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2 -  Carcinogen 
3 -  Mutagen 
4 -  Teratogen  
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2 -  Ecotoxicology 
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1 -  Reactive Oxygen Species 
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3- Lactate Dehydrogenase 
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 .�2@�)pH 4/7 (5 240  �")*5��)��� 

Tris/NaCl/Pyruvate  
 .5�# 1 �B)�=�")* 

< d�4 5  ��%�;  �	 y�� O�U340  �"����� �	

5   ,)N	+��$�� =�)S �)*�3� .$' Q�\�< �


P�0� �)g�5�� �pBl  	���	�
 �5�  
 5

) $'  /0�8�Bradford, 19765 (  ;< ��$,�

 .��&  
)U/mg Protein .$' ;�)
 (  

  

�4�5#�4�5�60�!7 �
����
*8 ���#� 2���I� �!�8  

 ��$)@#��� ;�)����BS Q�\�< �)*�3�(GPX) 

 ���� ��$,�  P�0� �
  ,)N	 L� �	  # =�

 ;�\)�1  O��5��)��� GSH );�)����BS(  
 �� 

GSSG �� (�$/� !$J#  /0�8���	�' . =��


 �)# �� ��$)@#��� ;�)����BS Q�\�< 9^J0

ZellBio )ZellBio GmbH (;��*< ! +	�2"0�

$' �)*�3� .GPX  �	412 
 !�"�����    B)05

 �"��"�5�"�Z0�)Ultrospec 2100 Pro !

Amersham Biosciences !�����<(  +$����

$' . ;�\)� P�0� �
 Q�\�< �)*�3� YZ0

  /0�8� ���
 �	 	�4�� �)g�5��$'.  

  

J�!K)�� 2��
��)3  $�)014� �K� 

=��
 �� �)*�
�"� y��R"0� �)J4 QR� ��	

+�N�� ;5�
 (#��5�� y��R"0� )Folch, 1975( 



 �	%�&��� ��'	�(	� )��* �� +�,- ./01�-	- ��	2 3
:�	
��
 ����������� � �����
���           �-/�
/ �%	4 6)1 !(1397  ]143[  

 

+	�2"0� $' .�5� 	��� +	�2"0� y��R"0� =��
 

�5� O���"�/W��5�B#/d< 	�
.  ���� �$"
�=�: 

\��� +$' ! ���� W�S �: =���  
 5 ����� 12 

�B)�OK6 �")* �/@�  
 d</O���"�/W��5�B#) 

2:1:1(  ����  
 .$'  ��%� �:YZ0  �����: 

 ;`��: !�N�
 �\���`��: �� +	�2"0� �
 
� =5�

$'$� ���� .=�:  +$' ;`��: .$�  
30 

  ,)N	 �T�0 �
2000  ,)N	 �	 �5	  �	

 +	�	 ���N ��	 O�_R� `�)2��"��0$'$� �� $3
 .

 ()�c� ��� 5	 `�)2��"��0$'  # O5� ��� !

 !	�
 �"�# �*��*�� ;�5 �
 d< 5 O���"� =5�6

�)*�
�"� (��'�: �� W5	 ��� 5 d< �	 O�B8� =

�)*�
�"� =5�6  # W��5�B# �	 O�B8� =�:

 �
�a!	�
  �[�$�� �N	  
 �Z)� �� +	�2"0� �


 �$4$�$' �� +	�2"0� �
 O���"� /d< ��� YZ0 .

 +$JJ# �)R/� ;���a +�["0	)Concentrator 

Plus !Eppendorf(;��*< !  Lc� $' �� 5

 �5�  
 �)*�
�"� 9^J0 ;���NMRH1  �	

 =��	80 -   4�	�"��0 	��S =��$�[�'.$  

  

-�3��D#
�# �4���(  ��!�HNMR  

 ���� +$' Lc� =�: �	 z)B]� +�["0	

 �	 +$JJ#670  Q)0�"� .�2@� ���
 �")*5��)�

                                                           

1- Hydrogen Nuclear Magnetic 
Resonance 

)1/0 !�7�� pH 4/7(6 ( .$�$'  YZ030 

 �")*5��)�2TSP   
 �B��	 	��$��"0� ;��JT  


;<�:  .$'  ��%� �0	  
 O�B8�+$�<  �	

13000  =��	 �	  ,)N	 �	 �5	4   4�	

�"��0 	��S .$�  
5  �	 .$' `�)2��"��0  ,)N	

 ��"�� \)*��< =��
HNMR 650  �")*5��)� ��

d�)�  
 O�B8�=�: NMR 5 �B)�=�"� 

) $'  ��%�Aru et al., 2016.(  

  

L�/ �- $�)01 2M*N D>��@3 4� <O�& ��(

HNMR  

 �)*�
�"� ���0�J' =��
�$"
� !.�"#7 

n)U=�: �� +$�< �0	  
 HNMR +	�2"0� �
 

�� W����\�� Chenomex Processor 

)Chenomx NMR Suite 8.2, Chenomx 

Inc., Canada ($' ���	��!  ��� {�1� 

5 d< L)� P�0� �
 ��� v)8�� 5 $' Q)pJ� 

TSP $' W�^��. L)� ;	�	 ���N  �� Y� TSP 

) ���)�)' �))]� �	 (�B��	 	��$��"0�ppm0! 

;	�# 	��5 pH )  ����4/7 (�pBl 5 TSP �	 

W�� $��@� �
  U�
�� n)U !��\��Cnx  +�)�-5 

  �� +	�2"0� �
 YZ0W�� ��\��Chenomex 

Profiler )Chenomx NMR Suite 8.2, 

Chenomx Inc., Canada( �pBl 5 ��
 

                                                           

2- Trimethylsilyl Propanoic Acid Sodium 
Salt 
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.�"#7 �	 �:  ����  /0�8� $' )Campagna 

et al., 2016.(  

 
 �-�- ���3� E4�-!7�(  

  =��
 +	�	 =���< ()B8� 5  �\^� =�:  


+$�< �0	  �)J_�: 5 ���\�< .�3*�1� ��

W�� �� .�"#7 �)*�
�"��\��� SPSS 22  +	�2"0�

 .$'�J3� �))3� =��
�K"�� ;	�
 ��	 +	�	 �:

��  ()B8� ;���<L� Y�����5)  ��UOne way 

ANOVA 5 (Y�v10 �	 ����	 ;���< 

;�J)�U� 95  $&�	$' +	�2"0� W��� .

9^J0�: ��	��� .$' W�^�� �����  0 �	 �: \)�

>0�� W�� ��\��Microsoft Excel 2007  Q0�

.$'  

  

P��)#  

$�!��,�  2���I� � $�)01���#� $�)01 ��(

 4�5�60�!7 �
����
*8 � 4�#	��5�(-  

 .�"#7 �)*�
�"� 9^J0 b��"� �)J4 �	

P�� ������ �:�� �/@� ;�\)�  # 	�	 ;�c�

+5�S �	 .�"#7�"B)� =5�6 =�: +�,����� �	 !

 �	 5 $:�' +5�S�� �"�# ;�)0�
���� �5� �)�5	

 �5� �)����a+5�S �� �"c)
 ;�)0�
���� =�:

(�') 	�
 $:�' 1 .(  

  
<
� 1: 9��: �- $�)01 .>6# ����3 ��(;�� .#�!�� .(�3 �- �5� ���5�Q#��(����� 5(��  ��#
# �- �!"#

�
����

#� 4�� 9�3���B � 9�3�-  9�Q#��3)± -��5#�)�� ��=S(.  !)*��1  : � �!"#
#�# 5O�- V� ����-

�!� <�7�!7
��3�  ��5� !)*�� W�X�� .60
��2 : � �!"#
#�# 5O�- V� ����-�!� <�7�!7
��3� .60
��

.�X�� .�I3 YX)S� -
:� �5�(- ���# $��F)3 .6�*Q#� Y�!&) 2�� ��-05/0<P.(  

  
  

a

b
b

b
a a

0

0/02

0/04

0/06

0/08

0/1

0/12

0/14

0/16

0/18

�!)�0 !)*��1 !)*��2

]�- 4�� ]���B 4��

$
�)

01
 .

>6
# �

��
�3
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 .��))]� �	 +$' +$:�c� �B# $�5� .�"#7

) ���`5�$):	LDH �	 5 	�
 .�"#7 $J��� (

 9:�# $:�'  
 �/@� ;�)0�
���� �5� �)�5	

 9��\�� �5� �)����a �	 5 	�	 ;�c� (�')2 .(

 Q�\�< .��))]� �	 +$' +$:�c� $�5�GPX !

 �
 �J)J4 ��� 5 $'� (6��� �ULDH 

 +�5	 �U $:�' +5�S �	 5 	�
 .5�2"�

�c� �c:�# $�5� ;�)0�
���� �	 5 	�	 ;

+5�S ;�\)� \)� +�,����� �"B)� =5�6 =�:GPX 

 ���� �
�� 5	 �: �	 $:�'  
 �/@� =��	�


 9:�# 	�	 ;�c� (�')3.(  

  
 <
�2) 4�#	��5�(- $�)01 ���#� ^
=� :LDH9��: �- (;�� ��( � 5(�� ��(����� �- .#�!�� .(�3

 9�Q#��3) �
����

#� 4�� 9�3���B � 9�3�- �- �!"#
#�#±  !)*�� .(-��5#�)�� ��=S1 5O�- V� ����-  :

�!� <�7�!7
��3�  ��5� � �!"#
#�# !)*�� W�X�� .60
��2 <�7�!7
��3� � �!"#
#�# 5O�- V� ����- :

�!�.�X�� .60
�� &.�I3 YX)S� -
:� �5�(- ���# $��F)3 .6�*Q#� Y�!) 2�� ��-05/0<P.(  

  

a

b b
b

b

a

0

0/2

0/4

0/6

0/8

1

1/2

�!)�0 !)*��1 !)*��2

 ]�- 4�� ]���B 4��

�
��

�3
 

 �
��

#�
LD

H
 )

P
ro

te
in

1-
m

g
U

.
(
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 <
�3 ���#� ^
=� :) 4�5�60�!7 �
����
*8GPX (9��: �-;�� ��( � 5(�� ��(����� �- .#�!�� .(�3

 9�Q#��3) �
����

#� 4�� 9�3���B � 9�3�- �- �!"#
#�#±  !)*�� .(-��5#�)�� ��=S1 5O�- V� ����-  :

�!� <�7�!7
��3�  ��5� � �!"#
#�# !)*�� W�X�� .60
��2 <�7�!7
��3� � �!"#
#�# 5O�- V� ����- :

�!�.�X�� .60
�� .�I3 YX)S� -
:� �5�(- ���# $��F)3 .6�*Q#� Y�!&) 2�� ��-05/0<P.(  

  

_@�  

�
5��)�$% �)&�� ()*	  
 +�,� .��-���� 

	�� �	 .7��8� �T�J"� 	��� +	�2"0� 
���N ��;< �� +	�2"0� 5 $��)S=\
< �	 �:=�5�� 

 9��\��  
 5� \)��0��SA�5 �� ��� .=�: 

��8J� ���� 	��  
!+�,� .��-����  B�4 �� .��- 

 ;�0< ;$' e)#��;< �:5 	��� ���0 �
 

9'��� �:	��X  r�10�0���� . �SA�5 

.��-���� !+�,� ;< �:��  
  J�\S=� e0�J� =��
 

d<  )2�� �� V��U 9'���:	 �
 =5� 

=�:�"@
 nB"R� 5 +	�2"0� �	 Q"@)0=�: 

;�)0��"B)� d< +	�# (�$/� �0� )Johari et 

al., 2016��� �	 +	�2"0� 	��� =�:�"B)� �	 .( 

 3*�1� Y)B)0 5 �)*�q� =�:�"@
 =5�6  # 

�� �"�# d< (��	  
 +�,����� 9��:� !$�	�
 

;�\)� ��^� WKT� +$' =��
 d< ��$)��'<   

  
  

 �
��

�3
 �

��
#�

G
P

X
 )

P
ro

te
in

 1-
m

g
.

U( روز ���رم 
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)ppm1/0Y��`< >0�� !( �u�26  >)8�

�@�� ) �����<EPA(1 ;����0 5 �'�$�
 

) ����4WHO(2  !;�J
) 	�
1395 .(  

;��: ;�)0�
���� �5� �)�5	 �	  �	  # ��U

 (�'1  .�"#7 ;�\)� !�0� +$' +	�	 ;�c�

+$' 9^J0 �"c)
 $:�' +5�S �	 5�S ��+ =�:

�"B)� �8� +�,�����  �	 .�"#7 =7�
 ;�\)� .	�


�)J4 =�:P�� �	 ������ �:�� $:�' +5�S

��;` ���`5�$):	 .�"#7 �� �'�� $���� =�:

) $'�
 =�	��Shaklee and Whitt, 1977 (

 �	 .�"#7 �)*�
�"� ��7�
 $)*��  
 �^J�  #

�)J4 =�: ��� +5�S +$' $:�' .�0� =��U  


 (�' �	  #2  .�"#7 =7�
 ;�\)� \)�

�	 ���`5�$):	  +5�S�	 ;�)0�
���� �5� �)�5	

 	��c� $:�'.�0�  �[�	 =�0 ��;��[c:5A� 

 ��� 5 $'�  )*5� (6��� O�U �	 !$���	 +$),T

�
 >���'  
 7��3� �)J4 !QR�  )�� =���:

 +$'  "����� ��� ��� 5 	��	 �0� Y�  # ��

� =	��� 	5$6 �� ;�)075�"0�S (6���� �)�

  )�� =���: Q@)*�
�"�  
 �"@)*�
�"� =`���

	��	 )Finn et al., 1995(�)J4�	 ��� . =�:

 !+�,� .��-���� =5�6 ����
���� �	 +$' =��$�[�

;�)0�
���� �5� �)�5	 �	!  .�"#7 ;�\)�

                                                           

1 -  United States Environmental 
Protection Agency 
2 -  World Health Organization 

�)��� +�����	 �� �'�� �0� ����  # 	�
 ��

"�@N ;$' >0�� ���`5�$):	 .�"#7 �� �

 ��0 �)[J0 .�\B� .$'�
 +�,� .��-����

O��*��  
 5 $J"@:  
 +A�5  
 5 �)g�5�� =�:

+5�S=�: O�)� Q�\�<=�: ���)6 (�"� ��$��' 

;< �
 5�� 9J#�5 �:) $J:	Bhupendra et 

al., 2010(. ��  "2S 	�'+�,� +5�S  
 \)� =�:

�)g�5�� �B��T (&5 �:��  
 �^J� 5 $��'

O�3��)l=��0 5 �����	+ ;$' �)g�5���: 

���') 	Piao et al., 2011 ;�\)�  ^)"� �	 !(

+5�S �	 ���`5�$):	 .�"#7 5 �"B)� =5�6 =�:

 
 m/� ;< ;�\)� .�"#7 �	 ;<�: 9:�# ��.$
��  

 $' +$:�c� ;�)0�
���� �5� �)����a �	

 ;�c� 9:�# $:�' +5�S �	 .�"#7 ;�\)�  #

 .�0� +	�	Osman ) ;����: 52007 \)� (

 # $J"'�	 ���u�  ;�\)�LDH  �)*5� �	

 ��7�
 r�,* $3
 =�:�5�	�
  �	 ;< �� Y� 5

;�\)� �)J4 ����� O�U ;<  9:�#����. 

�
�J
!$:�' +5�S �	 .�"#7 9:�# ���  �	

�� Q: ;�)0�
���� �5� �)����a ()*	  
 $����

=�	�� ����-  �\^� )Osman et al., 2007 (

 ����- 9:�# 5LDH  �:�� �)J4 �	 	�4��

�'�� �� 	��B�T ;`=�: =�	�� $'�
 )Shaklee 

and Whitt, 1977 # =��U  
 ( ;�\)� Q�\�< 

.�"#7 ):	$���`5� \)� �	 �)����a  �5�
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9:�# ;�)0�
���� ���� 7��"6� 5  
  ()*	

 Y2J� =�4  
 =���: Y2J�  
 �)J4  )��

�
 =���: �0�)Finn et al., 1995.(    

+��
�	 ��� �)J4 �	 +$' =��$�[� =�:

�� =5�6 �"B)� h�3�� $' +$:�c� !+�,� .��-�

 �5� �	 ���`5�$):	 .�"#7 5 .�"#7 ;�\)�  #

  3*�1� �	 .	�	 ;�c� 9��\�� ;�)0�
���� W���a

Wu  5Zhou )b2012  # $' +$:�c� \)� (

 �	 �#�$� �)J4 =�)S���N O5� =�:�5� �	

 !���`5�$):	 .�"#7 ;�\)� +�,� .��-���� h�3�

�)���
 ��� 	�
 $:�' +5�S �� �� 9��\�� �;��� !

;�\)� ;<  9��\�� .���� 9��\�� $:�'  
 �/@�

�� .�"#7 5 ���`5�$):	 .�"#7 (&�6 $����

�
 >���' .��-���� >0�� +$' 	�^�� =���:

�� +�,� .��-���� .$'�
 +�,� ���J� �	 $J����

 m�^� ;����#$J
�� 5 (,� 5  �� ���cl .7�,"��

) $JJ# OK"�� ��a	Lee et al., 2007(. 

�
 >���' �	 ����
�J
 .�"#7 $)*�� !=���:

�� 9��\�� �)J4 �	 .�"#7 5 ���`5�$):	.$��� 

�	 .�"#7 9��\�� ) �*��3� ��Z#Cyprinus 

carpio !Lardon et al., 2013( 5 

Austrofundulus limnaeus )Podrabsky 

et al., 20075 �@#�Z): >���' �X� �	 ( �	 

Gasterosteus aculeatus  Y� 	�45 �X� �	

 �0� +$' ���\S)Wu et al., 2009(.  

�	+��
 ��$)@#��� ;�)����BS Q�\�< �)*�3�! 

�	  ���� �
�� 5	 �: +5�S 5	 �: �	 !=��	�


=5�6  ��U  
 Q�\�< ;�\)� !+�,����� �"B)�

�J3��
 .	�
 $:�' +5�S �� �"�# =��	   
  4��

���  �� =	��� ��@N !�J)J4  B6�� �	  #

 ��]� �"@
�
�a �� =� =�:$)0� =5�6 =�:

�� ()�c� C�/'��)l d�a  
 (���� 5 $J:	

 ��)@
 Q�\�< ��� 9,� Y� !$���	 ;$' $)@#�

Q�\�< ;�\)� !�%�6  3*�1� �	 .	�
 $:��� Q�� 

GPX  �$)� 9:�# ;�)0�
���� +�5	 O�U �	

	�# .Massarsky 5 ;�����: )2013(  \)�

 �)J4 �	  # $�	�# +$:�c� �:������S= 

)Danio rerio ( .��-���� �pBl 9��\�� �


 �)*�3� !+�,�GPX 9:�# ������� ()*	 . 

 !�0� ���� 9:�#+5�S �
 +�,� ;�� (
�,� =�:

Q�\�< �	 	�4�� O�)� GPX  Q�\�< .$'�
GPX 

 9:�# V��U ��GSH =$)*�� $)@#���5�$): !

 �� �'�� �X��� ��6 ��  +�,� .��-���� �� .$J#

+$' ���\S .�3*�1� ���
 �	 �[�	 =�0 

�0�  $)*�� ()*	  
 +�,� .��-����  #ROS 

O�B0 �	 ;�)����BS ����- 9:�# e/0 =�:

��� =$/# )Hussain et al., 2005 5 (

O�B0 ��� =	�)J
 =�:)Braydich-Stolle 

et al., 2005 (�0� +$' .5� ��� ��!  9:�#

 �)*�3�GPX +5�S �	 �	 +$' =��$�[� =�:
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�� �"B)� 9:�# ()*	  
 $����GSH $'�
 

)Mannervik, 1987(.  

 �%�6  3*�1� �	!  Q�\�<  @��,� �	GPX 

 ���� �
�� 5	 �	 $�5� �:���)� W��� �	 !=��	�
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Abstract  
Silver nanoparticles because of their antibacterial properties have become 

one of the most widely used combinations of nanomaterial and due to the 
development of nanoparticles, there are the risks of releasing of such materials 
to the environment from products containing them. In this study, six types of a 
filter containing silver nanoparticles containing 0.25, 0.5 and 1 percentage 
nanosilver with and without Aminopropyl triethoxysilane is used to control 
the Saprolegnia fungus in Persian sturgeon egg incubators. Two of six filters 
contain one percentage of silver nanoparticles could prevent Saprolegnia fungus 
completely as the optimal filter. The effects of these two types of optimized 
filters on embryos of Persian sturgeon kept in the incubator examined by 
studying the changes of some oxidative enzymes including glutathione 
peroxidase and lactate dehydrogenase and also by studying lactate changes by 
HNMR, in the second and fourth days of the incubation period. The results 
showed that the use of filters containing silver nanoparticles due to the release 
of silver from the filter into the water reduced glutathione peroxidase in both 
sampling days and reduced lactate and lactate dehydrogenase in second 
incubation day and increased them in the fourth day.  So measuring these 
enzymes is a good biomarker for early assessment of those intracellular changes 
in fish that are affected by such filters. 
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