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ก����ก�� serine proteinase inhibitors ������������� ��� �!��!ก"�#�ก������������$ก%#ก���

ก��&"�&"'��(�)*�+ Trypsin 2 /�%� ��$&ก�01� CGTI-I 6�7 CGTI-II  �$8� �&ก��&"�&"'�9$:#�����7� (

�(�)*�+ trypsin ;<( 8.21 6�7 28.07 U/mg �������"� *�:� CGTI-II �$�'��8�"กF���กG��9 �ก"� 3303.69 

��<:(���)09�!(�ก"�8�(�ก�79KLM"ก��;����NL�NL� 3, 6, 9, 6�7 12  TIU/g diet �0�$&��9$&�ก"�/G�

;��;G� ��� �!��!ก"� Trypsin Inhibitors (TIs) #�ก����������� 9���8L�'��8�"ก8�(�ก�79KLM"ก���"�9$: 

10 8�"�ก��)�L�"�!�� ����(& ���8��)�L/"� F�&�S��79$:;����NL�NL� 9 TIU/g diet 6�7 12  TIU/g 

diet �'��8�"ก8�(����� 18.59 % 6�7  31.51 % 6�79���8L8�(���& 11.0 % 6�7  15.0 % �'��8�"ก

�"ก6�L����0�7��V 25 % ��<:(8�(�)�L�"�!��;����NL�NL� 9 TIU/g diet 6�7 12 TIU/g diet !�� 

TIs ;����NL�NL� 6, 9 6�7 12 TIU/g diet 9���8Lก�����)N N(�M$�!<'(����(& ����ก ;<( 59.88 %, 61.73 

%, 6�7 63.21 % �������"�  

��������7�7N$'�ก��ก%#ก���ก��&"�&"'��(�)*�+ Trypsin  2 /�%� ��$&ก�01� MCTI-1 6�7 

MCTI-2 6�7��ก%#ก���ก��&"�&"'��(�)*�+ elastase 1 /�%���$&ก�01� MCEI-1 *�:��$8� �&ก��&"�&"'�

�(�)*�+ Trypsin N(� MCTI-1 6�7 MCTI-2 �9 �ก"� 81 6�7 117 U/mg 8� �&ก��&"�&"'��(�)*�+ 

elastase N(� MCEI-1 �9 �ก"� 147.80 U/mg N���F���กG�N(� MCTI-1, MCTI-2 6�7 MCEI-1 

�9 �ก"� 3270, 3335 6�7 3169 Da �������"� ��<:(���)09�!(�ก"�8�(��#�7!�(\]�& ��� �ก��)�L�"� 

TIs #�ก!��!ก"�������7�7N$'�ก 9���8L�'��8�"ก8�(��#�7!�(\]�&����(& ���8��)�L/"�  ก��)�L�"�

!���7�"� 6 TIU/g diet 9���8L�$8�(���& �̂� 40 % ��<:(8�(�)�L�"�!���NL�NL� 12 TIU/g diet 9���8L

�'��8�"ก�"ก6�L����0�7��V 33 % ! ��ก����&N(��"ก6�L�"'���� � ;����NL�NL� 6 6�7 9 TIU/g diet 

9���8L�"ก6�L��& 22.0% 6�7  26.0% �������"�  !�� TIs ;����NL�NL� 6, 9 6�7 12 TIU/g diet 9���8L

ก�����)N N(�M$�!<'(���� 51.78 %, 67.67%, 6�7 65.48 % �������"� &%:�)0ก� ��"'� &"�9���8Lก��_`ก

((ก#�ก)N ����(& ����ก ;<( 69.82 %, 98.87 %, 6�7 95.96 %�������"� ก��9$:!��!ก"� trypsin 

inhibitors #�ก������</9"'� 2 /�%�  �01��00)9�+N������ก (0�7��V 3000 Da) 9���8L�$;����01�)0)�L

; (�NL��� �&��ก��9$:#7!(�69�ก/%'�! ���00)9�+�NL�)0��<'(�&<:(N(��</����aก%#��<:(ก�7�GL��8L�</

����aก%#�8� ��"'��$;���!����^��ก��0](�ก"��"��(�6�79����&6����"��K!��;"b �/ � 8�(��#�7

!�(\]�& 6�78�(�ก�79KLM"ก)�L� ()0  
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Abstract: 

In this study, serine proteinase inhibitors extracted from Ivy gourd seed and Thai bitter 

gourd were analyzed. Ivy gourd seed extracted showed CGTI-I and CGTI-II with trypsin inhibitory 

activity 8.21 and 28.07 U/mg.  CGTI-II was further analyzed and its molecular weight was 3303.69 

Da. Trypsin inhibitors from ivy gourd was tested with common cutworm in concentrations 3, 6, 9, 

and 12  TIU/g diet compared with control (artificial without TIs). Larvae fed on diet containing the 

9 TIU/g diet and 12 TIU/g diet of CGTIs showed reduction in weight by about 18.59 % and 31.51 

% after 10 days of feeding as compared with larvae fed on control diet. Highest larval mortality of 

15.0 % was observed in larvae fed on diet containing 12 TIU/g diet. Pupal weight was reduced in a 

dose-dependent manner by about 25 % until 9 TIU/g diet. Egg laying capacity of adult females 

reduced significantly from an average of 810 eggs/female (control) to 298 eggs/female (12 TIU/g 

diet).   

Extracted from Thai bitter gourd showed MCTI-1 and MCTI-2 with trypsin inhibitory 

activity, another was MCEI-1 with elastase inhibitory activity. Their units were 81, 117 U/mg and 

147.80 U/mg, respectively. The MCTI-1 and MCTI-2 showed molecular weight 3270 and 3335 Da, 

MCEI-1 showed 3169 Da. In larval feeding studies, Trypsin inhibitors from Thai bitter gourd was 

found to retard growth and development of H. armigera. Highest larval mortality of 40 % was 

observed in larvae fed on diet containing 6 TIU/g diet. Pupal weight was reduced in a dose-

dependent manner by about 33 % at the highest dose of MCTIs as compared with control. Highest 

pupal mortality of 26 % was observed in larvae fed on diet containing 9 TIU/g diet. Fertility was 

drastically affected as the egg-laying incidence reduced from 365 eggs/female (control) to 118 

eggs/female (9 TIU/g diet). Hatching of larvae from eggs was reduced from 88 % in control to 61 % 

(3 TIU/g diet), 26 % (6 TIU/g diet), 1 % (9 TIU/g diet), and 3 % (12 TIU/g diet). Being small 

peptides (about 3000 Da), it would be easy to express them in plants to confer protection against 

devastating pests such as H. armigera and S. litura. 
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Executive summary 

Serine proteinase inhibitors from seed of Ivy gourd and Thai bitter gourd were identified. Ivy gourd 

seed extracted showed CGTI-I and CGTI-II with trypsin inhibitory activity 8.21 and 28.07 U/mg.  

CGTI-II was further analyzed and its molecular weight was 3303.69 Da. Thai bitter gourd showed 

MCTI-1 and MCTI-2 with trypsin inhibitory activity, another was MCEI-1 with elastase inhibitory 

activity. Their units were 81, 117 U/mg and 147.80 U/mg, respectively. The MCTI-1 and MCTI-2 

showed molecular weight 3270 and 3335 Da, MCEI-1 showed 3169 Da. Trypsin inhibitors from 

Thai bitter gourd and Ivy gourd seeds can cause deleterious effects on growth and development of H. 

armigera and S. litura. Experimental data is provided which clearly shows reduction in fertility and 

fecundity of insects due to antifeedant properties of trypsin inhibitors. Being small peptides, it 

would be easy to express them in plants to confer protection against devastating pests such as H. 

armigera and S. litura. 
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������������  

��ก��!��!ก"� serine proteinase inhibitors #�ก������</����7กK�6�� (Cucurbitaceae) 

)�L6ก  �7�7N$'�ก 6�7������ ���)09�!(�ก��;��;G�ก���#�%b��%�F�N(� 8�(�ก�79KLM"ก 6�7 

8�(��#�7!�(\]�&  

������ !� 

"#$��%&$'&(ก*��� !� 

 - ������7�7N$'�ก Thai bitter gourd; Momordica charantia Linn 
 - ����������� Ivy gourd; Coccinia grandis Linn Voigt 
    +, ���%&$'&(ก*��� !� 

- 8�(�ก�79KLM"ก Common cutworm; Spodoptera litura Fabricius 
- 8�(��#�7!�(\]�& Helicovera armigera (Hubner)  

 
ก��9��(�;�"'��$'6� ����((ก�01� 6 ! �� ;<( 
�-�(��% 1 ก*�� /ก,���0�1(ก+ ��2* 3� 

�ก��M�!GกN(��7�7N$'�ก6�7������ ���L���(�! ��N(��������������6/ �'��ก (����)0���7 12 

/":�F�����7�������^�����7�/L�%�M!��01��"!�G0�Kก���'���"��7;�"'� #�(�&G�L�ก�L� 30 �"� �/L�<'�9$:

��ก��0�Kก������6�7�7�7N$'�ก ก�L�� 5 ���� &�� 10 ����  9��N���60�� 30 x 400 *�. �7&78 ��

�78� ��6^� 80 *�. #����� 5 6^�  &L�&�L�ก�L���0�Kก��60�� �/L�7&78 ���78� ���L� 50 *�. 9��

;L���8L������6�7�7�7N$'�ก 8�"�&L�&0�Kก 10 �"� 6�7�! 0Gr&!K�� 15-15-15 ��<:(�L�ก�L��$(�&G 20 �"�8�"�

&L�&0�Kก  �7�7N$'�ก��%:��%��(ก��<:((�&G 45 �"�8�"�&L�&0�Kก  

�-�(��% 2 ก*�53ก6*ก*�78��97��:;� + ���8�$���� 0!�<(!(ก���/'=�ก + �<(!(78*��,!>?*@  ��%

7 �1@�&(<'!��A�:���ก*� 

�ก��8�(�ก�79KLM"ก6�78�(��#�7!�(\]�& #�ก60��M"ก�ก���ก�����$'&���ก� (����!�%ก 

��8L(�0s%�"�%ก��;��;G�(GV8tK�% 25 + 2  o C 6&ก��$'&���ก� (����!�%ก 1 �"�/ก� (� �8L(�8���01�

�� "̂:��%!�9$:�ก����#�ก60��9$:8�(��;&(��"&(&K  ��$'&�8�(�0�7��V 3-5 �"� 8�(�#7��%:��NL�!K �7&7

�"ก6�L (Pupa) �7&7�����01��"ก6�L 10-12 �"� #�ก�"'��"v���01��"������"& (Adult) ����"������"&���! 
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ก� (����!�%ก�8b  ��<:(�8LM!��"�xG+6�7���)N  (egg) �7&7����9$:�"������"&���)N  3-4 �"� F�&#7

���)N ������</9$:���)�L�8L6�7#"��"������"&((ก ��ก���7&7)N _̀ก�01��"�8�(� �/L�7&7���� 3-4 

�"� #�ก�79":��"v���01��"������"& �"�t��9$: 1 

��8�$����<(!(ก���/'=�ก��%
7 �1@��'�@&:��%� ���

<(!(��@ 1 
3-5 ��(

<(!(��@ 2 
3 ��(

<(!(��@ 3 
3-5 ��(

<(!(��@ 4 
4-6 ��(

<(!(��@ 5 
3 ��(

��ก+�' 
10 - 12 ��( 

H0- 
3-4 ��(

���7�I,��@ 
4-5 ��(

 

J*"��% 1 ��#�/$�%�8�(�ก�79KLM"ก 

8�(�9$:_̀ก((ก#�ก)N  K̂ก�����$'&�8�(���ก� (����!�%ก �8L(�8���01��� "̂:��%!�9$:�ก����

#�ก60���ก���ก�9$:8�(��;&(��"&(&K  ��<:(8�(��"v���01��"& 2 #"�6&ก��$'&���ก� (�N����8b N�'� 

ก� (��70�7��V 50 �"� ��<:(8�(��"v���01��"& 3 8�(�#7ก%�(�8���&(76�7F�������ก#��#"�6&ก

��$'&���ก� (�y �7 20 �"� #�กก��!"��ก�8�(��"& 3 ก���$/$�%��(��L(&�� 8�ก��$'&����ก"���ก� (� 

��<:(�#�ก8�(�#7ก"�ก"���& ��<:(8�(��"v���01��"& 4 #"�8�(�6&ก��$'&���$:&���ก� (����!�%ก

�!L�M ��K�&+ก��� 4 *�. 8�"�#�ก9$:8�(��(ก;����01��"& 5 8�(�#7��%:�ก%�(�8��)�L�L(&��6�7�"�

ก�#78����ก���NL�!K �7&7�"ก6�L 
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�-�(��% 3 ก*��ก��;����(8*ก7, I�,���0�1(ก + �7, I��2* 3� 

������M��7�7N$'�ก6�7M�������9$:!Gก6ก ����9$: #�ก60���ก���ก�9":�)06�7M�M�%�#�ก

60��0�Kก �����8�"ก 48  h �L��������8L!7(�� ���)0(��� Hot air oven 9$:(GV8tK�% 50 o C ��� 12 h 

ก7�9�7�0�<(ก 6&ก�(���<'(�����)00`z��7�($&��L�&�;�<:(�0̀z�M�)�L ������7�7N$'�ก 100 g �$! ��N(�

�0�<(ก 51 g 6�7! ��N(���<'(����� 49 g ! ������������� 100 g  �$! ��N(��0�<(ก 41.03 g 6�7! ��

N(���<'(����� 43.59 g 

ก��6&กก�ก !$ 6�7)N�"�((ก#�ก������7�7N$'�ก6�7����������� 

��<'(�����0`z��7�($&������6&กก�ก !$ 6�7)N�"�((ก �L�&ก��6/ �� acetone ("���! �� 1:5 

w/v F�&�/L�;�<:(� stirrer 0̀z���(�������� 1 h ��;�"'�6�ก 6�7��� 5 h ��;�"'�9$: 2 8�"�#�ก�"'�

���)00`z��8�$:&� F�&�/L�;�<:(� refrigerated centrifugator 9$: 4400 rpm, 20 min, 4 o C ���! ��9$:

�ก�7ก(�#�กก�� centrifuged ��9���8L�01�M�68L� (dried pellet)  

ก��!ก"�F0��$�#�ก������7�7N$'�ก 6�7����������� 

���M�68L�N(�������</9$:6&กก�ก !$ 6�7)N�"�((ก6�L� ��!ก"��L�& Tris-HCl  (pH 8) 

�"_�_(�+ ("���! �� 1: 10 w/v F�&�/L�;�<:(� stirrer  ��� 2 h 9$:(GV8tK�%8L(� ���)00̀z��8�$:&��L�&

�;�<:(� refrigerated centrifugator 9$: 7000 rpm, 20 min, 4 o C  ��� supernatant )0�L�9$:(GV8tK�% 100 o C, 

10 min 6&ก! ���L�&�;�<:(� refrigerated centrifugator 9$: 7000 rpm, 20 min, 4 o C �(�! �� supernatant 

��0�"� pH �01�3.5 �L�& HCl ��<:(�ก�7ก(�F0��$�9$:)� �L(�ก�� 6�76&ก! ���L�&�;�<:(� refrigerated 

centrifugator 9$: 7000 rpm, 20 min, 4 o C �(�! �� supernatant )09���8L�01�M��L�& �;�<:(� Freeze-

Dryer ��<:(���)0�/L��N"'��(�� ()0  
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�-�(��% 4 ก*�+@ก Trypsin inhibitors 

4.1 ก*�+@ก Trypsin inhibitors  �'�@7��(��  Ion Exchange Chromatography 

F�& resin 9$:�01��"�#"�ก"�0�7#G��ก (Cation-exchanger) )�L6ก  SP-toyopearl column 6�7 

Carboxymethyl cellulose column (CM52) 6�7 Mobile phase: liquid )�L6ก  10 mM Sodium Acetate 

(CH3COONa) pH 3.5 6�7 0-1M Sodium Chloride (NaCl) �01� mobile phase 9$:�/L elute !���"�(& �� 

�%x$ก�����$&� Ion exchange chromatography column 

1. �L�� resin �L�& 0.1 M NaOH #�ก�"'��L���L�& 0.1 N HCI 0�"�!��G��L�& 10 mM CH3COONa 

2. �9 resin ���� column (2  x 21 mm; Tosoh, Tokyo, Japan) #�ก�"'�F8��!���7��&����Column 

3. ���$&� buffer A (10 mM CH3COONa) 6�7 buffer B (1 N NaCl ��!���7��&10 mMCH3COONa) 

��<:(6&ก!���7��&((ก#�ก column F�&�"'�!t��7ก��9�����N(��;�<:(��"��$' 

                         

Time (min) %A %B Flow rate  (ml/min) 
0 100 0 3 
200 0 100 3 
220 0 100 3 

F�&M!� Cation exchanger ก"� buffer (10 mM CH3COONa) #�ก�"'����)0�9�� column 
6�7�L���L�& start buffer #7)�L column 9$:��L(�#7�/L��� t�&8�"�ก����%� sample ���� column 9��
ก�� elute �L�& 0-1M NaCl 9$:�0�$:&�60�� ionic strength N(� elution buffer F�&9�� gradient elution 

%B  

min 
0 

100 

200 220 
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6�� continuous �ก���"�(& ���! 8�(�9��(����ก���"'�; � ;<(!��9$:6&ก�L�& SP-toyopearl column 
�ก���"�(& ��8�(��7 6 ml �"'�; �ก��)8�N(� elution buffer �01� 3 ml/min 6�7 CM52 column �ก��
�"�(& ��8�(��7 2 ml �"'�; �ก��)8�N(� elution buffer �01� 1 ml/min  ��<:()�L!��9$:M ��ก�� elute 
�L�& 0-1 M NaCl 6�L����6� �78�(�9$:�ก���"�(& ��)0�"�; ��K�ก�<�6!�9$: 280 nm 6�79�!(�
ก%#ก���ก��&"�&"'��(�)*�+ Trypsin N(�!��!ก"�9$:6&ก�L�&0s%ก%�%&� BApNA ��<:(��!�� Trypsin 
inhibitors (TIs) 9��ก���ก���"�(& ��8�(�9$:�$ TIs F�&6&ก��� fraction 9$:6!��ก%#ก���N(� TIs ���
�"�(& �� TIs N(�6� �7 fraction )09�!(�8�8� �&ก��&"�&"'��(�)*�+ Trypsin (TI-Unit) �L�&
0s%ก%�%&� BAEE (Nα-Benzoyl-L-arginine ethyl ester hydrochloride) 6�7ก�(�!���"�(& ���L�&  0.2 

µm Cellulose acetate filter ก (�9$:#7��� )06&ก �L�&�9;�%; RP-HPLC ��<:(�8L)�L TIs 9$:��%!G9x%���ก
N�'� ! ��!�� TIs 9$:�8�<(8�"�M ��ก��6&ก�L�&�9;�%; IEC ���)06&ก!���7��& NaCl (desalting) 
((ก�L�&�9;�%; Size-exclusion chromatography 
4.2 ก*�+@ก�*��'�@7��(�� Size-exclusion chromatography  

ก��6&ก!�� TIs ((ก#�ก!���7��& NaCl F�&(��"&;���6�ก� ��N(�N���F���กG�  F�& 
stationary phase �01�6M � membranes (1000 NMWL) N���N(��K��G� (Millipore) F�&�/L�;�<:(� 
Ultrafiltration membrane N(� amicon 8400 (76 mm filter diameter Millipore ; Pmax 75 psi, 5.3 
kg/cm20�%���� 400 ml) 6�7 amicon 8200 (63.5 mm filter diameter Millipore ; Pmax 75 psi, 5.3 
kg/cm20�%���� 200 ml) *�:�!��9$:�$N����8b  (TIs) )� !����^M ���K��G�N(� membrane )�L ��NV7
9$:!��9$:�$N������ก (NaCl) M ���NL�)0���K��G�N(� membrane 9���8L!���7��& NaCl 9$:�$N���
F���กG����กก� �!�� TIs 9$:!ก"�)�L#�ก������</8�G�((ก)0 ��ก��6&ก!��;�"'��$' Stationary phase: 
6M � membrane 1000 NMWL ! �� Mobile phase: gas ;<( ก��*)�F���#� (N2 gas) 

��<:(6&ก!���7��& NaCl ((ก#�ก TIs 8��6�L��"'� ���!���7��&�"�(& ��)0�%�;��78+8�
0�%��VF0��$�F�& Lowry 6�7���#!(�ก%#ก���ก��&"�&"'��(�)*�+ Trypsin F�&0s%ก%�%&� BApNA 
ก (����!�� TIs 9$:)�L)0 freeze dry 6�7���M���9�!(�ก"�8�(�ก�79KLM"ก 
4.3 ก*�+@ก�*��'�@7��(��  Reverse phase high performance liquid chromatography (RP-

HPLC)  

F�& Inertsil 5 µm, 4.6 x 250 mm Column ��<:(�(��"�(& �� load ���� column �/L Mobile 
phase: liquid ;<( 0.1%TFA (Trifluoroacetic acid) + 1% Acetonitrile 6�7 elute �L�& 0.1 %TFA �� 
99% Acetonitrile �ก�� peak N(�!��9$:M ��ก��6&ก�L�&�9;�%; RP-HPLC )0 freeze dry 6�7�7��&

�L�& 300 µl N(� 10 mM NH4HCOO3 (Ammonium Hydrogen Carbonate) 9�!(�8�ก%#ก���N(� 
TIs �L�&0s%ก%�%&� BApNA 6�7�%�;��78+8� TIU �L�&0s%ก%�%&� BAEE �ก�� peak 9$:�$ก��6!��((กN(� 



 9 

TIs !K���M ��ก��6&ก�L�&�9;�%; RP-HPLC ($ก;�"'� freeze dry 6�7�7��&�L�& 300 µl N(� 0.1 % 
TFA  ���!��9$:)�L)09�!(�8��'��8�"กF���กG��L�&�9;�%; Mass spectrometry 
4.4 ก*����8�!:<*(12*<(�ก;,7 ก� 0!� Trypsin inhibitor  �'�@7��(�� Mass spectrometry (MS) 

Mass spectrometry �01��9;�%;ก�����#�%�;��78+F�&�/L8�"กก�����#�"����F���กG�N(�(%
((�(%!�7��!t��7!Gbb�ก��!K� *�:��%x$ MALDI (Matrix Assisted Laser Desorption/Ionization) �/L
ก"��;�<:(� Bruker Autoflex III TOF mass spectrometer ก��8����F���กG� (molecular mass) F�&

���$&��"�(& �� 0�%���� 1 µl  M!�ก"� 1µl N(� SA (30 mg sinapinic acid �� 0.1% TFA 1 ml) 

�0�$&��9$&�ก"�  1 µl  Aminoethyl indole M!�ก"� 1µl N(� SA 9$:�01�!������a�� 8&�!��
����a��6�7!���"�(& ������ plate 0� (&�8L68L����)0���!(�8� MW �L�&�;�<:(� Bruker 
Autoflex III TOF mass spectrometer 

 
�-�(��% 5 ก*���7��*�<� Trypsin Inhibitors 8*ก�*��ก��7, I�"#$ 

 8�"�M ��ก��6&ก�L�&�9;�%;  IEC �$ก���%�;��78+NL(�K�N(�!��9$:!ก"�)�L ;<( �%�;��78+
0�%��VF0��$� ก%#ก���ก��&"�&"'��(�)*�+ Trypsin 6�7;����V8� �&ก��&"�&"'��(�)*�+ Trypsin 
5.1 ���,*b+ ���*,70',0'(0!�;����( 

 ��ก��9��(��$')�L�%�;��78+;����NL�NL�N(�F0��$� ����%x$ก��N(� Lowry (Folin-
Ciocalteu; 1951) F�&�"��"�x7�00)9�+ 9$:; ��K�ก�<�6!� 660 nm *�:��01�ก���/L!����0�%��V�L(& 
F�&F0��$�9$:�/L�"��$ก��(7�%F�/�%�)9F�*$��01�! ��0�7ก(�  6�7ก���"�; �ก���K�ก�<�6!�9$:
;���&��;�<:� 280 nm �01��%x$ก�����#!(�ก��9�����N(�ก��(7�%F���ก6(F����%กF�&�S��7
ก��(7�%F�/�%�_��%�(7���$� 6�7)9F�*$��K�ก�<�6!�9$:;���&��;�<:� 280 nm *�:��01��%x$9$:���� 
�"�(& ��)� K̂ก9����&6� #7)�L; �)� K̂ก�L(��9 �ก"��%x$(<:� �"��"'�#��9��ก����<(ก�/L9"'� 2 �%x$�$'��ก��
���#!(�;����NL�NL�N(�F0��$�9$:6� �(�6�7;����01�)0)�LN(�F0��$�9$:��8�"�ก��!ก"� F�&�$
N"'��(�ก���%�;��78+ �"��$' 
 5.1.1 ก���%�;��78+8�;����NL�NL�N(�F0��$�F�&�%x$ก��N(� Lowry ���$&�F0��$�
����a�� (Protein Standard) �"��$' ���$&� Reagent A 6�7 Reagent B ���!"�! �� #�ก�"'����$&� 
Reagent C F�&��� Reagent A M!�ก"� Reagent B ��!"�! �� 50:1 ���$&� Reagent D F�&!"�! ��N(� 
folin : �'��ก�":� (1:1) 6�7���$&� Protein Std. 9$:;����NL�NL� 1mg/ml N(� BSA 6� �!"�! ��N(� 
Protein Std.9$:;����NL�NL� 0, 100, 200, 300, 400, 500 6�7 600 µg/ml ��%�!"�! ��!�����N"'��(� 
�"��$' 
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Y= 0.0013X + 0.1404  

 
 

��<:()�L; �ก���K�ก�<�6!� 660 nm  N(� Protein Standard 9$:;����NL�NL� 0-600 µg/ml ���
; �9$:)�L)09��ก��_����a��)�L!K��ก��;����VF0��$�N(�!��!ก"� ;<(                 

 
 

���!��!ก"�9$:)�L)0�%�;��78+8�;����NL�NL�N(�F0��$����N"'��(� 6�7�NL�!K��;����V8�;����NL�
N(�F0��$�#�ก!��!ก"�9$:)�L#�ก������</ 
  5.1.2 ก���"�; ��K�ก�<�6!�9$:;���&��;�<:� 280 nm ���!��!ก"�9$:6&ก)�L6� �78�(�)0
�"�; ��K�ก�<�6!�9$:;���&��;�<:� 280 nm 6!��; ��01�;����NL�NL�F0��$�9$:6&ก)�L#�ก!��!ก"� 
5.2 ก*���7��*�<�ก�8ก��,ก*�@�:@�1�7!(Hc,� Trypsin ;�@�d�ก���@* BApNA 

F�&0ก�%6�L��(�)*�+ Trypsin �$8�L�9$:& (&F0��$�8�<(!���"'��L���! ��N(�ก�7���7
(�8��)�L�01�ก��(�%F�9$:#���01�� (� ��ก�& 8�"กก��9�����N(��(�)*�+ Trypsin 9$:9��0s%ก%�%&�ก"� 
BApNA (N-Bezoyl-DL-Arg-p-nitroanilide hydrochloride)  6�L�)�LM�%�t"V�+�01� N- Benzoyl- DL 
arginine ก"� p-nitroaniline *�:��8L!$�8�<(� �"�t��9$: 2 
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J*"��% 2  6!��ก��9�����N(��(�)*�+ Trypsin 
 

 Trypsin inhibitors #7&"�&"'�ก��9�����N(��(�)*�+ Trypsin 9���8L�$M�%�t"V�+�L(&�� 
#�ก�79":�(�#)� �ก%�M�%�t"V�+��& 9���8L)� !����^�"�; �ก���K�ก�<�6!�9$: 405 nm )�L �$0s%ก%�%&� 
�"��$'(t��9$: 3) 

 

 
   

J*"��% 3 6!��ก��9�����N(� Trypsin inhibitors 
 

Trypsin 

Trypsin + Trypsin inhibitors 

Yellow dye 
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���!��!ก"�9$:6&ก)�L ��9�!(�ก%#ก���ก��&"�&"'��(�)*�+ Trypsin �L�&0s%ก%�%&� BApNA 
(Dwijendra and Srinivasa, 2006)F�&8&�!���7��& 0.05 M Tris-HCI (��%� 0.02M CaCl2) pH 7.5  
(Buffer) ���� micro plate  ��%�!��9$:!ก"�)�L (Inhibitor solution) ��)0���!"�! ��9$:�8��7!�  ��%�
�(�)*�+ Trypsin (Trypsin solution) ���)0� �9$:(GV8tK�% 30 o C �� shake plate ��� 5 ��9$ #�ก�"'�
��%�!���"'��L�;<( BApNA (S-2) ���)0� �9$:(GV8tK�% 30 o C �� shake plate ��� 10 ��9$ 8&G�
ก%#ก���ก��9�����N(��(�)*�+�L�& 30% Acetic acid (Stopping solution) ���)0�"�; �ก���K�ก�<�
6!�9$:;���&��;�<:� 405 nm �L�&�;�<:(� micro-plate reader F�&�$!"�! ��N(�!��9$:9�!(��"��$' 

 
 
���; �9$:�"�)�L)0�0�$&��9$&�ก"��"�(& ��9$:)� )�L��%�!��!ก"�#�ก������</  6!��ก%#ก���

&"�&"'�ก��9�����N(��(�)*�+ Trypsin #�ก!��!ก"�9$:6&ก)�L  
5.3 ก*���7��*�<�<(-�@ (unit) @�:@�1�7!(Hc,� Trypsin ;�@�A�ก���@* BAEE (Atiwetin et al., 2006) 

N"'��(�ก���%�;��78+;<( ��%� Trypsin solution (T-2) ���� Cuvette ����L�&!��!ก"�#�ก
������</ (Inhibitor solution) 6�7 0.05M Tris-HCI 9$:��%� 0.02 CaCl2 pH 8.0 (Buffer) M!��8L�NL�ก"�
���)0� ��� water bath (GV8tK�% 30 o C ��� 4 ��9$ ��%�!���7��& BAEE (Substrate) M!��8L�NL�ก"� 
�"�; �ก���K�ก�<�6!�9$: 253 nm �L�&�;�<:(� spectrophotometer �%����0s%ก%�%&�9Gก 5 �%��9$ ��� 60 
�%��9$ #�ก�"'�;����V8�8� �&ก��&"�&"'� Trypsin N(�!��!ก"�  ก"� standard curve *�:�)� ��%�!��!ก"�
#�ก������</  �$!"�! ��N(�!��9$:�/L�"��$'  
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���; ��K�ก�<�6!�9$:#�กก���%����0�%ก%�%&���%:��L� �̂�0s%ก%�%&�!%'�!G�N(� standard curve 6�7 
!��!ก"� (TIs) ;����V8�8� �&ก��&"�&"'��(�)*�+ Trypsin �"��$' 

Abs control � Abs sample 
        Abs control x trypsin (mg) 

 

�-�(��% 6 7���@,���!@-*�+, �+ ����!:Trypsin inhibitors �-!ก*�"�h(*0!�<(!(ก���/'=�ก+ �

<(!(78*��,!>?*@ 

 ก���%#"&)�L���8�(�ก�79KLM"ก 6�78�(��#�7!�(\]�& ����$'&��L�&(�8���9$&� *�:��"�60��
!K����#�ก ก���%/�ก���ก��� ��ก����#�/$�%�N(�8�(� 6�79�!(� TIs 9$:!ก"�)�L#�ก������</� (
ก���"v��ก����(���#�/$�%�8�(�ก�79KLM"ก 
 6.1 ��ก����#�/$�%�N(�8�(�ก�79KLM"ก9$:��$'&��L�&(�8���9$&� 
  6.1.1 ���8�(� #�ก60��M"ก�ก���ก� �/ � 60��M"ก��7กK�ก78�:�� 60���(ก�����<(� 
60�� "̂:�\`ก&�� 60��NL��F�� �01��L� ����$'&���8L(�9$:;��;G�(GV8tK�% 25 + 2 o C ��$'&��L�&(�8��
�9$&� #��"v���01��"ก6�L 6�7�"������"&�8LM!��"�xG+ก"�6�7���)N    
  6.1.2 ��<:(8�(�_̀ก((ก#�ก)N  ��$'&�� (�L�&(�8���9$&� F�&��ก��;����0�$:&�60��
�7&7����N(�8�(�6� �7�"&6�70�%��V(�8���9$&�9$:8�(�ก%�8����6� �7�"�N(�8�(�9"'� 5 �"& 
6�7�7&7����N(���#�/$�%�8�(����G �9$: 1  ��$'&�8�(��L�&(�8���9$&�#�;����#�/$�%��01��G �9$: 
4 ��<:(�8L�ก%�;�����%!G9x%�N(�N(�8�(�ก�79KLM"ก �7&7����N(���#�/$�%�8�(�6�70�%��Vก��ก%�
(�8��9$:6� �(� 

Trypsin- inhibitory activity (U) = 
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  6.1.3 ��<(ก8�(��"& 2 ���G �9$: 4 ��9�!(�ก"�(�8���9$&�9$:�$! ��M!�N(� Trypsin 
inhibitors 9$:!ก"�)�L#�ก������</� ()0 
 6.2 9�!(� Trypsin inhibitors � (ก���"v��N(�8�(�ก�79KLM"ก 
  6.2.1 ��� Trypsin inhibitors 9$:!ก"�)�L#�ก������</ 1 /�%� ��M!���(�8���9$&� 

(artificial diet) !��8�"���$'&�8�(� 9$:;����NL�NL� 0, 3, 6, 9 6�7 12 trypsin inhibitor units/g (TIU/g) 
  6.2.2 8�"�#�ก9$:8�(��(ก;����01��"& 2 )�L 1 �"� �����6&ก((ก)�L��ก� (����!�%ก 
F�&)� �8L(�8���01����� 1 �"� #�ก�"'�6&ก8�(��"& 2 �! ก� (� 10 �"�/ก� (� F�&�8L(�8���9$&�9$:
M!� TI 9$:;����NL�NL�� ��y 9�� 6 *'��y�7 10 �"� �8L(�8��9$:�$ TIs ��0�%��V�9 �ก"�9Gก;����NL�NL�
�01����� 5 �"� #�ก�"'�6&ก8�(��! L̂�&N����!L�M ���K�&+ก��� 4 �*��%���� ��ก 2 �*��%���� ��
0�%��V 1 �"�/ L̂�& �8L(�8���9$&�0ก�%F�&)� �$! ��M!�N(� trypsin inhibitors �ก��NL(�K�ก���"v��
N(�8�(����"�9$: 6 8�"�)�L�"�(�8��9$:�$! ��M!�N(� TIs 

6.3 7กI:0'!,/  

   6.3.1 �7&7�"�8�(� 
  - �'��8�"ก8�(�8�"�9�!(�ก"� TIs (mg/lavae) 
  - �"v��ก��N(��"�8�(��"&� ��y (�"�)  
  - #�����ก����&N(�8�(� (%) 
  - #������"�8�(�9$:�0�$:&�#�ก�"�8�(��01��"ก6�L (%) 

 6.3.2 �7&7�"ก6�L 
  - �'��8�"กN(��"ก6�L (mg/�"�) 
  - (�&G�"ก6�L (�"�) 
  - #�����ก����&N(��"ก6�L (%) 
  - #������"ก6�L9$:�0�$:&�#�ก�"ก6�L�01��"������"& (%) 

 6.3.3 �7&7�"������"& 
  - ;���M%�0ก�%N(��"������"& (%) 
  - #�����)N 9$:��� (_(� / 6� )  
  - #������"�8�(�9$:_̀ก((ก#�ก)N  (%)  
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= ก*��� !� 

1. ก��!ก"� trypsin Inhibitors #�ก����������� 

8�"�#�กก��8�"กM�������!$6��9$:!Gก6ก ����9$:�L�&�'����� 48 h 6&ก�(�! ��N(������)00`z�

�7�($&� 6&ก! ��N(��0�<(ก6�7��<'(����� ��� � ����������� 100 g  �$! ��N(��0�<(ก 41.03 g 6�7

! ��N(���<'(����� 43.59 g ���M������������ 28 g ��!ก"�6�79���8L��%!G9x%���<:(�8L)�L Trypsin 

inhibitors  !��!ก"� 219 ml 9$:)�L�8�"�#�ก0�"� pH 3.5 �L�& HCl (����� 1) 6&ก Tryipsin inhibitors 

�L�&�9;�%; Ion Exchange Chromatography (IEC) ��<:(���!���"�(& ��9$:�ก��8�"�M �� IEC ��9�!(�

ก%#ก���ก��&"�&"'��(�)*�+ Trypsin F�&0s%ก%�%&�9$:�/L BApNA �01�!���"'��L� !����^���#��

ก%#ก���ก��&"�&"'�N(��(�)*�+ Trypsin �"�6!����t��9$: 4 

Na
Cl

Co
nc

en
tra

tio
n (

M
.) 

(-
--

)

0.5

1.0

0.0

 

J*"��% 4 ; �ก���K�ก�<�6!�6�7;���!����^��ก��&"�&"'��(�)*�+ trypsin N(�6� �7 fraction 9$:!ก"�

)�L#�ก����������� (■) 6!��;���!����^��ก��&"�&"'��(�)*�+ Trypsin N(�6� �7 fraction 

(▲) 6!��; �ก���K�ก�<�6!�9$:;���&��;�<:� 280 nm 

CGTI-I 

CGTI-II 
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#�กt��9$: 4 !��!ก"�#�ก������������$ก%#ก���ก��&"�&"'��(�)*�+ Trypsin 2 ���68� � ��$&ก
�01� CGTI-I 6�7 CGTI-II   ���9"'� 2 �"�(& �� )0�%�;��78+8�8� �&ก��&"�&"'��(�)*�+ Trypsin (Unit) 
F�&�/L N-benzoyl-L-arginine ethyl esther (BAEE.HCl) �01�!���"'��L� M�9$:)�L�"�6!����t��9$: 5 

 

 
J*"��% 5 6!��;���!����^��ก��&"�&"'��(�)*�+ Trypsin N(� CGTI-I 6�7 CGTI-II  �0�$&��9$&�ก"� 

standard curve (Std.16�7 Std. 2) 6�7!��!ก"� Non-Absorb  

#�กก��;����V ��� �!��!ก"� CGTI-I 6�7 CGTI-II �$8� �&ก��&"�&"'�9$:#�����7� (�(�)*�+ 
trypsin ;<( 8.21 6�7 28.07 U/mg �������"� (����� 1)  
�*�*� 1 6!��ก%#ก���N(� TIs 9$:!ก"�)�L#�ก����������� (CG; Coccinia grandis integrifolim) 

Sample 
Volume 

(ml) 

Amount 

of 

protein 

(mg) 

Inhibitory 

activity (U) 

Specific 

inhibitory 

activity 

(U/mg) 

Purification 

fold 

Percentage 

yield (%) 

Crude 

extract 
219 808.11 2,625.61 3.25 - - 

SP 
 CGTI-I 36 54.42 446.85 8.21 2.53 17.02 
 CGTI-II 72 52.78 1,481.32 28.07 8.64 56.42 
SP: pooled fractions from SP-toyopearl 
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#�ก�"'����!��!ก"� 2 ! ��;<( CGTI-I 6�7 CGTI-II )09���8L��%!G9x%��L�&�;�<:(� reverse 

phase high performance liquid chromatographic (RP-HPLC) (UV detector �G � -8020 (TOSOH), 

pump HPLC L-7100, column Inertsil 5 um, 4.6 x 250 mm)  �ก���"�(& ��N(�!��!ก"�9$:M �� RP-

HPLC 9Gกy peak ���)0 freeze-Dry 6�7�7��&�L�& 300 µl N(� 10 mM NH4HCO3 #�ก�"'����)0

9�!(� Trypsin Inhibitory Activity F�&�/L BApNA �01�!���"'��L� F�&�/L!��!ก"� 50 µl ��� � 

#�ก!t��7N(� RP-HPLC 9$:�/L��;�"'��$' 9���8L CGTI-I 6�7 CGTI-II ��%!G9x%� K̂ก/7((ก��9$:����  

34-36 ��9$ 6�7 38-40 ��9$ �������"� �"�t��9$: 6 6�7 7 

 

J*"��% 6   ก��6&ก!�� CGTI-I 9$:!ก"�)�L#�ก������������L�&�9;�%; reverse phase high performance 

liquid chromatographic (RP-HPLC), (♦) 6!��;���!����^��ก��&"�&"'��(�)*�+ trypsin   

6�7 (---) 6!��;����NL�NL�N(� acetonitrile  

CGTI-I 
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J*"��% 7   ก��6&ก!�� CGTI-II 9$:!ก"�)�L#�ก������������L�&�9;�%; reverse phase high performance 

liquid chromatographic (RP-HPLC), (♦); 6!��;���!����^��ก��&"�&"'��(�)*�+ trypsin,  

(---); ;����NL�NL�N(� acetonitrile 

#�กก���%�;��78+8�8� �&ก��&"�&"'�ก%#ก���N(��(�)*�+ Trypsin ��� � CGTI-II �$ก%#ก���N(� TI 
!K�#��)�L��<(ก���%�;��78+8��'��8�"กF���กG� F�&��� CGTI-II )0M �� RP-HPLC ($ก;�"'� �"�t��9$: 8 

 

J*"��%  8 ก��6&ก!�� CGTI-II 9$:!ก"�)�L#�ก������������L�&�9;�%; reverse phase high performance 

liquid chromatographic (RP-HPLC) �(�9$: 2, (♦); 6!��;���!����^��ก��&"�&"'��(�)*�+ 

trypsin,  (---); ;����NL�NL�N(� acetonitrile 

CGTI-II 
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�ก���"�(& ��!��9$:�$ก%#ก���N(� TIs  ����� freeze Dry 6�L��7��&�L�& 300 µl N(� 0.1 % 
Trifluoroacetic acid (TFA) ���)0�%�;��78+8��'��8�"กF���กG��L�& mass spectrometer ��� � CGTI-II 
�$�'��8�"กF���กG��9 �ก"� 3303.69 (t��9$: 9) 

 

J*"��% 9   �'��8�"กF���กG� CGTI-II #�ก!��!ก"������������9$:�"��L�&�;�<:(� mass spectrometer 

2. ก��!ก"� trypsin Inhibitors #�ก������7�7N$'�ก 

������7�7ก7�9�7�0�<(ก((ก 6&ก�(�! ��N(������)00`z��7�($&� ��� � ������7�7N$'�ก 

100 g �$! ��N(��0�<(ก 51 g 6�7! ��N(���<'(����� 49 g ��;�"'��$')�L���M�N(�������7�7N$'�ก 13 g 

��!ก"� Trypsin inhibitors !��!ก"�0�%���� 195 ml �����M ��ก��6&ก�L�&�9;�%; ion exchange 

chromatography (�����9$: 2) ��� �!��!ก"�#�ก������7�7N$'�ก�$ก%#ก���N(� TI (&K  2 ���68� � ;<( 

MCTI-I 6�7 MCTI-2  ($ก9"'�&"�!����^���#!(���ก%#ก���ก��&"�&"'��(�)*�+ elastase �L�& 1 

���68� � ;<( MCEI-I �"�t��9$: 10 
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J*"��% 10   ก��6&ก!��!ก"�#�ก������7�7N$'�ก�L�&�9;�%; ion exchange chromatography, (♦);  

ก��&"�&"'��(�)*�+ Trypsin, (▲); ก��&"�&"'��(�)*�+ Elastase, (---); ;����NL�NL�N(� NaCl 

#�กt��9$: 10 ��� ��$ 2 peaks 9$:�$;GV!��"�%��ก��&"�&"'� �(�)*�+ Trypsin ��$&ก� �  MCTI-1 6�7 

MCTI-2 6�7($ก 1 peak 9$:6!��;���!����^N(�ก��&"�&"'��(�)*�+ Elastase ��$&ก� � MCEI-1 ���)0

9���8L��%!G9x%�&%:�N�'��L�&�9;�%; reverse-phase HPLC ��� �t�&��L!t��79$:�/L��;�"'��$' MCTI-1, 

MCTI-2 6�7 MCEI-1 K̂ก/7((ก#�ก;(�"��+ �L�&����9$:6�ก� ��ก"�;<( 30.4, 33.0 6�7 38.0 ��9$ 

�������"� (t��9$: 11) 8� �&ก��&"�&"'��(�)*�+ Trypsin N(� MCTI-I 6�7 MCTI-2 �9 �ก"� 81 6�7 

117 U/mg 8� �&ก��&"�&"'��(�)*�+ elastase N(� MCEI-I �9 �ก"� 147.80 U/mg (�����9$: 2) N���

F���กG�N(� MCTI-1, MCTI-2 6�7 MCEI-1 �9 �ก"� 3270, 3335 6�7 3169 Da �������"� 

 

 

MCTI-1 

MCEI-1 

MCTI-2 

 



 

 

 

 

 

 

 

 

 

 

 

������ 11 ��������ก��
��
��
ก�� MCTI-1, MCTI-2 ��� MCEI-1��ก���������
�� ก!�"#$�  Reverse-phase HPLC  



	�
�����  2 �
��ก0�ก���
�� trypsin inhibitors ��� elastase inhibitors  !�"
ก��8�9��ก���������
�� ก (Thai bitter gourd) 

IA (U) IA (U/mg protein) specific activity Inhibitory Yield (%) 

 
Powder 

(g) 

Volume 

(ml) 

Total 

Protein 

(mg) 

Protein 

(mg/ml) Trypsin Elastase Trypsin Elastase Trypsin Elastase Trypsin Elastase 

 13            

Tris- HCI  240 2419.00 10.08 55569.00 38875.00 22.97 16.07 23.00 16.00 100.00 100 

Heat 100 oC,  

10 min  
- 195 2811.00 14.42 51877.00 26885.00 18.45 9.56 18.00 10.00 93.00 69 

pH 3.5 HCI - 195 1825.00 9.36 38915.00 22023.00 21.32 12.07 21.00 12.00 70.00 57 

IEC             

MCTI-I - 59 79.00 1.34 6399.00 - 81.00   - 12.00 - 

MCTI-2 - 91 130.00 1.43 15197.00 - 117.00   - 27.00 - 

MCEI-I  40 62 1.55 - 9164.00 - 147.80  148 - 24 
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#�กก��9�!(�0�7!%9x%t��N(� Trypsin Inhibitors � (ก���"v��N(�8�(��#�7!�(\]�&

6�78�(�ก�79KLM"ก�"'� �$M�ก��9��(��"��$' 

�*�*���% 3 (%9x%��N(� proteinase inhibitors #�ก������7�7N$'�ก� (ก���#�%b��%�F�6�7�"v��ก��N(�8�(��#�7!�(\]�& 

Parameters Control 3 TIU/g 6 TIU/g 9 TIU/g 12 TIU/g 

Larval weight (mg/larvae)      

6DAT 5.3+0.19 4.4+0.15 3.5+0.17 2.8+0.14 3.8+0.19 

8DAT 28.1+2.15 26.5+1.52 18.5+1.28 18.6+3.15 21.3+2.15 

10DAT 37.3+3.15 34.9+2.45 31.4+3.45 23.4+3.18 21.4+3.17 

Larval period (days) 18.0+0.65 18.0+0.87 17.0+0.54 17.0+1.19 17.0+0.60 

Larval mortality (%) 0.0 0.0 40.0 10.0 10.0 

Pupal weight (mg/pupa) 309.4+1.19 303.6+2.15 270.3+1.25 244.3+0.98 240.7+2.06 

Pupal period (days) 15.0+0.65 14.0+0.87 16.0+0.70 15.0+0.80 14.0+0.72 

Pupal mortality (%) 1.0 0.0 22.0 26.0 2.0 

Malformed adults (%) 0.0 0.0 1.8 0.0 0.0 

Fertility (eggs/female) 365.0+3.50 315.0+4.12 176.0+2.18 118.0+3.78 126.0+1.50 

Fecundity (hatching %) 88.71 61.94 26.77 1.00 3.58 

TIU= trypsin inhibitor unit, DAT= days after treatment 

��� �ก��)�L�"� TIs #�ก!��!ก"�������7�7N$'�ก 9���8L�'��8�"ก8�(��#�7!�(\]�&����

(& ���8��)�L/"�  ก��)�L�"�!���7�"� 6 TIU/g 9���8L�$8�(���& �̂� 40 % !�� TIs #�ก������7�7N$'�ก

;����NL�NL�!K�N�'�9���8L�'��8�"กN(��"ก6�L�����������"� ��<:(8�(�)�L�"�!��;����NL�NL� 12 
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TIU/g 9���8L�'��8�"ก�"ก6�L����0�7��V 33 % ! ��ก����&N(��"ก6�L�"'���� � ;����NL�NL� 6 

TIU/g 6�7 9 TIU/g 9���8L�"ก6�L��& 22.0% 6�7  26.0% �������"�  !�� TIs ;����NL�NL� 6, 9 6�7 

12 TIU/g 9���8Lก�����)N N(�M$�!<'(���� 51.78 %, 67.67%, 6�7 65.48 % �������"� &%:�)0ก� ��"'� 

&"�9���8Lก��_̀ก((ก#�ก)N ����(& ����ก ;<( 69.82 %, 98.87 %, 6�7 95.96 %�������"� 

�*�*���% 4 (%9x%��N(� proteinase inhibitors #�ก������������ (ก���#�%b��%�F�6�7�"v��ก��N(�8�(�ก�79KLM"ก 

Parameters Control 3 TIU/g 6 TIU/g 9 TIU/g 12 TIU/g 

Larval weight (mg/larvae)      

6DAT 9.3+2.05 9.0+0.52 7.5+1.17 7.8+0.54 6.4+0.49 

8DAT 59.1+1.15 58.5+3.52 51.5+4.28 51.6+1.15 50.3+3.15 

10DAT 139.3+18.15 132.9+12.05 130.4+21.45 113.4+23.18 95.4+13.15 

Larval period (days) 17.0+0.75 18.0+0.95 18.0+1.04 18.0+1.95 18.0+0.50 

Larval mortality (%) 0.0 8.0+0.45 11.0+1.25 11.0+0.85 15.0+0.92 

Pupal weight (mg/pupa) 295.4+43.0 285.6+40.15 256.3+8.25 220.3+11.98 220.7+21.16 

Pupal period (days) 16.0+0.55 17.0+1.87 18.0+1.70 18.0+0.80 18.0+0.82 

Pupal mortality (%) 5.20 11.20 23.0 26.0 32.0 

Malformed adults (%) 0.0 0.0 5.0 11.0 16.0 

Fertility (eggs/female) 810.0+13.65 756.0+41.22 325.0+52.02 310.0+23.08 298.0+23.50 

Fecundity (hatching %) 85.51 70.19 110.70 82.40 93.50 

TIU= trypsin inhibitor unit, DAT= days after treatment 



 25 

��� �!��!ก"� Trypsin Inhibitors (TIs) #�ก����������� 9���8L�'��8�"ก8�(�ก�79KLM"ก���"�9$: 

6 6�7 8 8�"�ก��)�L�"�!�� )� 6�ก� ��ก"���ก�"ก 6� ���"�9$: 10 8�"�ก��)�L�"�!�� �'��8�"ก8�(�

����(& ���8��)�L/"� F�&�S��79$:;����NL�NL� 9 TIU/g 6�7 12  TIU/g �'��8�"ก8�(����� 18.59 % 

6�7  31.51 % �������"� 8�(���& 11.0 % 6�7  15.0 % !�� TIs #�ก�����������;����NL�NL�!K�N�'�

9���8L�'��8�"กN(��"ก6�L�����������"� �'��8�"ก�"ก6�L����0�7��V 25 % ��<:(8�(�)�L�"�!��

;����NL�NL� 9 TIU/g 6�7 12 TIU/g ก����&N(��"ก6�L�"'��$��กN�'����;����NL�NL�N(�!�� (&K 

�78� �� 11-32 %  !�� TIs ;����NL�NL� 6, 9 6�7 12 TIU/g 9���8Lก�����)N N(�M$�!<'(����(& ����ก 

;<( 59.88 %, 61.73 %, 6�7 63.21 % �������"� ! ��ก��_̀ก((ก#�ก)N �"'���� ��$; �(&K �78� �� 

70.19 % �̂� 110.70 % 

ก��9$:M$�!<'(#7!����^��$'&�)N #�������ก)�L�"'�#���01��L(��/LF0��$�0�%��V9$:�8��7!�  ��<:(

ก�7���ก�� protein metabolism K̂ก��ก����/ ���"&8�(�9���8L6���)� !����^�$�"v��ก��9$:

0ก�%)�L ! �M�ก�79� �̂�0�%��V 6�7;GVt��N(�)N   ก��)�L�"�  Trypsin Inhibitors  9$:!ก"�#�ก�����

�7�7N$'�ก6�7��������������"&8�(� ! �M��8L�ก%��"v��ก��9$:M%�0ก�% 6�7��#�����)N /6�  

��(�#�ก��_`ก((ก#�ก)N   *�:� Telang 6�7;V7 (2001)  ��ก����� �ก��!7!�F0��$���/ ���"&

8�(��"'��01�#G��%ก��%� (ก�7���ก�� vitellogenesis (ก�7���ก��!�L��)N 6��) (& ��8��:� #�กก��

��&���N(� Atiwetin  6�7;V7 (2006) 9$:�$ก��;L���� � trypsin inhibitor 9$:!ก"�#�ก�����N(� wax 

gourd (Benincasa hispida) �$ 2 �K0 (form) 9$:�0�$:&�60��)0��)�L (cis-trans isomers) *�:�(�#! �M�

ก�79�� (6����"��K�</6� �7/�%� 6�ก� ��ก"�)�L ��<:(�#�ก6����$ก��!�L���(�)*�+N�'�����<:(

� (�L��8�<(9����& TIs 9$:)�L�"� *�:��01�ก��9����&!���%�9$:8�(�)�L�"��":��(� 
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����= ก*��� !�+ �0'!7�(!+(��*(��8�@&(!(*�� 

ก��!ก"�8� TI #�ก������7�7N$'�ก6�7����������� ��� ��</9"'� 2 /�%����#!(���!��

&"�&"'��(�)*�+��ก�G �N(� serine F�&!��!ก"������������ �� TIs (&K  2 ���68� � ��$&ก�01� CGTI-I 

6�7 CGTI-II *�:��$8� �&ก��&"�&"'�ก%#ก����(�)*�+ Trypsin ;<( 8.21 6�7 28.07 U/mg �������"� 

CGTI-II �$�'��8�"กF���กG��9 �ก"� 3303.69 Da ! ��M�N(�������7�7N$'�ก M ��ก��6&ก�L�&�9;�%; 

ion exchange chromatography ��� �!��!ก"�#�ก������7�7N$'�ก�$ก%#ก���N(� TI (&K  2 ���68� � 

��$&ก�01� MCTI-I 6�7 MCTI-2  ($ก9"'�&"�!����^���#!(���ก%#ก���ก��&"�&"'��(�)*�+ elastase 

�L�& 1 ���68� � ;<( MCEI-I ��<:(���)0���#!(�N���F���กG��L�&�9;�%; mass spectrometry ��� � 

MCTI-1, MCTI-2 6�7 MCEI-1 �$N���F���กG� �9 �ก"� 3270, 3335 6�7 3169 Da �������"� 6�7�$

8� �&ก��&"�&"'�ก%#ก����(�)*�+ Trypsin �9 �ก"�  

!��!ก"� trypsin inhibitors #�ก������7�7N$'�ก6�7�����������  ��<:(�����9�!(�ก"�6���

�"��K�</ 2 /�%� ;<( 8�(��#�7!�(\]�& 6�78�(�ก�79KLM"ก �"'���� � !��!ก"� trypsin inhibitors �$

M�ก�79�� (6����"��K�</9"'� 2 /�%� ��9Gก/ ���"& )� � �#7�01� / ���"&8�(� �"ก6�L 8�<(�"������"& 

��(�#�ก���"v��9���L��ก��!<��"�xG+ F�&#7�8��)�L� � !����^9���8L�'��8�"กN(�8�(�����  

ก����&N(��"ก6�L�$��กN�'� 6�7ก�����)N N(�M$�!<'(9$:����(& ���8��)�L/"� 

ก��9$:!��!ก"� trypsin inhibitors #�ก������</9"'� 2 /�%�  �01��00)9�+N������ก (0�7��V 

3000 Da) 9���8L�$;����01�)0)�L; (�NL��� �&��ก��9$:#7!(�69�ก/%'�! ���00)9�+�NL�)0��<'(�&<:(

N(��</����aก%#��<:(ก�7�GL��8L�</����aก%#�8� ��"'��$;���!����^��ก��0](�ก"��"��(�6�79����&

6����"��K!��;"b �/ � 8�(��#�7!�(\]�& 6�78�(�ก�79KLM"ก)�L� ()0  
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ก*�7���@, resin column �2*<��: Ion exchange chromatography 

1.1 ���$&�!���;�$!��8�"��L�� resin (CM 52, SP-Toyopearl) 6�70�"�!��G� 
0.1 N NaOH (Sodium Hydroxide, MW. 40) 
0.1 N HCl (Hydro Chloric, MW. 36.46 (12 mol/L) 
10 mM CH3COONa pH 3.5 (Sodium acetate Anhydrous, MW.82.03)  
5 mM Tris- HCl pH 8 (Tris) MW.121.14  

 
1.2 !���;�$9$:�L(��/L��N"'��(�ก��6&ก TIs �L�& IEC 

���$&� �"_�_(�+ A �L�& 10 mM CH3COONa 0�"� pH 3.5 
���$&� �"_�_(�+ B �L�& 10 mM CH3COONa 0�"� pH 3.5 9$:��%� 1 N NaCl 

 

0�1(�!(ก*�+@ก TIs �'�@7��(�� IEC 

���$&� resin column !��8�"�F8�� !���7��&9$:!ก"�)�L#�ก������</ 
1. �L�� resin �L�& 0.1 M NaOH 6�7�L������L�&�'��ก�":��"�;����01�ก���L�&ก�7����%!�"� 

(��!) #�ก�"'��L���L�& 0.1 N HCI �L������L���'��ก�":��"�;����01���!�L�&ก�7����%!�"� (ก��) 
0�"�!��G��L�& 10 mM CH3COONa  
 2. �9 resin ���� column (2 mm x 21 mm; Tosoh, Tokyo, Japan) #�ก�"'�F8��!���7��&��
��Column �L�&�;�<:(� Ion Exchange Chromatography (ECONO PUMP) 
 3. ���$&� buffer A (10 mM CH3COONa) 6�7 buffer B (1 N NaCl ��!���7��&10 mM 
CH3COONa) ��<:(6&ก!���7��&((ก#�ก column   

 
(G0ก�V+9$:�/L��N"'��(�ก��!ก"�!�� TIs �L�&�9;�%; IEC 
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�*�*���% 1  !"�! ��N(��"��_(�+� (����9$:�/L��ก���"'�; �6ก�+��$&��9;�%; Ion exchange 
chromatography  

Time (min) %A %B Flow (ml/min) 
0 100 0 3 

200 0 100 3 
220 0 100 3 

 
2. ก*�7���@, Buffer �2*<��:7��(�� RP-HPLC 

 6&ก TIs ��%!G9x%��L�&�;�<:(� reverse phase high performance liquid chromatographic (RP-
HPLC) (UV detactor �G � -8020 (TOSOH), pump HPLC L-7100, column Inertsil 5 um, 4.6 x 250 
mm) S$�!����0�%���� 2 ml F�&�/L!���7��& Acetonitrile �01��"_�_(�+ 
 

�*�*���% 2 6!��!"�! ��N(�ก�����$&��"_�_(�+ A 6�7 �"_�_(�+ B 9$:�/L��ก��6&ก TIs ��%!G9x%��L�& 
RP-HPLC  

         Solution 
Buffer  

H2O2 (ml) AN. (ml) 
 (CH3CN) 

TFA (ml) 
 (CF3COOH) 

Volumn 

A buffer (1% AN.) 990 10 1 1 litter 

B buffer (99% AN.) 10 990 1 1 litter 

F�&�"'�; �N(�;�������N(�ก���;�<:(�9$: (Chart speed) 5 mm/min., Wave Range 230 nm, Range 1.28   
 *�:��ก���"�(& ��N(�!��!ก"�9$:M �� RP-HPLC 9Gกy peak  
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ก*�7���@,�*�7�,�&(ก*��ก�� TIs 8*ก7, I�"#$  

ก�����$&� Tris-HCI 0�%���� 100 ml of 5 mM   
 1. ���$&� Tris-HCI 1000 ml F�&/":� Tris �� 0.6 g �7��&���'��ก�":�0�"�0�%�����8L)�L 

1000 ml  
 2. 0�"� pH 8 �L�& HCI (Stirrer )0�L�&) )�L Tris-HCl 9$: pH 8 �7��&�� pellet 9$: de-fat 6�L� 

10 g � ( Tris-HCI 100 ml 
 

1. ก*�7���@,�*�7�,�&(ก*���7��*�<����,*b;����( 

�*�*���% 3 6!��!"�! ��!��9$:���$&���ก���%�;��78+;����NL�NL�N(�F0��$�F�&�%x$ก��N(� Lowry 

Na2CO3 0.1 N NaOH SDS 0.5% 7���@, 
Reagent A 

20 g 1000 ml 5 g 1000 ml 
     

CuSO4.5H2O 1%Sodium Potassium tartrate 7���@, 
Reagent B 

0.5 g 1000 ml 1000 ml 
     

Reagent A : Reagent B 7���@, 
Reagent C 

50 : 1 20 ml 
     

Folin : Distilled water 7���@, 
Reagent D 

1 : 1 2 ml 
     

BSA(1mg) : Distilled water 7���@, 
Protein Std. 

1 : 1 0.5 ml 
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�*�*���% 4 ; �ก���K�ก�<�6!�N(� Protein Std.9$:�"�)�L#�ก;���&��;�<:� 660 nm 

Protein Std.(µµµµg/ml) �-* OD ��%��*,@*�� #%( 660 nm 

0 0.0919 

100 0.2819 
200 0.4016 

300 0.5789 
400 0.7252 
500 0.7941 

600 0.8691 

 
  2.3 ก�*u,*��v*(��%H�'8*กก*���7��*�<����,*b;����( 

Std.

y = 0.0013x + 0.1404

R2 = 0.9768
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J*"��% 1 6!��!K��ก��_����a��9$:)�L#�กก���%�;��78+0�%��VF0��$� 

 
2. ก*�7���@,�*�7�,�&(ก*���7��*�<�  

2.1 7���@,�*�7�,����!:�A�ก���@* BApNA 

1. ���$&� Buffer (B) �L�& 0.05 M Tris 9$:��%� 0.02 M CaCl2 ( 0�"� pH 7.5 �L�& HCl)  
 2.  ���$&� 1 mM HCl 9$:��%� (pH 3) 

1. 3.  ���$&� Trypsin soln. (T) F�&�7��& Trypsin �� 1mM HCI pH 3 (20 mg/ml) 
2. 4. ���$&� Substrate (S) 
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(S-1) ���$&� BApNA �7��&�L�& DMSO (43.5 mg/ml) 
(S-2) �/L (S-1) �7��&�L�& (B) 100 �9 � (0.435 mg/ml) 

3. 5. ���$&� 30% Acetic acid (A) ��<:(8&G�ก%#ก���ก��&"�&"'��(�)*�+ Trypsin 
 0�1(�!(ก*���7��*�<� 

���!��!ก"�9$:6&ก�L�&�9;�%; IEC 6� �78�(����%�;��78+8�ก%#ก���ก��&"�&"��(�)*�+ 
Trypsin �L�&0s%ก%�%&� BApNA ��%� (B) 60 µl 9$:��%� (!�� TIs 9$:!ก"�)�L) 10 µl 6�7��%� (T) 20 µl �� 
micro plate ���)0� �9$:(GV8tK�% 30 o C �� shake plate ��� 5 ��9$ #�ก�"'���%� (S-2) 150 µl ���)0� �
9$:(GV8tK�% 30 o C �� shake plate ��� 10 ��9$ 8&G�ก%#ก���ก��&"�&"'��(�)*�+�L�& 30% Acetic acid 
���)0�"�; � Absorbance 9$: 405 nm �L�& micro-plate reader  
  

2.2 7���@,�*�7�,����!:�A�ก���@* BAEE 

ก���%�;��78+8�8� �&ก��&"�&"'��(�)*�+ Trypsin �L�&0�%ก%�%&� BAEE �$N"'��(�ก��
���$&�!�� �"�� ()0�$' 
1. ���$&� Buffer (B) �L�& 0.05 M Tris (��%� 0.02M CaCl2) 0�"� pH 8 �L�& HCI 
2. ���$&� Trypsin soln. (T) 

  (T-1) �/L Trypsin �7��&�L�& 0.001 M HCI (0.4208 mg/ml)  
(T-2) ���!���7��& Trypsin (T-1) ���7��&�L�& (B) 20 �9 � 

3. ���$&� Substrate (S) �/L 0.01 M BAEE.HCI �7��&�L�& (B) F�&�/L 3.43 mg N(� 
BAEE.HCI + 1 ml N(� (B)  

0�1(�!(ก*����!:�A�ก���@* BAEE 

���$&� standard curveF�&��%� (B) 500 µl 6�7 ��%� (T) 500 µl ���)0� �9$:(GV8tK�% 30 o C 

��� 4 ��9$ #�ก�"'���%� (S) 50 µl �"�; � Absorbance 9$:; �ก���K�ก�<� 253 nm �L�&�;�<:(� 
spectrophotometer �"'�; �ก���ก%�0s%ก%�%&� 60 �%��9$ #�ก�"'�9�!(�8� �&ก��&"�&"'� Trypsin N(�!��

!ก"�9$:�$ก%#ก���ก��&"�&"'� (I) ;<( !�� TIs 9$:!ก"�)�LF�&��%� (B) 450 µl ��%� (T) 500 µl 6�7��%� 

(!�� TIs 9$:!ก"�)�L) 50 µl ���)0� �9$:(GV8tK�% 30 o C ��� 4 ��9$ #�ก�"'���%� (S) 50 µl �"�; � 
Absorbance 9$: 253 nm �L�&�;�<:(� spectrophotometer �"'�; �ก���ก%�0s%ก%�%&� 30 �%��9$  
���!@-*�ก*��2*(�b<* TIU;�@�A�ก���@* BAEE 

1. ; �9$:)�L#�กก���"� Abs 253 nm. 
- ; ��S�$:&N(� Abs stand. 0.24345 
- ; ��S�$:&N(� Abs sample  
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 2.    8�; ��S�$:&N(� TI � ( 1 unit 
            (Abs stand - Abs sample) 

              Abs stand 
    ; � 1 Unit X 0�%����!��9"'�8�� 
               0�%����N(� TI 9$:�/L 
    0�%��V Trypsin X unit 
3. �"�(& ��ก��;����V8� Unit N(� TIs 
  ; � Abs N(� CGTI-I  ;<( 0.1397 - 0.0389 = 0.1008 
    0.24345-0.10080  
            0.24345 
   =   0.58595 

     0.58595 X 38 ml 
            0.05 ml 
   =         445.322 unit 

               0.01052 mg X 445.322 unit 
   = 4.6845 mg  

4.  �"�(& ��ก��;����V8� Unit N(� TIs 
  ; � Abs N(� CGTI-II ;<( 0.0113 - 0.034 = 0.0089 
    0.24345-0.0089  
            0.24345 
   =   0.963442 

     0.96344 X 72 ml 
            0.05 ml 
   = 1387.36 unit 

               0.01052 mg X 1387.36 unit 
   = 14.595 mg 

�ก�� Trypsin Inhibitors ��%!G9x%� 9$:9���ก%#ก���ก��&"�&"'��(�)*�+ Trypsin �$8� �&�01� Unit 
9$:6� �(�6�L� )0 freeze dry ��<:(���)0)�L9�!(�ก��&"�&"'�ก���#�%b��%�F�N(�8�(��"��K�</ 
 
 

F�&�/L!K�� 1 Unit =    

8� mg N(� TIs = 

8� Unit N(� TIs = 

F�&�/L!K�� 1 Unit =    

8� Unit N(� TIs  = 

8� mg N(� TIs  = 

F�&�/L!K�� 1 Unit =    

8� Unit N(� TIs  = 

8� mg N(� TIs  = 
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�/��+ �����7���@,!*<*�7 �1@�<(!(ก���/'=�ก 

 !K��(�8���9$&�!��8�"���$'&�8�(�ก�79KLM"ก 9$:�"�60��!K����#�ก(�8���9$&�!��8�"���$'&�
8�(�ก�79KLM"กN(�ก���%/�ก���ก���  0�7ก(��L�& 

 
1. Agar power    12 g. 
2. Mung bean    195 g. 
3. Dried brewer yeast   15 g. 
4. Casein    4.5 g. 
5. Ascorbic acid   4.5 g. 
6. Sorbic acid    1.875 g. 
7. Methyl hydroxyl benzoate  3.75 g. 
8. Choline chloride   0.75 ml. 
9. Formadehyde   3 ml. 
10. Vitamin stock   15 ml. 
11. Distilled water   1125 ml. 
12. Streptomycin   0.15 ml. 

8��&�8�G: �/L�'��!��8�"��L��GL� 800 ��. 
 
N"'��(�ก�����$&� (�8���9$&���<:(9�!(�ก"�8�(�ก�79KLM"ก 
 2.1 6/ ����� "̂:��N$&� 195 g �01����� 24 /":�F�� 6�L���������8L�7�($&� 
 2.2 �7��& agar 15 g ���'��ก�":� 800 ml �L�& microwave �01����� 5 ��9$ 
 2.3 ; (& y ��%�! ��M!�9$:�8�<(���!"�! ��9"'�8������!���7��& agar 6�70̀z��8L�NL�ก"�

�L�&�;�<:(�0̀z�M!� 
 2.4 �9(�8���9$&�9$:M!�ก"��$6�L�����^�����!�%ก8��0�7��V 1 �%'� 
 2.5 �"'�9%'�)�L�8L�&�� ���)0��$'&�8�(�ก�79KLM"ก  
 
N"'��(�ก�����$&� TIs ��(�8���9$&���<:(9�!(�ก"�8�(�ก�79KLM"ก 

!��9$:M ��ก��6&ก TIs �L�&�9;�%; IEC �����M ��ก�� desalting �L�&�;�<:(� Ultra filtration 
membrane 6�L�9��ก�� freeze dry )�L!�� CGTI 0�%��V 0.1421 g 
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�*�*���% 5 ���$&�!����<:(9�!(�ก"�8�(�ก�79KLM"ก 9$:�7�"�;����NL�NL� 0, 3, 6, 9 6�7 12 TIU/g  

Concentration(TIU/g) 7���@,!*<*�

���,*�� (ml) 

=�,���,*�� TIU $�%� TI (g) 

0 100 0 0 
3 100 300 0.0119 
6 100 600 0.0239 
9 100 900 0.0358 

12 100 1,200 0.0478 

��, 500 3,000 0.1194 
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Output 8*ก;���ก*���8�@��%H�'��:��(8*ก �ก�. 

1.  Manuscript submitted to ASIAN JOURNAL OF PLANT SCIENCES 

1. Panida Arimatsu.  Effect of Thai bitter gourd proteinase inhibitors on growth and development of 

Helicoverpa armigera Hubner.   (in process) 

2. Panida Atrimatsu and Orrawan Sawangsook.  Purification and Characterization of a Trypsin 

Inhibitor from Momordica cochinchinensis Spreng. Seed and its effects to Spodoptera litura.  (in 

process) 

2. ก*�(2*= �*(��8�@H�&$'���;@$(�  7$����$*ก*� 

ก��)�L�"�9G��%#"&#�ก!ก�. ��;�"'��$'  MKL�%#"&)�L���;����KL  M�����%#"&9$:)�L�"�)0�/L��ก����$&� ก��

!(� ��&�%/�  Plant Resistance to Disease and Insect Pests  6�7�%/�  Agricutural Biotechnology for Plant 

Production 8�"ก!K��0�%bb�F9 t�;�%/��9;F�F�&$ก���ก��� ;V7�9;F�F�&$ �8��%9&��"&

�8�!��;��   

�(ก#�ก�$'&"�)�L!�"�!�G�ก��9���%#"&N(��%!%�0�%bb�F9 ;<( ���!��(����V  6!��!GN  (�9.�. 

�9;F�F�&$ก��M�%��</  ;V7�9;F�F�&$ �8��%9&��"&�8�!��;�� !�����#ก����ก��  �G��;�  2553) 

��8"�NL(��<:(� �M�N(�!��!ก"�9�%0*%�  (%��%�%��(�+#�ก�</� (ก���#�%b��%�F�6�7�"v��ก��N(�

8�(�ก�79KLM"ก� F�&�%!%���%�9��)09���%#"&� ��ก"� Associate Prof. Kamei  Keiko, Kyoto Institute of 

Technology 0�7�9�b$:0G�� �01����� 2 ��<(�  6�7��%�9��)0� ��9���%#"&ก"�  ��. !���  �K��":��$ 

�"ก�%/�ก�� 8  \��&�9;F�F�&$/$�t��  !^��"��%#"&�%9&���!��+6�7�9;F�F�&$68 �0�7�9�)9& ($ก

�L�& *�:��01�F(ก�!("��$��ก��!�L���"ก�%#"&�G ��8� N(�0�7�9�)9& 

3. !#%({   

(2*7�(!= �*(�/�+::;��7�!��   

��<:(� �Effect of trypsin inhibitor from Ivy gourd seeds on the growth and development of common cutworm� ��

9$:0�7/G��%/�ก�� "�"ก�%#"&�G ��8�  �� ��x$�%#"&(��GF! !ก�."   �"�9$: 14-16 �G��;� 2553 
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:���*,��$*ก*� 

(����V  6!��!GN 6�7 ��%��  (�%��9%�.  2010.  !��&"�&"'��(�)*�+F0��$�(!#�ก�</ : ก�)ก9$:�</�/L

��ก��0](�ก"��"��(�#�ก6���.  ���!���%9&���!��+6�7�9;F�F�&$ �8��%9&��"&�8�!��;��  29 

(2): 88-99. 

= �*(��8�@ 

(����V 6!��!GN  ��%��  (�%��9%�  !���  �K��":��$ 6�70��%���+  F��"��<(t�.  2553.  !��!ก"� 

trypsin inhibitors #�ก�����N$'ก�6�� (Gymnopetalum integrifolum Kurz.).  ���!���%9&���!��+

�ก���  41 (2) �%��� : in press. 
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