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������������������������!�������)&�!-��#$&3=)�"&#�  $����&�����*!$&3$�����������������������������!��

�����)&�!-��#=)�"&#�  ��0���3��)�0������������"$&3�&"���8="�)&�!-��#=)�"&#�*��������=������D�

���8%�����������  "���������������&�06�(6�/��#
3)�*
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�����
"�	
�
�
�� lipid peroxidation �"����*�%0%�"��
)�-���)����="���"&=F"'  7�$&3="�#8%��

��
)�-����B&�)��������&����B��'��!0
)&�%�)��)#��
'�887�7����8����'�B��*'�������3��$&3=�

������������B��'��!0
 (P < 0.05)  ���#8%���B��'��!0
����!�)$&3����'�B��*'�������3��$&3=���������

*3���!" (0-5%) 0�)&����M�&3��������'�B��*'*�%��!0
$&3*�������
)�-����B&�)��������&����B��'��!0
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����3��$&3=�������������B��'��!0
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$����88��8#��
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Abstract 

 

More than two decades, the artificial insemination (AI) in both  elephant species; 

African and Asian were not success.  Until Hidebrandt et al (1999) reported the success of AI 

with chilled semen in both species, the series of the accomplishment of AI with chilled semen 

were shown.  However, the AI with frozen-thawed semen was never success.  Until the year 

2009, Thongtip et al (2009) reported the first successful AI with frozen-thawed semen in 

Asian elephant in the world.  However, the rate of fertilization is very low.  The main reason 

may be due to the low quality of fresh semen and subsequent to the low quality of frozen-

thawed semen.  Then, the factors that might be involved with poor fresh semen quality i. e. 

seminal plasma calcium and the lipid peroxidation product; malondialdehyde (MDA) were 

studied.  Calcium in seminal plasma was measured and analyzed by using Linear 

Regression.  The results revealed that amount of calcium in seminal plasma was negative 

correlated with percentage of progressive motility (p<0.05).  Percentage of dead sperm and 

seminal calcium concentration was highest in low-motile group (p<0.05).  MDA levels were 

also negatively correlated with the percentages of progressive motility.  Furthermore, when 

ejaculates were grouped according to motility scores into two groups; low- (<40%) and high-

percentage of progressive motility (>40%), a significant difference was detected between the 

MDA means (± SD) of the low- and high-percentages of progressive motility groups.  In 

conclusion, eventhough the AI attempts were not success, the obtained datas about their 

semen quality provide beneficial information to better understanding of elephant reproduction 

in captivity. 
 

Keywords :  Elephant, artificial insemination, semen, calcium, malondialdehyde 
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1. $������&"���8���������������$������������������  �"�$������&"���8���������0������#��

#��
!'0���%� 10 ����� �"����� 2 �����  ���%���)�����)
��!-��#  ��-`'�������"���������������#�3�

���������������*���)&����'�B��*'�������3��$&3=���������)���%�������$����8 80 % ���)&�%�)

���)�������B��'��!0
���������  50 X 10
6
 *�%/)�.  ����������0��������~��������*���0��������

�����������0��0������������D*� TEST $&37�) Glycerol ��=��!"$����%�)���)����!"$��� 5 %  ���

�����������$��
��"&�%�����8 Thongtip et al (2004) �"�����0��0������������*����D*�0�:D��8��

�����<������%�  ��%�$&3 1 0���<�����0��0�����������$&3=)�)&����~��������*���0������������ (0% 

cryoprotectants ���� CPA)  �����%�$&3 2 0���<�����0��0�����������$&3)&����~��������*���0�����

���������D� 10 % (10% CPA)   �)�3�="�������������)��*
)����0��0�����������$&3 1 ���������������������A$&

����"����*����%�$&3$���������%-������0��0�����������$&3�!-��D)
���� (����%�����!"$�����

���"�������������������" 0.5 )�.0�)&�B��'��!0
�$����8 50 X 10
6
 *�%/)�.)  0�������������0��0��

�������������%�$&3 2 (10% CPA) ����
)�*�$&3�$����8��������7�))��8����<��&3��%�  ���%�*
)��=���

��������7�)��������A$&����%�$!�A 15 ��$&0��)"  ����0���������8��������$����)"$&3�*
)$!�

������)8D�-'���%=%�$&3�!-��D)
 5 ��(��B��B&���&� 15 ��$&�����
"������8�)"!�  �)�3���8 15 ��$&  

�����������$����)")�8��0!�������"����������������#���*
����" 0.5 )
��
�
*� (Kruuse Ltd., 

Leeds, UK)  $&3$������3���)���������*�����
"���%�!"���""�%� sealing powder (ARSTM , 

Chino, CA)  �)�3�="����"�����������8*�)0���%������=���&��8�*�����������8������"�����������

������@)$&3)&=��*��0����%��D�  �"�$&3���"���������0���D��D�0����"�8=��*��0����% 2.5 

�B�*
�)*�  $��������=�=��*��0���<��%�� 10 ��$&���%�%3��*�����������"*���=���

=��*��0����%  0���������8���"��������8�����8������������%���8=%���:��=��*��0����%���$��

������8������������������������� 7 %���������)��!�������  �"�����!����������������������� 

(thawing) 0�$���������!�� 37 ��(��B��B&��    ��<��%�� 30 %
��$&  ���"�������  $�����*�"���"����

��������%������� centrifuge tube ���" 1.5 )�.  �8�����������)� 5 =)����
*� ��"��8��7���=�"'$&3

�!�����)�- 37 ��(��B��B&��  ��"$�8"�%� cover slip ���%����)
�����'�B��*'�������3��$&3=�



������������B��'��!0
�����������!�����������*������0!�$��(�' light microscope  �"�$�����

����)
�"�%�7D�%
0����������%8��$6���<�����M�&3�   

2. ���$"��8����
$

��#�����
��

��������������������"�%�%

&���7�)�$&�) 

2.1 ��"����������#(�)&�����%����! 15-45 �>$&3)&�!���#����������)&�%�)�)8D�-'

#��
!' =)�*���$���0���%� 10 �����  0������$������!�*���B�%"'*�%0��88��8#��
!'����%�����������"  

)"�D�  ���=�� (:��$��="�) �#�3�*�%0���%�)7
"��*
*���A  ����$&3*�%0#8�%�)7
"��*
0�=)����)����

�����$"��� 

2.2 ���*�%0��%���8�����<���"���%��*�=��  �"�$�����*�%0��%���8�����<�

��"���%��*�=���������#(�)&�*�)%

&��� Brown et al (2000)  �"��0������"7��� ear vein ������� 

15 )
��
�
*� $!����"��' *���$
��=%��������"����*�% - �!-��D)
���� $
��=%� 1-2 ��3%�)�  $������E�����

������8B&��3)�� Aliquot 1.5 )
��
�
*� ���8=%�$&3*D���������!-��D)
 –20 ��(��B��B&��  ���B&��3)���

*�%0%�"��"�8F��'�)� Progesterone (P4) $!����"��'"�%�%

& Enzyme immunoassay (EIA) 

(Thitaram et al. 2008) �)�3���"�8�%�)���)������F��'�)�����0��*��'��������������"�"�� 0�

8��:6������
3)��<���"�������  0������$��������8����"$!�%��*����*����"��'$&3����������F��'�)���

��0��*��'�����
3)�"�� (���� interfollicular phase) �#�3����B&��3)*�%0����"�8���F��'�)� LH $!�

%��"�%�%

& EIA *�)�$��
���� Thitaram et al (2008) ��<��%�����)�- 30 %�� (���� follicular 

phase)  ������0�)&�����
"����6���D����F��'�)�$&3�����������
"���*�=������F��'�)� LH (LH 

peak ) *���0����*%'��
"��3�  ���0�)&�����
" LH peak 2 ����� ��������M�&3� 21 %��  �"� LH peak $&3 

1 0���
"�6������0��$&3)&����"*3�������F��'�)�����0��*��'��� ����� 1-2 ���"��'  B63�����%� LH 

peak $&3 1 �&�0�=)�)&���*�=��  �*�0�*���$������0������"���8B&��3)���*�%0$!�%���#�3�������������%-

%��$&30���
" LH peak $&3 2  B63�0���<���%�$&3����*�=����������"7�)�$&�)  �)�3���
"���*�=����"�8

�%�)���)������F��'�)�����0��*��'��������������"0��#
3)�6���&������B63�0���"������
3)�)"��"

������� 0������0�$��������8����"$!���$
*�'�#�3�*�%0���*���$����������7�)�$&�)*��=� 

2.3 $�����7�)�$&�) �"����7�)����"�%����������������� �"�7�)������� 3 %�� (%��

������
" LH peak 1 %��, %��$&3��
" LH peak �������0������ 1 %��)  �����7�)�*��������0������!0
$&3

)&����'�B��*'�������3��$&3=�����������������!�������=)�*3���%�� 40%  �%�)���)�������B��'��!0
=)�

*3���%�� 100 X 10
6
 *�%/)�. ��������
)�*� ��������� 10 )�. (20 ���", 0.5 )�.)  $�����7�)�$&�)

�"����������������*�%0���=����+�)�!/�'���"�%�)��% 1.7 �)*�  (endoscope) $�������"7���

$���������"��%)��8��������"*��������"�������3���&���%�):&3�D� (ultrasonography) 7���$��

$%�������"���� probe ���" 3.5 MHz ��%������"*��������������������������  ���M&"������������

���8��M&"�����" 10 )�. ��<�*�%M&"�������������$��7�)�$&�)��
"#
�(/$&3��"7��� working 

channel �������� endoscope �����������������0������$&3�������"$&3���)"�D����%������"��0��



���8��M&"��"���������������=���*�%)"�D� (Hildebrandt et al., 2000; Brown et al., 2004; Thongtip 

et al., 2006)  

 

2.4 $�����*�%0���*���$���  B63�������$&3*���$������������0�=)���)��:*�%0���

*���$���0����������*������="�  "������06����%

&���*�%0F��'�)�����0��*���������������"  

�"���������*
#8%������M�&3�%���8�����<���"��D�$&3 4 �"���  �"��8����<������%���� ��%� luteal 

phase B63��
��%�����)�-��)�"������ follicular phase B63��
��%�����)�-��63��"���  ����%� 

luteal phase ��"�8�������0��*���������������"0�����D�����"�8�D�$&3 1-2 ng/ml  �*��)�3���������

�D����������<���" (follicular phase) ��"�8�������0��*���������������"0��"*3����0�:6� 0.1 

ng/ml  ���0���D�����"�8*3���&���<��%�����)�-��63��"���  B63�����%��&������#(�)&�0���)��8���7�)

0�������#(7D�  ���7�)#��
!'0���)��:��
"�6��="�$!�%��*
"*�������<��%�����)�- 3-4 ��$
*�'  ����

�#(�)&�0�)&���*�=������%�$�����������<���"  ��"�8�������0��*���������������"0��#
3)�6��

���3��0������������� corpus luteam  ����-&$&3������
"���*���$���  ��"�8�������0��*������

���������"0�����D�����"�8 2-8 ng/ml (���)D���%�*�%)  ���=)��"���D���"�8*3��  "���������*�%0

��"�8�����"�8�������0��*���������������"*
"*�������<��%�� 20 ���"��'  0���)��:��������

���������*���$���������="�  ���0���&����*�%0�������"�������������*���B�%"'7���$��$%������

�"���� probe ���" 3.5 MHz �������7�)�$&�) 2-5 �"���  ����)��:����������%����������*���

$���="�   

3. ���$"��8����
$

��#�����
��

��������������������"�%�%

&�������	
��

������

�������  "�%�%

& zona-free hamster eggs penetration assay B63��������&�=)�="�$�����$"��8

���3��0��=)���)��:��������������������="� 

 4.  $�����(6�/��E00��$&3���0�)&7�*���!-��#����������"  06�$�����(6�/��%�)��)#��
'���

��
)�-����B&�)��������&����B��'��!0
��8�!-��#�������������"�������  �"��M#��������
3����������$&3

)&����'�B��*'�������3��$&3=�������������B��'��!0
$&3*������ 

5. $�����(6�/��E00��$&3��0)&7�*���!-��#����������"��������#
3)�*
)���  �������)
�

�%�)��)#��
'��������
"��%� lipid peroxidation ��8�!-��#��������������������&�  �"�$�����

*�%0%�"��
)�-���)����="���"&=F"' ���� MDA ��������&����B��'��!0
$&3���="�0������������������$&3

)&����������������3��$&3=�������������B��'��!0
$&3�*�*������"�%�%

& Thiobarbituric Acid method 
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%�*:!������'��������������	
��

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

����!��������&��#�3�$�����$"��8����
$

��#������	
��

����B��'��!0
���������������������

�!�������"�%����7�)�$&�)��%)��8���$"��8����
$

��#������	
��

����B��'��!0
�����������

��������!�������������$"���  �*����3��0������$&3$������&"���8������������������0���%� 9 �����  

���(D��'��!���/'����=$�  �:�8����8��������*
  ���'����!*������)�,�=)�  �.����M�*�  0.������  

)&�!-��#���������$&3�&"���8="�*3���%����-`')�*�9��$&30����=�$������������="�  �"�)&����'�B��*'���

����3��$&3=�������������B��'��!0
$&3*3���%�� 60% $�����=)���)��:���)�$������������="�  )&�#&��

�������������&"��0�0��$������$&3)&�!-��#7�����-`'  ��)��:���=��������="�0���%� 150 ���"����%�

*������������  ���="����=���������7�)�$&�)�����8#��8!+)& ���! 40 �> �)�3�%��$&3 21 – 25 

#�/���) 2552  �*�7����*�%0$���=)�#8���*���$���  ������"���*��A)�����������"$&3�&"���8="�

0���&"��0�0���)&�!-��#�"*3����0�=)���)��:���)�$������������="��&����  06�$������������*���

$���������%0�!-��#���������������0���������3�A  �"�$������&"���8���������0��#���)�������%�

��*%'���"�����&�%  *.8��#��  �.(�&����  0.��8!�&  B63�#8%������#���)���)&�!-��#�����������
3)*��

$&3"&)��  �"�)&����'�B��*'�������3��$&3=�������������B��'��!0
�D��%�� 60% $!������$&3$������&"���8  

06�="�$������&"���8=� 4 ���������8��63��>$&37���)�  0������������������$&3�&"���8="�)�$������������  

�*�7�$&3="�#8%�����=)���)��:$���������������%="��!-��#��������!�������$&3"&���  ����������������

��������!����������#���)���)&����'�B��*'�������3��$&3=�������������B��'��!0
$&3*3��)��  ��D���

��"�8$&3�����%�� 5% $���������%����"��������������������=)�)&����������������$&3��������7�)�$&�)

������=�$"��8����
$

��#������	
��

�������������  "������06�="����8�������8����%��"�

$�����(6�/��#
3)�*
)��������E00��$&3���0�)&7�*���!-��#����������"  06�$�����(6�/��%�)��)#��
'

�����
)�-����B&�)��������&����B��'��!0
��8�!-��#�������������"�������  �"��M#��������
3�

���������$&3)&����'�B��*'�������3��$&3=�������������B��'��!0
$&3*������  B63�7�$&3="�0�����(6�/�#8%��

��
)�-����B&�)��������&����B��'��!0
)&�%�)��)#��
'�887�7����8����'�B��*'�������3��$&3=�

������������B��'��!0
�����)&��������+$���:
*
  ���#8%���B��'��!0
����!�)$&3����'�B��*'�������3��$&3

=���������*3���!" (0-5%) 0�)&����M�&3��������'�B��*'*�%��!0
$&3*�������
)�-����B&�)��������&���

�B��'��!0
�D��!"   

*��)����> 2553 �:�����-'����!-��#������������������=)�"&�6��  ������������������%���+���

�������)&�!-��#*3��)��0�=)���)��:���=��������="�  ������8�����������8�������)&�!-��#

����������8����*��"&#�$&30����=��������  �*��)�3�$������0��0�������������D��8%��������������%���8)&

�!-��#�"��������%"���%���=)���)��:�������*��="�  ����$������������=����%�*�����'�B��*'���

����3��$&3=�������������B��'��!0
�����������!�����������*3��)��  0�=)���)��:���=����7�)�$&�)

�������=�$"��8����0��7���7����B��'=�������D�F)��*��' (zona-free hamster eggs 



penetration assay)  ���0���&�����������������$&3���8="����> 2552 ����:D����=���������7�)�$&�)0�

�)"  $�����=)�)&�������������������������  "�%��%�)��"�%��%��0�="������������������#
3)���> 2553 

���8=)�="�����������������0������������"A���  �)����$�3�����#���)�������%���*%'���"�����&�%$&3

$������&"���8�#
3)�&���������  �*���#8��8�E+�������"
)����!-��#�����������
3)*��"&�*��)�3���������D�

���8%��������������%�!-��#�"��������%"���%  �"�$&3�B��'��!0
0�)&��*���������3��$&3*3����0�

����8��<�(D��'����������%���#&���&3��3%�)���������0��0���������"�!-�D)
=�$&3 4 ��(��B��B&��  

"������$���������06�="����8���$�����)���<����(6�/��E00��$&3��0)&7�*���!-��#����������"���

�����#
3)�*
)���  �������)
��%�)��)#��
'��������
"��%� lipid peroxidation ��8�!-��#���������

�����������&�  �"�$�����*�%0%�"��
)�-���)����="���"&=F"' ���� MDA ��������&����B��'��!0
$&3

���="�0������������������$&3)&����������������3��$&3=�������������B��'��!0
$&3�*�*������"�%�%

& 

Thiobarbituric Acid method  0������$�����%
������'�%�)��)#��
'�����"�8 MDA ��8����!-��#

������������������ ����������������3��$&3=�������������B��'��!0
�������������B��'��!0
$&3)&�D�����

��*
  7����%
������'#8%����"�8��� MDA )&�%�)��)#��
'�88���7�7����8���$�����������)&

��������+ (R = 0.2131 ��� 0.1685 *�)���"�8)  ���0���&��)�3�$������8����!�)��������������<���!�)$&3

)&����������������3��$&3=�������������B��'��!0
$&3*3�� (<40%) ��8��!�)$&3)&����������������3��$&3=�

������������B��'��!0
$&3�D� (>40%) #8%����!�)$&3)&����������������3��$&3=�������������B��'��!0
$&3

�D�)&��"�8��� MDA $&3*3���%�������)&��������+  7�$&3="���8��"��������%�� MDA ��)��:����������%�

*�%0��8�!-��#����������������$&3)&�!-��#*3��$&3)&����*!)�0�������
" lipid peroxidation ="�  

���)D�$&3="���80�����(6�/��&�$�������������0��&3�%��8��&�%
$����88��8#��
'�������)���6�� 

������8�����7�)�$&�)����  ���> 2553  )&���7�)�$&�)������"&�%����%��"���#�/���)  

������#��#!�)#%�����:�8����8��������*
  ��=)�="�������������������������7�)�$&�)  �*�������������

�"���#���#���)�����:�8����8��������*
 �������  �*�7�$&3="�#8%��=)�����8�%�)������0  

����#��#!�)#%�=)���
"���*���$���  
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� �4�"$�� ��!��"#���"���%����*��

"$�� 

D�3�+F

���3���	$�� 

�>��	
� 

19 – 24 

)����) 

2552 

#����" (28 �>) �&"�*��"� (35 �>)  

(post-thaw progressive 

motility ~ 40%) 

=)�$��� �:�8����8��������*
   

0.������ 

5 – 9 

#�/���) 

2552 

#����" (28 �>) �&"�*��"� (35 �>)  

(post-thaw progressive 

motility ~ 40%) 

=)�$��� �:�8����8��������*
   

0.������ 

10 – 14 

�
����) 

2552 

#����" (28 �>) #���$���  

(post-thaw progressive 

motility ~ 35%) 

=)�$��� �:�8����8��������*
   

0.������ 

21 – 25 

#�/���) 

2552 

#��8!+)& (40 �>) �&"��0�0� (20 �>) 

(post-thaw progressive 

motility ~ 35%) 

=)�$��� �:�8����8��������*
   

0.������ 

26 – 30 

�
����) 

2552 

#��#!�)#%� (28 �>) �&"�*��"� (35 �>) (post-

thaw progressive motility 

~ 40%) 

=)�$��� �:�8����8��������*
   

0.������ 
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� �4�"$�� ��!��"#�����*��"$�� D�3�+F

���3���	$�� 

�>��	
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25-28

#�/���) 

2552   

 

#��#!�)#%� (28 �>) #���#���)� (45 �>) 

(Chilled semen, 

progressive motility ~ 

40%) 

=)�$��� �:�8����8��������*
   

0.������ 

 



*����$&3 3 ��"�����!-��#�����������������#(7D�����:�8����8��������*
���> 2552 

 

Parameters Mean ± SD 

Progressive motility (%)           21.59 ± 24.61 

Volume (ml)                          7.48 ± 8.08 

Concentration (�10
6
/ml)      1,327.85 ± 643.04 

Semen pH                            7.15 ± 0.79 

Abnormal morphology (%)        33.71 ± 22.13 

Dead sperm (%)                    59.15 ± 22.12 

 

 
*����$&3 4 ����!-��#�����������������#(7D�����:�8����8��������*
���> 2553 

 

Parameters Mean ± SD 

Progressive motility (%)           33.4 ± 27.10 

Volume (ml)                          24.2 ± 17.60 

Concentration (�10
6
/ml)       1,201.1 ± 619.9 

Semen pH                            7.18 ± 0.70 

Normal morphology (%)            81.4 ± 15.90 

Live sperm (%)                       52.6 ± 26.70 
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 �����(6�/�������&�#8%���!-��#����������������$&3�&"���8="�"�%�%

& manual collection ����)&

�!-��#�M�&3�*3�����=)���)��:��"�)��:6��!-��#="�  �!-��#�����������������������0��0�

�*�*������=��������*�����������%����*�*������=�������������������������"&�%���$&3�&"���8="����*�

�������"�%�  �
3���63�$&3���0�)&7�*���!-��#$&3*3�����������������������������������  ���0�"���$&3

���&3������=�0���"
)  �"�$���:�8����8��������*
="����&3��%

&�����&�������  �"�������7D�

���������������D�������:�8��*��"�%��  =)�="�)&������������������=�7D�=%����,�
��)��*


�������:�8��  �#�3��~�������������8*�"��0��)
0M��&#  �*����7D��������,�����  ����0�="�

�������������
�#������)!�=#�*�)
��)��*
  B63��)!�=#�8���������0��<�#��$&38���!�������

�����8����  ���0���&����$&3����="����=���D����,�0�$�������
"���7������������0$���������)&

�%�)���&�"�"��  B63���00����7������
"��!)D��
���������  B63���0���7�*�����3��$�������"�8��!)D�

�
���������������"��="�  ���0���&�)&���������(6�/� �"� ���%��- ����-� (2553) $&3�������

��&����B��'��!0
���B&��)$&3="�������!�)�"&�%���=�$�����*�%0��8����
)�-����*��@�!��*�"�%�%

& 

ELISA ���*�%0����
)�-����*����D���"�%�����3��*�%0%�"��
)�-��D��� Reflotron  0������0�

���������)D�$����)")����%�)��)#��
'����"����%
������'���)D�"�%�%

&������)*�
�B'�%�)��)#��
'

���%����D����*�%���$!�*�% (Correlation Matrix) 7����%
������'#8%������'�B��*'�������3��$&3=�

������������B��'��!0
��)#��
'��8��"�8��D�����B&��)��� log10 ����%�)���)�������B��'��!0
�����

)&��������+$���:
*
 (r
2
 = 0.4344 ��� 0.4636 *�)���"�8)  ���0���&���"�8����*����D�����B&��)

��)#��
'��8��� log10 ����%�)���)�������B��'��!0
�����)&��������+$���:
*
 (r
2
 = 0.3425)  ����)�3�

���)����%�)�*�*������%�����!�)����'�B��*'�������3��$&3=�������������B��'��!0
 �"��8�������<�

��)��!�)"���&� ��!�)$&3��63������!�)$&3)&����'�B��*'�������3��$&3=�������������B��'��!0
*3��      (0-10%) 

��!�)$&3��������!�)$&3)&����'�B��*'�������3��$&3=�������������B��'��!0
������� (11-50%) �����!�)$&3

��)�����!�)$&3)&����'�B��*'�������3��$&3=�������������B��'��!0
�D� (>50%) �$&�8��8��"�8����*��

��D����������*��@�!��*�$�����������&����B��'��!0
�����B&��)�"����%

&���%
������'$���:
*
�88 

One-Way ANOVA  7�$&3="�#8�%�)�*�*��������)&��������+$���:
*
(p<0.05 ) ���%��� log10�%�)

���)�������B��'��!0
��8��"�8����*����D�����B&��)  �"�������!�)$&3)&)&����'�B��*'�������3��$&3=�

������������B��'��!0
�D�0�)&��"�8����*����D�����B&��)���)&�%�)���)�������B��'��!0
�D��%��  B63�

0��������"������%0�����="�%������$&3)&��"�8����*����D��������������"$&3)���%����0��<�7�)�

0�����$&3����="���8�����$&3)���%������)&��
)�-�����������$&3���=��������<���D����������

����")���%��  $�����)&������#������=����*!���������3��$&3����B��'��!0
="�)���%��  �*������=���

*�)��������"������%  $���-�7D�$�����(6�/�=)�="��%8�!)�E00�����3������
�����������������

$������&"���8���������  "�������%�)&���(6�/��#
3)�*
)*��=� 



 �����(6�/�������&�=)�����8�%�)������0�����7�)�$&�)���  �E00����63����0�)�0��

�!-��#������������������������!�����������)&�!-��#*3����
�  �����7�)�$&�)�*��������)&����'�B��*'

�������3��$&3=�������������B��'��!0
=)���
� 40%  B63��)�3��$&�8��8���(6�/����������&�#8%�����

����8�%�)������0�����7�)�$&�)"�%����������������������������������������$&3)&����'�B��*'�������3��$&3

=�������������B��'��!0
�D�:6� 60% (Thongtip et al., 2009)  "���������)&����������������$&3�!-��#

���������*3���%�� 60% ��=)��%�$&30�#
0��-����)���������7�)�$&�)  ���0���&��)�%��0������������

���������  �����)&����$��
��������������88�"&�%��8$&3������="�7���<������"&="���� �D*� TEST + 

Glecerol 5% (Thongtip et al., 2004; Sa-ardrit et al., 2006) �*����8=)���)��:���)�����������������

�������8�������="�  �"��M#������#���)�������%���*%'���"�����&�%  �E00��$&3��&3�%������00�

��
"0���E00�����*�%�������$&3=)���)��:$�*�����8%�����������="�  B63����)&�����������
"�6����

�!��$&3)&���/-����$&3=)���)��:����������������="�  ���#8%��)&�E00�����������"�8#��
!���)$&3��0

��&3�%������8����	���-�"������% (Holt et al., 2005)  "������06��%�)&���(6�/�����"�8#��
!���)

�������*��=�  �*�$&3������0�&��������63����������$&3�������������������="�  �)�%��*����
3)*��0�)&

�!-��#���������$&3"&#��#&��*��������=������D����8%�����������  �*��)�3��0��0��"�%���������

����������������~��������*���0���������������%���8)&����"���������'�B��*'�������3��$&3=�

������������B��'��!0
������%"���%0�=)���)��:�������="�  $����&�7D�%
0������%�����$&3����="���8

��������$&3=)��)8D�-'��0$�������"�)���!����������)&8�������$&3��%���������/��!-��#���������

B63����=)���)��:��8!="������"%����<������!�)�"  B63�*���)&���%
0���#
3)�*
)*��=�    
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Abstract 

 
The purpose of this study is to identify the relationship of calcium concentration in seminal plasma on 

elephant semen quality including of volume, concentration, pH and percentage of progressive motility, dead sperm 
and abnormal morphology, respectively. Semen collection and evaluation were done in 9 elephants of Thai Elephant 
Conservation Centre, National Elephant Institute, Forest Industry Organization at Lampang. Calcium in seminal 
plasma was measured by using colorimetric method. Data were analyzed by using Linear Regression. The results 
revealed that amount of calcium in seminal plasma was negative correlated with only percentage of progressive 
motility (p<0.05). Ejaculates were separated into three groups based on their progressive motility percentage 
including of low, moderate and high-motile semen (0-5%, >5-40% and >50%, respectively) and analyzed by using 
Repeated measure ANOVA. The results revealed that percentage of dead sperm and abnormal morphology and 
concentration of calcium in seminal plasma of all groups were significantly difference (p<0.05). Percentage of dead 
sperm and seminal calcium concentration was highest in low-motile group (p<0.05). The highest percentage of 
abnormal morphology was also found in the low-motile group (p<0.05). However, serum calciums were not different 
among each group. Thus, calcium in seminal plasma may be effected to semen quality; i.e. progressive motility of 
Asian elephant. However, there are other factors that can influence elephant semen quality, thus, more information 
are needed to improve the better knowledge in male elephant reproductive biology. 

 
Keywords: Asian elephant (Elephas maximus), calcium, semen quality 
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Introduction 

The Asian elephant is an important animal of 
Thailand. Although it risks to extinct has been listed 
as appendix I of Convention International Trade in 
Endangered Species (CITES) since 1972, however, 
their populations were progressively declined. The 
major causes for the decreasing of wild elephants are 
habitat loss and poaching. Therefore, it is an 
important for breeding captive elephants either by 
natural or artificial insemination (AI) to maintain or 
increase the populations as well as genetic 

management. Due to the difficulties in transporting 
elephant bull for natural breeding, AI which routinely 
used in other mammalian species is interested.   
 It has been reported that elephant calves 
were successfully produced following AI with either 
fresh or chilled semen (Schmitt et al., 2001). We have 
reported the success of semen cryopreservation in the 
Asian elephant (Thongtip et al., 2004; Sa-ardrit et al., 
2006), however, no elephant calf was born after AI 
with frozen-thawed semen. Recently, we have 
reported that pregnancy was established following AI 
with frozen-thawed semen (Thongtip et al., 2009), 
unfortunately, the embryo did not develop to term. It 
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is indicated the need of the improvement of 
cryopreservation technique. However, the core 
problem for establishment of semen bank for AI is 
low semen quality in fresh ejaculate. The underlying 
causes of poor sperm motility and non-motile sperm 
are still unclear (Thongtip et al, 2008). Seminal plasma 
is composed of secretions releasing from testicular, 
epididymis and accessory sex glands. It provides a 
nutrient medium in which essential for stimulating 
capacity and motility of spermatozoa (Mann, 1964; 
Elzanaty et al., 2002). It has been reported that semen 
of several mammalian species contained a high level 
of calcium (Ca), magnesium (Mg), zinc (Zn) and 
copper (Cu) (Mann, 1964; Abou-Shakra et al., 1989). 
Aberrant levels of Ca, Mg and other elements may 
influence semen quality thus affecting motility and 
fertilizing capacity (Hong et al., 1984; Sørensen et al., 
1999; Wong et al., 2001). High concentration of Ca has 
been found in the prostatic and seminal vesicles 
secretions (Mann, 1964). It is an activator for the 
acrosome reaction in mammalian spermatozoa and 
cooperates in sperm motility (Hong et al., 1984). 
However, a relationship between Asian elephant 
semen quality with seminal calcium concentration 
have not been examined. The objective of this study 
was to investigate the relationship between calcium 
level in seminal plasma and semen quality of Asian 
elephant. 

Materials and Methods 

Chemicals: All chemicals in the present study were 
purchased from Sigma Chemical Company (Sigma, St. 
Louis, MO, USA) unless stated otherwise.  

Animals: Nine elephant bulls (age range, 15-to 45-
years-old) housed at the Thai Elephant Conservation 
Center (TECC), Forest Industry Organization (FIO), 
Lampang, Thailand were used in this study. The 
elephants were fed with grass, banana, sugar cane 
and free access to water.  The experimental 
procedures were approved by Ethic Committee of the 
Faculty of Veterinary Medicine, Kasetsart University, 
Thailand.  

Semen collection and evaluation: Semen samples 
were collected twice monthly during May to July 2008 
manual rectal stimulation as previously described 
(Schmitt and Hildebrandt, 1998).  Ejaculates without 
urine contamination were analyzed for volume, 
sperm concentration, progressive motility, sperm 
viability and pH (Kidd et al., 2001). Semen samples 
contaminated with urine were excluded from this 
study. Sperm concentration was assessed using a 
hemocytometer. Progressive motility was visually 
assessed under a phase-contrast microscopy by two 
experienced investigators. Sperm morphology was 
assessed using a phase contrast microscope. Sperm 
viability (live/dead) was assessed following an eosin-
nigrosin staining and at least 200 spermatozoa were 
counted per slide (BjoÃ rndahl et al., 2003).    

Seminal plasma and serum collection: Seminal 
plasma was collected from all elephant bulls.  Semen 

was centrifuged at 1,000 g for 10 min and the 
supernatant fluid was collected and stored at -20°C 
until analysis. For serum collection, blood sample was 
collected from an ear vein using a vacuum tube 
(Venoject®, Terumo, Tokyo, Japan). After blood clot 
for 1 to 2 hr, it was centrifuged at 1,000 g for 10 min 
and supernatant serum was collected, and stored at    
-20°C until analysis. 

Calcium measurement: Calcium concentration both in 
serum and seminal plasma were analyzed using 
colorimetric method. The method is based on the 
metallochromogen Arsenazo III (Thermo Fisher 
Scientific Inc, Middletown, VA, USA). Arsenazo III 
was combined with calcium ions at pH 6.75 to form a 
highly colored chromophore and the absorbance was 
measured at 650 nm (Microlab 300, Vital Scientific 
NV, The Netherlands). Arsenazo III has high affinity 
(K°= 1x10-7) for calcium ions (Bauer, 1981) without 
interference with other cations present in serum, 
plasma or urine. The sensitivity of the assay is 0.26 �A 
per mmol/l (0.065 �A per mg/dl).  

Statistical analysis: The data were expressed as 
mean±SE and were analyzed using SPSS 13.0 software 
(SPSS Inc, Chicago, IL, USA). The correlation between 
semen characteristics and seminal calcium level was 
analyzed using Linear Regression. The comparison of 
mean±SE of seminal and serum calcium and semen 
characteristics among low-, moderate- and high 
motile were done using Repeated measure ANOVA. 
Differences of p<0.05 were considered significant.  

Results 
 A total of 54 attempts of semen collection 
were performed (Figures 1 and 2). Forty one 
ejaculates (75.92%) without urine contamination were 
obtained and 13 ejaculates (24.08%) contaminated 
with urine were discarded. The level of seminal 
calcium concentration was 9.21±0.85. The results 
showed that calcium level in seminal plasma was 
negative correlated with progressive motility (R2 = 
0.1721) (p<0.05). Seminal calcium was not significantly 
correlated with sperm concentration, volume, pH and 
percentages of abnormal morphology and dead sperm 
(R2 = 0.0037, 0.0125, 0.0267, 0.1110 and 0.0442, 
respectively) (Table 1). 
 

 
Figure 1. Semen collection by manual rectal 

stimulation in Asian elephant (Elephas 
maximus). 
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Figure 2. (A) Asian elephant (Elephas maximus) fresh 

semen collected by manual rectal stimulation 
(B) Asian elephant spermatozoa stained with 
Eosin-Nigrosin dye. 

 
 We have divided ejaculates obtained from 
each bull into 3 groups according to their progressive 
motility to examine the relationship between seminal 
parameters and serum and seminal calcium levels. 
Semen samples contained spermatozoa with 0-5%, >5-
40% and >50% progressive motility were classified as 
low-, moderate- and high-motile groups, respectively.  
Percentage of sperm with abnormal morphology in 
low-motile group was significantly higher (p<0.05) 

than of the high-motile group. The percentage of dead 
sperm was highest in low-motile group (p<0.05) and 
lowest in high-motile group (p<0.05). Similarly, 
seminal calcium was highest (p<0.05) in low-motile 
group and lowest (p<0.05) in high- motile group 
(Table 2). The serum calcium was not different among 
each group. 
 
Table 1. Linear regression and Correlation reports of 

seminal calcium on semen qualities. 
 
Parameters Mean � SD R-

squared 
Correlation 

Progressive 
motility (%)                  

21.59�24.61 0.1721 -0.4149 

Volume (ml)                7.48�8.08 0.0125 0.1116 
Concentration 
(�106/ml)      

1,327.85�643.0
4 

0.0037 -0.0610 

Semen pH              7.15�0.79 0.0267 0.1634 
Abnormal 
morphology (%)    

33.71�22.13 0.1110 0.3332 

Dead sperm (%)      59.15�22.12 0.0442 0.2103 

  

 
Table 2. Mean+SE of seminal and serum parameters of samples obtained during May through July 2008 in Low, 

Moderate and High-motile groups.  
 

Progressive motility 
Parameters Low-motile 

(15 ejaculates) 
Moderate-motile 

(15 ejaculates) 
High-motile 

(11 ejaculates) 
Volume (ml) 5.73�1.50 10.33�2.91 5.95�1.21 
Concentration (�106/ml) 1,306.80�183.73 1,469.67�167.84 1,163.18�163.16 
Semen pH 7.43�0.24 6.94�0.17 7.06�0.22 
Abnormal morphology (%) 44.67�6.81a 28.23�4.53a,b 26.23�4.92 b 
Dead sperm (%) 72.87�5.21a 54.90�4.44 b 46.23�6.60 c 
Seminal calcium (mg%) 11.17�1.62 a 9.67�1.41 b 5.91�0.50 c 
Serum calcium (mg%) 10.14�0.25 10.47�0.28 10.51�0.23 
 

Discussion 
 
 Due to the problem of poor semen quality 
attributed from manual collection of Asian elephant 
remains unclear. The contributions for solving this 
problem are going on.  In the present study, the non-
urine contaminated ejaculates were successfully 
obtained similar to our previous study (75.92%) 
(Thongtip et al., 2008). An average of percentage of 
progressive motility (21.59�24.61) and over all semen 
characteristics revealed the same trend as previously 
reported (Thongtip et al., 2008). Even though, from 
Linear Regression analysis showed the weak 
relationship between seminal plasma calcium and 
semen parameters. However, in this study we found 
the interesting results, the low-motile group had a 
significantly higher level of seminal calcium than 
moderate-motile and high-motile groups. 
Furthermore, moderate-motile sperm had a 
significant higher level of seminal calcium than high-
motile sperm. It seems that calcium may be utilized 
by the elephant sperm during their movement and 
subsequently leads to the lowest level seminal 
calcium in the high-motile group. In contrast, the low-
motile group had a significant highest of seminal 
calcium level. It might indicate that seminal calcium 

was not used for sperm movement in this group. The 
reason may come from the percentage of dead sperm 
that was significantly highest in the low-motile group. 
Viable sperm has an ability to use both extracellular 
and intracellular calcium for stimulating the 
producing of the signaling of movement via 2 
reactions including of cAMP/protein kinase A 
signaling pathway and calcium signaling pathway 
(Meseguer et al., 2004; Turner, 2006). Thus, it might be 
assumed that the non-viable sperm in low-motile 
group cannot use calcium in seminal plasma for 
movement leading to the higher level accumulated in 
seminal plasma. Furthermore, the leakage of 
intracellular calcium of dead sperm may be increased 
the extracellular concentration. Of these, seminal 
calcium level may be important factor for sperm 
movement in Asian elephant. In human, calcium has 
been shown to involve in sperm motility with 
apparently paradoxical effect as reported by Hong et 
al. (1984). Those authors suggested that during in the 
epididymis, calcium ions stimulated developing 
sperm, whereas, calcium ions inhibited sperm motility 
in ejaculated semen, contrary, a lower level of seminal 
calcium was found in the spinal cord injury men who 
had a lower motility than the neurological intact men 
(Salsabili et al., 2009). In the present study, in the low-
motile, seminal calcium level was higher than serum 
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calcium. Our finding was in agreement with that 
reported in human semen (Salsabili et al., 2009). 
However, the serum calciums were not different 
among each group. The maintenance of serum 
calcium has been reported in the orphan elephant 
(Yartbantoong et al., 2000). However, more studies are 
needed for investigating the role of both serum and 
seminal calcium on semen parameters.  In conclusion, 
calcium in seminal plasma may influence the semen 
quality; i.e. progressive motility of Asian elephant. 
However, there are other factors that can be affected 
to elephant semen quality, thus, more information 
were needed to improve the better knowledge in male 
elephant reproductive biology. 
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Abstract19 

20 

The aim of this study was to determine whether lipid peroxidation is correlated with 21 

semen quality in Asian elephant bulls.  Malodialdehyde (MDA) in seminal plasma from 22 

ejaculates with varying percentages of progressive motility was measured using 23 

Thiobarbituric Acid method.  Correlation between the MDA levels and percentages of 24 

progressive motility and normal morphology were performed.  Results revealed that the 25 

MDA levels were negatively correlated with the percentages of progressive motility and 26 

normal morphology (R = 0.2131 and 0.1685, respectively).  Furthermore, when ejaculates 27 

were grouped according to motility scores into two groups; low- (<40%) and high-percentage 28 

of progressive motility (>40%), A significant difference was detected between the MDA 29 

means (± SD) of the low- (20.7 ± 11.4 nmol/l) and high-percentages of progressive motility 30 

(14.4 ± 7.8 nmol/l) groups.  The results obtained from this study suggested that MDA could 31 

be a potential parameter applicable for the assessment of elephant semen quality.  It could as 32 

well be deduced from this study that oxidative stress might play a key role in low fertility due 33 

to poor semen quality in captive male elephants.  This data provides beneficial information to 34 

better understanding of elephant reproduction in captivity.   35 

 36 

Key words: Elephant, semen, oxidative stress, malondialdehyde 37 
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53 

Introduction 54 

55 

The risk of extinction of Asian elephant is critical and has increasingly gained a social 56 

concern.  Their populations in the wild are threatened by habitat loss and fragmentation, 57 

decreased food sources and poaching.  Self-sustained genetic diversity in avoidance of the 58 

inbreeding opportunity has become limited.  Although, a reasonable number of elephants has 59 

been maintained in captivity, the breeding programs are currently poorly developed.  The 60 

small number of bulls used in the breeding program raises the awareness of inbreeding risk in 61 

the captive population.  To establish a countermeasure to such problem, assisted reproductive 62 

techniques, such as artificial insemination (AI) has been pursued to allow breeding between 63 

geographically distant animals.  This is considered an indispensable element of a successful 64 

captive breeding program for the conservation of genetic diversity in this species (Schmitt et 65 

al., 2001).  However, poor sperm motility is a common finding in domesticated Asian 66 

elephant bulls, which may restrict their suitability for AI and semen preservation.  While the 67 

causes of poor sperm motility in Asian elephant remain un-clear, in other species, lipid 68 

peroxidation has been proposed to play an important role in compromised sperm quality, 69 

primarily because the plasma membrane of mammalian sperm contains abundant 70 

polyunsaturated fatty acids susceptible to the attack by free radicals (Alvarez et al., 1987; 71 

Aitken et al., 1993; Sikka, 1996).  On the other hand, sperm cells can be protected from 72 

oxidative damage by antioxidants such as superoxide dismutase, catalase, glutathione 73 

peroxidase, ascorbate, urate, �-tocopherol, pyruvate, glutathione, taurine and hypotaurine, 74 

which may be present in the seminal plasma (Saleh and Agarwal, 2002).  Malondialdehyde 75 

(MDA) is a stable lipid peroxidation product of which elevated concentrations in the seminal 76 

plasma have been associated with reduced semen quality in other species such as human (Das 77 



et al., 2009; Aitken et al., 1989), dog (Cassani et al., 2005) and ram (Andreea and Stela, 78 

2010).  The relationships between Asian elephant semen quality and MDA have however not 79 

yet been reported.  The aim of this study was to determine whether lipid peroxidation is likely 80 

to contribute to poor semen quality in Asian elephant bulls by measuring MDA in seminal 81 

plasma from ejaculates with varying percentages of progressive motility.   82 

 83 

Material and methods 84 

Chemicals: All chemicals in the present study were purchased from Sigma Chemical 85 

Company (Sigma, St. Louis, MO, USA) unless stated otherwise.  86 

Animals: Six elephant bulls (age range, 15 to 45 years old) housed at National Elephant 87 

Institute (NEI), Forest Industry Organization (FIO), Lampang, Thailand were recruited in this 88 

study.  The elephants were fed with grass, banana and sugar cane and were allowed a free 89 

approach to water.  The selection of the bulls used in this study was based on their previous 90 

history of semen quality.  The bulls that gave more than eighty percent of collection success 91 

with the percentage of progressive motility of higher than 40% were selected.    92 

Semen collection and evaluation: Semen samples were monthly collected from April – 93 

December, 2010 except November, by manual collection using the protocol previously 94 

described by Schmitt and Hildebrandt (1998).  Ejaculates were immediately analyzed for 95 

volume, sperm concentration, progressive motility, sperm viability and pH (Kidd et al., 96 

2001).  Sperm concentration was determined using a hemocytometer.  Progressive motility 97 

was visually estimated under a phase-contrast microscopy by two independent investigators. 98 

Sperm morphology was examined under a phase contrast microscope.  Sperm viability 99 

(live/dead ratio) was counted by using an eosin-nigrosin staining.  Two hundred spermatozoa 100 

were counted per slide (BjoÃ rndahl et al., 2003).  Due to the two day series of semen 101 



collection, the semen quality data from the date that had a higher progressive motility were 102 

chosen in this study.     103 

Seminal plasma and serum collection: Seminal plasma was collected from all ejaculates by 104 

centrifugation at 1,000 g for 10 min, then collected the supernatant.  The obtained seminal 105 

plasma samples were frozen in Dry Shipper (CX 100 Cryo Express Taylor-Wharton, HCI 106 

Cryogenics B.V., Postbus, AC, HEDEL) and transported to the laboratory where they were 107 

stored at -20°C until analysis.  108 

Seminal plasma MDA: MDA in the seminal plasma or seminal MDA was determined by 109 

using Thiobarbituric Acid (TBA) assay described by Yagi (1984).  The reaction of MDA 110 

with TBA has been used to estimate the lipid peroxidation in biological material.  The 111 

reaction reveals a red MDA-TBA adduct, the product of 2 mol of TBA plus 1 mol of MDA.  112 

The colored complex can be evaluated spectrophotometrically from its visible absorbance at 113 

the 532 nm.  The values of MDA reactive material were shown as MDA quantities for plasma 114 

volume (nmol/ml).   115 

 116 

Statistical analysis: Statistical analysis was performed by using SPSS 13.0 software (SPSS 117 

Inc, Chicago, IL, USA).  The correlation between seminal MDA concentrations and 118 

percentage of progressive motility and normal morphology were analyzed by using Linear 119 

Regression.  The comparison of mean ± SD of seminal MDA between low- and high- 120 

percentage of progressive motility groups were done by using t-test.  Differences were 121 

considered significant at p<0.05.  122 

 123 

124 

125 



Results126 

127 

 A total of forty eight attempts of semen collection were done in six bulls during eight 128 

months by which 40 ejaculates (90.91%) without urine contamination were obtained.  The 129 

rest four attempts (9.01%) were un-ejaculates and ejaculates with urine contamination and 130 

therefore were excluded from this study.  Mean ± SD of semen characteristics were shown in 131 

Table 1.  The average of percentages of progressive motility, sperm concentrations, volumes, 132 

pH, percentages of live sperm, percentages of normal morphology and seminal MDA levels 133 

were  33.4 ± 27.1%, 1201.1 ± 619.9 x 106 sperms/ml, 24.2 ± 17.6 ml, 7.2 ± 0.7, 52.6 ± 134 

29.7%, 81.4 ± 15.9% and 18.0 ± 10.3  nmol/l, respectively.  The correlation between seminal 135 

MDA level and percentage of progressive motility and normal morphology showed the 136 

significant negative correlation between MDA concentrations and percentage of progressive 137 

motility and normal morphology (R = 0.2131 and 0.1685, P<0.05) (Table 2, Figure 1 and 2).  138 

Furthermore, when ejaculates were grouped according to motility score into two groups; low- 139 

(<40%) and high-percentages of progressive motility(>40%), the mean ± SD of MDA 140 

concentrations were significantly difference between the groups having low- (20.7 ± 11.4 141 

nmol/l) and high-percentages of progressive motility (14.4 ± 7.8 nmol/l) (Table 3).  142 

 143 



Table 1. The means ± SD of semen characteristics and seminal MDA levels of Asian elephant 144 

semen. 145 

Semen parameters Mean ± SD 

Progressive motility (%) 33.4 ± 27.1 

Sperm concentration (x 106 sperms/ml)     1201.1 ± 619.9 

Volume (ml) 24.2 ± 17.6 

Semen pH 7.2 ± 0.7 

Live sperm (%) 52.6 ± 29.7 

Normal morphology (%) 81.4 ± 15.9 

Seminal MDA (nmol/l) 18.0 ± 10.3 

 146 

 147 

Table 2. Correlation of seminal MDA level and percentage of progressive motility and 148 

normal morphology of Asian elephant semen. 149 

 150 

 151 

 152 

 153 

Semen parameters R-squared Correlation P value 

Progressive motility (%) 0.2131 -0.4616 0.003 

Normal morphology (%) 0.1685 -0.4105 0.027 



Table 3. The comparison of means ± SD of seminal MDA levels in low- and high-154 

percentages of progressive motility group. 155 

 156 

Motility groups MDA (nmol/l) 

Low-percentage of progressive motility 

(progressive motility <40%)  

20.7 ± 11.4a 

High-percentage of progressive motility 

(progressive motility >40%) 

         14.4 ± 7.8b 

                   Values with difference superscripts (a and b) differ significantly within column.157 
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Figure 1. Correlation of seminal MDA and percentage of progressive motility of Asian 162 

elephant semen. 163 

 164 
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Figure 2. Correlation of seminal MDA level and percentage of normal morphology of Asian 172 

elephant semen. 173 

 174 

Discussion175 

176 

 In this study, although we focused on the bulls anticipated to have a better semen 177 

qualities than others according their previous history of semen quality, the same scenario 178 

including sub-fertility and male to male variability remains as compared to our previous 179 

reports, only slightly improvement in some semen parameters were detected (Thongtip et al., 180 

2008; Sivilaikul et al., 2010).  Regarding the semen collection in the present study, 40 181 

ejaculates (90.91%) without urine contamination were obtained and only 4 attempts (9.01%) 182 

were of un-ejaculates and ejaculates with urine contamination, which was a considerably 183 

good result.  This suggests that the bull elephants in this study were highly responsive to our 184 

semen collection stimulation.  The average of percentages of progressive motility as reported 185 

herein was higher than those being reported (Schmitt and Hildebrandt, 1998; Thongtip et al, 186 

2008; Sivilaikul et al., 2010).  The ages of the elephants in this study (15 - 45 years of age) 187 

Seminal MDA (nmol/l) 



might be the factor involving in the better semen quality.  We have previously reported the 188 

age effect on elephant semen quality in which the better semen quality were indicated in 189 

elephant buls of 23 - 43 years of age (Thongtip et al., 2008).  A significant negative 190 

correlation between seminal MDA concentrations and the percentages of progressive motility 191 

and normal morphology were revealed in this study.  Furthermore, the seminal MDA 192 

comparison between the two groups, low- (<40%) and high-percentages of progressive 193 

motility(>40%), were significantly different.  Thus, MDA, the end product of lipid 194 

peroxidation, may play a role in the poor semen quality found in Asian elephants.  MDA has 195 

been indicated of their effect on semen quality in some species such as human (Aitken et al., 196 

1989; Nouri et al., 2008; Das et al., 2009) and ram (Andreea and Stela, 2010).  MDA 197 

concentration in spermatozoa has been revealed to be significantly related to the number of 198 

immotile spermatozoa. The increase of incubation period in a condition without seminal 199 

plasma resulted in the decrease of the sperm motility meanwhile increased MDA 200 

concentration (Kobayashi et al, 1991).   201 

The negative correlation between MDA concentrations and the percentages of 202 

progressive motility and normal sperm morphology in Asian elephant semen could help us to 203 

indicate the effect of oxidative stress on elephant semen quality.  However, other parameters 204 

such as membrane integrity and mitochondrial activity which might also be affected by 205 

oxidative stress were not tested and remain to be scrutinized.  Other functions of the 206 

antioxidant system such as total antioxidant capacity (TAC), superoxide dismutase activity 207 

and glutathione system should be pursued.  The data obtained in this study are useful for our 208 

better understanding about male elephant reproduction. 209 

210 

211 

212 
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