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

�� ���
  � �!��" #��$ %�&��
	 

%��	 %��'� (�)
*) ��+�,*- (��)./0 �.10 )3	 � �450.67(

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

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

*�+ �  �� �,�-� 

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

���� ���� � �!��"
#���$��� �%��& '
&�( )�%*��� +�,� �����"-. �
�� ��/$����0-(��� 1��$� ��2���� �3�4�� �:6�.��7

�)�������"-. �
��( ��8* ��/$��� �����"-. �
�� ���$��� �'
&�( 1��& �+�,� �1*��� 9��2: 1	�;:<=> ������� �	
� �

)���� ?�
� e-mail: mrhamedinia@hsu.ac.ir  

���.+ 

���$�:�0��$� 1��23 ��� "4� 5��6�����78���� �
�%� ��� ��,�� � ��	
� � 
���� ��� �� "��!� ����� ����

���  �� �,�-� ��!�� � *�+  �(� !� ��9��  �� 1���.;�! � ���� ��:<7
���� ���= !� ",��>� �!�? �� '"(����@

)7B��� �� ��C(DBEB<�
�9�� �4F  ���- �?!�(��	
� ')7H��� �� ��(IJEKJ�
�9�� �4F  ���- �?!� (���= �

���� )7J��( (�
�,�= !��F . �# �4L�� �� 1��3 � �� M�N(� ����( � OL����� OP�L !� ���= ���( 6����= Q��R� �%��� .

"(����@ S�( � OT�� U� � �C��� !� �04V �C� �! "��!� ��
���� ���(��� M�N(� �(�W)? 5�? �� X3.��,�� ��:Y���(  �9(

�� ��� �
�&� 6
Z� !�[ �� 
���� ��� ���= !� ��P��"��� ��	
� ��� ���= �� ��9�� �!��)JJ\/JP= .(S���
+ �����

 ��  �� !���
Z� 1��� ^T�� _��!�)JJ</JP= ( _��+ �?!� �)JJ7/JP= (��� ���= �� !��� ���= �� O)0( _
 `��C


��$� '�%��� a�0CL� �� _P� '���P�= �C��@ ��Q�bP '!���P�0(� � ����� ���c3 ��O���( 6� .�(��N=�6�:��(��� ���  �9( Y

�(��� ���,��� ��� �
���� _�P�Z, �� �! 6��9�&� � �(����b� 
���� ��� �� _��!� O��&,� �! ��# 6d�C(� �
��
�� 1.��

� �� �V�����( ��_� Y����� O�=  ���&,� 6��� 
���� ��� �� _��!� ��&� 1�e� M�T � 6�P�� �
�����
C� �%�C�� ���

O��.� YCC���(�_� 1��23 ����(�� _L��[ !� �(��� 	9�3 6��� _��!� 6������= !��F ������� �!�� _F�+  ��!� � 6�.

��
,@ 6�� ��:.A B
!�� ��8	*� �%*��� B���( C�*
D� �B
	E! ����6�� 0#�� 
0!�F� '#����:>/H/=I0
��:� '#���� J:KL/>/=I0!�F� ���M; J:KH/>/=I

0��F� 

N��"#�� O�
* 1P�Q ��	�� ����
& ��& R-(�� ��S

�� 6A ���� B���& ��S�* 6�8T UV. �'#�$
; 0
 '. ��S

�� �$& � D���� '7�2* 02
�� ��
���.�2( ��S
� 6�� �

&0���-� ���
/$
; W�X7� �1���2Q Y
#�( 1P�Q 6����

0	*��� '.�.L����
& 0,�T �� 1P�Q �� 3�	7� �& R-(�� ��S

 1&�Q ��
!�&�	�'.� 0
��6A'#�& �� ����� 1&�Q �S

 [�\(�0	#� ��V7 0& �� ��# '��. %������� .��* ]^$�

 0
���� %_ �� 6�� C�-` %�a�_ )�S�JB
& 3��b( �2���


 � '#���� 02�"S'.� � ���K��\2� c�_ �� �S �� 3�	7�

%P�Q 0& %�����.�& ��M��
`�( ����� �� "
� �8	*� d����

 1�8� NF� 6A �
�2( 0
 '.� � ��� ��	.�4�S � 6�& 6��

1� �e�� � ��� 3��b( 3�	2
 ���2
 .'
!�b# 1� 1��&����( �&

��	#� 0�Mf(�*�& ��M��
`g( ��<��-8& �� �8	*� 3�	2
 �

&�$^.I# ��J6��2� 0& 1��& '
!�b 1*�� �& 0,&�F� ���&

0#��� 6����� 1���*.H�"# ���b(���2��C�b!�V� ���

���
��

��
	

��



 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             1 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


�������	
�,�
�������� � ������� ���� ���	 
��� 
�� ���������� 
���� <>K

$^&�`�10����&�S�*���1�S��	7�. �&�h,	^� i��! 0&

0	eS �� C��,T ���b(j�C�*)R.�	���B
/2.(>�m C�� �

6���=NS�n; ���� �� ���� ���P��� .

'
!�b#*���1�(a�& C�* �&0& 'J-�� 1*��� '
!�b#

 �&�; C�*
�B�(���
)&
$J�	 ������(�
 6��� C�� �� -

�( 1� ��\���2
.	� ��
0\'.� B��� �& 0
�"#��NC�*

 '
!�b#*��� �1 NS�
��* ��\�� ��	$
& 6��.��6���

!�&�	� +��2. 0& �	-� 9�Q
o�NS�
&�Q1�& ��
/�$Q

 �� '
�*!�b#
'��S�$� 1*���%���* �B��	$
&

 NS�
���#� �� '
!�b# 0
 '.� ���& �*���1C�* �&

 +�\�� �� B
/2.%��2S�.Lp '
!�b#*���1�*��'.� B���

&�Q1��*0
 �� 1��* 0	7�2* �V7 D��� )���&�+��2.

!�&�	�
o�S� NS�
 �'.�.LL 0����& �q
� ���& 12���( ��S

'
!�b# �& �1&�Q NJS�
 "
��( RJ.�	� C�* �& 1*���

���
���.LK 1� ��82$
; �S��* 1&��J2( 1*��� B���( 0
 �22


1� "
� B
/2. C�* �& 9�Q ���#� �� 6�� NS�
 r-. ����(

��*.L< ����� ��	&� �� 0
 ����#� �� ��	$
& 6�� NS�


���( )'.� ��* ���"� �����& ��	$
& 1&�Q.LI ��
����

���( �
`�( 1!��	�� �6�� NS�
 �& B
/2. 1*��� C�2

 B���( �� s; �8	*� NS�
 � 1&�Q 6�
.��
�
� N��"#�

'.�.L< 

����� 0&&�\( �S��*1�S
0$0V&���F	��
�1&
B

C�* '
!�b#*���1NS�
 ��� 6�� 6�$�1���S� .��

C�* �& C�7��� B
/2. �& R.�	� �02�"S )� � ����6��� 

NS�
 r,t������1�( ����)&�Q1� �� 9�Q 6��� ��
6�-

C��'.� ��* ��\��.LH � �& ������B9�Q ���#� �� '
!�b# �

*���1� �
 C�* �&
"!�&�	� C��`�
oe�
��NS�
 �� 

&�Q���� 1.Lj � �&�B�� �3��B
$
; C�b!�V� ���� ��S��*

�
1���� ��u�,V� C��`��(�& 1*��� C�2���( C�*

 B
/2.�F� ���0��&'
!�b#*�����	�� 1R.�	� C�* �&

 �&NS�
 ���� ��T� 6��.j�>�= 

!�b# +��
'1*��� 1�a�_ �� �C������(1��2(��7
�1

 ��� 3��b(� ���� NS�
 �� � ��� 3��b( '!�� 0& �\2��

	� �� � '-q�
0\��\��0#��� 6��1���*.L> ����� 0&

� B
!�� 6�"
� �6�� NJS�
 0
 '.� ��* ]J^$� '�( �

1� ���P �
`�(�S�Lm 3��b( �
�2( �� ��
,
 NF� B
!�� �

���� ��8� �& � ��� .D
.A B
!�� B
!�� 6��2� 0& ���

1� 0	#�J� ��� �� ��A�8J	*� 6����JS��*.L= "
� BJ
	E!

'.� 1�����S ���� NJF� � ��� 3��bJ( �
�2( �� 0
.&J0

�J�J1� �.�2	� +�
; o� 6��2� 0& B
	E! �.� ���7v �& r

X� �	�
. 0& �� ���J� �"
�� 1-J��&�^1���* �8	*� �(

�S� NS�
 ��.Kp �`� �� 1��	*�� B
!���� �� NS�
 ����� 0&

 6�"
� 0& 1*��� C�2���(K<�(<<�:�� ��* ���"�

'.�.KL ��1(��: 0@]^$� ��* C�2���( 1:�7 �&

���� �B
b� C�* �&�S��# B	7�. NS�
 02
�� �6�� �\2� 

NS�@ 0& ��N��"#� 1� �8	*����* 1�����( ��'8T 0w���

0
:�(��S x�@ 9�Q ���#� 0& 12���(��22@ �*�& .B���&�2&

 ����S B���( 0	eS ������ �
`�( �( ���� �XP ���� Y
F�(

 � �8	*� 6�"
� �1��& r

�( �& �� B
/2. � R.�	� C�* �&

6����S 17�& ����F���� �� R-(�� ��S ����� � 9�Q 6

����� 0���F� 6�� 0#��� .

��� � ���� �S

h!� (1�����A �S

� 9�Q 6��� �� ����b( D��* NS�n; B�� ����A 0b��T

0#��� ����� B�� +�\�� �� 0
 ��& ��&�$
� 6�	.�8* �� 6��

����& ��* [,V� NS�n; .1�����A u�^	�� ���& ��	&� �S

6A ���T� ��� � c�S �Y
F�( O���� 6�-,_��� 1S��A 0&

 ���b( � �
.�ILN.�; 0& 0T�( �& �e� 0��� )0& �1	.��2(

0���� 6��2� )0���� ��� �& ����A u�^	�� �d�	.� �� ��S

���* .1�����A ���� 0. �� ���.�	�S ��� 0& �S�S�* 

)Lp�e�(R.�	� C�* �& B���( �)Lj�e� (B
/2. �)LH�e� (

�2	#�� ���P.

u(\�� ������� � Y
F�( +� )C���_� ���A��� 

��& 1&�\( 0�
� C��: 0& Y
F�( +�\�� ��� .+��(

1�����A'���� +�# �S �NS�n; �� '@�* ���& 1-	@ 0���

N.�; 0��� )N.�; � 1�*"; 0F&�. 0��� )���& 1����A

 1��& '
!�b#)PAR-Q(KK ������ D
�y( �� .���� ��S��
b�

6���A D��* 6�����*��0�� )���( )1��&)BMI (�� �	$
&

KH �� �	�
 B. �[&�� �	� �& +���,

Hp�6� '
�2T �3�.

 '&�` z�-��F( 6�� � W�7 1��Mt �� � B	*���)K±+���,

 (

���*����
t �6��-� 0�w�� �0	*M� ��� N* DP��� ���&

1& 1���� o-. B	*�� � 6��& |��()���� 6���� +�\��

��2� (��& .�S��
b� c�X� D��* NJS�n; B�� �� }��7 �

0F&�. ����� c�JX� 0��� �S �� ��/J
.����
& ��1-,P ��S

1�����A �� �� �� o� O�� '&��� �� ��
,
��& �S 0
B��

N.�; Y��_ �� ����� �* 1.��& 0��� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             2 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


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

0& 0T�J( �& �1*��� C�2��J�( O��* �� DJ-P 0	eS x�

0����& )6��� �� �Y
F�( ~�_ ��2J&���� � ��	��J;��	�A ��S

 �1&�Q �:�� �6�� ��P D��* � �J!��"
#0���� )���( )

������ B/! 0& ��
 ��� '-�� � 6�& �* ��
���.B�� ��

NS�n;��E
!�@ �� ���e	.� �& 6�& 1&�Q �:��i��� 0&

�* B

b( 1	.�;��� 1&�Q N\2. .���& 1&�Q 0-.���

0VF� 0. ��� �� 1	.�;���6���T ��ii ��a�;iii ���e	.�

���& '$; 0VF� 0. �� 1&�Q � �* ���e	.� )�. 0.(�9�#

 6�� � ��:�7 �E
!�
 R.�(������ ���� '#�� ���P ��
�.0&

�����1��& '
!�b# 0& ��&�� C���_� '-` +�#KI	��.0

1���J��A ��
	7� �� ��J# o� 1_ �� 6A �( �* ���� ���P �S

���� )0	eS o� 1����� �� D-P ���0����& ���T )� 1$S�n;

1.��& ���2� 0& 1*��� C�2���( ���T� �$* 0	eS 

02�"S )1�����A ��!�
 C�2���( B
� � 6���A N
; �� �S

�2���� D
��( 1*��� .02�"S )��!�@�02�"S ���F� )� ��� 

0����� )��# �&r�� '.� ��!�@ 0@��Y��_ '-` 

'
!�b# ��SKI0	��. )0-.��� ��# 1���*.K< ����S 6��(

 '.� 1�n
�
� ���F� B��	$
& "
� 1#�X� 6n
�
� �q
��� ��

0,
.� 0& 0
 )'
!�b# +�/2S �� 6�& �� �( 1*��� ��S

1� c�X� 1���������* .������ ���& ����S 6��( ��
�

 D��� o� 1���
� 6���A �� 02
$
&)Ljp= �	� (���
; ���

C��E
��iv �* ���e	.�.�����A B��6�6�&�� ��; �2.��a

��	�����@ 6�&�� '-` ���& r,P �* ���e	.� 1��8� 6��� �

�sE.1,
� r�� �& 1�����A ����S 6��( 6n
�@� �	
!

����� 0-.��� 0F
P� �� 6�& 6�� �� +���,
@ �S ���&.KI 0.

1�����A �6���A �� D-P ���0��2$.�; �S )��A���KI

���� D
��( �� 1��Mt 0	��.��1�����A 0�S �� �0	.��7 �S

 0@ �*Im6�7 �� D-P '��. '
!�b# 0��� �
S 0
!�� ��
�

�2S�� +�\�� 1*��� .6�7 ��� �� 0
 1J!�� �� ���
�

1�����A �����& �	*�� '��. '$S DP��� C�� 0& �S

N.�; 0��� )�8	*�KH ������ D
�y( �� .N.�; B�� ����� 0���

��& 3��. �� :L���� ��FQ1� 1/2.�� d� ��
2
K���FQ

1� ��
. d���� �( �e: �� ���e	.� ���� d�
F� ��
2@

LHp 1,
�0T�� �	� ��* ��2& ��& 0
 'J!�� �2J; 0& �

B

b( ��22
 )C�J* �
�F( �'.� ��# 12Sv C�.���� ��*

��& .1�����A �� sE. '!�� �� � 0	�$� '
b�� �� �S

 
i - Caliper 
ii - Jackson 
iii - Pollock 
iv - Rockport 

1,
� �2; �'���	.��� 6�7 �	
! �* 0J	#�� ���. ��S�
. .

1�����A �0,J��� B�� �� sJ;1*��� C�2���( ���� �� ��S�

���� � ���� +�\�� �� ��7 C�2���( 0	eS ������ C�� 0&

�S�* '
!�b# �82(� ��S��� +�\�� �� ��J7 ���� � ��J��� .

�* u�^	�� C�,��; �& NS�n; B�� Y
F�( ��� .1���_

�A 1�����( d�.� �& B���(1���� ��& �S .���� 0&�B��

 ���#� 1�����( �( �* 0	#�� ��� �� �

f( D&�P z���
 0����&

��
� ���P ����� C�2���( +�\�� ���& .����� 0&

N.�; 0��� )6�7 ��� �� �8	*� '!�� �� +�� ��
�

�S � 1��	*�� ���� �� D-P B
2Q 0	eS �� � ��S�� 1��Mt ���S

� D-P �S����� �( 3�� '��. o� �� � 1*��� '
!�b# �

1�����A R.�( ]^$��* D
��( �S .�0	eS ������ �� s;

1�����A +�� 12b� �1*��� C�2���( �� D-P R���* '�( �S

 �� 1��& '
!�b#Im'��. 6�7 �� D-P ��/$����A �� ��
�

����@ ��
; ���� N.�; �3�� 0,��� �2��� �0��� )�8	*�

���&�� � ����� D
��(1�����A ��0���� �S 0	#�� 1��7 �

�* .0���� )'��. �& 1��7Kppp �(<Hpp � 0F
P� �� ���

 C�� 0&LH�(Kp�*  �
e��	��. 0F
P� .�� D:�� ���.�;

 ����mp�1	��. 0T�� ����� "��# ���� .0��J�� sJE. ��S

D
.A B
!�� '�J,t B

b( ���& ��.�; B
!��J�� � B
	E! ����

��A 0&	#�� 3�F	�� 1XX^( ��/$���2.������ '8T B
!�� ��
�

D
.A '@�* '
@ ��"�a� ��� �� ����eastbiopharm 

'
.��� 0T�� �& B
Q ��$@ '7�.j/K1,
� �& +������-

1S��� 6��� C��

f( r��� � �	
!Lp�:�� �* ���e	.� .

������ '8T '@�* '
@ �� �B
	E! ��
�eastbiopharm 

��$@ '7�J. '
.��� 0JT�� �& B
QpK/L�& +���J���

1,
� 1S��� 6��� C��

f( r��� � �	
!Lp�:�� ���e	.�

�*.)��&������ '@�* '
@ �� �B
!���� ��
�Demeditec 

'
.��� 0T�� �& 6��J!A ��J$@ '7�.>j/L���� ���
�

B
&1,
� �& 1,,�!� 1S��� 6��� C��

f( r��� � �	
!j/K

�:�� ���e	.� �*.0& 1*��� C�2���( 0	eS ������ 1_ ��

1�����A1� 0
:�( �S �� ��7 3��b� 1��Mt �� � 0@ �*

6�7 �� D-P ��� 0. � �2S�� �

f( �& �+�� � 3�� ��
�

N.�; �� ���e	.� 0��� )��A���KI1��Mt 0	��.�'#����

1�����A � �������� ]^$� �S .1�����A � ��� '#���� �S

� Y��_ ��+���"#�N4)6�
����� 1��Mt 0����& �& ��* D��b( (

����� ]^$� .d�
F� ���2S�� u�	
 �� r���� �1/��7 ��S

 ���� 6�� B

b( ���& 1��Mt ���� 1
���7 �:�� � D��-(

�* 0	#�� o�
 1
���7.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             3 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


�������	
�,�
�������� � ������� ���� ���	 
��� 
�� ���������� 
���� <>I

}()��2S�� 12���( 

� 0�,T 0. 0	eS �S �� 1*��� B���( C��,T ���b(

 �1*��� C�2���( C����& 0	eS ������ .C�2���( +�\�� 6���

 c�: �� s; �
� � '��. o� �1*��� ���� �� ��

��& 0���-: .R.�	� ���� �� 6���� C�*>j�jI�:��

�* 0	#�� ��� �� C�2���( 3�_ �� 02
$
& r,P 6�&��.

�* +�\�� 1&��2( C��: 0& ���� B�� �� 1*��� C�2���( .

1�����A 0
 C��: B��&'&�� �� �S0F
P� 0. ��S �& ��

 �'&�� �S B
& � 0	7���; 6���� 0& 0	eS 6��S ]^$� C�*

1�����A 0&1� ���� 3�b# '���	.� �S �8�A r,P 6�&�� �( �*

 0&LKp ��_ 0& C�� B�� 0
 �&�� NS�@ 0F
P� �� 0&��

��& 0F
P� o� B
/��
� .6���� D��* B
/2. C�* �& B���( -

��� '��. �& 1	$��& � '#� ��S C�� 0& �<p0
 ��& 0
��`

 B
& 02
$
& r,P 6�&�� 6A 1_=p�mpr,P 6�&�� �:��

02
$
&Kj ��& .0,S� B
& '���	.� 6��� "
� �SH/L��& 0F
P� .

B
/��
� ��_ 0& R.�	� ���� �� B���( C��HI�� � 0F
P�

 B
/2. ����HL��& 0F
P� .3���# �� "
� 02
$
& r,P 6�&��

)B.�KKp (�S ���&�* 0-.��� 1�����A .N\2. ���&

6�&�� �� r,P 6�&���* ���e	.� �a�; �2..

�(����A ��� 

���&���A�& ]7�* ���A �� 1��2@��; � �"@�� ��S

�* ���e	.� 1e
:�( .s������ "
!��A ����A 6���A

)ANOVA (��
f	� �2Q s�������
 D
,�( 6���A �

)MANCOVA (( 6���A � B. D��� 3�	2
 �& 1-
FbLSD 

0	�&�� ��S�
f	� ��� DF	�� ��S�
f	� �`� 1.��& ���&

����� ���e	.� .�n�� c��S� r�� �& ����A C�
,�� 0
,@ �

+�� R.�( Y
F�( ��"#�SPSS )0^��Lm(�* +�\�� UV. �

2b�16���A ���� �SpH/p<P�* 0	#�� ��� ��.

0	#���S

���� �� s; � 1*��� C�2���( ��tA �� D-P 0	eS ��

 ���A �� ���e	.� �& �B
/2. � R.�	� C�* �& 1*��� B���(

 ��P �6�� �B. B
/��
� 1e
:�(0���� )���( )'-�� �1��&

 1�����A ���� 0. 02
$
& ����S 6��( � B/! 0& ��
 ���

���A�& �*.6��S 0
 ��_ 3��T ��L1� 0���� ���*

 R.�	� ���� �� 1&�Q �:��)ppI/p=P(
/2. �B

)ppL/p=P(2b� NS�
 1*��� C�2���( �� s;1�'*�� ����

2b� C��e( ���� �� B
& NS�
 B�� 1!�1'*��� ����

)jm/p=P.(����� 0& R.�	� ���� �� ����S 6��(

)ppK/p=P(B
/2. �)ppL/p=P(1*��� C�2���( �� s;

2b� N��"#�1�'*�� ���� �� B
& N��"#� B�� 6�"
� 1!�

 C��e( �����12b ���� '*���)LH/p=P) (3��TL(.

]7�* 17�& C��

f( C�2���( �� s; ��	��;��	�A ��S

 �� D-P 0& '-�� 1*��� "
� 6A���A�& �*0
�� 6A ���	�

 3��TK'.� ��* ���� 6�$� .2b� 6�� NS�
1�� ����

 R.�	� ����)ppL/p=P(�B
/2. ����)p</p=P(�`� ��

��* ��\�� 1*��� C�2���( 2b� C��e( 1!�1���� B
& ���� -

'*��� ��T� 1*��� B���( ��S .2b� NS�
1�`� �� ����

 �� 1*��� C�2���(0���� )���( )���� �� �82( �6�&

�* ��\�� R.�	� .1*��� ���� �� �� ����S 6��( C��

f(

2b� N��"#�1'*�� ���� .B/! 0& ��
 ��� 'J-�� C��
J
f(

�� �� +��
 �
S �� "
���2b� �S1��� ��-�)3��TK.(

��� 6�$� ���	���C�2���( 0	eS ������ �� s; � D-P 0


2b� C��e( 1*���1B
& ��.�; B
	E! ����F� �� ����

���� '*��� ��T� �S .����F� �& 1*��� C�2���( �B���&�2&

 �`� ��.�; B
	E!2b�1����'*��� .NS�
 0	-!�2b�1���

F� �� 1S��� 6���N
; B
& �B
	E! ���� 6���A s; � 6���A

'*�� ��T� B
/2. ���� �� .C�* �� �& 1*��� C�2���(

 �
`�( B
/2. � R.�	�2b�1����D
.A B
!�� ����F� �& ���

	*��� ��.�;�2.s; ��6���A�C��e(2b�1���� ����F� ��

D
.A B
!�� '*�� ��T� B
/2. � R.�	� ���� �� B
& ���

)ppm/pP=.(N
; B
& C��

f(s; � 6���A ��� 6�$� 6���A

D
.A BJ
!�� 6�"
� N��"#� BJ
/2. ���� �� 0
 ��T� ���

 UV. 0& 0	-!� 0
 ����2b�1�����
.�� .C�2���( ����� 0&

 �
`�( B
/2. � R.�	� C�* �� �& 1*���2b�1���� �&

 ��.�; B
!���� ����F� '*���)3��T<.(��� 6�$� ���	���

0	eS 1���( �� �3�� 0	eS �� "T 0& 0
 O��J\� �� � �SLK

02�"S �1*��� '
!�b# 0	eS ��_ 0& ��!�
 �12b� ���� B
&

�������� �� � ���� C��e( �S ���� �� �	$
& R.�	�

'.� B
/2. .C��e(2b�1���� � 1/2.�� d���� ��

 1��Mt ���� �� D-P � �	*�� '!�� �� ���� 0. B
& ��
.

�0���� ��� �� ���8 ��T� 1��7 ��
�'*��� .3�_ ��+�\�� 

C��e( �NS�n;2b�1���� 0����� 1	#���� ��!�
 6�"
� ��

'*��� ��T� ���� 0. B
& .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             4 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


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

3��TL�c����� � B
/��
���
b� ]7�* 1�����A 1�� �!��"
# � ��	��;��	�A ��S 1*��� C�2���( �� s; � D-P �S 

C�2���( �� D-P;�� sC�2���(

]7�*��S

��	��;��	�A 

1�� �!��"
# �

R.�	� ����B
/2. �����S�* ����P
)C��

f(

 B
&

1S���(

R.�	� ����B
/2. �����S�* ����P
)C��

f(

 B
&

1S���(

B.)3�.(K=/>±Kp/Ip=L/I±H>/<<L>/m±Ip/<>pI/p����

�P)1	��.�	�(pm/H±<j/LjLIL/<±Ij/LjpH</I±Ip/LHmK=/p����

6��)+���,

(<</LL±I=/>=IL/H±L</><=L/=±K</>H<K/pI</LK±p=/>>>j/I±H</>Kjm/Lp±>H/>Hm</p

6�& 1&�Q �:��mm/L±<L/ILpm/K±Lj/<=pL/<±HH/<=Kp/pL=/K±j=/<>*==/L±>=/<j*KK/<±L=/ILppL/p

0& ��
 ��� '-��

B/! ��� 

pI/p±m>/ppH/p±mj/ppI/p±mI/p<I/ppj/p±mH/ppj/p±mK/ppH/p±mj/pIH/p

0�������( ))6�&

)�	� �& +���,



[&��(

j=/<±mm/<pm>/L±jK/Kmp>/<±Kp/<pKj/pp</I±jp/K=pm/K±>I/K>pL/<±pK/<pK=/p

����S 6��( �q
���

)1,
� ���� 0& �	
!

 6�� +�� �,

 �S

0F
P� �� 6�&(

mI/K±LI/K=j</<±==/<K>>/H±==/K=Hj/p>m/j±I=/<>*I>/<±H=/IK*jK/I±HL/<pppL/p

*12b� C��e( '!�� 0& '-�� ��� �S�*)pH/pp<(

3��TK�B
/��
� ��
b� c����� �]7�* 17�& C��

f( 1*��� C�2���( �� s; � D-P 1�� �!��"
# � ��	��;��	�A ��S 

]7�* �SR.�	� ���� ���B
/2. ������S�* P)1S��� B
& C��

f((

6�� C��

f()+���,

(Kp/K±Kj/<�*mj/p±=>/L�*II/L±KL/p�ppI/p

1&�Q �:�� C��

f( H>/L±IH/<�*pL/<±LI/<�*p>/K±IH/LppL/p

C��

f(0���� )���( )6�&)[&���	� �& +���,

(mm/p±K=/L�*mH/p±mm/p�jK/p±Lm/p�p</p

B/! ��� 0& ��
 ��� '-�� C��

f( pH/p±pL/p�pj/p±pL/p�pK/p±ppL/p>j/p

����S 6��( �q
��� C��

f( 

)1,
J�0F
P� �� 6�& 6�� +���,

 �S ���� 0& �	
!(

j</m±j=/>*IK/<±<I/>*<</I±HL/ppL/p

*12b� C��e( '!�� 0& '-�� ��� �S�*)pH/pp<(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             5 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


�������	
�,�
�������� � ������� �������	
���
������������
���� <>j

3��T<���

f(D
.A B
!�� �B
	E! '�,t C1�����A �� ��.�; B
!���� � ������� 0. ��S

�
f	�

�����S

B
	E!)1,
� �& +�������	
!(D
.A B
!�����)1,
� �& +����
;�	
!(B
!����)B
& ���� ���
�1,
� �& 1,,�!��	
!(

������ 6�����
��S�*B
/2.R.�	��S�*/2.B
R.�	��S�*B
/2.R.�	�

6���A N
;*IH/LpK±II/IIHIK/LLH±LI/I>Kjp/>I±>m/<mKKj/Lp=±j>/j<Kpj/LpI±LI/j<m=H/LLH±>m/jL<Ip/>±Kj/KpIp/I±j>/L>KI/=±KI/L>

Pap=/pI</pj</p

6���A s;Kj/=K±j>/I<LH</LpK±pp/IIHHj/=L±<</<=HLj/mI±KK/jpp>p/LLj±>j/jjH*>=/=L±m=/HHKKm/Lp±m=/KKII/<±Hm/LIjI/>±m</Lm

Pa<m/pp</ppm/p

6���A s; � N
; C��

f(<L/mL±>m/L<�mp/Lm±LI/K>�pL/j>±Hj/LK<I/I<±II/<K�=I/H>±>L/K>>m/LpI±m=/jp�H>/j±j</KKp/H±p=/<�=H/m±H=/L

PaI</pL>/p<p/p

Pbj</ppp=/pH=/ppj/pKH/pLK/pKj/pp=/p=L/p

*B
/��
�±���
b� c�����†2b� C��e(1R.�	� ���� 0& '-�� ���)pH/pp<(�a:�1S��� B
& C��

f(b:1S��� 6��� C��

f(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             6 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


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

��& 

�� NS�n; B����
`�(LK1*��� B���( 0	eS �� �&

� R.�	� C�* 6�� NS�
 ���& 02
8& C�* B	#�� � B
/2.

 9�Q 6��� �� �	$
&�* %.��& .���	�NS�n; 6�$� ����

�����]7�* 0
 1*��� C�2���( �`� �� ��	��;��	�A ��S

 NS�
2b�1����%��&������ B
& 1(��e( 1!� �'J#�� �S

�JJ$� .
!�b# ��J� 0& 1��& 'J� 6��2J	.� oJ(��Jn���& �

F�J0#��� �& 0,&�.� 6��J1� ���e	��*K>�:�� NS�
 �

1*��� C�2��J�( �`� �� 1��& rJ

�( �

Jf( � 1&�JQ

1�����A �� za��b�1� 9�Je(� 1��JS ����� �� 9�Q 0
 �	#�

0#����2	�S 6��.Km1,-��( �02
�� B�� ��i��S �JJ����N

)L==I (���A �� �� 1*��� B���( C�* �
`�(1�� �& 1��S

����
 1.��& 1b
-_ 6�� .07�Q�� ��� ��
 )�& �2.��


1�����A 6�& 6�� �& ��
`�( �a�& � R.�	� C�* �S

'*���.m0
 '.� �	$
& 1���� 1&�Q NS�
 0
 �* 6�
&

 6�"
� ���* B���( ���� ��*�& �(a�& 1*��� B���( C�*

1� N��"#� ���� �� sJ; �� "
!�E
!�S�.K> A C��e( B�� ���*

 '.� 12���( 0����& � 1��� R���* ���� Y
F�( �& NS�n;

1� 0
�2
 0
T�( �� ���	� c�	7� ����( .��NS�n; �����

R.�	� ���� �� 6�� NS�
 6�"
�Kp/K±Kj/<���� �� �

B
/2.mj/p±=>/L��& +���,

6�$� 0
 6�� NS�
 ��2S�

�	$
& R.�	� ���� ��0& '-�� '.� B
/2. ����.��_ 0&

B
��; C�* �]^$� ���& �B
/2. 0& '-�� R.�	� ���� �(

 0
 ��* ���#�1�a�_ 6��� C�� ����� B�� +�\�� 0& ��(

 1*��� '
!�b#������E& �	$
& 6�� NS�
 r-. 0\
	� �� �

6A �� �* �S .1� �	$
& 6�� NS�
 B�� 0
T�( �� 'e� 6��(

1� �NS�
 B�� 1!��	�� D
!� 0
J��"#� ����(02J�"S N)� ���

�*�& 12���( C��J,T �� .�* ���� 6�$� �����02�"S 0
 )

B
/2. ���� �� �	$
& R.�	� ���� �� � ���'.� .0T�( �&

6��T R.�	� ���� 0& '-�� a�& C�* ���� 0�2�� 0& �(

02�"S �2���	& 0
 '*�� ��T� ���	�� B�� �����& )��!�


�����A 1!� ��2*�& 0	*�� ��	$
&1RJ.�	� ���� ��S

1�a�_ C�� �2	����( C�* �& 1*��� '
!�b# 0& �� ��(

B
��;02�"S � ������E& �( )����� N��"#� �� ��7 � ��� .��

�& ���� �� B���( D��( 6�"
� "
� 1*��� C�2���( 3�_

��& d���� z���
 �R.�	� C�* .1�����A '#� ���� �� �S

 
i- Tremblay 

�� �� �	$
& r
.A � B
/2. C�* B�� �/������ ��7 ���� B

'.� O����.B���&�2&*��� C�7��� '.� B���1C�* �&

& 9�-V�� �	�

�	$��&�
 9�Q ���#�|��( �*�& 0	*�� .0&

��J* ]J^$� ����� 0
 '
J!�b#*���1R.�	� 0& '-��

'J��� B
/2.1� +�\�� �(��* .�3���S 0& �& ��
 +�/2S ��

 ���#�&1|��( �9�Q ����8� 0,4�� 9�-V1��&���(��

*
��)����13�b#�('.� .� �& ������B9�Q ���#� �� 

'
!�b#*���1� �
 C�* �&
"!�&�	� C��`�
oe�
����

NS�
 &�Q���� 1.LH	^.1'
!�b#*���B
/2. 1B���

��( �� '.�
D�	�
 �\����'J
!�b#*����*�& �`�� 1.

&�\( C�b!�V�1� 6�$�1S�2�0
'
!�b#*���B
/2. 1

� 0& '.� B����B!�
DNS�
 6��& 6�&
�	$�� ���\��

�2��.<�S +�\�� r-. ��	$
& C�* �& 1*��� C�2���( B
2Q

 � ���& '^. 6A ��	�� +�\�� ���* C��,T �� ��	�
 ���b(

���� ��	$
& r
.A 3��	�� B�� ��.R.�	� B���( 6�F#���

1� ��8���( O�� B�� 0
 �22
 ��	�
 ��( 0& ��
� B������ �

r.�2� 9�Q ���#� ���& �(i��! �� ���#� B�� ���� �'.�

b��
'F,71b�
h��( �& � �2	�S�C�2 ���*� �2*A ���-

�'.� B��� �� 1*��� '
!�b# 
 �S��22.K= 

0& 0T�( �&B
$
; C�b!�V� ������
 �S��*1��&�

u�,V� C��`� �( �& C�2���( C�* B
/2.��F� ��0��&C�*

 �& R.�	�NS�
 ���� ��T� 6�& 6���j�= Y
F�( ���	� �& 0


'.� ���S ���� .V� d�.� �&Jb!�JT�� C�J� ���16��(

	�
\J0S 0
 '#��
�[��P |�����22
���(�& ���'
!�b#

*���1B
/2. �� ��\��6�� NS�
 C�* �& 0���F� ��

R.�	� �����#�9�Q ��T������.K= 0&�������* ��#

 �	8& 6��� �� 1e2� 3��b( ��\�� �� �
 C�* �& B���( 0


1�����A �� B
/2. C�J* �& B���( � '.� �
`�( ��� ��S

���� ��	$
&.<p 

�S ���	� �B
2Q �� 0b!�V� 1	#���� ��!�
 6�"
� ��� 6�$�

2b� �

f( ����S C�2���( �� s;1'*��� ���� .0& 0T�( �&

02�"S N��"#� )�

f( +�J� � 1*��� ���J� �� �� � ���

1� 1	#���� ��J!�
 C�2���( +�\�� 0
 '#�� 0\
	� 6��(

02�"S N��"#� � 1*��� )1���-T �.�; r-. �� ���

'.� ��$J� 1	#���� ��!�
 NJ��"#� .���� 0
 ��* ���"�

 '
!�b# 1e2� �
�2( �� � 1	#���� ��!�
 '-q� �
�2( ���&

���� �� �
t 1��& �� �0J2�"S 6��
 1q2J7 0\
	� ��!�
 �

�� 1*��1� ������* <L�<K � �� 0	-!� 0
�� NS�n; B�B

� 9�e(� �����
��	e .1� ���& za��	�� 0
 1,�a� �� 1�� ��*

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             7 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


�������	
�,�
�������� � ������� ���� ���	 
��� 
�� ���������� 
���� <>m

��J*�-� �
/�$Q 6�� NJS�
 ��� 1*��� '
!�Jb# �
`�(

'
!�b# �& ������. �� 0
 '.� B���.�; 1*��� ��S ��S

6��-T2
��2 NS�
 �� � 1	#���� ��!�
 N��"#� 6���S ��

02�"S'
!�b# ���. � ��� �1� 9�e(� 1��& ��S!� 0& � �	#�
D

��� �� ���� NS�n; �� 6�� NS�
 �%���-T �.�; ��-� .0&

C�b!�V� �� ���
�& �& ���S ���� NS�n; ���	� 3�� �S


!�b# �`� �� 1	#���� ��!�
 �� 1$��"#� 0
 ����� 6�$� '

1�� 9�e(� 1*����	#�.<<�<I �S 1 J,,��� �B
2Qi)KpL< (��

0!�FJ� 0
 '#�� 0\
	� ����� ��H=�1bVF� C�b!�V� �:��

Hp ��(�
 C�b!�V� �:�� � C��>HC�J7��� �:��

 B���( �`� �� ��!�
 '#���� �� ��
J
f( ���* 1#��JX( ��

���� ��S�$���.� D���� �� o� �
S 0
 �* ���� 6�$� R-(�

 C�X^$� �� C�� �C�* �O�� �2��� 1*��� '
!�b# �&

1�����A ��!�
 �& ��
`�( 6�� � s2T �B. 6���S �S

����� 1	#����.<H ���� 0&��
S'
!�b# �� 1$S�
 0��� ��S

0����� ���� 1_ �� )1�����A � �$� ��\�� C�J2���( �S

'
!�b# ���. NS�
 �& �� C�2���( ��!�
 02�"S�� ��S ����

������ 6��-T ��7 .1� B���&�2& 1*��� B���( 0
 'e� 6��(

 �(a�& 6�� NS�
 � �	$
& 1e2� 3��b( ��\�� r-. R.�	�

'.� ��* .

6����S 0
 '.� ��* ��#�S��22
 �
�2( �)�8	*��

!�� �2���
�B�2( ��
������ NJF� 1	#���� ��!�
 .!��
B��

/2.�� d���� O��*1���
����& �(�82	E;
���A�8	*�

'.� ���� 3�� �� ��* 0	7�2*<j C���2,& �
�2( �� 0


'.� �
��� � ��� 3��b(<>���� �f( 0&

C�� �a�_1C��

 '#�&Q1&� �& 6��� ��
��d��� '.�.<m �<=B 2���ii 

)KpLK(����� �iii )KpL<("2
(��� �iv )KpLp (���
 ���"� ���

����S C�2���( �`� �� 0
�
.A B
!��DNJ��"#� 1��	*�� ���

12b� ����1�1� N��"#� B�� 0
 �&�� � �8	*� 6�"
� ����(

 � ��� 3��b( �( ���� N��"#� �� 1	#���� ��!�
���&�� ���P�&

��*.<> �Ip�IL�����)KpL< (�
`�(LK1*��� C�2���( 0	eS ��

C�* �&jHr,P 6�&�� �q
��� �:�� B
!�� �& 1.��&

��
 .�$� ���	���� 6��N��"#� r-. 1*��� C�2���( 0


2b�1D
.A B
!�� ����* 1��	*�� ���.IL B2���)KpLK (

%$S�n; ���<K9�Q��
�& 6��T�� ��� 0� C�� 0& +�\��

��� �C�� 0�,T �S IH�(jp0F
P� ��& .��� 6�$� ���	���

i- Donnelly 
ii - Gueugnon 
iii - Ueda 
iv - Martins 

 N��"#� B
!�� ���F� 0
'#��.Ip 1� �J�J� 0& ����� 0& �J.�

 6����S1� UJ*�( 1&�Q '#�& �� 0
 B
	E! �
�2( �� �����

S C���2,&��e�� NF� � ��� ��	.�4�%��2
 .s; B
	E! NS�


1� "
� 6�� NS�
 ���S� N��"#� �� �8	*� ����(.IK NS�


12b� ��* ���"� 1*��� C�2���( �`� �� B
	E! ���

'.�.L>�I< ��� 6�$� ���� NS�n; ���	���0	eS ������ 0


��( 1��	*�� ����F� �& B
/2. � R.�	� C�* �& 1*��� B�

D
.A B
!�� �
`�( ��.�; B
	E! � ���12b� ����'*��� .

1e!�� ����� NS�n; ���	� �& ���Sv)KpL<(�

 �vi)Kppm (

)Kppm ("��T �vii )Kpp= (�

f(12b� ���� B
!�� 6�"
� ��

D
.A������ ��S�$� 1��	*�� ���.Km�II�IH 1e!��)KpL< (`�( �


LK �� B
!�� 6�"
� �& �� ����S B���( 0	eS<<9�Q ���

��
 1.��& .C�J* �& 1*��� C�2���(mp�>p�:��

�* +�\�� r,P 6�&�� �q
��� .��� 6�$� ���	���B���( 0


���� ��\�� B
!�� �� ��

f( ����S.II ���� NS�n; ���

0	eS �� ��* ��\�� 6�� NS�
 �1*��� C�2���( 1����; ��S

�n�� 0& ����F� 0\
	� �� � �* '
-q( B
/2. C�* ���� ��

 �

f( B
!��12b� ����1� �� B
!�� �

f( +�� � ���� 6��(

��� '-�� 6�� NS�
 '
-q( 0&.IH 1*��� '
!�b# ����� 0&

1����( NS�
 �& ����( )02�"S N��"#� �1&�Q )�
`�( �� ���

6����S ����F� �& �S)�B
!���� �2���B
�a��(�
 �S

6��	.�J	�(� ('
!�&�J	� ��S)� ���A u�Q ��S�
.� �2���

o
	
a �
.� (��* B
	E! ������. ���& .NS�n; )�S 

�1� 6�$� 0	*MS�2�� �	�
 1*��� C�2���( 0
 �LK� 0	eS

 �� N
&LK1(��e	� ���	� B
	E! ����F� �& 0	eS����� NS�
 �

C���2,& C�2���( �� RF# B
	E! ����%���*.Ij �
.���viii 

)Kppj (1!�$

 �ix )KpLL (�

f( "
�2b�1���� 6�"
� ��

 B
	E! �������� ��S�$�.<= �I>1!�$

)KpLL ('$S �� �b&

 C�* �& ����S B���( 0	eS>p�Hp6�&�� �q
��� �:��

 r,P �

f(12b� ������B
	E! ����F� ���� ��S�$� ��.I> 

�
.���)Kppj (�
`�( "
� LK���
; ��� B
	E! '�,t �& �� ���

���� 1.��& ����	�6A����� 6�$� �S ��

f( B
	E! 0


����.<= 6��� ����F� NS�
 0b!�V� B�� ���	� 0	-!� 1S���

 UV. 0& NS�
 B�� 1!� ���� 6�$� B
/2. ���� �� �� B
	E!

2b�1�
.�� ���� .�B���( C�� � C�J* 6��J�S 1,����

 
v - Guelfi 
vi - Kim 
vii - Jones 
viii - Garcia 
ix - Kishali 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             8 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


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

0�Mf( '
Jb��C��e( ��� �	�� ����# ��S0��-J*����i�

6��� 0����1� � ��� 1e2� 3��b( � ��
� ���	� c�	7� ����(

�2
 0
T�( ��.Ij �I>

��� 6�$� ���� NS�n; ���	���B���( 0	eS ������ 0


`� �8	*� d���� �& ����S%2b� ���� ������.N��"#� +��

 6�� NJS�
 ��T� �& ���� rP�b	� �J8	*�1� 6�$� 0
 �S�

C�* B�� �& ��* ��\�� 1e2� � ��� 3��b(�.�; r-. ��S ��S

'.� ��$� �8	*� 1���-T .���
 6�
& 0	*M� C�b!�V� 0
 ���

02J�"S N��"#� � 1*��� '
!�b# +�\�� )�6A rP�b	� � ���

 N��"#� �� �8	*� 0\
J	� �� � ���
 ��\�� � ��� 1Je2� 3��b(

1��S�.<>�II �& ���S ��� ���	� �����)KpL<(&���S �6�
ii 

)Kppm (C�2���( �`� �� �� �8	*� d���� �� �

f( +��

����� 6�$� 1*���.IL�Im "2
(��� ����� 0&)KpLp (%$S�n; 

���KK1& 1�����A ��� +�\�� 6�� 0#��� ����� ���( .

1*��� B���( D��* C�� 0& 6�������� ��� 6����LK

C�* �& 0	eS>H:������	� � ��& 02
$
& r,P 6�&��

��� 6�$����.�; ��-8& 0
���� ���& ��
. ��S )1��Mt

��	#� 9�e(� 1*��� B���( �`� �� '&�` .0& �8	*� N��"#� D
!�

S 6��-T ��S��
���.�3��b( 6��������& ���& o
(�	.�4�

�* ���� '-�� '-q� � ���.<> �
`�( '�( �8	*� 3�� �S 0&

6�J���S��S 1� ���P �������
�I= C��
J
f( �� ��2�A�& �

6A 1� �

f( �� �8	*� 0
 '.� �S�S� .�	8& |�� ���&

�S � C��

f( B�� ���& 1/��/Q � �8	*� C��

f( �� B
2Q

 ��_ 0& 0
 '.� ��
� ���� ��	$
& C�b!�V� ���� �& 0V&��

�S �� �`�� D���� ���. � 1�
!�&�	� �1�����S C��

f( 6���

�S� ���P 1.��& ���� .

��� 6�$� NS�n; B�� ���	� �J� c�J: 0J
 C�J* �� �J��

 ���J� �� �� 1J&�Q �J:�� � 6�� NS�J
 �1J*��� B���(

 �2	J*�� 1��J���( RJ.�	� C�J* ���J� 1J!� ���� �� 12���(

02�"S )�� 1J*��� '
!�b# ���� ��2S� N��"#� �� ��7 � ���

1�a�_ C�� ��B
��; C�* �& ��(+�\�� �( ����� .����J� 0J&

 6�� NJJS�
 ��JT� �J& 1	#���� ��!�
 � �8	*� N��"#� +��

1� 6�J$� C�J* B�� �& ��* ��\�� 1e2� � ��� 3��b( 0
 �S�-

�.�; r-J. ��S 'J.� ��$JJ� �8	J*� 1���-T ��S .����J� 0J&

�.�; o���J( r-. B
J/2. B��J�( N��"#� o� �!��"
# ��S

�* �8	*���8	*� d���� ��� 1!�'*�M/� ��
`�( 12Sv �.

oJJ� �!��"
# � 1JJ2Sv d�JJ��� C��JJ

f( ��JJ/�� 6�JJ
& 0JJ&

 1���JJ��A ���J� ��JS B��JJ�( 'JJ�
� Y&�JV� z���J
 B
/2J. .

1� �B���&�2& za�J�	�� RJJ.�	� B��J�( 0J
 ��J
 0
:�( 6��(

 r.�2JJ� �8	JJ*� N��"#� +�J� � 6�� NJS�
 ���& 'J.� �J(.

1� NS�n; B�� �J��	�� �� ����(1��� 0����& 1J*��� ��JS

�*�& '
�S� ����� 1P�Q 6���� � ��
/$
; ���&.

References 
1. Angelopoulos N, Goula A, Tolis G. Current knowledge 

in the neurophysiologic modulation of obesity. Metabo
lism: Clinical and Experimental 2005; 54: 1202-17.  

2. Diéguez C, Vazquez MJ, Romero A, Lopez M, Nogu
eiras R. Hypothalamic control of lipid metabolism: 
focus on leptin, ghrelin and melanocortins. Neuroen
docrinology 2011; 94: 1–11.  

3. Howe SM, Hand TM, Manore MM. Exercise-trained 
men and women: role of exercise and diet on appetite 
and energy intake. Nutrients 2014; 6: 4935-60.  

4. Chaput J PH, Klingenberg L, Rosenkilde M, Gilbert JA, 
Tremblay A, Sjodin A. Physical activity plays an imp
ortant role in body weight regulation. J Obes 2011; 1-11.  

5. Chen J. Aerobic exercise, gene expression and chronic 
diseases. World Rev Nutr Diet 2001; 89: 108-17.  

6. Duncan GE, Anton SD, Sydeman SJ, Newton RL Jr, 
Corsica JA, Durning PE, et al. Prescribing exercise at 
varied levels of intensity and frequency: a randomized 
trial. Arch Intern Med 2005; 165: 2362-9. 

7. Tjønna AE, Stølen TO, Bye A, Volden M, Slørdahl SA, 
Odegard R, et al. Aerobic interval training reduces car

diovascular risk factors more than a multitreatment 
approach in overweight adolescents. Clin Sci 2009; 116: 
317-26.  

8. Tremblay A, Simoneau JA, Bouchard C. Impact of exe
rcise intensity on body fatness and skeletal muscle 
metabolism. Metabolism 1994; 43: 814-8.  

9. Jakicic JM, Marcus BH, Gallagher KI, Napolitano M, 
Lang W. Effect of exercise duration and intensity on 
weight loss in overweight, sedentary women: a rando
mized trial. JAMA 2003; 290: 1323-30.  

10. Irving BA, Davis CK, Brock DW, Weltman JY, Swift 
D, Barrett EJ, et al. Effect of exercise training intensity 
on abdominal visceral fat and body composition. Med 
Sci Sports Exerc 2008; 40: 1863-72.  

11. Coker RH, Williams RH, Kortebein PM, Sullivan DH, 
Evans WJ. Influence of exercise intensity on abdominal 
fat and adiponectin in elderly adults. Metab Syndr Relat 
Disord 2009; 7: 363-8.  

12. Wu T, Gao X, Chen M, van Dam RM. Long-term 
effectiveness of diet-plus-exercise interventions vs. diet-
only interventions for weight loss: a meta-analysis. Obes 
Rev 2009; 10: 313–23.  

i- Circadian Rhythm 
i- Hagobian 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                             9 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


������	
� �,���
����� � ��� ����� ���� ���	 
��� 
�� ���������� 
���� <mp

13. Boutcher SH. High-Intensity intermittent exercise and 
fat loss. J Obes 2011; 868305.1-10.  

14. Teixeira PJ, Going SB, Houtkooper LB, Cussler EC, 
Metcalfe LL, Blew RM, et al. Pretreatment predictors of 
attrition and successful weight management in women. 
Int J Obes Relat Metab Disord 2004; 28: 1124-33.  

15. Nicklas BJ, Wang X, You T, Lyles MF, Demons J, 
Easter L, et al. Effect of exercise intensity on abdominal 
fat loss during calorie restriction in overweight and 
obese postmenopausal women: a randomized, controlled 
trial. Am J Clin Nutr 2009; 89: 1043-52.  

16. Lazzer S, Lafortuna C, Busti C, Galli R, Agosti F, Sar
torio A. Effects of low- and highintensity exercise 
training on body composition and substrate metabolism 
in obese adolescents. J Endocrinol Invest 2011; 34: 45-
52. 

17. Martins C, Kulseng B, Rehfeld JF, King NA, Blundell 
JE. Effect of chronic exercise on appetite control in 
overweight and obese individuals. Med Sci Sports Exerc 
2013; 45: 805-12. 

18. Martins C, Morgan L, Truby H. A review of the effects 
of exercise on appetite regulation: an obesity perspe
ctive. Int J Obes 2008; 32: 1337–47. 

19. Broom DR, Batterham RL, King JA, Stensel DJ. Influe
nce of resistance and aerobic exercise on hunger, 
circulating levels of acylated ghrelin, and peptide YY in 
healthy males. Am J Physiol Regul Integr Comp Physio 
2009; 296: 29–35.  

20. Hilton LK, Loucks AB. Low energy availability, not 
exercise stress, suppresses the diurnal rhythm of leptin 
in healthy young women. Am J Physiol Endocrinol 
Metab 2000; 278: 43-9.  

21. Whyte LJ, Gill JM, Cathcart AJ. Effect of 2 weeks of 
sprint interval training on health-related outcomes in 
sedentary overweight/obese men. Metabolism 2010; 59: 
1421–8.  

22. Thomas S, Reading J, Shephard RJ. Revision of the 
Physical Activity Readiness Questionnaire (PAR-Q). 
Can J Sport Sci 1992; 17: 338-45.  

23. Wardlaw GM. Kessel M. Perspectives in Nutrition. 7th 
ed. MC Graw Hill. 2007; Toronto. 

24. Kline GM, Porcari JP, Hintermeister R, Freedson PS, 
Ward A, McCarron RF, et al. Estimation of VO2max 
from one-mile track walk, gender, age and body weight. 
Medicine and Science in Sports and Exercise 1987; 19: 
253-9.  

25. Flint A, Raben A, Blundell JE, Astrup A. Reprodu
cibility, power and validity of visual analogue scales in 
assessment of appetite sensations in single test meal 
studies. International Journal of Obesity and related 
metabolic disorders 2000; 24: 38-48. 

26. American College of Sports Medicine. ACSM’s 
Guidelines for Exercise Testing and Prescription. 8th ed. 
Philadelphia (PA): 2010; Lippincott Williams and 
Wilkins; 366.  

27. You T, Wang X, Yang R, Lyles MF, Gong D, Nicklas 
BJ. Effect of exercise training intensity on adipose tissue 
hormone sensitive lipase gene expression in obese wom
en under weight loss. JSHS 2012; 1: 184-90.  

28. Jones TE, Basilio JL, Brophy PM, McCammon MR, 
Hickner RC. Long-term exercise training in overweight 
adolescents improves plasma peptide YY and resistin. 
Obesity 2009; 17: 1189–95.  

29. De Feo P. Is high-intensity exercise better than mod
erate-intensity exercise for weight loss? Nutr Metab 
Cardiovasc Dis 2013; 23: 1037-42.  

30. Bilski J, Teleglow A, Zahradnik-Bilska J, Dembinski A, 
Warzecha Z. Effects of exercise on appetite and food 
intake regulation. Medicina Sportiva 2009; 13: 82-94.  

31. Myers CA, Johnson WD, Earnest CP, Rood JC, Tudor-
Locke C, Johannsen NM, et al. Examination of mecha
nisms (E-MECHANIC) of exercise-induced weight 
compensation: study protocol for a randomized contro
lled trial. Trials 2014; 15: 212.  

32. Manthou E, Gill JM, Wright A, Malkova D. Behavioral 
compensatory adjustments to exercise training in over
weight women. Med Sci Sports Exerc 2010; 42: 1121-8.  

33. Bryant EJ, Caudwell P, Hopkins ME, King NA, Blun
dell JE. Psychomarkers of weight loss. The roles of 
TFEQ Disinhibition and Restraint in exercise-induced 
weight management. Appetite 2012; 58: 234-41.  

34. Rosenkilde M, Auerbach P, Reichkendler MH, Ploug T, 
Stallknecht BM, Sjödin A. Body fat loss and compe
nsatory mechanisms in response to different doses of 
aerobic exercise--a randomized controlled trial in over
weight sedentary males. Am J Physiol Regul Integr 
Comp Physiol 2012; 303: 571–9.  

35. Donnelly JE, Honas JJ, Smith BK, Mayo MS, Gibson 
CHA, Sullivan DK, et al. Aerobic exercise alone results 
in clinically significant weight loss for men and women: 
Midwest Exercise Trial-2. Obesity 2013; 21: 219–28.  

36. Lim CT, Kola B, Korbonits M, Grossman AB. Ghrelin's 
role as a major regulator of appetite and its other 
functions in neuroendocrinology. Prog Brain Res 2010; 
182: 189-205.  

37. Martins C, Kulseng B, King NA, Holst JJ, Blundell JE. 
The effects of exercise-induced weight loss on appetite- 
related peptides and motivation to eat. J Clin Endocrinol 
Metab 2010; 95: 1609-16.  

38. Foster- Schubert KE, McTiernan A, Frayo RS, Schwartz 
RS, Rajan KB, Yasui Y, et al. Human plasma ghrelin 
levels increase during a one-year exercise program. J 
Clin Endocrinol Metab 2005; 90: 820-5. 

39. Garcia JM, Iyer D, Poston WS, Marcelli M, Reeves R, 
Foreyt J, et al. Rise of plasma ghrelin with weight loss is 
not sustained during weight maintenance. Obesity 2006; 
14: 1716-23.  

40. Gueugnon C, Mougin F, Nguyen NU, Bouhaddi M, 
Nicolet-guenat M, Dumoulin G. Ghrelin and PYY levels 
in adolescents with severe obesity: effects of weight loss 
induced by long-term exercise training and modified 
food habits. Eur J Appl Physiol 2012; 112: 1797-805.  

41. Ueda SY, Miyamoto T, Nakahara H, Shishido T, Usui 
T, Katsura Y, et al. Effect of exercise training on gut 
hormone levels after a single bout of exercise in middle-
aged Japanese women. Springerplus 2013; 2: 83.  

42. Kissileff HR, Thornton JC, Torres MI, Pavlovich K, 
Mayer LS, Kalari V, et al. Leptin reverses declines in 
satiation in weight-reduced obese humans. Am J Clin 
Nutr 2012; 95: 309–17.  

43. Hopkins M, Gibbons C, Caudwell P, Webb DL, 
Hellström PM, Näslund E, et al. Fasting leptin is a 
metabolic determinant of food reward in overweight and 
obese individuals during chronic aerobic exercise 
training. Int J Endocrinol 2014; 323728. 1-8.  

44. Guelfi KJ, Donges CE, Duffield R. Beneficial effects of 
12 weeks of aerobic compared with resistance exercise 
training on perceived appetite in previously sedentary 
overweight and obese men. Metabolism 2013; 62: 235–
43.  

45. Kim Hj, Lee S, Kim TW, Kim HH, Jeon TY, Yoon YS, 
et al. Effects of exercise-induced weight loss on acylated 
and unacylated ghrelin in overweight children. Clin 
Endocrinol 2008; 68: 416-22.  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                            10 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


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

46. Bouassida A, Zalleg D, Bouassida S, Zaouali M, Feki Y, 
Zbidi A, et al. Leptin, its implication in physical exe
rcise and training: a short review. J Sports Sci Med 
2006; 5: 172- 81.  

47. Kishali NF. Serum leptin level in healthy sedentary you
ng men after a short-term exercise. Afr J Pharm 
Pharmacol 2011; 5: 522- 6.  

48. Hagobian TA, Sharoff CG, Stephens BR, Wade GN, 
Silva JE, Chipkin SR, et al. Effects of exercise on 
energy-regulating hormones and appetite in men and 

women. Am J Physiol Regul Integr Comp Physiol 2009; 
296: 233-42.  

49. Hellström P.M, Geliebter A, Näslund E, Schmidt PT, 
Yahav EK, Hashim SA, et al. Peripheral and central 
signals in the control of eating in normal, obese and 
binge-eating human subjects. The British Journal of 
Nutrition 2004; 92: 47-57.  
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

14
 ]

 

                            11 / 12

http://ijem.sbmu.ac.ir/article-1-1975-en.html


Vol 17 No.5 December-Jaunary 2015 Iranian Journal of Endocrinology and Metabolism / 420

Original Article 

The Effects of 12 Weeks Aerobic Training with Moderate and 
Hard Intensity on Body Composition, Appetite and Some 

Related Hormone Level in Over Weight and Obese Women 
 

Mollanovruzi A, Hamedinia MR, Askari R 
 

Department of Exercise Physiology, Faculty of Physical Education, Hakim Sabsevari University, Sabsevari, I.R. Iran 
 

e-mail: mrhamedinia@hsu.ac.ir 
 

Received: 26/07/2015  Accepted: 17/10/2015 

Abstract 
Introduction: The general aim of this study was to evaluate and compare the effects of 12 weeks 

of moderate and heavy intensity exercise training and determine the optimal intensity level/rate for 
maximum weight loss in obese and overweight women. Materials and Methods: Forty one subjects 
were randomly assigned into the moderate (16 subjects with 64-76% of maximum heart rate), heavy 
intensity (15 subjects with 80-90% of maximum heart rate) exercise and control (10 subjects 
groups). Following two stages blood sampling at rest, and fasting, subjects completed appetite 
questionnaires. In addition, subjects exercised three times a week, one and a half hour after 
breakfast. Results: Results showed that calorie expenditure in the moderate intensity group was 
significantly higher than in the heavy intensity group. The results showed decreased weight 
(P=0.004) and body fat (P=0.001) in both exercise groups compared to the control group. Exercise 
had no effect on appetite and plasma acylated ghrelin, leptin and insulin concentrations.  
Conclusion: Results showed that moderate intensity, individuals can exercise longer with there by 
increase the energy expenditure and controlling their appetite, fundings which can be used to 
design exercise programs for the prevention and treatment of obesity. 
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