1. end-to-end suturing
2. fascicular suturing
3. nerve grafting
4. nerve bridging
[1-4]
(57 slicone tube
10 mm
[10,11]

nerve growth factor, NGF

laminin and fibronectin (1%

(89]

collagen

gelatin

1cm



Macroscopic microscopic



2.1 nerve system

(14]

[15,16]

[14,16]

(@D central nervous system brain spina cord
(2 periphera nervous system cranial nerve
spina nerve ganglia
2.1.1 central nervous system, CNS
10"
nucle
track
adrocyte
oligodendrocyte microglia ependymal cell

[14-17]



2.1.2 peripheral nervous system, PNS
automatic nerve system, ANS

Schwann
ganglia
Schwann
Schwann
4
[14-16]
2.1.3
2.1.3.1
[14]
(1)
2.1

SENS0Ory neuron

motor neuron



interneuron

(2)

psuedounipolar neuron
multipolar neuron

(axon)

2.1.3.2

odl body

axon 2.1

unipolar neuron
bipolar neuron

dendrites

dendrite

ribosome






nucleus

RNA
(1) Nisd (Nisd substance) (2)
4) (microfilament) (5)
(7 (centriole) (lipofuscin)
Nisd
Nisd
Nisd
broad cisternae

Nisd
basic aniline dyes
Nisd

Nisd
chromatolyisis

dendrite

(microtuble) (6)

neuleolus

(Golgi apparatus) (3)
(lysosome)
(melanin)

axon hillock Nisd

toluidine blue

Niss

neurite



axon

axon
transport

axon terminas

pre-synaptic membrane
synaptic gap post-synaptic membrane
synaptic vedicle
neurotransmitter
gap-junction
2.1.3.3
excitability
eectric Sgnas
chemical sgnas
nerve
impulses actiona potential receptor potential
synaptic potential

tranamit



[14]

SENSOry neurons

[16]

2.1.4

fascicle perineurium

endoneurium epineurium
2.2
[12-23]

2.1.4.1 [23]
(1)



A 1 20um 5 120

a B vy o
B 1 3um 3 15
C 05 2um 05 2

(2)
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Schwann
node of Ranvier

05 1um
Schwann
C Iy m
Schwann
Schwann
2.1.4.2
a
120
saltatory conduction
120
0.5
2.2
2.2.1
trauma

[21,23]

[21-23]
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2.2.2 Seddon

Seddon 1943
2.2.2.1 neurapraxia
2.2.2.2 axonotmesis

Wallerian

2.2.2.3 neuratmesis
2.2.3 Sunderland

Sunderland
Sunderland

Sunderland

[19,23,25-27]

Seddon
Wallerian degeneration
reinnerveration
[22,27,28]
Seddon



Wallerian

224

[12,14,22,29,30]

(1)
Walerian
degeneration

Schwann [31]

Schwann
Schwann Schwann

Schwann

(2)

3
retrograde
degeneration
Nisd
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chromatolysis

2.2.5

)
RNA
Niss

(2)
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Schwann

Schwann
Schwann

80

Ranvier
Schwann

Schwann

4 mm
15 mm
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2.3

231

(1)

(33]

(2)

(epineurid repair)

10-0

-16-

(32]

group fascicular repair

[34]



3)

(4)

2.3.2

10-0 nylon

1-2

surd nerve

(39

interfascicular nerve graft

(36]

(37]

[22]
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2321

8
(1)
(2)
3)
(4)
(5)

(1)

[38,39]

(8,40]

2) tantalum*!
(42

(8]

( 3) Millipore®
[43]

Millipore®
(8l

[44.45]

[ &

(4) acr yldiymecrop

50000

@
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(5) silicone tube

2.3.2.2
1943
1.
2.
3.
4.
5.
23221 [48]
CHs
|
Si-O
|
CHs

-19-
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CHs CHs CHs;
S-O SO  Si-O

CHs CHs CHs

side group
CH3 CH3 CH3
| | |
S|i-O Sli-O |Si-O
- C=CH
CHa =G O
Methyl virg Ehern
S O S O Si 160°
(cross-linking) Methyl-Methyl
| | | |
@) @) @) @]
| | | |
H; C— Si— CH»+CHy— Si— CH3 - H3C— S—C'"  ~— Si— CH3
| | | |
Methy1-Vinyl
side group
25 100 MN/m? 25 80 Durometer
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ether chloroform foluene

2.3.2.2.2.
[4952] Ploringlchoride (3]
polythene  polyvinyl acetate
[54]
initiator
(48]
2.3.2.2.3
55T Kern Anderson
1949
8
(58]
[59]
histiocytes
[5960]
[61,62]
2.3.2.2.4
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[63-67]

2.3.2.25
17 ™
degrade
[69-71]
2.3.2.3
10 mm
(critical gap length)
[22,72,73]
2.3.2.4
(@) (nerve growth
factor NGF) (2) (collagen) (3) laminin  fibronectin 4
(gdlatin)
(1) (NGF)
(submandibular gland)
26000 B dimer NGF

[74]

NGF NGF



[79]

NGF

™ NGF
NGF [
NGF NGF
8 Bu 1999 12 mm NGF
[l 2001
collagen NGF
15 mm [80]
(2 (Collagen)
Collagen
Mzdison 1988 collagen
4-16 20 mm
8 Yannas 1985 collagen
15 mm ¥ Chen 2000
collagen laminin  fibronectin
6 10 mm 90%
60%>
(3)Laminin  fibronectin
laminin (glycoprotein)
B4 Laminin
Schwann (8% Schwann
[86] Schwann laminin
fibronectin fibronectin
Woolley Bailey 1990 1993
fibronectin ~ laminin

18mm (678
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(4) (gdatin)
Gdatin

(89]

PGA (polydlycolic acid)
1%0] 2002

2.3.25 Schwann
Schwann
Schwann

2.3.2.6

[96-101]

2.3.3

2331

(72

gelatin collagen Brown
gdatin
gdatin (genipin)
collagen

[91]

(fluid accumulation)

1996

gdatin

[92-95]

10 mm

[aminin, fibronectin

-24-
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Williams  (1983)

(7]
2.3.3.2 (fibrin bridge)
fibroblast, fibronectin, leukocyte,
erythrocyte
Bl Williams (1987 fibrin matrices
mast cdl 7 fibrin
matrices Schwann
laminin ~ fibronectin Iy m [
( )
[7]
2.3.3.3 (fibroblast migration)
[7,202]
(7] ’
(9]
2.3.3.4 Schwann (schwann cell migration)
Toluidine blue Schwann
[1%8 " Schwann
Schwann mitogenic factor
9 Sohwann [7,86,103]
Y Bailey (1993) laminin  fibronectin
Schwann 1871
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2.3.35 (vascular sprout)

Schwann fibroblast
193 williams ~ (1990)
(10 mm) M Jeng  Coggeshall
(1987)
143 100u m 48
70U m (121 Danielsen  (1987)
rat amnion membrane matrix (rAMM)
[103]
2.3.3.6 Schwann (regeneration units and Schwann cell columns)
Williams  (1987) (20mm gap)
1-5mm Schwann
Y Schwann
, « n [104]
Williams 1-3mm
* Schwann
Toluidine blue Schwann 7 Schwann
Schwann Schwann
Williams 1983
Schwann
(7]
2.3.3.7 (myélination)
Schwann

0.1u m
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1 | e Beau 1988

42
[72]

2.4

24.1

0.37u m

-27 -

[105,106]

[108]

435

0.57u m

[107]



(1)
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(2)

3)
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(4)

2.4.2

» [107]



2.4.3

2431

[110]
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(111

[109]

(

)
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” [112-114]



[115]

2432



[112113]



[112,113]

( )

()

[1]
”
7
[112-114]
1] ”



2.4.3.4. [116]

24341

[1] ”
113 ”
[1]
11}
13 ”
113
n 1] n
13 ”
” 113 ”
1] n
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24352



“ (obstertrician’ s hand)”

24353
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24354



2.4.3.5.5
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2.4.3.6
2436.1

24.3.6.2

2.4.3.6.3

0.1

24364
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2.4.3.6.5

2.4.3.6.6



2.4.3.7

10.

2.4.3.8

11.

12.

13.

14.



24381

2.4.3.8.2

2.4.3.8.3

2.4.3.8.4



2.4.3.8.5

2.4.3.8.6

2.4.3.8.7



2.4.3.8.8

2.4.3.9
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2.5

25.1 [117]
[118] [119]
[120]
Panax ginseng C. A. Mey.
13 R« Ro Ra Rb;

Rb, Rb; Rc Rd Re Rf Rggz Rg, Rh; Rh

[121]
Atraclylodes macrocephalaKoidz
[121]

(122)
[123]

[124]

109G

[123] [124]

Poria cocos (Schw.)Wolf



B - (B -Pachyman)

93%
B _ [122]
96.88% @)
)
©)
[121]
Glycyrrhiza urdenss Fisch.
(Gloycyrrhizin)
(1)
(cortisone)
@) ;
3 (4) (5
(©)
(7) (8) 9)
(10)
[124]
2.5.2 [129]
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IgM

(SOD)
NK

IgE

(NK)
(MDA)
MDA



N

M < 0 ©

10.
11.

[126]

253
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(1)

(2)
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[120]

(CAMP)



Na" K'ATP

(Paeonol)

84:3:3:3



25.4 [128]

1.
[129
ANAE +
[0} J774
[131]
2.
(13
[133]
(P<0.05)
[134]
3.



[135]

[136]

(137]
(HDL-C) HDL-C/TC
(134]
C
(139 T3 T4
AD
[139]
13 ” [140]
LPO
SOD
SOD [141]
[142]
51%
47.6%%]



[144 6 /| 3

34 94% 82
[145]
20 , 18 g 3
[14 53 9691147
65 0 28 7
89.20,1148 1 205
mg% (+++) 24 [149]
12 2 4
8 3 [150]
27 16 11 57

-57-



[151]

52 84941152
[153]
C.
30 9 16
37 94,694 1
6 [154] 52
88.5% 78 100969
D.
1~2
30 26 3 1 86.79%°)
10
[157]
E.
2
129 8 7 216
20 10 19 14 4 1160
2 [167] 2
3 [162]



3.1

1.96

3.1.1
Helix Medica Silicone Tube 1.5mm
mm Heix Medical Inc(USA)
3.1.2
(Tawan)
X () 0( ) x
70 2 (1995)
[163]
( ) 3.5
1.05 g6. 0 6g O
g6. 0 3g O
3g O 29 O
6.0g ( 26.0 6.0=4.3 1) 45¢g
0.2
3.5gx[0.2 70 ]1x35 0.35¢
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( ) 4
12 8. @
4. @
49 O
g 3.0
g3. 0
g 3.0
7.29 250 72 35 1 4.8¢
0.2

4 gx[0.2 70 ]1x35 04g

3.1.3Toluidine blue

Toluidine blue CisH1gSCl+2Zn A28 Toluidine blue
(165189 Toluidine blue
Toluidine blue Sigma Chemica CO.

(USA)
3.2
3.2.1
3.21.1

Sprague Dawley 30 210g+40g
30 10



(1)

3.c.C.

(2)

3.2.1.2

3.2.1.3

Japan)

Taiwan)

pentobarbital (0.2ml 100g) Somnotol

25cm

31
4-0 catgut (Unik Taiwan)

(pamoxicillin) RO 1g 1ml)

-61-

8 mm

9-0 nylon (Mani

1 mm
10 mm
3-04dlk (Unik



31 (1)9-0 nylon
2 3

3.2.1.4
22+3
555% (

3.2.2

3.2.2.1
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3.2.2.2

10 mm
35mm 3mm (2.5% glutara
Idehyde 4% paaformadenyde 1xPBS) 3.2
10 mm
J
3.5mm 3 r/l\m 3.5mm

3.2
3.2.3
25% GA (Glutarddehyde) 4% PA (Paraformaldehyde)
buffer 2 1% OL0,
50~100% Spur 60-70
16 (4-5pum
) Toluidine blue Schwann cell
3.2.4
25~400 (Olympus 1X70, Olympus
Optica Co., Ltd, Japan) (@)
)
Schwann
cel 3



4.1

4.1.1
Al 1x1 om
10
4.1.2
A6
4.1.3
( 41
B8 4.2 B4
4.3

A9

4.1.4

41



4.1.5

44 4.5
4.6 4.7 4.8
5 5
10 5 42
4.1.6
4.1.7
A8 B10
4.1
) () ) 9 (9 (9
7/ 189022/ 0@g) 71189022/ 0@ 71189022/ 0@
Al | 255 | 304 | 49 Bl | 245 | 288 | 43 Cl | 239 | 264 25
A2 | 233 | 280 | 47 B2 | 223 | 265 | 42 C2 | 232 | 302 70
A3 | 223 | N/A | N/A | B3 | 223 | N/A| NJA| C3 | 216 | 303 87
Ad | 216 | 291 | 75 B4 | 215 | 277 | 62 C4 | 216 | 263 47
A5 | 214 | 263 | 49 BS5 | 213 | 271 | 58 C5 | 211 | 292 81
A6 | 205 | 214 9 B6 | 210 | 264 | 54 Co6 | 205 | 266 61
A7 | 203 | 285 | 82 B7 | 205 | 272 | 67 C7 | 196 | 304 | 108
A8 | 191 | N/A| N/A | B8 | 186 | 205 | 19 C8 | 189 | 235 46
A9 | 171 | 224 | 53 BO | 182 | 256 | 74 C9 | 180 | 251 71
Al10 | 172 | 222 | 50 | B10 | 176 | N/A | N/A | C10 | 176 | 249 73
Totd | 1669 | 2083 | 414 | Mean| 1679 | 2098 | 419 | Mean| 1870 | 2729 | 669
Mean|208.6|260.4| 51.8 | SD [209.9|262.3| 52.4 | SD | 187 |272.9| 66.9
A B C N/ A




4.1

4.2

C7

B8



4.3

4.4
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B4

A10



4.5

4.6

C9

B8



4.7

4.8
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A2

A5



4.2

Al () B1| () Cl ()
A2 () B2 | () Cc2 ()
A3 N/ A B3 N/ A Cc3 ()
A4 () B4 () Cc4 ()
A5 () B5 () C5 ()
A6 () B6 () C6 ()
A7 () B7 () c7 ()
A8 N/ A B8 () C8 ()
A9 () B9 () C9 ()
Al10Q () B1d N/A | C10 ()
A

B

C

()

()

N/A  Not avalable
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4.2

42.1

4.9
4.10 411 4.12
4.3
4.2.2
4.13 4.14 4.15 4.16
4.17 4.18
4.19
4.20
4.21 4.22
4.2.3
4.23
5/8=62.5%
3/8=37.5%

4/10=40%

-71-



4.9

4.10

-72-

A5

B8



4.11

4.12

C5

C9
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4.3

)
)
)
)
)
)
)
)
)
)

(
(
(
(
(
(
(
(
(
(

)
)
)
)
)
)
)
)
)

(
(
(
(
(
(
(
(
(

C1

c2

C3

C4

C5

Co6

C7

C8

C9

c1o0|()

N/ A

N/ A

~—~ | ~~ ~ |~ |~~~ |~
< <
—~ | ~ ~|  ~| ~|~|~]| ~
~ ~
o
1234567891
(o [ a I yaia [y a'a [ I a'a [ o' o [ n'a [ i a'a [ '
< <
~l~l I
< <
~l |
o
A (N[ [T | O ]|]O |~ [0 |
|||«

N/ ANotvaial abl e
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4.13

4.14

Al

A6
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4.15

4.16

A7

A9
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4.17

4.18

B2

B4



4.19

4.20

C1l

C2

-78-



4.21 C4

4.22 C10
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oC

~MN O D < 0O N -

=S

4.23



4.3

4.3.1

4.3.2 Schwann

Schwann

4.24

Toluidine blue

A A6(

-81-

4.24)

(AB)

2-3



Toluidine

blue Schwann
Schwann
A A4
4.25) A7( 4.26)
4.3.3
A Al
A9 B B2 B5 B6 C Cl C2 C6 C7
4.3.4
A 5 (A1 A4 A6 A7 A9 A6
fibrin matrices axon Schwanncdl A7
Schwann
cell A4
Schwanncdl Al A9
Schwanncdl Al
( 427) A9
( 4.28)
B 3 (B2 B5 B6)
Schwann cdll B2
( 429 B5 B6 ( 430 431
C 4 (CL C2 C6 C7)
Schwann
cdl C6 C2 Cl1 Ce6

c2 Cv ( 432 4.33 4.34 4.35)
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4.25 Schwann (A4)

4.26 Schwann (A7)



427 Al

4.28 A9



4.29 B2

4.30 B5



4.31 B6

432 C1



4.33 C2

4.34 C6
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4.35C7
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62.5

375

1997

40
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Effect of Chinese Medicine for Supplementing
Yin and Qi on Regeneration of Dissected Rat
Sciatic Nerve Repaired with Silicone tube

Hue-Chun Tsai
Major professor: Y ueh-Sheng Chen
Ingtitute of Chinese Medical Science, ChinaMedica College

If the neurotmesis is not properly treated, the neuroma can
happen. The gap length between the injured nerve ends is the most
important factor in deciding the suturing methods of repairing severed
peripheral nerve. End-to-end suturing and fasicular suturing methods
are suitable to the shorter gaps. As for the large gaps, nerve grafting
and nerve bridging methods are suggested. It is difficult to get the
original source of nerve grafting method so that it is better choice to
use nerve bridging method to repair the large gap of both ends of
severed nerve.

Nerve bridging technique is to put both ends of severed nervesin
a tube, which can guide and support nerve fiber regeneration. There
are many kinds of materials used for nerve guide tubes, such as the
silicone tube which is most commanly used.

There are severa phisiological similarities between flaccidity
commonly seen in Chinese medicine and the condition after cutting
the peripheral nerve. It is believed that both the symptoms could be
with the same basic causes. To cure the flaccidity, drugs for
replenishing QI, Blood, Yin and Yang are used in Chinese medicine.

In the present study, Luh-Wey-Dih-Hwang-Wuang, a Chinese
formula to supplement Yin was fed to the rats, whose sciatic nerves
had been dissected for 1 cm and repaired with silicone tubes for eight
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weeks of implantation. In addition, Si-Jun-Zi-Tang, a Chinese
formula to replenish Qi was aso tested to clarify the actual role of
Chinese medicine for tonocity on nerve regeneration. As a result, it
was found that the success percentages of regeneration occurred in the
groups of the Luh-Wey-Dih-Hwang-Wuang, the S-Jiun-Zi-Tang and
the control were 62.5%, 37.5% and 40%, respectively. This finding
demonstrated that Luh-Wey-Dih-Hwang-Wuang can promote nerve
regeneration. But Si-Jiun-Zi-Tang and the control had better result in
maturity of regenerated nerve than Luh-Wey-Dih-Hwang-Wuang.

Key word: peripheral nerve regeneration; silicone tube;
L uh-Wey-Dih-Hwang-Wuang; S-Jiun-Zi-Tang
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