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nervous system)

12,
[
Axon
of Bungner
Axon Axon
of Bungner
Axon
Axon
, 2541]
2.1 2.2

2 (Central
(Peripheral nervous system)

a ,
, 2541]
[ , 2539
(Regeneration)
Axon Band
Schwann cell (
) Band
1-2
Band of Bungner
[
AXo

Axon



Nerve Cell o — Dendrites

(Neuron) £l

Nucleus
Cell Body

(with Myl Sheath)

Nodesof ~ é;(r?gpggnélqglﬁ

Rativier Y:"
*
]A\ 7>H —  Dendrite of Next Neuron
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http:/Awww.nysora.com/techiques/netiroloaic/imaaes/L hin.jpg
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Fascicle

Perineurium

Myelin sheath
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2.2

Seddon 3
22.1 Neurapraxia
Myelin sheath ( Axon Schwann
cell) Axon
Myelin [ , 2539
2.2.2 Axonotmesis Axon
Endoneurial tube ( Axon)
Schwann cell Axon
(Wallerian - degeneration)
Axon Endoneurial tube
[ , 2539
2.2.3 Neurotmesis
Axon
Nissl bodies
Nucleus [ , 2539 Rough
endoplasmic reticulum Chromatolysis
Neurotmesis Axon  (Axonal
transport) Axonal transport
Axon
4-6
AX0

Neurotmesis



[ - 2539:

, 2541]
2.3 Axon
231 '
(Retrograde degeneration)
AXo
Retrograde degeneration Node of
Ranvier ( Axon Myelin sheath Axon  Myelin sheath )
AxonS Endoneurial tube (
Axon) Endotherial connective tissue sheath (
) Schwann cell
Myelin - sheath Axon
36
Myelin - Axon Myelin
Myelin - Sheath Axon Schwann  cell
Macrophage Myelin  Sheath Cytoplasm
Schwann cell Myelin Cytoplasm ~ Schwann cell
18 Axon
Collateral sprout (  Axon Node of Ranvier Axon
) Terminal sprout ( Myelin
) 2-3 Terminal  sprout
Myelin Sprout 6
(Minifascicle) Perineurium
( Axon) Perineurium 1-5
57 Basement
membrane Perineurium Endoneuriul fibroblast
Axon  Schwann cell Perineurium

Sprout Schwann cell



Band of Bungner Endoneurial tube
12 | ] , 2538; Yannas IV., 2001]
2.3.2
(Wallerian degeneration)
Ax0 (Distal  stump)
Anterograde Wallerian - degeneration
2-3 Axon
(Proteolysis) Myelin
Phagocytosis ( ) Schwann cell Macrophage (
)
Endoneurial tube ( Basement membrane
Axon  Myelin)  Schwann cell ( Endoneurial tube)
3
Band of Bungner  Basement membrane
Endoneurial tube Band of Bungner Axon sprout
Schwann cell Neurotrophic factors (
Axon ) Axon
Band of bungner Axon Myelination (
Myelin Axon) Sprout  Sprout Axon
Peripheral target ( )
Sprout Axon Sprout  Peripheral target
Growth cone ( Axon sprout )
Microspike ( )
Maturation ( ) (

12539; Evans, G., 2000]
233

(Endoneurial - fluid)
Neuroma



[Yannas IV, 2001]

24
3 {Nerve repair),
(Nerve graft)
(Tissue engineering)
24.1 (Nerve repair)
Nylon
(
Nerve gap)
Fasciculus Fascicle | ,
2539
24.2 ! (Nerve graft)
(Nerve gap)
Nerve graft
Axon sprout Nerve graft ~ Distal stump
Axon  sprout
Nerve graft
Axon sprout Nerve graft
Autogenous nerve graft ( )
Donor ( ) Sural
( ) [ , 2539] Allografts (

) Immunosuppression
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Autografts Allografts !
Traumatic ( ) Oncologic ( ) Allografts
Immunosuppression
[Gregory D., 2000]
(Gap) Autogenous vein graft (
) Muscle autograft ( )
[ , 2539
(Autogenous venous nerve conduit, AVNC) Right
femoral vein -~ Lewis rats Sciatic nerve 10
AVNC Sciatic nerve Vessel lumen (
) Nerve regeneration
Axon Migration ~ Schwann cells
Schwann  cells
Axon
Neurotrophic factors Schwann cells
Axon
Axon Schwann  cells
(Substrata) [Tseng C. , 2006]

Muscle autograft

Basement membrane

Two point discrimination (
2 ) 6-19 ] , 2539]

Donor neve

Xenograft (
) Allograft {

)



Donor
[Gregory ., 2000]
243 (Tissue engineering)

Autografts
Nerve regeneration
Nerve
, " Donor nerve [Gregory D., 2000; Bellamkonda R., 2006]
Autogenous  tissue

Axon
(Scaffold),
(Support cells) ( Schwann cells ) (
bFGF, NGF ) [Gregory D., 2000; Bellamkonda R., 2006]
2431 (Scaffold)
Axon

(Toxic effect)

(Migration) ~ Support cells — Schwann cell

[[Gregory D., 2000]

Regeneration
Maturation
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[Pfister L. , 2004]
75:25 Poly(DL-lactic-co-glycolic acid (PLGA)
Poly(L-lactic acid ) (PLLA) Scaffold Extrusion
(VA 16 .
32 . sciatic Sprague Dawlay rat
(Walking track analysis)
(Histomorphology) 6 12
PLGA
PLGA
18
) (Histomophology)
Axon (Axonal regeneration)
Distal nerve stump 12 Walking track
analysis
PLGA 12
PLLA PLLA
75: 25 PLGA PLLA porous
Scaffold Peripheral nerve regeneration Walking
track analysis 8 PLLA
8 [Gregory D., 2000]
1 % Polyelectrolyte
complex  Polysaccharide alginate
(Cross-linked  hydrogel)
Aqueous solution vivo  Polymer
(lon  substitution)
(Enzymatic degradation) Spinning

mandrel technology VIVO



Rat peripheral nerve  Gap
6

2 4
complex  Polysaccharide alginate

90 %

Scaffold
Fibronectin
[Yannas V., 2001]
Basement membrane
Laminin
Laminin-1
Fibronectin

Schwann cell Laminin

3

14

Polyelectrolyte
[Bellamkonda R., 2006]
Laminin,
Axon
Extracellular matrix molecule
Schwann cell
Migration
Migration ~ Schwann cell

Myelin sheath [Yannas IV., 2001 ; Murtomaki ., 2000]

(Growth
promoting substances)
matrice 1 Proteolysis ~ matrice
(Migration)
matrice
3 . Laminin Fibronectin
sciatic ~ Gap 10 Sprague -Dawley rat Tube
6 Laminin
Fibronectin Tube 90 %

(Mixture-filled)

60 %

(Empty tubes)
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(Cross sections)
Myelin Endoneurium
Mixture-filed tubes
Endoneurium Perineurium
Mixture-filled Myelin
Laminin ~ Fibonectin [Chen Y.
, 2000]
2.4.3.2 Support cells Schwann cells (Scs) :
Axon regeneration Bioactive factors Schwann cells
(Scs) Scaffold Adhesion
molecules ( ) Plasma membrane ( )
Axon (
Schwann cells) [Gregory ., 2000] Schwann cell
Poly(glycolic acid) Sciatic nerve 10 . Nude
mice Axon (Walk track analysis)
The sciatic functional index (SFi) (
Silicone Autograft) 2 [Komiyama, T.
, 2004] ' Schwann cell
Polyhydroxybutyrate (PHB) sciatic Sprague-Dawlay
10 . Schwann  cell Axon Schwann cell
Schwann cell [Tohill
M. , 2004] Schwann cell
sciatic Wistar 20
Schwann cell Schwann cell
[Stang, F.,2005]
2433 ( )

(Nonneuronal  cell)



Schwann cell [Kwon K MatsudaT. 1

2005]
Nerve growth factor (NGF), Brain derived neurotrophic
factor (BDNF), Fibroblast growth factor (FGF), NGF

(Exogenous administration) [Gregory ., 2000]

NGF
35
Myelin
NGF (Sensory neuron)
Axon
4 Myelin
Acid fibroblast growth factor (aFGF) ~ Basic fibroblast growth factor
(bFGF) aFGF  DFGF Axon
vitro (Migration) ~ Fibroblast, Endothelial
cell .Schwann cell [Yannas IV., 2001]
bFGF  Fibroblast growth factor receptor (FGFR)
(Ganglia)
bFGF  FGFR (Sensory neuron) 1Schwann cell
Macrophage
allerian degeneration bFGF ' Macrophage
Schwann cell  Fibroblast Wallerian degeneration
vitro Schwann cell
Myelination Axon bFGF

Sciatic nerve
[Grothe C.  Nikkhah G., 2001]



2.5 PLCL
PLCL 2 L-lactide  Caprolactone
2 Poly(L-lactide) Polycaprolactone Poly(L-lactide)
Aliphatic polyester Semicrystalline polymer
Hydrolysis Glass  transition
temperature (Tg) ~ Melting temperature (Tm) 55-58 215
37 % Polycaprolactone
Linear  polyester Caprolactone Ring-opening
polymerization Polycaprolactone  Semicrystalline polymer  Tg  Tm
(Tg = -60 Tm =60 ) 50 %
Polycaprolactone Modulus Poly(L-
lactide) [Hakkarainen, M., 2002; Barbucci, R., 2002]
PLCL (23
(Biocompatibility)
, (Toxicity)
[Zhu Y.
, 2006 ;2007]
(Autografts) | ,
2539]
PLCL
(Biodegradable scaffold) PLCL Lactide
Caprolactone 84:16 PLCL
(Elastomeric) Glass transition temperature (Tg = 9 )
PLCL
PLCL (Hydrophobicity)

(Bioactive domain) (Surface
modification) PLCL (Substrate
membrane)

(Surface properties) [Zhu Y. , 2007
PLCL copolymer (Tissue

engineering) (Drug delivery system)

1
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i i
(—O(I:I-I—C}X-GDCI-IZ {012}3(:!12— c—)y

(.‘.H3
2.3 PLCL
http:/lwww .sial.com /aldiich
25.1 (Tissue engineering)
PLCL H®
(Biocompatibily)
Lactide
Caprolactone
[Lu XL. , 2006; Mo X, , 2004]
2004 Mo X PLCL 7525
Scaffold Electrospun - PLCL  nanofiber Electrospinning
parameter Needle diameter, ,
Electrospinning PLCL Smooth muscle cell (SMC)
Endothelial cell (EC)  Electrospun PLCL nanofiber SMC EC
Scaffold EC (Phenotype
shape) Scaffold Scaffold
' PLCL Electrospinning

Extracellular matrix

[Mo X , 2004]
2511 (Vascular tissue engineering)
PLCL 50 50
(Microporous PLCL-base tubular foam) Scaffold Vascular graft

vitro Human umbilical vein endothelial cells (HUVECS)


http://www.sial.com/aldiich
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Scaffold PLCL 50 50
Heparin Co-electrospinning
100 (
1) (Cell adhesion)
(Proliferation) Heparin ( Tri-n-butylamine salt of heparin (heparin-
TBA)) (Anticoagulant activity)
[Kwon K. Matsuda T., 2005]
PLCL 50:50
Scaffold (Tubular  scaffold)
(Biocompatibility) (Degradation) vivo  Tubular scaffold
Extrusion-particulate leaching Smooth muscle cells
(SMC) Scaffold Nude mice ( 1,358 15
) SMC (Morphology)
(Biofunction) scaffold PLCL 50:50
Vascular smooth muscle matrices Scaffold PLCL
scaffold SMC Vascular tissue engineering
scaffold  PLCL Nude mice 15
81.3% 1 Caprolactone
[Jeong . , 2004]
2.1 (%)  PLCL 50:50 lsss 15
Analysis rtf scaffold material «planted
Composition (IA/CL mol4!)2 S(XR (X103 PDI? Mass (14)
TR . T 5%82%2” w0 9
e 56 1 i B
o s Blvg o oow b
PLCL ' 75:25 Scaffold
Electrospinning scaffold
(Aligned PLCL nanofibrous scaffold) (Diameter)

500
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Fibril (Circumferential orientation)

(Medial layer  native artery) Human coronary artery smooth muscle cells
(SMCs) ! (Adhesion) SMCs  Scaffold PLCL
75:25 Tissue culture polystylene (TCPS)
( Vascular SMCs Vascular SMCs
(Vascular wall tension)

(Vascular growth) ) Scaffold
PLCL Electrospinning
(Proliferation rate)  SMCs PLCL 75 25

(Synthetic hiodegradable polymer)

Scaffold [Xu C. , 2004]
PLCL 75 :25
Scaffold (Small diameter biodegradable blood
vessel scaffold) Electrospinning Extracellular matrix

(Cardiovascular tissue engineering)
Human coronary artery smooth muscle cells (SMC)  Endothelial cell

(EC) Scaffold SMCs  EC Scaffold
PLCL 7525 PLCL
[Mo X , 2003]
2512 ( Tissue engineering of cartilage)
PLCL scaffold Cartilage repair '
PLCL 7525 ( Nontoxic zirconium
acetylacetonate Initiator ~ Polymerization) Thin polymer films
Chondrocyte ( Costal cartilage 3
) Films
poly(caprolactone-co-trimethylene carbonate) 30:70, poly(L-lactide-
co-trimethylene  carbonate) 30:70 poly(caprolactone-co-
glycolide) 90:10 Chondrocyte

Scaffold



Chondrocyte [Zhao K
, 2003]
2513 (Bone tissue engineering)
N-methyl-2-pyrrolodone
Medical implant ~ PLCL Medical implant
(Osteogenic)
[ . . Patent, 2005]
PLCL Hydroxyapatite  Tricalcium phosphates
PLCL L-lactide
Caprolactone Ring-opening  polymerization
Hydroxyapatite Tricalcium phosphates
PLCL (PLCL copolymer composites)
( (Composite materials))
Solvent casting Supercritical C02
3300 psi 70 40-80 pm
( )
Ringer solutions (Untreated non-porous films) [Aydin H,,
2004]
Scaffold PLCL (PLCL sponge)
595 Ca/apatite
(Bone-filling material) (Non coated control
sponges) (Femur cortical)
Dorsal subcutaneous space Histological
2, 4, 33 (Implants)

Osteoblasts
Calapatite-coated material
PLCL sponges  Calapatite Osteoblasts
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vivo [Holmbom J.

12005]
2.5.14 (Peripheral nerve tissue
engineering)
PLCL Lactide
Caprolactone 50:50 sciatic Wistar 10
mm PLCL ( Light - microscopy
Electron microscopy) 180
Axon  Myelin
Wistar  (Autologous nerve grafts) 180
Foreign body giant cell
1 [Nicoli N. , 1996a;
2000b] PLCL (24
Dip-coating
(Melt-extrusion)
[Somsamak P. , 2005
PLCL
Polyglactin grafts

[Middle East Technique University-Biotechnology Research Unit, 2006]

2.4 PLCL A) Dip-coating B) Melt-extrusion
: Somsamak P , 2005)
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2515 (Esophageal tissue engineering)
PLCL
PLCL . (Poor cytocompatibility)
PLCL (Hydrophabicity)

(Bioactive domain)
(Surface modification)

PLCL (Substrate membrane) PLCL Polymer-
protein interaction Aminolysis Diamine
Polyester matrix ( PLCL ) Free amino groups Polyester matrix

PLCL
Fibronectin PLCL membrane
3 Esophageal cells (  Smooth muscle cell (SMC), Fibroblast,
Epithelial cell (EC) ) Aminolyzed PLCL 16
hexanediamine ' Amino groups ( Amino groups Active sites)
Fibronectin (Fn) (Col) Amino groups (
Coupling agent) PLCL Fibronectin , PLCL-
Fn  PLCL-Col ) SMC EC
Modified  Unmodified PLCL Fibroblasts PLCL-
Fn G PLCL-Col PLCL-Fn
Scaffold
3 Esophagus (Smooth muscle cell (SMC), Fibroblast,
Epithelial cell (EC)) Artificial esophagus substitute [Zhu
Y. , 2007]
(Esophageal epithelium regeneration) Fibronectin Scaffold (Fn
bonded scaffold) PLCL PLCL Fn PLCL
Porcine esophageal epithelial cells
Fn bonded scaffold
( ) Tissue culture polystylene (TCPS)
plate Mitochondrial activity (Absorbance at

490 nm) Cell activities Fn  bonded
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scaffold EC  Scaffold Mitochondrial activity
TCPS plate 14 Vitro
[Zhu Y. , 2007]
2516 (Skin tissue engineering)
PLCL 50 50

3 (Triple layer artificial skin)
(Full thickness wound)

(Neodermis regeneration) PLCL 50 :50
( 3 )
Polyetherurethane (Semi-permeable layer)
PLCL 5050
Salt leaching

(Spherical appearance)
(Channel-like appearance)

2 Autograft
Scaffold (Tissue  regeneration)
PLCL Dermis PLCL
50 :50 Interface layer ( )
3 Non-biodegradable polymer
Polyetherurethane 1L 2 3
Interface layer ( ) Split skin graft (
Autograft ) (Lower layer)
Split-thickness skin graft Split skin graft ~ Lower layer
Semi-permanent  skin Full
thickness wound Autograft [Groot . :
1995] PLCL
Copolymer  L-lactide Caprolactone 2 Poly(ether-urethane)
(Membrane dressing) (Biosynthesis  skin

substitute) [Term . , 1995]
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25.2 (Drug delivery system)

PLCL
Drug eluting vascular stents

(Restenosis)
Percutaneous transluminal coronary angioplasty (PTCA)

Thrombosis [ . . patent, 2006]
PLCL
(Microparticle)
(Injectable microparticle composition)
Microparticle
PLCL
5 %

matrix

Buprénorphine
Opioid
Opioid )
natrexone (2
Opioid antagonist) Microparticle

vehicles) Microparticle
condition
symptoms)
Microparticle
2006]
PLCL Dunn et al.
system
polymer) situ
L-lactide  Caprolactone

5-30

Buprénorphine
Microparticle

Opioid (Opioid addicts)
Biodegradable  polymer
Opioid)

(Sustained release)

Opioid drug dependence (
(Active ingredient)
Opioid dmg dependence

Methadone
(Drug delivery

(Sustained  release)
Opioid dmg dependence
(Withdrawal
PLCL
[ .. patent,

Thermosetting
(Crosslinkable
Thermosetting system

Copolymerization ~ D,L-lactide
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I (Burst effect) Lag time

(Crosslinking - reaction)

Benzoyl peroxide (Tumor) [ ..
patent, 2000]

2.6
Aliphatic polyesters Biocompatible ~ Biodegradable polymer
Poly (D,L-lactide-co-caprolactone) Poly (L-lactide-co-caprolactone)
[Park H. , 2005]
2.1
2.1.1
2111 (Nerve regeneration conduit)

: United States Patent 5019087, 1986
Nichols Joseph : American Biomaterials Corporation (Plainsboro, NJ)

Laminin
Laminin (Human placenta laminin) 15
( ) 15
05%  Lactic acid 5 Deionized, ultrafiltered water
12 0.29 % NHAOH 05
Laminin
Laminin ( [laminin matrix)
LamininVu

Teflon (Teflon mandrel)
Mandrel flaminin -~ matrix
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" [ minin matrix Mandrel
Larminar flow hood 20
Mandrel 0.3 % Formaldehyde solution pH 8 15
(Pyrogen-free deionized ultrafiltered water) 3

Formaldehyde
Larminar flow hood [ . . patent, 1986]

2.1.12 (Polymer and nerve guide
conduits formed thereof)

United States Patent Application 20030060836, = 2001
Wang, Shu; Wan, Andrew C.A. Yu, Hanry; Leong, Kam  (

Dip-Coating/lmmersion  Precipitation

Method Fim Rolling Method poly(phosphoesters)
P(BHET-EOP/TC)(EOPITC=80:20)
Dip-Coating/lmmersion Precipitation Method Chloroform
( Magnetic stirring) Teflon (Teflon mandrel)
8.3 30
Teflon mandrel 24
Non solvent 10 10
-20 Freeze-dried 01 Torr
1 Mandrel
- Film Rolling Method ( Magnetic stirring)
10
3 Mandrel
Chloroform Dimethyl-
formamide Vacuum-dried 24 [ ..

patent, 2001]
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2.1.13 (Medical guide tubes)

United States Patent 7135040, 2002
. Shu Wang, Bini Thumbarathy Balalerishnan ~ Agency for
Science, Technology and Research.
poly(L-lactide-co-glycolide)

(Microbraider)
10:90 poly(L-lactide-co-glycolide) 10
20
poly(L-lactide-co-glycolide) (Bundles” (
) 6 1 10
Microbraider (Braiding angle) 45
200-300
50-100
[ . . patent, 2002]
2.1.2
2.8
2
(Natural graft) (Synthetic graft)

SURGISIS® Nerve Cuff (Cook Biotech Incoporated.West
Lafayette,Indiana) (Porcine small intestine
submucosa)  Nerve conduits (AxoGen Inc. 1Gainesville, Florida)

(29
NeuraGen™ Nerve Guide (Integra Lifesciences



Corp. Atlanta, New Jersey USA) 1Collagen Nerve Cuff (Collagen Matrix, Inc., Franklin
Lakes, New Jersey, USA) 1NeuraWrap™ Nerve Protector (Integra Lifesciences Corp.
Atlanta, New Jersey, USA),  Collagen Nerve Wrap (Collagen Matrix, Inc., Franklin
Lakes, New Jersey, USA) 2-4 cm
1510 mm (29 GEM  Neurotube®
Nerve (Synovis Micro Companies Alliance, St Paul 1Minnesota, USA)
Polyglycolic acid 1SaluBridge Nerve Cuff (Salumedica, LLC 1Atlanta, Georgia,
USA) Polyvinyl alcohol ~ Neurolac® Nerve Guides (Polyganics B.v.
.Groningen 1Netherland) Poly(DL-lactide-co-caprolactone)
Neurolac® Nerve Guides Poly(DL-lactide-co-caprolactone)

10 1
20 mm
20-635 mm

2-10 mm

25 (Synthetic graft) A. NeuraGen™ Nerve Guide B.
NeuraWrap™ Nerve Protector
. Integra Lifesciences Corp. Neuragen® Nerve Guide (Clinicians). Available at URL : http:/www.integra-
Is.com/corporate_infolprofile.asp Access date : Jan 22, 2007.
‘tegra Lifesciences Corp. NeuraWrap® Nerve Protector (Clinicians). Available at URL : http:/www.integra-
Is.com/products/?product=198 Access date : Jan 22, 2007.

29


http://www.integra-ls.com/corporate_info/profile.asp
http://www.integra-ls.com/corporate_info/profile.asp
http://www.integra-

C.
§ 4 5 ‘s;) :‘)l[/"fj.}’})
S
2.6 (Synthetic graft) A. Neurolac® Nerve
Guides Poly(DL-lactide-co-caprolactone) 1 B. SaluBridge Nerve Cuff Polyvinyl
alcohol c. GEM Neurotube® Nerved " Polyglycolic acid

Synovis  Micro  Companies Alliance, Inc. GEM  Neurotube® Available at URL
http://www.synovismicro.com Access date : Dec 7, 2006.

UMedica ~ 1LC.  SaluBridge™  Physician  Information.  Available at  URL
http://www.salumedica.com/salubridgeinfodoc.htm Access date : Dec 7, 2006.

. Bioresobable solution POLYGANICS. 510(k) Summary of Safety and Effectiveness. Available at URL :

http:/www.fda.gov/cdrh/pdf5/k050573.pdfAccess date : Dec 13, 2006.

30


http://www.synovismicro.com
http://www.salumedica.com/salubridgeinfodoc.htm
http://www.fda.gov/cdrh/pdf5/k050573.pdfAccess

2.2

SURGISIS® 5 2-7
Nerve Cuff

Nerve
Conduits

small intestinal
submucosa)

(Graft)

(Porcine

Cook Biotech
Incorporated,
West Lafayette,
Indiana
AxoGen Inc.
Gainesville,
Florida

(Natural graft)

Nerve growth inhibitor (

(Homeostasis)

Axon)

FDA (510 K)
approved date
2003



2.3

NeuraGgn Maller uide

Collagen Nerve Cuff

NeuraWrap™ Nerve Frotector

Collagen Nerve Wrap

2-3

2-4cm

1.5-7

3-10

(Collagen)

(Collagen)

(Collagen)

(Collagen)

(Synthetic graft)

Integra Lifesciences
Corp. Atlanta, New
Jersey

Collagen Matrix, Inc.,
Franklin Lakes, New
Jersey

Integra Lifesciences
Corp. Atlanta, New
Jersey

Collagen Matrix, Inc.,
Franklin Lakes, New
Jersey

FDA (510
K)
approved
date
2001

2001

2004

2006

A8



GEM Neuratube®
Nerve Conduit

SRuBridg

Neurolac® Nerve
Guides

2.4
?
()
20-40 2.3-8.0
6.35 cm 2,5 10
4- 10

Polyglycolic acid

Polyvinyl alcohol

Poly(DL-lactide-
co-
caprolactone)

Synovis Micro
Companies
Alliance, St. Paul 1
Minnesota

Salumedica, LLC 1
Atlanta, Georgia

Polyganics B.v.
Groningen 1
Netherlands

(Synthetic graft)

10

[Marietta, J.0.E.,

20
2005]

FDA (510 K)
approved date
1999

2000

2005

(L
G



2.9
2548
PLCL 50:50 Dip-coating Melt-
extrution Dip-coating
Melt-extrusion
poly(L-lactide) PLCL Dip-coating poly(L-lactide)
) , PLCL
[ , ]
poly(L-lactide-co-glycolide) Dip-coating
[ , 2547]
2.10
30
extracellular matrix (ECM)
10
2.5
Gly-X-Y X proline Y 4-hydroxyproline 2.1

Arginine-Glyine-
Aspartic acid peptide (R-G-D peptide)
[Friess, . 1998] polypeptide alpha-chain 3
alpha-chain 3 triplehelix [Gelse, K
1 2003] 2.8

34
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21 1
( :Friess, ..1998:45:113-136.)

sigma-aldrich

[Auger, FA. , 1998]

N-propeptKfe Ple C-pfopept.do

Jekineptde) EePsRIL)

(maa)

2.8 triple helix 1
( :Gelse, K- 2003; 55:1531-1546.)



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

(contraction)

glycine,  praline
hydroxyproline hydrophobie protein
tyrosine, tryptophan, isoleucine, cystine histidine
[Neuman, RE. 1949]
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Table 1

Table shotting (he various collages types as (hey belong to the major collages families
Type  Molecular composition ~ Genes (genomic localization) - Tissue dissibutien
Fihrii-forming coiagens

I [ol()be2(1] COLIAL (17921.31-g22t  bane, darns, tendon, ligaments, cornai
COLIA2(7qa.l) _
0 K ? COL2A1 (12ql3.11-qi3-2>  cartilage, vireous body, nucleus pulposus _
m I COL3A1 (23> shin, vessel wall, reticular fibres of most tissues (lungs, liver; spleen, efc.)
v 1(V).«2tV),ai(V) COL5AL (9q34.2-034.3)  lung, cornet, bone, fetal membranes; together with type | collagen

COL5A? (2031)
COLBA3 (19p13.2) o
X al(xida<xiM(x[|  COUIAI (Ip2l) cartilage, vitreous body
COLI1A2 (6p21))
COLI1A3=COL2A1

Basementmembrane collagens

vV [al(IV)]*r2(IV); al -a6 88'[_‘12&12 qugﬁg basement membranes
(
COL4A3 2q36-q373
COL4A4 (2q36-037
COL4A5 (Xq22.3
COL4A6 (Xp22.3)
Microfibrillar collagen
VI al(VI(a2(vI)a3(vl)  COL6AL <21g22.3 widespread; dertras, cartilage, placenta, lungs, vessel wan,
COL6A2 21g22.3 intervertebral disc
COL6A3 (2937)
Anchoringfibrils
N T%f&]ma COLTAL (3p21.3) sfcin, dermal -epidefffttal junctions; oral snueosa, cervix

gonal nejwprkfi collagens
W Wm COLSA! (3ql12-ql3.n endothelial cells, Descemet's membrane

COLSA? (1p343-p32.3)

X [«3Xth COL10AL (621 -q223)  hypertrophic cartilage
FACITcollagens
X al(K)a2(1X)a3(IXI ~ COL9AI (6ql3) cartilage, vitreous humor, comea
. COL9A2 (Ip33-p32j) — e
XU aJ(xn 3 COLI2A1 (6q|2-q135 perichondriam, ligaments, tendon
XV [al(XIV]]3 COL9AI <¥423) dermis, tendon, vessel wall, placenta, lungs, liver
XX [alpcixfc COLI9AL (éq!2-ql4) human rhabdomyosarcoma _
XX [« XX? 3 . comeal epithelium, embryonic dan, sternal cartilage, tendon
XXI [alXX1)]3 COL21AL (6pl2.3-il.2)  blood vessel wall
Transmemhreme collagens _
E«l(XII% COLI3AI E10q22) epidermis, hair follicle, endomysium, intestine, chondracytes, lungs, liver
XVII [al(XV0S]3 COLLTAI (10024.3) dermal - epidermal junctions
Muhiplexms
XV o [l X\\/),iS, COLIL5AI (9g21-q22) fibroblasts, smooth muscle cells, kidney, pancreas.
XVI al(XVD))] COL16AI (Ip34) fibfiCloUs&, ainciscff, Ikecatiaoeydss
XVIII [al(XVH% COLIBAL (21g22.3) kings, liver

Given are the molecular composition, the genomic localization of fee different chains as well as the basic tissue distribution.
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100,000

acidic  alkaline process

2 basic gelatin A acidic gelatin



alkaline process (liming)

Ca<OH™at 2QC for 30-100 days

cooH
2,
watarwasMftg
«@owactKitt by «{«itrai

w7 I

acidic gelatin

IEP=S.0

2.9 A

2 [Tabata, Y. 1998]

1 A
point (pi) 9.0
2, B

oH 7.4

proline hydroxyproline

3
2.9

[Young,

acid process

dituted acid sotution (CI, HSO, )
for 9048 hr

CONeEt 2
CONH 2 COMH 2
COOH
2 2
Vauet VOUIugy
) extractlon by xightfy

basw gelatln

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

acid process 2.9 Isoelectric
alkaline process 2.9
Isoelectric point (pi) 50

glycine,



methionine, tyrosine cystine
hydrophilic

hydroxyproline

CH2  N—CH MH
CONH '0Q \o

R = glycine-X-Y triplet
X Y proline

210

hydroxyl proline

kY
[Neuman, RE. 1949]

glycine-X-Y X Y proline
2.10

H
o

¢ch2 nh N— C

XCH—CONt €0 CH—cd Yo

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

sol (reversible gel-to-sol transition)

140,000

15

2544]

protective  colloid
400
110,000 -

edible gelatin
55
25



Tabata 1999
(control release)

4

(glycine)
37

bFGF

212

2005 Scaffold
1 %
carbodiimide (EDAC)
NGF
NGF

2 ) NGF

40

bFGF (basic fibroblast growth factor

12

bFGF
bFGF A
B

bFGF

Chen P.
Tricalcium phosphate
NGF 1-ethyl-3-(3 dimethylaminopropyl)

(Differentiation) ~ PC12 cell (  vitro)
NGF (

(Diffusion)
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(Surface degradation)  Scaffold

NGF
2003 Xu X. Poly(phosphoester) (PPE)
Dip-Coating 1.5 mm 14 mm Microsphere
PPE  NGF Microsphere  PPE
NGF
(Sciatic nerve) Wistar Gap 10 mm
Microsphere ~ PPE  NGF
( NGF
Bovine serum albumin (BSA)  Microsphere )
2005 Yang Y. NGF
Microsphere  Poly(lactide-co-glycolic acid) (PLGA) 75:25
PLGA NGF
NGF
(Sustained release)
( vitro Embryonic chick dorsal root ganglia)
24 ( NGF
)
NGF Microsphere
Ozeki M. 2006 Scaffotd B(
) Hepatocyte growth factor (HGF) 5 amino-acid residues

(FLPSS sequence) deleted (dHGF)
vitro vivo (mouse)  HGF  dHGF
dHGF HGF
HGF  FLPSS sequence  Phenylalanine
Leucine (Hydrophobic) Serine
HGF
Scaffold dHGF Hydrogel



(Simple diffusion) Hydrogel Hydrogel
HGF
B
bFGF (
) [Tabata Y.  lkada Y., 1998; Tabata Y.
, 1998; Young . , 2005] Tabata Y 1999
bFGF vitro vivo (Mice) bFGF
Scaffold A B
Scaffold Mice bFGF
B
bFGF
B bFGF B
A DFGF 100 %
bFGF A B
A bFGF (Water content)
Scaffold bFGF
B bFGF
A bFGF
2006 Shao-Hong Poly(lactide-co-glycolic
acid)(PLGA) 15:25 (Microsphere)
(Particle) B( bFGF ) Phase separation
microsphere bFGF
80.5 % Microsphere 5-18 pm
bFGF 18
5 %  bFGF Microsphere 42 bFGF
65%  DFGF

bFGF
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bFGF PLGA
PLGA ,
PLGA bFGF
bFGF
bFGF '
Scaffold
Kanematsu A. 2004 bFGF Scaffold
(Dehydrothermal treatment)
vivo ( mice) vitro bFGF (20 [jo/ 2 mg collagen
microsponge) vivo ( mice) Scaffold
(Microsponge (CellGen ™) Ultraviolet irradiation
(Blood flow)
Mice Femoral vein Artery
bFGF
bFGF bFGF
Microsponge bFGF (Intramuscular - injection)
Microsponge
, bFGF
2.13 (crosslinking)
(mechanical
properties), (degradation rate),

(swelling capacity)

Ma L 200
3 ,

dehydrothermal  treatment
(DHT), UV-irradiation



(GA), formaldehyde 1glyceraldehydes,
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), polyepoxides,

44

Isocyanates [Young . , 2009]
2131
) (dehydrothermal treatment, DHT)
(cross-linker) 0
(condensation)
[Ueda H. , 2002]
(interchain crosslinks) (condensation)
(tensile strength) [Pieper J.S. , 199]
120
24
(oxidation)
(denature collagen)
[Wess T.G. , 2000]
EDCINHS
chondroitin-6-sulfate
92% chondroitin-6-sulfate 8% (freeze-dried)
(vacuum oven) 105
0 24
EDCINEIS 15
3 EDCINEIS

[Pek V.S . 2004]
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) T (Ultraviolet Irradiation, UV)
w w photodegradation
(free
radical) 211
[Sionkowska A. 2006]
CH, O H H CH, O H H
MAVCH —C -N ?\/ Mo CH-C* £+ N Cx
H H
2.11 UV irradiation
(rSionkoska A., 2006; 82: 9-15)
) : (gamma radiation)
urease, cellulose, glucose, oxidase, lipase, glucosamylase invertase
poly(L-lactic
acid)
poly(L-lactic acid) (NH2)
poly(L-lactic acid) (COOH*)
[Yang Y. , 2002]
(sterili zation of bone)
radiolysis

(OH*) [Akkus o. , 2009]



4
Crookes) 1879

(Irving - Langmuir)

1932

[http://th.wikipedia.org/wiki/]

300,000

(surface functional)

[

(Reservoir)

46

)
4
(Sir William
(plasma) 1982
( )
(Hannes Alfven)
1970
, 2547
(surface deposition),
, 2547
|
(


http://th.wikipedia.org/wiki/

a7
( )

[Kuzuya M. , 2005]
(Wettability) (Contact angle)
Polystylene
( aturatation effects) [Guruvenket .
, 2003]
Vinylmethylether-maleic
anhydride (VEMA)  Polyethylene naphthalate)
VEMA
VEMA Polyethylene naphthalate)
oligo-DNA (Crosslinking - agent) VEMA
oligo-DNA [Kuzuya, M. , 2005; Kondo, ., , 2003]
(1) Plasma focus [ , 2543]
Plasma focus (United Nation University/ International Center for Theoretical
Physics) ( 2.12) Plasma focus
3.3 Plasma focus
30 [ , 2542]
(Plasma  Sheath)
(Insulator)

(Lorentz Force, J XB)
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AATIN
AANAY

High voltage probe

2.12 Plasma focus
(Snowplough)
(Plasma  Column)
20
(Hotspot)
0 | , 2542]
3
(Breakdown Phasg),
(Axial Phase)
(Radial Phase) (Focusing Phase)

Radial phase 50 2.13



e | <t y-ray

A /
I JxB JxB X-ray>" 0 Neutron
J

])%\Z{B
e = y Yoy y-
() )

(@) (d)
2.13 (Plasma sheath) 4 (a) Break
down phase ( )Axial phase, (C) Radial phase, (d) Focusing phase J
B Be
¢/ , 2545)
( 2548) (
2.6) Plasma focus
Plasma focus (Pulse )
2.1
(Hard X-ray) 0.1-1 (A) (Soft X-ray)
1-10A
6200 21

Te



2.6

2132

GA
(biomedical)

(NHJ

/\/\A@\

2.14

(NH)

function

(reagent)

(

2.14

(GA)

2
—

50

™
0.97 Hard X-ray
1.44 Soft X-ray
1.13 Soft X-ray

1 2548)

(crosslinking agent)

(CHO) GA

/\/W

GA

Lee, CR., 2001; 22: 3145-3154)

GA

GA

(-CHO)  GA
imine
2.15



GA

CHOH

2.15 GA
( Ngah, 2006277 214-222)

(hemostasis),
fibroblast
GA
2.16

GA ! GA

wyjuesdlaszes GA
COOH

J?:?@T (Collagen)
NH, XH,

GA
NH, NH,
<
NH, \H, B B>
e’
COOH COOH
2.16 GA

( Ma L, 2003; 24: 4833-4841)

ol
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) ! 1-gthy!-3-(3-dimethylaminopropyl) carbodiimide (EDC)
EDC ( 217)
(biocompatible) N-
hydroxysuccinimide (NHS) 2-morpholinoethane sulfonic acid (MES)
0 CH1

CHICHINH- C~NH- (CHUJ~NI

2.17 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
( :Christiaens, P-, 2006)

aspartic  glutamic
EDC O-acrylisourea (llI)
O-acrylisourea
lysine  hydroxylysine

1-ethyl-3-(3-dimethyl aminopropyOurea (VIII) N-hydroxyl succinimide
(NHS) (V1) ,
NHS 2
O-acylisourea 1-gthyl-3-(3-dimethyl
aminopropyOurea (VIII)
0-acylisourea N-acylurea (V)
NHS O-acylisourea NHS-activated carboxylic
(ViI) pH 0-acylisourea

[Damink, LO. , 1996] 2.18



Call
CH-EMH ] co-é’.o;" ———> Coll —C-ox

2.18 EDC NHS
( Olde Damink, 1996; 17: 765-773)

(cartilage) 1 (bone)
(muscle)

(cell-adhesion),
(proliferation)

( )

GA (amino groups)
GA (in vivo) (in vitro)
GA
EDC  NHS

(mad cow disease)

2,4,6-trinitrobenzensulfonic acid (TNBS)
(absorbance)



ol
spectrophotometer

[Nagai,
N, , 2004]
(GAG) GAG
, GAG
GAG
GAG
EDC  NHS GAG chondroitin sulfate
GAG 2.19

ool

N
—0—C * i:l — cs—c-o— ¥ 0_?_
N Q
|
NHS

substﬂuted urea

0, o]
Q_E—O—N; I + 0S-NH2 —x CS—LC—NH—Cod . HO—NE

I EB e group amide crosslink 2

2.19 Chondroitin sulfate EDC NHS
( :Pieper, J.S., 1999; 20; 1999; 847-858)
GA GA
GA
GA (cytotoxicity)

(crosslinking agent)  EDC NHS

[Wissink, M.J.B. , 2001]
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GAG dermatan sulfate , heparin sulfate  heparin
[Pieper, J.S. , 1999]
EDC  GA EDC
1-
ethyl-3-(3-dimethyl aminopropyl) urea
EDC
EDC
[ H , 2004] GA  GA
GA
GA
[Ozeki, M., 2004] GA
GA
[Goissis, G. , 1993]
2.14
1.5- 10
( 10
)
8 ( 8
[ , 2531))
Schwann  cell

Nerve growth factor (NGF), Brain derived
neurothrophic factor (BDNF)  Ciliary neurotrophic factor (CNTF) [Evans, G.,
2000



sciatic
F344 (F344 rat) Elastic modulus ( )
0576 MPa  Tensile strength (
) 1.4 MPa [Borschel, G.,
, 2003]
3 [Pfister, L, 2004]
( 1-2 ) Band
of bungner ~ Schwann cell
3-12 [Lee, DU,
2006, Nicoli Aldini, N., 2000, Marietta, J.0.E., 2005)
Myelin
(Myelination) Maturation ~ Axon
2-3

(Sterilization” '

5
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