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Biochem Canada Inc, Ontario, Canada)  )�n�


=A�� .
�� ������5 �4� bn�N��A �
$� =$�_0 ̀�-5 

1�_� >�
� ��R>A �A�� '� 	�� =A�� 
	1�
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	�EE 

��+�  'k*�);/\pH  (*1#�5 ! �� [*���
EDTA  �

KIU/ml �]E ����/_�P W- �� 14� 3
 ���R14
 �� P  3�4

                                                                                  
1. Clove-essence solution 

(TRI-I instrument, England)��� P W- �0	 .

�3
	�
 ���N��A �
$�� 5� =$�_0 ̀�-5 1�_� >�
�� �
	3k��� 

(EC.1.11.1.6) >�
�/*4 ��� 	0 3��*W>(EC.1.15.1.1) 

� 3
 ���R14
 �� M+e�f P W- '��= �-5 ��' n�4� 

(Nanjing Jiancheng Bioengineering Institute, .

China)  �� � �	�3�4 =��� YW�N
'*14� �� z��O�

�� 14�ELISA Reader  (Sunrise, Austria)  )�n�


a/0=A� .  

4,H�'DH 
 ����	I "�  

��3_0{���� h�� JN�% '� b A��I�� 	� )�n�
 .
��5 

�"�0� M>� ���i1� P��-�5 ��3_0$n� 3
 b0'
� M0 T��

0 MA�O
ANOVA 
�� �5 �"�0� M>� ���P  �*�3_ 3
 ��-

W�
 qO4 '� P
�
�� ���G] 	� ���R14
 	e'� .
��5 

��
� 93
��/ )�� 3
 �-  '
$A
Excel N��_ )�n�
 =�: �� $

'
�0�"� � T��0� M>� ���P )�� 3
 �-  '
$A
SPSS  Mo>��\ 

	� ���R14
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����� bn�4 ��0
 3
 M� 	0 ���#N P

 5'��_ L�16
���� '
�5 ��� P�	�� �	-��� �-'�W .

�XW-�� �P� ��3_ )�n�
 �	�0- '� ���R+� �b� )
	� v

��-��� 3
5 ��3_0��  M� =�
	� �*:����� �	�-� 
0 P

 M� =4
=S+( �-5 �	,5 !E N �� )����x��� � T� �1

2EE N �� )����x������� �1�
�� )*5 
0 =#� M�*� P

=4
 ��*� �	��� .�� ���� ��� P�  �'��0��3_ M-�W
0 b

\/!� 1��4 M:'�� >�
 ��
��� [*+#� �.\/\ ��+� )��  ��

N���1pH  F/\ 1o4 ��  Y�!\F ��+� >+� ������ )��� `

N ����*� �1 .  

 [�	:� �1�0��"� bn�4 3
 M+e�f d0g���/ �$�*+� �� P

�� � Y�5 +��>��0�W4�/ 	5 �XW- � �*6���"� P0 �

g���/�A MX� 	�� =A�� P�-�� Y�  M1R- �� 3
 T/ 
'

�
�R�
 =S+( �� M�:
*�5 ���� � T��� ���� )*� 	-� .

�1�0e�f d��3_ 3
 M+0 �b���� �	�-� 
$A
0 $�*+� =S+( b

�W4�/5 � '� �*6����� '�W��*� � M� =�>�� 	-�� '�W
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N� =4
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0
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 P0'��_ ��#N 3
 b5 ���� '
� �W� ���	 .

�W4�/ $�*+�5 -�� MX� �*6�� P0
 '� ��� M� '�W

��k��0� �*6 	f P� 
0 '
	"� M� � M�N�O� Pmg/dl 

FF/2±\/C; 4'�	 .�XW-i� �P�����"� �
�0g���/ �� P

-�� '� 	�� � �W4�/ Y��� =#� ����-'�W5 ��3_0�� 

 L�16
 M�*��- 	%�A���� '
� �"� '�0-�� �� M>�� ��� '�W

 	-���� ���	. ��"� ������0�� �5 +��>��0 '� �W4�/ 	

� �� �- '� $+A �� M�:
*� �Q
���3_ '�W0�� ���� � T�� )*


$A
0
 M� �
� ���� b0P 
$A
0'��_ ��#N 3
 b5 ���� '
� 

�*��.  

  
 A
��)L( NH�� F������ ��� ���������� �
   �!� ��� 
 ��������	 "� (H.huso)   

O�  �����	LP 
��*7� EQ'- �� <$
�� 	
�� 
 �	���  

�����)* T� 	-�� V6�� 

\/C; ± FF/2  ]/;! ± G\/F  2E/]� ± F/��  $�*+� (mg/dl)  

F\/� ± �2/E  C/� ± /E  !2 ��/�  ± C/� g���/��W4�/ P (g/dl) 

�2;/E ± EE\/E  �C2/E ± E2;/E  �FG/E ± EEF/E  g���/�	�� P (mg/g)  

\/�;! ± ;/�C  �;C± !/;C  �/�2; ± 2/�\  ��5 +��>��0	  �W4�/(mg/dl) 

�-�
�5  �	� M�
'
 �	�-	������ ���P ± �O65  �'
	��14
;HC  ��
��� ���	 .  

  

A�� 3
� b-�� j,�� �$+A �� M�:
*� ����� '
� ��"�0 �

�� �*�'*-5 0���*����� P)T3 (� '� �W4�/�W T� 5�-'�

���� ����� )*0 	)Y
� � .(��"�0 ��3
	�
 ���5 
 �	�0 P

���� �� M�:
*� M1R- �� 3
 T/ �*�'*-��1W� M� �)*0 P

4' �*6 '
	"�� [���� M� 	ng/ml EE\/E±]2/E �*� .

� '� �	� �	-��� b-�� P0
��-'�W5 ��3_0���� �
5 

�0� �*�'*- � �����	5  �'*��3
	�
 ���5 0���  �*�'*-

��>���� P)T4 ('��_ ��#N 3
5 ���� '
�  �*��)E]/Ep> .(

�1� c�4
 ��0
$A
 j,�� �T� $+A �� M�:
*� �M+e�f d0 b

	�0 � 	���� '
� �'*� �*�'*-� [�$ �W4�/�� *� �

) Y
�� ('*� M�5 ��k�� M�0�'*� �*�'*- =S+( P� [�$

�� 3_��0
 '� b0� P� �	-��� '�W�� *� �)ng/ml 

F/C±2! (N�� �&�
$A
 P0 b���� '
�5 
��5 �� '�W

������*� � �	-��� Y��%� =>)E]/Ep> ( �_ '
	"� �

�$�0� M� r� ���� P�%�� 	-�� '�W� ��  	���  

)ng/ml 2/2±\/�! .(  
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'��_ L�16
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 �3�')Y
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�/*4�� 	0 3��*>)SOD (	��5 ���R1� '�1A'� � 
'� 

 T� �� M�:
*�0���� ��� ���� �*6 3
 )*� *#� M� 	-�5 
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*� M��; �3�'   �� T�   j,�� 
$A
0b  N��A�=  
0P  

$�_0 `�� *� �)Y
� 2( N�� 
0
$A
 P0b  5'��_ ��#N 3


���� =>�� '
� )E]/Ep>.( �XW-� =S+( �� M�:
*� �P

���� �	��� =#��( b-�� �)*������ '
� N��A�
 =0 P

$�_0� ���� 
' `� 	-�.  L�16
 �Y��"� '����� '
�5  '�

N��A�>�
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";� )5( NH��	 F���U�#  C�4�I E47�6������ `�
 ��  �!� ��� �
 $�H��6���	 "� )H. huso (O�  �����	%:  
 <�1RS EDH EQ'- �� <$
�


��*7��/T  
5TT 	�U �� ��B
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�� 
 �	 �.��� . X
�8C�R7 <�1�
  X�.��1#	� ��
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cD�  

�1�0� b0��3_ P0
 3
 M+e�f d�i� �
	"A � ���� �
�

���� '
� ��"�0� �W4�/ $�*+� ��  �'���;  M�:
*� �3�'

 =4
) [�	:� .(-��� M� ��P���� ��"�0k�� �0���
 3
 �5 


��5 � ��'
� c�14
 �� M+��"�� <4*� $�*+� � 	�'
� 3�

-��� ���
*�, M� ���
 ����5 
�� �
35 �� M+��"�  c�14


W#��+� � '
�% L�I� �'*�� �� ��(De la Torre et al., 

2000) .
$A
 �Y�N� P�W- M�0�4 b0 �*6 $U*+� �0��"� �

�� 
��04�14
 <� � M�0�.  � T� �
$+A �� M�:
*�

�����4' ���Q
 M� s+1o� ���N�O� '� )*� =4
 �	

(Dethloff et al., 1999; Cicik and Engin, 2005) .

M�N�O�
5 �� '�/���5 ��
3*�� rOreochromis 

mosambicus� ��  =S+( �� M�:
*��E �� �� )����


N����� �1�
$A
 �)*01%*� b�  '� 
' �W4�/ $�*+� =S+(

�-3�'5 3�(_0N� �
� ���� M�:
*� P� ��"�0 '� '*�a� �

3�(_ ��	f M� `-�'��& 3�'0��3_ P0� M���� � b� '�W

4' 	-��� 	(Pratap and Wendelaar Bonga, 1990). 

�XW-�
 M�N�O� P5  <4*� M� Zahedi et al. (2011) 

�'5 -�W4��� 
0�
�� )Acipenser persicus(  �	� M:
*�

���� � T� ���a/ �'*e )*0i� �=A���	� �
�0 � 	

���� '
�  �
� ���� M�:
*� [�
 3�' '� 
' �W4�/ $�*+�

N�� ��� j,�� ���3 =�a�0�& M� 	�
$A
 P0 b

���� 
�'5�-3�' '� �5 \  ��; M�*W� '
���5  �	-���

��� � .�XW-� PRicard et al. (1998) i��� �
�

��(���� '
� [$% '� �*6 $�*+� k_5  �'�P  T/ 
' ��W�

 3
2E ���� $+A �� M�:
*� 3�'�	��*W� 9'
$� )* . L�6 ��


0����N�O� PHontela et al. (1996) [$% '�k_5  �'�P 

	��
� ���� ��W� ��"� M�01f �*6 $�*+� ��  3
 T/

 =�a�0 k�� ���XW- )*����� �� M�:
*� 3�(_ 3
 M1R- r

%��� �� 	��� . @4�/ ��	� �
*�, JN�O� M� M:*� ��

(������ '
� ��"� '� �	� �	-���0� ��*6 $�*+� �� 

���� � T� �� M�:
*�� 
' M�N�O� P0
 '� )*�� �
*� 


0:*� '*O���k*� M+e�A M� �*W� M� M�*W� '
���5 )�; 

3�'( �Y�N� M� 
 �'�� ��*� ���*�04�14
 @4�/ ��n�  �


0i� �	-��� 3
 ���� ����3 �� '� z��O� ��n�� �
�

���� '
�  3�' '� �*6 $�*+�M�*W� '
���5 =4
 �	� .

���� �Q
 3*�- M&��
���"� �� )*0 �� �W4�/ $�*+� �

��	f5 N� =4
 �*���� 
0��"� P0=�>� ���k�� �  M�

�� 	-�� '�W���� '
� 	��� �W�.  

�
�R�
 =S+( �� M�:
*�5 ���� � T� �	��� =#� �� �)*

i��� �
����� '
� ��"�0g���/ �� '� 
' 	�� � �W4�/ Y� P

-�� MX��� ����-'�W5 ��3_0��  �
	� ����) [�	:� .(

$�_ '� M� =4
 ��7 M� )3k0
*1#� ���5 g���/�1A�� P�  M�

�
*�, 4�14
 V6��� 
0��� �Q
 '� �	� ��n� ���

:'�6�  M1A�� �S� '��� *� �(Singh and Sharma, 

1998) .4'��� W+, ������ / �*:*�� � T� �
�Q
 �*�
�

�������"� �� )*0g���/ �� � �W4�/ P=A�� �-�0  �*XW-

Io�� 	��' �	��� W� ���� �*6 3
 
'�  ��O% M� 	-�


��0��3_ <0�������R� �5 
 M�*�5A p*� � � �	� bN�& $+


��0A <�$0�*N*0�& [*If '� �M�N�O� �'*� M�*� r� P

�1�0�%��1� d� �� ��Q� =4
 ��*�� �(Ricard et al., 

1998; Dethloff et al., 1999; Beaumont et al., .

2000; De la Torre et al., 2000; Almeida et al., .

2001) .�1� M� M:*� ��0 M+e�f d�� �
*� �&� �
*�, P

 M� =�
�=S+( �-5 
 '� ���R14
 �'*� r&*�0 M�N�O� P

	f '�5 � �� 	�
*1� M� =4
 ��*����"0I6�� ��  �*XW-

g���/�'� Y� P �'
a� �Q
 	�� � �W4�/ .""#�� P

-*�����
'	 / 
' �-�b �-3�45 +e
� '*A �5 P���� ���
5 

-�� '��f ���� c�14
 �� M�:
*� P� N�f'� 	��
��
 M
0 P

:� ��"1,
g���/ M� �'
� �*�P � �-� ���3 �'���  M�:
*�

k_ �� P�$�0�'�
� �	���5 �� *� �(Umminger, 1970) .

��0`4 ���N�O� M� =4
 ��7 �� 4���� �	�
�  '�

-���i� M�N�O� M� �������"� �
�0��� ����& ����  �W4�/

�� �*XW-5 +��>��0M16
��/ [��1>+� � 		�
 . M� M:*� ��

f b"����� ������& ����  '�P���� ���
5 � M�0�. �� 


��04�14
 <�  3
 M+e�f �� M�:
*� �� M+��"� � �
$+A


 �c�14
0� �
*: ���N�O� 3
 M��: P� �W�0	.  
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)*,

k_ [$% '� �	�5  �'����� �� �	� M�:
*� ��W� P� )*

M1R- �0 M�:
*� �� MU �*� �0��"� �5
T3  =��Q �W4�/

� 5
�� �N� 	���0� �*�'*- � �����	5 0��� T4  �W4�/

 	0��� �	-��� 5'
� ���� b-�U(Hontela et al., 

1996) .�*�'*- �-5 ������	5 ���"�5 W���  '� 
'

-���
�A '� ��0�-	�5 W��� S�� �*XW-� �	�' �*W� `

1N*W4
�R�
�N*� �P�� � Y8�	� M�0�.  �
*� �� M�:
*�

W4� 3��5 �� 	��� (Plisetskaya et al., 1983; 

Hontela et al., 1995) .�XW-� �*�'*- �PT4  M� M�T3 �

� �	( �*�'*- [��A Y
������	�� �	0 Y�� *� q��� �� ��

� �*�'*-�'*�� �	( <4*� [�$�+� P�*5  =4
 '
a��Q


(Young and Lin, 1988) .�XW-�
$A
 �P0�4 b0 � �

�����'*� �*�'*- '
��� '� �W4�/ [�$�$+A '�W5 �

o4�/� � �	�1� ���N�O� '� M� �*�0� � � 9'
$� $

���0=4
 �	(Pratap and Wendelaar Bonga, 1990; 

Munoz et. al., 1991; Gill et al., 1993; Tort et al., 

1996). 
 JN�: M1
�0
 L�6�� M� =4
 P0 ����N�O� P


$A
0 b���� '
� � '� �	� �	-����1f �T� '�W�  3
 T/

!  ���XW- M�:
*� M1R-���� '
� �� ����& M� 	� P

o4�/�=4
 �	� 9'
$� �1W� � . M1�N
Hontela et al. 

(1996) �&�	��' P5 
�� 
'5 [$% k_5  �'� ��W� P T/

���� �� c�W� M1R- �0 3
� 9'
$� l_ '� [*+#� )*

��*W�	�
 .i����"� �
�0�'*� �*�'*- �� �W4�/ [�$

N�
 @4�/ V6���M -�� '� c�14
 M�� =4
 ��(Wu et 

al., 2007) .-�� M�:
*��
$A
 J:*� �
$+A �� ��0�4 b0 �

��"�0�'*� �� �W4�/ [�$�� *�
 M� �0 �
*�, M� @4�/ P

�o�� �/ 3
4�14
 @4� (�e�I16
 �� "+�� �� *� �

(Dethloff et al., 1999) .'*� M� +�� �*XW- 5�'
*� �

N*��1�����
 `>5S�� �� [���� `0�*� $W4
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Abstract 

This study was undertaken to evaluate the effects of single sub-lethal copper (Cu) and cadmium 

(Cd) exposure on biochemical factors of plasma and liver in juveniles beluga sturgeon, Huso huso. 

A total of 54 fish (weight: 55.4±6.8 g; age: +4 months) were exposed to 20 and 300 µg/l of Cu and 

Cd in semi-static conditions for 14 days on June (2008), respectively. Then, the effects of these sub-

lethal metal concentrations on selected biochemical factors were assessed during 14 days. Results 

showed that there were no significant differences in plasma glucose, total protein, triglyceride as 

well as liver protein levels among groups on day 14. Also, metal exposure had significant effects on 

plasma triiodothyroxine (T3) but not on thyroxine (T4) levels. In contrast, plasma cortisol levels 

increased significantly compared to the controls only in Cu exposure. No significant differences 

were observed in liver catalase (CAT) and superoxide dismutase (SOD) activities between 

experimental groups and controls, but there was significant difference in SOD activities between 

two metal treatments. This study demonstrated that sub-lethal doses of Cu and Cd were effective on 

beluga sturgeon. Moreover, it showed that hormonal changes were appropriate biomarkers for Cu 

exposure in fresh water in beluga sturgeon.  
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