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Effect of sweetening agents and disintegrating agenton the properties of 
oral disintegrating film of verapamil hydrochloride 

Panupong Boonprakom1, Chanthanan Ratsadon-arsai1, Utsana Puapermpoonsiri2,  
Sureewan Duangjit3, Warisada Sila-on2* 

 

Abstract 
Introduction: Oral disintegrating film (ODFs) is a dosage form that rapidly disintegrates or 

dissolves in oral cavity without chewing or water intake. ODFs have many advantages as compared 
to the conventional tablets including the improvement of patientQs compliance. These are beneficial 
for patients who have difficulty in swallowing tablets, such as pediatric andelderly patients. Methods: 
ODFs composed of verapamil HCl 3.34%, film former 5%, plasticizer 0.75%, disintegrating agent 
(Sodium starch glycolate; SSG)1%, and sweetening agents(maltodextrin, mannitol and xylitol)0.2, 1 
and 2% and purified water. ODFs were prepared by casting 5.6 and 10 g/petri dish and drying at 
60°C in hot air oven for 60 minutes. The viscosity and pH of the film dispersions, thickness, 
disintegration time, content uniformity, in vitro dissolution and identification of the functional group of 
verapamil hydrochloride within ODFs by Fourier transform infrared spectroscopy were carried 
out. Results: pH values of film dispersions were 6.0-6.3.The higher concentration of maltodextrin 
addition, the increasing in viscosity, thickness and disintegration time was observed. The content 
uniformity was within the acceptable range of 90.0-110.0, excluding those of ODFs containing 
SSG.ODF with 0.2%mannitol and SSG showed the significantly rapid disintegration (P<0.05).ODF 
with mannitol showed the higher the dissolution rate. Moreover, mannitol and maltodextrin were 
compatible with active drug and excipients. Conclusion: Type and concentration of sweetening 
agents and disintegrating agent influenced on the properties of ODFs of verapamil HCl. Maltodextrin 
and mannitol should not be used more than 1%, regarding it affected a peeling ability and 
disintegration time. Moreover, SSG affected the content of active pharmaceutical ingredient. 
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�2�Y� 
 ������10 �F�� ����
�
�������ก���ก6#
�*+'�#$��ก��ก�(� (dysphagia) �16 

�ก&3A�;3 �
�
/��'�.C�ก���. ��ก��&��,�0�S���1���,�0��(A���� 
'�(���ก��&$���0���C�กก����$�� ,#��*+'�
#��ก����/�������ก��ก�(�����������&���&%�����
�����
�ก I2'��)6������( 1 w� 3 v&�F-G�|)'#1,
}2G�!�ก���!ก$�4!)w���'�'�)�!ก�1�~�B�&'6����ก
w�ก��ก.��'��-�H��v&�Hv�� * 6� '�*��2 B��&'�
H���-. *���4G� 2!��!?�H�)#��ก��HกG}v��&ก��
�!���B��&��!�*�.1,'��-�H��'�wBG0�����H4ก4!)
}2G&'6���)2*��)w� 6&���ก3>��!�)6�*���0+,�#1,�6�0�w3
w�ก��2-H.F-G�|)'*B.6��1? (Stegemann et al., 2012) 

' � * �� 2 H 4 ก 4! ) w �  6 & � � � ก  ( Oral 
disintegrating tablets, ODTs) H.�HF6�xy.��H4ก4!)
w� 6&���ก (Oral disintegrating films, ODFs) *���'�
�-�H��v&�Hv�����*�#�!����#��#1,0�����H4ก4!)
H.�ก��3�'4!)&'6���)2*��)*��,&)��})Gw� 6&���กก6&�
ก.��0��.�.�''�.�0-6#��*2+�&�B��I2'�1vG&21��&
0�����H4ก4!)}2G&'6���)2*��)*��,&0!�F!0ก!��?L�.�'
w� 6&���กI2'}�64G&�*�1?')B��&2�,��?L�4�� #L�wBG
F-G�|)'�!����#��'�}2G0�2)กH.��6�'v>?� 3>�#L�wBG�1
�)���6)���&w�ก��w G'���กv>?� I2'*z���w�F-G�|)'
#1,ก.��'�.L���ก F-G�|)'B�204+ F-G�|)'#1,ก.!)ก��ก.��
*��2'�*��,&�3�ก�1���)!4+0L�.!ก*��2'���ก6&� H.��1
�)���-ก4G&�v&�v��2'�0-�*��,&*��1'�*#1'�ก!�ก��
��+ B��'�w��- �H��'��?L �  (Samprasit and 
Opanasopit, 2013) 

I2'HF6�xy.��H4ก4!)w� 6&���ก�1vG&21
* 6�*21')ก!�ก!�'�*��2H4ก4!)w� 6&���ก H.��1vG&
*B��&ก)6�'�*��2H4ก4!)w� 6&���ก��&�1*).�w�ก��
H4ก4!)�G&'ก)6� #L�wBG'��1 *).�#1, *�+,�&&ก�#"+� 
(onset)  *��)v>?� �)��*01,'�46&ก��0L�.!ก�G&'.� �)��
��4!)21 �1�)��'�2B'�6� �1�)��ก�6&��G&' �6�'46&ก��
�ก�� H.�ก��*ก���!ก$� (Nagaraju et al. , 
2013;Nagar et al., 2011) �~33��!�HF6�xy.��H4ก4!)
w� 6&���กกL�.!�}2G�!��)��0�w3*���&'6����ก 
*��, &�3�ก*�������'�#1, *���#��*.� &กwB�6  �1

.!ก$(�*z���H.��1vG&2146��� 2!�#1,}2Gก.6�)���>,�
3�กก��#�#)�)��(ก���HF6 �xy .� � �+ 2�1?
���ก&�2G)'4!)'�0L��!� 1-25% (Arya et al., 2010) 

���)+3!'�1?�1)!4�����0���*��,&�!���4L��!�
HF6�xy.��H4ก4!)w� 6&���กv&�'� Verapamil 
hydrochloride 3!2*���'�w�ก.�6��y2ก!?� 6&�H�.*�1'� 
I2'v��2'�#1,�1v�'w�#G&�4.�2 }2GHก6 40, 80, 120 
H.�  240 �+ ..+ ก�! �  �>, � w��~ 33� �! ��1 ก��w G '� 
Verapamil hydrochloride &'6��H��6B.�' *��,&�!ก$�
I���)��2!�I.B+40-�B��&�!ก$���)�B!)w3*4G�F+2
3!�B)� w�v��2ก���!ก$� 40 - 80 �+..+ก�!� 3 ��!?�46&
)!�H.� 240 - 480 �+..+ก�!�46&)!� H�6�wBG 3 - 4 ��!?�
4��.L�2!� I��*B.6��1?3!2*���I��*��?&�!�#1,�!ก����G&�
ก!�F-G0-�&�'� H.�F-G�|)'�1I&ก�0*ก+2�~�B�ก��ก.��'�
}2G 2!��!?�ก���!���4L��!�HF6�xy.��H4ก4!)w� 6&�
��กv&�'� Verapamil hydrochloride 3>�*����-�H��
'�#1,&�3*������I' ��Hก6F-G�|)'  �&ก3�ก�1?'�
Verapamil hydrochloride �1�0 �4+�6&�vG��v� w�
ก���!���4L��!�3�4G&��+3��(�*��,&��0 �4+2G)'I2'
ก��*4+�0��wBG�)��B)�� *��,&*�+,��)���6)���&w�
ก��w G'�v&�F-G�|)' (Brniak et al., 2015) H.�ก��
*4+�0�� 6)'H4ก4!) * 6� Sodium starch glycolate 
(SSG) *��,&#L�wBGHF6�xy.��H4ก4!)}2G*��)v>?�#����A�
����6C����AC3�
����-.��!/�0��1( �23ก4���&��/���'$
0��
'�����6#����T ��!/��������ก������/
���6
&������	
��
��ก�����������ก&���� Verapamil 
hydrochloride 

 

��G73Y�4���ก�	��[�� 
��	4
�7 

Verapamil hydrochloride (The central 
pharmaceutical, China),Polyvinyl alcohol/polyethylene 
glycol copolymer (PVA/PEG copolymer) (Kollicoat®IR, 
Germany) ,Maltodextrin ( P. C.  DRUG CENTER 
CO.,LTD., Thailand), Mannitol (Ajax Finechem, New 
Zealand), Xylitol (ACROS ORGANIC, USA), Sodium 
starch glycolate (SSG, Explotab™) (JRS Pharma, 
USA) H.� Glycerin (P.C. DRUG CENTER CO.,LTD., 
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Thailand) I2'0��.�.�'*4�1'�I2'w G�?L�ก.!,� 
4
	_`���_�����a�ก	b� 

 *���,&� !,�}xx�� �+2)���?L �B�!ก4&��� 
#��+'� 3 4L�HB�6� (Mettler Toledo, USA), 4-G&�.�
�G&� (TS 8265 Termaks, Norway), *���,&�)!2�)��
B��2 (HAAKE MARS, USA), *���,&�)!2�)��B�� 
(Teclock Corporation NO.397805, Japan), *���,&�
#20&�ก��H4ก4!)v&�*��2'� (Erweka ZT 52, 
Germany), *���,&�#20&�ก��.�.�'v&�'� (TDT- 8L 
Electrolab, India), *���,&�)!2ก��2-2ก.��H0� (UV-
spectrophotometer, Lambda 25 PerkinElmer, 
USA), *���,&�x-*�1'��#���0x&���&+�x��*�20*��I#
�0I�� (FTIR-Spectrophotometer NICOLET 6700, 
USA)H. �ก� �2�$)! 2�6 �  pH ( PEHANON® 
Macherey-nagel, Germany) 

�c���27`
��
�ก�	��[�� 
 w Gx~�ก� !�0�+4+  t-Test (Microsoft excel 

2010) 

��d����ก�	4�	7����������� 
 *4�1'�4L��!�#1,���ก&�2G)''� Verapamil 
hydrochloride �G&'.� 3.34 0��ก6&xy.�� (PVA/PEG 
copolymer) �G&'.�5�.�04+}�*�&�� (Glycerin) �G&'.�
0.75 0�� 6)'H4ก4!) (SSG) �G&'.� 1 0��wBG�)��B)�� 
(Maltodextrin, Mannitol H.� Xylitol) ��!�*�.1,'�
��+��( 3 ��2!���&�G&'.� 0.2, 1H.� 2 H.��?L� 
(4����#1, 1) 06)�0-4�4L��!�#1,�>ก$�F.v&�0�� 6)'
H4ก4!) H02�2!�4����#1, 2 I2'.�.�'0��ก6&xy.��
H.�0�� 6)'H4ก4!) (�G��1) w��?L��G&� *4+� Glycerin 
* ��, & &� ( B �- �+ * '� � . �  H ' ก. � . � '  Verapamil 
hydrochloride H.�0��wBG�)��B)��2G)'�?L�ก.!,� 
3�ก�!?�*#0��.�.�''�.�w�0��.�.�'0��ก6&xy.�� 
��!��?L�B�!กwBG���2G)'�?L�ก.!,� *#.�w�3��HกG) 5.6  
H.� 10 ก�!�46 &3�� #L �HBG �2G )'4-G &�.��G &� 
&�(B�-�+ 60°C ��� 60 ��#1 H.����*�+�0��!4+v&�
0��.�.�'xy.��H.�.!ก$(�v&�HF6�xy.��46&}� 

 
��	��27` 1 06)����ก&�w�4L��!�HF6�xy.��H4ก4!)w� 6&���กv&�'�Verapamil hydrochloride 
�����	�ก��
��Y�	�� �	���b (g) 
Verapamil hydrochloride 3.34 
SSG 0, 1.0 
PVA/PEG copolymer 5 
Sweetening agents 0.2, 1, 2 
Glycerin 0.75 
Purified water to 100 
 

 

��	��27` 2 0-4�4L��!�HF6�xy.��H4ก4!)w� 6&���กv&�'�Verapamil hydrochloride 

�Y�	�� Sweetening agent (g) Ex Mal Man Xy 
KVMal0.2 0.2 - - - 
KVMal0.2Ex 0.2 - - + 
KVMal1 1 - - - 
KVMal1Ex 1 - - + 

KVMal2 2 - - - 
KVMal2Ex 2 - - + 



).*�0! ��04��&10��                  F.v&�0��wBG�)��B)��H.�0�� 6)'H4ก4!)46&0��!4+v&�HF6�xy.�� 
�@#1, 13 z�!��+*�$ �.�.- �1.�. 2560                                  H4ก4!)w� 6&���กv&�'� Verapamil hydrochloride 

                   �������� �������� H.��(� 

110 
 

��	��27` 2 (46&) 

�Y�	�� 
Sweetening agent (g) 

Ex 
Mal Man Xy 

KVMan0.2 - 0.2 - - 
KVMan0.2Ex - 0.2 - + 
KVMan1 - 1 - - 
KVMan1Ex - 1 - + 
KVMan2 - 2 - - 
KVMan2Ex - 2 - + 
KVXy0.2 - - 0.2 - 
KVXy0.2Ex - - 0.2 + 
KVXy1 - - 1 - 
KVXy1Ex - - 1 + 
KVXy2 - - 2 - 
KVXy2Ex - - 2 + 
����4��a: K = Kollicoat® IR (PVA/PEG copolymer); V = Verapamil hydrochloride; Mal = Maltodextrin;  
               Man = Mannitol; Xy = Xylitol; Ex = Explotab™ (SSG); + = �1 SSGw�4L��!� 
 

�	�4��������������	���������������กBb�
�������������� Verapamil hydrochloride 


���4�g�ก	3-3��������	���������� 
 )!2 pH v&�0��.�.�'xy.��2G)'ก��2�$)!2�6�
pH w� 6)� 3.8-5.5 H.� 6.0-8.1 (PEHANON® Macherey-
nagel, Germany) 32�!�#>ก�6� pH #1,)!2}2G 


�����_3�����	���������� 
 )!2�)��B��2v&�0��.�.�'xy.��2G)'*���,&�)!2
�)��B��2 (HAAKE MARS, USA) #L�4L��!�.� 3 �?L� B�
�6�*z.1,' (Mean) H.��6�*�1,'�*����4���� (SD) 

��กBb�2��ก��5�A 
0!�*ก401 .!ก$(���?�F+) H.��)��0�����w�ก��

.&ก&&ก3�ก3��HกG)v&�HF6�xy.�� 

������ 
)!2�)��B��v&�HF6�xy.��3L��)�10 3�2 I2'w G

*���,&� Vernier caliper (Teclock Corporation, Japan)
B��6�*z.1,' (Mean) H.��6�*�1,'�*����4���� (SD) 

4���
�ก�	��ก��� 
�>�H�G)6��~33��!��-�H��'�*4�1'� ODFs3�*���

06)�B�>,�w�I�I�ก��xv&� Oromucosal preparations w� 
European Pharmacopoeia &'6��}�ก�4��'!�}�6���ก�
vG&กL�B�20L�B�!�ก��#20&�*).�w�ก��H4ก4!)v&�
�-�H��'����*�#�1?  (Nagaraju et al. , 2013) 
*����z��!?�ก���>ก$�*).�w�ก��H4ก4!)v&��-�H��'�
*4�1'� ODFs 3>�2!2H�.�I2'ก��*.1'�H��0��)�w� 6&�
��กv&����$'�I2'w GHF6�xy.��v��21x14����*��4+*�4�
3L��)� 3 HF6� w06.�w��1ก*ก&��v��2*.�ก#1,���3��?L�ก.!,�
��+��4� 6 �+..+.+4�#1,�)����&�(B�-�+�?L�ก.!,�#1,37.5 °C
��'w�*���,&�#20&�ก��H4ก4!)v&�*��2'� (Erweka ZT 52, 
Germany)3!�*).�H.�0!�*ก4HF6�xy.��3�ก��#!,�HF6�xy.��
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H4ก4!)B�2�!�#>ก*).� H.��L��)(B��6�*z.1,' (Mean) 
H.��6�*�1,'�*����4���� (SD) I2'#!,)}� ODFs �!ก3��1
*).�w�ก��H4ก4!)&'-6w� 6)� 5-30 )+��#1B��&&G��&+�*ก(C�
ก��#20&�*).�w�ก��H4ก4!)v&� ODTs #1,�-�'�ก��
���*�+�H.�)+3!''� (Central for drug evaluation and 
research) ��'w4Gก��กL�ก!�v&�0L��!ก����(�ก���ก��
&�B��H.�'� ���*#�0B�!�&*��+ก� กL�B�2})G�)�3��1�6�
�G&'ก)6�B��&*#6�ก!� 30 )+��#1 (Rathi et al., 2011) 

�	���b������Y�
�h 
*4�1'�0��.�.�'��4����'� Verapamil 

hydrochloride �)��*vG�vG� 48 }�I��ก�!�/�+..+.+4� I2'
w G 0.01 N HCl  *���4!)#L�.�.�' �L�}�)!2�6�ก��2-2ก.��
H0�2G)'*���,&�)!2ก��2-2ก.��H0� (Lambda 25 Perkin 
Elmer, USA) #1,�)��'�)�.�,� 278.4 ��I�*�4�I2'w G 
0.01N HCl *��� blank 

�L�HF6�xy.��v��2 1x14����*��4+*�4� (n=3) 
.�.�'w� 0.01 N HCl ��!���+��4�wBG��� 10 �+..+.+4� 
�L�}�)!2�6�ก��2-2ก.��H0�2G)'*���,&�)!2ก��2-2ก.��H0� 
#1,�)��'�)�.�,� 278.4 ��I�*�4� 3�ก�!?��L��)(B�
��+��(4!)'�0L��!�*��1'�*#1'�ก!�0��.�.�'��4����'� 
Verapamil hydrochloride 3�ก�!?��L��)(B��6 � 
�L��)(B��6�*z.1,' H.��6�*�1,'�*����4���� H.�
*��1'�*#1'�ก!�vG&กL�B�2��4���� USP 39 #1,กL�B�2wBG 
Verapamil HCl tablets �1��+��(4!)'�0L��!�&'-6w� 6)� 
90-110% (USP 39, 2016) 

ก�	�����
����323��� 
*4�1'�ก��x��4����I2'*4�1'�0��.�.�''�

Verapamil hydrochloride 3L��)� 6 �)��*vG�vG� w� 6)�     
5-50 }�I��ก�!�/�+..+.+4� I2'w G 0.01 N HCl *���4!)#L�
.�.�' �L�}�)!2�6�ก��2-2ก.��H0�2G)'*���,&�)!2ก��
2-2ก.��H0� #1,�)��'�)�.�,� 278.4 ��I�*�4� �.&4ก��x
*0G�4��H02��)��0!��!�"���B)6���)��*vG�vG�ก!��6�ก��
2-2ก.��H0� 

#20&�ก��.�.�'v&�HF6�xy.��I2'w G*���,&�

#20&�ก��.�.�'v&�'� w G Dissolution apparatus II 
(TDT-8L Electrolab, India) w G 0.01 N HCl ��+��4� 100 
�+..+.+4� *���0��.�.�'4!)ก.�� �)����&�(B�-�+#1, 
37.5 °C &!4��*��)w�ก��B��� 50 �&�46&��#1 0�6�
4!)&'6��#1,*).� 0.5, 1, 2, 3, 5 H.� 10 ��#1 �L�}�
)!2�6�ก��2-2ก.��H0�2G)'*���,&�)!2ก��2-2ก.��H0� 
(Lambda 25 Perkin Elmer, USA) #1,�)��'�)�.�,�  
278.4 ��I�*�4�B��6�*z.1,'�G&'.�ก��.�.�''�
0�0� (Cumulative %drug dissolved) H.��6�
*�1,'�*����4���� (SD) 

6iกB���F��j�ก�������������Y�
�h 
�>ก$�B�-6x~�ก� !�v&�0��*21,')w�4L��!�I2'

)!2ก��2-2ก.��H0�&+�x��*�22G )' *���, & ��� &
)+*����B�0��2G)'�!�01&+�x��*�2 (NICOLET 6700, 
USA) *��,&2-B�-6x~�ก� !�#1,0L��!�*��1'�*#1'� IR 
spectrum v&�'� Verapamil hydrochloride H.�
HF6�xy.��H46.�0-4� w� 6)� wave number 400 -
4000 cm-1 I2'w G Attenuated Total Reflectance 
(ATR) model H.�w G OMNIC Software w�ก��
)+*����B� IR spectrum 

 
��ก�	��[�� 

��กBb�2��ก��5�A������������
��ก���
�������ก����� Verapamil hydrochloride 

HF6�xy.��v&�4L��!�#1,}�6�1 SSG *��,&*#
0��.�.�'xy.���?L�B�!ก 5.6 ก�!�/3��0�����.&ก
&&ก3�ก3��HกG)}2G#�ก4L��!� HF6�xy.��v&�4L��!�#1,
}�6�1 SSG *��,&*#0��.�.�'xy.���?L�B�!ก 10 ก�!�/3�� 
0-4�#1,�1 Maltodextrin H.� Mannitol �G&'.� 2 }�6
0�����.&ก4L��!�&&ก3�ก3��HกG)}2G*��,&�3�ก 
Maltodextrin *���0��ก.�6� polysaccharide �1�6� 
dextrose equivalent (DE) �G &'ก)6 �20 I2' 
polysaccharide #1, �1 �6 � DE �G &' #L �wBG H�� 
cohesiveness *�+,���กv>?� �>,�&�3#L���+ก+�+'�ก!�0��
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ก6&xy.��#L�wBGHF6�xy.���1�)��Hv��H��.2.�H.�z1ก
v�2�6�' (Chronakis, 1998) 06)� Mannitol *��� sugar 
alcohol �6�3�*ก+2���ก�ก��(�*21')ก!� 3>�}�6�)�w G
0��#!?�0&�4!)�1?w���+��(��กI2'#1,HF6�xy.��#�ก
4L��!�vG��4G�B.!�3�ก.&ก3�ก3��HกG)3��1.!ก$(�w0 
H.�HF6�xy.���1�&''6�*.�ก�G&' &�3*ก+23�ก0��ก6&
xy.��*ก+2B24!)v(�#L�HBG�2G)'ก��w G4-G&�.��G&�  

HF6 �xy .� �v&�4L ��! �#1, �1  SSG *��, & *#
0��.�.�'xy.���?L�B�!ก 5.6ก�!�/3�� 0�����.&ก&&ก
3�ก3��HกG)}2G*�1'� 4 4L��!� }2GHก6  KVMal0.2Ex, 
KVMan2Ex, KVXy0.2Ex H.� KVXy2Ex H.�HF6�xy.��
v&�4L��!�#1,�1 SSG *��,&*#0��.�.�'xy.���?L�B�!ก 10 
ก�!�/3�� 0�����.&ก&&ก3�ก3��HกG)}2G*�1'� 5 
4L��!� }2GHก6 KVMal1Ex, KVMan0.2Ex, KVMan2Ex, 
KVXy1Ex H.� KVXy2Ex I2'#1,HF6�xy.��3��1.!ก$(�
01v�)v�6� H.�HF6�xy.��06)���ก3��1���06)�#1,�1��?�F+)
#1,}�6*�1'� *����&''6�*.�ก�G&' H.�.&ก&&ก3�ก3��
HกG)'�ก 

&'6��}�ก�4�� *��,&*ก��HF6�xy.��})G w�
4-G�)�����)�� �?� ��)6�HF6�xy.��#1, }�6�1 SSG 
*�.1,'�3�กHF6�xy.��w0*���xy.��#1,v�6� 06)�HF6�xy.��
#1,�1 SSG *�.1,'�3�กHF6�xy.��01v�)v�6�*���xy.��#1,
v�6���กv>?� #!?��1?*��,&�3�ก PVA/PEG copolymer #1,w G

*���0��ก6&xy.��#1, . �. �'�?L � }2G� ��ก&�2G )' 
polyvinyl alcohol  75% H.� polyethylene glycol 
25% H.��1 colloidal silica 0.3% *���0�� 6)'}B. 
2!��!?�ก��#1,HF6�xy.��*ก+2v�6�*��,&4!?�#+?�})G &�3�1
0�*B4�3�ก colloidal silica�>,�*���0��#1,}�6.�.�'�?L� 
B��&&�3*ก+23�ก PEG �>,��!ก#L�wBG}2GHF6�xy.��#1,�1
.!ก$(�v�)v�6� (BASF,2013) 


���4�g�ก	3-3��������	����������
��ก���
�������ก����� Verapamil hydrochloride 

�6� pHv&�0��.�.�'4L��!�#1,}�6�1 SSG 
H.��1 SSG �1�6�*#6�ก!� 6.0 H.� 6.3 4��.L�2!� 
&�3ก.6�)}2G)6�ก��*4+� SSG }�6#L�wBG  pH v&�
0��.�.�'xy.��*�.1,'�H�.�}�H.�*��,&*4+�0��wBG
�)��B)��46 �� �+2ก!�  pH v&�4L ��!�}�6
*�.1,'�H�.� 2!��!?�ก��*4+� SSG H.� �+2v&�0��
wBG�)��B)��}�6�1F.46&�6� pH v&�4L��!�  


�����_3�����	������������ก���

�������ก����� Verapamil hydrochloride 

�)��B��2v&�4L��!�#1, }�6�1  SSG H.��1 
SSG &'-6w� 6)� 4.67±0.13 �>� 6.78 cPs H.� 
168.33±69.18 �>� 290.67±55.14 cPs 4��.L�2!� 
(4����#1, 3) 

 

��	��27` 3 �)��B��2v&�0��.�.�'xy.�� 

�Y�	�� 
�����_3 (cPs) 
k���7 SSG �7 SSG 

KVMal0.2 5.36 260.33±72.67 
KVMal1 5.54 269.33±75.50 
KVMal2 5.94 270.67±24.03 
KVMan0.2 5.73±0.08 222.33±13.80 
KVMan1 6.78 234.33±23.50 
KVMan2 5.72±0.42 290.67±55.14 
KVXy0.1 4.67±0.13 168.33±69.18 
KVXy1 6.56±1.56 172.67±6.51 
KVXy2 4.93±0.05 186.70±57.41 
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����4��a: �)��B��2H02�w��-� Mean±SD; 4L��!� KVMal0.2, KVMal1, KVMal2 H.� KVMan 1 )!2�)��B��2*�1'� 1 ��!?� 
                
*��,&*��1'�*#1'� �+2H.��)��*vG�vG�v&�0��wBG
�)��B)��v&�4L��!� ��)6� �+2H.��)��*vG�vG�
v&�0��wBG�)��B)��v&�4L��!� 06�F.46&�)��B��2
v&�4L��!�}�6H4ก46��ก!� H46*��,&�+3��(�0��wBG
�)��B)��H46.�4!)��)6��)��*vG�vG�#1,*�+,�v>?�v&� 
Maltodextrin �1�)��0!��!�"�ก!��)��B��2v&�
4L��!�w�4L��!�#1,}�6�1 SSG 2!��-�#1, 1 H.���)6�
�)��*vG�vG�#1,*�+,�v>?�v&� Xylitol H.� Maltodextrin 
�1�)��0!��!�"�ก!��)��B��2v&�4L��!�w�4L��!�#1,�1 

SSG 2!��-�#1, 2 H.��)��B��2v&�4L��!�#1,�1 SSG
3��1�)��B��20-�v>?�#�ก4L��!�*��,&*#1'�ก!�4L��!�#1,
}�6�1 SSG *��,&�3�ก SSG *��� crosslink starch 
(potato starch) *��,&0!�F!0ก!��?L�H.��)���G&�&�3
*ก+2ก���&�4!) (swelling) H.G)#L�wBG4L��!��1�)��
B��2*�+,�v>?� (Rowe RC, 2009)I2'��)6�0-4�#1,�1 
SSG H.� Mannitol �G&'.� 2 �1�)��B��20-�0�2 H46
'!�0�����*#0��.�.�'*��,&*4�1'�HF6�xy.��}2G 

 

 
 

	F�27` 1 F.v&��)��*vG�vG�v&�0��wBG�)��B)��46&�6�*z.1,'�)��B��2v&�4L��!�#1,}�6�1 SSG 
 

 
 

	F�27` 2 F.v&��)��*vG�vG�v&�0��wBG�)��B)��46&�6�*z.1,'�)��B��2v&�4L��!�#1,�1 SSG 
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�L�0��.�.�'xy.��H46.�4L��!���*4�1'�
*���HF6�xy.��I2')+"1ก��*#xy.��H.G)#L�wBGHBG�I2'

w G4-G&�.��G&�#1,&�(B�-�+ 60°C ��� 60 ��#1 I2'
*#0��.�.�'xy.��3��.� 5.6 H.� 10 ก�!� *��,&
4�)30&�B��?L�B�!ก#1,*B���0�#1,0�2v&�0��.�.�'
xy.��#1,#L�wBGHF6�xy.�����3�4!)'�}2G��กH.�'!���
��(.!ก$(�#1,�>����0���v&�HF6�xy.�� * 6� �)��
B��}�6*ก+� 200 }�I��*�4� *).�w�ก��H4ก4!)
��'w� 30 )+��#1 


��������������������ก���
�����
��ก����� Verapamil hydrochloride 

�)��B��v&�HF6�xy.��#1,}�6�1 SSG*��,&*#
0��.�.�'xy.���?L�B�!ก 5.6 H.�10 ก�!�/3�� �1�6�
&'-6w� 6)�0.06±0.01�>� 0.10±0.02 �+..+*�4� H.� 
0.11±0.01 �>� 0.14±0.02 �+..+*�4� 4��.L�2!�  

�)��B��v&�HF6�xy.��#1,�1 SSG*��,&*#
0��.�.�'xy.���?L�B�!ก 5.6 H.�10 ก�!�/3�� �1�6�
&'-6w� 6)� 0.06±0.01 �>� 0.08±0.02 �+..+*�4� H.� 
0.08±0.02 �>� 0.12±0.01 �+..+*�4� 4��.L�2!� 

 

��)6��)��B��v&�HF6�xy.��*�+,�v>?�w�
#�ก4L��!�*��,&*�+,��?L�B�!ก0��.�.�'xy.��3�ก 5.6 
*��� 10 ก�!�/3�� 2!��!?��?L�B�!กv&�0��.�.�'xy.��
#1,*#46&3��06�F.46&�)��B��v&�HF6�xy.�� H46
&'6��}�ก�4���)��B��#1,*�+,�v>?�'!�&'-6w� 6)� 5-
200 }�I��*�4� �>,�*����)��B��v&�HF6�xy.��
H4ก4!)w� 6&���ก#!,)}� (Rathi V, 2011) 

4���
�ก�	��ก�����������������ก
���
�������ก����� Verapamil hydrochloride 

*).�w�ก��H4ก4!)v&�HF6�xy.��#1,}�6�1 
SSG*��,&*#0��.�.�'xy.���?L�B�!ก 5.6 H.� 10
ก �! � / 3 � �  �1 �6 � & '-6 w �  6 ) �  11. 43±1. 07 �> � 
17.50±6.16 )+��#1H.� 40.23±7.26 �>� 63.37±7.91 
)+��#14��.L�2!� (4����#1, 4) 

*).�w�ก��H4ก4!)v&�HF6�xy.��#1,�1 SSG
*��,&*#0��.�.�'xy.���?L�B�!ก 5.6 H.� 10 ก�!�/3��  
�1�6�&'-6w� 6)� 15.93±2.55 �>� 29.58±7.82 )+��#1 
H.� 10.67±4.99�>� 61.50±0.78 )+��#1 4��.L�2!� 
(4����#1, 5) 

 

��	��27` 4 *).�w�ก��H4ก4!)v&�4L��!�#1,}�6�1 SSG 

�Y�	�� 4���
�ก�	��ก��� (����27) 
5.6 ก	��/[�� 10 ก	��/[�� 

KV (Blank) 14.42±4.44 12.56±2.37 
KVMal0.2 12.93±1.60 53.73±2.66 
KVMal1 16.53±5.18 57.57±5.35 
KVMal2 17.50±6.16 N/D 
KVMan0.2 15.73±2.14 55.10±4.12 
KVMan1 11.43±1.07 40.23±7.26 
KVMan2 13.90±2.33 N/D 
KVXy0.2 13.97±1.35 49.83±2.80 
KVXy1 15.73±7.68 50.57±9.88 
KVXy2 12.97±4.85 63.37±7.91 
B��'*B4�:N/D =}�60�����)!2}2G*��,&�3�ก}�60�����.&กHF6�xy.��&&ก3�ก3��HกG)}2G 
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��	��27` 5 *).�w�ก��H4ก4!)v&�4L��!�#1,�1 SSG 

�Y�	�� 
4���
�ก�	��ก��� (����27) 

5.6 ก	��/[�� 10 ก	��/[�� 
KVEx(Blank) 28.77±22.99 68.84±15.71 
KVMal0.2Ex 15.93±2.55 N/D 
KVMal1Ex N/D 52.63±3.20 
KVMal2Ex N/D N/D 
KVMan0.2Ex N/D 10.67±4.99 
KVMan1Ex N/D N/D 
KVMan2Ex 29.58±7.82 61.50±0.78 
KVXy0.2Ex 16.27±7.40 N/D 
KVXy1Ex N/D 47.50±11.85 
KVXy2Ex 16.30±4.73 58.83±2.20 
B��'*B4�: N/D = }�60�����)!2}2G *��,&�3�ก}�60�����.&กHF6�xy.��&&ก3�ก3��HกG)}2G 

 
*��,&*��1'�*#1'�*).�w�ก��H4ก4!)v&�

HF6�xy.��4L��!�#1,}�6�1 SSGI2'�1�)��*vG�vG�v&�
0��wBG�)��B)��H4ก46��ก!�  ��)6�0-4�#1, �1 
Mannitol 1% �1*).�w�ก��H4ก4!)�G&'#1,0�2 H.�
0-4�#1,�1 Maltodextrin �1H�)I�G�*).�w�ก��H4ก4!)
*�+,�v>?�4���)��*vG�vG�#1, *�+,�v>?� H.�*��,&*�+,�
�?L�B�!กv&�0��.�.�'xy.��46&3�� #L�wBG*).�w�
ก��H4ก4!)v&�HF6�xy.��*�+,�v>?�w�#�ก4L��!� 

*��, & *��1 '�*#1'�*).�w�ก��H4ก4! )
��B)6��0-4�#1,}�6�10��wBG�)��B)��H.�0-4�#1,�10��
wBG�)��B)�� ��)6�0-4�#1,�10��wBG�)��B)��w�
4L��!�06)�wB�63��1*).�w�ก��H4ก4!)��กก)6�0-4�
#1,}�6�10��wBG�)��B)�� &�3*ก+23�กw���B)6��ก��
*4�1'�HF6�xy.�� �?L�4�.&�3*vG�}�H#�กw���B)6��
0�'�&.+*�&��H.G)#L�wBGxy.���1�)��Hv��H�� 06�F.
#L�wBG*).�w�ก��H4ก4!)*�+,�v>?� &'6��}�ก�4���)�

#L�ก��#20&�*�+,�*4+� * 6� ก��4�)3B��)��
Hv� �H��v&�HF6�xy.��  I2'ก��)!2�6 �  tensile 
strength *��,&'��'!�0��4+���2!�ก.6�) 

ก���1  SSG #L�wBG *).�w�ก��H4ก4! )
*�+,�v>?�*��,&*#0��.�.�'xy.���?L�B�!ก 5.6 ก�!�/3�� 
&�3*ก+23�ก SSG *���0��w�ก.�6� starch 0�����
*ก+2ก���&�4!) (swelling) }2G*��,&0!�F!0�?L�*ก+2*���
 !?�*3.H.�v!2v)��ก��H4ก4!)v&�HF6�xy.��}2GH46
ก���1 SSG #L�wBG*).�w�ก��H4ก4!).2.�*��,&*#
0��.�.�'xy.���?L�B�!ก 10 ก�!�/3�� H.�.2.�
&'6���1�!'0L��!�#��0�+4+ (p<0.05) w�0-4�4L��!�#1,�1 
Mannitol 0.2% &�3*ก+23�กก��ก��3�'4!)}�6
0�,L�*0�&v&� SSG w�HF6�xy.��*��,&�3�ก SSG }�6
.�.�'�?L� (�-�#1, 3 H.�4) 

 



Effect of sweetening agents and disintegrating agenton the properties                        IJPS 
of oral disintegrating film of verapamil hydrochloride              Vol.13 (Supplement) Jan _ Mar 2017 
Panupong Boonprakom et al. 
 

117 
 

 
	F�27` 3 *).�w�ก��H4ก4!)��B)6��4L��!�#1,}�6�1 SSGH.��1 SSG *��,&*#0��.�.�'xy.���?L�B�!ก 5.6 ก�!�/3�� 

 
	F�27` 4 *).�w�ก��H4ก4!)��B)6��4L��!�#1,}�6�1 SSG H.��1 SSG*��,&*#0��.�.�'xy.���?L�B�!ก 10 ก�!�/3�� 

 

ก�	��4
	�����	���b�����Verapamil 
hydrochloride
������������ก���
�������ก���
�� Verapamil hydrochloride 

��+��(4!)'�0L��!�v&�HF6�xy.��v��2 
1x1 4����*��4+*�4�v&�HF6�xy.��#1,}�6�1 SSG*��,&
*#0��.�.�'xy.���?L�B�!ก 5.6 ก�!�/3�� H.�10 ก�!�/
3�� #!?�B�2 16 4L��!� ��)6�HF6�xy.���1��+��(4!)
'�0L��!�&'-6w� 6)� 80.60±1.69 �>� 111.94±1.21% 
I2'�1HF6�xy.��#!?�B�2 4 4L��!�#1,�14!)'�0L��!�&'-6
�&ก 6)� 90.0 �>� 110.0% }2GHก6HF6�xy.��*��,&*#
0��.�.�'xy.���?L �B�!ก5.6 ก�!�/3��v&�4L��!� 
KVMal0.2 H.� KVMan1 �>,��1��+��(4!)'�0L��!�
*ก+�110.0% H.�4L��!� KVMal2 �1��+��(4!)'�
0L��!�4,L�ก)6� 90.0% 06)�HF6�xy.��*��,&*#0��.�.�'
xy.���?L �B�!ก10 ก�!�/3�� v&�4L��!� KVXy0.2 �1

��+��(4!)'�0L��!�4,L�ก)6� 90.0% 
��+��(4!)'�0L��!�v&�HF6�xy.��v��2 

1x14����*��4+*�4�v&�HF6�xy.��#1,�1 SSG *��,&*#
0��.�.�'xy.���?L�B�!ก 5.6 ก�!�/3�� H.�10 ก�!�/3�� 
#!?�B�2 5 4L��!� ��)6�HF6�xy.���1��+��(4!)'�
0L��!�&'-6 w� 6)� 64.9±6.08 �>�  90.62±25.93% 
I2'�1 *�1'� KVMan0.2Ex �?L �B�!ก 10ก�!�/3�� 
4L��!�*21')#1,�14!)'�0L��!�&'-6w� 6)� 90.0-110.0% 

��+��(4!)'�0L��!�#1,.2.�w�HF6�xy.��
0-4�#1,�1SSG}�6#���0�*B4�H�6 !2 �)��1ก���>ก$�
*�+,�*4+�*ก1,')ก!��)��}�6*vG�ก!���B)6��  Verapamil 
hydrochloride H.� SSG ก6&�ก���!���4L��!�
0��.�.�'xy.�� 

ก�	�����
����323�������� 
Verapamil hydrochloride 
������������ก���
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�������ก����� Verapamil hydrochloride 

 
 

	F�27` 5 ก��x��4����v&�0��.�.�''� Verapamil hydrochloride w� 0.01N HCl 
 

3�กก��x�)��0!��!�"���B)6���)��*vG�vG�
H.��6�ก��2-2ก.��H0� UV �L��)(0�ก��*0G�4��}2G
0�ก�� Y = 0.012X +0.0057 H.��6� R2 = 0.9991 

3 �ก ก� �)+ * � � �� B� ก � �. �. � '' � w �
HF6�xy.��#1,}�6�1 SSG*��,&*#0��.�.�'xy.���?L�B�!ก 
5.6ก�!�/3�� ��)6�#�ก4L��!��1ก��.�.�''�&&ก��
��กก)6��G&'.� 80 ��'w� 1 ��#1 (�-�#1, 6) v(�#1,
HF6�xy.��*��,&*#0��.�.�'xy.���?L�B�!ก 10ก�!�/3�� 
�1&!4��ก��.�.�' G�ก)6� I2'3���)6�w�4L��!�#1,�1 
Mannitol 3��.2�.6&''�&&ก����กก)6��G&'.� 70
��'w� 1��#1 H.�4L��!�#1,�1 Maltodextrin H.� 

Xylitol 3�.�.�''�&&ก���G&'.� 77 I2'*z.1,' 
��'w� 3 ��#1 H.� 2 ��#1 4��.L�2!� (�-�#1, 7) 
 *��,&*��1'�*#1'���B)6��4L��!�#1,�10��wBG
�)��B)��H4ก46��ก!� ��)6�4L��!�#1,���ก&�2G)' 
Mannitol �1 &! 4 ��ก��.�.�''�0- �ก)6 �4L ��!�#1,
���ก&�2G)'0��wBG�)��B)�� �+2&�,�w�#�ก�)��
*vG�vG� &1ก#!?�'!�wBG�G&'.�v&���+��('�0�0�#1, 10 
��#10-�0�2H.�*��,&*��1'�*#1'�4L��!�#1,�10��wBG�)��
B)��#1,�)��*vG�vG�H4ก46��ก!� (�G&'.� 0.2, 1 H.� 2) 
��&!4��ก��.�.�'}�6H4ก46��ก!� 

 

 
	F�27` 6 ก��.�.�'v&�HF6�xy.�� Verapamil hydrochloride w�H46.�4L��!�#1,}�6�1 SSG *��,&*#0��.�.�'xy.�� 



Effect of sweetening agents and disintegrating agenton the properties                        IJPS 
of oral disintegrating film of verapamil hydrochloride              Vol.13 (Supplement) Jan _ Mar 2017 
Panupong Boonprakom et al. 
 

119 
 

          �?L�B�!ก 5.6 ก�!�/3�� 

 
	F�27` 7 ก��.�.�'v&�HF6�xy.�� Verapamil hydrochloride w�H46.�4L��!�#1,}�6�1 SSG *��,&*#0��.�.�'xy.��  
          �?L�B�!ก 10 ก�!�/3�� 
 

3�กก��)+ *����B� ก��.�. �''�v&�
HF6�xy.��#1,�1 SSG *��,&*#0��.�.�'xy.���?L�B�!ก
5.6 ก�!�/ 3��#!? �B�2 4 4L��!� ��)6 �4L ��!�#1,
���ก&�2G)' Xylitol �G&'.� 2 �1&!4��ก��.�.�'0-� 
0������.2�.6&''�&&ก��}2G��กก)6��G&'.� 90 
��'w� 30 )+��#1H�ก H.�#!?� 4 4L��!��1��+��('�
0�0�0-�0�2#1,*).�5 ��#1 H.�3��1�6�.2.�*.�ก�G&'
*��,&*).� 10 ��#1 (�-�#1, 8) 

 0L�B�!�HF6�xy.��*��,&*#0��.�.�'xy.��
�?L�B�!ก10 ก�!�/3�� ��)6�&!4��ก���.2�.6&'4!)
'�I2'�)�3� G�.� (�-�#1, 9) *��,&*#1'�ก!�HF6�xy.��
*��,&*#0��.�.�'xy.���?L�B�!ก 5.6 ก�!�/3�� 
*��,&�3�ก�)��B��v&�HF6�xy.��*�+,�v>?� #L�wBG4G&�
w G*).���กv>?�w�ก��#L�wBGHF6�xy.��*�@'กH.�
.�.�' 

 

 
	F�27` 8 ก��.�.�''�v&�HF6�xy.�� Verapamil hydrochloride w�H46.�4L��!�#1,�1 SSG *��,&*#0��.�.�'xy.�� 
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         �?L�B�!ก 5.6 ก�!�/3�� 
 

 
	F�27` 9 ก��.�.�''�v&�HF6�xy.�� Verapamil hydrochloride w�H46.�4L��!�#1,�1 SSG *��,&*#0��.�.�'xy.�� 
          �?L�B�!ก10 ก�!�/3�� 

 

*��,&�+3��(�ก��.�.�'v&�HF6�xy.�� 
��B)6��4L��!�#1,}�6�1 SSGH.�4L��!�#1,�1 SSG��)6��1
&!4��ก��.�.�'wก.G*�1'�ก!�  

ก�	6iกB���F�j�ก�������������Y�
�h 3��� FTIR 
 3 � ก I � � � 0 �G � � v & � ' �  Verapamil 
hydrochloride ��)6�B�-6x~�ก� !�#1,0L��!�w�ก��0!,�
*��,&}2G�!��.!����v&��!�01&+�x��*�2 }2GHก6 ก��0!,�

H���&v&��!�"� C-H w�B�-6  methoxy #1,�)���1, 
2956.31 cm-1, ก��0!,�H���&v&��!�"� N-H w�B�-6 
amine #1,�-กwBGI��4&�#1,�)���1, 2539.71 cm-1, ก��0!,�
H���&v&��!�"� C     Nw�B�-6 alkyl nitrile #1,�)���1, 
2236 cm-1H.�ก��0!,�H���&v&��!�"� C-O w�B�-6 
aromatic ether #1,�)���1, 1256.38 cm-1(�-�#1, 10) 

 

 
 

 
	F�27` 10 I���0�G��H.�B�-6x~��� !�#1,0L��!� v&�'�Verapamil hydrochloride 

 
*��,&#L�ก��4�)3B�B�-6x~�ก� !�w�4L��!�#1,

}�6�1 SSG��)6�HF6�xy.��#1,�10��wBG�)��B)��*��� 
Maltodextrin H.� Mannitol ���1�#1,0L��!�v&�B�-6
x~�ก� !�'� Verapamil hydrochloride #�ก�1�06)�

HF6�xy.��#1,�10��wBG�)��B)��*��� Xylitol }�6��
�1�#1,�)���1, 2539.71 cm-1 (�-�#1, 11 C) 06)�w�
4L��!�#1,�1 SSGH.� MaltodextrinMannitol B��& 
Xylitol }�6���1�#1,�)���1, 2539.71 cm-1 (�-�#1, 11 
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A, BH.�D) �>,�*���B��'*.v�.�,�v&�ก��0!,�H���&
v&��!�"� N-H w�B�-6 amine #1,�-กwBGI��4&� 3�ก
vG&�-.vG��4G� Xylitol H.� SSG &�3*ก+2��+ก+�+'�ก!�
'� Verapamil hydrochloride #L�wBGB�-6x~�ก� !� 

amine *�.1,'�}�2!��!?��)�B.1ก*.1,'�ก��w G Xylitol 
*���0��*�+,��)��B)�� H.� SSG *���0�� 6)'
H4ก4!) *����&�3*ก+2�)��}�6*vG�ก!�ก!�4!)'�
0L��!�}2G 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	F�27` 11 IR-Spectrumv&�'� Verapamil hydrochloride H.�HF6�xy.��v&�4L��!�  

    A: KV Mal 0.2 Ex*#w��?L�B�!ก 5.6 ก�!�/3�� 
    B: KV Man 1.0 Ex*#w��?L�B�!ก 10ก�!�/3�� 
    C: KV Xy 0.2*#w��?L�B�!ก 5.6ก�!�/3�� 
    D: KV Xy 0.2 Ex*#w��?L�B�!ก 5.6ก�!�/3�� 
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�5��	������	a���ก�	��[�� 
3�กก���>ก$���)6�ก��*4�1'�HF6�xy.��

H4ก4!)w� 6&���กv&�'� Verapamil hydrochloride 
#1,�1 Mannitol *���0��wBG�)��B)��wBG0��.�.�'
xy.��#1,�1�)��*���ก�226��H.��)��B��2#1,*B���0� 
*ก+2*���xy.��#1,21 HF6�xy.��H4ก4!)}2G&'6���)2*��) 
I2'H4ก4!)��'w� 30 )+��#1 *��,&*#0��.�.�'xy.�� 
5.6 ก�!�/3�� H.�H4ก4!)��'w� 60 )+��#1*��,&*#
0��.�.�'xy.�� 10 ก�!�/3�� �1&!4��ก��.�.�'w�
B. &2#2. &�0- �  H. � }�6 *ก+ 2��+ ก+ �+ '�ก! �'� 
Verapamil hydrochloride H46}�6�)�w G*ก+��G&'.� 1 
v&�4L��!�*����3�#L�wBGHF6�xy.��.&ก&&ก}2G'�ก 
�&ก3�ก�1?ก��w G SSG* ���0�� 6)'H4ก4!)}�6 6)'#L�
wBGHF6�xy.��H4ก4!)}2G*��)v>?� H.�&�3*ก+2�)��}�6*vG�
ก!�ก!�'� Verapamil hydrochloride }2G �&ก3�ก�1?
�)�#L�ก���>ก$�w�B!)vG& Uniformity of dosage 
units *�+,�*4+� *��,&#20&�ก��ก��3�'4!)v&�4!)'�
w�HF6�xy.�� H.��)�#20&��0 �4+v&�HF6�xy.��
H4ก4!)w� 6&���ก2G)' 

 

ก����ก		��	�ก�6 
���)+3!'�1?}2G�!�#��0�!�0���ก��#L�)+3!'

3�กI���ก��06�*0�+�ก��)+3!'w�&�2��>ก$�H.�
�!����B�)+#'�.!')+3!'HB6� �4+ ��'w4G0L��!ก���
�(�ก���ก��ก��&�2��>ก$� ���3L��@�������( 
�.�.2559 F-G)+3!'w��6v&v&������(�� ( I&ก�0�1? 
H.�v&v&������(��+$!# )1 }& )1 &+�*4&��*��H.�
��+$!# })4G� 3L�ก!2 #1,&��*����B�0�� Kollicoat® IR 
(BASF) *��,&w Gw����)+3!'��!?��1? 
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