(

(Acupuncture analgesia)

Electroacupuncture

(nociceptive response)

( 10Hz)

12345

EA)

(depolarizing)
(supra spina level)

10 11 12 13 14 15
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c-fos
(IASP) 1986 ” ” ”
(pain marker)
c-fos (proto-oncogene)
(immediate early gene 1EG) 1987  Hunt
( / ) Fos
Fos Fos
18 Bullitt  Basbaum
Fos (noxious stimulation) 19
20 Fos-like

21 22

c-fos



( c

) ( :substanceP CGRP glutamate
aspartate)--- NMDA
PKC  -—---
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of receptive field); c-fos
Fos ( 11
TIME: MSEC. SEC-MINUTES MINUTES-HOURS DAYS-MONTHS YEARS
MESSENGERS: 1ST 2ND 3RD 4TH 5TH
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é\;él.me *K*
1.1 Fos
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(  proenkephalin  prodynophin gene)

Fos
22 » Fos (transcriptional factor)
(signal transduction) c-fos
C-fos Cascade
-Jun-ppp
| .
——— i |
AP-1 site —\} LRG
1.2 Fos AP-1 site
c-fos
c-fos 5 30
Fos
c-fos
26
: Fos
c-fos (D)

c-fos



: lamina

ITAY Fos
Fos 21 28 2 (2) Fos
03 Fos
2 (4) (somatopical

presentation)*  (5)Fos
(double labeling technique)

Fos % (6)
Fos
3 Fos
34
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1993 “ "1 991

1979 Richards " Electroacupuncture analgesia could be
mediated by at least two pain-relieving mechanisms;endorphine and
non-endorphine systems” ** 0.2 4 200Hz

opioid antagonist(naloxone)  serotonin
antagonist(parachlorophenylaline) Noloxone

parachlorophenylaline

1997 V.V.Romita " Parametric studies on

electroacupuncture-like stimulation in arat model; effects of

intensity  frequency  and duration of stimulation on evoked

antinociception” *’ (

)

1987  Stephen PHunt “Induction of c-fos-like proteinin

spinal cord neurons following sensory stimulation” *®



gene

1990 R.W. Predey “ Systemic morphine suppresses
noxious stimulus-evoked fos protein-like immunoreactivity in the
rat spinal cord’* morphine

Fos

1991 James|. Morgan Tom Curran
" Stimulus-transcription coupling in the nervous system:
involvement of the inducible pro-oncogenes fos and jun” %

immediate early gene-fos

c-fosgene Fos protein

transcription factor Fos protein
1990 Morgan Sheng “The regulation and function of
c-fos and other immediate early genes in the nervous system” #

review

immediate early gene IEG
IGE neurotransmitters
membrane depolarization IEG

1998 Justin A. Harris " Usling c-fos as a neural maker of
pain” % review 85 c-fos pain

maker c-fos

1990 Elizabeth Bullitt  “Expression of c-fos-like protein as a

maker for neuronal activity following noxious stimulation in the
rat "3 c-fos protein NOXious

stimulation maker



Fos protein

1996 W.Z. Sun “Nitrous oxide or halothane  or both
fail to suppress c-fos expression in rat spina dorsal horn neurons
after subcutaneous formalin” °

(pre-emptive analgesia)

c-fos fentanyl
c-fos
1996 W.D. McCall “ Formalin induces biphasic activity in
c-fibersin the rat” *
c-fiber formalin
" c-fiber
1992 Odd-Geir Berge “The formalin test: an evaluation of
the method” **
(early phase) c-fiber
(late phase)
c-fiber
1992 S.L.Jones  “Noradrenergic modulation of noxious

heat-evoked fos-like immunoreactivity in the dorsal horn of the rat
sacral spinal cord” “° Fos
norepinephing(NE)
phentolamine—an
nonsel ective a ph adrenoceptor antagonist  yohim6ebine—an



alpha-2 adrenoceptor antagonist  prazosin—an apha-1
adrenoceptor antagonist NE

apha-l  apha-2 adreoceptor
1994 M.M. Morgarn “ Diffuse noxious inhibitory controls

reduce the expression of noxious stimulus-evoked Fos-like

Immunoreactivity in the superifical and deep laminae of the rat
7 47

spinal cord
Fos 50°C
Fos
1986 BrucePomeranz  “Relation of stress-induced analgesiato
acupuncture analgesia“ >
1997 Vito V. Romita “Intense peripheral electrical

stimulation evokes brief and persistent inhibition of the nociceptive
tail withdrawal reflex in the rat”>*

(20 )



(pilot study)
1% Halothane 30
( 31

Effect of Anesthetic Concentration on
Tail-flick Latency

Tail-flick Latency (0.5% Hal), n=4 . Tail-Flick Latency (1% Hal), n=10
1
0.8 08
0.6
0.6 0t T I
0.4 !

T 0.2 I
02 0;‘+T‘J_x\?m/"”
3
0 Lo L ﬂ 02
-0.2
30 0 50

. 0 10 10 30 5 70 9 110
-0 10 70 gomip mi

Tail-flick latency (0.75% Hal), n=9 . Tail-flick Latency (1.25% Hal), n=8

1
0.8

08 T T
: o I S N
A

o .
-0.2 0.2

-0.4 0

30 10 10 30 50 70 90Tipe 3020100 10203040506070809 01 01y

3.1 Halothane

1-1
Sprague-Dawley 250~300
12
12
25
10;00 4;00

10



1-2
2%

Halothane 1% Halothane 30min
60 min (Time 60) 30 (
) 30
1%
Halothane

(Electroacupuncture Model)

0.25 S36
( 32
Femur-Futu
Femur

Patella-

Zusanli
Fengshi

Fibula
Tibia

LATERAL ASPECT MEDIAL ASPECT

3.2
35 36 37 38
tibial anterior tuberosity
fibular head 5mm
5mm (Grass model S88 dual channel stimulator)

0.5mS

11



4Hz ( 0.5V)
(Electroacupuncture analgesia threshold; EAT)

(
) 10 20 EAT 30
3-1 ( 3.3
Tail Flick Test
Morphine
Halothane 1% l l%. Stop anfsthesia
-30 15 <10 0 10 20 30 40 50 60 70 80 90 100

IS O A A

TFT TFT TFT TFT TFT TFT TFT TFT TFT TFT TFT

3.3
120 (1)
(0~30 ) (2 (EA) (30 ~60 ) (3)
(60 ~120 )
25 (1) (n=7)
(2) (10XEAT n=6)
10 (basal latency)

(20xEAT n=6) 20
(4)Morphine  (n=6)
2.5mg/kg Morphine

12

120

3



3-2

1/3
(tail flick latency; TFL)

10 TFL 3
(basal latency) 3~5
10 3
TFL test latency
23+1°C BL 2 (cut-off limit)
10
(Maximal possible effect MPE)
(MPE)% = test Iate_:nc_y- basal latency . 100%
cutoff limit - basal latency
c-fos
4-1 ( 3.4

Formalin Test

Halothane 1% Stop anesthesia Sacrifice, c-fos
3 /h\\\
I <
&1 -
EeIN
-30 15 10 0 10 20 30 n40 50 60 70 80 90 100

min

| Formalin test

34
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60 1%Hal othane

30 30
65 (sacrificed) c-fos
(Immunocytochemical study) 41
( 31
31 c-fos
No. |Group Halothane [EA |Formalin |c-fos
1 |C (Control) n=6 + - - +
2 |EC (EA 20" EAT control) n=7 |+ + |- +
3 |FC (Formalin 1%) n=7 + - |+ +
4 |E;F(EA 10 EAT) n=7 + + |+ +
5 |EF(EA 20 EAT)n=7 + + |+ +
6 |Msc(Morphine 2.5mg/kg sc.) n=7 |+ - |+ +
(1) (C ) n=6 (2 - (EC ) n=7 (3)
(FC ) n=7 (4 - (EsF
10xEAT ) n=7 (5) - (E;F  20xEAT )
n=7 (6)Morphine (MF ) 2.5mgkg Morphine
n=7
4-2 c-fos
I. (Subcutaneous Formalin Injection in the Plantar

Surface of the Hindfoot)

1

14



II.

1% 5%
1011 50i |
(37%)
9901 | 9501 |
10001 | 10001 |
2. 4% 6
3.1ml
4,
5011 (=0.05 ml)
( )
1.
2. 30 ( )
3. 1/2
( Dubuisson Dennis
40
)
( 32
( 35

15

39



3.2

(

e fanning
® ®

®
®

®
® ®
®
e licking: o Irritable:
e biting:
o (flinch: )

Pain Behavior in Formalin Test

early phase late phase

phasic pain Tonic pain

N T

o 2 \
(&)

(99}

£

o

a 1 —

0
0 5 10 15 20 25 30 35 40 45 50 55 60 min
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II1. (Transcardial Perfusion)

rat
Pentobarbital (50mg/ml) (m)=BW(gm) ~ 0.001
1ml pentobarbital
rat perfuse
(1)
2
(3)perfuse (18G )

(4)0.9% saline 1L
(5)3.8%paraformaldehyde 500ml 1L

(6)
(7) pump 999 mi/hr

ascending aorta pump
18G
aorta  0.5cm
aorta
(ventricular fasciculation)

0.9%NS 500m! pump

3.8% paraformaldehyde 500ml
fixation

17



perfuse paraformal dehyde

(fasciculation)
perfuse
IV. (Spinal Cord Dissection)
(1)
(2)
3)
(4)

(5) 30% sucrose 50ml
(6) 3.8% paraformaldehyde 50ml

(7) 5mi

rat

T10-L6  transverse process L6
Spinous process transverse process  pars interarticularis

lamina spina cord
lamina pedicle dura
matter dura
spinal cord cauda equina spinal
nerves  T10 spinal cord (

)

spina cord 3.8% formaldehyde 4
30% sucrose overnight

18



(Fos-Like Immunoreactivity)

-20 401 m

1:600 rabbit anti-c-Fos polyclonal antibody

1:200 biotinylated goat anti-rabbit IgG

1:50 ABC polymerization®

0.1%DAB 0 01%H202 0.2% nickel reaction

0.4% gelatin + acohol

19



1
2
3
4
5.PBS 100ml
6
7
8
9

(Frozen specimen
embedding medium
Cryomatrixa  Shandon)

D)

-20

Acetone

spina cord
0.5

Tissue

lock

9.motor

10.
11.

12.**
13.

box

label A B C D
PBS 20ml

40 b m
Tissue PBS

20




® 40i m 1.
® motor
2. motor
3. box
4, box(-10 )object(-10 )
(1) 1 tube Wash Buffer
Wash Buffer W B
5mins
2. snaking( )
(1)

(1) W.B. 2.97 ml

1. Wash Buffer 30% H,0, 0.03ml

2. 30% H,0, (30i 1)

(2) 10
(3)shaking (+)
(4)
_ ( )
(Blocking) (1)

(1) Wash Buffer 2.7 ml
1.NGS NGS 0.3ml (6 )
2.Wash Buffer (2) :20

(3)shaking:(+)
(4)

21




D)

Q) W.B. 2.95mil
1. rabbit anti-c-Fos antibody NGS 1
(1:600) c-Fos Antibody 5l
3. Wash Buffer
©)
(4)Shaking:(+)
_ ( )
(1)

(1) NGS 2
1.goat anti-rabbit (1:200) secondary 1
2.NGS W.B 10 mi
3W.B @ 1

©)
(4)shaking:(+)

_ ( )
(1)

Q) WB.  10ml

1.elite ABC complex (1:50 A 4
Vectastain) B 4
2W B (2) 1
30 mix 3)
(4)shaking:(+)
_ ( )
(1)

22




D)

Appendix [-9

1.0.1% DAB (2) 6-10

2.0.01% H202 (3)

3.nickel 6 mg/ml (0.2%) (4)shaking  (+)

4.Tris buffer A

30mins 1 (4

©) 6

2 DAB 2. 134 130% H202  1ml
Tris 50m
2ml (DAB +Tris)
3.
10x 10
Fos-L4
B.
L 1!
4%
Paraformaldehyde
_ (1)

(1) 1l.gdlatin 0.8 g 112 c.c.
1.dlides 95% 100ml
2.gelatin 3. llorl2 (
3. )

(2)
1

23




2 L4
2
(1) 1. 50% 3
1. 75% 3
2. acohol 50% 75% 95% 3
95% 100% 100% 6
xylenel xylenell xylenel 6
: : * 2~3
3.mounting medium
(Entellena  Merck or xylene
Permounta )
4. (30 40) 2. mounting medium
5. 3. Xxylene
4,

mounting medium

24




VI.

1

2

(Inspection and Counting)

(Preparation)

(Identification)

(identification of segment)

5% 10

L 4

(screening for Fos-L1 )

10x10
L4

c-fos

(maxima Fos-LI)

(location)

(Photocopy)
(Location)

5x10

(Adjustment)

Fos-L4(10 )

c-fos

25

print



10x10

segment CCD
segment S NP
print ( )

D
print ( )
(Location)

5 segment

(Lamination)
2S NP () 5D ()

S NP
(Countings)
S NP D
(Program)
excel
c-fos c-fos data
SP no. L S NP D Total Page

26




2 (Key in)
12 12.xls
3 (Sort)
4
1 (Booking)
L4 NP Page
Sp.No

data | 125x15 | IV

data | 90x10 Vv
3 (Attachment)

ANOVA (one way analysis of variance)

Dunnett’ s post-hoc test

Fos-LI

0.05




1% Halothane
(corneal reflex) (ear pinna reflex)

Analgesia produced by different EA intensities
m20"; v10"; econtrol

0.9 e KK

08 P T N IR TR PRSPPI PPN DEPPERI e, USRI
07k | cm=7) | F. 5/ + W + T
—w— E1(n=5)
06 ... + E2 (n=7) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
05 ...

04 ke T . & gk
0.3 F g A Koo NG NG e
02 b Al N
O b fo o W
0.0 |- IR @ L gl
COLL e
o

-20 -10 0O 10 20 30 40 50 60 70 80 90 100

EA e min

MPE (100%)

4.1 ()
4.1 4.2

(P<0.05)  10XEAT MPE
50 (3174 + 84%) 70 (28.58+ 2.55%)
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20XEAT 60 (7250t 16.87%) 90 (71.04
+ 15.250)

MPE
20xXEAT 10xEAT

30 (P<0.05)
20XEAT ( 60 )

Analgesic effect between EA and Morphine
m morphine; v 20" ;

1.0
09t
08}
07}
0.6
05}
041
03
02}
01}
00}
ot
20 -10 O 10 20 30 40 50 60 70 80 90 100
EA = min

MPE (100%)

4.2 ()

EF MF (biphasic response)(
4.3)
5 ( early phase) 10
40 (nociceptors)
( late phase)
41 42 43 44 EF ME
(P<0.05) EF MF
(P>0.05)
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(antinociceptive effect) EF
2.5mg/kg morphine

EA
4.3) EA
60 (after-effect) EF
25 Comparison of Nociceptive Score at late phase
18
2.0 1 16
E T 14 *
O 15 4 b 12 *
3 15 7 é 2
- b g
£ 10 | % s
o 56
g 3 —&— Formalin (n=6) =
0.5 | —¥— E1 (n=7) )
/ —=— E2 (n=7)
—A— M (n=7) 0-
0.0 B— , : : : : : : : : : FC EA M
0O 5 10 15 20 25 30 35 40 45 50 55 6C
4.3
Fos (Fos-like immunoreactivity)
control EA-control
(44
Control side EA side
4.4 EC

30



EA Fos-LlI
(P>0.05)( 4.5

50
40 - Control (Lt) Side EA (Rt) Side
:tt “'
L
S5 30 T T
(0]
= - C
o 3 EC
>
P 20
[72]
D
2
S 10 -
0 - T 1
S NP D T S NP D T Layers
No difference in c-fos expression between the EC group and
Control group as well as EA stimulus side and non-stimulus side
4.5 C EC c-fos
EA
(nociceptive
neurons) FC 1%formalin
c-fos ( 4.6
EA side Formalin side
[u ................
11, v
: : |
d e ‘H" IIIII
4.6 EF
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(superfield layer) (deep layer)
EA  2.5mg/kg morphine FC
Fos-LI 25%
20% (P<0.05)

(deep layer)(  4.7)

140

120
* .
T Formalin (Lt) Side * EA(Rt) Side
- 100 .
S
2 . FC
= 80 |
g [ EF
w . MF
g
» 60
D
o
o
o
3 40 4

20

0
s NP D T s NP D T Laminae

Both EA and morphine treatment could significantly attenuate the
c- fos expression in deep layer of dorsal horn but have no effect on
the superficial layer (*p<0.05)

4.7 FC EF MF c-fos

EA MF (P>0.05)
EF MF FC Fos-LI
(P>0.05) EC Fos-LI
(P>0.05)
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Fos-LI Fos

c-fos
(nociceptive stimulation) Fos
(dermatome) laminal 1l V
morphine® noradrenalin®
47 (

) C

(non-myelinated C fiber) laminal-11 %
(interneuron)
(sensitization)™ (central

sensitization) (silence)

50

(laminaV VI) Fos
(laminal 1I)

(descending inhibitory modulation)
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(hyperpolarization)

(stress analgesia) °1 52 53

(pilot
study) 1% Haothane 120
0.5% 0.75% Haothane
1.25% Haothane

1%
Halothane

washin  wash out)

(delay peak analgesic effect)
20XEAT  10XEAT
20XEAT

54 55 56 57 2
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morphine  2.5mg/kg (

) 2.5mg/kg morphine
(phasic pain)
(tonic pain) Ren
Han®(3mg/kg) Takeshige(0.5mg/kg)
Takeshige
( )
(in vivo) % o >
Fos (in vitro)

63

( ) (
) C FC
Fos

35



c-fos 20XEAT 2.5 mg/kg morphine
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working solution

Buffer
1. 3.8% Paraformaldehyde in PBS
1D-H20 2000 ml 1000 mi
NaH2PO4.H20 6.359 3.189
Na2HPO4 22.729 11.369
Paraformal dehyde 80.00g 40.00g
NaCl 18.00g 9.00g
1. pH 7.3~7.4
2.
2.0.1IM PBS
1D-H20 2000 ml 1000 mi 3000 ml
NaH2PO4.H20 6.359 3.18¢g 9.54 g
Na2HPO4 22.72 9 11.36 9 34.08 ¢
NaCl 18.00 ¢ 9.00¢g 27.069
1. pH 7.3~7.4
2.
3.Wash Buffer
Triton-100 10 mi 20 ml
PBS 490 ml 980 mi
Total 500 ml 1000 ml
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4. 30% SUCROSE

PBS 100 mi
SUCROSE 309
5. :Blocking
NGS 03mi(6 )
Wash Buffer 2.7 ml
Total 3mi
6. (1:600 rabbit anti-c-fos)
c-fos 5u |
NGS 0.05 ml
W.B. 2.95 ml
Total 3ml
1.
1 /10
ml(1:200)
1% NGS 2
1
W.B. 10 ml
Total 10 mi
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8.

= ABC polymerization (1:50 ABC complex)

30
30
W.B 10 mi
9.
= 0.1% DAB+0.01% H202+ 0.2% nickel reaction
DAB 7mg 15 mg 40 mg
H202 5m 10 13 ni
nickel (3 mg/ml) 1.2ml 24 ml 1..0ml
Tris buffer 13.8 ml 27.6 ml 38.8 ml
Total 15 mi 30ml 40 ml

1. 0.01% H202

2. 30
3. DAB
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stock solution

1.Tris Buffer
TrisBuffer| 80 ml 160 mi 240 ml 360 ml 400 ml
Tris 0.04 (9 0.08 (g) 0.12 (g) 0.16 (g) 0.2 (0)
80 (ml) 160(ml) | 240 (ml) | 360 (ml) | 400 (ml)
1. pH 7.3~7.4
2.Nicke (50 mg/ml)
25 ml 50 mi 75 ml 100 ml
Nickel 1250 mg 2500 mg 3750 mg 5000 mg
Tris 25 ml 50 mi 75 ml 100 ml
1. pH 7.3~7.4
2. shock
3. gelatin
0.8g 112 ml 95% 100ml
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Clinical experience has observed that analgesic effect of
electroacupuncture (EA) depends largely on the presence of
“De-Qi”, a deep aching sensation evoked by acu-point
stimulation. Despite the well-known phenomenon of De-Qi in
clinical practice, it remains unclear whether stimulation-evoked
nociceptive response is required for EA-induced analgesia.  In
this animal study, we hypothesized that stronger EA intensity
could result in higher analgesic effect, i.e. more De Qi. We
aso tried to examine the analgesic mechanism of EA by
formalin-induced c-fos expression in rat spinal cord dorsal
neurons.

Anima in this study were anesthetized by halothane
inhalation to eliminate the bias from stress-induced analgesia.
Maximal possible effect (MPE) of tail flick test was used to
compare the anagesic effect between high intensity
[20XEAT (el ectroacupuncture threshold)], low intensity (10XEAT)
and morphine (2.5mg/kg s.c., the positive control group). In
addition, we also evaluated EA-induced analgesic effect using
behavioral parameters (weighted pain score) and neuronal
activity marker (Fos-like immunoreactivity (Fos-LI) labeled
neurons of spinal dorsal horn of rat) after intraplantar formalin
injection. All data were compared by one-way analysis of
variance (ANOVA) followed by Dunnetts post-hoc test
performed to compare the mean of tail flick latencies, number of
Fos-LI labelled neurons, pain scores at the late phase of
formalin test, and pain scores in the whole period between
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groups. P<0.05 was considered statistically significant.

Our results demonstrated that the low frequency EA
prolonged the tail flick latency in an intensity-dependent manner,
I.e., the higher stimulation intensity the more inhibitory effect
on tail withdrawl reflex is produced. We aso showed that the
equipotent analgesic effect on formalin-induced pain between
high intensity EA and morphine group with evidence of
decreased pain scores and reduced Fos-LI neurons in spinal
level more than control group. However, these strong
peripheral electrostimulations did not incur detectable increase
In c-fos expression of neurons at sensory receptive field than
baseline level. These results implied that the efficacy of EA
analgesia could be generated in proportional to its stimulation
intensity within the strength not exceeding the threshold of
recruiting nociceptor activation.

Keywords: Electroacupuncture, c-fos protein, Tall-flick test,
Halothane, |mmunohistochemistry, Formalin test
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