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3.8% Paraformaldehyde in PBS

30 Surcose
0.1 M PBS
Wash Buffer
Nickel 50 mg/ml
Tris Buffer
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L-NAME
300 1000 3000 nM
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NOS L-NAME 300 1000 nM 10L
20L

Fos
10L 10L300 10L1000 20L 20L300
20L.1000 L-NAME (300 1000 nM)
10L 20L L-NAME
Fos 10L
- 20L L4 Fos
Fos
Fos
NOS
Fos
20L 20L300 20L1000
Fos 10L 10L300
10L.1000 20L 20L300 20L1000
c-fos
?  BHT NMDA
c-fos ! !

L-NAME Fos
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cancer pain

1980
1996
( C )
P 2 -
NMDA
PKC
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Fos Fos Jun
AP-l-like AP-1 DNA

(AP-15te) AP-1 dte
(promoter gene) AP-1



( pro-enkephalin,pro-dynophin gene)
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(post operative pain) (phantom pain)
L-NAME
Fos
L-NAME
L-NAME
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2
A.
Melzack Wdl 1965 (Gate theory)®
TENS (nociceptive)
TENS
45
B - 2 PAG
NRM LC serotonergic
noradrenergic pathways ?
(enkephalinergic interneuron) P
6-9
B.

(Opiate-like Substance,OLS) Hughes 1975
? (polypeptides) OLS

10



B - 2
B - 2
o) 12
accumbens®* *° 1
?
18
1979 Cheng Pomeranz
ndoxone
(2H2) (100 Hz)
naloxone 2021 Han 2 Hz
M- O - 100 Hz
22 23 2/15 Hz
_ 6 _ K - 24
OoLS
B - 2 2 2
C.
?2 B- 2
(tolerance)

17

1
¥ nudeus
?
19
K -
OLS
OoLS

?  Cholecygstdkinin (CCK)

25 26

2 CCK-8

1

Cholecystokinin - octapeptide (CCK-8)



(Anti-opioid substance
AQS) CCK-8 CCK-B
28
M- K-
2 0 CCK-8

31-35

(crosstolerance)
% (AOS)
D.
1979  Cheng Pomeranz
endorphin  non-endorphin
endorphin serotonin 9
5-HT 7
5-HT %
PCPA
® 5HT 5-HTP
40
(NRM ) “ 5 6DHT
Serotonergic fiber 42 1989 Tsa
5-HT
Enkephdin-interneurons primary Sensory neurons
® 5-HT
5HT NE
receptor subtype
(NE)
Han 1983
NE NE



a
a2

clonidine

substance

E.

1976

1986

Hz

1993

24

NE a

NE
s clonidine
45
° NE
serotonin  opioid
Bruce Pomeranz 0.2Hz 4Hz
endorphin 200Hz
serotonin 47 Han
neloxone
2 15Hz naloxone 100
1 2 3V neloxone
1989  Han
5 -
2Hz K 100Hz
2Hz 100 Hz 2 1992
2Hz M- O -
100 Hz K - 2/15Hz
H- 8- K- 22
cfos

49
glutamicadd  CCK-8
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Pomeranz

(200H2)

50 51

nadoxone

1988 10 0 10
52
naltrexone
53
Wang 1993
(transent analgesic effect) (after-effect)
(10H2) 6V)
(3BV) *
(sensitization)
55 56
(neuropl adticity)

(excitatory amino acid receptor)

57

(nitric oxide) (prostagadn) PKC
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() (EAA)

EAA (L-aspaate)
(L-glutamate) C
(astrocyte)
glutamate synthase
Substance P cacitonin gene-related
peptide(CGRP)
(vedcle)

C (cordea)

substanceP EAA
58 59

60

61

NMDA (N-methyl-D-asparate)
NMDA ( AMPA/KA )

NMDA NMDA
62
NMDA
NMDA
NMDA NMDA
63
NMDA



( )NMDA

NMDA
® NMDA
glutamate
1. 2. (
glutamate) ( dlycine)
NMDA ( AP5)
glutamate
(dyare)
NMDA NMDA
sdow channel NMDA
NK-1 fast EPSP
PCP-gite
MK801-site (non-competitive antagoni )
ketamine  dextromethorphan
NMDA
NMDA 1
C
substanceP CGRP dutamae
66-70 NMDA

metabotropic NMDA PKC™
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NMDA
NMDA 2
PKC KA NMDA

73

NMDA Receptor

PCP
katamine

Zn Gly Glu
& —D —l_] |
= N \¢ y
NMDA Recepter -?*Mgﬁ
Na+, K+, Caz+

NMDA Receptor

()

1 APLC IP3 DAG
2. DAG PKC IP3
(ER) 74

75
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1 fast EPSP

G protein PLC IP3
240w EPSP
)
())NMDA L
(use-dependent)
(ligand-gated)
L
(potassium dependent)
(leakage channel)
L nifedipine  vergpamil
76
( )PKC
NMDA PKC
PKC cGMP
PKC PLC DAG PG
PKC
phobol ester

7

ganglionside PKC trandocation
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PKC
PKC
PKC camodulin cGMP cAMP
cGMP phosphodiesterase (PDE)
cGMP adenylate cyclase cAMP
79
() -
(niticoxide)
EAA 0

81
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NMDA

&
D
@
( Jun Fos Krox )& (nitric
oxidesynthase NOS)
cacium dependent camodulin (NOS cofactor)
guanylyl cyclase
(hemoglahin)
cGMP protein kinase G
84
cGMP
(L-arginine) (thermal
hyperalgesia) (mechanica hyperagesia) *
NMDA
(L-NAME/L-NMMA) guanylate-cyclase
86
87
2.



NSAID's

PGE, PGl, C
? (adenosine)
A, 5-HT Gi (inhibitory G protein) CAMP

PGE, PGD, PGFK,

NSAID
NSAID A,
88
NMDA PLA, (diacylglyceraol DAG)
(arachdonic acids) SubgtanceP
86
C. -
c-fos (immediate early gene
|EG) 5 30

Fos
Fos
cfos
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MRNA

(late response gene,LRG) pro-dynorphin
pro-enakephalin gene >
CHos Cascade
/ﬂi&Tﬂ_ '@\ c~Jun-ppp
C?EBI E ~Jun-pp
c-Fos
E] AP-I
AP-1 site - ILRG
c-fos
(' )cjun
Jun
C DNA bind area(DBA)
Fos Jun-DBA-ppp( DBA)
DNA Fos Jun
Jun-DBA-pp ( DBA) Fos
AP-I-like Jun
Jun-DBA-ppp PKC Jun



pyrophosphotase
(dephosphorylation)
DBA
Jun DBA N

Fos

( transcripition domain)

Fos/Jun
c-fos

(

NO

Jun family

Fos
Jun Fos

( )c-fos

c-fos

TPA

TRE(TPA response element) 2.

growth factor

DNA

PKC

Jun

89

14

87

c-jun

PKC

Jun-B

TPA

epidermal growth factor

Jun DBA

Jun

AP-1-dimer

L RG(late response gene)

) Jdun

PKC PG

88 Jun DAB
Jun
AP-I-like activity
Jun-B

14024.3-31%

(mitogen)
DNA

nerve

c-fos

SRE(serum response €lement)

23
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DNA
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c-fos TRE AP-1-gte

c-fos c-jun

MAP(mitogen activated protein) kinase ~ RSK(ribosom S6 kinase)
91

Fos
( NMDA
L ) c-fos
Bading c-fos
NMDA
L c-fos
c-fos
92!
Fos
Fos
Fos Jun-DBA-pp( DBA)
% PKC Jun pyrphosphotase
Jun  DBA Fos/'Jun dimer
tryosine kinasg(
MAPKkinase RSK) Fos
A Fos Jun

DBA AP-1
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()

c-fos c-jun Fos Jun
AP-1(Activator-Protein)
AP-1 (zinc finger)
DNA AP-1 homodimer
(  Jdun-dun) heterodimer Fos-Jun
AP-1 Fos-Jun dimer

AP-1 DNA CREB

(CAMP/cacium response element-bind protein)
DNA CRE(cAMP/Calcium response element)
CRE c-fos c-fos ( SRE)

CREB c-fos CREB cCAMP

NMDA/
Fos AP-1
LRG AP-1 dite AP-1 LRG
CREB AP-1

pre- proenkephain  pre-prodynorphin gene ? ?

K receptor O receptor

96

56

2 68
? K receptor NMDA
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97

Wider rats

L-NAME
c-fos
Fos
A.Fos
c-fos
Fos
14-2- (14C-2-deoxyglucose, 2DG)
Fos
2DG 98
( )- ( ) %
Fos

c-fos
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laminal/ll/vV

Fos
Fos 2.Fos
100 3
Fos
g (somatotopic
presentation) % 5. 103
( )
104-107 6FOS
Fos 1087
Fos
109 Fos
110 FOS
B.Fos
Fos
Fos
(in vivo) L
Fos (in vitro)
114
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) ( )
c-fos
! Fos
(ganglion)
c-fos mRNA
Fos
(dorsdl root ganglion)
Fos
- Fos
?
AP-1 AP-1
Fos-Jun dimer Jun-Jun
dimer Jun-Fra dmer Fos
115
Fos
c-fos
Fos
1
2.
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C. Fos
c-fos
c-fos
AP-1
ViVvO)

c-fos

47 )
c-fos

c-fos

Fos

Fos™® 3.

MRNA
1044,
L4
Fos
Fos
- Fos
c-fos
Fos
Fos
2
c-fos

antisenseDNA  transgene
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117 118 1977

117
(
3-5
117 119 C
10-15
( ) 15-20
indomethacin

121

substance P bradykinin

serotonin  prostglandins bradykinin
bradykinin B

bradykinin

123

Dubuisson

Ad

122

20-40

Dennis

120

histamine,



14 opiate

naloxone opiate 12

61

carrageenan

y east 126

tail-flick test limb-withdrawal reflex jaw-open reflex
formalin test  adjuvant polyarthritis carragenean  induced

inflammation hot-plate test writhing
response shock titration reaction time confict
task 127
tail-flick test
(reflex behaviour)
basdline
tail-flick test
cut-off

basdline latency™® '*°
(2224 )

31



(viscerd pain) (writhing response)
(tail pressure testtail

pinch test) (hot plate) (electric foot shock)

tail-flick test

( ) 130

131

132

133

() 12 10-30

133
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Hyiden pentobarbital 30

141 142
1976 Yaksh Rudy polyethylene tube,
PE-10 (cisterna) (lumbar spina cord)
7.5-8.5cm (intrathecal administration, i.t.)
143
(neurological
deficit) (paraysis)
250-350 g Wigar pentobarbital
50 mg/kg :
PE-5 8 cm
lumbar enlargement slicon tube
34 silicon tube

10 p | 2% xylocaine

144-146

90%






Widtar 250-3509 12 12

21-23

250-350

g Wiga pentobarbital 50 mg/kg

: PES
8 cm lumbar enlargement
silicon tube 34
silicon tube 30 p I 2% xylocaine
810
PES

PES

L-NAME

L-Nw -nitro-arginine methyl ester L-NAME  Mek  N5751

NMDA 268 250 mg 3c.c. 0.9%
lc.c. 300nmoe L-NAME 10u | 3000
nmole 33l 6.7l 10u | 1000

36



nmole L-NAME u | Q| 10
M1 300nmole L-NAME L-NAME
1. 1% Hdothene
1% Haothane
3 36 0.2mm
5mm
2mm 5mm 5 mm
4, CCuU 611 STIMULATER
(monophasic) 5 msec.
4 Hz ( 0.5mv)
(basdline intensity)
(10 20
5mv  10mv) 20
Pentobarbital 100 mg/kg
pump 18

0.5cm
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0.9% 500 ml pump

3.8% paraformaldehyde 500 mi/
paraformadehyde
(fasciculation)
T10-L6 transverse process L6
Spinousprocess pars interaticulais
lamina saind cord
lamina pedicle dura matter
sond
cord cauda equina spinal
nerves T10 T10 spinal cord
3.8% paraformaldehyde 4 30%
sucrose
1
2.
3
4.
5.30% sucrose 50 ml

6. 3.8% paraformaldehyde 50 ml

38



3.8% Paraformaldehyde in PBS

ID-H,0 2000 mi 1000 mi
NaH ,OPO; H,0O 6.35¢9 3.189
NaHPO, 22.72 ¢ 11.36¢
Paraformadehyde 80.00 ¢ 40.00 g
NaCl 18.00 g 9.009g
1.pH 71374
2

30% Surcosein PBS

ID-H,O 100 mi
NaH ,OPOs H,0 0.318¢g
NaHPO, 11369
NaCl 09g
Surcose 30g
-20 4 4 m

1 600 rabbit anti-c-fos polyclonal antibody
1 200 biotinylated goat anti-rabbit 1gG
1 50 ABC polymerization

0.1% DAB 001 H202 0.2 nickd reaction




0.4 gdadin

147

alcohol

)
1. 1. -20
2.
3. 2. Acetone
4. 3.
5. PBS 100 ml 4, spina cord
0.5cm
6. 5.
7.
8. 6.
0. (Frozen specimen Tissue
embedding medium, 7.
Cryomatrix" ™, Shandon) 8. lock
9.
10. box
11. labdA B C D
PBS 20ml
12. 4 um
( )
1 (
2.
3. box
4. box (-10 )object (-10 )
Wash Buffer
1. Wash Buffer
W.B.
5




2. gheking
1. Wash Buffer W.B. 297m
2. 30 H>O- 30 H202 0.03 ml
10
3. Wash Buffer W.B. 27 m
4. NGS NGS 0.3m
20
1. rabbit anti-c-fos polyclond W.B. 295 ml
antibody 1 600 NGS 1
(SantaCruz  sc-52) c-fos antibody 5pul
2. NGS 20
3. Wash Buffer
1. goat anti-rabbitlgG 1 200 W.B. 10 ml
2. NGS NGS 2
3. Wash Buffer goat anti-rabbit 1
1
1. diteABCcomplex (150 Vectadtan) |W.B. 10m
2. WB. A 4
30 B 4
1
1. 0.1%DAB 0.1% DAB 7 mg

a4




2. 0.01% H,0, 0.01% H,0, 5m
3. nickel 6 mg/mi(0.2%) nickel 6 mg/ml(0.2%) 1.2 ml
Tris buffer 13.8 mi
4. Trisbuffer 6-10
A.
30 1. (4%6)
DAB
2. 10x10
Fos
B.
1. dides 1. gdain08g 112 c.c.
2. gddin 95 100 ml
3. 2. 11 2
1. 1. 50% 3
2. dcohol 50% 75% 95% 100% 2. 5% 3
3. xylenel 3. 95% 3
4. mounting medium 4. 100% 6
5. 5. xylenel 6
6. 6. mounting medium
7. xylene
8.
mounting medium
0.1M PBS
ID-H,O 2000 ml 1000 ml 3000 ml
NaH ,OPO; HO 6.35¢g 3.18¢g 9549
NaHPO, 22,729 11.369 34.089
NaCl 18.00 g 9.00g 27.069

42




| pH 71.37.4
2.
Wash Buffer
Triton-100 10m 20ml
PBS 490 m 980 m
Totd 500 ml 1000 m
Nickel 50 mg/ml
Nickel 1250 mg 2500 mg 3750 ng 5000 mg
Tris 25 m 50 ml 75 m 100 m
25ml 50 ml 75 m 100 m
1.pH 7.37.4
2.
Tris Buffer
Tris Buffer 80 ml 160 mi 240 ml 360 ml 400 ml
Tris 0.04¢g 0.08¢ 0.12g 0.169g 029
80ml 160 m 240 ml 360 ml 400 ml
1.pH 71.37.4
2.
dark fidd




L1 L2 L3 L4 L5 L3 L4

148

13 L4
10x10x1.25 dark fied Camera
Lucida Reticular part
Dep laye D
Supeficid layer S Nucleus propius (NP)
NP S 113 NP
2/3 148



Dorsal
Clolumn

_ Superficial layer

Nucleus Propius

Dorsal Lateral
Funuculus

L-NAME

c-fos

c
1. 0.9% 10 p | (n=6) 2.300nM L-NAME /0.9%
10 p | (n=6) 3.1000nM L-NAME/0.9% 10
bl (n=6) 4.3000nM L-NAME/ 0.9% 10 p | (n=6)
10 p1

26 Oul
5% 30x30x30 cm

(weighted pain

score) w



5

pentobebitd (100
mg/kQ) 3.8%
paraformal dehyde 3%

surcose 44 m phosphate buffer

1 600 anti-c-fos
20 bictin oG 1
avidin-biotin-complex (ABC polymerization) 1
gdatin
laminee
Fos
Superficia laminae (laminae I/11) 2.
Nucleus propius (laminae I11/1V) 3. Deep laminae (laminae V)
Fos
cfos
0 1
0.9% 20 pu I(n=6) 2
2 20 4
20 5.
20 Fos
L-NAME



30

1. 0.9% 10 p I (n=6) 2. 1000 nM L-NAME /0.9%
10 p | 20
(n=6) 3. 300 nM L-NAME/0.9% 10 p |
20 (n=6) 4. 1000 nM L-NAME/ 0.9%
10 p | 20 (=6) 5.
300 nM L-NAME/0.9% 10 p |
20
10L L-NAME
300
nM L-NAME 1000 nM L-NAME
Fos
20 L L-NAME
300 nM L-NAME 1000 nM L-NAME
Fos
L-NAME
c-fos
300 nM

L-NAME 1000 nM L-NAME 3000 nM L-NAME
Fos

(mean  standard deviation)

47



Fos
(one-way ANOVA)
Test
(AUC)
(post-hoc test)
0.05

(post-hoc test) Scheffe's
areaunder curve
(one-way ANOVA)
Duncan’'sMultipleRangeTest p



Fos

300 1000 3000 nM L-NAME

300 1000 3000
10L 10R 20L 20R
300 1000 nM L-NAME

10L300 10L1000 20L300

201000
L1~L5 cfos
S L4 L5
c-fos L1 L2 L3 L4 L5
NP L4 L5 c-fos L1 L2 L3
D L4 c-fos L1 L2 L5 L3
L1 L2 L5 L1 L4 cfos L1
L2 L3 L5 L3 L5 L1 L2
L1415
cfos
L-NAME
c-fos
Fos (168 37 Fos /
) Fos
149 150

Fos

49



superficia laminae deep laminae ( Fos
30% 46%) L-NAME
(300 1000 3000 niv) Fos
( 74% 69%
52%) L-NAME Fos
300 1000 3000nM L-NAME
Superficia laminae

% 67% 57% Nucleus proprius

67% 70% 50% Deep laminae
7% 70% 51% L-NAME c-Fos

L-NAME Fos
5) % 117
( ) 35

10-15

( ) 15-20 20-40

L-NAME (300 1000 3000nM )

cfos
( 10L)
(10R) (20L)
(OR)
Fos (
76%, 28%, 67%, 45%)
Fos (p<0.001 Scheff’'sTest )

(10L 10R 20R 20L 10R)
Fos



10L 10R 2L 2R

S 58%, 17%, 44%, 25% NP
88%, 43%, 70%, 61% D
83%, 26%, 80%, 48%
5 10L 20L
(p<0.01 Duncan’s Multipal Range Test)
10L  10R (p<0.05)
L-NAME
Fos (168 37 Fos /
) Fos

superficial laminae deep laminae (

c-Fos 30% 46%)
Fos (p<0.001 Scheff’sTet
) 1000 nM L-NAME /0.9% 10u |
10L1000 300 nM L-NAME/0.9%
10p | (10L300) 1000 nM
L-NAME/0.9% 10 |
(20L1000) 300 nM L-NAME/0.9% 10u |
(20L300)  10L1000 10L300 20L1000
20L.300 Fos
( 6% 70% 28%
49%) Fos
10L1000 10L300 20L1000 20L300
S 32% 46% 16%

33% NP 46% 88% 43% 61%

51



D 4% 75% 28% 52%
Fos L-NAME
Fos

L-NAME (300 1000 nM)
10L 20L (p<0.01
Duncan’ sMultipal Range Test)

10L L-NAME
Fos (168 37 Fos /
) Fos
superficial laminae deep laminae ( Fos
% 46%)
Fos (p<0.001 Scheff’'sTedt )
10L  300nM L-NAMEIO.9%
10 p | (10L.300)
1000 nM L-NAME/0.9% 10 p |
(10L1000) 10L 10L300 10L1000
Fos (
76% 70% 36%) Fos
10L 10L300 10L1000
S 58% 46% 32%
NP 88% 88% 46% D
83% 75% 34% Fos
L-NAME

Fos

52



10L 10L300 1011000
(p<0.01 Duncan’s Multipal Range Test)

20L L-NAME
Fos (168 37 Fos /
) Fos
superficia laminae deep laminae ( Fos
% 46%0)
Fos (p<0.001 Scheff’sTest )
20L 300 nM L-NAME/0.9%
10 p | (20L300)
1000 nM L-NAME/0.9% 10 p |
(20L1000) 20L 20L300 20L1000
Fos (
67% 49% 28%) Fos
20L 20L300 20L1000
S K4% I3
16% NP 70% 61% 43%
D 80% 52% 28% Fos
L-NAME
Fos

20L 20L300 20L1000
(p<0.01 Duncan’s Multipal Range Test)

53



L-NAME cfos

300 nM
L-NAME 1000 nM L-NAME 3000 nM L-NAME
Fos Fos
(p<0.001 Scheff’'sTest ) 10L 10R 20L 20R 300nM
1000 nM 3000 nM
Fos ( % 28%
67% 45% 74% 69% 52%) I0R 2R Fos
10L 300nM 1000 nM 10R Fos 20L
3000 nM Fos
10L 10R 20L 20R 300nM 1000nM 3000 nM
S
58% 17% 44% 25% 75% 67/% 56% NP
88% 43% 70% 61% 67/% 70% 50%

D 83% 26% 80% 48% 7/% 70%
50%

10L 20L 300nM 1000 nM 3000 nM
(p<0.01 Duncan’s Multipal Range Test) 10L 10R
300nM 1000 nM 3000 nM
(p<0.01 Duncan’ s Multipal Range Test)

Fos

Fos



S L4 cfos L1 L2 L3 L5

LS L1 NP L4 cfos L1 L2
L3 L5 LS L1 L2 D L3 L4 cfos
L1 L2 L5 L4 cfos
L1 L2 L3 L5 L3 L1 L2 L5 L1
Fos
S L4 cfos L1 L2 L3 L5
NP L4 c-fos L1 L2 L3 L1
D L4 cfos L1 L2 L3 L5 L2
L3 L1 LS L4 c-fos L1 L2
L3 L5 L2 L3 L1



LiL5 Fo s
L1 L2 L3 L4 L5 Fvdue  Multiple
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Comparison#
S 18.64+3.45 17.28+9.12 15.97+3.98 48.41+14.82 30.44+9.88 9.67+**  4>1,2,3,5: 551,2,3
NP 19.49+5.03 20.67+4.54 26.64+8.54 4351+12.64  45.18+19.80 10.56%** 4,5>1,2,3
D 33.21#11.82  40.95+12.46  64.74+15.77  76.92+19.24  56.46+18.32 8.13***  4>1,2,5; 3>1.2:5>1
TOTAL 71.33+14.89  78.90+18.84  107.36+24.58  168.85:+37.13  132.08+41.56  14.94*** 4>1235
3,5>1,2
***E<0.001
#Scheffel s Tet
-
>
[0)
C
©
o 25
v 20 OL 1
Q ]
D
© l 5 :|: I:| L aq
- HmL 3
A
on 10
4
0 oL 4
LL -
> W‘Jﬁ il -2
O | | | |
Laminar region
Fo s
S N P D

TOTAL



LiL 5 Fo s
L1 L2 L3 L4 L5 FVdue Multiple
Mean £ D Mean £ D Mean + D Mean £ D Mean + D Comparison#
S 11.15+5.29 9.69+2.89 10.10+4.52 9.10+£2.65 12.46+3.27 1.77
NP 14.72+2.89 17.77+4.55 20.36+6.76 22.15+7.40 22.82+4.25 3.33
D 22.49+5.33 24.67+6.83 25.95+6.05 26.56+5.64 29.39+6.11 1.97
TOTAL 48.36+9.68 52.13+£11.18 56.41+12.52 57.824+9.94 64.67+8.85 3.11
*Scheffe s Test
o I oL
o 6 OfF )
© D L 42
— 4 0OF mL 3
(7]
2 DL 4
© 20 [
| =L
O ] ]
Laminar regi on
Fo s
S N P D
TOTAL
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L-NAME Fo s
Saline (1) 300 nM (2) 1000 nM (3) 3000 nM (4) FVvdue  Multiple
Mean+SD Mean+SD Mean+SD Mean+SD Comparison#
LL4S 48.41+14.82  36.42+9.48 32.4410.24  27.63+10.63 6.32*  1>3.4
(100%) (75%) (67%) (57%)
LLANP 43.51+12.64 29.08+3.72 30+7.74 21.81+5.82 11.73***  1>2,3,4
5 (100%) (67%) (70%) (50%)
LL4D.  76.92+19.24  50.13+10.65  53.93+11.83  38.93:8.63 13.64%**  1>3.4; 2>4
2 (100%) (77%) (70%) (51%)
TOTAL 168.85:37.13 124.63+14.92 116.33+17.89  88.37+16.56  19.20¢** 1>234; 254
2 (100%) (74%) (69%) (52%)
Mean+SD
**PU%O.Ol **xP<(.001
*Scheffe s Test
(7]
c
o
>
(O]
<120
=10 0 - - - .
o 8 0 Osal i|ne
o - ) |
= 60 | = - B300 |nM
® —
~ 2ol @M1000 nM
(7]
o 03000 nM
w 2 0F
O\o O | | | |
S NP D TOTAL
Laminar regi on
L-NAME
Fo s N P D
TOTAL



L-NAME

Sdine(l) 300nM (2) 1000nM (3)  3000nM (4)

FVvdue Multiple

#

Mean+SD Mean+SD Mean+SD Mean+SD Comparison

Phase | 2.09+0.37 1.31+0.72 1.17+0.72 0.99+0.74 6.77*** 1>2 3,4,
Phase |1 21.58+2.59 13.64+3.12 11.11+5.30 12.28+7.18 11.67*** 1>2,3,4,
***P<0.001
#Duncan’ s Multiple Range Test
Phasel: 0~5
Phasell:  5~60
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,,\ 1 1 1 1 1 1 1 1 1 1 1 1
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Fo s

Saline (1) 10L (2) 10R (3) 20 L (4) 20R (5) Fvdue  Multiple
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Comparison#
LL4S 48.41+14.82 27.54+6.51 8.08+1.62 20.92+3.54 11.54+4.12 34.81***  1>2,34,5; 2>3,5
(100%) (58%) (17%) (44%) (25%)
LLANP  43.51+12.64 38.17+8.99 19.04+4.98 31.04+9.10 26.71+6.89 9.97***  1>35; 2>3
(100%) (88%) (43%) (70%) (61%)

LL4D 76.923119.24 63.75+12.50 19.63+5.54 61.38+9.10 37.29+4.80 30.35%** 124535
(180%) (83%) (26%) (80%) (48%)

TOTAL 168.8p+37.13  129.46+22.21 46.75+10.45 113.33+17.39 75.54+13.06 36.99***  1>2,3,4,5

(1Qp%) (76%) (28%) (67%) (45%) 2>3,5; 4>3
Mean+SD
**¥P<(0,001
*Sheffe s Tet
=120 |
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o 4 Or @20 U
e 2 0F 020 R
3 0 |

S NP D TOTAL
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Saline (1) 10L (2) 10R (3) 20 L (4) 20 R (5) Fvdue Multiple

MeanzSD Mean+SD MeantSD MeantSD MeanzSD Comparison®
Phase | 2.09+0.37 1.23+0.66 1.95+0.26 1.50+0.68 2.05+0.44 5.18** 1,5>2,4;3>2
Phase |1 21.58+2.59 16.96+3.68 17.60+4.70 19.81+3.34 17.96+4.14 2.83* 1>2,3

*P<0.05 **P<0.01
#Duncan' sMultiple Range Test

Phasel : 0-5
Phasell:  5~60
;2.5-0
Z 2. ——
o 1 —A—10L
o —|41—-10R
o 1.
2 —A-20L
° e 20R
0. "‘ 1 1 1 1 1 1 1 1 1 1 1 1
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L-NAME Fo s
Sdline (1) 10L1000 (2) 10L300 (3) 20L.1000 (4) 20L.300 (5) Fvdue  Multiple
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Comparison#
LL4S 48.41+14.82 15.63+3.58 22.29+5.86 7.71+1.78 16.00+7.64 32.15%** 12,345
(100%) (32%) (46%) (16%) (33%)
LLANP  43.51+12.64 20.08+4.31 38.42+6.70 18.79+2.46 26.71%6.29 17.79+**  1>2,4,5/3>2,4
< (100%) (46%) (88%) (43%) (61%)
LL4D  ~76.92+19.24 26.04+5.32 57.88+10.65 21.25+1.43 40.33+17.69  28.41*** 1>2,45 3>2,4
E (100%) (34%) (75%) (28%) (52%)
TOTAL ©168.85+37.13  61.75+7.86  118.58+20.41  47.75+1.69 83.04+28.35  38.95%** 1>2,34,5 3>24
©  (100%) (36%) (70%) (28%) (49%)
Mean+SD
***;P<0.001
"soheffe’ s Test
(2]
c
o
S
()
c 1 2 6
©
© 109 Osal i|lne
e 80r E10L2000
f 6 OF B10L300
» 4 0F B2oL 1000
o
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L-NAME

Sdine(l)  10L1000(2)  10L300(3)  20L1000(4)  20L300 (5)

FVvdue Multiple

MeanzD Mean+SD Mean+SD Mean+D MeanzD Comparison®
Phase | 2.09+0.37 0.58+0.61 1.07+0.89 0.48+0.51 0.66+0.81 11.69***  1>2,3,4,5
Phase |1 21.58+2.59 9.77+5.33 10.76+5.22 6.15+4.60 7.86+5.93 18.64*** 1>23,4,5
***P<0.001
#Duncan’ s Multiple Range Test
Phasel : 0~5
Phasell: 5~60
2. 50
2. ——
o
o g —4—10L1p0O
o
° —“4-10L30O0
o 1.
= —--20L1pO0OO
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Mi nut e
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10L L-NAME Fo s
Saline (1) 10L (2) 10L.300 (3) 10L1000 (4) Fvdue Multiple
Mean+SD Mean+SD Mean+SD Mean+SD Comparison#
LL4S 48.41+14.82 27.54+6.51 22.29+5.86 15.63+3.58 16.72** 1>2,3,4; 2>4
(100%) (58%) (46%) (32%)
LL4NP 43.51+12.64 38.17+8.99 38.42+6.70 20.08+4.31 5.74**  123>4
_ (100%) (88%) (88%) (46%)
LL4DS 76.92+19.24 63.75+£12.50 57.88+10.65 26.04+45.32 11.60*** 1>3,4;2,3>4
- (100%) (83%) (75%) (34%)
TOTgL 168.85+37.13 129.46+22.21 118.58+20.41 61.75+7.86 27.06***  1>23,4; 2,3>4
© (100%) (76%) (70%) (36%)
c
MeantSD
**Rx0.01 ***P<0.001
7]
*Scheffe s Test
;
[
o
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c120%
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10L L-NAME

Sdine (1) 10L (2) 10L300(3)  10L1000(4) FVdwe Multiple

MeantD Mean+D MeantD MeantD Comparison”
Phase | 2090.37  1.23:066  1.07+0.89 0.58+0.61  10.37*** 1>234,
Phase 11 21.58+2.59 16.96+3.68 10.76+5.22 9.77+5.33 17.62*** 1>2 34,
***P<0.001
#Duncan' s Multiple Range Test
Phasel:  0~5
Phasell: 5~60

2.
Q 2.
——
o 1.
— —e—10L
o 1.
o —4—10L300
> 0.
—-=—-10L1000
0.
0 5 1015202530354045505560
Mi nut e
10L L-NAME



20L L-NAME

Fo s

Sdline (1) 20L (2) 201300 (3) 2011000 (4) Fvdue  Multiple
Mean+SD Meant+SD MeantSD Meant+SD Comparison#
LL4S 48.41+14.82 20.92+3.54 16.00+7.64 7.71+1.78 33.75%**  1>2.3,4; 2>4
(100%) (44%) (33%) (16%)
LLANP 43.51+12.64 31.04+49.10 26.71+6.29 18.79+2.46 18.72%**  1>3/4; 2>4
° (100%) (70%) (61%) (43%)
LL4D, 76.92+19.24  61.38+9.10  40.33+17.69 21.25+1.43 26.53***  1>34; 2>34; 3>4
S (100%) (80%) (52%) (28%)
TOTAL 168.85:37.13 113.33+17.39  83.04:28.35  47.75+1.69 37.00%**  1>2,34; 2>4
- (100%) (67%) (49%) (28%)
Mean+SD
*+xpb<0,001
*Soheffe s Test
(7]
c
o
>
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<
120%
©
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(2]
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20L

L-NAME

Sdine (1) 20L (2)

20L300(3)  20L1000 (4)

FVdue Multiple

MeantD Mean+D MeantD MeantD Comparison”
Phase | 209037  150:0.68  0.66+0.81 0484051  13.354** 1>2,34,
Phase 11 21.58+2.59 19.81+3.34 7.86+5.93 6.15+4.60 19.56*** 1>2 34,
***P<0.001
#Duncan’ s Multiple Range Test
Phasel: 0~5
Phasell: 5~60

—-20L
—4—20L300
—=-20L13J000O0

O 5 101520253035404 5505560

20L

Mi

nNut e

L-NAME
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L4 Fo s
Sdine(l) 10L(2) 10R(3 20L(4) 20R(5) 300nM(6) 1000nM (7) 3000nM (8)
° % % % % % % % %
LL4S 100% 58% 17% 44% 25% 75% 67% 56%
c
LL4NP 100% 83% 43% 70% 61% 67% 70% 50%
o
LL4D 100% 83% 26% 80% 48% 77% 70% 50%
(O]
TOTAL 100% 76% 28% 67% 45% 74% 69% 52%
TOEAL F-Vdue 28.48*** Multiple Comparisorét 1 2,34,5,6,7,8 26,7
(1]
35 48 3 P<0.001
#Scheffe s Tedt
"
c
o
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(O]
c
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— Oi10L
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o s ol g20L
- | g2 0R
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Sdine(l)  10L (2) 10R (3) 20L (4) 20R(5)  300nM (6) 1000 nM (7) 3000nM (8) F Multiple

MeantSD  MeantSD  MeantSD  Mean+SD Meant®  Mean+SD MeantSD MeantSD Value Comparison#

Phasel  2.09+0.37 1.23+0.66 195+0.26 1.50+0.68 2.05:0.44 1.31+0.72 1.17+0.72  0.99+0.74 17.69 1>2,4,6,7,8:3>
**% 267 8: 5578,
Phasell 21.58+2.59 16.96+3.68 1760+4.70 19.81+3.34 17.96+4.14 13.64+3.12 11.11#5.30 12.28+7.18 21.58 1>2,3,6,7,8;3

***45>6,7,8

***P<0.001

#Duncan' s Multiple Range Tet
Phasel : 0~5

Phasell: 5~60

2. 50
2 ‘
o —4A—10R
o —A—10L
o 1.
—6—20R
; 1 —%—20L
o : —e—3000/ nMm
= ——1000/ nMm
0. —%—300 |nM
0.

0 5 1015202530354 045505560

Mi nut e
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LiL5 Fo s
L1 L2 L3 L4 L5 Fvdue Multiple
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Comparison#
S 5.08+2.78 10.00£2.78 9.21+3.14 27.54+6.51 15.33+7.28 9.00%**  4>1,2,3,5 5>1
NP 13.58+4.37 16.17+5.77 21.04+3.50 38.17+8.99 26.63+3.92 8.99x** 4>1,235/5>12
D 27.29+6.16 33.50%9.12 60.92+11.94  63.75:12.50  42.46+11.40 8.90%** 34>125
TOTAL 45.96+11.78  59.67+15.82  91.17+14.59  129.46+22.21  84.42+16.56 12.86%**  4>1,2,3,5
3>1,2; 5>1
***P<0.001
#Scheffel s Tet
o OL 1
215
© OL 2
— 10 BL3
(7]
° 50 aL 4
LL L
Hlﬂl‘ Fﬁilh S
O | | | |
Laminar region
Fo s
S N P D
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LiL5 Fo s

L1 L2 L3 L4 L5 Fvdue  Multiple
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Comparison#
S 10.0+3.58 10.08+4.71 12.17+2.59 20.92+3.54 13.42+1.68 5.67%** 451235
NP 15.08+4.45 19.7145.23 26.83+4.75 31.0449.10 23.33+4.71 374xx 412,31
D 29.42+7.18 47.71+4.51 48.63+4.40 61.38+9.10 35.79+6.43 13.51%**  4>1,2,3,5: 2,3>1,5
TOTAL 54501351  77.50+11.32 87.63+4.98  113.33+17.39  72.54+11.12 11.58%**  4>1,2,3,5; 2,3>1
**P<0.01 ***P<0.001
#Scheffel s Tet
o 12 OL 1
o)
S 1800 mL 2
- 6 0 HmL 3
(7]
4
o 40 oL 4
LL -
20 ﬁ OL 5%
0 | | | |
Laminar region
Fo s
S N P D
TOTAL
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Fos Fos

L-NAME 1000 nM L-NAME /0.9% 10 p i
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THE STUDY OF ELECTROACUPUNCTURE AND NOSINHIBITOR
ON ANALGESIA- BY THE MODE OF FORMALIN STIMULATION
AND MEASUREMENT OF FOS PROTEIN IN WISTAR RATS

YunrTson Tsao

Ingtitute of Chinese Medica Science, China Medical College, Taichung, Tawan

Major Professor  Jaung-Geng Lin

Abstract

Systematicaly administrated nitric oxide synthase (NOS) inhibitor, L-N®
nitro-arginine methyl ester (L-NAME), does-dependently reduced c-fos expressionin
the rat lumbar spina cord. The effects of trestment of NOS inhibitors include
anti-inflammeation in peripherd system and neruogenicity in centra system. Dosagein
the route of spina cord could exclude the anti-inflammeation effect of NOS inhibitors.
To investigate the effects of activated NOS in spind cord on neurona activities and
related behaviors of pain following peripherd stimulation. We examined
formdin-induced hyperalgesia and c-fos expression following treetment of NOS
inhibitor L-NAME by the route of spina cord combined with
electroacupuncture on Zusanli in order to seek the best anti-dgesia drategy.

We observed that L-NAME (300, 1000 nM) administrated in the route of spina
cord combinedwith ~ 10X,20X  intendty of eectroacupuncture on Zusanli
decreased both primary and late stage of hyperdgesia effectsinduced by
formdin ;And these treatments decreased the amount of c-fos-labeled neuronsin dl
three regions of dorsal horn  the superficid lamina, nucleus propius ad deep

lamina  in alikdy dose dependent manner. Electroacupuncture combined with
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L-NAME treatments maybe the best choice of the andgesa strategy in the clinics.

Key words: eectroacupuncture, L-NAME, Fos, andgesa
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