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Abstract: Wildlife Research in the Western Forest Complex: A Review 
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This review of wildlife research in the Western Forest Complex (WEFCOM) was based on 

88 research studies. Mammals are the main target for researchers with 51 studies followed by birds 

(26), fish (9) and herpeto-faunas (3), respectively. For mammals, large ungulates, including gaur 

(Bos gaurus) and Banteng (Bos javanicus), are the major taxa receiving intensive study. 

Monitoring systems with permanent transects for Sambar (Cervus unicolor) and Barking deer 

(Muntiacus muntjak) have been established. Carnivores, especially tiger (Panthera tigris) and 

leopard (Panthera pardus), have also been studied for home range, biology and ecology. The 

remaining mammal species still receive little attention. For birds, hornbills are the group on which 

intensive research studies have been conducted. Applied research studies, which are normally rare 

among wildlife research, to look at impacts of resource management, can be found among the bird 

studies. Very few research works have been done on the herpeto-fauna and fish. According to the 

study area, Huai Kha Khaeng Wildlife Sanctuary is the site for almost all research studies on 

wildlife in WEFCOM. More research to cover the whole scale of this large ecosystem should be 

supported. Monitoring and applied research studies are really needed to keep track of wildlife 

status and to promote the values of wildlife to those who use this prime ecosystem. 
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� �!"�
�!� /�0�
%���
(0.
�'��10#�5����� �'�(�
�)* 678���"�'%�0�� ���� �'(+���91:�$�!� 9 91:� #;!�
�)�
,
�-(*�
!�*� � 6 91:� 92",�=�+>8#!�>�.��"��&#�5�'(+���91:�$�!�'>� 2 91:� ��.#�5�,�=�+>8� �'�(�
�)* 17 91:� 

�'%
2(.,�=�+>8 18,730 �..2 (~ 11.7 20��/�:)  �'�	���>= �	�2��;'����� �
�' #;!�
�)�,
�-(*�
!�*� �+(:��1E:�#�&�� 
92"#;!�
�)�,
�-(*�
!�*� �10��;�9;0� �
�/�0�
%�����"��&�10#�5�.����2����F ,.&. 2534 #��8'�	��.>
��.���#�:�
���0��+�
,����$>�G�, 92"���
H����� (���&, 2544) 	��G�,���#+>�. Landsat 5-TM �F 2543 ,%�:��G�,
���+
8�/�;'����� �91:��>=�
�.>,�=�+>8� ���
2(.��:� 80% ;'�,�=�+>8+
=�1.� 92".>
��.12��12��;'��
�
.�
!�*�Q� 
#$:� ,%�
!�*#2>=��2Q��0���.��:� 120 $��� ����:� 400 $��� (DANCED, 1998)  92"$���,
�-(*�
!�*� �'�8�W '>�
12��12��$��� ���& (2544) ��(�
��.#1.�"�.;'����� �!"�
�!�!:'
��.12��$���;'��
!�*� �/�0 3 ��"��� 
�' 

1. !��91�:�+>8#1.�"�.+��$>�GQ.�&��!�* (Unique biogeography) ���� �!"�
�!�#�5�%��#�d�'�!:';'� 3 
#;!�
!�GQ.�&��!�*�:'� 
�' India, Indo-China 92" Sundiac  $���,
�-(*�
!�*� �	��+
=� 3 #;! ��.��h,%
/�0������ ��>= 

2. &
��G�,;'�
��.#�5�,�=�+>8;����1E: (Large-are size) 	7�+���10�'��
%$���,
�-(*�
!�*� �/�012��12�� 
���#j,�"�
!�*;����1E: 678�h�'#�5�
��.���#�:�;'����� �!"�
�!�
�' $0�� ��"+�� �
�9�� #��'�
�:� ��
#��'�$���!:��W 

3. .>
��.9!�!:��'
�12��12��;'��"%%��#�&92"h�8�'�&
�;'���8�.>$>��! (Habitat heterogeneity)  
GQ.���"#+&������ �!"�
�!� .>
��.9!�!:�����"�
%
��.�Q�!
=�9!: 100 - 2,152 #.!� ���+>8.>
��.
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12��12��;'�,�$,��d!
=�9!:� ���%920� � ���%#;� � �#!l��
� � �#%E	,��d � �+(:� +(:�1E0� 92"� �%7�
�=��	�� 

���� �!"�
�!��
%�:�#�5�912:�
��.�Q091:�-��.$�!� .>���
H�����+>8���

E 92"#�5�+>8�'.�
%;'��
���	
�  
�2�����	
�+>8#�>8��;0'��
%�
!�*� �.>+
=���=� 88 #��8'� #�5��
!�*#2>=��2Q��0���. (Mammal) 51 #��8'� �� (Bird) 26 #��8'� 
�
!�*#2�='�
2�� 92"�
!�*�"#+���=���"#+��%� (Herpeto-fauna) 3 #��8'� 92"�2� (Fish) 8 #��8'� (G�,+>8 1) 	"#1l��:��
!�*
#2>=��2Q��0���..>�Q0��	
�.��+>8�(� (58%) �� (30%) �2� (9%) �:���
!�*�
!�*#2�='�
2�� 92"�
!�*�"#+���=���"#+��%�.>
�Q0��	
��0'�.�� 	7�/�0��.#�5��2(:.#�>�� (Herpeto-fauna) 678�.>#,>�� 3% ���1�
%���!��	#'����
�
=��>= .�/�0
�'%
2(.
���2"#'>��;'������	
�+
=� 88 #��8'� 9!:

�#2�'�#j,�"�2���+>8#�5�!
�9+���9!:2"$��� 1��'�2(:.�
!�*12
�W #+:��
=� 

 
 
 
 
 
 
 
 
 
 
 
 

    G�,+>8 1.  #�'�*#6�!*�����	
��0���
!�*� ������� �!"�
�!� 
 

���������� 

1. �����	
��
�
�����
�� (Mammals) 
�2(:.�>=#�5��2(:.+>8���&7�)���	
�.��+>8�(� 678���.��h9%:�#�5��2(:.�
!�*���,�$ (Herbivore) �2(:.�
!�*���#��=' 

(Carnivore) 92"�2(:.�
!�*#2>=��2Q��0���.;���#2l� (Small mammals) 92";����2�� (Medium mammal) �
�.>
���2"#'>���
��>= 

1.1  �
������������ ! (Herbivore) 
� �!"�
�!� #�5����� �+>8#�5�912:���"$���$0��� �+>8�1E:+>8�(�����"#+& ���.
+�� (2540) ��"#.��

�:�.>$0��� ���:� 500 !
� 678�h�'�:�#�5�912:�,
�-(���. (Gene pool) +>8���

E;'�$0��� �����"#+& ��;d"+>8912:�$0��
� �12
�W ;'���"#+&'�8�W �l/�0�
%�����"#.��/�0�
��>= ���� �#;��1E:-+
%2�� .>��".�d 200 - 250 !
� � �#+�'�#;�
#,$�%Q�d*.> 400 !
� � �#+�'�#;�	
�+%(�>.> 140 !
� 92"� �9�:���"	��.> 160 !
� (.
+��, 2540) �����	
��0��
��#�&��+��92"��"$���#j,�"91:�.>����s��#;!�
�)�,
�-(*�
!�*� �10��;�9;0� %��#�d�h��>��	
��
!�*� �#;������� 
	
�1�
�'(+
�-��> ����'�2�G (2536) �'�2�G 92"
d" (2543) �����	$0��� ����!��!�.�;2�$0�� �
%�'�#+0� 92"
�'�.Q2!�.#�0�9�������	 (Transect) �������:�$0��� ��$0��"��$�*,�=�+>8� �12����"#G+ ���#2�'�,�=�+>8;7=�'�Q:�
%
�t		
�12
�W 
�' ���#�2>8��9�2�;'�,�$'�1�� ,��d,�$
2(.��� 92"912:��=��!�.u�Q��2 	�����!��!�.�;2�$0�� 
,%�:�$0��� �.>;���vQ�#j2>8� 5 !
� ��"#.��
��.1��9�:�;'���"$���$0��� �/�0+>8 0.07 - 0.09 !
�/�..2 
��.
1��9�:�;'��'�.Q2.>
:��"1�:�� 100 - 200 �'�/�..2 

Bird

30%

Mammal

58%

Fish

9%

Amphibian&

Reptile

3%
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1.1.1 �������)*�� (Artiodactyla 01 2 Even-toed ungulates) #�5��2(:.�
!�*���,�$+>8.>���&7�)�
.��+>8�(� ���#j,�"��"+�� (Bos gaurus) 92"�
�9�� (Bos javanicus) .>#'����!>,�.,*#,�9,�:'�:����0��;��� 
�����	
�#��'%+
=�1.��
�
�'�Q:��#;!�
�)�,
�-(*�
!�*� �10��;�9;0� ���&7�)���	
����"�"9��W #�5����&7�)�-��.$�!�
��+��+
8�/� ->�G
+� (2530) &7�)�������!��!�.vQ�92"�:'��'� ,%�:��
�9���$0,�=�+>8� �#!l��
� � ���.�2
��% 92"� �
/�: $'%����'�/.0 �%/.0 92"#h��
2�* ���/�0��%��.,
�-(*/.0+>8#�5�,�$'�1���
�9��/�0
�' 1E0� 22 $��� ,�$20.2(� 12 
$��� /�: 4 $���  92"/.0���!0� 21 $���  92"!0'������ �+(�u�Q��2  ��.,
�-(*92"!�2Q�#��'%!2'��F $:��u�Q��.
,
�-(*�:���1E:'�Q:�"1�:��#��'�.�h(���� x �
�����  !�2Q�
�
=�2" 1 !
� !
=�+0'� 9.5 - 10 #��'� vQ�;'��
�9��.>
��".�d 2 - 10 !
� �:��vQ���"+��.>��".�d 8 !
� (Bhumpakphan, 1997) ���&7�)�#,�8'��"#.����"$���;'�
��"+�� 92"�
�9�� �����"#.��	���'�#+0�92"�'�.Q2#�5�12
� Srikosamatara (1993) ,%�:���#;!�
�)�,
�-(*�
!�*� �
10��;�9;0�.>�
�9�� 250 !
� 92"��"+�� 290 !
� ���.>
��.1��9�:�;'���"+�� 92"�
�9�� .>
:���".�d 0.20 !
�/
�..2 (�'�2�G 92"
d", 2543) ���&7�)�����$0,�=�+>8;'���"+�� 92"�
�9�� /�0.>���&7�)����!����+�(!��!�.!
� 
(Radio telemetry) (Prayulrasiddhi, 1997) ,%�:�;���,�=�+>8'�&
� (Home range) ;'�vQ���"+��92"�
�9�� .>
��".�d 3,900 92" 2,000 #{�9!�*  ���+>8 Home range ;'���"+��!
��Q0 92"�
�9�� 
�' 4,500  92" 1,000 #{�9!�* 
!�.2���
% 92",%�:�,�=�+>8+>8��"+��92"�
�9���$0�:�.�
� 	"'�Q:���"�
%
��.�Q�.����:� 200 x 600 #.!�	��
�"�
%�=��+"#2 9!:��$:��u�Q920���"+��	"�$0,�=�+>8� ���%��20912:��=��+>8�Q���:� 400 .. 678�!��;0�.�
%�
�9��+>8u�Q920�	"
���1E0�910�92"1����/�2	��912:��=���"�
%!8����:� 400 .. Bhumpakphan (1997) /�0��0���.#�2h�8�'�&
�;'���"+��
��� �10��;�9;0� ,%�:��t		
�+>8#�5�!
����1��h�8�+>8'�Q:'�&
�;'���"+��
�' � �#%E	,��d��1(%#;� � ���%920���.2=���=�� 
92"� ���%920�%�/12:#;� 

�
!�*	��,�� Bovid '>�$���1�78�+>8/�0�
%���&7�)�'�:��	���	
���10��;�9;0� 
�' 
���� � 
(Bubalus bubalis) 678�
���� �vQ��(�+0��;'���"#+&/+� '�&
�'�Q:�0��!'��!0;'�#;!�
�)�,
�-(*�
!�*� �10��;�9;0� 
���&7�)�#�5�+
=������"#.����"$���92"���&7�)���#�&��+�� (�
!��
H�*, 2544) ,%�:���"$���
���� ���,�=�+>8.>
��".�d 40 !
� .>
��.1��9�:� 0.27 !
�/�..2 ���.
�,%��%��#�d� �,���.10�� 92"� �#%E	,��d+>8.>/.0/�: !0'�
'�&
�912:��=�� �2
� �� � �
!��
H�* (2544) �10;0'�
�#�!�:���"$���
���� �/.:#,�8.;7=���$:�� 15 �F+>8�:��.� ���2Q�
'�	!��	����#1!(+��-��.$�!� 

�2(:.#�0�92"���� (Cervid) #�5��2(:.+>8.>���&7�)�,'�.
�� �'�2�G 92"
d" (2542) /�0
��0���.#�2h�8�+>8'�Q:'�&
�;'������ � (Cervus unicolor) 92"#�0� (Muntiacus muntjak) �Q#��8'�����:'��2��;'��'�
.Q2#�0�92"����� � /�0.>���!����+�(!��!�.!
�#�0� 	����� 18 !
� %��#�d�h��>��	
��
!�*� �#;������� 	.'(+
�-��> 
��"�'%�
%#+
��
����$0�20'��
�h:��G�, (Camera trap) ,%�:�;���;'�,�=�+>81����#j2>8�;'�#�0�
�' 227 #{�9!�* 
�'�	���>=�
���(��:������ �$'%�$0� �#%E	,��d 9!:#�0��$0,�=�+>8� �12��12��$��� 92",%�:�#�0�.>�����.,
�-(*+
=��F 
�:���
!�*+>82:�#�0����.��+>8�(�
�' #��'��� (Panthera pardus)  

Piyapan (2000) /�0&7�)����9%:��t�'�1�����
!�*�>% 4 $��� 
�' #�0� ����� � ��"+�� 92"
�
�9�� ��� �10��;�9;0� ,%�:�h7�9.0�
!�*�>%+
=� 4 $����>= 	"���,�$h7� 74 $���,
�-(* 9!:.>#,>�� 11 $���,
�-(*+>8���.�� 
+���10$���'�1��.>
��.
�%#�>8���
��Q� 	7���(��:���$:��u�Q920�+>8'�1��;��9
2� �
!�*� �+
=� 4 $����>=	"9;:�;
��
���
#��8'�912:�'�1��#�5�'�:����8� 

1.1.2 �������)*�9 (Perissodactyla 01 2 Odd-toed ungulate) +>8�
�
�.>������,%������ �
!"�
�!� 
�' �.#��l	 (Tapirus indicus) ���d��
* (2531) /�0&7�)���� �10��;�9;0� ,%�:��.#��l	.>���1����!�.
#�0�+����"	�� 92"1�������/.:.>�Q�9%% 1��'#�0�+��+>89�:�'� 92"/�0%
�+7�$���,�$'�1��+>8�.#��l	���/�0��:� 37 
$��� ����������:���u�Q920��.#��l	.
��$0,�=�+>8��.2��10�� 92".
�$'%9$:�=����u�Q920� 
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1.1.3 �����=>?���
��@
A*�?� (Primate) ���2(:.�>=+>8.>�Q0���	&7�)�
�' $"�>.�';�� (Hylobates 

lar) ���&7�)�#�>8���
%h�8�'�&
� �(2-��� (2544) /�0&7�)�#��>�%#+>�%$"�>.�';����,�=�+>8� ���%920� 92"� � 
#%E	,��d ,%�:�;���;'�h�8�'�&
�;'�$"�>��� ���%920�.>;��� 11 #{�9!�* ��;d"+>8$"�>��� �#%E	,��d.>;���
h�8�'�&
� 16 #{�9!�* �'�	���>=.>���+��%
E$>���$�8'$���,�$'�1��+
=�� ���%920�92"� �#%E	,��d/�0.����:� 50 
$��� ���,%�:�/.0����&*�0'�1�:� (Annonaceae) #�5�,�$+>8$"�>.�';��$'%���+>8�(� �:�� Primate '�8�W �
�/.:,%
�2��������	
� 

1.2 �
�����������	� �2 (Carnivore) 
#�5��2(:.�
!�*+>8.>�Q0���	&7�)��0��#+
��
!:��W ��12���Q�9%% ���#j,�"�
!�* 2 $��� 
�' #��'

�
�:� (Panthera tigris) 92"#��'��� (Panthera pardus) ���1�
%#��'�
�:�/�0&7�)�h7�#1��8' �����#
��"1*;�92"��"�Q�
�
!�*+>8,%���'�.Q2 ('
	j��, 2543) ,%�:�'�1��12
�;'�#��'�
�:���� �10��;�9;0�
�' �
�9�� ����� � #�0� ��"+�� 
92"1.Q� � 92"	�����
0�,%;'������	
��>=
�' #��'�
�:�#2�'�#1��8'+>8�!#!l.�
�.����:�!
�+>8�
�/.:�!#!l.�
� �:��
���&7�)�;���h�8�'�&
�;'�#��'�
�:� /�0.>�����"�(�!*�$0#+
��
�20'��
�h:��G�,#,�8'1�	�����#��' 92";���;'�
h�8�'�&
� (Home range) (&
���|��+-�|, 2544) ,%�:�#��'�
�:�.>;���;'�h�8�'�&
�9!�!:���
�!�.#,& ���#��'#,&�Q0%��
!
�.>'�d�#;!;'�h�8�'�&
�h7� 100 �..2   �:��#��'��� .>���&7�)�������!����+�(!��!�.!
� ('2
� 92"6Q6��, 2531) 
,%�:�#��'���#,&�Q092"#,&#.>�.>;���;'�h�8�'�&
���0�� 23 92" 11.4 �..2 !�.2���
% 92",%�:�#1��8'+>8#��'���$'%
+>8�(�
�' #�0� 

1.3 �
��������	
��
�
�����
��C�?�	
D� (Small mammals) @
AC�?��
?� (Medium mammals) 
�2(:.�>=#�5�/�0+
=��
!�*���,�$ 92"�
!�*���#��=' Robinson et al. (1995) �2(:.+>8&7�)�.��+>8�(�
�' 


0��
�� Duangkhae (1990) &7�)���#�&��+��;'�
0��
����!!� (Craseonycteris thonglongyai) ��%��#�dh=��1���Q�
�0��!"�
�!�;'����� �!"�
�!� ,%�:�
0��
����!!��$0#�0�+����"	�������''�1���� 678�/.:/�2��:� 1 �.. 	��h=�� 
92".
�''�1������#�2���20�(:� 1��',2%
8�� 678� Duangkhae (1991) /�0�����	h=����vt}�!"�
�!�	����� 51 h=�� ,%

0��
����!!�	����� 21 h=�� ��"#.����"$���/�0 2,000 !
� ��"$���#j2>8�!:'h=��.>��".�d 100 !
� �:�����&7�)�

0��
����#$����"�(�!*�$0�
%���&7�)�
0��
��+>8'�&
���h=��!�.9��+:'�~�6 /+�-,.:� ����
2���> (2542) &7�)�h=�� 
29 h=�� ,%
0��
�� 19 $��� #�5�
0��
������2/.0 4 $��� 92"#�5�
0��
�����9.2� 15 $��� ��.��h9%:�
0��
��!�.
�Q�9%%���''�1����'�1��/�0#�5� 2 �2(:. 
�' �2(:.1����+>8�2:��"1�:��92"#1��'#��'��'�/.0 92"�2(:.
0��
��+>81����
�!0#��'��'�/.0 ����
2��d> (2542) ��(��:��t		
�+>8�%���
0��
����h=��.> 4 �t		
� 
�' ���2:� ���#�l%.Q2
0��
�� ���
#+>8��h=�� 92"����$0h=��'�Q:'�&
� #�5��h��+>8��"�'%,�->���.+��&���� Robinson et al. (1995) �����	�
!�*#2>=��2Q�
�0���.;���#2l���.+
=�
0��
����� �+(:��1E:�#�&��92"10��;�9;0� ,% 90 $��� 1��'��".�d 50% ;'��
!�*#2>=��2Q�
�0���.;���#2l�+>8,%����"#+& 678���	����� 90 $����>=.> 24 $��� #�5�$���+>8,%�1.:����"#+& 

'0�#2l� (Cannomys badius) .>���&7�)�#%�='�!0�h7�$���� �+>8,% �����"+>� 92"�,�
!�* (2529) 
�������:�'0�+���
���� � 3 $��� 
�' � ���%920� � �#%E	,��d � �#!l��
� 92"�����$>��!9%%���#�>8�� (Solitary) 
�'�	��$:��#2>=��2Q�':'� �:���"%%�
� ��"�'%�0�� 10'��'� 10'��"�.'�1�� �Q12%6:'� 92"�Q#�l%;'�#�>� 

,�&�� (2534) &7�)�#.:��1E:9��;'�
=� (Hystrix hodgsoni) ,%�:��,��#.:�.>
��.�
.,
�-*�
%��8�
��
2(.#1��'�,�� 92".>����0���
�#.�8'�G�,9��20'./.:#1.�"�. #$:� #������;��9
2�'�1�� 

2. �� (Bird) 
	���2������&7�)���	
��� 678�.>���&7�)� 3 �Q�9%% 
�' 1) &7�)�$>���+�� 92"��#�&��+��;'�����9!:

2"$���,
�-(* 2) &7�)�
��.12��$���;'�����,�=�+>8 92" 3) ���&7�)���	
���"�(�!*#,�8'���	
����h�8�+>8'�Q:'�&
� ���
.>���2"#'>���
��>= 
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2.1 �?1GH�I?!����J
?@
A��	�G��J
?C2��� 
�2(:.��+>8/�0�
%���&7�)�;0'.Q2���2"#'>��
�' �2(:.��#��'� (Bucerotidae) Chimchome et al. 

(1998) &7�)���#��'�
'9�� (Aceros nipalensis) 92"��#��'����.$0�����#�>�% (Rhyticeros subruficollis) ,%�:�
��#��'�
'9��$'%+���
��
%!0�1�0� (Syzygium spp.) +>8.>;����1E: #�0��:�&Q��*�2��#,>��'� (DBH) 70 - 121 6.. 
�Q� 24 - 54 .. �:����#��'����.$0�����#�>�% $'%+���
��
%!0��.,� (Tetrameles nudiflora) DBH 130 - 135 6.. 
�Q� 36 - 55.. ���)�� (2543) ,%�:���#��'�
'9��.
�#2�'�����2/.0����&* Lauraceae, Annonaceae 92" 
Myristicaceae  .����:����� (Buceros bicornis) 678�#2�'����2Q�/+�.����:� �:���2/.0+>8����92"��#��'�
'9��
$'%.��+>8�(�
�' ����'� (Polyalthia simiarum) ���+
8�/��2/.0+>8��$'%.
�.>#��='�2.�� .>�>#;0. 92".>�2;����1E: 
9!:#.2l�/.:�1E:.���
� ��;d"#�>���
���#��'�
'9��	"#2�'����9.2�.����:����� �'�	���>= ,�/2 (2544) �
�
&7�)�&
��G�,;'���1
�;���������:'�10#����,���
�;'���#��'� ��(��:�!0�/.0+>8��#��'��$0+���,��.��+>8�(���� �
#%E	,��d��,�=�+>8&7�)�
�' !0��.,� 92",%�:���#��'����.$0�����#�>�%�$0�,����1
�;���#	�"h7� 100% �:��
��9�~� (Anthracocerus albirostris) �$0 71% �:������/.:�$0�,��+>8��1
�;���#	�"/�0 

���Q� (Pavo muticus) #�5���'>��2(:.1�78�+>8.>���&7�)�+
=�$>���+�� 92"��#�&��+�� .>���,����.
��"#.��	�������"$������ �10��;�9;0� Ponsena (1988) ��"#.����"$���;'����Q���� �10��;�9;0�/�0��".�d 
300 - 400 !
� 9!:&
���|��+-�| 92"
d" (2538) ��"#.��/�0��".�d 256 !
� ���Q�$'%�$0� �#%E	,��d � ���%920� 92"
�� � �����u�Q��.,
�-(*	"�$0,�=�+>81��+�����.2��10�� .>u�Q��.,
�-(*	��#��'�,u&	����� - .>��
. /;: 2 - 5 �'� 
(Ponsena, 1988) 
 �'�	���>=�
�.>���&7�)�$>���+�������%,
�-(*;'���;.�=�1
���� (Oriolus xanthornus) (%()%�, 
2528) /�:� � (Gallus gallus) (,�)*&
���|, 2531) ��,E������0��'��>#��� (Serilophus lunatus) (��"+>�, 2539) 92"
������&*��96�����
* (Monarchidae) (&&�-�, 2539) #�5�!0� 
 ���&7�)�#��8'�,�$'�1���� ���	
���u) (/.:����s�F,�.,*) /�0&7�)�#��>�%#+>�%,�$'�1���� ��
� �#%E	,��d�"�
%!8�� (400 x 600 ..) 92"� �#%E	,��d�"�
%�Q� (600 - 850 ..) ��'(+���91:�$�!�#'���
d ,%�:�
� �#%E	,��d�"�
%!8��.>,�$'�1����.����:� 68 $��� �:�����"�
%�Q�.>,�$'�1���� 47 $��� 
 �'�	��,�$'�1��920� Jirawatkavi (2000) /�0&7�)�
��.12��12��92"
��.$(�$(.;'��
�����
� �#%E	,��d ,%�:��
��� 44% ,%%��:�./.0 40% #�5��
����,��/.0 92",%�:���#��'% 50% +���
���!0�/.0+>8#�5�
,(:.�Q� 1 - 5 .. 

2.2 �?1GH�I?*�?�0
?�!���K�� ��J�9 
/���
!�* (2539) �����	����� ���%920�%��#�d� �10��;�9;0� ,%����� ���%920� 141 $��� ���

,%�:�#��'��(.G�,
�-*#�5�$:��+>8,%��.��+>8�(� 69 $��� 

2.3 �?1GH�I?��=�
L1A
����	� 92�?1=���?1M�9�2?G�
 
 ���&7�)���	
���2
�)d"#$�8'.����"1�:����#�&��+��92"$>���+��;'�$���,
�-(* 
��.12��12��
�
%���	
����h�8�'�&
� �
�.>�����	
�
:'�;0��	���
������� �!"�
�!� ��"+>� 92"
d" (2544) /�0!��	�'%���
#�2>8��9�2�$������"1�:��,�=�+>8� �-��.$�!� 92"� �+>8���2
�����!
�12
�	��',�,��)��''� ��(��:���,�=�+>8� �+>8
���2
������Q�
=� .>$�����+>8#�5� Habitat specialist ���1�
%� �����%.��$0#,�8.;7=� �
��
=�	7���.��h�$0��#�5��
$�>$>=���
����!
�;'��"%%��#�&/�0 �:�������	
�2
�)d"��"�(�!*+>8/�0���#������12
�	��������� ��
.�+��+��/.0
�' ���&7�)�
�2��"+%	�����+��/.0�
%�
!�*+>8+���
����,��/.0 ���#j,�"�
%�� (Pattanavibool and Edge, 1996) ��� �#%E	
,��d678�,%�:�$���/.0+>8�:'�10#����,��/.0���1�
%�
!�*�$0.��
�' ��Q� (Alangium salviifolium), !"9%�92"#�2� 
(Lagerstroemia spp.) 92"!>��� (Vitex spp.) 92",%�:� �G�,#��'��'�/.0 
��.�! 92"$
=�;'�����(,
� #�5��t		
�
���

E��������1�����.�d�,��/.0�0�� 
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3. �����	
 �2
*
?� @
A������A	J����>?�A	J��)� (Herpeto-fauna) 
���&7�)���	
��0�� Herpeto-fauna .>�0'�.�� !��	#'����,%�����	
� 3 $�=� 678� 2 $�=�#�5���������	

$���,
�-(*+
8�/�
�' -
EE� (2530) �����	$���,
�-(*�
!�*�"#+���=���"#+��%���� �10��;�9;0� ,%	����� 32 $��� 92"
/�09%:��2(:.�
!�*!�.$���� � 92"�"�
%
��.�Q� �>��(+- 92"��"+>� (2542) �����	�
!�*�"#+���=���"#+��%�%��#�d� �
+'���GQ.� ,%$���,
�-(*+>8,%#j,�"h�8���G�
�!0
�' �%+:���� (Rana tasanae) 92"'78�#'�	(� (Kalophrynus 

pleurostigma) ,%$���,
�-(*+>8,%#j,�"��G�
#1��'
�' '78�����!�;�� (Leptobrachium chpaense)  92"�
�,%$���
,
�-(*�1.:+>8/.:.>����������"#+&/+�.��:'�
�' Leptolalax gracillis �:�������	
���#$��27� .>�����	
�#!:�#12�'� 
(Indotestudo elongata) (�
.���+, 2539) +>8!����+�(!��!�.!
� +���10+��%;'%#;!1����;'�#!:�#12�'�
�' #,&�Q092"
#,&#.>�.>;'%#;!1����  224,000 92" 150,000 ..2 !�.2���
% 

h7�9.0�:����� �!"�
�!�	"
�'%
2(.12��'(+���91:�$�!� 92"#;!�
�)�,
�-(*�
!�*� � 9!:�����	
� 69 #��8'�
	�� 88 #��8'� 	"'�Q:��#;!�
�)�,
�-(*�
!�*� �10��;�9;0� 	.'(+
�-��> #�5�12
� �:�� 19 #��8'�+>8#12�'��"	
���"	��'�Q:��
,�=�+>8'�8�W #$:� #;!�
�)�,
�-(*�
!�*� �+(:��1E:�#�&�� '(+���91:�$�!�#'���
d � �+'���GQ.� #,>��91:�2"/.:�>8#��8'�
#+:��
=� 
 

��	��� 

�����	
��0���
!�*� � 	"#1l��:��
!�*#2>=��2Q��0���..>�Q0&7�)���	
�.��+>8�(�h7� 58% �'�2�.�
�' �� (30%) 
�2� (9%) 92"�
!�*#2�='�
2��92"�
!�*�"#+���=���"#+��%� (3%) ���2(:.�
!�*#2>=��2Q��0���. �����	
�.(:�#�0�+>8�
!�*�>% 
��"+�� �
�9�� #�0� 92"����� � 678�.>���&7�)�+
=�$>���+�� ��#�&��+�� 92"��"$��� 9!:	"#�0����&7�)�#j,�",�=�+>8
�'%W �h��>��	
��
!�*� �#;������� ��#;!�
�)�,
�-(*�
!�*� �10��;�9;0� 678�.>�"%%#�0������	�
!�*h��� (Permanent 
transect) #,�8'!��	�'% (Monitoring) ���#�2>8��9�2�;'���"$���'�:��!:'#��8'� �:���2(:.�
!�*���#��='/�0#�0�&7�)�
�
%#��'�
�:� #��'��� #�5�12
� 678�.>���&7�)���	
�+
=��0������$0,�=�+>8 (Home range) $>���+�� 92"��#�&��+��#$:��
� 
9!:;��
��.!:'#��8'� 92"/.:
�'%
2(.���� � �:���
!�*#2>=��2Q��0���.���2(:.'�8�W �
�.>���&7�)���	
��0'�.��1��'/.:
.>#2� 
 ���2(:.�� ��#��'�#�5��2(:.+>8.>���&7�)���	
�'�:��!:'#��8'�92"#�5��"%%��:��2(:.��'�8�W ���Q�.>�Q0
&7�)���	
�h7����"�
%��"$��� 9!:;��
��.!:'#��8'� �����	
���#$����#�&��+�� 92"$>���+��#j,�"$���,
�-(*.>
���&7�)�'�Q:%0��9!:/.:.���
� 1��'9.09!:���&7�)�
��.12��$�����,�=�+>8�l.>���&7�)�#,>��#2l��0'� 9!:+>8�:����	

�' .>���&7�)���	
���#$����"�(�!* ����$0��#�5��
$�>$>=����%��� 1��'���#�2>8��9�2��"%%��#�&��#$�����	
����
�0�� h7�9.0�:�	".>�����	
���2
�)d"12
��>=#,>��#2l��0'��l!�. 
 �:���
!�*���2(:.#2�='�
2�� 92"�
!�*�"#+���=���"#+��%� !��	,%#,>�� 3 #��8'� 92"�2(:.�2� 8 #��8'� 678�h�'�:�
�0'�.�� �:���1E:#�5�2
�)d"���&7�)�
��.12��$������h��+>81�78�W #�5�12
� �����!��	#'������
�
=��>=�
�/.:

�'%
2(.h7�9.2� 9!:
���:�
�	".>���&7�)���	
��0���>=�0'�.��#$:��
� 
 

���	��� ����� 
��!�"� 
���& GQ.�G�
,
�-*. 2544. 
(d
:�
��.���

E;'�+�
,�����
!�*� � ������ �!"�
�!�. .Q2��-���%��
"#�h>��. � �!"�
�!�: � �

�1E:����(�+0��;'���"#+&/+�. ���,�.,*#��'�!(2�. 1�0� 18-30. 
DANCED. 1998. Final Project Document: WEFCOM Ecosystem Management Thailand. Danish Ministry of Energy and 

Environment. 
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Mammal 
�
2��d> %(E#���. 2542. ���&7�)��2��"+%!:'�
!�*� �	��������9��+:'�~�6-��.$�!� 	��912:������� (�1G�,,.:�) 

��d>&7�)�
0��
����,�=�+>89��+:'�~�6 	
�1�
���E	�%(�>. *+,-+,-./*012+3456789: 7(1): 120-126. 
�(2-��� #.�'�
��. 2544. ;���,�=�+>8'�&
� 92"$���'�1��!�.u�Q��2;'�$"�>.�';�� ��#;!�
�)�,
�-(*�
!�*� �10��;�9;0�. 

��+����,�-*���EE��+ .1���+��2
�#�)!�&��!�*. 
d��
* 	>�"�
H�*��>. 2531. ��#�&���+��;'��.#��l	��#;!�
�)�,
�-(*�
!�*� �10��;�9;0�. *+,-+,*;<+-/,0  7: 277-288. 
->�G
+� ��"�Q���+-�. 2530. ��#�&��+��;'��
�9�� (Bos javanicus D�Alton, 1823) ��#;!�
�)�,
�-(*�
!�*� �10��;�9;0� 	
�1�
�

'(+
�-��>. ��+����,�-*���EE��+ .1���+��2
�#�)!�&�!�*. 
��"+>� ��	���2� 92"�,�
!�* ��
�h�!�*. 2529. �"%%�
�;'��
!�*	��,��'0�. ��.%+

��:'�����	
�+>8&7�)�G����#;!�
�)�

,
�-(*�
!�*� �10��;�9;0�.   
,�&�� �t!!,�)*. 2534. �
����0���"%%�
�92"��#�&��+��%����"���;'�#.:��1E:9��
'�
=� ��#;!�
�)�,
�-(*�
!�*� �10��;�

9;0�. �tE1�,�#&). G�
��$�$>���+��� �/.0 
d"��&��!�* .1���+��2
�#�)!�&��!�*. 
.
+�� &�>��"	:��. 2540. $0��� �#'#6>�����"#+&+/+�92"9��+�����'�(�
�)*. �'�+(��
!�*� ��2�. 
�'�2�G �(;.�����. 2536. ��#�&��+��;'�$0��� � (Elephas maximus Linuaeus, 1758) ��#;!�
�)�,
�-(*�
!�*� �10��;�9;0� 

	
�1�
�'(+
�-��>92"!��. ��+����,�-*���EE��+ .1���+��2
�#�)!�&��!�*. 
�'�2�G �(;.����� 92"'(+�& �(�'��+�*. 2544. ��#�&��+��;'�#�0� (Muntiacus spp.) ��#;!�
�)�,
�-(*�
!�*� �10��;�9;0�.  

*+,-+,-./*012+3456789: 9 (1): 64-74. 
�'�2�G �(;.�����, .�
2 /$�G
��>, '~'� #����.%Q�d*, �
2�� $��!!���&*, #%E	�
!�* 	�%1�'�9��, 1.7� /�+
����� 92" 

�.�G$�* ���	
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3. Behavioral comparision of dusky leaf monkey (Presbytis obscura) on is land habitat and 
undisturbd habitat of Khlong Saeng Wildlife Sanctuary, Surat-Thani Province. (Wanghongsa, 
1989) 
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%��@?� 1 �
� )*��+/#<�� 18 �
� $"*���#�� 1 �
� $"*
31�%�
��+(��$�%�<#�
%��$�%���5���-1�:��*�(2% 6 :��* �@���=�<#� Haynes : B�  25.1 �
�/��������":+�� ��=� 
<#� King : B� 45.5 �
�/��������":+�� $"*��=�<#� Webb : B� 42.6 �
�/��������":+�� �#�	����4�
�31)*��+/#<�� 
6 ]9� 1�:��*�(2% 3 :��*	�� 6 :��* 
 ���67�8�3a�����+<#�
%��$�%���5�,@-@?�:���������*(�%�� 7.00 - 18.00 �. ��:@/#�3a80�
+ 2531 
1��:�;:��*$"*1��:�;3/4�'�5 !��#�#%��:�>1�4?���:<��
�8�3
�=&��
��� !�
"#�$�� �@���=� Focal sampling method 
31�%�)%��:�"������@?�:���3a�����+<#�
%��$�%���5���-'
4� 2 �"&%+��4 +�
��+$���%���
� �"&%+'�5#�9%1�:��*	*�)-:�"�
������
5�$"*(����+�� <;*'�5�"&%+'�5#�9%1�$.%�@���(2%	*�)-:�"������3
�.%#� :
"/5#�,(� :��* $"*,"%$+"� (�/#+�
3a�����+�
�
++����%� 3��'�5#�9%1�:��*	*�)-:�"��%���(2%1��#@,+-�9�+����%�3��'�5#�9%1�$.%�@���(2% $�%'
4� 2 
�"&%+)#1���.",+-+����%��1,+-#%#� 

4. ����'�(���
��
��\)
���$���!����������%���]	�% (Muntiacus muntjak) (�����-���.0��)�0!"�, 2534) 
���67�8�3/4�'�5(����$"*3a�����+1�� �*���<#�:�-�:36.9- (Muntiacus muntjiak) '�5:
"/5#��-��	��

:��*<��@ 27 ha. $"-��?�,  "%#�1�:��*<��@ 110 ha. ��3/4�'�5#%��:�>1�4?�:</5#��
)) �*0� 	.�&��8A��=��� )%��
�*(�%��:@/#�3a6	����� 2532 - +���
+ 2533 :3/5#(�<��@3/4�'�5(����$"*3a�����+'�5,+%#�9%��5��@���@��+	����'�&
��@�
���)��@�%��
22�;��+���:
"/5#�,(� (motion-sensitive radio-collar) $"*�)- Focal Sampling Technique :�>1
<-#+9"'��@-��3a�����+ 31�%�:�-�(+-##�6
�#�9%1�:��*'�5�?�,  "%#�,@- 4 :@/#� �)-3/4�'�5(����'
4�(+@ (home range) 
40 ha. �@�+�3/4�'�5(����("
� (core area) 15 ha. :�-�:36.9-:
"/5#�'�5:^"�5��
�"* 246 ± 70 :+�� +��*�*:
"/5#�'�5,�"
�&@ 517 :+�� $"*+��*�*:^"�5������$�@���	���+ (active behavior) 215 ± 40 :+�� :�-�:36.9-�)-:�"�$�@� 
3a�����+'�5,+%(�&@��5� (active behavior) �-#�"* 62.85 H75�:��@<74�+��'�5�&@��)%�� 07.00 - 10.00 $"* 15.00 - 19.00 
�. $"*:��@<74��-#�'�5�&@��)%��:�"� 01.00 - 02.00 �. :�-�:36.9-�)-:�"������$�@�3a�����+'�5,+%#�9%��5�:��@<74����#�
�"���
�+����%��#��"��
/� �@��-#�"* 57.40 :��@<74����#��"���
� 

5.  ����*
�(��'�(����
���	���]	�% (Capricornis sumatraensis)  ���
������*
�(���%��������
����'�(�8����:��������(����,,!�� � ��������-��./�01��� (�����-���.0��)�0!"�, 2534) 

 �����@��+���:
"/5#�'�5<#�:"���.�:36.9- (Capriconis sumatraensis) '�5#3�3:
"/5#��-��##�	��:��*
<��@ 27 ha. $"-��?�,  "%#�1�$.%�@���(2%1��:�;:'/#�:<�(�� 9�<#�#&'���$(%�)���:<��� 	.�&��8A��=��� 
�*(�%��:@/#�3a6	����� 2532 - +��&���� 2533 :3/5#(�<��@3/4�'�5(����$"*#
����%��<#�3a�����+'�5,+%#�9%��5�  
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�@���@��+	����'�&��@��+�
���)��@�%��
22�;��+���:
"/5#�,(� (motion-sensitive radio-collar) $"*�)- Focal 
Sampling Technique :�>1<-#+9"'��@-��3a�����+ 31�%�:"���.��)-:�"� 81 �
� �����:��*(�3/4�'�5���#�9%#�6
�'�5
:(+�*�+ H75���)%��:�"���4:"���.��-#�:
"/5#��-��, #�9%1�:��*$(%�(�75�: B�:�"� �*+�; 1 :@/#� $"-�:
"/5#��-��+�
1�:<�(�� 9�#��
�
4�(�75� $"*#�6
�#�9%: B�:�"� 33 �
� 	���
4�	7�, #�6
�#�9%�� !�@�@�11�:<�@��@�� ��)%��:�"� 5 
:@/#� �)-3/4�'�5(����'
4�(+@ (home range) 136 ha. +�3/4�'�5(����("
� (core area) 86 ha. :"���.�:
"/5#�'�5:^"�5��
�"* 
445 ± 139 :+�� �@�:@��'��,�"�&@ 1,350 :+�� $"*+��*�*:^"�5������$�@���	���+ (average activity radius) 
613 ± 122 :+�� 
 ��)%���*(�%��:@/#�+���
+ - +��&���� 2533 :"���.�:36.9-�)-:�"�$�@�3a�����+'�5,+%#�9%��5� (active 
behavior) '
4�(+@�-#�"* 63.28 �@�+�
%�+���&@��)%��:�"� 18.00 - 22.00 �. $"*+�
%��5?��&@��)%��:�"� 07.00 - 11.00 
�. 3a�����+'�5,+%#�9%��5�:��@<74�+��'�5�&@��:@/#�+���
+ $"*:��@�-#��&@��:@/#�+��&���� �#�	����4�
�31�%�:"���.�
:36.9-�)-:�"������$�@�3a�����+'�5,+%#�9%��5���)%���#��"��
/�+����%��#��"���
��@��-#�"* 53.76 :��@<74����#�
�"��
/� $"*��)%���*�*:�"� 6 :@/#� 3a�����+'�5,+%#�9%��5�:��@<74����#��"��
/�+����%��#��"���
���#
��� 2 : 1 

6. ����!�����'���!��,�����)�0�
����
���%���$�����
:�'�(��]�����89��8��)8��b �������'�(�8��
��:��������(����,,!�� � ��������-��./�01��� (�����-���.0��)�0!"�, 2534) 
���67�8�:3/5#: ���1:'��1 �*)����
���:"�4��"9�@-���+<��@:">� ��3/4�'�5#%��:�>1�4?�:</5#��
)) �*0�  

	.�&��8A��=��� �*(�%��:@/#�3a6	����� 2532 - +���
+ 2533 �@�:"/#�3/4�'�567�8�	��:��*'�5+�<��@3/4�'�5+����%� 1 
��������":+�� '�5��*	��#�9%��+�%���%��N <#�3/4�'�5#%��:�>1�4?� �)-��=� Capture-Recapture $11 Grid with 
Assessment line :�>1<-#+9" �*)���  31�
���:"�4��"9�@-���+<��@:">�	?���� 9 )��@ : B��
���'�5#�6
�#�9%��+3/4�@�� 
(terrestrial) 7 )��@ ,@-$�% (�9I��:("/#� (Rattus surifer) (�9I��:">� (Rattus whiteheadi) (�9<�:��4����:+>@+*<�+ 
(Rattus rapit) (�9'-#�<�� (Rattus rattus) (�9ID�<���(2% (Rattus bowersi) ��*$�=��+@� (Tupaia glis) $"*
��*	-#� (Menetes berdmorei) : B��
���'�5#�6
�(����#�9%��+�-�,+- (arboreal) 2 )��@ ,@-$�% (�9,.%:">1$+%+/#$1� 
(Hapalomys longicaudatus) $"*��*�#� "��(��@?� (Callosciurus caniceps) �
���'�531��3/4�'�5�%��(�-�#%��:�>1�4?�[ 
+�	?���� 8 )��@ 
/# (�9I��:("/#� (�9<�:��4����:+>@+*<�+ (�9I��:">� (�9'-#�<�� (�9ID�<���(2% ��*	-#� 
��*$�=��+@� $"*��*�#� "��(��@?� 31��3/4�'�5�%���"��#%��:�>1�4?�[ 	?���� 6 )��@ 
/# (�9I��:("/#�  
(�9I��:">� (�9,.%:">1$+%+/#$1� ��*$�=��+@� ��*	-#� $"*��*�#� "��(��@?� $"*31��3/4�'�5�%��'-��#%��:�>1
�4?�[ 	?���� 7 )��@ 
/# (�9I��:("/#� (�9<�:��4����:+>@+*<�+ (�9I��:">� (�9,.%:">1$+%+/#$1� ��*$�=��+@� 
��*	-#� $"*��*�#� "��(��@?� 
 3/4�'�5�%��(�-�#%��:�>1�4?�[ +�
��+(��$�%���+<#� �*)����
���:"�4��"9�@-���+<��@:">�+��'�5�&@ (50.45 
�
�/ha.) ��+"?�@
1 �
���:"�4��"9�@-���+<��@:">�'�5: B�)��@:@%� (dominant) 	��
��+(��$�%���3/4�'�5�%��(�-�#%��
:�>1�4?� ,@-$�% ��*	-#� (M. berdmorei) ��3/4�'�5�%���"��#%��:�>1�4?�[ $"*�%��'-��#%��:�>1�4?� ,@-$�% (�9I��:">�  
(R. whiteheadi) ��*	-#� (M. bermorei) : B��
���:"�4��"9�@-���+<��@:">�'�5: B�)��@:@%�	��+�")��0�3��3/4�'�5#%��
:�>1�4?�'
4���+�%�� 	��
%�@
)�� Shannon-Weiner Index 31�%���3/4�'�5�%���"��#%��:�>1�4?�[ +�
��+("��("�� 
(diversity) <#��
���:"�4��"9�@-���+<��@:">�+��'�5�&@ �#�"�,  ,@-$�% 3/4�'�5�%��'-��#%��:�>1�4?� $"*3/4�'�5�%��(�-�#%��
:�>1�4?�[ ��+"?�@
1 
 ��	?�����
���:"�4��"9�@-���+<��@:">�'�531'
4� 9 )��@ ��3/4�'�5#%��:�>1�4?�[ <��@3/4�'�5(����:^"�5�<#�(�9
<�:��4����:+>@+*<�+:36.9- $"*(�9I��:("/#�:36.9- 
%��9��&@
/# 0.56 $"* 1.13 ha. ��+"?�@
1 (�9ID�<���(2%:36.9-+�
�*�*:
"/5#�'�5��$�%"*�
� $"*+��*�*:
"/5#�'�5:^"�5���$�%"*�
�+���&@ 150 $"* 51.24 :+�� ��+"?�@
1 
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7. ���]c�.�����!
�(���!
�)8��b ���)%�#$%9����!d (�����-���.0��)�0!"�, 2534) 
�-�,+-: B�$("%�."��#�(���@����<#��
��� !� �@�:^3�*�
���	?�3��"�� ��*�#� $"*��'�5�
�
���
-��

#�6
�#�9%��+:��*�(2%N ���: "�5��$ "��%��N <#��-�,+-	*'?��(-:��@#�(��(+&�:�����
�, ���#1 C 	�����67�8�
�-�,+-	?���� 129 )��@ 2,259 �-� 31�%�+����$���1#%#���$�%"*:@/#� :��5+�
4�$�%:@/#�+���
+: B��-�,  	?���� 43, 
13, 37, 35, 18, 1, 0, 46, 12, 12, 50 $"* 53 )��@ ��+"?�@
1 ##�@#�	?���� 52, 36, 23, 7, 3, 1, 0, 0, 2, 6, 17 
$"* 43 )��@ ��+"?�@
1 $"*##�."	?���� 40, 55, 61, 43, 37, 7, 6, 6, 6, 3, 4 $"* 18 )��@ ��+"?�@
1 �
��� !�,@-
 �*��)��	���1#%#�<#�3/)�9���)%��:@/#�3a6	������7�+���
+ :+8����7�3a80�
+ $"*���(�
+ 	��@#�
��)%��:@/#�3a6	������7�:+8��� $"*."��)%��:@/#�=
���
+�7�+��&���� 

8. ���������#$%����
8��9�����'�(�8����:��������(����,,!�� � (�����-���.0��)�0!"�, 2534) 
�0�3 !�@�@�1:(�/#:</5#��
)) �*0�+�"
�8;*� �%� $"*3&%+�1,+%(��$�%��
� :�/5#�	��3/4�'�5.%�����'?�

,+-+�	�������-��:</5#� '?��(-"9�,+- $"*3
�=&�,+-3/4�"%��<74�#�9%(��$�%�+�� 	������?���	1��:�;:��*1-���
�+
� $"*
:��*1��:�;
"#���� :�>13
�=&�,+-3/4�"%��'�531'
4�(+@�@�:"/#�:�>1'�5,+%H4?��
� �?�, ���	)/5#'�5(#3��;,+- $1%�
##�: B��"&%+,@-@
���4 

1. ,+-3&%+:��4� ,+-:"/4#� ,+-"-+"&� 31����6�:<>+ (Rubiaceae) ("��)��@ :)%� "9�,�%�%�� (Hedyotis 
capitice lata Wall) : B�,+-3&%+�75�:����3
�:��*,+-#/5� 3��(+(�� (Psychotria rhinocerstis Bl.) : B�,+-
3&%+:��4�<��@:">� ��6�,+-���3��� (Euphorbiaceae) ��6� Myrsinaceae $"*��6�  Lecaceae  

2. ,+-"-+"&� $"*,+-:"/4#� 31����6�.
� "�1 (Commeliaceae) ��6� Maranthaceae ��6�<��<%� 
(Zingiberaceae) $"*��6��
5� (Leguminosae) 

3. ,+-3&%+<��@�"���7�<��@�(2% 31����6�,+-���3��� (Ephorbiaceae) :)%� +*:+%�
��� (Antidesma 

velutinosum Bl.) +*,I !� (Baceaurea ramiflora) ��6� Sapindaceae :)%� +*I�@ (Lepisanthus 
vubignosa Leenth) ��6�,'� (Moraeceae) :)%� <%#�(��+ (Streblus taxoides Kurz)  
��6� Apocynaceae :)%� �+�$@� (Wrightia cambodiensis ) ��6� Violaceae ��6�:<>+ (Rubiaceae) 
��6� Rhannaceae ��6��-#�(�%� (Annonaceae) 

4. "9�,'� 31����6� Annonnaceae ��6� Myrtaceae 3��(�-� ��6� Euphorbiaceae :�/5#	� (Sapium 

baccatum Roxb) "%#<��(�/#:+>� (Macearanga tanarius Meell. Arg.) ��6� Lauraceae 3��#1:)� 
��6�,+-�%# (Fagaceae) ��6�,'� (Moraceae) ��6� # (Sterculiaceae) $"*��6� Sapotaceae 

9. ���)
�)�$������� (Panthera pardus) '�(!
8���
����8!"� (#��, 2534) 
 :�/#@?� (Panthera pardus) :36.9-'�5�9�:"�4���
4�$�%�
�:">�N ,@-�9��?�+���@��'�& (Radio telemetry) $"-�
 "%#���1��:�;3/4�'�5:(�/##%��:�>1�4?�:</5#��
)) �*0� 	.�&��8A��=��� ���:]J���@��+�)-��=� Focal Sampling 
Technique 1
�'7�<-#+9"'�5�%�+�	��:
�/5#��%�'�5��@#�9%'�5
# �"#@'
4� 24 )
5��+� �@���$�%"*)
5��+�$1%�: B� 4 
�1N "* 
15 ��'� )%�� 10 ��'�$��:�>1<-#+9" $"-�3
� 5 ��'� �%#�'�5	*:��5+:�>1<-#+9"��)%���%#,  '?��"
1�
�:)%���4�"#@'
4��
�
'
4�
/� ."���67�8�31�%�:�/#@?���+���@?���)����#�9%,@-���0�3=��+)��� : B�:�"� 11 �
� �)-3/4�'�5(����'
4�(+@ 
1.28 ��������":+�� H75��@�:^"�5�:
"/5#�'�5,@-: B��*�*'���
�"* 471 :+�� :�/#@?��)-:�"�$�@�3a�����+'�5,+%#�9%��5� 
(active behavior) '
4���4� 36.60% H75�+�
%�+��'�5�&@��)%��:�"� 23.00 - 24.00 �.  +�
%��-#�'�5�&@��)%��:�"�  06.00 - 
07.00 �. :�/#@?�$�@�3a�����+'�5,+%#�9%��5� ��)%��:�"��"��
/�+����%��"���
�:">��-#� (50.70 �%# 49.30%) 	�����
.%�3��9	������*:3�*#�(��$"*"?�,�-�(2%�#�"%�� 31�%�:�/#@?���+���"%�"�5� (Manis javanica) ,@-: B�#�(�� 1 �
� 
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10. �����������)�0!"�������9��8����:��������(����,,!�� � ��������-��./�01��� (���
�  �
�+�$

, 2538) 

 ����?���	�
��� !�1�:��*��#%��:�>1�4?�:</5#��
)) �*0� 	?���� 104 :��* :��5+@?�:������67�8���:@/#�
:+8��� - �
����� 2537  31�
��� 23 )��@  ��:�-��
��� C� (�9 $"*(+9 !� : B��
���:"�4��"9�@-���+ 15 )��@ 
�
���:"/4#�
"�� 7 )��@ $"*:�%� 1 )��@ 	�����$1%�<��@)%��3/4�'�5<#�:��*##�: B� 5 )
4� :'%�N �
�
/# 9.77 - 
193.45, 193.45 - 377.13, 377.13 - 560.81, 560.81 - 744.49 $"* 744.49 - 928.15 ,�%  31�%�	?����)��@<#��
���
 !�+�+����)%��3/4�'�5:��*<��@:">� �4?�(�
���+<#��
���:"�4��"9�@-���+$"*�4?�(�
��
��%#,�%<#��
���:"�4��"9�@-���+ +�
"
�8;*"@"�:+/5#)%��3/4�'�5:��*+�<��@�(2%<74� $�%	?����)��@�%# 1 :��* $"*�4?�(�
��
�<#��
���:"�4��"9�@-���+�%# 1 
:��* +�"
�8;*:3�5+<74�:+/5#)%��3/4�'�5<#�:��*+�<��@�(2%<74� 

11. Differential responses of small mammals to fragmentation in Thailand tropical forest 
(Lynam, 1999)  

   Fragmentation of tropical forest has wide-ranging effects on wildlife communities, but the actual 
mechanisms of species impoverishment remain poorly understood. Small mammal assemblages on recent 
land-islands at Chiew Larn, Thailand, were compared with nearby continous forest from the fifth to seventh 
years following island creation. Assemblages on islands rapidly developed a nested structure, converging in 
composition and representing a subset of those in continuous forest. Among species that persisted on 
islands, many had altered abundances, with some increasing and others declining. A "random placement 
model" accounted for the observed distributions of species on mainland sites but not on islands, suggesting 
that nested island assemblages were generated both by changes in species distributions and abundances 
after fragmentation. Six species were prone extinction on islands, whereas three increased in abundance, 
apparently because they were good over-water colonizers or favored habitats on islands. We conclude that 
the development of nested mammal assemblages in the Chiew Larn archipelago was caused both by 
differential vulnerabilities of species to local extinction and by abilities of species to colo-nize islands and to 
thrive in disturbed island habitats. 1999 Elsevier Science Ltd.  All rights reserved.  

12. Molecular genetics and the conservation of  Hornbills in fragmented landscapes. (David et 
al., 1998) 

 Asian hornbill populations are rapidly becoming fragmented on remnant patches of formerly 
continuous forest. The viability of these increasingly isolated populations is threatened by processes linked to 
habitat patch size, reduced population size, edge effects and the distance between patches. Genetic erosion 
of natural variability in small isolated populations also contributes to their demographic decline and eventual 
extirpation. In the next century, wildlife managers may increasingly have to mitigate against the deleterious 
effects of genetic erosion by the careful movement of selected individuals between isolated forest patches. 
The nature of the problem will be illustrated using examples from studies of genetic erosion in small mammal 
populations recently isolated on islands in Chiew Larn Reservior, Khlong Saeng, Thailand and in an 
endangered loggerhead shrike on an island off the coast of California. Molecular genetic methods are 
described that permit managers to establish the management purposes and monitor genetic erosion.  
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13. ������8������������������ (Limnoperma siamensis) 9��8����:��������(����,,!�� �  
(�$]���
h �
����
� , 2538)   

 (#�:3���� Limnoperma siamensis +����$3�%��*	��$"*��+�"&%+#�%��(��$�%�+�� $'1	*'&�1��:�;
<#��
��&'�5#�9%��-�4?�1��:�;#%��:�>1�4?�:</5#��
)) �*0� 	.�&��8A��=��� �#�	���
4��
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��+(��$�%�:^"�5�'�5311�,+-'�5	+#�9%���4?�+�
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�
4��"%���
��%������+�"&%+$"*:3�5+	?����#�%��+(�6�"<#�(#�:3�����
4�:��@<74�("
�	��+������-��:</5#� 31�%�	*
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��?�

2 (p < 0.05) ���$3�%��*	�� ��+�"&%+ $"*:3�5+	?����
<#�(#�@
��"%���?�"
�: B� D2(��%#
&;0�3�4?� $"*��	���+'�5:��5��<-#��
1�4?���#%��:�>1�4?� ,@-67�8����$3�%��*	��
<#�(#�:3���� Limnoperma siamensis  ��#%��:�>1�4?�:</5#��
)) �*0� �@�:�>1�
�#�%��(#�:3���� Limnoperma 

siamensis ��#%��:�>1�4?�:</5#��
)) �*0� ��+�
��&��-�4?��%��N '�5(#�:��*#�9%  31�%�+����$3�%��*	�� ��+�"&%+#�9%1�
�
��&��-�4?�:�/#1'&�)��@ 
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, 2538) 
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15. �
��]�
'���
�!��,���������'
�9���)���.����1-0��)�0!"�*
����� (Bhumpakphan, 1997) 
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�=&��
��� !�
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�*(�%�� C 3.6. 2537 - 2538 :3/5#�-#����'��1�0�3��5�'�5#�9%#�6
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1 �*)���'�531��:<��
�8�3
�=&��
��� !�(-��
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1
��+:)/5#+
5� 95 : #��:H>��� 
��+(��$�%�<#� �*)���
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16. Ecological characteristics and habitat utilization of Gaur (Bos gaurus H. Smith, 1827) in 
different climatic sites (Bhumpakphan, 1997) 
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� ��*'���� !�
"#�$��$'1	*,+%�)-$("%�� !�:"� 
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����-�� �*)��� �*�#1@-�� Adult : subadult : Juvenile : Calf = 6 : 3.75 : 4 : 1  �%���� !�
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17. �����8����������
�����'�(���
��������
:��
:����� �
����9�l8������� ��
��&�8����:�����
���(����,,!�� � ��������-��./�01��� (Sukhontapatipak, 1999) 
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���67�8��%�:+/5#+������-��#%��:�>1�4?�$"-� 	*+�."��*'1�%#���(����<#����'
4��#�)��@#�%��,� 
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18. 	
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Abstract: Evolution of the Parathyroid Hormone Gene in Primates 
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Kyoto University, Japan, 3Department of Biology, Faculty of Science and Technology, 

Radchapat Institute, Muang District, Nakornsawan 60000 

 

Nucleotide sequences of the parathyroid hormone gene (PTH gene) in 21 species of 

primates were examined. The PTH gene contains one intron that separates two exons that code the 

sequence of a 115-amino-acid polypeptide, prepro-PTH. Prepro-PTH consists of 25 amino-acids of 

pre-sequence, 6 amino-acids of pro-sequence and 84 amino-acids of PTH. The intron of the PTH 

gene in Cebus apella, Callithrix jacchus and Saguinus oedipus was 102 bp long, whereas a 103-bp 

intron was observed in the remaining 18 species. Comparison of nucleotide sequences among 5 

species of macaque monkeys found in Thailand, namely, Macaca fascicularis, M. nemestrina,  

M. mulatta, M. assamensis and M. arctoides, showed a 100% homology. A further comparison of 

the nucleotide sequences of the PTH gene in 5 groups of macaque monkeys, classified according 

to the report of Hayasaka et al. (1996), namely Barbary (M. sylvanus), Silenus (M. silenus and  

M. nemestrina), Sulawesi (M. muara and M. nigra), Fascicularis (M. fascicularis, M. fuscata and 

M. mulatta) and Sinica (M. assamensis) also showed a 100% homology. High homology of the 

nucleotide and amino acid sequences were also observed between investigated non-human 

primates and humans (95.43-99.80% and 93.04-100.00%, respectively). The results indicated that 

the PTH gene is very conserved and that 3 million years of evolution of macaque monkeys did not 

cause any differences in the PTH gene. Comparison of the 115-amino-acid sequences of prepro-

PTH of humans and chimpanzees (Pan troglodytes and P. paniscus) showed no differences. This 

result supports a closer relationship between humans and chimpanzees than between humans and 

the other great apes. From phylogenetic trees based on nucleotide sequences using parsimony and 

neighbor-joining methods, and in agreement with size polymorphism of introns, 21 primate 

species could be classified into 2 phylogenetic groups. The first group, belonging to the infraorder 

Platyrrhini or the new world monkeys, includes Cebus apella, Callithrix jacchus and Saguinus 

oedipus. The second group, belonging to the infraorder Catarrhini or the old world monkeys, 

includes the remaining 18 species of primates examined in the current study. Within the infraorder 

Catarrhini, 18 species of primates could be further subdivided into 2 groups at superfamily levels, 

i.c., Cercopithecoidea and Hominoidea. The superfamily Cercopithecoidea (old world monkeys) 

includes 10 species of macaque monkeys, Cercopithecus aethiops, Papio hamadryas and 

Presbytes obscura, while the superfamily Hominoidea (apes and humans) consists of Hylobates 

lar, Pongo pygmaeus, Pan troglodytes, P. paniscus and Homo sapiens. This study illustrates that 

fixed-length polymorphism of introns can be consistently used to differentiate the new world 

monkeys from the old world monkeys. The PTH gene can be used to accurately classify primates 

of the suborder Anthropoidea to superfamily level. 

 

Key words: parathyroid hormone, nucleotide sequence, amino acid sequence, primates, phylogeny 
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 �����!�P�U*VP�*� � (parathyroid hormone; PTH) �YZ�VP�*� �([�

\!$](
��
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�����!�P�U* ![���̂�!$]
�N
+ ("��&L
-�_$�  L-&`P(�`)aP�������� �U� $b-���] �&U
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`P(�`)���-RPU ��&)+^����(-����&Uc� ���UcU�-
NL
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NM���`P(�`)!$]�) L-&��&)+^����(
��
��&�* 
1,25 dihydroxycholecalciferol (1,25(OH)2D3) _f]��YZ�P�+�
�g*aP���)� ��U$!$]�)Û�� 	���
h� 1,25(OH)2D3 	&��&)+^�
���UcU_f L
-�_$� L-&`P(�`)!$]-[��(̂ (Smith et al., 1983; OjRiordan et al., 1988; Royer and Kemper, 1990) 
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N���N�_ aP� rough endoplasmic reticulum (RER) a%&!$] $���
�
-R]P�!$]aP� prepro-PTH �a^�(c� cisterna aP� RER 	& $���)
U��UP& ���	��Y-��P& ��� (N-terminus) Û��
�P��_ * clipase PP��Y 25 )
� �Û�YZ� pro-PTH !$]Y�&�PNÛ����UP& ��� 90 )
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� (Royer and Kemper, 1990) 
 ���'f�s���$]���
NVP�*� �)
��$h�YZ�!$](��	�
� ����!��
-���� �U��t��&P������]����'f�s���$]���
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(Hendy et al., 1981; Vasicek et al., 1983) �
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a (Rosol et al., 
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N bone metabolism ���]  ��afh� 
(Hotchkiss, 1999; Jerome et al., 1999; Krueger et al., 1999; Jerome et al., 2001) ����&(
)�*���-+� �$h $#���P��+ 
(life-span) !$](
h�������
� �#�� -��\$]Y+�� (Japanese macaque; Macaca fuscata)  $#���P��+Y�& �% 26 Y� (Nozaki  
et al., 1993) 	f�![���^(� ��M)�U)� 'f�s�����Y-$]��LY-��Uz ��(
)�*)
��U)
���f]�)-PU#���P��+�Û L)�P�������y
)�  ���'f�s���$]���
N bone metabolism ��(
)�*��-���$h	&� �(� ��MLY-b-L-&![�
�� �a^��	�-��)���z �ÛP����
#
U�	� M^�����
�a�Ua^P c-�Rh�}��aP�-[�U
N���
-��P�!U*L-&��UP& ���aP������!�P�U*VP�*� � _f]��YZ�VP�*� �!$]
 $N!N�!([�

\)�P bone metabolism aP�(
)�*���-+� �$h U
��
h�	f��Û![����'f�s���-[�U
N���
-��P�!U*L-&��UP& ���
aP� PTH gene !$]
�PN
-+ (���aP� Exon II L-& III L-& intron B )� -[�U
N ��(
)�*P
�U
N���� ! (Order 
Primates) P
�U
N��P�LP��!�YP��U$� (Suborder Anthropoidea) 
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��$���� 

1. �����	
��
 



U�-RP�(
)�*��P
�U
N���� ! (Order Primates) P
�U
N��P�LP��!�YP��U$� (Suborder Anthropoidea) 
	[���� 21 #��Uz -& 2-9 )
� �U�(
)�*!$]�[� ��#^�����'f�s�
�
h��$h	&�� !
h� captive animals L-& wild animals 	��
Y�&�!'�!� P���U�$�_$� 
P��� L-&\$]Y+�� �U�	
U	[�L������ !!
h� 21 #��U )� ������aP� Ankel-Simons (1983) 
L-& Lekagul and McNeely (1988) �ÛU
��$h: 

Suborder Anthropoidea 
Infraorder Platyrrhini (New world monkeys) 
Superfamily Ceboidea 
Family Cebidae 
1.  Black-capped capuchin (Cebus apella; Cape) 
Family Callithricidae 
2.  Common marmoset (Callithrix  jacchus; Cjac) 
3.  Cotton-top tamarin (Saguinus oedipus; Soed) 

Infraorder Catarrhini (Old world monkeys) 
Superfamily Cercopithecoidea (Old world monkeys) 
Family Cercopithecidae 
4.  Japanese macaque (Macaca fuscata; Mfus) 
5.  Cynomolgus macaque ��RP long-tailed macaque ��RP crab-eating macaque (Macaca fascicularis; Mfas) 
6.  Barbary macaque (Macaca sylvanus; Msyl) 
7.  Lion-tailed macaque (Macaca silenus; Msil) 
8.  Stump-tailed macaque (Macaca arctoides; Marc) 
9.  Pig-tailed macaque (Macaca nemestrina; Mnem) 
10. Moor macaque (Macaca maura; Mmau) 
11. Celebes creasted macaque ��RP black ape (Macaca nigra; Mnig) 
12. Rhesus macaque (Macaca mulatta; Mmul) 
13. Assamese macaque (Macaca assamensis; Mass) 
14. Vervet monkey (Cercopithecus aethiops; Caet) 
15. Hamadryas baboon (Papio hamadryas; Pham) 
16. Dusky leaf monkey (Presbytes obscura; Pobs) 

Superfamily Hominoidea (Apes and humans) 
Family Hylobatidae (Lesser apes) 
17. White-handed gibbon (Hylobates lar; Hlar) 
Family Pongidae (Great apes) 
18. Orang-utan (Pongo pygmaeus; Ppyg) 
19. Gorilla (Gorilla gorilla; Ggor) 
20. Common chimpanzee (Pan troglodytes; Ptro) 
21. Pygmy chimpanzee ��RP bonobo (Pan paniscus; Ppan) 
Family Hominidae (Humans) 
-Human (Homo sapiens; Hsap) 
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5. �����	
��
���� PTH gene ����������� 
� !"#�!"$ %&�
�'�(�)�*�!+�%*	)���������,  PCR ��� thermal cycle 23%�4�5�"6�(�� denaturation $ % 94 oC; 

1 ��$ , annealing $ % 50 oC; 2 ��$  @A5 extension $ % 72 oC, 3 ��$  	)���� 30 �"6 ����E"�	5!��%* thermal cycle 
&)�F�
6���!+�%*	)���� PTH gene 	5H(*&��A5A�� PCR mixture $ % 94 oC; 5 ��$  �E"� @A(�!H�* Taq DNA 
polymerase FA
�	��&�L�&M���56�����!+�%*	)���� PTH gene ��FA"�$�A"�@A(� $)����H��	&"6 PCR product 
�(�� 5% Polyacrylamide gel electrophoresis @A5�("*O�L�� !"#�!"�(����,  Silver staining (Tegelstrom, 1987) 

6. ������� �����!����"#����
 � 
FA
�	��&�L�&M����!+�%*	)���� PTH gene ��U
L�H"�$ %@A(� � !"#�!"$ %'�(	5!4V�� !"#�!"!&(�
WE (double 

strand DNA; dsDNA) 23%�H("��)�*�$)��F(!4V�� !"#�!"!&(�!� %�� (single strand DNA; ssDNA) �E"� H�*��,  
Hashimoto et al. (1996) ����O( avidin-coated magnetic beads (Dyna beads) �E�*�
6 biotinylated primer 	��
U
L�H"�$ %@A(��� dsDNA $ %!+�%*	)����'�(�
L� 	5* � !"#�!""�WE!&(�F�3%�$ %* &E��4A��!O[%"*"�WE�
6&�� biotin !+��5'+�!*
"�\F*��!AU 446 $ %�O(!4V� biotinylated primers $)��F( dsDNA �
L�] &�*��^	
6�
6 avidin $ %�3�H��"�WE�
6 magnetic 
beads '�( (avidin-coated magnetic beads) FA
�	���
L�$)� alkalinization dsDNA �(�� 0.1 N NaOH  !+[%"�F('�( 
ssDNA 2 !&(� 23%� ssDNA !&(�F�3%�	5�3�"�WE�
6 avidin-coated magnetic bead @A5H�H5�"�"�WE$ %�(�FA"� ��Uc5$ %
" �!&(�F�3%�	5A"�"�WE!4V�"�&�5��&E��U"�&��@U��A"� @�� ssDNA $
L�&"�&E��""�	���
�@A5�)�'4�O(�����
��!
��5F\F�A)��
6���
A��"'$�\HE"'4 

7. ����	�%��&�'���
��()�	�%�	*�+��'  
 �����!
��5F\F�A)��
6���
A��"'$�\$)�����O( cycle sequencing kit $ %eA�H���6��f
$ Applied Biosystems 
Inc., Japan @A5H��	F�A)��
6���
A��"'$�\����O( Shimadzu fluorescent automatic sequencer DSQ-1 ���!��%*	��
���H(*&��A5A�� PCR mixture $ % 94 oC; 3 ��$  �����!+�%*	)����� !"#�!"&)�F�
6�����!
��5F\F�A)��
6���
A��"'$�\
�
L� 4�5�"6�(�� thermal cycle 3 OM� �
�� L 

OM�@�� 4�5�"6�(�� denaturation $ % 94 oC; 30 ����$ , annealing $ % 53-55 oC; 50 ����$  @A5 
extension $ % 72 oC; 80 ����$  	)���� 20 �"6 

OM�$ %&"� 4�5�"6�(�� denaturation $ % 94 oC; 30 ����$  @A5 extension $ % 72 oC; 60 ����$  	)���� 20 �"6  
OM�$ %&�* incubation $ % 72 oC; 10 ��$  
�)�A)��
6���
A��"'$�\$ %'�(	�� Shimadzu fluorescent automatic sequencer DSQ-1 '4"�M*��A)��
6

���"5*���@A54�
6@�(����4�@��* DNASIS (version 3.0, Hitachi Software Engineering, Japan) @A5��!
��5F\F�

��*
A(��
A3�����4�@��* Clustal X 	���
L��)�U("*WA$ %'�('4��!
��5F\F�
��*&
*+
�,\$��+
�,M���*!O��
���
n����� (phylogenetic tree) 23%������!
��5F\F�	5$)� 2 @66 
[" genetic distance data (Kimurap s two 
parameters) �����,  neighbor-joining (Saitou and Nei, 1987) 23%��O(
"*+��!H"�\�4�@��* Neighbor �� PHYLIP 
(version 3.572c) @A5 parsimony �O(
"*+��!H"�\�4�@��* PAUP (version 3.1.1) ����F(A)��
6���
A��"'$�\@A5
���"5*���U"�
� (human PTH sequence) !4V� in-group reference (Vasicek et al., 1983) @A5A)��
6���
A��"'$�\
@A5���"5*���U"��
� (bovine PTH sequence) !4V� out-group reference (Weaver et al., 1984). 
 

�������	
� 

1. �
��()�	�%�	*�+��'-�&����&�	*���
��.���+�#����
��()�	�%�	*�+��'/�� PTH gene 
	�����!+�%*	)����� !"#�!"U"� PTH gene ��FA"�$�A"�����O('+�!*"�\F*��!AU 446 @A5 448 ��

'+�!*$$
L� 21 O��� +6�E�� !"#�!"$ %'�(* U���4�5*�c 500 
WE!6& !*[%"�)�A)��
6���
A��"'$�\$ %'�('4!4� �6!$ �6�
6
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����� �!���"#��$�%�#� Exon II *"+ III ,!� PTH gene 0�1��2!�31��$�%456� 115 ���!+1���,!� prepro-PTH 9:;
5�+�!<�%�� 25 ���!+1���,!� pre-sequence, 6 ���!+1���,!� pro-sequence *"+ 84 ���!+1���,!� mature 
PTH C�1"D���< ���!+1��� 2 C��03�9%��,!� pro-sequence (���!+1���"D���<9:; 30 *"+ 31 ,!� prepro-PTH) �� 
Cebus apella 456� Argenine-argenine  ��,J+9:;$K�4199:;4L"M!!:� 20 N��� K<456� Lysine-argenine 
(Malaivijitnond et al., 2002a) ���W�K9:; 3 *"+ 4 XY;����!+1�����CD�*L�#��: �+1:<9<�90D���ZC#!���C�� pro-
sequence !!���� mature PTH *C#!�#��$��[C�1 ���45":;����� Argenine 456� Lysine !��$1#1:\"��+9<1����� 
4K��+9� � Argenine *"+ Lysine C#��456����!+1���9:;1:]9^�_456�4<09� ��`# 

0#��,!� Exon II 9:;2!�*"+*5"�L�0$�%456�0#��,!� pre-sequence *"+ pro-sequence ,!� prepro-
PTH �� � K<�#����!+1���0#���LZ#��<��4�J�: 456� hydrophobic amino acid XY;�"��bJ+����"#�� �+K<���5�C:�
c!�d�1�93�N���9:;1:���L"�;�!!��!�4X""d (Royer and Kamper, 1990) 0D�L��<0#��,!� Exon III 9:;2!�*"+*5"�L�0
$�%456� mature PTH 9:;5�+�!<�%�����!+1��� 84 C�� 41M;!!�`#����+*04"M!�!���+2`�C�����!+1���!!�$5*"+4L"M!
4K:�� 34 C�� �����!!�]9^�_,!� PTH K<�#����!+1��� 34 C��*�����0#��5"��!+1���,!��14"�3" (N-fragment) 
456�0#��9:;�#!�L%4���\"�%��N:���9��*"+���456�0#��9:;�N%��<C����<0�ZZ�J (receptor) �%�� (Greenspan, 1991) 

2. ������	�
����
��������������������
�� PTH gene 

 ������9�"!������ ��: 41M;!�D�"D���<����"��!$9�d,!� PTH gene 9:;$�%���$K�419*C#"+C��9:;456�N��� 
(species) 4�:����� (2-9 C�� ��*C#"+N���) 1�L��#����1�"%���"Y� (homology) K<�#�1:���1�"%���"Y� 100% *"+
41M;!�D�"D���<����"��!$9�d,!� PTH gene ��"��0�3" Macaca 5 N���9:;K<��5�+49k$9� �M! Macaca fascicularis,  
M. nemestrina, M. mulatta, M. assamensis *"+ M. arctoides 1�L��#����1�"%���"Y� K<�#�1:�#� 100% 4N#���� 
(Malaivijitnond and Takenaka, 1998) 41M;!����D�*��"��0�3" Macaca 9:;9D����kY�b������ ��: 9� �L1� 9 N��� !!�456� 
5 �"3#1 C�1������,!� Hayasaka et al. (1996) �M! Barbary 5�+�!<�%�� M. sylvanus, Silenus 5�+�!<�%��  
M. silenus *"+ M. nemestrina, Sulawesi 5�+�!<�%�� M. muara *"+ M. nigra, Fascicularis 5�+�!<�%��  
M. fascicularis, M. fuscata *"+ M. mulatta  *"+ Sinica 5�+�!<�%�� M. assamensis ��� Hayasaka et al. (1996) 
�������#�"���"3#1 Barabary 1:����p�����*��!!�1����"�� macaque 9:;4L"M!!:� 4 �"3#1 41M;! 3 "%��5q9:;*"%� *"+"��9:;
4L"M!!:� 4 �"3#1 1:����p�����*����������N#��4�"�5�+1�J 2.1-2.5 "%��5q9:;*"%� ������kY�b��:  K<�#�"D���< 
����"��!$9�d,!� PTH gene W�����"3#1,!�"��0�3" Macaca 9:;5�+�!<�%��"��1����#� 1 N��� �M! �"3#1 Silenus, 
Sulawesi *"+ Fascicularis 1:���1�"%���"Y���� 100% *"+41M;!45�:�<49:�<"D���<����"��!$9�d,!� PTH gene 
�+L�#��"���"3#1C#��r 9� � 5 �"3#1 K<�#�1:���1�"%���"Y���� 100% 4N#���� (W�K9:; 4) (����� *"+�J+, 2545)  ����� �
�������4���+Ld�#����1�"%���"Y�,!�"D���<����"��!$9�d,!�"��0�3" Macaca ��<$K�419N���!M;�r ��,� �C!�C#!$5 
�+�N%"D���<����"��!$9�d,!� M. fascicularis 456�C��*9�,!�"��0�3" Macaca 9� �L1� 
 41M;!45�:�<49:�<"D���<����"��!$9�d,!� PTH gene �+L�#��$K�4199� � 21 N��� ��<,!����*"+�� K<�#�
1:�#����1�"%���"Y�0̀�2Y� 86.50 - 88.09 *"+ 95.43 - 99.80% C�1"D���< ���W�K9:; 5 *"+C����9:; 2 *"+K<�#��#�
���1�"%���"Y�,!�"D���<����"��!$9�d�+L�#��$K�419�� infraorder Platyrrhini 1:�#�C;D���#� infraorder Catarrhini 
(97.02 - 98.80 *"+ 98.41 - 100.00% C�1"D���<) *"+W���� infraorder Catarrhini 4�:����� K<�#��#����1
�"%���"Y�,!�"D���<����"��!$9�d�+L�#��$K�419�� superfamily Carcopithecoidea �#!�,%����"%4�:�������< 
superfamily Hominoidea (98.41 - 100.00 *"+ 99.20 - 100.00% C�1"D���<) (Malaivijitnond et al., 2002a) 
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        10         20         30         40         50         60         70 

Barbary  attttgcctt tccttttagT GAAGATGATA CCTGCAAAAG ACATGGCTAA AGTAATGATT GTCATGTTGG 

Silenus  .......... .......... .......... .......... .......... .......... .......... 

Sulawesi  .......... .......... .......... .......... .......... .......... .......... 

Fascicularis .......... .......... .......... .......... .......... .......... .......... 

Sinica  .......... .......... .......... .......... .......... .......... .......... 

  ********** ********** ********** ********** ********** ********** ********** 

 

 

                         80         90        100        110        120        130        140 

Barbary   CAATTTGCTT TCTTACAAAA TCAGATGGGA AATCTGTTAA gtaagtactg ttttgcctgg gaattggatt 

Silenus  .......... .......... .......... .......... .......... .......... .......... 

Sulawesi  .......... .......... .......... .......... .......... .......... .......... 

Fascicularis  .......... .......... .......... .......... .......... .......... .......... 

Sinica  .......... .......... .......... .......... .......... .......... .......... 

  ********** ********** ********** ********** ********** ********** ********** 

 

 

                        150        160        170        180        190        200        210 

Barbary  tttaatgttg actttatcat tttgaagtgg ggagctaatg ggaagtggcc ctctctgttt ctcttcttcc 

Silenus  .......... .......... .......... .......... .......... .......... .......... 

Sulawesi  .......... .......... .......... .......... .......... .......... ..........  

Fascicularis .......... .......... .......... .......... .......... .......... .......... 

Sinica  .......... .......... .......... .......... .......... .......... .......... 

  ********** ********** ********** ********** ********** ********** ********** 

 

 

                        220        230        240        250        260        270        280 

Barbary   cagGAAGAGA TCTGTGAGTG AAATACAGCT TATGCATAAC CTGGGAAAAC ATCTGAACTC GATGGAGAGA 

Silenus  .......... .......... .......... .......... .......... .......... .......... 

Sulawesi  .......... .......... .......... .......... .......... .......... .......... 

Fascicularis  .......... .......... .......... .......... .......... .......... .......... 

Sinica  .......... .......... .......... .......... .......... .......... .......... 

  ********** ********** ********** ********** ********** ********** ********** 

 

 

                        290        300        310        320        330        340        350 

Barbary   GTAGAATGGC TGCGTAAGAA GCTGCAGGAT GTGCACAATT TTATTGCCCT TGGAGCTCCT CTAGCTCCCA 

Silenus  .......... .......... .......... .......... .......... .......... .......... 

Sulawesi  .......... .......... .......... .......... .......... .......... .......... 

Fascicularis  .......... .......... .......... .......... .......... .......... .......... 

Sinica  .......... .......... .......... .......... .......... .......... .......... 

  ********** ********** ********** ********** ********** ********** ********** 

 

 

                        360        370        380        390        400        410        420 

Barbary   GAGATGCTGG TTCCCAGAGG CCCCGAAAAA AGGAAGACAA TATCTTGGTA GAGAGCCATG AAAAAAGTCT 

Silenus  .......... .......... .......... .......... .......... .......... .......... 

Sulwesi  .......... .......... .......... .......... .......... .......... .......... 

Fascicularis  .......... .......... .......... .......... .......... .......... .......... 

Sinica  .......... .......... .......... .......... .......... .......... .......... 

  ********** ********** ********** ********** ********** ********** ********** 

 

 

                        430        440        450        460        470        480        490 

Barbary   TGGAGAGGCA GACAAAGCTG ATGTGGATGT ATTAACTAAA GCTAAATCCC AATGAAAATG AAAATAGATA 

Silenus  .......... .......... .......... .......... .......... .......... .......... 

Sulawesi  .......... .......... .......... .......... .......... .......... .......... 

Fascicularis  .......... .......... .......... .......... .......... .......... .......... 

Sinica  .......... .......... .......... .......... .......... .......... .......... 

  ********** ********** ********** ********** ********** ********** ********** 

 

 

                        500 

Barbary   TGGTCAGAGT 

Silenus  .......... 

Sulawesi  .......... 

Fascicularis  .......... 

Sinica  .......... 

  ********** 

 
 

W�K9:; 4.  ���45�:�<49:�<"D���<����"��!$9�d,!� PTH gene ��"��0�3" Macaca 9� � 5 �"3#1 �M! Barbary, Silenus, Sulawesi, 
Fascicularis *"+ Sinica 0�Z"��bJd * *0�����1�"%���"Y�,!�"D���<����"��!$9�d 

 

 
 

←←←← Intron B 

←←←← ExonIII 

→→→→ 

←←←← ExonII 

→→→→ 

→→→→ 

→→→→ 
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      1                                                                                    80 

Cape  ttttgctttt cttttt-agT GAAGATGATA CCTGCAAAAG ACATGGCTAA AGTAATGATT GTCATGTTGG CCATTTGTTT 

Cjac  .......... ......-... .......... .......... .......... .......... .......... .A........ 

Soed  .......... ......-... .......... .......... .......... .......... .......... .A.......C 

Mfas  ......c... .c....-... .......... .......... .......... .......... .......... .A.....C.. 

Caet  ......c... .c....-... .......... .......... .......... .......... .......... .A........ 

Pham  ......c... .c....-... .......... ....A..... .......... .......... .......... .A........ 

Pobs  ......c... .c....-..C .......... .......... .......... .......... .......... .A........ 

Hlar  ........g. .c....-... .......... .......... .......... .......... .......... .A........ 

Ppyg  ........g. .c....-... .......... .......... G......... .......... .......... .A........ 

Ptro  ........g. .c....-... .......... .......... .......... ...T...... .......... .A........ 

Ppan  ........g. .c....-... .......... .......... .......... ...T...... .......... .A........ 

Ggor  ........g. .c....-... .......... .......... .......... ...T...... .......... .A........ 

Hsap  ........a. .c....-... .......... .......... .......... ...T...... .......... .A........ 

Bovi  ....ct.... ......t... T..T.....G T......... ......T... G......... ......C.T. ....C..... 

      ****   * * * **** **   ** *****   *** *****  ***** ***  ** ****** ****** * * * ** ** *  

 

      81                                                                                  160 

Cape  TCTTACAAAA TCGGATGGGA AATCTGTTAA gtaagtac-- -----tgttt tgcctgg--- --------ga attggatttt 

Cjac  .......... .......... .......... ........-- -----..... .......--- --------.. .......... 

Soed  .......... .......... ........G. ........-- -----..... .......--- --------.. .......... 

Mfas  .......... ..A....... .......... ........-- -----..... .......--- --------.. .......... 

Caet  .......... ..A....... .......... ........-- -----..... .......--- --------.. .......... 

Pham  .......... ..A....... .......... ........-- -----..... .......--- --------.. .......... 

Pobs  .......... ..A....... .......... ........-- -----..... .......--- --------.. .......... 

Hlar  .......... .......... .......... ........-- -----..... .....t.--- --------.. .......... 

Ppyg  .......... .......... .......... ........-- -----..... .....t.--- --------.. .......... 

Ptro  .......... .......... .......... ........-- -----..... .....t.--- --------.. .......... 

Ppan  .......... .......... .......... ........-- -----..... .....t.--- --------.. .......... 

Ggor  .G........ .......... .......... ........-- -----..... .....t.--- --------.. .......... 

Hsap  .......... .......... .......... ........-- -----..... .....t.--- --------.. .......... 

Bovi  ....G...G. ..A....... .G........ ........ca tagcc....c ...a...tga ggtcaggg.. .......... 

      * ** *** * ** ******* * ****** * ********        ****  *** * *            ** ********** 

 

      161                                                                                 240 

Cape  -aatgttggc tttatcattt agaagtgggg agctaatggg aaatggcccc ctctgtttct cttcttccca gGAGGAGATC 

Cjac  -......... .......... .......... .......... .......... .......... .......... ...A...... 

Soed  -......... .......... .......... .......... .......... .......... .......... ...A...... 

Mfas  t....a..a. .......... t......... .......... ..g......t .......... .......... ...A...... 

Caet  t.......a. .......... t......... .......... ..g......t ....a..... .......... ...A...... 

Pham  t.......a. .......... t......... .......... ..g......t .......... .......... ...A...... 

Pobs  a.......a. .......... t......... .......... ..g......t .......... .......... ...A...... 

Hlar  t.......a. .......... c......... .......... ..gc.....t .......... .......... ...A...... 

Ppyg  t.......a. .......... c......... .......... ..g......t .......... .......... ...A...... 

Ptro  t.......a. .......... c......... .......... ..g......t .......... .......... ...A...... 

Ppan  t.......a. .......... c......... .......... ..g......t .......... .......... ...A...... 

Ggor  t.......a. .......... ca........ .......... ..g......t .......... .......... ...A...... 

Hsap  t.......a. .......... c......... .......... ..g......t .......... .......... ...A...... 

Bovi  t..g...... .....g.... g....a.... .a.......- -.g..at..t .....a.c.. g...cct... ...A....G. 

       ** * ** * ***** ****   *** **** * *******   *  *  **  ****  * **  ***   *** *** **** * 

 

      241                                                                                 320 

Cape  TGTGAGTGAA ATACAGCTTA TGCACAACCT GGCAAAACAT CTGAACTCGA TGGAGAGAGT AGAATGGCTG CGTAAGAAAC 

Cjac  .......... .......... .......T.. ..G....... .......... .......... .........A ........G. 

Soed  .......... .......... .......... ..G....... ........T. .......... .........A ........G. 

Mfas  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Caet  .......... .......... ....T..... .......... .......... .......... .......... ........G. 

Pham  .......... .......... ....T..T.. ..G....... .......... .......... .......... ........G. 

Pobs  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Hlar  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Ppyg  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Ptro  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Ppan  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Ggor  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Hsap  .......... .......... ....T..... ..G....... .......... .......... .......... ........G. 

Bovi  .......... ......T... ....T..... ..GC...... ....G...C. ....A..... G......... ..G..A..G. 

      ********** ****** *** **** ** ** **  ****** **** *** * **** *****  ********  ** ** ** * 

 

      321                                                                                 400 

Cape  TGCAGGATGT GCACAATTTT GTTGCCCTTG GAACTCCTCT AGTTCCCAGA GATGCTGGTT CTGACAGGCC CAGAAGAAAG 

Cjac  .......... .......... .......C.. .T........ .......... .......... .CC.A..... .C........ 

Soed  .......... .......... .......... .T........ .......... .......... .CC.A..A.. .C........ 

Mfas  .......... .......... A......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Caet  .......... .......... A......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Pham  .......... .......... A......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Pobs  .......... .......... .......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Hlar  .......... .......... .......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Ppyg  .......... .......... .......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Ptro  .......... .......... .......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Ppan  .......... .......... .......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Ggor  .......... .......... .......... ..G....... ..C....... ....G..... .CC.G..... .C...A.... 

Hsap  .......... .......... .......... ..G....... ..C....... .......... .CC.G..... .C...A.... 

Bovi  .A........ ......C... .......... ..G..T..A. ..C.TA.... ....G.A... .CC.G..A.. TC...A.... 

      * ******** ****** ***  ****** ** *  ** ** * ** *  **** **** * *** *  * ** **   *** **** 

W�K9:; 5.  ���45�:�<49:�<"D���<����"��!$9�d,!� PTH gene �+L�#��$K�4199� � 21 N��� �� (Vasicek et al., 1983) *"+��� 
(Weaver et al., 1984) C�1"D���< 0�Z"��bJd * *0��CD�*L�#�9:;1:"D���<4<0�"%�����, - *0�� gap 
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      401                                                                                 480 

Cape  GAAGACAATG TCCTGGCTGA GAGCCATGAA AAAAGTCTTG GAGAGGCAGA CAAAGCTGAT GTGGATGTAT TAACTAAAGC 

Cjac  .......... ......T... .......... .......... .......... .......... .......... .......... 

Soed  .......... ......T... .......... .......... .......... .......... .......... .......... 

Mfas  .........A ..T...TA.. .......... .......... .......... .......... .......... .......... 

Caet  .........A ..T...T... .......... .......... .......... .......... .......... .......... 

Pham  .........A ..T...T... .......... .......... .......... .......... .......... .......... 

Pobs  .........A ..T...T... .......... .......... .......... .......... .......... ..G....... 

Hlar  .......... ..T...T... .......... .......... .......... .......... .......... .......... 

Ppyg  .......... ..T...T... .......... .......... .......... .......... ...A...... .......... 

Ptro  .......... ..T...T... .......... .......... .......... .......... ...A...... .......... 

Ppan  .......... ..T...T... .......... .......... .......... .......... ...A...... .......... 

Ggor  .......... ..T...T... .......... .......... .......... .......... ...A...... .......... 

Hsap  .......... ..T...T... .......... .......... .......... .......... ...A...... .......... 

Bovi  .......... ......T... .......C.G .......... ....A..... .......... .......... ...T...... 

      *********  ** ***  ** ******* *  ********** **** ***** ********** *** ****** **  ****** 

 

      481                                             527 

Cape  TAAATCCCAA TGAAAAGGAA AACAAATATG GTCAGAGTTC TGCTCTA 

Cjac  .......... .......... ....G..... .......... ....... 

Soed  .......... .......... ....CT.... .......... ....... 

Mfas  .......... ......T... ..T.G..... ........-- ------- 

Caet  .......... ......T... ..T.G...C. .......C.. ....... 

Pham  .......... ......T... ..T.G..... .......... ....... 

Pobs  .......... ......T... ....G..... .......... ....... 

Hlar  .......... ......T... .-..G.---- ---------- ------- 

Ppyg  .........G ......T... ....G..... .......... ....... 

Ptro  .........G .....-T... .-..G....T ........-- ------- 

Ppan  .........G ......T... ....G....T .......... ....... 

Ggor  .........G ......T... ....G...-. .......... ....... 

Hsap  .........G ......T... ....G....T .......... ....... 

Bovi  ....C....G .....----- -...G..... A.....TCA. ..T.--- 

      **** ****  *****         *                          

W�K9:; 5.  (C#!) 
 

C����9:; 2. 45!�d4X�Cd���1�"%���"Y�,!�"D���<����"��!$9�d (�%��<�,!�C����) *"+"D���<���!+1��� (�%��"#��,!�C����)
�+L�#��$K�4199� � 21 N��� �� *"+��� C�1"D���< 
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H.
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Bo
vi
ne
 

C. apella - 97.42 97.02 94.64 94.64 95.23 94.84 95.43 95.83 95.43  95.43 95.43 95.43 86.50 
C. jacchus 95.65 - 98.80 95.43 95.43 95.63 96.03 96.23 96.62 96.23 96.23 96.23 96.23 86.90 
S. oedipus 94.78 97.39 - 95.03 95.03 95.23 95.23 95.83 96.23 95.83 95.83 95.83 95.83 87.10 
M. fascicularis 92.17 94.78 93.91 - 100.00 99.00 99.00 98.41 97.81 97.42 97.42 97.42 97.42 87.30 
M. fuscata 92.17 94.78 93.91 100.00 - 99.00 99.00 98.41 97.81 97.42 97.42 97.42 97.42 87.30 
C. aethiops 92.17 94.78 93.91 100.00 100.00 - 99.20 98.61 98.01 97.61 97.61 97.61 97.61 87.50 
P. hamadryas 92.17 94.78 93.91 100.00 100.00 100.00 - 98.61 98.21 97.81 97.81 97.81 97.81 87.89 
P. obscura 91.30 93.91 93.04 99.13 99.13 99.13 99.13 - 98.01 97.60 97.61 97.61 97.61 87.50 
H. lar 93.91 96.52 95.65 98.26 98.26 98.26 98.26 97.39 - 99.20 99.20 99.20 99.20 88.09 
P. pygmeus 92.17 94.78 93.91 96.52 96.52 96.52 96.52 95.65 98.26 - 99.60 99.60 99.40 88.09 
P. troglodytes 93.04 95.65 94.78 97.39 97.39 97.39 97.39 95.62 99.13 99.13 - 100.00 99.80 88.09 
P. paniscus 93.04 95.65 94.78 97.39 97.39 97.39 97.39 96.52 99.13 99.13 100.00 - 99.80 88.09 
H. sapiens 93.04 95.65 94.78 97.39 97.39 97.39 97.39 96.52 99.13 99.13 100.00 100.00 - 88.09 
Bovine 80.00 82.60 81.73 84.34 84.34 84.34 85.21 83.47 86.08 84.34 85.21 85.21 85.21 - 
 

3. ������	�
����
��������56��7����
�� PTH gene 

 41M;!45�:�<49:�<"D���<���!+1���9:;!�31�����"D���<����"��!$9�d ,!� PTH gene �+L�#��$K�4199� � 21 
N�����<,!����*"+�� K<�#�1:�#����1�"%���"Y�0̀�4N#�4�:�������<"D���<����"��!$9�d ���1:�#� 80.00 - 86.08 *"+ 
93.04 - 100.00% C�1"D���< ���W�K9:; 6 *"+C����9:; 2 *"+K<�#��#����1�"%���"Y�,!�"D���<���!+1����+L�#�� 
$K�419�� infraorder Platyrrhini 1:�#�C;D���#� infraorder Catarrhini (94.78 - 97.39 *"+ 97.39 - 100.00% 
C�1"D���<) *"+W���� infraorder Catarrhini 4�:����� K<�#��#����1�"%���"Y�,!�"D���<���!+1����+L�#��$K�419
�� superfamily Cercopithecoidea �#!�,%����"%4�:�������< superfamily Hominoidea (97.39 - 100.00 *"+ 98.26 - 
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100.00% C�1"D���<) (Malaivijitnond et al., 2002a) �Y�0�35$�%�#� PTH gene 456��:�9:;1:���!�3���bd0̀�1��*1%*C#0�C�d
9:;!�`#��"D���<!�3��1��^��9:;L#����� ���1:���1�"%���"Y����,!�"D���<����"��!$9�d*"+���!+1���0̀� *C#!�#��$��[C�1 
K<�#��"3#10�C�d9:;!�`#��"D���<!�3��1��^��9:;0̀���#��+1:���1�"%���"Y����,!� PTH gene W�����"3#10̀���#�0�C�d9:;!�`#
��"D���<!�3��1��̂ ��9:;C;D���#� (infraorder Catarrhini > infraorder Platyrrhini > superfamily Hominoidea > 
superfamily Cercopithecoidea) 
 41M;!45�:�<49:�<"D���<���!+1��� 84 ���!+1���,!� mature PTH  ,!�����<$K�419N���!M;�r K<�#�
"��0�3" Macaca 9� � 10 N��� Cercopithecus aethiops *"+ Papio hamadryas 1:���!+1���4K:�� 3 C��49#��� �9:; 
*C�C#��$5���,!��� (��CD�*L�#�9:; 35, 58 *"+ 76 ,!� mature PTH) (Malaivijitnond and Takenaka, 1998) 
��,J+9:; Gorilla gorilla 1:���!+1���4K:�� 1 C��49#��� �9:;*C�C#��$5 (��CD�*L�#�9:; 46 ,!� mature PTH) 
(Anukulthanakorn, 2000) *"+$1#K<���1*C�C#��,!� mature PTH 4"��+L�#�� Pongo pygmaeus, Pan paniscus, 
P. troglodytes *"+�� (Malaivijitnond et al., 2002a) �!�����: 41M;!45�:�<49:�<"D���<���!+1��� 115 ���!+1���
,!� prepro-PTH ,!� Pan paniscus *"+ P. troglodytes (L�M!�"3#1N�1*K�X:) ��<,!��� $1#K<���1*C�C#����r 
4"� �Y��M�����#�N�1*K�X:1:����p�������"%4�:����<��1����#�$K�419N���!M;�r (Zimonjic et al., 1997; Chen and 
Li, 2001) !���"#��$�%�#�"��4!K456�0�C�d9:;4L1�+019:;03�9:;�+�N%456�0�C�d9�"!������kY�b�4�:;����< bone 
metabolism ���4{K�+!�#����;�����J:9:;C%!����,%!1`"9:;0�1��2�D�$55�+�3�Cd�N%��9�����*K9�d$�%9��9: 
 Nussbaum et al. (1980) �������#����!+1���"D���<9:; 25-34 ,!� mature PTH �+456�0#��0D���Z������N%
��<��<C����<0�ZZ�J,!� PTH ������45�:�<49:�<<��4�J����"#���+L�#���� $K�4199� � 21 N��� *"+��� $1#K<���1
*C�C#����r ���,%!1`"����"#��!��0�35$�%�#� PTH ,!����*"+$K�4190�1��2!!�]9^�_,%�1N������$�% ����� �2%�K<�#�1:
��$,%9:;1:�+��< PTH C;D� L�M!,�� PTH !���+9D�������b�����L% PTH ,!�$K�419N���!M;� L�M!,!����9�*9�$�% 
 

       pro-sequence 

                   ←            pre-sequence              →←        →←                  mature PTH    
                -30        -20        -10         1         10         20          

C. apella       MIPAKDMAKV MIVMLAICFL TKSDGKSVKR RSVSEIQLMH NLAKHLNSME RVEWLRKKLQ  

C. jacchus      .......... .......... .........K .......... ..G....... ..........  

S. oedipus      .......... ........S. ........EK .......... ..G....... ..........  

M. fascicularis .......... .......... .........K .......... ..G....... ..........  

C. aethiops     .......... .......... .........K .......... ..G....... ..........  

P. hamadryas    .......... .......... .........K .......... ..G....... ..........  

P. obsura       .......... .......... .........K .......... ..G....... ..........  

H. lar          .......... .......... .........K .......... ..G....... ..........  

P. pygmeus      .....G.... .......... .........K .......... ..G....... ..........  

P. troglodytes  .......... .......... .........K .......... ..G....... ..........  

P. paniscus     .......... .......... .........K .......... ..G....... ..........  

H. sapiens      .......... .......... .........K .......... ..G....... ..........  

Bovine          .MS....V.. .......... AR.......K .A.....F.. ..G...S... ..........  

                *  ** * ** ******** *   ******   * ***** ** ** *** *** **********  

 

          → 
                 30         40         50         60         70         80      

C. apella        DVHNFVALGT PLVPRDAGSD RPRRKEDNVL AESHEKSLGE ADKADVDVLT KAKSQ*  

C. jacchus       .......P.. .........Q .......... V......... .......... .....*  

S. oedipus       .......... .........Q .......... V......... .......... .....*  

M. fascicularis  .....I...A ..A......Q ...K....I. V......... .......... .....*  

C. aethiops      .....I...A ..A......Q ...K....I. V......... .......... .....*  

P. hamadryas     .....I...A ..A......Q ...K....I. V......... .......... .....*  

P. obsura        .........A ..A......Q ...K....I. V......... ......N..A .....*  

H. lar           .........A ..A......Q ...K...... V......... .......... .....*  

P. pygmeus       .........A ..A......Q ...K...... V......... ......N... .....*  

P. troglodytes   .........A ..A......Q ...K...... V......... ......N... .....*  

P. paniscus      .........A ..A......Q ...K...... V......... ......N... .....*  

H. sapiens       .........A ..A......Q ...K...... V......... ......N... .....*  

Bovine           .........A S.A...GS.Q ...K...... V...Q..... .........I ...P.*  

                 ***** * *   * ***  *  *** **** *  *** ***** ****** **  *** * 

W�K9:; 6. ���45�:�<49:�<"D���<���!+1���,!� PTH gene �+L�#��$K�4199� � 21 N��� �� (Vasicek et al., 1983) *"+��� 
(Weaver et al., 1984) C�1"D���< 0�Z"��bJd * *0��CD�*L�#�9:;1:"D���<���!+1����"%����� 
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4. ��9�6�7:�:�����;��<��=����<��=>566�9?������@��5�6A�5������������������
�� PTH gene 

41M;!�D�"D���<����"��!$9�d9:;$�%,!�$K�4199� � 21 N���$5��4���+LdL����10�1K��^d9��K��^3���14N��
����p����������^: parsimony *"+ neighbor-joining K<�#�$�%\"4N#�4�:������M! 0�1��2*<#�$K�4199� � 21 N��� 
!!�456� 2 �"3#1 �M! �"3#19:; 1 5�+�!<�%�� Cebus apella, Callithrix jacchus *"+ Saguinus oedipus XY;����!�`#�� 
infraorder Platyrrhini L�M!�"3#1"���"��L1# (new world monkeys) *"+�"3#19:; 2 5�+�!<�%�� $K�4199:;4L"M!!:� 18 
N��� XY;����!�`#�� infraorder Catarrhini L�M!�"3#1"���"�4�#� (old world monkeys) ���*<#�C#!$�%456� 2 �"3#1�#!� �M! 
2.1) 5�+�!<�%�� Macaca spp. 9� � 10 N���, Cercopithecus aethiops, Papio hamadryas *"+ Presbytes obscura 
XY;����!�`#�� superfamily Cercopithecoidea L�M!�"3#1"���"�4�#� (old world monkeys) *"+ 2.2) 5�+�!<�%�� 
Hylobates lar, Pongo pygmeus, Pan troglodytes, P. paniscus *"+ Homo sapiens 9:;�N%456� in-group reference XY;�
���!�`#�� superfamily Hominoidea L�M!�"3#1"��4!K*"+1�3b�d (apes and humans) (W�K9:; 7a *"+ b) 
(Malaivijitnond et al., 2002a) XY;����*<#�!!�456� 2 �"3#1����"#�� �+0!��"%!������<���1*C�C#��,!�,��� intron 
�M! infraorder Platyrrhini 1: intron ,��� 102 �`#4<0 *"+ infraorder Catarrhini 1: intron ,��� 103 �`#4<0 ����� ��Y�
!���+�N%,���,!� intron 9:;C#�����,!� PTH gene ���������D�*��0�C�d�"3#1$K�419���+��< infraorder $�% *"+���
����D�*��$K�419����N%"D���<����"��!$9�d,!� PTH gene 0�1��2�D�*��$�%4K:��*�#�+��< superfamily 49#��� � 

0.1

M.fuscata

M.fascicularis

C.aethiops

P.hamadryas

P.obscura

H.sapiens

P.troglodytes

P.paniscus

P.pygmaeus

H.lar

S.oedipus

C.apella

C.jacchus

Bovine

95

93

95

86

82

96

67

100

88

 

M.fuscata

M.fascicularis

C.aethiops

P.hamadryas

P.obscura

P.troglodytes

H.sapiens

P.paniscus

P.pygmaeus

H.lar

C.jacchus

S.oedipus

C.apella

Bovine

95

88

93

79

62

86

73

90

98

W�K9:; 7.  �#� phylogenetic tree ���"D���<����"��!$9�d�D���� 500 �̀#
4<0,!� PTH gene ��$K�4199� � 21 N��� ����L%"D���<����"��!$9�d
*"+���!+1���,!���456� in-group reference (Vasicek et al., 1983) 
*"+"D���<����"��!$9�d*"+���!+1���,!����456� out-group reference 
(Weaver et al., 1984). ����� :̂ neighbor-joining (a) *"+ parsimony (b)  
*"+9D� bootstrapping �D���� 1,000 X D� 
 



BRT Research Reports 2002  251 ����������������������� BRT 2545 

�
���� 

 ���,%!1`"9� �L1�9:;$�%������������: 0�35�#� PTH gene ,!�"��0�3" Macaca 456��:�9:;1:���!�3���bd0̀�1�� �M! 
$1#K<���1*C�C#����r ,!�"D���<����"��!$9�d,!� PTH gene ��"��0�3" Macaca 4"���N#���+�+4�"� 3 "%��5q9:;1:
����p�����*�������� ����� ������kY�b���r 4�:;����< bone metabolism ����N%"��0�3" Macaca N�����N���L�Y;�
456��14�" 0�1��2�D�,%!1`"9:;$�%$55�+�3�Cd�N%��<"��0�3" Macaca N���!M;�r $�%9��9: (03�����, 2544; Malaivijitnond 
et al., 2002b) *C#!�#��$��[C�1 ��5|��3<��K<�#�1:"��0�3" Macaca 9�;��"�5�+1�J 14 N��� (Burton, 1995; Groves, 
2001) 4KM;!�L%$�%,%!0�359:;N��4��*"+01<`�Jd�#� PTH gene �+L�#��"��0�3" Macaca $1#1:���1*C�C#�����4"� �Y����
9D����kY�b� PTH gene ��"��0�3" Macaca !M;�r 9:;4L"M!!�`# 4N#� M. cyclopis, M. radiata, M. sinica *"+  
M. thibetana 456�C%� *"+���9:;K<�#�"D���<���!+1���,!� prepro-PTH ,!� vervet monkey (Cercopithecus 
aethiops) 4L1M!���<,!�"��0�3" Macaca �Y�9D��L%0�1��2�D�,%!1`"9:;$�%��� C. aethiops 9:;$�%1:������1��#!�L�%��:  
(Usami et al., 1995) 1��N%��<"��0�3" Macaca $�% 4N#� ���C������L��+��< PTH ����+*04"M!�,!�"�� Macaca 
fascicularis *"+ M. fuscata (Malaivijitnond et al., 2002b) 0�1��2�N% RIA commercial kit 9:;$�%��<���C���0!<*"%�
�#��N%���$�%��< C. aethiops 1��N%��<"��9� �0!�N�������"#��$�% *"+���9:;K<�#�"D���<���!+1���,!� mature PTH 
,!�$K�419���"3#1 great apes XY;�5�+�!<�%�� !̀���!̀C�� (Pongo pygmaeus), N�1*K�X: (Pan troglodytes) *"+ 
�<���< (P. paniscus) $1#*C�C#����<,!��� !���"#��$�%�#�"��4!K456�0�C�d9:;4L1�+019:;03�9:;�+�N%456�0�C�d9�"!���
���kY�b�4�:;����< bone metabolism ���4{K�+!�#����;�����J:9:;C%!����,%!1`"9:;0�1��2�D�$55�+�3�Cd�N%��9��
���*K9�d$�%9��9: 0#������J:,!��!��"� (Gorilla gorilla) 9:;���!�`#���"3#1 great apes 4N#���� *C#K<�#�1:���!+1��� 1 
C��9:;C#��$5���,!��� (Anukulthanakorn, 2001)  ,J+�: $�%9D����9�"!�X D�!:���� �4KM;!9:;�+�M����,%!1`"9:;$�% 
 ��5|��3<���: K<�#����kY�b�4�:;����<0�C�d�"3#1$K�419��5�+49k$9� ���1:\`%kY�b����������%!�1�� *"+0�C�d��
�"3#1�: 1:*����%19:;�+0̀ZK��^3d*"+4������45":;��*5"�9��K��^3���1$�%0̀���!���C 4�M;!�1�����D����5�+N���9:;
"�"�*"+4��� inbreeding (Malaivijitnond and Varavudhi, 2002c) ���<3��3�9D�"��*L"#�!�L��*"+9:;!�`#!�k��,!�
0�C�d����� (Assavanonda, 1999) 9D��L%0�C�d���"3#1�: C%!�1�!�k���#�1��<����*L"#�N31N� 4N#� "��L�����9:;k�" 
K�+��~ ���L���"K<3�: *"+���9D�"��*L"#�!�k��,!�"��9D��L%"��C#��N������C%!�4,%�1�!�k��!�`#��<��4�J��"%4�:�����
L�M!<��4�J4�:����� �Y�9D��L%4����!��0�����\01,%�1K��^3d���1��,Y � (Malaivijitnond and Varavudhi, 2002c) *"+
K<�#���"��0�3" Macaca 0�1��2\01,%�1K��^3d���$�%*"+�L%"̀�L"��9:;$1#456�L1�� (Bernstein and Gordon, 1980 
*"+ Yang and Shi, 1994) ���45":;��*5"�,!�����0�%��9��5�+N���*"+�����+���,!�5�+N�������"#���:  1:\"
C#!���45":;��*5"�9���%�����1L"��L"��9��K��^3���1��5�+N����� �r ����� ����kY�b�����0�%��,!�5�+N���
*"+�����+���,!�5�+N���,!�0�C�d���"3#1�:  ���!�k��,%!1`"9��K��^3���1�Y�456�0�;�9:;�#�kY�b� 4KM;!�D�,%!1`"�: $5
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Screening for anti-inflammatory compounds was initiated as a part of the Bioresource 

Research Program at BIOTEC which aims to utilize biological resources of Thailand.  To evaluate 

the usefulness of a murine PGHS-null cell system, derived from lung tissues of PGHS-2
-/-

 and 

PGHS-1
-/-

 mice, for analyzing PGHS-2 selective inhibitors, we tested PGHS-2 non-selective 

NSAIDs and two PGHS-2 specific compounds using either endogenous or exogenous sources of 

substrate, arachidonic acid.  PGHS-1 and PGHS-2 null cell lines were exposed to three widely 

used NSAIDs, ibuprofen, indomethacin and aspirin, and two PGHS-2 specific inhibitors, MK-966 

and NS-398.  PGHS-1 and PGHS-2 activity were determined by measuring  prostaglandin E2 

production using radioimmuno assays.  IC50 values of each compound were determined from the 

reduction of PGE2 levels as a measure of inhibition of existing PGHS isozyme in the PGHS-null 

cells.  In our murine PGHS-null cell systems, both NS-398 and MK-966 were potent inhibitors and 

demonstrated strong selectivity for PGHS-2.  Among the non-selective NSAIDs, based on the 

PGHS-2 IC50/ PGHS-1 IC50 ratio ranking, ibuprofen is more selective for PGHS-2 than 

indomethacin while aspirin is the least selective inhibitor regardless of the arachidonic acid source.  

Indomethacin and MK-966 IC50 values for PGHS-2 were in the range of 10
-9

-10
-8

 M while the IC50 

values for aspirin were in the range of 10
-5

 M.  In conclusion, this system, using cells that express 

either PGHS-1 or PGHS-2, offers a convenient and reliable method to determine IC50 values of the 

two PGHS isoforms, entirely independent of each other, in the same cell type.  The results of our 

evaluation using a panel of NSAIDs, both PGHS-2 selective and non-selective inhibitors, correlate 

well with previously published clinical and laboratory data, demonstrating the usefulness of the 

whole-cell assay system described here. 
 

Key words: PGHS, NSAIDs, prostaglandins, anti-inflammatory 

 

 

Introduction 

Prostaglandins play a crucial role in maintaining homeostasis such as controlling water 

resorption by the kidney and mucous production in the stomach.  In addition, they also act as 

mediators of inflammation, pain and fever during disease 

(Goetzl et al., 1995; Herschman, 1996; Herschman et al., 

1995).  Prostaglandin production is tightly regulated in 

several successive steps.  First, membrane phospholopid is 

converted to arachidonic acid by phospholipase enzymes 

followed by the conversion of AA to PGH2 by prostaglandin 

H/synthase cyclooxygenase (PGHS-1 and PGHS-2) (Smith et 

al., 1996).  Subsequently, an isomerase converts PGH2 to a 

specific type of prostaglandin.  Various types of tissues 

contain different types of isomerases which determine the 

final product in different types of cells (Figure 1). PGHS-1 is 

constitutively expressed in most types of cells and is believed 

to perform ‘housekeeping’ functions such as gastrointestinal 

tract cytoprotection, regulation of platelet aggregation, and 

regulation of kidney function (Herschman, 1996; Hla and 

Neilson, 1992).  PGHS-2 is shown to increase in response to 

many stimuli associated with an inflammation process.   

Figure 1.  The biosynthesis pathway of 

prostaglandins. 

Membrane phospholipid

Arachidonic acid (AA)
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Prostaglandins 

 To relieve an inflammatory response, nonsteroidal inflammatory drugs (NSAIDs) such as 

aspirin and ibuprofen have been widely used to target PGHS function, and therefore inhibit the 

production of prostaglandin (Smith and Willis, 1971; Vane, 1971).  Prolonged usage of NSAIDs is 

known to generate serious and sometimes fatal side effects such as stomach bleeding and kidney 

failure.  These untoward side effects stem from the indiscriminate inhibition of both isoforms of PGHS 

(Masferrer et al., 1994; Smith and De Witt, 1995).  Therefore, in order to efficiently alleviate 

inflammatory symptoms without generating undesirable side effects selective PGHS-2 inhibitors are 

required.  Not until a recent release of two new PGHS-2 selective inhibitors, Celebrex


 and Vioxx


, 

all previously released NSAIDs cannot discriminate between PGHS-1 and PGHS-2.  However, new 

PGHS-2 inhibitors are still relatively expensive and inaccessible to many. 

 The National Center for Genetic Engineering and Biotechnology (BIOTEC) has established 

the Bioresource Research Program in order to evaluate the natural resources of Thailand, such as 

plants and microbes, for their potential as a source of new drug-like compounds.  In our research 

program, plant and microbial extracts have been subjected to various tests to determine their anti-

cancer, anti-viral, anti-fungal, anti-malarial and anti-tuberculosis properties.  Positive samples are 

further investigated by bioassay guided fractionation to elucidate structures of any active compound.  

Over the years new types of assays have been incorporated into the screening scheme in order to 

maximize the potential of finding active compounds from each extract.  Recently, anti-inflammatory 

compound screening has been initiated due to the increasing demand for better drugs without side 

effects. 

 Many methods for determining PGHS-1 and PGHS-2 selectivity of inhibitors have been 

developed (Grossman et al., 1995; Laneuville et al., 1994; Meade et al., 1993; Mitchell et al., 1993; 

Simmons et al., 1993; Yamazaki et al., 1997).  These methods use either pure enzymes, cell fractions, 

or whole-cell preparations.  In cell fraction or whole-cell systems, different types of cells (platelets for 

PGHS-1 and synovial cells or mononuclear cells for PGHS-2) were used as PGHS-1 and PGHS-2 

sources making direct comparisons difficult (Grossman et al., 1995; Kawai et al., 1998).  In some 

whole-cell systems, PGHS-1 and PGHS-2 gene transfectants have been generated in order to study 

each isozyme independently in an attempt to make comparisons more meaningful (Berg et al., 1997; 

Chulada and Langenbach, 1997). 

 With these limitations in mind, we have developed a method to test PGHS-1 and PGHS-2 

specific inhibitors in order to incorporate this new assay into our screening scheme in the Bioresource 

Research Program.  This new method uses a whole-cell assay system employing murine fibroblast cell 

lines derived from lung tissues from PGHS-1 or PGHS-2 deficient mice.  These immortalized cell 

lines have been characterized previously and shown to contain no alternate PGHS isozymes so that 

each isoform can be studied independently in the same cell type, thus eliminating the possibility of 

differences in cell penetration or drug sequestration in different cell types (Kirtikara et al., 1998).  

These characteristics therefore make this system particularly convenient and useful for direct 

comparisons of IC50 values for each potential inhibitor.  In order to verify our system, a series of 

experiments have been performed to examine the pharmacological profiles of different NSAIDs and 

compared with previously published data. 

 

Methodology 

Briefly, immortalized mouse PGHS-1 (PGHS-1
-/-

) and PGHS-2 (PGHS-2
-/-

) null cells were 

grown in suitable media (Kirtikara et al., 2001).  Different types of NSAIDs were incubated with these 

cells in the presence of excess arachidonic acid or A23187, a calcium ionophore to mobilize 

endogenous AA from various internal lipid pools by increasing PLA2 activity (Smith, 1992).   Medium 

samples were then collected and analyzed for prostaglandin E2 by radioimmuno assay.  Inhibition was 

calculated as percent PGHS activity of drug-treated cells relative to vehicle-treated cells.   
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Results 

Inhibition of PGHS-1 and PGHS-2 enzyme activity by NSAIDs 
Five different types of NSAIDs including non-selective and selective PGHS-2 inhibitors were 

used in an inhibition study.  Aspirin, ibuprofen and indomethacin represent non-selective inhibitors 

while NS-398 and MK-966 (Vioxx


) are selective PGHS-2 inhibitors.  An example of a non-selective 

inhibitor, aspirin, response curve using either exogenous AA or A23187-mobilized endogenous AA as 

sources of substrate is shown in Figure 2.  Aspirin was almost equally effective against both PGH-1 

and PGHS-2 as indicated by the nearly identical response curves for PGHS-1 and PGHS-2 regardless 

of the AA sources.  This is a typical curve expected for a non-selective inhibitor. 

NS-398 and MK-966 were selected to represent a group of drugs that selectively inhibit 

PGHS-2 over PGHS-1, and the MK-966 response curves are shown in Figure 3.  Again, regardless of 

the sources of AA, these two drugs showed a clear preference for PGHS-2 inhibition.   
 

Figure 2.  Dose response curves for the inhibition of PGE2 production by aspirin in mouse PGHS-1 or 

PGHS-2-null cell lines containing only PGHS-2 or PGHS-1, respectively.  Cells were incubated 

with different concentrations of aspirin for 30 minutes before replacing with new medium 

containing aspirin and 20 µM AA (A) or 2 µM A23187 (B) and incubated for an additional 30 

minutes.  The PGE2 concentration of the medium was then measured.  Each point shows the 

mean percent control (± SD) of three different experiments with two replicates in each 

experiment. (From Kirtikara et al. Inflammation Research 50 (2001) 327-332) 
 

Figure 3.  Dose response curves for the inhibition of PGE2 production by MK-966 in mouse PGHS-1 or 

PGHS-2-null cell lines containing only PGHS-2 or PGHS-1, respectively.  Cells were incubated 

with different concentrations of ibuprofen for 30 minutes before replacing with new medium 

containing ibuprofen and 20 µM AA (A) or 2 µM A23187 (B) and incubated for an additional 30 

minutes.  The PGE2 concentration of the medium was then measured.  Each point shows the 

mean percent control (± SD) of three different experiments with two replicates in each 

experiment. (From Kirtikara et al. Inflammation Research 50 (2001) 327-332) 
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Ranking of PGHS-2/PGHS-1 IC50 ratios to determine selectivity 
The potency of PGHS-2 selective inhibition is determined by their preference in inhibiting 

PGHS-2 over PGHS-1.  Details of IC50 values of each drug are indicated in Table 1.  Based on these 

ratios, each drug is ranked from more selective (low PGHS-2/PGHS-1 ratio) to less selective (high 

PGHS-2/PGHS-1 ratio) for PGHS-2.  Regardless of the AA source, NS-398 and MK-966 ranked the 

highest for its selective inhibition for PGHS-2 followed by ibuprofen, indomethacin and then aspirin. 

 

Table 1. IC50 values of NSAIDs for PGHS-1 or PGHS-2 enzymes. (Adapted from Kirtikara et al. Inflammation 

Research 50, 2001: 327-332) 
 PGHS-1 PGHS-2 IC50 

 IC50 

[µM] ± SE (n) 

IC50 

[µM]± SE (n) 

PGHS-2 /-1 

(rank) 

Exogenous AA    

Aspirin 23.4 ±  2.67 (3) 75.8 ± 31.0 (3) 3.2 (4) 

Ibuprofen 7.62 ± 3.55 (4) 0.40 ± 0.17 (3) 0.05 (2) 

Indomethacin 0.007 ± 0.003 (4) 0.018 ± 0.006 (3) 2.6 (3) 

NS-398 >32.0 0.17 ± 0.01 (4) n.d. (1=) 

MK-966 >3.2 0.028 ± 0.001 (4) n.d. (1=) 

    

A23187    

Aspirin 11.41 ±  3.71 (6) 19.8 ± 11.2 (4) 1.7 (4) 

Ibuprofen 0.53 ±  0.26 (4) 0.31 ± 0.23 (5) 0.6 (2) 

Indomethacin 0.005 ± 0.003 (7) 0.006 ± 0.002 (9) 1.2 (3) 

NS-398 >32.0 0.01 ± 0.01 (4) n.d. (1=) 

MK-966 >3.2 0.005 ± 0.003 (4) n.d. (1=) 

Remark:  Enzyme activities were measured and IC50s of each enzyme were determined.  Rank of each NSAID 

was calculated from the ratio of IC50 of PGHS-2/IC50 of PGHS-1 to represent the selectivity for 

PGHS-2.  The highest concentrations of NS-398 and MK-966 used were 32 µM and 3.2 µM, 

respectively.  Smaller ranking numbers correlate with PGHS-2 selectivity.  (1=) indicates that both 

NS-398 and MK-966 are PGHS-2 selective inhibitors.  n.d.= not determined. 

 

Discussion 

In this study, we have shown that PGHS-1 and PGHS-2 null cell lines provide a convenient 

and reliable whole cell assay system useful for testing compounds to determine their isozyme 

selectivity based on IC50 values of PGHS-1 and PGHS-2.  These cell lines have been thoroughly 

studied and were shown to express inherently higher levels of both PGHS-1 or PGHS-2 than levels 

expressed in control (wild-type) cells.  Therefore, the levels of PGE2 can be measured easily without 

the need of any treatment to induce PGHS-2 expression/activity.  As reported previously, these cell 

lines are also very responsive to agonists including interleukin-1β, tumor necrosis factor α, fibroblast 

growth factor, and phorbol esters (PMA).   

In order to verify the potential value of the PGHS-null cell lines as a test system for screening 

PGHS-2 selective inhibitors, we used them to determine the IC50s for three widely used NSAIDs and 

two new PGHS-2 selective inhibitors, and then compared their IC50 ratios of PGHS-2/PGHS-1 with 

previous reports.  The PGHS-null cell system offers the advantage of being able to compare effects of 

drugs on PGHS isozymes in intact cells of the same lineage rather than comparing data gathered from 

among purified enzyme assays, cell-free extracts, cell fractions or different cell types.  Of course, 

variables such as length of incubation with NSAIDs, sources and concentrations of substrate, type of 

drug vehicle used, and preincubation times with drugs, each contributes to discrepancies in PGHS-

2/PGHS-1 IC50 ratios among individual reports.  As an example, aspirin PGHS-2/PGHS-1 IC50 ratios 

vary from 166 to 3.8 in different reports while those of indomethacin vary from 60 to 0.25 in others 

(Chulada and Langenbach, 1997; Kawai et al., 1998; Vane and Botting, 1995; Warner et al., 1999).  

Therefore, it seems that the validity of the comparison may only be as good as the PGHS 'system' in 

which the drugs are compared.  Clearly, the relative efficacy of a particular drug using the same 

system can be compared directly and ranked accordingly to help predict the effects of drugs in patients 
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based on the assumption that the more selective the PGHS-2 inhibitor the less side effects it should 

generate.  

In our PGHS-null, whole cell system, with exogenous AA added, indomethacin is the most 

potent PGHS-1 and PGHS-2 inhibitor among the three drugs and belonged to the group exhibiting 

almost no preference between PGHS-1 and PGHS-2, with IC50 values in the range of 10
-9

-10
-8

 M 

whereas aspirin is the least potent inhibitor with the IC50 values in the range of 10
-5

 M.  For drugs in 

this non-selective group, ibuprofen is the most selective for PGHS-2, while indomethacin is less 

selective, and aspirin is the least selective in the presence of exogenous AA.  This ranking of the IC50 

ratio correlates well with the studies reported by Cryer and Feldman (1998) using ex vivo whole blood 

assay and by Vane and Botting (1995) also using a whole cell system.  The study by Chulada and 

Langenbach (1997) also indicated that with exogenous AA, indomethacin is more selective to PGHS-2 

than aspirin.  In addition, Meade et al. (1993) reported that ibuprofen is more selective to PGHS-2 than 

indomethacin.  Thus, the findings obtained using our system yielded similar results to earlier studies 

on PGHS-2 selectivity in various test systems: ibuprofen > indomethacin >aspirin.  

Our results from the experiments with A23187-derived endogenous AA showed that 

indomethacin is the most potent inhibitor for both PGHS-1 and PGHS-2 with the IC50 values in the 

range of 10
-9

 M while aspirin is the least potent inhibitor with the IC50 ratio of approximately 10
-5

 M.  

PGHS-2/PGHS-1 IC50 ratios ranked ibuprofen as a better PGHS-2 selective inhibitor than 

indomethacin, and again aspirin as the least selective.  These results agree with the data obtained from 

cells incubated with exogenous AA.  This ranking is also in agreement with the studies of NSAID-

induced GI toxicity in humans showing that ibuprofen generated fewer side effects than either 

indomethacin or aspirin (Blechman et al., 1975).  Our data also indicate that in order to efficiently 

predict the potential side effects of any NSAIDs in patients, we could employ either external or 

internal source of AA in our test system.  In addition, when we examined the results of MK-966 and 

NS-398, we found that regardless of the AA sources, these two PGHS-2 selective inhibitors clearly 

preferentially inhibited PGHS-2 activity.  However, when we compared the PGHS-2 IC50 values of 

these two inhibitors obtained using our PGHS null cell system with the values derived from the human 

whole blood assay (WBA) and William Harvey human modified whole blood assay (WHMA), which 

utilizes an internal arachidonic acid source (Warner et al., 1999), we found that in our system, MK-

966 was more potent than NS-398 in inhibiting PGHS-2 activity, while the opposite was observed in 

the human systems.  

Other limitations in using different types of cells as sources of PGHS-1 and PGHS-2 enzymes 

could include differential abilities of potential inhibitors to enter the cells.  Moreover, different types 

of cells might utilize different pathways in eliminating or sequestering foreign compounds, and when 

cells with transfected PGHS-1 or PGHS-2 are used, the possibility that alternate PGHS isozymes are 

present cannot be completely ignored.  Discrepancies such as these could easily account for the 

variability in calculating IC50 values using different assay systems.  Although results obtained from 

pure enzyme screening is fast, it may not represent the real physiological conditions under which drug 

molecules interact with the target enzyme in the cytosolic milieu.  

 

Conclusions 

In summary, we have presented a comparison of pharmacological profiles for three different 

widely used NSAIDs and two new PGHS-2 selective inhibitors utilizing a PGHS-null, whole-cell 

assay system.  Regardless of the AA sources, the pharmacological profile obtained from our system 

was similar to the previously reported data from other whole cell assay systems.  While it is possible 

that PGE2 synthase levels may be altered in both PGHS-deficient cell types, the five NSAIDs that we 

used in these experiments are known PGHS inhibitors.  Therefore, results showing a correlation with 

data from our system with other experimental assay systems would seem to indicate that the PGHS-

null cell system can be used to test efficacy of PGHS isozyme-specific inhibitors regardless of PGE2 

synthase levels.  In conclusion, our whole cell assay system offers the following advantages: 1) cells 

used as sources of PGHS-1 and PGHS-2 are the same type of cell (lung fibroblasts) and each 

completely lacks the alternate form of PGHS allowing for direct comparison of PGHS-1 and -2 

activity in cells exhibiting similar physiological properties, 2) PGE2 is by far the predominant 

eicosanoid produced by these two cell lines so that only one type of eicosanoid measuring system is 
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required, and 3) each respective PGHS isozyme is expressed at high levels eliminating the need to 

stimulate cells in order to induce the expression of PGHS-2.  Currently, this new assay system is 

routinely used to screen anti-inflammatory compounds from natural resources at BIOTEC. 
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