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 *.%	�  �)

µm/s 6/0� �� ��
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�� ,$) }$	B  *u)  :$�*B�a��  ���	�3�  ��3  �  ��
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) � �� 
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) �! *� 	�� �	B�� &6�'+a( ��

 �8	�.  

	�) �� �-#	V� � &
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����8 ����
) ��  ��*��
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&6�'+a( �) ��

 ��$� ��8 �
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�� "28 3 �)�<� ����  �B��a�B
%) ��  *��  /��� 

&�B���*� �� &D 7	f ) � ��  ��)�*� �)*� ��

 ��) 
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� 
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�
) � � �� U)*��Z. �� 	�  ��D ��"�	! ��	3� �
) .

/�	V� 	� �BJ6 �	�  ,��3��  ��	�p)  ��*�!  ;*��   ��'!

�&6�8 }$	B  �*B>� )� �	3  &� ���.  

"28 4 �)�<� ���� �� *� /�� � ��  ��)�*� �)*� 

P$ ��

 ��  P�$  ��V<  �) �� )�  �	�3   &��  ����.   *��

�"28 ,$) m	
) *$�	<�  �����  ���  ���
    ��� *$�	�<�

�+��a  &B�	��u &��� �'��
� .,��$) *$�	��<� �� ������Q�  �  

kPa 13/51 -47/43 �'Ba� �  ,�� 	��� ��D �� ��  ,�$) 

�����#	_ ��������  ��B�����a�B
%)kPa 26/2 ± 08/48   

��8 �
).  

U	Q�p�. M�� �BJ6 ��	3�  }$	�B   U	�-#	V�  &�
+� 

�
) �! ���� �B�a�B
%) � ��
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� 	� *��Z.  "�Q� 

�&�B���*� *��Z. & )�'( &�   ��'! �  *$�	�<� �  �� �� 

&>�	3� �! �� "28 ���	3� &� ���8 H� ��� n�1 

�	�B
� )� �	3  &� ��� � H�   7��� *� 	���  &�B�a�)� 

���� ��

 �� "Q� � ��  ��)�*� �
).  

�)�<� ���� �B�a�B
%) �  ,�$)  ���-#	V�  	��  �)��<� 

�-#	V� � &
+� �! 	� ,$) ���8 ���� )�  �+�
	Q�  ��*�! 

��� )kPa 100(� U�	JB� �
) � ,$) �� �
� U�	JB� 

���� t3'� ��>. � ��

 �
) .�� ,$)  ���-#	V�  ��
�
 

�) �
� I�� ��>. ��8 |��� �� �! &#	_ �� �-#	V�  �

�"+� �) �
� I�6*1 ��

 ��>. ��8 �
).  

�)�<� ���� �� ����Q� � *B�!  �)kPa 100 �
) 

���! ��
��
 &��+
� I���� )� �� ������Q� � �)���� 7*��    

�)*� &� ���.  

*6) �� ���*� Hertz�  �*��  )�  *��  ��a_  �)��<� 

�$*��p ������ �B���a�B
%) )Gamma	��� ( ���4�. ���� 

���*� 2  �6 �+
	Q�  H��'! �  ���  ,�$) ��)�  	��  &�V1 

�+a   �H����  ���8  ,�$)  �[�1  �����  �B��a�B
%) � 

��

 ��)�1 �8 .�� "28 5�  ,�$)  [�1 � ��)�  �	�� 

�&�	�3$	��� �	3  ��)� ��8 � ).  

�)�<� ���� �B�a�B
%) 	� ,$) I�� �! *�)*� �
) 

	����� ������8 [����1 "2����8 5� �� ��������Q� �   

kPa 97/58-34/50 � �$)*p  &�Ba+��94/0-91/0 

*����Z. &��� ���'! .�)���<� ,�� 	���� ������  �B���a�B
%)  

kPa 56/2 ± 67/55 �
� �� ���� �
).  

,��$) �)���<� P��$�9  ���� �*$�	��<� ���
) ���! �� 

�-#	V� � &
+� �)*� I�� &$)*Q@  	��  ,�$) I��   ���

 ��
�  �����  ��
) .��  	�4 ��  �����  �B��a�B
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U)*��Z. ,
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� �� ���� �
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Abstract 
Background: Cardiac contracting cells cause heart pumping motion by its contraction and any 
problem in this motion is related to these cells. In one approach, considering cardiac cell as a 
homogenous body with linear elastic properties, it can be analytically mechanically modeled. To 
obtain cell elastic modulus by existing analytical relations, experimental data are needed. 

Methods: In this study, suitable experimental data were collected from mouse cardiac cells using 
atomic force microscopy (AFM). Then, by contact mechanics relations for this experimental method, 
elastic modulus were obtained and analyzed with two methods. 

Findings: Using two methods, elastic moduli were 48.08 ± 2.26 and 55.67 ± 2.56 kPa. Variations of 
elastic modulus by indentation depth showed nonlinear elastic properties of these cells. 

Conclusion: It can be concluded that via both of the presented methods, the same results for elastic 
modulus value for these contracting cells were obtained approximately. Also, it could be said that the 
linear Hertz’s model is suitable for initial prediction of the cell mechanical properties and to more 
exact and general evaluate of these properties, it is better to apply nonlinear models. 

Keywords: Cardiac contracting cell, Atomic force microscopy (AFM), Contact mechanics,  
Elastic modulus 
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 $)
	 >��Y102  o� �.$
�;�Y ���Q  

A��T��   U��:���C �� >�
8����� 
��< �$��< /�����. 1

>��$�� ���$�
��� AT�� 1�&Y 1   �&�&B� UW< ��� /���.

   Ll�&Fz� �� �* �� ��
�* A< �)
YJ ���� 
< .$	 �3Z � 

��
[� �7� A*
� � >��Y �� �) ��L  d� � /
5�R�

�:	2C 1 ����� H�  HN� 
<   �� � ��
�* 
�< A3.
4*

>$���C ����< l��R    
�)  $����Y U�&N:� �   
�< mI�� 

�(�$:� $	 A7�
F*     �� �
5 A�< � �� 6&��
�C ��2�&* . 

 $�$T �+
N�.� �g� U*
5>��$�� >��Y �� �) ��  1�&Y

.$	 A7�
F* �  

o� � �� ��� � >� � j�
	  1 ��$<   �� �
5 A�<

  �
�&* �� .$�$	 ����< $�$T �+
N�.� 1���g� U*
5

 L>$	 A��

	 1���g� U*� 5  

     wQ
�
�* ��
��� x�O�i* /
�B+
g* �� A� �O*� 5

A�	��       �� /�
�35 A�� $��$���Y �����< 2�&� $��  L���

A�XW� L�� �O5 L�� �
*� /$* L�� ��2&* Lm
T   
<

 � ��
* �&	>��� 1 �J ��
*�    ��� L$�+ � �
�*� ��� L

�(O*
. (���� a
* >�C) L � �� � 6� AF<
�� 1   ��O3Q

�� �	
� �
�� A< ��<�  ��.$�� <  �� � 6�  >�
8���� 
<

 ��j�
��	  ��2��&* � ��a ��
��)� ��3OY  L2��*�Q 1
��)

 L��������������� �
N) L�&< �����������OY N)MCV   

)Mean corpuscular volume L(MCHC   
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)Mean corpuscular hemoglobin concentration (

� MCH )Mean corpuscular hemoglobin(   

.$	 ����< 

 o� � �� ��� � $Q)cm � 1�� �� ��* 
< ( ���   
�<

A��� H�  >��$�� (��
N+J L
:�) ���$�
��� 1   $����Y 1�&Y

 �BMI )Body mass index (   �&�&B� 1$�	� o$% �

$	. h�
*�J ).$���Y `
��� �3�B* >
(��
*�J H� �� 
  

 ����������
Y �O5 A< A� ��
�� � $)
	 >��Y ��

 A�XW� } � 
� 6&�
�C ~ g��J `��    A��;
� h)
�� 
�) 

� <L $�$	 vX. AB+
g* ��.     ���� ��&�	 �� H�� ��)

   �� ��� �� ��	
� �
�� H&��� 1
)�
&B* �� * >��Y

.$���� �
��  

>��� x&% � ��  ��$�T �� 
)   j�
�	 � 
�)   1
�)

 � �&(�
&* $
�
* ��

* 1�
*J>�&-   �� � $�	 >�
8���

>��� U&Oz� � A�2�� 
)L  �$�<� ��B&3R  >��� �� �<    
�< 
�)

  A������� N� H������� � ������*�J �� >�
8��������� �1   

Kolmogorov-Smirnov   � ��;�Y ���Q ����< �� *

� 
<k $&��B&3R |�� �� �� < 
)1 ��*��
C H��   ���

*

 � *�J $
�
*t  �� *�J    ��(�� 1
�)   �� � $�	 >�
8����

 /� %�B&3R >��� �� 3�  � �*�J 
) Mann-Whitney 

A�;�Y �
� A< $	. >��� U&Oz� �� 
)1  N��� s
&F* 
<� 

 � ��*�J ��2
χ ��� ��* �� �1  �� h&��< A���25  $��%��

��������; 
��)1  �� ����N� ���$��T �
��E��� �� ��*5  � ��<

(���� ���)L  � ��*�J ��Fisher's exact .$��	 >�
8����� 

`��  �� * ��2;� h)�VC ��� �� >�
8���SPSS  Ai�7� 1 

18 )version 18, SPSS Inc., Chicago, IL ( pg� �


B*� ���1 � *�J  �� ��N� 
)05/0 $	 A�;�Y �E� ��  .  

�� /
E.�*   � UNB+�� ���� LAB+
g* ��� �Q���

 1
��N
)��Helsinki  �� �:��	2C /
��F&Fz� �� ��* ��

 >
YJ AB+
g* |�� �� * �� ��$+�� .$	 �
z+ �
�� �

$�$	 ��
[� �    .$����Y X��� �
�J �� A*
� /
�E.�* 

      1
��N
)�� s
���� ���< 2��&� A��+
F* �
��a ���Q���  

A������&N�  ) �
�����a ������Q��� 1COPE  
������  

Committee on publication ethics (
5��� $���Y.  

  

���
	 	
  

 AB+
g* ��� ���� = N�* 110   ��$�B� L�� �* >��Y �8�

87 �8� )1/79  ($%��   � >�
�� ��� �� �	
� �
�� A<

 ��$B�23 �8� )9/20  ($%��  �� ��� �� �	
� �
�� A<

 �
a� >$&K&C = � .$�$	 �
&* ��110   �)
�E� 
< o� �

   L��� �� ��	
� �
��61  ) ��8�5/55    � ��7C ($�%��  

49 ) �8�5/45  >��Y �� .$�� < ���� ($%�� �� L$)
	

 �
&*102 �� o� �      L��� �� ��	
� �
��� ��$�< ���  

39 ) �8�2/38  � �7C ($%��63  ) ��8�8/61   ($�%��

.$�� < ����  

��	
� �
���� �����<� ��< �����7C �� ���� ��A  /� ��%

���
B*� ���1 <&������  ) � ���< ��������� ��0120 = /P (  

)��$T 1 �� UQ�$. >��Y �� �) �� .(6   �P��$�. � >
*

72  >
*� < .*&(�
&� 
�� �� >��Y �� * �� �
z+  �
�*J1 

A<  �
B* /� %� ���1 <& ���� ��  >���Y  $)
�	  L� �<  A�< 

���&� 91/14 ± 54/25   U�<
F* ��88/17 ± 54/22  >
�* 

)0050/0  =P ��$T) (2.(  

 ��$T ��3 L �O5U    ��&�� ���   >$�*J >���Y �� ��

.��� �� * >��Y ��L ��
	    � ��� ��O5 ����  �
���

�J �� �	
� �� 85  �78
� >
(��� � 1�
�*�  �&���

�
. 1
�$*  A� � <51 �8� )4/46 $%��(    >$�	 ���3*

$�� <  �� � >��Y ����������
Y $)
	 ��
	 �O5�� 

 �&�� A� � <35 �8� )3/33 $%�� (   >$�	 �
�a� �J A<

 ��� 85 .$�� <     ��78
� >
(���� � 1�
��*�   ��&���

�
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�$* �
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� ���< y5
< UO5 ��
� �FC   ����<
�
< � � < >$	  �&�<

 ���<�� �� �	
� �
�� �
�� � �� �&�� �� �O5 �L 

�
B* 1�
*J u
3��� �	�� � T� 1��� )0010/0  =P.( 

 L�� * >��Y ��61 ) �8�4/92  ��
* �&	 �� ($%��

 �5 ) o� ���6/7    A���XW� H���� �&��	 �� ($��%��

�*   L$)
�	 >��Y �� .$����78   ��8�)9/92   �� ($�%��

  � ��
�* �&	6  ) o� ��1/7     H��� �&�	 �� ($�%��

�* A�XW�  ��
* �&	 
< A�XW� /$* � R �&(�
&* .$�$	

53/5 ± 73/15 � �� >��Y $)
	 81/5 ± 90/13  >
�* 

� <  ��$T)2.(  

  
 ����1 .�	
� ��
� ������ ��	� �� ���� ���� ��  �  !�"#)�
�� (� �&�'�
 ( �) �� ������  � 
�� ���� ����  !�"#)�*�� ("�  
+ ,���- 

"./ � 0.1 �2�� 
��( �) �*  

��	� ���  ���� ����  

(����)  

���� �
	�  

(����)  

����� �	����  ��	��   !��"�  

)*+,-  !)� 5/55 -  !�/�5/45  !)� 2/38 - !�/� 8/61  0120/0  297/6  =2
χ  

2345� �6 
,! ����  4/92  9/92  9200/0  010/0  =2
χ  

�#+7 89 �#/�  9/51  9/53  7740/0  083/0  =2
χ  

�:6�� ; 
�� <*�4� =4 >�  0/17  0/2  0001/0  494/13  =2
χ  

 "!4 
!�> 38 ���   7/6  1/14  1100/0  550/2  =2
χ  

  
���� 2�&� .'�
 ( �45��46 � 7�"8�� 2�4
� 95 ��
�( ,���- "./ !�"# 
� �*(  �*�� � �
��� 0.1 �2�� 
��( �) �*  

��� ����� 
���� ����  

)2  �	$%� &��'(�± ()$*(	$�  

�
	� ����   

)2  �	$%� &��'(�± ()$*(	$�  
 �����P  ��	�� !��"�   

(
��) A� 91/14 ± 54/25 88/17 ± 54/22  0050/0 818/2-  =M-WZ 

) =4 ���,�ºC( 93/0 ± 85/38 83/0 ± 59/38 8820/0 149/0-  =M-WZ 

=4 ���> B�� (-C��) 32/19 ± 24/20 45/46 ± 97/72 0001/0 400/9-  =M-WZ 

(
��) ���� !,
 �6 �5234 B�� 53/5 ± 73/15 81/5 ± 90/13 0560/0 909/1-  =M-WZ 

) �D#4 ���> �>7g( 83/512 ± 26/3264 76/515 ± 74/3043 0020/0 049/3-  =M-WZ 

) 8,���� EF�meq/l( 52/0 ± 35/4 53/0 ± 62/4 0010/0 296/3-  = �#�>GT 


�#4 H/�
 ) ���6 ;2kg/m ( 08/3 ± 00/16 40/2 ± 87/15 7830/0 276/0  = �#�>GT 

) !� �7�cm( 01/3 ± 85/47 27/3 ± 45/46 0070/0 296/2-  =M-WZ 

 MCH)pg(  06/24 ± 00/62 37/2 ± 09/24 7150/0 365/0-  =M-WZ 

 ���,�RBC 106  45/0 ± 53/4 42/0 ± 46/4 2450/0 165/1  = �#�>GT 

Hb )g/dl( 16/1 ± 88/10 19/1 ± 71/10 2330/0 200/1  = �#�>GT 

HCT (%) 21/3 ± 71/32 51/3 ± 39/33 1450/0 464/1-  = �#�>GT 

MCV )fl( 21/5 ± 21/72 13/7 ± 48/75 0001/0 652/3-  = �#�>GT  

MCHC )g/dl(  57/1 ± 30/33 89/1 ± 20/32 0001/0 399/4  = �#�>GT 

M-WZ = Mann–Whitney Z; RBC: Red blood cell; MCH: Mean corpuscular hemoglobin 
Hb: Hemoglobin; HCT: Hematocrit ; MCV: Mean corpuscular volume 
MCHC: Mean corpuscular hemoglobin concentration 
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���� 3 .���'< ����"=� ���� ���� ��  � 
� ������ �
�� 1
"�� "� >�1� �?-  � /�4"  

(�$�� +, -.�) ��� ��	� 
���� ����  

(����) ���%, 

�
	� ����  

(����) ���%, 

/�0  

(����) ���%, 

�)�*4 
�J��� -�#�C �5�� -,4� 7 )4/46 (51 )4/30( 31 )6/38 (82 

�#��9 �7�6 =4 )4/26( 29 )8/10( 11 )9/18 (40 

-5!���7!���K )3/17( 19 )3/34 (35 )5/25 (54 

;����� -�#�C )3/7( 8 )5/23( 24 )1/15 (32 

�#,��*,)9�7 )7/2( 3  )1( 1 )9/1 (4 

L�+ )100( 110 )100( 102 )100 (212 

0001/0  =; P55/26  =2Pearson χ  

 ���< �&<FC �
B* 1�
*J u
3��� �
�� � �� �&�� �� �O5 � �	�� � T� 1���.  

  

 ���� * >��YL 18 ) o� �17 ($%��  >��Y �� �

$)
	 2 o� � )2 AF<
� ($%��   ���<� �E� �� ��3P* 1

�� �� �	
� �
�� A< $
�	�� . ���< �&<FC AF<
� �  1

 �
�� ���<  ��� �� �	
� �
��� � ��L    1�
�*J u
�3���

�
B* ���� � T� 1��� )0001/0  =P ��$T) (1.(  

  �� $���+ � �
���*� ��� �&(�
���&*�� ���* >�����Y   

g 83/512 ± 26/3264 $)
�������	 >���������Y �� �   

g 76/515 ± 74/3043  v������ .� ��< ��� �&(�
��&*

 $+ � �
*� 1�
*J �
z+ �� L>��Y �� �&<�
B*  ���  � �<

 �>�
*J A< AT � 
<  1 � � *�J0020/0  =P  v����� L

�
B* >��Y �� �&< $+ � �
*� ��� �&(�
&* .� < ���  ��

 $�+ � ��� 
< �
�� �     ��
B* /� �% A�< L��0
�<  1���

�� �� �	
� �
�� ��
	  ��$T) � < ��2.(  

 ��� �&(�
���&* ����� �� ���* >�����Y �� o� ����   

cm 01/3 ± 85/47 $)
���������	 >�����������Y �� �   

cm 27/3 ± 45/46  .� <  /� �% A< �� ��� �&(�
&*

�
B*  �� ���&< 1���   $)
�	 >���Y � �< )0070/0  =P( 

 ��$����T)2 .( �&(�
����&*BMI �� ����* >������Y ��   
2kg/m 08/3 ± 16  $)
���������	 >�����������Y �� �  

2kg/m 046/2 ± 87/15 Aa �Y� � � <  �� �&(�
&* ���

 �� �* >��Y   � �< ����&<L      1�
�*J ��E� �� v����� 
�*�

�
B* � 3� ��� )276/0  =t � 7380/0  =P () ��$T2.(  

  g�� �&(�
�&* AB+
g* ��� ��~    6&��
�C  � �� ��

 �� �* >��Y meq/l 52/0 ± 35/4   >���Y �� � $)
�	 

meq/l 53/0 ± 62/4 $��	 |��2��Y. L�� ��* >����Y �� 

g�~  6&�
�C   ��
B* /� �% A<    >���Y �� ���N� 1���

) � < $)
	0010/0  =P( ) ��$T2.(  

A��T�� �&(�
��&* 1 �$��< /�����. �� ��* >����Y ��   

ᵒC 93/0 ± 85/38  $)
���������	 >�����������Y �� �  

Cᵒ 83/0 ± 59/38      v����� ���� A�� $�*J ���� A< 

�
B*  ��� � 3�)8820/0  =P(  ��$T)2 .(  

AB+
g* ��  1   c� 
�� ��� �
*� /$* �&(�
&* �[
.

�� * >��Y �� �
�� ���� 32/19 ± 24/20  �5
� .� <

  ��� �
*� /$* ���&< �&(�
&* � T� 
< $)
	 >��Y ��

)45/46 ± 97/72  (�5
��  .����� >��$�� c� ��
��� L 

>��Y �� �&< �� �
*� /$* �&(�
&* v����L  �
z+ ��

 ��
B* 1�
*J  ) � �< ���0001/0  =P( )  ��$�T2 .(  ����

 A�;
�>$
)� �
��  h��2;� 1 ��$���
��    �� ��	
� 1
�)
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 �� �� �� =��	 U������� >� <.  

j�
	 �E� �� >��Y �� �&< �&(�
&* v����  1
)

MCH LRBC )Red blood cell( LHG 

)Hyperemesis gravidarum L(HCT 

)Hematopoietic cell transplant ( ��   1�
�*J �
�z+

�
B*   
�*� L� �3� ���   ��2�&*MCV     A�< �� �* >���Y ��

���
B* /� ��%  ��2��&* � ����N� $)
��	 >����Y �� 1���

MCHC �
B* /� % A< �� * >��Y ��  �� ���&< 1���

 � < $)
	 >��Y ��$T)2.( �O� � R A<L 9/51 $%�� 

  � �� �* >��Y �� ���;�9/53  $�%��    $)
�	 >���Y ��

$�� < �� � 6� �
a� � �
B* u
3���   ����< �&�< 1��� 

FC    ���	�$� � ��T� �� ��� 6��� � )7740/0  =P( 

 ��$T)2.(  

  

1'2  

AB+
g*        � �T� L��7C m
�T A�� ��� �
��� ��[
. 1

AF<
� L�� �� �	
� �
�� 1  ��$���
��  �� �	
� 1
)

 �� ��>��� =��	 U����  1��  �
�*� ��� �� < 0
< L

 ��2�< �� ��� L$+ �       pg�� h)
�� L��0
�< ��� L���

   
�$�* ��&��� � �78
� >
(��� �� 85 � � � 6&�
�C

  .$
�7) �� �� �	
� �
�� ���< �
��g� U*� 5 

B+
g* ��A 1 Abd  �El    ��78
� >
(���� ��� 85 L

AF<
��� L��
��Q ;  >���C L���� �� ���	
� �
���� �O&*
��; 1

  ��g� U*� 5 �� 
5 A< ��
N��� /�:�* � ���� a
*

 �	
� �
�� ���<>$	 �;�B* �� �� ) $��4 .(  

 ���< u
3��� �� * ��FC  A�B+
g* �� L�&7
T 
<  1

Naveed � Billo �
B* /�
8�    �&�7
T ��E� �� 1���

$)
	 � �� * >��Y �� �&<   ) ��	�$� � �T�11  ��< .(

s
��  �:	2C �<

*�� �  �P��B+
g*   ����< LA<
��* /


FC     /� �% A�< ��7C m
T �� �
B*�  1���  �� ����&<

>� < ���� ��� )12 L6 .(AB+
g* ��  12&� �[
.  ���<

FC < ���7C �� A�
B* /� %   ������� �� ���&< 1���

) � <0120/0 = P( .  

AB+
g* �� �[
. 1  �� �� * >��Y �� �
� �&(�
&*

 �< 1�
*J �
z+ A  ��
B* /� �%    >���Y �� ����&< 1���

) � < $)
	0050/0  =P(  A�B+
g* �� A�� �+
. �� q  1

n*&�
 � ���
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Abstract 
Background: Febrile seizures (FS) are the most common seizure disorders which occur in 2% - 4% of 
children aged 6 months to 6 years old. We aimed to determine risk factors for the FC including 
hypokalemia in Iranian children.  

Methods: This case-control study was performed on 212 children from 6 months to 6 years old in 
Mashhad, who were admitted to the hospital from 2010 to 2011. 110 patients with FC were considered 
as case group and 102 children with fever without seizure were as control group. Variables including 
age, gender, degree of fever, duration and cause of fever, breastfeeding and its duration, birth weight, 
body mass index, gestational age, child's head circumference, serum potassium levels, and anemia 
were compared in two groups. 

Findings: There were significant differences between two groups regarding different variables. In 
case group, febrile seizure was significantly more common in mail children, more featured in 
respiratory tract infection and otitis media and occurred in the early period of fever .History of FC, 
mean birth weight, and mean head circumference were significantly higher and serum level of 
potassium was significantly lower than those of control group. 

Conclusion: This study showed that in addition to the known risk factors, hypokalemia plays an 
important role in occurrence of febrile seizure as a new risk factor. Further studies are recommended 
to investigate this issue and other unknown risk factors to prevent febrile seizure. 
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Impedance Cardiography, a Non-Invasive Method for Evaluation of 

Hemodynamic Parameters; A Letter to Editor 
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Abstract 
Impedance cardiography (ICG) is a simple and inexpensive technique for non-invasive and continuous 
measurement of stroke volume and other hemodynamic parameters. In this method, an estimation of the 
changes in the aortic blood volume is obtained via measuring the electrical impedance of the thorax area 
during the cardiac cycle. In comparison to thermo-or dye-dilution methods, impedance cardiography has 
the inherent advantages of being non-invasive, simple and inexpensive. Compared to the non-invasive 
methods such as Doppler-echocardiography, the method does not require an expert to perform the test, 
and can be used for continuous measurement, and even during activity. Impedance cardiography is 
becoming increasingly used in research and clinical applications. A brief description of the research 
applications of the impedance cardiography method is given in this letter, and preliminary results of 
evaluation of an impedance cardiography system developed by the authors are reported. 

Keywords: Hemodynamic parameters, Impedance cardiography 

 
Citation: Yazdanian H, Mahnam A, Edrisi M, Abdar-Esfhani M. Impedance Cardiography, a Non-
Invasive Method for Evaluation of Hemodynamic Parameters; A Letter to Editor. J Isfahan Med 
Sch 2014; 32(290): 969-71 

 

Letter to Editor 



 

IV 
 

errors author should verify references against the original documents. The Reference should provide the 
following information as stated in the presented models as follows: 

a. Article: Rose ME, Huerbin MB, Melick J, Marion DW, Palmer AM, Schiding JK, et al. Regulation 
of interstitial excitatory amino acid concentrations after cortical contusion injury. Brain Res. 
2002;935(1-2):40-6. 

b. Chapter in a book: Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in  human 
solid tumors. In: Vogelstein B, Kinzler KW, editors. The genetic basis of human cancer. New 
York: McGraw-Hill; 2002. p. 93-113. 

c. Book: Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical microbiology. 4th ed. St. 
Louis: Mosby; 2002. 

14. Proof Reading: A computer prints out is sent to the corresponding author for proof reading before 
publication in order to avoid any mistakes. Corrections should be marked clearly and sent immediately to 
the Journal office.  

15. Abbreviations and symbols: Use only standard abbreviations. Avoid using them in the title and abstract. 
The full term for which an abbreviation stands should precede its first use in the text unless it is a standard 
unit of measurement. 

16. The corresponding author: Will be supplied with 1 free issue. 
17. Ethical guidelines: Ethical considerations must be addressed in the Materials and Methods. Please state that 

informed consent was obtained from all human adult participants and from the parents or legal guardians 
of minors. Include the name of the appropriate institutional review board that approved the project.Indicate 
in the text that the maintenance and care of experimental animals complies with National Institutes of 
Health guidelines for the humane use of laboratory animals, or those of your Institute or agency. 

18. Conflicts of interest: Authors must acknowledge and declare any sources of funding and potential 
conflicting interest, such as receiving funds or fees by, or holding stocks and shares in, an organization that 
may profit or lose through publication of your paper. Declaring a competing interest will not lead to 
automatic rejection of the paper, but we would like to be made aware of it.  

19. Page charges:  There are no charges for publication in this Journal. 
20. Copyright: The entire contents of the Journal of Isfahan Medical School are protected under international 

copyrights. This Journal is for your personal noncommercial use. You may not modify copy, distribute, 
transmit, display, or publish any materials contained on the Journal without the prior written permission of it 
or the appropriate copyright owner.  

21. Peer review process: All manuscripts are considered to be confidential. They are peer-reviewed by at least 
3 anonymous reviewers selected by the Editorial Board. The corresponding author is notified as soon as 
possible of the editor decision to accept, reject, or require modifications. If the manuscript is completely 
acceptable according to the criteria set forth in these instructions, it is scheduled for the next available issue. 

22. Journal has entire right for accept or reject any of received manuscripts. 
23. The editors, editorial board, sponsoring organization, and publisher do not accept responsibility for the 

statements expressed by authors in their contributions.   
24. Communicating with the Editorial Office: We encourage you to communicate with the JIMS Editorial 

Office and to check on the status of a manuscript via journal site: (http://journals.mui.ac.ir/jims) only. For 
more in formations you can contact with JIMS office via E-mail address (jims@med.mui.ac.ir). 



 

III 
 

 
 
 

INSTRUCTION TO AUTHORS 
 

1. Aims and Scope: The Journal of Isfahan Medical School is the official scientific weekly publication of the 
Faculty of Medicine in Isfahan Medical Sciences University.  
This Journal accepts Original Papers, Review Articles, Case Reports, Short Communications,Educational 
Medical Video Clips  and Letters to the Editor on all aspects of medicine. 

2. Manuscript Submission is acceptable only via Journal URL: http://journals.mui.ac.ir/jims 
Manuscript must be accompanied by a covering letter to the Editor-in-Chief, including title and author(s) 
name and undertaking that it has not been published or submitted elsewhere. In case the manuscript was 
earlier submitted to some other Journal and was rejected, the authors must provide full information for 
proper analysis. Manuscript should be typed in double space of the A-4 size paper with clear margins on 
both sides. The text should be submitted in Microsoft Word format only. Tables as well as illustrations 
should be typed and drawn on a separate pages. Do not submit tables as photographs. 
The figures should be sent in a format of JPEG or GIF which will produce high quality images in the online 
edition of the journal. Authors must declare that it is being exclusively contributed to the Journal of Isfahan 
Medical School. 

3.  The manuscript should include: Title page, the Abstract (in both Farsi and English), Introduction, Ma-
terials & Methods, Results, Discussion, Acknowledgement and References. 

4. The title page: The complete title of the manuscript, the name of all the authors with their highest 
qualifications, the department or institution to which they are attached, address for correspondence with 
telephone numbers, e-mail, and Fax number. 

5. The Abstract: All original articles must accompany a structured abstract up to 250 words. It should be 
structured as Background, Methods, Results and Conclusion followed by 3 to 5 Keywords. Keywords 
will assist indexers in cross indexing the article as they are published with abstract. Use terms from the 
Medical Subject Headings (MeSH) list of index medicus (http://www.nlm.nih.gov/mesh/MBrowser.html).  
Authors need to be careful that the abstract reflects the content of the article accurately. 

6. Introduction: This should summarize the purpose and the rationale for the study. It should neither review 
the subject extensively nor should it have data or conclusions of the study. 

7. Materials & Methods: This should include exact method or observation or experiment. If an apparatus is 
used, its manufacturer’s name and address should be given in parenthesis. If the method is established, give 
reference but if the method is new, give enough information so that another author is able to perform it. If a 
drug is used, its generic name, dose and route of administration must be given. For patients, age, sex with 
mean age ± standard deviation must be given. Statistical method must be mentioned and specify any general 
computer program used.  

8. Results: It must be presented in the form of text, tables and illustrations. The contents of the tables should 
not be all repeated in the text. Instead, a reference to the table number may be given. Long articles may need 
sub-headings within some sections (especially the Results and Discussion parts) to clarify their contents.  

9. Discussion: This should emphasize the present findings and the variations or similarities with other work 
done in the field by other workers. The detailed data should not be repeated in the discussion again. 
Emphasize the new and important aspects of the study and the conclusions that follow from them. It must be 
mentioned whether the hypothesis mentioned in the article is true, false or no conclusions can be derived. 

10. Acknowledgement: All contributors who do not meet the criteria for authorship should be covered in the 
acknowledgement section. It should include persons who provided technical help, writing assistance and 
departmental head who only provided general support. Financial and material support should also be 
acknowledged.  

11. Tables: In limited numbers should be submitted with the captions placed above. Do not submit tables as 
photograph. Place explanatory matters in footnotes, not in the heading.  

12. Figures:  Should be in limited numbers, with high quality art work and mounted on separate pages. The 
captions should be placed below. The same data should not be presented in tables, figures and text, 
simultaneously.  

13. References: Should be as Vancouver style. All manuscripts should be accompanied by relevant references. 
The author should ensure reference to locally published studies by doing proper literature search. It may not 
be possible for the editor and reviewers to check the accuracy of all reference citations. To minimize such 



II 
 

 
Editorial Board (In alphabetical order) 

 
1. Mojtaba Abtahi MD, Associate Professor of Otolaryngology, Isfahan University of Medical Sciences, Isfahan, Iran  
2. Khosrow Adeli PhD, Professor of Clinical Biochemistry, University of Toronto, Toronto, Canada 
3. Mohammad Esmaeil Akbari MD, Professor of Thoracic Surgery, Tehran University of Medical Sciences, Tehran, Iran  
4. Reza Amin MD, Professor of Pediatrics, Shiraz University of Medical Sciences, Shiraz, Iran 
5. Babak Amra MD, Professor of Pulmonology, Isfahan University of Medical Sciences, Isfahan, Iran  
6. Saeid Andalib Jortani MD, Professor of Pathology, Leuis Weil University, USA 
7. Gholam Reza Askari MD, PhD of Nutrition, Isfahan University of Medical Sciences, Isfahan, Iran 
8. Reza Bagherian-Sararoudi PhD, Assistant Professor of Psychiatry, Isfahan University of Medical Sciences, Isfahan, Iran 
9. Majid Barekatain MD, Associate Professor of Psychiatry, Isfahan University of Medical Sciences, Isfahan, Iran 
10. Ken Bassett MD, Professor of Dermatology, Dermatology and Leshmaniosis Research Center, Canada 
11. Ahmad Chitsaz MD, Associate Professor of Neurology, Isfahan University of Medical Sciences, Isfahan, Iran  
12. Afsoon Emami MD, Associate Professor of Nephrology, Isfahan University of Medical Sciences, Isfahan, Iran  
13. Ali Reza Emami MD, Associate Professor of Infectious Diseases, Isfahan University of Medical Sciences, Isfahan, Iran  
14. Shahin Emami Biochemistry and Endocrinology, Saint Antoine Hospital, France 
15. Ebrahim Esfandiary MD, PhD, Professor of Medical Anatomy, Isfahan University of Medical Sciences, Isfahan, Iran  
16. Faramarz Esmaeil beigi MD, Professor of Internal Medicine, School of Medicine, USA 
17. Ziba Farajzadegan MD, Associate Professor of Community Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
18. Hamid Fesharaki Associate Professor of Ophtalmology, Isfahan University of Medical Sciences, Isfahan, Iran 
19. Marjane Foladi PhD of Nursing, University of Flourida, USA 
20. Aziz Gahari MD, Professor of Dermatology, Dermatology and Leshmaniosis Research Center, Canada 
21. Ali Gheisari MD, Professor of Cardiovascular Surgery, California, USA 
22. Jafar Golshahi MD, Associate Professor of Cardiology, Isfahan University of Medical Sciences, Isfahan, Iran  
23. Ali Mohammad Hanjani MD, Professor of Cardiology, Shiraz University of Medical Sciences, Shiraz, Iran  
24. Mina Hasanrezaei MD, NeuroImmunology, School of Pharmacy, USA 
25. Saied Morteza Heidari MD, Associate Professor of Anesthesiology, Isfahan University of Medical Sciences, Isfahan, Iran  
26. Mansour karamooz MD, Professor of Urology, California, USA 
27. Roya Kelishadi MD, Professor of Pediatrics, Isfahan University of Medical Sciences, Isfahan, Iran  
28. Behnaz Khani MD, Associate Professor of Obstetrics & Gynecology, Isfahan University of Medical Sciences, Isfahan, Iran  
29. Majid Khazaei MD, PhD, Associate Professor of Medical Physiology, Isfahan University of Medical Sciences, Isfahan, Iran  
30. Parvin Mahzooni MD, Associate Professor of Pathology, Isfahan University of Medical Sciences, Isfahan, Iran  
31. Majid Maleki MD, Professor of Cardiology, Shahid Beheshti University of Medical Sciences, Tehran, Iran  
32. Mohammad Mardani MD, Associate Professor of Medical Anatomy, Isfahan University of Medical Sciences, Isfahan, Iran 
33. Atiye Moghisi MD, Professor of Endocrinology, Endocrine and Metabolism Research Center, USA 
34. Mehdi Modares MD, Professor of Ophthalmology, Tehran University of Medical Sciences, Tehran, Iran  
35. Hoshang Moein MD, Professor of Neurosurgery, Isfahan University of Medical Sciences, Isfahan, Iran  
36.  Fereydoun Nouhi MD, Professor of Cardiology, Tehran University of Medical Sciences, Tehran, Iran  
37. Mohammadreza Nourbakhsh Associate Professor of Physiotherapy, USA 
38. Farzin Pourfarzad Department of Cell Biology and Genetics, Erasmus University MC Rotterdam, The Netherlands 
39. Masoud Pourmoghaddas MD, Professor of Cardiology, Isfahan University of Medical Sciences, Isfahan, Iran 
40. Hassan Razmju MD, Professor of Ophthalmology, Isfahan University of Medical Sciences, Isfahan, Iran  
41. Mohammad Reza Safavi MD, Assistant Professor of Anesthesiology, Isfahan University of Medical Sciences, Isfahan, Iran  
42. Reza Rouzbahani MD, MPH, Assistant Professor of Community Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
43. Mansour Sholevar MD, Associate Professor of Cardiology, Isfahan University of Medical Sciences, Isfahan, Iran  
44. Masoud Soheilian. MD, Professor of Ophthalmology, Shahid Beheshti University of Medical Sciences, Tehran, Iran  

 



 

 

 

 
 

JOURNAL OF ISFAHAN MEDICAL SCHOOL 
 

Vol. 32, No. 290, 3rd week, August 2014  
 

Isfahan University of Medical Sciences 
 

Responsible: Mansour Sholehvar MD          Emerita Editor-in-Chief: Roya Kelishadi MD  

Editor-in-Chief: Majid Barekatain MD 

 

Associate Editor: Reza Rouzbahani MD, MPH 
 

 

Copy edit, Layout edit, Design and Print: 
Farzanegan Radandish Co. 

P.O. Box 81465-1798, Isfahan, I.R. IRAN 

Telefax: +98 311 6686302 
E-mail: esfahanfarzanegan@yahoo.com 

f.radandish@gmail.com 
www.farzaneganco.ir 

 

Published by: 
Isfahan University of Medical Sciences 

E-mail: publications@mui.ac.ir 
 

Office: 
P.O. Box 81744-176, Isfahan, I.R. IRAN 

Telefax: +98 311 7922291 

E-mail: jims@med.mui.ac.ir 
Website: http://www.journals.mui.ac.ir/jims 

Office Secretary: Golnaz Rajabi 
 

Circulation: 500 
 

This journal is indexed in the following international indexers 
■ Google Scholar 
■ Index Copernicus 
■ Directory of Open Access Journal (DOAJ) 
■ Index Academicus 
■ Scientific Information Database (www.sid.ir) 
■ www.iranmedex.com 
 

■ Scopus 
■ Chemical Abstracts 
■ Islamic World Science Citation Center (ISC) 
■Academic Search Complete EBSCO Publishing 
databases 
■ WHO/EMRO/Index Medicus 
 

The online version is available in; IUMS website (www.journals.mui.ac.ir/jims), Iran 
Publications database (www.magiran.com), Scientific Information Database website 
(www.sid.ir) and in Health Researchers website (www.iranmedex.com). 
Copyright: All rights reserved, no part may be reproduced without the prior permission of 
the publisher. 


