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�: ��,):�;��)<=&!,>��:&���#)ก�@.AB>AC;�1��������D.E�ก�)�B1:0&!��ก�0���F1����D.G-*@�0

�C+H&<I�+ � ,�����E�ก�)�@.AB1:0&!��ก���B1��+� 3 1�G- ����D.:1�.1-J:0���(�*�C����0���H&B1ก��B:A��
Eก0K%A�L��M.��N(��K%A�L���.DกE+�C1:��G-*�-�OP>���H*&!ก��ก+H1�� M.�G)*�@�C$�+)ก'��=&!����D.:1�.1-J�-
C���(�$1,%!E+�E�ก>)ก!0�� M.��N(���A�K+��.A���GC1�Cก��G;�E>A!E<<��H&กE=D! G;�B>A�A&!B:A<��#$�)�Q 
E<<(��"'E+��-��C�E(! .)!1)J1#R!�-ก��"Rก'���ก���B1ก��()S1�ก��<�1ก��K+������D.E�ก�)�B1:0&!
��ก�(H*&B>A@.A��D.��G-*�-C���E=D!�>���,� E�ก�)�@�E+�ก��<�1ก��K+��G-*!0�� �:01 ก���&กM.���! 
!�1��#)�1-J�-�)��$���,!C �(H*&"Rก'�K+=&!,��G-*���>�.@.AE+�,���(�*��������0&C$�+)ก'��=&!����D.E�ก�)�
B1:0&!��ก��&� ��(���+ @TM.�C+&@�.  ��12�
�
���ก����3��: ����D.E�ก�)�B1:0&!��ก���ก&<.A���)���
��&� ��(���+@TM.�C+&@�.  (40 ��++�ก�)�) ,���(�*�C���>��1 (10 ��++�ก�)�) ,��.%.W)< (5 ��++�ก�)�) ,��G-*
���>�.@.A �:01 E&�M��1-�� @<C�� <&�1� (10 ��++�ก�)�) E+�,���(�*������� @.AEก0 Avicel PH 102 E+�E�11�G&+ 
��)<1J;�>1)กB>AC�< 260 ��++�ก�)��0&��D. 1;���&).��F1��D.M.���]-�&ก��!.A���C�H*&!&).@T.�&+�C E+A��=A��%A&<
@�MC���IG-*ก;�+)! 900 �)��  1�1 6.30 1�G- #�ก1)J1G.,&<C$�,�<)��=&!C���E=D! C���ก�0&1 ��+�G-*B:AB1
ก��E�ก�)� �������)���,;�C)PE+�ก��+�+��B1>+&.G.+&!  4�ก����3��: ����D.E�ก�)�B1:0&!��ก��&� ��(���+ 
@TM.�C+&@�.  G-*���ก&<.A��E&�M��1-��@<C�� <&�1� E+� Avicel PH 102 �0��ก)<E�11�G&+   B1,).,0�1 
1:1 ��F1,��G-*���>�.@.AE+�,���(�*������� ���+;�.)< �-C$�,�<)��G-*�>���,�G-*,$. M.��-C���E=D!&�%0B1:0�! 
6.083±0.67 ก�M+ก�)� �-C���ก�0&1�*;� ��+�G-*B:AB1ก��E�ก�)���D�G-*,$.&�%0B1:0�! 6.4±1.9 1�G- �������)��� 
,;�C)P&�%0B1:0�!�A&�+� 90.0-110.0 E+��-&)���ก��+�+��B1>+&.G.+&!,%!G-*,$. 5�6�4�: C����A&1#�ก
@�MC���IG;�B>A,��G-*���>�.@.A�ก�.ก�����>�. ,�A�!�%(�$1���B1��D.�� ��D.��#R!E�ก�)�E+�+�+��&�0�!
��.��D� =���.-��ก)1C����A&1G;�B>A,���(�*�������WR*!��F1,��ก+$0�:%ก��  E&+ก&T&+ �ก�.ก��>+&��)� G;�B>A
��D.���-C���E=D!�(�*�=RJ1 #R!G;�B>A@.A����D.G-*�-C$�,�<)���>���,� 
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Development of verapamil hydrochloride orodispersible tablets using 
sublimation method by microwave irradiation  

Piyawan Taopatom1*, Ratiporn Wongjumpoo1, Utsana Puapermpoonsiri1, Sureewan Duangjit1, Warisada Sila-on1 
 

Abstract  
Introduction: British Pharmacopoeia (BP) has defined orodispersible tablets as the 

uncoated tablets intend to be placed in the mount where they disperse rapidly within 3 min. They 
have enhanced patient compliance, particularly in pediatric and geriatric patients who have a difficulty 
in swallowing. In general, their characteristics show high porosity and fragile as preparing by the 
lyophilization technique. As such, they need to use the expensive and special package. Therefore, 
several attempts have been investigated to develop the desirable hardness with rapid disintegration 
and simple producing process such as direct compression method. To study the influence of 
sublimating agents and diluents on the characteristics of ODTs of verapamil HCl treated with 
microwave irradiation. Methods: ODTs composed of verapamil HCl (40 mg), sweetening agent (10 
mg), adsorbents (5 mg), sublimating agents such as ammonium bicarbonate (10 mg) and diluents 
including Avicel PH 102 and mannitol adjusted to 260 mg of tablet weight. Compressed to tablet with 
hydraulic compactor by direct compression method and then treated with microwave oven at power of 
900 watts for 6.30 min. The characteristics of tablets including hardness, friability, disintegration time, 
content uniformity and in vitro dissolution were determined. Results: ODTs of verapamil HCl 
consisted of ammonium bicarbonate and the mixture of Avicel PH 102 and Mannitol (ratio 1:1), as 
sublimating agent and diluents, respectively, demonstrated the desirable characters. They presented 
6.083±0.67 kg of hardness with low friability. They disintegrated within 6.4±1.9 min. The content of 
active drug was within 90.0-110.0% and showed the maximum dissolution rate. Conclusion: Heat 
generated from microwave irradiation caused the sublimating agent sublimed and produced the 
porosity within tablets. These led to the rapid disintegration and dissolution of tablets. Heat generated 
from microwave irradiation caused a molten sugar alcohol and consequently increased the tablet 
strength. These provided the appropriate characteristic of tablets. 
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 ก��<��>����M.�ก���)<���G�1 ��F1��]-G-*
@.A�)<C���1���&�0�!E(�0>+���1H*&!#�ก!0���0&
ก���)<���G�1 (ก(�,�.�ก E+�>+-ก�+-*�!ก��
�#D<��.��H*&�G-�<ก)<ก��<��>����M.�ก��N-. 
(Sastry, 2000) E�0�)!�-�OP>�B1K%A�L��<�!���G-*@�0
,�����<��>����M.�ก���)<���G�1 �:01 K%A�L��G-*
�-�OP>�ก��ก+H1��D.�� @.AEก0 K%A�L��,%!&��$ �.Dก 
���@��R !K%A�L ��G-* �-�OP>���<<���,�GE+�
ก+A���1HJ& @.AEก0 M�C&)�(�� (paralysis) E+�M�C
>+&.�+H&.,�&! (stroke)  E+�K%A�L��G-*�A&!ก��
�)ก'�&�ก���L��E<<�N-�<(+)< �:01 ��.>)�
@��ก�1 ��.GA&! ��F1�A1 �O##$<)1#R!�-ก��()S1�
�%�E<<����D.G-*,�����E�ก�)�E+�+�+��@.A
���B1:0&!��ก M.�@�0#;���F1�A&!.H*�1J; ����  
,�����&&ก�G]��@.A��D� �%�E<<�������G1-J�-:H*&
� �- � ก �0 �  � � ��D .E � ก�) � B 1:0 & !� �ก  (Orally 
Disintegrating Tablets, ODTs)  #�ก��,):�;��)<
,>�)�&����ก� (USP 38/NF33, 2015) B>AC;�#;�ก).
C����0���F1�%�E<<��G-*,�����E�ก�)�>�H&+�+��
@.A���B1 30 ��1�G- ��H*&��!<1+�J1E+�@�0B:A1J;�B1
ก���)<���G�1�� ,0�1��,):�;��)<,>��:&���#)ก� 
(BP, 2015) ��-�ก����D.E�ก�)�B1:0&!��ก�0� 
Orodispersible tablets E+�@.AB>AC;�#;�ก).C���
�0���F1����D.@�0�C+H&<I�+ � ,�����E�ก�)�B1:0&!
��ก@.A���B1 3 1�G- ก0&1ก+H1�� 
 B 1 � O# # $< )1  ODTs , � � � � � K + �� @ .A
>+�ก>+����]- ��] -E �กCH&  ��] -ก��G;�E>A!E<<
��H&กE=D! (freeze drying)  B:Aก��<�1ก��G;�B>A
�)�&�0�!E=D!�)���F11J;�E=D!  #�ก1)J1G;�B>AE>A!
M.��C�H*&! freeze dryer  K+���)�Q G-*@.A�)ก�-�%�
K+Rก��F1 &,)���1 (amorphous) E+��-C���(�$1,%! 

#R!:0��G;�B>A��+�+��@.A&�0�!��.��D���กE+�
:0���(�*�:-����,�G]�K+  (Shukla et al., 2009) 
&�0�!@�กD��� ��]-1-J�-=A&#;�ก).CH& ��D.�������
E�ก!0��#R!�A&!B,0��:1�<��#$:1�.(��"' E+�
��F1��]-G-*�-�A1G$1ก��K+��,%! G;�B>AK+���)�Q &�#
�-��C�E(! ��]-G-*,&!CH& ��]-�&กM.���! (direct  
compression) ��F1��]-G-*!0�� �A1G$1ก��K+���*;� ��F1
��]-G-*�A&!B:AE�!B1ก���&ก&).  ก��E�ก�)�E+�
+�+��B1:0&!��ก=&!��D.�� =RJ1&�%0ก)<:1�.=&!
,��:0��E�ก�)���*!��. (super disintegrants) E+�
,��:0��G-*+�+��1J;�@.AB1�;��)< (water soluble 
excipients) ��]-G-*,��CH& ��]-ก�����>�. (sublimation) 
��F1��]-ก��G;�B>A��D.���ก�.�%(�$1M.�B:AC����A&1 
�:01 ก��B:A�%A&<+��A&1>�H&ก��B:AC����A&1#�ก
C+H*1@�MC���I (Sano et al., 2011; Sano et al., 
2013; Sano et al., 2014) �0��ก)<ก������,��G-*
:0��G;�B>A���>�. G;�B>AK+���)�Q �-C���(�$1,%! 
��D.��#R!,�����E�ก�)�E+�+�+��@.A&�0�!��.��D�
��H*&,)�K),ก)<1J;�+��B1:0&!��ก (Velmurugan, 
2010) &-กG)J!����D.G-*@.A#�กก��<�1ก��1-J#��-C���
E=D !E�!  @�0 �����  > �H &E�ก>)ก!0 �� E+���F 1
ก��<�1ก��G-*G;�@.A!0 �� �1H*&!#�กB:A��]-ก���&ก
M.���! (direct compression) G;�B>A�A1G$1ก��K+��
+.+! ก��B:AC����A&1#�กC+H*1@�MC���IB1G�!
��,):ก����-C���1�����ก=RJ1���+;�.)< �1H*&!#�ก
B>AC����A&1&�0�!,�*;��,�& ��.��D�G;�B>A���>�).
(+)!!�1#R!:0��+.�A1G$1ก��K+�� (Kappe, 2004) 
�)�&�0�!�:01 ก�����-�� solid dispersion �(H*&�(�*�
ก��+�+��=&!��G-*+�+��1J;���ก (Otsuka et al., 
2016) ก�����-��@�MC�(�� ���C�+ (Kumar et al., 
2016) ��F1�A1 .)!1)J1��]-ก�����>�. (sublimation) M.�
B:AC+H*1@�MC���I#R!��F1��]-ก��K+������D.E�ก�)�B1
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:0&!��กG-*�-C���10�,1B#B1ก��()S1�����D.
B>A�-C$�+)ก'����!���C����A&!ก��  
 !�1��#)�1-J�-�)��$���,!C �(H*&G-*#�()S1�
����D.E�ก�)�B1:0&!��กM.�B:A�GC1�Cก�����>�. 
(Sublimation)  .A��C+H*1@�MC���I M.�B:A����&� ��(���+ 
@TM.�C+&@�.  ��F1���A1E<<  
 
��12�
�
���ก����3�� 
, %� ��;� � )<� � �� D.E �ก� )� � � D� B 1: 0& ! ��ก  �-
,0�1���ก&<.)!����!G-* 1 1;��)���,;�C)PE+�
,��:0��K0�1E�0!�<&�  60 #�ก1)J1K,�E&,��E�� 
����&� ��(���+ @TM.�C+&@�. ,��G-*���>�.@.A E+�
,���(�*�������E<< geometric dilution B1Mก�0!
ก���<HJ&! ,���� 1J;�ก+)*1 (Distilled water) +!B1
Mก�0!<.,0�1K,�B>A�=A�ก)1 ���� Cap-O-Sil G-*K0�1
E�0!�<&�  100 K,�B>A�=A�ก)1 #1,0�1K,��-+)ก'��
E>A! 1;�,0�1K,�G)J!>�.K0�1E�0!�<&�  20  1;���&).
��F1��D.M.���]-�&กM.���!.A���C�H*&!&).@T.�&+�C 
(RIKEN R-303, REIKEN SEIKEI, Japan) M.�B:A

E�!B1ก���&ก&). 5 kN E+A��=A��%A&<@�MC���I
(MG28H5125NK, SAMSUNG, Japan) G-*ก;�+)! 
900 �)��  1�1 6.30 1�G- #�ก1)J1G.,&<C$�,�<)��
=&!����D. @.AEก0 C���E=D! (Stokes-Monsanto 
hardness tester ,  Thai land) C���ก�0&1 
(ERWEKA TAR 20, Germany) ��+�G-*B:AB1
ก��E�ก�)� (ERWEKA ZT 52, Germany) 
,��+�+���) �ก+�!CH& 1J; �ก+)*1������ 700 
��++�+ ��� C�<C$�&$�>�%� �B>A&�% 0B1:0�!  37±2 
&!"��W+�W-�, ก�����C���> >��������)���,;�C)P
.A���C�H*&! UV-Spectrophotometer (UV/VIS-
Spectrophotometer, Lambda-25, USA) G-*
C������C+H*1 278.36 nm E+�ก��+�+��B1
>+&.G.+&!M.�B:A Dissolution Apparatus 2 
(Paddle) 50 rpm ��+� 60 1�G- (ELECTROLAB 
TDT-08L Dissolution tester (USP), India)  ,��+�+��
�)�ก+�! CH& 0.01 N HCl &$�>�%�� 37.5±0.5 
&!"��W+�W-�,  

 
	���� 2% 1 ,%���;��)<����D.E�ก�)�B1:0&!��ก Verapamil HCl �0& 1 ��D. 
 

��	b6�����!5��
��2 "�#� 2%5�� �����c5�� (�����ก���) 

1 2 3 4 5 6 

Verapamil HCl �)���,;�C)P 40 40 40 40 40 40 
Aspartame ,��B>AC���>��1 10 10 10 10 10 10 
Cap-O-Sil ,��.%.W)< 5 5 5 5 5 5 
Ammonium bicarbonate ,��G-*���>�.@.A - 10 - 10 - 10 
Distilled water (mL) - 0.04 0.04 0.04 0.04 0.04 0.04 
Avicel® PH-102 ,���(�*������� 195 195 - - - - 
Mannitol ,���(�*������� - - 195 195 - - 
Avicel® PH 102:Mannitol (1:1) ,���(�*������� - - - - 195 195 



�.��,):"�,�� &-,�1                                 ก��()S1��;��)<����D.E�ก�)�B1:0&!��ก��&� ��(���+ @TM.�C+&@�.   
��G-* 13 N<)<(��"' �.C. a �-.C.2560                           M.��GC1�Cก�����>�..A��C+H*1@�MC���I  
  �������� ������ E+�C�� 

 

148 
 

4�ก����3��  
���-�<�G-�<C$�+ )ก'��=&!����D.

E�ก�)� B1:0&!��ก=&!E�0+�,%�� G)J!ก0&1E+�
>+)!�=A��%A&<@�MC���I G-*ก;�+)!@II�� 900 �)��  1�1 
6.30 1�G- K+ก��G.,&<C$���(����D. �-.)!�0&@�1-J 
ก����!
��������d��d����
��� 

C���E=D!=&!����D.G-*�>���,�C��&�%0
B1:0�! 4-6 kg C���E=D!G)J! 6 ,%��&�%0B1:0�! 3.83 
± 0.26 �R! 8.00 ± 0.00 ก�M+ก�)� (<�0�,%��G-*@�0
K0�1�ก�Q ������1CH&,%��G-* 2 E+� 4 WR*!,%��G-* 2 
���ก&<.A�� Avicel PH 102 E+�E&�M��1-�� 
@<C�� <&�1� E+�,%��G-* 4 ���ก&<@�.A��E�11�G&+
E+�E&�M��1-��@<C�� <&�1�K0�1C����A&1.A��
@�MC���I .)!�%�G-*1 (ก) 
ก����!
�������ก����d����
��� 

C���ก�0&1G-*�>���,�@�0C���ก�1 1 % 
,%��G-*@�0K0�1�ก�Q ������1 CH& ,%��G-* 3, 4 E+� 5 
M.�,%��G-* 3 E+� 4 ���ก&<.A��E�11�G&+ (<�0�
�-C���ก�0&1,%! E+�,%��G-* 5 ���ก&<.A�� Avicel 
PH 102 �0��ก)<E�11�G&+ &)���,0�1 1:1 (<�0��-

C���ก�0&1+.+! E+���H*&���-�<�G-�<C���ก�0&1
=&!,���(�*�������B1ก+$0��.-��ก)1��>�0�!,%��G-*�-
E&�M��1-�� @<C�� <&�1� (,%��G-* 2, 4 E+� 6) 
(<�0��-C���ก�0&11A&�ก�0�,%��G-*@�0�-E&�M��1-�� 
@<C�� <&�1� (,%��G-* 1, 3 E+� 5) >+)!K0�1C���
�A&1.A��@�MC���I .)!�%�G-* 1 (=)  
ก����!
���
��� 2%��#��ก���	ก	��d����
��� 

��H*&���-�<�G-�<,%��G-* 2, 4 E+� 6 WR*!
���ก&<.A��,��G-*���>�.@.A ��H*&K0�1C����A&1.A��
@�MC���I (<�0�,%��G-* 2 ��F1,%��G-*�- Avicel PH 
102 B:A��+�B1ก��E�ก�)�1�1ก�0�,%��G-* 4 WR*!��F1
,%��G-*�-E�11�G&+ E+�(<�0�,%��G-* 6 ��F1,%��G-*�- 
Avicel PH 102 : E�11�G&+ (1:1)  B:A��+�B1ก��
E�ก�)�G-*.- E+���H*&���-�<�G-�<��>�0�!,%��G-* 5 
E+� 6 WR*!��F1,%��G-*�- Avicel PH 102 : E�11�G&+ 
(1:1) (<�0�ก���(�*�,��G-*���>�.@.AG;�B>A����D.B:A
��+�B1ก��E�ก�)�1�1=RJ1E�0�A�K0�1C����A&1.A��
@�MC���I G;�B>AB:A��+�B1ก��E�ก�)���D�=RJ1 .)!�%�
G-* 1 (C) 
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ก����
���!"������c	����5
���7 
��� �ก�Q #�ก ��,) :�; ��) <  (USP38/ 

NF33, 2015)  ����D.��&��(���+ @TM.�C+&@�.  
ก;�>1.B>A�-�������)���,;�C)P&�%0B1:0�!�A&�+� 
90.0 - 110.0  .)!�%�G-* 2 #�กก��G.+&!(<�0�B1E�0
+�,%��1)J1�- % Label amount &�%0B1:0�!�A&�+� 
75.479 ± 2.818 �R! 111.104 ± 3.756 WR*!,%��G-*
@�0K0�1�ก�Q ������1CH& ,%��G-* 1, 3 E+� 4 E+�

(<�0�G)J!ก0&1E+�>+)!&<@�MC���I �-C0� % Label 
amount G-*Bก+A�C-�!ก)1 E,.!�0�C����A&1@�0�-K+�0&
��������B1��D.�� E+��-ก��,%P�,-���������@�
B1��>�0�!ก��<�1ก��<.K,�>�H&ก���&ก&). 
� ( � � � E ก � 1% + G-* @ .A �- � �� � � � C � � � :HJ 1 � � ก 
M.��N(��,%��G-*�-E�11�G&+ G;�B>A@.A��D.��@�0
,�<%��  ��H*&1;���&).��D. 

 
 
 
 
 
 
 
 
 
�G� 2% 2 ก��IE,.!ก�����-�<�G-�<ก���).�������)���,;�C)P=&!����D.=&!E�0+�,%�� 
 
 
 
 

 
 

�G� 2% 1 ก��IE,.!ก�����-�<�G-�<C$�,�<)��=&!����D.=&!E�0+�,%��G)J!ก0&1E+�>+)!�=A�@�MC���I 
(ก) C���E=D! (=) C���ก�0&1 (C) ��+�G-*B:AB1ก��E�ก�)� 
 

(ก) (=) (C) 
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ก����!
���ก���!���d����
�����"���
 ���� 

(<�0�,%��>+)!&<@�MC���I�-&)���ก��

+�+��G-*��D�ก�0�,%��ก0&1&<@�MC���I E+�,%��G-*�-

,��G-*���>�.@.A (E&�M��1-�� @<C�� <&�1�) �-

&)���ก��+�+��G-*��D�ก�0�,%��G-*@�0�-,��G-*���>�.@.A 

E+�,%��G-* 6 �-&)���ก��+�+��B1>+&.G.+&!,%!

G-*,$. ���B1 5 1�G- �����*�+�+��&&ก����กก�0�

�A&�+� 80 WR*!,%��G-* 6 ���ก&<@�.A��,��G-*���>�.

@.A E+�,���(�*������� B1&)���,0�1 1:1 .)!�%�G-* 3 

ก��()S1�����D.E�ก�)�B1:0&!��ก=&!

����&��(���+ @TM.�C+&@�.  M.��GC1�Cก�����>�.

.A��C+H*1@�MC���I ,%���;��)<G-*���ก&<@�.A��@�

MC�C��,�)+@+1  �W++%M+, (Avicel PH 102) �0��ก)<

:%ก��  E&+ก&T&+  (E�11�G&+) B1&)���,0�1 1:1 

E+��-,��G-*���>�.@.A��F1E&�M��1-�� @<C�� <&�1� 

��H*&K0�1C����A&1.A��@�MC���IG-*ก;�+)! 900 �)��  

1�1 6.30 1�G- (Buakaew, 2015) K+ก��"Rก'�

(<�0�����D.�-C���ก�0&1�*;� C���E=D!�(�*���ก=RJ1 

E+��-��+�B1ก��E�ก�)�G-*��D� �1H*&!#�กC����A&1

#�ก@�MC���IG;�B>AE�11�G&+�ก�.ก��>+&��)� 

MC�!,�A�!���B1��D.���:H*&�ก)1 C���E=D!=&!��D.

��#R!�(�*�=RJ1 (Sano, 2013) E+�,�����E�ก�)�@.A��D� 

#�กก��G-*E&�M��1-�� @<C�� <&�1��ก�.ก�����>�. 

��D.��&�#�-�%(�$1��ก=RJ1 ก��E�ก�)�=&!��D.��#R!

��D�=RJ1 #�กK+ก��"Rก'�ก������:%ก��  E&+ก&T&+  

(E�11�G&+) �(-�!&�0�!�.-�� G;�B>AC���E=D!

�(�*�=RJ1E�0�-C���ก�0&1,%! 
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�G� 2% 3 ก��IE,.!C0�ก��+�+��=&!E�0+�,%��G)J!ก0&1E+�>+)!�=A�@�MC���I 
(F1) Avicel PH-102   (F2) Avicel PH-102 + Ammonium bicarbonate  
(F3) Mannitol    (F4) Mannitol + Ammonium bicarbonate 
(F5) Avicel PH-102:Mannitol  (F6) Avicel PH-102:Mannitol + Ammonium bicarbonate 
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>+)!B>AC����A&1 E+�(<�0�,%��G-*�-@�MC�C��,�)+@+1  
�W++%M+, �0��ก)<����E�11�G&+ G;�B>A��D.���-
C���E=D!E+�C���ก�0&1G-*�>���,� E+��)!:0��B>A
C$�,�<)��ก��+�+��B1>+&.G.+&!.-=RJ1 �1H*&!#�ก
MC�!,�A�!=&!E�11�G&+ �-ก+$0�@T.�&กW->+��>�%0
E+�MC�!,�A�!�ก�ก�1A&� G;�B>AM��+ก$+=&!1J;��=A�
��#)<ก)<@.A!0�� #R!B:A��+�B1ก��E�ก�)�1A&�ก�0� 
��H*&�G-�<ก)<MC�!,�A�!@�MC�C��,�)+@+1  �W++%M+, 
WR*!���ก&<@�.A��ก���0&=&!1J;���+ก+%MC,.A��
()1]�@ก+MCW�.�ก�ก�.()1]�G-*E=D!E�!G;�B>A����D.�-
C���E=D!E+�ก�0&1�*;� E+�MC�!,�A�!�-C����ก�ก�
#R!G;�B>AM��+ก$+=&!1J;��ก�.()1]�@.A��ก #R!��F1�>�$
G;�B>AB:A��+�B1ก��E�ก�)�,%!ก�0� #�กK+ก��
G.+&!(<�0�  >+)!ก��B>AC����A&1.A��C+H* 1
@�MC���I ��D.���-C���E=D!�(�*�=RJ1 B:A��+�B1
ก��E�ก�)���D� (��.)<1�G-) &�0�!@�กD���C���-
ก�����#,&<C���(�$1���B1��D.�� �(H*&B>A@.A
=A&,�$�G-*:).�#1=RJ1�0�C���(�$1=&!��D.��G-*�ก�.=RJ1
���>+)!@�MC���I �-K+�0&��+�ก��E�ก�)� E+�
E�A�0�����D.G-*@.A()S1�=RJ1�� �)!�-C$�+)ก'��@�0
��F1@����1����G-* USP >�H& BP ��<$@�ACH&�A&!
E�ก�)����B1 30 ��1�G- E+� 3 1�G- ���+;�.)< 
K+ก��G.+&!G-*@.A#���F1=A&�%+�<HJ&!�A1�(H*&G;�
ก����# )��(H*&()S1�,%���;��)<�0&@� M.�"Rก'�
K+=&! Cap-O-Sil E+�ก������,��:0��E�ก�)�
��*!��.B1�;��)< �(H*&��)<��$!,%��B>A@.A����D.
E�ก�)�B1:0&!��กG-*�-C$�+)ก'������A&!ก�� 
 
�8�������!5�6�4�ก����3�� 

,%���;��)<G-*�-E&�M��1-��@<C�� <&�1� 
E+�@�MC�C��,�)+@+1  �W++%M+, (Avicel PH 102) 
�0��ก)<:%ก��  E&+ก&T&+  (E�11�G&+) B1&)���,0�1 

1:1 G;�B>A��D.���-C$�+)ก'��.-G-*,$.��H*&�G-�<ก)<
,%���;��)<&H*1 B1ก��G.+&!ก��B:AC����A&1#�ก�)!,-
@�MC���I G;�B>AC���E=D!=&!��D.���(�*�=RJ1 E+�
�)!G;�B>A��+�ก��E�ก�)���D�ก�0���D.��G-*@�0@.A�)<
�)!,-@�MC���I E+�ก������,���(�*�������ก+$0�
@�MC�C��,�)+@+1  �W++%M+, ,�����B:AK+����F1 
ODTs G-*B>AC$�+)ก'��G-*.- �-C���ก�0&1�*;�E+��-
C���E=D!G-*�>���,�,�����<��#$B1<��#$�)�Q 
]���.� ก��K+����]-ก�����>�..A��C+H*1@�MC���I
��F1ก��<�1ก��K+��G-*!0�� @�0W)<WA&1 ,0!K+B>A
�A1G$1B1ก��K+���*;� 
 
ก�		�ก�����!ก�9 
 =&=&<(��C$�,;�1)ก!�1C��ก���ก��
��#)�E>0!:��� (�:) G-*@.A,1)<,1$1!<������B1ก��
G;���#)����#;���!<������ 2560 E+�C����,):
"�,��  �>���G��+)�&$<+��:]�1-G-*&;�1��C���
,�.�กB1��H*&!,��1G-*B1ก��G;���#)�B1C�)J!1-J 
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