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1.1

 2  (epidermis) 

 (regeneration)  (dermis) 

 (non-regeneration) 

[Jones, I. , 2002]

 (scaffold) 

 (fibroblast) 

(biocompatibility)

(collagen)



 1000 

 Arg-Gly-Asp (RGD)  cell surface binding domain 

 (contraction) [Lee, CH. ,

2001]

 (gelatin) 

 [Tabata, Y. , 1998] 

 fibroblast 

 [Lee, SB. 2003]

 (collagen hydrolysate, CH) 

 hydrolysis 

 (osteoarthritis) 

[Moskowitz, RW. 2000]
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 2 

     

2.1  (artificial dermis) 

 chitosan 

[Huang, Y. , 2005; Olsen, D. , 2003] 

 (migration) 

 (differentiation)

 [Jones, I. , 2002]

1.    Dermal Regeneration Template

(DRT) extracellular matrix (ECM) 

 glycosaminoglycan (GAG) 



- Biobrane:  Silicone, Nylon Mesh 

Silicone  Nylon Mesh 

- Integra:  Silicone,  GAG

2.  DRT 

- Transcyte:  Silicone, Nylon Mesh, 

fibroblast  fibroblast 

- Apligraf:  fibroblast 

keratinocytes   fibroblast  keratinocytes 

- Dermagraft:  polyglycolic acid (DexonTM)  polyglactin-

910 (VicrylTM)  fibroblast  fibroblast 

polyglycolic acid (DexonTM)  polyglactin-910 (VicrylTM)

3.

- Alloderm:  (allograft) 

- Cadaveric allograft:  –70 

 lyophilize 

 glycerol 

- Epicel:   keratinocytes  (autologous) 

 ECM 

- Laser skin:   keratinocytes  Epicel 

 hyaluronic acid 

 2.1 
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 2.1 

( : Jones, I., 2002; 55:185-193.) 
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2.2

 30 

 extracellular matrix (ECM) 

 10 

 2.2  

 Gly-X-Y  X  proline  Y  4-hydroxyproline  2.1 

 R-G-D peptide 

 [Friess, W. 1998] 

 polypeptide -chain 3 -chain  3 

 triplehelix [Gelse, K. , 2003]  2.2 

 [Rao, KP.,1995] 

sigma-aldrich  Johnson&Johnson 

[Auger, FA. , 1998]

 2.1  1 

       ( : Friess, W., 1998; 45: 113-136.) 
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 2.2  triple helix  1 

                                                  ( : Gelse, K., 2003; 55: 1531–1546.) 

 1 

 4  2.3  [Gelse, K. 

, 2003] 

- transcription  translation  mRNA 

- posttranslational modifications of collagen 

 3  C-propeptide  N-propeptide

- secretion of collagen 

 C-propeptide  C-proteinase  N-propeptide 

 N-proteinase 

- extracellular processing  modification

 3 

 2.2  

 [Friess, W. 1998   Lee, CH. ,  2001]
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-

-

-

-  (contraction) 

 glycine, proline  hydroxyproline 

 hydrophobic protein 

 tyrosine, tryptophan, isoleucine, cystine  histidine  [Neuman, RE. 1949] 

 2.3 
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 2.3  1 (SP: signal peptidase; GT: hydroxylysyl 

galactosyltransferase and galactosylhydroxylysyl glucosyltransferase; LH: lysyl hydroxylase; PH: prolyl 

hydroxylase; OTC: oligosaccharyl transferase complex; PDI: protein disulphide isomerase; PPI: peptidyl-prolyl 

cis-trans-isomerase; NP: procollagen N-proteinase; CP: procollagen C-proteinase; LO: lysyl oxidase; HSP47: 

heat shock protein 47, colligin1). 

( : Gelse, K., 2003; 55:1531– 1546.)
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 2.2

( : Gelse, K., 2003; 55:1531– 1546.) 
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 2.3

( / 100 ) ( / 100 )

Glycine 29.60 30.50

Alanine 9.20 9.20

Isoleucine 1.70 1.50

Leucine 3.70 3.20

Valine 2.50 2.70

Serine 5.90 2.90

Threonine 3.50 2.20

Proline 13.70 16.30

Phenylalanine 2.40 2.10

Tyrosine 0.86 0.69

Tryptophan - -

Methionine 2.30 0.80

Cystine 0.12 0.09

Histidine 0.94 0.67

Arginine 9.40 8.80

Lysine 5.60 5.10

Aspartic acid 7.10 6.30

Glutamine acid 11.50 11.70

( : Neuman, RE., 1949; 289-297.)
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2.3  (collagen hydrolysate)

 3,000 

 tryptophan  cysteine  [Moskowitz, 

RW. 2000] 

 hydrolysis 

 (osteoarthritis)  (osteoporosis) 

. . 2000 RW. Moskowitz  Pharmaceutical-grade collagen hydrolysate 

(PCH)  Phamaceutical gelatin  hydrolysis 

 PCH 10 

 hydroxyproline 

 (food safety)  GRAS status  US Food and Drug 

Administration (FDA)  (chronic disorder) 

 European patent No 0254289 [European patent No 0254289 Agents for the 

treatment of osteoarthritis, 1986, based on a study by Prof Adam]

. . 1995 V. Semrl-kosmac 

 condensate 

14



condensate  ethylene  propylene oxide 

 infrared (IR)  nuclear magnetic resonance (NMR) spectroscopies  

 IR  condensate 

ethylene  propylene oxide  NMR 

 ethylene  propylene oxide 

ethylene  propylene oxide  -NH2

 peak  –NH2  ethylene 

 propylene oxide 

ethylene  propylene oxide 

 hydroxyproline (Hyp) 

 phenylthiocarbamyl (PTC) 

 high-performance liquid chromatography (HPLC) 

spectrophotometric detection  Hyp 

 gradient . . 1989 J. Macek  proline 

hydroxyproline  HPLC  C8 column 

sodium dodecyl sulphate  water – n – propanol  (pH 2.6)  0.6 /

 hydroxyproline  proline  5  8 

column

 glutamic acid, hydroxyproline, serine, glycine  proline  [Dunphy, MJ., 

, 1987 ]

. . 2003 P. Alexy 

poly (vinyl alcohol) (PVA) 

 melt blow  extrusion 

 tensile strength 

 tensile strength 

15



 anaerobic biodegradation 

 PVA  P. Alexy 

 PVA 

 glycerol  PVA  PVA 

 organic carbon elimination 

( )

 20 

 5 

 tensile strength 

2.4  (gelatin)

 100,000 

 acidic  alkaline process 

Basic gelatin  A  Acidic gelatin  B 

 2.3 

 [Young, S. ,

2005]

 2  [Tabata, Y. 1998] 

1. Basic gelatin (Type A gelatin):  acid process  2.4 

Isoelectric point (pI)  9.0 

16



2. Acidic gelatin (Type B gelatin):  alkaline process  2.4 

hydrolysis  amide  carboxyl 

 Isoelectric point (pI)  5.0

glycine, proline  hydroxyproline

 glycine-X-Y   X  Y  proline  hydroxyproline 

 2.5

    

 2.4  acidic gelatin  basic gelatin

( : Tabata, Y., 1998; 31: 287-301.) 

17



    R = glycine-X-Y triplet 

         X  Y  proline  hydroxyl proline 

 2.5

( : Lee, SB., 2005; 24: 2503-2511.)

 19  glycine, 

proline  hydroxyproline 

methionine, tyrosine  cystine 

hydrophilic  [Neuman, RE. 1949] 

 2.3

2.5  (scaffold) 

 (differentiation) 

 [Ma, PX. 

2004]

 Extracellular matrix (ECM)  [Badylak, SF. 2004] 

18



- :  ECM 

- proteoglycans (PG):  collagenous glycoproteins 

glycosaminoglycan (GAG)  PG  Decorin, biglycan, 

fibromodluin,  lumican  epiphycan 

hydration  ECM 

- glycoproteins (GP):  fibronectin (FN)  RGD sequence    

- growth factors: 

 transforming growth factor beta (TGF- )  basic fibroblast  

growth factor (bFGF)

2.5.1)

. . 2003 SB. Lee 

 fibroblast  90  fibroblast 

 fibroblast  2 

 100-200  [Freyman, TM. 2001]

2.5.2)

. . 1994 TA. Shafritz 

 50  (half life) 

 1 (crosslink)

 2  4  [Yannas, IV. 2001] 

 (crosslink) 

 dehydrothermal treatment (DHT) 

19



 UV-irradiation  aldehyde 

(formaldehyde, glutaraldehyde, glyceraldehyde),1-ethyl-3-(3–dimethylaminopropyl) carbodiimide 

hydrochloride (EDC),  polyepoxides  isocyanates [Young, S. , 2005] 

 carbodiimide hydrochloride (EDC) 

 EDC  O-acylisourea (III)  O-acylisourea 

N-hydroxysuccinimide (NHS) (VI)  NHS

 O-acylisourea 

 [Damink, LO. , 1996]  2.6

EDC O-acylisourea

NHS

 2.6  EDC  NHS 

( : Damink, LO., 1996; 17: 765-773.) 

 glutaraldehyde  (GA)  aldehyde  GA (II) 

-amine  lysine  hydroxylysine   1 

 (IV), (VI)  (VII) [Sheu, MT. , 2001] 

 2.7

20



GA

 2.7  glutaraldehyde 

      ( : Sheu, MT., 2001; 22: 1713-1719.) 

 EDC  GA  EDC 

 1-ethyl-3-(3-

dimethyl aminopropyl) urea 

 EDC 

 EDC 

[Liu, H. , 2004]  GA  GA 

 aldehyde 

glycine  GA  [Ozeki, M., 2004] 

 GA  GA 

 [Goissis, G. , 1998] GA 

   [U.S. Food and Drug Administration. March 3, 2006]

2.5.3)

 compression test  tensile test 

Young Modulus 

 [Naughton, GK. , 2002] . . 2001 Freyman, TM. 

21



 compression test  collagen-GAG 

 Young Modulus  0.02 

2.5.4)

 [Gatti, AM. 2002] 

- Cytotoxicity:

 (in vitro)

 cytotoxicity 

 3  

(direct contact) ,  diffusion layer  agar 

 (indirect contact)  elution test 

- Genotoxicity:

- Carcinogenicity:

 polyethylene 

- Reproductive Toxicity: 

- Irritation and Sensitization: 

 patch test 

22



- Systemic Toxicity: 

- Immune response: 

Hypersensitive, Chronic inflammation, Immunosuppression, 

Immunostimulation  Autoimmunity 

- Hemocompatibility:

 thrombin 

 RGD 

 RGD  integrin receptor 

 integrin receptor 

 [Lee, SB. , 2003] 

 fibroblast  [Lee, SB. , 2003] 

 chitosan 

hyaluronic acid  fibroblast 

 [Liu, H. , 2004] 

chitosan  hyaluronic acid   fibroblast 

 [Mao, JS. , 2003]

 salt-leaching 

salt-leaching

 [Lee, SB.  2005]  

 growth 

factor  EGF [Hong, SR. , 2001]

 2.4

23



24

2.5.5)

 (Water 

contact angle)  hydrophobicity  hydrophilicity 

 (cohesive force) 

 (adhesive force) 

 ( lv )

 ( sl)  contact angle ( )

 [Ratner, BD. , 2004]  2.8 

 65 

hydrophobicity  65 

 hydrophilicity [Vogler, EA. 1998] 

 contact angle  [Ratner, BD. , 2004] 

                                      

 2.8  sessile drop 

       ( : Ratner, BD., 2004.) 

-
-
- lv

-

sv

lv

sl



 2.4

/

(application)

/

hydrogel

hydrogel

 Growth 

factor

 Growth 

factor

hydrogel

glutaraldehyde

 4   12 

  glycine 

  aldehyde    3 

 37 

 bFGF

 hydrogel 

 glutaraldehyde  

12  37 

glycine  2 

 -20, -80  N2(l)

 hydrogel   bFGF 

(basic fibroblast growth factor) bFGF  basic 

gelatin

bFGF  acidic gelatin 

 hydrogel 

 hydrogel 

 hydrogel 

 2  (two-

dimension)  hydrogel 

 -20  3 

 250 

–80  2 

 85 

Tabata, Y. 

(1999)

Kang, HW. 

(1999)

25



/

(application)

/

 antibiotic  EGF 

 (GH-

normal, GH-AgSD, GH-EGF, GH-AgSD 

 EGF)  (Wistar rat) 

/hyaluronic

acid

(G)  hyalyronic acid(H) 9:1

 30 

 -70 

 -50  24 

 acetone  20  EDC 

100  24 

3  EDC  1 

 sterilize  ethylene oxide gas 

 6  antibiotic, epidermal 

growth factor (EGF)  AgSD

-glucan

   

 EDC 

/ -glucan

fibroblast

Lee, SB. (2003) 

Hong, SR. (2001)
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/

(application) /

/

chitosan/

hyaluronic acid 

/

chondroitin/

hyaluronan

, chitosan   hyaluronic acid 

2:7:1 

  EDC   MES(2-

morpholinoethane sulphonic acid)

, chondroitin   hyaluronan (pH 5-6) 

  EDC 2-3   25 

 –20  1 

  –70   1 

 72 

  EDC   24 

 72 

 hyaluronic  acid   water uptake 

  retention ability 

hyaluronic acid 

 fibroblast 

hyaluronic acid 

hyaluronic acid 

  180 

   75 

/chondroitin/hyaluronan

spinner flask      petri dish   spinner flask 

 chondrocyte  

  petri dish 

Liu, H. 

(2004)

Change,

CH. (2003) 
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/

(application)

/

/chitosan

/chitosan

 chitosan 

 lyophilizing plate 

 -56 ,

 -60 ,  -20 

 -40 

lysozyme

 chitosan 

  EDC, NHS  MES buffer 

  hyaluonic acid (HA)  2 

(microparticle)  -60

 (monolayer)  -40

 (bilayer) 

 -60 

  -20  -40 

 lysozyme 

 fibroblast 

/chitosan/hyaluronic acid 

 hyaluronic acid 

 fibroblast 

Mao, JS. 

(2003)

Mao, JS. 

(2003)
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29

/

(application)

/

Salt-leaching

 salt-leaching 

 350 

  salt-leaching 

 salt-

leaching

 fibroblast 

 salt-

leaching

Lee, SB.

(2005)



30

/

(application)

/

Chong, EJ.

(2007)

Zang, YZ. 

(2006)

 HDF 

 polyurethane wound dressing 

 polyurethane 

wound dressing 

 GA 

 tensile 

 HDF 

(Human dermal fibroblast)

 PCL,  TFE 

 PCL/TFE (  10 

) /TFE (  10 

)  50:50 

 electrospinning  spin 

polyurethane wound dressing (Tegaderm wound 

dressing)

 TFE 

(2,2,2-trifluoroethanol) (  10 

)

6

 (nanofibrous scaffolds) 

electrospin gelatin 

glutaraldehyde (GA) 

 2  treatment 

 100  GA 

PCL (poly(e-

caprolactone))

/



 3

3.1

 2 

 3.1  3.2

  2

-  (blend) 

-
(surface modification) 



(Surface modification) 

                                                          

 3.1 

: * DHT: Dehydrothermal treatment 

Code % gelatin % CH 

G100 100 0

G91 90 10

G82 80 20

G73 70 30

G64 60 40

Code % CH 

G100* 0

1CH 1

2CH 2

4CH 4
Code % CH 

G100*-EDC 0

1CH-EDC 1

2CH-EDC 2

4CH-EDC 4

Lab grade Gelatin + collagen 

hydrolysate(CH) (0.8%wt/wt) Food grade 

 (blend)

Freeze dry

(Freeze -50 oC overnight, 

Lyophilize -50 oC 24 h)

DHT 140 o C 48 h

Soaked in

 EDC/ NHS Solution 

(14 mM/5.5 mM)

Freeze dry

(Freeze -50 oC overnight, 

Lyophilize -50 oC 24 h)

Gelatin(0.8% wt/wt) 

Freeze dry

(Freeze -50 oC overnight, 

Lyophilize -50 oC 24 h) 

140 o C 48 hDHT

Soak in CH solution

Concentration: 1, 2, 4 % 

Freeze dry

(Freeze -50 oC overnight, 

Lyophilize -50 oC 24 h) 

105 o C 24 hDHT
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 3.2 

(Swelling ratio)

(in vitro biocompatibility)

(Compressive modulus)

(Td)

(TNBS)

(Water contact angle)

SEM

 (sponge)  (films) 

(in vitro biocompatibility)

(in vitro biodegradation)
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3.2

.

- Type A gelatin powder (116g bloom, pH 4.5, pI 9, lab grade, Ajax 

Finechem, NSW, Australia) 

- Type A gelatin (300 bloom, pI 9, food grade, Nitta Gelatin Inc., Tokyo, 

Japan ) 

- collagen solution (pH 3.1, Nitta Gelatin Inc., Tokyo, Japan) 

- collagen hydrolysate (Taming, Thailand) 

- 2,4,6-trinitrobenzene sulphonic acid (TNBS) (nacalai tesque, Japan) 

- -Alanine (Nacalai Tesque, Inc., Kyoto, Japan) 

- sodium hydrogen carbonate (NaHCO3 99%, Fluka, Buchs, Germany) 

- sodium dihydrogen phosphate monohydrate (NaH2PO4 H2O, Merck, 

Darmstadt, Germany) 

- sodium phosphate dibasic heptahydrate (Na2HPO4 7H2O, Sigma Co., St. 

Louis, USA) 

- dimethylaminopropyl carbodiimide hydrochloride (EDC) (nacalai tesque, 

Japan)

- N-hydroxysuccinimide (NHS) (nacalai tesque, Japan) 

- enzyme bacterial collagenase (Sigma-Aldrich, St. Louis, USA) 

- Fetal Bovine Serum (FBS) (Invitrogen Corp., Paisley, UK) 

- Glycine ultrapure (Usb Corporation , USA) 

- mouse skin fibroblasts (L929 or murine fibroblasts) 

- Dulbecco’s modified eagle medium, DMEM (10%medium + L-glutamine + 

AB, Hyclone, Utah, USA) 

- trypsin-EDTA (0.25% trypsin with EDTA Na, Gibco BRL, Canada) 

- 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (USB 

corporation, Cleveland, OH, USA) 

34



- dimethylsulfoxide, DMSO (Sigma-Aldrich, Germany) 

- hydrochloric acid (HCl 36.5-38%, J.T. Baker, NJ, USA) 

- ethanol (99.7-100%, VWR International Ltd., Poole Dorset, United 

Kingdom)

- potassium chloride (Sigma, Germany) 

- potassium dihydrogen phosphate (Merck, Germany) 

- sodium chloride (Usb corporation, USA) 

- hexamethyldisilazane, HMDS (Sigma-Aldrich, Germany) 

.

- 1-digit balance (Mettler Toledo, Switzerland)

- 4-digit balance (Mettler Toledo, Switzerland)

- magnetic stirrer / hot plate (RCT Basic, Ika labortechnik, Germany)

- autoclave (HVE 25/50, Hirayama, Japan)

- kim-wipe paper (SR Lab, Thailand)

- desiccator (SR Lab, Thailand)

- -40°C freezer (Revco)

- water bath (1235 PC, Shel-Lab)

- lyophilizer (Heto, PowerDry LL3000, USA)

- vacuum oven (VD23, USA)

- Universal Testing Machine (Instron  No. 5567, USA)

- Thermogravimetric/Differential Analyzer, TG/DTA (Diamond, Perkin 

Elmer, USA)

- Contact Angle Meter, CAM (RE0110, UK)

- scanning electron microscopy, SEM (JSM-5400, JEOL Ltd., Tokyo, Japan)

- CO2 incubator (Series II 3110 water jacketed incubator, Thermo Forma, 

USA)

- laminar flow hood (BH 18, Labcaire)
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- pH meter (professional meter PP-50, Germany)

- polystyrene tissue culture discs (NUNC, Denmark)

- 24-well polystyrene tissue culture plates (NUNC, Denmark)

- Micropipette (Pipetman P20, P200, P1000 and P5000, USA)

- Spectrophotometer (Thermo Spectronic, Genesys 10UV scanning) 

3.3

3.3.1

3.3.1.1)

1.  pH 3 (  pH  acetic 

acid)  1 

pH 3  37  1 

2.

pH 3  pH  4.5-5.0  37 

 30 

3.

 37  1.5 

 polystyrene  24  0.75 

 -50  6 

 Lyophilizer  -50  24 

4.  140 

 48  (Vacuum oven)  

/

 3.1 
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 3.1 /  (

0.8 )

( ) ( )

G100 100 0

G91 90 10

G82 80 20

G73 70 30

G64 60 40

3.3.1.2)

1.

 pH 3 ( 1, 2  4 )  37 

 30 

2.  G100 

 15 

 0.75  G100   1 

3.  -50  6 

 Lyophilizer  -50  24 

4.  105 

 24

 3.2 

37



 3.2 

( )

G100* 0

1CH 1

2CH 2

4CH 4

3.3.1.3)   EDC/NHS 

1.  G100, 1CH, 2CH  4CH 

 (  3.3.1.2) 

 EDC  14  NHS 

5.5  2  (vacuum 

dessicator)

2.  3  1  1 

3.  -50  6 

 Lyophilizer  -50  24 

3.3

 3.3 

( )

G100*-EDC 0

1CH-EDC 1

2CH-EDC 2

4CH-EDC 4
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3.3.1.4)

1.  pH 3 ( 0.05, 0.1 

 0.2 )  37  2 

2.  G100 

 1  15  0.75 

 G100   1 

3.  -50  6 

 Lyophilizer  -50  24 

4.  Dehydrothermal treatment  105 

 24

 3.4 

 3.4 

( )

G100* 0

0.05C 0.05

0.1C 0.1

0.2C 0.2

3.3.1.5)  (cover 

glass slip) 

 2  3 

39



 (in vitro biocompatibility) 

 5  48 

 cover glass slip 

1.

- (  0.8 )

 pH 3  1 

-
80:20 (  0.8 )  pH 3 

 37  1 

-  (  2 )

 pH 3 

 37  30 

-  0.2 

pH 3  37  2 

2.  0.5 

 1  2 

3.  3.5 

40



 3.5

G100 DHT 140  48 

G82 / DHT 140  48 

G100* DHT 140  48  105 

 24 

2CH / DHT 140  48  105 

 24 

G100-EDC DHT 140  48 ,

105  24 

 EDC/NHS (14 /5.5 )

 2 

 3  1 

1

2CH-EDC / DHT 140  48 ,

105  24 

 EDC/NHS (14 /5.5 )

 2 

 3  1 

1

0.2C DHT 140  48  105 

 24 

: DHT  10-4

3.3.1.6)  (glass slide) 

 hydrophilicity 

 hydrophobicity  Contact Angle Meter 

(CAM)
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1.  0.2  2.25 

 37  2 

2.

 3 

3.  3.6 

4.  1

:

 3.6

G100,G91

G82,G73,

G64

/ DHT 140  48 

G100*,1CH,

2CH, 4CH 

/ DHT 140  48  105 

 24 

G100*-EDC,

1CH-EDC,

2CH-EDC

/ DHT 140  48 , 105 

 24 

 EDC/NHS (14 /5.5 )

2  3  1 

 1 

G100*,0.05C.

0.1C, 0.2C 

/ DHT 140  48  105 

 24 
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3.3.2

3.3.2.1        

)

 (Scanning electron microscope  SEM) 

     

)

 [Karageorgiou, V. 

2005]

 HW. Kang [Kang, HW. 

, 1999]  100 

 100 

)

(swelling)

 metabolite 

 SJ. Mao  [Mao, SJ. , 2003] 

 PBS buffer  pH 7.4  37 

 3  10 

 (swelling ratio) 

o

so

W
WW 0                            swelling ratio = 

Wso

Wo
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.1

)  (Degradation temperature, Td)

 Thermogravimetric/Differential 

Analyzer (TG/DTA)  Td

 Td

 Td  onset 

.2

 3.3.2.2 

    

(compression test)  SB. Lee (2003)  Compressive modulus 

  Universal testing machine (Instron 

No.5567, USA)  constant tensile deformation rate (0.5 / )  25 

 Compressive modulus 

(%)
)(

strain
kPastress

Compressive modulus = 

.3

3.3.2.3

)

 (Degree of crosslinking) 

N. Nagai [Nagai, N. , 2004]  2,4,6-trinitro-benzensulfonic acid (TNBS) 

44



TNBS   –NH2  –NH2

.4

)

 (Water contact angle) 

 hydrophobicity  hydrophilicity 

 3.3.1.5  Contact Angle 

Meter (CAM) (RE0110, UK) .5

 hydrophobicity  hydrophilicity 

 65  hydrophobicity 

 65 

hydrophilicity [Vogler, EA. 1998] 

3.3.2.4

       

)

(in vitro biodegradation)  2  4  [Yannas, IV. 2001] 

 (collagenase) 

 YS. Pek [Pek, YS. , 2003] 

phosphate-buffered saline (PBS buffer)  pH 7.4  0.01 /

 (0.1 / )  37  6, 24, 48, 72, 

96, 120, 144  168  3  30 
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100100
o

to

W
WW

        = 

Wo Wt
.6

)

 (in vitro biocompatibility)

 L929 mouse fibroblast 

 5  48 

 MTT assay  H. Liu (2004) 

.1  MTT assay 

.2

3.3.2.5

 3 

 t-test  p<0.05 
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 4 

/

 EDC/NHS  4.1 

  (Water contact angle)

(in vitro biodegradation) 

(in vitro biocompatibility) ( )

 (TNBS)

(Compressive modulus)

(Td)

(Swelling ratio)

SEM

( )

 4.1 



4.1  (blend)

4.1.1

 (  0.8 )  4.2 

 lab grade 

 food grade 

 100-150  (  4.3) 

 100-200  fibroblast 

 20  [Freyman, TM. 2001] 

 lab grade, food grade 

 (  : )

4.1  4.2  lab grade 

 G91  G82  24.8 – 26.6  G73  G64 

11.5-12.0 

 (0.75 )  G73  G64 

 G91  G82   food grade 

 G82, G73  G64  12.0  G100 

G91  22.6 

 lab grade  6.28-7.24  G73  G64 

 G100 

 lab grade  food grade 
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6.44-6.60

 lab grade  food grade 

  a

G100

G91

G82

G73

G64

 4.2 

 (  : )

 0.8 
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0

50

100

150

200

250

300

G100 G91 G82 G73 G64

 (
)

 lab grade

 food grade

 4.3 

 (  : )  (mean ± SD, n = 200) 

*  G100  P<0.05 

#  food grade  lab grade   P<0.05

 4.1 

 lab grade 

(  : )   (mean ± SD, n = 5) 

 lab grade 

( ) ( ) ( ) ( )

G100 14.11 ± 0.12 3.58 ± 0.30 6.66 ± 0.11 0.55 ± 0.04 26.66 ± 1.33 

G91 14.34 ± 0.11* 3.57 ± 0.15 6.38 ± 0.42 0.57 ± 0.02 24.88 ± 2.77 

G82 14.35 ± 0.22 3.53 ± 0.27 7.04 ± 0.61 0.56 ± 0.03 24.88 ± 3.35 

G73 14.68 ± 0.27* 3.88 ± 0.33   6.28 ± 0.08* 0.65 ± 0.06* 12.00 ± 3.52* 

G64 14.53 ± 0.16* 4.03 ± 0.12* 6.28 ± 0.08* 0.66 ± 0.02* 11.55 ± 3.35* 

*  G100  P<0.05 

:  1)  = 0.75 

   2)  0.8 

50



 4.2 

 food grade 

(  : )  (mean ± SD, n = 5)

 food grade 

( ) ( ) ( ) ( )

G100 14.19 ± 0.11 3.55 ± 0.25 6.60 ± 0.10 0.56 ± 0.04 22.66 ± 2.66 

G91 14.32 ± 0.21 3.73 ± 0.43 6.44 ± 0.26 0.59 ± 0.07 22.66 ± 3.52 

G82 14.28 ± 0.17 3.88 ± 0.25* 6.58 ± 0.04 0.62 ± 0.04* 12.00 ± 2.66* 

G73 14.48 ± 0.08* 4.12 ± 0.38* 6.50 ± 0.14 0.67 ± 0.06* 12.00 ± 2.03* 

G64 14.73 ± 0.19* 3.66 ± 0.54 6.54 ± 0.05 0.62 ± 0.09 12.00 ± 2.66* 

*  G100  P<0.05 

:  1)  = 0.75 

   2)  0.8 

 [Liu, H. , 2004]  

 lab grade  food grade 

 100:0, 90:10, 80:20, 70:30  60:40 (G100, G91, 

G82, G73  G64 )

(  4.4)  lab grade  2.0-3.5 
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G73  G64  G100 

 food grade  2.5-7.5 

 G82, G73 

G64  G100 

 food grade  lab grade 

 (  4.1  4.2) 

0

2

4

6

8

10

12

14

16

G100 G91 G82 G73 G64

 lab grade

 food grade

#

#

#

*
*

*
**

 4.4 

 (  : )  (mean ± SD, n = 4) 

*  G100  P<0.05 

#  food grade  lab grade   P<0.05
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 (Compressive modulus) 

 [Naughton, GK. , 2002; Freyman, TM. 2001] 

 4.5 

 lab grade  0.05 – 0.20 

 G73  G64 

 G100 

 food grade  0.05 – 0.25 

 G100 

 lab grade  food 

grade

 bloom  food grade  lab grade  bloom 

 300  116 

 Freyman, TM. . . 2001  Compressive modulus 

 collagen-GAG  0.029 

  food grade  lab grade (  4.4 

 4.5)  food grade 
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54

0

0.1

0.2

0.3

0.4

0.5

G100 G91 G82 G73 G64

 (
)  lab grade

 food grade

#

#

#
#

*

*
* *

*
*

 4.5 

 (  : )

(mean ± SD, n = 6) 

*  G100  P<0.05 

#   food grade  lab grade   P<0.05

 (Td)

 G100, G91, G82, G73  G64 

 Thermogravimetric/Differential Analyzer 

(TG/DTA)  Onset 

Thermogravimetric/Differential Analyzer (TG/DTA)  4.6 

 G100  G64  281.4 

 274.1  274-

281  (  4.3) 

 G64 

G100

 USP grade (

 United States Pharmacopoeia 



 (pharmaceutical grade))  296 

 sorbital 

 plasticizer  sorbital 

 [Barreto, PLM. 2002]

4.3  (mean ± SD, n = 3) 

Td ( )

G100 281.6  ± 3.1 

G91 277.1 ± 4.7 

G82 275.2 ± 3.8

G73 275.5 ± 3.4 

G64 274.0 ± 3.0* 

*  G100  P<0.05 

0

10

20

30

40

50

60

70

80

90

100

0 100 200 300 400 500 600 700 800 900

 ( )

G100

G64

Td ( )

274.1

281.4

 4.6  G100  G64 

 Onset  Thermogravimetric/ 

Differential Analyzer (TG/DTA)   
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 4.1.2 

.  (Degree of crosslinking) 

 2,4,6-trinitro-benzensulfonic acid 

(TNBS)   –NH2  [Sheu, MT. ,

2001]  TNBS 

0.8

 4.7 

 (Dehydrothermal 

treatment)  1  condensation 

(-NH2)  (-COOH) 

 peptide [Nagai, N. , 2004] 

 5-25 

 G64  G100 

 –NH2

 [Liu, H. , 2004] 

 (compressive modulus)  G64 

 (

 1,000-3,000 )
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0

5

10

15

20

25

G100 G91 G82 G73 G64

*

*

 4.7 

 (  : )   (mean ± SD, n = 4) 

*  G100  P<0.05

 P<0.05 

.  (water contact angle) 

/

 (hydrophillicity)

(hydrophobicity)  4.4 

 G100 

57



 genipin  glutaraldehyde 

 [Hench, LL. 1982]

 4.4 

 (  : )  (mean ± SD, n=4) 

 ( )

G100 102.5±1.6

G91 85.6±0.5*

G82 72.7±1.0*

G73 66.5±0.6*

G64 64.1±1.6*

*  G100  P<0.05 

4.1.3

.  (in vitro biodegradation) 

 (collagenase) [Lee, SB. 2003; Ma, L. 2004] 

5.5 ± 0.12  0.01 /

(1  = 125 )  37 

[Campbell, N.A. , 1999] 

 0.01 /  2-4  (  4.8) 

(  1,000 - 3,000 )  (  100,000 )
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59

 PBS 

 (hydrophilicity) 

 (  4.5  4.3) 

 2 – 4   [Yannas, 2001] 

 0.1 /

 (haft life, t1/2)

 4.5

0

10
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90

100

0 20 40 60 80 100 120 140 160 180

 ( )

G100

G91

G82

G73

G64

 4.8 

 (  : )  (0.01 /

) (mean ± SD, n=4)



 4.5  (haft life) 

 ( : )

haft life; t1/2 ( )

G100 75.2

G91 52.1

G82 32.0

G73 17.5

G64 8.2

: t1/2  50 

 Excel

.

                    (in vitro biocompatibiliy)

 L929 (mouse fibroblast) 

 48  (  4.9) 

 G73   G64 

 G100  100 

 G64 

 G64  48 

 G64 

 G100 

 Arg-Gly-Asp (RGD)-like sequence 

 (RGD)-like sequence 

integrin receptor  [Huang, Y. , 2005] 
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G100 G91 G82 G73 G64

*

 4.9  (  L929) 

 48  ( :

30,000 / )

*  G100  P<0.05

 P<0.05

 L929  5 

 48  (  4.10) 

 G82 

 G100  Doubling time 

(tD)  2  G100  15 

 G82  18  G100 
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 4.9

0

100

200

300

400

500

600

700

5 48
 ( )

G100

G82

 4.10  (  L929)  G100  G82 

 5  48  ( : 30,000 / )

*  G100  P<0.05 

 P<0.05

 (  : )

 7 

4.11

 7  G73  G64 
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G100

G91

G82

 4.11 

 100:0 (G100), 90:10(G91)  80:20(G82)  7 
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4.2

 G100 

 1, 2  4  (1CH, 2CH  4CH) 

 (DHT)  140 

 48 

 24  105 

 24 

4.2.1

 G100  4.12

G100*  70-150  (  4.13) 

 4.6 

 0.75   2CH  4CH 

 G100 

 4.2 

 1CH, 2CH  4CH 

 G100* 
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G100* 1CH

2CH 4CH

 4.12 
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0

50

100

150

200

250

300

G100* 1CH 2CH 4CH

 (
)

 4.13 

 (mean ± SD, n=200)  * 

G100*  P<0.05

P<0.05

 4.6 

(mean ± SD, n = 5) 

( ) ( ) ( ) ( )

G100* 14.06 ± 0.11 3.89 ± 0.16 6.4 ± 0.07 0.60 ± 0.02 17.33 ± 2.66 

1CH 14.84 ± 0.15* 3.97 ± 0.21 14.02 ± 0.11* 0.68 ± 0.04* 17.33 ± 4.07 

2CH 14.93 ± 0.05* 4.13 ± 0.13* 21.02 ± 0.59* 0.72 ± 0.02* 6.66 ± 2.66* 

4CH 14.93 ± 0.10* 4.03 ± 0.27 37.22 ± 1.15* 0.70 ± 0.06* 4.00 ± 2.66* 

*  G100*  P<0.05

:  = 0.75 
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 1-12 

1CH, 2CH  4CH  G100* (  4.14) 

 3 (
4.6)

0

2

4

6

8

10

12

14

16

G100* 1CH 2CH 4CH

*

 *

*

 4.14 

 (mean ± SD, n=4) 

*  G100*  P<0.05 

 P<0.05 

 0.25 – 3.5 

(  4.15) 

 1CH, 2CH  4CH  G100* 

 4.1.2 .
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 (total solid) 

 4.14  4.15 

 G100*

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

G100* 1CH 2CH 4CH

 (
) *

*

 4.15  (compressive modulus) 

 (mean ± SD, n=6) *  G100*  P<0.05 

 P<0.05 

 267-283      

 (  4.7) 

 4CH

 G100* 
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 G100*  4.1.1 

 4.7  

 (mean ± SD, n=4) 

Td ( )

G100* 283.1 ± 0.3 

1CH 270.7 ±1.6 

2CH 271.9 ±1.8 

4CH 266.7 ±1.0* 

*  G100  P<0.05 

4.2.2

.

 50 – 104   (  4.7) 

1CH, 2CH  4CH  G100* 

 4CH 

 4 

69



 4.8 

(mean ± SD, n=4) 

 ( )

G100* 103.1±1.41

1CH 84.1±1.9*

2CH 74.2±2.9*

4CH 49.7±1.5*

*  G100*  P<0.05 

4.2.3

.  (in vitro biodegradation) 

 0.01 /  37 

 pH 7.4  4-5 

 (  4.16)

 (  4.14)  (  4.15) 

 PBS 

 (  4.8) 

 2CH  4CH 
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 6 

 4CH  2CH 

 4 

 t1/2  8  (  4.9) 

 4.16  8 

 G100 

 140  48 

 G100*  140 

 48  105  24 
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100

0 20 40 60 80 100 120 140 160 180

 ( )

G100*

1CH

2CH

4CH

 4.16

 (0.01 / )

(mean ± SD, n=4)



 4.9  (haft life) 

haft life; t1/2 ( )

G100* 70

1CH 8

2CH 8

4CH 8

.  (in vitro biocompatibiliy)

 L929 (mouse fibroblast)  48 

(  4.17)  4CH 

 G100*  100 

 L929  (  4.9)

 L929 

 (  4.18) 

 5  48  2CH 

 G100*  5  100 

 2CH 

 G100*  48 

 Doubling time  G100*  46 

 2CH  41 

 L929 mouse fibroblast 

 5   48  (  4.10) 
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 48 

 G100* 

 (cell activity) 

 4  4.19 

 L929 

 48  (  4.20) 

 4.21 

0

20

40

60

80

100

120

140

160

180

200

G100* 1CH 2CH 4CH

 4.17  (  L929) 

 48 

( : 30,000 / )

*  G100*  P<0.05 

 P<0.05 

73



0
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400
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700

5 48

 ( )

G100*

2CH

 4.18  (  L929)  G100*  2CH 

 5  48  ( : 30,000 / )

*  G100*  P<0.05 

 P<0.05 
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C 1
C 2
C 3
C 4

 4.19 

G100

C1  

1CH 2CH 4CH

C2

C4

C3

 4.20  L929 

 48 
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750xG100 2000x

1CH

2CH

4CH

 4.21  L929 

 48 
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4.3  EDC/NHS 

 4.2 

 EDC/NHS (1-ethyl-3-(3-dimethylaminopropyl)-

carbodiimide hydrochloride/N-hydroxysuccinimide) 

 glutaraldehyde (GA) [Rault, I. , 1996]  EDC 

coupling reagent 

 EDC 

 O-acylisourea (III)  O-acylisourea 

 NHS

 NHS  O-acylisourea 

 (  2.6) 

 EDC/NHS 

 (G100*, 1CH, 2CH  4CH) 

 EDC/NHS  G100*-EDC, 

1CH-EDC, 2CH-EDC  4CH-EDC 

4.3.1

 EDC/NHS 

4.22

G100*-EDC  150-200 

 (  4.23) 

 4CH-EDC

 G100*-EDC 

 4.2 (  4.13)  70-150 

77



 EDC/NHS 

 EDC/NHS 

 105  24 

 EDC/NHS 

 4.10 

 4.2 

 EDC/NHS 

 3 

 G100*-EDC, 1CH-EDC   4CH-EDC 

 2CH-EDC 

G100*-EDC 1CH-EDC

2CH-EDC 4CH-EDC

 4.22

 EDC/NHS 

78



0

50

100

150

200

250

300

G100*-EDC 1CH-EDC 2CH-EDC 4CH-EDC

 (
)

*

 4.23  EDC/NHS 

 (mean ± SD, n=200)

*  G100*-EDC  P<0.05

 P<0.05

 4.10 

 EDC/NHS 

 (mean ± SD, n = 5) 

( ) ( ) ( ) ( )

G100*-EDC 11.08 ± 0.66 2.20 ± 0.18 5.20 ± 0.08 0.21 ± 0.03 73.66 ± 2.74 

1CH-EDC 10.29 ± 0.40* 2.04 ± 0.43 5.25 ± 0.23 0.16 ± 0.03* 79.33 ± 2.55* 

2CH-EDC 10.83 ± 0.54 2.12 ± 0.20 5.57 ± 0.12* 0.19 ± 0.02 75.00 ± 1.27 

4CH-EDC 10.50 ± 0.75 2.08 ± 0.25 5.32 ± 0.29 0.18 ± 0.03 76.66 ± 2.55 

*  G100*-EDC  P<0.05

:  = 0.75 
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80

0

2

4

6

8

10

12

14

16

G100*-EDC 1CH-EDC 2CH-EDC 4CH-EDC

 4.5-6.5  (  4.24)

 1CH-EDC 

 G100*-EDC 

 1CH*-EDC 

 (  4.10) 

 G100* 

 4.2 (  4.14) 

G100*-EDC

*

 4.24  EDC/NHS 

(mean ± SD, n=4)

*  G100*-EDC  P<0.05 

 P<0.05 

 1.0 - 1.5 

(  4.25) 

 G100*-EDC 



 EDC/NHS 

 4.2 (  4.15)   2CH  4CH 

 2CH-EDC  4CH-EDC  2CH 

 4CH 

  2CH-EDC 

 4CH-EDC 

 EDC/NHS 

G100*-EDC  G100  3  EDC/NHS 

 EDC/NHS 

 [Damink, O. , 1996] 

 4.25   (compressive modulus) 

 EDC/NHS  (mean ± SD, n=4) 

0

0.5

1

1.5

2

2.5

3

3.5

4

G100*-EDC 1CH-EDC 2CH-EDC 4CH-EDC

 (
)

*  G100*-EDC  P<0.05 

 P<0.05 

81



 275-282 

(  4.11)  G100*-EDC, 

1CH-EDC  2CH-EDC 

4CH-EDC

 4.1  4.2 

 (  4.3  4.6) 

 EDC/NHS 

 4.11 

EDC/NHS  (mean ± SD, n=4)

Td ( )

G100*-EDC 282.8 ± 1.8 

1CH-EDC 282.1 ±1.0 

2CH-EDC 281.8 ± 1.4 

4CH-EDC 277.4 ± 0.8* 

*  G100*-EDC  P<0.05 

4.3.2

.

 75-90  (  4.12) 

 1CH-EDC, 2CH-EDC  4CH-EDC  G100*-EDC 

82



4.1  4.2 (  4.4  4.7) 

 EDC/NHS 

 4.12  EDC/NHS 

 (mean ± SD, n=4) 

 ( )

G100*-EDC 87.14 ± 0.94

1CH-EDC 81.39 ± 1.45* 

2CH-EDC 79.69 ± 0.92* 

4CH-EDC 78.27 ± 1.25* 

*  G100*-EDC  P<0.05

 4.3.3 

.  (in vitro biodegradation) 

 5-7  (  4.26)  

 (  4.11 

4.12)

2CH-EDC  4CH-EDC  5  1CH-EDC 

G100-EDC   6  7 

 EDC/NHS 
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 4.1  4.2 (  4.8  4.16) 

 EDC/NHS 

 [Damink, O. 

, 1996]  EDC/NHS 

 4.13

0
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0 20 40 60 80 100 120 140 160 180

 ( )

G100*-EDC

1CH-EDC

2CH-EDC

4CH-EDC

 4.26  EDC/NHS 

 (0.01 / )

(mean ± SD, n=3)

 4.13  (haft life)  EDC/NHS 

haft life; t1/2 ( )

G100*EDC 118

1CH-EDC 108

2CH-EDC 84

4CH-EDC 86
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.   (in vitro biocompatibility)

 L929 (mouse fibroblast)  4.27 

G100*-EDC  100 

 EDC/NHS 

 4.1 

4.2 (  4.9  4.17) 

0

20

40

60

80

100

120

140

160

180

200

G100*-EDC 1CH-EDC 2CH-EDC 4CH-EDC

 4.27  (  L929) 

 EDC/NHS  48 

( : 30,000 / ) (mean ± SD, n=4) 

*  G100*-EDC  P<0.05 

 P<0.05 
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86

 L929 

 5  48   (  4.28) 

2CH-EDC  2 

 2CH  5 

 48  (  4.18) 

 2CH-EDC   EDC/NHS  2CH 

 2CH-EDC 

 G100*-EDC  100 

 48 

 G100*-EDC 

doubling time  G100*-EDC  30 

 2CH-EDC  26 

0

100

200

300

400

500

600

700

5 48
 ( )

G100*-EDC

2CH-EDC

 4.28  (  L929)   G100*-EDC 

2CH-EDC  5  48  ( : 30,000 / ) (mean ± 

SD, n=4) *  G100*-EDC  P<0.05 

 P<0.05 



 L929 

 (  4.29) 

 48  4.30 

G100*-EDC 1CH-EDC 4CH-EDC2CH-EDC

C2

C1

C3

C4

 4.29  EDC/NHS 

 48  (

 4.19) 
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750x 2000xG100*-EDC

1CH-EDC

2CH-EDC

4CH-EDC

 4.30  EDC/NHS 

 48 

88



 4.1-4.3 

 (Nitta Gelatin Inc., Tokyo, Japan)

 0.05, 0.5  0.2  (G100*, 0.05C, 0.1C  0.2C) 

 (2548) 

 70 

 fibroblast 

4.4

4.4.1

 4.31 

 100-150  (  4.32)

 0.2C  G100* 

 100-120  [Freyman, TM. 

2001]

89



G100* 0.05C

0.1C 0.2C

 4.31  

0

50

100

150

200

250

300

G100* 0.05C 0.1C 0.2C

 (
)

 4.32 

 (mean ± SD, n=200)  *  G100* 

P<0.05  P<0.05 
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 4.14 

 23.3-33.3 

 0.75  0.1C  0.2C 

 4.14 

( ) ( ) ( ) ( )

G100* 14.31 ± 0.37 3.62 ± 0.32 6.25 ± 0.05 0.58 ± 0.03 23.33 ± 2.55 

0.05C 14.25 ± 0.28 3.60 ± 0.33 6.15 ± 0.05 0.57 ± 0.06 23.66 ± 2.52 

0.1C 14.31 ± 0.37 3.31 ± 0.31 6.52 ± 0.09* 0.53 ± 0.07 29.33 ± 1.88* 

0.2C 14.18 ± 0.37 3.18 ± 0.23 6.95± 0.17* 0.50 ± 0.06 33.33 ± 1.88* 

*  G100*  P<0.05

:  = 0.75 

 (  4.33)  11-13 

 triple -helix

 EDC/NHS  4.3 (  4.24) 

 4.5-6.5 

91



92

0
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16

G100*-EDC 1CH-EDC 2CH-EDC 4CH-EDC

*

 4.33

 (mean ± SD, n=4)

*  G100*  P<0.05

 P<0.05

 0.08- 0.2  (  4.34) 

 G100* -helix

 283.1-293.1  (  4.15) 



0.0

0.1

0.2

0.3

0.4

0.5

G100* 0.05C 0.1C 0.2C

 (
)

 4.34  (compressive modulus) 

 (mean ± SD, n=4)

*  G100*  P<0.05

 P<0.05

 4.15 

 (mean ± SD, n=3) 

Td ( )

G100* 283.1 ± 0.3 

0.05C 284.0 ± 2.5

0.1C 286.0 ± 1.7* 

0.2C 293.7 ± 1.4* 

*  G100*  P<0.05

93



4.4.2

.

 102.5-107.8  (  4.16) 

 EDC/NHS  4.1, 4.2  4.3  (  4.4, 4.8 

 4.12)  

 G100*  hydrophobicity 

 4.16 

 (mean ± SD, n=4) 

 ( )

G100* 102.5 ± 1.6 

0.05C 105.5 ± 3.3 

0.1C 106.3 ± 2.8 

0.2C 107.8 ± 4.1 

*  G100*  P<0.05 

4.4.3

.  (in vitro biocompatibility) 

 L929  2  7  (  4.35) 

 0.05C  2 

 G100* 

 7 

94



95

 G100* 

 7 

doubling time  1-2  (

4.1-4.3)

0

50

100

50

00

50

00

2 7

 ( )

3

1

2

2

G100*

0.05C

0.1C

0.2C

 4.35  (  L929) 

 2  7  ( : 30,000 

/ ) (mean ± SD, n=4)

*  G100  P<0.05 

 P<0.05

 5  48  (  4.36) 

 0.2C  48 

 G100*  Doubling time  G100 

 0.2C  28  23 



96
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5 48

 ( )

G100*

0.2C

*

 4.36  (  L929)  G100*  0.2C  5 

 48  ( : 30,000 / ) (mean ± SD, n=4) 

*  G100  P<0.05 

 P<0.05

 2  7 

 4.37  4.38 

 2 

 G100* 

 G100*

-helix  extracellular



matrix  3 

 2  ( )

G100* 0.05C

0.2C0.1C

 4.37  (  L929) 

 2
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G100* 0.05C

0.1C 0.2C

 4.38 

 7

4.5

 G100 

- G100(4.1): DHT  140  48 

- G100*(4.2): DHT  140  48 

DHT  105  24 

- G100*-EDC(4.3): DHT  140  48 ,

DHT  105  24 

EDC/NHS
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 4.17 

EDC/NHS

 EDC/NHS 

 G100 (4.1) (  4.39) 

   

 4.17 

G100 (4.1) G100* (4.2) G100*-EDC (4.3) 

 ( ) 6.60 ± 0.10 6.4 ± 0.07 5.20 ± 0.08* 

22.66 ± 2.66 17.33 ± 2.66 73.66 ± 2.74* 

 ( ) 6.66 ± 0.87 9.17 ± 0.98* 5.69 ± 0.49 

( ) 0.18 ± 0.04 0.21 ± 0.04 1.16 ± 0.15* 

Td ( ) 281.60 ± 3.10 283.10 ± 0.20 282.87 ± 1.85 

 ( )** 102.59 ± 1.64 103.18 ± 1.41 87.14 ± 0.94* 

*  G100 (4.1)  P<0.05

**

: 1) G100(4.1): DHT  140  48 

    2) G100*(4.2): DHT  140  48  DHT  105

 24 

  3) G100*-EDC(4.3): DHT  140  48 , DHT  105

 24  EDC/NHS
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5.1

 100-200 
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 L929 mouse fibroblast  48 

 hydrophobic 

 2  L929 mouse fibroblast 

 7 

 (EDC/NHS) 

 EDC/NHS 

 L929 mouse fibroblast  48 
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