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A B S T R A C T 
Metal oxide nanoparticles are one of the most widely used compounds among 

nanoparticles that have wide applications in various fields and thus increase 

their release into the environment and their potential impact on various 

organisms, especially aquatic organisms in the aquatic ecosystem. 

Nanoparticles have high chemical and biological reactivity by increasing their 

surface to volume ratio, which leads to increased production of free radicals. 

The produced free radicals disrupt the oxidation and natural regeneration of 

the body's cells and cause oxidative damage in organisms and many diseases. 

The aim of this study was to investigate the oxidative effect of nickel 

nanoparticles in Carassius auratus that could open a new horizon in relation to 

the challenges in aquatic environments. The study groups include the control 

group and the treatment group with nickel nanoparticles. Each treatment with 

three replications each included 12 fish per replication. At the end of the 

period, liver samples were isolated and collected for oxidative damage. Total 

antioxidant levels, MDA, glutathione and the antioxidant enzymes catalase, 

glutathione S-transferase and superoxide dismutase were measured in all 

groups. The results showed that treatment with nickel oxide nanoparticles 

decreased the level of total anti oxidants and increased the level of MDA in 

the group treated with nickel oxide nanoparticles. These results showed strong 

evidence of inducted of cellular oxidative stress induced by exposure to nickel 

oxide nanoparticles. Also, by comparing the control treatments and the 

treatment of nickel oxide nanoparticles, it can be concluded that long-term 

exposure to nickel oxide nanoparticles can aggravate oxidative damage to fish 

liver tissue. 
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���30��@ �
	���  �� @ +� 	�� �� ������P97 4%  P	�

  �� +� � P4�.��� "v$�+ .4<4 �323@ 6��K$ 69"n 	9 ��@3�� 

 ���@ 69!�Carassiuus auratus  :4@ +�2  	9 �J] +.Z�

 ��3@ 
�`E��@	D � ��9"n ��m� +� U��,$ �3j5@ +� F��@	D x�!

 :�E��@	D ��K<9 69!� �U��,$ 
��� =�9 	9 W� .()!0�9!] 
��Z.�9

 	9 ��1 4 
��Z.�9 +.�3�� ���93� �� �3��931D!� �� +  ��<D 	9 �941

 �94V$12 	9 �4fgoldfish � pD 6�@� .()!0 �9!] pH  =�9 ��

+� F��@	D  N�$!$5/0±2/20  �4/0±2/8  F��@	D 
��� �b � �3�

�+ �@ 4�� 
�!0 ��9 +.�� .4 +.9� +`< (��C �@�1 �3b  45��

��< �9!] 6����$ ��� (I$ +1  P�/M� �,�I@ H�9! �� � 4<!�0


�!0 ��   +1 45./� �<����@ ��� 
�!0 .4<4 6�94�`< ����$ 6��4 

�M�< 
�;3<�< �� ����$ (I$ +.Z� )30�8�@  (9"n �!038�1!� �� �!0 

()!0 45�93R �9!]. 

  

  

  

2-3 >�%.� ?!� 
5�  

�$ 69!��+ .)�� +<3�<�� ��@�  �� c 	9 W��4  	9 
��Z.�9 �� P4

@ �0�q? �� 3� +�!d �� Wt� � +� !� 4 +.E1 	9 W� � 4<

4JB�1)�M�� 942 4J1 4 @ �� +<�0942 +<3�< !� ��$�!M�p3 

P�E< B�@!) �38I@ 6��- �9��= 10 ) 4c���WM .4  

+� U�AI$ =�9 �� Pm3�� �3j5@   	9 ���@ 4J1 ()�� P�!1


	94<9 	9 4V� Wt� .4 
��Z.�9 �7��<m3�� 
�`.��  P	� 6!�0

()��  P3MB�) +B3B +� 9� ��<D �64J1 6�� !� 69	9 +� � ���9� ��A.<9

100 �8�@  �94A@ +� ()�� 	9 �!01 �8�@  !)�� !.�BTris-HCl  ��pH 

 �� !�9!�4/7 Pm3�� ��f ��K<9 	9 W� � 4 +)�d9 PD +�   �6	��

 (f!� �� m3�Z�!.<�� �R9� ��12000  6�@� �� � +A�]� �� ���4 +

 :4@ +� �9!`�.<�� +2��20 ()!0 �9!] +A�]�� X��@ Wt�  T�Z

�.<D 7�B�<D 69!� � 4 942 ��Y��  F��@	D ��K<9 P�@	 �$ �<94�/19

 6�@� �� �7�!) ��20- .4 6�94�`< �9!0 �.<�� +2��  
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2-4 �5���� 
/�A � 

2-4-1 -��B CD�� E' >���"�� 

9 ���= AI$�U .<D L,��  /19�P94 ��$ P935f (I$ FRAP 

)Ferric reducing ability of plasma( �� 
�!0    ��6 

��!���3@�  �� 	9 
��Z.�9 ��Benzie & Strain (1996)  ��3@ 

9 �� .()!0 �9!] FK5��= .<D L,� � ��� /19�P94  ��6  +<3�<

-9 !C9 �� ��<D :�4] ^��9!��O� �P3 !)�q  +��P3 
	94<9 �!) 0�!6 

@� �38c9 
��@ .�  �� 
��Z.�9 ��3@
	94<9 P97�@ 6!�0 FRAP  +�

 ��<TPTZ @� 4��9 .�= 1!$�N @�� 	���6  �� ��e$9 (�2�P3 

!)�q 9!��5� � ��9��=  WM8t�1 PD ��Fe3+-TPTZ ME$�� 

@� 9 .4���= Jb (B�- �� WM8t�1�V�  �@9 �(�9 �<� P�4�

 +_<�5��P3 !)�q .<D H�3$ �38I@ �� �323@�  19/�P94   +� ���P3 

-9 �!)�O� 9 ���!0�= !� WM8t�1���V 9���K �D �<�� @�   �� .451


	94<9  0�!6 9 :4�= !.@3.)�!.Mt�9 
�`.�� H�3$ �<� �� �3b 

 �3@593 !.@3<�< @�P97 B�V)�( .<D�  /19�P94  ��6 @ ���D!� ��$� �3.  
  

2-4-2 
� >%�� CD�� �����B1 )MDA(  


	94<9  P3B�@ L,� 6!�0 6�  N��5@ wR� q� P935f +� 4��4BD

@ 63�$94�/19 (�Vd� ���!� (�2�@ �9!] 
��Z.�9 ��3   .�!�0

 !�j< ��4�t�B P3��94�/19!� 	9 �c�- +�B�9 :Y3eI@LOOH 

!$45� �b +1 45./� 6�94����< :�J�1+8-!@  F519� 	9 69  6��

 :�J�1!$ +� ������P3.1 � ��4�{4BD !�j< 6!`�� +�3<�C   ��

�@ +./M   +1�K<D	9 .4<3MDA  :�J�1!$ !`�� �� +/��A@ ��

 64��4BD(�9 !$�94���� +�    N��5@ �e�?E$ �97�9 q� P935f


	94<9 (�2  +� 4�t�B P3��94�/19!� P97�@ 6!�0  �@ ��1  ��� ) F�<�@

 ���E1Y���2 �2006.( [�9� 4��9 q��3.�����3�$  ��   � =�!$


���  
	94<9 69!� 
��Z.�9��3@  �� =�!$ P3B�@ 6!�0  6�   4��4BD

�4-) Y�� ���@� H�9! (I$ �100  H�I@ � (�9!`�.<�� +2��

�@ 64��9 .4��  L,�MDA 
�!0 ��  ��3@ 6��  �� ���!�

 �� ^��9!� � 6!.@3.)3.Mt�9  �� 	9 
��Z.�9 )1978( 

Buege and Aust 
	94<9 .4 6!�0  T!V@MDA  �@�

) 4��9 q��3.�����3�$TBA) q�.�9�!81 6!$ �(TCA�( 

 4��9 q�!81��4��HCL)�@ !,A@ pD �� ( .4��  
  

  

  

  

                                                           

1. MalonDialdehyde 

2-4-3 5H'� :� �B CD��2 )CAT(  

 ��7<D FK5� 	Y�$�1 �� �� U��,@  Aebi H (1984)�   �� ��

 Pm��4�� 4�/19!� 69!./�3� 	9 
��Z.�9 �� 6!.@3$3)�!.Mt�9

4 ��K<9 .:�Z/) F��@	D =�9 �� 
��Z.�9��3@ !)��   ����.�50 

�8�@  �@ �Y3@  4�� . 9!./�3� P��7)9 �� F519� :9!��v$ � x�!

+� p"2  :4@1  �3@ �3b �� +A�]�nm 240  6�@� �25  +2��


	94<9 �8�@ �� P�@	 4-9� �� ��7<D (�B�V) .4 6!�0   +<3�< !.�B

 	Y�$�1 4-9� q� �>�!V$ UJb!� .4 +J��I@ !�	 �3@!) UJb

pD �3@�!M�@ q� +�7K$ N23@ +1 (�9 ���7<D �94A@  +<S�/19

 �� +A�]� q� :4@ �� 6�@�25 �.<�� +2�� .�3 �9!0  
 

  
  

  F519� �1 �K- =  �� p"2 N�!d :9!��v$ =

 +A�]�  +<3�< �94A@ = p"2 N�!d =C  =�a$�!� (j8n =

)mg/ml( .(�9  

  

2-4-4  >%�''%�A :� �B CD��S -5�/I"��/'3 )GST( 


	94<9  7<D (�B�V) 6!�0 P3�$�$380 ��S -  �� 	9 
��Z.�9 �� 	9!Z/<9!$

William H.Habi et al(1974)  !)�� 	9  �� =�9 �� .4 ��K<9

 (j8n �� ����.� :�Z/)100 �8�@   �� �Y3@5/6 pH=  .4 
��Z.�9

 6��- !.@3.)�!.Mt�9 �� p"2 ({9!] (�2 ����< �38I@2850 

�8�@  �����.� :�Z/) !)�� 	9 !.�B50 !.�B�!M�@  � 
4 Pm3�� +<3�<

50  !.�B�!M�@GSH �@  �38I@ P�!1 q<Q� 	9 4V� +1 4��50 

 !.�B�!M�@CDNB +<3�< 6��- :31 +�  :9!��v$ .4 +)�d9 ��

 �� +<3�< p"2340  6�@� � !.@3<�<C°25  :4@ +�3  
	94<9 +A�]�

 (�B�V) +J��I@ .4 +J��I@ +A�]� �� p"2 :9!��v$ Wt� � 6!�0

� ��7<D 
S�� �B3@ p"2 N�!d 	9 
��Z.�9 �1 -�!812�4  6�

 �� P75��!.�<5/6 pH=  ���V@ +1 
��Z.�9 ��3@ �3@ �3b ^��9!�

mM-1cm-1 6/9  :�3c +� � ��K<9 (�9U/ml  P97�@ .4 P���

:4 +J��I@ !�	 �3@!) UJb ��7<D (�B�V)  
  

                                                           

2. Catalase 

3. Glutathione S-transferase 
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 ��(3 .5I5@� $�$380 ��94<�.�9�P3 )�@ ��94<�.�9 �5I5@ � 4<93$F�� 69! �3 
��Z.�9 +.R�5�< +<3�< q� (j8n �5�� .( �(�9 �,R ��94<�.�9 �5I5@ +1 �@�`5�


	94<9 N� �@ !��v$ (j8n =��V$ 69!� ��5`�� P97�@ � 
�3� (���/- 69�9� 6!�0 P�E< !.E�� N� �� !$458� HR q� .451 
	94<9 
45�� ^�/- 6!�0 (�9 !$. 

2-4-5 ��"��/1%��� :� �B CD��5�1 )MPO( 


	94<9 69!� 
�!0 �� 	94�/19!�38�@ ��7<D (�B�V) 6!�0  ��3@ 6�� 

  �� 	9 ���!�Bradley et al (1982)  P97�@ .4 
��Z.�9

 (�2 ����< �38I@ .4 +J��I@ !�	 �3@!) UJb ��7<D (�B�V)

 6��- !.@3.)�!.Mt�9 �� p"2 ({9!]2850 �8�@   !)�� 	9 !.�B

 �����.� :�Z/)50 �!M�@ � 
4 Pm3�� +<3�< !.�B50  !.�B�!M�@

GSH �@   �38I@ P�!1 q<Q� 	9 4V� +1 4��50  !.�B�!M�@

CDNB +<3�< 6��- :31 +�  +<3�< p"2 :9!��v$ .4 +)�d9 ��

 ��340  6�@� � !.@3<�<C°25  :4@ +�3  � 6!�0 
	94<9 +A�]�

 
S�� (�B�V) +J��I@ .4 +J��I@ +A�]� �� p"2 :9!��v$ Wt�

<D �B3@ p"2 N�!d 	9 
��Z.�9 �� ��71-�!812�4  P75��!.�< 6�

 ��5/6  = pH  ���V@ +1 
��Z.�9 ��3@ �3@ �3b ^��9!�mM-

1cm-1 6/9  :�3c +� � ��K<9 (�9U/ml  P97�@ .4 P���

:4 +J��I@ !�	 �3@!) UJb ��7<D (�B�V)  
 

  
  

2-4-6 >%�''%�A K<� CD��2 )GSH(  

3�$�$380 P97�@ FK5� 69!�  �� 	9 �PTietz  (�2 .4 
��Z.�9

����.� :�Z/) !)�� 	9 F��@	D =�9 ��K<9 100 �8�@  
��Z.�9 �Y3@    .4

(j8n �� P3�$�$380 ��94<�.�9 �38I@  ��5/12 �B9 200  �Y3@�!M�@

 .4��!0 
��Z.�9 P3�$�$380 ��94<�.�9 �5I5@ ��� 69!� � 4 +��$

8�@ �Y3@�!M�@ N/-!� P3�$�$380 (j8n� .4 +J��I@ =�a$�!� �!0 

                                                           

1. Myloperoxidase 

2. Glutathione 

2-4-7 5'%."����"��/1%� CD��3 )SOD( 

 �� �� U��,@ 	�$3�/��4�/19!�3� FK5� Sun et al (2007) 

 F519� u38?@ ����< �K- .4 ��K<9ml 3  ����< (j8n .(�9

 �@� F519� �� 
��Z.�9 ��3@ �93@mM 1/0  �=�.<970mM 1/0 

EDTA �mg/L 50  �6��0 �!� =�@3JBDµM 25 NBT �nM 

9/9  � 	94�/19 =�.<970mM 40 Na2CO3 )2/10 =pH (

�@  +B3B !� �� .4��ml 45/2  FK5� T!V@SOD  
4 +��$)

 � (�3) ��ml 5/0  � q<Q� P935f +� pD �� � 64J1 +<3�<

 ��94<�.�9 �38I@Cu-ZnSOD  (j8n ��ng 25 .4 +)�d9 

 P��7)9 �� F519�µl 50  	94�/19 =�.<970 �38I@+B3B +�  �9!] 6��

 �!0 pD ���- �� 
4 
�9�C°25  	9 W� .4 x�!20  �� +A�]�

 P��7)91 �8�@  �38I@ 	9 !.�BCuCl2 mmol/L 8/0  +B3B !� +�

 �� 
4 ��ME$ P9	�@�3) p"2 :9!��v$ � >]3.@ F519�nm 

560  � ({9!]:4 +J��I@ !�	 :�3c +� ���@ 4c��  
 

  
 

2-5 ���� ���,' � �� D' �  

< +@�<!� 	9 
��Z.�9 �� :�E��@	D [��.24 SPSS  ��8I$ � +�7K$��3@

	9 .()!0�9!]  P3@	DANOVA  [��.< =�`<��@ :��Z$ ���!� 69!�


�!0 =�� ��1  (�B�V) �9�3�< .()!0 �9!] 
��Z.�9 ��3@ +b3�!@ 6��

�!< H�3$ ��7<D !�  �97)9Excel  �13$ �J�AV$ P3@	D 	9 .4 ���


�!0 +/��A@ 69!�  .4��!0 
��Z.�9 +VB�,@ ��3@ 6��  

                                                           

3. Superoxide Dismutase 
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3 - B��-�  
 

3 -1 /�M' 3�#$%�� "���� ���� /� K<� E' -��B >���"�� 

�.<D L,� 
�!0 �� ��$ P94�/19   	9 
��Z.�9 �� +VB�,@ ��3@ 6��

  ��FRAP 
	94<9 ) �M �� PD [��.< � 4��!0 6!�04 P�E< (

 �!.51 
�!0 �� �94A@ =�9 .4 
�9�71/0±76/5�!0 � 
4 ����$ 


)�M�< 4�/19 
�;3<�< ��ml/kg30 (59/70±0/3  ^��9!� .�3�

 P3@	DANOVA �5V@ :��Z$ +1 4 w?E@  =�� 6�9�


�!0   	9 !.�1 L,� �� +VB�,@ ��3@ 6��001/0  .��9� �32�

�.<D L,� +1 4 w?E@ �13$ �J�AV$ (/$ ^��9!�  P94�/19

4�/19 
�;3<�< �� 
4 ����$ 
�!0 �� ��$  M�<) �ml/kg30 F��1 (

�5V@ 6�9� ��9� �!.51 
�!0 �� +/��A@ �� )p<0.05(. 

  

  
  

 ��(4 .@�`<��= .<D L,�� /19�P94 P�E< * (@Qf ��$ 5V@ 
45���  @ P�3� �9�� 4��  

�.<D L,� �5V@ F��1 �M�< 4�/19 
�;3<�< �� 
4 ����$ 
�!0 �� ��$ P94�/19 ��9� �!.51 
�!0 �� +/��A@ �� 6�9� )p<0.05(  

  

3-2  >%�� K<� /� ���� ��"�� 3�#$%�� /�MN'


� ) �����BMDA( 

 L,�MDA  �!.51 
�!0 ��59/0±36/3 �� 
4����$ 
�!0 �

4�/19 
�;3<�< )�M�<ml/kg30 (40/0±91/5 
	94<9  � 4 6!�0

)�M �� PD [��.<5� P�E< (.4 
�9  P3@	D ^��9!�ANOVA 

�5V@ :��Z$ +1 4 w?E@ =�� 6�9�  ����$ 
�!0 � �!.51 
�!0

 �� �M�< 4�/19 :9�;3<�< �� 
4 	9 !.�1 L,�001/0  .��9� �32�

!� L,� +1 4 w?E@ 7�< �13$ �J�AV$ (/$ ^��9MDA  ��

)�M�< 4�/19 
�;3<�< �� 
4 ����$ 
�!0ml/kg30 F�97)9 (

�5V@ ) ��9� �!.51 
�!0 �� +/��A@ �� 6�9�p<0.05(.  

  

  

* 
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 ��(5. � P3B�@ L,�6 �4BD�4 )MDA( .P�E< * (@Qf 5V@ 
45��� @ P�3� �9�� 4��.  

 L,�MDA �5V@ F�97)9 �M�< 4�/19 
�;3<�< �� 
4 ����$ 
�!0 �� ) ��9� �!.51 
�!0 �� +/��A@ �� 6�9�p<0.05(  
  

3-3 %�� /�MN'�� ��"�� 3�#$K<� /� ��  >%�''%�A

)GSH( 

 L,�GSH �� 
�!0   � ()!0 �9!] ���!���3@ +VB�,@ ��3@ 6��

) �M �� PD [��.<6 �94A@ .4 
�9� P�E< (GSH  �!.51 
�!0 ��

35/1±38/23����$ 
�!0 �  �M�< 4�/19 
�;3<�< �� 
4

)ml/kg30 (15/1±45/15 P3@	D ^��9!� .�3�ANOVA 

�5V@ :��Z$ +1 4 w?E@ 
�!0 =�� 6�9�  B�,@ ��3@ 6�� �� +V

 	9 !.�1 L,�001/0  �13$ �J�AV$ (/$ ^��9!� .��9� �32�

 L,� +1 4 w?E@GSH  4�/19 
�;3<�< �� 
4 ����$ 
�!0 ��

) �M�<ml/kg30( �5V@ F��1  �!.51 
�!0 �� +/��A@ �� 6�9�

) ��9�p<0.05.(  

 

 
  

 ��(6. $�$380 L,��P3 )GSHP�E< * (@Qf) ( 5V@ 
45��� @ P�3� �9�� (4��  

 L,�GSH �5V@ F��1 �M�< 4�/19 
�;3<�< �� 
4 ����$ 
�!0 �� ) ��9� �!.51 
�!0 �� +/��A@ �� 6�9�p<0.05.(  

 

3-4  5H'� ?��O! /� ���� ��"�� 3�#$ %�� /�MN'

)CAT( 


�!0 �� 	Y�$�1 (�B�V) ����$ 
�!0 � �!.51 6��  :9�;3<�< �� 
4


	94<9 �M�< 4�/19  [��.< � 4 6!�0) �M �� PD7 
�9� P�E< (

 �!.51 
�!0 �� �94A@ =�9 .480/1±03/23 �� 
4 ����$ 
�!0 �

4�/19 
�;3<�< )�M�<ml/kg30 (42/1±22/16 P3@	D ^��9!� .�3�

ANOVA �5V@ :��Z$ +1 4 w?E@ 
�!0 =�� 6�9�   6��

 	9 !.�1 L,� �� +VB�,@ ��3@001/0  (/$ ^��9!� .��9� �32�

w?E@ �13$ �J�AV$  
4 ����$ 
�!0 �� 	Y�$�1 (�B�V) +1 4

)�M�< 4�/19 
�;3<�< ��ml/kg30�5V@ F��1 (  +/��A@ �� 6�9�

) ��9� �!.51 
�!0 ��p<0.05(.  
  

  
  

  

  
  

  

  
  

  

  

  

  

* 

* 
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 ��(7. 7<D L,��� ) 	Y�$�1CATP�E< * (@Qf) ( 5V@ 
45��� @ P�3� �9�� (4��  

�< �� 
4 ����$ 
�!0 �� 	Y�$�1 (�B�V)�5V@ F��1 �M�< 4�/19 
�;3< ) ��9� �!.51 
�!0 �� +/��A@ �� 6�9�p<0.05.(  

 

3-5  ?��O! /� ���� ��"�� 3�#$ %�� /�MN'

) 5���"��/1%���MPO( 

 �M�<4�/19 
�;3<�< ����$ � 4�� ����$ �� 	94�/19!�38�@ (�B�V)


	94<9 ) �M �� PD [��.< � 4 6!�08
�9� P�E< (   94A@ =�9 .4 �

 �!.51 
�!0 ��23/3±87/46 
�;3<�< �� 
4 ����$ 
�!0 �

) �M�<4�/19ml/kg30( 75/2±71/22 P3@	D ^��9!� .�3�

ANOVA �5V@ :��Z$ +1 4 w?E@ 
�!0 =�� 6�9�   6��

 	9 !.�1 L,� �� +VB�,@ ��3@001/0  (/$ ^��9!� .��9� �32�

 ����$ 
�!0 �� 	94�/19!�38�@ (�B�V) 7�< �13$ �J�AV$ �� 
4

 
�;3<�</19�4 <��M )ml/kg30( 5V@ F��1� �9�6 �A@ ���+/  ��

�9� P�E< �!.51 
�!0 )p<0.05(.  

  

 
 ��(8 .@ L,��/19!�38�	94 )MPOP�E< * (@Qf) ( 5V@ 
45��� @ P�3� �9�� (4��  

 
�;3<�< �� 
4 ����$ 
�!0 �� 	94�/19!�38�@ (�B�V)/19�4 <��M 5V@ F��1� �9�6 �A@ ���/+ �9� P�E< �!.51 
�!0 �� )p<0.05(. 

 

3-6 %�� /�MN' >%�''%�A ?��O! /� ���� ��"�� 3�#$

) 5�/I"��/'/1%�GST( 

 (�B�V)GST 
�!0 ��   �M�< 
�;3<�< ����$ � �!.51 6��


	94<9 )�M �� PD [��.< � 4 6!�09 �94A@ .4 
�9� P�E< (

GST  �!.51 
�!0 ��80/30±63/329����$ 
�!0 � 
�;3<�< �� 
4

) �M�<4�/19ml/kg30 (95/31±30/561 P3@	D ^��9 !� .�3� �

ANOVA �5V@ :��Z$ +1 4 w?E@ 
�!0 =�� 6�9�   6��

 	9 !.�1 L,� �� +VB�,@ ��3@001/0  (/$ ^��9 !� .��9� �32�

* 
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 L,� +1 4 w?E@ �13$ �J�AV$GST  �� 
4 ����$ 
�!0 ��

) �M�< 4�/19 
�;3<�<ml/kg3097)9 (�5V@ F�  �� +/��A@ �� 6�9�

) ��9� �!.51 
�!0p<0.05.(  

  

  
  

��( 9. $�$380 L,��P3 ) 	9!Z/<9!$!�3�GSTP�E< * (@Qf) ( 5V@ 
45��� @ P�3� �9�� 4��  

 L,�GST �5V@ F�97)9 �M�< 4�/19 
�;3<�< �� 
4 ����$ 
�!0 ��  �!.51 
�!0 �� +/��A@ �� 6�9�) ��9�p<0.05.(  

 

3 -7 /�MN' 3�#$%�� ��"�� ���� /� ?��O! 

5'%."����"��/1%� )SOD( 

 (�B�V)SOD 
�!0 ��  
	94<9 +VB�,@ ��3@ 6��  [��.< � 4 6!�0

) �M �� PD10 �94A@ .4 
�9� P�E< (SOD  �!.51 
�!0 ��

27/3±81/654�/19 
�;3<�< �� 
4 ����$ 
�!0 �  )�M�<ml/kg30 (

18/8±38/100  P3@	D ^��9!� .�3�ANOVA  +1 4 w?E@

�5V@ :��Z$ 
�!0 =�� 6�9�  	9 !.�1 L,� �� +VB�,@ ��3@ 6��

001/0  +1 4 w?E@ �13$ �J�AV$ (/$ ^��9!� .��9� �32�

 (�B�V)SOD  �M�< 4�/19 
�;3<�< �� 
4 ����$ 
�!0 ��

)ml/kg30( �5V@ F�97)9 �� +/��A@ �� 6�9� P�E< �!.51 
�!0 

�9� )p<0.05(. 

  

  
��(10 ./19!�3� L,���4�	�$3�/ )SODP�E< * (@Qf) ( 5V@ 
45��� @ P�3� �9�� (4��  

 (�B�V)SOD �5V@ F�97)9 �M�< 4�/19 
�;3<�< �� 
4 ����$ 
�!0 �� ) �9� P�E< �!.51 
�!0 �� +/��A@ �� 6�9�p<0.05.( 
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4 - ��$-� � DE� $F�	 

 � 45./� 67�D :9�323@ 3�$94�/19 ^!.�9 	9 ���@ �@�f :978)

+<30 4�B3$ �/�<�M@ �� U�!b 	9 F519� PS�/19 6��   9� !�"�

�@ q�!I$ +R!� U�!b 	9 W1��� ��V) :978) .4551  ����-9 6��

+<30 4�B3$ gf�� ��F519� PS�/19 6 �@ !�"� �� �4<3�B�-   +1

� ����-9 ��/<�.� 4]�) :978)�.<D x�)� �./�  �.?@ 9� �<94�/19

�@  � p!� ��M�< �
3�2 45<�@ ����-9 ��/<�.� 4]�) :978) .4551

�.<D x�)� �� �Q.R9 ��K�9 gf�� ��3�@��1  PD 
S�� +� ��<94�/19

�.<D 	9 +.�� P94�/19 ��7<D � �� �@ ����  �3�$ 6��- +1 4<3

45./� �P9��M�� � 9�3M��3�)2011( �:978) �0S�� . � (�BQ-

 H�I@ �� :978) (��� �� +1 45./� ���@ �@93f 	9 ��<D N�1!$

�@ !�C�$ ��D �- 78) �94A@ .4<�9"0   +� :4 +� 
4pH  pD

�@ :978) F5M��!� .��9� �`./�  6�� ��<D ��� :9!C9 4<93$

 !��v$ �Z5@ �� � (Jo@ (�2 �� �� 9� 67�D :9�323@

4��7�2) ��M/.�� � �M��2001(�4@ .  �� =.)!0 �9!] >8.?@ 6��

 	9 9� :978) P����@ .4<�9� FA< ��78) (��� �� 7�< :978) \!V@

FE�D U�!b  p"2 P4� L,� �  �930 
�`.�� ���

�@ 4551 �P9��M�� � 
4<3@�1)2002.(  +J52 3�$94�/19 ^!.�9

+K�.< (�Vd� =�9 .(�9 6	93� �04<	 	9 p�5.29 ���]!�n  �4f

+<30 4�B3$ =�� ���V$ �.<D x�)� � PS�/19 ��V) 6��  �� �<94�/19

+<30 .(�9 
4<	 :9�323@  45<�@ 6�93@ H�3$ PS�/19 ��V) 6��

P3� 
45�YD � :�)D X)� �3�� �+,�9� :978) 6��  �AB9 �.Z< 6��

�@ 4<3 3B)   �k��2011(��M��9� .  �b �� =�5_�� �9	D 6��

38� �V�Jb 	�� � (R3� 4�B3$ �B38� P��� X��5@ H�3$ �

�@ P��� �8c9 XJ5@ �����4513.�@ WZ5$ .4<3  9	ROS  .(�9

 ���	 4�B3$ROS �@ =�a$�!� P3��94�/19 gf�� 4<93$  ���4�t�B � ��

 .�3 �38� ����-9 (�Vd� �� !��v$ � Pm P��� �� !��v$

�/�<�M@ �.<D �f�)� 6��  �./�� �@� ���@ �� �323@ �<94�/19

<D�.<D � ���7 P94�/19  �� +��E@ +1 (�9 �1 �B3MB3@ P	� �� 6��

�!)�7�9 +�!09 �(�9 P9�94<�./�  ��7<D h�R 6�� +<30 �� ��  6��


4E< w?E@ ��3R +� ���@ >8.?@ 4<9 �!��@ � 3�B��2)2008.( 

) 	�$3�/�� 4�/19!�3�SOD) 	Y�$�1 �(CAT P3�$�$380 �(

) 	94�/19!�GPOP3�$�$380 � (-<9!$) 	9!Z/GST��7<D (  6��

�.<D �8c9 wR� � P94�/19  .45./� 3�$94�/19 ^!.�9 ��@ 6��

) O��-9 P3�$�$380GSH) 
4 4�/19 P3�$�$380 � (GSSG FA< (

�.<D x�)� �� 64�81  �@ �Z�9 ���7<D!�n �<94�/19  H�9! �� .4551

�.<D �6��f P94�/19  45<�@ ���7<D 6��SOD �CAT  �GPO 

�38�  � �� 4- 	9 F�� 4�B3$ 	9 �c�- 3�$94�/19 N��D 	9 9

+<30 �@ (j)�I@ PS�/19 ��V) 6��  � P94�/19 =�� ���V$ .4551

�.<D �38� �!M8�f 69!� P94�/19  9!�	 (�9 ����9 �5��9 6��

=�a$�!� ��B38� 6�En �!M8�f � (�@��$ �Z- gf��  �B38� 6��

�;3<�< (��� �/�<�M@ .�3 �@ q�a813< 6��4��9 � P�5_�� :9

=�9 �� .(�9 +.R�5�< �@ ��<D (��� ���-  N�1!$ +� 4<93$

 HJ$!@ :9�;3<�< (-�/@ � :9�; 
	94<9 ������� ��.R�� �������

 (J/< :��Z.@ �3.1�) �� +� (�9 =M�@ :9�;3<�< (��� .4��

) :�3 
�9�1 +� ������� N�1!$ !� �5.J@ ������ (��� (

P3� 6	���9	D ��o@ P935f ) � (���) 6��2 k!I@ �� ^!.�9 (

 .:9�;3<�< �M �� � 
	94<9 �
�;3<�< �I,� �0S�� 	9 ��< 6��

 #��� !� 4�/19 :9�;3<�< (�BQ- +1 (�9 
�9� P�E< :�VB�,@

(�9 �9"0!�C�$ ���/� �B38� (E1  �P9��M�� � !<9!�)2006( ��.

�.<D L,� +VB�,@ =�9 ��7<D (�B�V) � ��$ P94�/19  6��

�.<D ���@ 64J1 ()�� �� >8.?@ �<94�/19  6������$ �� 
4

�M�<4�/19 
�;3<�< )30�8�@  (�!0  �.j)�I@ FA< =�5_�� �

�!���3@ =�@31�31 
�;3<�< =�@31�31 :9!C9 .()!0 �9!] ��

��$ ��3@ �8v �� �,�I@ �3�� 	9 ��< 64J1 (��� !�9!��� 4�

�@ �.<D �0S�� +� +1 4��  ����.B94d ��<94�/19 �q�$�./814d �

P�b!�4d � q�<m�!J�)4d  
4 
�9� (J/< PD �$9; ��9	   .(�9

 ^!.�9 F��1 �64J1 p��.B9 p31!� �� =�@31�31 �=�9!��5�

��7<D P��� F�97)9 � 64J1 3�$94�/19 ���� 6��(  69�	

q�$3��3<70 �� 4J1 	9 ����@ (j)�I@ 7<m�!J�) � N��D !�9!� .451  

	9���K<D - +VB�,@ �� +1 U�!b 	9 �M�< 4�/19 
�;3<�< !d�

+.)!0 �9!] ���@ ���.R9 �� ��9"n 
!�2   =�9 �(�9  !j< +� �3b

�@  p"2 
��� 	9 �31"@ 
45�YD +1 4��   P��!2 U�!b 	9 � 
4

�94<9 +� P3R   .(�9 
4��� 4J1 =�5_�� � P4� >8.?@ 6��

�38� �� :�J�1!$ =�9 �3l- �@ ��  4�B3$ F�97)9 N23@ 4<93$

���M��9   =.)� (�� 	9 � �B38� N�!?$ ��K<9!� � �9	D 6��

��3@ �94<9 �� ()�� �V�Jb �!1��1 �� ��@ �94<9 q� 4J1 .�3 !j<

��  �@ P4� +� 
4 ��9� :�J�1!$ ��9�	 4��� =�9 	9   q� 4J1 ��

 �� �323@ :978) 	9 
4 �AB9 3�$94�/19 N��D 4V./@ ()��

H�I@ �@ ��D 6��  .4��1 �<�@	+<30 L,� + F519� 6��  !0

�.<D L,� 	9 PS�/19 /19� �./�� ���V$ �3 !.E�� P4� �<94

/�<94�/19 �.<D �@ T!I5@ P94�/19 XZ< +� �<94�/19  +1 �3

N��D x3]� PD +K�.< ()�� +� 3�$94�/19 6��  (���< �� � ��

�3MB3@�!1�@ 4 4�93R ����!� �� P3�$�$380 .   
�!0 ��A./@ F51

) �3�$SH �� �3R (ROS �@ +� 4<93$   �.<D q� P935f   P94�/19

�@ �� �451 ��f ���7<D!�n  �� F519� �� 4<93$   ���7<D ��9�	
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+<30 69!�   ��7<D31 �� �3.1�)31 q� P935f +� ��V) PS�/19 6��

6!$ q� =�9 9!�	 451 ��f   +1 (�9 =�a./�� 6��- 4�.t�SH 

F519�  .��9� ����-9 ���<93$ �� !�"� �@ P3�$�$380 =�9!��5�  +� 4<93$

 +.)!0 !j< �� 3�$94�/19 ^!.�9 6��!1��@ 	9 !`�� �M� P935f

 P����@ �� 4J1 ()�� +1 �9� P�E< 7�< [��.< �^��9 =�9 !� .�3

����$ 4�/19 
�;3<�< �� 
4 )�M�<30�8�@  �5V@ F��1 (�!0  6�9�

�5V@ F��1 =�9 .45.9� P3�$�$380 L,� �� L,� �� �9� 

�@ P3�$�$380  �� ��e$9 �� �M�<4�/19 
�;3<�< ���<93$ ��B� +� 4<93$

 4�B3$ F�97)9 � P3�$�$380 �� �323@ �3�$ 
�!0ROS  =�9 H�3$

 �P9��M�� � ^9�) 4�� 
�;3<�<2008(.  	�$3�/��4�/19!�3�

)SOD�/19 �� HJ$!@ ��7<D ( ��M��9�  �3a/@ � (�9 ��

+$3�/��  �/19!�3� ��M��9� P�!1 +� 4O2  �H2O2 �@  =�9 .4��


45�YD 	9 ��< ^!.�9 +� ��7<D �@ � (�9 ^�/- ���/� ��   4<93$

+�   �0�3BD ��`5���	 �94E� 69!� 3�$94�/19 ^!.�9 ��5`�� P935f

H�I@   �W�� � W�.�8�3<��2) �!�0 �9!] 
��Z.�9 ��3@ (/�	

1977�K<D	9 .(��  4�B3$ NJ� �M�<4�/19 
�;3<�< +1ROS ��  4J1

�@  (�B�V) �� !��v$ 9"B �3SOD �@  ^!.�9 	9 �1�- 4<93$

��7<D 	94�/19!� � 	Y�$�1 .4�� �.)�� N��D � 3�$94�/19   6��

�.<D �f�)� �./�� �� 64�81 ��M��9� ��4J$ 69!� �<94�/19  6��

 �9	DH2O2  � 	94�/19!� �	Y�$�1 �./�� .45./� PS�/19 � pD +�

SOD �� x�)� =�B�99!� �B38� L,� �� 9� 3�$94�/19 (��� !�

�@ ��9!)   �f�)� �./�� +1 4<�!1 4���$ :�VB�,@ 	9 6���/� .4551

�.<D �@ �<94�/19  	9 �c�R ��E) (I$ ��23$ ���] P97�@ +� 4<93$

 �9!] P�@	 F�97)9 �� =�9!��5� .�3 ��K�9 =�V@ P�@	 �� ^!.�9

) �M�< 4�/19 
�;3<�< \!V@ �� =.)!030�8�@   :9!�C�$ (�!0

 6������$ +/��A@ �� =�5_�� .�9� 4�93R y� 6!.E�� p!?@

4�/19 
�;3<�< ����$ � �!.51 ) �M�<30�8�@  (�!0 �@  =�5� P93$

 N23@ �M�< 4�/19 
�;3<�< �� :4@458� �������� +1 ()!0 +K�.<

N��D 4�4E$  
4��!0 P����@ 4J1 ()�� +� 
4 ��9� 3�$94�/19 6��

I$ [��.< .(�9 6��4�/19 
�;3<�< +1 (�9 PD 	9 �1�- :�A�A

 �� 678)H�I@  ��D 6��(j8n �� ��:4@ F�97)9 � Y�� 6  P�@	

 :9!C9 � 3�$94�/19 ^!.�9 F�97)9 gf�� �
�;3<�< =�9 �� ��������

��7<D !� �J��5@�<  � 9� ��!.@9��� =�9 � +.9� 64J1 6���� �

!��v$ :9 4�4�@)4���< ��E?� � P���i�12020(.  U�AI$ =�9 ��

4�/19 
�;3<�< (��� ) �M�<30 �8�@   (�B�V) !� PD !�C�$ � (�!0

��7<D  �.<D 6��  ) ���@ �� �<94�/19Carassius auratus (

 
�;3<�< +1 (�9 PD 	9 �1�- +�B�9 [��.< .()!0 �9!] ���!���3@

�@ �M�< 4�/19   +� !K5@ � 451 ��K�9 3�$94�/19 ^!.�9 4<93$

4�4 F��1 ��7<D (�B�V) ��  �.<D 6��  =�9!��5� .��!0 �<94�/19 

wR� F���  ��7<D 45<�@ �./�	 6��  �.<D 6��   L,� � �<94�/19

P3B�@  6�  �@ 4��4BD    +� 4<93$   FK5� 69!� N��5@ wR� P935f

��9� 3�$94�/19 ^!.�9  �P9��M�� � 64�I@) 4�� 
42018( .
 :9�;3<�< 	9 
��Z.�9 +K�.< �� 	9 ��< (��� !�9!� �� �.j)�I@

�@ ��9"n ��m� �� �M�< 
�;3<�<   L,� (�3A$ �� (Jo@ !�C�$ 4<93$

�.<D 8��A@ � ���@ �<4�/19�� +.9� 3�$94�/19 ^!.�9 �� +.4  
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