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� G� �-�"0� ����  !� ,� 
       ���
(�� /� �A3 H�"<�� ����� �-3 ���-	� =�"�6��.            �";%�� �;����%� ,�;)��� 5����� /�� 6�%�(�"� ���"	��� 4"�)*� 5�EI� ����

     5�.�( ���!3 ��%��) 5����J(    &�� 6B0��� ��	����� ��F �7"�)�"�  K"��� L�)      ��	��� =��!� �7"�)��  !��( ":�	�� .    5";�*� ";�� 
     ,�)��� 5����� /�� 6�%�(�� ��-"�	�� ��M����  5-�M( �0�   �!'J�� /"0(7�. "�
)-          ";�'<�� ,� ?)-(�� ��� C��7� 5"�*� 5�.�(

       N"A(�� G� ���"<��� =�-")�� "�'<�� �<M(� ���"EI�����-".�� ���!�J�� L@"B!�� &"!(�� D�� O�� "�� ���"E(�*� "�'<��.  ����()� �-3
 =�A �.%� /%�� "E)B- 5"�*� 5I7�� �A3 H�"<�� ����� D�� �����"%�� ��	(��.   ��7";A G;0� ��EI G� ���%��� ��%�� /"0(7� I7�� 

    "�
�)-� "�E� ,
�"<�� L�)�� D�3 �*� "�'<�� N"A(�� ��*� 5-�M( ,� =��-�� =��7� "�'<��� ���	���� ��-'���� "�'<�� �!"<� ���"E(
        �<-��� P6-�� C��7� �����B!�� 5��-0�� ���
 /<.(� #��%�� ?�)-��    "�-�� #��%�� ?�)-�� ,� ���%�� ,�   �;�3�*� /"0(7� I7�� �0�

�

6(��� $���0�� /�%( G� �����������%�� 5"���-�� ,� .  
 

Pathological study of experimental cadmium toxicity in common carp 

(Cyprinus carpio L.) 
  

S. K. I. Al-Taee, A. H. A. Al-Hamdani 
 

Department of Pathology, College of Veterinary Medicine, University of Mosul, Mosul, Iraq 
 

Abstract 

 
 The median lethal concentration of cadmium chloride CdCl2 at 24 hour in Cyprinus carpioL was determined. The toxic 

effect of sublethal concentration of CdCl2 was studied for 4, 7, 15 day. There was estimated significant decrease in hemoglobin 
concentration, Packed cell volume (PCV) and lymphocyte counts, with significant increase (P≤0.05) in the serum alanine 
aminotransferase and creatine phosphokinase activity correlated with progression of exposure period. The elevation was more 
significant on the 15th day in all groups in comparison with non treated control group. The fish treated with sublethal 
concentration of CdCl2 showed behaviors of nervous signs manifested as abnormal swimming and jumping above the water 
surface. The gross lesions of sublethal concentration toxic effects included congestion of gills. Histopathological lesions 
revealed hyperplasia of epithelial cells with hyperatrophy of piler cells and inflammatory cells infiltration which lead to 
adhesion of the secondary lamellae of gills. The same lesions were observed on the 15th day of exposure but were more severe. 
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In liver and kidney which appeared congested with presence of pale areas, histopathological lesions include infiltration of 
inflammatory cells, specially melanomacrophage and mononuclear cells in hepatic tissue with thickening of the bile duct wall, 
hemorrhage and necrosis in hepatic tissue. In the kidney, there was a congestion of blood vessels and deposition of hyaline 
casts in the renal tubules. Accumulation of cadmium in gills, kidney and liver after 4, 7 and 15th day of exposure showed an 
increase in level of accumulation with progression of exposure period. 
 
Available online at http://www.vetmedmosul.org/ijvs 
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15"��� "   �;��"	� =�";�6 D�� O��Superoxide Dimutase 

(SOD) �	� O��� 7� 15 "��� "     ��6;-� �;��"	� =�";�6 D;��
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��� "��
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 ,��� �������:         ��;�%�� /�  "< K"� ,� 4"�)*� 5	M�
           5;����� 5;7(6�%�(�"�� �����";%�� �;����% D;�3 #�"7�

,�)���)1 (�J��/�(�  
 ����-� ������� :        ,;� 5	M� 9� =���) �3��
� 5��(3�

 ���%�� /�  "< K"� .  (� �(�5 �	� /�(3��
��� '% /� 4"�)� 
���� 4�7� 15"���  "���"(�� ���"	��� 5)��� ,���(�� D�3:�  

1���
)-��� ��-"�	�� ��M���� ���"	���  
2�5��A ,(��� ������� ���"	���:  
•         �;!"<�� H"�0�� =�3 ���<()"� /����F���E�� 6�%�( H"��

�%�A \"(-� Syrbio")-�� .  

•    �7�� ���� "�'< �
7 ���0(  �;0��� ���<()"� �!�!���� �
5��%�("��:��%�"��� ��B���� "�'<�� ���@��� ��)-���(19).  

-35��A ,(��� ����7���%�� ���"	���:  
•     6���B);-��( �;-��� /�;-�*� ��6;-� �"A- H"��   \";(-�

�%�ABiomaghreb$�J��� . 
•         �%�;A \"(-�6�-�"%�B;)�� /�(";��%�� ��6-� �"A- H"�� 

Biolabo SA")-�� .  
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                   %A���:5����� 6�%�(��  ,�)��� LC50 #�"�(3*� $�"%�� 4"�)� ,� �����"%�� �����%�.  

0

10

20

30

40

50

60

70

80

90

100

110

1 1.25 1.5 1.75 2

LC50=1.25 

���� �����	
�� �
��/��� 

 �
��
@�
�� 
��
)-
��

5
��
��

  



�� �����	�� ��
��� ��
��� �������� ���	�� ��	�� � ����) �������( 
 

 ���

� *����0�������  
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) ���� 5���/ �3�:(  L;M��  ��;
��  (2)   &��;� ��;
� 
 �;��-	�(P≤0.05)    ��6;-*� �"A;;- O�();� ,;;�ALT ,;;� 

         �;�-�6 5";��� ,�� �����"%�� �����%� �M�	��� 5"3��
���
�B�(<� #�-	� �"B(�� 4"-: /"% 9�(P≤0.05)  �;3��
���  �	�� 

   =��� �����"%�� �����%� ���"	��� 4       �;�F �;3��
��� /;3 �"�`
  �����"%�� �����%� ���"	��� .  *� /"% ���     �;��-	� �;.%� �"B(�

)(P≤0.05    /�(3��
��� �-3 /�(��"	��� =���  7 �15  _";���    /;3 
     =��� �����"%�� �����%� ���"	��� �3��
���  �	�4     /;3� �";��

�����"%�� �����%� ���"	��� ��F �3��
���.  
  

    1����� �2��� �������� ��1�� ��$�CPK     ��� !%� �� ) 5���
����/��(:  LM�� ��
��  (2) &��� ��
� ���-	�(P≤0.05) 

     ��6-*� �"A- O�()� ,�ALT       �;M�	��� 5";3��
��� ,;� 
�B�(<� ��-�6 5"��� ,�� �����"%�� �����%� �"B(�� 4"-: /"% 9�

#�-	�(P≤0.05)       �����";%�� �����%� ���"	��� �3��
���  �	�� 
=��� 4      �����"%�� �����%� ���"	��� ��F �3��
��� /3 �"�` . ���

 (�*� /"%       �;��-	� �;.%� �";B)(P≤0.05     /�(3�;�
��� �;-3 
/�(��"	��� =���  7 �15 _"���         �;��"	��� �;3��
���  �;	� /3 

  =��� �����"%�� �����%�4        �;��"	��� �;�F �3��
��� /3� �"��
�����"%�� �����%�.  
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 =��!�� )1(  �����"%�� �����%� ���"	� �%�) ��%1�J��/=���� �(� 4�<-�� ��
� LM�� �"�� )a (/"0(7*�� )b.( 
 
 
 
  
  
  
  
  
  
  
 
 
  
  
  
  
  
  
  

=��!�� )2 (G�0�� ,
)-    �%�) �!'F ,�      �����"%�� �����%� ���"	�1�J��/ =���� �(� 15 "��� "        ";�'<�� ,;� ?);-(�� ��� LM�(
 ���-".�� ���!�J�� L@"B!�� �3��0� �-����� ���"EI��)a (*� ���!�J�� L@"B!�� ��� ,�� ��@��(�)b (H&E X400.  

  
  
  
  

 

a 
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b a 
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��� �������� ���	�� ��	�� � ����) �������( 
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 =��!�� )3 ( �����"%�� �����%� ���"	� ��F �%�) �!'F ,� ,
�)- G�0�� , �J�!��H&E , X400.  
  
  
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

=��!�� )4 (G�0��  ,
�)-�%�) ���% ,�  �����"%�� �����%� ���"	�1�J��/=���� �(� 15"��� "'<�� N"A(�� LM�(   %A;� ���"E(�*� "�
 �A(-�)a ( P6-�� C��7)b ( ,��J�� ���(�� C��7)C (H&E X400.  
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=��!�� )5 (G�0�� ,
�)-    �%�) ���% ,�     �����"%�� �����%� ���"	�1�J��/ =���� �(� 15 "��� "       ,;� �;

6(��� $���0�� /�%( LM�(
 ����%�� 5"���-�� �	�)a (H&E X400.  

  
  
  
  
  
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  

=��!�� )6 (G�0��,
�)-  �%�) ��% ,�  �����"%�� �����%� ���"	�1�J��/=���� �(� 15"��� " C��;7 LM�(  #�;
B�� H%-;(�� ) a (
5"�-"��
�� /"0(7��)b( H&E X400.  

  
  

a 

a 

b 
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=��!��)7 (G�0�� �
�)-   �%�) ��% ,B     �����"%�� �����%� ���"	�1�J��/ �� �(�=�� 15 "��� "    �<-�� C��7 LM�()a (   ";�'<�� N"A(���
���"E(�*�)b( H&E X400.  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

=��!�� )8 ( G�0��,
�)-  �����"%�� �����%� ���"	� ��F �%�) ��% ,� , �J�!��H&E , X400.  
  
  
  

b 

a 
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 ��+

  ��
)1 ( �����"%�� �����% ��.S(1�J��/ 5"���  '< ������� ���"	��� D�3 �(��B�(<� ��-�6.  

�  �	��"� "E-3 ��	� ��0��  ±0�� S�<��,)"�.  
����-	� O�()� �-3 #�-	� &�� ��
� ,-	( 5*�	��� D�3 =��
���� �B�(<��� P��7�� (P≤0.05).  
 
 

  ��
��)2( �B�(<� ��-�6 5"���  '<� ����  !� ,� ����7���%�� ���"	��� D�3 �����"%�� �����% ��.S(.  
  

5"3��
���)       �;����%� ��;	(�� �";�� ��3
�����"%��( 

 �-��� /�-�*� ��6-�   =�;7� 6���B);-��( 
�����/�(� 

      =�;7� 6�-�"% �B)�� /�("��%�� ��6-�
 �����/�(� 

�����"%�� �����%� ���"	��� ��F �3��
��� 0.71± 5.48 
c 

0.91 ± 5.38 
b 

 �����";;%�� �;;����%� �;;��"	��� �;;3��
���
1�J��/=����(�4�"��  

3.86 ± 63.40 
b 

1.80 ± 11.90 
ab 

� �;;����%� �;;��"	��� �;;3��
��� �����";;%�
1�J��/=����(�7�"��  

4.32 ± 81.06 
a 

2.67 ± 19.88 
a 

 �����";;%�� �;;����%� �;;��"	��� �;;3��
���
1�J��/=����(�15"���  

5.67 ± 85.76 
a 

5.57 ± 23.70 
a 

�  �	��"� "E-3 ��	� ��0��  ±,)"�0�� S�<��  
�()� �-3 #�-	� &�� ��
� ,-	( 5*�	��� D�3 =��
���� �B�(<��� P��7�����-	� O� (P≤0.05).  
  
��$9���  

 
          ,�;)��� 5����� 6�%�(�� ���7( �)����� 89:  '< /� �(

     '< �����"%�� �����%�24     #�"�(3*� $�"%�� 4"�)� ,� �3")
 D-7-��� �)��0��� ���<()"�(Trevan method) )18( /"%� 

    �����"%�� �����%� ,�)��� 5����� 6�%�(�� 1.25    �;J�� /  �;(�
 %�(�� �:�  O�� #9�� 6�        ';< 4"�)�� ��3 P!-  (� D�Y24 

�3") .         ;���3 D�3 _��"�(3� ,�)��� 5����� 6�%�(�� P�(<��
       ���"	B��� ��@"���%�� V!@"!<� $%���� P!-����3 "E-� =���3

  ���)�� =�"��� ��M�*�(21)     �;0�	(��� ��
�"<��  ���	�� 4�9%�  
      <� 5".��� ��
�� K"��� 5"-�%�� ��@���� P��I�"�   �;�F O�

�����"%��) 22 .(  

           $�";%�� 4"�;)� ���"0� ���6( 9� �%�)�� ��3 /3 'M�
  #�"�(3*�  ���)�       �%�);�� ��3� �
7 �"��6"� �����"%��(23) 

           ,�;)��� 5;����� 6;�%�(�� N���(� 9� 4"�)*� ��- 4�9%�
    '< �����"%��96    4"�)*� ���-� P�(<��� �3")     /;�0.5�

21.1 �J�� /  �(�(24)   ";A� ���   C7"����)25 (    6;�%�(�� /";�
   4"�;)* �����";%�� �����%� ,�)��� 5�����Yellow-eye 

mullet (Aldrichette forsteri C. and V.) ';;< 
168  �3")16�J��/  "�-���(�� !   5;����� 6�%�(��    ,�;)��� 

 4"�)� ,� �����"%�� �����%�Channa punctatus  '< 96 
 D�� �3")11.2 �J�� / �(�(26).  

  
  

5"3��
���)      ��;	(�� �";�� ��;3
�����"%�� �����%�( 

�F /����F���E��/100 ���(�     ��7�� ���� "�'< �
7
�!�!����% 

��B���� "�'<�� ��3% 

      �;����%� �;��"	��� ��F �3��
���
�����"%�� 

1.8±14.76 
a 

3.34±45.4 
a 

0.98±96.60 
a 

  �;;����%� �;;��"	��� �;;3��
���
=��� �����"%��4�"��  

0.40±10.36 
a 

2.58±20.40 
b 

4.34±80.40 
b 

  �;;����%� �;;��"	��� �;;3��
���
=��� �����"%��7�"��  

1.00±8.46 
b 

0.5±21.20 
b 

1.03±80.40 
b 

  �;;����%� �;;��"	��� �;;3��
���
=��� �����"%��15"���  

0.19±6.26 
b 

0.58±20.80 
b 

3.62±80.00 
b 
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 ��2

������� *�����0�  
          D;�3 ���!	�� ���3*� 5I7�� �)����� 89: ?@"(- /�

          �;����%� ,�;)��� 5;����� /�� 6�%�(�"� ���"	��� 4"�)*�
    ���� �	� �����"%��7           89;: 5;�.�( �;�� �;��"	��� /� �"�� 

        �;�	����� ��F �7"�)��� ���!	�� 5"%�7�� ��EI� ���3*�
      C;7"��� V��� �"A� "� �9:� 4"�)'� )27(      ��;	( /� /;�

          ,�;)��� 5;����� /�� 6�%�(�� D�� "E3��-� P�(<�� 4"�)*�
         4"�)'� ,	��� ��F 4��) ��EI D�� O�� �����"%�� �����%�

          ���� �	� 4"�)*� D�3 ���3*� 89:  .� ��EI /��7  �"�� 
          =�";�6� ��;	(�� �;�-�6�� =����  �� D�� ��	� ���"	��� /�

    �)*� �� ,� �����"%�� 6�%�(      /"� P��	��� /� 9� ���"	��� 4"
     ,F"���� 6
"7�� ��	� �����"%��–       �;I	� D;��  !�� #����� 

          ?�)-� #��<�� O9*� C��7� D�� #�U�) V-"� �9� e"���� K�6
�
   /���;;%  �(;;)*� =�;;��< �;;��"	� ,;;�  ;;�<� e"��;;��

6���()�Acetycholinestrase AchE (28) ?@"(- 50B(� ��� 
   ?@"(- G� �)����� 89:   C7"��� (13)       ��;	( /� D;�� �"A� 9�

 #�"�(3*� $�"%�� 4"�)�Cyprinus carpio L. �����% D�� 
 � �����"%���3�
�"�  ;(����� /�� � ��;)��� � 10  ���F��%�";�

/            4��;) ,;� ��J( C��7 D�� O�� �)
�� /6� /� ���F���%
��
�"<�� 5��.U���� K�M�� "E(�"
()� ��3� 4"�)*�.  

    �)*� ���"	� O�� ���      ,�;)��� 5����� /�� 6�%�(�"� 4"
         /�  %� ��-"�3 ��M�� 5����J( C��7� D�� �����"%�� �����%�

    5"�*� 89: 5-"%���%��� ���%��� �!'J��      8�;%9 ";�� �0�"��
C7"��� (29) C7"����)(30  /"0(7� C��7� ��*� 89: 5�.�( 9�

       ���6-�� G0��� ��EI G� ��%��� ���%�� $�7A� �!'J��   �;�� 
"A� /�.7"��� HB- �D�� ��	(�� =�� �"��6"� ���6( ��*� =�A /� 

�����"%��.   �����"%�� #�U� �       �;��"E(�*� ��"
()*� C��7 D��
  ����<�� ���"	B�� ���.(�       ��"��� \"(-� ,�  !"7�� /��0B�� $�)�

/"!0-� Adenosine Triphosphate ATP  D;�� #�U� "��
      C7"��� �"A� 9� /�
)%�*� /"!0-(31)      �����";%�� /� D;��

            �M3 #` /� �.%� �!'J�� ,� ��"��� 5��� D�3 ,��) ��."(
     ")"�( �.%*� �M	�� "E-* 4�9� �<� "    /�� ��@���� 5".����� G�

���<�� ��` ,�  �< C��7� D�� #�U�) �..  
         C;7"��� ":�%9 ,(�� ?@"(-�� G� ?@"(-�� 89: &�"�((� (11) 

     � V��)� "�� �����"%�����) /� /�      4"�;)� ,� #��<�� O9*� /
      /�
)%�*� T0- P��I 57( ���6( #�"�(3*� $�"%��  'M� 

          �;�3�*� "E-�M /�� ����<�� ��AF*� D�3 ,�)�� 8��."( /3
           5";��% $�)( �. /�� "E(�7�M- =�"�6 D�� #�U� 9� �������
          "�'<��  '< /� ":���� �	� #����� K"3��� \�"< ��7�� ����

  � K"3��� �-�����       C��7 $�)� P6-�� C��7 D�� ���U� #����
   ')-*�Diapedesis (32)    O�9�� C��7� Ischemia  /�� 

              /"!;0-� ?�);-�� /;3 #���;�� ���;�*� ��� �� �"�0-� �.

         �<-�� C��7 $�)� ���%��� ��%�� $�7A D�� ���U� /�
)%�*�
#����� ����*� �"�0-* �
�(-% (33).  

     �  %� ,
�)-�� T7B�� ?@"(- 5��    ��%��� ���%��� �!'J�� /
         ��."( 57( K"M3*� 89E� ��
�)- ��M�� 5����J( C��7 D��

       ,�)��� 5����� /�� 6�%�(�"�� �����"%�� �����%1 �J�� / �(�
          ���J( #� C��7� ��)")7 �.%*� �M	�� ,: �!'J�� /� "���
 �!'J�� ,� ��
�)-�� 5����J(��� O9*� /"� �9� ��@"��� �@���� ,�

  �	(          ��7(;��� �;�*� =�A ��(	( 9� ��@���� 5����J(�� ��"
()�
       ��	(�� =��� �����"%�� 6�%�( D�3 ,�!�J��(34) .  /;%���

    ��
�)-�� ��M���� 5"�*� P-!( /�     4"�;)*� D�3 �I7'���
 /��)� D��         =�"��� �A"���� ��."(�� /3 ?("-  �*� �)0��  ���)��

     E(�*� ��"
()*� C��7 D�� #�U( ,(���    �;<-��� H%-(��� ���"
           �;��"% �;	� �� ��
�)-�� ��M���� 5����J(�� /� ,-".�� �)0���
           /�;%� �� �� �
)-*� "�'< ,�  !"7�� /��0B�� /3 ���	(��

 �"E
*�  ���3 /3 ?("-(35).  
             6;�%�( �����";%�� �;����%� 4"�)*� ���"	� 5�� 9�1 
�J��/      ���"EI�� "�'<�� ,� ?)-(�� ��� C��7 D���(�   �;-����� 

        =�-")�� "�'<�� ���3� =�"�6� ���-".�� ���!�J�� L@"B!�� �3��0�
      P6-�� C��7 G� ���"E(�*� "�'<�� N"A(��� ���"<���   �;��

 D�� 5��()�� ���"	��� /� G����� ����� �-3 5"�*� 89: 5I7��
           �;��"	� ����(;)� �-3� =�A �.%� =��!� /%�� G�")�� �����

    �����"%�� �����%� 4"�)*�1 �J�� / =���� �(�15 ";��� "  5;-"%
            �;�� ,;� ?)-(�� ��� C��7 /3 =�"�3 �!'J�� ,� 5"�*�

     �<M;( G� ��@��(�*� ���!�J�� L@"B!��     �;��"<��� ";�'<�� 
=�-")��        C;7"��� 8�%9 "� G� &B(( ?@"(-�� 89:� 36) (  /� /;�

  4"�;;)� ��;;	(Macropsobrycon uruguayanae 
   6�%�( �����"%��1.5�J��/   =���� �(�30   � 60 "���  "   D;�� O��

         �;��-".��� ��@��(�*� ���!�J�� L@"B!�� ,� ?)-(�� ��� C��7
     A;(��� ���<�� /�� &"!(�*� C��7�     �;��"E(�*� ";�'<�� N"

         #9;��� �"<��� \"(-� =�"�6� ���"<��� =�-")�� "�'<�� �<M(�
          ���;��� 6�%�(� 6
"7%  �	� 9� 4"�)'� ��	��� ��"
()� /�%�

    ��7��� /� 4"�)'� ��)")*�� �����M��     �";<���  ;�	�� 
        ,@";�6�B�� O9*�� 5"�"!*� /�  ��0(�� D�3 5���� HB-�(37) 

 �� 89: ��EI /�     �;�� /;3 ?(";- /�;%� �� ��
�)-�� 5����J(
�����"%�"� ��)(�� �
�(-% ,-��*� ��I-(�� ���	-�� /�
)%�*� 9� 

   /".7"��� ��"A�(38)        5��;��J(�� /�� ����� ��'3 ��
� D�� 
         /3 �
("-�� ,-��*� ��I-(�� /3 ���U)��� �
)-*� ,� ��M����

     "� �9:� ,-��*� /6��(��� �����"%�"� ��)(��   O9*� C��7 �)B�
           D;�3 �����"%�� �.U� 9� ���%��� �!'J�� /�  % ,� #��<��

  /���6-*�ATPase _k+/Na+ � Ca++/Mg++_ATPase  /� 
          /�9;: ,;� =��
����  ���"EB�)�� �3��
�� ���0�� V(B��  '<
          /�9: �B�I� ,�  �< D�� �����"%�� #�U�) �. /�� /���6-*�

    �*�  0- ,: ,(��� /���6-*�        /(���;���  ;0- 4�9;%� 5";-�
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��� ��
��� �������� ���	�� ��	�� � ����) �������( 
 

 ���

        ?)-(�� ��� C��7W�� O�� �����"%�� ,�)�� ��."(�� ����()"%�
 /�� &"!(�*� C��7� ���-".��� ��@��(�*� ���!�J�� L@"B!�� ,�
         C��;7� ���"EI�� "�'<�� ��3 =�"�6 �
�(- ���!�J�� ���<��
          �;. /�� #6"J��  �"�(�� ��� D�� #�U� "�� ���"E(�*� ��"
()*� 
4"�)'� ��"	�� �7!�� D�3��."( V� �9:� /�
)%�*� 9<� ���.  

         ����%�� 5"���-�� �-����� =�"EI�� ^')-� I7�� ���%�� ,��
          K"AJ�� ��7( C��7 G� 5"���-�� �	� ,� #�3"0�� K"AJ�� /3
           ,;� �;
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