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1.����

 

�� ����� �� �� � �� ��� ����, ���� �

�� �� �� ��� �� � �� ��� ��� ���� �� 

�� ���� �� � �� ��� �� ��� ����� ��� 

��� ���� ��. ��� ��� ��� ��� ���� ��

�� �� 3�� ����� ���� � � ��. ���� �� �

��� ���, ���� ��� �� ��, �� � ��� ���

	� � 	�� �� ���� ���. 1960� ������ ���

������(PHEMA)� ��� ��� �
 ��� ��
1 �� �

�� ���, �����, �� ���, �� ��� �� �� ��� 

�� ���� ��.2-4 ���� pH, 
�, �
 ��, ��, � �� 

�� ��� ��� ��, ��� ���� � �� ��� �	� � 

��. ���� �� ��� �� �� ���� ��� ���� �

��� ����� �� �� �� ��� ��� �� �� �� 

��� ����� ��, �, �� �� ��� ����� ��. �

� ��� 	��� �� ��� ���� �� ���� ��	� 

�
 ���� �� � ���� ���
5,6 ��

7 � ��
8 
�� �

��� �� ���� ����� ����. � ��	� ���� 

�� ��� ��� ����� ����� ��.9,10  

�� ��� ��� ���� �� ��� ���� ���� �

� ������ �� ���� 	�� �� ���� ���� �� �

����. ����	� �� �� ��� ����� ���� �

� �� ������� �� ��� ��, �� � �� ��� ��

�	� � 	�� �� ���� ���. ��� ��� ��� �� 

��� ���� �� ���� ��� ��� ��� ���� ��

� ��� ��.11,12 ����	� �� ��� �� ��� ��� �

��� ��� ���
 �� �� ��� ��� ����, ��� �

�� ��� ��� � ��. ����	� �� ��� ��� ���

� ��� 	�� ���� 	����, ���� 
�� ����� 

�����, �� ���� ���� �� �� ��� 	���� �

�� ��� ���� ��.13-21  

� ����� ���� ���� �� ��� ��� ���� 

���� ���,5-8,22 �����,9,10 ����� ��
23 ����. �

��������	
���	
����
	��������������������
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�
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��� �� ���� �� ��� ��� ���� ����	 ��� ���	�. ����	 ���� ���� 

�� ��� ������ ����	� 1,3-butadiene diepoxide� �����. ��� ��� ��� ���� �� 

��, �
�� ���� ���	� ���	��� �
��� 	��	�. ���� ��� 5-12 vol% ���� 

��� ������ ��� ��� ���	�� �	�. ����	 �� �� ��� ��� �����, �� 


�� 
����, BET �
�� ���� 
��	�. 	���� ��� �� ��� ��� �� ��� �	�� 

��� ��� ����� �	���. 

 

Abstract:�Hyaluronic acid-based beads were prepared in order to develop a biomedical material for augumentation. 
Hyaluronic acid was crosslinked by 1,3-butadiene diepoxide in a suspension state maintained by rapid mixing of soybeen 
oil and hyaluronic acid solution. The particle size, surface area and swelling ratio were measured to investigate the physical 
properties of the synthesized beads and the bead surface was examined by scanning electron microscopy. The beads were 
formed in the range of 5-12 vol% concentration of crosslinking agent, which showed monodisperse size distribution. Both 
BET surface area and swelling ratio decreased as the concentration of either hyaluronic acid or crosslinking agent 
increased, and crosslinking temperature decreased. Bead size could be effectively controlled by mixing speed without 
affecting other physical property. 
 

Keywords: hyaluronic acid, 1,3-butadiene diepoxide, bead, crosslinking, size control. 
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���, �29� �5�, 2005� �

�	, ��	 �� ������ �
 ���� ��� ��� � �

� ���� ����, 
��	� ���� �
 ���� ��� �

�� � ������ �� ����. ����� ���� ����

	� ��	(106 g/mol)� �	 �� ������ ���� ���, �


�� ��� �� �
� 	��� �� ��� ������ ��

���. ������ ����� 	����� ��� ��� ���

� ��� ����� ���� ��� � �� ����.  

� ����� �� ���� ��� ���� �� ��� ��� 

����	 ���� 	��� ����� ��� � ���� �


� ���� �� ��� ���� ��� � �� �� ��� ��

� ����� �	�. �� �� ���, BET �� ��, �� �	� 

�� ���� ��� �� ��� ��, �
�, �
 ��, ��� �

� ���	�. ����	 ��, ��� ��, 	� ��, �� 
� 

�� ��� ��� 	�� �	� 	��� �� ��� ��� �

� ��� ����� �	�. 

 

2. ��  
 

2.1 �� � ��  

����	� Fulllongchem� ���� ����	 2�106 g/mol� �

�� ��� ���	�. ����	 ��� ��� �	����� �

	 ���� ��� ��� ���	� ��� 1,3-butadiene diepoxide

� 
�� ������ Aldrich�� ���� ���� ���	�. 

���� ��� �� ��� ��� ��� ��� �� ���� �

��	�.  

1 N �	���� ��� 1 mL� ����	� ���� 10 wt% 

����	 ���� ����. ��� 	���� ��� �� 5 mL

� ���� �� 1500 rpm ��� �� �	� �����. ��� 1,3- 

butadiene diepoxide 0.4 mL(6.3 vol%)� �� � ���� 27 �� ��

�� 24�� �����. ��� ��
 ��� ��� ���� � �

��� 2
, ������ 2
, �� ���� 2
 
��� ���� 

	���� ��� � ����� ���	�. �� �� ����� 

��� 	���� �� �� ���� �� �� ��� ��� �

�� �� ��� ��� ���	�.  

2.2 �� ��  

2.2.1 ���  

���� �� ��� ��� ��� ��� ��� ����. ��

� �	� � �� 24�� ���� � ��� ��� ��� ����. 

��� �� ���� �
 �� �� ����.  

 

���(%)� (%)100
d

ds ×
−

W

WW
 

(Ws�� ��� ��, Wd���� ��� ��)  

 

2.2.2 �� ��  

BET �� ��(	���ASAP 2100)� ���� ��� �� �

�� �
�� ���	� �� �	�(	���Hitachi 3-3000 N)� 

���� ��� �
� ���	�. �� �	� ��� �� 	

� �
� ��� 	�� � �� ���� ��� �� �� �	

�. ��
 �� �� ���(	���Beckman Coulter LS series 13-

320)� ���� 24�� ���� ���� ��� ��� ��� 

��� ���	�. ��� �� ��� ��� � ��� �
� 

� ��� ��� � ��� �� 	 ��� ��� ��	�.  

 

3. �� � ��  
 

Figure 1�� �� ���� 	���� �� �� ��� ��� 

��� �	�. 	���� 	��� ��� ��� ���	�� 

	�� �	�� �� ���� ��� ���� �� 	�� �

	�. �� �� ���� �� ��� �� ��� �
� CV ��

� ���	�.  

 

Mean

deviationStandard
100)CV(variationoftCoefficien =  

 

CV �� ��� ������� ��� ��� ���� ���

� ���� ��� 10% 	��
 ���	��24 ��� ���� 

���� 	� 	�� �� ��� ���� �
�25 �	��. Figure 

2�� ����	 ��, 1,3-butadiene diepoxide ��, 	� �� � 


�� ����
� ���� ��� ��� ��� CV �� 	�

� �	�. ��� ��� ���� CV �� �� ��� ����

��� �� ��� �	� �	�� ����� � �� 3% 	�

�� 	�� �� �� ��� ���	� ��� ����
� 

Figure 1. Particle size distribution chart measured by lazer particle size 
analyzer at different mixing speed(1200, 1300, 1400, 1500 rpm). 
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Figure 2. Relationship between the bead size and coefficient of variation 
value. 
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� � ���.  

Figure 3�� ����	 ��� �� ��� �� ��� 	�� 

�� ����	 ��� ����� ��� ��� ���	� �

��� �
�� 
��	�. � ���� ����	 ��� ��

�� ���� ��� �� 	�� ��� �� 	�� �	�� 

���� ������ 	�� ���� ���� ��� ��� 

��� ��� ���.26 ��� ����	 ��� ����� �

�� ��� ��� �� �� ��� ��� ��� ����. 

�� Figure 4� �� �	� ����� ����	 ��� �� �

�� �
� �� 	�� ���� ��� ��� ���� ��. 

Figure 4(d)� �� ���� ��� �� ���� ��� ��� 	

���. � ��� �
 ��� �
� �� ��� ���� �� 

��� ��� ��� 	�� ��� ��. � �� ��� �� �

��� �� ��� �� ��� ��� ��� 	�� �	� 	

��	�, Figure 4(d) ��� ���� SEM ��� �� 	��	�. 

Figure 4�� ����	 ��� ���� ��� �� ���� �

� 	�� 	� �
� ��� ����	 ��� 10 wt% ��� �


 �
� �� ���� ��� �� �� ���� ��� ��

�. ��� 	�� Figure 3�� ����	 ��� ���� ��� 

���� ���� 
���, ��� �
�� ���� ��� � 

��� �� ��. �� ���
 ����	 ��� �	���� 

��� �
� ��
� ��� �� ����� ��� �� ��

�� ��� �	��� ��� ��� ��� �� � �� ���. 

Figure 5�� ���� ��� ����
� ��� ��� ��

�	�. ���� ��� 3 vol% ����� ��� ���� �	

� 17 vol% ��� �
 ��� �� ���� ���� ��� 


�� ��� ��� ��� ���� 	�� �	�. ��� �

�� ��� �	� ���� ��� ���� � � ��� � �

�� ��� � ���� 6-11 vol% �� ���� �����. �

�� ���� ���� ��� ���� �� ���� ��� 


��	�� ��� ��� �� ��� ���. � �
�� 
�

�� 9 vol% ��� �
 �� ��� ���. Figure 6� �� �	

� ���� �� �
� ���
 ��� ��� 7.7 vol% ��� 

�
 �
� ��� ��� ���� ���� ��� �� 	�� 

�� �
� ���� ��. � ��� ��� 7.7 vol% ��� �

       

(a) 3 wt%                                   (b) 5 wt% 
 

       

(c) 7 wt%                                  (d) 10 wt% 
 

Figure 4. Scanning electron microscopy (SEM) photographs of the bead prepared at different hyaluronic acid Concnetration. Concentration (3, 5, 7, 10 wt%). 
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Figure 3. The effect of hyaluronic acid concentration on the bead 
properties. 



448� 
����� 
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 �� ��� ��� �� � �� �� 	�� ��� 	 �� 

��� ���� �� ��� 	 �� ��� ���� ���� 

��� � ��. Figure 5�� ��� 7.7 vol% ��� �
 �
�� 

�� ���� ��, ���� ��� 
��	�� �� Figure 6�

� ��� �� ��� �� �
� ��� ��� ����. � 

���� ��� 7.7 vol% ��� �
 �
� �� ���� ��� 

��� ���� ��� �� �� ��� 	 �� ��� ���� 

�� ��� ����. � ��� ���� ���� ��� ��� 

��� �� �	� �� �	�.  

Figure 7�� ����� �� �� 	� ��� ����
� �

�� ��� ���	� � �� �� �	� ��� Figure 8� �

	�. �� �	� ������ ��� �
� ���
 �
� �

� 	��� 	���� 	��� �� ��� �� ���. �

�� 	�� Figure 7�� ���� �
�� 	���� �� �	

�� �� �� ���� ��� � ���� �� ��. � 	�

��� ����� ��� ��� ������ �� ���� �

�(��)�� ���� ���� ���� �� ��� ����� � 

����� �� ��� �	�.  

Figure 9�� �� 
�� �� ��� �� ��� ��� �� �

       

(a) 6.3 wt%                                   (b) 7.7 wt% 
 

       

(c) 9.1 wt%                                   (d) 10.4 wt% 
 

Figure 6. Scanning electron microscopy (SEM) photographs of the bead prepared at different crosslinking agent Concnetration. Concentration (6.3, 7.7, 9.1, 
10.4 vol%). 
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Figure 5. The effect of crosslinking agent concentration on the bead 
properties. 
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Figure 7. The effect of mixing speed on the bead properties. 
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� 
�� 
���� ��� ��, �
�� ���� 
��	�. 

Figure 10�� � �� �� �	� ��� 	�� �� �� 
�

� 
���� ��� 
�� ��� ���� �	��� ��� 

�� ��� 	� �
� �	� �	�. � 
�� 
��
 ��

� � �� �� ��� 	� �
�� �� 27 ���� ��� �

� ���� ��� �
 ��� ��� �����. ��� ��

� Figure 9�� 
�� 
���� ��� ���� ���� 
�

�� ��� �
�� 
��� 	�� ��� ���. ���

� ��� �� ��� 
�� ����� �� ��� ���� �

	� ���� ���� �� ���� 	�� �� �� �� �

� ��� �� ��� ����. 

�� �� ��� �� ��� �� ��� 	�� �� ��� 

�
�� ���� ���� �	 	�� �� ��� ��� Figures 

3, 5, 7, 9�� �� ��� �� ���	�. ��� ��� ��� 

��� �
�� ��� �� �� ���� ��� 
��� �	� 

�	�� �
� ��� ��� �	�� �
�� 
��
 ��

�� �� 
��� �	� �� �
�� ���� ���� 	�

� �� ��� ��	�. � �� ��� �	� �� �� ��� �

�� �	�� �� 	� ��� ���� �� �� �� ���� 

� � ���.  

 

4. ��  
 

1,3-Butadiene diepoxide ���� ���� ����	 ��� ��

�	�. ��� ��� ���	�� ���� ��� ��� ��

�� �	� ��� �	� �	�. ����	 ��� ����� 

��� ��� ���	� ���� �
�� 
��	�. ���

� ��� ���� �� �
�� ���� �� 
��	�� �

�� ��� �� ��	�. ��� ���� ��� 
� ��
 

�� ��� ����, 
� ��
 ��� ���� �� �	� �

��� ��� �� ��� ��� ���� � � ���. 	� ��

� ���
 ��� ��� 
��	�� �
�, �
 ��� ��

�� �� ��� ���. � �� 
�� ����� ��� ��, 

�
�� ���� ���	�. ��� �
� ��� ���� �	 

�
�� ���� �� 	�� ��, ��� ��� 	� ��� �

� �	�� �� ����� � � ���. 

� � � � � � � � �  

(a) 1200 rpm                                   (b) 1300 rpm 
 

� � � � � � � � �  

(c) 1400 rpm                                   (d) 1500 rpm 
 

Figure 8. Scanning electron microscopy (SEM) photographs of the bead prepared at different Mixing speed. Mixing speed (1200, 1300, 1400, 1500 rpm). 
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Figure 9. The effect of crosslinking temperature on the bead properties. 
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Figure 10. Scanning electron microscopy (SEM) photographs of the bead prepared at different crosslinking temperature. Temperature (23, 27, 31, 35 �). 


