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Abstract 
Background and Aim: Sound conditioning is exposure to a non-traumatic, moderate level of sound 
which increases inner ear resistance against further severe noise. In this study, we aimed to survey the 
effect of sound conditioning on auditory brainstem response (ABR) threshold shifts using click 
stimulus, and the effect of the frequency of conditioning on hearing protection. 
Methods: Fifteen guinea pigs were randomly divided into 3 groups. Two conditioned groups were 
exposed to 1 kHz, and 4 kHz octave band noise at 85 dB SPL, 6 hours per day for 5 days, respectively. 
On the sixth day, the animals were exposed to 4 kHz octave band noise at 105 dB SPL, for 4 hours. 
The control group was exposed to intense noise, 4 kHz at 105 Db SPL for 4 hours (without 
conditioning). After exposure, ABR thresholds using click were recorded an hour, and 7 days after 
noise exposure. 
Results: The results of the ABR with click stimulus showed less thresold shifts in conditioned groups 
than control (p≤0.001). Comparison of the results of conditioned groups, showed less threshold shift 
by 4 kHz conditioning, however, this difference was not statistically significant (p>0.05). 
Conclusion: Electrophysiological data of our study showed that sound conditioning has a protective 
effect against subsequent intensive noise exposure, and the frequency of conditioning does not have 
significant effect on ABR threshold shifts when using click stimulus. 
Keywords: Sound conditioning, hearing protection, noise-induced hearing loss, guinea pigs 
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@��� ���A �B�* �� C&�$9� ��D� �&�� ���A ����� �� �� E�# ;�"�F� 
� ;*� G*�(� H�� �� 	�I� �J� .4&�B�  4&� �� "�

� �*��� 4LM 
DN�I�O����< ��P  ���A �B�*
��(*< ���Q� �� R*�% 	?��� =�>� �� $Q� ST�* �&��'� S(�� ���� ��J  � �*��� 
�O����< U����9 ��P  ;V�5: �� �B�*


W��� �� �&��'� �� 
(����% $�� ��'J ��J.  


���� @��: 
� ��'J 
W��� ��$��% ���� X�)F� �"�)� �"�# 
* 
� �9��Y� H��A .�"�# ����< ��J  �B�*6  B"� �� ;!�*
�  H��5  	B"� 
�  [�D� �� \����1 

 "4  H�� �� ���� "�(�� $&�� $��J����85 �*�  ]�SPL  	�&�� $&�� [�D� �� X�� B"� �� " 
(9�# ���T4  " $��J����105 �*�  ]� SPL	 
�  H������  ���T ;!�*

�'(9�# .	�&�� $&�� [�D� �� GF9 �J�� �"�# 4  " $��J����105 �*�  ]�SPL
� 	  H������ ;9�# ���T ;!�* .
��(*< R*�% ���B< �� ���#  �&��'� S(�� ���� ��J

 	?��� =�>� �� $Q� ST�*?&  U^* " �&�� $&�� �� 
�_��� ��&�% B� U% ;!�*;5J �� 
�`�� �D� B"�.  

� B�	 ��: R*�% �"�# S��(*< �(L� H����Q� 	$Q� ST�* �&��'� S(�� ���� ��J ����< ��J �)� �� ���A �B�*��� ���� �J�� �"�# 
� ;)001/0p≤ .( S)&�F� ��


��(*< ����< �"�# "� �� ?��� ��J  ���A �B�*1  "4 ����< �"�# �� 
��(*< ���Q� 	$��J����  �B�*4 �'D� ����< d�>N B� H"�5� 4&� ��� ��� �(L� $��J���� ���� ���.  

�C" 
 &�"D: � �M�: 
DN�I� ?&e�N�&$�9"�(�N� f&�(�O� ��� �������< 
 � ���A �B�*O����< U����9 " ���� ��`&� �&�� $&�� ����� �� �(V�5: ��P � �B�*O ��P

'D�� R*�% S��(*< ���Q� �� ���� ����� ?��� =�>� �� $Q� ST�* �&��'� S(�� ���� ��J. 

&�"0- E�DF��: ����< ��'J 
W��� 	$&�� B� ���� �&��'� CJ�� 	�&��'� ;V�5: 	���A �B�*  
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 �� 
�L_ B� " �(D'A ��J���� �� ���A �#��N< �B"���

�� h�)>� �!�L(_� HijD� k$_ �� ���� ��� . ��� l�m

��Q� �'L&� " ;�i* ���B�* (Occupational Safety and 

Health Administration: OSHA)  �"�:17 �A��  ���#���

C��  ���N�� ��J �� ��ni(�� ���� o�(�� H�`������ ��

�'()J ��� �&��'� X()�*  �"�: "15 �A��  �� 
� ����9�

�� ��� ��#���# p&�'A  B� ��n�� ��J��A [�D� �� �''�80 

�*� ]�SPL  ����� ���T)1( . X()�* �"� $&�� 
� ����� H���PO�

�� ��`&� �&��'� 
� �'�  "� B� 
Ai� ��m
�'_ � �*��� ]��T;*: 

 ��N�� 
� �`'� 
� ���N���(� Hni(��
��# �q�)�� r�D9 ��J 

(Reactive Oxygen Spices: ROS) ��  ]��! ��� 
� 	���

�� h�)>� �N��* s�� X��  
� ������� Hni(�� " 	����

r��* 
� \�*< t!�� �� ����� ��#�� " �&�� ��J ���� . 4&�

 
��(*< ;T�� ���Q� t!�� ;&��� �� H����Q�(Temporary 

Threshold Shift: TTS) 
��(*< X@�� ���Q� �& " (Permanent 

Threshold Shift: PTS) �� ����)2(. ��! Ei� Xu�  ��J
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����� 
�`�� ���� ��YY�(� ���)�  " �'9 r�('� " ��D(� ��J

 �� B�'J $&�� vI* p&�'A �w�� �� 	$&�� CJ�� x�J �� �(&�&��

*� 
(9��� CJ�� ����N� �:; . ���� 
� �&�J���J�� B� ��&

 
�� 
� ��"� 	�"� �� ��� 
� ��'�B 
��M ���A H��P� CJ��

����< ���A �B�* ;*� .�� ���(*��< =�>� E"� 4&� ��  	�I�

X� 	
"���  �&�� ���A ������ B� ]�T 	G*�(� H�� �� �& H��

�� 
@���  ��J��A �� �&�� ������ ����� �� �� E�# ;�"�F� " ���

��D� �� C&�$9� �J�)3 .(Harris  �����LJ ")2006 ( ����

����  ?& �� ���T ������ l&�m B� ����� E�# ;�*�): 
� ���

�� CJ�� �&�� $&�� ����� �� 	?�(*��< =�>� ���& X� "  �&��'�

��� ��`&�  $&�� ��(Noise Induced Hearing Loss: NIHL) 

����< y�&�% l&�m B� �� CJ�� ���A �B�* ���&)4( . 	4�'WLJ


��(*< ����� �"�# �� 
(9�& CJ�� ��J  S�_��� ���� 
� �&�J

����< �� ���$LJ ���� $&�� 
��M " ���A �B�*  
� ;�)� 	���

�"�# p&�* 	��'� S��M �� 
�_��� ���� ��J ;*� ���� �� . ��&�% 4&�

 	
��# 	E�#�� 	��'J SW��� 
�L_ B� ���#���# �������()% ��

� �(: " 	E��;*� ���*� H��P� 
� ��)� .����< =�>�  �B�*

 
� \�*< �& " ;T�� �& X@�� S��(*< �� L�� ���Q� t!�� �&���

r��*  �� �� �(V�5: ��PO� �w���: ����(� �� 	��� �&�� ��J

X� B� ���#��_ r��* s�� " �&��'� �'� ��`&� �&�� ��J)3(.  ��


DN�I� Zuo  �����LJ ")2008 ( H��100- 85 �*� � ]SPL 


� ����< ���� H�� 4&�(�� ���'!  " ���*� H��P� 
� ���A �B�*

 X()�* 
� ��_ \�*< 
� �`'� ��n�� H�� 4� ���� �� ��J$&��

;*� ��� �&��'�)5(. Yamasoba  �����LJ ")1999 ( ����

 ��"�� �(V�5: X()�* 
� �����)Endogenouse(  �"$�: ��

� 
� �&�� $&�� ����� �� ;V�5: r�z)�����< �P� r���  ���A �B�*

;*�)6 .(Niu " Canlon )2002 ( ��� SDN�I� ��X)�����  ��J

����< �P� y����� ��� {�I� �(�< ]��� �� �B�* ����)��  ��J

X()�* 	��"��  ��Jy�''��9�� 	X�)�� 4�z�"�%  ��J�&���# =�� 

)(Heat shock proteins: HSPs ��(��9 "  ?�9"��"��� ��J

����� ���'!)7 .(�� 	����� 4&� 
� 
_�� ��  ]��"�% B� ����

����< 
� ���A �B�*  ���� �&��'� ;V�5: S����� �� ����! ���'!

��� . �� $&�� �n�� vI* 	�J���� �&�* �'��� ���&� �� 
� �`�< B�

G�>� �� " H�`������ ��! �(D'A ��J Ei� Xu�  
� ���)� ��J


� 	;*� ���*�� �I� vI* �&B �� ��� <����< E"� 
� �&  �B�*

���� �P|� $&�� B� ���� H��P� CJ�� ���� ���A . �� ��A� x�J

����< �P� �*��� 
DN�I� 4&� B� 
��(*< ���Q� �� ���A �B�*  ��J

R*�% $Q� ST�* ��J ����< U����9 �P� �*��� $�� "  �� ���A �B�*

��� �&��'� ;V�5: . " �e�N�&$�9"�(�N� E"� B� 	}�*� 4&� ��

�PR*�% S��(*< ;  $Q� ST�* �����'� S(�� ���� ��J(Auditory 

Brainstem Response: ABR)  ]��"�% "� �� ?��� =�>� ��

����< �� ���5(*� o�(�� U����9 �� �B�*. 

 


���� @�� 


����� ~�� B� " ���`� 
DN�I� 4&�  ���� SD��_ " ���� ��

 ���D� CJ"q%15  �B" �� ��5* �� ��'J SW��� �*350-250 

U��9� " 
�# Preyer's �� 
��� ��(*�% �(�()�� B� 
� ��� ��`'J .

 X�)F�15 
� " �&�� f'% �"�# 
* �� 
W���  
� �9��Y� H��A

�� 
�`�� �&B {��:  


� 
� �J�� �"�#  $&�� [�D� �� GF9 ;!�* ���� H��

 U����9 �� �&��4 ���� H�� " $��J105 �*�  ]�SPL  ���T

�'(9�#.  

���< �"�#�  U����9 �� ���A �B�*1  ��(�� 
� $��J����


� ����< [�D� �� ;!�* C� B"� �J " B"� f'% H��  �B�*

 U����9 �� ���A1 ���� H�� 	$��J85 �*�  ]�SPL U^* " 	


� X�� B"� ��  �&�� $&�� [�D� �� ;!�* ���� H��4 

���� H�� 	 $��J105 �*�  ]�SPL �'(9�# ���T.  

����< �"�# ���A �B�*  U����9 ��4  ��(�� 
� $��J����


� ����< [�D� �� ;!�* C� B"� �J " B"� f'% H��  �B�*

 U����9 �� ���A4 $��J���� H�� 	85 �*�  ]�SPL U^* " 	


� X�� B"� ��  �&�� $&�� [�D� �� ;!�* ���� H��4 

$��J���� H�� 	105 �*�  ]�SPL �����.  

�L� ��&O� ���� 
DN�I� 4&� �&��_� ]:��� �i�� S(

;9�# ���T ����� ���$% 
��! �� ����.  
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 r"� S�:�� ��)C�% ���B< (
��(*< 
��# �J B� ]�T  	���#

 4�@����&$# r��>� �� H�����:���� ����  " 
�#���� �J �� 
�#

 4���(�40 ���� �� 
�#���� �J �� 
�# ���� E�J . �� (*�

ABR  �� ���5(*� CJ"q% 4&� �� 
�ECLIPS EP25* 	 ;��

 ;���Intraacoustic ��� =��L��� ���� . ��J�"�(�N�

��#e�" ��#e�"�� 	�# 
� �(*�% �&B ]�� 
� =�(�� " �#  �� \����

 �� 4��B �"�(�N� " ]��F� E�# �� " U���" 	��&��B< E�#


W��� ;�% �� ���� ���T �J .
��(*<  ���#ABR  ;*�� E�# B�

�� 
�`�� H�����: 
�L� .
��(*< ���� �#=�>� ��  ?��� ;&� ��

4/27 	h"�'(� ;��IT 	
���P �J �� =�>� 4�&�% �(��9 �g#3000 

 �g#n�� " $��J100 $��J  B� H�� " �� ���5(*�80 �*�  ]�


�#�� " ��� ~"��  ��J10 �*� �� ���� CJ�� ��� . 
� 
_�� ��

 ��� ��'J SW��� �� 
� 4&�III 	;*� 4&��B���  ���� 4&�(L�

�� 
�  ;)���� ��� ?&III  " ���� ��`&� �&g%����� " ����

�*� f'% 
� ���� ��`&� �_�� �< �&B ]� �� o&�D� 
��(*< ���'! .


W���  �����F� ���&B�� B� U% �JABR  ���� 
�� �"�# 
* ��


� ���� $&�� S�5>� ���" �$`� ��m.  

 
"� S�:�� ��)$&�� �� 
�_��� ( �M ?T��� �� =�>�

 S&��� " ��� �� H�A�� 
@��� �9�� . ���A ?&�>� S@��� 
� 'J ��


� ����: �J 	;*�� ���_� B� ��'�Lm� ����  ��gu " h< ���LJ


� �9�� ;9�# ���T U5T ?& �� �$`� ��m . H�����: S�_��� ����

H�� " U����9 �� $&�� �N�� B� 	$&�� �� ��^�< 	o�(�� ��J  " �&�9

�� ���5(*� �#�'��. F� " ��N�� B� U% ��A��^�< �� ;&�  
� �&�9

�� r�*�� �#�'�� . H�A �M ?T��� oF* �� " $��� �� $�� �#�'��

 ��j9 �� ��)�& ���A ���9 vI* ��`&� 4LM �� �� ���� ���T

���� ��`&� H�����: ���F(*� ]>� �� 
&�* �& " ��� ��F� 	?T��� .


�  �'(9�# ���T ��)�& $&�� [�D� �� H�����: 
�L� \���� 4&� .

��� �� B� 	
�5>� ]��� U����9 " H�� ��� B� $&�� ��$�� y�J��


&$`� 
� $�`� f'*��A �� (*� ?& �� ���5(*� �"�(�� y�''� .

 ]�T $&�� ��$�� " ;9�# ���T 
�5>� ]��� �� (*� 4&� 49"����

�� ����N�� " C&�% 	C&��B< B�.  

 
�* S�:�� ��)���&B�� TTS (�"�# 
�L�  H�����: ��J

 ;!�* ?& 
��(*< ���&B�� ���� �&�� $&�� �� 
�_��� B� U%ABR 

�'(9�# ���T ��� ��� H�Y��� ��LJ �� .
��(*<  ��JABR 


� 
��(*< B� 	
�_��� B� U% ;!�* ?& ���< ;*�  ��JC�% ���B< 


�  ���&B�� ���'�TTS �� 
(*��.  

 
���� S�:�� ��) ���&B��PTS ( ��&�% B� U% 
(5J ?&


��(*< 	
�_��� �J �ABR �"�# ���L� �� �����: ��J  
(9�# ��

 U^* " ����  ���&B��PTS 
��(*< ����� �*��� " ���Q� ��J  	
(9�&

C�% S��(*< B� �� 
(*�� ���B<.  

���� o�A�� ����  ���5(*� ���D� x��>�� " 4� ���� B� �J


�M�9 ]��>� ���� " ��  �� �J��Q(� p&B�� ���� ��`'J ��(�� 	�J

x"�#�LN�� 8  �� �*��� x����L*� . U^*���� S)&�F� ����  �� �J

��< ���B< B� �"�# ?&?& U��&��" $�N 
9�m �B���� ��  " ���� ���#

���� S)&�F� ���� �"�# �� �J  ���B< B� o�(�� ��J��< U��&��" $�N

?& 
9�m �� ���5(*� ���� ���FD� ���B< ".  

 

� B�	 ��  


��(*<  ��� ��JABR III  �� �"�# �J;�DT��  ����B ��J

�� 
)&�F� o�(�� . r"�_ �� ��_�� f&�(� 
� 
_�� ��1
��(*< 	  �J


� 	�J�� �"�# �� 
�_��� B� U% ;!�* ?& �'D� ��m  B� ����

C�% ���B<)001/0p= (��� ��n�� �D� 
(5J ?& ")002/0p=( �

�'D� ����< H"�5� �N" C�% f&�(� 4�� ����  �D� 
(5J ?& " ���B<

�� ��J����)208/0p=.(  

����< �"�# ��  U����9 �� ���A �B�*1  S��(*< 	$��J����

 ���ABR III 
� 
�_��� B� U% ;!�* ?& �'D� ��m  B� ����

C�% ���B<)001/0p= (��n�� �D� 
(5J ?& "���)001/0p=( �N" �

�'D� ����< H"�5� C�% f&�(� 4�� ����  �D� 
(5J ?& " ���B<

��� ��J���)621/0p=.(  

# ���"� ����<  �B�* U����9 ��4  S��(*< 	$�� $��J����

��� ABR III 
� 
�_��� B� U% ;!�* ?& �'D� ��m  B� ����

C�% ���B<)009/0p= (�����n�� �D� 
(5J ?&)021/0p=( " 	

�'D� ����< H"�5� C�% f&�(� 4�� ����  �D� 
(5J ?& " ���B<

��� ��J���)999/0p=.( � f&�(� 4&� 4&� 
�'D�  *�S��(*< 
� ; 
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ABR  C&�$9� $&�� �� 
�_��� B� U% ;!�* ?& �"�# 
* �J ��

 ����� 
�N"� ;N�: 
� 
(5J ?& ;�g# B� U% �N" 	;*� 
(9�&

;*� 
(9�&.  

�� 
)&�F� $�� H�����: �"�# 
* 4�� 
��(*< H����Q� .

 r"�_ f&�(� l�m2S��(*< 	 ABR C�% �� �"�# 
*  H"�5� 	���B<

�'D� ����< ���;���� �)05/0>p .( 	
�_��� B� U% ;!�* ?&


��(*< 
� �J�� �"�# ��J �'D� ��m �"�# B� ��n�� ���� ��J 

����< �B�* U����9 ��  ��J1 $��J����)001/0p= ( "4 

$��J����)001/0<p( �"�# 4�� ����� S��(*< �N" 	���  ��J

����< �B�* 1 $��J����  "4 �'D� ����< H"�5� $��J����  ����

����� ���)182/0p= .(S��(*< 	
�_��� B� �D� 
(5J ?& ABR 

�"�# ����< ��J  �B�*1  " $��J����4 $��J����  ����< H"�5�

�'D� ;���� ����)671/0p=(. " �J�� �"�# S��(*< 	4�'WLJ 

����< �B�* 4 $��J���� �'D� ����< H"�5�  ����

;����)118/0p=(
� �J�� �"�# S��(*< �N" 	 �'D� ��m � ��n�� ���

 �"�# B�����< �B�* 1 $��J����)026/0p= (���.  

����< H�A �� ���$LJ S�_��� 	n�� f&�(� 
� 
_����  �B�*

 U����9 ��1  "4  �(L� ;9� t!�� �&�� $&�� " $��J����


��(*< ;T�� ��J ABR �� $&�� �� 
�_��� ;N�: 
� ;�)� .

��LJ  ����L� �� 
� 
��#1 �� ��J��� $��  	���S��(*< ���Q� ABR 

����< �"�# ��  �B�*4 ����< �"�# �� 
)&�F� �� 	$��J����  �B�*1 

 
_�� ]��T ����< ��� B� H"�5� 4&� ��� 	;*� ���� �(L� 	$��J����

����.  

  

G2�  

����< ��PO� �*��� x�J �� 
DN�I� 4&�  �� ���A �B�*

" �&�� $&�� ����� �� ;�"�F� ��`&�  �&��'� CJ�� �� �< ��PO�

�� 
�`�� $&�� B� ���� .����< ��A� ��J�(����%  �� 
� ���A �B�*

U����9 �� �N�� H�A ���� h��(�� 
DN�I� 4&�  ��J4  "1 

 H�� �� $��J����85 �*�  ]�SPL 
� " B"� �� ;!�* C� 	

 ;:��(*� ��"� ?& �� U^* " ��� B"� f'% H��16  $&�� 	
(!�*

��9 �� ��&�� U��4  H�� �� $��J����105 �*�  ]�SPL  
@���

�� . ��`� ���&B��ABR  �D� 
(5J ?& " ;!�* ?& ���B "� ��


� �&�� $&�� �� 
�_��� B�  �*��� ���'�TTS  "PTS �� 
�`�� .

���&B�� f&�(� ABR  ]��"�% "� �J 
� ��� ���� ?��� =�>� ��

����< X� B� ;V�5: 
� �`'� ���A �B�* �� �&��'� $&�� B� ��

�� ���.  

 �D� ;!�* ?& ��_�� ]��T S��(*< H����Q� 
DN�I� 4&� ��


� �&�� $&�� �� 
�_��� B� ��< ��_" . �� 
� ������Q� 
�L_ B�

X� �� ��5�� $&�� B� ���� �&��'�  ?�N���(� �e��� CJ�� 	�(9�

;*� �N��*)2 (
��# ��N�� �P� �� 
�  �& r�D9 �q�)�� ��JROS 

�� ��`&� ��
� �N��* s�� " \�*< ��A� ]��! ��� 
� 	�  ��L�

�� �'&<)8 .( ���Q� �J�� �"�# �� $&�� �� 
�_��� 	�M�: SDN�I� ��

 �� ��� L�� S��(*<ABR ��� ��`&� ?��� =�>� ��.  

 ���H1E��'� I	� 
 J  K�� �
� �� L"+
�"� 
0"3=$ &��ABR III �,-�. M"� 7";N�� �� �� �� #$ � �
� �� 7N�� �""#$ 5E��'� �""

 1�2� �� �
� �� OP�����D �� �� /"0-  

  

 ���) ���D  ����� ���D  &'��1 Q$���0"-  ����� ���D  &'��4 Q$���0"- 

7";N�� ��	��� �� L"+
�"� ?R .� p   L"+
�"� ?R .� p   L"+
�"� ?R .� p  

M"� �
� �� 7N�� �""#$ � E��'� 0/29  001/0  0/18  001/0  0/9  009/0  

M"� � E��'� �
� �� OP�� �""#$ 0/3  208/0  0/1  621/0  0/0  999/0  

�
� �� OP�� �""#$ � 7N�� �""#$ 0/26  002/0  0/17  001/0  0/9  021/0  
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��(*< ���Q�  ��JABR ���� 
DN�I� 4&� ��  CJ�� y�'J�

 
_�� ]��TTTS	  �"�:22- 16 �*� �"�# �� 	]� < ��J����  �B�*

��� �J�� �"�# 
� ;�)� . H�DN�I� f&�(� �� f&�(� 4&�Canlon  "

Fransson )1995 ( CJ�� 
�10  ��20 �*�  ;�)� H����Q� ���

�� ���� �� �J�� �"�# 
��J�)9(" 	 Harris  �����LJ ")2006 (

 ���Q� 
�20-5 �*� �� ���� �� ]�  " 	�J�Yoshida  "

Liberman )2000 ( "Wang  "Liberman  r�* ��2002 

)4	10"11 (;*� 
���� .
� �� ��� ����< \���� 
� �&<  ���A �B�*

X&$�< �� L�� C&�$9� t!�� 	$&�� S��M " �(�< ��J  �� ����)��

�� 	����� $&�� [�D� �� GF9 
� �J"�# �� 
)&�F� ��� .

�(�< ����)�� ��������# ]w� ��"�� ��J 5: t!�� �J;V�  B� �N��*

�_ l&�m ���� =�% " �B�*�ROS �� �J ����)3 .(��LJ  
� ��m

 SDN�I� ��Yoshida  "Liberman )2000(  	;*� ��� ���� ����

����< X&$�< ��$�� C&�$9� 
� �`'� �B�* �(�< ��J  �"$�: ����)��

�� ���)10.(  

 ��$�� 4&�(���TTS  ������ r"� ��JB"� �� �n�LD�

�� ��`&� �(*� ��"� ?& B� U% " ��� ���&�F� ���� ?& �� 	;:�


��(*< 	;��* ���� ��`'J ;�*�): 
� �&��'� ��J ���#)4 .( ��

 �M�: SDN�I�TTS 
W���  B"� ;5J ;�g# B� U% ��'J ��J


��(*< 
� ���"�: " ��� x�m�� ;:��(*�  
(�#B�� ��� S�N"� ��J

;*� .���� 
DN�I� 4&� �� ����< H�!im�  ]��T H"�5� 
�! y�'J�

*< 
_��C�% S��(  " ���B<PTS ;*� �J�� �"�# �� . ��5�� 4�LJ

�"�# �� ����< ��J �� ��J��� $�� �B�* ��� . B� �D� 
� 
`�(� 4&�

 
(5J ?&TTS �"�# �� 	;*� ���� ���% ����� �����: ��J  ��

 
�L_ B� H�DN�I� �&�* f&�(�Yoshida " Liberman )2000 (" 

Canlon  "Fransson )1998 (���� 
� � H"�5� y�'J15 

�*�  " ���Subramanian  �����LJ ")1992 (���� 
�  y�'J�

 H"�5�20-10 �*� �� ]� PTS �"�# ����< ��J  
� ;�)� �B�*

;*� �J�� �"�# )10	12"13( ����� �����LJ . �����LJ 
�! ]�N�

�� �� ���T H�DN�I� f&�(� �� �M�: SDN�I� f&�(�  h��(�� �� ����

H"�5(� ��J�(����% H��  $&�� S��M H�� " U����9 	
@��� ���B

;)��� . �N�� 4� B� 	
DN�I� 4&� ��4 $��J����  H�� ��105 

�*�  ]�SPL H�� "  �� 	�� ���5(*� ;!�* ���� S@��� ���B

 SDN�I� �� 
� ����ASubramanian  �����LJ ")1992 ( $&��

 $&�� ���� "�(�� �� �&��4 $��J����  H�� "100 �*�  
� ]� H��

48 ;*� ��� 
@��� ;!�*)13 .(Niu  "Canlon  r�* ��2002 

 $&�� ���� "�(�� �� �&�� $&�� ��$��1  H�� �� $��J����105 

�*� " ]�72 ;9�# ��� �� ;!�* . ����! ���B 
� �&�`�< B�

 �� ��g#��PO�PTS �� 	;*�  ���B H�� 
� �J 
� ;5# ����

 \�*< r�L(:� 	���� �(L� $&�� �� 
�_���r��* 
� ��_  �&�� ��J

 ��`&� "PTS ;*� �(L�)7 .( $&�� �� 
�_��� ���B H�� SI��� 
(�N�


� ��F�T� �&��'� CJ�� "  
* �& "� �� �'D& �;)�� �I� H��A

 
* �& "� ��F�T� XJ �&��'� ;9�  	$&�� �� 
�_��� ���B ��� �����

�L� ����� ���)7.(  

 ���H2E��'� I	� 
 J  K�� �
� �� L"+
�"� 
0"3=$ &��ABR III M"� 7";N�� �� ��  OP�� �""#$ � �
� �� 7N�� �""#$ 5E��'�

���D L"� �
� ��  �� ��/"0- 1�2�  

  

  M"� E��'�    �
� �� 7N�� �""#$    �
� �� OP�� �""#$  

���D ��	��� ��  L"+
�"� ?R .� p    L"+
�"� ?R .� p    L"+
�"� ?R .� p  

����� � ���)  &'��1 Q$���0"-  0/5  145/0   0/16  001/0   0/7  026/0  

����� � ���)  &'��4 Q$���0"-  0/2  700/0   0/22  001/0<   0/5  118/0  

�����  &'��1  � Q$���0"-4 Q$���0"-  0/3  462/0   0/6  182/0   0/2  671/0  
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]��"�% 	
(�g# H�DN�I� �� ����< ��J  
� ��"�5(� �B�*

�� X�� ���� .����< B"� �� ;!�* C� S@���  �� ���A �B�*

 H�DN�I� }�*��� 	�M�: l�F>�Yoshida  "Liberman 

)2000( ��� ��� h��(�� E�� ��� ]� �&���# =�� �"�)10 .(

�< SDN�I� �J ����   �� ��� ]� ���� C&�$9� �(V�5: H��P� ���

�$�� C&�$9� l&�m B� ���A S��M	�&���# =�� 4�z�"�% �  ��

��: H��T�� �w���: 
� 
@��� ;!�* C� ] 
� " �*�  ��m

�� CJ�� 	
@��� H�� C&�$9� �� ?���L()�* ���& . H�!im� 4&�

�� ���� �� ?�L()�* ��J��*�(*� 
� �J�  �(V�5: H��P� �'����

 
� ;*� ��&� 4&� �� ��#B�* 4&����'� " �'��� 
(��� E�# �"�

���< y�&�%� ��)� ��* ?& ��FN� t!�� ���A �B�*  ��N�� ��J

�� ��� }�(*� ���)10 .( ��FN� ����*� �w���: 
� ���� �� Ei�

 B� ��A ���9 ��$�� ����*� �w���: 
� �� �M�: SDN�I� �� }�(*�

����< l&�m ��� 
(!�* C� �B�* .����< S@��� H��  ���A �B�*

 
DN�I� }�*���Zuo  �����LJ ")2008 (85 �*�  ]�SPL 

�� h��(��)5 .(���<  S@��� ���� H�� 4&�(�� 
� ����� H��P�

����<  ���A �B�*85-100 �*�  ]�SPL H�� " ;*�  ��J

r��* \�*< \_�� �< B� ��n��  �&��'� CJ�� " �&�� ��J

�� ���#)5(SDN�I� f&�(� 
���� 
� 	 Subramanian  �����LJ "

)1992 (" Ahroom  "Hamernik )1999 (;*�)13"14(.  

���� �M�: SDN�I� f&�(�  �(V�5: �P� H"�5� 
�! y�'J�

����< �"�#  U����9 �� �B�*1  �"�#" $��J����4  �� $��J����

 S��(*< ���Q� " �&�� $&�� �����ABR  ?��� =�>� ����� . 4&�

���� 
�z)�  4&� �� ��� ���5(*� ]��"�% "� �J 
� ;*� 4&� y�'J�

��T ;V�5: �P� 
DN�I�
(��� ��_�� ] ��� . 
� ;*� v�M�� 
� 
Bn

 
�`�� ���B �� ��_�� H������ 
� 
_�� �� ?��� =�>� h��(��

 H�A ?&�>� �w���: 
� 4&� 
� 
_�� �� ��� 	;*� ���� 
DN�I�1 

�*�� lm�'� ;L* 
� $��J����  H�A ?&�>� �w���: " �"$�: ��

4 ��!�T lm�'� ;L* 
� $��J���� ��  =�>� " ;*� �� ?���

 " ?& 
� ����� lm�'�4 ���� �� �� $��J���� ���# . 	4&����'�

����< U����9 
� ���� 4&� �� �(��� H�F�F>� 
�`�� ����  �B�*

 
�A�� 	���� ��(��� �(V�5: �P� �"$�: B� �A�� lm�'� 
� �"�
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� ���""#$ L"+
�"� ��	��� J  &��ABR )U�V�� 
��  W�SPL(  ���D L"����) ���D � ����� &��  Y
�-�B �� &'��1  �4 

M"� �0V�� �� Q$���0"- �
� �� OP�� !��""#$ � 7N�� !��""#$ 5E��'� 
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�� �B���� B� ���  ���#ABR 4� =�>� �� U����9 �� ;*��  ��J

��� ���5(*� o�(��.  

  

 
�C" &�"D  

G�>� �� ���&B ���9� ���� �� 
� �`�< B�  " �* �% ��J

�� ��� ��A  �I� r�L(:� 	�''�NIHL ;*n�� ���)� . 4&� 
�

����< y�&�% X)����� ;��'� 	]�N�  $&�� ����� �� ���A �B�*

 ���� �q���(*� �!�� E"� 4&� 
� ��&B 	;*� X�� ���)� �&��

 �"$�: ��"�� ;V�5: X()�* C&�$9� XJ��9 �� �&�� $&�� ����� ��

�� �'�. 
(9�& ����< 
� ��� ���� 
DN�I� 4&� ��J  	���A �B�*

�� ��`&� �&�� $&�� ����� �� �� 
Bn ;�"�F�  B� " �'�NIHL 

�� ���#��_ �'�.  

  

&��Q+��Z�  

��&�% ]A�: 
N�F� 4&� 
��� ���'! ;>� �� ����< ��PO�  �B�*

R*�% S��(*< ���Q� �� ���A  ��J �� $Q� ST�* �&��'� S(�� ����


� ;*� ���� �*�'���� pIF� �� 	��'J SW���  ;&�L: ��

�(����� H���� " ���$% 
��! �� ���� 8 ����� ������  r�* ��

91-1390  y��L� 
�2543/260/�/91  ����15/6/90  ��� ��_�

;*�.  

  

�F�� [	�;$ ��  

��N��
��# �q�)�� r�D9 ��J :r��N�� ���&�%��u ��J  "

C'��" ���)�  �"�(�N� ?& �� �q�)�� X�� ?& 
� �'()J ��&g%

�� ��"�(�N� C&��< ���Q� ;����T ���< 
� 
� ����� ���� ;5_ �J�.  

X()�*  ��Jy�''��9�� X�)��: X()�* �"�� ��J  
� �N��*

 ���� ���� " ��� \���� l&�m B� �9�M� X�)�� CJ�� ��

Ca2+ ���P|�.  

4z��"�%  ��J�&���# =��: �"�� 4�z�"�% �!��  �N��*

C'� r�m �� 
� ;*�  	���# �� 
�_��� ]��T B� 	���N���(� ��J

�� C&�$9� 4�z�"�% �&�* r��D� 
� " ���&  ?L� r��* �"�� ��J

�� �'�. 

?�9"��"��� ��J��(��9 : �J��(^%"��� B� ~�� ?& )
�  ���'!

\Y! ��� ��J��(��9 (��� ��F� " $&�L� 	��� 
�"� A�� ��J �

�� X��'� �� �$��� " �I�>� ��Y! X()�* �� �''�.  

U��9� Preyer's : ]���(*� U��9� �!��) ����� ����


� H�����: E�# SNn ��A r���� (;*�.  

  

REFERENCES 
1. Duan M, Qiu J, Laurell G, Olofsson A, 

Counter SA, Borg E. Dose and time-
dependent protection of the antioxidant N-L-
acetylcysteine against impulse noise trauma. 
Hear Res. 2004;192(1-2):1-9. 

2. Hu BH, Henderson D, Nicotera TM. 
Involvement of apoptosis in progression of 
cochlear lesion following exposure to intense 
noise. Hear Res. 2002;166(1-2):62-71. 

3. Niu X, Canlon B. Protecting against noise 
truma by sound conditioning. J Sound Vib. 
2002:250(1);115-8. 

4. Harris KC, Bielefeld E, Hu BH, Henderson D. 
Increased resistance to free radical damage 
induced by low-level sound conditioning. 

Hear Res. 2006;213(1-2):118-29. 
5. Zuo H, Cui B, She X, Wu M. Changes in 

Guinea pig cochlear hair cells after sound 
conditioning and noise exposure. J Occup 
Health. 2008;50(5):373-9. 

6. Yamasoba T, Dolan DF, Miller JM. Acquired 
resistance to acoustic trauma by sound 
conditioning is primarily mediated by changes 
restricted to the cochlea, not by systemic 
responses. Hear Res. 1999;127(1-2):31-40. 

7. Niu X, Canlon B. Protective mechanisms of 
sound conditioning. Adv Otorhinolaryngol. 
2002;59:96-105. 

8. Canlon B, Borg E, Flock A. Protection against 
noise trauma by pre-exposure to a low level 



��	���� 
 ������ �����       85  

������ �	
� � �
���21 �	��� �3 �1391 

acoustic stimulus. Hear Res. 1988;34(2):197-
200. 

9. Canlon B, Fransson A. Morphological and 
functional preservation of the outer hair cells 
from noise trauma by sound conditioning. 
Hear Res. 1995;84(1-2):112-24. 

10. Yoshida N, Liberman MC. Sound 
conditioning reduces noise-induced 
permanent threshold shift in mice. Hear Res. 
2000;148(1-2):213-9. 

11. Wang Y, Liberman MC. Restraint stress and 
protection from acoustic injury in mice. Hear 

Res. 2002;165(1-2):96-102. 
12. Canlon B, Fransson A. Reducing noise 

damage by using a mid-frequency sound 
conditioning stimulus. Neuroreport. 
1998;9(2):269-74. 

13. Subramaniam M, Henderson D, Campo P, 
Spongr V. The effect of 'conditioning' on 
hearing loss from a high frequency traumatic 
exposure. Hear Res. 1992;58(1):57-62. 

14. Ahroon WA, Hamernik RP. Noise-induced 
hearing loss in the noise-toughened auditory 
system. Hear Res. 1999;129(1-2):101-10.

 


