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Posterior wall thickness(� D�����'� 	 +���>�
  h��S

)LAD  ����Left anterior descending(� D�����'� 	 

 4���J� )AOD   ���Arsenal of Democracy(�  ��:/ 

"�������>]� 	� C������@� h������S )LVEF  ��������  

left ventricular ejection fraction(�  D
��� 	  C�@� 

h��S )LVM  ����Left ventricular mass(� q/���'� 

D
�� 	 C@�  h�S )Left ventricular mass index  ��� 

LVMI (7 �Q���:' ������3�V B�=������
 )E/A �����   

E/A waves (�
 �,�����
����/�/� D�����'� 	����� ���3   

)17 -16( ."��9� 	 D�����'� 	����� ���� x����� D�O=���
 

�'������=�7� 	u����
����/ 3 -Vivid 7 �7���V B���:��+� 

E�k'� �3 .�� o��� B���, Penn� _@� LVM  ��(��� �� 

g 177 "� ���81 �,7���w�� C@� hS \��� �3 )18(.  

^��9$ 4���15)� E���' �
 D���3 	�7�  ��+��,�SPSS 

 "]�:'  	15 )version 15, SPSS Inc., Chicago, IL( 

 �@; ������� �� D
�Z=�� �� .�3 I�>�� 7 "�+k� 7 �Q�

q/�'� 	7� ��� *��/ ��� ��=�� D���'� �Q>� 	��   	����

     ���<, �"�'��7� �'��� �����, ���O�� 	��� qw� 7 �3

 �P���=:�� ��;BMI �3 \��� C� 7.  

  

���	 	
  

 �I��/ �
142  x����=� 
���� ���Z'   �8��� C�O'����� ����  

58/13 ± 78/41     4���15)� .�'���3 ������� B����

  B7��$ �
 
��,� P�,�����
1     �� *��� .���� D����  

50 �� ����88/ �/�3 �e�
  45�K�� �� �'
�� 
���

B�� x��=� .�8=3�
 ����=�� �. �
  �����    �
 
���,� "�/

"'�;��/ 	 	���� ���	 ��, "� B�N<���   "�#$��� �
 7

 ��'
�� ��� ��44/14 ± 54/23 B�� 
��.  

  

 ����1��	
 . ��	�� ���� ����� ��������� �	�  

	
�����    

'� )���(: '+,��+� ± -!.�� ��+/� 58/13 ± 78/41  

34�  :56+7.8(����) ���/8    

�9 ��:� )1/2( 3  

�;���9� )3/48( 69  

����!+9� )0/35( 50 

56+7.8 � �,���� )0/14( 20  

<+/=#  > ?8)> ?��(: ���/8 )����( )5/82( 118  

34� ��@�� ���+ �� )���:8(: ���/8 )����(  

!��A B� 300  )2/25( 36  

500-300 )4/73( 105  

800-500 )7/0( 1  

  

C�O'�����  �"��'�;��/ �
 �7� �
 	����/ ������ x����=�

26/2 ± 77/9 ) �1��16 -5  ��� b
�� (�1��60  �e�


 �� �=<�� ��+�� "� 
��,�8   ��� ���/ �7� �
 �1��   .��'
�/

) ������/ �z/�7/79  L� 7 �=��V g��) �� L� (�e�
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����� ��	 
�� �������� ��� ����	 
���� ���� �#��)*� + 

  ���� _@� C�O'��� .�8=3�
 ��� �� "#$��� �:Z8�

  �����������88/ �/��������3 �
µg/dl 75/2 ± 59/7   

"8��
)  	µg/dl 10/16 -60/2.
�� (  

  B7��$2  "[����     "��� "=�:��7 I����1 7 	���9�� 	

 ����� �����<'�� ������'� PQ����  4����15)� .�����


   B7��$ �
 +��' 
��,� �,�����
��/�/�3    .���� D����

LVM C��gr 48/248-67/62 .
��  

 �D�88/ �/�3 
��,� C�� ��12    ��,7���w�� ��e�


    ���� �'��; _@�� x��=� ��+�� .�8=3�
 hS C@�

 
�����,� C�����LVM  C������V 7 (�����g 177 47����Z� �

�8�  ) ��3��' 	��
µg/dl 84/2 ± 05/8   "�:��[� �


 ��µg/dl 75/2 ± 55/7)(500/0  =P.(  

 B7����$4 q/����'� 	7� ������ 4�������  	�����

 i7� �
 �� �,�����
��/�/�Crude   ��� D�3 L�-8� 7

 "[���� �C� o���      ����9�� �'��� �����, �	���9�� 	

 7 ��O��BMI �� ��<'    ���� _@�� �I/ �
 "/ ��


i7� �� E����/ |���� �
 ����;  	7� ����r�7 ����� ����

q/�'� ��� "=3��' �Q>� 	��.  

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

	
�����    

�D9�� (����) ���/8 :���+E+F G;� H  )2/11 (16  

�D9�� H (����) ���/8 :�I�J8 H���+9  )6/12 (18  

(����) ���/8 :KLJ� �	;�+M <+F�/M  )9/39 (57  

 '+,��+� :���B#� /�,�� ± ��+/� -�!.��  57/2 ± 50/3  

 '+,��+� :�D+N� /B#�± ��+/� -�!.��  07/27 ± 48/16  

��,+� -!7�    

Non-smoker(����) ���/8 :  )8/67 (97  

Ex-smoker(����) ���/8 :  )3/13 (19  

Smoker(����) ���/8 :  )2/18 (26  

�:8 OP�
 H  ) ���92kg/m '+,��+� :(± ��+/� -�!.�� 72/3 ± 70/25  

) Q+F:�I+� �:P ���MmmHg '+,��+� :(± ��+/� -�!.��  60/13 ± 52/111  

) Q+F:���;� �:P ���MmmHg '+,��+� : (± ��+/� -�!.��  95/8 ± 06/70  

  
 ����3��	
 .  �	���	�� ���� ����� �� "�����'��	(�(�  

	
�����  ����	�� ± ����� �	���  

B���� H '49 RS �� H����� �:���;� )mm(  30/5 ± 60/47  

) �J49 '+9 ":�E�mm(  20/3 ± 50/8  

 <��T=���U ) ���Pmm(  20/1 ± 30/8  

B���� H ) RS �+� �mm(  80/3 ± 60/35  

B����  H) 5�:V@mm(   30/5 ± 80/28  

 !IA�+�T8 H� (����) RS '49  51/4 ± 49/62  

�:8 ) RS '49 Hg(  18/34 ± 91/133  

GA��� �:8 RS '49 H 71/58 ± 29/76  

<WI� �X�
!� �:���;�  20/45 ± 83/1 
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 ��	 
�� ������������� ���  ����	 
���� �����#��)*� + 

���� 4 .��*+, -�  .�  �� ��	
 �	� "�����'��	(�(�  

 ���	 �	����� �  �����P  �����Beta 

"�P ���:    

B���� H '49 RS �� H����� �:���;� 029/0- 733/0 )027/0-039/0-( 

�J49 '+9 ":�E�  045/0- 600/0 )015/0-025/0-( 

���P ���U <��T= 057/0 505/0 )010/0-005/0-( 

B���� RS �+� � H 010/0- 905/0 )022/0-025/0-( 

B���� 5�:V@ H 013/0- 879/0 )036/0-031/0-( 

 !IA�+�T8 H� RS '49 013/0 877/0 )301/0-257/0-( 

�:8 RS '49 H 003/0  975/0  )132/2-067/2-( 

�:8 GA��� RS '49 H 119/0- 167/0 )068/1-218/2-( 

<WI� �X�
!� �:���;�  019/0- 825/0 )136-170/0-( 

:"#� ��� *     

B���� H '49 RS �� H����� �:���;� 031/0- 721/0 027/0-039/0- 

�J49 '+9 ":�E� 048/0- 575/0 014/0-026/0- 

���P ���U <��T= 050/0 552/0 010/0-005/0- 

B���� RS �+� � H 015/0- 862/0 022/0-026/0- 

B���� 5�:V@ H 012/0 890/0 036/0-031/0- 

 !IA�+�T8 H� RS '49 016/0 857/0 303/0-254/0- 

�:8 RS '49 H 004/0- 961/0 021/2-123/2- 

�:8 GA��� RS '49 H 118/0- 170/0 114/1-232/6- 

<WI� �X�
!� �:���;�  015/0- 857/0 139/0-167/0- 

:":� ���**     

B���� H '49 RS �� H����� �:���;� 005/0- 954/0 033/0-035/0- 

�J49 '+9 ":�E� 040/0- 656/0 016/0-026/0- 

���P ���U <��T= 081/0 334/0 011/0-004/0- 

B���� RS �+� � H 020/0 815/0 027/0-021/0- 

B���� 5�:V@ H 001/0 992/0 35/0-035/0- 

 !IA�+�T8 H� RS '49 041/0 651/0 354/0-222/0- 

�:8 RS '49 H 042/0 611/0 435/2-437/1- 

�:8 GA��� RS '49 H 029/0 746/0 495/1-074/1- 

<WI� �X�
!� �:���;�  018/0- 840/0 146/0-179/0- 
* !/8;Y �!9H '�  

** !/8;Y  ZQ+F:�I+� �:P ���M Z���B#� ���9 <+F�/M Z��,+� H�!9�:8 OP�
 ���9 H '� #  

  

��   

      �������/ E��� ���� _@�� C�O'���� "��@� C�� �


C���V    _@�� "�/ C�� D751 "� .
�� 
���'�=�� �. �� ��

 ��8� s�Q��� E�� ���   q/��'� ��� 	��
    ��Q>� 	���

    ���� _@�� s��Q��� +�' 	�O�
 4���@� .
��' ��<'

q/�'� �� �� ��;   D��k8�� ��Q>� 	��   .��'�Tepper  7
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 E�� ��� _@� C�� s�Q��� ����T9� �� ��; ��<, 7

 �
108  "�'�;��/ ����/  	����� 	    7 �'��k8�� 	����

�8� ��) "� E�� ��� _@� "/ �'
�
 ��<'   ��� 	��


   ������� ����� b����� xQ����� P���=�����
 ����; ����<,

�8�  7 P���=:�� ��; ��<, 	7� 	��
LVM  
���'

)19"��@� �
 .(  s�Q��� E�� ��� _@� +�' �r�. 	

�8� q/�'� �� 	��
 	�� .�3��' hS C@�  

Zou     "�/ ���'
�
 ���<' �����T9� 7E/A  
����,� �


  C����V ����:� ���O�
 �� ":��[� �
 ���� �� "$���   ���

) �����20 .(Schwartz "����@� P��� �
 	   �'���O9�

 	7� "����tN� 7 �=�5���� `�+����9932  B����:��+�

       ���) "�� E��� ���� _@�� "�/ 
�
 ��<' ���T����

���8�    
��
 ������� h��S C��@� ���,7�=w�� 	7� 	��


)009/0  =P �028/0  =B)(21 "�����@� �
 ������ b(  	

   ��>1 "�� ���3 "/ �<' D���<� �)�Q��� C�8S �r�.


 ������88/ �/���3 �=��<�� ����9$"����@� C���� �  	

.�3�� ���T����  

Kasperczyk "����@� �
 ������T9� 7  	7� ���� 	�

"'�;��/ ������/    "�/ ��'
�
 ��<' ��=:#� �
 ��� 	

IVS �LVDd �PW �LVEF �LAD  7AOD  C���� �


D���'� ����9�� �3 	���   "�/LVEF    "�#$��� 
���,� �


 "=,��3 C���V �e�
  7 ��LVDd  7LVM    d����� "��  

6  7 �e�
11 ) �'
�� ��(�� �e�
22  ���� _@� .(

���8� ���Qz� s���Q��� E����  ���� 	��
LVDd  7LVM 

) �3�
22 	7� �>[=:� ��� ��; ��<, "/ �$ �� �� .(

  ) 
��
 h�S C�@� 
�T>91 �,7���w��25-23  
���,� �(

	��9�� 7 (�� ��; ��<, "� 5=Q�  �Q>� 	��-  �� ��7�1

"�����@� �
 ����8S ����� .�'����3 m�����; "�����@�  	

Kasperczyk ">;��� I���1 ����T9� 7  ��<, 	7� ��

) �'
�� D�<' lt. ��;22.(  

"��[� P�   4����� 
�$7 �� "/ 
�/ W�@� 	�7�� 	

�Q>�-   C��� 4�Q�� �#$ �,�/ 4�15)� ���� ��7�1

) �:�' 
�$�� s�Q���26"��@� P� �
 .(   	�7��� 	

   ��Q>� 
��T>91 ��� ��� 4���� 	7� �O�
-   ���7�1

 "/ �3 D���<�      ���<, 	7� ���� 4����� 
��$7 ���

 	���9�� 7 �7�>T��7��� �B��>�7�'� d��� ���;   	���

�Q>�-    ��3�/ 7 �=,��� 7 �'���. 4���@� �
 ��7�1

    7 �8������ 4�����@� 	����� ������3 ����8� ����>���

) ��� �,�/�' P�u�������V�27.(  

��9�   "���@� ���3 "=Z� "/ ��)    s��Q��� �'��8/ 	

>� 
�T>91 7 ��� C�� ��r�7     ���� b
���' ���<' ��Q

�Q>� 
�T>91 	7� ��� ��� 4���@� �;��-  ��7�1

D
�
 ����<' �� �� �� ���3�' ����� 7 `���� ��+���� 7  ���'�  

)28 �2   ����#=�� ��������:/� o�=�� L=:�� P���� .(

    d����� �����:/� P����=�' B�8O���� ����:� 4������N�

B�>� ������Z��7�V �E��>�7�'� ">}1 	��   7 l��e 	

 ��#� �� �(�T��    L�:�'�T� ����81 "�� +����8��Q�,   	���

D�3 W�@� ��� 
�T>91 I9=�� ) �'�29.(  

�
 C�� �"��@� s�Q��� �8� 	��
  C���  _@��  ����� 

��� 7 q/�'� 	�� �,�����
��/�/� C@� hS  D����<� 

��<' "/ �>1 ��C E�1 �s�Q��� �3��  lt�.  
���,�  5=�Q� 

"� ��<, ��; (�� 7 ����9	 ��	 �Q>� - ��7�1 ��  "���@� 


�� .�� l�) ��O�
 _@� C���V ��� E��  ����3  ���<' 

D�8�
 	 
�Q#� 	��=;�� �
  "�'�;��/  	���  	�����  ����	 

qV �� 	��$� 4���[� �
  ������  ��3�� . ������  I����1 

�O�
 �� ">9$ _@�  ����  ��'��]=���  ����T���'�  ��=#� 

"#$��� 	  �'(��)  ���  ����  ���� 7  ���  ��'���  ~���=' 

	�O�
 �� �Q� �8/ .4���@� ���) 	7� ?��3 7  ̀ ��� 

7 ��� 3�'� �� 	��9�� 	�� �Q>� - ��7�1 �
 
��,�  "�$��� 

�� ���� �� �'��� 4�15)� 	��Z� �
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C���� "����[�  ������ "��� ���:�>O'� �
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�7�>T��7��� "�  ���S  D�����    �� ����8�:��' .����

"�>/ D�T<�7pV ����T9� 	 	     �
 "�/ A7��1 7 d�>�

"=3�
 	��T9� "��@� C�� 	��$�   �T�<� "'�9�9e ��'�

�� �'�
��� 7 �8��9'. 

  

References 

1. Jarup L. Hazards of heavy metal contamination. 
Br Med Bull 2003; 68: 167-82. 

2. Schober SE, Mirel LB, Graubard BI, Brody DJ, 
Flegal KM. Blood lead levels and death from all 
causes, cardiovascular disease, and cancer: 
results from the NHANES III mortality study. 
Environ Health Perspect 2006; 114(10): 1538-41. 

3. Steenland K, Boffetta P. Lead and cancer in 
humans: where are we now? Am J Ind Med 
2000; 38(3): 295-9. 

4. Agency for Toxic Substances and Disease 
Registry. Toxicological profile for lead 
[Online]. [cited 2007]; Available from: URL: 
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=
96&tid=22. 

5. Sanders T, Liu Y, Buchner V, Tchounwou PB. 
Neurotoxic effects and biomarkers of lead 
exposure: a review. Rev Environ Health 2009; 
24(1): 15-45. 

6. Glenn BS, Stewart WF, Links JM, Todd AC, 
Schwartz BS. The longitudinal association of 
lead with blood pressure. Epidemiology 2003; 
14(1): 30-6. 

7. Aiba Y, Ohshiba S, Horiguchi S, Morioka I, 
Miyashita K, Kiyota I, et al. Peripheral 
hemodynamics evaluated by acceleration 
plethysmography in workers exposed to lead. 
Ind Health 1999; 37(1): 3-8. 

8. Fenga C, Cacciola A, Martino LB, Calderaro 
SR, Di NC, Verzera A, et al. Relationship of 
blood lead levels to blood pressure in exhaust 
battery storage workers. Ind Health 2006; 44(2): 
304-9. 

9. Menke A, Muntner P, Batuman V, Silbergeld 
EK, Guallar E. Blood lead below 0.48 
micromol/L (10 microg/dL) and mortality 
among US adults. Circulation 2006; 114(13): 
1388-94. 

10. Navas-Acien A, Selvin E, Sharrett AR, 
Calderon-Aranda E, Silbergeld E, Guallar E. 
Lead, cadmium, smoking, and increased risk of 
peripheral arterial disease. Circulation 2004; 
109(25): 3196-201. 

11. Lustberg M, Silbergeld E. Blood lead levels and 
mortality. Arch Intern Med 2002; 162(21): 
2443-9. 

12. Jain NB, Potula V, Schwartz J, Vokonas PS, 

Sparrow D, Wright RO, et al. Lead levels and 
ischemic heart disease in a prospective study of 
middle-aged and elderly men: the VA 
Normative Aging Study. Environ Health 
Perspect 2007; 115(6): 871-5. 

13. Kaewboonchoo O, Morioka I, Saleekul S, Miyai 
N, Chaikittiporn C, Kawai T. Blood lead level 
and cardiovascular risk factors among bus 
drivers in Bangkok, Thailand. Ind Health 2010; 
48(1): 61-5. 

14. Pinto FJ. Echocardiography in left ventricular 
dysfunction. Ital Heart J 2004; 5(Suppl 6): 41S-7S. 

15. Lang RM, Bierig M, Devereux RB, 
Flachskampf FA, Foster E, Pellikka PA, et al. 
Recommendations for chamber quantification: a 
report from the American Society of 
Echocardiography's Guidelines and Standards 
Committee and the Chamber Quantification 
Writing Group, developed in conjunction with 
the European Association of Echocardiography, 
a branch of the European Society of Cardiology. 
J Am Soc Echocardiogr 2005; 18(12): 1440-63. 

16. Levy D, Savage DD, Garrison RJ, Anderson 
KM, Kannel WB, Castelli WP. 
Echocardiographic criteria for left ventricular 
hypertrophy: the Framingham Heart Study. Am 
J Cardiol 1987; 59(9): 956-60. 

17. Poerner TC, Goebel B, Kralev S, Kaden JJ, 
Suselbeck T, Haase KK, et al. Impact of mitral 
E/A ratio on the accuracy of different 
echocardiographic indices to estimate left 
ventricular end-diastolic pressure. Ultrasound 
Med Biol 2007; 33(5): 699-707. 

18. Foppa M, Duncan BB, Rohde LE. 
Echocardiography-based left ventricular mass 
estimation. How should we define hypertrophy? 
Cardiovasc Ultrasound 2005; 3: 17. 

19. Tepper A, Mueller C, Singal M, Sagar K. Blood 
pressure, left ventricular mass, and lead 
exposure in battery manufacturing workers. Am 
J Ind Med 2001; 40(1): 63-72. 

20. Zou HJ, Ding Y, Huang KL, Xu ML, Tang GF, 
Wu MH, et al. Effects of lead on systolic and 
diastolic cardiac functions. Biomed Environ Sci 
1995; 8(4): 281-8. 

21. Schwartz J. Lead, blood pressure, and 
cardiovascular disease in men and women. 



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /297 ���  /!�� "#� 1393 1276 

����� ��	 
�� �������� ��� ����	 
���� ���� �#��)*� + 

Environ Health Perspect 1991; 91: 71-5. 
22. Kasperczyk S, Przywara-Chowaniec B, 

Kasperczyk A, Rykaczewska-Czerwinska M, 
Wodniecki J, Birkner E, et al. Function of heart 
muscle in people chronically exposed to lead. 
Ann Agric Environ Med 2005; 12(2): 207-10. 

23. Katholi RE, Couri DM. Left ventricular 
hypertrophy: major risk factor in patients with 
hypertension: update and practical clinical 
applications. Int J Hypertens 2011; 2011: 
495349. 

24. Schafer S, Kelm M, Mingers S, Strauer BE. Left 
ventricular remodeling impairs coronary flow 
reserve in hypertensive patients. J Hypertens 
2002; 20(7): 1431-7. 

25. Cuspidi C, Negri F, Sala C, Mancia G. Masked 
hypertension and echocardiographic left 
ventricular hypertrophy: an updated overview. 

Blood Press Monit 2012; 17(1): 8-13. 
26. Navas-Acien A, Guallar E, Silbergeld EK, 

Rothenberg SJ. Lead exposure and 
cardiovascular disease--a systematic review. 
Environ Health Perspect 2007; 115(3): 472-82. 

27. Vaziri ND. Mechanisms of lead-induced 
hypertension and cardiovascular disease. Am J 
Physiol Heart Circ Physiol 2008; 295(2):  
H454-H465. 

28. Peters JL, Kubzansky LD, Ikeda A, Fang SC, 
Sparrow D, Weisskopf MG, et al. Lead 
concentrations in relation to multiple 
biomarkers of cardiovascular disease: the 
Normative Aging Study. Environ Health 
Perspect 2012; 120(3): 361-6. 

29. Vaziri ND, Gonick HC. Cardiovascular effects 
of lead exposure. Indian J Med Res 2008; 
128(4): 426-35. 



 

 

1- Associate Professor, Cardiac Rehabilitation Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of 
Medical Sciences, Isfahan, Iran 
2- Cardiologist, Department of Cardiology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
3- Associate Professor, Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of 
Medical Sciences, Isfahan, Iran 
4- PhD Candidate, Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of 
Medical Sciences, Isfahan, Iran 
5- Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical Sciences, 
Isfahan, Iran 
Corresponding Author: Jafar Golshahi MD, Email: golshahi@med.mui.ac.ir 
 

  

www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /297 ���  /!�� "#� 1393 1277 

Journal of Isfahan Medical School Received: 23.06.2014 
 

Vol. 32, No. 297, 2nd Week, October 2014 Accepted: 01.09.2014 
 

 
Left Ventricular Echocardiographic Variables in Occupational Exposure  

to Lead 
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Nizal Sarrafzadegan MD5 

 
Abstract 
Background: Lead contamination affects various body organs such as heart. This study was designed 
to assess the effects of lead on cardiac function in terms of echocardiographic indices among battery 
factory workers who are in constant exposure to lead.  

Methods: In a cross-sectional study, 142 male battery factory workers who had been exposed to lead 
for at least 1 year were evaluated. The subjects aged 25-55 years and were excluded if they had 
hypertension, diabetes, or cardiovascular diseases. Demographic characteristics, professional profile, 
lead exposure, history of respiratory diseases, drugs intake, height, weight and blood pressure and 
lifestyle information of the participants were recorded. Blood lead levels were measured through blood 
tests. M-mode and doppler echocardiography was finally performed over each subject. Linear 
regression analysis was used to analyze the data. 

Findings: The mean age of the subjects was 41.78 ± 13.58 years and the mean duration of lead 
exposure was 23.54 ± 14.44 years. The mean blood lead level was 7.59 ± 2.75 µg/dl. Left ventricular 
hypertrophy was detected in 12% of the participants. Blood lead levels were not significantly related 
with echocardiographic indices in the crude model or after adjustments for age alone or for age and 
other risk factors. 

Conclusion: Blood lead levels of our subjects were below standard values. Accordingly, no 
significant relation was found between left ventricular function indices and blood lead levels. 
However, lack of such relations could be caused by exclusion of individuals with hypertension or 
cardiovascular diseases. Structural modifications in battery factories following legislations in Iran 
might have been responsible for low blood lead levels among the subjects. 
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�� �� �������- �����	��� �� ����� ���� �� ��� �� �!  ����� ����	� 
��0���1�� . 

�M�	�� ±   ��� ���� B��� M� � M� ���>�  
�^	


 �� Y������ '�a���((�  ���!������� 1/1 ± 7/39 �   

5/5 ± 6/18 .��� �M�	�� ±      ��!� ����>�  
��^	


����	
0�� �  �������1/1 ± 0/21 ������ ?������ .1 

���\�    �
��=
 ,/��*%�
 � S�=
�a��� ��!&�� ���

    '���	 ����� j=����	 P�� ��>=� �
�>� O��
 �� 
�

,� .��� �4�
� �� �
� '��	 <�R�	b �  �(>� ����b,  ��
�

� ��>e� M��q ���� ���� P�� �[1� '
<��� .�


���    �
��>� ��� �
��=
 �� ���� P�� �[1� '
<�� .

 �0�� �� ����  �!� �%*�'��	    � ����� ,����D

M���1�	 ��W�� �f$5�  ��W�����.  

 ?��� O��
 ��2�      0
 "��� P��� ���� ?��_  

6 ����   �+���� 0�� �� ����  �!� ��W�� '
<�� ��

��� 0
 "��  �!� M�()*� .30   ��� 0�� �� ����

P�� ��� ?�_�    .���
� ,�4+��� �	��  ?����3 �

 ��>e� M�� ,%[+*� i2�%	Fagerström  ,D�� �

����!D��    
� ����>R�4� ����^� �����>*� �� �����  

,� ���T  .�(�  

R�	b�< R�
�� '��	 ��(��� �4�
�� ���b�   J���� .����, 

����M >��e��� Fagerström >��e� �M��� ��� .���q� � 

!^���L �,�(+� �� .����� 
2M �'��0b %[�
�,  ���2� 

�
�=
 ��� � ���u ����
�    � ��W��� �
��>� ��(%�
�	 P�� 0


� ��� ?�_� �%���  �����   ��!�  ��,  �� ���	������ 

�D�� 
2'
� � �� �f$5 	���1�M ��W��  �!� �,  ��	���

�A��� �� ����*���� � �2���  ?L%�D
  c
��D  ��\��2o � 

��a��, ��(%�
� .��� �+���  

  

���  

   �� ,	
���(g ����>R�4� '
���2
 �����(��0 �  s���+��


��>e� #$%&� ,/�*%�
 ���� M���1�	 P�� v\@  �

.�
�/  �� �Tm�'��0b Fagerström  0
 ,�12 '
�(/ �� �

QJ� ��((� M��>� .�
�/ M2�� �   M����1�	 ��� ,%[�
� 


�	 �������>R�4� �� . � @���e    '�a��((�  ��!�

'
��  �� ?��� �0�� �� ���� �%*� �
�>� �����   ����

 � ����  �!� �%���'��	  ����� ,���D�   .��
�/

 ���� j=���	 P�� �� �+��� ��	���.    ���>R�4� M�2
 ��

�	
0�� ,=�!� ���� �
�>� ��%*� �L�!^� o4� � 

?�� ���W��  ���W��� M���1�	 �f$5 ��%���  �!� ��� 

�A��� �  ,��D � o2�\� ��+	 � P�� �J� �� dL�

���0�� ,a�	0 �� .��
�/ �   �� .��D�   ���2��� i2��%	

'��0b Fagerström .�	���  

� M�	�����±   
����^	
������>�  0�����%�
'�����0b 

Fagerström 81/0 ± 40/7 �����w   �� Q���� M��2
 ����


 '�a�((�  �!�    ���^%� �W��2
 �� ����� ?�[a�<�

6/4-3/4   ,2�����
 ������� �� ����� ��>*� �� �

4/3-8/2 .��
 ��� d�
<a  

 �
�=
 ��
�
 ��x@ �� ,=L%D
 M�(g��  P�� <���

 ������ '
�2
 �� ��� ,��  ����w     �
��=
 ��� ,R��@ ��

��((�  �!�   ��2� �������� �� ���� ��   '���� 0


��((�  �!� 'W�[a�<�  ,��*/ ��>*� �� ���� �

.�	��� ��� c�&%	
 

Fagerström   
� ,*�[� ,%[�
� �� ��
 ,���A�
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 "��,� �0
�	
 ,	
�� ,%[�
�  '
�
�= ��>R�4� .���a

�	�
� '��	 �(��0 M2
 �� ,$+� ��  ���((�  �!� �
�=
  �

 ��%*� ��A=�� �� M���1�	 �� �2�� ,%[�
� �� ����

,� ��� ���� P�� �� ) �(��217 -16.(  

 M2
�����(����>R�4� �� ����e�@ �  M��2
 0
'����0b  �

.�
�/ "�� �� �
`a�T
  ,(��'
����p�  �� ��A=�� 0


     ������ ��� ����	�D� '�a��((�  �!� '��� �� P��

 �,%[�
� 0
 ,���\%��� ���\%�
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������ ��	
� �� �������- ���	����� �� ����� ���� �� ��� !���  ����� ����	� 
�� 0���1�� . 

 ����1��	
� ���� . ������� ���� �� ���
����� �� !"
 � #����� $�% &�	 '  

�	����  
���	� ��� �����  

 �����P � �  

(�"�#) #����  

��%  

(�"�#) #����  

'�  25 <  )0/9 (6  )2/4 (16  087/0  
34 -25  )0/31 (90  )5/27 (106    
44 -35  )3/30 (88  )5/33 (129    
54 -55  )0/20 (58  )4/24 (94    
≤ 55  )7/9 (28  )4/10 (40    

. /0 1234#  �!��  )5/22 (65  )6/15 (60  022/0  
. /��  )5/77 (224  )4/84 (325    

562780 1234#  �9 ��:�  )1/52 (151  )9/52 (202 556/0  
�0���;�  )0/29 (84 )9/31 (122   

<��=2> !?@  )9/7 (23 )8/5 (22   
!0A�9 # <��=2>  )0/11 (32 )4/9 (36   

��B��  
CD  )5/16 (45 )8/12 (47 304/0  

E�:��  )5/72 (198 )6/73 (271   
A�9  )0/11 (30 )6/13 (50   

.F
  �G���D  )2/28 (79 )2/31 (116   
�9 ��D  )2/53 (149 )4/52 (195   

��@B  )6/9 (27 )1/8 (30   
!H��D  )9/8 (25 )3/8 (31   

@#� �� ��I2� ���30  10 <  )1/20 (58 )9/11 (46 014/0  
19 -10  )8/11 (34 )9/10 (42   
29 -20  )2/47 (136 )4/49 (190   

30 ≥  )8/20 (60 )8/27 (107   
 ��I2� J!7� 5��(���)  10 <  )8/12 (37 )2/11 (43 934/0  

19 -10  )5/34 (100 )3/35 (136   
29 -20  )7/30 (89 )6/30 (118   

30 ≥  )1/22 (64 )9/22 (88   
��I2� ����  ���!?�  )1/40 (116 )0/50 (192 011/0  

�K��L  )9/59 (173 )0/50 (192   
) '20:	2� 1M�Nmg/pack(  5/0 <  )4/48 (133 )3/38 (133 008/0  

8/0 - 5/0  )5/5 (15 )7/50 (176   
8/0 >  )2/46 (127 )0/11 (38   

�;9�� �	
�� ��OP Q  R�P  )19 (55 )5/19 (75 884/0  
�?�  )1/64 (186 )1/62 (239 583/0  

S��:H  )6/13 (39 )5/13 (52 961/0  
��T!�  )6/13 (39 )1/13 (50 830/0  

56	�� !?��  U�:L  )3/40 (117 )8/40 (157 909/0  
:L # V�L  )6/72 (209 )2/69 (265 341/0  

�WN  )6/17 (51 )2/19 (74 588/0  
X!���  )9/77 (226 )1/75 (289 386/0  

�H��@ @� ��!9 5W>  )7/36 (106 )5/34 (133 567/0  
Y?!�0  )5/31 (91 )0/34 (131 488/0  
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������ �	
�� �� �������- �����	��� �� ����� ���� �� ��� �� �!  ����� ����	� 
��0���1�� . 

 ����2��	
� ���� .  �� !"
 � (*��) $�% ��� ��" &�	 '������� ���� �� ���,�-. ��/ � ���
�����  

�	���� 
(&	�) ��� ��� '�( 

 �����P 6 ≥  

 (�"�#) #���� 
6 <  

 (�"�#) #����  

��  

 (�"�#) #���� 

'� 25 < )2/4 (5 )2/9 (11 )6/5 (23 559/0 

34-25 )3/30 (36 )2/34 (41 )5/27(114  
44-35 )6/28 (34 )7/31 (38 )8/33 (140  
54-55 )1/26 (31 )3/13 (16 )4/23 (97  
≤ 55 )9/10 (13 )7/11 (14 )7/9 (40  

. /0 1234# �!�� )6/17 (21 )8/21 (26 )6/17 (73 563/0 

. /�� )4/82 (98 )2/78 (93 )4/82 (341  
562780 1234# �9 ��:� )8/52 (63 )8/55 (67 )8/51 (213 914/0 

�0���;� )2/25 (30 )3/28 (34 )1/32 (132  
<��=2> !?@ )9/10 (13 )7/6 (8 )6/5 (23  

!0A�9 # <��=2> )9/10 (13 )2/9 (11 )5/10 (43  

��B�� 

CD )5/13 (15 )8/15 (18 )4/13 (53 488/0 

E�:�� )6/76 (85 )1/71 (81 )5/73 (291  
A�9 )9/9 (11 )2/13 (15 )1/13 (52  

.F
 �G���D )6/36 (41 )2/25 (29 )3/30 (122 440/0 

�9 ��D )4/50 (57 )9/53 (62 )1/52 (210  
��@B )8/8 (10 )6/9 (11 )7/8 (35  

!H��D )4/4 (5 )3/11 (13 )9/8 (36  
@#� �� ��I2� ���30 10 < )7/22 (27 )0/22 (26 )4/11 (47 002/0 

19-10 )8/11 (14 )0/11 (13 )4/11 (47  
29-20 )2/46 (55 )4/42 (50 )8/49 (206  

30 ≥ )3/19 (23 )6/24 (29 )5/27 (114  
(���) ��I2� J!7� 5�� 10 < )8/11 (14 )3/13 (16 )1/11 (46 470/0 

19-10 )9/31 (38 )5/32 (39 )7/36 (152  
29-20 )4/29 (35 )3/33 (40 )7/30 (127  

30 ≥ )9/26 (32 )8/20 (25 )5/21 (89  
��I2� ���� ���!?� )2/41 (49 )2/41 (49 )2/48 (199 224/0 

�K��L )8/58 (70 )8/58 (70 )8/51 (214  
) '20:	2� 1M�Nmg/pack( 5/0 < )7/51 (59 )4/39 (43 )6/40 (153  

8/0-5/0 )3/5 (6 )2/9 (10 )8/9 (37  
8/0 > )43 (49 )4/51 (56 )6/49 (187  

�;9�� �	
�� ��OP Q R�P )2/21 (25 )0/20 (24 )8/18 (78 840/0 

�?� )2/62 (74 )5/62 (75 )3/63 (262 970/0 

S��:H )2/11 (13 )6/17 (21 )8/12 (53 293/0 

��T!� )2/16 (19 )8/11 (14 )7/12 (52 531/0 

56	�� !?�� U�:L )2/41 (49 )3/43 (52 )1/39 (162 693/0 

:L # V�L )7/73 (87 )4/71 (85 )9/68 (284 576/0 

�WN )5/18 (22 )3/18 (22 )1/19 (79 977/0 

X!��� )8/74 (89 )0/80 (96 )9/74 (310 494/0 

�H��@ @� ��!9 5W> )9/33 (40 )5/42 (51 )1/34 (141 215/0 

Y?!�0 )8/28 (34 )2/39 (47 )9/32 (136 227/0 



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /297 ���  /!�� "#� 1393 1284 
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�� 0���1�� . 

 ����3��	
� ���� .  ���12 &�	 'Fagerström 3�4� 3.�	 � ������� ���� �� �56��� ���� ��57� �� �8 

�	���� 
 *��+,Fagerström 

 �����P -.��� #����  

(�"�#) #���� 

���/ #����  

(�"�#) #���� 

'�  

 '2I��2�)± (��23� J�!8�� 
 7/10 ± 2/41 1/11 ± 6/34 001/0 < 

. /0 1234# �!�� )4/14 (58 )4/24 (66 001/0 

. /�� )6/85 (344 )6/75 (205  

��2780 1234# �9 ��:� )6/58 (234 )4/43 (118 001/0 < 

�0���;� )3/30 (121 )3/31 (85  

<��=2> !?@ )8/4 (19 )6/9 (26  

!0A�9 # <��=2> )3/6 (25 )8/15 (43  

.F
 �G���D )3/10 (40 )1/6 (16 161/0 

�9 ��D )8/52 (205 )7/52 (139  

��@B .F
 )5/7 (29 )6/10 (28  

!H��D )4/29 (114 )7/30 (81  

Z!0 5�3[� ���30  

 '2I��2�)± (��23� J�!8�� 
(��==H !2F��) 68/0 ± 20/1 85/0 ± 30/1 083/0 

Z!0 5�� �:T ��G� )4/67 (262 )4/57 (151 019/0 

6  ��< )5/17 (68 )8/19 (52  

6  ��≥ )2/15( 59 )8/22 (60  

@#� �� ��2�D ��I2� ���30  

 '2I��2�)± (��23� J�!8�� 
(��==H !2F��) 4/11 ± 1/27 6/6 ± 8/14 001/0 < 

(���) ��2�D ��I2� 5�� 10 < )2/6 (25 )2/20 (55 001/0 < 

19-10 )8/33 (136 )4/36 (99  

29-20 )8/31 (128 )29 (79  

30 ≥ )1/28 (113 )3/14 (39  

��I2� ���� ���!?� )0/55 (221 )1/32 (87 001/0 < 

�K��L )0/45 (181 )9/67 (184  

) '20:	2� 1M�Nmg/pack(  5/0 < )6/32 (118 )9/56 (148 001/0 < 

8/0-5/0 )8/5 (21 )3/12 (32  

8/0 > )6/61 (223 )8/30 (80  

�;9�� ��OP Q���29 Q  

%(���30 /.D) (��9) 

R�P )9/20 (401/84 )9/16 (272/46 193/0 

�?� )7/67 (402/272 )3/56 (272/153 003/0 

S��:H )0/14 (401/56 )0/13 (269/35 724/0 

��T!� )1/14 (397/56 )2/12 (270/33 483/0 

56	�� !?�� U�:L )5/45 (402/183 )1/33 (272/90 001/0 

:L # V�L )1/72 (401/289 )4/68 (269/184 307/0 

X!��� )6/76 (402/308 )7/75 (272/206 792/0 

�H��@ @� ��!9 5W> )0/41 (402/165 )9/26 (271/73 001/0 < 

Y?!�0 )8/36 (402/148 )9/26 (271/73 007/0 
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������ �	
�� �� �������- �����	��� �� ����� ���� �� ��� �� �!  ����� ����	� 
��0���1�� . 

,$+� ��>R�4� ���  "A	 .��
�/    '��)*� ,	�a��	�a

��[(� �M� ?�l%�
 ��L�!^� � ���>e�  �S�=
�a���

 �L1���� �'������ ������ ,��ap2� �,/���*%�
 ����
��

,@�� - ,	
�� �   ,����� �^� ,(�] � ,*[� ��L�

) �=�a �
�� �>R�4� �19 -18    ��Tq�� '
<��� M��()*� � (

� .�
�/ M2
 .�� ,��20�
 �2� .�
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?�� �
�>�       y�	 �
��>� <��	 � �����  ��!� ���

  �0�� �� ����� .��
�/    �� ���(*���� ��4D'����0b 

Fagerström  ,�� c�[^�   '��*� .�	���    0
 ��� ���_

�h�%	 ,	�(� "��p� ,� ���a  ����  �'���0b M2
 i2�%	

���4�
� �  ����	
0�� ,=���!� ��������� ���� ,*�A%��[�

   ��!� ��� ?�_ �'b  �!� ��>=� �
�>� "2
<=


�4�
� � �%��� �  y	 M�R�
 0
 ���\%�
 '��0 �� ,��1>�

�<�	
 ����� �   �� � P���  ��>=� M��R�
 M �   �����

) ��
� '����21-20.(  

��e�= S2 �  ��&� �
�� �� ���%/
 �� z�
� ,2
�%�


���� �� �� ��
 'b �     M�2
 ��� ,�	
�� ,%[�
� ?�


,� {� �
��  'b 0
 N�� � ����    y���� ?��+	� ���   ����

 ,	�*[� ,%[�
� �.��A%�,� .e�@  ���a)23-22 .(

��
� ���b ��� �� ����  ��_ ��   ����|� 0
 ����  ,�$�

  ��$@�� ��� �� M2
 �� ,(+� �     '��� �%���� �� M��[�

�p2� �� � ,	�*[� ,%[�
��    S�2 �������� �
�>�

 ?����) ����� ?���_ � 0�� (����� ��� 'b  ���!�m �T

,� ,� �2�*@ ����� .�(�  

�a
     (0�� �� ,=��!� ����� �
��>�) Q�� M2
 �g

   ��� ,�*1^� s�+��
  '���0b i2��%	 Fagerström  ���
�

� '�a�((� ����'��  �A��� u��    0���%�
 � P��� 0
 �


���a �� �+[	 
� ���W��     �� ����� P��� ����6   ����


� �'b 0
 �%��� �2 �%�`a%�.�(  

,$+� ��>R�4� ���     ��� ���� ���� '
�(/ M�(g M2
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� �� �
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 �
��

�%=���� ��� �����  �!� K�/ .��� ���
��� � ��  

     M��� s��+��
 �
��� ,�x��(%� i2�%	 ��2� ��� 0


���� P�� �� ��A=�� � "���     M�2
 ��� ,�$+� ���

      ����- ��� Q�� s��+��
 M�2
 .�2��a d�
<a ��f(�

d�
<a ,D�� �� Q�A%[� ���- �� Q� � O�1>�  ��

�b���
 �   ��%*� ���\�� �� M���1�	 �� ��20 ,%[�
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Association of Sociodemographic Characteristic with Factors Related to 

Cigarette Abstinence in Isfahanian Smokers, Iran 
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Farshad Etedali MD4, Ghazaleh Nozari5, Marzieh Dehghani-Samani2,  

Reza Rouzbehani MD, MPH6 

 
Abstract 
Background: Previous researches has identified sociodemographic factor as an anticipating for 
cigarette abstinence. The present study aimed to examine the association of sociodemographic factors 
including failed cessation, duration of cessation and dependency to nicotine with cigarette abstinence.  

Methods: This cross-sectional study performed with 673 participants who attended clinic for cessation 
during 2009-2011. Participants filled some questionnaires about sociodemographic factors including 
age, marital status, education, income, job and Fagerström questionnaire for nicotine dependency. 

Findings: Duration of cessation for more than 6 month was related to more cigarette consumption per 
day also more than 30 cigarette per day. Marital status, lower cigarette per day, more years of 
consumption and foreigner brand were associated with failed cessation. Lower educational level, more 
cigarettes per day, more years of consumption, more nicotine concentration, any quit attempt and loss 
of any entertainment and enjoy in life were related to sever Fagerström condition. 

Conclusion: More cigarette consumption, older age, lower years of consumption, and moderate 
dependency to nicotine were related to successful cigarette abstinence. 

Keywords: Social characteristics, Demography, Cigarette, Abstinence, Dependency 
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°C37 C+�� KL� .�;�I ���� ":�  "��M /
 	296 "N�O 	
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 ! %	Q�, (48  "S	�
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 	2MTT ]3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide[ 

 .���'5 /W�	B� ! ��%'
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 ��I 

33342Hoechst  �!'��� 	
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 ��#� �%+$ /
 �2	I �!'5 	
 /*�	A� %� ��;� 1	2  "�	� _2	� 1%��)050/0 < P /
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���-/� (�@�� �P� �( ��"*Q �����  2�!� �(   $��.

�Q� � ' $��@ 2��!,2���; � � (�@�� ��"*Q $�.   .(���

    �J'�"��� ��� �"�*��' 2��A ��� �� ����� 3�4 5��

�R ��/�#, �	 �4�4� �( ' 
��    ' 
��� 2��AE ��S �.
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�E���( 5�T:��C �J'�"��     (��@�� ��"�	 %/�4�

�  (��)2( . ����� 5��U!S�   !���' ���� $   ��*Q���

     7/�� ������&� V��; �( ��� �E��1�� �( �	 �;'/4

 ��� 7(�( W�#��=, %
����   %�:��*X�� �� ���89 .(����

7(�,    �!���E �( /���� ��<�	 $�. $ 4-3    /�A� ��"[.

 7���'(\��1�� 5�&]�. ./4�� �&��A   $�:;����S $�.

 �. �	2  �� \�@4� ��� �� 2��   �� %/4���50   �:;���

� ��SR � �	 /4(�1 ���*� ��C /4��,  �� �������� �� $

/.( G�@4 )3(.  

     %��"�*Q ������ �� $��1��!C 7�� 5��;'� ' 5��"D�

�R ��� �� �	 
�� �1/4� �8� ���_,   �4/�� 
�;�AE �.

��`_, '  ��' 2�"&	 �� );�� $   ������ ' 7�+;��� ��D�

 ������ .(��( ��"*Q ����� �'�� �(     ���=4 ���-� $��.

�  ('/? �	 /.(4     �( a���" �4/�� 
��;�AE 
���

   �.��	 �� ��"�*Q ����� �� �"�� ��- %�"[. �� 2��

�       ������ �'��� �( ���`_, 3��4 ' ���`�S )�J� ./.(

      ���� �� ���`�S )��J� �( ��8�E (��C' .(��( �+4 ��"*Q

'�"���� b`��C ��"��*Q ������� ���� �"���� ' 7('� �( �J
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2�� �( .
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�!��' �� �4��'�   )	���, ' /�� �L4 �� y�6�'�6� $
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 �����E 
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10  %�;�����1 5���&C \���� /����( �E����  %G���&��6��

�������@ $� �� $�./������ ����&�R ' 5�����"�'  %����.  
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     ��	 
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2�!�        ��:4� U��	�, ��� ' ���?� %2��AE ' 7/�4� $�.

� ��/8, 2�!F�4 ������E    2��? ��� p4� 5�� .(��

��� ���? ���;R  {��� 2���� �( p��4� G/��� ' (����  

nm 570 2�!� ��T� �� U��&"  $��� .
�� 7/4� $�.

2�!� %�"�*�*	�,�"�� �������    �� 5��*|��, a���, �.

  \s a���, d���� �� VQ ' /4/� �/C ���E  	

�"�*4�( �� ����}4  $cell/well 103  ×5 
��!Q �� %   $��.

96     �� V��Q ./4/��� 7(�( 
��=	 ' 2���+"4� �6.���<  

24 2�!� �	 
���     < 
��!Q i��� ��� ��.  ' /4/�8�*

�!?� (��' 
L!S �� %/4/�(�1 /�� $  ��  !"# $�.

�������	 )�(�������	 /��������!	 �( 2�������? PBS   

)Phosphate buffered saline����D, ( 7/���  %/��4(��

./4/� 7(�( ����,  

 �� VQ48  2�!F %
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L!S ��)

mg/ml 5/0  �(PBS    ' /�� �E��B� 
�=	 a�F �� (

 
�!Q4  $�( �( 
���Cº 37 64�  V|�� ./�(�1 ���

  {���- 
9( �� ���� ' p4�� �� 2�!� 
=	 a�F

 %�����.�< �����. ������ 'µl 200  2�����!FDMSO   

)Dimethyl sulfoxide    ��. 2��!F b`�C ' �E�B� (

 {� 2�� �( %/.�� ���+ �( �.�<nm 570  a��,

 �/��� �T�s� 7�:"�( Awareness  2/� 3200STAT 

FAX 
-��  ���=	    �� 7/�4��- ��6��R   /��)11( .
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8*4 :/�(�1 �8��F ��� $  
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   2�!�� %��������64� ���� \��,� �� VQ ./&"E�1   �� ��.
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-��  ���=	      ����9 ������ (��� 5�Q�J
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���	 	
  

2�!�  
�!Q �( J���Q �� VQ �.96 
L!S �� %���,  $�.
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 �� VQ48  d'� �� %�������64� 
���MTT   /���(

2�!�       /���( f���� ��� e���"4 ./�� 5��A, 7/4� $�.
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 5�:4�� %e��"46  
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 �6�1 � 7/.�=       /���!	 
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� �� d'� %�:�( G��8� �� ./�MTT   
��� 7(�( ��=4
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8*4 �'( �� �"*��' $��"E� �( �.

      G�&��*	�� )�T�4R 
��;�AE �( �.��	 ���<( %)�(�	

$�/&	�"� ��4J'�/�.( � (�- $�.    
�L!S ��	 /4��

 (�@�� �( )�(�	 /��!	 �P�50   (��- $��D �P� /��(

 ���. ��) /�� ��50EC� ����� ( �µM 100   ��� �	 
��

\�4 �� 7(�["��  ��TE�Graphpad prism /� �8��F.  

  

  
 ���1 ���	
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  �� e���"4 5�� 5�&]�.     ���	 ������&� �( /�4��,
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Abstract 
Background: Cadmium is a heavy metal widely used in industry and a major environmental pollutant 
which cytotoxic effects in different cell lines were investigated. MCF-7 cell line is one of breast 
cancer cell lines which cadmium effects have not been studied on it, so far. The aim of the present 
study was to investigate the cytotoxic effects of cadmium chloride in MCF-7 breast cancer cell line.  

Methods: First, the MCF-7 cells were cultured in RPMI-1640 (Roswell Park Memorial Institute) 
medium, at 37◦C in a 5% CO2, 95% air-humidified incubator. Then, the cells were transferred to a  
96-well plate with various concentrations of cadmium chloride (0.1-1000 µM) and treated for 48 
hours. Percentage of cell viability was measured via MTT assay [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide]. Also, microscopic studies of cadmium chloride-treated cells apoptosis 
were performed using Hoechst 33342 fluorescent dye and were observed via fluorescence microscopy. 

Findings: Increasing cadmium chloride concentration significantly decreased the percentage of living 
cells compared to the control groups (P < 0.05). The viability reducing started in concentration of 25 µM 
and reached to its maximum in concentrations of 1000 µM. 

Conclusion: The results of this study showed that cadmium have cytotoxic effects on MCF-7 cell line 
in concentrations higher than 25 µM. In addition, the study showed that cell death induced mechanism 
by cadmium is apoptosis. 

Keywords: Cadmium chloride, Breast cancer, MCF-7 cell line, Cytotoxicity 
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12� )�� /+�34 �5� �$ �! ��� "���% ��(&�   ����
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��� ��� �	 
������� �����	 � ��	�� ��� �� �� ��� ��� �� ���������	� ������ ��	
 ���  ���!�� " 

"-  %�<+� ���#$ ���$ ��+�* ��+�*���� =��,� ����4

   "�- .;�+� ��$ )�>� .��!    ���  ?����� �����4   ���4

  @��� ."���+�A .B�� ��C� ��� ������    .D�5�E- ����

 ��% "���2*      B��* ��$ .���+� FG�#7-A .%�%��� .)�

�� ��<�  ���% ��C� H+�G�� � ",��  ���  �+ ��

    ���*�$ ����*�% I���J�% ���$ �� "���CK �����%)2( �% .

M�� D��5�E- N���(&�O-  "��P�����P ��������% � ����

       ;#�, �% ����� N��* H���! ��+ ��#��C#Q �� 

  )%�7���� .��� )�* "���$ "-��� "*��#$ � '���

) "R5, /��- �Laryngeal mask ()3( �&�& '��� .

 "��*��#$ @��#�� ���,��- �%)4( � ���#����7&A G+���<4 .

"-� ��� �#��)5(   ���+�� ���% �+ "(V�- ;#W�!��#& �

)7-6( �5�  ;+� �  �! ���M�� ;+� � F��! ��    ��$ ���

.��� )%�$ )���� �#R��- � ��[�%  

)�� /+�34 "- ;#�\�� "+��� ���    ������ �����4

    %��� )��+�Q ;�+� .%���- 
5]� �% .��! %�<+� ������

"- �� �%���- �% �-� ^��� )���* %��3-  �<�- ����4

  .��+� F%� .��+� B�#���#��A ������ ��  ?���� �$

 %�* "J5� ��+� �+ � "��+�A)9-8(  %�$���! %��- �% .

�% B�#��$���!� M�� ���#C���    %�$���! G�#� � ���#$

"��A /+a��#5!   ��#��C#Q ��  ���% H#Q B���� �$ ��

��� �   %��% %�� � ��b� c>��� ������ ��)10 .8( .

;#Q�+%�G�$    "!����� ����)11(   ���+�� ;#W�!���#& .

)12( F�+G#�- .)13( �% �   ;$��! �#�!�5   �%) ��[�%

�(&�O- /+  ("���#, �)14(    ;�+� � ��#��C#Q �� 

����P ���� "$�+�� %��- .)�+�Q  ���$ G#� ��+��� � ���

BA .��� )�* M��GP �� 

     "-���� "�*��#$ �% I���(- "�+���% .I���Q��Q

"- �% �% � �*�$  e�!�� /+ B���� �$ "*��#$ ���

)���!  �  1�52�� ���  )�� ����     ������* "+���� ����

"-  %�*)15()���! ��#P�5  HR� .   ����$ ����% �

?�JR�� %��- �% ;#-��! )��    "4��(&�O- �% "+���� ���

 ��� )�* M��GP)16(   HE$��f� "�75�E- N�(&�O- .

������ � ��#���C#Q �% ;#-����! � I�����Q��Q B%���$  �

-� /�#����� � "*��" )%�% B�C� �� �#�����  ���)20-17.(  

�% /+ �(&�O- B�C� )%�% �* �! )%�7��� � �%  ��! 

I���Q��Q )mg/kg 5/0 ("- ����4 
 �- H��!  B�G�#- 

��$ ����� ������ �($ �  B�#���$���!�  %%��P )21(. 

Pak   ��$ ;#-��! � I���Q��Q �! ����% �f� B���2�� �

   � ���($ I���7h� �% �� �������� ������� � ������ ���

     ���% �% ;�+� .���%�% ����� "$��+�� %��- B�#��$���!�

  I����Q��Q � ���*�% "� �4 �$�� �f� .���� N�* ���

�$ ���) �*�% "� �4 �$�� �f� G#� ���� �1.(  

�% ;+�4�+�  �(&�O- � F�<�� )�* �%  ;�+�  .���#- 

Jung � B�����2�� B���C� ����%�% ���!  �%mg/kg 3/0 

I���Q��Q �#fi4 �$�� �b,>- �� �$ H��! B�G#-  ���$ 

� N���* ������ �% ���5,�- � Emergence B������#$ 

M��#$ )�* �$ B���5���� � "-� �#�����  %��%)22(.  

���! B����K )����*� .���* ������ � ������� �������� � 

?���� ��- �($ � B�#��$���!� ����� � ���  "�*�� 

)�+� IA ���$ I���!  ;�+�  ?����� �%  ���%  ���#� .�% 

N�(&�O- %��(- ."5J� "4��#fi4 ���$ I���Q��Q �  ;#-���! 

��� ;+� ?���� �����* )�* ��� .�% N�(&�O-  ."�5J� 


��#!�4 ;��+� �% ���% �% ��#���C#Q � ������ � ������� 

������ )%�7��� )�C� %�$ � �����% �$ N��[  /�4  /�4 

�$ ��! ���� ��%�$ � G#� �(&�O- � �$�C- ��� I�7h� )� �� 

B���P�G$ (F�<�� )�*  %��$ .  ;�+� .�� ;�+� �  ��(&�O-  ��$ 

"���$ c�� ��+�R- �� �f� �% �! .I���Q��Q  ;#-���! � 


#!�4 ;+� .�% �% ��#�C#Q � ���� �  ������  ������� 

�($ � B�#��$���!� �% ;#j&�$ �* F�<��.  
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��� ��� �	 
������� �����	 � ��	�� ��� �� �� ��� ��� �� ���������	�  ������ ��	
 ��� ���!�� " 

��� 	
  

;+� "+�-A��! "�#&�$ �� �% .��! ;#$     I��� )��- B��$A

1390  ��+����* ��4 1391 �% G��!�- "��*�-A "����-�% 

�+A &�� "��*�! B�����* B��7[�  F��<��  ��* . ��($ � 

�����+�% ���<- � ����#�! � 6>���� )����C��% F���5� 

"2*GQ .B��7[� "�����#$ �!  �����  %��$  ��34  ���� 

",��  �$ "*��#$ "-���  �����  .����#�$  ����$ %��� 

�$ ;+� �(&�O- "$�+�� ���* ."-��4  �!��*  B�P����! 

F�� �+�V� �����PA �� �(&�O- � �k-� ��%�!.  

�!�* B�P���! ����% ��#(- ;�<�� "*��#$  ��2+�-A 

)ASA  ��+ American Society of Anesthesiologists( 

=>! 1 � 2. ��-�% "�� � 75-17  I��� � �  ��� �% 

1�  ��%�$ ."�����#$  ��!  �R$��� �  ���QA �  �%������ 

.e��� N�>��� ."5-�24 ���<����  ����  "4���[ � 

)��  ."+����  ���A  � I��#2���$  �����#$  ���� /��+a�&A 

 � ����*�% ;#���\��  "������#$ ���!  ��$ )������ � "����! 

���2�� .���*��� %��� �(&�O- "�� ���* ."�����#$ �! 

�% ;#, ��+��� �(&�O- H�!�� /+a�&A B�C� "- .��%�% 

�+ �$ �� "5#&% �#� �$ �##j4 /#�24 "*��#$ .���*�% � 

�(&�O- '��� "- ���*.    

B����#$   "�%��l4 ���h �$ �%  "�2+ �  )���P  ���� 

.I���Q��Q .;#-��! 
#!�4 I���Q��Q � ;#-��! � )��P 

�����* ������ �������P ."�%���l4 ����� )%�7����� ���$ � 

Computer-generated sequence F�<�� �* .�% 6�4� 

.���  "�*��#$  ��$  )%�7���� � mg/kg 2  I����Q��Q  �

µg/kg 1 ���#����� ���]A "��- ���* .F���+��!��4A �����% 

��+�� ���$ "5*  "J�l�-  "�>�k�  ���   ��$���+� 

B%�! )%�7��� "- �* . B��-  B�#���$���+�  ��$  N���[ 

B�- ;#$ %��� m�2������ %�$ B�- � B%�!  c��! 

�&�& D+�(4 � )���� ��#P "- �* ."*��#$  ��$  "�J#!�4 

�  B���5��G+�2/1 � �[�% =���#� �+��!� 66  �[�%

n7, "- �*.  

�% B���+�Q .����� "����$ )�����- � o���5$ "J��l�- 

"�>��k� ���$ )%�7����� �  ;#��#�����p�mg/kg 04/0 

)�>� �$ ;#Q��4A )��  ��#�C#Q � �%��$  �%���! (

)���%�P�$ "-  ��* . ��($ � .BA  B����5��G+� �  =���#� 

qO� �+��!� "- � �* Br#�!� 100 �[�% �$  N���[ 

"��% ���$ ���#$ G+�<4  "�-  ��*.  1���  B�����#$ �% 

� "2+ 4 )��P %�+  )��*  �����  "�-  ������P .�%  )���P 

 ���*cc/kg 1/0  I��-��  ;#&���  ��$  N���[  ���+�� 

G+���<4 "��- .���* �% )����P  I�����Q��Qmg/kg 25/0 

) I���Q��QClaris Lifescience Ltd, India, 1  �[�%

Provive( � �% )����P ;#-����! ;#���� �����R-  ;#-����!

)Rotexmedica, Trittau, Germany( ���$ N����[ 

���% ��+�� G+�<4 "- �*.  

�% )��P "J#!�4 G#�  
�#!�4  I����Q��Q �  ;#-���!  ��$ 

�% ��� %�+ )�* G+�<4 "- �* .B�-  G+��<4  ������% �% 

�5,�- � Emergence � �%    ��(&�O- �%����C#Q B��- � 

Batra � B���2�� %�$ )21( .;+� B�-  "-�����  %��$  ��! 

17�4 ���#$ �$ �&�, �%�� ��CP�$  ��*�$  ��+  "���-  ��! 

���#$ �CK H+�� ��  ��$  )%��!  � ��*�$  I�����  ������� 

������ M>4 �% ��  B�#��$���!�  %���  F��<��  ���% .

/��+ ���R#�% ���($ � G+���<4 �������% 1��Q � ;��C!�� 

.I�p!��4���� ���#$ �$���!� "- �* .B�- B�#��$���!�  ��$ 

N��[ B�- ;#$ qO� ������% "*��#$ �4 B�-  '���� 

�&�& D+�(4 )�* � �Jf  "�-  ��* . ��($ �  .B�#���$���!� 

HE$ �$ ���#$ �J���- �($ �  ����  I��R���  "�-  ����+ � 

��$ � N�* ���� � ����� ������ �4 2  ��R#�%  ��($ � 

B�#��$���!� t��4 "lE* �! � u�� ����%  �G+��<4 

"��PA .�*��� �Jf "- �*.  
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��� ��� �	 
������� �����	 � ��	�� ��� �� �� ��� ��� �� ���������	� ������ ��	
 ���  ���!�� " 

� �% ���$ �����  �������   �� �% �-��* �  �7�[ 

"$) � �% .(�->�  �1 � �% .(���+����)  �2 ���$) 

B�* �-�! )�� "+��� M>4 �+ "�7�4  B���$  ��!�, 

���( � �% �  �3 ���#�) )���� �$ ����* ���$  B��* 

)�� ���  %�$ ("+���)23(. 

� �%  ����$  N��*  �����   �� �% �-��* �   �7�[

B��$) � �% .(����  �1 tR�) /+ � �% .(����  �2 

�%) ���� �+ ���� �� (�+>- � �% �  �3 ����)  ���� 

�+�* �+  %�$ (��2-)6(. 

"�����#$ ���$ �!  ������  ������� �% BA  ��� ��� 

"��- .%�% B�#���>#��� ���$ ����C� ���Jv- ���$ Br#���!�   

100 �[�% � @+�h /��- N��[ F�<�� "-  ����P .

�P� ������ �$ c�h "�� �* � �[�%  u�J�*�  Br#��!� 

�����4 85  ������� �����[�% "����- .%�����!  B�G����#-  

mg/kg 8/0 I���Q��Q )���� �$  B�#��>#���  ��$  ���C� 

���Jv- F�����- G+���<4 "��- ���* .�% N����[ ���-�%� � 

.������  �#�#��!��  ;#&��!  G+��<4  "�-  ��* �  ����#$ 

�$���+� "- �* �  ��34  B�#��>#���  ��$  Br#��!� 100 

�[�% ���� "- ���P.  

�% B�����- B�#������$���!� � �% "����h )��% � 

.����2+�  ����#$ �  ��b�  ���$  ?�����  "�+���% � 

�5�  ��QA � B�#��Q% ."�7�4 ��$ .u��4 w��7��� � 

N��##j4 ��+� "J5� �34  ��b�  �����P  "�-  ��* � �% 

N��[  ���$  ?�����  %��+  .)��*  ��Jf �  M��G�P 

"- �+%�P .B�- "*��#$ � B�- @+�G4 ;#&�� ����% 

"*��#$ �4 qO� ����% "*��#$ � B�- ��� ",��  

�$ N��[ B�- ;#$ ;#&�� M�$  "�,��  �  ;+���A 

�#E$ D+�(4 � �Jf "- �*.  

)%�%  q��  � 1Q ��    ����+�� %��� x#�5E4 � ���A

F������ �����$ � �������*  ��G������SPSS �E������  �18   

)version 18, SPSS Inc., Chicago, IL(  %����-

 ���#534 � ���+G<4 �������P ����������+�R- ����  .  �

)%�%   B��-A � )%�7��� �$ )��P �% ;#$ "7#! ���2
χ 

)%�% �  B�����-A � )%�7������� �����$ "�����! �������  

ANOVA One-way )One-way analysis of 

variance .���P F�<�� (050/0 < P  ���-A �b� �

"�(- �* ����P �b� �% ��%.  

  

���	 	
  

160 ���#$ )40 ���#$ �% �� �$ ()��P ;#���#-  "��� 

5/15 ± 3/33 I�� �% ;+� �(&�O-  �!��*  ����*�% .

y#��� ������#$ � G#&����A "+����� '����� ���C� .y#��� 

c>��� "�(-  ���% �% .;� .B� .�� .1�  =>! 

ASA. u���� ����� ."��,��  B���- B�#����$���+� � 

.B�#��$���!� I�h N�- "*��#$ �  ����  "�,��  

;#$ )��P ��  )����C-    I���� ) ��C�1  �2( . ���$ 

"5! � G#� q+�4 "������  N�� �%  D�5�E-  N��* 

����� ������ �% ��  )���P �%  �2�*  ���� 1 � 2 

)�-A ���.  

B�G��#- ����$ ������ �% )����P I�����Q��Q 23  %����-  

)5/57 �[�%(. )��P  ;#-���! 28 )0/70  ��[�%(.  )���P 

"J#!�4 11  %��-)5/27 �[�% (� )��P  ����* 33   %���-  

)5/82 �[�%( %�$ .;+� ��$ �% )��P  "�J#!�4  ��$  ���h 

"�(-  ���% ���! )��P � ��� I���Q��Q � ���*   %��$)  ��$

 
����#4�4001/0 < P. 001/0 < P � 007/0  =P (� �% 

)��P I���Q��Q �$ ��h "�(-  ���% ���!  )���P �  ����* 

 %���$)015/0  =P(^ ���-� ����$ B�G��#- ;#��$ )����P ����� 

I���Q��Q � � ;#-��! ;#�\�� ;#$ )��P  ����  ;#-���! � 

�����* c>����� "���(-  ���% B���C� ���$) %�����  
��#4�4  

356/0  =P  �121/0  =P.(  
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��� ��� �	 
������� �����	 � ��	�� ��� �� �� ��� ��� �� ���������	�  ������ ��	
 ��� ���!�� " 

 ����1���	 
� �
���� ���������� � ���������� ���� �����	��� ��� ! . #$�%� &�'  

�����  �
	�  ������� - ���	��  ���	��  �������   �����P  

(���) (�  0/15 ± 8/17 7/18 ± 5/40 9/11 ± 3/38 9/16 ± 7/33 217/0  

) �)#kg( 5/8 ± 2/69 4/12 ± 6/68 7/10 ± 7/69 1/13 ± 7/67 873/0 

(�) �* �!�) +,- 80/32 10/30 90/31 12/28 756/0* 

) �.cm( 2/6 ± 1/168 5/9 ± 2/166 2/14 ± 0/167 7/7 ± 7/165 721/0 

�-��) �	/!�� �
0�1* (���� ��12�  31�-�� /  32( 11/29 10/30 70/33 90/31 746/0** 

(�1��4) �01��*0�,/� ���) 0/3 ± 6/16 9/3 ± 2/17 9/2 ± 3/16 2/4 ± 7/15 318/0 

(�51.�) �01��*0�67� ���) 0/2 ± 6/29 1/6 ± 8/27 4/4 ± 5/28 0/7 ± 6/26 083/0 

8�� ���)  �
0�1*)�51.�(  9/37 ± 3/87  9/34 ± 2/90  5/27 ± 0/81  4/49 ± 1/100  164/0  

�09 :�;  �<�!-)�51.�(  8/37 ± 5/73  4/32 ± 6/74  5/27 ± 0/66  5/50 ± 2/83  259/0  

)%�%  ;#���#- N��[ �$ ��± )�* M��GP ��#(- c��3�� ��� ^ B�-A *One-way analysis of variance B�-A * ^2
χ  

  
 ����2���	 
� 34�� 5�� #$�%� 6�7 37��� 8���9 . ����� :��; #$�%� &�' <=>�?� 
� &  

            ��� ���  

����  

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

�0=0�#!� 12 14 8 10* 

(1���7 10 10 11 8  

�0=0�#!� - (1���7 14 19 13 14 

� �
 4 7 8 12 
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"J#!�4 �  I���Q��Q� ;#�\�� ;#$ )��P ���  "�J#!�4 

� �����* "���(-  ��% %���$   
��#4�4 ���$)040/0  =P  �  

006/0  =P( .  

y#� N��74 "�(-  ���% ;#$ )��P  ����  D�5�E- � 

�b� ��$ ����� ������ )���C-    ��C�)050/0 > P.( 

/+ %��- ����� ������  �� �% � 2 �%  )���P  ����* 

6�74� %���� � y#�  �%���- �  ������  �������   �+��*

)��� �%  �3 (%��� � ���*���.  ���V��� ;#���\�� � 

"+���% �% I�h B�- )�4�!  N��- ) I��h  �����2+� (

t��4 �|�� )���C- � M��GP �C�.  
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    H���! ���  "�75�E- N�J#!�4 ��*}P N�(&�O- �%

  )�� ��$ ~��$�- ?���� N�* � ��$    � "+���� ����

   ��$ B�#���$���!� � �($ ������ ����� � ���� �5� 

���� ��! �(&�O- �% .���     �% ��f� "����$ ��$ .�V�, �

 .�* ����%�Q �% ;+� 
#!�4 � ;#-��! .I���Q��Q ;#+�Q

;+� �(&�O- B�C� %�% �! 4 
�#!�  I����Q��Q �  ;#-���! 

"-  �����4 �%   ��34 B�����#$  .B�#���$���+� �  ���$ � 

N�* ���� .���2$ ;#�\�� ;+� 
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)�<�, I�J�% �$ /+�34 �#] "(#Jh 6�74�  ��7#$)27(.  

 �% �% I����Q��Q      ����! ��$ "�*��#$ �% ��! "+���

"- .%�� �$ e�!�� /+ B���� )���! �  1�25��  ���� 

)�� ��� "+��� �����* �f� � ��� )�* BA ��� .���� 

�($ � B�#��$���!� � G#� ����� ������ �����* )�* 

 ���)29-28(. �% �% ��� ���! � �% "*��#$  G�#� 

 �%N��f� D5�E- N�(&�O- �V �����  �������  ����$ 

BA M��GP )�*  ���)31-30(.  

�% �(&�O- �� B�C�� � � B���2�� �%  ����  ��! 

I�����Q��Q )mg/kg 8/0 (�����$ �+�+���- ������� 

������ �($ � '��� /��-  )��<�, ��  )%�7���� � 

M��GP ��%�!     ;�+� � ��#��C#Q �% M�� ;�+� �!

�4 �V��� %��, 77 �f�- �[�%  )%��$   ����)30( .

Batra �  B��C� B���2��  ���%�%  ��!  G+��<4  ����% 

 ��+��mg/kg 5/0 I���Q��Q ;#, Emergence � 

"*��#$ ."-��� "- ����4 I���,�  ������  ������� 

�($ � B�#��$���!� ��  H���!   ���%)21( .�%  ;�+� 

 .���(&�O-mg/kg 25/0 I�����Q��Q �% B����� B���- 

 �$��C-  ��(&�O- � Batra �  B����2�� )21)%�7����� ( 

.�* �-� �f� �$�� "� �4 ��� ��$ � N�* ����� 

������ )���C- �+%��� .��J&� �$ � �4 �$  ��(&�O- � 

)��*� .)�* ����% �4��$ ;2�- ��� �f�-   ���*�$

  �%���, �4 ����, �� N�(&�O- �+��� �% c>��� �

.���! �# �4  

;#-��! �$ B���� /+ ����% ��R&� "*��#$ �����* 

"- %�* �! N��f� �2���$  ����4>+% BA �%  "4��(&�O- 
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�#����� � %�J�$ �2���$ ������ �% ��A  %��,  ��$  ���! 

����  ���)32 .20(.  
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F�% ;+� �! �  �%mg/kg 25/0 �$  =����  N��(&�O- 

"5J� )%�7���  .��*  "&��, �%  ��!  �����%  ���+% ) �%

�! "&�, ��� �% �!  ������ ( ;�2�-  ����  �+���� 
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 �- H��! ��$ �($ ���� �  B�#���$���!�   G�#� �

BA N�* �% "�����#$ %�*  ��! �%  I��,  ;������$ � 

"*��#$ "-��� �����.     �% G�#� "+����4 ��$ I���Q��Q

  .;+��$���$ .���� �f�- ���� ��$ H��!  ;�+�  ��-��� 

 "��-  �������4  ����   ��#���C#Q �  .������  ���($ � 

B�#��$���!� ��+GP B���� �$ ��*�$ ��O- "+��.  
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����� B��������#$ "����*�! � G��#� ����!% ���V���3- 

��2C& �#� �! �% ;+� �(&�O- �- �� ���+ .��%�!   �2�C4

 �"- ���G����� %%�P. 
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Comparing the Effects of Low Doses of Propofol, Ketamine and 

Combination of Propofol-Ketamine in Prevention of Post-Extubation 

Coughing and Laryngospasm  
 

Azim Honarmand MD1, Mehdi Khazaei2, Mohammadreza Safavi-Homami MD1 

 
Abstract 
Background: One of the most common complications in patients awakening from general anesthesia 
is post-extubation coughing. Laryngospasm, as a complication too, can result in severe outcomes. This 
study was conducted to compare the effect of small doses of propofol, ketamine and their combination 
on incidence and severity of post-extubation coughing and laryngospasm.  

Methods: Patients, who were scheduled to undergo operations under general anesthesia, were 
randomly divided in 4 groups of 40. Routine anesthesia was performed. Patients received 0.25 mg/kg 
propofol, 0.25 mg/kg ketamine, 0.25 mg/kg propofol, and 0.25 mg/kg ketamine and 0.1 ml/kg normal 
saline in propofol, ketamine, propofol-ketamine and control groups, respectively. Drugs were 
administered before extubation. Coughing and laryngospasm was recorded and graded at previously 
defined times during emergence from anesthesia. 

Findings: The incidence of coughing was 23 cases (57.5%) in propofol, 28 cases (70%) in ketamin, 
11 cases (27.5%) in propofol-ketamine, and 33 cases (82.5%) in control group. The differences 
between the propofol-ketamine and other 3 groups and between the propofol and control groups were 
significant (P < 0.050). But, no significant differences were noted between the propofol and ketamine 
groups (P = 0.356) and between the ketamine and control groups (P = 0.121). Comparing the 
incidence of sever coughing (grade 3), the differences between the propofol-ketamine (no patients) 
and propofol (4 patients) (P = 0.040) and control (7 patients) (P = 0.006) groups were significant. No 
significant difference was noted between the groups in frequency of laryngospasm (P < 0.050). 

Conclusion: It could be concluded that the combination of low-dose propofol and ketamine could 
decrease the incidence and the severity of post-extubation coughing. Propofol could decrease this 
incidence, too (although less than combination). 

Keywords: Cough, Ketamine, Propofol, General anesthesia, Laryngospasm 
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A Suitably Designed Lip Applicator for Radiation Therapy of Lips Carcinoma 

 
Parvaneh Shokrani PhD1, Milad Baradaran-Ghahfarokhi MSc2, Maryam Khoramizadeh MSc3 

 
Abstract 
Background: The aim of this study was to evaluate a novel boosting technique in radiation therapy of 
lip carcinoma using a suitably designed lip applicator, called (in this study) internal dose enhancer tool.  

Methods: The internal dose enhancer tool was designed with proper thickness of lead for reducing 
transmission to tissues located beyond the lips. A 0.5 cm thickness of polystyrene was used to cover 
the lead and reduce the backscattered electron dose, while an opening in the polystyrene layer allowed 
electrons to reach the target. Monte-Carlo models of 6 and 8 MeV electron beams were developed 
using BEAMnrc code and were validated against experimental measurements. Using the developed 
models, dose distributions in a lip phantom were calculated and the effect of an internal dose enhancer 
tool on target dose enhancement was evaluated. 

Findings: Using the internal dose enhancer tool, the maximum dose enhancement as a percentage of 
dose at dmax of the unshielded field were 57.6% and 36.1% for 6 and 8 MeV beams, respectively. The 
best outcome was achieved for lip thickness of less than 1.5 cm and target thickness of less than 1 cm. 
For lateral dose coverage of planning target volume (PTV), the 80% isodose curve at the lip-internal 
dose enhancer tool interface showed a 12 mm expansion, compared to the unshielded field. 

Conclusion: This study showed that a conformal external beam radiation therapy (EBRT) of lip is 
possible by using an internal dose enhancer tool. This boosting method is especially applicable to cases 
in which other treatment modalities, such as brachytherapy, faces limitations. 

Keywords: Electron beam radiation therapy, Lip carcinoma, Monte Carlo simulation 
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