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2.  ���������	
�	�
	����������	
�����������������	�

������ 4.7-4.10 �!��"����������	

	����� estradiol, testosterone, domperidone ��# 

buserelin 		�$�����������������	�������%%
�		�&�'()��(��*�������% +%���
	����� estradiol, 

testosterone, domperidone ��# buserelin ��(��+%��(��/3���� (plateau) ��������� 71, 95, 23 ��# 

80 <������ *�������% $#��=����
	��������� 3 *�� 3�	 estradiol, testosterone ��# buserelin ��>3���

��>��>��� receiver 3�������� 71 <������ ��
 testosterone $#�?�3��3����<>����!@�3�	 95 <������ ����	

����
%���
%��	���A=�*����������	
�	�
	����� 3 *����� estradiol ����	���A=�*�������	
�>	


��� 3�	+%�+�
� 0.2% ��# testosterone �� 1.5% ���/#��� buserelin +%��������?� 65% !��� 

domperidone +%�>	
�<����� 3�	 1.6% 	
���D��=*����(��/ domperidone ���+% �=
���+�
�+	��

���		�&�'() �+��#����(��/ �?� 10 mg ������%%
�*���*>� ����/��	�*��	
���
��*��
�
	����� 

buserelin ��# domperidone ��(��/���!#!�$�����������	

��3��+(���?������ 50 <������ �!��

�������%%
��*��
�
	��������+�E��D�>��"�		�&�'()��(�� ��#�����������	
��(��/!��		���

$�� dose �	� 200 �g �	� buserelin "!���% 10 mg �	� domperidone �� soybean oil 1 ml ��

��(��/�������#!�3�	 ��� 50 <������ �� buserelin ���	
		��� ��#��/ 11,000 ng/ml ���	 11 �g 

��# domperidone ����(��/ 14.90 �g/mg !��� estradiol ��# testosterone �����������	
		�

���>	
��� A?��	�$����	�$��3@/!�%�*(����#��
�	�
	����� 2 *����� (Gerald and Pharm 1996; 

!@��� 2541) ���!������#��
�� soybean oil D�>�>	
������ PBS ����������������������@������J� 

$?�"��� membrane D�>D���� ���/#��� buserelin A?����K� peptide �����3@/!�%�*(������#��
D�>������ 

(Donaldson and Hunter 1983; ���+�N� 2536) $��"����������	

	����� estradiol ��# 

testosterone ���<>���#�>	
$?�	�$3��3#��D�>��� ����	���D�O�������	�$D�>"��>	
�������O���>�
 

buserelin ���"!��>�
 domperidone �=D�>
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������ 4.7  "����Q?�N����������	
 estradiol (20 mg/ml) 		�$�����������������	�"��� membrane 

�� Franz Diffusion Cell ���*��$+%�� PBS Buffer pH 7.4 �� receiver chamber ���

	@/�U��( 37
�
C / <�������*��� V

������ 4.8  "����Q?�N����������	
 testosterone (20 mg/ml) 		�$�����������������	�"��� 

membrane �� Franz Diffusion Cell ���*��$+%�� PBS Buffer pH 7.4 �� receiver 

chamber ���	@/�U��( 37
�
C / <�������*��� V
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������ 4.9  "����Q?�N����������	
 domperidone 		�$�����������������	��	�*��	
���
	�����

		�&�'()��(�� (buserelin 200 �g "!� domperidone 10 mg  �� 1 ml soybean oil) "���

membrane �� Franz Diffusion Cell ���*��$+%�� PBS Buffer pH 7.4 �� receiver

chamber ���	@/�U��( 37
�
C / <�������*��� V

������  4.10  "����Q?�N����������	
 buserelin 		�$�����������������	��	�*��	
���
	�����

		�&�'()��(��   (buserelin 200 �g "!� domperidone 10 mg  �� 1 ml soybean oil) 

"��� membrane �� Franz Diffusion Cell ���*��$+%�� PBS Buffer pH 7.4 �� 

receiver chamber ���	@/�U��( 37
�
C / <�������*��� V
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3.  ���Q?�N�3���3�*�� (stability) �	�
	����������	
�����������������	�

$�������� 4.11 3���3�*���	� estradiol �� soybean oil ��3�����>��>�*��� V (10, 20 ��# 

40 mg/ml) ������� 1 ��# 3 ���	� *�������% +%��� ����	3�����>��>��	�
	������+(���?�� 3���3�*��

�	�
	�����$#���� A?��	�$��K�"�$��������
	��������D���#��
������������+(������?�� 
	�����

����#��
���������$#��3���3�*���������
	��������������*#�	� ����		@/�U��(�+(���?��3���3�

*���	�
	�����$#�����<����� $#3�*��������!@���� 4
�
C ��
*����% 10 mg/ml $#3�*����� 4

�
C D�>

������� 6 ���	� ��#��� RT ��# 45
�
C D�> 3 ���	�

$�������� 4.12 3���3�*���	� testosterone �� soybean oil 3�����>��>�*��� V (10, 20 ��# 

40 mg/ml) ��� ���� 1 ��# 3 ���	� *�������% "�������	�!�����	'(%�
D�> �<�����
���%��/��	� 

estradiol �>��*>� �*�������	����$#��3���3�*��*�������  estradiol ��=��>	
 ��#"��	�3�����>��>�

�	� testosterone *�	3���3�*���	�
	�����D��<���$�������%��/��	�  estradiol *����% 10 mg/ml 

�	� testosterone ��3���3�*����� 4
�
C ��K����� 6 ���	� ��� RT ��K����� 2  ���	� ��#��� 45

�
C ��K�

���� 1 ���	� ��������

 $�������� 4.13 3���3�*���	� domperidone ��*����%����� domperidone "!���% buserelin 

�� soybean oil ��3�����>��>� 10 mg + 200 �g �� 1 ml soybean oil ������� 1 ��#  3 ���	� *��

�����% +%�����3���3�*��*����������		@/�U��(�+(���?�� *��
�$#�����!��
*���+(������?�� *����%        

��������$#3�*���+�
� 1 ���	� ����	��=%D�>��� 4
�
C

 $�������� 4.14 3���3�*���	� buserelin ��*����%����� domperidone "!���% buserelin �� 

soybean oil ��3�����>��>� 10 mg + 200 �g �� 1 ml soybean oil ������� 1 ��#  3 ���	� *�������% 

+%��� *��
���3���3�*��*������ *������� domperidone ����		@/�U��(�+(���?�� *��
�$#�����!��
*��

�+(������?�� ��>*����%�������� ��=%D�>��� 4
�
C *��
� buserelin ��3���3�*���>	
���� 1 ���	� +%������ 1 

���	� ��*��
�����	�+�
� 83 % A?����
����D� $#��	���*��
� ��3���3�*��*�	����	��*��
�����	������%

���	������� 90 % �?��D�
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������ 4.11  3���3�*���	� estradiol !�*�*��� V ����	��=%D�>��� 4, RT ��# 45
�
C

������ 4.12  3���3�*���	� testosterone !�*�*��� V ����	��=%D�>��� 4, RT ��# 45
�
C
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������ 4.13  3���3�*���	� domperidone  �� soybean oil ����	��=%D�>���4, RT ��# 45
�
C

������ 4.14  3���3�*���	� buserelin �� soybean oil ����	��=%D�>���4, RT ��# 45
�
C

��������	
��
�����	

1. !������<>��3�(3 HPLC �>�
!U��#���Q?�N��($�
D�>�����*��$!	%�(�3��#����

��(��/�	�
	��������Q?�N� A?����>����(��/�>	
D�>	
������*>	�  ��

	��������	!�����Q?�N���>

�*��
������������������	� �=
��!�����*��$!	%�(�3��#��D�> !�����%3�� retention time (RT) �	�

!���*��#*������(�3��#���>�
 HPLC ��3��*������������ estradiol 4.8  ����,  testosterone  5.21 ����

domperidone   11.60  ����, buserelin 15.50  ���� !������*��
�
	�������  soybean oil �+��	��>

	
��������%%�	�
�		�&�'()��(��D�>  ��
	�$	
�������!���#��
�!���	�@����������  suspension

2. ���������	

	�����		�$�����������������	���*����%
	���������*��
�  +%���  

estradiol ������	
"���  membrane  �>	
���   ����	���
%��%  testosterone,  buserelin  A?��!�����

������	
D�>��#��/ 60%  ���������#��/ 50 <������  ���/#��� domperidone ��# testosterone
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������	
D�> ��#��/ 1% !��� estradiol D�>��#��/  0.01%  ��(��/ buserelin  ���������	


		���  ��#<����������������	
	
������/[��������#!� �	����		�&�'()��(����#3�����$#��"�

�����		�&�'()D�>���+��	���D��<>O�������  
	����� estradiol ��# testosterone �� soybean oil ��

3���3�*��������� buserelin  ��
 buserelin  ��3���3�*��*������  ��#��=%D�>���	@/�U��( 4
�
C ��

3���3�*������������	@/�U��(�>	���# 45
�
C ��#D��3���*��
��(��D�>��������3���$����K��=D��

3����=%D�>�����(� 1 ���	�
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����� 5

��������������
���������!��"�#"��
$�%�� &'��	("��������
)*��	���
+��,)"�-���������

���!�

���!��
 (Pangasius hypophthalmus) �������
���%�	�(���*($#!������$�(J+��'@���#���

D��D�>*>	��<>������#��/ 2-3 �� �����"�(*������$��������$����K�*>	��<>
	�������#*@>���	�

�?���
�$�(J+��'@� 
	�����������%%��*(����	�����O����� $#	
��D�>��#��/ 6-12 <������ (Van der 

Kraak et al., 1983) %��3����$����K�*>	�O��
	������������ 2 3�����+��	��#*@>�������D�� "�	�$���

��>���<������	�3��
�D�>��#
��*�	���$����� ��(�
	���������(
�O����#*@>�������D���(
��<>$��

*�	��*>!�	� �*�����	�$���('��<>D��!#��� ��#��*>��@�3�	��>���+���������<> 
	�����!���3��#�� 

�<�� analogue �	� gonadotropin releasing hormone (GnRHa ���	 buserelin; suprefact
�

) �����3���

3��������������*(��#*�	���
�	
�	��	�DA��  (Van der Kraak et al., 1983; Zohar et al., 1989b, 

1990 1995a,b; Goren et al., 1990) ��
�������<>������% domperidone (DOM) �+��	<��

�%
��� 

dompamine�����"�*�	���!�>�� GnRH (Peter et al., 1993) GnRH ��K�
	��������<��
3�%3@�


	����� gonadotropin (GtH) ��
	��������!��3�JD�>��� luteinizing hormone (LH) and follicle 

stimulating hormone (FSH) �������
��>	���%����$�(J+��'@� ��#���!�>���A���!�%+��'@��	����D����#

	�/[# ���		�&�'()�	�
	����� GtH ����#�!���	�$#$�%��% G ���*�����A��*	�� (!@��� 2541)


	�������!��!�*	�����%�%��!��3�J*�	 ���!�>��	!@$(��#��K�!��*���*>� �	�
	������	!*��

D�		� A?����#*@>����!�>��D�������	����D��$#!@� (Scott et al., 1980)

"��	�����<>
	�����������%%�����	
�����������������	�		�&�'()��(�� $#<��
��	�
@

����$�(J+��'@��	����!��
 ��K�����%%+���������	�$���D��<>�����%?���#!��������$#��#
@�*�

�<>�����"!����
����%?�*�	D�

��-����(!�
��������+"�

1. ���!��
	�
@ 1.5 �� �+Q���
���������O���
 485.75 ���� �+Q"�>���������O���
 662.12 ���� 

$����� 50 *�� ����3���	����
��
O�� alcian blue ���*��#*�� �%��������	���K� 6 ����
���	�

���+Q"�>��#�+Q���
	
����# 5 *�� D�>��� ����
���	���� 1 (T1) ����
3�%3@�; ����
���	���� 2 

(T2) GnRHa 100 �g/kg "!� DOM 5 mg/kg; ����
���	���� 3 (T3) GnRHa 200 �g/kg "!�
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DOM 10 mg/kg; ����
���	���� 4 (T4) GnRHa 300 �g/kg "!� DOM 20 mg/kg; ����
���	���� 

5 (T5) E2  20 mg/kg ��#����
���	���� 6 (T6)  T 20 mg/kg

2.  ����*��
�
	�����"!����������������	�!�����%O�� ��� buserilin �� centrivap ��� 30

���� �+��	�	�!��������K�����		��������	��K�"�?�����	� buserelin !��� domperidone, testosterone

��# estradiol %���>�#�	�
���>����D��#��
�� ethanol ��>���	��	�����		� $���������!��

�#��
D��#��
�	� solvent 		��� rotavap $���>� !������������������	��	� sigma ����$���?�����

�<��	 170 0C ��� 2 <������ ��>����D�"!���%"��	�
	������������� ����(��*�����<> 1 A�A�/��� 5 

��. ��	�O�����*>	���
����� ��>�O��*��3�����>��>�*������
���	� *���>	��� 6

3. ��>	����"!����*�� 20 % ��#�	%�>�
������ 8.1% �����������	� 4.9 % ��� 4 % 

��#���
�>�� 3 % �!�(��>�
	�����%*>�����D��	�� 2 % "!���������������� 3 A�A�/	���� 1 ��. ��>

	�*������# 1.5 % �	���������*�����

4.  ����*��
�����%%
	�����		�&�'()��(���+��	�<>O�������!��


�*��
�����
���	� (T) *��� V �	�����%%
	�����		�&�'()��(�� !�����%O�������!��
 

������

(�) ����
���	���� 1 (T1)  3�%3@� �<> soybean oil �������<��	��>� 15 ml �!����!�<�

(�) ����
���	���� 2 (T2) O�� GnRHa 100 �g/kg "!� DOM 5 mg/kg

-  �<> buserelin 1500 �g/kg ��# DOM 75 mg/kg �#��
�� soybean oil ���	%

����<��	 (����
=���>�) 15 ml

-  "!���>��>������
�<> vortex D�>��K� suspension ��=%�����!�<�

(3) ����
���	���� 3 (T3) O�� GnRHa 200 �g/kg "!� DOM 10 mg/kg

-  �<> buserelin 3000 �g/kg ��# DOM 150 mg/kg �#��
�� soybean oil ���

	%����<��	 (����
=���>�) 15 ml

-  "!���>��>������
�<> vortex D�>��K� suspension ��=%�����!�<�

(�)  ����
���	���� 4 (T4) O�� GnRHa 300 �g/kg "!� DOM 20 mg/kg

-  �<> buserelin 4500 �g/mg ��# DOM 300 mg/kg �#��
�� soybean oil ���

	%����<��	 (����
=���>�) 15 ml

-  "!���>��>������
�<> vortex D�>��K� suspension ��=%�����!�<�

($) ����
���	���� 5 (T5) O�� E2  20 mg/kg

-  �<> estradiol 140 mg/kg �#��
�� soybean oil ���	%����<��	 (����
=���>�) 7 ml

-  "!���>��>������
�<>  vortex D�>��K� suspension ��=%�����!�<�
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(O) ����
���	���� 6 (T6) O�� T 20 mg/ kg

-  �<> T 140 mg/mg �#��
�� soybean oil ���	%����<��	 (����
=���>�) 7 ml

                                   - "!���>��>������
�<> vortex D�>��K� suspension ��=%�����!�<�

*������� 5.1  ��(��/��#3�����>��>��	�
	����� GnRHa "!���% domperidone (DOM), 

testosterone (T) ��# estradiol (E2) �����	
�����������������	�

����


���	�
�+Q $�����

���������O���


(��.)
3�����>��>�

��(��*�O��

(ml/kg)

���
 5 0.7�0.22 0.7
T1

"�> 5 0.5�0.25
Soybean oil only

0.5

���
 5 0.7�0.27 0.7
T2

"�> 5 0.8�0.30

100 �g/kg GnRHa in combination with  5

mg/kg DOM in  soybean oil 0.8

���
 5 0.7�0.32 0.7
T3

     "�> 5 0.6�0.19

200 �g/kg GnRHa in combination with

20 mg/kg DOM in soybean oil 0.6

���
 5 0.5�0.16 0.6
T4

"�> 5 0.6�0.27

300 �g/kg GnRHa in combination with

20 mg/kg DOM in soybean oil 0.5

T5 ���
 5 0.4�0.32 20 mg/kg Estradiol (E2) in soybean oil 0.8

T6 "�> 5 0.8�0.23 20 mg/kg Testosterone (T) in soybean oil 0.4

5.  <�������������� ��#���Q?�N�"�����<>
	�����*�	 gonadal development ��
���

�(�3��#��
	����� T ��# E2 ��	���#�������O��
	�����		�&�'()��(�� ��
������	���� 0.5 ��. 

$��%�(��/�3�3��%��� ��=%*��	
�����	���#����$�����O��
	�������� 30, 150, 240 ��# 300 

��� 3�����# 1 *�����+Q"�>��#�+Q���
 %�(��/�3���� *���# 1 A�A� �������3�����=� 10,000 �	%/����

��� 5 ���� �
� serum 50 �l ��=%��	@/�U��( -18
�
C ���(�3��#����(��/
	����� testosterone ��# 

estradiol ��
�('� Electrochemiluminescence immuno assay (Elecsys �@�� 1010)

  ����(�3��#�� estradiol (E2) ��# testosterone (T): competition principle 

immunocomplex �#����� E2 ���	
���� serum ��% estradiol-specific biotinylated polyconal antibody 

�	���#*��
 ��# testosterone ���	
���� serum ��% testosterone-specific biotinylated monoclonal 

antibody �	���� $#$�%��% streptavidin-coated microparticle ��
�<>!������*(�O����>�
 biotin $�%

��% streptavidin %� microparticle !����	� estradiol-specific biotinylated antibody �������		
��$#

$�%��% estradiol derivative ���*(�O����>�
 ruthenium ���
��K� antibody-hapten complex ������#	
��
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%� microparticles ��>������ measuring cell ��
 photomultiplier 3�� sensitivity �	� T $#	���3��

*���!@� 0.02 ng/ml !��� E2  	���3��*���!@� 0.01 ng/ml

5. Q?�N�"����O��
	�����\ *�	 gonadal matuation ��
���"��*��������D����#	�/[#

���������	�
��	�(�
� �����<��3���!�%��/��	�	��
�#!�%+��'@� (Gonado Somatic Index , GSI ) ��	� 

�#�������#����&�����D�� ��3�� GSI (Nikolsky 1963)

Gonado Somatic Index (GSI)   =       ��������	��
�#�+Q  x 100

                                                           ��������*�����

(�)  <(������	���D��*���������� 1-2 �(��(��*� ����<��	�����(� 10 % �>����>��!���D�

���3���	� automatic tissue processing ���� $#"������ fixation ��# washing <(������	$#������		�

�!������ paraffin ��	�������>�  ���D���� embedding blocking

 (�)  ���*��*��	
��� (section) <(������	���	 tissue block �� paraffin +�>	����D�*��*��

	
���<(������	��>��K��"��%�� V �>�
�3���	�*��<(������	 microtome <(������	�"��%�� V ���D���%*(�

��%!D�����>�
>	�!�

(3)  ���
>	�!� (staining) ��K����
>	�!���
�('�'����� ������*��
�<(������	�+��	Q?�N�

���N/#����D��	��A�����#����	�
��	  ��
�O+�#�+��	�
�3����*�*����	� nucleus ��# cytoplasm 

�	��A�������(
��<>���������!@� 3�	 haematoxylin ��# eosin stain

(�)  �����>�!D���  (mounting)  �<> permount A?����K��	���������
� (syrupy fluid)

�!����� tissue sections %�!D�����#����>�
 cover slip �+��	<��

?���> cover slip *(�	
����%!D������


>	��!�=$���
%�>	
D����>D�>��%3����!�
��
��#!�������=%D�>D�>��� ���D�!�	���>	�$@����Q��

�������
�
  100 ���� !�����%�A������D����
D���%����K� 5 �#
#  ( Prat et al., 2001) D�>���

Stage 1 Previtelloginin (PV)

Stage 2 Central germinal vesicle (CGV)

          Stage 3 Migrating germinal vesicle (MGV)

          Stage 4 Peripheral germinal vesicle (PGV)

Stage 5 Maturation (germinal vesicle breakdown, GVBD)

6.  ������+�>	�$#���D�������	������3� O��
	����� GnRHa  2 ��=� ������� 6 <������

������+Q���
 	�*�� 7 ��# 15 �g/kg "!� domperidone 5 mg/kg !����+Q"�>O�� 1 ��=� 7 �g/kg 

"!� domperidone 5 mg/kg
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7. ���3���>	������D�>����3���O���
���*��#����
���	� !�@���������� *���� ��#

�(�3��#��"����!�(*(3���O���
�	���(��/
	������+Q ��
3���������� (ANOVA) �	�3���O���


��#����
%���
%3����*�*����	�3���O���
�*��#����
���	���
 Least Significant Differences 

(LSD) �*��#����
���	� ��
������� Statistic Package Social Science (SPSS)

����	��+��.���

"�����<>
	�����*�	 gonadal development ��
����(�3��#��
	����� T ��# E2 ��	�

��#�������O��
	�����		�&�'()��(����� 30 ��� �����	��@�U�+��'�!�����J���3���>	
��#D��

�*�*���������!�(*( (P>0.05) ���*��#����
���	���%��	�O��
	�������#����
3�%3@� ��

���	��(�@��
�A?����K�<�����(��&��������D�� ����$�����O��
	�������� 150 ��� ��(��/
	�����

T ��# E2 �+Q"�>��#�+Q���
��3���+(���?�� ��#��3����*�*������!�(*( (P<0.05) ��%��(��/
	�����

��	�O��
	�������%����
3�%3@�  ��(��/ T �+(��!��!@�����$��O��
	����� 240 ��� �����	�

���
�
� $������
���	����O���>�
 GnRHa 100 �g/kg "!� DOM 5 mg/kg ��# GnRHa 200 �

g/kg "!� DOM 10 mg/kg  !���
	����� E2 ���+Q���
!��!@����	����
�
� $������
���	����

O���>�
 300 �g/kg "!� DOM 20 mg/kg ��# 200 �g/kg "!� DOM 10 mg/kg A?���*�*������!�(*(

��%��	�O��
	�����(P<0.05)  �*�D���*�*���������!�(*(��%<@����O���>�
���������������	�	
������
� 

(P>0.05) �����������	�$�����!��
����������	�
@���	% 2 �� �������
����!��
��*($#!������$�(J

+��'@�D�>����	��	�
@ 2 �� ����$�����O��
	����� 300 ��� �����	�+&Q$(��
� ��(��/
	���������

���@�����
���	� (������ 5.1-5.2)

������ 5.1  "��	�
	����� testosterone (T) �	����!��
�+Q"�>����$��O��
	�����

 * �*�*������!�(*(��%��	�O�� (P<0.05), ……. �*�*�������	�3���O���
�#���������
���	�

��������<��	 22 �����3� 2544

-1

1

3

5

7

9

11

13

15

17

19

0 30 150 240 300

Day after injection

T
 (

n
g

/m
l)

Soybean oil

LHRHa 100 ug

+Dom. 5 mg

LHRHa 200 ug

+Dom. 10 mg

LHRHa 300 ug

+Dom. 20 mg

T  20 mg

*

*

*
*

*

* *

*
*

GnRH

GnRH

GnRH

DO

DO

DO

    Soybean oil

    GnRH 100 ug

    + Dom 5 mg

    GnRH 200 ug

    + Dom 10 mg

    GnRH 300 ug

    + Dom 20 mg

     T 20 mg
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 "����O��
	�����\ *�	 gonadal matuation ����$��O��
	�������� 30 ��� 3����<��3���

!�%��/��+Q���*��#����
���	���3���#����� 0.27-0.55 % ���+Q���
��# 0.05-0.32 % ���+Q"�> 

����$��O��
	�������� 150 ��� 3����<��3���!�%��/��+Q�+(������?���#����� 8- 16.52 % ���+Q

���
��# 4-6.54 % ���+Q"�> ���@�����
���	� �*����+Q���
����
���	����O���>�
 E2 20 mg/kg 

��3����<��3���!�%��/��+Q*������!@� �������	�$����	�$��������	����������	
�	�
	�����������

�����������	� E2 ������	
"���"�������%��D�>�>	
�������	���
%��% GnRHa ��# domperidone

3����<��3���!�%��/��+Q�+(���?��!��!@� 18-24.26 % ���+Q���
��# 7-9.7 % ���+Q"�> ����$��O��


	�������� 240 ��� (15 ���
�
� 2544) 	�*�����"!�����$�����O��
	����� ��� 187 ��� ��

���	������3� �+��	������D����#�����<��	�>�
 GnRHa  2 ��=� ������� 6 <������ ������+Q���
 

	�*�� 7 ��# 15 �g/kg "!� domperidone 5 mg/kg !����+Q"�>O�� 1 ��=� 7 �g/kg "!� 

domperidone 5 mg/kg �����$���@�����
������	��+Q"�>��#�+Q���
	
����#*�� !��������D��

��#�����<��	D�>����$��O����=���� 2 ��� 6-8 <������ ��#��	�*��"!�	
���#����� 55-74.35 % ����<>


	����� GnRH "!� DOM�����"!����������������	����	���������������	�	
������
�!�����

��#*@>���>���!��
	�
@ 1.5 �� ���D����#"!����
�D�>����		�
@3�% 2 ��

���D�� 22 �����3� 2544

������ 5.2  "��	�
	����� estradiol (E2) �	����!��
�+Q���
����$��O��
	�����

* �*�*������!�(*(��%��	�O�� (P<0.05),  ……. �*�*�������	�3���O���
�#���������
���	�

D a y  a f t e r  i n j e c t i o n

-
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8

0 30 150 240 300

E2
 (n

g/
m

l)

Soybean oil

LHRHa 100 ug

+Dom. 5 mg
LHRHa 200 ug

+Dom. 10 mg
LHRHa 300 ug

+Dom. 200 mg
E2  20 mg

* * *
*

**

*

*
*

*

*

*
*

*

*
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(A

(A)

(B)

������ 5.3  3�� GSI ���!��
����$��O��
	����� 30, 140, 240 ��# 300 ��� ���*��#����
���	�

$���+Q"�> (A) ��#�+Q���
 (B) 	�
@ 1.5 �� �#��������	��@�U�+��'��?�+&Q$(��
� 2544

���+�E���	� oocyte �����!��
	�
@ 1.5 �� D�>"�������$��O��
	�������� 150 �����

���	��(�@��
� ��	�������D�������	������3�+%�A���D��!�����J�	
�����#
#��� 3 peripheral 

germinal vesicle (PGV) ��#�#
#��� 4 maturation (germinal vesicle breakdown, GVBD) ����?�� ��#

+%���������
���	����O���>�

	����� GnRHa "!� DOM ��#���������������	���'���<�*(�A���

D����(�������+�E��D�>����<���&��������D�� ��#������<�����	���#����&�����D��  !��!������+�E��

�	��A��� (�#
#��� 3 ��#4) 
��3��+(���?����=��>	
$������
���	����O���>�
 GnRHa "!� DOM ��#

���������������	� ����$��O��
	�������� 240 ��� �*�����$��O��
	�������� 300 ��� ���+�E���	�

�A���!�%+��'@����������������	�$����K�<�������&�����D�� (������ 5.4-5.10)

0

2

4

6

8

10

GSI

Jan, 01 Jun, 01 Sep, 01 Nov, 01

MonthsT1 T2 T3

T4 T6

30 150 240 300
Days after injection

0

5

10

15

20

25

GSI

Jan, 01 Jun, 01 Sep, 01 Nov, 01

MonthsT1 T2 T3

T4 T5

30 150 240 300
Days after injection

     Soybean oil

      GnRHa 100 ug

      +DOM 5 mg

      GnRHa 100 ug

      +DOM 5 mg

     GnRHa 100 ug

      +DOM 5 mg

      T 20 mg

     Soybean oil

      GnRHa 100 ug

      +DOM 5 mg

      GnRHa 100 ug

      +DOM 5 m

   GnRHa 100 ug

      +DOM 5 mg

      E2 20 mg
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                                   A                       B

                                   C            D

������  5.4  �#
#���+�E���	� oocytes ����$�����O��
	����� 30 ��� (A) 150 ��� (B) 240 ��� 

(C) ��# 300 ��� (D) �����!��


 T1  Soybean oil

T2  GnRHa 100 �g "!� DOM 5 mg

T3  GnRHa 200 �g "!� DOM 10 mg

T4  GnRHa 300 �g "!� DOM 20 mg

T5 E2  20 mg

 

Stage 1 Previteloginin (PV)

Stage 1 Central germinal vesicle (CGV)

Stage 2 Migrating germinal vesicle (MGV)

Stage 3 Peripheral germinal vesicle (PGV)

Stage 4 Maturation (germinal vesicle

breakdown, GVBD)

-

10.00

20.00
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40.00

50.00
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80.00
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% Oocytes 

at different 

stages
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TreatmentStage 1 Stage 2

Stage 3 Stage 4
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TreatmentStage 1 Stage 2

Stage 3 Stage 4
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������ 5.8  Spermatogocyte ��# spermatozoa  ���

!��
 ���	��(�@��
� 2544 ����$��O���>�


���������������	� 150 ���

������ 5.5  D�����!��
�#
# MGV ���	��@�U�+��'�

2544 ����$��O���>�
 GnRHa 200 �g/kg

"!� DOM 10 mg/kg 30 ���

������ 5.6  D�����!��
�#
# CGV���	�

�@�U�+��'� 2544  ����$��O���>�
 E2

20 mg/kg  30���

������ 5.7  Spermatogocyte ���!��
 ���	�

�@�U�+��'� 2544 ����$��O���>�
�����������

����	� 30 ���

������ 5.9   Spermatid ��# Spermatozoa ���!��


���	��(�@��
� 2544 ����$��O���>�


GnRHa 200 �g/kg "!� DOM 10

mg/kg  150 ���

������ 5.10   ���D�����!��
 ���	��(�@��
� 2544

����$��O���>�
 GnRHa 200 �g/kg

"!� DOM 10 mg/kg 150 ���
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��������	
�����	

  ���!��
	�
@ 1.5 �� �������� 0.6 ��. ����$��O��
	�������� 30 ��� (�@�U�+��'� 2544)

��(��/ T ���*��#����
���	� �#����� 0.02-0.18 ng/ml !��� E2 �#����� 0.03-0.15 ng/ml 3��

��<��3���!�%��/��+Q���*��#����
���	���3���#����� 0.27-0.55 % ���+Q���
��# 0.05-0.32 %

���+Q"�> ����$��O��
	�������� 150 ��� 3����<��3���!�%��/��+Q�+(������?���#����� 8- 16.52

% ���+Q���
��# 4-6.54 % ���+Q"�> ���@�����
���	� 3����<��3���!�%��/��+Q�+(���?��!��!@� 

18-24.26 % ���+Q���
��# 7-9.7 % ���+Q"�> ����$��O��
	�������� 240 ��� (15 ���
�
� 2544) 

	�*�����"!�����$�����O��
	�������� 187 ��� �����	������3� �	��@�����
���	���

	�*��"!��#����� 55-74.35 % ����$��O��
	�������� 240 ��� (���
�
� 2544) ��3���#����� 18-

24 % ��# 7-9 % ���+Q���
��#�+Q"�>*�������% ��#�� T �#����� 6-14 ng/ml !��� E2 ��3���#����� 

0.61-1.42 ng/ml   !�����(��/
	������+Q ��#3�� GSI �������@�����
������	�����O��


	�������� 300 ��� (+&Q$(��
� 2544) "����������	���������$#��K�����%%���$#���D�

��#
@�*��<>O����+�	���+��'@����%?��+��	Q?�N��#��%��������
������	� T, E2 ��#���+�E���	�

	��
�#!�%+��'@� �+��	��#*@>��$�(J+��'@��	����%?��������
���%�	�(�*�	D� 	
���D��=*����*(�������
�

���!��
��%�	�(�$#��(���$�(J+��'@�D�>����		�
@ 2 �� A?����K�<���	�
@������>�3�
���%���������	������>

��=�"��	�����<>
	�����D��<���$�3����(�����	�����������	�
@ 6 ���	� ��#�<>$��������

���	�����?��
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����� 6

�	("��������
)* ��"��	�%�)"�-�� ������/ ��	������������������(��	�0����&'�� 1 &'����


+��,)"�-������2����
��������'�(��

���!�

���%?���K��������$��D�������=������������J���#�$�(J�*(%�*D�>�����!@������ *��

	�@!�JJ�����>�
���	�@���N�+��'@�+�<��#!�*����� CONVENTIONAL ON INTERNATIONAL 

TRADE IN ENDANGERED SPECIES OF WILD FAUNA AND FLORA (CITES) ��������>

���%?���K����������������>!�J+��'@� (Endangered Species) +.Q. 2524 �����$�%���%?�����?��  

����	
 V ����#��QD�
���%>�����D3�> 	.�<�
��	�  $.�<�
���
 %�(��/�������������#��������

��>��K�%�(��/���$�%���%?��+��	"!����
� A?���� +.Q. 2533 !�����$�%���%?�D�>������!@� $����� 69 *��

����$�������(��/���$�%��������	
 V �� +.Q. 2541 $�%�+Q"�>D�>�+�
� 1 *��, �� +.Q. 2543 $�%D�> 2 *�� 

���!@��� +.Q. 2544 ��#�� 2545 $�%D��D�> 	
���D��=*��!������#������$�� $.+#�
� !�����"!�

���
���
�<>
	����� GnRHa O��!	���=�3�����>��>� 10 ��# 20 �g/kg ������% domperidone 10 

mg/kg !����=$3�������$��+�	���+��'@�	�
@ 16 �� ����������#��/ 60 ��. D�>������%?����� 2-4 �(�� 

��#��/ 100,000 *�� �*��� 2545 D�>������%?��>	
��� 2,000 *�� (�����#�� 2545) ����	�$����

��J��D���������<��	�+Q"�>�������#������+Q"�>	
��$������>	
 $?�*>	�	�Q�
�����<��	���%?�$���3�����\

%��!���

�#%%!�%+��'@��	����%?��+Q���
	�
@ 3.5 ��  U�
�����D���� lamellae +%D�� 2 �#
# 3�	

�#
# oogonia 	
����K���@�����		
������
����	
����K��A���������=� ���(��3��
!��J�	
�������A��� !���

D���#
# primary growth phase ��������J��?�� 	��
�#!�%+��'@�
��D���$�(J�*(%�*�*=���� !������D��

�	����%?�$��������������
�$�(J+��'@���������J���� ��D���#
#*��� V %��$@	
�� ����$�(J�	�D��

�%��D�> 5 �#
# !	��#
#��� 3�	 oogonia ��# primary growth phase �#
#��� 3 D�>����#
# early-

vitellogenesis �����	�D����#�(��3��
!��������J��?��DA�*+��!A?���(���! ��#������+(��

$������(�3���	��! �#
#��� 4 D�>��� mid-vitellogenesis �#
#��� 5 D�>��� maturation egg stage D��

�#
#������!>�"��Q��
�������#��/ 1.5 �(��(��*� yolk granules �<��	�*(���� D�������N/#�!��#

�(��3��
!��*�������<(��	%�A���

�#%%!�%+��'@��	����%?��+Q"�>	�
@ 3 ��3�?�� ��#�	%�>�
	�/[# 1 3����	�@>��>�
����	�
��	

��#!��<�(��!>��
���
�  tunica albuginea 	�/[#�����N/#��K���	+���=� V  U�
��+% germ cells 



70

�+�
��#
#���
� 3�	 spermatogonia �/#���	�/[#�	����%?���
�$�(J+��'@���������J�3�>�
�(����	 

���*��#+���#�	%�>�
 seminiferous tubules A?����K������!�>��*��	!@$( U�
�� lumen �	���	 

��#�� spermatogenic cells �#
#  *��� V 	
��������� ��
�A����#
#���
����$#	
����������K���@�� 

D�>��� spermatogonia, primary spermatocytes, secondary spermatocytes, spermatids ��#

spermatozoa (���	��3� 2537)  �&N/� 2536 D�>Q?�N�3����<��3���!�%��/��	����D����#	�/[# 

gonadosomatic index (GSI) ���%?��+Q���
��#�+Q"�>���	
������
�$�(J+��'@�$���������������� 190 

��# 142 ��. ��3�� GSI 8.7 % ��# 6.3 % *�������% ���%?����
��D���$�(J+��'@�$���������
�����#<��

�+Q���
���� 6.67 ��. �+Q"�>��%�	�(����� 5.25 ��. ��3�� GSI 0.1 % ��# 0.02 % *�������%

�#%%����$�(J+��'@��	������%�	����
�$#+%������+Q���
����J������������+Q"�> ��J��

���+%!�������� 3 �#
# D�>��� 1). ���D��D��!�����!�>��D�����  2). D��D��!�����+�E���?��#
#D��!@�

3). D��!��������D�� �������	�$����	�$��3���D��!�%��/��	�*����� ���	!U�+����>	�U�
�	� 

(Zohar and Mylonas 2001)   �&+���#��E�# (2537) Q?�N���$����!�%+��'@����	%�� �	�������

*#�+�
����+%D�����#
#���!�>��D�������(��?��*�	������� ��������*#�+�
����+%��� T $#

�+(���?��	
�������
!��3�J�����	�����3�  ��>�$#3�	
 V ����!����#��%3�����>��>� �	� E2   

3�	��>��!��  ��&�����D�����	�+&NU�3�  T $#��3����#��/ 1 ng/ml �/#��� E2 ��3����#��/ 2.3 

ng/ml ��������
������#��%3�����>��>��	�
	������	�������*#�+�
������%���+�E���	�

	��
�#!�%+��'@�	��D�>���3�� GSI D��<���$�����	����+%�������*���� 
	������+Q����@���	� 

steroid hormone ������+Q���
���#��������+�E���	�D���#
# oocyte estradiol - 17ß (E2) ��%�

%��!��3�J���%�����!�>��D�������D����3���!��+��'���
*����%3�� GSI �/#��� 17ß-20ß- 

dihydroxy- 4 pregnen - 3 - on (DHP) $#��#*@>���>��(��������� gonadotropin hormone (GtH) ��#

��(����!@��	�D�� !��� testosterone (T) A?����K�!��<�������>��(����!�>�� E2 (Scott et al., 1980) 

������	� T $����K�*�	���!�>�� GtH (Kobayashi et al., 1986)  ������@� Clarias macrocephalus 
(Gunther) 	�
@ 2-3 ���#��%
	�����  T  !��!@������	������3� �?� ���
�
� (54 ��# 56 ng/ml)

�/#����#��% E2 !��!@������	�'����3� (20 ng/ml; Tan-Fermin et al., 1997) �/#���&��������D��

�	���� salmonid �����	��(�@��
� �?� ���
�
� ����	�$�� E2 ��3���+(���?��	
��������=�<�����	�&��

���D�� �!������#��% E2 !��+��'���%��(��/�	� vitellogenin �!����� E2 ��#*@>����!���3��#��

vitellogenin ����$�������#��% E2 $#����	
��������=���&�����D�� (Ueda and Yamauchi 1995).

�����"�(*������$��������$����K�*>	��<>
	�������#*@>���	�������D����#�����<��	  
	�������

����%%��*(����	O�����$#	
��D�>��#��/ 6-12 <������ (Van der Kraak et al., 1983) %��3����$����K�

*>	�O��
	������������ 2 3�����+��	��#*@>�������D�� A?��	�$�����>���<������	�3��
�D�>��#
��*�	
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���$����� ��(�
	���������(
�O����#*@>�������D���(
��<>$��*�	��*>!�	� �*�����	�$���('��<>D��

!#��� ��#��*>��@�3�	��>���+���������<> 
	�����!���3��#�� �<�� analogue �	� gonadotropin

releasing hormone (GnRHa ���	 buserelin; suprefact
�

) A?����3���3��������������*(*�	���
�	


�	��	�DA�� (Van der Kraak et al., 1983; Zohar et al., 1989b, 1990, 1995a,b; Goren et al., 1990) 

��#����<>������% domperidone (DOM) �+��	<��

�%
��� dompamine (Peter et al., 1993) "��	����

�<> GnRHa ����%%�����	
�����������������	�		�&�'()��(�� ���	�%%��#*@>���<���$����#���

����# $#��"�*�	�#��%
	�������#����$�(J+��'@��	����%?� ��#$#<��
��>���"!����
�

��#!%"�!����=$

��-����(!�
��������+"�

�������	�
� 1.  ���
������������������
�����
�������
��������!�"�����# 2543

1.1 / $�������� 	.+�� $.�<�
���
 (���	�
@ 6 �� ���� 12 ��.) ��=%�>	��� 
	����� ����

������#����$�(J�*(%�*�@����
���	�  ���%?����� 13 ��. 	�
@ 8 �� / %�	U�3�(<���3����
�

�����#�� ��=%�>	��� 
	����� ����������#����$�(J�*(%�*�@��������	� ���%?��*��#�������

$����� 12 *�� ����3���	����
��
O�� Alcian Blue ����
���%�	���� 1,892 *������*�  �?� 1.5 ��*�

1.2  ��>	����"!����*�� 20 % ��#�	%�>�
������ 8.1 % �����������	� 4.9 % ��� 4 % 

��#���
�>�� 3 %  �!�(��>�
	�����%*>�����D��	�� 2 % "!���������������� 3 �(��(�(*�/	���� 1

��. ��>	�*������# 1.5 % �	���������*�����

1.3 <�������������#��=%���	�$�� caudal vein %�(��/�3���� *���# 1 �(��(�(*� �������

3�����=� 10,000 �	%/�����
� serum 50 �l ���(�3��#����(��/
	����� testosterone ��# 

estradiol ��
�('� Electrochemiluminescence immuno assay (Elecsys �@�� 1010, oche Germany)

����(�3��#�� estradiol (E2) ��# testosterone (T) Competition principle Immunocomplex 

�#����� E2 ���	
���� serum ��% estradiol-specific biotinylated polyconal antibody �	���#*��
 ��# 

Testosterone ���	
���� serum ��% testosterone-specific biotinylated monoclonal antibody �	���� 

$#$�%��% streptavidin-coated microparticle ��
�<>!������*(�O����>�
 biotin $�%��% streptavidin 

%� microparticle !����	� estradiol-specific biotinylated antibody �������		
��$#$�%��% estradiol 

derivative ���*(�O����>�
 ruthenium ���
��K� antibody-hapten complex ������#	
��%� 

microparticles ��>������ measuring cell ��
 photomultiplier 3�� sensitivity �	� T $#	���3��*���!@� 

0.02 ng/ml !��� E2 ��� 0.01 ng/ml

1.4  ���3���>	���
	������+Q���D�>����3���O���
�	��*��#���	� !�@������������#*����
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�������	�
� 2. ����$�%&�
����'�	����!����(
��)��������� GnRHa *��� buserelin �
� 

domperidone (DOM), testosterone  (T) ��� estradiol   (E2) "��/0��
�6
���*���	"��# 2544

2.1  ���%?� / $�������� 	.+�� $.�<�
���
 �������� 14 ��. 	�
@ 7 �� �+Q"�>��#�+Q���


	
����# 6 *�� 1,600 *������*�  �?� 1.5 ��*�  ���%?� / %�	U�3�(<���3����
������#�� ����

���� 14 ��. 	�
@ 9 �� �+Q"�>��#�+Q���
	
����# 16 *�� A?������
���%�	�(����� 1,892 *������*�  

�?� 1.5 ��*� ��=%�>	����@��������	�

2.2 O�� Alcian Blue %�(��/�3�3��%*�������*��� V ������*��#*�� �+��	Q?�N��>	�����

���
���	��	��@����	�

2.3  ��>	����"!����*�� 20 % ��#�	%�>�
������ 8.1 % �����������	� 4.9 % ��� 4 % 

��#���
�>�� 3 %  �!�(��>�
	�����%*>�����D��	�� 2 % "!���������������� 3 �(��(�(*�/	���� 1

��. ��>	�*������# 1.5 % �	���������*�����

2.4  <����������� ��#��=%���	�$�� caudal vein %�(��/�3���� *���# 1 �(��(�(*� �������

3�����=� 10,000 �	%/���� �
� serum 50 �l ���(�3��#����(��/
	����� testosterone ��# 

estradiol ��
�('� Electrochemiluminescence immuno assay (Elecsys �@�� 1010) �('�����(�3��#��

����	��� 2543

2.5 "��*�����	��
�#�+Q���������	�
��	�(�
� ��#�����<��3���!�%��/��	�	��
�#!�%+��'@� 

(Gonadosomatic Index; GSI) ��	�&�����D�� ��
3����/��3�� Gonadosomatic Index *���('� 

Nikolsky (1963)

         GSI   =     �������� 	��
�#�+Q  x 100

                                                              �������� *�����

���Q?�N����+�E���	��A���!�%+��'@����%?� 
>	��A����>�
!� Haematoxylin ��# Eosin 

��
������*	�*��� V �<�����
���%�����!��
 ���D�!�	���>	�$@����Q���������
�
 400 ���� 

!�����%�A���	�/[# ��# 100 ���� !�����%�A������D�� �
���K� 4 �#
#���+�E�� *���('��	�

Billard (1986) ��# (Prat et al., 2001) *�������%

2.6   ����*��
� Dose *��� V �	�����%%
	�����		�&�'()��(��!�����%O�����%?�

 ��������	
���
������� ������ �������� 5 ��������	�
          �.  ����
���	���� 1 (T1)  Control O���>�
  Soybean   Dose  1 

ml/ 5 ��. �*��
� soybean oil ��(��*� 20 ml
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          �.  ����
���	���� 2 (T2)  Dose (GnRHa 200 �g+DOM 10 

mg)/ kg O�� 1 ml/5 kg

5 kg ����������� 3(���K� Buserelin 1000 �g "!� DOM = 

50 mg �*��
� 1 ml  soybean oil  ��*��
�  Buserelin 1,000 �g 

+ DOM = 50 mg �*��
� 20 ml ��
��� Buserelin 20 mg +  

DOM 1 g  ���#��
�� soybean oil 20 ml

3.  ����
���	���� 3 (T3)  Dose (GnRHa 300 �g+DOM 20 

mg)/ kg  O�� 1 ml/ 5 kg

�>�������� 5 kg  O��  Buserelin 1,500 �g  + DOM 100 mg 

*>	��*��
� 1 ml ��*��
� Buserelin 1,500  �g  + DOM 100 

mg �*��
� 20 ml  ��
��� Buserelin 30 mg + DOM 2 g  ��

�#��
�� soybean oil 20 ml

�.  ����
���	���� 4 (T4)  Dose E2 20 mg/kg   O�� 1 ml /5 kg

������� 5 kg O�� 100 mg *>	��*��
� 1 ml  ��*��
� 100 mg 

�*��
� 10 ml ��
��� E2 1 g  ���#��
��  soybean oil 10 ml

$.  ����
���	���� 5 (T5)  Dose T 20 mg/kg  O�� 1 ml/5 kg

����������� 5 kg O�� 100 mg

�*��
� 1 ml ��*��
� 100 mg  �*��
� 10 ml  ��
��� T 1 g  ��

�#��
��  soybean oil 10 ml
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*������� 6.1 ��(��/��#3�����>��>��	�
	����� GnRHa "!���% domperidone (DOM), 

testosterone (T) ��# estradiol (E2) �����	
�����������������	� / %�	U�3�(<�

��3����
������#��  ����(�
���
����$>

����


���	�
�+Q $����� ���������O���
 3�����>��>�

��(��*�O��

(ml/BW)

"�> 4 14.50�1.80 2.90
T1

���
 4 14.35�3.09
Soybean oil only

2.87

"�> 4 14.03�3.75 200 �g/kg GnRHa and 10 mg/kg 2.80
T2

���
 4 14.33�4.19 DOM in soybean oil 2.87

"�> 4 14.28�1.80 300 �g/kg GnRHa  and 20 mg/kg 2.86
T3

���
 4 14.80�3.50 DOM in soybean oil 2.96

T4 "�> 4 14.13�2.56 20 mg/kg Testosterone (T) in soybean oil for male 2.83

T5 ���
 4 14.40�1.58 20 mg/kg Estradiol (E2)in soybean oil for female 2.88

 ��������	�������!� 	."�� �.��#�����  �������� 2 ��������	�
�.  ����
���	���� 1 (T1)Control O���>�
 soybean oil 1 ml/ 5 kg

*�*��
� 20 ml soybean oil

�. ����
���	���� 2 (T2) Dose (GnRHa 300 �g + DOM 20 mg) 

/ kg  1 ml / 5 kg

5 kg ����������� 3(���K�  Buserelin 1500 �g + DOM 100 mg

�*��
� 1 ml ��*��
� Buserelin 1500 �g + DOM 100 mg �*��
� 

20 ml ��
��� Buserelin 30 mg + DOM 2 g ���#��
�� 

soybean oil 10 ml
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*������� 6.2 ��(��/��#3�����>��>��	�
	����� GnRHa "!���% domperidone (DOM), 

testosterone (T) ��# estradiol (E2) �����	
�����������������	� / %�	$�������� 

	.+�� $.�<�
���


����


���	�
�+Q $����� ���������O���
 3�����>��>�

��(��*�O��

(ml/BW)

"�> 3 12.83�1.26 2.56
T1

���
 3 14.33�0.29
Soybean oil

2.86

"�> 3 13.83�1.04 300 �g/kg GnRHa  and DOM 20 mg/kg 2.76
T2

���
 3 14.33�1.15 in soybean oil 2.86

2.7 ���3���>	������D�>����3���O���
���*��#����
���	��	��*��#���	� ��#!�@������

������#*���� �(�3��#��3�����������	�3�� T ��# E2 ��
������� SPSS ��#3����*�

*����	�3���O���
�*��#����
���	� ��
 Least Significance Different Test (LSD)

�������	�
� 3. 7�����
���'�	��
�������
����'�	����!� $�����(
��)��������� 

GnRHa *��� Buserelin �8������9% ������:��%;��%�� "��# 2545

3.1 ���%?� / $�������� 	.+�� $.�<�
���
 ���������O���
 15 ��. 	�
@ 8 �� �+Q"�>��#

�+Q���
	
����# 6 *�� ��%�	���� 1,600 *������*��?� 1.5 ��*�  ���%?� / %�	U�3�(<���3����
�

�����#�� ���������O���
 15 ��. 	�
@ 10 �� �+Q"�>��#�+Q���
	
����# 9 *�� ��@����� 1 ��%�	���� 

1,800 *������*� �?� 1.5 ��*� ��@����� 2 ���������O���
 10 ��. 	�
@ 10 �� �+Q"�>��#�+Q���
	
����# 9 

*�� ��%�	���� 1,200 *������*� �?� 1.5 ��*�  ����3���	����
��
O�� Alcian Blue %�(��/�3�

3��%

3.2 ��>	����"!����*�� 30 % ��#�	%�>�
������ 46 ��., �����������	�  23 ��., ��� 

12 ��. ��#���
�>�� 15 ��.  �!�(��>�
	�����%*>�����D��	�� 1 % "!���������������� 3 A�A�/	����

1 ��. ��>	�*������# 1.5 % �	���������*����� �<>�%+����#�3���	�!�%�����+��	��>��#�!����D��

���
��@����<����<>�

3.3 <����������� ��#��=%���	�%�(��/�3���� *���# 1 A�A� �������3�����=�10,000 �	%/����

�
�A���� 50 �l �(�3��#����(��/
	����� testosterone ��# estradiol ��
�('� Electrochemiluminescence 

immuno assay (Elecsys �@�� 1010) �('�����(�3��#������	��� 2543

3.4 *��$���+�E���	�D����#	!@$(����$��O��
	����� 4 !������ ��
�<>!�

������ 3-

4 �(��(��*� !	���>���<�	��+Q�?� 5-8 �(�� ���D����#�����<��	��*��$!	% ���D����#�����<��	��(��
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�$�(J+��'@� ��D�>$���������!�����!�	 1.2-1.5 �(��(��*� ��!�����	��! O��
	�������=������?�� 

GnRHa 10 �g/kg "!� domperidone 5 mg/kg ���+Q���
��#�+Q"�> ������� 6-9 <������ O����=����

!	� 20 �g/kg  "!� domperidone 10 mg/kg  O���O+�#�+Q���
 *��$!	%���+�E���	�D����#

��#	!@$( ����$��O�� 9-24 <������

3.5 ����	���D����#�����<��	D�> ��!	%��(��/�	�D����#�����<��	 ��
���<�����������D�� ��#

��%$�����D�� ��#3�����������	�	!@$( ��
�<>!D�����%��=����	�

3.6  ���3���>	�����(��/�A���!�%+��'@� ��(��/
	����� ���D�>����3���O���
���*��#����


���	����*��#�+Q �!��������������	*���� 3�����������	�3���O���
���!�(*( Analysis of 

Variance (ANOVA) ����#��% P*�0.05 ��#3����*�*����	�3���O���
 Least Significant Difference 

Test (LSD) ��
�<>�������  Statistic Package for Social Science (SPSS)

3.7  ����*��
� Dose *��� V �	�
	����� �%%"!����������������	�!�����%O�����%?�

*������� 6.3  ��(��/��#3�����>��>��	�
	����� GnRHa "!���% domperidone (DOM),

����
���	�<@���� 1 / %�	U�3�(<���3����
������#�� ����(�
���
����$>

����


���	�
�+Q $����� ���������O���
 3�����>��>�

��(��*�O��

(ml/BW)

"�> 3 14.53�0.89 2.07
T1

���
 3 16.77�0.33
O.9 % NaCL

2.39

"�> 3 16.40�0.20 2.34
T2

���
 3 16.67�0.04
50 �g/kg GnRHa

2.38

"�> 3 16.00�0.12 2.28
T3

���
 3 16.83�0.65
100 �g/kg GnRHa

2.40

���
��*@ T1   Control   O����������	 0.9% *�	!������

T2   O�� GnRHa 50 �g / 1 ��. *�	!������

 T3   O�� GnRHa 100 �g / 1 ��. *�	!������
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*������� 6.4 ��(��/��#3�����>��>��	�
	����� GnRHa "!���% domperidone (DOM), 

�����	
�����������������	�����<>���*��#����
���	� <@���� 2 / %�	U�3�(<�

��3����
������#�� ����(�
���
����$>

����


���	�
�+Q $����� ���������O���
 3�����>��>�

��(��*�O��

(ml/BW)

"�> 3 10.60�0.20 1.51
T1

���
 3 10.00�0.34
Soybean oil

1.43

"�> 3 10.50�0.20 1.50
T2

���
 3 10.30�0.50
50 �g/kg GnRHa

1.47

"�> 3 10.70�0.20 1.53
T3

���
 3 10.90�0.60
100 �g/kg GnRHa

1.56

���
��*@ T1   Control   O�� Soybean oil (SO) �@�!������

T2   O�� GnRHa 50 �g / 1 ��. �� SO �@�!������

T3   O�� GnRHa 100 �g / 1 ��.  �� SO �@�!������

1. ��(��O��
	����� 6 +&NU�3� 2545 ��K����� 1 ���	� ��
����(��/��3�?��

��?��/!������

2. ��(��*��<>O�� 3�	 1 A�A� / ��� 7 ��.

*������� 6.5 ��(��/��#3�����>��>��	�
	����� GnRHa "!���% domperidone (DOM), 

�����	
�����������������	�����<>���*��#����
���	� / %�	$�������� 	.+��   

$.�<�
���


����


���	�
�+Q $����� ���������O���
 3�����>��>�

��(��*�O��

(ml/BW)

"�> 3 14.83�1.04 2.11
T1

���
 3 14.67�0.29
Soybean oil

2.10

"�> 3 13.83�1.26 300 �g/kg GnRHa 1.97
T2

���
 3 14.00�1.00 in soybean oil 2.00

���
��*@  T1     Control O�� Soybean oil  �@����	�

T2     O�� GnRHa 100 �g / ��. �@����	�
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����	��+��.���

�������	�
�  1. ���
������������������
�����
�������
��������!�"�����# 2543

�������	�
�  1.1  ����!� ���� 6 �# (�# 2543) = $�
�>����  �.��� $.�?
�	���

����$�(J�*(%�*�	����%?�$�� 12 ��. ��K� 14.4 ��. 	�
@ 6 �� ���������+(���?����#��/ 

2.4 ��. / �� ��(��/
	����� T ���+Q"�>���D�>!��!@�<������	������3� 0.04 ng/ml ����$������

��(��/
	�������3������ <���������D�>!�����J���K�<���&�����D�� !�����%
	����� E2  ���+Q���


���D�>!��!@����	��(�@��
���#�����3� ��3�� 0.04 ��# 0.02 ng/ml *�������% ����	���
%��%���%?�

	�
@ 8 �� ���U�3�(<���3����
������#�� +%����#��%�	�
	����� T ��# E2 ���	%�������

�����
����������>�3�
�����*���(��/
	����� T �����%?�	�
@ 8 �� ��<����������
������3�����

���� (������ 6.1-6.4) �*�
��D��+%���+�E���	�D����#	!@$( ��K�D�D�>�����(��/
	�����������D�><���

��	���#&��������D�� ��(�$���%�����!�>��
	������+Q��
   '���<�*(���!�����J�$#!�>��$��

���D����#	�/[#��� ��(��*	%!�	�*�	
	�����$��*�	��*>!�	� �<�� ������������������ 

gonadotropin I ��# gonadotropin II ��K�*��3�%3@���	����$#�����!�>��
	������+Q ��#��3���

!��+��'���%��(��/ GnRH ���	 LHRH (Chun et al., 1994; Colin 1993) $#��=�D�>�����(��/


	����� E2 �+Q���
$#!�������+Q"�>��<��������������� ����	�$�� estradiol ��K�
	��������!��3�J

��#��&�'()������!@����!�>��$�����D��!�����J���#$#������!U�+���*�%��K� estrone !��� testosterone  

��K�
	������+Q����������+Q"�>  (!@��� 2541)
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������ 6.1  �#��%
	����� T �	����%?��+Q"�> 	�
@ 6 �� ���	%�� 2543

������ 6.2  �#��%
	����� E2 �	����%?��+Q���
 	�
@ 6 �� ���	%�� 2543

�������	�
�  1.2 ����!����� 8 �# (�# 2543) = A�C�%?���C�����
�������	 �*��%����
�

��F�$)

���%?��+Q"�>��(��/
	����� T <�����	�&�����D�� ����3� - ����3� ���D�>�>	
�������	

������% 0.02 ng/ml ��#�+(���?�����	�+&NU�3� - �(�@��
� ��3���#����� 0.06 - 0.04 ng/ml ��>�����

�>	
�������	������%  0.02 ng/ml �������	������3�-'����3�  !����+Q���

	����� E2 ��<���

��	�&�����D��
����3���>	
�������	������% 0.01 ng/ml ��>��+(���?�������	�+&NU�3� - �(�@��
� ��#��

3��!��!@������	�+&NU�3� 0.05 ng/ml ����$����������(��/���� �����	�!(���3� - '����3� 

0

0.01

0.02

0.03

0.04

�.+. ��.3 ��.
 +.3. �.
. �.3. *.3


(%��

T
 (n

g/
m

l)
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0.01
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�����
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n
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(������ 6.3-6.4) ��=�D�>�����(��/ E2 ���+Q���
<������	����
����$#��3��!������ 
	����� T ���+Q"�>

��=��>	
A?�� T $#��K� precursor �	� E2  ��#��������
�!U�+D�>���
���� E2 �����>���*��$���D�>

3�	��>���>	
 (Scott et al., 1980) 	
���D��=*����(��/�	� T ��# E2  ��<���&�����D��
����3���>	


��� ����	���
%��%����$�(J+��'@���#
	������+Q����@��>���+Q���
�������
���%�	���	%�������

+�E���	�D����K��%%  group synchronous ����	�$����<�������$�(J+��'@�D�>+%���+�E���	� 

oocytes �@��#
#���	%��  ���	������3�-���
�
� ��3��
	����� T 50-55 ng/ml !��� E2 ��3��

�#����� 0.01-0.015 ng/ml 3����������$#��(�������������	�*@��3�-'����3� (����&�����D��), 

����3�-����3� (<����*��
����) ��#��N�
�-�(�@��
� (��	�&�����D��) (Tan-Fermin et al.,
1997)

������ 6.3  �#��%
	����� T �	����%?��+Q"�> 	�
@ 8 �� ���	%�� 2543

������ 6.4  �#��%
	����� E2 �	����%?��+Q���
 	�
@ 8 �� ���	%�� 2543
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�����
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$�����Q?�N��	� ����
�Q���()��#3/# 2544 +%������%?�$��������������#$���������
� 

��	�&�����D�� �#�����&�����D�� ��#����&�����D�� �	����%?���
�$�(J+��'@�$��������������<���

&�����D�����	�+&NU�3�  �����%?��+Q"�>���� 145 ��. 	�
@��#��/ 19 �� �+Q���
���� 226 ��.

	�
@��#��/ 23 �� ����(��/
	����� T = 0.07 ng/ml, E2 = 0.12 ng/ml ��(��/
	�����������D�>

����$�����$�%D�>��� 5 ��� ��"������>3��
	��������� �������
	�������������$#��������$��

������$�%��K������������ 1 ��� ��!U��#���D����*( ��#3�� T ��# E2 $#!��+��'���� (Haddy and 

Pankhurst 2000) !������%?��+Q"�>��#�+Q���
$���������
���%�	�(� ��<���&�����D�����	�

+&NU�3� ����(��/
	������+Q T ��# E2 �������+Q"�>��#�+Q���
 ��3�� 0.04  ng/ml  ��# 0.01 

ng/ml *�������% ���/#������ Chum Salmon (Oncorhynchus keta) �+Q"�>��3�� T ��# E2 ������% 

25 ��# 4 ng/ml (Ueda and Yamauchi 1995)

���+�E���	��A���!�%+��'@� (������ 6.5 ��# 6.6) +%����A����	�	�/[#�#
#��(��*>���K�

!�����J� ��
+%�#
# spermatogonia ��# spermatocyte ��<����#�����&�����D�� $#���������

<�����	���#����$��&�����D�� �*�<�����	���#����&�����D��D��3�	
�*�*������  ��
<���&�����D��$#

��$�����������!@� !����A����	�D�������+�E���	�D����#$�����D������+%��� oocyte !�����J�

��K��#
#��� 1 Previtelogenin  (PV) ��#�#
#��� 2 Central germinal vesicle (CGV) $#��=�D�>������

+�E���	��A���!�%+��'@�!�����J�	
�����#
#��(��*>� �����������	�$�����%?�
����	�
@�>	
 (8 ��) 
��D��

�?���
�$�(J+��'@� ��#��3����<��3���!�%��/��>	
 �*��������>���������	�+&NU�3� $#�����

+�E��D�>�����������	��@�U�+��'� ��# +&Q$(��
�

������ 6.5  ���+�E���	�	!@$(�#
#*���V�	����%?���%�	�(������	��@�U�+��'�, 

+&NU�3� ��# +&Q$(��
� 2543

               Stage 1 = spermatogonia, Stage 2 = spermatocyte
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������ 6.6 ���+�E���	�D���#
#*���V�	����%?���%�	�(������	��@�U�+��'�, +&NU�3� 

��# +&Q$(��
� 2543

 Stage 1 Previtelogenin (PV), Stage 2 Central germinal vesicle (CGV), Stage 3 Migrating 

germinal vesicle (MGV)

�������	�
�  2. ����$�%&�
����'�	����!����(
��)��������� GnRHa *��� buserelin

�
� domperidone (DOM), testosterone (T) ��� estradiol (E2) "��/0��
�6
���*���	"��# 2544

�������	�
�  2.1  ����!� ���� 7 �# (�# 2544) = $�
�>����  �.��� $.�?
�	���

����O��
	�����		�&�'()��(�� 15 ��� (28 ��N�
� 2544) ��(��/
	����� T �O���
��

���%?����O���>�

	����� GnRHa 300 �g/kg "!� DOM 20 mg/kg ��>��(��/ T �+(���?����������


3�%3@� �*���(����������$�����O��D�> 60 (28 �(�@��
� 2544)  ��# 150 ��� (28 ���
�
� 2544)

!�����(��/ estradiol (E2) ��3���+(���?���*�*�����%��	����O��
	����� ��#���O���>�
�����������

����	�	
�������
!��3�J���!�(*( (P<0.05)  ����$�����O�� 150 ��� ��(��/
	������+Q$������!	�

����
���	�D��3�	
�*�*������ ��#�������>�������<�������&��������D�� �����������	�$�����

��	�
@
��D���?���
�$�(J+��'@� �����>
	�������(��/���!�����	��	�������$#��"������
�%
���

(!@��� 2541) ��#��K�D�D�>�����K�<����	�&��������D�� (������ 6.7-6.8) ��#��(��/������D�>�+(��

�?��!�����?�� 	�$��(�$�����!�>���?���	�*��'���<�*( $��	��
�#!�%+��'@� 	
���D��=*��
��D��+%

���+�E���	������<��	��#D�� �!��������%?��������
�
��D����>�!���#
#��
�$�(J+��'@� ��# T ��K�!��<�����

��>��(����!�>�� E2 �*��=�������>���� T ��#��������
�!U�+��>���
���� E2 �����>���*��$���D�>

3�	��>���>	
 (Scott et al., 1980)
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������ 6.7  "����O��
	�������	���#����*�	�#��% T �	����%?��+Q"�> 	�
@ 7 ��

 * �*�*������!�(*(��%��	�O�� (P<0.05),        �*�*�������	�3���O���
�#���������
���	�

������ 6.8  "����O��
	�������	���#����*�	�#��% E2 �	����%?��+Q���
 	�
@ 7 ��

 * �*�*������!�(*(��%��	�O�� (P<0.05),       �*�*�������	�3���O���
�#���������
���	�
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����(������  2.2 ����!����� 9 �# (�# 2544) = A�C�%?���C�����
�������	 �*��%����
�

��F�$)

��� 6.9-6.10  �!��
	������+Q���%?�	�
@ 9 �� �������O��
	����� 15 ��� (15 ��N�
� 

2544) ���@�����
������	����O��
	����� �#��%
	����� T ����(��/�>	
 ��
	
���#����� 0.02-

0.07 ng/ml !��� E2 ��3��	
���#����� 0.12-0.26 ng/ml �/#�������
3�%3@���3�� 0.02 ng/ml ��# 

0.15 ng/ml ���+Q"�>��#�+Q���
*�������% ����������	�$��<��������������� (�.�.
.) ��K�<�����	�&��

������D�����O��
	�����
��D����"�<���$� $��������	���� 1.1 ��# 1.2 ��%��'���<�*(
	����� 

T ��# E2 $#��(��������?����#!�����*��$���D�><������	� �(.
.-�.3.   ����O��
	�������� 60 

��� (15 �(�@��
� 2544) ��(��/
	������+Q T ��#E2 �+(���?�����@�����
������	��*���3��!��

!@�$������
���	����+Q"�>���O���>�
 T 20 mg/kg  ���+Q���
���O���>�
 LHRHa 200 ug+Dom 10 

mg/kg ��3��������% 9 ng/ml ��# 0.60 ng/ml *�������% ����$�����O����� 120 ��� (15 !(���3� 

2544) ��(��/
	����� T �����@�����
������	� ��
��3�� �0.02 ng/ml !���3�� E2 ���� ��


��3���#����� 0.012-0.076 ng/ml ��(��/ T ����$��O�� 15 ��#120 ���D���*�*������!�(*(��%���O��

�>�
���������������	�	
������
� �����������	�$�������������������	���	�3���#�	%�	�3�	��!�*	�	�

�����K�!��*���*>� �����!�>��
	������+Q ��#�	%��%��'���<�*(  	��
�#!�%+��'@�!�����!�>��


	������+QD�>�	� (Dence, 1980) 	
���D��=*���������O�� 60 �����(��/ T ��# E2 �+(���?��$��

<@����O��
	�������3����*�*������!�(*(��%����
3�%3@�	
�������
!��3�J �<�����
���%���Q?�N�

����� Sea Bass ���O���>�
 GnRHa  	
������
����	������% DOM !�������#*@>��#��%
	�����

E2 �+(���?�� (Prat et al., 1999)  Sower et al., (1984) +%���3�����>��>��	� E2 �+(���?��������#
#

vitelogenic ���+Q���
����$��O���>�
 GnRHa   �������+Q���
�#
# postvitellogenic $�����Q?�N�

�	�3/#����($�
+%��� �����%?�	�
@ 7 �� ��O��
	����� GnRHa 300 �g/kg ��% domperidone 20 

mg/kg ��#D��O��
	��������$�������� ���#��%
	������+Q����O�� 15 ��� �����	���N�
� 2543 

���+Q"�>����(��/ T ��3�����>�3�
���%���%?�	�
@ 9 �����U�3�(<���3����
������#�� !������+Q

���
��(��/ E2 �������>��>	
�������%?�	�
@ 9 ��  ����$�����O�� 60 ��� ���	��(�@��
� 2543 ��

��(��/ T ��#��(��/ E2 ���+Q"�>��#�+Q���
���%?�	�
@ 7 �����$����������3���>	
�������%?�	�
@ 

9 ��  �����%?�	�
@ 7 �� ����$�����O�� 150 ��� �����	�*@��3� ��# 120 ��� �����	�!(���3� 

�����%?�	�
@ 9 �� ��(��/ T ��#�� E2  ��3������$������!	������ �����������	�$����K�<�������&��

���D�� �<�����
���%���Q?�N���
 Haddy and Pankhurst, 2000
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������ 6.9  "����O��
	�������	���#����*�	�#��% T �	����%?��+Q"�> 	�
@ 9 ��

* �*�*������!�(*(��%��	�O�� (P<0.05),         �*�*�������	�3���O���
�#���������
���	�

������ 6.10  "����O��
	�������	���#����*�	�#��% E2 �	����%?��+Q���
 	�
@ 9 ��

* �*�*������!�(*(��%��	�O�� (P<0.05),         �*�*�������	�3���O���
�#���������
���	�

���+�E���A��� ��#	��
�#!�%+��'@��������O��
	�����		�&�'()��(����� 15 ��� (15   

��N�
� 2544) +%��������>��	���<�����+�E���	�	��
�#!�%+��'@� (GSI) ����(��/�>	
���@�

����
���	���
���+Q���
��3�� 1.2 % !������+Q"�>��3�����>�3�
���� �A���	!@$(�����+�E������#��

$��������������
���	����O���>�
 GnRHa 200 ��# 300 �g /kg ������% domperidone 10 ��# 

20 mg/kg ��#���O���>�
 Testosterone 20 mg/kg �*�D��+%	�/[#$�����<@����O���>�
�����������

����	��O
V ��	���A=�*����+�E���	��A���!�%+��'@����+Q"�>��#�+Q���
!������
��	
�����#
#��(��

*>� Spermatogenesis ��# Previtellogenin (PV) ���>�3�
�������@�����
���	� ��#+%D����(��!@�

%>�����#
# migrating germinal vesicle (MGV) (������ 6.11-6.12)  $������
���	����O���>�
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GnRHa 200 �g /kg ������% domperidone 10 mg/kg $���>	������������!��������%?������	� 

��N�
� 
��D���$�(J+��'@�  �����	� �(�@��
� ����$��O��
	�������� 60 ��� 3����<�����+�E��

�	����D�� ��#	�/[#��3���+(���?���@�����
������	� ��
�������>��+(��!���?��$������
���	����

O���>�
 GnRHa 200 ��# 300 �g/kg ������% domperidone 10 ��# 20 mg/kg ��
��3�����>�3�
����

��#��/ 9 % ��# 2.9 % ���+Q���
��#�+Q"�>*�������% ��#*���!@�������
3�%3@� 3�	 2.75 % 

!����+Q���
���O���>�
 E2 ��3�� GSI ������% 1.46 %  �+Q"�>+%�A���!�%+��'@��#
# spermatid ��# 

spermatozoa ���+Q"�>�@�����
������	� !����A���D��+%%>����=����>	
�#
# peripheral 

germinal vesicle (PGV)  ��#+%���������
���	����O���>�
 GnRHa "!� domperidone  !���

������O���>�
 E2 ���� ���D����������=� �������	�$����	�$�� E2  �����������������	�D��!�����A?�"���

"�������%��D�>��������% GnRHa ��# domperidone

������ 6.11  �#
#���+�E���	��A���	!@$(����O��
	����� 15 ��� �����%?�	�
@ 9 ��

T1  Soybean oil

T2  GnRHa 200 �g +DOM 10 mg

T3  GnRHa 300 �g +DOM 20 mg

T4  T  20 mg

Stage  1 Spermatogonia (cell dimeter 0.01-0.02 mm.,blue color)

Stage  2 Spermatocyte (Spermatocyte : less than 0.01-0.02 mm)

Stage  3 Spermatid (small cell in group, no tail)

Stage  4 Spermatozoa (small cell with tail in vasdifferent)
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������ 6.12  �#
#���+�E���	��A���D������O��
	����� 15 ��� �����%?�	�
@ 9 ��

T1  Soybean oil

T2  GnRHa 200 �g +DOM 10 mg

T3  GnRHa 300 �g +DOM 20 mg

T4  E2  20 mg

Stage 1 Previtelogenin (PV)

Stage 2 Central germinal vesicle (CGV)

Stage 3 Migrating germinal vesicle (MGV)

Stage 4 Peripheral germinal vesicle (PGV)

Stage 5  Maturation germinal vesicle breakdown (GVBD)

������ 7 �����3� 2544 D�>���	���������<��	��#D�� ��	����O��
	������+��	"!����
� ��

$�����*���������������<��	��#D��	
����# 2 *�� (50%) ���@�����
���	� 
���>�����
���	����O��

�>�
 E2 +%������D����������=����������@��	��� ����$��O��
	�������� 82 ��� (8 �����3� 2544) 

!��������D��D�> 125 ���� ��#��������<��	D�> 20 A�A������<��	��3@/U�+�� ��������O���>�

	����� 300 �

g/kg ��% domperidone 20 mg/kg �*�"!�D��*(�����	�$��D��
��!@�D��!�%��/� ��
!����*D�>$��D����

���N/#!�����	�	�!>�D��������!� ������=�������!>�"��Q��
����� 1 �(��(��*� D��!�����!�	 ��#

D��*(�U�<�#����	�������  ��J�����+�E���	�D��+%������+Q���
�������
���%�	�(��������������+Q

"�> (Zohar and Mylonas, 2001)  3���D��!�%��/��	�D��	�$����	���$�������#*@>��>�

	�������

�/#���D��D���!�=$!(���%�����!�>��D����� (Lee et al., 1986) ���	�����#*@>����������
��D���$�(J

+��'@������>D����3@/U�+D���� (Crim and Glebe, 1984) ���	����	�$�������(�!U��#�3��
� (Campbell 
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et al, 1992) !������%?����"!�D�>$�����+��'@���������������#!������#������$�� $.+#�
� D��$#��

!������
���#������ 1.5-2 �(��(��*� (�����#�� 2545) !��������<��	��3@/U�+��$������@�����


������	� (*������� 6.6)

*������� 6.6  3�� GSI �����D����#�����<��	 ��#������D�� ���*��#����
���	��	����%?� ����$��

O��
	�����

�������	


��
������;

��������� (����)

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

N=2 (%) (�!		�/��3)����"#�	�� �$&
��
�����

(��.) 15 ���(15

��'�"� 2544)

60 ���(15

��*+��"� 2544)

82��� (8

���,���

2544)

!�!�/��. (�!		�/��3)

���" 13.5 0.85 7.95 - - -
Con.

:<> 14 - 2.75 50 1.0 2,575,000�169,272

GnRHa 200 �g + ���" 17.2 1.23 8.91 50 125 -

Domperidone 10 mg :<> 16 0.25 2.87 100 1.06 2,716,670�659,267

GnRHa 300 �g + ���" 16.5 0.64 9.01 - - -

Domperidone 20 mg :<> 15 0.27 3.05 50 1.33 2,735,000�515,678

E2 20 mg ���" 10 0.28 1.46 - - -

T 20 mg :<> 12 0.17 2.77 50 1.28 2,635,000�985,771

������ 6.13  ���N/#D�����%?��#
# CGV ��#

MGV �����	���N�
� 2544 ����$��

O���>�
���������������	�  15 ���

������ 6.14 D�����%?��#
# PGV �����	���N�
�

2544 ����$��O���>�
 GnRHa 200 �g/kg

"!� DOM 10 mg/kg  15 ���
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�������
%���
%"��	�
	�����*�	�#��%
	����� T ��# E2 ���%?� ��#���!��
 �#��%


	������+Q���!��
��#���%?����O��
	������������>�!����������
3�%3@�  �*����%?�$#!��

!@������	��(�@��
� !������!��
$#!��!@������	����
�
� �����%?��#��%
	������+Q  T ��

�+Q"�>��3�� 6 ng/ml !��� E2 �	����%?��+Q���
��	�������D����3�� 0.45 ng/ml ��#������ 8 

�����3� 2544 !��������D����#�����<��	D�>$������
���	����O���>�
 GnRHa 300 �g/kg "!� 

DOM 20 mg/kg  �*�"!�D��*(� ����$�������#��%
	������+Q�����	�!(���3���3������ !���

���!��
��	�������D�� (�(�@��
� 2544) �+Q"�>��3�� T ������% 11 ng/ml �+Q���
��3�� E2 ������% 

0.47 ng/ml  !��������D����#�����<��	D�>�������� 22 �����3�  "!����
�D�>$���@�����
���

���	�  �����	����
�
���
	������+Q�+(���?�� ��
�+Q"�>��3�� T ������% 13.9 ng/ml ��#���+Q���


��3�� E2 ������% 0.98 ng/ml  �!��������!��
��<���&��������D��
������������%?� 3�	 �?����	�

���
�
� !������	�+&Q$(��
� ��(��/
	���������  (������ 6.21-6.22)

������ 6.15  ���N/#D�����%?��#
# PV ���	�

��N�
�  2544 ����$��O���>�
 E2

20 mg/kg  15 ���

������ 6.17  D�����%?��#
# PGV ���	������3�

2544 ����$��O���>�
 GnRHa 300 �g

/ kg "!� DOM 20 mg/kg  90 ���

������ 6.16  	!@$(���%?� ���	������3� 2544

����$��O���>�
 GnRHa 300 �g/kg

"!� DOM 20 mg/kg  90���

������ 6.18  ���D�����%?�����O���>�
 E2 20

mg/kg 60 ��� ���	��(�@��
� 2544
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������ 6.19  ��(��/ testosterone �	����!��
��#���%?��+Q"�> ����$��O���>�

	�����

������ 6.20  ��(��/ estradiol �	����!��
��#���%?��+Q���
 ����$��O���>�

	�����

�������	�
� 3. 7�����
���'�	��
�������
����'�	����!� $�����(
��)���������

GnRHa *��� Buserelin �8������9% ������:��%;��%�� "��# 2545

�������	�
� 3.1 ����!� ���� 8 �# (�# 2545) = $�
�>����  �.��� $.�?
�	���

�#��% testosterone (T) ��# estradiol (E2) ��	����O��
	������������� 25 +&NU�3� 2545

����(��/ T ���+Q"�> 8- 40 ng/ml !��� E2 ���+Q���
 0.19-0.3 ng/ml A?����3���+(���?�����$�����	�
@ 

6 �� ���������K�D�D�>�����������	�
@����?�������+�E���#��%
	������+QD�>������ ��#��K���(�����$#��>�!��

&�����D���	����%?� ��*(���$#���#��%
	����� T �+(���?����	� E2 ��#��	�������D��  (Scott and 

Sumpter 1988) ����$��O��
	����� 30 ��� (22 �(�@��
� 2545) ��(��/ T ��# E2 �������>� ���� 

3�	 T ���+Q"�>��3�� 2.25-5.23 ng/ml !��� E2 ���+Q���
��3���+(���?�� 0.23 – 0.7 ng/ml *�������% �������

����	�$��
	��������	
�������������������	�!�����3�!U�+D�><�����#��/ 7-10 ��� ��#�	%��%���
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������������	�
����	�
@D���?���
�$�(J+��'@� 3�	��	�
@�+�
� 8 ��  ���>	!����*�����(��/
	������+Q����

!	��	����%?�	�
@ 8 �� �����	�+&NU�3��������#�������
���� ���D��D�>O��
	�������#���O��


	�������3������������%?�	�
@ 6 ��# 7 �� 	
���D��=*���#��������Q?�N����%?�	�
@ 8 �� !�����

���D��D�>������=����$����� 2 �	��*���������<��	D��D�>  (������ 6.21-6.22)

������ 6.21  "����O��
	�������	���#����*�	�#��% T �	����%?��+Q"�> 	�
@ 8 ��

 * �*�*������!�(*(��%��	�O�� (P<0.05), ……. �*�*�������	�3���O���
�#���������
���	�

������ 6.22  "����O��
	�������	���#����*�	�#��% E2 �	����%?��+Q���
 	�
@ 8 ��

 * �*�*������!�(*(��%��	�O�� (P<0.05), …… �*�*�������	�3���O���
�#���������


���	�
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�������	�
� 3.2 ����!����� 10 �# (�# 2545) = A�C�%?���C�����
�������	�*��%����
�

��F�$)

-  ���%?� <@���� 1

������ 6.23-6.24 ��(��/
	����� T ��# E2 ��	����O��
	����� ����(��/�>	
����$��O��


	�����3���������?�� (6 +&NU�3� 2545) �������>��+(���?�����@�����
���	� ��#�+(��������!@�

��������O���>�
 GnRHa 50 �g/kg ��
�+Q"�>��3�� 800 ng/ml !����+Q���
��3�� 3.18 ng/ml  *��

�����% ����$�����O��
	�����3�������!	� (13 +&NU�3� 2545) !������������	�BF���> I����#�A 

14 $J'K��� 2544  M���	�BF��$&���"��
����� 17 ��. �	
��
������M���	�BF��$&:<>��
����� 16.6 ��.

������"!����
���
O��
	����� GnRHa ��=���� 6 �g/kg "!� domperidone 5 mg /kg ���+Q���


��#�+Q"�> ����$�� 6 <������ O����=����!	��>�
 GnRHa 12 �g/kg "!� domperidone 5 mg/kg 

�O+�#�+Q���
 ��� 9 <������ !��������D�� $���+Q���
D�> 11 ���� ��#��������<��	$���+Q"�>D�> 4 A�A�

�*�"!�D����#!%"�!����=$����	�$��	!@$(D���3���	���� ��#D��
��D��!@�

 �������O��
	�����3�������!�� (21 +&NU�3� 2545) 3�� T �������>�������=��>	
��

�+Q"�> ��
��3���#����� 41- 74 ng/ml !���3�� E2 �+Q���
�+(���?�� ��3���#����� 1.80-17.20 ng/ml ���

��� 23 +&NU�3� 2544 O��
	������+��	"!����
����%?�$��������O�� GnRHa 50 �g/kg ���+Q���


���� 17 ��. �+Q"�>���� 16.4 ��. O��
	����� GnRHa ��=���� 10 �g/kg "!� domperidone 5 mg 

/kg ���+Q���
��#�+Q"�> ������� 7 <������ O��
	�������=����!	� 20 �g/kg "!� domperidone 5 

mg/kg �O+�#�+Q���
 ����$�� 9 <������ !��������D��D�> 80 ���� ��#��������<��	D�> 2.3 A�A� �*�"!�

D����#!%"�!����=$����	�$�����%?��+Q���
��������>�<�	��>	� ����$��O��
	�����3�������!�� (30

+&NU�3� 2545) 3�� T ���+Q"�>��3���#����� 25- 104 ng/ml !���3�� E2 ���+Q���
���� ��3��

�#����� 0.49-0.78 ng/ml ����$��O��
	�����3�������!����� 7 ��� (7 �(�@��
� 2545) ��(��/


	������+Q�+(���?�� �/#�������
3�%3@��������>����� 3�� T ���+Q"�>��3���#����� 12-150 ng/ml 

!���3�� E2 ���+Q���
��3���#����� 0.97-1.46 ng/ml $�����Q?�N����%?�	�
@ 9 �� ���O��
	�����

"!����������������	�3�������
���<������	�+&NU�3�-�(�@��
� 2544 ����(��/
	������+Q�>	


�������%?�	�
@ 10 �����O��
	�������*(�@�!���������� 2545 �������	�$����	�$��	�
@���%?���	�
@

���������#���>�3�
���%��������(���?���
�$�(J+��'@� ��#�	%��%���O��
	�����	
���*�	����	�<��


��>�����3���+�>	����$#!�>��D����#	!@$(D�>���?�� �������� 15 �(�@��
� 2545 ��!	%���+�E��

�	�D����#	!@$(+%������*��#����
���	� �����+�E���	������<��	 ��
	!@$(������3���	������ ��#

$�����*��!#!������������<��	��#D��D�>�����������O��
	����� �*�3�����������	�	!@$(D���*�

*���������!�(*( (*������� 6.8) �<�����
���%�����#*@>���>+�	������ salmon (Oncorhynchus
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*

*

*

GnRHa

GnRHa

��������<��	 ������ 14 +&NU�3�, 24

+&NU�3�, 15 �(�@��
� ��# 27

�����3� 2545

tshawytscha ) A?����*($#O�� GnRH 250 �g /kg ��!���#��
��# GnRH �����		�&�'()��(�����

�%% polymer ��
�<>���3�������
�$#��>��	���A=�*�������D��!#!�!�� ��#��=���������
3�%3@���

�#
#���� 14 �������$��O����#���
	����� (Solar et al., 1995 ) ��#$�����O��
	����� salmon 

gonadotropin (sGTH) ��# 17	- hydroxyprogesterone (17	P) ����� lipophilized gelatin (LG 

emulsion) �������#*@>����+�E�����!@��	�D�� ��
O���@�!��������	�*�� 2 mg/kg ��#�@�!	�

!��������	�*�� 4 mg/kg �����D��J���@�� 2 <�(� �������
���#$�����$�% (Silver Eel) ������O���>�


sGTH II �@�!	�!������ ��(��/
	����� testosterone, estradiol-17� ��# sGTH II *	%!�	�*�	

����<>
	������*��<>��������������O���@�!��������������$#�!�=$�%����� vitellogenesis ��#

!�������#*@>���>��������D��D�>����$�����O���>�
 sGTH II ��# 17	P (Sato et al., 2000) �<��

���
���%���Q?�N�"��	�����<>
	���������� reeves shad �	���#��Q$�����������$#!�J+��'@� +%

������+Q���
	�
@ 4, 5 ��# 6 ��  �������� 1.2 – 1.6 ��. "��	�������
	����� testosterone (T) ��

��� silastic uppolymerized elastomer  50 mg/kg  ����#��
�� lacquer butter ��� 2  3���� �@� V  2 

!������   ����$������O���>�
 GnRHa  10-20 �g/��. "!���% domperidone 3 mg/kg $����� 3 3���� 

����
%���
%��%����
3�%3@�  +%��� oocyte !�����+�E�����?����#��>�!���#
# yolk vesicle stage 

��#���	�
@ 5 ��# 6 �� �����>
	�����!�������D��!@� 87.5 % ��# 100 % *�������% �/#����������


3�%3@�����  D��
��	
�����#
# previtellogenic oocyte (Wang et al., 1998)

������ 6.23  "����O��
	�������	���#����*�	�#��% T �	����%?��+Q"�> 	�
@ 10 �� <@���� 1

  * �*�*������!�(*(��%��	�O�� (P<0.05),         �*�*�������	�3���O���
�#���������
���	�
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���D�� ������ 14 +&NU�3�, 24

+&NU�3�, 15 �(�@��
� ��#

27 �����3� 2545

������ 6.24  "����O��
	�������	���#����*�	�#��% E2 �	����%?��+Q���
 	�
@ 10 �� <@���� 1

 * �*�*������!�(*(��%��	�O�� (P<0.05),         �*�*�������	�3���O���
�#���������
���	�

*������� 6.7 3�����������	�	!@$( 3������	�D����#$��������%?����!��������D����#�����<��	

D�>

21 $J'K���2545 13 �(�@��
� 2545
24 �����3�

2545

�+Q/*��

���

$����������D����#�����<��	

N=3

3�����������	�	!@$( /D�� (*��/��3)/

(�	�/����)

$�����	!@$(/D�����

���D�>!#!� N=3
����
���	�

(*��)
��������

(��.)

��(��*�

(A�A�/��.)
X (*��)

T1 (O�� NSS 0.9% "�> 2 14.1 1.41 3,567,000 �  171,208 2

1 cc./ 4 ��. �@�!������) ���
 1 17.5 - 1

T2 (O�� Suprefact 50 �g/ "�> 3 16.6 1.38 5,418,833 � 485,743 3

1 ��. �@�!������) ���
 2 17 784 � 10.6 3

T3 (O�� Suprefact 100 �g/ "�> 3 14 2.13 5,084,000 � 226,042 3

1 ��. �@�!������) ���
 2 17 - 2

����O��
	�����3�������!����� 14 ��� (14 �(�@��
� 2545) ���� 03:00 �. ��������<��	 (������ 

6.25-6.27) "!���%���%?��+Q���
 / !������#������$�� $. +#�
�  �������� 54 ��. O�� GnRHa 10 

�g/kg "!���% domperidone 5mg/kg ���� 22.00 �. O�� GnRHa 20 �g/kg "!���% domperidone 5

mg/kg ���� 07.00 �./ 0.5 ��! ���� 24.00 �. ������ 15 �(�@��
� 2545 ���� 12:00 �. "����"!�

	!@$($�����%?��	��3�����\ ��%D�����%?��	�!������#������$�� $.+#�
� !�����"!�		�
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*

*
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*
*

*
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��K�*�����%?� ���� 2 �A�*(��*� $����� 300 *�� (������ 25 �(�@��
� 2545) 3(���K� 3.33 % $��D��

���������#��/ 6,000 �	� ��#D�>*��$!	%�����D�����%?� +%����+Q���
*����� 1 ���O���>�
 

GnRHa 50 �g/kg �������� 17 ��. D�������+�E�������!�����	��! ���� 1.2-1.4 �(��(��*� $?�O��


	����� GnRHa ��=���� 10 �g/kg "!� domperidone 5 mg /kg ���+Q���
��#�+Q"�> ������� 6 <���

��� O��
	�������=����!	� GnRHa 10 �g /kg "!� domperidone 5 mg/kg �O+�#�+Q���
 "!���%

�����<��	����<��
=�D�>��� 2 ��� ��(��*� 23 A�A� $���+Q"�>������
���	����
���� ����O����=����!	�

��� 10 <������ !��������D��D�> 23 ���� �*�"!�D����#!%"�!����=$��
�������"!� !����*$��

����!�������>�D��D��*(�U�<�#  ���3�������!	� ����$��O����=����!	���K�����  20 <������ D�>D�� 387 

���� "!���%�����<��	"!�D����#!%"�!����=$ ����	�$��D��D����#������>��>	����%?��+Q���
 

!��������D��D�> 401 ���� $�����%?��+Q���
*����� 2 �!�������(��/
	��������O�����!�����

��#*@>���>��������D����#	!@$( D�>$������
���	����O��
	�������(��*>� 50 �g/kg �������	�$��K�"�

�	��#��%
	����� T ��# E2 ��
�O���
���������#����#!���������
3�%3@���#��@��������

O��
	�������(��*>� 100 �g /kg 3���!�%��/��	�	!@$(��������$�	$���>�
��������	 0.9 % ��=%��*�>

�
=�	@/�U��( 5
�
C 	!@$(!�����	
��D�>��� 7 ��� ��	�*������3���	�������� 50 % ��#!��������D�

"!���%D�����%?�3������� 2 / !������#������$�� $. +#�
�D�>��������#��/ 300 *��

����$��O��
	�����3�������!�� 75 ��� (26 �����3� 2545) ���%?��+Q���
*����� 2 $������


���	����O���>�
 GnRHa 50 �g/kg �������� 17 ��. ����	�����D��+�>	����$#��� $?�O��
	����� 4 ��=� 

����#��
����������� ��=���� 1 ���� 16.00 �. GnRHa 5 �g/kg "!���% domperidone 2.5 mg/kg  ��#

O��
	������+Q ���%?��+Q"�>�������� 16 ��. ��=���� 2 ���� 22.00 �. GnRHa 10 �g/kg "!���% 

domperidone 2.5 mg/kg ������ 27 �����3� 2545 O��
	������+Q���%?��+Q���
�������� 17 ��. 

��=���� 3 ���� 08.30 �. GnRHa 15 �g /kg "!���% domperidone 2.5 mg/kg ��=���� 4 ���� 11.00 �. 

GnRHa 5 �g/kg "!���% domperidone 0.5 mg/kg ������ 27 �����3� 2545 ���� 16.00 �. ����$��

O����=���� 1 ��K����� 24 <������    !��������D�� ��#�����<��	���%?����� 17 ��. D�>D������ 650 

���� ��#��	��:����!�
�;+��������
��������2� ������ 28 �����3� 2545 	�*��"!��#
#%��

!*��� ��#��/ 10 % 		���K�*���+�
� 11 *�� (������ 6.28) �����������	�$�������#��(�	�*��"!�

�#
#%��!*��� A?��D�����D��"!�$#�����N/#���>�3�
���%D���#
#%��!*��� ������������#��(�	�*��

"!�3����#��(��#
#�����=�$@�*� ��#	�$����	�$��<������D��������3����@����������>	�*��������

��K�*���>	
 ��#�	%��%���%?��������
���%�	�(�
����	�
@�>	
����	���
%��%���%?����!�����"!�

���
���#���		���K�*��D�>��#��/ 60-70 % ��	�
@ 16 �� �������� 60 ��. (�����#�� 2545)

�#��%�	�
	����� GnRHa ����<>��#*@>������������<��	��#D������#��% 50 �g/kg 	
������
�!�����



96

��>$��������������D����#�����<��	D�>!��!@� ��#���$#��K��#��%�������#!� ����������<>�����(�D�

	�$$#��"������
�%
������	��#�����>D��D����	������� ����<�����Q?�N������ sea bass 

(Dicentrachus labrax L; Prat et al., 2001)

-  ���%?� <@���� 2

$�������� 6.29 ��# 6.30 �!����(��/
	����� Testosterone (T) ��# Estradiol (E2) ��	�

���O��
	����� ��(��/ T ��# E2 ����(��/�>	
��������$�����O��
	�����"!����������������	�

3������� 1 (23 +&NU�3� 2545) �������>��+(���?��������
���	����O��
	����� 100 �g/kg ��
�+Q

"�>��3�� T ������% 43 ng/ml !����+Q���
��3�� E2 ������% 10.98  ng/ml O��3������� 2 (30 +&NU�3� 

2545) D�>*��$!	%���+�E���	�D�� ��#	!@$(��
����<>!�

��!	����<�	��+Q��>����+%�����D��

������=�!��@��$����� 2 *�����O��
	����� 100 �g/kg �*�D��!��������D��D�>�����������	�$��D��
��D��

!�%��/�A?����K�"�$�������������������=���#�+(��������
>�
������������	$���������#��%


	�����
��D��+	 ��#D��+%D��������
3�%3@� O��3�������!�� (6 �(�@��
� 2545) ��(��/
	����� 

������ 6.25  D�����%?� O���>�
 GnRHa 50 �g/ 1 ��.

$��%�	U�3�(<���3����
������#��

������ 24 +&NU�3� 2545

������ 6.27  �����<��	���%?�����$���$�	$���>�


��������	 0.9% ���D�"!���%D�����

%?� / !������#������$�� $.+#�
�

������ 6.26 D�����%?����!@�+�>	�$#"!� 10

�(�@��
� 2545 $��!����

��#������$�� $.+#�
�

������ 6.28   ��#!%3���!����=$$�����"!����
�

D�>������%?���> 	�
@ 5 ���	�
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T  ��3���+(���?�����@�����
���	� ��# E2 �+(���?����������O���>�

	�����  50  �g/kg ��3�� T ��# 

E2 ������% 11,330 ng/ml ��#  5.76 ng/ml ���+Q"�> ��#�+Q���
*�������%

������ 6.29  ��(��/�O���

	����� Testosterone (T) �	����%?��+Q"�>����O���>�

	�����

������ 6.30  ��(��/�O���

	����� Estradiol (E2) �	����%?��+Q���
����O���>�

	�����

- ����
%���
%
	������+Q���%?�	�
@ 8-10 �� (2543-2545)

��(��/
	����� Testosterone (T) ��# Estradiol (E2) �	����%?���<�����	�&�����D�� 

(����3�-��N�
�) ����(��/ T ��# E2 �>	
��#$#�+(��!���?����&�����D�� (+&NU�3�-!(���3�) 

��#��������&�����D�� (���
�
�-'����3�) ��#��(��/ T ���+Q"�> ��# E2 ���+Q���
 ���� 2545

�������>���������� 2544 ��# 2543 �!�������������	�
@�+(���?��$#�����+�E���	�
	������+Q

��#����$�(J+��'@������������������	�
@�>	
���� �<�����
���%���%?����O��
	��������#��%
	�����

�+Q���!������$�����O�� 60 ��� ��# 7 ��� ���� 2544 ��# 2545 *�������% ��#!����������
3�%3@�

���"!����
�!��������D�>!����=$$��������O��
	��������� 2545 ������+Q"�>�������<��	���"!���%
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*
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��������<��	 ������ 14 +&NU�3� 2545, 24 +&NU�3� 2545  ��# 15 �(�@��
� 2545
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*

*

*

GnRHa

GnRHa

����+Q���
��D��D�>�*�	�*�����		���K�*���>	
 ����(��/ T ��#��/������� 25 ng/ml !����+Q

���
��3�� E2 ��#��/������� 2.50 ng/ml (������ 6.31-6.32)

������ 6.31  ��(��/�O���

	����� Testosterone (T) �	����%?��+Q"�>���� 2543-2545

�/ 2544 �/ 2545

�/ 2543

��������<��	 7 �����3� 2544

�/ 2543

-1

1

3

5

7

9

11

13

15

0 15 60 120

Days afte r in je ction
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���D�� ������ 14 +&NU�3� 2545, 24 +&NU�3� 2545��# 15 �(�@��
� 2545

������ 6.32  ��(��/�O���

	����� Estradiol (E2) �	����%?��+Q���
���� 2543-2545

��������	
��
�����	

1.  ���%?�	�
@ 6 ��  / $�������� ��(��/
	������+Q���	%�� !�����J�
������(��/�>	


��� T ���D�>��	� E2   ��#���D�>��=��>	
��<�����	���#�#�����&�����D�� ���	�+&NU�3� –

�(�@��
� �<�����
���%���%?�	�
@ 8 ��  / U�3�(<���3����
������#�� !�����<��3���!�%��/��+Q 

�+Q���
��3����������+Q"�> ��#��3����������	� +&NU�3� �*�
����3���>	
�������%?�$������������ ���

	
������
�$�(J+��'@����

���%?�	�
@ 7 �� / $�������� ���O�����������������	�	
������
���#O��
	���������$�����

O��15 ��# 60 ��� A?����K����	������(����>�!��&�����D�� !����������(��/ T ��# E2 D�>����?�� �<��

���
���%���%?�	�
@ 9 �� / U�3�(<���3����
������#��  �������� 14 ��. �����	��(�@��
�  ��#

����<�����+�E��	��
�#!�%+��'@�+�E�����?�� ��#!��������D����#�����<��	���!�%��/�D�>����$��O��


	����� 82 ��� �*����"!�D����#!%"�!����=$ T ��# E2 ��������$��O�� 150 ��# 120 ��� *��

�����% ���%?�	�
@ 9 �� �����+�E���	�
	�������#����$�(J+��'@����������%?�	�
@ 7 �� ��#
��D��

+%���+�E���	������<��	��#D��

3. �(�3��#��"���#�����>�����
%���
%"��	�
	�����*�	�#��%
	����� T ��# E2 ���

%?�	�
@ 9 ��  / U�3�(<���3����
������#�� ��#���!��
	�
@ 1.5 �� �#��%
	������+Q���

!��
��#���%?����O��
	������������>�!����������
3�%3@�  �����%?��#��%
	�������(��!����

���	� �(�@��
� – ���	� �����3� (T ���+Q"�>��3�� 6 ng/ml !��� E2 �	����%?��+Q���
��	�������

D����3�� 0.45 ng/ml) ��>����������	� !(���3�  !������!��
��(��!�������	��(�@��
� – ���
�
� 

��>����������	� +&Q$(��
� (�+Q"�>��3�� T ������% 11 ng/ml �+Q���
��3�� E2 ������% 0.47 ng/ml)

4. �����%?�	�
@ 9 �� �.�. 15 ��. ���+Q"�>���O�����������������	�	
������
� 
	�����

GnRHa "!� DOM ��# T ���������������	�!�������#*@>���#��������<��	D�>!�%��/���=��?������	�

�/ 2544 �/ 2545

���D���������	� �����3�

D a y  a f t e r  i n j e c t i o n
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$����*(�������
����%?���%�	�(�$#�$�(J+��'@���#"!����
�D�>�<>������#��/ 15 �� !����+Q

���
!��������D���*�
��D��!�����"!����
�D�>D�>$�����O���>�
 GnRHa "!� DOM !����������

��������	� ��# E2 D��!��������D��D�> �������3��+($��/����%3�����>��>���>����#!� ��#�	%

��%*>	�+($��/���$$�
	����<��3���!�%��/��	�+�	���+��'@� 	�
@ �������� ��(��/��#����<>


	����� �����>	���� ��#3@/U�+���� �������#!� ��K�*>�

5.  ���%?�$��$��������	�
@ 8 �� �O���
 �.�. 16 ��. ����$��O�� Soybean oil 	
������
�

��#���"!�
	�������<���&��������D�� �#��%
	������+Q�������>�����?���������	�
@ 6 ��# 7

�� ��<����������
���� ��#!��������D��������=����D�>�3� 3 �	�$��������O��
	����� !��� 

���%?�	�
@ 10 �� (17 ��.)   / U�3�(<���3����
������#��  ����
���	����O���>�
 GnRHa 50 �

g/kg  �@�!��������
����(��/��3�?����?����<���&��������D��  �������O��3���������?�������?��

!������ (13 +&NU�3� 2545) 3�� T ��# E2  �������>��+(���?�����+Q"�> T ��3��  800  ng/ml ��#��

�+Q���
 E2 ��3��  3.20 ng/ml  ����$�����O��3�������!	���?��!������ (21 +&NU�3� 2545) T �����

��>��������+Q"�>  !���3�� E2 �+(���?�����+Q���
��3��  7.27  ng/ml  ����$��O��
	�����3�������!��

��?��!������ (30 +&NU�3� 2545) 3�� T ��# E2 �����
�����D����� ��#!��������D����#�����<��	

D�>$�����*��������!@�  3������	�D�����%?�/1 ���� ��3���O���
 784 �	� ������ 1 �(��(��*�  	!@$(

����$�	$���>�
 0.9% NaCl (1: 5) ��=%���	@/�U��( 5
�
C !�����	
��D�>��� 7 ��� ��	��:����!�
�;+��

������
������%D�����%?�	�
@ 16 �� (���� 54 ��.) ���!������#������$�� $. +#�
� D�>������

��#��/ 600 *�� ��	��	��:����!�
�;+��������
��������$�������"���'�+� ����$�����O���>�



	�����3�������!�� ��� 75 ��� (26 �����3� 2545)  ��
�<>�����<��	!���#D��$�����%?�	�
@ 10 �� ����

���� 17 ��. D�>D������ 650 ���� 	�*��"!��#
# ��!*��� 10%   D�>��K�*�� 11 *��

6. ��(��/ T ���+Q"�> ��# E2 ���+Q���
 ���� 2545 �������>���������� 2544 ��# 2543 

�!�������������	�
@�+(���?����<���&��������D�� $#�����+�E���	�
	������+Q��#����$�(J+��'@�

�����������������	�
@�>	
����


������������

����
�Q���() ����	��+��, ��+��*�� 	?��Q�N�+��'�, �(+!@3�'� +(�+�+(��, 	��@U�+ ���/3/�+� ��# 

���<�*( $(���#�!�(�. 2544. ���Q?�N��>	����%��	�*>����+�E��	��
�#!�%+��'@��#��%


	������+Q��#	�
@�	����%?������������'���<�*(. ���!�������#��. 54 (3):249-

256.
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�����=%���N������<��	�%%�<���=� 3�	 �����	@/�U��(��*�������$@��
�	���=��	��	��������

	
���	%�A�����#U�
���A��� �����>������!U�+�����K��	��������
��K�"�?�������=� ����$$@%��D�>

�����Q?�N���#���������	���������
<�(� ��#D�>�����+�E���('������=%$���#!%3���

!����=$ A?��!�������=%���N������<��	D�>��K�������� ��
��	�*�����"!�D����#	�*������	����>

�3�
���%�����<��	!� ��
�����Q?�N��+��	*��$!	%3@/U�+�	������<��	�+��	
��
��3���!����=$ ���('����

*��$!	%���
�('�3�	���Q?�N�	�*������3���	���� ��(��/��#$������	�*��	!@$(  ��	���A=�*����

"!��#�����D����%�����<��	�<���=�    �	�$������������=%���N�
������$$�
*���V�������
��>	����


��$$�
 �<�� 	@/�U��(�������=%���N��#��%*��� V  !�*�����
�����<>�������=%  ��#	@���/�����<>%��$@

�����<��	���/#�<���=�  ��K�*>�

��Q��
� ��#3/# (2529) D�>��!	%����
� $����� 5 !�*� �������=%���N������<��	�����+�

��#���%?�����	���� (Straw) ������ !�*� 1 125 mM KHCO3 250 mM Sucrose, 9.75 mM 

Glutathione 8 % DMSO, !�*� 2  5 % milk powder,  5 % methanol, !�*� 3  10 % milk powder, 10 %

methanol, !�*� 4  15 % milk powder, 5 % methanol, !�*� 5  15 % milk powder, 10 % methanol 

����$�������=%���N������<��	�����+��<���=���� 5 ��� $?������*��$3@/U�+�	������<��	+%��� �����<��	���

"!���%����
�!�*���� 1 ��>�����<��	3@/U�+�����!@� ����	�#��
��>�+%��� ��	!@$(�����<��(*�3���	�D��D�>�?� 

70 %  !�������
�!�*���� 2 ��# 3 �����N/#��K����	�����
�3�>�
�@>� D��!�����*��$3@/U�+D�> 

��#����
�!�*���� 4 ��# 5 ����	������#��
��>�$#�����N/#��K��@>� �*�
����#��(�3@/U�+D�> ��#��

	!@$(�3���	����D�> 30-50 % �������� !��Q�� (2533) 3��		!�����(*�� (Osmolality) 3�	!���#��
�����*��

����#��
 1 		!��� �#��
������ 1 ��. ����
��K�		!���*�	�(������ 		!��������<���

(Osmoregulation) ���
�?�3���!������	�!���#��
���!������+��"���"����A�������	�$��

3�����>��>�*��� V ������	���=%�����<��	���%?� �>�
����<���=� (-196
�
C) ��!�*�����
������#�	%

�>�
A��3�! 250 �(��(��� ������%D���'(�A���	DA�� (DMSO) !����������>	�*������3���	�D�� 

��#"!���%D�������!@����!�������=%�����<��	�<���=�D�>����('��<>!����#�	%��#!����	�����A���

D�>��*�	�$�������N�	@/�U��(D�>3����!�����D�>�����K��������  (�&N/�, 2535; �&N/���#

��Q��
�, 2535) ����*��
�����
��������#!���%�����<��	����*��#��@��*>	��<>!���3���������	�#��
����
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�<��	��>���>	(		�<�(��������#!� ��#����
�����3��$#��3��		!�����(*�� (Osmolality) ���>�3�
���%

�	������������<��	��� ��������+��	��	���������#*@>�����3���	�D�����	����<>+�������	�*��	!@$( 

*�	�$�������N���>*��	!@$(3������#��	�*������	�	
��*�	����������=%���N�D�> �+��	����+�#

�
�
+��'@� (�&N/�, 2536) D�>��Q?�N������=%���N������<��	���%?��<���=� +%���!�*������#�	%�>�
 

125, 250 ��# 9.75  mM �	� KHCO3 Sucose Glutathione  ��# 8 % DMSO *�������% ��=%��� 5 ���

��>	�*������3���	�����	�	!@$(�<���=������!@� 70 % ��>	�*���������O���
 31 % �/#���	!@$(!� 51 % 

�#
#���������=%��� 28 ��# 120 ��� ��>	�*������	��	�	!@$(�<���=�D��*��������
��	�*���	�

�O���
 60 %  !���U�<�#�����=%����	���	��<��	 1 A�A�  ��>	�*�����"!��O���
!��!@� 67 %  ������

��	���>� (�!����, 2536)  ����
�Q���() (2537) D�>Q?�N�!�*��3���������#!��+��	�����=%�����<��	��� 

��
��=%����	�+��!*(���#��=� $����� 4 !�*� ������ !�*� 1 (NaCl 750 mg KCL 38 mg NaHCO3

200 mg Glucose 100 mg D����� 20 % DMSO 12 %)!�*� 2 (NaCl 750 mg KCL 38 mg NaHCO3 

200 mg Glucose 100 mg  DMSO 10%) !�*� 3 (Glucose 5400 mg dmso 10 %) ��# !�*� 4 

(Glucode 5400 mg D����� 20 % DMSO 12 %)  +%��� !�*�����������>���>	�*�����"!�*(������!@�

D�>��� !�*���� 1, 4  ��# 2 *�������% !���!�*���� 3 ��>	�*�����"!�*���!@� �����=%	!@$(�<���=������

��=����D�>!#������� ��#�������>���>	�*�����"!������� �	�$�����D�>����������
%���
%

$�����3��������<>  NaCl 0.8 % �+��	��#*@>������<��	�<���=���!�*���� 1 �+��	���"!�+��'@���%D�� +%���

����<> NaCl 0.8 % <��
��>	�*������3���	�����	�	!@$(�����#�����>�	��!�����"!���%D�����?�� 

$�����3��������<>����#!� 1-2 3���� (�&N/�, 2536) D�>���	���=%�����<��	���!��
�<���=� ��
�����<��	

���!��
�$�	$�� (1 : 3, �����<��	 : ����
�) ����������	 (0.85 % NaCl) ���	 Calcium-free 

Hanks’balanced salt Solution (C- FHBSS) A?���� DMSO 8, 10 ���	 12 % ��#��=%D�>��*�>�
=���� 

20 ���� ��	��������	@/�U��( (-10, -20  ���	 -30
�
C *�	����) �?� -80

�
C ��>���=%���N������<��	�<�

��=������D��*��$����� (-196
�
C) ��K����� 7 ��� ����	�����<��	�<���=�		����#��
��� 50 ���	 70

�
C

����	*��$��	���A=�*�	!@$(�3���	���� ��#	�*�������(!�'(��%D������@�	@
 +%�����	���A=�*�	!@$(

�3���	������#	�*�������(!�'(D���*�*�������#���������<>����
� 0.85 % NaCl ���	  C-F HBSS  

Stoss and Holt (1987) 3���!����=$�	������=%	!@$(�<���=��	���� rainbow trout  �%%��=� ��


�
�%�������=���>� ��>���=%���N���D��*��$����� $��������	�"��������������<��	�����=%D�>

���	��������������%D�� 119 �(��(���"!���% NaHCO3    ��# 120 �(��(����	� NaCl  D�>"������

!@���
��	�*�����"!���K� 78.9 %, 75.3 %  ��# 69.1 % *�������% ����
%���
%��% 97.1 % �	�

����
3�%3@� �!���� ��#U�/@ (2541)  D�>���	���=%���N������<��	���%?� !�����%�<>�����"!�

���
�!�������#���D�>��
����$�	$���>�
  extenders  A?����#�	%�>�
  KHCO3 125 mM, Sucrose 
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250 mM, Glutathione 9.75 mM  ��#  DMSO 8 % ��>���������<��	����$�	$����>�3��%��$@����	����

�������$����	���	��<��	  AI  3���$@ 1 �(��(�(*� %��$@�����<��	����$�	$���>�
  extender ��	�*�� 

1 : 3 ��	@/�U��(��
���!��"�!��%D	�	�D��*��$� ��K����� 15 ���� ��	��<���=���D��*��$�

���� !�������=%���N������<��	���%?�D�>��3@/U�+������+	�$ �	�$����������=%���N������<��	���

%?��%%�<���=�!�*���� +%��� !�������=%���N�D�>D��*������� 120 ��� ��
���	�*���������	�	��	�

	!@$( (sperm) 3�	��>��!�� 3�	 +% motile sperm  ����� motile rate �#��% 5 	
���?��>	
�# 60

�����OB���'���
�������BB�����O�  *�������P���Q����#�A��P���
�"����	
������@
���SU��

�&�'V��M��P��"������  ���A��M����P���Q�#�A���"I������+���'�$��Q+��	�#�AI�	>@<S$��Q+�   �$�A�:	:	�U

@�U����
�I�>��M
��������F�� I�"��#�A�����	�$��$��Q+�#�AM
I�>I����:@� ���M�����"��@����*I�>

I����&F�'�$��Q+��	����� U���W �$�A����:@��>������ U	��M����U���Q�������
�������	� @
����B

�����OB���'���
�������BB�����O���>�����#
�I��	��	�"���� ���� �	��� (Cyprinus carpio) �	�

U
�$�"���� (Barbodes gonionotus) �	�@��" (Pangasianodon nypphthalmus) �	�BF� 

(Pangasianodon gigas) �	
�	��#$� (Pangasius sanitwonsei) �U��<��BB�����OB@���I�S�M
��OB

I��<��	��X���	
�YS��#�A$BI������OBI��<��������	��M
������� #�AM
�
���I�>����������OB

��P���	���� �	
�����	�������>���$����M�������OBI��<��	��X���	>� �����Q���FA�#�A���@�

IM�O��������OBI��<���O� �����OB���'���
�������	��BB�����O���>I�>��
�"���I�����U���� ���

��P������OB���'�I�*�����U��M���	�#�A�+Z�K<�� -196
�
C �	
������<�	 ��"�U�����U��M���	�

�"���@�A
��@�� M
@����*��OB���'���
�����������O���>��>����	�"@�B�[ �>�"��U+��������OB���'���
������

�BB�����O���>MF���>��A������P� Q������@+M�#�AM
��K���#�
<��*�	���	�@���N� ��#���D��<>D�>*�	D�

��	��3*

�������	
�
�����
��    
1. ��!	%����3���	����	!@$(!��	����%?���	���������=%���N� ��
�
�������%�	!@$(���

	
��%�!D��� ��>�!�	��>�
��>	�$@����Q���������
�
 100 ��	�*������3���	������#�#
#���� ��


�%���#��%����3���	�����	�	!@$(*�	��(��/������� 3 �#��% *���('��	� ����
�Q���() (2544) ������ 3�	

�3���	�����>	
      ��(��/	!@$(����3���	����       0 >30%

          �3���	�����������      ��(��/	!@$(����3���	����     30 >60%

          �3���	������      ��(��/	!@$(����3���	����     60 >100%

2. ��%$�����	!@$(���%?���
�<>!D�����%��=����	� (Haemacytometer slide) ��
��������<��	

�� 0.5 �(��(�(*� �$�	$��	!@$(��
��������	 0.9% ��>D�>	�*�� 1:200 ��!D�����%��=����	� 1<�	���=���



107

��(��*� ������% 0.0025 x 0.1 ���%�Q���(��(��*� ��% ��
��%��<�	���=����#<�	�$�3�% 16 <�	�

�����K�	!@$(�� 1 <�	���J�  ��#����	��%$�3�% 5 <�	���J�$?����D�3����/��3�����>��>�D�>������

(Aas et al., 1991)

$�����	!@$(/���%�Q���(��(��*� = $����������%D�> x 	�*���$�	$��

                                                                       ��(��*�

��(��*� = +������ x 3����?� x $�����<�	���J������%

              = (0.2x0.2) x 0.1 x 5

              = 0.02 ���%�Q���(��(��*�

��������> N = $�����	!@$(�����%D�>$�� 5 <�	���J�

                  $�����	!@$(/���%�Q���(��(��*�  = N x 200

                                                                           0.02

                                                                      =N x 10,000

3. ���3�����>��>� (osmolality) �	������<��	 extender ��#�����<��	��% Extender �>�
�3���	�

Osmometer (OSMOMAT 030, Gonotec Gm6H, Germany) 3�� osmolality ������
��K� mOSM/Kg

     4.  �����=%���N�	!@$(�<���=����%?�

"!�	!@$(!����%?� ��% !����#�	%���� 3 !�*� ����(��/ 2 �#��%3�	 1:1 ��# 1:3 ����

$���������D�!�	��>�
��>	�$@����Q���������
�
 400 �+��	Q?�N�	�*������3���	������	�����<���=�

�������=���
�
���%�������=���>�����$�#��@� ��@��# 0.25 A�A� ��� 5 ���� ��>���=%�����

D��*��$�������� 7 ��� (*������� 7.1)

*������� 7.1  !�*�!����#�	% extender ����<>��=%���N�	!@$(�<���=�/���������100 A�A�

!�*���� 1 !�*���� 2 !�*���� 3

Glucose (mg) 540 540 540

Methanol (%) - - 8

DMSO (%) 10 8 -

D����� (%) 20 - -

5. ���"!� ���������	���
����"�������	��%% Complete Random Design (CRD)

A?���%��������	�		���K� 10 ����
���	�V �# 3 A��� (replication) ��>�������"!�	!@$(�<���=�

���%?� (�����=�) ��%D�����!��
 (����	�$��<���������������	�����(��/D�����%?�D���+�
�+	
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!�����%������	�) ��
�#��
	!@$(�<���=����%?������=� �� NaHCO3 1%	@/�U��( 35
�
C ��	����

��"!���%D�� ��
�<>	!@$(�<���=� 3 ��=� *�	D��  1 ���� ����%������
������	���������

����
���	���� 1 �<>	!@$(!����!��
 "!���% D�����!��


����
���	���� 2 �<>	!@$(!����%?� "!���% D�����!��


����
���	���� 3  !�*���� 1 (	!@$(:extender 1:1) "!���%D�����!��


����
���	���� 4  !�*���� 1 (	!@$(:extender 1:3) "!���%D�����!��


����
���	���� 5  !�*���� 2 (	!@$(:extender 1:1) "!���%D�����!��


����
���	���� 6  !�*���� 2 (	!@$(:extender 1:3) "!���%D�����!��


����
���	���� 7  !�*���� 3 (	!@$(:extender 1:1) "!���%D�����!��


����
���	���� 8  !�*���� 3 (	!@$(:extender 1:3) "!���%D�����!��


6. ��	�*�����"!�A?��$#��������%D����D���!�
 ����	D�������+�E���?������#
#�����=�$@�*�

(eye stage) A?��$#��=�$@�*�!�����>�
*������<���$� (����
�Q���()  2537)

     7.  ���*��$����3���	�����	������<��	�<���=� ��#��3��$�����	!@$(�<>�('����
������%������

�������<��	!�

     8. �(�3��#��3����������	�*�����"!�*���('���� Analysis of Variance (ANOVA)

3����*�*����	�3���O���
����#��% P<0.01 ��#����
%���
%3����*�*���3���O���
�	�	�*�����"!�

��
�<>�('�"�*����>	
���!@�  (Least Significant Difference : LSD)

����	��+��.���

          �#��%����3���	���� (motility) �	�	!@$(!�	
�����#��%3�	��>���� !��������<��	!�����$��

"!���% extender ��	��������<���=���
�O���
	
�����#��%3�	��>���������D�$��?��� 	�*�����

�3���	�����	�	!@$(���%?��<���=� (�����=�) ��
��!�*���� 3 (1:1) ��	�*������3���	�����	�	!@$(������

!@� (43.71 %) !�����!�*�	���V ��	�*������3���	�������>�3�
����  (*������� 7.2)

*������� 7.2  	�*������3���	�����	�	!@$(���%?��<���=� (%)

                    extender

	�*���$�	$��
!�*���� 1 !�*���� 2 !�*���� 3

1:1 31.95 41.56 43.71

1:3 37.19 36.29 37.83
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$��*������� 7.3 ��(��/�	�	!@$(���*��#!�*� +%���	!@$(�����=%��!���#��
�����	�*��!��� 

1:1 ����(��/!��������	�*�� 1:3 ��
��!�*���� 1 (1:1)  ��# ��!�*���� 2 (1:1) ����(��/	!@$(!������

���3�	 2.38 x 106 ��#��	�*��  1:3   !�*����  1  ����(��/!������!�*�	���  3�	 7.00 x 105     ��(��/

�	�	!@$(!����%?���3��������% 378.66 x  105 *��/*�����(��(��*�

*������� 7.3  ��(��/�	�	!@$(�<���=����%?�  (*��/���%�Q���(��(��*�)

                   extender

	�*���$�	$��
!�*���� 1 !�*���� 2 !�*���� 3

1:1 2.38x106 2.38x106 1.12x106

1:3 7.00x105 6.40x105 3.80x105

$��*������� 7.4 3�� osmolality +%���!���#��
!�*���� 3 ��	�*���#����������<��	��%!��

�#��
 1:3 ��3�� osmolality ���>�3�
���%�����<��	!����%?�������!@�  !�����!���#��
!�*�	���V ��

3�� osmolality ��
����	���
%��%�����<��	!����%?���>�
����3�����3�	��>��!��  3�� osmolality �	�	!@$(

!���3��������% 216 mOSM/Kg 3�� osmolality  �	� NaHCO3  1 %   ��# ��������	 0.9 %  ��3��������% 

157 mOSM/Kg ��# 201 mOSM/Kg *�������% !����	� extender ��# �	�!����������$��"!�

��% Extender ��3�����*����

*������� 7.4  3�� osmolality �	� extender ��#�*��#	�*��!�����	��<���=� (mOSM/Kg)

                   Extender

	�*���$�	$��
!�*���� 1 !�*���� 2 !�*���� 3

Extender 1158 1299 286

1:1 891 806 246

1:3 1152 1015 304

$��*������� 7.5 +%�����!���#��
!�*���� 1 ��#��!���#��
!�*���� 2 ��	�*�� 1:1 ��

$�����*��	!@$(�O���
������!@� ��
����	����
%���
%��%�����<��	!���$��������>�3�
���� !�����!�*�

	��� V  ��#��	�*�� 1:3  ��$�����*��	!@$(�O���
3�	��>��*�������	���
%��%�����<��	!�



110

*������� 7.5  �!�������%$�����!��������������<���=�

$�����!�����������%D�> (*��) x 20,000 / mm3


�������� + extender 1 �����<��	 + extender 2 �����<��	  + extender 3A������
�����<��	!����%?�

1:1 1:3 1:1 1:3 1:1 1:3

1 192 110 27 113 32 65 15

2 179 135 45 146 35 43 29

3 197 111 33 98 29 59 13

�O���
 189.33 118.66 35 119 32 56 19

$��*������� 7.6 	�*�����"!��	�	!@$(�<���=������=� ��%D�����!��
 ���"!���
�<>!��

�#��
��!�*���� 3 ��	�*�� 1:1 ��>	�*�����"!�!�����!@� 37.62 % �	�����3�	!���#��
!�*���� 1 ��

	�*�� 1:1 ��>	�*�����"!� 34.87 % !�������<>!���#��
!�*�	���V D�>	�*�����"!�3�	��>��*���

*������� 7.6 	�*�����"!��	�	!@$(�<���=����%?������=� ��%D�����!��


	�*�����"!� (*��)

3�%3@� 
�������� + extender 1 �����<��	 + extender 2 �����<��	  + extender 3

!��
 %?� 1:1 1:3 1:1 1:3 1:1 1:3
A������

(tr 1) (tr 2) (tr 3) (tr 4) (tr 5) (tr 6) (tr 7) (tr 8)

1 46 45 89 0 0 1 95 4

2 55 33 45 2 0 0 32 2

3 51 45 93 0 0 0 31 4

�O���
 (*��) 50.67 40.67 75.66 0.67 0 0.33 52.67 3.33

	�*��"!�

(%)
25.59 26.93 34.87 0.30 0 0.15 37.62 3.66

$��������	�*�����"!��	�����
���	���!�*���� 1 ��#!�*���� 3 ����� �����	���#D�

����(A����		�DA� (DMSO) ��K�!����	�����A���  ��	�*���#����� 	!@$( :extender ������% 1:1 

��>	�*�����"!�����!@� ��3��!����������
3�%3@�A?���<>�����<��	���%?�!� ��#�����<��	���!��
!�

��
	�$����	�$��3@/U�+�	�D���/#�	������"!� ������	�3�������D�>!@��������"!�������


���	���	�����
3�%3@� �����"!�������
���	������!	%	!@$(�<���=�*>	��<>����3�	��>��
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���$?�$#�!�=$ 	�$�����>3@/U�+�	�D������	"!���%	!@$(!���3@/U�+���� �����>������
3�%

3@���	�*�����"!�*�������������
���	�����<>	!@$(�<���=�  $��������	�"!����
��#���������

�<��	���%?��<���=� ��%D��!����!��
$��������������	�*�������(!�'(!����������
3�%3@� ����<>

�����<��	!�"!���%D�����!��
�*�D���*�*������!�(*( (P>0.05) (�(Q���#�&N/�, 2538) $��*����

��� 7.2 ����$������<���=�	!@$(�����=%��!�*���� 1 	�*�� 1:1 ��>$�����	!@$(�3���	����!��!@� A?��*����%

��
����������
������!���"!������D�>���
�<�� ��"����	D����� 15 % "!������	� 5 % ���
%��% 

DMSO ���	 ����A	�	� ����$������<���=�+%���	�*������3���	�����	�	!@$(������ (Harvey,1983)

$�������
����	� Stoss and Holtz  (1987) Q?�N�"��	� DMSO ��#�#
#���� equilibration 

time  *�		�*������	��	������<��	�<���=����  rainbow  trout  (Salmo gairdneri)  ��
�<>�#��%

3�����>��>��	� DMSO   ��� 5, 10, 15, 13.8, 15  ��# 20 % equilibration  time ��� 0, 1, 2, 5 ��# 60 

���� ��>�������#��
��!	%	�*�����"!�*(�  ��� 10 % DMSO ��>	�*�����"!�*(� �O���
!��!@� 

(71 %)  ���/#���3�����>��>�	��� V ��	�*�����"!�*(��O���
	
����<���  51.1 - 66.9 %  A?��$����*@

"����!	�3�>	���%������	� 3�	��� �#��%3�����>��>� �	� DMSO 10 % ��	�*�����"!�!���������  

DMSO 5 % ��# 8 % $��������	�
��+%��������<��	�����=%��!���#��
!�*�*��� V ��	�*�� 1:3 

����	���D�������"!���>�D�>	�*�����"!�*������@�!�*�������	� A?��	�$��!���*@��$��3��3���

��>��>������3��3�	��>��!��������������<��	!���#	�*������3���	�����	�	!@$(����$���<���=���#

$������������ ���@�!�*� (*������� 7.3-7.4)

	
���D��=*����!�*���� 2 ��>	�*�����"!�*������������!	�	�*��!����������	�$����	�$��   

!�*�����
��������#!���%�����=%���N������<��	�����>����#!(�'(U�+!���?��	
����%��$$�
���
	
���

�<�� ����*��#<�(� 3���!�%��/��	������<��	��#D�� 3��������������	�$���('���� ������N�

3����
=��/#�<���=� ��#����#��
	!@$(�<���=��/#"!� �+��#!�*�����
��*��#!�*�����#!���%

���<�(���?���*�	�$D������#!���%���	��<�(���?�� (Species specificity) �<�� ���Q?�N��<>!�*� 

Calcium free Hank’s balanced salt Solution A?���<>D�>�������%?� ��# ���!��
 �*�����	������<>

��=%���N������<��	����@�	@
 +%�������	���A��*�����3���	�����	�!��������K�Q��
�����$����=%���N� 2-

3 <������ (�(Q���#�&N/�, 2538)
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������	
��
�����	

1.  	�*������3���	���� (%) �	�	!@$(����$���<���=���!���#��
!�*���� 3 �����#�	%�>�
 

glucose 540 mg ��#  methanol  8 % ��	�*���#����������<��	��%!���#��
  1:1 ��>	!@$(��	�*�����

�3���	�����O���
������!@�   ��#3��3�����>��>� osmolality (mOSMO/Kg) ���>�3�
���%�����<��	!����

���!@�  !�����!���#��
!�*�	��� V ��3��!�����������<��	!�3�	��>�����

2.  	�*�����"!��O���
 (%) ��!���#��
!�*���� 3 ��	�*�� 1:1 ��	�*�����"!��O���
!��!@�  

37.62 % ��#��!���#��
!�*���� 1 ��	�*�� 1:1 ��>	�*�����"!� 34.87 % !�*���� 2 �����	�*�����

"!�*���!@�

3. ��������	���������=%	!@$(�<���=����	�*�� 1:3 ��>"�D����*�		�*�����"!����@�!�*�

������ 7.3  D������#
#$@�*�$�������<��	�<���=����%?�

������ 7.2  ��=%�����<��	�<���=����%?�

�����D��*��$�����
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&���������������+"��"��$�(

<��	����	� !�@�"�����($�


1. ���Q?�N��%��	�*>����N/#�3����A���#

�3����A��+Q$���A�����=����	�����	�

���%?�

���N/#�3����A����%?�$���A�����=����	���� 

���N/#�3����A����%?���K��%%��*��A�*�(� 

5 3��, !�%��*��A�*�(� 13 3��, !�%�����A�*�(� 7 3��

��#	#�3��A�*�(� 5 3�� ��$������3����A� 

2n=60 ���N/#�3����A����%?�����	�������� 3

��@�� ��3�����K�D�D�>����3����A��+Q���
��K�

�%% XX !����+Q"�>���3����A��%% XY

2. ����(�3��#��	�
@$����������#���3��%��

���%?�

	�
@���%?�$����#���3��%�� "����Q?�N����%?�

$��������������	�
@��#��/ 22 �� ���%?��������
�

��%�	�(�U�3�(<���3����
������#��$����� 6

*�� ����	�������!�%��/�<�$����� 7 *����#������

	@��'���$����� 5 *�� ��	�
@ 8, 13 ��# 6 �� *��

�����%

3.  ���Q?�N�3�����>��>� ���������	
��#

3���3�*�� �	�
	����������������������	�

3�����>��>��	�
	�������
����(�3��#��3�� 

retention time (RT) �	�
	������������������

����	�����>�
 High Performance Liquid 

Chromatography (HPLC) ��3�������� estradiol 4.8  

����  testosterone  5.21 ���� domperidone   11.60  

���� buserelin ���	 GnRHa 15.50  ���� GnRHa  

!�����������	
D�>��#��/ 60%  ������� 50 <���

���  ���/#��� domperidone ��# testosterone

������	
D�> 1% !��� estradiol D�>  0.01% 3��

3���3�*���	� GnRHa ��3��*������!@� 
	��������

��=%D�>���	@/�U��( 4
�
C ��3���3�*������������

	@/�U��(�>	���#��� 45
�
C

4.  ����<>
	����������	
�������������

����	� *�	�#��%
	������+Q��#����$�(J

�#��%
	������+Q��#����$�(J+��'@����!��


	�
@ 1.5 �� ����$��O��
	�������� 150 ��� ��
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+��'@����!��
 <���&�����D�� (�(�@��
�) 3�� GSI �+(���?��$��

����
���	����O���>�
���������� � ����	���#


	����� GnRHa 100-300 �g/kg "!� DOM 5-20 

mg/kg ��3�� 13.9-14.5 ��# 4.6-6.3% ���+Q���


��#�+Q"�>*�������% ��(��/ T �#����� 0.8-14.6 

ng/ml ��# E2 �#����� 0.013-0.582 ng/ml �#��%


	��������������*�*�����%��	����O��
	����� 

�A���!�%+��'@�!�����J�+%�#
# spermatozoa 

�A���D��+%�#
#D��!@� ����$��O��
	����� 187 

��� (�����3�) !�����"!����
����!��
D�>

$���@�����
���	�

5. �#��%
	������+Q���	%�� ��#"�����<>


	�����<�(���#����%%*���V *�	����$�(J

+��'@����%?��������
���%�	�(�

5.1 �������
)*��	���)"A����"��	�%�

)"�-��������/  ���%?� / $�������� 	.+�� $.

�<�
���
   ���%?�	�
@ 6 �� (12 ��.) ����(��/�>	


������	%����� testosterone (T) D�> 0.02 –0.04 

ng/ml ��# estradiol (E2) 0.01-0.04 ng/ml ��<���

&�����D�� ���	� +.3.-�.3 A?�������>�3�>�
��%

���%?�	�
@ 8 �� (12 ��.) / U�3�(<���3����
�

�����#�� ����(�
���
����$> A?�����<��3���

!�%��/��+Q���	�+&NU�3�!������<���	���  ��


�+Q���
��3�� 0.36 % !����+Q"�>��3�� 0.05 %

5.2 �����������������!��"�#"��
$�%��&'����


+��,)"�-�� ���%?�	�
@ 7 �� (14 ��.) / $��������

�������O�����������������	���#
	����� GnRHa

"!� DOM ��� 60 ��� (�(�@��
�) �����(��/


	������+QD�>����?�� �<�����
���%���%?�	�
@ 9

�� (14 ��.) / U�3��#�� ��#����<�����+�E��

	��
�#!�%+��'@�+�E��������������O���>�
 E2 ����

$��O��
	����� 82 ��� !��������D��D�>�*�D��

!�%��/� !��������<��	!�%��/���  ����$��O�� 150 ��� 
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��# 120 ��� ���$����������#���U�3�(<���3����
�

�����#�� ��(��/
	�������# GSI ����

5.3 ���B�(�����������!��"�#"��
$�%����	

�����&�&'����
+��,)"�-��

���%?�$��$��������	�
@ 8 �� �.�. 16 

��. ����$��O�� Soybean oil 	
������
� ��#���"!�


	�������<���&��������D�� �#��%
	������+Q��

�����>�����?���������	�
@ 6 ��# 7 �� ��<���

�������
���� ��#!��������D��������=����D�>

��=��>	
$��������O��
	����� !������%?�	�
@ 10

�� (17 ��.)   / U�3�(<���3����
������#�� 

����
���	����O���>�
 GnRHa 50 �g/kg  �@�

!��������
����(��/��3�?����?����<���&�����

���D��  �������O��3���������?�������?��!������ 

(13 +&NU�3� ) 3�� T ��# E2  �������>��+(���?��

���+Q"�> T ��3��  800  ng/ml ��#���+Q���
 E2 ��

3��  3.20 ng/ml  ����$�����O��3�������!	���?��

!������ (21 +&NU�3� ) T �������>�������

�+Q"�>  !���3�� E2 �+(���?�����+Q���
��3��  7.27  

ng/ml  ����$��O��
	�����3�������!����?��!������ 

(30 +&NU�3� ) 3�� T ��# E2 �����
�����D�����

��#!��������D����#�����<��	D�>$�����*��������

!@�  3������	�D�����%?�/1 ���� ��3���O���
 784 

�	� 	!@$(����$�	$���>�
 0.9% NaCl (1: 5) ��=%���

	@/�U��( 5
�
C !�������#!%3���!����=$�����

"!����
���%D�����%?�	�
@ 16 �� (���� 54 ��.) ���

!������#������$�� $. +#�
� D�>������ 600 *�� 

��#��#!%3���!����= $�����"!����
����

����(�
���
����$> ����$�����O���>�

	�����3����

���!�� ��� 75 ��� (26 �����3� )  ��
�<>�����<��	!�
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��#D��$�����%?�	�
@ 10 �� �������� 17 ��. D�>D��

���� 650 ���� 	�*��"!��#
# ��!*��� 10 %  

D�>��K�*�� 11 *��

6. �����=%���N������<��	���%?��<���=��%%��=� 	�*������3���	���� (%) �	�	!@$(����$���<���=���

!���#��
!�*���� 3 �����#�	%�>�
 glucose 540 

mg ��#  methanol  8 % ��	�*���#����������<��	

��%!���#��
  1:1 ��>	!@$(��	�*������3���	����

�O���
������!@�   ��#3��3�����>��>� osmolality 

(mOSMO/Kg) ���>�3�
���%�����<��	!�������!@�  

!�����!���#��
!�*�	���V ��3��!�����������<��	!�

3�	��>�����  ��	�*�� 1:1 ��	�*�����"!��O���


!��!@� 37.62 % ��#��!���#��
!�*���� 1 	�*��

���"!� 34.87 % !�*���� 2 �����	�*�����"!�*���!@�

��������	���������=%	!@$(�<���=����	�*�� 1:3 ��>

"�D����*�		�*�����"!����@�!�*�
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1. ���Q?�N�	�
@���%?�$����������#���3��%�����%?���%�	����
������	�
@*��� V ��� ���	

���%?�$�����������

2. ���Q?�N����N/#�3����A��+Q$���A�����=����	���� �����%?�$��%�	����
���
�<>

�('������3����#�	�
�����?��

3. �������3���	����
���+��'@����$��+�	���+��'@����%?� 	�
@ ��#���������
�*���V �+��	

������%��@�+��'@���#	�@���N�!�
+��'@����%?���>��#��	������������ 	����+��'@����

4. �(Q�������($�
�@��!�����!�>�����+��'@����%?���
�<>
	�����������%% ���	<�(����

����#!��+��	�������+�E��	��
�#!�%+��'@� (
	�����!���3��#�����	$��+�<!�@�D+� �<�� 

�����3��	��� ��K�*>�) ��#�����������#!��+��	���"�(*������%?��<(�+�/(<
� ��#�	%��%�����>

	����*��'���<�*( �<�� !�����
D� ��#!�����
D� ���		����!��% �<�� �#��%���*�� �(*��(� 

���	���D����

5.    ���Q?�N�*>��@������"�(*������%?� ��#�#%%�������
��<(�+�/(<
���
������	��%

U�3�	�<�

6.  ���+�E���('������=%�����<��	�<���=���#���*���'��3�������<��	���%?� �+��	������N�!�


+��'@����%?� ������%��@�+��'@� ��#3�����K�D�D�>���<(�+�/(<
�������%U�3�	�<�

7.  ���%?����$#!�������K����+��'@� $���������
���%�	�(�
��*>	��<>����������� 11 �� ��

�<(�+�/(<
���#���	�@���N�
��3�����J�� ���	
���D�$?���������>�>	
��+�>	��������N�3@/U�+�����

�	����%?�D�> ��
���3�����	�+��'@���#���%��@�+��'@� ��#3�����K�D�D�>�>���<(�+�/(<
�

8.  ���N�+�	���+��'@����%?�$�����������'���<�*( *�	�$����Q?�N�<���(�
��	����%?�

��
�O+�#$������������D�> �+��	3@/U�+������	�!�
+��'@���(��	����%?���>3�	
��*�	D�
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1.  �������7����F

1.1  +(�+��	�!���"
�+�� ��#��#<�!��+��'� �3������($�
���%?�\ (!��.) ������"��

+�% $����� 1,100 O%�%

���Q?�N�+�	-���+��'@����%?�$���������
��+��	���	�@���N���#+�E������+�#����
�!�*�������<(�

+�/(<
�

A Study of the Mekong Giant Catfish (Pangasianodon gigas, Chevey) Brood Stocks Production

for Conservation and Commercial Aquaculture

����
�Q���() ����	��+��1,  	��JJ� ���!�>	
2,  $����<  ���!�>	
 2��# $���  +��
#1

1.  U�3�(<���3����
������#�� 3/#"�(*���������N*� ����(�
���
����$> 	.!�����
 $.

�<�
�����  ���. 053-498178 e-mail : mengumpa@mju.ac.th

2.  U�3�(<���3����
��U!�<���� 3/#�U!�<Q�!*�� ����(�
���
�<�
�����

$�"������	
$&���

���%?���K��������$��D�������=������������J���#�$�(J�*(%�*D�>�����!@������ ���%?�

��K���������3���!��3�J*�	�(��<��(* ��#��E�'����	���N���@������������  *��	�@!�JJ�����>�


���	�@���N�+��'@�+�<��#!�*����� CONVENTIONAL ON INTERNATIONAL TRADE IN 

ENDANGERED SPECIES (CITES) OF WILD FAUNA AND FLORA ��������>���%?���K�

������������!�J+��'@� (Endanger Species) +.Q. 2530 �����$�%���%?�����?������	
 V ����#��QD�


���%>�����D3�> 	.�<�
��	�  $.�<�
���
 %�(��/�������������#����������>��K�%�(��/���$�%���

%?��+��	"!����
� A?���� +.Q. 2533 !�����$�%���%?�D�>������!@� $����� 69 *�� ����$�������(��/

���$�%��������	
 V �� 2541 $�%*��"�>D�>�+�
� 1 *�� ���!@��� 2544-2545 $�%D��D�>��
 (������ 1) ��#

�+�#�
�
+��'@�D��D�>  ��	��3*���%?�$#!�J+��'@�D�$���������������D�������	�@���N�D�>  ���

%?�����+�#D�>$������������	��!�����?�����D����	
�����������'���<�*(������#��Q ��������������

��� ��#$������
��>��N*������!��$���D�����
� !������$�(J�*(%�*D�>����%�	����
���#���������

'���<�*(  �*�
��*>	��<>�������� 16 �� $?��$�(J��K�+�	-���+��'@�D�>

�3������($�
����!�	�����$#<��
��>���%�?��#%%<���(�
� ����$�(J�*(%�* 	�
@ ���N/#

�+Q��#�3����A� ���+�E���	��#%%!�%+��'@� �#%%
	������+Q*�	�$������#*@>���>���

%?���>�!��U��#�$�(J+��'@� A?��"�����($�
��������$#��K�	�3�3�����>+���������!��3�J*�	���	�@���N�
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��#���+�E�����%?���>��K�!�*�������Q�N��($*�	�$�3�����K�D�D�>�����$��*���Q��
�Q?�N����

%?�*�	D���	��3*

������ 1  ���$�%���%?�����+�	���+��'@��������$������������  	. �<�
��	�  $. �<�
���
 (�N&/�,

2536   ��# ����
�Q����, 2543)

�"&#���	��:�

1. �+��	���	�@���N�+��'@����%?�

2. �+��	Q?�N��>	���+�������>��<���(�
� �<�� ����$�(J�*(%�*  	�
@ �3����A� �#��%


	������+Q ��#���+�E���#%%!�%+��'@����	%��

3. Q?�N��('�����*��
�
	�����3@/!�%�*( ����%% ��#����<>
	�����*�	����$�(J+��'@�

���%?�

�����:�(�'�+	D(��"�

1.  ���% hormonal profiles ���+�E���	�	��
�#!�%+��'@���#����$�(J�*(%�*��%�	����
�

���	$�����������  "�����<>
	�����		�&�'()��(��������%%*��� V *�	���+�E��

	��
�#!�%+��'@�\

2.  +�E��
	�����������%%
��*��
�		�&�'()��(�� �('�����<>���+�E���	�	��
�#!�%

+��'@����	�A���!�%+��'@��	����%?���%�	����
� ���	$�����������
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3.  	'(%�
3���!��+��'��	���(��/
	�����*�	���+�E���	�	��
�#!�%+��'@��	����%?�

+�	���+��'@��������
���%�	���	$�����$�%$��'���<�*(

4.  D�>+�	���+��'@�$���������
����!�����"!����
�D�> �+��	��>��J�� ���!�J+��'@� ��#���

����3��+��'@�����+��	����+�#����
� *�	�$�*�����K�Q��
��(<���� �+��	�"
�+��3�����>

��#����!�	"�����($�
�����!����#�����#<@��(<����

������������D(�

1.  !�����Q?�N�	�
@ ��#����$�(J�*(%�*$����#���3��%���%?�$������

2.  !������
����N/#�+QU�
�	�����������	�!������ ���N/#3��%��#	��
�#�+QD�>

�%��	�*>� ��#�3����A����%?��*��#�����D�>$���A�����=����	����

3.  ���������	

	�����		�$�� soybean ��*����%
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Abstract

Annual sex hormonal profiles, gonad development and age determination of 

18 (13-14 kg BW) and 3 (145-226 kg BW) Mekong giant catfish (Pangasianodon 
gigas, Chevey) reared in earthen ponds in Chiang Mai and from the Mekong River in 

Chiang Rai, Thailand, respectively, were investigated. The hormonal profiles were 

determined from  blood samples of the fish by electrochemiluminescence immunoassay

during May to August in 2000. The highest testosterone (T) levels of 0.06 ngml
-1

 in 

both sex and the highest estradiol (E2) of 47.8 and 14.23  pgml
-1

 in females and males,

respectively, were observed in May. The gonadosomatic index was found to be 0.07 

for males and 0.38 for females from ponds in comparing to 2.27 for males and 8.29, 

11.09  for females from the Mekong River. Higher development stages of 

spermatocytes and oocytes of the cultured fish in May than in February and 

November was demonstrated. No mature germ cells were obtained from either the 

males or females indicating  no sexual maturity. The average age of fish was 

determined from the annual rings of the cross section of the pectoral fins by a 

stereomicroscope. The average age of fish in earthen pond determined from the 

annual ring was 8 years old, which agreed with the actual culture records, while those 

from the Mekong River were 21 years old. This information will be beneficial for the 

breeding programs and conservation of the Mekong giant catfish.

Introduction

The Mekong giant catfish (Pangasianodon gigas, MGC), the largest and 

fastest growing fresh water catfish in the world (Phonprasit & Thevarat 1998), is an 

endangered species according to the Convention on International Trade in Endangered 

Species (CITES) of  Wild Fauna and Flora. Referring to the annual catch numbers of 

this fish in the Mekong River at Chiang Kong District in Chiang Rai Province during 

1986 to 2001, the maximum catch of 65 fish was reported in 1990. In 2000 and 2001, 

the annual catch declined to 2 and 0. These figures indicated the endangered situation 

of this fish. MGC can be cultivated both in earthen ponds and reservoirs. Its growth 

rate can reach 3 to 10 kg per year both in ponds and reservoirs. However, it takes 

between 10 to 16 years for the fish to reach sexual maturity in captivity  (Meng-

Umphan 2000).

In order to conserve this fish, several approaches have been attempted 

including the induction of maturation by hormone injection. To understand the 

endocrine control of reproduction in fish, the gonadosomatic index (GSI) is 

commonly used to assess the seasonal development of gonads  (Vlaming, Grossman 

& Chapman 1982). Some steroid hormones have been known to be involved in the 

regulation of fish development. 17� - Estradiol (E2) has been implicated in 

vitellogenic growth, while 17	, 20�-dihydroxy-4-pregnen-3-one (DHP) was used to 

stimulate gonadotropin secretion (Stacey, Cardwell, Lile, Scott & Sorenson 1994). 

Testosterone (T) was reported to provide the substrate pool for E2 production in chum 

salmon, Oncorhynchus keta  (Nagahama 1987). In goldfish (Carassius auratus, Linn), 
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T is required for the release of pituitary gonadotropin (Kobayashi & Stacey 1990). 

During oocyte development, estradiol plays an important role in vitellogenesis of 

females which is directly related to GSI (Aida, Korse, Yokote & Hibiya 1973; 

Sundararaj & Nath 1981; Tyler, Sumpter, Kawauchi & Swanson 1991). Seasonal 

profiles of the gonadal steroid testosterone and 17� - estradiol reflect the annual 

changes in sexual activity of female Heterobranchus longifilis in tropical pond 

culture, exhibiting maximum values during the breeding seasons of each group and 

being lowest during resting periods (Freund, Horstgen-Schwark & Hoitz 1990).

The age and growth rate of MGC, can be determined from the annual ring of 

the cross sections of scales, otoliths, vertebrate, and spines.  The age of the 133 kg 

fish in the Mekong River was reported to be 26 years old, determined from otoliths 

(Mackay, Ash & Norris 1990). The annual sex hormonal profile, gonad development 

and age determination from pectoral fin have never been performed.

 This present study investigated the annual hormonal profiles, the 

gonadosomatic index (GSI), germ cell development and seasonal changes on sex 

hormonal profiles by measuring GSI, germ cell development as well as the ages and 

growth rate of the male and female MGC from both those fish reared in earthen ponds 

and those caught from the Mekong River. This information is necessary to determine 

the onset of spawning activity for an induction of maturation by synthetic hormones 

and for age determination of the MGC.

Materials and Methods

Fish samples

 The study was conducted during the period of January to December  2000. 

Two groups of P. gigas were used. The first group consisted of nine males and nine 

females (8 years old and with an average weight of 13.33 kg and 14.25 kg, 

respectively). They were marked by injecting Alcian blue dye solution on different 

parts of the fish and reared in a 1,400 m
2
 pond at the Department of Fisheries 

Technology, Maejo University in Chiang Mai province, Thailand. Sex determination 

was done by physical examination and  confirmed by biopsy of ovary and testis. Feed 

prepared at Maejo University containing 20 %  protein (8.15 % fishmeal, 4.9 % 

soybean, 4 %  rice bran and 3 % broken rice) was given at the rate of 2 % of body 

weight per day. Every month, all fish were weighed to determine growth rate  and  

blood samples were  withdrawn for hormonal profile analysis.

The second group was comprised of three  mature fish with an average age of 

22 years old (one male weighed 145 kg and two female weighed 205 and 247 kg) 

caught from the Mekong River in Chiang Rai, Thailand.

Hormone analysis
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Six male and six female fish from ponds during January to December 2000, 

and one male and two female captured from the Mekong River in 2000 were used. 

One milliliter of blood  was taken from the caudal vein of each fish. Fifty microliters 

of the blood serum were used to determine estradiol (E2) and testosterone (T) 

concentration using an electrochemiluminesence immunoassay analyzer (Elecsys1010, 

Roche, Germany). Polyclonal and monoclonal antibodies from rabbit and mouse, 

specifically directed against 17�- estradiol and testosterone, were used for estradiol 

and testosterone assay.

Gonadosomatic index (GSI)

Three male and three female fish, aged  8 years were reared in ponds and 

captured in February, May and November 2000, and three mature fish, aged  23 years  

from the Mekong River, were used to determine  the average  gonadosomatic index    

(GSI) of ovaries and testis according to the following equation:

 GSI = gonads weight (kg) x 100

                 body weight (kg)

Gonad histology

In February, May and November, ovary and testis samples  taken from three 

females and three males reared in a pond, were fixed in 10% formalin, hydrated and 

embedded in parafin. The 6 �m thick sections were stained with haematoxylin and 

eosin. The stages of oocytes and spermatocytes from the middle part of ovary and 

testis were determined and counted under a microscope at the magnification of 100X 

and 400X, respectively. Spermatocytes were examined and evaluated according to the 

4 stages modified from Bilard (1986) as follows:

Stage  1 Spermatogonia(cell diameter 0.01-0.02 mm.)

Stage  2 Spermatocyte (cell diameter less than 0.01-0.02 mm)

Stage  3 Spermatid (small cell in group, no tail)

Stage  4 Spermatozoa (small cell with tail in vasdifference)

Oocytes were examined and evaluated according to the 4 stages from Prat, Zanuy, 

Carrillo, De Mones & Fostier (1990) as follow:

Stage 1 Central germinal vesicle

Stage 2 Migrating germinal vesicle

Stage 3 Peripheral germinal vesicle

Stage 4 Maturation (germinal vesicle breakdown)

Age determination
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Annual rings were counted from cross sections on both sides of the pectoral 

spines from three males and three females reared in an earthen pond and three fish 

from the Mekong River using  a stereomicroscope.

Data and statistical analysis

Body weight, estradiol and testosterone blood concentrations , GSI and age of 

the fish are presented as mean � standard error. Numbers of oocytes and 

spermatocytes in each stage on pre-spawning (February), spawning (May) and post 

spawning (November)  were compared .

Results

Growth and hormonal profiles

A final average weight of 15.30�0.28 kg and 15.78�0.35 kg was recorded for  

males and females  reared in earthen ponds, respectively. The growth of the fish 

decreased during winter (November to January). The growth of  both  male and 

female fish appeared to have the same profile as shown in Fig. 1. Serum 

concentrations of testosterone (T) and estradiol (E2) of male and female fish were

detectable from April to June. Male and female fish had the  highest  T level in May 

of 0.06�0.05 and 0.06+0.04 ngml
-1

, respectively.  Similarly, the highest E2 levels in 

male and female fish were also observed in May at 14.23 �4.23 and 47.23 � 37.28 

pgml
-1

, respectively (Fig. 2 and 3). During January to March, and August to 

December 2000, T and E2 levels were below detectable limits (�0.02 ngml
-1 and �10 

pgml
-1

, respectively).

Gonadosomatic index ( GSI), age determination and gonad histology.

Table 1 and 2 demonstrated  GSI, age and gonad histology of  MGC caught 

from the Mekong River and reared in ponds. In Table 1, the GSI of a 145 kg MGC

male from the Mekong River was 2.21, while 8.29 and 11.09 were observed in 205 

and 247 kg female fish. Testosterone and estradiol in blood of female fish weighing 

247 kg 4 day after capture were 0.07 ngml
-1

 and 123 pgml
-1

. The ages of one MGC 

male and two females from the Mekong River were 19, 24 and 22 year olds, 

respectively. In Table 2, the average age of three male and three females MGC from 

ponds was 8 years.  Fig. 4 shows the age determination from pectoral fins of a fish 

from the Mekong River (a) and a fish from pond (b). In the case of fish reared in 

earthen ponds, the age is correlated to the actual recorded age. The average GSI of 
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MGC in earthen pond was 0.05 and 0.36�0.05 in male and female fish, respectively. 

In May, the highest GSI of 0.08 and 0.48 in male and female fish were detected. 

Testosterone and estradiol could not be detected in February and November. The 

number of spermatocyte and oocyte in May were higher than in February and 

November. Two stages of spermatocytes were observed (Fig 5), while tree stages 

were seen in oocytes (Fig6). More developed stages of spermatocyte and oocyte were 

found in May.

Discussion

In determining the hormonal profiles of six male and six female MGC,  8 

years old, reared in ponds during January and December in 2000, the highest  T and E2

level was found in May for both sexes. T and E2 levels observed in the serum of MGC 

reared in pond in this study were very low since the fish were still immature (only  8 

years old). In comparing to the natural mature fish, such as Pangasius Hytopthamus ( 

only 2 years old), their T and E2 levels in serum  in September were found to be 8.6 to 

14 ngml
-1

 and 30.6 to 43.2 pgml
-1 

in  males 5.3 to 10.9 ngml
-1

 and 611 to 1,423 pgml
1

in females. For a 2-3 years old Clarias macrocephalus (Gunther), the T  level had the 

highest level  from July to September (54 and 56 ngml
-1

), whereas the E2 level had the 

highest level on December of 20 ngml
-1

 (Tan-Fermin, Ijiri, Ueda, Adachi & 

Yamauchi 1997). Morover, the spawning season of salmonid fishes was found to be 

in June to September due to E2 levels that increased sharply during the pre-spawning 

season. The E2 level coincided with the serum vitellogenin levels. This provided 

strong evidence that E2 is responsible for the synthesis of vitellogenin. But, they are 

followed by a sharp drop during the spawning season (Ueda & Yamauchi, 1995). In 

our study, the T and E2 levels of  a 247 kg female MGC 4 days after it was caught 

from the Mekong river were 0.07 ngml
-1

 and 123 pgml
-1

,
  

respectively. The lower T 

and E2 level of MGC may have been due to stress. Normally, the T  levels in fish 

plasma were almost the same as the E2 level (Haddy & Pankhurst 2000).

The GSI of the one male (149 kg) and the two mature female (205 and 145 kg) 

MGC from the Mekong River  and  of the three males and three females MGC of 

eight year old reared in earthen pond were observed in May. These  GSI values were  

similar to GSI values of the previous studies on  190 kg male and female MGC from 

the Mekong river in May which were 2.21 and 8.7,  respectively.For an immature   

male (6.67 kg) and female (5.27 kg) MGC reared in earthen pond, their GSI values 

were only 0.02 and 0.1 %, respectively (Mongkhonpunya 1993).  GSI values during 

the spawning season (September) of a two year old P. hytopthamus were 9 and 29   in 

males and females, respectively.

 More development of spermatocytes and oocytes of the eight year old MGC 

reared in earthen pond was observed in May (spawning season). In fact, information 

may be of limited value of sample at each month and it appeared to be no valid way of 

determining if the difference that are presented are due to the variation among animals 

or due to seasonal effects. However, these fish were from the same broodstock and 

were reared in the same conditions at the same locations and same period. Therefore, 
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the effects obtained from this study may be concluded to be due to the seasoning 

effects more than the variation of the animals themselves. Our result was similar to 

the previous study that the ovaries of MGC at three years old have oviparous lamellae 

composing of oogonia and oocytes (Narkong 1994). But, ovaries of these mature 

female MGC from the Mekong River in May were composed of oogonia, oocytes, 

vitellogenesis and egg maturation stage. The testis of these mature male MGC in May 

contained  spermatogonia, spermatocytes, spermatids, and spermatozoa Another study 

demonstrated that the two year old female Clarias macrocephalus in captive had a 

group synchronous pattern of ovrian development, as indicated by the presence of 

oocytes at all stages of development throughout the annual cycle and more oocytes 

development  was found between May to June (Tan-Fermin et al. 1997)

The average age of the MGC reared in earthen ponds was 8 years compared to  

the mature catfish from the Mekong River which had  the ages of 19, 24 and 22 years  

for one male and two females, respectively. The width between the annual ring of the 

pectoral fin can be used to estimate the growth rate of MGC.  The annual ring of the 

MGC reared in earthen ponds during the period of the first to the third year was wider 

than the annual ring during the period of the fourth to the eighth year, indicating that 

the MGC during the first three years grew faster than during the next four years.  

Determination of the age of the fish from the annual ring is more advantageous than 

from the otholist because the former is a non invasive method.  In comparing the 

hormonal profile and GSI of the MGC caught from the Mekong River with those 

reared in earthen ponds, MGC reared in ponds were still immature.

From the data of reproductive parameters and hormone levels of the MGC 

from earthen pond during January to April, May to August and September to 

December, they corresponded to the preparatory, spawning and post-spawning period, 

respectively. This study provided basic information on the annual sex hormonal 

profiles, gonad and germ cell development and age determination of MGC. This 

information will be beneficial for the conservation and breeding program of this fish.
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 Figure 1 Comparison of growth curve of female and male MGC (aged 8 years old)

reared in ponds during January to December 2000.
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Figure 2  Comparison of testosterone (T) profiles of six female and six male MGC

(aged 8 years old)  reared in ponds during January to December 2000.
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Figure 3  Comparison of estradiol (E2) profiles of six female and six male MGC

(aged 8 years old) reared in ponds during January to December 2000.
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Figure 4  Annual rings from the pectoral fin of

               (a) a 24-year old  female MGC from the Mekong river.

               (b) a 8-year old female MGC reared in earthen ponds.

               Note: A dot was marked for each year of the age.

a)

b)
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 Figure 5 Comparison of sperm counts in the stage of gonad development of testis of 

three male MGC reared in earthen ponds in February, May and November 

2000.
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 Figure 6 Comparison of oocyte counts in the stage of gonad development of ovary of 

three female MGC reared in earthen ponds in February, May and November 

2000.
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Table 1.  Gonadosomatic index (GSI), age and serum testosterone (T) and estradiol 

(E2) concentrations of three MGC from the Mekong River

Serum sex hormone

concentration

Fish

No. Date captured
Age

(years)

Body

weight

(kg)

Sex
Gonad

weight (kg)
 GSI

T (ngml-1) E2 (pgml-1)

1 5 May 2000 19 145 Male 3.3 2.27 - -

2 7 May 1999 24 205 Female 17 8.29 - -

3 17 May 2000 22 247 Female 27.4 11.09 0.07* 123*

Note: *4 days  after it was captured

Table 2.  Gonadosomatic index ( GSI), age and serum testosterone (T) and estradiol 

(E2) concentrations of six MGC reared in earthen ponds

Age Body Gonad

weight

Serum sex hormone

concentration

Fish

No. Date captured

(years) Weight (kg) (kg)

 GSI

T(ngml-1) E2(pgml-1)

Male

1 10 Feb 2000 8 15.00 0.01 0.06 �0.02 �10

2 10 May 2000 8 13.00 0.01 0.08 0.04 13.00

3 22 Nov 2000 9 12.00 0.01 0.08 �0.02 �10

X � SE 8.33�0.33 13.33�0.88 0.01 0.07�0.01 0.03�0.06 11.00�1.00

Female

4 10 Feb 2000 8 16.00 0.06  0.375 �0.02 �10

5 10 May 2000 8 12.50 0.06 0.48 0.04 28.00

6 7 Nov 2000 8 14.30 0.04 0.28 �0.02 �10

X � SE 8 14.27�1.01 0.05�0.01 0.38�0.10 0.027�0.01 16.00�6.00
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Abstract

The Mekong Giant Catfish (MGC, Pangasianodon gigas) is an

endangered species.  It takes approximately sixteen years for this fish to reach 

maturity in earthen ponds. Thirty-two of the nine years old fish (16 males and 

16 females;14 kg) at the Department of Fisheries Technology, Maejo 

University in Chiang Mai and twelve of seven years old fish (6 males and 6 

females; 13 kg) at Charan Farm in Chiang Rai were injected with various 

concentrations of GnRHa suspended in soybean oil and in combination with 

domperidone (DOM) or with estradiol (E2) in females and testosterone (T) in

m a l e s .  S e r u m  l e v e l s  o f  E 2  a n d  T  w e r e  d e t e r m i n e d  b y  

electrochemiluminescence immunoassay at 0, 15, 60 and 120 days post 

injection. In the nine years old fish injected with 200 �g kg
-1

 of GnRHa in 

combination with 10 mg kg
-1

 of DOM after 60 days (June 15, 2001). the 

highest T and E2 blood levels in male and female respectively were higher 

than before injection and the control.   The highest stripped egg and sperm 

volumes were obtained from the nine years old fish after 82 days (July 8, 

2001), post injection with 300 �g kg
-1

 of GnRHa in combination with 20 mg 

kg
-1

 of DOM. However, sex hormone levels in all groups dropped with no egg 

or sperm production after 120 days (August 15, 2001) of the treatment. This 

study indicated that MGC has the potential to be a breeding stock and showed 

the period of  pre spawning to be January – April; the period of spawning to 

be May-July and the period of post spawning to be August – December. This 

information will be beneficial for breeding of the domesticated MGC which 

can be an alternative source of broodstock.
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Introduction

 

The Mekong Giant Catfish (Pangasianodon gigas, MGC), the largest fresh 

water catfish in the world, is considered to be an endangered species according to 

CITES (Phonprasit and Thevarat, 1998). The number of fish caught reached a peak of 

69 in 1990. There was no record of any wild MGC captured from the Mekong River 

in the  2001, 2002 and 2003 (Meng-Umphan, 2003). This giant catfish might become 

extinct in the near future. Moreover, domesticated fish from artificial breeding in 

ponds need 16-17 years to reach maturity. Fish spawning can be induced by 

environmental manipulation and exogenous hormone administration. Hormone 

induction of MGC is necessary for conservation and production (Prat et al., 2001). 

However, the effects of exogenous hormones on ovulation are short. Two to four 

injections are needed. One injection may last for only 6-12 hr (Van der Kraak et al., 

1983).

 Frequent injections can make the fish suffer from stress. There are also 

various problems of hatchery management, especially repetitive handling of brood 

stock which requires substantial labor, time and monitoring. A dopamine antagonist, 

domperidone (DOM), has been successfully used together with a gonadotropin 

releasing hormone analog (GnRH-a) or Suprefact

 

(buserelin)
 
to induce spawning and 

reduce stress (Lin et al., 1988). Buserelin or GnRHa can regulate gonadotropin 

hormone (GTH). GTH is composed  of a luetinizing hormone (LH) and a follicle 

stimulating hormone (FSH) that affect the development of ovary, testis and essential 

hormones for ovulation. The Gonadotropin releasing hormone (GnRH), together with 

GnRH receptors, are located on the gonadotropic membrane in the pituitary gland that 

stimulates the production of gonadotropin, and GnRH will be released to the blood by 

G protein-coupled receptor systems (Chompoothaweep, 1998). Testosterone initiates 

in spermatogenesis. It is also the precursor for estradiol production of vitelogenin 

during egg development (Scott et al., 1980).

 Long term GnRHa delivery systems are important tools in controlling the 

maturation of Striped Bass (Van der Kraak et al., 1983). Hormones with a suitable 

concentration in a sustained release delivery system have been demonstrated to 

stimulate gonad development, reduce stress from multiple handling and assist the 

stock to become ready for breeding (Zohar et al., 1989b, 1990a, 1995a,b; Goren et al., 

1990). In this study, GnRHa together with domperidone and testosterone or estradiol 

suspended in soybean oil as a sustained released dosage form were used to induce  

maturation of MGC. Fish maturation was evaluated after the treatment from sex 

hormone blood level and gonad development.

Materials and Methods

Fish Samples

 The experiment was conducted from April to August in 2001. Fish were 

divided into two groups. The first group had 16 males and 16 females (nine years old, 
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14 kg) reared in earthen ponds (1,400 m
2
) at the Department of Fisheries Technology, 

Maejo University, Chiang Mai. The second group had 6 females and 6 males (seven 

years old, 13 kg) reared in earthen ponds at Charan Farm in Chiang Rai, Thailand.

Sex identification was performed by physical observation  and  confirmed by biopsy

of the gonads. Each fish was marked by injecting Alcian blue dye solution on 

different parts of the fish. Fish were fed daily with feeds containing 20 % protein 

(8.15 % fishmeal, 4.9 % soybean, 4 %  rice bran and 3 % broken rice in combination 

with 1 % premix and 1 % tuna oil) at 2 % of the body weight.

Hormone preparation

An amount of 10 ml of Suprefact

 

(10,000 �g ml
-1

 of buserelin or GnRHa) 

was evaporated under reduced pressure by a centrifuge (Centrivap Model  

LABCONCO 78120-01,  USA ) at 30 � 2  
�
C,  2,500 rpm for 3 hrs. Domperidone (10 

mg per tablet, Motilium

 

) was ground and dissolved in ethanol, and then filtered. 

The filtrate was evaporated at 45 
�
C by an evaporator (Rotavapor, R-124 BUCHI, 

SWITZERLAND). The dried powder was collected.  The contents of buserelin and 

domperidone were analyzed by HPLC (Thermo Separation Products, USA UV 

1000/P2000). The calculated amount of buserelin and domperidon was suspended 

aseptically in sterile soybean oil. The suspension was kept at 4 
�
C until use.

Hormone treatment

Fish in the first group at the Department of Fisheries Technology, Maejo 

University in Chiang Mai were divided into 5 treatments (Table 1). Each treatment 

had 4 males and 4 females. Each fish was intramuscularly injected with the sample at  

0.2 ml kg
-1

 on April 1, 2001. Blood samples were taken at 0,15, 60 and 120 days  after 

the treatment and assayed for testosterone and estradiol level by  

electrochemiluminescence immunoassay.

Fish in the second group at Charan Farm in Chiang Rai were divided into 2 

treatments (Table 2).  Each treatment had 3 males and 3 females. Each fish was 

intramuscularly injected with the sample at 0.2 ml kg
-1

 in April 15, 2001. Blood 

samples were taken at 0,15, 60 and 150 days after the treatment and assayed for 

testosterone and estradiol level by  electrochemiluminescence immunoassay.

Quantitative analysis of testosterone and estradiol blood level

One millilitre of the blood sample was taken from the caudal vasculature of 

each fish at 0, 15, 60, 120 and 150 days after the treatment. The serum sample was 

separated by centrifugation at 10,000 rpm for 5 min and stored at – 30 
�
C. Fifty 

microliters of the serum were used to determine the estradiol (E2) and testosterone (T) 

by an electrochemiluminescence immunoassay analyzer (Elecsys1010, Roche 

Germany). A polyclonal antibody from rabbit was directed against 17�- estradiol and 

a mouse monoclonal antibody was directed against testosterone.
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Gonadosomatic index (GSI)

One male and one female from each treatment at Maejo University were 

sacrificed at 15 (April15, 2001) and 60 days (June15, 2001) post injection and the 

average gonadosomatic index (GSI) of ovaries and testis was determined according to 

the following equation (Nikolsky, 1963):

     gonads weight (kg) x 100

GSI (%)=

                        body weight (kg)

Gonad histology

 The mid of ovary and testis samples taken from one female and one male at 

Maejo University 15 days (April 15, 2001) post treatment was fixed in 10 % formalin, 

hydrated and embedded in paraffin. The section of 6 �m thick was stained with 

haematoxylin and eosin. The oocytes  and spermatocyte were evaluated according to 

the 4 stages of Jarimopas et al., (1994) and Prat et al., (2001) respectively, as follow.

Oocytes:

Stage 1 Central germinal vesicles (CGV)

Stage 2 Migrating germinal vesicles (MGV)

Stage 3 Peripheral germinal vesicles (PGV)

Stage 4 Maturation (germinal vesicle breakdown, GVBD)

Spermatocytes:

Stage  1 Spermatogonia (cell dimeter 0.01-0.02 mm)

Stage  2 Spermatocyte (less than 0.01-0.02 mm)

Stage  3 Spermatid (small cell in group no tail)

Stage  4 Spermatozoa (small cell with tail in vasdifferent)

Spermatozoa and egg sampling

After 60 days (June 15, 2001) post injection, the 2-3 mm catheter tube was 

inserted in the urogenital papilla of the fish for egg and sperm sampling. Before eggs 

and sperms were stripped (July 8, 2001), the fish was first injected with 10 �g kg
-1

 of 

GnRHa combined with 2.5 mg kg
-1

 at DOM. After 6 hrs, the second injection was 20 

�g kg
-1

 of GnRHa combined with 2.5 mg kg
-1

 of DOM. Eggs and sperms were 

stripped  at 20 hrs after the first injection. One gram of eggs was counted to estimate 

fecundity. The sperm volume was measured by a syringe and the densities were 

determined by a hemathocrit slide and calculated according to the following equation 

(Aas et al., 1991) :

          average counting number x dilution rate

Number of sperm (mm
-3

) =

0.02
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Data and statistical analysis

Germ cell stages and GSI of the fish were presented in graphs and tables. 

Differences in mean of E2 and T blood levels were determined by  Analysis of 

Variance (ANOVA, P<0.05), and  the Least Significance Difference Test (LSD)  

were analyzed by Statistic Package for Social Science (SPSS).

   

Results

Testosterone (T) and Estradiol (E2) level

There were no significant differences in the serum T level in males at Maejo 

University at 15 and 120 days  post injection with hormone suspended in soybean oil in 

comparing with control (P>0.05). However, there were significant different fluctuations 

of the serum T level after 60 days post injection compared to prior injection and the 

control (P<0.05). Moreover, the group treated with T at 20 mg ml
-1

 showed a higher T 

level than other treatments. The serum E2 level in females at 15 and 60 days post 

injection was significantly different in fluctuations from before and the control (P
<0.05). The group treated with 200 �g kg

-1 
of GnRHa in combination with 10 mg ml

-1

of DOM at 60 day post injection gave the highest level of serum E2 level. However, the 

hormone levels decreased after 120 days (Fig 1, and 2).

At Charan Farm in Chiang Rai, no significant difference in  fluctuations of 

serum T level in males before and 150 days post injection was observed (P>0.05). But, 

there were significant fluctuation of serum T level at 15 and 60 days post injection than

before injection and the control (P<0.05). Moreover, the group that was treated with 

300 �g kg
-1

 of GnRHa in combination with 10 mg kg
-1

 of DOM gave a T level  higher 

than  the control group. The serum E2 level in females at 60 days post injection was

significant different in fluctuations from before injection and the control. The group 

treated with 300 �g kg
-1

 of GnRHa in combination with 10 mg ml
-1

 of DOM gave the 

highest serum E2 level at 60 days after the treatment and was significant different  from 

the  control (P<0.05, Fig 3, and 4).

GSI and reproductive parameters

After 15 days of the treatment of fish at Maejo University injected with 200 �
g kg

-1
 of GnRHa in combination with 10 mg kg

-1
of DOM, the highest GSI of 1.3 % 

in females and  0.25 % in males, were observed. After 60 days of the treatment, 

sperm cells in all male groups were in the spermatid and spermatozoa stages (Fig 5 

and 6). The central germinal vesicle stage (CGV) and the migrating germinal 

vesicle stage (MGV) in all  groups were found (Fig 7 and 8). The female did not 

reach ovulation maturation after 15 days of the treatment. After  60 days of post 

injection, GSI in all groups increased. The highest GSI of 9 % and 2.9 % in female 

and male, respectively were observed in the groups injected with 200 and 300 �g

kg
-1

 of GnRHa in combination with 10 and 20 mg kg
-1

of DOM. Fish  received E2 

gave  the lowest GSI. After the 60 days post injection, eggs and sperms were 

sampled by siphoning with a catheter tube from the groups which received 
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soybean oil, and injected with GnRHa in combination with DOM . Stripping eggs 

could be obtained only from a female injected with 300 �g kg
-1

 of GnRHa in 

combination with DOM at 20 mg kg
-1

. Sperm could be obtained only from one 

male injected with 7 and 15 �g kg
-1

 of GnRHa in combination with 2.5 mg kg
-1

 of 

DOM. The sperm volume and density tended to be the highest in the fish treated 

with 300 �g kg
-1

 of GnRHa in combination with 20 mg kg
-1 

of DOM. After 82 days 

of the treatment, 125 g of stripped eggs were inseminated with 20 ml of sperms. 

However, no fertilized eggs were obtained (Table 3 and Fig 9).

Discussion

 After 60 days (June15, 2001) of injected  with 200 �g kg
-1

 of GnRHa in 

combination with 10 mg kg
-1

 of DOM, female MGC the E2 level gave significantly 

higher than before injection and the control. This may be due to the period of the 

hormone treatment that was integrated with the beginning of the spawning season on 

June for MGC (Manosroi et al., 2003). Prat et al., 1999 was reported that , Sea Bass 

injected with GnRHa alone, or in combination with DOM, induced an increase of 

plasma E2 concentration. Sower et al., (1984) found a higher concentration of E2 after 

the administration of GnRHa to vitelogenic females than to postvitellogenic females. 

During the spawning season (after 60 days of the treatment), the T level was higher 

than the E2 level, which agreed with the previous study (Haddy and Pankhurst, 2000). 

On June (after the hormone treatment), the T and E2 levels of the seven years old fish 

at Charan Farm were lower  than the nine years old fish at Maejo University.  After 120 

days of the treatment (August 15, 2001), all T and E2 levels decreased to less than 

0.02 ng ml
-1

 in males and 76 pg ml
-1 

in females. This may be due to the post spawning 

season. According to our previous study, T and E2 levels of  Pangasius hypophthalmus
at one and a half years old injected with 100 to 300  �g kg

-1
 of GnRHa in combination 

with  10-20 mg kg
-1

 of DOM were the highest after 240 days of the treatment 

(September15, 2001, Manosroi et al., 2003).   
  In April (after 15 days of the treatment), the highest GSI of the nine years old 

catfish received 200 �g kg
-1

 of GnRHa combined with 10 mg kg
-1

 of DOM was 1.28 

% in females and 0.25 % in males. In comparison to the eight years old MGC which 

did not receive exogenous hormone, they showed GSI of 0.45 % and 0.06 %  in 

females and males, respectively. The highest GSI was obtained in June of 2.8 % in 

male and 8.9 % in female fish injected with 200 �g kg
-1

 of GnRHa in combination 

with 10 mg kg
-1

of DOM. This was comparable to P. hypophthalmus. P. 
hypophthalmus injected with 100 to 300 �g kg

-1
 of GnRHa in combination with 5 to 

20 mg kg
-1

 of DOM gave  a GSI (in June) of 13.9 to 14.5 and 4.6 to 6.3 % in female 

and male, respectively.  The spawning season appeared to begin in June. On the other 

hand, a germ cell stage (in May) of MGC at three and a half years old had a primary 

growth phase in female and spermatogonia in male, while germ cells of most MGC

broodstock from the Maekong River composed of mid-vitellogenesis and yolk 

granules in female and spermatozoa in male, respectively (Narkong, 1994). The GSI 

values of female and male fish (190 and 142 kg) from the Maekong River were 8.7 % 

and 6.3 % respectively (Mongkonpunya, 1992). Previous work on the propagation of 

the five years old MGC females (20 kg) in earthen ponds was conducted by implanting 
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miniosmotic pumps containing 2.1 ml with 1 mg ml
-1

 of GnRHa with the combination 

of 20 mg ml
-1

 of DOM into the abdominal cavity under the pelvic fin, the ovaries were 

at the beginning stage after two months treatment (Phonprasit et al., 1993).

On July 7, 2001, sperm could be obtained from half of the treated fish

including the control group. The ovum could be obtained by sampling with a catheter

tube from the control group (treated with soybean oil only),  and from fish treated

with GnRHa in combination with DOM. In the control group, this may be due to the

fact that soybean oil which is oil derived from plant usually containing cholesterol

that can be a precursor of sex steroidal hormone production. (Dence et al., 1980). On

the other hand, T and E2 can also be produced in the gonads of the brooder during pre

spawning season. However, after 20 hrs of the second injection with 7 and 15 �g kg
-1

of GnRHa in combination with 2.5 mg kg
-1

 of DOM, only 125 grams of the stripped

eggs were obtained  from one female and  the highest sperm volume were obtained

from one male  treated with 300 �g kg
-1

 of GnRHa in combination with  20  mg kg
-1

of DOM. Our research on hormone need results show consistency with Solar et al.,

(1995) who injected broodstock of Salmon (Oncorhynchus tshawytscha) with 250 �g

kg
-1

 of GnRH, and implanted with GnRH which dissolved in polymer. Their results

showed both hormone treated Salmon gave higher percentage of spawning than the

control group within 14 days after the treatment.

 Eggs could not be fertilized due to poor quality of eggs (early maturation). It

had also been reported that early GnRH  administration in Atlantic salmon induces a

very low percentage of female ovulating with poor quality of eggs (Crim and Glebe,

1984). This is also due to the reproductive problems  which are usually more serious

in female broodstock in captivity, and the absence of final oocyte maturation (Zohar

and Mylonas, 2001).

Conclusions and Comments

For the nine years old MGC fish (14 kg of body weight) at Maejo University,  

groups that were treated with 200 �g kg
-1

 of GnRHa in combination with 10 mg kg
-1

of DOM showed higher sex hormone levels after 15 and 60 days of the treatment than 

the control group and gave better ovulation than the seven  years old MGC at Charan 

Farm in Chiang Rai. This nine years old MGC treated with 300 �g kg
-1

 of GnRHa in 

combination with 20 mg kg
-1

  DOM also showed better GSI, volume and density of 

sperms and eggs after 82 days of the treatment during spawning season than other 

groups . The nine years old males produced the best qualities of sperm but low quality 

of eggs.

The nine years old MGC reared from earthen pond have a potential to

alternative to the MGC broodstock from the Mekong River. However, It needs future

studies including the development of high nutritional feed for female broodstock. In

addition, more frequent hormone application may be conducted when the females

reach maturity. Although hormones are required for synchronous spawning, the right

time and amount used need to be optimized.



154

Acknowledgments

We acknowledge the Thailand Research Fund and National Science and 

Technology Development Agency for the funding. We appreciate the suggestion of 

Assoc. Prof. Dr. Padermsak  Jarayabhand, Dr. Apichart Termvidchakorn and Dr. 

Somsri Ngamwongchon.

References

Aas, G.H., Rafstic, T. and Gjarde, B. 1991. Evaluation of milt quality of Atlantic 

salmon. Aquaculture, 95, 125-132.

Chompoothaweep, S. 1998. Pharmaceutical of Hormone. Department of Pharmacy. 

Faculty of Pharmacy, Chulalongkorn University. (in Thai)

Crim, L.W. and Glebe, B.D., 1984. Advancement and synchrony of ovulation in 

Atlantic salmon with pelleted LHRH analog. Aquaculture 43, 47-56.

Goren, A., Zohar, Y., Fridkin, M., Elhanati, E. and Koch, Y., 1990. Degradation of 

gonadotropin releasing hormone in the gilthead seabream, Sparus  aurata; I. 

Cleavage of native salmon GnRH, mammalian LHRH and their analogs in the 

pituitary. Gen. Comp. Endocrinol. 79, 291-305.

Dence, J.B. 1980. Steroids and peptides : Selected chemical aspects for biology, 

biochemistry and medicine. Canada : John Wiley & Sons, Inc.

Haddy, J.A. and Pankhurst, N.W.  2000. The efficacy of exogenous hormones in 

stimulating changes in plasma steroids and ovulation in wild black bream 

Acanthopagrus butcheri is improved by treatment at capture. Aquaculture 191 

: 350-366.

Jarimopas, P., Thawarat, P. and Inthakaul, A. 1994. The Red Tilapia Reproductive of 

Thai Stain. Thai Fisheries Gazette, 47(1), 49-62.

Lin, H.R., Van der Kraak, G., Zhou, X.J., Liang, J.Y., Peter, R.E., River, J.E. and

Vale, W.W. 1988. Effects of [D-Arg6, Trp7, Pro9  Net] Luetinizing hormone-

releasing hormone (sGnRHa) and [D-Ala6, Pro9 Net] –Luetinizing hormone-

releasing hormone (LHRHa), in combination with pimozide or domperidone, 

on gonadotropin release and ovulation in the Chinese loach and commom carp. 

Gen. Comp. Endocrinol. 69, 31-40.

Manosroi, A., Meng-Umphan, K. and Manosroi, J. 2003. Annual sex hormonal profiles, 

gonad development and age determination of the Mekong Giant Catfish 

(Pangasianodon gigas, Chevey). Aquaculture Research. In press.

Meng-Umphan, K. 2003. Plabuk (Thai). Department of Fisheries  Technology, Maejo 

University, Chiang Mai. In press 2003. (in Thai)

Mongkonpunya, K. 1992. Fish Sperm Cryopreservation. Department of Science, 

Faculty of Science, Kasatsart University. (in Thai)

Narkong, N. 1994. The Anatomy of Mekong Giant Catfish (Pangasinodon gigas, 

Chevey). Master of Science Thesis (Zoology), Department of Zoology, Faculty 

of Science, Kasatsart University. (in Thai)

Nikolsky, G.V. 1963. The ecology of fish. London: Academic Press.

Phonprasit, S., Thevaratmaikul, P. and Mongkonpunya, K. 1993. The propagation and 



155

development of the Mekong Giant Catfish. Department of Fisheries, Thai 

Fisheries Gazette., 46(5) : 339-415.(in Thai)

Phonprasit, S. and Thevarat, P. 1998. The Mekong giant catfish biology and breeding. 

Thai Fisheries Gazette. 51(2): 107-115.(in Thai)

Prat, F., Zanuy, S., Carrillo, M., De Mones, A. and Fostier, A. 1999. Effects of 

constant short and long photoperiod regimes in the spawning performance and 

sex steroid levels of female and male sea bass, (Dicentrachus labrax, L). J. 

Fish Biol. 54, 125-137.

Prat, F., Zanuy, S. and  Carrillo, M. 2001. Effects of gonadotropin-releasing hormone 

analogue (GnRHa) and pimozide on plasma levels of sex steroid and ovarian 

development in sea bass (Dicentrachus labrax, L). Aquaculture. 193, 325-338.

Scott, A.P., Bye, V.J. Baynes, S.M. and Springate, J.R.C. 1980. Seasonal variations in 

plasma concentration of 11- ketotestosterone and 17	-hydrosyprogesterone in 

the Japanese eel. Fisheries Science. 66: 644-654

Solar, I.I, Smith, J., Dye, H.M., McKinley, D., Zohar,Y. and Donaldson, E.M. 1995. 

Induced ovulation of Chinook salmon using a GnRHa implant : effect on 

spawning, egg viability and hormone levels. p.381-392. In E.M. Donaldson 

(ed). Manipulation of reproduction in farmed fish. Animal Reproduction 

Science.

Sower, S.A., Iwamoto, R.N., Dickhoff, W.W. and Gorbman, A. 1984. Ovulatory and 

steroidal responses in coho salmon and steelhead trout following 

administration of salmon gonadotropin and D-Ala6, des Gly10 gonadotropin-

releasing hormone ethylamide (GnRHa). Aquaculture 43, 35-46.

Van der Kraak, G., Lin, H.R., Donalson, E.M., Dye, H.M. and Hunter, G.A. 1983. 

Effects of LH-RH and des-Gly10 –[D-Ala6]-LH-RH ethylamide on plasma 

gonadotropin levels and oocyte maturation in adult female coho salmon 

(Hypopthalmichthys molitrix) and goldfish (Carassius auratus). Aquaculture 

78, 81-86.

Zohar,Y., Harel., M., Hassin, S. and Tandler, A. 1995a. Gilthead sea bream (Sparus 

aurata). pp.94-117 In: N.R., Bromage and R.J. Roberts, (eds.), Broodstock 

management and Egg and Larval Quality. Blackwell, Oxford,.

Zohar,Y., Elizur, A., Sherwood, N.M., Rivier, J.F. and Zmora, N. 1995b. 

Gonadotropin releasing potencies of the three native forms of gonadotropin 

releasing hormones present in the brain of gilthead seabrem, Sparus aurata. 

Gen. Comp. Endocrinol. 97, 289-299.

Zohar,Y., Tosky, M., Pagelson, G. and Finkelman, Y. 1989b. Induction of spawning 

in the gilthead seabream, Sparus aurata, using [D-Ala6-Pro9Net]-LHRH: 

comparison with the use of  HCG. Israeli J. Aquaculture-Bamidgeh 41, 105-

113.

Zohar,Y., Goren, A., Fridkin, M., Elhanati, E. and Koch, Y. 1990a. Degradation of 

gonadotropin-releasing hormones in the gilthead sea bream Sparus aurata: II. 

Cleavage of native salmon GnRH, mammalian LHRH and their analogs in the 

pituitary, kidney and liver. Gen. Comp. Endocrinol. 79, 306-331.

Zohar, Y. and Mylonas, C.C. 2001. Endrocrine manipulation of spawning in cultured 

fish: from hormone to genes. Aquaculture, 197, 99-136.



156

Table 1  The dosage treatment of GnRHa, domperidone, testosterone and estradiol oil 

suspension in MGC at Maejo University, Chiang Mai, Thailand.
Treatment

No.
Sex Number

Average

Weight
Description of treatment

Amount

(ml BW-1)

Male 4 14.50�1.80 2.90T1

(control) Female 4 14.35�3.09
Soybean oil only

2.87

Male 4 14.03�3.75 200 �g kg-1 GnRHa and 10 mg kg-1 2.80
T2

Female 4 14.33�4.19 DOM in soybean oil 2.87

Male 4 14.28�1.80 300 �g kg-1 GnRHa  and 20 mg kg-1 2.86
T3

Female 4 14.80�3.50 DOM in soybean oil 2.96

T4 Male 4 14.13�2.56
20 mg kg-1 Testosterone (T) in soybean oil for

male
2.83

T5 Female 4 14.40�1.58
20 mg kg-1 Estradiol (E2)in soybean oil for

female
2.88

Table 2  Dosage of GnRHa, domperidone, testosterone and estradiol in fish at Charan

Farm in Chiang Rai, Thailand.

Treatment

No.
Sex Number

Average

Weight
Description of treatment

Amount

(ml BW-1)

Male 3 12.83�1.26 2.56T1

(control) Female 3 14.33�0.29
Soybean oil

2.86

Male 3 13.83�1.04 300 �g kg-1 GnRHa  and DOM 20 mg kg-1 2.76
T2

Female 3 14.33�1.15 in soybean oil 2.86

Table 3  GSI, volumes and densities of the stripped eggs and sperm of MGC (9 years 

old) 15 and 60 days post treatment at Maejo University in Chiang Mai, 

Thailand.

No of

fish

Volume and density of stripped

eggs or sperm stripped   after  82

days treatment
GSI (%)

stripped sperm EggTreatment Sex
Weight

(Kg.)
15 days

(Apr

15,2001)

60 days

(Jun

15,2001)

N=2 Cc kg-1. (cell mm-3) (g)

Female 14.50 0.85 7.95 - - - -T 1 (Soybean oil,

Control)
Male 14.63 - 2.75 1 1.0 2,575,000�169,272 -

T 2 (GnRHa 200�g kg-1 Female 14.20 1.23 8.91 - - - -

+ DOM  10 mg kg-1) Male 14.33 0.25 2.87 1 1.06 2,716,670�659,267 -

T 3 (GnRHa 300�g kg-1 Female 14.50 0.64 9.01 1 - - 125

+ DOM  20 mg kg-1) male 15.00 0.25 3.05 1 1.33 2,735,000�515,678 -

T 4 (E2 20 mg kg-1) Female 14.53 0.28 1.46 - - - -

T 5 (T 20 mg kg-1) Male 14.40 0.17 2.77 1 1.08 2,635,000�985,771 -

Note : GnRHa = Gonadotropin Releasing Hormone analog; DOM = Domperidone; E2 

= Estradiol; T = Testosterone
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Figure 1  The average serum testosterone levels (ng ml
-1

) in males P gigas  (9 years old,14 

kg) at Maejo University in Chiang Mai at 0, 15, 60 and 120 days  after injection 

of the 4 treatments. Data are represented as the mean�SEM. Asterisks on top of 

the bar indicate differences between initial and after hormone injection. The 

letter A, B and C indicate the significant differences between them (P<0.05).

Figure 2  The  average serum estradiol level (pg ml
-1

) in females P gigas  (9 years old,14 

kg) at Maejo University in Chiang Mai at 0, 15, 60 and 120 days  after injection 

of the 4 treatments. Data are represented as the mean�SEM. Asterisks on top of 

the bar indicate differences between before and after hormone injection. The 

letter A, B and C indicate the significant differences between them (P<0.05).

-1

1

3

5

7

9

11

13

15

0 15 60 120

Days after injection

T
 (

n
g
m

l-1
)

Soybean oil

GnRHa 200 �g

kg -1 +DOM 10

mg kg-1

GnRHa 300 �g

kg -1 +DOM 20

mg kg -1

T  20 mgkg -1

*

*

*

*

A A A
A

A

AA
A

A

A
A

A

B

B

B

C

0

100

200

300

400

500

600

700

800

0 15 60 120

Days after injection

E
2

 (
p

g
m

l-1
)

Soybean oil

GnRHa 200 �g

kg -1 +DOM 10

mg kg-1

GnRHa 300 �g

kg -1 +DOM 20

mg kg -1

E2  20 mg kg -1

*

*

*

*

*

*
*

*

A

A

A A A

A

A

A

C

B

B B

B

C

B

B



158

Figure 3  The  average serum testosterone level (ng ml
-1

) in males P gigas (7 years old) at 

Charan Farm in Chiang Rai at 0, 15, 60 and 150 days  after hormone injection 

from 2 treatments. Data is represented as the mean�SEM. Asterisks on top of the 

bar indicate differences between before  and after injection. The letter A, B and 

C indicate the significant differences between them (P<0.05).

Figure 4   The  average serum estradiol level (pg ml
-1

) in female P gigas (7 years old) at 

Charan Farm in Chiang Rai at 0, 15, 60 and 150 days after hormone injection 

from 2 treatments. Data is represented as the mean�SEM. Asterisks on top of the 
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bar indicate differences between before  and after injection. The letter A, B and 

C indicate the significant differences between them (P<0.05).

Figure 5  Percentages of spermatocytes in each stage of MGC (9 years old) at 15 days 

after the treatment at Maejo University, Chiang Mai, Thailand.

 Note:  T1  Soybean oil

T2  GnRHa 200 �g kg
-1

 in combination with DOM. 10 mg kg
-1

T3  GnRHa 300 �g kg
-1

 in combination with DOM. 20 mg kg
-1

T4  T  20 mg kg
-1

Stage  1 Spermatogonia(cell dimeter 0.01-0.02 mm.blue color)

Stage  2 Spermatocyte (Spermatocyte ; less than 0.01-0.02 mm)

Stage  3 Spermatid (small cell in group no tail)

Stage  4 Spermatozoa (small cell with tail in vasdifferent)

Figure 6   Spermatozoa at 60 days (July, 2001) after the treatment with GnRHa 300  

�gkg
-1

 in combination with DOM 20 mg kg
-1
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Figure 7  Percentages of oocyte in each stages  of MGC (9 years old) after  15 days of 

the treatment at Maejo University, Chiang Mai, Thailand.

Note: T1  Soybean oil

T2  GnRHa 200 �g kg
-1

 in combination with DOM. 10 mg kg
-1

T3  GnRHa 300 �g kg
-1

 in combination with DOM. 20 mg kg
-1

T4  E2  20 mg kg
-1

Stage 1 Central germinal vesicle (CGV)

Stage 2 Migrating germinal vesicle (MGV)

Stage 3 Peripheral germinal vesicle (PGV)

Stage 4 Maturation (germinal vesicle breakdown, GVBD)

0

10

20

30

40

50

60

70

Percentage of 

oocyt  in each 

stage (%)

T1 T2 T3 T4

Treatment No.

Stage 1

Stage 2

Stage 3

Stage 4

Figure 9 Stripped eggs at 82 days 

(July, 2001) after the 

treatment with GnRHa 
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Figure 8  Oocyte at 15 days (April,

2001) after the treatment

with GnRHa 200 �g kg
-1

in combination with

DOM (10 mg kg
-1

).


