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2  Duan J 

3  Intercellular Adhesion Molecule 1(ICAM-1) 

4  C-reactive protein(CRP) 

5  Interleukin 8 

6  Interleukin 6 
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1  Fusarium oxysporum 
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��$��?5 ���@540 ��'�7
�  (��$�) C�!��5 D��  

1  100  95≈  35  3  5  

2  100  100≈  40  4  5  

3  100  100≈  45  5  5  

4  100  100≈  50  6  5  

5  100  100≈  55  6  5  

6  100  100≈  55  6  10  

7  120  100≈  55  7  10  

8  120  100≈  60  8  10  

9  120  100≈  60  8  15  

10  120  100≈  60  8  15  
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� �  )	�@� � G�
A�/	&�%	# /	� G;  �  *%�� %,  *�
	#

ICAM  7�1 ��%�4�%,� �� ���%0F �  �����%, ]�0^# 

) ���   
6� 4�%N� �>	?@�001/0P= .( *
#�! \�%0�

  �  *%�� �Z	?.�ICAM ��%�  7�1 ���� � ��%	2	�
�%� - 

/��2� ��	2	�
�%� ���� G� �ZF� ���
,3 ��%N�3 4�%

.#3�U����� ���  )961/0P = /	Ua2, .(ICAM ��%� 

 7�1 ���� � E��
�
	�
�%� - /��2� �� ���� G� �ZF� ���
,

E��
�
	�
�%� �U.# 4�%N������ ���  )987/0P = �� 
2�) (

1.(  

  

 $����'1-  4��		}�#	*�
 ICAM ��%� ���� �  7�1]�0^# �%,   

* 4�%N�  G� �ZF� �� %U.#���� qV�%( 8�0U; # 4�%N�  G� �ZF� �� %U.#���� � q��%	2	�
�%

€ 4�%N�  G� �ZF� �� %U.#���� ��%	2	�
�%�-/��2� �����
,  

 

� �  )	�@� � G�
A� G;  �  *%�� %,/	&�%	# /	� #	*�
 

hsCRP  7�1 ��%�4�%,� �����%0F �  �����%, ]�0^# 

) ���   
6� 4�%N� �>	?@�001/0P = .( \�%0� /	Ua2,

  �  *%�� �Z	?.� *
#�! hsCR��%� 7�1  ���� � 

��%	2	�
�%�-/��2� �� ��%	2	�
�%� ���� G� �ZF� ���
, G�

�U.# �
R)  
� �02; ��� 001/0P = /	Ua2, .(hsCRP 

��%� 7�1  ���� � E��
�
	�
�%�  -/��2� �� G� �ZF� ���
,

 .���2- #	&�%	/ .# B��@�� �	�% }0#	%,�� ?@�	> ���� � %,� ]�0^#  

)��(  

��K%!  
L��� .�%1,  ��������'�'  M�*����;�'�' �; 4���5
:��� 

��'�'������ - 

��5�4  �;
:���  

M�*����;�'�' - 

��5�4  �;
:���  

ICAMt  

��	# �  ���
�%�)0	�(�  41/0 ± 67/1 28/0 ± 02/4 21/64±0/2 66/22±0/2 76/70±0/3 82/40±0/2  

CRPt  

��	# �  ���
�%�)(�0	�  87/0 ± 0/3 94/0 ± 3/12 18/0 ± 66/7 28/0 ± 85/1 71/0 ± 75/6 71/0 ± 70/5 

IL-8t  

)Y	���
� # ��	���	�0( 
13/7 ± 2/264 64/2 ± 5/345 55/3 ± 0/286 82/1 ± 0/277 71/4 ± 2/302 86/3 ± 2/278 

IL-6t  

)Y	���
� # ��	���	�0(  91/9 ± 7/38 75/8 ± 0/72 79/4 ± 5/62 71/5 ± 0/31 34/8 ± 5/67 65/4 ± 5/61 
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E��
�
	�
�%� ���� �U.# �
R G�)  
� �02; ��� 004/0P = (

 �� 
2�)2.(  

  

  

  
 $����'2-  *�
	# 4��		}�hsCRP  7�1 ��%����� � ]�0^# �%,   

* 4�%N�  G� �ZF� �� %U.#���� qV�%( 8�0U; # 4�%N� G� �ZF� �� %U.# ���� 

 q��%	2	�
�%�¥ 4�%N�  G� �ZF� �� %U.#����  qE��
�
	�
�%�€ 4�%N� %U.# �ZF� �� � G

���� �� /��2����
,  

� �  )	�@� � G�
A��� %,3/	&�%	# /	� G;  �  *% #	*�
 

8IL-  7�1 ��%�4�%,� �����%0F �  �����%, ]�0^# 

) ���   
6� 4�%N� �>	?@�001/0P = .( *
#�! \�%0�

 �  *%�� �Z	?.� 8IL- ��%� 7�1  ���� � ��%	2	�
�%� -

/��2�  ��%	2	�
�%� ���� G� �ZF� ���
,�U.# �
R G� ��� 

)  
� �02;001/0P = ���� �  %#� .(E��
�
	�
�%� - /��2� 

��E��
�
	�
�%� ���� G� �ZF� ���
, �U.# 4�%N� ��� 

) �����162/0P = �� 
2�) (3.(  

  

 $����'3- 		}�4�� #	*�
  8IL-  7�1 ��%����� �  ]�0^# �%,  

4�%N�*  G� �ZF� �� %U.#���� qV�%( 8�0U; # 4�%N�  G� �ZF� �� %U.#���� 
�%� q��%	2	�  

¥ 4�%N�  G� �ZF� �� %U.#���� �
�%�	�
�
�E q≠ 4�%N�  G� �ZF� �� %U.#���� ��2�/ ��,��
�  

� �  )	�@� � G�
A� /	Ua2,;  �  *%�� %,/	&�%	# /	� G 

#	*�
 6IL-  7�1 ��%�4�%,� �����%0F �  �����%, 

]�0^# ) ���   
6� 4�%N� �>	?@�001/0P = 8��6) (

2 .(4��		}�  �  *%�� �Z	?.� *
#�! \�%0� 6IL- ��%� 7�1 

 ���� � ��%	2	�
�%�  - /��2� �� ���� G� �ZF� ���
,

��%	2	�
�%� �U.# 4�%N�) ����� ��� 949/0P=.( 
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 /	Ua2,6IL- ��%� 7�1  ���� � E��
�
	�
�%� - /��2� 

��E��
�
	�
�%� ���� G� �ZF� ���
, �U.# 4�%N� ��� 

) �����000/1P = �� 
2�) (4 .(  

  

  
 $����'4-  4��		}�#	*�
  6IL-  7�1 ��%����� �  ]�0^# �%,  

4�%N�*  G� �ZF� �� %U.#����  qV�%( 8�0U; # 4�%N� ZF� �� %U.#� � G���� 

 q��%	2	�
�%�¥ 4�%N�  G� �ZF� �� %U.#���� �
�%�	�
�
�E q€ 4�%N� �� %U.# 

 G� �ZF����� �2��/ �� ��
,�  

  

N�;    

 4��5
�%3� �� �3�%� �	23(  �  *%3�� �3g%" >3	?@� \�%0�

 4��5
�%� � ��%	2	��	�
�
�E D9%� :��
�� %�%, ��%<0�� �

ICAM �hsCRP �8IL-  �6IL- 4� 7�1 ��%�%,� �� ���%0F 

*
3� )32" G3� ��3?� 4��5
�%� �	2( . 
� ���2, ��3?� �%3,

�3# � �  �Z3F� %3<�! x(
�3	(! G3;  
3�37 *��3&� �%3,

;3��UU *��  4%3Z	;�� �3&�  
3	� � ��
�3( �%3�k �� �� ��

�#  ��� ��
�(;� m�0(� %� v%Z��� �  %��2� �  �%( ����%F

 �� *! ��%?�� 4��C�DNA/	o���Y
z	� � � ��%3<0�� )3#�
� � %,

�	�%.��# G; �(� �2F	�
�%0# D^�# �%, G� G0F��� ���
�

�3�%� *! ����3�� � )�3� ���5
�%3� i
� �U�%# �N�0^# )#�
� 

)28 �3�� G3�  %3�� 8%320"� G� ��?� 4��5 
�%� �2( 4��C� .(

�F�� �� �	C%� m�03(� ���
�3( ���eY G39�f � 
	���	3F;�

 ��
�(�(�8
�( *��%# ���� �	��%1 .�3N" � %,  V3F	�
�%0#

*! G3� �3AU# � G30�%� :,%3; ��3?� 
�%3� �2( ��  �C� �  %,

3�%.� :,%; � ��%�k 7	(!3;� �30�! )3#�
� �	33	F3 ����

�#  �� .7�k� ��%.�%H# G; G3� �3(��� �%3C! 7	3(!  *%3(�

�%,�	F;� �
�� G� h
S9 �   %.�� 
�%� G09� �Y ��� /��  �%C!

�� ��%� �� :��
�� �	�
� 4%Z	;�� 8%.� *L	F;���  �3# �3U�� 

)29.( ����Y /�� �#���
� G3� *�
3U� �3�� �� V3F	�%�#�%3, 

� %<U�	Y �%C! ���� 7	(! *%3(� /3�� 4��5 �3� �3�%� �%3,

s�H# *�� ]�0^# . 
� �  v%Z��� %� 
�%3� 4��5 ��3?� *%3�� 

� �  ��� �(� G; /3�� %3�
� 4��5 �3#�3��
� V	3bU� 7Z3( 

����
�� ����	� /	;
��0U�� E� �  8
�(%, � �  7Z( GA	0� 

G0^	&���� *�� �%,�U�!�� ��%<0�� � 7	(! G� ��
9 �%,�( 

.��
� /�� �#� �#���
� G	6
� ��UU; G0�%��%, �g%" :,�LY 

�  v%Z��� %� ���� 7	(! �   :��
�� /	Ua2, .��%� 7�1 ��%�
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<0�� )#�
���% G� 8%Z�  
�
A� 
�%� *%�� ��5 ��3� � �   �3(�

)30 �e� �� �� ��,%�# i
g
# /�� 
	� �g%" >	?@� �  G; (

/�� VF	�%�# �# 
	����
�  GU�
��%20"� ����� �%C! ��,%3�# 

��� �� /�� 4��5 �  ��%� �
# �%, G.�%H# �  /3�� :,�L3Y 

 .��%�  

  �  *%3�� �3g%" >	?@� \�%0� /	Ua2,/��32� �3����
3, 

G���	&�	Y :?� 4��		}� �� ��hsCRP �3�%� 73�1  ���3� � 

��2� ��%	2	�
�%�3/ �3�3��
�
	�
�%� � ���
3,3E-2�33��3/ 

33�3� � ��%	2	33�
�%� ���33� G33� �Z33F� 733	��� G33� ���
33,

 E��
�
	�
�%� �8IL- ��%� 7�1  ���� � ��%	2	�
�%�-/��2� 

�� ��%	2	�
�%� ���� G� �ZF� ���
, ��  .CRP 3� *�
3U� G

�# � %N0(� E	20F	( w%<0�� D9%� E� *�
3U� G� �  
�

��%2	� �� ��%� �	# ��# )?0F# ��UU; ��
&�	Y E� �%3,

) �(� ��� � �  *%�� �Z�131 .(3# G30N�� 
3� 4%3U��2� 

����� G� �
R V	?0F# %� :,%; �	�
� %(�%;
0�/%, �   ��%�

�w�3f 8
�3(�%3, E3� G03F,�� � ��'3u� � G3� �
3R 

	kV	?0F#� %� :��
�� �	(%F" �U	�
F��  
3Z<� �  �3��2� 

���%	������ 76
# :,%; CRP�#%�  
� /�� 8%" G� �0(�  

D^�# G; �F	� f3G�
& /��2� �3��3� ���
3, CRPC�333 �

�# ��e� )32.( G� �b� �#�(� CRP �%;��%3( ��%3�   G3	���

G	�� ��
N��(%, � �
2( �� �� H(3~ �3�%�*�3� �%3, ��  

�#;.�U :��
�� CRP *%�� ��U,  :��
�� ���� w%<0�� �(� 

G;  
9 �	�|� �C� � %N0(� �
( ��  �
# V03F	( �3U2�� *�3� 

�(� )33 s
H( 
	� �g%" >	?@� �  .(CRP  � ���3� �%3,

� ��%	2	�
�%� �U.# :��
�� E��
�
	�
�%� G;  �  *%�� ��� 

�%;��%( �� �;%" �3�%� �	2( )�%?# �  7�1 ��%� ��%�   ��

* 
32� 8%3.� .�3(� ��?�
�%3� 8
�3(�%3, ��%3<0�� �3U�%# 

%,�%���;%# � )	����
�G; �%, �3����  �
0	3(
�%� 4��5
�%3� 

��%9  �3���  �3#�3��
� G3� �3	�
� 8%3�� ��  ��! *L	3F;� � 

*���0	�  �3g%" >3	?@� �  d%320"� /����%3U� .  �3� �3AU#

�� 4%U��2�3�%� �3��%F;� m�0(� :,%; >��R �� ���
, �

��%� 7�1  :,%; hsCRP /	3Ua2, .�3(� ��3� 7�1 ��%�

D^�# ��� G;  *
a2, �%,�
0;%� IL-1 �6IL- �TNF-α �

 )#�
���UU; V	bU� 
0U( CRP �#�%�U� /�� %(�%;
0�/%3, 

8
�( ~��� G� �� �� �� ��Z; �%,CRP �3#�3UU;.  /����%3U�

 /��2� d%20"� �� %3U.# :,%; G� p
� )#�
� �		}� >��R ��

CRP ���33� �  �%33,��%	2	33�
�%� - /��332� �33� ���
33,� 

E��
�
	�
�%� - /��2� �� ���
, �3(��� .�3(� ��3� �3AU#

 s
H(8IL-  ��(G�
2� �  731%.0# %3� V�%3( ���
3	" �%3,

 .�(� ���� [��
� ��?�
�%� �	2( �  :,%3;8IL-  /3�2#

��%2	� ���� �2<# �%,�#%	Y �(� .�3�%� G0��  ���2, G� %,

# h
S9 � VF	�%� :,%; �� ����� 4%U��2� ��e� �C� �%,

 s
H(8IL- G� �b� �#�(� G3; �3���� �3	�%.� �� >3��R 

V	bU� ����
�� E��@� �%,�
0;%� ��UU; �%,�	F# �
0Y
Y! 

�� )3	Z1 2IL-� IFN-γ � )3#�
� :,%3; �C
3# �  :��
3�� 


��
�L�! � �%,�
0;%� �# ��%<0�����
� �	C%� ���%� �  :,%3; 

8IL- �� G0 ��%�.  � �  *%�� /	�	Y 4%?	?@���� G; 8IL- 

( E��%;
0%(� E	0;%�
2; /�3G3; � 3(
�38
�3( x �%3,

8
�( G�26 �� G�%��Uf%,� 8
�3( �8%	����3�� ��3��f �%3,

8
�(G0F, E� �%,8
�3( � �%,�%���;%# �*
9 �  �� �  %3,

�# �	�
� G�u� � �(
Y �*�
^0(� 
� .8IL-  ��%	F� x(
�

n�@# ��,�G�26 �� % TNF-α�1IL- ��%3��0;%� )3#�
� �  %3?��

�# 
� )34 .( E3��@� >��R �� [���  ��  8%20"� /����%U�

 s
H3( :,%; G� )#�
� /��8IL-  ���3� � ��%	2	3�
�%� - 

/��2� ��/	Ua2, . 
� �AU# ���
, �3�� �%,�%;��%3( �� 

:,%; /	;
��0U�� 8 %� 7�1 ��%� ����� 4%U��2� �#�3��
� 

��
��~��� : /�%;
0�%(�%, �g ��%<0�� �� G�26 /	;
��0U�� 

10 G; ��%� :?� w
;�(�� �  *%	� /�%;
0�%(�%, ��%<0�� 

 ��  )35 .( �3g%" >3	?@� �  �8%3" /�� %�4��3		}� 6IL-  �

ICAM ��%� 7�1 ���3� �  �%3,��%	2	3�
�%� – ��2�3333/ 
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��E��
�
	�
�%� � ���
,-/��2� ����3� G3� �Z3F� ���
, �

��%	2	�
�%� E��
�
	�
�%� � �%3N��3U.# 4 �  .�3���� ��� 

 GH���%� �	C%�  �� ����� 4%U��2�ICAM  �  %3<U� 7�1 ��%�

 *��%3�2, � �# %39 %0(�� /	2, �  �(� ��� �%A�� G.�%H#

)1395 �3� �  *%�� (10  ���
3, 8���30U�� 4%3U��2� G30N,

 4�� %� ����90  %3�95  �3K� VO2max  *� ����
3� ���

 :,%; G� �AU#ICAM 4� �  7�1 ��%� �� �%0F�� �� �%,

)36) *��%3�2, � ��2@# 8%" /�� %� .(1395 �3?	?@� �  (

 �� �  *%��12  *� *%3	� �3� �0#�%3?# /��32� G0N,ICAM 

4� �  7�1 ��%��U.# �	C%� �0�%�  �%,) �3���� ��� 37 .(

 *�
33	# d%3320"� /����%33U�ICAM  �	C%33� �33@� 733�1 �33�%�

%U��2��# �		}� d%� 4�� %� 4 4�3� G�U�� G� G6
� %� � �U;

�� 4%U��2� �3AU#  
Z� d%� 4�� %� �g%" >	?@� �  ���
,

 s
H( �		}� G�ICAM .��� 7�1 ��%�  /	Ua2,*�� 8%.� 

NF-κB  3( ~H3( :��
3�� G� �AU#%;
0�%/��%3, 3�%<0��3 �

�# 
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Introduction 

Exposure to nanoparticles toxicity leads to impairment of heart function and 

increases inflammatory cytokines. The purpose of this study was to investigate 

the effect of silver nanoparticle toxicity on the inflammatory markers of heart 

tissue following an anaerobic training course in male Wistar rats.  

Materials and Methods 

In this experimental study, 30 male Wistar rats aged 8 to 12 weeks and 

weighing 202±34.9 gr were randomly divided into 6 groups include of control, 

anaerobic training, anaerobic training - nano biological, anaerobic training - 

nanochemical, nano-biological and nanochemical. The anaerobic training 

program was performed at a speed of 35 to 60 m/min, intensity with 95 to 

100% vo₂max and repetitions of 3 to 8 seconds on a treadmill with a gradient 

of 5 to 15 degrees for 10 weeks. Chemical and biological silver was injected 

intraperitoneally after a period of anaerobic training. The specimens were 

discarded after 48 hours, and the heart tissue was removed.  

Results 

The results showed that ICAM, hsCRP, IL-8 and IL-6 levels of male Wistar 

rats were different in groups (P=0.001). The hsCRP concentration of heart 

tissue was significantly lower in the Nanochemical - anaerobic and 

Nanobiological - anaerobic training group compared to Nanochemical and 

Nanobiological groups respectively (P=0.001). Also, IL-8 of heart tissue was 

significantly lower in the Nanochemical - anaerobic group compared to the 

Nanochemical group (P=0.001).  

Conclusion 

Anaerobic training may have a protective effect against the increase some of 

the inflammatory factors due to the toxicity of chemical and biological silver 

nanoparticles.  
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