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Abstract 
Disc degeneration is strongly associated with back pain and herniation resulting 

in the cost of health care decreasing. Some evidence shows that disc degeneration 

originates in the nucleus pulposus (NP). However, current treatments such as physical 

therapy, pharmaceutical treatment, spinal fusion, artificial disc replacement and 

discectomy attempt to reduce pain rather than repair the degenerated disc. Cell–based 

therapies are aimed at repairing the degenerated disc, which is a potential treatment of 

disc degeneration. Therefore, the purpose of this study was to prepare the 

thermosensitive hydrogel as cell carrier of NP cells.  

In this study, the thermosensitive chitosan/gelatin/β- glycerol phosphate 

disodium salt hydrogels (C/G/GP hydrogels) was investigated. Nucleus pulposus cells 

which were harvested from the intervertebral discs of the adult New Zealand white 

rabbits were encapsulated in C/G/GP hydrogels. The gelation temperature, gelation 

time and gel strength were evaluated by rheometer. Compared with the formulations 

using only C/GP, the gel strength of C/G/GP was increased at 37°C. In the C/G/GP 

system, raising the concentration of gelatin resulted in a decrease in the gelation 

temperature and gelation time. The results of the in vitro cytotoxicity showed that the 

C/GP and the C/G/GP hydrogel are biocompatible. In the degradation test, raising the 

concentration of gelatin seems to increase the percentage of weight loss. The ratio of 

sulfated glycosaminoglycan (GAG) to DNA of NP cells cultured in hydrogels showed 

significantly higher than monolayer-cultured at the end of 3-week. Compared with 

monolayer-cultured, the mRNA expression of type II Collagen, Aggrecan, MMP-3, 

MMP-9, IGF-1, BMP-7 and TGF-β in hydrogel-cultured NP cells was significantly 

enhanced.  

The results showed that the C/G/GP solution remains liquid at room temperature 
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but form the hydrogel at approximate body temperature under a neutral pH. The 

formed hydrogel is biocompatible and biodegradable. As three-dimensional carrier for 

NP cell culture, these results suggest the C/G/GP hydrogel is a suitable scaffold for 

the cell culture. These features make the C/G/GP hydrogel potential application as an 

injectable cell carrier for NP regeneration. 

 

Keyword: cell carrier, thermosensitive hydrogel, chitosan, gelatin, intervertebral disc, 

nucleus pulposus 
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� � ¾ 3�� ð c �����K JÔ K ��£ S ! �Ô 	 ' }K ��� 2-2-1�

n�}~� � � o p q �� h �� ¿ �j>B �}~� � � Ã «�°�R��°

À ¯ Á Â ·8�K � Ã .�7Ã «� Ä ( �� � )k° ¹ 8 Á Â ·8�K � Ã �

[5,6]� 

}~�® Ó � } X ê�Ã «t�ê�Ã «+ å H �}~� � �Ã «êÅÆ Ç

ö ÷ ZK c � 1-5% [7]�Ã «+ å H �e N �� � éD V Ç ¼ ½�¶ W V Ç ��

ê�µ�¶ W V Ç � V Ç ¼ ½�Â Ã e� È ì 2-2-1��}~��� V Ç ¼ ½l

Aggrecan $��: GAG (glycosaminoglycan) $ C6S (chondroitin-6-sulfate) � KS 

(keratin sulfate)�Aggrecan ¹ 8 S ! V Ç  (link protein) � À Ù H À  (hyaluronan) 

S ! �7�}~���¶ W V Ç I � Ó ( i " �:�l � & � ¶ W V Ç  (type I 

collagen) � � Á � ¶ W V Ç  (type II collagen) $= � É �ÅÇ � K }~�¶ W

V Ç éê� 80%�: \ I � �¶ W V Ç ¾ � } Ç Í X ê�7n�ö ÷ �é Ó �ê

� V Ç ¼ ½�7 V Ç ¼ ½® Ó Ê Ë f�67 � e Ì À f �7 �ê�µ¬l6.Ã

«+ å H ��j>ö ÷ Y �+ z � f [  (compressive strength) ��¬lßµ

� Í � �7 f [ ? Î ��Ã «+ å H  r³ º .�êµ���> ) Ã Ï c �j

> V Ç ¼ ½Ð��ö ÷ ��¬l Ñ � + z � f [ �7Ã «+ å H ��¶ W V Ç �

:¢ Ò � á Ó Ô Õ í ��¬l Ñ � j Ö B  × * � Ä ( �n [  (tensile strength) 

[6]� 



 

 6 

 

� 2-2-1 }K J}~�� í �3 [5]�}K (vertebral body, VB) ��(nucleus 

pulposus, NP) � ð c (annulus fibrosus, AF)  � , � � (cartilaginous end-plate, 

CEP) ü�� h (spinal cord, SC)  � h �(nerve root, NR)  , Ø ^ ¨(apophyseal 

joints, AJ)� 

 

ì 2-2-1 }~� Ã «+ å H � ö e[8]� 

 

ADAMSûA disintegrin and metalloproteinases 
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Ù Ú I Û � ¯ 1 ��ü Ü  (spinal column) �nü Ý  (notochord) �~ Þ ö ÷  

(mesenchyme) I Û 7 z ���¬� w�ü Ý �7� ð c ¾ � w�~ Þ ö ÷ ��

Ù Ú � u ����� ð c � ö eÓ Ù Î � � ô �3�����Ã «���ü Ý Ã

« (notochord cell)�Á ® Ó Í i � V Ç ¼ ½�7� ð c ��Ã « ¾ �lI� ð ß

Ã « (fibroblast-like cell) $��Á ® Ó Í i �¶ W V Ç �£ 7�e�� ¯ 1 ��

����ü Ý Ã « l m ¥ X C à F �Á�I� , Ã « (chondrocyte-like cell) (

��7ÐÑ 
 L � & ������ ð c �� , � � �óñ J ö ek Ó Ù Î � ô [9]� 

2.1.1 �  �  �  �   

� � � + e $ s á � (gelatinous) � � � � � Ã « $I � , Ã «

(chondrocyte-like cell)�Ã «� � Ã � Ã «+ å H ��3�����Ã « â ³�

 ã �n���® Ó Í i � V Ç ¼ ½���� Aggrecan�j>é Ó Í i �µ��

����l � Á � ¶ W V Ç  (type II collagen) $��ÅÇ D Z¶ W V Ç �

80%[6]�¶ W V Ç ¬ � ä �é× ³µ�� Aggrcan µ¶��7����¶ W � ð

�½ å K ��Ð 6  (random) ��= D � Á � ¶ W V Ç +�æ Ó X ê� � 0 �  

(15-20%)� � D �  (1-2%)� � P & �  (3%) ¶W V Ç [9]� 

 

2.1.2 ! " #! " #! " #! " #  

� ð c �+ e �n:P ' ô � ç  ô � è ã  (concentric lamella) ��e��

� ð c ��Ã «$I� ð ß Ã « (fibroblast-like cell)�7 é + ê �Ã «�:Ã «

óñ é Ã �� é ë �� ì � ¾ Ã «óñ ¾ � l m í î ï ç ó� 8 f� ð  (elastin 

fiber) l ? õ ��óñ ß� « �	 ' è ã  ô � ç � S ! �� ð c ����l �

& � �¶ W V Ç  (type I collagen) $�� � « �¶ W � ð � ð ³ ½ å Á�}K ñ

� e 0 P ³� ò ó [9]��>¢ Ò �½ å K ��¬� ô � Ñ � z w Ö B  × * �

� e�n [ �= D � & � � � Á � ¶ W V Ç +�æ Ó X ê� � á � � � / �  

(3%)� � 0 �  (10%) t � D �  (1-2%) ¶ W V Ç [7]� 
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2.1.3 $ % & '$ % & '$ % & '$ % & ' (Cartilage end-plate) 

� , � � $ À Ù � ,  (hyaline cartilage)�:3�}~��}K ?~�éµê

Í: \ À Ù � , ��ûõ ^ ¨� , �ö ^ ¨� , z 9 ã �7n�}~�� o p q �

j>}~� � � Ã «�°R�� z � �°÷ n ß b Ó p ï � ø � ö ÷ ��ûø ù 

(ligment) }K �ßR N ¹ 8 Á Â �K � Ã .}~� � �� � , � � ¬ ú û &

' �ô ® Ó � � f� ü ý �& � å�y ùË � î H ��ûµ� þ n �èå À �

æ ç ����¬l¹ 8 Á Â K �6.}~� � ��7n Ã «� � � Ä ( � � )�

�û # À ���k¬l� ô �K � À ¯ � , � � Ã � [10]� 
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2.2 
 � � � ( )
 � � � ( )
 � � � ( )
 � � � ( )  

2.2.1 * + ( )* + ( )* + ( )* + ( )  

Ã « = D �� e¶ W V Ç �V Ç ¼ ½���Ã «+ å H +�k� ( e& � V

Ç &  (protease) z � V Ã «+ å H �= >?+k Ó & � V Ç &� � 7 �  

(inhibitor) z � 7 V Ç &�·8��à ; ö ÷ ��Ã «+ å H �( e�� V � Ú

� � � ñ ð � �£ 7�_ Ã «+ å H �� V Ú � ��� e Ú � �¬�� e ö ÷ �

�Ã «+ å H ¥ X � 7 : Ý L I � à ; � Z[11]��}~����� Õ V ¶ W V

Ç � V Ç ¼ ½� � ] $ MMP (matrix metalloproteinase) ? � � Aggrecanases �

	 I�:� MMP ? � ����}~��� % fÍ Aggrecanases ��7 TIMP 

(tissue inhibitors of metalloproteinase) ? � ¾ ¬ � 7 �	 
 MMP �ì¤ �; È �

MMP ? � em È ì 2-3-1[12]� 

MMP ? � ��}�}~� Ã «+ å H Õ V ú û Í § � ó � �Ó collagenases 

(MMP-1, MMP-8, MMP-13) � stromelysins (MMP-3) � gelatinases (MMP-2, 

MMP-9)�collagenase �� Õ V � & � � � Á � � � á � ¶ W V Ç �k�Õ V V

Ç ¼ ½ stromelysins �� MMP-3 ¬ Õ V � á � �� - � �� / � �� D � ¶ W

V Ç �k¬ì � � Á � ¶ W V Ç � : Ô Õ   (telopeptide domain)� � + MMP-3

k÷ n ì � � � � V Ç  (core protien) z Õ V V Ç ¼ ½�� � fibronectin�laminin

�� gelatinases ¬ Õ V � - � � � / � � � � � � � P � � � P & � ¶ W V Ç

[12]� 

� � 7 MMP ? � } ö ÷ �·8�¬l À ¯ � 7 MMP � � e� � 7 MMP

� % f�� ö ÷ � � 7 MMP % f� � ] ¬� TIMP ? �  (TIMP-1, TIMP-2, 

TIMP-3, TIMP-4)�TIMP-1 � TIMP-2 ¬ ¹ 8: ö � ù �K �� MMP l� � �

ê 1:1 �ØÙ óe& ¬ � � ù í �Á TIMP-1 } MMP-1 � MMP-3 % f� � 7 �

� Î Ñ [7]�7 TIMP-3 = D ¬l � 7 MMP +�k� � � ¬Ó � � � 7

aggrecanase-1[13]�TIMP-4 ¾ } MMP-2 Ó Î Ñ� � 7 ·8[14]� 
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ì 2-3-1 ��� MMPsI � t�� Õ V � å H [15]� 
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2.2.2 � � ( )� � ( )� � ( )� � ( )  

( �jâ (growth factor) Z À ¯ endocrine�paracrine�autocrine �K �z b

��ÁZ 	 
 Ã «� & (  (proliferation)��� (differentiation)�� ³  (migration)

t � �  (apoptosis)�>+�( �jâkZ J K Ã «+ å H � � e�� ¯ G �� 2

�� � }~� Ã «® Ó ì¤ t( e IGF (Insulin-like growth factor)�bFGF (Basic 

fibroblast growth factor)�PDGF (Platelet-derived growth factor)�BMP (Bone 

morphogenetic protein) family�TGF-β (Transforming growth factor-β)� º " ( �j

â[16]�Tompson� A [17]� 1991 
 � É F G ( �jâ}}~�� J K �7¡Ó

� i l� ô ( �jâ}}~� J K � � ^ F G � ` � I ì�7� ¯ G �� 2 ��

Ó Í i �F G � � TGF-β�IGF�BMP }}~� Ã « Ó Î Ñ� J K �È ì 2-3-2� 

ì 2-3-2 ( �jâ�K + (in-vitro) }}~�Ã «� J K [18]� 

 

IGFÐ��( i ö ÷ ��:�Í § ��� IGF-1 (Insulin-like growth factor-1)

� IGF-2 (Insulin-like growth factor-2)�IGF-1� � � ¬l � � }~� Ã «� & (

JÃ «+ å H � � e[19]�IGF-1 : í �� � � ]  (insulin) d $� ò�:n 70

' èå À  (amino acid) � ö e�Ì + ¼ �   (polypeptide)��âê$ 70kDa�

Tompson� A [17] � � IGF-1 }}~��� Ã «� J K Í}� ð c Ã «� J K Î
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Ñ�Osada � A [20]ß}~��� Ã «�Ìã  (monolayer) Q RÔ� ! ± IGF-1

Ó � � V Ç ¼ ½� � e�7ÐÑ 
 L � & ��IGF-1 �ì¤ �Ð?ÔÕ � 

TGF-β�n 112 ' èå À ��e� ¼ �  + �:�âê$ 25kDa�TGF-β¬

r�$ TGF-β1�TGF-β2�TGF-β3�TGF-β¬ 	 
 Ã «�( �tÃ «+ å H � �

e�Á�½ V Ç �� decorin Ó × ³� í � f[16]�Tompson� A [17] ! ± TGF-β
Z " 6}~��� Ã «� e V Ç ¼ ½tÃ «� & ( �Á TGF-β }}~��� Ã

«� J K Í}� ð c Ã « J K Î Ñ�Okuda� A [21]k � � TGF-β�Ð�Z " 6

V Ç ¼ ½� � e�7 TGF-β�}~��ì¤ �ÐÑ 
 L & �7ÔÕ � 

BMP $ TGF-β superfamily ��& # �BMP ? � ¨ 	 ® Ó $ ¯ 47 ' em �

! ± [16]�BMP-7  recombinant human osteogenic protein-1 (rhOP-1)�� � , �

���� � � ú û § �� ó � �BMP-7 (OP-1) ¬l � � Ã «� e� � � " 6 V

Ç ¼ ½� � & � �� Á � �� P � �¶ W V Ç � e[22,23]�BMP ? � ��l BMP-7 

(OP-1) }}~� Ã « J K ÍÎ Ñ�Masuda � A [24]ß}~��� Ã «J� ð c

Ã «l BMP-7 (OP-1) � � ¡� ! ± BMP-7 (OP-1) ¬ " 7 Ã «& ( ��¬� ×

V Ç ¼ ½�¶ W V Ç � � eê�Á� Aggrecan t Type II collagen �	 ' å j�

ì¤ Ó × ³� � ^ �7 BMP-7 (OP-1) ®� ! ± �A It È â�}~� Ã «��

¬ô �� × }~��� Ã «J� ð c Ã «�:¨�� " 6 V Ç ¼ ½� � e�j>

( ¬l ô � © ª }~���t� ð c [16]� 
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2.3 
 � � , - � .
 � � , - � .
 � � , - � .
 � � , - � .  

ÐÑ 
 L � & ��� i �ö ÷ �� �t���}~�� ö ee�tóñ kl

m M 5 �ì 2-4-1�7 � e}~����ej�= D � �l+�: \ �+ z j ] �

�û��~� � � 7 }~� ¯ ³ Ê % �Y u �º & �' ( ���� ¯ G F G �k

� � � ��d}~����[25]� 

ì 2-4-1 ���� ð c t � , � � ÐÑ 
 L & ��� ñ � ö e�� M 5 [26]� 

 
� 2.2¨� ² �n�}~�� o p q � í ��j>}~� � ��Ã «�° )

* Á Â �K �z f (R� ½ = � � )�7 � , � � �> ¯ 1 � ú û & ' � � f

ü ý � ó � � � , � � Ä ( + � (calcification) 7 R N �� ø t� � )6 � Y

� s 7 � � · �R�� ã � þ n ê� # À ���� � ) , c � 7 c d �� pH ë

ÔÕ �J K Ã «�( Ð�67 � eÃ «+ å H �( eêÔÕ �M 5 Ã «+ å H �

ö e�}~�   - ��� 7 ö ÷ l m F G à ; � � Z[10]� 
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� 2-4-1 � e}~����jât 4 1 [26]� 

� à ; �}~�� Í�����}~��:� V � � jâ � � MMP t

Aggrecanases �ì¤ �& ��Á����}~��: TIMP � MMP ~� � ð � �

r�� " 6Ã «& ( t å H � e� � �jâ � � TGF-β�IGF�BMP���ì¤

�ÔÕ �j> � eÃ «+ å H � Õ V [27]� 
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2.4 / 0 � 1/ 0 � 1/ 0 � 1/ 0 � 1 2222�������� 

. ¶ (gel) $ & ' á ð � / � í ��:¬ º » �ê� î � �7n: ù í �K

�¬�$� � . ¶t)E . ¶�� � . ¶��â~ ÷ n ö � ù � í � �7)E .

¶:�â~ ÷ n Á 0 ù  (secondary bond) [28]�n�µ¶� Ã «+ å H � í �I

ò�j> ® Ó h ¸ � H b ¢ f�R�t� � )¬l¹ 8 Á Â �K �6.�µ¶ �

��ÁÃ «~� 1 	 
 �( �jâ���k¬l�µ¶~ Ó h ¸ � b ��� ¯ G

� 2 ��® Ó �  i �F G ßY£ � e� � � ± ² eµ¶�� e � � � � ¼ þ

� 2 3  (poly ethylene oxide�PEO)� ¼ 2 3 4  (poly vinyl alcohol�PVA)� ¼ 5

3 À  (poly acrylic acid�PPA) ���7Y£ � � � Ó 6 7 À Â (alginate)� º »

¼ ½ (chitosan)�¶ W V Ç  (collagen)�Ù ¶ (gelatin)�À Ù H À  (hyaluronan) �

��7n�( i Y£ � � ¬$ö ÷ ��Ã «+ å H �e N ��û¶ W V Ç �À Ù

H À ���Iò� Ã «+ å H ?e N ��ûº » ¼ ½�6 7 À Â$ ¼ � �i ½

I í ��j>� ø 8�� Y 8 ¨[29]� 

lK � e¶� ?µ¶·$ö ÷ 0 1 � � ~ � � �� à ¸ � � k �  Ã «��

Æ °÷ n� Ì� ; � �Á � õ ¡¬l 9 � � � � �3� K c tó��� ° : É �

K + ; ì e& · ��å��� � ¯ 1 �r³© < � ~ K c ��å�Ál¹ 8�

õ �K �� u j kÍ � ¢ � � z �å�j> ¢ ¡� ª W Ô ókÍ = � 

2.4.1 3 4 5 �3 4 5 �3 4 5 �3 4 5 �  

¹ 8î � � ¡ L �K � óeµ¶�� � 8� î �µ7 î � ¢ · î � � × �â

·$¸ K �� K + É ß× �â î V �� � � à ¸ k � ; � ¡�r ¹ 8� õ �K �

� . � £ .�3�× �â î ï ! > � K ï ?¡�n�× �â � î �K ï �7 î

� ¾ �% × �â î ï ë K ï Á Â �� e × �â�  � 67óeµ¶�tn�8z

î V � î �µ� × �â�È ; � � 8 & � Ó 6 î � �j> � . K � ¡� 7 8� î

� � ? �~��ê > � �¬Z�� e @ �k A f� B C ) ø [28][30]� 
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2.4.2 6 7 �6 7 �6 7 �6 7 �  

� ¼ � L � É ß× �â î ï � .� � £ .�3�Ð¡ À ¯ ¢ · � � � 0 õ �

7 × �â î ï � § 3 e¶�£ 7�¹ 8 � ¼ � �K ��K � óeµ¶�P �×

�â î ï � ' �� ¼ � �ó - � �7i D � � ó - � }A K � ® Ó Þ f���Á

n��¢ · � � � 0 õ Ô�H Ð E Z� Ä ( �� Ä ( � E Z¬Z�} £ .�3�

ß Í ö ÷ Ä ( u F �>+� ¼ � �K � e¶�K ��� y z ø 8�A K e �3

��n� � � � G À � s 7 �j>Í H � £ .3 kÍ� [ 8[30]� 

2.4.3 8 9 : 5 ;8 9 : 5 ;8 9 : 5 ;8 9 : 5 ;  

� â ù � � � ¹ 8�â~ Ë % Ñ[ ��K � óeµ¶�¬ ¹ 8: Ê Ë f�ù

Ó à Ë % � W âóe ù í �� 6 7 À Â¬� I � + �� + � âà Ë óe¬ � � �

â ù í �j>ß 6 7 À Â·$¬ � õ � �( / � � ��¬� 	 � � . � � � �

3� 7 :� � � � �3e¶[28][30]� 

2.4.4 pH < = >< = >< = >< = >  

¹ 8 pH ë � ø � K � e¶ L �¬j× �â ® Ó ¢ · � pKa �Ë J

(isoelectric point, PI)�� × �â� pKa _ å� ( E � pH �� ¾ ¬ß× �â É î

�¢ · î � ��r�' �? � � k � ; � ¡�ß: � .� � � � �3� c d �

pH ë× �× �â� pKa ��¾ × �â  � � § 3 e¶�tn� � É O ² ¸ �

× �â î ï : pH ëJ( E c d � ô �j>¬ZÑó @ �ö ÷ � B C ) ø �} �

� � �3?ß Í ö ÷ � e u F [28][30]� 

2.4.5 ? @ = >? @ = >? @ = >? @ = >  

¹ 8 ª ³ � ø �K � e¶�K ÷ n�â~�)E ù �óe�� ª ³ � Ï �ô

��× �â î ï Ä ( � � * ³ [28]�7� � � � �3e¶�A.Chenite[31]� 2000


   I � lº » ¼ ½$å � �ª ´� µ¶�: î ï ¬� A K ( E � pH Ô��Ò

ª L ï ñ �7�A K K ª Ôóeµ¶�7 � Í�: \ e¶ 6 7 �l>L 7 î ¶�



 

 17 

K � óe . ¶® Ó M ·�Í N ¹ Á} â Í ö ÷ � u F � }Íå�£ 7�O £ C X

P y � ì ! Ù Q t:�e¶·8 6 7 �A.Chenite ß¬Z 1 J:��·8 6 7 R

S $lÔá J û(1) º » ¼ ½�â + ~� T µ·8 (hydrophobic interaction) (2) 

º » ¼ ½Jõ ¾ ¿ À Á Â U  (glycerol phosphate disodium salt)~�Ñ[  (3) º »

¼ ½~ % ù �óe[31]� 
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2.5 A B C DA B C DA B C DA B C D  

� � � � � ��°� � ® Ó ( ) � ô fÁ ® Ó ( � V f� � � �� V ¡� Ä

)$Ý Þ Á � �}A K � e V F �j> 7 8Y£ � × �â$å � ¬$ � � �j>

� ° F G ��¬lY£ × �â º » ¼ ½ (chitosan) � Ù ¶ (gelatin) ·$å � � 

º » H  (chitin) �n N- 2 W æ ç �è (N-acetyl-D-glucosamin) �§ X Ì�

l β-1,4 ù í 7e�Y£ �� )�:��Ð�� Y Z I� )�û[� \ �+ Z �

Ð�� p ] I� Ã « ^ ��7 º » ¼ ½¬�n º » H h ¯ G 2 W � 

(deacetylation) ¡79 �Y£ × �â��� � ô � z � t ± ² ¯ 1 �: G 2 W �

1 ³��âêk� Ó � � ô � º » ¼ ½�n N- 2 W æ ç �èt æ ç �è 

(glucosamine) �§ X Ì� l β-1,4 ù í 7e��� 2-6-1�G 2 W � 1 ³ (degree 

of deacetylation�DD) ¬$æ ç �è} N- 2 W æ ç �è�Øë�k � � G W � 1

³ é × �ì 4 º » ¼ ½�� æ ç �è § X Ì� Í i �7 G 2 W ��1 ³k� J K

º » ¼ ½� 6 _ Ê ³�Õ V Ú ³t( ) � ô f�º » ¼ ½� pKa ëÅ$ 6.5�j

>¬ î � ` À f� î ï �Áù Ó à Ë f�� ¯ G �� 2 ��Ó ( i ¹ 8º » ¼ ½

> Ë f?¢ f�ß:Jù Ó Ê Ë ��â��ûDNA�GAGs�( �jâ��·í

� � ø 8�7n�º » ¼ ½® Ó h ¸ �( ) � ô f (biocompatible) t( � V f

(biodegradable)�j>k� a b ø 8� ö ÷ 0 1 t � ) > ? � � ^ F G �

[32][33]� 

 
� 2-6-1 º » ¼ ½?� � í �[34]� 
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Ù ¶�¶ W V Ç 5 f (denature) ¡� ¼ �   (polypeptide)�lÀ B E 79 �

Ù ¶$ type A�7l c B E 79 �Ù ¶$ type B �	 " I � ® Ó � ô ��Ë J �

�( E �c d Ô(pH=7.4)�type A �Ù ¶� ùË �7 type B �Ù ¶ ¾ ùÊ Ë ��

eÙ ¶���èå À $ Glycine�Proline�Hydroxylproline�ÁÙ ¶® Ó RGD 

(Arg-Gly-Asp) d å ¬� Ã «L ½ ( ��= >?+�Ù ¶k ® Ó h ¸ �( ) � ô

ft( � V f�j>k� a b �� ø 8� ö ÷ 0 1 �� 

A.Chenite[31,35]� 2000 
   I � lº » ¼ ½$å � ���. β- õ ¾ ¿ À Á

Â (β-Glycerophosphate disodium salt hydrate�� 2-6-3) ¡� ± ² � E ´f�µ

¶�: î ï ¬� A K ( E � pH Ô��Ò ª L ï ñ �7�A K K ª Ôóeµ¶�

Á � � ® Ó ( ) � ô fJ( � V f�j>¬ß> � � I e $� õ � �( / � � �

7lµ¶·$ � � � s 7 ��$: 6 _ Ê ³�j>$D �Ê µ¶�Ê ³�� ¯ G

�F G ��Ó ( i F G f k Ñ¹ 8� � � � )E � � �K �z Ê �µ¶�Ê

³�Peter Roughley J Caroline Hoemann� A � 2006 
 lº » ¼ ½$å � ���

. % þ å 2 å � ð ]  (hydroxyethyl cellulose)�= >?+�k g k 7 8 genipin ·

$º » ¼ ½� � � � z óeµ¶� à ¸ }~��� Ã «[36]�7� ° F G ��l

º » ¼ ½$å � �r�. � & " Y£ × �â ─ Ù ¶(gelatin)�u ¦ � ± ² � � �

= D ® Ó ( ) � ô f�( � V f+�¬ À ¯ )E � � �K ��z & Ê µ¶�Ê ³�

� u ¦ }~��� Ã «¬l�> � ~ � � �Ó � ä �ì¤ �  

 
� 2-6-3 õ ¾ ¿ À Á Â?� � í � (a) α-GP (b) β-GP [37]� 
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�
 ��
 ��
 ��
 ����� � �  � �� �  � �� �  � �� �  � �  

3.1 E F G H � I JE F G H � I JE F G H � I JE F G H � I J  

� � h R  i j  

Gelatin from porcine skin Type A Sigma G2500 

Chitosan Kioteck 

β-Glycerophosphate disodium salt hydrate Sigma G6251 

Collagenase from Clostridium histolyticum Sigma-Aldrich C0130 

Dulbecco’s Modified Eagle’s Medium Sigma D5648 

Dulbecco’s Modified Eagle’s Medium /Nutrient 

Mixture F-12 Ham 

Sigma D8900 

Penicillin − Streptomycin − Neomycin Solution 

(100x) Stabilized 

Sigma P4083 

L-Ascorbic acid Sigma A5960 

BenchMark ™ Fetal Bovine Serum Gemini 100-106 

Trypsin-EDTA solution 10X Sigma T4174 

Trypan Blue Solution, Concentration: 5mg/ml in 

Saline 

Biological industries 03-102-1 

 

Sodium bicarbonate Sigma S3817 

1,9-Dimethyl-Methylene Blue Sigma 341088 

LDH kit Promega G1782  

WST-1 kit Roche 

DNasy Blood & Tissue QIAGEN 

RNeasy Mini kit QIAGEN 

SuperScript ™  III First-strand Synthesis kit Invitrogen 

Rheometer HAAKE RheoStress 600 
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Spectrophotometer JASCO V-500 

RT-PCR MJ Research PTC-200 

Real-time PCR  ABI 7700 

ELISA reader TECAN Sunrise remote 
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3.2 E F K L � ��E F K L � ��E F K L � ��E F K L � �� 

�£ß� ô ö eØÙ � � � l4 5 6 Ö · :e¶ ª ³�e¶�~te¶ Ê

³�� k } � � 6³ Ã «Þ f (cytotoxicity)�µ¶ð í �t Õ V � Ê Ë �7¡ß

}~��� Ã «�£�� ô ØÙ � � � ; � ���K +6³ Q R á â ¡�¹ 8Ö

· Ã «� WST-1 (Water Soluble Tetrazolium Salt-1)�Z DNA �éê�ä À å ? ¼

æ ç ½è (Sulfated Glycosaminoglycans) t å jì¤ �67 Ê Ë > � � � l [ �

}~��� Ã «�( �� 

 

 

� 3-2-1 ± ² 4 1 �� 
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3.3 
 � � �  M N � O P
 � � �  M N � O P
 � � �  M N � O P
 � � �  M N � O P  

ß - ' � �� Ä Å Æ Ç È  (New Zealand White Rabbit)�É l m n � õ 1ml/kg

� o p �  (ketamine:xylazine = 2:1)�@ F G q r ¡�lÁ þ � s t u �Ð¡6³

v w �l x y @ � à Þ ���l � _ z   ��( � ü}Å/ � 0 ¨�ß( � �ü

} { = ìo m n ¡� | . 10 }� � ( ] î ï ���Ý ] M ·* �( � }~��

�ö ÷ �� | .Q R ï ��l 1600rpm � � / � ~ ¡ G � � ��. 10}� � (

] î ï 10ml� � | 15 � ~ �rl 1600rpm � � / � ~ ¡ G � � ��. 0.2%�

collagenase 10ml �? . 5% CO2�37°C�100% � ³�Ã « Q R � ·8 18 å��

� � G = � � �l 1ml Ã « Q R ï ß Ã « ; � Ó � ¡� ³ .l�¸ 9ml Ã « Q

R ï � flask �6³ Q R�@ Ã «L ½¡�]á Y � ¡ Ã « Q R ï �@ � �¡�

l 1% Tripsin-EDTA l & �$Á �ØÙ 6³ ��� 
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3.4 A B Q RA B Q RA B Q RA B Q R  

É ßº » ¼ ½ (�âê 34 Æ�DD>95%) � Ù ¶ (type A�Bloom=300) � �

î � 0.1M� � À ��O  � º » ¼ ½ § ê � �Ò ³$ 2%� Ù ¶Ò ³$ 1%�1.5%

� 2%� × �â î ï �e ± ² ö ? Ò ³�ì 3-4-1 � å �� ( 20 � õ ¾ ¿ À Á Â

î � 25 � � G � âµ��× �â î ï l× ª × f � ] �  (autoclave) 6³ � ] �

7 β- õ ¾ ¿ À Á Â (β-GP) l 0.22µm � � � (filter) ¯ � �� Ý ] M ·* ��ß

õ ¾ ¿ À Á Â l � Z � � . × �â î ï ��� � î ï � pH ë$ 7.4��� 3-4-1� 

ì 3-4-1 ° F G �± ² ö £?e N } 0 � 

± ² ö £ e N } 0  

C25 Chitosan 2.5% + β-GP 

C25G1 Chitosan 2.5% + Gelatin 1% + β-GP 

C25G15 Chitosan 2.5% + Gelatin 1.5% + β-GP 

C25G2 Chitosan 2.5% + Gelatin 2% + β-GP 

 

 

� 3-4-1 × �â î ï ± ² K �� 
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� 3-4-2 × �â î ï e¶ 	 te¶¡?Ô ó (a) C25 (b) C25G1 (c) C25G15 (d) 

C25G2� 
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3.5 A B * SA B * SA B * SA B * S  

3.5.1 K T G * SK T G * SK T G * SK T G * S  

e¶ (gelation) ¬$ � � n î ¶� ñ � . ¶� ñ  (sol-gel transition)�7:�

ñ * 5 �� � J ¬$e¶ J  (gel point)�le¶�K �z ��¬�$)E . ¶J

� � . ¶�� � . ¶�e¶¡ � Z À ¯ )E �K L 7 : � ª e î ¶� ñ ��e¶

J �� 8 f 9 : � Ð9 : (storage modulus or elastic modulus, G’)� V � 9 : 

(loss modulus or viscous modulus, G”) � § � � 

7 84 5 6  (HAAKE RheoStress 600) � � G’� G”:ë�7¡l>:� z

� � e¶�°�ª ³te¶�°��~�± ² 1 :$ 1Hz�5Pa�]� ~ Ï ª 2°C� 

3.5.2 A B U + V WA B U + V WA B U + V WA B U + V W  

$ 9 µ � Ê Ë � � JÃ « ö ; �� Õ V Ô ó�j>�ß e ± ² ö £�£(

200µl  . 24� transwell �� ã insert ��7¡ . 5% CO2�37°C�100% � ³

�Ã « Q R � 10 � ~ �@ e¶¡��Ôã �. 1.3ml � PBS�r? � Ã « Q R

� ���� ô ��~ J �� � Ôã î ï �¹ 8� +� = 6 Ö · 280nm � º » ë�

r�Ôã �. � � 1.3ml � PBS��£ Ö · 1�3�7�14 t 21 Y� º ' �~ J �

� Q � ��ß 2.5% Ù ¶î � PBS �� � ³ � > ± ·� @ A B ¼ �ß� � (��

280nm º » ë�� � C @ A B ¼ ��9 � e �~ J Ù ¶� > ? ê�r�Z�~ J

l 	 � > ? ê�7¡= � e ö �Z > ? Ù ¶� = �ê�l � �Øì 4 e ö Õ V �

1 ³� 
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3.6 M N X YM N X YM N X YM N X Y  

ß � ��}~��� Ã «l 1%� Trypsin-EDTA ß Ã «�Ô�rß Ã «�®

O   ¸ pH ë$ 7.4 � C25 � C25G1 � × �â î ï ��Ý ] M ·* ��}~��

� Ã « ö ; �ß � � � Ã « ; � Ó � ¡��£( 200µl � � � � Ã « ; � ï � 

. 24� transwell �� ã insert �� = � Ã « â ³$ 1×105 cells/well�ß � � Ã

« ; � ï É  . 5% CO2�37°C�100% � ³�Ã « Q R � 10 � ~ �@ e¶¡�

�Ôã �. 1.3ml �Ã « Q R ï �r? � Ã « Q R � �6³ Q R�]á Y � ¡ Ã

« Q R ï �� � á â   � Q R�6³ Ã « ( �ì¤ � Ê Ë � 
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3.7 M N Z A B [ � \ ] * SM N Z A B [ � \ ] * SM N Z A B [ � \ ] * SM N Z A B [ � \ ] * S  

3.7.1 M N ^ _ * SM N ^ _ * SM N ^ _ * SM N ^ _ * S  (cytotoxicity) 

�� ISO10993-1 Ã «Þ fÖ k K L �l 3T3 Ã « ¡ J � � � ' () ! > Q

R�É ß 3T3 Ã «l à ; �Q R ï � 96���Q R�Ã « â ³$ 5000 cells/well�

@ Ã «L ½¡�rß Q R ï � ¡ e � � � ' ()�� 1�3 Y�£l LDH (lactate 

dehydrogenase) �WST-1 (Water Soluble Tetrazolium Salt-1) z Ê Ë � � �Ã «Þ

f� 

3.7.1.1 ` a b c d V e` a b c d V e` a b c d V e` a b c d V e  (lactate dehydrogenase assay) 

# À $ % & (lactate dehydrogenase, LDH) Ð�� Ã « H �� Ã «�Y V u

��LDH ¬� > ? �Q R ï ��j>¬l ÷ n Ö · Q R å �� LDH éê�z Ê

Ë Ã «� l Y V u �: ) ø 6 7 �� 3-7-1�� 1�3 Y�£   � Q R���£ Ö

· Ã « Q R ï � LDH éêt k : Ã «Þ ¢ ¡� LDH éê� 

 

� 3-7-1 LDH ) ø 4 5 �[37]� 

Ã « Q R ï �� LDH Ö · û 

(1) � 96��� � ( 50µl Q R ï  . � � 96���� 

(2) �. 50µl substrate mix buffer� 

(3) Ò ª ) ø 25 mins� 

(4) �. 50µl stop solution� 

(5) l ELISA READER � ( 490nm � º » ë� 

k : Ã «Þ ¢ � LDH Ö · û 

(1) ß 96�� £ .-80°C�30mins� 
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(2) 37°C � ª 15mins� 

(3) ß Q R ï � � C 1.5ml Ü ê � � q � 

(4) � � 250 Xg�4mins� 

(5) � ( 50µl Q R ï  . � � 96���� 

(6) �. 50µl substrate mix buffer� 

(7) Ò ª ) ø 25 mins� 

(8) �. 50µl stop solution� 

(9) l ELISA READER � ( 490nm � º » ë� 

3.7.1.2 WST-1 V eV eV eV e (Water Soluble Tetrazolium Salt-1 Assay)  

WST-1 �y ) ø 	 L ¤ ¤ ¥ � � ¹ 8 WST-1 � Ã « ¦ ¼ K �� $ % � ]

(dehydrogenase)·8¡� L ¤ H ¥ � µî f� Formazan[38]�:·8 6 7 ��

3-7-2� À ¯ � ( 450nm � º � ë�¬¬ Ê Ë Ã «� % f� 

 

� 3-7-2 WST-1 ·8 6 7 [38]� 

(1) ß 96����Q R ï ³ � � 

(2) l 1X PBS � § � 

(3) ] well�£�. 200µl WST-1 Buffer (WST-1 Buffer O L ûl Q R ï ß WST-1
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� > 10})� 

(4) ? . 5% CO2�37°C�100% � ³�Ã « Q R � �3 å�� ¨ � ) ø � 

(5) �£ß well �� WST-1 Buffer ³ . 1.5ml Ü ê � � q � 

(6) � � 1600rpm�3 � ~ � 

(7) ( 150µl � � ï � . � � 96���� 

(8) l ELISA READER � ( 450nm � º » ë� 
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3.7.2 Total DNA V e M N f gV e M N f gV e M N f gV e M N f g  

l DNasy Blood & Tissue (QIAGEN) kit ? ' (± © � � (e ± ² ö ? total 

DNA�l� � � ³Q �£ � (e ± ² ö ? 260nm t 280nm º » ë�67 Ê Ë Ã

«:êt� ' ( � � DNA ? ª ³� 
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3.7.3 1,9-Dimethylmethylene Blue (DMMB) V e h i a j 27 k lV e h i a j 27 k lV e h i a j 27 k lV e h i a j 27 k l

m nm nm nm n  (Sulfated Glycosaminoglycans) o po po po p  

1�9- Á Y å « Y ¬  (DMMB) � � í ���� 3-7-3�DMMB ��ùÊ Ë �

ä À å ) ø óe X � )�j>¬l ÷ n Ö · 595nm  525nm º » ëz Ê Ë ® ä

À å ? æ ç è¼ ½�éê[39]� 

 

� 3-7-3 DMMB � � í ��[39]� 

(1) ß 0.05 mg � C6S (chondroitin-6-sulfate) î � 1ml � Á ° µ��� � ³ � >

8 ' Ò ³� 

(2) l ELISA reader � ( 595nm t 525nm � º » ë��ß � ë± ·e @ A B ¼

(standard curve)� 

(3) % transwell insert � � � 40µl C � � 96���� 

(4) � 96��? e well ��. pH=3.5 � DMMB buffer( È ì 3-7-1) 250µl� 

(5) l ELISA reader � ( 595nm t 525nm � º » ë� 

ì 3-7-1 DMMB buffer O L � 

1,9-Dimethyl-Methylene Blue 16mg 

95% 2 4  5ml 

Y À  3ml 

1M % þ �Â 25.6ml 

�. Á ° µ C ZK c $ 1000ml 
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3.7.4 RNA � q r �� q r �� q r �� q r � ssss t u v w 7 � d x y u >t u v w 7 � d x y u >t u v w 7 � d x y u >t u v w 7 � d x y u >  (real-time 

RT-PCR) 

É ' ( � Total RNA ¡�r6³ cDNA � � e� = ¡ 7 8¬�· ê RT-PCR 

(real-time reverse transcription polymerase chain reaction) z Ö · ¢ · � å jì¤

ê�PCR � ¯ 1 � éD á ' ± © û(1) 5 f (denaturation)�ß DNA 	 Ó � � �(2)

�   (annealing)�# Ñâ (primer) ! C DNA ��(3) ® ¯  (extension)�� � DNA

� e�7�6³ PCR �ô ��ô ± ° Ö PCR Ä )ÐÑ ) ø & ���� (¬

real-time)�r ¹ 8 ° Ö �� Ä ) � ± \ � � W - å j�ì¤ ê� 

° ± ² ¹ 8�� TaqMan ² � @ · �K ��7 7 8� primer �ì 3-7-2�

GAPDH $ õ ¾ ³ á ¿ À G % & (glyceraldehyde-3-phosphate dehydrogenase)�:

$ Ã « � 6³ � V  (glycolysis) ¯ 1 � ´ � glyceraldehyde-3-phosphate � V e

1,3-bisposphoglycerate � � ] [40]�j>� Ã «:êeà Ø��± ² ��$ ø ß

GAPDH ·$ endogenous control� 
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ì 3-7-2 PCR � 7 8�Ñâ� 

Gene Gene Bank Accession No. 

GAPDH L23961 

Aggrecan D49399 

Collagen I AF027122 

Collagen II L38480 

IGF-1 U75390 

TGF-β1 AF000133 

BMP-7 AF413111 

MMP-3 M25664 

MMP-9 R86523 

TIMP-1 J04712 

IGF=insulin-like growth factor; TGF=transforming growth factor; BMP=bone 

morphogenic protein; MMP=matrix metalloproteases; TIMP=tissue inhibitor of 

matrix metalloproteases 
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3.7.4.1 RNA � q r� q r� q r� q r  

(1) ß transwell insert � � � � JÃ « ³ . 15ml � � q �� 

(2) � 15ml � � q ��. pH=5 ? � À î ï � î V � � � 

(3) � � 1600rpm�5 � ~ � G = � � ï � 

(4) �. 1ml � PBS � ; � Ó � (suspension)� ³ . 1.5ml � � q �� 

(5) � � 1600rpm�5 � ~ � G = � � ï � 

(6) 7 8 RNeasy Minikit (QIAGEN) ' (e ± ² ö ? total RNA� 

(7) l� � � ³Q �£ � (e ± ² ö ? 260nm t 280nm º » ë� 

3.7.4.2 sssst u v w 7 � d x y u >t u v w 7 � d x y u >t u v w 7 � d x y u >t u v w 7 � d x y u >  (real-time RT-PCR) 

(1) l SuperScript ™  III First-strand Synthesis kit (Invitrogen, USA)�ß ' ( �

� RNA l random hexamers 6³ cDNA � � e� 

(2) µ d ß 10µl 2X TaqMan Universal PCR Master Mix�9µl cDNA�1µl Primer�

� £ ¶ Ô��£ ? . 0.2ml Ü ê � � q ��O ± e 20µl � PCR reaction mix� 

(3) ß · Ó PCR reaction mix � Ü ê � � q  . ABI PRISM™7700 Sequence 

Detection System � 96well ¸ ª Ï c � ��  - 6³ ¬�· ê RT-PCR ) ø �

� ¹ 8 SDS1.9 � K �  í s� 
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�� ��� ��� ��� ����� � �  � �� �  � �� �  � �� �  � �  

4.1 A B * SA B * SA B * SA B * S  

4.1.1 K T * SK T * SK T * SK T * S  

� ° F G ��lº » ¼ ½J � ô ØÙ ?Ù ¶ ö ; ·$ ª ´fµ¶? å � �ì

3-4-1� É l4 5 6 Ê Ë :e¶ ª ³ (gelation temperature)�e¶�~ (gelation 

time) �e¶¡?Ê ³ (gel strength)�l � �� ± ² ? � � � l Ó · ¹ ��~J

Ã « ö ; ��Z� 37°C �e¶� � Ð9 : (storage modulus, G’) �� V � 9

: (Loss modulus, G”) � ¹ ~¬ · Õ $e¶ ª ³�º » ¼ ½/β- õ ¾ ¿ À Á Âî ï

?e¶ ª ³$ 35.84°C��Ì Æ 8º » ¼ ½/β- õ ¾ ¿ À Á Â$å � ?µ¶� Ø�

�º » ¼ ½/ Ù ¶/β- õ ¾ ¿ À Á Â � º ��ÐÑ Ù ¶Ò ³�� Ï �:e¶ ª ³ Ó

l m ÔÕ � í » �� 4-1-1�� 4-1-2� 

� ± ² �� ± ² � ? × �â î ï ��Ò ª Ô� l ® Ó · ¹ � M ·�~z � Ã

«� � k � ö ; �lt × �â î ï � õ 6.A K ¡�° i X �~�Zóeµ

¶�¼$ ª ³´�fµ¶�y z ��ø 8��§ �U ê�j>��>F G � Ê Ë

× �â î ï � 25°C t 37°C �°�e¶�~�%� 4-1-3 t 4-1-4 � í s� Î 4 �

� 25°C �c d Ô�Ì7 8º » ¼ ½/β- õ ¾ ¿ À Á Â·$å � � î ï �� 900½

l � � � �óeµ¶�7lº » ¼ ½/ Ù ¶/β- õ ¾ ¿ À Á Â·$å � � î ï �Ð

Ñ Ù ¶Ò ³�� Ï �:�°�e¶�~ Ó Ù Î �ÔÕ �� 37°C Ôk¬ e ¾ � �

ô � í » �Ì7 8º » ¼ ½/β- õ ¾ ¿ À Á Â·$å � � î ï �:e¶�~Å$

603½�� º » ¼ ½/ Ù ¶/β- õ ¾ ¿ À Á Â�� º ��ÐÑ Ù ¶Ò ³�� Ï �e

¶�~¬ÔÕ C 2½¿ À � × �â î ï � 37°C e¶¡�Ê ³¼$��� 7 8�

& Á § �U ê�n� 4-1-5 Î 4 �� 37°C �c d Ô�Ì7 8º » ¼ ½/β- õ ¾ ¿

À Á Â·$å � � î ï �:e¶ Ê ³ Ù Î Íº » ¼ ½/ Ù ¶/β- õ ¾ ¿ À Á Â��

º ã � 

Chenite� A [31]� 2000 
   I � lº » ¼ ½$å � �ª ´� µ¶�A.Chenite�
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A ß¬Z 1 J:��·8 6 7 RS $lÔá J û(1) º » ¼ ½�â + ~� T µ·

8 (hydrophobic interaction) (2) º » ¼ ½Jõ ¾ ¿ À Á Â U  (glycerol phosphate 

disodium salt) ~�Ñ[  (3) º » ¼ ½~ % ù �óe[31]�Cho � A [41]¼ � �

lº » ¼ ½/β- õ ¾ ¿ À Á Â·$ ª ³´�fµ¶� å � � ª ³Ï × �� T µ

·8$ Â 7 � * ³ ��� ^ ù �� ° F G �lº » ¼ ½/ Ù ¶/β- õ ¾ ¿ À Á Â·

$å � � pH ë ã � Ù ¶��Ë J �º » ¼ ½� pKa ��Ù ¶J º » ¼ ½� ×

�â + �ù à Ë �× �â + ~ 1 � ½ Ã �j> L ¤ î ï ��ÐÑ β- õ ¾ ¿ À Á Â

��.�¿ À �� Ê Ë % J × �â + �à Ë % � Ä å l m óe � â ù í �î ï �

pH ëÐÑ β- õ ¾ ¿ À Á Â��.7 l m Ï × � pH ë�� 7.4 ��n�>ë �

� Ù ¶� PI ë� Å b � �j> ± Ö Ù ¶��â + �à Ë % �:¨ÔÕ ��Ó �

� Ê Ë % � Ä ( �7n� pH ë 7.4®��º » ¼ ½� pKa ë�j> º » ¼ ½�

�â + �¬� ùË �× �â + ~� Ã [ n� Ë f� M 5 7 l m ÔÕ �� ã ª ��

n�× �â + � � � Y � s 7 �j> × �â + ~ % ù �:ê� · lóe á ð � /

� í �� ª ³Ï × �� × �â + tµ�â� ³ � � $wn� × �â + Æ Ç  

(entanglement) �1 ³ � Ï � 7 9 × �â + ~� % ù :¨& ��� & � D × �â

+ ~� T µ·8 [ �67óeµ¶�lµ¶·$ � � � s 7 ��$: 6 _ Ê ³�

j>$D �Ê µ¶�Ê ³�� ¯ G �F G ��Ó ( i F G f k Ñ¹ 8� � � �

)E � � �K �z Ê �µ¶�Ê ³�Peter Roughley J Caroline Hoemann� A

� 2006 
 lº » ¼ ½$å � ���.È å 2 å � ð ]  (hydroxyethyl cellulose)�

k g k 7 8 genipin ·$º » ¼ ½� � � � z óeµ¶[36]�7� ° ± ² ���

Ì7 8º » ¼ ½/β- õ ¾ ¿ À Á Â·$å � �µ¶� Í�lº » ¼ ½/ Ù ¶/β- õ ¾

¿ À Á Â·$µ¶� å � :e¶¡�Ê ³Í = � ± Ö K j ÷ n ' �Ù ¶�î ï

��7 9 × �â + ~� Æ Ç 1 ³t × �â + ~ % ù �:ê � $ � Ï �j>¶K Ê

³ k Ð ? � Ï � 7 e ¶ � ° � � ~ � k Ó Ù Î � Ô Õ � 

É � 4 5 6 �  � í s�� 37°C �c d Ô� � ~ �e¶�~e¶¡�Ê

³��Ìlº » ¼ ½/β- õ ¾ ¿ À Á Â$å � �µ¶� Í?Ô�lº » ¼ ½/ Ù ¶/β-
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õ ¾ ¿ À Á Â·$å � �� [ � ����� ø 8�Ù ¶Ò ³$ 1%� º » ¼ ½/

Ù ¶/β- õ ¾ ¿ À Á Â � º �� 25°C �c d Ô�� 15 � ~ � � � �óeµ¶�

® Ó Í · ¹ � M ·�~JÃ « ö ; �j>� º » ¼ ½/ Ù ¶/β- õ ¾ ¿ À Á Â��

º �� � � l Ù ¶Ò ³$ 1%� ö £6³ ! Ôz JÃ « ö ; �± ² � � +k Ê Ë

Ã «J º » ¼ ½/β- õ ¾ ¿ À Á Â·$å � �µ¶ ö ; ¡�ì¤ � 

 

� 4-1-1 e¶ ª ³Ö k í s (a) Chitosan 2.5% 35.84°C (b) Chitosan 2.5% / Gelatin 

1%  33.88°C (c) Chitosan 2.5% / Gelatin 1.5% 33.61°C (d) Chitosan 2.5% / Gelatin 

2% 31.13°C� 
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� 4-1-2 e¶ ª ³Ðî ï �?Ù ¶Ò ³5 �?Ô ó� 

� 4-1-3 � 25°C Ôe¶�°�~ (a) Chitosan 2.5% �� 900½ (b) Chitosan 

2.5% / Gelatin 1% �� 900½ (c) Chitosan 2.5% / Gelatin 1.5% 709.6½ (d) 

Chitosan 2.5% / Gelatin 2% 494½� 
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� 4-1-4 � 37°C Ôe¶�°�~ (a) Chitosan 2.5% 602.9½ (b) Chitosan 2.5% / 

Gelatin 1% 49.24½ (c) Chitosan 2.5% / Gelatin 1.5% 54.13½ (d) Chitosan 2.5% / 

Gelatin 2% 2.351½� 

 
� 4-1-5 � 37°C Ô 8 f 9 :Ð�~5 �?Ô ó� 
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4.1.2 A B U + * SA B U + * SA B U + * SA B U + * S  

� � � [ � � � ·$ Ã «¸ K ��:�& § ��U ê¬� � � � Õ V Ú

³�� 4-1-6 Î 4 º » ¼ ½î ï tÙ ¶/ º » ¼ ½� ; � ï ? k < �� O £ �

220nm~400nm Å b � Ó Ó º » �tÐÑ× �â î ï �Ù ¶Ò ³�� Ï � º � ë

� 280nm ¿ À � Ó Î Ñ�� Ï �j>� ° ± ² � p � 280nm ·$Ö · Õ V � <

��¹ 8 Ù ¶ @ A B ¼ �� 4-1-7�z · ê Ù ¶? > ? ê�� 4-1-8 Î 4 � � Õ V

? � �Ø�� & Y> á ö � ô Ù ¶Ò ³?µ¶Õ V � �Ø�  ! � �7ÐÑ�~

� & ��Ù ¶Ò ³$ 2%� ö £ > ? 1 ³ Ù Î Í: \ 	 ö × � 

� ° F G ��8? Type A Ù ¶?�Ë J Å$ 7~9�j>¬ î � PBS î ï

��7n�º » ¼ ½? pKa ëÅ$ 6.5�j> Æ Z î �À �c d ��7ÐÑ Ù ¶

�µ¶�� Ç ØÙ �� Ï � ± Ö � ! > PBS î ï ��µ¶ � � W ° Æ Ç �Ù ¶

× �â + �j ë µ7 � � �j> M 5 µ¶ W ° �� � í ��j>µ¶? Õ V 1 ³

�Ð Ù ¶Ò ³�� Ï 7� × � 
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� 4-1-6 º » ¼ ½î ï JÙ ¶/ º » ¼ ½ ; � ï ? k < ��= � 

 
� 4-1-7 Ù ¶ > ? ? @ A B ¼ � 
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� 4-1-8 µ¶? Õ V í s� 
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4.2 M N Z A B [ � \ ] * SM N Z A B [ � \ ] * SM N Z A B [ � \ ] * SM N Z A B [ � \ ] * S  

4.2.1 M N ^ _ * SM N ^ _ * SM N ^ _ * SM N ^ _ * S  

Ù ¶J º » ¼ ½� ¯ G ( i F G �®� � � ® Ó h ¸ �( ) � ô f� a b

ø 8� ö ÷ 0 1 �F G �[32,33]�Molinaro� A [42] Ê Ë º » ¼ ½/β- õ ¾ ¿ À Á

Â�( ) � ô f�6Ê ± � � Í× � G 2 W � 1 ³� º » ¼ ½�® Ó Í ¸ �( )

� ô f�7� ° ± ² �� 7 8� º » ¼ ½�: G 2 W � 1 ³�� 95%��° F G

��Ã «Þ f�  ���� ISO-10993 Ã «Þ f� Ö k K L �� ° F G �l � �

� ' ( ï � 3T3� ð ß Ã « ö Q R 1�3 Y¡�6³ WST-1 t LDH Ö k � 

�4-2-1 Î 4 WST-1tLDH� Ö k í s��£l à ; Q R ï  (control medium) 

t � � ' ( ï Q R 3T3� ð Ã «�Ö k � 1�3 Y�Ã «% ftÃ « V u �1 ³�

ß WST-1 t LDH � Ö k í sl One-way ANOVA �  
 7 ö J± ² ö ~�Ë

Ì�� αë (significance level) $ 0.05 ��e ö £~� º Q �� Ý Ù Î ËÌ�n

º Q � í s¬l 9 q �l ' ( ï Q R?Ã «�: ¦ ¼ K % f�l à ; Q R ï Q R

?Ã «� Ø�� Ý Ù Î ËÌ�7 # À $ % &> ? ê� Ö k ��l à ; Q R ï Q R

?Ã «� > ? �Q R ï �� # À $ % &éê�¬ � $ Ã «� & ( ¯ 1 �w£ Í �

� > ? ê�j>�À ¯ � 4-2-1 ¡ � � Ã «Þ f�n º Q � í s¬l 9 q �l '

( ï Q R?Ã « # À $ % &� > ? ê�l à ; Q R ï Q R?Ã «� Ý Ù Î Ë

Ì�É � WST-1 t LDH � Ö k í s�¬l ± � � ° F G �� ± ² � �ª ³´�

fµ¶� Ý Ù Î �Ã «Þ f� 

                         � 4-2-1 
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� 4-2-1 Ã «Þ fÖ k í s(a) WST-1 Ö k í s(b) LDH Ö k í s(n=4, p�0.05)� 
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4.2.2 
 � � �  M N 2O P
 � � �  M N 2O P
 � � �  M N 2O P
 � � �  M N 2O P  

lö ÷ 0 1 �K L z � � ���}~���Ï f (¶ · �Ã «:ê�ÊÁ §

��ñ Y �7� ° F G ��wÄ Å Æ Ç È �( � }~��� Ã «�7¡$D Ó ¶

· �Ã «êJ � ~ � � ö ; �j>�� Flask �Q R C � 0 E ��rJ × �â î

ï ö ; ¡�? . 37°C e¶� � ` Q R�7 Ã « B � á ð �c d �( ��� 4-2-2

t� 4-2-3 $ � � Î Ü � Ô ? � 40}� e ¾ �Ã «óñ �� 4-2-2 $� ® Ó & (

� Z�}~��� Ã « Q R C � D ��Ã «óñ ����l & �Á �ØÙ �Å/

� � Y¬� � ��7� 4-2-3 O $ � á �E � Q R?}~��� Ã «�Ã «óñ

Î Ï ' �Á( � Ú ³d $ Z � �®F G & ( � � Z� 
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� 4-2-2 }~��� Ã « Q R C � D E �?Ã «óñ � 

 

� 4-2-3 F G ��Z[ ? � á E �}~��� Ã «� 
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Kluba� A [43]ß A I�}~��� Ã «�£6³ W � Q R (primary culture) 

6�10 � 15 Y�� +rß W � Q R 15 Y�}~��� Ã «�£ . Á ð � Flask

�t � Ã �� ± ² ? á ð � 6 7 À Âå � ��Q R 14 Y�� ¹ 8¬� ¼ � &+

, ) ø  (real-time polymerase chain reaction) ØÍ� º ö Ã «� Type II collagen

� Aggrecan � å j�ì¤ �� 2.2.2¨� ² �}~����Ã «+ å H e N �l

� Á � ¶ W V Ç t V Ç ¼ ½$��7 V Ç ¼ ½  l Aggrecan $= � É �j>�

y F G � Z�}~��� Ã «��	 ' å j�� Ó Î Ñ�ì¤ �Kluba� A [43]

�± ² í sÎ 4 �}~��� Ã «� Á ð c d Ô�ÐÑ Q RY:� & ��Type 

II collagen � Aggrecan �ì¤ ÓÎ Ñ�ÔÕ �t_ ß®� Á ð Q R ¯ & Ð �~�

Ã «�r³ C á ð c d �Q R�� � ¢ · �Ã «+ å H å j�ì¤ ê  ¬Ó Î Ñ

�� Ï � 

j>�� ° F G �ßÄ Å Æ Ç È �}~�����( � ¡��Á ð c d Ô6

³ Ã «� E � Q R�l f (¶ · �Ã «:ê�� e ¾ Ã «óñ t & ( �Ô ó�ß

Ã «óñ y Ó Î Ñ M 5 �Á ® Ó & ( � Z�Ã «� . á ð �µ¶�6³ Q R� 

 



 

 49 

4.2.3 Total DNA � q r� q r� q r� q r  

Ö · Z DNA éê¬} ø Ã «� & ( ì¤ �� 4-2-4 Î 4 }~��� Ã «�

£� 24���tµ¶�Q R á â ¡�Z DNA éê�n í s� Î 4 �Ã «�Á

ð � 24��� & ( � sÍá ð �µ¶ c d = �7 � ~ �µ¶�Ó Ý ' �Ù ¶�

Ã «� & ( � s� º Q �� Ý Î Ñ�ËÌ�n� Ã «¬�Á ð c d Ô Ó h ¸ � L

½�7Ã «�á ð �µ¶ c d � L ½� sÍË�j> & ( Í� Î Ñ� 

 

 

� 4-2-4 Ìã �C25 � C25G1 Q R?Z DNA éê(n=3, *, p�0.05)� 
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4.2.4 1,9-Dimethylmethylene Blue (DMMB) V e h i a j 27 k lV e h i a j 27 k lV e h i a j 27 k lV e h i a j 27 k l

m nm nm nm n  (Sulfated Glycosaminoglycans) o po po po p  

� 4-2-5 $7 8 Chondroitin-6-Sulfate ·� ? @ A ¼ �ß º � ël � Ë� > @

A ¼ l Ñ 9 ä À å ? æ ç ½èéê�� 4-2-6 ¬Î 4 Ìã Q RJ� C25 � C25G1

µ¶�Q R�Ã «� ä À å ? æ ç ½èéê�� º Q �� αë$ 0.05 ��Ì

ã Q RJ C25 �Ìã Q RJ C25G1�Ó Ó Î Ñ�ËÌ�7 C25 J C25G1 ~ ¾ �

T Ó Î Ñ�ËÌ�Ã «�á ð �µ¶ c d �( ��¬� ¸ Í i ä À å ? æ ç ½

è�7� 4-2-7 Î 4 ® ä À å ? ¼ æ ç ½èéêJZ DNA éê?Øë�> í s

¬ Î 4 � ô Ã «:Ô�Ã «�� ¸ � ® ä À å ? ¼ æ ç ½èéê�%��� ¬ �

Ò � Ó � �á ð �µ¶ c d �( ��Ã « � ± ¬� ¸ Í i � ® ä À å ? ¼ æ ç

½è� 

 

 

� 4-2-5 ä À å ? ¼ æ ç ½è? @ A ¼ � 
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� 4-2-6 Ìã �C25 � C25G1 Q R? ® ä À å ? ¼ æ ç ½èéê(n=3, *, p�

0.05)� 

 

� 4-2-7 Ìã �C25 � C25G1 Q R? ® ä À å ? ¼ æ ç ½èJZ DNA éêØë

(n=3, *, p�0.05)� 
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4.2.5 RNA � q r � z t u v w 7 � d x y u >� q r � z t u v w 7 � d x y u >� q r � z t u v w 7 � d x y u >� q r � z t u v w 7 � d x y u >  (real-time RT-PCR) 

� 4-2-8 Î 4 }~��� Ã «?Ã «+ å H å jì¤ í s��Ìã Q R�Ã

«� Í�type I collagen � å jì¤ ê Ó Î Ñ�ÔÕ �7� type II collagen �

Aggrecan ¾ �Ó Î Ñ�� Ï �� 4-2-9 Î 4 }~��� Ã «?� V � � å j?ì

¤ í s��Ìã Q R�Ã «� Í� MMP-3 � MMP-9 �ì¤ ê Ó Î Ñ�� Ï �

� 4-2-9 Î 4 }~��� Ã «? � e� � å j?ì¤ í s��Ìã Q R�Ã «�

Í�IGF-1�BMP-7 � TGF-βåjì¤êÓÓ��Ï� 

� á ð c d �( � � } ~ � � � Ã «�Ì ã Q R � Í Ô �type II collagen �

Aggrecan �ì¤êÓÎÑ ��Ï�type I collagen ì¤ê� Ô Õ �� 2.2.1 �²�

type II collagen � Aggrecan $ } ~ � � � ? Ã « + å H ? � � e � �7� � � �

} ~ � �� W ° U é µ � � � � � � � � ¤ � ð � �Ô ó �7Ã « + å H ��

Proteoglycan t type II collagen é ê� Ô Õ �j > �type II collagen � Aggrecan

�� êì¤�7 type I collagen ì¤ê� Ô Õ �Î 4 } ~ � � � Ã «� µ ¶ ��

® Ó � e �ô à ; ö ÷ ��Ã « + å H � � Z � 

�ô 2.3.1 ¨ �²�MMP-3 ¬ Õ V � á ��� - ��� / ��� D �¶ W V

Ç�k ¬ ì � � Á �¶ W V Ç� : Ô Õ  (telopeptide domain)� � + MMP-3k

÷ n ì � � � � V Ç (core protien) z Õ V V Ç¼ ½ � � � fibronectin�laminin

� �  MMP-9 ¾ � � � MMP ? � � gelatinases �& " �gelatinases ¬ Õ V � -

�� � / �� � � �� � P �� � P & �¶ W V Ç[12]��à ; ö ÷ ��Ã « +

å H �( e �� V � Ú � � � ñ ð � �j > ± ~ ¬ Z n � type II collagen �

Aggrecan ì¤ê��Ï�Ô MMP-3 � MMP-9 �ì¤êk � Õ Ñ �Ï�lð �

� e J � V � � � ð � �7 � ~ � l � . Ù ¶ � µ ¶ ��TIMP-1 �ì¤ê ¾ �

T ÓÎÑ � Ë Ì � 

� 2.2.2 ¨ �²� � i �F G � � TGF-β�IGF�BMP } } ~ � � � Ã «

ÓÎÑ � J K � � � " 6 V Ç¼ ½ �¶ W V Ç� � e ê�7 BMP-7 � � � �
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Aggrecan t Type II collagen � 	 ' åj�ì¤Ó × ³ � � ^ �� ° F G � BMP-7

�ì¤êÓÙ Î��Ï�7 Aggrecan t Type II collagen � 	 ' åj�ì¤êÓ

ÓÎÑ � & � � L ¤× ³ � � ^ �TGF-β�IGF-1 � � � Z " 6 } ~ � � � Ã «

� V Ç¼ ½ � � e ê[17,20,21]�Aggrecan $ V Ç¼ ½ �� � e � �� ° F G ��

TGF-β� IGF-1 �ì¤ê � Ï�7 Aggrecan �ìÎêkÓÎÑ ��Ï� 

 

 
� 4-2-8 Ã « + å H åj ? ì¤í s ��Ì ã Q R � Í � � � Ã « Q R � µ ¶

��Type I collagen ì¤êÔ Õ �Type II collagen t Aggrecan ì¤ê ¾ ÓÎÑ �

�Ï� 
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� 4-2-9 � V � � åj ? ì¤��Ì ã Q R � Í �� � Ã « Q R � µ ¶ ��TIMP-1

ì¤êÔ Õ �MMP-3 t MMP-9 ì¤ê ¾ ÓÎÑ ��Ï� 

 
� 4-2-10 � e � � åj ? ì¤��Ì ã Q R � Í � � � Ã « Q R � µ ¶ ��

IGF-1�BMP-7 t TGF��ì¤ê ¾ ÓÎÑ ��Ï� 
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���������������� � �� �� �� �  

° F G í s Î 4 �� ± ² � �º» ¼ ½ / Ù ¶ / õ ¾ ¿ À Á Â î ï � ± ¬ l�

( E � pH ë Ô � ò A K K ª ó e µ ¶ �Á Ð Ñ Ù ¶ � µ ¶ �� Ç Ø Ù ��Ï�

e ¶ � ° �� ~ Ù ÎÔ Õ ��Ì 7 8 º» ¼ ½ / õ ¾ ¿ À Á Â � Í Ô � ° F G �

± ² � �º» ¼ ½ / Ù ¶ / õ ¾ ¿ À Á Â µ ¶ �e ¶ K ¡ �Ê ³ ÓÎÑ ��Ï��

Õ V � Ö · � �Ð Ñ Ù ¶ � µ ¶ �� Ç Ø Ù ��Ï�: Õ V �1 ³ kÓ��Ï�

y z k ¬ 
 7 Ù ¶ � Ø Ù �z 	 
 e ¶ �� ~ �¶ K �Ê ³ �Õ V � Ú ³ �7(

) � ô f � Ö k í s kÎ 4 > � � � Ý Ù Î�Ã «Þ f � 

� } ~ � � � Ã «� µ ¶ ��ì¤�  � �O £ Ã « : êT ÓÎÑ ��Ï�

t Ã « + å H � ® ä À å ? ¼ æ ç ½ è é ê J DNA é ê ? Ø ë ÓÎÑ ��Ï�

� mRNAåjì¤ � �} ~ � � � � � �Ã « + å H Aggrecant Type II collagen

�ì¤êÓÎÑ ��Ï�Á � e � � �åj TGF-β�IGF-1 � BMP-7 �ì¤ê�

Ï�� H Ð MMP-3 � MMP-9 � V Ã « + å H �åjì¤�Ï�lð � Ã « +

å H � e t � V � � � ð � �Type I collagen �ì¤êÔ Õ �TIMP-1 �ì¤ê�

º» ¼ ½ / Ù ¶ / õ ¾ ¿ À Á Â �º» ¼ ½ / õ ¾ ¿ À Á Â � µ ¶ ��¾ � T ÓÎÑ

Ë Ì � 

É � l � í s ��º» ¼ ½ / Ù ¶ / õ ¾ ¿ À Á Â µ ¶ �( � � } ~ � � � Ã

«�O £ Ã «� & ( Ô ó y � ÎÑ �t � µ ¶ �( � � } ~ � � � Ã «® Ó � ¸

Ã « + å H � � Z �j > �lº» ¼ ½ / Ù ¶ / õ ¾ ¿ À Á Â · $ } ~ � � � Ã «

� ¸ K �¬ Ö � �  [ � ��Áº» ¼ ½ / Ù ¶ / õ ¾ ¿ À Á Â e ¶ ¡ �Ê ³ Í º

» ¼ ½ / õ ¾ ¿ À Á Â = �j > �� ° F G �� ± ² �¬ � õ �º» ¼ ½ / Ù ¶ /

õ ¾ ¿ À Á Â î ï�¬ � · y z � � � ¹ 8 Ã «� � } ~ � � � �& Á � � ¸ K

� � � 
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