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4������� 
 4�	5�: ���#�0�1�23�2#��4�5�6��78$"9%�':ก �;�<��=<���$>�#?�6=<���?<@��A�ก��$��21���#"�=<���
<��B����$��� (NLCs)  ���>��I����A�1�>�9�������7��J2%�6��1�3��?�6K:�;A��;�#>���=BL�L�1 $"9%����=5
"�M��$5N�;���O�!P8QRLO�1��กQ��&5?II"A�S�1 �67#�5�
	6	ก�'�68��: ��#"�=<���<��B����$���$��21�
<:3��B1ก��;���A#�<��=<���$>�#?�6=<���?<@�J2%��!>O&�� 85 ��'�$K�$K21� BL#1#�V2W���0�=�K87#��$�@#�&� 
?�6�"�I�K��$7$���8 =<���<��$>�#?�6=<���?<@�J2%QRL=BL?กA  medium chain-triglyceride (MCT) ?�6
compritol® 888ATO ������B�I �B1�2����B?���:�;�#=BL?กA  Tween® 80   J2%7#��$<L�<L� 3% ?�6J��ก��':ก �;�
<��5����!=<����#�Q��6II=BL?กA 6, 9 ?�6 12% J2%������A#�=<���<��$>�#�A�=<���<��?<@� 1:2 ?�6 1:4 
0�ก��3���������IJ2%=BL5�6$���7�!��ก !6J��ก�1O�" <��B���O�7 ก��ก�60�1��#<�����O�7 7#���A��'�ก18=eef�
K2�� 7#��>�9B ?�67A�7#��$5N�ก�B-BA�� ��ก�'�68��: "I#A���#"�=<���<��B����$���$5N�<��$>�#�2<�#�2
��ก !6<�A� <��B���O�7$g�2%1�1&AQ�RA#� 154.5±0.74 ����$��� 4:� 923.8±0.62 ����$��� 7A�ก��ก�60�1��#
�L�1ก#A� 0.3 �A#�7A��A��'�ก18=eef��1&AQ�RA#� -13.8 4:� -23.4 ������#��8 �27#��>�9B�%�� ?�67A�7#��$5N�ก�B-BA��
�1&AQ�RA#�5�6��! 5 4:� 6 $>��6���>��IQRLก�I;�#>���  :'�%��ก�'�68��: 5����!=<����#�$JA�ก�I 6% Q�
������A#�=<���<��$>�#�A�=<���<��?<@� 1:2 $�9%�QRL Tween® 80 $5N�����B?���:�;�#$>��6��Q�ก��$��21�
�6II����A���#"�=<���<��B����$���$"9%����=5"�M��$5N�;���O�!P8QRLO�1��กQ��&5?II"A�S�1 
 
�5�:5���; : �6II��#"�=<���<��B����$���, ��ก !6J��ก�1O�", <��B���O�7, 5����!=<����#�, �&5?II"A�S�1 

��':�'
�:�<��:�'��#:�	 2560; 13 (E4�4�6
��): 122-130 
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Effects of Liquid lipid and Solid Lipid on Physical Characteristics  
Particle Size Zeta-potential Viscosity pH of  

Nanostructured Lipid Carriers (NLCs) Fabrication 
Surima Yatsom1, Tantima Kumlung2, Utsana Puapermpoonsiri1* 

 

Abstract 
Introduction: The aim of this study is to study the effect of liquid lipid and solid lipid on 

Nanostructured Lipid Carriers (NLCs) preparations. NLCs is useful for insoluble water and less 
permeation soluble drug delivery for topical spray formulation development. Methods: NLCs was 
prepared by mixing the melted liquid lipid and solid lipid at 85 degree celsius with high speed 
homogenizer and probe sonicator. MCT and compritol® 888ATO were used as the liquid lipid (LL) and 
solid lipid (SL), respectively. Tween® 80 was also used surfactant at 3% and total lipid concentration 
at 6, 9 and 12% with ratio of LL to SL 1:2 and 1:4 were also investigated. The physical appearance, 
particles size, polydispersity index (PDI), zeta potential, viscosity and pH were evaluated in all 
formulations. Results: Nanostructure Lipid carrier colloidal solutions. The average particle size range 
between 154.5±0.74 nm and 923.8±0.62 nm (PDI less than 0.3) with a low viscosity. Zeta potential 
was shown in range of -13.8 to -23.4 mV In addition, low viscosity. The value of pH was about 5 to 6 
in all formulations so it is applicable for skin application. Conclusion: NLCs formulation with total 
lipid concentration 6% total lipid in ratio LL:SL 1:2 with Tween® 80 surfactant used suitable for 
nanostructure lipid carriers preparation for topical spray formulation development. 
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4�	5� 
 ����ก�B����="�J2%�27�!��I��� Q�ก��
��ก ���7�A#�Q>�A06�27#�������4Q�ก���6��1
�3��=BL�L�1?�6K:�;A��;�#>���=BL�L�1$RA� �3�����="� 
����ก�B"��ก ����ก�B�6=7�L>�� (Bua in et al., 
2009; Maroon et al., 2010) $5N��L� J��Q>L�2
<L�0��ก�BQ�ก��"�M���&5?II;���O�!P8 �6II
���� A� ��#"�=<����7����L��<��B����$��� 
(Nanostructured Lipid Carrier ; NLCs) $5N��6II
J2%4&ก"�M��<:3�$"9%�QRLI��0�?�6ก�ก$ก@I������7��
J2%�6��1�3��=BL�L�1$�9%��0�ก��#1�06�����4�6��1
$<L�ก��=BLก�I=<���J2% $5N��A#�5�6ก�IQ������I
��%�$�� (Kuar et al., 2009; Pinto et al., 2014) �2ก
J�3�$5N�ก��?กL=<<L�0��ก�B<���6II��#"�=<���?<@�
<��B����$��� (SLNs) �B1 NLCs 06�2�7����L��
?�6ก��0�B$�21���#=�A$5N��6$I21I ���O�7$5N�
<��?<@�J2%��!>O&��>L��?�6��!>O&���A��ก�1 (Adiya 
et al., 2014) ?�6 NLCs �2�A#�5�6ก�I>��ก$5N�
=<������R��B79�=<���<��?<@� (solid lipid) ?�6
=<���<��$>�# (liquid lipid) �B1J�%#=5������A#�
�6>#A��=<���<��?<@��A�=<���<��$>�#�1&AQ�RA#� 
70:30 4: �  99.9:0.01 � B15 � 6ก �IBL #1 = <�� �
<��?<@�=�A$ก�� 95% (Pardeike et al., 2009) ���
�B?���:�;�#=�A$ก�� 5% Q��6II (Nagaich and 
Gulati, 2016) K:%�R��B?�6������A#�<��=<����2;�
�A�<��B<�����O�7��#"�=<���<��B����$��� 
�B1=<���<��$>�#06RA#1Q>L���O�7�2RA��#A��
J��Q>Lก�ก$ก@I��#1�=BL��ก<:3� �A#�=<���<��?<@�
J2%�20�B>���$>�#�&�ก#A�06J��Q>L���O�7?<@�>�L�
1� =#L  ?�6����B?��� :�; �#R A#1�B?���:�; �#
�6>#A�����O�7 J��Q>L���O�7ก�60�1��#=BLQ�
<��$>�#?�6�6II7���# (Kaur et al., 2015) =<���
?�6����B?���:�;�#J2 %QRLQ�ก��$��21���#"�
=<���<��B����$���$5N����Q�ก��A�J2%0�B�1&AQ� 

Generally Recognize As Safe (GRAS) J2%��78ก��
��>��?�61�<��5�6$J'�>����$���ก�1����I#A�
5��BO�1�A�;&LI���O7 ?�6BL#1<��B���O�7J2%$�@ก
�6B�I����$���0:�J��Q>L�6II NLCs RA#1$"�%�
7#�������4Q�ก��K:�;A��;�#>���=BL��ก<:3�B��
��1���ก��#�0�1<�� Gainza ?�67!6 Q�5� 2015 
Q�ก��$��21���� rhGEF Q>L�1&AQ��&5 NLCs $"9%�
5�6$���ก��>�1<��?;�Q����#8JB���"I#A� 
rhGEF-NLCs �����4�B�616$#��<��ก��>�1
<��?;� ?�6�����4ก�6��L�ก��$"�%�0���#�<��
$K��8=e�I�I����8?�6$"�%�5����!7����$0�J2%
?;�=BL  B� � ��3 � $5N �ก��19�1�� #A ��6II NLCs 
�����4�����5�61�ก�8ก�Iก����ก �?;�$�93����
Q�J��7����ก=BL ��ก0�ก��3��6II����A���#"�=<���
<��B����$���$5N��6IIJ2%�2��785�6ก�IJ2%QRL
�L�J���%�� 0:��27#���A���Q0Q�ก�������"�M��$"9%�
$5N��6II����A�1����>��I���$7�2>�9�����ก�B
����="�J2%�2%7A�ก���6��1�3���L�1$"9%�?กL5��>�ก��
ก�ก$ก@I ก��5�B5�A�1?�67#��7���#<�����Q�
ก��A�B��ก�A�#�A�=5 
���k�%'�:�����	�68�� 

���#�0�1�23�2#��4�5�6��78$"9%�':ก �;�<��
=<���$>�#?�6=<���?<@��A�ก��$��21���#"�=<���
<��B����$��� (NLCs)  ���>��I����A�1�>�9�
������7��J2%�6��1�3��?�6K:�;A��;�#>���=BL�L�1 
$"9%����=5"�M��$5N�;���O�!P81�QRLO�1��กQ�
�&5?II"A�S�1 

 
�67#�5�
	6	ก�'�68�� 
1. ���ก�	
��
������� 

Compritol® 888ATO (Gattefossé, France), 
Medium chain triglycerides (MCT 5�6ก�IBL#1
7��8I�� 6 4:� 12 �6���) (Wanarat, Thailand), 
Tween® 80 (Sigma Aldrich, USA), Vitamin-E 
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(alpha-tocopheryl acetate), phenoxyethanol, High 
Probe sonicator (DANBURY, USA), Zetasizer 
Nano ZS (Malvern, USA), Viscometers (Thermo 
Scientific HAAKE MARS III, Germany), pH meter 
(LAQUAtwin, Japan) 
2. ก���������
������������� !���!��"��#����� 

�6II NLCs $��21�BL#1#�V2W���0�=�K8
7#��$�@#�&� (high speed homogenization) ?�6
�"�I�K��$7R�� (probe sonication) �B1J��ก��;��
#��O�7O�1��ก5�6ก�IBL#1����B?���:�;�#Q��3�� 
=BL?กA Tween® 80 J2%7#��$<L�<L� 3% ก�I�A#�J2%
>���$>�#<��#��O�7O�1Q�J2%5�6ก�IBL#1=<���

<��?<@�=BL?กA compritol® 888 ATO =<���<��$>�# 
=BL?กA MCT O�1Q�L��!>O&�� 85 ��'�$K�$K21� 
0�ก��3�5���;��BL#1$7�9%���W��0�=�$K��87#��$�@#�&� 
(High speed Homogenizer) J2%7#��$�@#��I 14,450 
��I�A���J2$5N�$#�� 5 ��J2 ?�6���=5�B<��BBL#1
$7�9%���"�I�K��$7$���8 (probe sonicator) 0�ก��3�
��������IJ2 %=BL��#0��I?�65�6 $�����ก !6
J��ก�1O�"<��B���O�7 ก��ก�60�1��#<��
���O�7 7A�'�ก18=eef�K2�� 7#��>�9B ?�6 7A�
7#��$5N�ก�B-BA�� �����J2% 1 ?�B�5����!?�6
��785�6ก�I<���6II NLCs Q�ก��':ก ��23 

 
 
��'���#l 1 5����!?�6��785�6ก�I<���6II NLCs 
%'6�������	'�� (%) ���'�:��	����	���
����������	���
��� (LL:SL) :�'��
'��m��6� (3%) 

6 1:2 >�9� 1:4 
Tween® 80 9 1:2 >�9� 1:4 

12 1:2 >�9� 1:4 
 
3. ก�����%�����
��
��&���	��ก'	
!���
�� NLCs 

3.1 ��ก !6J��ก�1O�1O�" 
���$ก���ก !6;���O�!P8?�6J��ก��I��J:ก

��ก !6$�93����;��?�6�2J2%$ก�B<:3� 
3.2 <��B���O�7 7A�ก��ก�60�1��#?�67A��A��

'�ก18=eef�K2�� 
#�B<��B ก��ก�60�1��#<�����O�7?�67A�

'�ก18=eef�K2��BL#1$7�9%�� Zetasizer Nano ZS  
(Malvern, USA) J2% 25 ��'�$K�$K21� 5�6�#�;�
<L��&��B1�5�?ก�� malvern mastersizer software 
?�6��1���;�$5N�7A� <��B���O�7 (particle size) 
Q�>�A#1����$��� (nm) ก��ก�60�1��#<��

���O�7 (polydispersity index; PDI) ?�67A�'�ก18=eef�
K2�� (zeta potential) >�A#1$5N�������#��8 (mV)  

3.3 7#��>�9B 
ก��#�B7#��>�9B<�����O�7 NLCs J���B1QRL

��#�1A��<��B 1 ���������#��I�"93�;�#<��$"�J
<��$7�9%��#�B7#��>�9B (Thermo Scientific 
HAAKE MARS III Rheometers, Germany) 0�ก��3�
J��ก��#�BJ2%?��$g9��J2%$JA�ก�� J2%��!>O&�� 20 ± 1 
��'�$K�$K21� 0�ก��3�5�6�#�;�;A���5�?ก�� 
MARS III ?�6I��J:ก7A�7#��>�9B$5N�>�A#1$K���"�1�8 
(centipoise; cP) 
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3.4 7A�7#��$5N�ก�B-BA�� 
>1B��#�1A����#"�=<���<��B����$���

5������ 250 =��7�������I�$7�9%��#�B7#��$5N�
ก�B-BA�� �A��7A�I��J:ก<L��&� 
4.ก���&����
-
.���/&�& 

<L��&�?�B�;�$5N�7A�$g�2%1 ± 7A�$I2%1�$I�
������� (mean ± SD) ?�6#�$7��6>87A�J���4���
�B1QRL One-Way ANOVA, post hoc-Tukey test 
7A� p < 0.05 49�#A��27#��?�ก�A���1A���2��1���7��  

 
��ก�'�68�� 
1. ��ก'	
.��ก��0�� 

��ก !6J��ก�1O�"<�������I��#"�
=<���<��B����$���J2%=BL�2��ก !6$5N�<��$>�#�2
<�#?�6<�A�7�L�17����1B8 �1A��=�ก@��������4
"I��ก !6J2%$5N�<��ก:%�?<@��2<�#=BLQ������IJ2%�2
5����!=<����#���ก 0�ก;�ก��':ก �"I#A�J2%
5����!=<����#� 9% Q�������A#� 1:4 ?�6J2%
5����!=<����#� 12% Q�������A#� 1:2 ?�61:4 
"I��ก !6<�������I$5N�<��ก:%�?<@�?�6�2�2<�# 
2. !��"���0����
ก��ก�
%�����!������� !���

!��"��#����� (NLCs) 

0�ก�&5J2% 1 "I#A�5����!<��=<����#�
?�6������A#��6>#A��=<���$>�#�A�=<���?<@�
�2;��A�<��B?�6ก��ก�60�1��#<�����O�7 "I#A�
5����!=<����#�J2% 6 9 ?�6 12% �2<��B���O�7
�1&AQ�RA#� 154.5 ± 0.75 4:� 923.8 ± 0.62 ����$��� 
�B1$�9%�5����!=<���$"�%�<:3�<��B<�����O�706
<��BQ>�A<:3� Q�$RA�$B21#ก��ก�I������A#��6>#A��
=<��� $�9%�$"�%�������A#�=<���?<@�0�ก 1:2 $5N� 1:4 
<��B���O�7$"�%�<:3��1A���2��1���7��J���4��� 

 

 
 
'G%�#l 1 <��B���O�7?�6ก��ก�60�1��#<�����O�7

<�������IJ2%�25����!=<����#� 6, 9 ?�6 12% 
J2%������A#�=<���$>�#�A�=<���?<@� (LL : SL) 
$JA�ก�I 1:2 ?�6 1:4 (n = 3, mean ± SD �B1 
∗; P < 0.05) 

 

3. ���3�ก�
 445�6��� 

7A��A��'�ก18=eef�I�;�#���O�7<����#"�
=<���<��B����$���#�B=BLBL#1$7�9%�� Zetasizer 
Nano ZS (Malvern, USA) >�ก7A��A��'�ก18=eef��2
7A���3�?�A ±30 4:� ± 60 mV ?�B�4:������IJ2%�27#��
7���# ;�ก��#�0�1"I#A�7A��A��'�ก18ef�$5N�5�60��I 
�1&AQ�RA#� -13.8 4:� -23.4 mV  0�ก�&5J2% 2 �2
?�#��L�#A�7A��A��'�ก18=eef�$"�%�<:3����5����!
<��=<����#�?�6������A#�<��=<��� �B1"I#A�J2% 
6% $�9%�������A#��6>#A��=<���$"�%�0�ก 1:2 $5N� 
1:4 7A��A��'�ก18=eef�$"�%�<:3�?�6J2%5����!=<��� 
12% 7A��A��'�ก18=eef�$"�%�<:3���กก#A� 6% �1A���2
��1���7��J���4��� 
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'G%�#l 2 7A��A��'�ก18=eef�I�;�#���O�7<����#"�=<���

<��B����$���<�������IJ2%�25����!=<���
�#� 6, 9 ?�6 12 % J2%������A#�=<���$>�#
�A�=<���?<@� (LL : SL) $JA�ก�I 1:2 ?�61:4 (n 
= 3, mean ± SD �B1 ∗; P < 0.05) 

 

4. ����-�7" 

7#��>�9B<����#"�=<���<��B����
$���(NLCs) #�BJ2%��!>O&�� 20±1 ��'�$K�$K21� 
"I#A�5����!=<���J2%$"�%�<:3��A�;�Q>L7#��>�9B
$"�%�<:3�$RA�$B21#ก��ก�I������A#�<��=<���?<@�J2%
������A#� 1:4 7#��>�9B��กก#A�������A#� 1:2 
�B17#��>�9B�1&AQ�RA#� 18.9 ± 0.01 4:� 20.5 ± 
0.03 $K���"�1�8 

 

 
��'���#l 2  7#��>�9B<���6II NLCs 

�����	$� (centipoise; cP) 

���'�:��	 
%'6�������	'�� 

6% 9% 12% 

1:2 18.9 381.7 743.0 

1:4 20.5 13080.0 18580.0 

  
5. ���������9�ก�"-"��� 

 7A�7#��$5N�ก�B-BA��<����#"�=<���
<��B����$���J�ก�����I�1&AQ�RA#� 5 4:� 6  
 
��6%'��
��:'�%��ก�'�68�� 

0�ก�&5J2% 1 5����!=<���$"�%�<:3�<��B<��
���O�706<��BQ>�A<:3�J�3��23 $�9%��0�ก$�9%�5����!
=<���?<@�$"�%�<:3�Q��6II06�A�;��A�7#�������4
Q�ก��=>�<���6II<!6$��21����O�7�B1�6II06 
 
 
 

 
�27#��>�9BJ2%$"�%�<:3� B����3�$�9%��B��!>O&��Q�ก��
$��21�>���0�กก���B<��B?�L#<��B���O�70:��2
<��BJ2%Q>�A<:3� 

0�ก;�ก��#�0�1�����I��#"�=<���<��B
����$���J2%QRL Tween® 80 $5N�����B?���:�;�#
J2%5����!=<����#� 6% J2%������A#�=<���$>�#
�A�=<���?<@� 1:2 �2<��B���O�7$�@กก#A������I�9%�
�1A���2��1���7��J���4��� (P<0.05) 7A�ก��ก�60�1
��#<��<��B���O�7$5N�?II"27$B21#?�6�27A��L�1
ก#A� 0.3 ?�B�#A����O�7�2ก��ก�60�1��#�1A��
��%��$��� >�ก�25����!=<���<��$>�#��ก>�9��2
5����!=<����#���ก$ก��=5Q��6II 06J��Q>L
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<��B���O�7Q>�A<:3� $�9%��0�ก7#��$<L�<L�<��
����B?���:�;�#=�A$"21�"�J2%06�B?���:�;�#<��?�A
�6���O�7=BL ��0J��Q>L���O�7$ก�6ก��A�ก�� >�9��2
��ก !6ก:%�?<@�ก:%�$>�#=BL (Das et al., 2012) 0�ก
;�ก��':ก �<�� Balguri ?�67!6Q�5� 2016 
"I#A�$�9%�$��21�1�����B$�V�K��7#��$<L�<L� 8% 
Q��&5<�� NLCs "I#A�$�9%�$"�%�5����!=<���$>�#
Q>L�25����!��กก#A�=<���?<@�Q������I<��B<��
���O�706�2<��BQ>�A<:3� ?�6$�9%�5����!=<����#�
$"�%�<:3�ก@�A�;�Q>L<��B<�����O�7Q>�A<:3�$RA�ก�� 
?�A�1A��=�ก@���1���2��1���I���A#�ก�A�##A�
ก��$"�%�<:3�<��5����!=<���$>�#Q��6IIก��
$��21� NLCs ก@��0J��Q>L<��B���O�7�B��J�3��23
<:3�ก�IR��B<�� stabilizer J2%$�9�กQRLQ������I (Gaba 
et al., 2015) 

7A�'�ก18=eef�K2��J2%#�B=BL�25�60�$5N��IK:%�
��B7�L��ก�I���#�0�1�9%�J2%QRLR��B<��=<���Q�ก��A�
$B21#ก�� (Choi et al., 2010) 5�60�J2%?�B���3��27A�
�1&AQ�RA#��%��ก#A� -30 mV  ?�6<��B���O�7�2<��B
$�@กก#A� 500 ����$��� 0:������47�Bก��!8=BL#A� 
���O�7<��?<@�06$ก�B?��;��ก�6>#A�����O�7J2%�1&A
Qก�Lก��J��Q>L���O�7�����4ก�60�1��#=BLB2 �B
ก�� $ก�6ก�� A�ก��<�����O�7 J�� Q> L�A�;��A�
7#��7���#<�������I (Freitas and Müller, 1998; 
Bulguri et al., 2016) J�3��23$�9%��0�ก7#��7���#<��
���O�7Q��6II7����1B8�����4$ก�B<:3�=BL0�ก
>��15�00�1$RA� 1) ?��;��กก��<��5�60�I�;�#
���O�7J2%$>��6��$"9%�5f��ก��ก��$ก�Bก��$ก�6ก��A�
ก��<�����O�7 2) �7����L��<�����J2%$5N���785�6ก�I
<�����O�7J��Q>L�����4�B?�����;��ก���6>#A��
���O�7>�9�?��?#�$B��8#��8# $RA�ก��$��21�
���O�7Q>L�1&AQ��&5 dimple microsphere $5N��L�  

Mohamed and  van der Walle , 2006) 3) �7����L��
<�����O�7�2>�&A���J2%$5N� steric hindrance J��Q>L
ก2B<#��ก��$ก�6ก��A�ก��<�����O�7 B����1���<�� 
zirak ?�6 Pezeshki (2015) J2%$��21� NLC �B1QRL 
poloxamer 407 $5N�����B?���:�;�#QRL compritol 
ATO 888 ?�6 octyl octanoate $5N�=<���?<@�?�6
=<���$>�#Q��6II ������B�I "I#A� 7#��7���#
<���6II7����1B8J2% $ ก� B<:3 � $5N�;���0�ก
�7����L��<��<�� poloxamer J2%QRL ��กก#A�?��
;��ก<��5�60�J2%;�#���O�7 B����3�7A�'�ก18=eef�K2��
0:�$5N�$"21�5�00�1>�:%�J2%QRLQ�ก��"�0��!�$ก2%1#ก�I
7#��7���#<���6II NLCs 

7#��>�9B<�������I"I#A�$�9%��25����!
<��=<���?<@�=BL?กA Compritol® 888 ATO $"�%�<:3�
7#��>�9B06$"�%�<:3��1A���#B$�@#J2%��!>O&���%��ก#A� 
70 ��'�$K�$K21� J�3��23$�9%��0�ก=<���?<@�B��ก�A�#
$5N����Q�ก��A�ก�2$K�=�B8J2%�2��1���72�1�#?�6�20�B
>���$>�#J2% 74 ��'�$K�$K21� B����3�$�9%���!>O&��
�B��7#��>�9B0:�$"�%�<:3� $RA�$B21#ก��$�9%������I�2
5����!=<���?<@�Q���B�A#�J2%��กก@��0�A�;��A�
��ก !67#��>�9B<���� ���IJ2% $ก� B<:3 �$RA�ก�� 
(Huang et al., 2008) 
:'�%��ก�'�68�� 

0�ก;�ก��':ก ������4���5 =BL #A �
��785�6ก�IJ2%$>��6��Q�ก��$��21������I��#"�
=<���<��B����$���=BL?กA 5����!=<����#�
$JA�ก�I 6% �B1������A#�=<���$>�#�A�=<���?<@� 
1:2 $�9%�QRL Tween® 80 $5N�����B?��B:�;�# 
$�9%��0�ก06J��Q>L=BL<��B���O�7J2%�2<��B$�@ก 
7#��>�9B�1&AQ�RA#�18.9 ± 0.01 4:� 20.5 ± 0.03 
$K���"�1�8K:%�$5N�7#��>�9BJ2%�����4J��Q>L=>�
$��=BL?�6�����4?;Aก�60�1=BL�A�1I�"93�;�# ?�6
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���O�7�27#��7���#B2$�9%��0�ก5�60�=eef�J2%;�#<��
���O�7J2%$ก�B<:3� �1A��=�ก@������#�0�1�237#�':ก �
$"�%�$���$ก2%1#ก�I7#�������4Q�ก��ก�ก$ก@I?�6
7#��7���#<�����O�7�A�=5 
 
ก6��6ก''�%'�ก�� 

<�<�I7�!�4�I��#�0�1#�J1�'����8?�6
$J7����12?>A�5�6$J'=J1 (##.) J2%Q>Lก�����I����
�I5�6��!���>� �I� ��#�0�1 ?� 6<�<�I7�!
7!6$O��R'����8 �>�#�J1���1��I���RV��2 J2%Q>L
7#�����$7��6>8BL��$7�9 %���9� ?�6�4��J2 %$"9 %�
B��$������#�0�1 
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