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�����: 	
��� 	��� ���� �� ����� �� ������ � ��
��   �� !"#$% &�'�( )�� �� *!+"�' , !-�.�   &/�� 0� � ��1� ���� *�
� ��2   	3�, �� , �2

�4�� ���� ��   !"�5, ��%���6 7��8� 9��� , &5� !#5  ��1� �2 !� �2 �: .�"��-� ��$�� 0� <
2 *,  =��0 � �>�? �  �� ������ @� A% ��8B% !5 ��

8� , 7  C�� ��D5� &�E����D5� �� =���: ��� �2 !��#+?� !+F�E? �  �� ����? =�� ��2.  

��� ��:  �
"%30  �� G��� �� 7  C�� 
�3  	,�:10
2�H 	,�: )��H !��%- ������ *=���5- ������ , =���5 -  �$�� ���� , 
�
H J�1K% =���:

 &���#1�mg/kg 2 	,�: �� !L�E' @��M 0� ������ 
��N�  ��22  ,3  A%
��: @� . A�� ��5 	,�: ����10  0� )OL 0,  �� =���: ��� �2 P������

 7
� �� , ������ @� A%10 
H A��$% !Q��Q 0,  . RD55 0,    	,�: �2 0� C��  ��25  ,10 �4�� , 
�
H �+T� ������ A��$% 0� RQ � ��  �2


��: U��V+5� *��D5� !���0 � &WX. 

����� ��:  9��� ������!�"� Y2�� �4�� �0,  �   
H �"��-� 0,  , �2   ��D5� &ZN[ A�� , �2)0100/0 < P .(Y�Q 7���? 
'  =��^#2 	
�,  �  

��D5�  0,    �210 )0001/0 < P (��D5� 
'  A�� ,   J��5 ��_N#� ��T[ �� � ��2)Hypoosmotic swelling test  ��HOS-t ( 0,    J25 

 0,    J2 ,10 ��  
�+/�� Y2�� ������ &/��  P�O�)0010/0 < P .(��D5� 
'  Y��A/� 9��� *=���: ��� �2 A��$% �� !��?    ��2HOS 

 0,    �` &Oa�5  0,    �` ,10 ������ 	,�: �� �1��K�   -  
��: =���5)0500/0 < P(!�"� Y��A/� 9��� &1���+� ��� b ��D5� 
'   �  ��2

Q 7���? �� �Y� �4�� �0, A�� , ��D5� &ZN[ *	
�,  0,  0� �� c�2   �2 �: �"��-� ��2. 

����� ����: !� P�#+?� �� � ��T� @�K.% =�� d��+� ,   Y��A/� P�? =��   , &F�E? 9��� �( !��
�1�� !+�� &�'�( )�� �� =���: ��� �2

��D5� 
'  ����0 Y�Q ����� �� �( �� �H J��5 ��_N#� ��T[ �� � ��2 ��D5� 7���? 
'  Y��A/� &WX �� �� 
2��( �2 .!� *,  =�� 0�  ���%

� ������ �? 7��8� )�
"% &WX   ��� �2 =�� 0��#� 	�E+5� ��D5� &�E�� �.  

����� ������: Y�Q 7���? *=���: *������ 	
�,  �  ���0� *��D5�HOS7  *  
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�;�1 �1 <��� =�0 � �:�� >�/�� 9?@�, ������    �$'

���� A
� �1 �B���� �*� "� �   �$�� �C D"�=B �)�
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��H1 8� I�1 �;�1 �J�1 �  ��$0�      �$1 ����)$/� �$1 �$'

�$$� K�$$/. ������$$�  $$C�1)2 .( "� <$$%M� ������$$�

��N�1 O
��� 8�� P$0" 9�   ���$�6Q 9�8�$�   � �8�$�

 G��0�(�)"���� (     ��$��( R$��� �$1 � �"�� ��1"�$�

�J�1 "� -� ��)S,      ���$J� �B��$�� T$��1 9-$1 ��'

�� ���B .      G�=$%J �$�U0 �)$� ���$� �$�
� � �������

 A����)���7 � V�� RW� (   �$U%M I'�$� X
�N 8�

��Y�� �;�1 ��4%)� � �'      R$
Z� 8� �$4
 -��$�� �$1 �'

"�$$1 �$$J�"�$$F� "� -���$$� �"�  �$$�J�
 ��$$��, ��$$'

 ��� �C ��(��C)3-2.(  

>/�0�4�      ���%$� ��)$� �$%� ���$1 ����� ��'

��� �C -���� ������� .    -�$F0 #$%�&� G�$��� � ���

����   K��$�� 9������� 8� �C�0 <��� �%�� �%� �� 0�

5�%� "� ��,��/�� �� �' C�1 .  �$
�!, T��1 �������

5�4
��" ���, ��' 5�%� "� -]�/�� ��8� �� �'  ��C  �$�

�S��0 � �Y�� -�����/���Q 9��� A
�  A�^,��$Q � �'   � �$'

 �1 <���DNA   >�$/�� ���_, �1 ��
� `�N 8� � ���

5�%� a�� �1 �S�� 95�%� �0��/�� ��0�   �$� �$'   ��$C

)6 -4 .(    -��$$���/���Q I
�=$J� =$$�0 �$d7 A�$$)' �$1

$$�Y�� �$$�%&, � �$$' � 1 "� -��,�$$,�%B�$$;�  <$$2���� �$$'

 ��� �C D"�=B ������� �1 ����)/�)8 -7.(  

   -�$�"�' g$C�, h�!� ��YQ �
 A���B -��"�'

 gC�, ��� i�&� j��, <%M� �� ��� -1 "� C"

�� ��C .  ���" "� 9�$�� �$1 ��6� -��"�' A
� -k  �

�;�1 � -�)&, 95�0"�� 9=�J�Y�' 9=_� 9�l��   =$�0 �'

�� -��1  ��C)10-9 .(�0��B -��1 A��o)'    5�$�J ��$'

 A���B)Growth hormone secretagogue receptor 

 �
a1R-GHS  (5�%� "�     �$1 P
$�� � ���,�$� ��'

   �$�� �$C ���� -�$F0 �1�( .    A$
� -�$�1 9�" A$
� 8�

���� "� �0��B ��� ��' �� -�F0 8��   ��$�%��Q� �� �'�

��� A
��    A���$B -�$�"�' �"�pB�*� `�'� 8� �4
 �'

�� � ��� ���� A
� ��4%)� >�H�/� "�N �1 0��,  �" �'

 
�)0 >�U�,)12-11.(  

  A$$
� �0��$$/�� �$$�0� ��$$��( 9�$$�
� `�$$N 8�

 "� -�"�4)' � ����( j��, "�1 A���� ���1 -��"�'

 �;�1)13 (  -�$)&, �)14 ( D�$�    �$��:N G" ��$'

��� �C ���� -�F0 .    �$� �$U0 �$1 9A
��1�$�1    �$1 $�"

�$$;�1 �$$1 ��"�� <�$$�� G$$C 9A��=$$B =
�$$S,  � �$$'

    ������$� �$1 ����)$/� 5�:0� �1 -� 8� �C�0 �"�"�1�0

�� I'�� 1�
 .     �$�"�1 9�$��� � A$
� ��$S0� 8� `'

����"�$$Q �$$(�1  8� ?$$Q ��Y$$�� �$$�@�� �1�$$
8"� ��$$'

       ���$)�.� ��q�$@. �$*� =$�0 � ������$� �$1 ����)/�

�1 A���B ��Y�� ��" ��1 G" D�� "� �'.  

  

��� 	
  

 ���,30      �$1 "��$/
� ��]$0 8� r��$1 �0 G" D�� ��

 -8�220-200     V�$&�0� X$�H!, A$
� ��S0� ���1 ��B

0C .���� � ��), �  R)���"���� K����1 �C ��S0�

  ��$$!0 � �$$:2��� 9�
�$$)�'�" �    G�$$0���. �$$1 "�$$�

      ��$S0� -��$��� �4$C=Q ��$%� ���$F0�� �'��F
��8�

�J�B .D��   ?$@2 "� �$'   ��$'5  �$0�( "� � �
�$, � 

  �$1�* "�0 �1 G�0���.12    ��$�� � ����$�Cº 24-21 

 �%Q ��pM �1 ������ ��8� "�N �1 � 0C �"�d�0

�C � ��C�� �8�, V� � �"�0����.  

    ���$$$C 8� ������$$$� $$$
�%� t��$$$( "��$$$Q  

Sigma-Aldrich   $
��B �$�d, �4
��� "�F� .  -�$�"�'

      ���$$$C 8� �=�%J�$$$�� R4$$$C �$$$1 =$$$�0 A���$$$B 

Tocris Cookson C �"�
�( -��/%�0� .��d, ���1 � 

  A���$B ���1 � � H� V� 8� ������� X
"=, R1�2 5�%!�

C ���@��� 56. -���� �1 ���:N A���� 8�. 
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D�� ' �1 �J���, R4C �1 �3  ���B10 R��C �
�,

'�C-  ������$� 9A����-   ������$� � A���$�-   A���$B

0C >�/H, .   R$(�� X$
"=, "�1 �
 �1 ��;�1 <���

    8�� �$1 ������$� $
�%� 5�%!� �2�@�mg/kg 2   �$1

���B  ��'2  �3 �J�B ��S0� . T��1 ������� 8�� A
�

5�%$$� <$$
�&, � <�$$�� �$$� �$$;�1 ��$$'  ��$$C)4( .

8�� A�$$�o)'   <$$
�&, T$$��1 ������$$� �,Z�$$1 ��$$'

5�%� �FB8�1 R1�2 ��M <��� � ����/B    �$;�1 ��$'

�� ��C )15 (  8�� j$��, <$
�&, "�H� A
� ��   ��$'

 -��$/�� ��0� 5�)��     �$)0 ����$F�Q R$1�2 �$'   $C�1  

)17-16 .(   =
�$$S, 8� R$$:2 8�" �$$
 8� ��$$� ���$$B

  9�Q�$$�Q 8�" �� G$$� �$$1 � ������$$�10 ��0�$$0 8� 5�

 �$$J�
"� �$$%7 �$$
8 R4$$C �$$1 �" A���$$B -�$$�"�'

0��)0 .   �$��� � K�$�� �$1 A���B 8�� A
� V�&�0� � 

   �$*� T$��1 8�� A
� 9-� "� �� ��1 -�"�4)' � ����N

�;�1 "� �0��/�� ��0� u�J� I
�=J� � ��q�@.   �$1 �'

     ��$$$S
� � �$$$;�1 $$$�1 �B�"�$$$( v�$$$Q R$$$���

��)4/
�/ ��� ���1 -k��J�Q")18.(  

 ?Y�5   8�" "� ���$B �$' 8� D��   ��$'5  �10 

     �� �$1 �$C�d�1 8� ���@�$�� �$1 ������� X
"=, 8� ?Q

�;�1 � 0C "��F� 9�� O 2 � �,� R�,� �'� -�   �$1 �'

O)7 ��Y�� �1�
8"� "�U�� 
��B �"��.  

  D�$� A�$F� 8� ?Q �%��J61     �$' -8� �$�1� 9�$'

���B "� �;�1 �8�0� #%�&� ��'    �$Q� ?Y$� � ���B


� D�$� ���" >
    $C �$7 �$' . O$)7 D�"  �"��

 D�" K��� �1 ��Y��Cancel  -�"�4)' �)19 ( ��S0�

  �$� <�,�, A
� �1 xC5  �$%��     >
$
� �$Q� �� 8� �$��

 "� ���"2 �%��  �1 �o�2 �1 ���:N A���� 5�%!� ����

 G� �1 � C =
" R��� "�N30    "�,�$1�40� "� �$H�2�

Cº 37 ��Y�� y��( �d7 ��� 8� �'�    >
$
� �$Q� ��'


��B �"�d�0.  

��Y��      G�$��. �$�"�1 �$d7 ���$B �� �' ��'

 I�$Q   �$0�")Forward progressive movement   �$


FPM(    �1�$
8"� 9�$U%M � ��Y$�� ��FM -��1 >��� 9

0$$C .��Y$$�� $$�"� �1�$$
8"�  �$$��. ��"�� ��$$'

I�Q  D�" K����1 �0�"Sonmez   -�"�$4)' �)20 (

$$C ��$$S0� .� A$$
� �$$1 9K�$$�20  O
�$$� 8� �$$�����4��

 "� �@%( >

� �Q� 8� ����!���2 ��   G�@$/J ��

  A���$� �J�1)PBS   �$
Phosphate buffered saline (

  "� � �$J�B "��2 �Z ��" R��. 5�%!� � C X�2"

a"=1 �1 z�4���4�� �
8   �
�$)0400   $C �'�$F� .

��Y�� ���. �"� A�)&,     �'�$F� K�$�� �$1 �' � 

l "� G���.� H0 "�d �   D"�)$C �1 � �Z 8� G��@��

 R2�.100 C ��S0� �@0 �
 j��, � ��Y��.  

    -�$�8� 8� 9�$FM -��$1 >��� �1�
8"� �d7HOS 

)Hypoosmotic swelling test (  D�" K�$$�� �$$1

Sliwa  �Macura )21 (C ���@��� .   9K�$�� A$
� �1

 "�H�10     �$1 ��Y$�� 8� �$�����4��4/0  �$%��   V� �$���

   G$� �$1 9u�)S� "� � C �J�{� � H�5   "� �$H�2�

 "�,�1�40�Cº 37 �� �"�d�0 0C . �$0�)0 ?Y�    �$'

��Y�� �"� � 0C y"�(  ��)( �� ��"�� ��')  �$1

  >��$� ��$FM -���� (    z�4$���4�� 8� ���@�$�� �$1 �

a"=1 � �"�0  �
�)0400  0$C �:��!� . ��Y$��   ��$'

  �$$$�� �$$$!, 9�$$$�)( �� ��"�� -�HOS  �$$$:W�  

�� �H%, 0
��B.  

  ��Y$�� �$$U%M A�$$��, ���$1  9�$$'50  8� �$$�����4��

 R(�� �1 ����!��� ��Y��1 ��    A���$� A���$��J ��

 �2" �:/0 �, C �J�{�20 :1  $
� ��� �1 .  ?Y$�

10 �0�)0 A
� 8� ������4�� �   �Z �$1 9�C X�2" ��Y��

  R$H��� ��������)'  $
��B   z�4$���4�� �$
8 "� �
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  �$��� �"�$�� �U0   ��$:0 "��)40/54    ���$B "� $�"�

  �$$1��1 "� '�$$C0/25  ������$$� ���$$B "� $$�"�- 

     �:$/0 I
�=$J� T$��1 A���$B =
�S, �l �B�

I�Q G���. �"� �0�" � ��Y��   8�" "� �$l �'5  �

    }�$!� �$1 =$�0 I
�=J� A
� ��� 9
��B

 ��:0 "��) R4C2.( 

 
��� ����	 
�� ��
����� ����  �
���� � 

��� � ����� ��� �� ��� ���!�� ��� 

 P "**010/0 < P" ***001/0 < P  

   ���$4%)� }�$!� �1 ��Y�� ��FM ��6� ��"�1

 -��8� 8� ���@��� �1HOS    "� �$� ��$1 ��$�
� �"�� 9


��B ���� � X�H!, A
� .���� �1�
8"�    �$� ��� -�F0 �'

 8�" "� >��� ��FM ��"�� ��'5  8� ?Q

   �$$�� ��$$C�� �$$��/!� I'�$$� 9������$$� =
�$$S,

 8�" "� �10    y�� �$$1 I'�$$� A$$
�

0 < P .(��40 ��� �  �� A
� �7�, R1�2

  ���$$B "� >��$$� ��$$FM ��"�� ��$$'

 �$��� "�N �1 A���B �    ���$B �$1 �:$/0 �"�

      A$
� �$� �"�$N �$1 x�$C�� I
�=J� A����

 �160/59   �$1��1 "� �"�44   $�"�

 =�0 �20/20  �1��1 "� �"�8  �"�

0500/0 < P (  -�$�"� ���B "� <�,�, �1

0
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�%�� �' "� ��Y�� ���, 9�" C �:��!� ����.  

 ���:N ���{� ��"�1 8� ?Q �'

 ?0�$
"�� ��1��1 =�0 � �'     8� ���@�$�� �$1 9�$'

One    -�$�8� ?Y$� �Tukey 

���	 	
  

���� I'�� T��1 ������� =
�S, �;�1 -8� "��    "� �$'

  8�" "� �]$
� �1 �10   $
��B)0001/0 < P( x

   8� �$;�1 �$' -8� �� �"�N �156/1    ���$B "� ��$B

������� ���B "� ��B-   � A���$�68/0 

   8�" "� A���$B10  �$�" . 8�

8�" � �   T$��1 �/0���0 A���B

 �$;�1 -8�      ���$B �$1 �:$/0 �$'

 R4C1.(  

  
���' � �(�) *�� ��
����� ����  ���

��� � ����� �� ��� ���!�� ���  

01/0 < P" ***001/0 < P  

 �$��� I'�� T��1 ������� 9A��o)'   G�$��. "��

 8�" "� ��Y$$$$��10  $$$$
��B  

  $�"� K�/!� I'�� ��7� �1 ���
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Abstract 
Background: Cadmium, as an environmental and industrial pollutant, due to its in-vivo accumulation 
in tissues and especially in the testis results in extensive degenerative changes. The aim of this study 
was to determine the possible protective effects of ghrelin against cadmium and on sperm quality 
parameters in rats.  

Methods: Thirty adult male rats were allocated into three equal groups, control-saline, cadmium-
saline and cadmium-ghrelin. Induction of testicular injury was achieved by a single injection of  
2 mg/kg cadmium chloride intraperotoneally; 10 nmol of ghrelin was given 1 day before cadmium 
injection and continued for 10 consecutive days. Five rats from each group were sacrificed on the days 
5 and 10 after cadmium toxicity and sperm was taken from the epididymal tail for the evaluation. 

Findings: Testicular weight and sperm concentration significantly decreased by cadmium toxicity  
(P < 0.05). Likewise, the percentages of sperm progressive motility on the day 10 and membrane 
integrity on both days significantly decreased in cadmium group (P < 0.05 for all). Whereas, ghrelin 
treatment enhanced hypo-osmotic swelling test (positive cells) on the days 5 and 10 compared to the 
cadmium-saline group (P < 0.05). However, it failed to increase progressive motility, sperm 
concentration or testicular weight significantly. 

Conclusion: Ghrelin, due to its possible antioxidant properties, caused an increase in sperm 
membrane integrity that can be prerequisite for progressive movement. Ghrelin could be implicated 
for attenuation of cadmium effects on sperm quality. 
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