' PLCL Dip-coating
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4.1 ,
B bFGF
B pH 74
bFGF
[Tabata, Y. , 1998; 1999; Young, . , 2005] NGF
Isoelectric point (pi) 9.3 [Flerrup, K. Shooter, EM., 1993
pH 74
NGF |,
[ ebersax, L B
NGF bFGF
A
A
A
Acid process
B
(vitro) . PLCL
2 NGF  bFGF
, A B
5% 0.65% [Yamamoto, M. , 2003]
[Ma, L , 2003;
Flennink, W.E. , 2002]
(Diffusion)



Degree of crosslinking (%)

42

80

70

40

20

10

[ before ETO B8 after ETO

5% Collagen

a-h

NGF
12

43

)

NGF

5% Type A Gelatin 5% Type B Gelatin

\ A B
p<0.05 ( =4)
2 NGF  bFGF (
0,212 3,7 ,14 2 28
? 14
NGF( 43 ) 2
NGF
3 2
7
NGF 2
A B
7 NGF
B NGF

) NGF

15



[Tabata, Y.

NGF '

bFGF

[Tabata, Y.

2007]

2547]

16

(44 )
B 2
B
, 1998 ; 1998 ; 1999; Young, . , 2005]
NGF [Herrup, K Shooter, EM,, 1993]
A
bFGF ( 43 ) bFGF
24
bFGF
24 7 bFGF
2 14 28
(43
A bFGF
B
bFGF
, 1998a; 1998h; 1999; Young, . , 2009 NGF
[Herrup, K. Shooter, EM., 1993; Uebersax, L. ,
NGF  bFGF B
NGF
B
bFGF A
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25

20

-_
(&}
!

NGF release (ng/mi)
)

- ® =(Collagen —&— Type A Gelatin ——0O——Type B Gelatin

15

250 -

200 -

150

bFGF release (ng/ml)x1 0?

100 A

4.3
BSA)

3 4 5 6 7 8 9 10 11 12 13 14 15

Time (days)
f )NGF ) bFGF (100 o FRSI0.1%
) A=) s [

0,2,12, 24 3T 14



Y

PBS/0.1% BSA)

.

=)
-

60

50

10

% Cumulative release of NGF

~
N

1.8 -

% Cumulative release of bFGF

44

")

—® —Collagen —8—Type A Gelatin —O—Type B Gelatin

T 1 T T T U T T

2 3 4 5 6 7 8 9 10 11 12 13 14
Time (days)

)NGF ) bFGF (100

() At
0,2 12,24 37 14

15

18
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4.2

dehydrothermal treatment (DHT),
UV-irradiation, (Plasma treatment)
(GA),  formaldehyde,
glyceraldehydes, 1-gthyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
[Young . , 2005]

Perfluoroalkoxy polymer (PFA)

PLCL
PLCL
PLCL
PLCL DHT
Melting Temperature (TJ PLCL
132 (45
Caproiactone Lactide
(Homopolymer)
Poly(Caprolactone)  Poly(Lactic acid) [Jeong Sl , 2004]
[Ozeki M
Tabata Y, 2005; Nagai N , 2004]
PLCL
... 2548

41



&0

10 7
B 87
£
3l -
-
54
X
o
-2 T T T T T
0 50 100 150 200 250 300
Temperature (°C)
45 PLCL 75:25 ( 300,000 3%
Differential - Scanning Calorimetry (DSC) Glass Transition
Temperature (T) 48 , Melting Temperature (Tn) 132
Dénaturation Temperature (Td) 264
4.1
()
A
(mbar) (keV)
05 6.4 0.97 Hard X-ray
10 43 144 Soft X-ray
15 55 1.13 Soft X-ray
( , 2548)
42.1 PFA
PFA
(Pulse )
Plasma focus (UNU/ICTP, ) 055, 10 15



6l

135 1 |
) (DHT)
2 6.5
( 0204 . ) 3 AB C 2
N 0063 . )(  46)
2, 4, 6-trinitro-benzensulfonic acid
(TNBS) [N. Nagai . 2004] 41
(Degree of Cross-linking) = (1 - ) x100 (4.7

4.6 PFA 3 AB C
2
, A B
3
4.1
" DHT 055 10 1 5



A( 48)
10 15
5 7 n
7 055 10
B (49
0.5
1 5 (49 |

82

0.55
15

15

10
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20
15

N
(83}

)

N
o

-
o

Degree of crosslinking (%)
13 o

o

30
25
20
15
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0.55 mbar

1 B patA BpratB BlpratcC

abc bc abc

1.0 mbar

abc ac ac

“
SR A
’k’(’tﬁfs}t} >

%

&

R

i 1.5 mbar

4.1

0.8%
055,10 15 ( =4)
0204 . ) AB C

a-d

(DHT)
65 . |
2 (0063

p<0.05
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(DHT)
(Condensation) (NH2 (-COOH)
[ eda, H ,
2002]
(-NH2 (-COOH) 4.7-4.9
DHT
(Crosslinking agent)
3
DHT
DHT
DHT
4.2 , A
B Nitta Gelatin Inc. TNBS [Nagai, N., , 2004]
1 A B

([ 1.701x10'6+3.57x10"6 2.360x1074.50x1 06 2.107x10'6£7.87x10'6
)

( 42)
3 (Triple helix) [Gelse K
, 2003] 2 Random  coil



Triple helix

2 1
Triple helix

422

(
L3

2005

11.39+1.39)

PLCL

87

Hydrolysis

Random coll
Triple  helix

4.10) 055,10 15
Q== DHT

DNA [Kuzuya, M.
(Condensation reaction)

10 3 5
DHT (
5 ( 9.79£1.50)
10 5
055 1.0 1 3



DHT (2354£150)
A PLOL

10

DHT (21.2243.03)
B

B PLC

21,22+3.03

10
1

10

88

15
A 055,10 15
10
10 5
0.55 15
1.0
5
24.51+2.03
1
2
421

421



J

53 |

o  Blpuse 03pulse Hopulse BT7puse B
(5

10 ikl

T

1,

DUT

[_RANAUTUA B

h.i

0.55 1.0 1.5

Pressure (mbar)

DHT

89

UM 4.10 s2AUMATONTINIDIABRAAY, 1aaAUTHA A uaziaaAuTia B g 0.8% Tae

( 0204 . )
055,10 15 " 135 7
DHT ( =4)

G

p<0.05



DHT

DHT

DHT

423
PFA

4.2.2
PFA1  PLCL PLCL
Gammacell 220 Excel
42 138 )

PLCL

PLCL

PLCL
PFA
PLCL
PLCL

90

PLCL

PLCL

(

13779 0.6 kGy/

0.8%

4.10)

PFA
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=

B PFA @PLCL B PLCL Gamma rad.

W
(=
B}

N
(=]
L

I
(=)
1

Degree of crosslinking (%]

0
Type B Gelatin
4.11
(Perfluoroalkoxy polymer (PFA),
PLCL PLCL
A 10 5 10
1
a-h : p<0.05
PFA PFA, PLCL PLCL PLCL
Gamma rad. PLCL
43 PLCL
PLCL 1.6 . PLCL
1,4-dioxane 3 4% ( 4.12 4.13)
2 PFA (template) PLCL
(non pre-freeze  template) ( PLCL 3% 4%
013:004 . 0124006 . ) 1 ' PLCL
PFA PFA (template)
PLCL (pre-freeze template) PLCL
4% (0.60£0.06 )

PLCL 3%



[Bunting,
Keihoff, G.,

0.31+0.03

sciatic
, 2005; Chang, C,,
. 2003: Nie, V.,

, 2006; Evans, G-,
, 2007; stang, F,

R

0.1-08
. 1999:
. 2005]



4.12
Template

PLCL 3 % non pre-freeze template

18kV X35

R Ll e
[ "HAADS A7)

SEM

freeze template)

Seopm 080000 18kV X35

Mekyu X200

PLCL (Mw = 300,000) 3 %
PFA (Template)
PFA

PLCL 3 % pre-freeze template

S0opm 000000

166pm 000000

PLCL (non pre-
PLCL (pre-freeze template)

93



4.13
Template

freeze template)

PLCL 4 % non pre-freeze template

16kVU XIS

18kV X280 1886um ©BO0BAH0

PLCL 4 % pre-freeze template

S0Gum 000000

186pm ©OQG000

Lak VIR SPEs3
"\‘k#g :

SEM PLCL (Mw = 300,000) 4 %
PFA (Template)
PFA

PLCL (non pre-
PLCL (pre-freeze template)

94



4.3 ( =200) ( =50) PLCL (
300,000) 3 4% Template
« « +SD (pm)
(% wt) Template
non pre-freeze 9.21+3.523 0.95+0.54¢
3%
pre-freeze 9.70+3.443b 1.24£0.77d
non pre-freeze 9.62¢3.31 ab 0.30+0.1r
4%
pre-freeze 10.20£3.51 b 0.47+0.20 "
a-h p<0.05
c-f p<0.05
(43
PLCL pre-freeze template
pre-freeze template PLCL3 4%
pre-freeze template  PLCL 3 4%
9214352  9.62+3.31 pre-freeze templatei  PLCL
3 4% 9.70+£3.44  10.20+3.51
PLCL PLCL 3 % (
pre-freeze  template pre-freeze template 0.9510.54 1.24+0.77
) PLCL PLCL 4 % ( non pre-
freeze template pre-freeze template 0.30£0.11
0.47£0"20 ) , pre-freeze template

pre-freeze  template

95



) PLCL PLCL 3%
pre-freeze template

PLCL 3%

4.14 SEM 15 PLCL 3%
(0.8% )



4.4)

PLCL

44

PLCL

PLCL 3%

PLCL

PLCL

10.93£3.90
1.29+66
11.3943.34

1.11£0.52

97

(414
pLCL

PLCL

PLCL 3%

PLCL (pm)

10+3.78 9.0416.15
1.39+0.77 1411077
11184327 1185383

1.13+0.66 1.21+0.50
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NeuraWrap™ Nerve protector [Integra Lifesciences
Corp. USA 1 ] 1

, NeuraGen™ nerve guide [Integra Lifesciences Corp. USA|

1
GEM
Neurotube® [Synnovis Micro Companies Alliance. USA, ] Polyglycolic
acid ,
PLCL
PLCL
43.1
(49
Perfluoroalkoxypolymer (PFA) PLCL
A
B Perfluoroalkoxypolymer (PFA)
PLCL

Triple helix

Random coil
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PFA PLCL
45 ( =200) 0.8%
Perfluoroalkoxy polymer (PFA) PLCL 3%
A 10 5 B
1.0 1
A B
19.78+11.08a 88.88131.30¢ 66.56+22.39@
PFA
25.14£9.21 b 107.56123.40 d 100.20124.597
15.19+3.689 82.15+29.42" 70.82+22.06®
PLCL 43.43t18.48 h  102.73+21.78f  95.54424.08]
aj «
PFA PLCL p<0.05
432 PLCL
(Tensile strength), (Elastic modulus)
(% Elongation at break) Tensile strength ( 4.15)
( PLCL , PLCL 1 PLCL
A PLCL B) 0.80-1.11 MPa
Tensile
strength Elastic modulus ( 4.16)
0.90-1.20 MPa

Elastic modulus
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Elastic modulus Elastic modulus

PLCL

G,
(F344 rat)
MPa

PLCL Elongation at break
101.83-126.33 % ( 4.17)

Borschel,

2003 sciatic F344

Elastic modulus 0576 MPa  Tensile strength 14
Elastic modulus PLCL
Tensile strength PLCL

PLCL
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Unfilled PLCL

2 Dry & Wet

1202 U202 222U
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Collagen-filled PLCL
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44 ? PLCL

44.1
PLCL (Biocompatibility)
PLCL 0.3 3%
1, 4-dioxane cover slip
(Cover slip), Zinc sulphate 0.3%
[International Standard ISO 10993-12, 2002
418 ' ] 15 PLCL
PLCL03% 3% 24
PLCL
03 % Cover slip
PLCL 3% 12
PLCL 0.3 % 24 PLCL 3%
24
PLCL 0.3 %
PLCL PLCL 3% 24 T2
5
PLCL
PLCL 0.3%
PLCL
PLCL 3% PLCL
Arginine-glycine-aspartate  (RGD) amino  acid
sequence (Cell attachment) (Cell migration)
PLCL  [ZhuY. , 2006; Zhu Y.
, 2007] 4.19

MTT



4.18

Cover slip

3%

1600

1400 4

Relative cell nurmber (%)

200 4

Cell attachment

8

1000 +

800 A

600 -

400 -

3 cover slip

M0.3% PLCL i

Cell proliferation

M| 3%PLCL M 0.3% Zinc sulphate |
{
a a ‘(
a
L b
3 hrs 24hrs
13 Coverslip, " PLCL0.3% , PLCL 3%
Cover slip 528 T2 ( 20,000 ' LU OMTT
a-g p<0.05
Cover slip, 0.3% PLCL PLCL 0.3% , 3% PLCL
, 0.3% Zinc sulphate Zinc sulphate 0.3% Cover slip

12hrs

Zinc sulphate 0.3 %

PLCL

507



Cover slip

PLCL 3%

PLCL 0.3%

20
Zinc sulphate 0.3 %

PLCL 3%

Yy (L929 mouse fibroblasts)
Cover slip 524

Zinc sulphate 0.3%

Cover slip,
72

PLCL 0.3%

>
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4.4.2 PLCL '
4421
PLCL Lactic acid : Caprolactone
15:25 Mw 300,000 PLCL
PLCL
Gel Permeation Chromatography (GPC) [Jeong, SI. , 2004]
Polydispersity index (PDI) ( 4.6
4.20) PLCL M Mw
8 ' 0
M 5% Mw  47% PDI
PDI
4.6 PLCL 75:25 (
300,000) Wistar 2, 4 8
Gel Perniation Chromatography (GPC) ( =3)
Mn(x103) Mu(x103) PDI (MJ Mn)
( ) ( ) ( )
0 246.16 (100%) 325.07 (100%) 1.29
2 144.61 (58.75%) 189.08 (58.17%) 1.32
4 130.31 (52.94%) 187.38 (57.64%) 1.44
8 106.81 (43.39%) 170.82 (52.55%) 1.61



500
o =A=Mn —8—Mw
< 400 1
25
S0
©
=
e e -
-4 R - bbbl , L SR
o 100 it
=
0 :
0 2 4 6 8 10
Time (weeks)
4.20 PLCL
Permeation Chromatography (GPC) 0,24 8 (=3)
Mn
Mw Mn
Mn  Mw PLCL 8
Mn 56.61%  Mw  47.45% PDI 1.29
PLCL
PDI (PDI Mw Mn)
PDI
PLCL
SEM
Lactide:caprolatone Poly(L-lactide)
%  Polycaprolactone 50 % Polycaprolactone

108

Gel

37

Modulus Poly(L-lactide) (Hakkarainen, M,
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2002, Barbucci, R, 2002
Lactide : caprolactone

Caprolactone
44.2.2
421 42
50%
PLCL
PLCL
42 2 4 PLCL
§ 1
PLCL
GPC M My P

421 PLCL Wistar 0,24 8



0 week 2 weeks 4 weeks 8 weeks

4.22 Scaning electron microscope (SEM) PLCL N Wistar 024 8
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443 PLCL

PLCL 1.6 mm 0.3
mm 14 c¢m

NGF sciatic Wistar
1 1

NGF ( ) [Flerrup, K

Shooter, EM., 1993] B
A [Tabata, Y. , 1998a; 1998b; 1999; Young,
, 2005] B
PLCL (423

PLCLY]
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0.8%
250

PLCL 3%

Wistar

sciatic

PLCL

)

Toluidine blue

10

0.8%

PLCL 3%

4

4.2

250

Wistar

sciatic

(

Multinucleate giant cells

Methylene blue)
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(Proximal stump)
PLCL Multinucleate giant cells (
4.24) PLCL

PLCL
( vivo biodegradation)
PLCL
1
PLCL
3 (425 433
2
3 6
1 3
PLCL 2
PLCL 2 3 (=3)
2
A
B
A
3 3

PLCL

PLCL
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4 2 PLCL
1( =3 sciatic ~y Wistar 250

o
“fo

AN

NGF 440 ng



NGF 440 ng

PLCL

250

20

A Wistar

4.26

sciatic



y

sciatic

y Wistar

20

250

PLCL

NGF 440 rig



y

4.28
L

sciatic

4 2
Wistar

PLCL
250

NGF 440 ng



4.29 4 2 PLCL NGF 440 ng
2(=3) sciatic Wistar 250 1
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A
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-
LRAAAU

ABARILAU

Xy BLBINSLY
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A

19
B

AR

X0Z BLBRESLY

NGF 440 ng

PLCL

250

20

Wistar

sclatic

120



20

431 4 20 PLCL NGF 440 ng 3
w o 1(=3) sciatic Wistar 250 1



einel 4x

A

20x

4 2 PLCL NGF 440 ng
2( =3 sciatic Wistar 250 1

432



-

NGF 440 ng

PLCL

250

20

y Wistar

433

sclatic
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( 2549) sciatic Wistar
PLCL Lactide : caprolactone 50:50
(434

PLCL
Axon Scaffold Axon

4.34 Toluidine blue ( 20 ) PLCL
Lactide : caprolactone 50:50 sciatic Wistar 2
[ , 2549]

PLCL  Nicoli Aldini N. 1996 2000

PLCL Lactide : Caprolactone 50:50 13
175 12 . sciatic Wistar
10 . plclT, '

30 Schwann cell



180 , Axon  Myelin
Wistar  (Autologous nerve grafts)
( Light microscopy ~ Electron microscopy) 180
Multinucleate giant cell
PLCL sciatic 1
Multinucleate giant cell PLCL
Axon Schwann cell
Matsumoto K
(' 2000)
Poly(glycolic acid) Peroneal  Beagle dog
80 . 12 10-12
( )
ChenY (- 2005)
Gepinin sciatic
10 . Sprague-Dawlay
8 (Total nerve area)
4 6
Doug youn L (' 2006)
Poly (L-lactide-co-glycolic acid)
Peroneal
Myelin Jugular
Keilhoff G ( 2003)  stang F (

2005) Schwann  cell
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sciatic 20 . Wistar
Schwann cell
Lee A (- 2003) Fibrin NGF
sciatic 1 13 . Wistar
NGF
sciatic Xu X (' 2003)
(Microsphere)  Poly(phosphoester) (PPE)
NGF PPE sciatic Wistar
Microsphere PPE
NGF

Microsphere NGF

(Scaffold) Chen P. 2005
( )
Scaffold Tricalcium
phosphate 1% NGF
1-ethyl-3-(3 dimethylaminopropyl) carbodiimide (EDAC)
NGF
NGF
(Differentiation) ~ PC12 cell (  vitro 7 ) NGF (
2 ) NGF (Diffusion)

( rface degradation)  Scaffold

Tabata Y (1999 bFGF vitro
vivo (Mice)  bFGF Scaffold A B
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Scaffold Mice
bFGF B
;
bFGF B bFGF
B A bFGF
100 %
, bFGF A
B A bFGF (Water
content) Scaffold
bFGF B
bFGF A
bFGF
NGF ( )
[Flerrup, K. Shooter, EM., 1993] B
A [Tabata, Y. , 1998a; 1998h; 1999
Young, . , 2005] B
Wistar sciatic 1
PLCL A B
( )
PLCL
NGF B NGF
Wistar
B A
B
A
PLCL
Lactide: caprolactone 75:25 3%

16 . 0.3
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1.5- 10

0.1-08 . 1

Lactide: caprolactone

( )
NGF

PLCL
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