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BUE, ARIBTITRBREFAEIC L0 RROPFTFHIZEIE SN TS 23, ZDOELH
PHEERICETRATND ZEIFRERMEL 2> TWD D, —F T TIEKR
R E OERPRR E SNHEEPHALNE R | KEREKOZEOEEDE
ZRHWIIRRSRBRIRE S £ A L o> T g 29,

RIFRIT 1886 £F & 0 FIEE KR & U CEUM. #1§F. Wi Eds K OMElIRO HAYTH
AIEFHHIZOWE SNV TV N H L0, IBRIENARPAHETH L Z L 0E
ERIOCBHROZ, EMFEREZIICD & LERERDIZ S BNBEICHN
52 EMBA B TIIAEARERGLGHIBRSILTWS 10, MEHIZEOIEHABFIX
RATIEH 7223, 1964 FEI2A AT /)LD Mechoulam 25 KFED R4 TH 5
/19-tetrahydrocannabinol (/19-THC) % HEf3 25 Z LIk L. #JH TLR
DRRYETCHHZ L anxLiz W, £z, KFFIZIZA9-THC X° cannabinol,
cannabidiol Z 458 & T HKFE L IRFEB LOEEE N O 72 DA H 60 FEFELL L5
AINTWLZEDRHLNISINTEBY, ZAbiFRHmL T FTE A RE
FEIZAL TN 5 101213 (Fig.1)
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/19-tetrahydrocannabinol(/19-THC) cannabinol cannabidiol

Fig.1. Structure of cannabinoids.

Z D%, 1988 4121 Devane & Howlett & 2SR L7-Ak v F B/ A
RERWTEERRNICT T8 A RICHT DZHEDFIET 5 2 & 20 TH
LML W, ZHOIEHEEHOZ IIZAEEREZN L TND Z LR INT,
RUNT, 1990 F1Z1E Matsuda 512850 7 v Ml ecDNA 74 77 U —05 CBy
ZREN 7 a0 —= 7 I 19 1993 4£121F Munro 512 K- T CB1 & & 4A cDNA
& 68%DHEIMEZ H D CBeZ BN 7 u—= 7 X7z 18, CB1 BXL U CBe
ZRWITEL S LR T R E@RR O G ¥ X7 BHRRZRIRIE L TR Y,
ZOT X BOFMEMEL 44% L ST TW5, ERNICZEERPMFET D2 LN
HONERoTZZ LD, ENLICHEET DY T FOMFEBZ THONTZ, 1992



|2 Devane 512 X Y KOM472>5 anandamide (N-arachidonoylethanolamide)
23%E R S 472 17, anandamide (% phosphatidylethanolamide (PE) ®7 I /
HAZ U BRE @ arachidonic acid 2347 L C N-arachidonoyl PE 720 &5
|\Z phosphodiesterase @ {E 2 & - T anandamide WK T 5, Z D
anandamide &5 S lc~ U 2 IPURFMFEHEZRTZ LA @ME SN TR 18]
anandamide (& Fatty acid amide hydrolase (Z X - T arachidonic acid &
ethanol amine ~t/3fi#3 5, L2 L722%5 anandamide (%, &0 /FEIFE L L
TIEA L. CBrZHFMEIZxIT 28AMETRER WD DD CBe 2 AR 2 Bl
IRV E STV D 19, F7-. transient receptor potential cation channel
subfamily V member 1 (TRPV1) ZFEICHIEHT L2 b TNS Z &
G 202D FlD Y F 2 ROFELERHER S 4T e, £ D 1995 12 1T Sugiura
& Mechoulum 52X > TT v Mg & A X/ &L Y 2-arachidonoylglycerol 73%
RENTWD 2223 Fr7-12% /. X417 2-arachidonoylglycerol %5 BIKIZ 5
WiEEMHEEZ RS, BRFEEEE L HEH T2 Z B onicsh T b, iz
LW OO TFRNEMED T8 ) A RofEflis LTHE S Tnzn, 3
ETIXZEDOH T anandamide & 2-arachidonoylglycerol 23 F# 72 472 KT
boHFE2HNTWVWD, (Fig.2)

2-arachidonoylglycerol & phosphatidylinositolbisphospahte (PIP2) F7-i%
phosphatidylinositol (PI) 7 F& (2 % BB O B 38 B is K- THAERK L,
monoacylglycelol lipase |Z & - T arachidonic acid ~ & 53 fiF 35 29,
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Fig.2. Structure of cannabinoid receptor ligands.
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R LNE 7o TG 2829, NIRWED o F 8 A RIiZS 7 2O i 55 1
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FET D CB1ZRIRA~EREAT D, £, CBy Z AT HE AR 21 Tid/s
< GABA #3320 X 5 e il AR O RITIZ BRI L TV D Z L s S,
W22 NHEI 230 B RN E I IZHIBE L TWD EEZ LTS 30, CB ZFIK
XU T RIZEBEISNmT D L, WBIEZEZ L2 ZFEROFHIENME T
HIZEDRBINTWD, £, EREME A - - EBR T, CBl ZFK
DOIFENIEZ BWIRE G535 & CB1 /RO ENMET 52 &R HEINT
W5 8D, X5, EEEROEHIMFEEGICL > T, CBr 2RI - Crag
RO T T AN T TANABET L L bMESNTNDZ &0 G 32,
INDOEREITEFEEZRSTZOTHDL EEZ LN TS,
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T NMDA % it 572 & GHEE L VEKFEBEITHNEZ 2 2 L b bE
DI EEREE Z2H > T\ 5,

11 fEo 7 2 /B (Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met) 75 fi%
LY T AL A P IE NKy ZBEA~EHEG L TEORIHZ BT~ E{RZ T
W5 49, NKi ZHFRIT Gq # o x7 XL TEBY, FAKR VU —8 C (PLC)
Zr Lz Ca? BIERZH-TWVND, YUANYTAZ AP & itgkh5T 5L
FHER L0 EmRBETE A2 T,

IR R T 20028 D RA v Uy —Th L —RILEFR

(nitric oxide:NO) 3% %5, NO IZ L-Arginine & 75 ik L OV b5
G k%% (nitric oxide synthase:NOS), NADPH, FAD/FM, ~A, 7 hJ t
Febed 77T BLONVEY 2 U E2MiEE L L CHEAET S 50, NOS 1%
DFEWV LR O nNOS, #FEA O INOS B L ONME N D eNOS 1257F4
IINTUWD 51,52 JEIEIZR 595 DX nNOS B L WINOS Th D, FEAIN
72 NO OFMIIIIAOEN E SN TS, KUKTH D7Dl E B HIZim
8 UJERD ORI~ & BLMMER T 5, v 7 A% Al NMDA 52 25K D15
{EIZ £ 5T NOS OIEMALA G| Xl Z &, pEA iz NO 22T 7 A FilsE~E
HAT252E06, IVEI VIO I 67 5ilERE% 5] % 23 NMDA-NO & 2 /-
— R E I TW D 59,

FlBEREOX—Fy P LTHEESNTWDA I T A RZEFEDIE
AL RPUR ZEM 2 2 TWF28I3 T TICHmE STV D 54,59, LovL7enb
CB1 ZARHEPIEETH S SR141716A 2~ 7 ZADOFRE b FEN~F 535
ERTIMM AR LW Z e bHESNTEY 50, CBy SRR 4 il
L TWDHZ EZREELTWD,

B — 3 CITIEIRAY 7L CB1 AR BLIE A T CB1 S SR O I il i 1
DWTHF L7, | TIIRMKRE A ZHWTCEDOFIREFEHNELHEIT S
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HrF AR 1ZRERTE AM251 iX ERK ¥ 7 /U OiEHE

bz i LTREMBEITEI 2K 2§

1.1.5%

ufl]

1990 12 Matsuda 512 LY CB1 BRI FIE S 40 TLLK 19, CB1 &R
BT 20N R L, T8 ) A RO T FmiciE-> T\ 5,
CBy ZHREROIEMALIC L W T T =Y 7 7 —B OMil, BAKRGFR L o
LT v ZV OIS BAKAE S Y 7 AT v X4 LY mitogen-activated
protein kinase (MAP 7 —+8) I A7 — ROIEMHEALEZSISEZ T2 LR 5
mEIpoTN5S 5D, MAP FF —VBIXEZEMIRAFE SNt v AvF =
XF—EBTHO., EHEICE s TERNSNERBITT D Z G, Milasto s
TFNEENNEIEAD# T FE L THEELTHWAIHEDOEEZELZ LTS,
MAP = —BITMfast D 5 Ok %2 72 FITRIC X D IEMHELIZE > TN~ & BT
T5, ZNHIEFEEFOMBIZIAS BEH L TWDZ ENMLNTEY, MidoH
FESC oAb 70 E ORSRERBUZ B W TEHEREHIZH > TV D LSt T,

WFLEIC B W TR, p) MAPK & 35 ERK1-ERK2 77 7 IV

. JNK1-JNK2 - JNK3 %777 I U—, p38a - p388 - p38y - p385
777 V— EBIZERKS 7 77 IV —D45OEE MAPK 7 7 7
U —DIFLENFN IV TV D, Jiast b ORI L MAP ) —FY &% —tE%
J— (MAPKKK) NV bz % & MAP %) —E %) —¥ (MAPKK)
WY UL L, VT MAP ) —1 (MAPK) 28U Vb 52 0 RIS
NEIER I IND, THETIZIZDO MAP T+ —EB 21X U & T MM IsE
TRBE DIEMEAL DN A DI AT b HEREH ZH > TND T ENRBINTEY,
DA N = A LE AT D7D DFE L 7p > T D 59,

ZHETOMEIZE N T CBL Z A EROIGHLIZ L > THURFERA R I
EWVIIHEIZZE DV | EIRHIENICESBEE L TWA Z ERH LN E ST
Do

ZD—JT CB1 ZAMKIESITH D SR141T16A 2~ 7 ADFHE< b I T
NGS5 LRTIEEM 2 BB T 2 2 ERRESNTWD 50, KAFZETIEh v
T B A RZRREIERBEUCEAT 285N D72 &2 6 SR141716A LY
tH X BT CBIZARITIEIRMEDO W CBL S AR TIHE Th 5 AM251 2 VT,



IR EATEN N BT 50 E 92 ETHEF Lz, & OI2ZDEmHIE A =
AL RDH T2, EIREHEITEN S & D X 5 72084 THRILL TV D OnafTHE)EE
PRI L RN SREER CThH D MAP X —E L DO (Z W T LR
BEIToT,



1.2. MR OFHIE

1.2.1 EBREW

A TOERIZITAE 22-23g OMEME dAY ~ 7 A& H iz, ~ 7 A 3FERICH
TAHFETAKE Y EZHBICERRSYE, 12 B OB 1 7 L THEE U TR L
77o IR S 1BE L 22-24°C & 50-60%IZ N F MR LT,

1.2.2. HHL bE TN S (intrathecal (i.t.) injection)

VU ADEMHEEZIE T LoD LETE LEIDRWE DS Lok, BRREET O
HED 5 %L 6 ZBOMIZC~A 7Yy (50uL) (Hamilton) (ZHLY £FiF7=-
1/5 FE F#AHA LG Z su LI~ 7 ADEETHD-L Y LG LT 59,
~A 7y rUBLOERINTT FOWEEZHMT, &1 CHY
Ua bz L7 b DEMEH Lz, xRk 53 2BRITIE2EN 5 L2k
5 E I LS L7-, capsaicin (X L.t. BB 21T o 7= 60), 61)

1.2.3. {TEVEIERYE

Lt RG5O 1 BRFNCBRARME LTEH T 7 2 F v 7 77— (22.0X10.0
X12.5 cm) [ZCAHL L7z, E PO 1.t 5% 3 I, ERENDO~ T A &5
R —VRNICR L TEERE MDD T,

~ 7 AT AM251 D#5% 0054 <2 30 rEEZ L, AM251 #5.% 30 /0 %
T 5 4r[kE CEIEELEATEN 2 E LTz, R B TEN I RIS K D RE A~ DR
>f& X (Scratching) 1781, JAEE X ORE~DHA->Z (Biting) 17E), £ L
THEE. BB L OB ~D#® (Licking) 1T#1Tdh 5 SBL {TEIZHEE L L
77o XPEEEICIX CSF B X O dimethylsulfoxide (DMSO) % CSF CTHIRL7= %
D% 1t 5 LRERICITENMEIER 21T > 7=,

1.2.4. ¥

AM251, ACEA, JWH-133, 7-Nitroindazole (7-NI) , 1400W (Tocris) , [Ty,
D-Phe’, D-His9 Substance P (6-11) (sendide) (Bachem AG) , MK-801,
ifenprodil, CPP, D-APV, capsaicin (Sigma) , L-NAME (Nakalai tesq) ,
CP-99,994 (Pfizer Pharmaceuticals) , U0126 (Calbiochem) , Monoclonal
anti-phospho-p44/42 MAP kinase antibody, anti-p44/42 MAP kinase antibody



(Cell Signaling Technolog) #fEH L7z, ZiLo OFEYIIPE N O INEHER
(CSF (126.6 mM NaCl, 10.0 mM NaHCOs, 2.5 mM KCl, 2.0 mM MgCls, 1.3
mM CaCls, 1.0 mM glucose)) THEM L., AR L THEH L,

Capsaicin I% 15%DMSO (ZifiEts . CSF TAR L AM251 #5- 4 HRIIZ i.t.8]
JLER L 7=, U0126 X DMSO Z¥f#Ef% ., CSF TAR L TEH L7z,

1.2.5. Rl

1Lt END 15 701 BERREL T C~ w7 A 2 Wil U 7= % I AR A K CHR I L C
FHEZIMOHE L7, voaRAZ o Tay MECHWAT=D, S OITHERO%K AL
BEKTHR LI T ATy — L ETCERIRLT-,

1.2.6. Vo2 AZ 7 ay b E

MRk > 7 X 0.1mL @ lysis buffer reagent (150nM NaCl,1.0% NP-40,
50mM Tris-HCI1 pH8.0, 1ImM phenylmetylsulfonylfluodide, 1mg/ml aprotin,
1mM sodium vanadate 3 X' 1mM EDTA pH 8.0) T#—{k L. 4°C. 16000
Xg., 30 I TELDEEL T, LA SEZY 7L e L, Protein assay

(BIO-RAD, Hercules, CA) ZHW\WTa%& "7 &%2HE LT,

H 7 (30 1 g protein) IZ sodium dodecyl sulfate (SDS) -RU 727 UL
7 RVEKKENY > 7Ny 77— (100mM Tris-HCL, pH=6.8, 2.5% SDS,
20%glycerol, 0.006% bromophenol blue, 10% S -mercaptoethanol) % /1X .
100 °C T 3 4y [ m# L 72 % I 10 % SDS-polyacrylamide gel

(BIO-RAD,Hercules,CA) (ZEXpKkE) L7z, EXRIKENI%, 7 /L% Hybond-P [
(Amersham Biosciences) (Z#55 L7,

BREHE THR O Z 5% AF LI v (FOEHiE - KB - BA) / T-PBS (0.1%
(vIv) Tween 20 #&7e PBS) (2 C—HpA > Fa—kL7,

T-PBS CTUtE# . — &k HifA (1:1000, monoclonal phospho-p44/42 MAP kinase
F LT 1:1000 anti-p-44/42 MAPK antibody) T 2 RFI=IEIZTA 5 22—
U7z, - T-PBS THEE%. IKPLIA (1:5000 anti-rabbit or anti-mouse IgG
peroxidase-conjugated antibody (Amersham Biosciences)) T 2 ¢l 1 > =% =
N— K~ &{ToTe, 1EUEH X7 'H T ECL-Plus Western blotting detection
system (Amersham Biosciences) % W\ T/bZF @ HiEIZ L0 B L.
Dolrhine-Chemi Image System (Wealtec) (2L Y affiifk L7=t%. MagicMark
western protein standard (Invirogen) % HW\\TH /X7 E D418 (kDa)



s L=,

1.2.7. #EHALEE

FEBRIL 1 HE 10 I TIT o 7o, A RITFEHE AR ERZE (S.EM) THRR LT
MR E X, — oA E oM (one-way ANOVA) % Dunnett test, F7=
I T IeElE O AT (two-way ANOVA) 7% Bonferroni test 217-7-, F7=.
capsaicin % BLEE L 72 FEBRIZEBUVTIE student’s ttest Z1T7-o7-, WINbiE
PR 5% AR A AEAHY & LTHIE LT,



1.3 EBHER

1.3.1 AM251 i.t. B¢ 5% @ SBL 1TEI & USRE 1L

AM251 (0.000625-0.01 fmol) # i.t.#5- L. SBL T8O R FHRFH] & x5 E 1%
£V 30 srMIEHH L72kE R, HEEMFN2>A R SBL 178127~ L7, Biting
5 X W Licking 734 < Scratching iZHF VY R oivien-7-, ©—271% 10-15 45
2R B, 25-30 S IITIRIEVHR Lz, k& L THW- CSF 3@ &%
H-272ho72, 0.01fmol IZ LA R BREIN Th o722 &nn, LD
R ClX 0.01fmol ® AM251 % v 7=,

(A) 70-
**
S 60+ —=— CSF
S g0l AM251 (fmol, i.t.)
a= —a— 0.000625
2 £ 401 —v— 0.0025
© = —e— 0.01
s 8 397
T — 20+
<
&8 10+ i’
0
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o

Fig.3. The time course of AM251-induced scratching, biting and licking response (A), and effect of varying doses of
AM251 in mouse (B). Groups of mice were injected i.t. various dose of AM251 (0.000625-0.01 fmol) or CSF. The

duration of scratching, biting and licking induced by AM251 (0.000625-0.01 fmol) was determined over a 30 min

10



period starting immediately after injection. Each value represents the mean £ S.E.M. of ten mice in each group.

**P<0.01, *P<0.05 when compared with artificial CSF-controls.
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1.3.2 AM251 #EXYE SBL {TENZ X35 CB1 X CB: ZAAEIEENE O R

AM251 & CB1 ZFREEETH 5 ACEA (0.683-683 fmol) % [AHFIC# 5 L
T 30 ZyREEHA L=, AM251 3% SBL 17853 ACEA T & v HEKIFHI >
AR Z 7R Ui, — 5 CBe X B RFENFE TH 5 JWH-133(0.3125-2.5 nmol)
Z AM251 & [RIFFICH G- L CH AM251 %1 SBLATENCA B /e w4 5 2 7
Motz £7-. ACEA (683fmol) 31 N JWH-133 (2.5nmol) (ZHM Tk CSF
BHFICHE L CHERRICE RS R T,

(A) 150-

125+

100+

N
al
1

Behavioral response
(sec/30min)
NN

@)

CSF CSF 0683 6.83 68.3 683 683
+ACEA (fmol)
AM251 (0.01f mol, i.t.)

(B) 150-

*
*

= =
o N
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] ]

a1
o
1
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ﬂ
v

N
a1
1

Z

CSF CSF 0.3125 0.625 1.25 25 25
+JWH-133(nmol)
AM251(0.01fmol, i.t.)

o

Fig.4. Effect of the CB: receptor agonist ACEA (A) and the CB: receptor agonist JWH-133 (B) on AM251-induced
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scratching, biting and licking response in mice. Each agonist was co-administrated i.t. with AM251 (0.01 fmol) in a
total volume of 5 pL. The duration of scratching, biting and licking induced by AM251 was determined over a 30
min period starting immediately after injection. Each value represents the mean = S.E.M. of ten mice in each
group. **P<0.01 when compared with artificial CSF-controls#P<0.01, ¥P<0.05 when compared with AM251

(0.01 fmol) alone.
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1.3.3. AM251 &% SBL /TEIC kT 5 NKy S ABHEFIIEKDOZhE

AM251 & NK; ZFERFEHHETH S CP-99,994 (125-2000 pmol) 3B L
sendide (0.5-2.0 pmol) % [RIFRFIZ# 5L C 30 4y fIFHAI L 7=, AM251 #3814 SBL
1TENIE CP-99,994 15 . O'sendide (2 & W FH &MAFHI>F BAHNH L7, F 7=,
— RN REMRERICER SNAMREEDEZ RN T 52 EICL 0BT 5
capsaicin (15 nmol) Z AM251 @ i.t.$¢5 4 HRENZ L.t 575 & AM251 #%%
P SBL 178 15%DMSO #% 5-HEIC i L THEICHED Lo, NK ZH K
AR CTHEEG LT CSF B/ L Il L CTHERMNMIA OGN -T2,

(A) 150 (®) 1505

=

N
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L
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1

=
o
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L
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o
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L

Behavioral response
(sec/30min)
~
[4)]
Behavioral response
(sec/30min)
~
ul

504 504
254 254
0= 0+
CSF CSF _125 500 2000 2000 CSF CSF 05 1.0 20 20
+CP-99,994 (pmol) +Sendide (pmol)
AM251(0.01 fmol, i.t.) AM251 (0.01 fmol, i.t.)
(C) 1504

iy

N

ul
1

=

o

(=}
L

oy oo
NN

1
25+
0 — —
Vehicle capsaicin  yehijcle Capsaicin
(15nmol) (15nmol)
(0.01 fmol, i.t.)

Fig.5. Effects of CP-99,994 (A), Sendide (B), and capsaicin (C) on AM251-induced scratching, biting and licking
response in mice. CP-99,994 or Sendide was co-administrated i.t. with AM251 (0.01 fmol) in a total volume of 5uL.
Capsaicin (15 nmol) was pretreated i.t. 4 days prior to i.t. injection of AM251 (0.01 fmol). The duration of scratching,
biting and licking induced by AM251 was determined over a 30 min period starting immediately after injection.
Each value represents the mean *+ S.E.M. of ten mice in each group. **P<0.01 when compared with artificial

CSF- or vehicle (15% DMSO) -controls. #P<0.01 when compared with AM251 (0.01 fmol) alone.
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1.3.4. AM251 4% SBL 1TENZ X35 NMDA S EAEIEHEROZR

AM251 & NMDA ZHKA 4 F ¥ X NVEMILEKTH 5 MK-801

(62.5-16000 pmol), ARV 7 I UFEEENLDOBAHIFEHIEE TH 5 Ifenprodil

(2.0-8.0 pmol) . = HLIZHFHAMH LI D CPP (1.25-20 pmol) & D-APV

(250-1000 pmol) Z[AIRFIZFEE- LT 30 Z0atfll L7=, AM251 #F%M SBL 17H)
I3 MK-801, Ifenprodil, CPP & D-APV |2 & Y H EIRAFH>H ZIZHH L 7=,
NMDA ZZ&EFEHIE A2 B &5 L CH CSF &G & il L CTHE MG
Hengehot,

(A) 150+ B) 1507
. ®)
2 1259 S 1254 =
S S
o —
a E 100+ 2 c 100+
=8 751 S E
s =8 75 L
Q20 504 S 3 ##
zZ > & 504
< &8
) 251 2 25+
0 od
CSF CSF 62.5 250 1000 4000 1600016000 CSE CSF 20 40 80 80
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Fig.6. Effect of MK-801 (A), Ifenprodil (B), CPP (C), and D-APV (D) on AM251-induced scratching, biting and
licking response in mice. Each antagonist was co-administrated i.t. with AM251 (0.01 fmol) in a total volume of 5
pL. The duration of scratching, biting and licking induced by AM251 was determined over a 30 min period starting
immediately after injection. Each value represents the mean * S.E.M. of ten mice in each group. **P<0.01 when

compared with artificial CSF-controls. #P<0.01 , ¥P<0.05 when compared with AM251 (0.01 fmol) alone.
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1.3.5. AM251 #EF4% SBL 17BN X35 NOS BEAIDZhE

AM251 & FE®RIY) NOS HEHRICTH 5 L-NAME (5.0-320 nmol), nNOS [H.
EHX|TH D 7-NI (2.5-10 nmol), N“-propyl-L-arginine (3.75-15 nmol) ¥ X
VINOS BHEHRITH 5 1400W (7.5-30 nmol) % [FIFFICHE L C 30 4yEHAIL
72o L-NAME, 7-NI. N“-propyl-L-arginine /% AM251 %% SBL 178 % H &
IRIFHI OGBSI 2R L=, LU 5 INOS BLEAITH D 1400W X
AM251 #F%ME SBL 1TENC K L THE Tidd 2 03 H BT T 72 < 59 ]
R L72, NOS FHEHRZ HMTHRE LT CSF 5/ & ik L CHEZR G
TR LN T,
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Fig.7. Effect of L-NAME (A), 7-NI (B), Ne-propyl-L-arginine (C), and 1400W (D) on AM251-induced scratching,
biting and licking response in mice. Each NOS inhibitor was co-administrated i.t. with AM251 (0.01 fmol) in a total
volume of 5 pL.. The duration of scratching, biting and licking induced by AM251 was determined over a 30 min
period starting immediately after injection. Each value represents the mean = S.E.M. of ten mice in each group.
**P<0.01 when compared with artificial CSF-controls. #P<0.01 , #P<0.05 when compared with AM251 (0.01 fmol)

alone.
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1.3.6 FEEZAICBIT D AM251 FRMHE ERK EHE( U Ek) ¢ MEK BHEH]
U0126 D%hE

1Lt.3 5 L7 0.01fmol ® AM251 (2L 0, HF#D ERK OIFMENRBIE S i=h

EDMERFTT 72 DIT 1655 15 0% I HERE 2 45 1 L C vehicle #f & Lbig L7z,
it &5 L7z AM251 12k, JEREC pERKL 35 L O pERK2 (pERK1/2) DE4

7RO BTz, MEK FLEHSITH 5 U0126 (2.5nmol) % AM251 & [A]l

W E4 5 L, 15 45%121E pERKL/2 OIEMEITIHI Lz, i.t.8%5 L7 AM251

X total ERK O3HIZEEZ N 2 hvo 7=, U0126 (0.625-2.5 nmol) 1% 0.01fmol
® AM251 #¥M D SBL 1781 % vehicle ALEFEIZ R THEAEIFHINOA B

Il L7z, U0126 (2.5nmol) (% vehicle (6.71%DMSO) ALERE & LLNTHE

UG ER Z S pho T,

(A)
AM251 0.01fmol - + +
U0126 2.5nmol - - +
pERK 1 —
pPERK 2 o -
L3]G R p—
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Fig8. Alterations in spinal ERK phosphorylation (pERK) after i.t. injection of AM251 and the effect of the MEK
inhibitor U0126. (A) Western blots of the dorsal spinal homogenates for pERK1/2 and total ERK (tERK). Dorsal
spinal cord samples were taken 15 min after i.t. injection of AM251 (0.01 fmol). U0126 (2.5 nmol) was
co-administrated i.t. with AM251 (0.01 fmol). This Western blot is representative of seven independent experiments.
Densitometric quantification from (A) is shown (B). (C) Inhibition of AM251-induced behavioral response by U0126
(0.625-2.5 nmol). The total time of scratching, biting and licking response are indicated. Each value represents the
mean * S.E.M. of ten mice in each group. **P<0.01, *P<0.05 when compared with vehicle (6.71% DMSO)

-controls. ¥P<0.05 when compared with AM251 (0.01 fmol) alone.
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1.3.7. AM251 iZ X 5 ERK {&#: & Ne-propyl-L-arginine, 1400W DO ZhE

nNOS B X " INOS 2 pERK1/2 O iEMALZ K Z 20 & 9 2.
Ne-propyl-L-arginine 3 & O 1400W % AM251 (0.01fmol) & 25 LT
#F L72, Ne-propyl-L-arginine (15nmol) | pERK1 ¥ X O pERK2 % A &2
#il L7z, L L7223 5, 1400W (30nmol) i pERK1 %A EICHId L7223, pERK2
(XA E R 2o T,

(A)
AM251 0.01fmol — + +
Nw-propyl- 15nmol  — - +
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pERK 1
pERK2 - -—— -
tERKl by W— g —
tERK2 T T T
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Fig9. Effect of the selective nNOS inhibitor N “-propyl-L-arginine (A, B) and the selective iNOS inhibitor 1400W (C,
D) on spinal ERK phosphorylation (pERK) after i.t. injection of AM251 (0.01 fmol). Western blots of the dorsal
spinal homogenates for pERK1/2 and total ERK (tERK). Dorsal spinal cord samples were taken 15 min after i.t.
injection of AM251 (0.01 fmol). N -propyl-L-arginine and 1400W were co-administrated i.t. with AM251 (0.01 fmol).
Densitometric quantification from (A) and (C) is shown (B) and (D). Each value represents the mean = S.E.M. of
seven mice in each group. **P<0.01, *P<0.05 when compared with artificial CSF-controls. ¥P<0.05 when

compared with AM251 (0.01 fmol) alone.
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1.4 Z8

ZINETOEYER T, CB1ZAREIHTH S SR141716A % it.ix5T 5
& NMDA ZFRITHKRAT L e BWEO R RS0 L~ U 1T K D EIF1THE)
DHERT D ENIMENR I TS 62,63,

AM251 FFFEMEIE BIEATENTY CBL A RFEIZFE TH D ACEA I L > THE
(P &, CBe ZBFMRIEENF TH 5 JWH-133 TIIZLN 2o iz, EHITT
~ﬁKM%LT%ﬁ%ﬁ\%H%E’EVT%C&§EW7V%kVXﬁUﬁ
TAX VR I VAT Rafif L% AM251 2845 L8546 fHIREEC -~ T
%ﬁ%@ﬁ@ﬁﬁﬁmﬁTﬁé:&%%wLTwéoLt@oT\AM%lm
CB1 Z A A2/ U CEIEMEEITEI Z BAE L TWAH T ENEB X LD,

Lt 5 L7 AM251 (3% 5 EZ D OERBE T 2~ 7 A4 XA P &%
By 5% 10-15 DRIFEI R — 7 2/ A A ba—R o2 &
D OMREEME 20 LIEBEN RS TH D ENREZ 6N, Sbic, ¥
TAHR AP & it H UT-ERZ T Scratching 1TEI O EIEUTIER 12D 72 7
>72,

TR LTV, AM251 R MR B E TE X hUR EEH 27
morphine (0.25-1.0 mg/kg i.p.) DOHPLEEL, AM251 & [FIFFIC L.t 575 2
LT L o THEERGENDSAERIHZ R LTS,

AM251 §F78 MEAm BIE TE 3 NK S AR H13E (CP-99,994 35 L Uf Sendide)
B L OIEBA R NMDA & EEHI3E (MK-801), NMDA ZF{AR Y 7 X A4
NAEHEE (Ifenprodil) . BiAHY NMDA =& {(&fEH13 (CPP,D-APV) Oa|Hi#
iz kv, FHERFE D OFZIZH S,

capsaicin X —REH LR FIC/FET D TRPVL S BFIRIEH L, 7 2%
AP BIOINVYE I VAT Z L FL<MBNTWES, S5 —KAE
MR LT A A P il EE 5 BB THUWE capsaicin (15nmol) %
AM251 %5 4 BRZ i.t. %5 TR LB LA ERBD 2R L2 &b,
AM251 ML MBI E  TEI O R BUIIHFMBRADOT T AZ LV APB LRI L
S VR DR Z LtN&ki@NMDAi@%@%EM#@@LTW% &
DRI ND,

—WHFARIER N DI EN DS T AZ 2 P BLOTVZ I VR
%A NK; ZHFEB LT NMDA ZEEROEMRLEZE Z L, Caztll{kfr4 5
NOS OiFEHAL Z RS 5, £, NO [TRTIEBD A B =X L HBEE LT
%, formalin X° capsaicin [F—REF R ZHM L CTHFRiI%ZAD NO 2 LT
REMGEEZ L, L-NAME (2L > T2 2 o Tnd, NO iT—
AR & BB A OEREERRICB T D VT T ARREICEDI Y KA v
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Uy — & LTESEE L TS, AAFETIEIREIR 7 NOS HEHTH 5
L-NAME B X 7-NI, & 5(Z nNOS [HFEAITH % Ne-propyl-L-arginine 73
AM251 FHF ML B TE 2 H BRI >BRICHHI T2 &R LT-, L
L7 6, INOS FHEHITH 5 1400W 1A B 22 8 2 78 L= 2 BRI T
(720> 72, AM251 R M BIEITENC X NOS OfFt bz L7 NO OFE
ADRBEE LTS Z & INOS O H13/ha < nNOS N EICEHE LTS Z &
MR ST,

Lt 5 L7z AM251 &% 56 BhEfTEh T MEK [HEAITH 2 U0126 12XV
HEICHHEI S, BH%AO pERK OV 2 E-7-, ZoOfERIT, Fhi%kAIC
BWTMEK » pERKIZ L 53 7 FMEERE A LT 2 L 2R LT\ 5,
pERK O ZA L IZE RGO RICEEEZE 2 D5 EERD S, 2.
Ne-propyl-L-arginine (233 T pERK1/2 3 H EAZHH| S /=23, 1400W Tl
pERK1 Z A EIZH/) LT pERK2 [TIZE LR R o2 o7z, AM251 #5381t
PEIm BB TENCII B IR A 12881 5 nNOS-ERK RS EE /25 E 2 H 5 T
2,

AM251 FHFRMEE IR B TEN L — RN R RITIAET D CBL AR LT
LTHTRAZ U APRBIRI VL I Ol Z 5| &l 292 LRI,
SOICIEFBE SN T AZ VAP RBIOIVZ I URBIL, BH%ZAO NK B X
" NMDA ZFEEROIEHLZ 5 Z 2 L, FI2 nNOS 12k 5 NO OFEAZN L
TERK %V Vgt 3% nNOS-ERK iR 2/ L CHILL TWDH Z ERH LN E
ot
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moE
B-HI VA7 4 VVEREFEEEAIBILSREIFTE/AR

BB L FEFA FRBFEOREE

2.1. =

IR, WOETIEA FLVADEMRERZHANE LT r~T 7 =0 % K&
LTW%, 7r~T7 7 E—I3R, RS0z mke 3252 HD
ERNRETHY . TOELITRY, BB X OCARIZI W TIRREIZ X 25 Rl
R R A AT LT T iE TR AR SV THER &2 73 69, 65)

ARV TE Y FORFEIZE E1 D bergamot essential oil  (BEO) &
TSy & LT Ilinalool 3 & U linalyl acetate & & 7+, i b — X772k
M D—>2EENTWNWD, L TEY hORZTEH, KAKITIHEVMHH
ST, FRENT R~ E—2 B E LEBEHOBERREFERZ BN E L TN
%,

capsaicin (X N VT U OFEME S ThH O —RFENRARR_EICFTET 5 TRPV1
SREIEAT D Z ENmbN TS, TRPVL S BIRITA 42 T v 2RISR
KTHY, Nate Ca2*Dit Az 5| S Z L CHldDBE %2 Z 9, capsaicin
(1.6pg/paw) Z~ T ADREN~EGT 5L, &5 L2~ biting BIL O
licking {782 & L7 0-5 p&2 B — 7 LT AR EEITEN 2 "3 2 E NG
TW% 66, Z @ capsaicin test [FERET /L E LTAS HOLILTWD A,
morphine @ it.#&HIC XV HEEKGFOICHHI SN Z ERMLA TS,
Sakurada ©lX. Z @ capsaicin test (kL T~ v X EEAN~ BEO 8L
linalool #5925 ¢ RKMOA A A REah L THREEMAZRTZEEZHL
ML TV 6D, F£7-, Katsuyama & (% linalool 2351723 A CTH 5 paclitaxel
FHHMEOBHRICH LTI R T 4 =7, JURRBEIRZ T Z &2 L
68 BEO X° linalool |3#17= 72 8m3E & 72 2 AlREME S RIBE S LTV D,

— . RIKOK 7 Cd D B -caryophyllene (BCP) (%, T +<CEEAMD X
)RR B L OFFRHIAS GEN TN D EAF T AR UBEHDRE LT
Mo TW5, BUE, 7Tu~vt 7 —0nl TIIRZELEFEREROWER L
ZHBE LTALS WL TWS, BCP (ZIZEMFERIZIB W CTHIRIER RN
DHITEY, 7y MIBWTIX carrageenan BLIONT 0 AKX 7TV B
FRMEDOFIEAMHNT 5 Z LRI TND 69.70, I HITT F A ~T Uil
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MU TAMZE S TRBREZFER LI~ v AR AKRE LG E I L HIRIEN R

MBOLNTND T, Fiz, FIEIEHZRTROZELRBEINTEY @ [FH
U Rk EHK ET D9 Th D 9 —tetrahydrocannabinol & Fbiss LT & ki
72 EIER D R BTNk 2 72 38BN IR 2R3 Z E DR STV 5,

OH
o%
| @)
\ /
B -caryophyllene (BCP) I-linalool linalyl acetate

Fig.10. Structure of S -caryophyllene (BCP) , I-linalool and linalyl acetate.

Lﬁ%iM%ﬂWP@ REMERFBBEFITFE L BRI STy, £27T
AMFFETIE, capsaicin un%\éﬁ@%ﬁff%*f/l/ %42 BCP OFUREN A3
ﬁ*&&%?%*ﬁnj‘b\ S 512 morphine & OFFHIZ O T HRF L7,
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2.2 AR E

2.2.1 EREHY

A TOERIZIIARE 22-25g OMEME ddY ~ 7 A& H iz, ~ 7 A 3FERICHE
TAHFETKEYAZHBICERSYE, 12 B OBARFY 1 7 L THREE U TR L
77o IR S 1BE L 22-24°C & 50-60%IZ N F MR LT,

222. ATFYA TR b

capsaicin £ 50O 1 FEIRNICBIER & L TENA T 72T v 77— (22.0
X15.0X12.5cm) I C~ v A&xIHb LTz, ~A 27 a2 (50 u L) (Hamilton)
BLO26 ¥ —T01EFEZ2HWT 200 L @ capsaicin (1.6 u g/lpaw) K& £tk
R~ T ADOBEPLNRNL D ICTELEITREIES Lo, s ELTHY
7o~ 2121 20 u L @ jojoba wax DA% [FERIZH G- L7z, capsaicin Z#5-L
Te# i~ Licking 3 X ' Biting /T8 2 & s & U TRV CHIE LERE LT,
HIE X capsaicin 5% 5 5 47 T T L7,

2.2.8 B bETHENES (intrathecal (i.t.) injection)

~ U ADEMHEETRTL o0 EEE LIV E DI Lth, ERREL T CHE
HED 5 &L 6 FEORIIC~A 71Uy (50ul) (Hamilton) (ZHY 1) 7-
1/5 2 F#tafA LK E bu L/~ ADEG TP - Y L &RE LT,

~A 7yl rUBLOEREINTT FOWEEZHT, &1 CHY
Va bzl Li-b oMM LT,

2.2.4 EBREY

capsaicin, BCP, naloxone hydrochloride, naloxone methiodide,
B -funaltrexamine ( 8 -FNA), nor-binaltorphimine (nor-BNI), naltrindole
hydrochloride (NTI), antiseram against (3 -endorphin (Sigma), AM251,
AMG630 (Tocris), morphine hydrochloride (Sankyo),Z i/ L7-, &3EMix
BRI KICTHIR LT,

capsaicin (% dimethylsulfoxide (DMSO) |(Z{&EfE%. ABA/KIZTHIRL
7=, BCP I3 jojoba wax |Z{Afi# L 7=, jojoba wax HIRTIIH 7 A T X T
B G20l #ALa—2A%WE LILFERZFRE, BCP % capsaicin
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$5- 10 43 BT [RMRL, BOeHl D 1% i JEER IS $¢ 5- L 72, morphine  hydrochloride
O 1Lt G TE A A ikF iR (CSF (126.6 mM NacCl, 10.0 mM NaHCOs3, 2.5
mM KCI, 2.0 mM MgClg, 1.3 mM CaCls, 1.0 mM glucose)) TiEfiEL. AL
THHBEH L,

2.2.5 EHIHT

EERIT 1HE 10 IETIT o 7o, MR LR HERGE (S EM) THRRLT,
7V — 7 OREFHIRE L, 7315 (ANOVA) #£(2 2% H L (Dunnett test)
AT o7, W BERER 5% K (p<0.05) ZAEEDH Y & L THE LT,
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2.3. EBRGER

2.3.1 AFY AL T X MTBWTRFIESE L= BCP 0oHiiRE/EH

F9, ®%HEFE~D BCP HhE: 5 23F E 72 licking/biting {TEI 2 = S 72\
AR LT, BCPIX9.0ugBLON18.0ug DHEIZBWT, N E1 15.9
+3.9s/5bmin & 16.8+3.2s/5min ® licking/biting 1TEIZ K Z L7-, Zh 5 DfHE
IZxFR & L CHV = jojoba wax Bf (16.4+3.0s/5min) 3 XU saline A% (16.2
+4.9s/5min) &L CTHEZEIIR o7, FiVW T, BCP OHURENEH % 1.pl.
BH LT ORRBEN KRR E R DRI L OHEEREEIC OV TR L,
BCP (18.0 1 g) I capsaicin #%5-0 10-20 23R i.pl & EHE L THL Z L THE
RPUREERZ R L, 30 iR GICBWTHLABRPUIREERZ R LTZ, Uk
D FEERTIE capsaicin #5- 10 23FijlZ BCP ZRijALEL L. capsaicin #& 5% 5 554
?® licking/biting 178 2 7€ L 7=, BCP (2.25-18.0 1 g) I X1 jojoba wax IFHL
(FEEH 28239 5 72912 capsaicin D& 5- 10 43 FiC [\ UEAL~1.pL.#& 5 L 7=,
oy hr—/L Lt LT jojoba wax &5 U7 BEIFMEALERE & ik L T2 BIE 220
272, BCP (9.0 53X 18.0ug) DFRMAER~DRZEEENE G-1X jojoba wax
ff & bl U T capsaicin I XA REFZARSEAEICHEI Lz, £7-. BCP @
Lpl T EIC LD PIREBEEAVDRIMETH Y, 2 TIE RN 26NN T 5
72912 BCP (18.0ug) #% capsaicin #5- L IZSCHAIO B ~FEH- Lz, BHEID
e~ 5- L7z BCP IZ capsaicin (2 X DREFZ A OS2 #filE7 ., jojoba wax
GRS L TR B2 5 X o Tz,

A
0 100~
o =3 Jojoba wax control
g 804 I BCP(18.0ug)
o
[%] *
® 604
g ** *k
= 401
feo)
=X 20+
=
=5 0
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Pretreatment time (min)
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Fig.11. Antinociceptive effect of intraplantar (i.pl.) injection of S -caryophyllene (BCP) in the capsaicin test. (A)
The time course of the antinociceptive effect of BCP (18.0 1 g) injected into the plantar surface of hindpaw. The
jojoba wax control value of the effect of capsaicin was compared with the effect of capsaicin at the designated times
after i.pl. injection of BCP (18.0 x g). Mice received two separate i.pl. injections. The duration of licking/biting
induced by capsaicin was determined using the 5-min period, starting immediately after i.pl. injection of capsaicin.
Jojoba wax was used as control and this failed to affect capsaicin-induced nociceptive response. (B) BCP was
injected into the hindpaw ipsilateral or contralateral i.pl. 10 min prior to capsaicin (1.6 u g/paw) injection. Values
represent the mean = SEM for 10 mice per group. **P<0.01, *P<0.05 when compared with jojoba wax-treated

control. Ipsi., Ipsilateral ; Contra., Contralateral.
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2.3.2. BCP # R ENE S FRETUREIEH I T 25 CB1 B LU CB: &b+
PEOBE

BCP OFURENEHDR I 8 ) A RZBEERZI L TNWDNE D DR T 5
HH) T, CB1 ZREIEHHE THDH AM251 B LN CB R FEH I TH 5
AM%O%BCP@&%%O%m_scﬁﬁbkoAM%O«m&10mwg)m%
BIKFOHEIC BCP OFURFEIEH Z 06 L7223, AM251 1352803725
toit\HPEﬁﬂoﬁﬁ AM%lkiUAM%O%uﬂ%ﬁbtaAV%
WTH, AM630 IZHEEFIN>HEIC BCP B IMEFUR FEER 2P L7228
AM251 | %@%5Z@ﬂmﬁwAM%lkiUAM%Oi@@f@sc&ﬁ%i
O LplLFEHAZ BT capsaicin iR MR EZAINIM b B E RS 2o T,
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Fig.12. Antagonistic action of AM630 or AM251 on antinociception produced by intraplntar (i.pl.) injection of S

-caryophyllene (BCP) in the capsaicin test. AM630 or AM251 was injected subcutaneous (s.c.) (A) and i.pl. (B) 30

29



min prior to i.pl. injection BCP. Capsaicin (1.6 1 g/paw) was injected s.c. into the plantar surface of hindpaw 10 min
after BCP injection. Values represent the mean *+ SEM for 10 mice per group. **P<0.01 when compared with

jojoba wax-treated control. #P<0.01 when compared with saline plus BCP (18.0 u g/paw).
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2.3.3. BCP # i R EN&EE-FHREHE E/EH X35 naloxone hydrochloride
$ X U naloxone methiodide D%ZhE

BCP OVUREEANAEA A FE/ LTV D AietE2 i34 5729, BCP

(180ug) DL 15 HHEIICA A A FZEKERFEHIK TH %5 naloxone
hydrochloride ¥ J ' naloxone methiodide 7& s.c. ¢ 5- L 7=, naloxone
hydrochloride 3 X O" naloxone methiodide 135 & (2 BCP OHiiRE/EH %?fﬂﬁ%lj
L7=, *7-. BCP #5- 15 43 7iilZ naloxone hydrochlorlde Z ipl&h L7
IZBWTH AEKFER OB EIZ BCP R MR EIER 2Pt L=, naloxone
hydrochloride 3 X OF naloxone methlodlde TR TO s.e. 5B LD 1plxs
12BN T capsaicin FFHMRESZ AN 2L EZ R E o T,
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Fig.13. Antagonistic action of naloxone hydrochloride or naloxone methiodide on antinociception produced by
intraplantar (i.pl.) injection of B -caryophyllene (BCP) in the capsaicin test. Naloxone hydrochloride (A,B) or
naloxone methiodide (C) was injected s.c. and i.pl. 15 min prior to i.pl. injection of BCP. Capsaicin (1.6 1 g/paw) was
injected subcutaneous (s.c.) into the plantar surface of hindpaw 10 min after BCP injecton. Values represent the
mean = SEM for 10 mice per group. **P<0.01 when compared with jojoba wax-treated control. #P<0.01, ¥P<0.05

when compared with saline plus BCP (18.0 u g/paw).
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2.3.4. BCP #B R ENHREBEREFBRBEERICH TR u, 6. cFES
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Fig.14. Antagonistic action of f -funaltrexamine (8 -FNA), naltrindole hydrochloride (NTI) or nor-binaltorphimine
(nor-BNI) on antinociception produced by intraplantar (i.pl.) injection of S -caryophyllene (BCP) in the capsaicin
test. B-FNA or nor-BNI was injected subcutaneous (s.c.) (A) and i.pl.(B) 24h prior to i.pl. injection of BCP. NTT was

injected s.c.(A) and i.pl.(B) 30 min prior to BCP injection. Capsaicin (1.6 u g/paw) was injected s.c. into the plantar
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surface of hindpaw 10 min after BCP injection. Values represent the mean = SEM for 10 mice per group. **
P<0.01 when compared with jojoba wax-treated control. #P<0.01, #P<0.05 when compared with saline plus BCP

(18.0 1 g/paw).
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Fig.15. antagonistic action of local injection of antiseram against [ -endorphin on antinociception produced by
intraplantar (i.pl.) injection of f -caryophyllene (BCP) in the capsaicin test. Antiseram against B -endorphin were
injected i.pl. 5 min prior to BCP injection. Capsaicin (1.6 u g/paw) was injected subcutaneous into the plantar
surface of hindpaw 10 min after BCP injection. Values represent the mean = SEM for 10 mice per group **
P<0.01 when compared with jojoba wax-treated control. #P<0.01, ¥P<0.05 when compared with saline plus BCP

(18.0 u g/paw). B-END., B -endorphin.
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Fig.16. Enhancement of morphine-induced antinociception by intraplantar (i.pl.) injection of j -caryophyllene

(BCP) in the capsaicin test and antagonism of naloxone hydrochloride on enhanced antinociception induced by
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combined injection of BCP and morphine (Mor.). (A,C) Morphine was injected subcutaneous (s.c.) 5 min prior to i.pl.
injection BCP. (B,D) Morphine was injected intrathecal (i.t.) 1 min prior to ipl. injection BCP. Naloxone
hydrochloride (Nal) was pretreated s.c. 15 min prior to BCP injection. Antiseram against S -endorphin were
injected into the hindpaw 5 min prior to BCP injection. Capsaicin (1.6 u g/paw) was injected s.c. into the plantar
surface of hindpaw 10 min after BCP injection. Values represent the mean = SEM for 10 mice per group. *P<0.05
when compared with saline or cerebrospinal fluid (CSF) plus jojoba wax. *P<0.05 when compared with morphine
1.0mg/kg plus jojoba wax and morphine 100 pmol plus jojoba wax. ¥P<0.05 when compared with morphine 1.0

mg/kg plus BCP 2.25 1 g and morphine 100pmol plus BCP 2.25 ng. B-END., B-endorphin.
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