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ATP: adenosine triphosphate

Bis-Tris: bis (2-hydroxyethyl) iminotris (hydroxymethyl) methane
cDNA: complementary DNA

CGRP: calcitonin gene-related peptide
EIA: enzyme immunoassay

HDC: L-histidine decarboxylase

HE: hematoxylin and eosin

HPLC: high performance liquid chromatography
Ig: immunoglobulin

MAP: mitogen-activated protein

MOPS: 3-morpholinopropanesulfonic acid
NGF: nerve growth factor

NO: nitric oxide

NOS: nitric oxide synthase

PAR: protease-activated receptor

PBS: phosphate-buffered saline

PBS-T: PBS containing 0.1% Tween 20
PVDF: polyvinylidene difluoride

SC: stratum corneum

SDS: sodium dodecyl sulfate

SEM: standard error of the mean

TB: toluidine blue

TBS: tris-Buffered Saline

TEWL: transepidermal water loss
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1. FEZ

1-1. FEHDORE
FEA (Pruritus) (X, A AERIT&H 5 Samuel Hafenreffer |Z - T 1660 4F(Z “unpleasant
sensation” L EF I TV D,
F 72, MIZEEAA T “An unpleasant sensation that provokes the desire so scratch” (Rothman, 1941) ,
MEMEHEENER B D ANRRET ) ERBLINTWD, LnL, RENE D NI EBII 72K
TTHY, Savin (1998) IX “A sensation that, if sufficiently strong, will provoke scratching or the
desire to scratch”, [+47Z9f T 70X, FEEE 7 IFREITENCHEEO N AR LR L Tnb,
FEA LB 8 B OB R L2 B U 72 R0 A I (B A DRENERICR & 1 O AR TH 0,
S Te &L SAEMPRREERO—FThH D5, AL, H< ORI NTELER TH
HICHHEOLLT, EmICEEMDLIBRORAMNEm S RN olcZ LR QBB T, FEL O
TEIRTEBE LICH D, FEATEBNRER THLZ 200, FELE [FEN] LW O RELET
TIE7e<, KV EMERICET ZENRHE LY, ZO XS REAOEFOSEHEIEN L FA LM H
(2001) I FTFEADOME AR TERBLL LT 8 FHA %S, Yosipovitch & (2000) (% 10 FRXEZET
TW% (Table 1),

Table 1. FEADRE]

H A2 & i SR, 2001 Yosipovitch et al., 2000
as insect crawl H2GE D K97 tickling <Foazn
chiku-chiku FIFT stinging =) =)
iji-iji ATAY crawling like ant WY
Mmuzu-muzu DA R stabbing Hil4 X 97
piri-piri =Y E D pinching ATz
stinging 4K 57 burning FIEN
burning BETH XD 7% bothersome RSee VARV
tsun-tsun YV annoying A4 747F%
unbearable M 2 & AL72 0
worrisome XabET




1-2. FEHDHE

B R DFERETR D2 < 1%, REERFESIAAET 5 — R =2 —r o (C#RHE)
D H BMRRAER (R 2B - (LRI i Lo TIEM kST, EC1 v
PNV ANEMBA~ANTI S, FHEBEAT Roa—a B ESH, BHURKE E1TL,
RN IPIC BT 5 2 L TR ESND, ZOFEAMBEREEZ N U THAET HEREZD
pruritoceptive itch CRASPERESE) & L, RIESCKETMEE, KEREICL-TELD, TEIE,
=HRE, Wil S, RS EEBORERERBICEDEANEYLT D, ERRTRARIFEL DR
DRI D & Z 0> CREFMERE A U TR T DA % @neuropathic itch (PR MAEEE)
&L, HRIREEH% ORREE, Mg RS, ZRMEMELIE, WG O BENE YT 5, MRk
(ZIRBEAY R D358 60 B AV A TA U 2 A % @neurogenic itch (FHXMERERE) & L, A
D oW K HRRFE, 1BMIFRA, BUEBREREDNZY T 5, ZOFRMEREFEICIIA A A R
BEROEG DR NDIL TN D, I B IC K > THFEARREAE L, Z OFEAH% @Dpsychogenic
itch CLERMRERE) &L, F/ERSRHEICK T 22805 aMmEE, 52, A MLXICko
THEU D, FEALZRKKRND FELO L 912 4 FEIZHHT B2 ST 5 (Yosipoviteh et
al., 2003; Twycross et al., 2003; Ikoma et al., 2006) ,

1-3. FELDEFEER (itch-scratch vicious cycle)
EMIFERICED HEE2D, SO2WEEMTICE bR SO EiZ < (4,

2006), £ LT, &< 2 LMRE o WEBEIZ FICH S 29, BEEEOMIK L TS
£5, Lo, WICITENEEEZWERNE ST, INREE O AR EF5 3 7THGEZ M
g & E 5, HENEELZZI 5 & XM interleukin-1 <X° tumor necrosis factor-a 7 £ D
YA NIA B ESND, ZHUHDORIEMEY A NI A T~ A MRS M AE N EGHIRL O TE
AL Z I U CRIEZFHHE L, HEEREZEIES (Pastore et al., 2000), = H1Z, CRrkE (G
TARRR) & AT LToA SV 2O —FR @ ORI IED D Z L2k - T, MR
substance P (77 X / fi& 11 fifl) <° carcitonin gene related peptide (CGRP, 7 X /W& 37 f#) 7z &
DOMFERTF RSN D, Z O ST TF RBRIEL RS EE 260
TU % (Jarvikallio et al., 2003) , RIENLE U D & RIEFNCZ O JED O RIEMETA S A >
R EDILFMEN R S, ENONRKTHOEAZAELD L DI D, ZORRE, FEHR
R 720, WLV SR EZFE(L S D L) EAEER (itch-scratch vicious cycle) (2G5

(Wahlgren, 1999; Yosipovitch and Papoiu, 2008), > F ¥, FEOEE =27 L THOEET
52 ETRENMEB SN, T LAKRBRIEIT LEHEDIRRIZ/>TLEILRELH
%o Elz, BENZR L WFERITE T ) O T OMEIR EE 247 &, 421§ OH (quality of life, QOL)
ZELURTSED (Ayres, 1964) OAHR LS, SRR VI ZEREE S 2 8D RT-H
ORIEIC BN D, FERIIA R L AR EDLEMRERICE > THRAEL, &< 2 & TR
REHH UFEADEILT D (stress-scratch cycle), BB L7 Z 08B 5 L 51T, LW
EDZEZNIE L TS RN GG LFEAZ K L D, 2D Z L b R E RN E A




ZHERTHDERDO—D>THL Z LiIFHmI TS,

1-4. B % A\ TR OFHEiTE

Histamine X°~ A M ABLEERAEEDE  (compound 48/80) 72 EDRLFEWE O FTHEH M E
NDOFEHRET NV E L TEHBIZMH LTS (Fjellner and Higermark, 1985; Woodward et al.,
1995), LU, B h&XRE LIRS, $8RE L LTSI o8 FOAESZER LIS
B4 2 Bl 2N & 5720, FEMANCHFTEGICT DIZITRADRH 5, £z, ﬁéﬁ EES
BHIRER TH LD Z 0D bEBIN AL ARNETH 72, LA L, Kuraishi 5 (1995) |
AT E Tt 5 Z LN TE T, BOATHND Z LN TE LS~ T Z20OWH ’”ﬁ*BBng (Z,
b N CHEAZ R Z T EFEYE (compound 48/80 & substance P) # F2 FiESTT 5 &, JESHHAL
RZ DD ~OREIC X D BEEMENERL SN DD, I WE (capsaicin & formalin) % T
HEH L TCHEESEEDNS IS EZ S22 nZ ¢ 2 /RN L, REENELBEEITE CTH S Al
PEZRLTWD, DFD, v U ZOBEENFLFIRICFEA ORRE 2 ZBIAIZFHE 2 2 &2
AlRE L 7r oz,

FEHDEFIRAT 4 =—H —D—DTdH 5 histamine [ < N HHHITI Y (Lewis, 1927),
BRIR CITSEIR TR A F—IRIK L LT H, b R % I U RAERESR N S AN, Ak

BB 2R T N E—VERE R e & DBV & £ O FEATIIRN R MRV, BBV T
histamine @ FZ N{EH TR X #{EZ /K3 DX ICR, ddY, BALB/c, C57BL/6, WBB6F1 72 & ®
[RONTZRMO~ T A THDHZ ENHE ST 5 (Inagaki et al., 2001), ZAL 5 DFEEN G
~ 7 A Tl histamine 23 Ll O EFEME T2 & ZREL TS,

Kondo & (1964) |Z & - CTHEN. S 72543 % NC/Nga ~ 7 A%, HELE (specific pathogen free,
SPF) BRI T CIXRER ZRIE Lo W Em a2y b e — L ClE R — Ve & D% BE O
% LT 2y (conventional) BRI N COEIEIZ LV RIERE HIRFIET 5, NC/Nga v
NI ER DOFIE APV RBZEERNTFHEREEND Z &, M IgE BED E5, &0
FHERET: E 4L DA TT FE— R R B EFELL L TV D (Matsuda et al., 1997), = L C,
ZORBEEED p A EFA FZRFEFEGEE TR 4D (Maekawa et al., 2002), & MZEW
Thu AEAA RZREEGUEE, 85 oW, BUESRZ, 7 e —MERERZR 8@%%
PR BERE OB X BIfEZINH| L (Mansour—Ghanaei et al., 2006; Monroe, 1989), fdH# (2
% histamine FHFEMEDFEA  (Bernstein et al., 1982) 72 Sk~ 2R AIZ X - T3 %\ééhéﬂfi?f%&
MlIT 2, BBV TYH, p A A A RZREREHTETER © 2R EWE O NS
T%ﬁéhéh%@@%%ﬂb(M@ma&me,%@%&jf%ﬁ?%%r”fﬁ%
N5 HBEHBEEXEELIHIT S (Miyamoto et al., 2002; Mackawa et al., 2002), LA EX VY, u A4
B A RZFEETEOIRERFT 5 Z L1, BIEINIRBEMENEAERTSH D
NEHET 262070 FEREEZEZDBNLD,




1-5. RMICRT DEHLDIRERE (2 ¥ I RER, b A Z I VIHKTFIRE)

K IZBW T~ A MREAFEA - i3 % histamine, tryptase CHRELN DT SN D
substance P 33 XN CGRP, 77 F / A FD3EEA - it 3 % leukotriene By 36 L U2 {LEE R

(nitric oxide, NO), {&HMEAL CD4 Bt T M3 pEAE « K75 interleukin-31 72 & & FEAFE K
FOPEAHETRIA - & L CYERH L T35 (Ando and Kuraishi, 1998, 2003; Ando et al., 1998, 2004,
2009; Yamaguchi et al., 1999; Dillon et al., 2004; Ui et al., 2006) , ZJ& PN histamine |Z2FK2 <057 &
AEAIIE, 3B EDOREIRBICHEIFESADAT 42— —L LTHMHNATWD, H kX
X URARIEREIT e S E B O IV T histamine FREDHESAITHZTH D

(Ohtsuka et al., 2001; Ui et al., 2006; Jauregui et al., 2007), L 7>L, #t histamine 3&| X2 EZE
BITITE N % "3 H (Ferguson et al., 1985), 7 b B —PERZJE K72 & O EHEEIZB D
TIEAZTIEZ2 vy (Klein and Clark, 1999), Histamine 1A & & $12, EEEAIME ILIEIERH
X°, histamine B ME C #RHEDO IR ST L 0 MEILRIER O & 2 ##%~7"F K (substance P
X CGRP) %75 Z & CRHREICHHZ L7567, LML, HEAINTHKERT 2FEERITITH
T LU HABEA D7, ZH LY, histamine FEKAFII7R S 7 AR ERREE O AFIEDHER S 4L
%, Cowhage (mucuna pruriens, \J+T.O¥E % 5 FERIROB) % & ICHf S D LFERIL
AT THABEHIAE LRV, E7ob FTOERT, W7V A 02 BEIc&KE L TR O
WA E A Z L7235 A, cowhage DFEAIFHNH L T histamine DFEA TN L7222 & 233
HENTWAD (Johanek et al., 2007), ZHUHDE R SHAED & Z A histamine (KFHIEB L O
histamine FEK 7Y 72 2 FEA DRI N B D & B 2 H 1T (Davidson et al., 2007; Johanek et al.,
2007; Namer et al., 2008; Nakano et al., 2008; Davidson and Giesler, 2010) ,

Protease-activated receptor (PAR) (% PAR-1~PAR-4 D 4 DOV T X A TN LILTEY,
THNOZHIKRS, tryptase 2 EDT 0T T —EIMEHT 2 &7 I 7 RKimOius ek o Fr i
NEDBREFR S AU L B2 7 X 7 REOFEEDY, H b O st L — 7 Ol &
LC, MRENIZE#RIMEE SIS (Ossovskaya and Bunnett, 2004) ., PAR-1~PAR-4 D45 54K
DRTF RUET T=Z & NC R~V AOKFITEEGT 5L, PAR2 7 A=A bOZBHE
IRIFHNCFEA BT EN 275545  (Tsujii et al., 2008, 2009), Tryptase i FE#& < BfER L
compound 48/80 FHFEHE X EEILHL PAR-2 HUiLk (o7 7 —BUIE i 2~ h—7 L F 540
1K) B LU PAR-2 f5HI3E Tl &5 (Uietal,2006), ZALDH DOFERND, ~ A MO
BRI L o THUH S 72 tryptase 28— ReRIOWME= = — 1 D PAR-2 ZARIC/EH L CTREA
TV EFRAE S D AREMENE X A, histamine FERIFH 2RI DO—>TH D5 & bt s,

EE AT 4 =—H—D—DTd 5 leukotriene B, 1L, ~ 7 A TIiZ histamine £ ¥ & 50 ) 72 ECEE
WMETHY, —YeRiME=2—r 0 BLTI ZFEA~OMEDEFEEHO—2EEZ HILD
(Ando et al., 1998, 2004, 2009) , FZ & |23\ T NO X L-arginine /> 5 nitric oxide synthase (NOS)
IZ L > THEAKRIIND (Palmer et al., 1988), Substance P % NOS ZHHIAZIZ/EH L T NO % &
9% (Bull et al., 1996), Substance P ##3&#& X #i{E% NOS FLEH 2 #1#14 5, LAL, NO
DFE TH % L-arginine X° NO K —TdH 25 NOR3 D NVEH TIIREE EMEN K & 7208,




substance P iiZ R T EWELHIRT 5, AL LD NO IFFEAHME 7+ Th D Z LR ST
% (Ando and Kuraishi, 2003) ,

3% P2 B B AR D 121 substance P 33 1L OV CGRP & —URIMAERRHEDN A < 0 LTV,
substance P, CGRP [ZFZNEFHC L VFEAREEL D Z &0 h, —RROMERMEOIEIZ LY,
— VRO HE DA R > D 7B S 715 substance P X° CGRP 23 A& # L 3 5 Al REMEAVR
BINTND, ZHHIEEICYA MIRRAHIE L, histamine Z1EH S E51EHICE D & X
L TW5 (Hiagermark et al., 1978), LU, b F TEAZFHRIEIHRED substance P

(Fjellner and Higermark, 1981) % & R~ A MEIZ/EAH &8 T % histamine R IXE Z &
72N (Ebertz et al., 1987), F72, CGRP #t MO EIZHEE L TH, FKJEW histamine & DHY
DEMERR 41T 220 (Weidner et al., 2000) , Z AL 5 OHFZEN S, ~ A MG D histamine
73 substance P #57 DFEAR CGRP #5758 DFEAITEHE TILRN Z & DI HER S 4 2 255 HH1E AR
Th b,

Interleukin-31 F 7 U AV x = 7~ U AXHEFBINC LG K & FEABER S EEZFHRT D

(Dillon et al., 2004), 7 b B —4:5 G 2% B3 O Il interleukin-31 L ~/UIZEAEE & FHRES L C
AL Tw5b (Ezzatetal, 2011), Transient receptor potential (TRP) F ¥ R/L7¢ & & FEAFEAE
WZBE 535 Z EmfE SN TWSD (Alenmyr et al., 2009; Steinhoff and Biré, 2009), Z L5 D
XV, histamine FHKAFHIR > 7 F R ER I TEBAAAET D AlREENE 2 LD,

FLHDE, Z< OBPFEMREIRBIZIB W THEE DR 7 DN FER ARG IRICE 5- L T
WD EBZ B, RIEOERFBEREDHSITHA SN THD EIXEWEW, Z D72 DR
ZFETIE, FUmETEMEA & WV O FES S BRI T 2 ME 2RI L, RIEMEREREE O
IRPESFE AR OFERNIC IR O LA T2,

1-6. B AZ I VALK E E AF D UBEEERESR (HDC)

Histamine (X7 X / BED L-histidine (ZFFEAYT, 2 OmBlFED L-histidine decarboxylase

(HDC) (2 XV pEA SN S, Histamine PEE « APRGHIIGICIE, ~ A MR-CAFHELER, =27
Ry uv7 4 AR EA3H Y, histamine (TERIAICZETRE S 4L, ARG U CRIBRAN~BL
HENTABEHZ R T ETEI VKA E SN TS, —F, BRNIZIR ST
% histamine & 1XF72 0, MRRITIC X0 MIBRN TAA R S AL D5 histamine D AFTEARE
DIFEE S H, SaERERE & ORI RIZ X LT % (Kahlson and Rosengren, 1968; Takamatsu et
al., 1996).

5B histamine |7 histamine & %72V, MifEN T histamine DG RBHER S ND b
DO, histamine FPEFER-CHIAENIZISUVN T histamine ORRHNFE LW F A 7O TH 5,
Histamine D 4&FIZ42H D HDC X lipopolysaccharide <PAJENEY A b A L HIlIRIZ K-> T
BINDHZ ERHREINTUVWS (Endo, 1989; Endo et al., 1992), #E M histamine (X425 %
NIlzDBHIZ, EHISHEASKE IS E WO RN H 0, MR EGOMBEEERE, ¥
INT BRI HRRIC B W TR &5 (Kahlson et al., 1960; Schayer and Ganley, 1959;




Nishibori et al., 2001) Z & 75, AEKPIH & OBIHEMEI VIR ST\ 5, HDC FEHLMAE L L
T, VA MRLIANMZ 7 F /2 %14 b (Fitzsimons et al., 2001), T #fif@ (Oh et al., 1988; Aoi et
al., 1989), B i (Ohetal., 1988), ~ 2 1 77— (Kawaguchi-Nagata et al., 1988; Takamatsu
and Nakano, 1994; Hirasawa et al., 2001), #f7EK (Shiraishi et al., 2000b), IfiL.%& PNzl (Tippens
and Gruetter, 2004) O A2 ] &S TV 5,

1-6-1. v X MIRANOIBIEE X ¥ I v & b XF VU BLREESSR (HDC)

~ 7 ZAD¥EL~ A MM (mastocytome P-815 ffifidd) 7> B FEH S 7172 HDC 13431 & 110-kDa
T, /31 53kDa OV T 2=y O REKTHY, Lhistidine DAHZIEE L L, flilgEs L
C pyridoxal phosphate Z B & 325 &9 K3 % % (Ohmori et al., 1990), FHREESR DT I
J BEELS A b &1, HE{b~ A MAIAG P-815 Ml cDNA 7 A 77 U —2v6~ 7 2 HDC cDNA
Dy r—rwHEEL, HEEL7- cDNA (4R 2371 x50, FHERGE (1896 Hikk)
DIIERIN N HHEE S D7 X/ BEFRIET 662 5T, Z 2 bEtHE & 412 HDC & > /37 D4y
f-EI% 74071 (74-kDa) T& 2 (Yamamoto etal., 1990), FH 7 v Mg L Y~ 2 HDC
mRNA [FHE—/3 K (2.7kb) TH2 Z &6 HDC mRNA [E 1 L VFE LRV EEZ S
N2, 74-kDaHDC @ C K¥fiihsy (21-kDa) 23K ¥ L7=H D73 53-kDa HDC Th % Z & 3
I TW5 (Yamamoto et al., 1993), ZHHDZ L5, 74-kDa HDC IXHIBXATH Y, 7
Ty T ORER, 53-kDa HDC AT 5 EHEE ST %  (Yamamoto et al., 1993), Z O
Tavyv v T aT 7 —EEEHR O disopropyl fluorophosphate (DFP) &
benzamidine (ZX VW HEFEIND Z LD, Yty JEEFE L LT benzamidine &S MEE U
7T T —ERNHEE SN TS (Tanaka et al., 1995; Ichikawa et al., 1998), & o7
[ZET DRI, mVWHDCIEMEZ AT 5 7 » MAEIRERAIEEL RBL (rat basophilic leukemia)
2H3 MAIZ I T, K9 2-30 20 & WV D FERITELC R BIREZ 7 v D I REZ S ZEN
WS STV (Tanaka et al., 1998), & b~ A M@k HMC (human mast cells) -1 3 KO
mouse bone marrow-derived mast cells (BMMC) (23 NTix, QA5 4 RELLERGE L
T=DBIZH X7 BRI MR ST 5 (Jeong, et al., 2009), BEhFE-Cl fu il 0 72 05 B
ST Lo T AN FRRICE T DR 72 2 LHERI S0 2 33T A Th 2,

Percoll % VN7 85 A)fdist 047 B KV, 74-kDa HDC (X9 kYL /Mafk a2 & Temissic,
53-kDa HDC (F/Mafk « =12 « Bkl 2 & Ll ENAFE L TR Y, HDC {EPEEYA
N VEBXOMERIZZENENREESND Z ENREN TS (Tanaka et al., 1998), F£7=, H
R=rThHdHUF =& E RN OME 2B BANT LD DIE) 15
& TEHRICHEZE A PRI LM AT o8I A 27 MillaaERL, FU
U EAER ST L 2 A 74-kDa HDC 1522 H L & 415 DIk L 53-kDa HDC Ikt % 7%
LTW5, D% Y, 74-kDa HDC (YA bV BH DT A b/ Vi Lz fEsIc /3 Am L,
53-kDa HDC (37" 00 7 7 —RIZ X Db 5 2 58I (A1 7 OWNIZERD) (THFEET 5 2
L HREE LTV 5 (Ichikawa et al., 2010),




53-kDa HDC (X429 T histamine Z £ LIFRE % L& 2 b TV 5%, 74-kDa HDC [ A
kY JL"C histamine 4R L, Mifust~ 12 FIEE@ERAE D FA DO TV AR—F2—Th
% organic cation transporter-3 (OCT-3) Z > THgH &4, ¥ ~ Y /LINO histamine 73 HH
#} histamine & X Y HARWIEA XML 2> 5 histamine BGAAIZ B 5- LAIFEN @ histamine
FEDOHERFICTER LT d 0 LivZ2vy (Ichikawa et al., 2010), %A KV /L THEEK ST
histamine 1% 2 BUNEE /7 I s K (Vesicular Monoamine Transporter Subtype 2, VMAT2)
A L CHERLICEU Y JAE D (Ichikawa et al., 2010), Y1 b /LIZFF(ET % 74-kDa HDC 1%

ubiquitin-proteasome (Z & ¥ ATP {KAFANZIHLNTAEH S 45 (Tanaka et al., 1997), —75,
53-kDa HDC |37 0 7 7 —RICHFNEL R T Z L O LRERD TR TH L LHER S LD,
U EORNEEZHRILLIZH O Fig. 1 Th D,

Spontaneous 74-kDa HDC ER-targeting
leakage

, ® HN [T ] COOH mem——p- 1N

[ ] ° * o v . .y
L ] oy ;
s s Ubiguitination
[ s .

Proteasome

<0 5 Degradation
sl

Cytosol .

ocT3

Fig. 1. ¥ X MIRRICBIT D 2% I VOMBNAESRK L & X F VU HREEESRE (HDC)
(Ichikawa et al., 2010 X ¥ 5|, —¥kZE)

1-6-2. ~7u77—VHAOFEENL XZ I V& XAFVUBKERE (HDC)

~ U AD~ T 17 7 — UMk RAW264.7 FIFEIC T, ZNER Ca® -ATPase FLEH % 7
U=V ALEIC LY i\ HDC #5388 AE T D 2 L b, 74-kDa HDC OA BB SN D =
ERWE I LTS (Hirasawa et al., 2001), ~ 7 & 7 7 — VRS CARK S 4172 histamine
TN TIZE AR SN T, AEREZE BTSN SN D Z & 2B 6L T
% (Hirasawaetal.,2001), ~ 7 27 7»—TlX, HDC A7 ot v v 72 L g b =5
D TIE72 <, 74-kDa HDC 73 histamine PE/EZHilfH L CTW D Z ERREB LD,




HDC mRNA #Hii%, p44/p42 mitogen-activated protein (MAP) kinase |Z & - T < il <4
TH Y, p38 MAP kinase DEH5- 13/ S W2 ER/RS LT 5 (Shiraishi et al., 2000a), & NH
FEMAE AGSHIIEIZ I W T H AT A MU UHIKIC L - THHE S 15 HDCIZ § pd4/pd2 MAP kinase
MRESBEG LTS (Hocker et al., 1997), ZHHDHALLY, 7 w77 —® HDC O
FEBLT p44/p42 MAP kinase DB G- N RKE WG LitZeW s, flix Ofifa CHEOEETH 5

MOFEMIIARHATS %,



2. (E#ERE L DNEFEEEI daiZ ko TE L S5~

2-1. {LHERICTIBWV TR T & DEEAIERIC K3 2 KREL
fedidn & U CREi T x 2R BT 56 HATFAE (2013 43 Alfm) L, FEAICET 2 b D2
HHRHTHY, B L T DR BT 2 RKBLOLEITFRD 51T\ 5 (Table 2),

Table 2. fb¥ESL & U CRe# T A 2ESV R L H O

1) BHZ, BEEZHEICTD 29) AlxZko6T5
2) ABHVICEVEE HEORRERZMZS 300 AUIIFVEE5RD
3)  BHEEE, BEEZTIONICMHED 3) ALY YxE525
4)  FEEIZIIY, ZLEEXD 32) WLAEELNCTT S
5) HEE, BEIZHIDBVWELZxD 33) WTFERHIVRT<T5
6) HEK, BEDIDHBVERD 34) OITZEOVHRONEEZ D
7 EBEELRSNHICTD 35) HELEPS
8) I EBLELILITS 36) HROFERS
9) FEEDOORERD 37) BRIk v, Y ARABRERLS
100 FBEIONEL 2D 38) AExEHZD
S, BRBEND 39) N&fRET D
S, BHREMZAD 40) JNET IR
13) EZDKSy, WO iRD 41) N2 2BVWEE 22
14) Z=E, UE, HEEZHS 42) HEORNER
15) ERAE#z, REFT2 43) AEOXAZEZ %
16) FEZOHELMILETD 44) NEIZI2DBVWEHEXD
17) RIGZEIEEIZT S 45) OBZEZT 0T D
18) =xt, TEEZ 46) NEXRET D, NEOHBEEZE
19) MEEZ 5 47) OBOEEIE 20 Y %25
200 LOFAEFEZ D 48) HBZEOLMNIITS
21) JEEE T NI 49) LT EBLGS
22) AEnERs< 500 #AEHELTD
23) ALEOELYDD 51) ®RERET S
24) KEIZODBVWEHE XD 52) AW EFE{LT S
25) FKREDKGy, WA EMORD 53) HRZS
26)  FRE DFERMEE RO 54) WORICEED
27) KRIEEIRET D 55) WA OWLEEE
28) HEDRREEFL< 56) WRIC X BNV UEBRSMZRLS TS
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2-2. FEAHERIZBWTERH TE ZEMERICT D RE

AL, RIEIC X > TERESMNL & LT DREE - 2182 b b, 2o, 1k
Bidn & [FEROBE A B - R EE R T 5,

FALHES TlX EAO TR V) REDPERTE % (Table 3),

{EHES DOBREI R BB B2 AT 5 b O, ALK & LTI iz,

Table 3. A PR & L TREB T 2008 REERH O

A RNRE « ZhR
B - HEOIHERZD<
VX U7 — BE - A ETEHFICT D
BE - R AR
FBE - BRZE LRONITD

St - EBAREBS

£E - HROIHERZP<

BEOKG - TR

HKE - YR - B2 E2N<

B - R A ECOITHRD

FBE - HRZ LRONIT D

HEDL - LR - OV b h - 22 TzPi<
PITET 2R

HRFIZED LA - TiENTZ2R<
fEREAK MEOELDD

METHEHITT D

MZEZ %

P& a e IR0, BEICEWEE RS

AN

bHEDL - LT - OV« N - I VzPi<

BIIE TR <
HRFIZED LA« 20T 285<
- ‘ NEVX L5
7 V—24, iR, N K7V LA 1T 5
— A, LlEA e
A2 %

B & 2 R
BV E 5.2 5
B atrigd D, BEORERZR<




PIIETZER

FBEER#EL, ONTFEHVT<T5
Ao - FRFICE NN ZRL<
Ao - HERT <
BRFIZED LA - ZIENTEBS
B 2 Rt 5

WCEVEBLS

AROFIZE B LA - ZIE0T2<
WLZ 728 BT D

B 2 1T D
[BEAIER O L D]

BEJE DG - B - W
ERATA (EERZET) | R - BFREEKRCEOER
[ERAIER O L D]

FRE DiEHr, I22 Y, BITIE T RONGERZR<

OFZ Y A

H 2T 1R Al

N T

2-3. {bhtdnds KOEFKEIINRIC L > TACDFES

{EHE S CE IO TIFFEA OIS T 2 RGL TE D52 b, FEETRBHRIFIC
BOWTHEA~OT 7o —FIZRY A TIIND OO, EEEA & L CHEBIICHRFT S 2
B K BREMEREAHEEMR L TWD 2 ENZW, UL, IHE, FEiE R o R g g
PR G EREMEIC LB E T 7 AL T D, TOERIS, JelEEZ O LIziEE
TR e BT~ OEGRN B, tEottaEl, BrEo it i Ho#ENe ERnEx b b,
BAREIZIE, EBESOM R KBTS L7 bR D 7 Loy v 71728705 HE /)
IZBZRDILTND, ZOX D REENLIEA] GRimiErER) O/ ML T s & HE
Bl FER, RSB X O RN EDRE N7 7B L Cnb EBbhs,

Vel 2 E O INEME SR S ik 325 Z & THEU 28R (BEBER) (34RO R
MIPEREIE I K > TEL D, Z OBfERITBROFTNIIH - T2 ETEREESCERRE 2 &
CEBERBRICH Y, FORKME I CEEND S, BACOIERETIE, EE TR AT
EEAESNDRFRIZR S TWD Z Enh, Tedal GRmiEtEHl) A Eit i g % O R K E O
—OThDEHNIND, WEI (2007) 1XHr B LSRR fE R 25T 2 WE &
LCT7 =4 U WRmiEHER 220 T, vy o7 — (FAIDT =4 MR EEEARD) 12X
% LR EORREVER FRBEML T D Lk T35,

FHERBEHICT 27 o — MU, HEEIZBEOKEIZ TR, 3R], TOW
OV, T R EEECTWAIGEENREZ, SOICKE N7 TNV ERESETRKE L
T TRpEDOALNESL ), TEREE), DAl Veddll 2ERB2 o5 (BOR, 20000, L2orL, Z
DT 7 — MERD B UEE A B IR EERCR IR 72 EORJE b 7 7V OB 72 RK DT AR
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Thbd, edes, BHEEHFAITELCTERATLIHMLTHDLZ L0 b, ARV TURERHE
S TN T HITAEITI . ED%, WAL TR O NI AR P 7p & CR g oK & #2
DIRMMBLED, ZOBDITANKEBORMZEDT 2 /RN D D, Fill DR EHEAITE
JE~DREIEZARINT 5 Z L A HBEE D =— AP BB SN TLGTRINRENTWDHEA
M\, G ORI % FHLT 5 72 DI R ETE A OB G IRE 2 T A2 LERSH H, £
DFEF, 7o e AL =72 72570 EORBENEL D, T5 &, REOIHRZTTEE
2T TP ZEICER ST LED, DFED, ZOWD EWVIITEDELE N T 7 BN
STWDHARBESBE LRV E Wi,

BT, EHAIORALT 7210 T, R/IIHEOLRNRENTWDS, THET
DFOFre E TSI T LT T T, Rr7RoRGBeaHAT5 2 &
TROFIZIDRHZITBECIAORETHEATE 2 L2 R TRB/MAAEN TN D H O BIFME
T5, TOXIICHEZEOMERERORELR EDOEEFORZ D REAZNET LALLM
ZAZTONEDOLHEETH D,

A% T OO OALRELCEIEERI L OBAFEIL QOL 2 H 1T 572 DICHETH L5, T
b OB O FSEE S, BEE L TE TOA4A] CRETEMER) X 2%E T
NERRFTHZENID BWRGREZED L Z LICEN D &b D,
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3. SR A

3-1. FmEiEHEH D53

SEVEVEAN TSRS CESAN G, (LPES, B, B3R & IR 7o PE 3 oy B CHEREME
FEMELTEHINTEY HEAFRIIRS ZEDOTERWEEE 72> TWWD (Corazza et al.,
2010; Sziits and Szabo-Révész, 2012), — AT FETEMANL 1 53 F FITBIMEL & BIKEED 5 72
HHEER LTBY, W OBUK DR PEIZ L > T Table4 D L H oSNNS, T THT
=& MR ETEMERDY, & OGN RRNE Wb TS,

Table 4. FEIEMER| D4R

FEREMET & 2 XA KBS TA A M FIETENMEZ2 7RI ER 3 D
(2 &5 KAl A A TR
T = A RS EE A
T —— A A WS fE A A F 7 PSS PR
I P S A
HA A MR ETE
Hvas S i A

3-2. FEFEMRNC X D — RIS R R & RIS B A R 2%

T A ok B R 2 1R & < — WRORIT M2 ok B2 R 2% & IRTMGE REME R B B R 00 1T B D,
RuiEEANS, 77 F o Z Ry LG 25T 57 (Imokawa et al., 1975), Vi
L THRBBICHEWIR ST RIEICNAE LR T 5, 2 OFmiEERIRIEILE T R FD 57—
F—="— G LWABREOER [BJFOFBAGH]) ko THE LTt s Tn<, fm
EMEAIZEEBESLKEANY THEBICIERN T2 & CREMBMEEZ AT S

(Ananthapadmanabhan et al., 2004; Wihelm et al., 1994; Imokawa and Mishima, 1979), S if{&:
FIO BRI, s VA iR O], IR, R LIk o TET D,

B RG RIPEMEDS TR FLEVEPEA D56, —RIOBAL CRMEEME G R (— ORIl i g
%K) WELDZ DD, BIGRIEMEN TGO FEIEIER D56, —RIO4Hfk T B8 RITHIE
L7273, ol LR CHEIOZICERfR 92 Z & TR MEREFEMRE R (R R E %) 2
ELHZEND S,

W, ALBESSCE IR I EE N H HIGEIR L, MOHIRAR<SHEHTE2 0 TH D
ZENLLREAEMETRITI LRV, LL, WEAIOEHBEMNL TWDIES, ik
TEPER D BRI R & R KD BW R 7 7 AL TW 2 DIHEETH Y, f§
DOEFNIBFEL 22> TN D, Z DT DAL RCEFER AT K D — YR fid 5 g ¢ <0l
WEETEMHEAL R E R D AE T G < oo TV D EHERIS LD,

14



3-3. 7= UHREEER OEER & RERIB RS DB
LD EANE OAIE T, WEOAREMA —HRICERY G- TRAILTED, 22
KDBPEBREFF SN TWD, ZOKGEREFT 2 AEPEHEE 2 (R IT6E &@&(mmkwﬁhiwib
RIBIZIX, ORI M%(&%ﬁ) LR DKRSABIEIER, OfEMiatichsrT I/
Be, Ix7, val ROV RUig, JRE, LBESR & ORRBIRRE 712 X 5 R1E8E, O
A BRI AFAE T 2 BB EONRE (AEMIRFEIEE) ORKERB LU THED 3 S
DORFNEICEHE L TVWDH EEZ LN TWD, MR IEREMR 5 L CalEhl
FIZ 72 2R THAE EIND Z D AR RDOIRE & 13 Ry N2, iRk Y
NEE DOEEESRAERY THHET IR, atzxTa—iL, BN ENBREER STV S,
7 = M FETE R OVERERIC X o T, ABMIREIEE, RARERKX T-OWHA4E T
Bo T =AU HREESEAICH DT U U IERET N Y T A (SDS) D 5%/KIEHE % K2 8 1 Z/LBE
(ByTv=A 71k T2 &, MERICEKS L CAEMRMORBIRMES ICREZ & 77 (F
JI1,1990) . 5% SDS /K¥i#k 2 & MRiBEE R EIZ 1 30 » 7> = A 7 LTc % OBEEHRIZILR
NE AR SIEE D3 S 41D DITHE L, 5% SDS /KIgiE % 10-30 3l v 7'y = A 7 LI O
R B AR E 2 B S D, 5% SDS ZKIAIRIC X 2 Peiaitk CHJE % 10 JEREEF
HELIER b 7 =0 AYuta (Algiifaig 28l 5720 odtt) & X258 FBEMEssIc
iob\‘f% A MR E 23 T TV D 2 E DR STV % (Imokawa et al., 1989), BE{F
LR o TRONWIRIBK D OREIZIZEED ¥ — o A — =T DRI D
(Imokawa et al., 1991), PRIBFSEEDIRT LS ICHIRMIEE 2895 &, REDKIR
FrRrEnmIE 35 2 9:75)5@? SN T3S (Imokawa et al., 1986), ZHNHDZ &b, Hlf
IR E T L2 PR DT OIZIINAERR ST ThH D Z EDRBIND,
L%mﬂéﬂk_ﬁoﬁﬁﬁ%i,iﬁ@%%®io CHS b T = A MR E TR K
IR TGS Ve SN TV D 2 L1708, YEST A 2 I 2 722 2 TR B R 5y o 5
KBRS D LHERITE 5,

3-4. T =AU MEFREEMERIC X D REEERE L ORERNLOHEL L L L OB

T = SRR R OV K o THRIBHEREME T 32 &M E O & 23R +4312
R0, AREKSEORD, ARBOIIR - JREOELNNAELT, N THEEDMET L7zt g
(2725 ZO XKD RBFNY T DMEE S NI TUIE, AR % D B FN~D
RASCTESHIR Sy (FIZT =F MR mEIEER) OREREMEREE D, KRG =
T\, TORER, eV A MLy, FEIA PR EN, RIEMSPFIEED S
1% (Mizumoto et al., 2003; Denda et al., 2002) , = L CTHREZEZ G5 2 788 5 (Groot et al., 1987;
Berne et al., 1996), VeV /) DR 57 = A LML ETEMER TR & A2 Ve L7 BRIS, VeI
W U 7o AR RSy (AL AT m— L&) LR ORREITHBEME AR S TV D
(Imokawa et al., 1989), Z D Z L b, 7 =4 MR MEIEERI O UG 1 S il D& 5N
FDO—DThHDHI RTINS,
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Miyamoto & (2002) (ZEWIEZ 1 H1[EIT7T & b & Vo F Lo —T )V OIRIKIZ L 5 A0E
(AE AUHE) ZH A0 KT Z & TR Lo 2 F L, & 512 AE AU B # KL
(W LER) ABIN3 % Z & CRIMRIBE 172 & ORIBAS £ Tl S 7o Hzi i g 2 (Ef
LTW5, BHBRIZRVZ L 1Z AE-W HE A #ul U 72804 D e DN EEZ BIHATEN 2580 T\ D, A
U 7 BEREAMIEEE S 72 KRS A SR mTEPEA TSI 2 & AR IR B SO R SRR K] - D i HH 23 A=
U, FEAZHED ZENLHILTWSD (Groot et al., 1987; Berne et al., 1996), Hijuk L7225, S
TEMEANT K 2 Ve TIEBNEMR R D BAG S BEV Vit S v,  YaifiRe ) ovEid [ B D HEAMZ £ A
AR bVt ST LE Y, TNH D &0 REEER OPEEIT A 2BV g g
BHRRIMABK F DN AT D 2 & TEAFREIZEN D BN E 2 b b,

LU, BRSO R TR & PR 72 WM R FIC W T, Peid A o % L2
HEFE LD Z 1T, ZOFERIVEHIERITE L 2 b O b HIVTERFFFE L7z
BRI L D5 H b o5, BERIEEREH (v o7 —) ZEHLEEA 0L ORI
FEWE WO HBENNWDLD L HEETH D, T BE T oA i iR B KRR R E 1
DD 72N LD, FUmTEEA DS BN FEA R AR S LT 5 Al REME S HER] C X
%o

3-5. 7 =A UWREIEER O K EIREN: & M E N

7 = VR ETEVER ORI B RIRIE & o 7 BVEER MG, N U 7 RERERGEEE A & /1
EV, ZHUIAETr 7F DA A URERR EICK Y T =4 U ERmTEERI S A g E TR E
D, AR TIZIZEAERATERNI LIZHRLTEY (Scalactal., 1968), JFIZFEMEIZHE
ENEERKTO—DTHDH I ENRBEND, T =4 MR mETEER O FHE O — DI M
59{tEEZ ® 5 (Imokawa and Mishima, 1981), A& N £ TR A TEX HREDLA, kgl X
HHMMREEMENAE LD EEZ BND, ZHANT =4 PR EEMERNC X 2 RIEERICER L
TWDEHERITE S, 2oz & Xy, FEERAICEEE BEOME TIZT =4 SR mlE
FlZRASELIEHIBREORELZHWVDILERS S &b b,

3-6. VRHIBARA F 77T V—

TR, AR U TICKRHG LT RGeS AT T\ D, FEZIHFRICRSZ L 21
fRLU7Tc BT NERYEE) 0 MEREE) oG OBEBERHRFIN TV, 2 biFEN
7 E xR CEBERK T Th L A EMIAHRIEE 2 thikn %2 < ik L, RIBRESRIEE 2750 &
EBITHEET D L 00, RARIBKF-CMEBIEE ObE, REEEROMNE - ZEE T
LTS 2D THD, L, ERITEMEE L L -5 o 7 Ui Jings <, Bk
HHIDIEAME 2 R TE RWRANR S, £, T2 RETEER O Ow ),
AR S beE ), REREIEICE ST 5720, TEERMESE & HEMYE) omA ~Z7 7
V—EM 2 HREBRBITEM L TV IONREFTH DL, I, AT LI FOREFIRIEIC
Fo THRPMEICREREVRAEEND L LHEZH L LTWHHERO—D2THD, L
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ML, FEIEVERIDSFER A DOBEEN IR 72 0 155 wRett 2 Bk L7223, RmmiE s o
FZ TG RILHE & OEURIEIZ DWW TEEIIA S & 7o TR,

3-7. BURAL & S mETE A

AR, BUEILE WO SENSBFEIIHEDND L5127 Tn DR, REDRELRT R
I FEE & U CHESE L72 b O TIEZR Y, BURALIE, LRS- R R vESAl, S SR 722 2ot
THWMEE OFBINREE A RET HBICHVSND 2 EREU, Paye & (1999) 1ZBESH
(FRETEVEAD) ORBEZZ TR TWEEE A RBUEILE B o028 B2 o
BRIZOWTIE LTS, ZORE, REEH (ZVE 150 4) @55 35%0BUEIL, 40%73FE
TBUBHL & 587 L T 5, BRERFT LIS L OVEMRGHIRE R (BAREA VY, ARKSE) ICHBEME
DHER S TND, BUBRENZ LI THEZ U5, TLo& D LTWD ] 7o & O I
DRETEDR DN ER D R vERAl 2, BUEALO B F2MEH L C ORI 20 I 221338
HIVTWARYY, T LY, FEiEPEAl O HRHCIIBUEILES X OFEBUENLO W 512380 T,
ERICREBRBEODRMEHZO T T REETHL Z ENBEZHILD,

FALWES A — D —OFEREIC LD L, AFOIBEUILE S v ) A CREFHED
AE S, BUBAL & 585 L T2 2eMEDS 1980 FEITITH) 20% TdH - 7= DITHE L, 1992 12134 33%
12, 1998 FFEITITHI 43% &ML T2 (g, 2000), Z OHFIZIZEVAAIC X A BUEALOE
BREENTWND EEDLNDD, AL TNWDEEXZTHEWRIE) THD,

3-8. ATEEREE L HmiEHEH

FHIOEACR G OB L BHEACBEHR L TV D Z L3S < OFEFHEREICL VMmN T
W% (Uter et al., 1998), FRIZAHICIE, N7 v 7 A N7 EQOJEIEIZEZE K D AX 7 T Al
(PRIEAI 72 &) BB, FRZBEL TROAF T THIORTEEN L 2D LD
JERIR A R U WO IHBEE N SZHAFET 2 Z L el s b,

AARIZEBW T, @ERFRE (1950 4%~1960 41%) DAREIX, EEEHEO S KIZ XD,
FERRIZ K o TEHE X HNToKS Z REHPITHH LRKF OEIR T 285 S H 2o Tuvio i
I D LB KDL TV D, B LIZ RV ER DS RZFR BT L TV d, FEIC
BWTE=7 a0 RIC L VIKBERE F TR ZAEE L TWVD, S DITIFREREORK
b7 EARRENRE S ZML LTS, ZOL I ICEBRDREIZZR DI, FAETERE
KDDL, RIEOBE T AN X 2 R EHEEF OE M, bk o REme
DY 7 LD It AR Y, BEARICE O CREEEAOMEHERITAE L TV
b,

HEAEEZERRD D, Wo SWORIKEZIY RS Z EIERAIRETHDH, £ T, 5%D
{ERESR LT AIBA R BN T, W DOLRMECLENVEIIZGm D Z & 72D HIHE & OEIRERER
ICHIL, RJEIRIEZ L0 BE LB BAR D, (SIS DI e _REFEO—>TH
A9,
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BI1E 7= MREERERIZ D) VBT ) UL X o THERSNDBMEDER

B TV UEERT R ULBREIEME

ZUV T MY UL, EVRBEEICRET D R EIEESTH D, IENERE X R AENG
(RFEH 12-18 Dfafnts L ORfafnB bIcER S, fA A LTI F I A, BV
DLRENRDD) OT N VHEE L THEROWHITR S H <O STV D AlRDERK
4y (R-COONa) T 5, Saint-Martory 5 (2008) D#FIZ L5 &, BUEILE BHR L TWHH
B B0, BUEAILO N U B—RTO—>2L LTaAMEZRTFT TS, £, BURIOEEHRE O
TARITFEATH D, Misery H (2008) DI IZ L D &, BURTERK & AR L TV D HERE 523,
BURTER O B U H—KFD—>o L LTy v o7 — &%, ERERITEATHDL, ZhbHD
b, TAUMREEEAIOT U U VT N U ARFERGERICH G LT D AR
DRI E D, 72720, ZU YV BT N U LAOFERITKT D IR 2 S T RIS
MBE LTINS T DR oTe, 22T, 0V VBT N U AL DFERIEEHF &
R+ 22 L2 AL LT, v~ 22 AW THE LT,

T = A MERmEIEHANL Y ¥ T 7 E O HERNCAE 5 i ICZ BLA S TW D,
FEYE S (2004) 1 ZET AT v 7 — (FETEEROREDN 12.5%) Z{FR L, REROETT
N x T —OFRNEERRCEZATHETHD GREIEHEAIOREIL 1.8%) &#E LT
Do £IT, TOAE - BRE LY T ZAOYMUIEEREE~ 10%7 = A PG A KR
ZEFETERMA L, BEEME EAREEITE) 205 Mt L, AETIE, THHE
BRICBW TR EMEZEM L2 o727 =4 U MEREEESRIE LTN-TFvaAf vy ras v
TR T AZRE LTHY, 70 VBT N U ALK > THERINAEEEEND
BonN-mAEzELdd, THEEOREZMD BT, fAEKyE, KyKiE (TEWL),
BeJE e pH 36 KL OBFRAE A 27 OREZAT -7,
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1-1. EBAER X ORBRITIE

1-1-1. EBREIY

HEME ICR ~ 7 A XA AT 2 )L —RStE i) L oA L, #BRic 7-8 #E 2 Hun
7= BEN U7- B IREE 21-23°C, TRAE 45-65%, 12 BRI & (BE: 7 F-19 i) o
{EIR IR A B == CH MK FICERER (CE-2; AAZ LT, BHE) ZHWTHES LT,

1-1-2.  (EHFEY

Sodium laurate %3 J2 O N-lauroylsarcosine sodium salt X775 7 4 7 2 7 (4R) L VA L7,
Sodium methyl laurate alaninate (JI[#ff 7 7 A /7 X 71V, HIK), sodium methyl lauroyl taurate ( H
YA 2 ANVR, BUR) B X O sodium lauroyl aspartate (JEALAE 7 2 VK, HOR) (3 FBESLEUEE
ZfEM L7z, (Table5)

Terfenadine 35 X OF naloxone hydrochloride /& Sigma (St. Louis, MO, USA) L VA L7z, 1M
Sodium hydroxide solution [ZFEHIFE T (CKFx) KV EEA LT,

TV VBTN UL, N-TJouaAartirar s hI UL, JURA)VAFLT T =
FTRIDL, FJUaANRAFAZTY T R TABIRTURANT ANRT XY
U LFZEEAKIZEERR L, 50 uiL OFHETHTE - BRE L =W SR IC A Lo, s L7250t
TS PR A K AR X B TR L 7o IRIRPRAFIZ K o THmIEMAITH L 72355518 37°C @
Gn CIRO TN L T b L7, Terfenadine 1% 0.5% sodium carboxymethyl cellulose (F01
FAER T ) ICRB L, ~ 7 ADKE 10gH720 50 L DR TE T AHRE D 30 4rEikkn
5 L7z, Naloxone hydrochloride IZ/AEBIRIE/K (RERIE, HR) ICBEML, ~ 7 ADKE
10 g 729 0.1 mL O ETE T ARED 15 AN BAE ISR FES L7z, 1 M Sodium
hydroxide solution |ZZZB/K CTAHMNL, M (2.5%x2cm) 1250 pLIRAIAERTZHDE, =—
T VIR R T ICBRE AL &2 30 RO H L7z,
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Table 5. Molecular formula, composition formula, molecular weight, CAS number, and

structural formula of anionic surfactants

Sodium laurate

Molecular formula C,H»;NaO,
Composition formula C1H,;COONa
Molecular weight 222.30

CAS number 629-25-4

Structural formula

O
MO' Na*
N-Lauroylsarcosine sodium salt
Molecular formula CsHxNNaO;
Composition formula C11H,3CON(CH;)CH,COONa
Molecular weight 293.38
CAS number 137-16-6
Structural formula
O
s P P &
N
| @)
Sodium methyl laurate alaninate
Molecular formula Ci6H30NNaOs
Composition formula C11H;CON(CH;)C,H,COONa
Molecular weight 307.40
CAS number 21539-58-2
Structural formula Na'
O O
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Sodium methyl lauroyl taurate

Molecular formula
Composition formula
Molecular weight
CAS number

Structural formula

C1sH;)NNaO,S
Cy1Hy;CON(CH;3)C,H,SO;Na
343.46

4337-75-1

Sodium lauroyl aspartate

Molecular formula
Composition formula
Molecular weight
CAS number

Structural formula

Ci6H27NNa,Os
C,1H,;CONHCH(OONa)CH,COONa
359.37

41489-18-3
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1-1-3.  77B)E

FEBrODR LS 3 ARTETIZ, v~V ZAOYAREHZNE - BREL, FEBRY O IR
BRIV~ T A FEBIZHW, 4 KB ST 7 Ui — (1 X 13 x 9 x 35 ¢cm)
[ 1 IEF DA, BEARE T TH7e< &b 30 bl BREEREIZHL L7, ~ U A0 TE %
BT AT AT T 60 stk Uiz, B 1T mIEMEAI KR E 721 vehicle (ZEEE7K) O BA AT,
B 2, 24 B T oo, © T 47T — 7 OFAEIC X0 SmiEMAIKERK £ 7213 vehicle (7%
K BTN L O O o EEOITEIBIL 21T > 72 (Kuraishi et al., 1995), & T
AT R L O O E S, BRERICEAT &0 ) —#HORZEEDESE 1 FO#E
TEEE L CHBICTHE R 2 (Tsyjii et al., 2008)

1-1-4.  fjE kS, KA (TEWL), G E pH 75 L NG RAIER DRE

fAJEKsy &, TEWL, BEZEE pH 36 KX OBERIER ORIE - & XSG AR IR O 6
AR, AT 2, 24 Ref&ICIT o7,

14 )& /K 43 81X Moisture Checker MY-808S (Scalar Corp., Tokyo, Japan) % H\ T, TEWL iX
VapoMeter (model SWL4002; Keystone Scientific Co. Ltd., Tokyo, Japan) % F\ T 15 oIz E 1T
BHHEME & L C, &% pH 1% pH meter with flat probe (model 6261-10c; Horiba Co. Ltd., Kyoto,
Japan) % W CHIE L7,

RIEA T IL Fig. 2 1R T X912, 0: & k72 L, 1: BERRIR, 2 PRELRIKER, 3:
HEREIRE L TAaT b LT,
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Score 0 Score 1

Score 3

Fig. 2. Typical examples for the evaluation of skin condition.
These skin conditions were prepared with the cutaneous treatment with sodium dodecyl sulfate (SDS)
solutions for 24 hours: score 0, water; score 1, 10% SDS; score 2, 20% SDS; score 3, 30% SDS. These

solutions were applied at the volume of 50 pL per mouse skin.
1-1-5. PRI 7

FEPEAIK B IR O B3 A7 2 KR #4112, < 7 A % sodium pentobarbital (80 mg/kg, intraperitoneally,
Sigma) THE:L, OMEMEERAZREZFIAH L TV U EfEE AR AR (0.1 M phosphate-buffered
saline; PBS, % 71 7 /34 7, W) THoIZ@Em L, B L7z, Biff%, 4% paraformaldehyde

(FiyeMigE T36) A FEDE LMERRORIEE 21T o 70, £ 0%, SmEiEMEALE A (K 5E)
ZPRHL L, 24 W§f#] 4% paraformaldehyde TIRIE[EE 21T o7z, EEMMZ /T 7 ¢ THE
SEYHE 3 um TREUI A ZER L7z, BJ#Y)F 1% hematoxylin and eosin (HE) Yefads LY
toluidine blue (TB) Yefaz1T\>, JERBAMEE (BZ-8000; Keyence, Osaka, Japan) TH#IZZ L7z,
~ A MMIEEOTMARIEA (TB Yeta) 0.58 mm® (field size: 662.0 X 879.3 um) &7= ¥ OFMAEEL
ELTRLT,

1-1-6.  FAFHIAET
FEBR AR XA RE D R fE S L OUERERAE (SEM) T/r L7-, A B ZEM E1Z1E Bonferroni’s test,

Dunnett's multiple comparisons % L < |& Student's #-test 2 7z, AEAKEIL % E Lz, #iat
fEMTIZMEH L7z 7 ~ & LT StatLight (Yukms Co., Ltd., Tokyo, Japan) % FV 7,
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1-2. EBRER

1-2-1.  FEEHFIKER O BE [P L 5% E BEOFHHE

TOME - BRE LI~V ZOYMRIESLEE~ 10%7 7V VBT NV DA, 10%N-7 7 1A
N arverF ) TA 10%7 78 ANVATFAT 7= UL 10%T7 7aA VAT )L
AU F R TABEIRN10%T 7 aA LT ARNTXUEEF RN U AERHEBSRA L, B 2
RIS BEA S S ZT0RF Lz, ZTOREE, 10%7 7V ) b U U AOHER
DI vehicle (ZREAK) & L CTHEBICR X EERE OB MMAES bl (Table 6),

Table 6. Topical application of anionic surfactant solution increases scratching in ICR mice.

Concentration
Sample Solution pH Scratch bouts/hour
(% w/v)
VH (distilled water) — — 19.2+53
Sodium laurate 10 10.1 40348 *
N-Lauroylsarcosine sodium salt 10 7.7 20.2£49
Sodium methyl laurate alaninate 10 8.1 15.8+6.7
Sodium methyl lauroyl taurate 10 7.1 152%5.1
Sodium lauroyl aspartate 10 7.3 16.3+6.3

Vehicle (VH, distilled water), or 10% anionic surfactant solution was applied topically to the shaved
skin in a volume of 50 pL, and scratching bouts were counted for 1 hour. Values represent the mean +
SEM for six animals. *P <0.05 vs. VH (Dunnett's test)
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1-2-2. 7V VET N U LEBFRTEMAIC L DBREIEEOHER

TORXE - BRELIZ Y AOYMIEEHEE~T U U VT MY o LKER (0.1%, 1%, 10%
BN % pH 7.6, 9.8, 10.1) F/mEN-Foa ALY rav it b o AKER (10%IEE
pH 7.7) OHRIEAN, WEEELSIER IR LI, 10%7 7Y VST Y 7 LAO%H
X, BAAEE) DR EEREA IS (AIREHE, Figs. 3B and 3C), 1.5 RFfEIFREE Tl L
7o, FOHBRBOEZEERE N L GEFAHH, Figs. 3B and 3C), 3 WRefElf2 I3 L7z,
m%w??u%w%w:yyfku?A@@ﬁ%%ﬁﬁ%ﬂ%%%@@@@%ﬁméﬁt#
1.5 FFf#IZIXIZIETE £ 0 BB T ERITBE SN o 7o, IIEEAIOBMIZHE N T
wﬁﬁmh%EWEﬁ®%Mﬂ WO HID Z LD, RIRFHORE X BIEIT G RO By
KT HRINEBZBILD,

WIZ, 77U VBT R UAHROBREREEEZMRMNLIZEZA, %770 VT b
UL BREOREEEZGI S LS, 0.1% TIHBIE SR - 7o, WA 24 BRI S
X, WTNORESLEEEERESEAMAT L~V E TR 72 (Fig. 4A), KEORREEZ 25 B Y
T, gk, TEWL 3 X ORJEEE pH ORIE, EEKPT RIS LUV HE Yol K 2 B %
FHRE EIT o2, TV U VT R U A (0.1-10%) 1E, fAEKSRE, EEATAE X OV HE
BT B L oT0, 1%B I 10%7 7Y VB MY U AFEAA 2 Kk TEWL %
vehicle (ZREA/K) A Ll L CHEICHEM I E7223, 24 BF#Z XA RI L~V E TR
720 10%N-Z7 7 A L as vt b U 7 AFENTIORT A —2—H B3 72 o 7= (Figs.
4Cand 4D), & pH (BALEORERE pHS5.0) (X, 77V VT U 7 LAOEAR 2 K
MBIZT B VHERIA~BIT LT (1%, 10%IEIRD % 4 22 pH 5.8, 6.0) 23, ¥&Af 24 IFf
MRS LR E CTR- 72, — 4, 10%N-7 vaA v as o M) o AEE
A 2 R 36 KON 24 W[t D R RE 2w pH (2528 % KIX & 7e/»o7- (Fig. 4B).
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VH (distilled water)
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Hours after application Hours after application
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Fig. 3. Topical application of sodium laurate (SL) and N-lauroylsarcosine sodium salt (NL)
increases scratching in ICR mice.

Vehicle (VH, distilled water) (A), 10% SL (B), or 10% NL (C) was applied topically to the shaved skin
in a volume of 50 pL, and scratching bouts were counted for 4 hours. Values represent the mean +

SEM for eight animals.
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Fig. 4. Effects of topical applications of sodium laurate (SL) and N-lauroylsarcosine sodium salt
(NL) on scratching, pH of the skin surface, stratum corneum (SC) hydration and transepidermal
water loss (TEWL) in ICR mice.

SL (0.1%, 1%, and 10%), NL (10%), or vehicle (VH, distilled water) was applied topically to the
rostral part of the back in a volume of 50 pL. (A) Surfactant-induced scratching. Scratching bouts
were counted for 1 hour before, and 2 and 24 hours after treatment. Effects of surfactants on pH of the
skin surface (B), SC hydration (C) and TEWL (D). Values represent the mean £ SEM for eight animals.
NT, non-treated. *P <0.05 vs. VH (Dunnett's test), #P <0.05 (Bonferroni’s test).
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1-2-3. 7 =F MR ETEHFITE R O BIRERR X B)1EIC %95 naloxone DFE

10%7 VU T N U LAETIT 10%N-T U aA v asF M) o AOBRMERZICH
B ST BN ERE X RIS RIE S A A A Fxﬁﬁiaﬁ#ﬁé naloxone 8 Z Mt L7z,
Naloxone |3 B 7 A x5 D 15 43AiZ 1 mgkg O F &% RAARY SIS TS L, 60 2o e 4
et ZeoT,

Naloxone (X7 7 U VT b U U LAFFEFHOARER EEMERS L ON-Z U A L Las )

N U U LFER QRIS & B EIC 242 RIT S 720257 (Figs. S5Aand 5B).

>
w

200 -~ T _ 150 -

=2 1 =2

2 150 - 2 T

@ ] & 100 A T

= T g

_8 100 N o)

S S 50

B S0 e

» »

0 0

VH NAL VH NAL
Sodium laurate N-Lauroylsarcosine sodium

Fig. 5. Effect of naloxone (NAL) on surfactant-induced early phase scratching in ICR
mice.

10% surfactant solution was applied topical to the skin and scratching bouts were counted for
1 hour and from immediately after surfactant solution application. (A) Sodium
laurate-induced early phase scratching. (B) N-lauroylsarcosine sodium salt-induced early
phase scratching. Naloxone (1 mg/kg) or vehicle (VH, saline) was injected subcutaneously 15
min before the start of behavioral observations. Values represent the mean = SEM of six

animals.
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1-2-4. 7V VBT MY U LABEROBRMER ZXEIEICRT 5 naloxone 3 X O terfenadine @
-2

10%7 7V BT M) U LAHEROEBRERIEEICKITT o T T A FHEREHIEE
naloxone 3} OVH, b A X I 2 SN terfenadine D 5228 % fEt L 72,

Naloxone | BT Ak D 15 /7A0Z 1 mg/kg O H &% BT IR FHES L, Terfenadine I
BT AR D 30 Z3AiNC 30 mgkg DHEERAOEE Lz, ©F7 A #HEIT 10%7 7 U o) b
U o NBAR 2 R D 60 53l 2o 7,

Naloxone 1% 10%7 7 U VT & U U AGEROERMERE E ®{FE 4 vehicle EPRRIEAK) &5
&l U CAEICHNE L7z (Fig. 6A), Terfenadine & 10%~7 7 U VB + U U LAiER OERME
X #E% vehicle (0.5 % sodium carboxymethyl cellulose solution) $¢5- & bhig U CAH E 2]
L7- (Fig. 6B),

A

W

120 - O0h O2h 150 -
- . o T * *
=] 100 * * = 1
g 1 E 00 ]
E 80 - E 100 T T
3 ] | 3 ]
o 60 - _8 ]
5 4 ] 5 5 ]
E 40 : "é' 50 i
8 20 A T T T 8 : T - k

0 0
VH NAL VH TRF

Fig. 6. Effects of naloxone (NAL) and terfenadine (TRF) on sodium laurate-induced delayed
phase scratching in ICR mice.

10% Sodium laurate was applied topical to the skin and scratching bouts were counted for 1 hour
before (open columns) and from 2 hours after (closed columns) sodium laurate treatment. (A)
Naloxone (1 mg/kg) or vehicle (VH, saline) was administered subcutaneously 15 min before the start
of behavioral observations. (B) Terfanadine (30 mg/kg) or vehicle (VH, 0.5 % sodium carboxymethyl
cellulose solution) was administered orally 30 min before the start of behavioral observation. Values

represent the mean + SEM of eight animals. *P <0.05 (Bonferroni’s test).
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1-2-5. UV VEET N U LAHEROEBRMRE X BEORERITIIT 2 EMR LR

10%7 7 U BT b U U LOBMIC KLY EESENERE OB S - 2 FFE%IC
BT RERE ORGKAT LB L RS A O HE Yethds L ONTB Y il & 2 kb p kst 217
Slz, TORER, ALBE (FEOIME) L BEEAN~ORIEMEARORHITRD b - 7= (Fig.
TA),

TB Yetafg 2 F\VC, B8 1 AT LCT v F BSRIENTZ 9 O BBICIFES D~ A Ml
Rt a$ex 7=, [ CAEREA AR 3 L 21T, FHELZEH LEOYHELZ OO~ A K
Mtk s Uiz, ZOREE, 10%7 7 U V) R 7 AOBHIE~ A Motk g8 s &I S
72> 72 (Fig. 7B)

>
W

Hematoxylin/eosin Toluidine blue 80 -
®
3 I I
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©
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VH SL

Fig. 7. Effects of topical application of sodium laurate (SL) on inflammatory cell infiltration and
mast cells in the skin in ICR mice.

Vehicle (VH, distilled water) or 10% SL was applied topically to the shave skin, which severed for
experiments after 2 hours. (A) Hematoxylin and eosin staining (middle panels) and toluidine blue
staining (right panels) of the skin topically applied with VH (upper panels) or SL (lower panels). Scale
bar = 100 um. (B) Total number of mast cells in the skin. Mast cells were counted in nine randomly

chosen cutaneous sections per animal. Values represent the mean = SEM of three animals.
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1-2-6. KEMLTF R VU U LAEEEBMAIZ L 2BEEE~DEE

N-Z7 7 v A Pz g kY 7 A[CHy(CH,)-CO-N(CH;)-CH,-COONa] I ZA# &2 7 &7 1
VEF KU 7 A[CH3(CH,) -COONa] & HHLL L TV 2 03, KIEIIRO pHIZ T v U ViRt Y 7 A
KRBT v H UME (10%IEA pH 10.1) THDHDIZHKL, N-ZourA L rav Y
U LKEHRIEHNE (10%BHK2S pH 7.7) Thod, ZNETORFNPOT VY VBT U T A
ITERMEREEEEZHRE LN, N-TvaA v as g MU oA TEREREESIEL S
Lol ALY, RmIEMHIEROATIXEMEOREAL GERMIER EBE) 134T
Nz e e, TAH YL RmEHEEROBERZ2H 325 2 EBNEAFREICEELTND Z
EDTRBEIND,

LU, N-ZomaA Y vasrF T AKERO pH 27 v YPEICT 572017 vl
VEMZDET VI VMKSENEL D, Tz, 7TV BT b T LKEERO pH ZERMEIC
THEDIZBEMZDET D) VBT N U AT D, 2T, REiEHEIERZ L7272
WA YRR E UCTKBRET R U U L KBERERNTT U U et Y o LFEI ORI
REEBEOEER N T VA VO ENERFT LT,

REEPEANIBIREE & B R 2 R ER A T2 2 b EEICR LAV, L,
KEEALT U D AOKEEHRIZII A EIEEER 2 720 T2 D BB I3 A LR, £ 2T, @k (2.5
x 2 cm) {2 0.1 mM KER(bT b U w7 LAOKER (pH 10.2) % 50 pL i@ AAEH, 30 BRI L &S
WH L7z, ZORER, 0.1 mM KER{LF R U 2OKEKROMEA 2 FEf# IR S B EITFR S
7272 (Fig. 8A),

F - EE R pH B L OMAEAKS B, TEWL Z2JIE L7-FEE, 0.1 mM KER{LF R U 7 A0k
WIRITW T OREMEIZIB W T R E RIT S 7eh -7 (Figs. 8B, 8C and 8D).,
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Fig. 8. Effect of topical application of sodium hydroxide solution on scratching, pH of the skin
surface, SC hydration and TEWL in ICR mice.

A thin paper (2.5 x 2 cm) applied with 50 uL of 0.1 mM sodium hydroxide (pH 10.2) was placed on
the shaved skin for 30 sec. (A) Scratching bouts toward the shaved skin was counted for 1 hour before,
and 2 and 24 hours after treatment. Effects of surfactants on pH of the skin surface (B), SC hydration
(C) and TEWL (D). Values represent the mean + SEM of four (B, C, D) to eleven (A) animals.
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1-3. E&

7 = A M S TEYE A O H R AR LA S BLEE S AT BV YE R X B EDSPE A B EATEN T 5 Al
BEME

10%7 7V ) U U LAOBRMIE, BmE®,bESEEZEIMSE (BIRFH), 1.5
FFEEE TR L7223, 2%, IOMRZEMEREA L GEFEA), 3 RFEZISITRED Lz,
m%M??m4w#w:vy%%U?A®%ﬁ%%ﬁﬁ%#6&%%¢%%méﬁt#,m
RFRI 2 I ITIRIETR £ 0 BREEOB T EMEIIBE SN o T,

10% 7 ‘7 VBT R ULAFERBLDY 10%N-Z VA asrr U o AFFEROHNR
PERE X BT 0 A A A R BRFEH K naloxone (1 mg/kg) THIfl SehoTc, p A
A REZREEGEE, B 5 o, 1BMEER2, 7 M —MRE R & ORFEMEBERF O
HCITEI 2 FHE 95 (Mansour—Ghanaei et al., 2006; Monroe, 1989), &L T, u A4 E
A A RZRARFEGURITER © 72 B E O NTEFHZ X » THFRE S 2 X BIfF (Inagaki et al.,
2000) 720 T, FEREMEOEEB U RETIVCHEIN D BREMBEEESL G2

(Miyamoto et al., 2002; Maekawa et al., 2002), AL XLV u A A A RFRFEGEETHH S
L1 Z ERITPEABIEATEN O Al REMED B\ HCE FE D AT & RIIRFIE O 48 Z B EEIE O HE AN
BHEL D, U EDZ &b, BIFFHORE BRI ERE OB T DL E B2 D,

10%7 7V ) bV U LOHBIEMEICEILE SN ICBRMER X EENELBETEI TH 5
ALRENE & 2 OFEL TR
10%7 7 U VEEF U U LF5FOERMER Z B1{EDS naloxone (1 mg/kg) (X > THIflI S

T2 EIPDFEABEATEI CH D LB BIVD, KIMEMEOFEAMRERIKIZIX, histamine {K1FHY)
72#% % & histamine FEE AT 72 FREE D 2 FEFA DRRBE DAFAES D Z L A FIH LTV 5 (Davidson et
al., 2007; Johanek et al., 2007; Namer et al., 2008; Nakano et al., 2008; Davidson and Giesler, 2010)
ZZT, 10%7 VU S MY U LFHEROERMEREZEIES histamine (K772 IR0,
histamine JEKAFN 2 SUG& Hy b A & I 25K terfenadine (30 mg/kg) & IV THE
L7, FORER, terfenadine THR < Il S 4172 2 & 75 histamine 1K 771 72 £ 74 B TH) C
HDHEREIND, 30 mgkg DHED terfenadine |%, ICR ~ 7 A{ZF\ T histamine #5%8 O I

B H MU K O histamine #536 O  EIEZINHIT 5 2 & 2384 24TV 5 (Inagaki et al.,
1999; Ohtsuka et al., 2001; Ui et al., 2006), L2>L, ICR <=7 ZX{ZF\ T nociceptin <°
sphingosylphosphorylcholine 72 & O#LFEMEIZ X D& = EEITHNSE] L 72V (Andoh et al., 2004,
2009), ZAL LV, 30 mgkg O MHED terfenadine 1%, $EFHEM 28 S FITRMMEOHIE A% 2
NENZ Lo THEAZMEIT 2 Z LR s s,

Histamine [ZEIZA/FET 2~ A MIRIOBEERIC L o> Tl SN 5 Z &R b TE Y,
D~ A MRS S A7 histamine 2N ENRARRIERIZIFIET D H B A X I UEZRIKIC
FEA L THEAERESEDL Z EIFEAMDOEETH S, Poly-L-lysine <> morphine 72 & D7 =4
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UHEWE T~ A MR OBERIIZEE 5 LT % (Church et al., 1991), T XLV, 10%7 T U
VEET N U U AR OERMER T EIEIC A MO BUERLIZ X o ThH £ 415 histamine 23
BIH- LTV D RIEEMESA R S D,

FZUU BT R UL (1%B I 10%EK) BER N-Zorfrray s oA
(10%¥E1R) 1%, WA 2 BE#ICEED TEWL 278 Lz, BEF M pH O PRI AERE DN
U 7 HBE A faga{k &5 (Hachemetal., 2003), 24L&V, 77U EEF R U O LADOEA 2 K
ML, BEOENY TN —REIZHE< e o7 2 LI12 X Y TEWL 23 EfEA s L7z ]
BEMEEZ B Z DN DI AHTH D, L, B 24 K% O TEWL OfEIZE&EAR AT & [F
FREDOMEZ R LI Z E DRI THREZ D D ERIZ Vv & b b,

SHRTEMEANT, Bl & BUKE A G T 2 HBEM LAY TH D Z & )6 BE B 5\,
OFY, HERBORELZZLSELAREMEREZOND, ZDOREREOEIFEARE
ICBE- L CWARTREMESHERI S5, £ LT, 7 hE—REREE R ARESE, alhe
BIRAE 7 EOFERE EFF & T 5 R BRE ORI O R R pH (X (95EEE)
(Jolly etal., 1961) L0 &7 B VHNZEITL, HIEMITO pH 277 LT 5% (Chikakane and
Takahashi, 1995; Knor et al., 2011), = Z C, EEREpHIZER LG L2 2 A, 10%T7 ¥
U2EEFT MU DA (pH 10.1) OB 2 REFZICKEEZRE pH 28 6.0 Th 0 BATRIO KGR
pH 5.0 57 1 VPRI REAT L TN, WA 24 FERI (B3R 1 pH A3 5.2) (21X & ARl (K
JE I pH 78 5.0) LUV E TR TV, Z ORI L & & E B EEFE O R R 25t
JIERFBOHLNTZZ ED 10%7 7 U VT b U 7 A2 K o THF S At OFE 4 B TE)
(R FRIE pH O T A VLA L T4 0vh LivZv, KR pH O HFFIIAEE DS
U THEREE MET L S E D Z EAME I N TS (Hachemetal., 2003) Z &b, ZEFHE pH
MTNH VAT LSS, 700 VBT MY U AOREWIA E E > 72 flREMEN S 2
bid, TORER, ZU VBT N U LARKREICEEER LELBREICRs TV ot
LAV,

B2 2% i O BE R AT ALt KOV gY@ HE Yefall X DAt 21T o728 25, 10%
ZUU T N T LAOBMIZ LY B EEREEAEIN U 8Am 2 RefERIZIWTRIBE (2
JEDIE) SCERN~ORIEMEMIEOIRTE (HE Yea) 1380 bnieholz, b Z Lnnb
10%7 U U ) N U LAFHEROEREREIMEICY 7 v 7 7 — V7 EORIEMEMIL OB 5
SN EHERI SN D,

BUHRORFLED RBEOEHTI U VBT MY v A LHEUEEE A L, BUKEERHR 23 R
B N-FZyuaANY LS )T AOBRMAITEREOREIEMELTHRE LiehoTe, Th
£ 0 FEIEHEAE A DS FEAEIICEE CTh D & ITHER U, SR TS A 0 725 BAZ KSR O
pH 8%, =T, 10%N-7 7 A LY ) kU o bk (pH 7.7) @ pH &7 /v
TUMHRNCBATS LD ET MDYV ZMAD I EE2BEZTN, N-FuaAf L ivay ) b
U LDOHEBEIZT 2 NN ENST B IIASHREZECTLES, £72, 10%7
T U UEET N Y T LK (pH 10.1) @ pH ZERMEMNCBITIE L) L@EMz2 5T 00
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VT R AP L TCLE S, 2O, WA mEIEEAO pH 202 L 2 IR T H
Sz, £IZT, 10%7 7 U BT Y 7 A (pH10.1) EIFIER—O pH TH 5 0.1 mM KEE(b
T RU T A (pH10.2) 12X > TREBWEDFHEHE S ND 0 LTz, £OFREE, 0.1 mM KER{E
F R U T AOHHEH CIEREEEMERBOBINIBR I ho T, Ty NEE~D KL
TN U T AKEBEROBAIEIE T pH %2 77056 1012 F T EH &+ % (Andrews et al., 2003; Yano et
al., 1993), 2N &V, KBt T U U LDORLZRIUT DR E AT TWND Z ENRBER B,
FHEANOHIIES pH & 70 U HERNICBITL TWD &SNS, I EDZ Enb, 00 v
eF N U U LIS X o T3 SN AB A TN I R m G ER & 7 A VO mER 267
LHIENEETHD ERBIND, £ LT, FEAREITITRLZNOMIS pH O 7T V71 U AkIX
EETIERL, MEN pH O LR BFERRAEICTFS LT D AREER S 5,
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F2f TUVCVERT M) U LABROBEMEREIEE~DO X2 IV DEE

Histamine (3t MIFEAZEZTHR O ES DML THWEIMETHY (Lewis, 1927), I
B, HE, phR, ERR EICH LERRIEMNZ b2 Z L3 B E 72> T % (Schneider
etal., 2002), FZJEIND histamine I%, £~ A Mlifd (Falcone et al., 2006) D FERL FH I Ik <
NTHRY, PURRERTGe S X0 Bk & & bt~ s s, LT, Atk
B0 EDPFEHRDFEBEIRFAEKME L % 2 LT 5 (Ferguson et al., 1985),

F1E - FH1EHICENT, 10%7 70 Uik BT LAFEOERMERESEENS H B AH
VERFREREE TR SN2 D, 10%T VY UEET N U AHEREOERMERE BIEIC
~ A MlREHE KD histamine OGNSR I N, £ 2T, AT~ A MIRKE~ T A

(WBB6F1 W/W*'~ w7 A) ZHWT, 10%7 7 U T b U U LAFEROERMRE S SEICR T
LD~ A MO G 2 LT,

2-1. EBR#ELE X OEBRGIE
2-1-1. EBREY

WE - LE - 1-1-1 RO EBREW LIS A T EISRT,

HetE~ 2 MR~ 7 2 (WBB6FLI-W/W' ~ D A) BXOZFoEFREF~ T A

(WBB6F1-+/4~ 7 A) [THARAZ AT L —AS L VEA L, RBRiC 7 Bisz2 iz, &
BHEX, B1=EF1H - 1-1-1 ([THEC 7,

2-1-2.  (EHEY
H1E-FEIE - -2 8T T,

2-1-3. 778 Ee

1

18- 1-13 1T L 7=,

&
il
&

2-1-4.  JZEF# A pH DRE

123 - 5 1H - 1-14 IZHEU 7=,

&
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2-1-5.  IMAESMAFRRHEORET

10%7 7 U VEEF N U » A8 40 37212, 1% evans blue (B LR T3, W) EHAE
KIEHR 150 uL 2~ 7 A RBER RN A~ESR L7z, 35 80 /0% (10%7 7 U Ul N U w7 AEA 2
e ) (CBEHEDL IS K 0 ZRIE S, FmEiEMERIEEATENL O K 2 BAE 8 mm DOFRIZA
R FTHID B W, LR ER # Ahlo~A 7 v F a2 —71C dimethyl sulfoxide

(DMSO, FtffidE T3£) 200 uL Z N Z ZRIR C— B AE L CRE TN @ evans blue 2 fliH L 7=,
OB, RIED 620 nm (23T WO EE 2 HIE L7z (Andoh et al., 2010), Evans blue %%
ERHOWTER LIZRERICEY, ThthotaRwmHEzEHT L,

2-1-6. A FHIBEPT

H1E-FHIE - 1-1-6 [THEL -,
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2-2. EBER

2-2-1. FUV VBT MY ULABROEBREREEME~D~X MilZDE 5

TOME - BRE LI~ 7 ZOWMREERE~ 10% 7 7 U VB N U 7 A% BERETRA L,
R EEELZ S SR 2T et Lc, ZORE, A2 MiIlKE~ 7 A2 (WBB6F1-W/W
v U R) BLOZEOREFFREF~ T A (WBB6FI-+/+~ T A) 1X&HI210%7 7 U ) R Y
U LA 2 R IS BAG AT & e U T B AR S BERE ORI AR L. (Fig. 9A), %7z,
i~ 7 A DR E BEREIIRRE Th -7, ICR ~ 7 A TOEER & [FEE, %A 24 FFE%ICIT
BATA L~V E THR-7- (Fig. 9A),

~ A Mg KB~ U 28 LOE OREE R~ 7 A O MELLE O g R4 2 pH 6.3 & 6.4
ThoTeh, 10%7 7V BT MU U AR 2 RHBOKRERRITZFNEILpH 7.1 £ 72 T
& -7 (Fig. 9B),

>
vy

. 80 7 OMC (-) 7.5 7
3 70 - * @ MC (+) T ] * ¥
o ]
< 60 - [ * o oo
£ 50 - Ll g 707
s 4 B H. :
£ 30 1 6.5 -
] 1 c 99
% 20 - " s | =7 | |
310-| | . n =
(/2] 0 0.0 | | | | | | | | |
0 2 24 0 2 24

Hours after application Hours after application

Fig. 9. Effects of mast cell (MC) deficiency on sodium laurate-induced scratching and pH of the
skin surface in WBB6F1 mice.

10% Sodium laurate was applied topically to the rostral part of the back. Scratching behavior (A) and
skin surface pH (B) were evaluated before, 2, and 24 hours after the application in MC-deficient mice
(WBBG6F1-W/W", open columns) and the normal littermates (WBB6F1-+/+, closed columns). Values

represent the mean = SEM for seven animals. *P <0.05 vs. time point 0 hour (Dunnett's test).
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2-2-2. FUVVERT MY U LABROBREREEMERLRICKT 5 LEZEMITTEDORE S

TOME-FRE LT~ T ZAOWAEEHEE~10%7 7 U BT R U U L& BREREFTEA L,
BEFEVERR S B EABLES STl 2 IR IS B D TTHEDS ZR D b D et LTc, €
DFER, 10%7 7V S Y U ATME ZRIEIC L KT S 20v>72 (Fig. 10),

= 3]
=
m -
o ] [
o 2 7
Ea
S 4 I
o 1 1
o ]
c 4
(1
g ]
w o
VH SL

Fig. 10. Effects of topical application of sodium laurate (SL) on plasma extravasation in ICR
mice.

Vehicle (VH, distilled water) or 10% SL was applied topically to the shave skin, which severed for
experiments after 2 hours. Evans blue was injected intravenously 40 min after application. Values

represent the mean = SEM of four to five animals.

2-3. B

10%7 7V BT b U U LFHEROERERE X EE~D~ A Ml B 5 0 rraEME

B1E - LHICBNT, 10%7 7Y VBT N U AR OERMERE X E{EIL, terfenadine
IZE o Tl SNz, Lo, 10%7 7 U Ul N U o L8O 2 REfikIiE, BHEN
D~ A MIRAOBRERE (TB Yeta) 1XT LA EBEINRNPoT-, EHIT, v A Millla K
~ U AR LT FEIET~ U ZADl~ U ZBWTERER S EENBIZE S, EEEER
BLRIREETH-T-, PHIZKLT, A MO ERN/NSWZ ERH LN E RS, D
FY, v A MIBRIHKIERZRFEESR DI EA T = X LD RRB I D,
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B3I FIF VA MBI DBe RE I UEL - EEEOEERE

Histamine {3 L-histidine decarboxylase (HDC) (Z & ¥ L-histidine 23R8 S AL CTAEE R S
%, HDC |[ZMERESETEIED 74-kDa &, DT vt v v 7 THEL D ERESFIHEIED 53-kDa HDC
D2 ODFWA AN 5 (Tanaka, 2003) , FZFEN D histamine 1, F12~ A Ml (Falcone
etal., 2006) OREERLFICATK S AL TIR Y, TR & & bITMSN~EH S5 28, TR & 1%
H.72 % histamine FrHBEE & U C, 4FHEK (Shiraishi et al., 2000b), ¥~ @ 7 7 — < (Takamatsu
and Nakano, 1994; Hirasawa et al., 2001), T ffild (Aoietal., 1989), #kE#lifld (Maslinska et al.,
2004) (ZARIERPIAEV HDC 23558 S, histamine 23PE4E « fii 412, HDC mRNA 723+
T ADrTF YA bk PB MIIIZHE L TWAZ ENHREINTWD (Fitzsimons et al.,
2001),

INETOMEBIRINETOREND, 10%7 7V T M) v LAfEICE>Tr T
F /%A K73 histamine & FEAET D AIREMEZ & X T,

3-1. FEBRMEIRE L OERFGE
3-1-1.  ZEGEH%

ENEFTZIF YA MESE, BHEEMLIZE b 3 WocEE KL ET /L (LabCyte
Epi-Model) 13RSt v /80« T v va - =T Y o7 (FR) K0 EA LRERIC

Wiz, ok b 3 RkookEERLZITE MEEIEL L-EE2 L CTRY, RERE, Ah)E,
TeprkE, AEREAET S (Fig 11),

Stratum cornaum

Etratum granulosum
Erotratum spinosum
Stratum basal

Fig. 11. HBERYIF O HE L6148 (x40)
(Katoh et al., 2009 XV 5|H)

3-1-2.  fEHHEY

H1E-FHIE - -2 T8 T,
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3-1-3.  Histamine ZDJIE (EIA)

~ O ASED B DOPEY > TR D

~ 17 A % sodium pentobarbital (80 mg/kg, intraperitoneally) THE:L, OMIIEEER R ZFIH L
C PBS T4t Lic, Wiz, SmiErEAlE HEmar (BW) A EAE 18 mm O FRR D AR
N FTHIY BEHIM LT, BEII R mEER OB, B 2, 24 FeZRICERIRL7, %
WU L7 B2 %2 60°C @ PBS (2 30 B[R L721%, 4°C ® PBS 1 TR & BRI 1T 72 (Kolev
etal., 2008) .

BRELL =R B L OEKIZ, RE VT A X3y 77— (4 M perchloric acid) % #01 (F£ 52, 300
uL; E.FZ, 1500 pL) L, Precellys 24 tissue homogenizer (Bertin Technologies, Montigny, France)
| O 2 At L, 320/l (10,000 x g, 10 min, 4°C) %, EiF &AL LEES > 7 & Lz,

R RN B ORIEY 7 N ERIR O FR

HRREEZHEHORERHN OV L 37°C, 5% CO, 4 v F 2 _X—X% —NT 2 K
pre-incubation Z{T -7z, ED#%, FERLICT TV BTN UL (0.1-1% wiv) ZAEkE
o1 pMEHL, £0%, 00 B R v LAEREIRLT, FULER, 72887K 500 uL
Z BTN LIEN S 2 &y 9 #fEA 3 [l U CREER L 2 Wi Lo, £ D% 3 IRFH
post-incubation Z17>7-, 77 U VEEF U U LR 3 KFHHEIZ, BEERLE X OB %A
L7,

BN L 7=B RIS, ATV A ANy 77— (mammalian cell lysis kit, Sigma) % 250 uL
% 1 Z Pellet Pestle (Kimble Chase , Vineland, NJ) (2 TGk 2 B U721, 1=008E (10,000 x
g, 10 min, 4°C) Z1T\, EiFZEULLEES 7T e L,

YUARKRBIOREROWEY 7, BEEROHEY 7V L ORERR T O
histamine #& % histamine enzyme immunoassay (EIA) kit (Immunotech, Marseilles, France) %
WTCHIIE L 7=, H L7z kit @ cross-reactivities | 3-methyl histamine 2% 0.038%, methyl histamine
73 0.01%, histidine 2% 0.01%A3# Td ¥, histamine DR HRSEA 0.1 nM ThH -7z,

3-1-4. HDC ZEHZDME (western blotting)

~ O ASLEDH DOPEY T NERHR D

FRE R OBREUTIER L ORE L TE SR ORKZ B LOEL~O B, 51 % - 5 3 -
3-1-3 IZHE LT 7=,

BRE L7 B I OEKIS, SEYF A ANy 77— (mammalian cell lysis kit) Z 00 (£
FZ; 300 uL, EFZ; 1500 uL) L, Precellys 24 tissue homogenizer (& CHLfE 2 A L, w0y B

(10,000 x g, 10 min, 4°C) %, E{FEZBEULLHAES 7 & Lz,
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BERFRE D OREY » 7NV EER D5
EER R OWPEY 7 VIEN T, 551 % - 53 Hi - 3-1-3 IZHEL T,

BEY > T NEEE T D& 737 FE & & western blotting §e{4

HEY TNz EEND H 737 &% 2-D Quant Kit (GE Healthcare Life Sciences, NJ,
USA) ZHWTHIE LTz, —EDZ ™78 (w0 AREB LOEK; 4520 ug, BERKKL, 7
ug) % NuPAGE® 4-12% Bis-Tris gel (Invitrogen) (27 77 A L, JEBIAL L L C MOPS buffer
Z T 200 VT 100 4y HFERIKE) 21T > 72, RIS AHIZ0#E L 72 % > /37 % PVDF A v
7' L (Millipore) (ZHEE VAL S L C NuPAGE® transfer buffer (Invitrogen) % VT 30 V
T | RS L=, 5%, £ 50-kDa TA 7 L ZYJH L blocking buffer (1% skim milk
A PBS-T [PBS containing 0.1% Tween 20]) (2= L 2R C 1 Kfffi#iR & 5 L7z, PBS-T Ty (10
min x 3) %%, @A ZMD A T L A2 1 IREUA L LT Can Get Signal 1 (Toyobo Co. Ltd.,
Osaka, Japan) “CAifR L 7= rabbit polyclonal anti-L-histidine decarboxylase (HDC) antibody (Cat#
16045, 1/1000; Progen Biotechnik GmbH, Heidelberg, Germany) %, X374 X{AlO A 7 L
21 Pk & LT Can Get Signal 1 TAVER L7z rabbit polyclonal anti-B-actin antibody (Cat#
ab8227, 1/1000; Abcam, Tokyo, Japan) % 4°C TR & 9 L7e & —B i 72, PBS-T Ty

(10 min x 3) 1%, £ A > 7 L A2 2 IkPLA & LT Can Get Signal 2 (Toyobo) TR L 7= alexa
fluor® 488 donkey anti-rabbit IgG antibody (Cat# A21206, 1/1000; Invitrogen) % =i T & 5 L7
5 2 BREf RO 472, PBS-T TyE# (10 min x 3) %, fluorescence scanner (Typhoon; GE
Healthcare, Munich, German) T/\> RO EIT 72, £ D%, SN 7-/N> R & BG T
~ 7 |k Scion Image (Scion. Corp., Frederick, MD, USA) %W CE®RE LT,

3-1-5.  BAFFHIBERT

H1E-FHIE - 1-1-6 [THEL =,
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3-2. EBER

32-1. UV VBT N VLADKRENE RAZ IVEFEB LU HDC BEEICKITTHE

10%7 7V BT b U U LOBRAHT, BEEMEREOEINABIEZ SN BAm 2 Kk, B
L O X EMERED BT L~V E TR TV 24 % O 3 SICBIT AR LB L OE
FZ @ histamine 5 A &4 1€ L2, @5~ 7 AFKEZO histamine 5 A & (0.07 ng/mg wet tissue)
I E 2D histamine & A & (26.2 ng/mg wet tissue) D 374 53D 1 TH o703, 10%7 7 VU SR
78U U LA 2 KFEZ IR L O histamine 7 A & (0.26 ng/mg wet tissue) [XEATAT & bl L
T 3.7 fFlcmL 7 (Fig 124), £72, 10%7 7V g+ U v LAOEL 2 FEE%O
53-kDa/74-kDa HDC O FLIZBA AN & b LT 2.9 512N L7228, 24 R ICIZ 1.2 (512 T
23572 (Figs. 12B and 12C), —J5, EFZ® histamine & A &I(ZZ(LITFRD S 72> 7= (Fig.
12A),
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Fig. 12. Effects of topical application of sodium laurate (SL) on histamine content and
L-histidine decarboxylase (HDC) level in the skin of ICR mice.

10% SL or vehicle (VH, distilled water) was applied topically to the rostral part of the back. (A)
Histamine content in the epidermis and dermis. Open column, non-treated (NT); hatched columns,
vehicle; closed columns, sodium laurate. (B) Western blot analysis of the expression level of HDC and
B-actin in the epidermis. (C) The ratio of 53-kDa HDC to 74-kDa HDC in the epidermis. The value
was normalized to the average of the ratio in non-treated vehicle group. Open columns, vehicle; closed
columns, sodium laurate. Values represent the mean + SEM for three animals. *P <0.05 vs. time point

0 hour (Dunnett's test).
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3-222. A MIBXE~YRZBITLEI7VY VBTN VLADORBEAE XZ I VEREID
RIETRE

~ A Ml KA~ 7 A28V TH, ICR ¥~ TR LA 10%7 7 U kT b Y U LAEBAMAICK
DERMEORBEENENBIE SN, £ TH 2 E - 2-12 LRROFERZIT- T2, ZORE,
~ A MR~ 7 A DFK LD histamine & A & (0.1 ng/mg wet tisue) [T H 2D histamine & A
& (0.85ng/mg wet tissue) D 93D 1 THY, 10%7 7V EET MU U L8 2 RFRHZICEKK
histamine & A & (0.19 ng/mg wet tissue) (% 1.9 [5IZH#IM L7, —JF, EFZD histamine & A &
IZEBITRR O b hr- 7= (Figs. 13A and 13B),

(v y)

A

1 Epidermis 2.0 7 Dermis
0.3 - *

°
-
1

=1

0.5 -

Histamine content

(ng/mg wet tissue)
Histamine content
(ng/mg wet tissue)
5
—'

0.0
NT 2 24 NT 2 24
Hours after application Hours after application

o
o

Fig. 13. Cutaneous histamine level after the treatment with sodium laurate (SL) in mast
cells-deficient WBB6F1-W/W" mice.

10% SL or vehicle (VH, distilled water) was applied on the shaved skin at a volume of 50 uL. NT
shows the data obtained from non-treated group. Open column, non-treated (NT); hatched columns,
vehicle; closed columns, sodium laurate. Values represent the mean + SEM of three animals. *P <0.05

(Dunnett's test).
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323. FUV VBTN DLRBBEDOTTF A MTBIFD e R Z I VEEA

t FEKRDOTTF YA FOZRTHER SN TWD 3 RouekEEFRLIS, VI VBT D
LIOKIRIR (0.1%, 0.5%, 1%IA113 4% 2 pH 7.6, 8.9,9.8) % 1 4yH%F& L 37°C « 5%C02 A > ¥ =
NRe—H —NTHHE 3 BRI SR EZ R e b N2 RN L7z, 1% 7 7 U VR R U o7 A
vehicle (ZX#4/K) &b LT histamine PEAE & (BEEsfiik & B2+ @ histamine OF) % 4.7
fFICHIN S, 53-kDa/74-kDa HDC thiZ 1.9 f5 ¥ s w72 (Fig. 14), WTHOREITI W
THMREEEITRD b ho T,

A B
6 SL (%)
S 5 T* NT VH 041 05 1
% 4 74kDaHDC — = == == = ===
E 3 53-kDaHDC — — — — — — —
'S 2 '|' B.acun—b —————— —— — S —
(2]
= 1
I Tl
NT VH 04 05 1.0 C 2
SL (%) =

g _ *

S E 2 T

8 o

¢ 2 I

B8 1= L

3 ﬂ

Q ]

T ]

0

NT VH 01 05 1

SL (%)

Fig. 14. Histamine release and L-histidine decarboxylase (HDC) level in the 3-dimensional
human epidermal culture.

Sodium laurate (SL) and vehicle (VH, distilled water) were applied topically to the epidermal culture
for 1 min, washed out, left to stand 3 hours, and served for assays. (A) The concentration of histamine
in the culture medium. (B) Typical example of western blotting of HDC and B-actin. (C) The ratio of
53-kDa HDC to 74-kDa HDC. The value was normalized to the average of the ratio of non-treated
(NT) group. Values represent the mean + SEM for four samples. *P <0.05 vs. VH (Dunnett's test).
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3-3. B

77 F ) B A FH 5 D histamine FEAEREREIZ OV T
INETIZ, v~ ARENTHDC {EED R I TV 5 (Taguchi et al., 1982), = L C,

~ U ADTZF YA MH ¥ PB fifdiZ HDC mRNA ZBE QR S LT % (Fitzsimons et al.,
2001), @ ICR ¥ 7 ADREIZENT, 10%7 7V )~ U 7 LDOEMIL 53-kDa HDC %
Bl A 98 < Bk X, histamine 2 A BA BN S 7, v 2 MJAKIE~ 7 2DORKIZBNTH,

10%7 7 U ) MY 7 LAOBAAIT histamine ZA®A NS E7, —F, ICR vV ABLW
~ A Mg XHE~ U 2 OEBZA O histamine %A R ICE(LITERO IR0 oo, B FHRD T
TF YA OB THRINTND 3 RITCEEERKZIZBNT, T0 0 U MY U ATRE
{RTFMIIZ 53-kDa/74-kDa HDC tEds & OF histamine FEAE B A M S 7z, 2D OFERN D, £
JZN O histamine & A =mOIEINNLST 7 F /%A FNTO histamine FEAEIZ LD HDTH D LR
XD, ~ A MEREAIZIE 74-kDa HDC 36 & UF 53-kDa HDC 23(#7E L, 53-kDa HDC 75»@%
FIEVET, 74-kDa HDC DMEBERTEMETH D Z LB TH Y (Ichikawa et al., 2010),
% L 7= histamine [ZERICETER L TWA Z ERH LN TWDH, v 7 B 7 7 —|Z1% 74-kDa HDC
D FHFAE L (Hirasawa et al., 2001), histamine FEAE Z HilfHl L TV D237 I VRPN O 7L 1T
AtanuTnzewy, BLEXY, 7I9F /%A MEIvA MRS~ e 77—V L 138 5
histamine PEAEMME L H T 5 Z L VRIBEN D,

TV VBT NI VAL THEREINLSHDC O atky T

ZUU T N U LAFERO HDC ¥ 237 OFfiA = A L EfFT 5 HMT, 20
fT b U 7 AALEIC LD e EEFRE RN HDC mRNA 65 L~ % real time RT-PCR (2 T
HL LD &R A0, HDC mRNA HH L~V MK <, H8E XL < HDC mRNA Z#iH T& 7
Moz, Jeong B (2009) OMETIX, 4 HDC ¥ 37 A EITAMAEHE A 5> HDC mRNA
DEREE T 4 FEIL EMECTH D, 2k, 10%7 7V Vi R 7 AIZL > THERSN
72 53-kDa HDC O #§A1IZ HDC mRNA A EEREEIZ Rz L TWRWATREENRE 2 b b, D
EV, 10%7 7Y B MY U AL o THER SN BMEOFELIST HDC OB FIBLO
HEAN A9 L7 SO Tt Ze < 74-kDa HDC 75 53-kDa HDC ~D 7't v U VR L2 2 &
|2 & o> T histamine FE/EZ TLHE L72AE A U7t & RIB X U5, Benzamidine (2 L - CTRE
ShbdtV a7 r7—E (benzamidine &MtV > 7 vu77—E) 2 HDC Yuty v
T L TWAD Z ERHEIN TS (Tanaka et al., 1995; Ichikawa et al., 1998) 73,
benzamidine &=t Y 7077 —8iX pH 89 TIHEM L Z415 (Ichikawa et al., 1998;
Demartini et al., 2007) AMETHEHA L7=T7 7 U VBT MY U A CTHEABEITEIZFHE L2 1%
& 10%HK D pH 1345 49.8 £ 10.1 TH Y, FEAFEITENZHER LR -72 01% 7 U U Uk
TR U T AKERE 10%N-F7 7 A )L Las F b o AKEKRD pH 134 %76 £ 7.7 T
bole, ZTNHLXY, 10%7 7V U M) AL > TIHEHRSNIZHDC 7Rty 70O
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FHEHNIAHATSH %,

UbkEbddre, VBt NI UNIERES ZF /A MHERL, 77F /%A K
WTHDC D7 ut v 7zt L, £ OfRAER S iR HDC 23 I histamine &
FACBAE- L, AR/ RS 72 histamine SFEASOSIZER L TV D bbb, 2F0, 7=4
HERETEMWR ORI EEEAZFHRE T L0008, TOFELIAEA T =ALITYA K
MiaCix7e< 77 F 7 %A FHEED histamine 23535 Z E NN E 7o T,
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B1E - /M

10%7 7V g v U A (pH10.1) £721X 10%N-7 7 A P Y oA (pH
7.7) OEAEZITTHETRE I 7 RIRE: O = B)EIX naloxone THIHI S 72 o7,

10%7 7 U »gF b Y U AOHRBEAMITERMEOR S EIEZFHRE LD, 10%N-7 7 1A
N ay o F B U AOBRBEEEAITER O S EEZTHTE Lo,

10%7 7V e N o AOHERBEEMIZ L > THERE SN ERMERE X ®/EIL naloxone 3
L O terfenadine TN S4L7228, ~ A MHIRRRHE TIIHNH S iz do 72,

1 mM KER{ET b U w7 LKEEHE (pH 10.2) O BB T ERER S BIEEZTF R Lo 72,
10%F 7 U et R Y & AOHBIBAR LI AA B LI L RIT S o T,

10%7 7 U ) U o LAORRBIEEAIIELZNO histamine & A =2 1 S+, 53-kDa
HDC %8 f& & i S 7=,

T e ) ATREERFRICS 7F ) A FNT histamine FEA 2 HE I XA,
53-kDa HDC/74-kDa HDC th% F5H - &87-,

UEXY, 7=F o AMEFmEAIOFIITEREAZ B EISE LM EET L0005 5
TEERHLE, 10%T7 7Y VR N U AOHEBEAIC K > THE SN L ERMER X BE
(2~ A MHIRFEK A7 D> histamine (K7 IR FEA DFEE A T = X ARBEE- LT\ 5 & b
5o TV T N ULANESESTF YA MHERL, 7 F /%A RN THDC O7'm=
vy 7 ETi#E L, 53-kDa HDC (2 X - C histamine &) AMEHE S 41, A B S 4172 histamine
IEHIRRAMT i S, i &7z histamine 2NEAE A SE D LoRIBEI NS,

T DOFELFE T O X % Fig. 15 12”7,
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Single topical application of
sodium laurate

Stratum corneum {
>

74 kDa HDC = 53 kDa HDC

Histamine ‘

* Histamine

Epidermis <

Dermis
Sensory nerve

Mast cell

©)

Itch

Fig.15. ZU VBT P U LI Lo THEREINDBMDELFEAEA I = X L OHEAK
O7 vV T b U LDRPTEMNRE T 7 F /%A FHNT 74-kDa HDC %5 53-kDa HDC
~DFuat v 7Tl L histamine AN, QFErI7F A FNTEAEAINT-
histamine D, @FEELEEFHIAFAET 2 — R E=2—1 O H) B 2 F I 2K EK
(ZHVER LEEA Y 7V B 384,

(Inami et al., 2012 XV 5] H)
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®rE PHEEHOEHMHIIARONZ oo U BOEESE

E1E PHETH (P yedoensis) DEMETIFZBLIO/ unArBos oY vBF Y Y
LB X BEDOIH]

X, FIAEPREROERR 2 KIS 00 L CW D AN TR 7 T gy 7 J il g O SEREY)
ThY, BROEEL 2> TWDZ EnBIERMIC L AL MEN TH D,

EHEIFIIAARERET 2 E LTESBH LEN, FEMEOEIEEL A BER
DL LTEINTNDS, EHAFHOEITIEME LTHRAINTEY, BTSN
L TS BEE] LMETh, DHEXWEVZFSZ b, HEOMITEMELTTAX2Y
— LR v F—ZRETY, MEFORGFOUAANENTZD LTWD, £, S<HHE
OPALIERIC L W RFORFEER & ED Z LN HN T2 (Inoue et al., 2011), ZHET
(2, HFEOREITIEMRFEHEEN, B CIEE A RmSIER, S brER, SiREFEM,
BRLEMHER R EOFEHEFIERZET 522 LM EINTEY (Wang et al.,, 1999;
Matsuda et al., 1994; Lee et al., 2008) , Htlg{b./EH % x93 k4328 chlorogenic acid T& % (Inoue
et al,, 2011), % LT, BIFEBFoehhit = 3 X3 ELINH] 2 B4 L 7o bpEdn e & LTl
INTWD, TUBILERSCHAEERZ B T 2880, BEEERZ T L ONFET
% (Ando et al., 2010; Matsuda et al., 2002), L72>L, YeHEBFOZED IS & ERBEF O
HBEDZ SR TR,

% ZCARHEITIE, A TR~ 7 =4 MR EEER O T O U T N Y U LR ORES
PERE X BRSS9 2 e 5 B O BERR HY = % X 38 JL OF chlorogenic acid D ZIFRAZ DUV CTHRRET L 72,
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1-1.  EBRMER X OEBE
I-1-1. EBREY

B - B 1-1-1 ITHET T,
1-1-2. fE/IFEY

TR IR TR L 7o e B O EE 15 ¢ 2581 T 7 HIM 150 mL @ 50% =% / —/LC 1 [A]
i U7z, Aildtg, 50%= % 7 — VYL E BpRahitiag (Rofsksy 2.33%, CAS 928156-32-5)
AL, 4°C TRE Lo, ZoOhhM#EE, KBREMET L7 7 v a 2kt (BR) <
T, #kZ =172, Chlorogenic acid (Table 7) XTI A4 T A7 LOBEA LT,

TRUANOE R 1= L - 1-12 [CHEL T,

T - BREFEHO~ 7 AP 10%7 7 ) g~ 7 5% 50 pL B L7z, 10%7
7 U U N Y T LD 90 31412, 50%T X — VYIS B EER IR £ 71T 50% T X ) —
LT, 5% wiv IZFHE L 7= chlorogenic acid %, 10%7 7 U U Eg) b U o A Z&8A L7 [A—H
AT 50 pL A7 L7,

Table 7. Molecular formula, molecular weight, CAS number, and structural formula of

chlorogenic acid

Chlorogenic acid
Molecular formula Ci6H 309
Molecular weight 354.31
CAS number 327-97-9
Structural formula HO CO,H
O
HO 0O =
OH
OH
OH

1-1-3.  7TE)FEG
1TTENVEIEDO HIEL, 1= -F 18 - 1-1-3 12T -,

10%7 7 U RS Y 7 AOBA 90 251212 50% % /) — )LYu B i ik £ 721X
chlorogenic acid (1, 5%) =7 U U T NYU U A ERE—EAIZEAR LTz, Rgld 50% =% /
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— VY B BE Rl K 3 721 chlorogenic acid (1, 5%), vehicle (50%T % /—/L) ¥©&Ai 30 47
% (10%7 0V BT MY U LADOERA 2 F#lt:) (XiTo7c, ET7 47T —7OHRAEICL VRS
Bh1ERIE A % % 7= (Kuraishi et al., 1995; Tsujii et al., 2008) ,

1-1-4.  Chlorogenic acid @ HPLC (high performance liquid chromatography) FEHT

50% & J — LY E B ER G 2 045 pm DY Y7 4 )L X — (model Millex-LH;
Millipore corp., Billerica, MA, USA) TAi# L7z, Fi4r Toh 5 chlorogenic acid I, photodiode
array (PDA) #iHi#s (model 996; Nihon Waters Waters Co. Ltd., Osaka, Japan) 7233 STV 5
HPLC (model 2690; Nihon Waters) THH L7z, 43874 7 A1 capeell pak C18 UG120 (4.6 mm
i.d. x 250 mm, particle size 5 pm, Shiseido Co. Ltd., Tokyo, Japan) ZfiH L, BEfHIZT & =k
VL e 01% U VERKBEROIBRIR CTY 7Y NyHT (Table 8) w47 -7z, 7 — X I3fRMT Y
7 | Millenium (Nihon Waters) % F\NTHENT L 7=,

Table8. 7' Vxy "NS5#r7m h2—n & HPLC &4

Time Acetonitrile 0.1% Phosphoric acid
. Profile
(min) (%) (%)
0 10 90
linear-gradient
30 100 0
35 100 0 —
Flow rate 1.0 mL/min
Detection wavelength 340 nm
Column temperature 40°C
Injection volume 10 pL

1-1-5. Bl ZHIEHr

H1E-FHIE - 1-1-6 [THEL -,
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1-2. EBRER
1-2-1. $HEFOEMHBIF DT U VBT MY U LAFHREREREEBIEOMFH

10%7 7 U B b U 7 DGAR 90 7318 D 50% T/ — /WY B EERR K O [F] — &R AL~ D
JRETEATIE, © 7 ABERET: 30 4 (10% 7 7 U T b U » LA 2 R 225 0 30 43 fH)
Tl vehicle (50%—% /—/v) &AL i U CHREICHHI L7225, #4305 (10%T7 v Y
BT b U o LUAn 2 REREER 2 B 00 30 43D TIEmdl e~ 7= (Fig. 16)

[[] Water

2 100- . [ SL+VH
2 ' x [ SL+PLE
E 801 —=
Q@ 60 -
2 ]
=)
S 40 -
2 .
S 20-
< .
@ 0

0-30 30-60

Observation period (minutes)

Fig. 16. Effect of topical application of P. yedoensis leaf extract (PLE) on sodium laurate-induced
delayed phase scratching in mice.

10% Sodium laurate (SL) or vehicle (water) was applied topically to the shaved skin, and hind-paw
scratching of the treated site was counted for lhour from 2 hours after the application. PLE (1.115
mgy/site) or vehicle (VH, 50% ethanol) was applied topically in a volume of 50 pL. 30 min before the
start of observation (1.5 h after sodium laurate application). Values represent the means + SEM of six

to eight animals. *P <0.05 (Bonferroni’s test).
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1-2-2. BEHEFOEMHB= X AP IZEENI /7S VBROER

LHFEHOEICE ENLPILEM Z A3 24 & LT chlorogenic acid 23 [FE STV 5
(Inoue et al., 2011), & Z T, 50%=% / — /LY FH B EER R H @ chlorogenic acid & % I E
L7z, ZOfER, chlorogenic acid DERFFIFRHIL 5.9 43T, WREEIE 0.092% CTh o7z, Hliiksy
23 233% Tdh D Z L D5 chlorogenic acid (FHZEFE 5 D 3.9%% d5 8 TU iz,
s~ NJZ LM% Fig 17 12R LT,

Y B
0 2 4 6 8 10 12 14 16
Retention time (minutes)

Fig. 17. Chromatogram of 50% ethanol extract of P. yedoensis leaf.

Arrow represented chlorogenic acid peak.
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1-2-3. 7muXZrBoI o) VBT R U LAHRERMEREBEOIMF

10%7 7 U ) b U 7 L8 90 5315 D 50%T 5 7 — /LY b B RER K O [F] RO~
JRFTEAE, B ABERTE30 0 (10%7 VY et N U U L8 2 FEEE 2> 5 D 30 43 fH])
T vehicle (50%=% / —/v) @A & i U CHEICHH L7z (Fig. 16) Z& &, 50%T% / —
IV BRI R D FE R 53 3 chlorogenic acid Toh -7 (Fig. 17) 2 &b, 10%7 7 VU >
B2 b U o LGEA 2 BRI 2 5 D 30 53 [#1 0 B 7 A s T chlorogenic acid O FEZ B TH~D
R RET LT, TOREE, 10%7 7V VBT b U o LE8A[ 90 43 @ chlorogenic acid % Jaj Pl
BATL, 10%7 7 U T b U o NI OEFEVERE & B2 R B AR L 7 (Fig. 18),

120 -
100 1 T
80 -
60 - L :
40 -
20 L) Lo fbod L.

*

Scratch bouts/30 minute

VH 1 5
CGA (%)

Fig. 18. Effect of topical application of chlorogenic acid (CGA) on sodium laurate-induced
delayed phase scratching.

CGA or vehicle (VH, 50% ethanol) was applied topically in a volume of 50 pL to the sodium
laurate-treated skin 90 min after sodium laurate application (30 min before the start of behavioral
observation). The scratching bouts were counted for 30 min from 2 hours after the sodium laurate
application. A broken line denotes the number of scratching bouts in the water-treated group. Values

represent the means + SEM of six to eight animals. *P <0.05 (Dunnett's test).
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1-3. E&

Qe ERERME T O 7 v a O SEFEN RO Al REM:

10%7 D U T R U D LA D 90 531412 50% = %/ — VYRS B SERh IR & R T A
L&, 10%7 00 ) MY U LFHEROBRMER T EESBIERF ORI 30 4> (10%7 7 U
VT Y U LA 2 %D 30 ) THIIZNR AR, %A 304 (10%7 7 Y
VAT R U U LA 2 FEEEE S 30 3D TIEIIHRIZIR AR O R o T, 50% = ) —)L
Y- 75 B i R O B2 75 H D 3.9%73 chlorogenic acid Toh o7, e HHOEIZE END
FE k4 & LT chlorogenic acid 23[F & &AL TV 534 (Inoue et al., 2011) & HEEH L Tz,
Chlorogenic acid DBAANIREAKAFINZT U U VBT R U LT Ko THER I N HERMERE
EEZIH L7 2 & D E MR OBMIC X 28R 2 B L -l o—on
chlorogenic acid TH 5 L RIBE S5,
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Fo2fi suuF U Boe AZ I UEA - EEEORERE~DIER

%52 %« % 1 fiT chlorogenic acid DM REKFNCT T U BT MY U LM E - Tk
FHINLBERMEREZEELIEI T2 E2HLNIC L, £72, 10%7 00 UBF U T A
IZ Ko THFE SN D ERMR ZBIEICEK LA 53-kDa HDC L ~/L 35 J O histamine 574 0D
MAEHE L TWD Z EPRBEIi TS (51 %), £ 2T, chlorogenic acid DF 2N 53-kDa
HDC L ~b36 LU histamine & A OB M AT 508 2 55 2 Ji TR L 7=,

Chlorogenic acid (25 mg/kg) DR A58, ~ A Mla ORI EEIZ L > THERINDHHE
ZEIEF L O histamine {4 K - THE SN LA EEELZIEIT 225, 2 OMHIZIRITIH
ZENWEEN TS (Trinh etal., 2010),

F1ET, 10%7 7V CEET N U ACE > THH¥ S 5B MR ZB{EIC histamine & H,
b RAY I VURERNEET 5 2 &, BE W histamine & PEAE - WEEET AN EREL S T TF
A NThHDHZEERHLE,

I TCAREITI, B2E-H 1 HTHLMNIT/ 572 5% chlorogenic acid @7 7 U ) RV
U LT Ko THR SN D ERMER X EEOMBIN RO R E2 G L7,

2-1. EBRMELE X OERGIE
2-1-1. EBREIY
WO 1-1-1 ITHEL T,
2-1-2.  EHFEY
Histamine (IFDEATEE T3 L0 EA LTz,
Histamine [TAFAEHEAK (KERIK) 1ZHEMEL, ~ 7 A2 100 nmol/site TS L7,
Chlorogenic acid (7574 7 A7) 1%, 50%T% / —/VAZVEME L, FZIC 50 pL @47 L7z,
FOMOE Y ITHE 15 - FH1E - 1-12 1L T-,
2-1-3. 1TE)E
BATEAL (DTS ~OBREIZ K A E #fE
?f%ﬁ%ﬁ?:\f@ji{fﬂi, /Er% 1 % . ﬁ% 1 ﬁ’lﬁ - 1-1-3 L:@ cho
X FE - BREF LD~ 7 AYHITFERIZ histamine (100 nmol/site) % 20 uL & & TRWNES L,

EHIZT 7 VN — I AN~ T ZAOTE 2 60 Sy 7T AR Lz, €747 —7 OfA
(2 &V histamine $5-EALIS L O OB ORI X 5 & & BEOITENBIZE 21T - 72 (Kuraishi
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etal., 1995; Tsujii et al., 2008) , FEAHFEA) T histamine ¥ 5- 30 Z3AIIZ# 5 L7z,

BATEBAL CF) ~OHIERIZ X 580 @il L OBKIC X S 8h{E

X E « FREFADO~ 7 AHUT chlorogenic acid % 50 uL Bk, BEHIZT 7 U r—Ulz
AN~ T ADITEIZ 60 3BT AR Lz, T 47 —7 OFAIC X0 MYBAETAE IO
ZOIBFORIKIZ X 580 BiffEl L ORI X 52 EEMEOITENIEIZ2 21T > 72 (Shimada and
LaMotte, 2008) ,

2-1-4. [ B F NG HE DT

1% Evans blue ZEF B KEEHK 150 uL 2~ 7 A REAIRN~EST L7z 20 531212, XE - BRE
BEHD~ 7 ZAWHITFEIZ histamine (100 nmol/site) % 20 uL O & TR N{ES L7z, Histamine
Be 520 73 1% \ZFHMEMLFIIC X 0 225838 X4, histamine $5¢ 55007 D 2 )8 % [HAE 8 mm O FIRIZAE
R FTHID B W, LR ER # Ao~ A 7 8 F a2 —71C dimethyl sulfoxide

(DMSO) 200 pL % % 22 C—Bfiki& U C R /TN O evans blue Z fliH L7z, .05 BT,
EIED 620 nm (2381 DU ZHIE L7- (Andoh et al., 2010), Evans blue &% % VN CTHERK
L7cERIC LY, ZhtnotafmtEz B L, FHMi3EYIT histamine 5 30 43Hi1IC
gh5 LT,

2-1-5.  Histamine @ DHIE (EIA %)

JZ J& 1% chlorogenic acid D%EAT 30 7312 (10%7 7 U T b U © 84N 2 R #%) (CERERL
T2o ZORFOBRBME A I ZLSNE, #5158 - 53 Hi - 3-13 128U T,

2-1-6. HDC ET]EDHE (western blotting)

~ U ARJED S OREY > T NVESHR DI

FZR& 1% chlorogenic acid DA 30 3% (10%7 7 U U EEF b U » A8 2 RifEf2) ICERELL
T ZORIEOTRIY A I 7USME, H 1% - 55 3 8 - 3-1-4 ITHEL T,

K 8ug DH NI BEEKEI LT,

BER R & ORE Y > T NARIR DY

Chlorogenic acid I%, 1X10°M & 725 X 9 dimethyl sulfoxide (DMSO) (ZIAfRSE7=, D
%, WERERUKZ FAWT 1X10°M (DMSO O 0.01% viv) F THIR L7, Z DI 200
ul A RS RS B T L7z, Vehicle I DMSO % 0.01% 5 e E Rk & v 7=,
FOMOREBRFET, F12= - F3H - 3-14 [THEL 7=,
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K 15ug DX N7 BEKEI LT,

2-1-7. A FHIBERT

H1E-FHIE - 1-1-6 [THEL -,
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2-2. EBER

2-2-1. BREZ IVERBOMEZAMTLEICHTD 7 an s U BOSE

5% Chlorogenic acid (% histamine (100 nmol/site) D ZNES 30 3 ATIZHITE - FREBEHFAD~

7 B9

7 AR EBIZ YA LT-. 5% Chlorogenic acid (% histamine 7% O Ifil & Z5 s M TUHE T 2 % M
E X 2o T, HEXRTBRO terfenadine (30 mg/kg, orally, -30min.) X histamine #7558 O L& 75 18

PRI 2 58 < #0l L7z (Fig. 19),

100 -

*%*

*%*

50 -

Evans blue
(ug/skin specimen)

1

*%*

VH

VH CGA TRF

Saline Histamine

Fig. 19. Effects of topical application of chlorogenic acid (CGA) on the histamine-induced

plasma extravasation in mice.

Histamine (100 nmol/site) was injected intradermally and plasma extravasaion was determined 20 min

later. 5% CGA was applied topically and terfenadine (TRF, 30 mg/kg) was administered orally 30 min

before histamine injection. Values represent the means + SEM of four animals. **P <0.01

(Bonferroni’s test).

61



2-2-2. BRE IVEBRBRIEMECH TSI e S U BOBE

5% Chlorogenic acid |3 histamine (100 nmol/site) D ZNTES 30 Z3ATICAIE « BREF A D~
o ZAWMAREERIZ 8T L7=, 5% Chlorogenic acid |3 histamine i 8 fE SOS T2 % KT S 727
S72, BHERHR O terfenadine (30 mg/kg, orally, -30min.) (% histamine 7 38 fEE SO % 7 < #10iH)
L7 (Fig. 20),

350 1
300 -
250 -
200 - I
150 -
100

1

VH VH CGA TRF

*%

%%

Scratch bouts/hour

Saline Histamine

Fig. 20. Effect of topical application of chlorogenic acid (CGA) on scratching elicited by
histamine injection in mice.

Histamine (100 nmol/site) was injected into rostral back and scratch bouts were counted for 1 hour.
5% CGA was applied topically and terfenadine (TRF, 30 mg/kg) was administered orally 30 min
before histamine injection. Values represent the means £+ SEM of six animals. *, **P <0.05, 0.01,

respectively (Bonferroni’s test).
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223, VURARFEANOERZ I VEFERBIOHDC BREEICHTH /7 ua U BOZE

5% Chlorogenic acid |3 10% 7 7 U Ul N U 7 AOEAR 90 437212, 10%7 7 U Ve KU
U LOBATEAL & [ 0ICBA Le, 10%7 7Y VBT N U U LAOBA 2 RRICKE A
[FIY LR & BRIC /B L, RO histamine F4 &L HDC B EZ R LIz, 5%
Chlorogenic acid (37% FZ N histamine 2 A & O 13 L OV 53-kDa HDC ZBL O K % vehicle (50%
TZ ) —)b) ALt L CREICHH L. (Fig. 21),

A B
-~ 1.0 ]
g g * * SL
t $ 08 7 T NT VH CGA
8= 0.6 - 74«Da HDC =
£2 04 53kDa HDC —p PR
sE ., | p-actin— WD GHD D
S E g,
T € o L[]

NT VH CGA
SL

c 53-kDa HDC 74-kDa HDC
8 1 * *
- FE g J
5261 |
20
0o 4]
Qs .
IEZ_
S i B s I i [
NT VH CGA NT VH CGA
SL SL

Fig. 21. Effects of topical application of sodium laurate (SL) and chlorogenic acid (CGA) on the
histamine content and L-histidine decarboxylase (HDC) level in the epidermis.

1% SL was applied topically to the shaved skin, which was isolated 2 hours later for assays. 5% CGA
or vehicle (VH, 50% ethanol) was applied 90 min after SL application. (A) Histamine content. Values
represent the means + SEM of five animals. (B) A typical example of western blotting of HDC and
B-actin. (C) The levels of 53-kDa and 74-kDa HDCs. The value (HDC/B-actin) was normalized to that
of non-treated (NT) group. Values represent the means = SEM of six (NT), four (VH), and six (CGA)

animals. *P <0.05 (Bonferroni's test).
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2-2-4. b F3IRTEEFRKEANO HDC BHREICKTH 7 na X U BORhE

1%7 7Y Ut R U L%E 1 pEzZEEL, 3REHA > F 22— 3 4212 1 uM chlorogenic
acid % 2 FpftiliE H LR R 2N O HDC FEL&E % fRFt L7z, 1 uM Chlorogenic acid (335583 F2
N 53-kDa HDC 384 vehicle (DMSO % 0.01% 7 Lo RERIK) A & bl L TR EIC
> &H7= (Fig. 22),

A B
53-kDa HDC 74-kDa HDC
SL 37 l
naive VH CA -
74kDa HDC —pp = E = 2]
o c
- o0 *
o i
Q8 -
53kDa HDC —P s == ms. T i
-actin — GHED S E_p
’ 0 camn

VH CGA VH CGA

Fig. 22. Effect of topical application of chlorogenic acid (CGA) on the L-histidine decarboxyrase
(HDC) level in a 3-deimensional human keratinocyte culture treated with sodium laurate.

1% Sodium laurate was applied topically to a keratinocyte culture for 1 min, following which the
culture was washed, left to stand for 3 hours, and then used for the assays. 1 uM CGA or vehicle (VH)
was treated in a volume of 200 uL for 2 hours. (A) A typical example of western blotting of HDC and
B-actin. (B) The levels of 53-kDa and 74-kDa HDCs. The value (HDC/B-actin) was normalized to that
of naive group. A broken line denotes the naive level. Values represent the means + SEM of six

animals. *P <0.05 vs. VH (Bonferroni's test).
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2-2-5. 7 unlUBOREIEBESERE L O BIMEFER OREE

I ST TFE A R 2 B9~ % (Tkoma et al., 2004), = 2 C, ~ 7 2T 5% chlorogenic acid
Z 50 uL A L, BB~ v 2D TE) (B X 8, #20 8iF) % 60 23 f#1%2 L 72, 5% Chlorogenic
acid OWBAMTFESEE TH D BEIEEEICHEZ KT I R0 o7, FTo, RA-EETHD
B ERIIBE SR> 72 (Table 9),

Table 9. Scratch and rub-inducing effects of chlorogenic acid.

Vehicle (50% ethanol) 5% Chlorogenic acid
Scratch bouts/hour 11.0£5.2 10.8££2.4
Rub bouts/hour Not counted Not counted

2-3. B

7 v a7 A FEOSEFEEHICOWT

10%7 7 U T N U o L8ARD 90 577212 5% chlorogenic acid Z JRFT@RAA T 5 &, M
REEENIH Sz (23 - % 1 8. Chlorogenic acid (25 mg/kg) 1X&HMHKE (B O
BhH) X0 HRE A I VR EAT 5 ERESA TS (Trinh et al, 2010), 5%
Chlorogenic acid DA%, histamine O K NTFESHZ & 548 X EEFR L O E F s o & il
L 727> 72, 5% Chlorogenic acid DAL, O EMELZFHFE LR o7, TNHDZ &b,
5% chlorogenic acid D ¥A[ 3HT histamine /EH Z %417, WAREEZFHTRE Lo\ & R%
SN,

—7J7, 5% chlorogenic acid DAL, ZV UV BT M) DAL THHEINLIREN
53-kDa HDC L /L35 L OF histamine & A s O Z #H| L7z, F72, 1 uM chlorogenic acid (&
ZUV T N LI E o THRESND B PEEREND 53-kDa HDC L ~/L D HINZ )
il L7z, 24L&V, chlorogenic acid (377 F / %A NMA/EH LT, #ZF /%14 RO HDC
D7 vty 7 w5 Z LT histamine FEAEZ I L7 EARIB IS,

UEFEEODHE, 0V T N U LHBERMERZBEICKTF 5 chlorogenic acid A
O IRIE, FAZF BN D 53-kDa HDC ¥4I &, £ 4T & % histamine O PEL -+ WEREDOHE N
ZIHIT O IR EBZBND,
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H2E - ME

e Bp R fl = % X OBAR S L OV5% chlorogenic acid D@BARIE 7 7 U g U T AFK
FEOFEFMRE X BEZ IS L7,

5% Chlorogenic acid D¥EAIXT7 7 U BT U U7 AFFEFHMEO R ZN D 53-kDa HDC i &
B L OEEA D histamine &8 ORI 2 Bl L7,

5% Chlorogenic acid DB IZHLE A ¥ I AEHAB L ORIBIERIZED bivienroT-,

Chlorogenic acid 17 7 F /A MI/EH LT, U7V BT M) U AL THERSN
7ZHDC D7 nt v 7 2l Lz,

PLEX W, chlorogenic acid DAY, TV VU BT MU U AFHERMEO KN O 53-kDa HDC
FHL R L OEKZANO histamine 7 A = O MAIHIT 5 2 & THEAMGIDIREZFBE L2 LR
BIND, KD, T =F MR ETEERZ2 58T 20k 0= S AL 52 HDC 1EPE L
Z A3 D RIR Sy OBELE DFEHRD TEICHE MM DFER THH Z ENEZLND,
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HBIFE T=AUMAEENHRT U UARERT ) UL (SDS) ZXoTHEShLEBHED
FEH

F18 SDS FRBEXEE

B DREFVEZAMERF T 272 011E, RIEEZERIROZENEETH D, EDOICAE
HIERAPEEAIRE PO HNONTETWD, TF, VeldHl o B IRRREYE~D B0 AN E E
STWDH, (bhishz8E - IR5E LT D A —— 338 U<, OO 5 &R %
Ny FT AN B2 L D% (Nicander et al., 1996; Tupker et al., 1997), @ A~EFEIOERE,
OB T AR E ORI LD T REB Z foéb\BZFaﬁ@J‘?%f(‘i}’& HffLTW5a, Zhbix
FZJE~DREMEZ KT DITITEZE R Z L TH LN, WihE L TORGFLEER EZET S
DI EIZENRDLORRLT, WEgRsr (FmismAl) @Eﬂé\/ﬁ};@@i/}\ PSR GAVASY/R
HIRY, ZOTDICREEEIBEENEMLUTCLE BN H D, 2F 0, RIEHEME
DA & B OPEREHERF O IH 7 A3 72 S e i i 7e 720, ZAUEBLFEMICIEFICEE L W
WETH D, FORER, WL L TOWFHRELELEE I 250 < 0, S miEtER ol
BREOW T HDERTETWRVNDOLFEETH D,

AR, AEENEER THREIZ 2> TnD Z @< ZMREML Tnd 2 &, BrENElEsh
NS 2BESHEML TV D 2L Enb, LBlN O BICREIENTL7 7~
T a VEONESOMEERHEINL TS, T O(RPERIT— BRI T 5 2
BRD D, TOIZD, FIEORFFUREAITESLR R EOENORESLEREZT Tidzd, 2
DX MEIET D7 L P TR ER T OMLER DL L Bbivs, DFEV, KVEWE
RO BNDMZH D & BV R D,

51 EICBWT, T2 U EREEESIO T 7V T N U U ARNEL TR A TSR
L2 EEMBMNILIE, LvL, ZORISTE—BHEORIGTH Y, ZHET TIEEERICE
WCRIRE & 72 2 B Al (TR IS AE D BRI e fE A 2 00 IS5 5 2 & AV R
7V, BUERZ, F - ERAO X O 2SR OBEIEHE X, BB RS ORI,
FEAIER 2 BREZFR D 5 (Inoue et al., 2008) . ElT%L’EI"JKﬁﬁﬁﬁ‘55’?@%‘@%@%7‘9’9%%{%.
WD SEDH 2 EITREHARBICBWTEERZ L Th D2y, FimiE Al oMk LEEHIC
THTEOLINDIEE~DHEERDOA D= AL EHHETH L HLEETHD,

SETEEANT 1 0 FRICBAKE L BIMEZ BT 52 b REICR CAGL, T IF X%
VORTITHEG LSV (Imokawa et al., 1975; Scala et al., 1968) = & B EEWRT1EEAIT > T
HSERITIFE DI S VT R IR EEEAIAERE L CLE S, BFITRED Y — o F— 3 —
IZ& - “Ci)EJ: — R ETE AR SR SN D O CHEE~FELSIC LT3 2 L35k E
R, UL, VEAHRICBUE MR 2R BB IR D AN LTRIFAT 2 %217 9 & SR IREIC
FENTETY, Hp L TE720 35, 20X D i ECrid VR O MR RE T oAl 2
L7ZBRICIR U D EEARIT OV TAZE THRET L 72,
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T = A R FETEVEAI O W C b 8 ) 728 KR RINEYE 2 9 5 SDS 13 B IR T R RSO RE
WA %9 572 O ST D (Wigger-Alberti et al., 2000; Agner and Serup, 1990) , SDS
WEEHEAED B -7 7B LTS LHEIIS N D2, FEADIEEA T =X N TH 5
IZ7R>TWevy, 22T, SDS 2RMEBAT 5 Z & CRIGRDKEHIBATHREL, b
FESRIZFEWEE A B TEN DSBS S D DA LTz,
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1-1. EBRMEROERG &

1-1-1. EBRBEY

R LA 1-1-1 BROEE 2 i - 2-1-1 ITHEL T2,

1-1-2. fE/HFY

Sodium dodecyl sulfate (SDS, Table 10) (T 714 7 A7 L OIEA LT,

SDS [ZZEBE/K T 10% wiv DIREE L 2D X oML, T2 £ TIL4°CHhrFL TRV,
fif RIS R A 5T L T 235813 37°C OBHR TIRD TIEN L T BEH Lz, 10%
SDS1E, THRE LI~ 7 AWAIRSENIC 50 pL OFET 1 B 1 [FE#GK L T®RAf Lz, £77,
AR DV EI AT D72 o T2,

ZOMOMEHIEYILE 1 & - 5 1H - 1-12 18U T,

Table 10. Molecular formula, composition formula, molecular weight, CAS number, and

structural formula of sodium dodecyl sulfate

Sodium dodecyl sulfate

Molecular formula C,H,sNaO,S
Composition formula C,H,5;0S0OsNa
Molecular weight 288.38

CAS number 151-21-3

Structural formula

O O

\/
/\/\/W\/\/S\- +
) O Na

1-1-3.  77B)E

FEBroDR LS 3 ARTETIZ, v~V ZAOYAREHZNTE - BREL, FEBRY O IR
IZER N OEFEBRICHEMA Lz, 4 KEisiiz7 7 U8l — (1 X 13 x 9 x 35 cm)
IZ 1 PEF D AN, AR T CT07e< &b 30 bl EfREBREEICHIE L7ctk, ~ v 2ADTEh %
BT A AT T 60 R Lz, 10% SDS £7213 10%N-F v a A v av o hY oA
%, TOBRELE~ Y ZAWAIEEHIC 50 pL OHET 1 A 1 E#OE L TSR Lz, R idfm
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TEPERIKESIR £ 7218 vehicle (ZRBEK) BARI, &A1, 2, 3, 4 BEO R EIEMERIKEK £ 7-
I vehicle (ZEREE/K) BARATNZAT o7z, BT AT —7 DFAIZL Y 10% SDS & 721 vehicle (7%
K BTN KO O o EfEOITEIBIE 217 > 72 (Kuraishi et al., 1995), & T
AT R L O O RS, BRERICEAT &0 ) —HORZEEDOES A 1 FORE
TEEE L CHBICTHE R 2 (Tsyjii et al., 2008)

1-1-4.  fG)E k)4, TEWL, 2 H pH K& ONSZIERAELR DOIE

R EAUK TR O AT AT AT > 72,
*%%%%li% 1 % ° % 1 ﬁﬁ . 1_1_4 c:z/% L“/f:o

i
i

A Al

1-1-5. PR 17T

21X 10% SDS {Aik A 4 HEH (Day3) O 24 Bffiit%: (Day4) (ZEHELL 7=,
BEFETE 1E - FB 18 - 1-1-5 1L,

1-1-6.  FSSZDHE

JRERALRR RN L > TER L7 2 U &2 HE Yt L, 2 BHMEE (model BZ-8000;
Keyence) THIZE - #ki¥ (field size: 662.0 x 879.3 um) L7, #i Lo KB DO R KELZIE (A
BJE TIE) B EEE TIEE COER) 2RO, KB ORRKELIEDNELEZ EOREOR KL
JEE LT,
1-1-7. Histamine EDHE (EIA)

F1E - B3 - 3-1-31CHEL T,
1-1-8. HDC FEB] & DJE  (western blotting)
~ U ARED D DORPEY T NI D TR

H1E - FEI3IE 314 [THEL T,
K S5ug DH NI BEEKEI LT,

BEREFRE D ORIEY » 7NV EER D5
F1E - FEI3IHE - 3-1-4 WL T,
B 15ug DX N7 BEKEI LT,
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1-1-9. RNA #/1{ & RT-PCR

RNA ffift

~ 17 A % sodium pentobarbital (80 mg/kg, intraperitoneally) THEEL, BHft:, CMIEIEER R
ZFIH LT PBS T/ CHEN LM A%,  FUmmiE A SR O B 2 BB U 7o, BB L 72 B2
Ji% 60°C @ PBS (2 30 f ]I L 72#%, 4°C @ PBS 1 TH X & EZIZ455 1T 7= (Kolev et al., 2008) .,

FLHL L 7232 FZ1Z TRIzol Reagent (Invitrogen) % 200 uL Nz, +0HETFA X LTI
TRIzol Reagent % 300 uL (total volume 500 uL) A% vortex %, ZEIRIZ TS5 oA o F 2 X—
NL72, 0%, JHE L KEIZ0EES 572912 chloroform % 100 uL %, vortex %, =i
T3 oMA v FaX— bk Lz, @058 (12000 rpm [14170 x g], 15 min, 4°C) &, EEZH L
Wy R F 2 —TIZB L, ZO EIFIZ 250 uL @ isopropanol (FIYGH3E T3) ZIMZ =R T
1 FEfLL EA % = _X— | L7z, 20408 (12000 rpm, 10 min, 4°C) #%, L& % #5C 70% ethanol
% 300 uL 1% vortex L7z, im/OrEfE (12000 rpm, 10 min, 4°C) #%, _Ei&%#C 100% ethanol
% 300 uL 1% vortex L7z, /D0 EE (12000 rpm, 10 min, 4°C) #%, EiEZ#T37°C 1 %
2 _R— X —NT+47 )iz L7z, Diethyl pyrocarbonate (-4 7 A 7 A7) THLER L 7= B E K5 HL
/K (DEPC-d*H:0) % 50 uL JN X, XL > M &N L721%, Table 11 OFERKOEHK 2 50 uL Ji
2T

Table 11. RNA fiHiEE THW 2 K

LAY, A—T]— R BRI
10xDNase I buffer Takara, %84 10 uL 1 x
DNase I (5000 units) Thermo Fisher Scientific, f#it 1 uL 50 units
DEPC-d*H-.0O 39 uL
50 uL

Vortex %, B < 0L, 37°C T 1 KA > % =~X— k L7z, Phenol chloroform isoamyl alcohol

(T4 7 A7) %100 uL Mz 7=, 3=.0408F (12000 rpm, 10 min, room temperature) 7%, -
W QRO EroKE, Z2orkE, METKEEZREI) ZHLnzy X Fa—7
B LT, 2O REIC3IMERET MY U LKEKR (pHS5.2) Z 12 uL iR, <R 214
100% ethanol % 300 uL il 7=, Vortex #%, -80°C T 30 /M1 > F = _X— k L7z, @040 EfE (12000
rpm, 15 min, 4°C) £, E{&%# T, 70% ethanol % 300 pL Jl % 7=, =045 EfE (12000 rpm, 15 min,
4°C) %, LiG&¥T, 100% ethanol % 300 pL ANz 7=, =057 Ef (12000 rpm, 15 min, 4°C) %,
FIFEFT37°CA v F 2 _X—F —NTH4 R L7z, Z 212 DEPC-d*H-. 0 % 20 pL /il %, 55°C
TSR LT Ly &8 S 7%, NanoDrop (=/L + = A« =X, HH) T
RNA IR EE 2 HlE L7z,
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WA G RER S (RT)

WHRE O, total RNA £ 0.4 ng/uL F£ 7213 0.2 pg/ul 1272 % & 92 Table 12 (27T 5HAL
TR EER L, —~ ¥ A 7 F— (Takara) %\ T 70°C T 5 IS S8, £ D% 4°C
TamLc, ZO%HK (RNA-oligo dT solution) (Z Table 13 [Z/R T DTEK ZTAML, H—
<V A 7T —%& T 25°C TS5 43R, 37°C T 1K, 72°C T 15 2y RIDNE TG S/ 7=,

Table 12. RT reaction with oligo-dT primer

HELAK i
0.4 pg/ul 0.2 pg/ul
FRHX L 7= total RNA ¥R 2 uL 4 uL
Oligo dT¢ primer (50 pmol/uL) 1 uL 1 uL
DEPC-d*H-0O 2 uL 0 uL
SuL SuL
Table 13. RT reaction
HELRK A—T)— e A& IR L
5 x Reaction Buffer FYEAISE T3 4 uL 1 x
25 mM MgCl, FYEAISE T3 2.4 L 3mM
dNTP (2 mM each dNTP) ABI, USA 5uL 0.5 mM
RNase Inhibitor HERAR 0.5 uL 1 U/uL
ReverScript 1II ISR T3 0.5 pL
DEPC-d*H-0O 2.6 uL
15 ulL

RY AT —EHFRIE (PCR)

RT #E¥) % Table 14 (2R R DWEIRICIES L, Table 15 1278 L72 &M TRUS S 72, AW
7z primer OFELFIIE Table 16 |27~ L2, PCR FEEM %A 2% 7T T v — A7 V% VT, 100V TEX
UkB) L721%, ethidium bromide T 30 Z3% 4 L, 302 nm ® UV TR Loy RERT 1A

K7 4 )V T LTz, M L7273 Rid glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
THIE L7,
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Table 14. PCR Fia ¥R WARRR

RELA% A—T)— {3 AR i
RT product 1 pL
5 x Reaction Buffer SR T3 10 uL 1 x
25 mM MgCl, FEHFE T3 3.5uL 1.75 mM
dNTP (2 mM each dNTP) ABI, USA 5uL 0.5 mM
Primer-sense (50 pmol/puL) Invitrogen 1 pL 1 pmol/pL
Primer-antisense (50 pmol/puL) Invitrogen 1 uL 1 pmol/uL
Taq DNA polymearase Promega 0.5 pL
PH0 (BRERERA) 28 UL
50 L
Table 15. PCR G54
AT T PO EE PO RE ] ST P
Initial denaturation 94°C 5 min. 1 cycle
Denaturation 94°C 30 sec.
Annealing 60°C 30 sec. 35 cycles
Extension 72°C 30 sec.
Final extension 72°C 7 min. 1 cycle
Soak 4°C Indefinite 1 cycle
HDC, GAPDH & % [d]—4:fF
Table 16. Primer BC%|
Gene type ) Product
Sense (57-37) Antisense (5°-3")
(species) size (bp)
HDC
(mouse) AGCACAAGCTGTCGTCCTTT GTGGATCACGAAGACCCTGT 460 bps
GAPDH
(mouse) CCAAGGTCATCCATGACAAC TTACTCCTTGGAGGCCACGT 422 bps

1-1-10. FF-FHIBEPT

HlEEIE - 1-1-6 I2HELT
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1-2. EBRER

1-2-1. SDS EEEAMIZ X 2B EMER L ORERE pH ~DHE

F1ETIToA—0ORBRAE GE1E - 18- 1-1-3) Z2HWT, 10% SDS O Hi[aEAf
DEFRVEDOREEMELFR T D0MAT L, TOREE, 10% SDS O H[RIRAR TIER MO &
EEZHIE Lisoo 7= (Fig 23A),

10% SDS X847 2 RFff1% 12 vehicle (ZREIK) &4 & ol U CHE R ZEER M pH O EH %
FOTDY, TN 24 FEEHZAZITBATRT LU £ TR L7z (Fig. 23B),

A B

—-O—VH
—o—SDS

o o)
o =)
1 ]
o
o

o
(3]

<
o

Scratch bouts/hour
N FoY
o o
Skin surface pH

l_i//llllllllllllllll

0 | | 1

0 2 24 0 2 24
Hours after application Hours after application

o
o

Fig. 23. Effects of topical applications of sodium dodecyl sulfate (SDS) on scratching and pH of
the skin surface in ICR mice.

10% SDS or vehicle (VH, distilled water) was applied topically to the rostral part of the back in a
volume of 50 puL. (A) 10% SDS-induced scratching. Scratching bouts were counted for 1 hour before,
and 2 and 24 hours after treatment. (B) Effects of 10% SDS on pH of the skin surface. Values
represent the mean + SEM for eight animals. *P <0.05 vs. VH (Dunnett's test)
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1-2-2. SDS XEBAMIZ X 2B EME, RER, RELBOFER, FERE pH EL

SDS Id b MCEMI R ER SO SRR A HHE T H 2 EM L6 TE Y (Wigger-Alberti et al.,
2000; Agner and Serup, 1990), SDS A ZFLRE 7 7 /TG LTV LIS D,
LU, SDSICE o THRAETAELD A= ALIZOWTIIARATH D, £ T, TOME -
B2 L72 ICR ~ 7 A OWMAISEL R RS 12 10% SDS (pH 6.5) % 1 H 1 [HlfK UAh L& & #hfE
I EE TR L, HBSIIRE LTI0%N-7 Ve A L vay ) U v (pHT.7)
R,

10% SDS A 1 H 1 [al#fuk L C@BA$ 5 &, KBAAT (B0 22-24 FEfE%) O ZBEEREEL
WA DD &b 4 BB RIZHIIN L7 (Fig. 24), RERA 27T, RFEHE, 1
JESU T OSEOEAE NSRBI KL, BERE pH bR HANCT V0 U ERICEAT LT,
IIND 4 DDRT A —F—PNEAGHEA 2 A% 5 vehicle (EEK) B LB L THE L /2
STDIZX LT, BEEERBOBINIBAABOBANOHE L o7 (Fig. 25, —7,

10%N-F 7 aA Yt vas N ULIINGD/INT A—F —|ZBE2 RFS ot

(Figs. 24 and 25) ,

-O—VH
= 200 -
3 | -e—sDs o
S 150 1 —o—NL
5 : %%
S 100 - *ok
% b *
E 50 -
O
» (]

0 1 2 3 4

Days after application

Fig. 24. SDS-induced scratching in ICR mice.
10% SDS, 10% N-lauroylsarcosine sodium salt (NL) or vehicle (VH, distilled water) was applied
topically to the skin once daily and bouts of scratching were counted for 1 hour. Values represent the

mean + SEM of six to eight animals. *, **P <0.05, 0.01, respectively, vs. VH (Dunnett's test).
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Fig. 25. Development of dermatitis and dry
skin and neutralization of the skin surface in
ICR mice by repeated application of SDS or
N-lauroylsarcosine sodium salt (NL).

10% SDS, 10% NL, and vehicle (VH, distilled
water) were applied topically to the rostral part
of the back in a volume of 50 pL once daily.
Then scoring was performed daily until Day 4.
The effects of surfactants on skin severity score
and clinical features (A), SC hydration (B),
TEWL (C) and skin surface pH (D). Values
represent the mean £ SEM of eight animals. *,
**P <0.05, 0.01, respectively, vs. VH (Dunnett's
test).



1-2-3. SDS KEBAMIZ X » THER I N DB X EEITRIT B naloxone I X U terfenadine D
&

10% SDS Z 1 H 1 [Alf§uk LEAT L, A6 4 [ H (Day 3) @ 24 KR ICBIR SN L& H)
TEIZIET p A A A RZRREDE naloxone 38 KXY Hy & 2R Z I V2 AR E terfenadine
DFEE % it L7z, Naloxone 35 X U terfenadine |3 SDS KA IC &L - T3 S H i X EhE
% vehicle & 5- &t U CHEIZHHE L= (Fig. 26),

A B

% 200 - % 120 - .
100 -
3 150 1 1 3 go -
5 5
8 100 - S 60 - *
£ " £ 40 - I
L 50 - - L L -1 _F=3-.
© R I IR (0 © 20 -
O O
O 0 w 0
VH NAL VH TRF

Fig. 26. The effects of naloxone (NAL) and terfenadine (TRF) on SDS-induced scratching
behavior.

10% SDS was applied topically to the skin in ICR mice. SDS treatments were repeated once daily for
4 days. (A) NAL (1 mg/kg) or vehicle (VH, saline) was administered subcutaneously 15 min before
the start of behavioral observations. (B) TRF (30 mg/kg) or vehicle (VH, tap water containing 0.5 %
sodium carboxymethyl cellulose) was administered orally 30 min before the start of behavioral
observations. A broken line denotes the number of scratching bouts in the water-treated group. Values

represent the mean + SEM of seven to eight animals. *P < 0.05 vs. VH (Student’s #-test).
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1-2-4. SDS KEBAIZ L » THER I N IR I EHERARFITHBIT 2 B2

10% SDS Z 1 H 1 [BI#K LA L, @A 4 [EIH (Day 3) O 24 FEEIZIZ R O 5 BEAEGL
MEta s 2 otc, MR L&A (SR 2 O1R/) % HE 2L, SUPBiiss cslss -
% (field size: 662.0 x 879.3 um) L7z, 7% AIEAT 8-14 K DET ¥ X VB DK
FKRENSEHEEZRHE L, ZOVHEEZOROFEE L L (Figs. 27A and 27B), 10%
SDS D FEAGIE, vehilee GEEAK) DORAREM & I L THRICREEZ ML, TB 4
BN B EIENO~ A Ml z BEt Lz, ZOREE, 10% SDS O KE®AIL, BRNO~
A MR B A RIE S 72 o T2 (Fig. 270),

VH (Day 4)

A VH (Day 4) | 1 JI

§1oo- Hee w 50 -

@ 80 - 85 40 { =
0 ] 2% ., ]

£ 60 - S 2 30 -

Q . « £ b

£ 40 - O £ 20 -

= 1 —= S B -

E 20 - 832 10 -

O b s L -

-‘g_ 0 Z 0

w VH SDS VH SDS

Fig. 27. The change in epidermal thickness and the number of mast cells of the SDS-treated skin.
The skin was treated with vehicle (VH, distilled water) or 10% SDS for 4 days. (A) Hematoxylin and
eosin staining (left panels) and toluidine blue staining (right panels) of the skin to which VH or SDS
had been topically applied. Scale bar = 100 pum. (B) Epidermal thickness was measured in
hematoxylin and eosin-stained sections. (C) Number of mast cells in the skin. Values represent the
mean + SEM of four animals. **P < 0.01 vs. VH (Student’s ¢-test).
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1-2-5. <X MfRKE~ T XIZBIT 5 SDS RIEBAICL > THERINAIBEEME

TORE - BIEL TRV~ A MilaKIE~ 7 2 (WBB6FI-W/W' ~ U A) ¥ L ONE ORER
g F~ D 2 (WBB6F1-+/+~ 7 ) OWMAITEEEE~10% SDS % 1 H 1 FElI#K L&A L,
BEEELI SR T PHRET L, ZORER, 2 MillaxE~ U 23 XL OZ O FIET
~ U AT E IR AR EEMEREONE R Lz, £, Wi~ v 2O BiEREKIXF
RETH-7= (Fig. 28),

—0—MC (-)
—o— MC (+)

-_— -
N B
o o
L J

-

N B O OO

(= — I = I = I =
']
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0 1 2 3 4
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o

Fig. 28. The effects of mast cell (MC) deficiency on SDS-induced scratching behavior.

MC-deficient mice (WBB6F1-W/W", open columns) and their normal littermates (WBB6F1-+/+,
closed columns) received once daily application of 10% SDS to the skin for 4 days. Time-dependent
change in scratching after repeated SDS treatment to the skin. Values represent the mean + SEM of six

to seven animals.
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1-2-6. SDS XEBMIZLDIEENO L X ¥ I VEFEDOEN

10%SDS # 1 A 1 [k LML, @A 4EH (Day3) @ 24 FFEj%EOICR vV X, X
NI~ T A3 L O O R~ U A DR NI L OE RN O histamine 5 A & %
E LT, TOREE, 10% SDS KEEAMIZ L > TWTND~ 7 AZEW T HEEZNO histamine
G BT vehicle GREA/K) OREEAT &l U CHEIZEM L7=2Y (Figs. 29A and 29B), &
N @ histamine & A #IZZE GILZR D > 7= (Figs. 29C and 29D),

A B
20 * 0.4 -
- — ]- - — - **
c o c o
2215 £ 3 03 1 T
o< 8% 7
2210 22 02 1 *%
s 2 52, :
7 ?g, 0.5 %S 01
TE TE
00 1— 0.0 L—— 1
VH  sDs VH SDS VH SDS
MC (-) MC (+)
C D
400 120 -
£ 5 350 I 2% 100 1
52 20 I 5310 .
S & 250 g £ 807 =
2 8 200 2% 60 -
E 2 150 ED2 4 ]
% 5 100 25 :
T £ 5 TE 20 A
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VH  SDS VH SDS VH SDS
MC (-) MC (+)

Fig. 29. The change in histamine production in the epidermis and in the dermis of the
SDS-treated skin.

10% SDS was applied topically to the skin in ICR mice, mast cell (MC)-deficient mice
(WBBG6F1-W/W") and their normal littermates (WBB6F1-+/+). 10% SDS, or vehicle (VH, distilled
water) treatments were repeated once daily for 4 days. The histamine content in the epidermis (A and
C) and in the dermis (B and D) was measured by enzyme immunoassay and was normalized by weight
of tissues. Values present as the mean = SEM of four animals. *, ** P<0.05, 0.01, respectively, vs. VH

(Student’s #-test).
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1-2-7. SDS KEBMIZ L DFERKEND HDC BHEHEOELL

10%SDS Z# 1 H 1 [k LB L, B4 EH (Day3) O 24 FEffj#& D ICR v 7 ADFKJK
WO HDC B EAZ MR LT-., FORE, 10% SDS OKIEEA L vehicle (ZXEK) DOXIESR
i & bb#g U C 53-kDa HDC F&HL T 10.5 55800 L, 74-kDa HDC Z Bl 813 3.6 58800 L 7= (Fig.
30),

A
VH SDS
74-kDa HDC —
53-kDa HDC = e I I I
B-actin = aus a=s e e
B 12 : *%
2> 10 A
N T i
§2 o
C - o
= 9 ° ] *k
o® 4 1 T
e 7
7] 2 -
0 11— 1
VH SDS VH SDS
74-kDa 53-kDa

Fig. 30. Effects of cutaneous repeated treatment of SDS on the expression of L-histidine
decarboxyrase (HDC) in the epidermis.

ICR mice received once daily application of 10% SDS or vehicle (VH, distilled water) to the skin for 4
days. (A) The scanned images of western blotts for HDCs (53 and 74-kDa) and B-actin in the
epidermis. (B) Quantitative analysis of western blotts for HDC in the epidermis. The density of
immunoreactive bands associated with HDCs (53 and 74-kDa) was analyzed using Scion Image.

Values present as the mean £ SEM of four animals of ratio to vehicle. **P < 0.01 vs. VH (Dunnett's
test).
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1-2-8.  SDS XEBAAIZ L 5FREZND HDC mRNA HEHREDOE(L

10% SDS OYEAfwG, BHth 1 B, 2 B#, 3 BB L4 HEZIZICR ~ 7 A DR &2 HH
L, #EZNO HDC mRNA BB EA M L7z, £ OfEF, HDC mRNA FBL &S 10% SDS O
PAAG 2 A2 5 vehicle (ZEREK) BAEHERL THE LRV DR & FERE T H ETIX
FREe s L <= (Fig. 31),

A
Day 0 1 2 3 4
Treatment N VH SDS VH SDS VH SDS VH SDS
GAPDH E e
B
31 ovH #
[2)
T —~ 2.5 1 B SDS *
> I
9N 2 - 4 #
< *
=z < *
m Q 1.5 b
EZ 4.
QT
T 0.5 4 |_Li
0 s |
0 1 2 3 4

Days after application

Fig. 31. The time-course change in L-histidine decarboxyrase (HDC) mRNA expression in the
epidermis of the SDS-treated skin.

ICR mice received once daily application of 10% SDS or vehicle (VH, distilled water) to the skin for 4
days. In addition to the prior to the application (Day 0), total RNA from the epidermis was extracted
24 hours after SDS or vehicle application each day. (A) The typical examples of the bands of RT-PCR
for the expression of HDC and GAPDH mRNAs in the epidermis. (B) Quantitative analysis of the
bands of RT-PCR for HDC mRNA in the epidermis. The expression level was normalized to the level
of GAPDH mRNA. Open and closed column show vehicle- and SDS-treated group, respectively.
Values present as the mean £ SEM of three to five animals. *P< 0.05 vs. Day 0 (Dunnett's test), #P<
0.05 vs. VH on each day (Student’s ¢-test).
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1-3. E&

SDS DORREHEE %2 10% w/v (2 L 7=

SDS (T & % G20l R DB FAEM L, SDS D RBIFMC R B KN TH D
(Agner and Serup, 1990), Hos: HR-1 ~7 L A~ A2 10% SDS % 1 H 1 [RI#uR LA 5
g, FRERLIR, RGN THEREOMIENE R SN D (Babaetal, 2010), £7-, # 1%
TR LT =4 MR ETEEAIE & OFELFREBOR 7V —=0 7R BRICHWTRE S
10% ThH o722 &5, SDS KK DOMRFHRE Z 10% wiv L3 E LTz,

10% SDS O B [RI¥AT ASFE A B TEN 2 5538 L 22D o TR IOV T

10% SDS (pH 6.5) BLO10%N-7 v A Y )vas - v va (pHT7, H13FE) OHF
[ L BN DA B TEN 2RO o 1228, 10%7 7 U U Y 74 (pH 10.1) OH
[EBAT TR OFEA B TEI A RO G 1 8), 2D 10%7 v ) Ui M U ALK > TiE
SN FEABREATEN ISR EIETEER & KSR DO 7 T VD 2 DOMWERBEE LT b
R END (1), 2LV 10% SDS @ pH 28T Tl 5 Z & 56 &R ME D5
W7 = MR ETEYERI T o 7o & LT b REFE R~ B[R AR ClI BB A % 555 2
WX 0ET, REREME S FEAFEERLT L —H Lot Ly, Bme
e (2000) 1 X7 H U PERETEVERIKIER (pH 9) O THEEEOMIEIER A, 95lsME
RETEVERIKIRE (pH 5) X0 b3 EE2RL TS, 2F 0, REENEAZRERER
EREGE, TAD VO NAIE Y THEREOMEE AL L, FmEiE IR R R IR A e
EELEREMENEZOND, ERRTHIRAZ, 1 2T S FEEHO 7 =4 R miEER (8
TMEEDN RSB 12 DEGEE) DOFEAFBREL T L722% (Table 6), O TRMEOEAR
HATENZFER LI 7 v ) VT U UL (10%EEA pH10.1) DA Th o7z, FED D 4
FED 10%IEE D pH 73 7.1-8.1 Th o722 Enb b, 10% SDS (pH6.5) D H[BIEEA A ANEDFE
HBEATEN 2 P Lo o B & U CTRmEERDKEEIR O pH 235 LT\ 2 & 25 <
TR 5,

10% SDS D KA BATNZ K > Tl S D FEA B THE) & S mm 5 41 o0 B i

10% SDS O AE AT 134% A WICFEA B TEN 2 M58 L7225, 10%N-7 v e A Lt ras s
T U U LDOKEBEAAIISEABIEITEN 2555 L 72 o 72, 10% SDS ORIESAR LR IER, K
&R L OV SR THEREDHREE AL L7228 10%N-F v A Y as ) b oADK
BT ZNOITEELE RESRhoTz, 2L KEBAOSAE, FEREM DM
FEAFH I L TV D ATREMED B 2 415D, Miyamoto H (2002) 1L TOXIE - [REL TH
W2 ICR v ¥ A DOWIAIRS R EIZ 1% SDS % BiAFHIZIE 5 41T 60 B I~ 2 ALE % 1 H 2
Bl (AT 9 e & F% 5 F) MR L 5 HEfT o 72230E 5 A B O X EERIZIIHEI L 7220 »
To L HE LT D, 1% SDS ORI L 0 G/ U 7 HERE DIE-C R B LI TR S D
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Z LB R JERIE IR <41 (Miyamoto et al., 2002), FZJE /N U THEREOAREEREE 1%, 6
TFENEIR D 120 — MRl TE 7208, 1% SDS O A 5 B #% O TEWL 23589 20 g/m” per
hour (Miyamoto et al., 2002) (2% L 10% SDS DR {8 A7 4 H 412 TEWL 2% 19.3 g/m” per hour
& 7o 7= (Fig. 25C), [RIFEFED TEWL & 722 & CTIZHE L7223 10% SDS O N3 Z &>
5, 10% SDS DG THEREDREER N L Vi EE 2 b b, FJE/ Y THERE DR
MFEFEE TS 1% SDS Ok LM T i%%@ﬁfﬁ@iﬁ?ﬁﬁ%ﬂﬂ L7z o 7z (Miyamoto et al.,
2002) Z &b, SDS ORENEZEEOTHEHICEAL L TWD LRI D,

10% SDS O AEEATIC K - TEh % SN D FELBEATEI~D~ A bl D] 5

10% SDS DOFAEEATIC L > THIE SN DHEAEEITENL Hy & A Z I 25 AR
il SA7eh, ~ A MR TIRIH S oo, AR CII TEBIZEZ 10% SDS B
22-24 WR#ICFER L7, SmiEEANIT~ A MO MO/ E DO ZMEZ {2 L histamine
s~ &5 (Prottey and Ferguson, 1976), ~ A Mlid D BiHERIIZ & % histamine D
O I ZHERIN @ histamine 23S AUIT U S e <725 2 &2 B FHEAIIC < 2 N RIa 23
histamine % ftH UElT 5 & 135 2 #vy, 2L D, 10% SDS OREBAAIZ L > THEHIND
BEEEICY X MIRIZD e 6T 5 LT b EHERIS A, RIFRET A4 THREFL
IR EEE (10% SDS %A 22-24 HEfH % O EIE) IR TR~ D &~ A AR R
23D histamine (K722 FE A BIHATEN 2 B2 L7 & b b, £ LT, ZORKITFEARDOIRE
72T T < FEH DHIROPEA DMEFHIC EHE 2B 2 BRI LT\ D LRSI D,

10% SDS D AFEANIC K - THH SN D FEHBEITEI~DREND histamine & FKEZND
HDC D5

10% SDS DA BARIZ L » TIHERE SN DX ITENE~ A Ml FIEEKAFH9 2> histamine (K17
7R R DB N TN D Z & & R L, 10% SDS O A8 A7 /33 F2 N @ histamine & A 2 2 HE 00
X, 74-kDa 3 KUY 53-kDa HDC 5l &% vehicle (Z&HE/K) BE L bl L CTENEN 3.6 1%,
10.5 2N EE7=, 5%, 53-kDa HDC O¥MENFH N EnHHDC D7ty F
MWILELTWDH EE X BILD, 10% SDS OAEEBAMITZE LN O HDC mRNA FHL& NS
7z, Z® HDC mRNA FEELEON 2758 UM 23345 % OFETE DS, 10% SDS @
FAEBANZ K D BYEDFEERIEAED A T = X LT, FKEZNO HDC mRNA O E ZAUHES
74-kDa HDC I o#ihl, X512 HDC O at v v v 7 OTiElz L v ARk L7 53-kDa HDC
REOWMMNREE L TCWnWb EEbhsd, FORHE, histamine OFEAENEEML, WHEES 7z
histamine 73 (2 10% SDS O K EEARIZ L - TiHIE SN DIEMEDFEAICEG 35 Z L BA/RIE S
b,

Z DR histamine & A BEOHNIICREPENE LG L TCnd EEbivd, ZHILETICE
RN X2 R3br T F 7 %A SOBFHNRE 2 Hiv, 77 F ) A NOFAKROEEME T
T, KL 7 F YA NIk ZF 74 F LV H HDC mRNA FEELEN L TV
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% (Fitzsimons et al., 2001) Z & 3 E STV D, 10% SDS O KE AT L Y KL OHNLE
# [mgl] H72 1 O histamine & A EAEEM L T 7= (Figs. 29A and 29C), ->F ¥ histamine £
ANTLEL TR ZEIVERBD LTS Z LD REFITIFET 2 histamine & H =1 %
WIZENEHETE D,

10% SDS DA AN K 2 KN DB-actin FEHLEIZE LUWBADIZ OV T

AWFFEIZ I T 10% SDS D A EBATIZ L > TEREZNDB-actin FEHLEIZ3E LW B X
AU72, Human papillomavirus % k7> A7 =7 a > L, fHL LIz N T7F /A MIE
WTHFEBROBISE DR ST D (Yueetal, 2011), 2Dt MNRFE(LST ZF /A b O
HABIIX, casein kinase 2-MEK—extracellura signal-regulated kinase—Rho pathway Z/ L7-7 7 &
VR ARERHE ORI L o TR Z b T D (Yueetal, 2011), Z DFREEDS 10% SDS (2
F o THR SN HMIIRIEIHIZE G- L T a0 h LivZevy, B-actin [T EASIZED L # N
7 ThY, ZLOFERCTHEMEaY Fr—L e LTHWHATWD, LAL, 10% SDS DX
BEBEMAZBWTUIARMEa Y hr—ArE LTHWS Z ETE L Thiane Bbniz, 207k
¥, 74-kDa & 53-kDa HDC DOFEHEIIZN LD ROEEEIZ L > TRHMEiL7Z, 2D
B-actin FELEDE LWV BB OFEMIIARTEN, D & biifa~DOF A —=IURRENT
EIIHERIT X D,

10% SDS DA BATIZ K > T S DFEABIEITEI~D R pH O 7 Vv F1 VLD 5

10% SDS D SAEEATIZ £ » TR GROR GRS FHR ST, RSO EFHERIC L - T
G g O IEN R S AL, T OREE, KRERE pH MR RO 5EEME (Jolly et al., 1961)
DOFYEMEE TBITLIZEE 2D, H1ETI10%T VU VT R T LAOHERBIERAIC
Lo THR SN DEABHENEILZT VY VBT N U U AOFEIEEMER & 70 ) O E
HDFERIAEICEGTH LR LTS, 2FED, U0 ) N U LAOERMABIERPFES
ERELSDIHNRE 20 EL 2 L2 RH LA, 10% SDS O E®AIL, SDS O HRmiEEIE
IS RO R &£ pH OFFFIA NI D 2 & THRAZFERLIZEEZDND,
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F2H  SDS KIEEAT DR NHREMRME DA~ DR

10% SDS D KAEEBARIZ L - THEIH I N T EEICKEL 7 7 F 7 A4 SN TO histamine 7
ANBEELTWDZEZHALMNI Lz, 7 hE—MR SR, WRIE, ol BRE, )
S WFMEIFIE S 72 & OPT histamine JEIRHUMED BRI TIX, MREMRIRHEORELNEREA, NV
T HEREDIRTIC X 0 AR L Tl BEIR BB IC 2 o TV D, D FE Y, FEAREBER D
RKIDVEA SV ZARAETRLT W IEBURRBICH 5 & X bivd, T IORNT = 1%
S TEMEA] SDS O SAE#E I e M RLEMIT IS TGRSR G &35 % T % (Effendy and
Maibach, 1995; Agner and Serup, 1990; Moon et al., 2001), F£7=, ABFIEH D 10% SDS DK E %
ADMBYEDFER 2 HHT D Z L boyinoTz, SDS FAF GRS SDS ¥ KMo L &
HICEEEERID L o TNDH Z e h, HHAMEDOFEA % B3 25 K EREE & [FARREN
SNFEARRARAE DB AE L TV DD TR AW EHERITE 5,

RN~ OIREHRHE D 1R ANIEFR N ORI R IR - & SR IR - DR T o AT K> Tl
SN TERY, MRS IR IR DB & 72> TV D T2 DR EN O EILIZ
LA EBIE I L7V (Jarvikallio et al., 2003), L2> L, FRGERIZREER % & U 2§ BALEE T

NE—MEEEREE CIIMRMER 08B E 720, RENSEREARPMMRAL TWND
(Jarvikallio et al., 2003) , #FRARMED K NIRARA B =X LD—2L LTH TF /%A FDFE

£ % nerve growth factor (NGF) O3B 5- L (Horiuchi et al., 2005; Tominaga et al., 2007),

N OAFEBCR K F T d % semaphorin3A FEELOJED 3B 5- L TV % (Tominaga et al., 2008)

% 2T, ARHiTIE SDS ORKEEART L o TIHEAMRBMEDO R LR ANFEE TN D H
DRt L, AR RICBE D 2R R K1 Th oD NGF &R IFER 1 TH 5 semaphorin3A
(2N TR R P g s 2 O TR L7z,
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2-1.

2-1-1.

Gl

il

KBABL R OEBRTT 15

CHE - 1-1-1 ICHED T,

2-1-2.  [EHEY

HIEHIE - -2 ITHEL T,

2-1-3.  SBFEMREFHI R T

~ 17 A % sodium pentobarbital (80 mg/kg, intraperitoneally) THEEL, BHft:, CMIEIEER R
ZFH LT PBS CTH4Z#EbE L, Mt 4% paraformaldehyde CHHEENE LALAR D RIE E 21T >
7oo D%, SmEiEVEAE AL 2 BB L, 4% paraformaldehyde (2 4°C T 12 WRffi] (51K 4
P DL ) IRIEEE AT o 72, £ D%, HRERHIZ T Kbl & D MfkEE % b <7212l
A, 30%A7 m—A%ETPBSICIRL 4°C T2 AMMEL, A/ n—AEHETo7,
DR &% OTC-1 /37 K (Tissue Tek®, V7 7 kEtk, #UR) 12alHifg, -80°C I THfEL,
7 A A% >k (model CM1850; Leica, NuBloch, Germany) (Z CR&HI T (W17 E 40 um) %
ER L7z,

BPUAB L OFREE (FHREK), KoRE, KIGSIEE % Table 17-19 12/ L7=,

Table 17. Nerve growth factor (NGF) D% ARG EIZER L -Hiik & RO geft:

pork ?‘tfltﬁ?ﬁﬁi B }ifi
(FB=R) 7 T
1 ¥k | Rabbit polyclonal anti-NGF antibody (Cat# | Can Get Signal A ST e
Pii& | AB1526, Millipore, Billerica, MA, USA) (1/100; Toyobo)
2 | Alexa Fluor® 488 donkey anti-rabbit IgG | Can Get Signal A - =
PUA | antibody (Cat# A21206, Invitrogen) (1/1000)
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Table 18. Semaphorin3A DS E ARG E IR L7k & RS

EER NS B B
ik o .
(A=) IREfH B
Goat polyclonal anti-semaphorin3A antibod
1K Powy P Y Can Get Signal B
[Cat#  (N-15) sc-1148, Santa Cruz 24-48 h 4°C
AL (1/100; Toyobo)

Biotechnology, Santa Cruz, CA, USA]
2% | Alexa Fluor® 488 donkey anti-goat IgG | Can Get Signal B
PUfAR | antibody (Cat# A11055, Invitrogen) (1/1000)

2h E=¢7)

Table 19. Protein gene product 9.5 (PGP9.5) DO4a &8 ARGz U -bilk & BS54

e fﬁ%ﬁ B gm

(FR=K) IRF il TR

1 ¥k | Rabbit polyclonal anti-PGP9.5 antibody (Cat# | 1.5% FBS % & ¢ o 4oC
P& | RA95101, Ultraclone, Isle of Wight, UK) PBS-T (1/1000)

2% | Alexa Fluor® 488 donkey anti-rabbit IgG | 1.5% FBS Z&¢e oh -
Pufk | antibody (Cat# A21206) PBS-T (1/1000)

1 RPURSOEFE I L2 IRHUASE %1213 TBS THEE (10 min x 3) #4T7-o72, 2 IREUAK
JOtE DVEFEAERE TS, BB Z AT A FHZ AT, 2T 4 N0 T AZEEL
722 & HHEiRtE, BAHRIEZT T LAAN—HZ ATHEY, BT 5ETERLRNRD 4°C TK
PR BT LR T — P a R U7z, ER L —PEERBEMEE (model TCS-SP5; Leica
Microsystems, Wetzler, Germany) C#l%2 - #kiZ (field size: 662.0 x 879.3 um) L 7=,

FHUR (PGP9.5, NGF, semaphorin3A) (Zxt3 2 G % vehicle ZLiEREFS LT 10% SDS
WUEREZ NN 2 T SIER L7z, &8I0 B IEVEXIZ 4-8 {8 (magnification: x20) % k5
L7z, Image J software (NIH, Bethesda, MD, USA) % T, TE&EMEEIENT 21T -7,

2-1-4.  FAFHIBEDT

H1EFIHE - 1-1-6 [THEL -,

88



2-2. EBER
2-2-1.  FRFZ NHEERRHE O HI & 2 xFd- 5 SDS OZhE

10%SDS # 1 A 1 [HifR LML, BAi4EH (Day3) @ 24 FF#E%IZ ICR ~ 7 2AOYl
B JE A2 B L 7o, BREL L 72 J2J8 O K2 & U [ % pan-axonal marker PGP9.5 (Thompson et al.,
1983), NGF & semaphorin3A (%19 % % % OHUR THRIEMEGE LTz,

10%® SDS DAEEA X vehicle (ZEE/K) OREEAN & bl L TREN O EK 1
NGF 2EEZFITHIN L, R FE A F semaphorin3A 2N (2D L, FEN D PGPY.5 [hAd
PARHE DB B ITEIM L 7= (Fig. 32),

NGF #HLL, FHICHEEREIY b LEofA#E, hfE cmFEshi,
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PGP9.5 NGF Semaphorin3A

PGP9.5 NGF Semaphorin3A
6 - * 5 4 * 1.2 1
] T ] 1 1
2o 57 4 - I 107
ZE= ]
55 4 5 | 0.8 -
8% 0o . ] 1
Sa< 3 1 0.6 -
c S 1 2 - 1
S8 2 - ] 0.4 A
= T I T
£ 4= L 0.2 | iy
0 0 0.0 [ 1
VH  SDS VH  sDS VH SDS

Fig. 32. Immunoreactivity for PGP9.5, NGF and semaphorin3A in the SDS-treated skin.

ICR mice received once daily application of 10% SDS or vehicle (VH, distilled water) to the skin for 4
days. Skin sections were immunostained with anti-PGP9.5, anti-NGF and anti-semaphorin3A
antibodies. (A) Typical images of immunohistochemical staining of PGP9.5, NGF and semaphorin3A
in the skin (scale bar = 100 um). Insects depict higher magnification of the image delineated by the
rectangles (scale bar = 20 um). (B) Quantitative analysis of immunoreactivites in the epidermis.
Values present as the mean £ SEM (n = 3 or 4) of ratio to VH. *, **P < (.05, 0.01, respectively, vs.
VH (Student’t ¢-test).
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2-3. B

10% SDS D A EBATIZ & > TE#HEFE S NI RN~ DR R IOV T

T N —VERR SR Ty EOEEEMRREE AL U D 1B M RIEVERR S A (Stander and Steinhoff,
2002) DF L NIZITFNRARREARAE DR ADTED A, K8 OB % & T % (Lonne-Rahm
et al., 2004), FRRBRHEDORLZNIRAA I =X LD—>2E LT, MRMERK T &Mk IERE 1
DEIINT o ZADHiEINH %5 (Ikoma et al., 2006; Tominaga et al., 2008) , FHFSHHED I 2 NI=
NG DR TR T A & Aoy LTI, MR EREE & LT NGF, amphiregulin,
gelatinase, artemin, fH#ESCFEK 1~ & L T semaphorin3A (Negi et al., 2012), anosmin-1 (Tengara
etal,2010) 72 ERLHNTWD,

TR 2 Ji D2 2 N TIPSO IR T MBAL & 72> T D 728D, REWN~OMREREDR A
ZIHILTWD, ZORER, MRBHEDRRITRELEEBGLEIZE EEoTWDA, 7Y
—PERJER 72 & DR TR R R 7-2MEAL & 72> T 5 728 (Raychaudhuri et al., 1998;
Kinkelin et al., 2000), f#&ERHEN R ZN~M2 AT 5 (Urashima and Mihara, 1998; Steinhoff et al.,
2003; Dou et al., 2006), IR A L7 #ig#EIZ CGRP X° substance P 72 & DO#iE~7"F
KZFHL L CH Y (Naukkarinen et al., 1989; Chan et al., 1997), 727> & T HRPL~D SAENTT
HELTWDEBRX BN, FERRIBICH T2 OMMES L LTS LIS D,

10% SDS O AR AL, REWN D NGF OFEELZHEAN L, semaphorin3A DI L&A LT,
PR R A T & MR 1 DX T U ADRHANTZRE SR, REWN~OMRRBHENEA LT &
5, Histamine FIFHIZ LV & KT T F / FA MZEWT NGF AN TTHET 2 (Kanda
and Watanabe, 2003), % 7=, histamine FJIC LV~ AHEKFr Z7F 2 A4 MTEBIT T
semaphorin3A FEHLZ ] 9°5 (Ohsawa and Hirasawa, 2012) Z 7205, 10% SDS O 1H & A
(2 & o THIIN L 72 K N O histamine 3K EZN~ORMRICEE L TWD Lovh Lty

FLDHDHE, 10% SDS O RE AR IZAMBRNFN kI3 2 SOGMENTTHE U 7= Uk 5 J& DI Ak %
L, ZOWRENE T T F /A KO histamine |Z L D FEAZ R L7 EHEI S5,

NGF & REAEIZDWNT

NGF (377 F 7 %A hOHIEIZE L > T D8, ~ 7 AZBWTUIEFRYICL > T
OYEM3 72 % (Paus etal., 1994), ~ 7 A D P2 OMAREE#E 2V T, NGF FIIZ L - TH
Ber ZF ) YA N O¥EFEDS, ~T YA 7 ADMRIEWI OB E TR S L DITR L, BRSO
R CIXER 7 7F /A S OBFEZE L, Z O] 23 NGF O H Pk CHLE &5 (Paus
et al., 1994), AWFIETIL~ 7 ZADNT P A 7 LHBMKRIEHIINE - BT LRBRICHW TS T2
D NGF [ZXAREIEENBIE IO L7, NGF EEIZIETZr 7T /A b~D
histamine FE 23R 595 7% (Kanda and Watanabe, 2003), ASHFFEIZ BV TEIER ST FEN O
histamine FE/E DRI & KN D NGF BRI EOHIN & OBURMEII A TH Y, 5% OMETH
Do
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H2E - ME

10% SDS O B[S A X PE A B TEN 2355 LR v o 72, 24XV 10% SDS O HL[E¥: AR 1%
EBEN A 2 R AT DRI 72 0 1572 1=,

10% SDS K BARIT G, FISHRE L ORE N THEEEDRREZ#H5 LT,

10% SDS KIEEBAIZ L > TiE S 738 Z #11EI naloxone 35 X U terfenadine CTHIH| S 4L
72703, < A MR TIIH S o 7,

10% SDS 18 AR 1332 F2 N @ histamine &8 &% 1 S, 74-kDa 33 1L OV 53-kDa HDC ¥
WEAZBEINE ST,

10% SDS 8 EBA 1T N O HDC mRNA JEH & 2N SH7-,

10% SDS KEBAIXFKEZ N O NGF 3B &2 N &, FKEZNO semaphorin3A &8 &%
Wb &, FENO PGPY.5 AR RAE 2 Hhn X 27,

LI XY, 10% SDS ONESAIE, PN THDC mRNA FH OB L 74kDa HDC %5 &
O, BLOHDC D7ty 7 OTui% S L7z 53kDa HDC FEL & DOHNIN A (2 L 7=,
Z OFES, histamine B AMEHE X4, B A% S AU72 histamine 2N EEASONMZEEIFR LTV 5 LEoRIB
5, 10% SDS D SAEEEAT 1T RG5O R G i 2 58 LTz, FORE OTE R PEDS R EE U 7o fE R,
FRgZmm pH O 7 VA VAL R Ul L b s, & L TRERMIZ, KRERmOFFIE SDS O
RETEMEERPHE D IND Z L TREADRES, FELOMRNELEEZLND, &5
IZ, 10% SDS O IEEATIZ L > THMTHRIZ 33 2 BOSHES TLHE U 72 BURRZ 2 k35 =
xR U, 2 OBURERE OIRRE A £ F N histamine (2 K D FEA 2B L 7= L HERI S5,
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WS
AIETHRONTRREZLTICE LD D,

1) 7T=A MWREIEEROT T UEES N Y U AOHEEAG N EBEEESA T DRI L
R0BEDHZEEHONI LT, ZDELDBERA = AL A Mgt Ws Lo LA
rF ) YA MBI 5 HDC OiFEMALZ I L 7= histamine ZE/EN G5+ 5 2 L2 RH LT,

2) Chlorogenic acid OEAAITT VU T b U U LFHEFR O BNEDFE LIS 2 8 L7,
Chlorogenic acid OEEFEEAILT 7V T MU U AIZ K > THRB S NTERKEZND 53-kDa
HDC OFEBLOHENN & F 2N D histamine D EEAEHMOHI TH D Z L 2B BT LTz,

3) T =F MR ETEMEAIO SDS OHEIRMITFEAISETHTE LeroTon, KRB ITIE
PEDFEL S Z 753 LT, & DEMEDFEARFEAITEK LN O HDC mRNA OHE/NE 74-kDa
HDC O, HDC O 7' vt v v 7 OJii% 4 L CAR L7z 53-kDa HDC O X -
CREEATUHE S U7~ histamine 28 IS5 T2 Z E LM Lz, £7-, SDS OEBA
ISR )3 2 ROSPERS TOHE L 72U EIC 2 2 L 2 R Lz, 2D BEARIC
TER L CTHREA DA, 98, MERDELD Z L2 RLT,

AWFFEIZ LY, —EOT =F MR IEIEER DN EEEAZHRET 2R E 20552 &R
HomeRole, T=A U MEREIEERZEHT 2561, BHZOKEDO 7 7 RNEHEETH
%o FTo, ALBERFICT =F MR EEER LA T 25AI12X, KK T7F 2 A MK
% histamine FEAE « WEEOINHINFEAL DO T O DITHEHNSHEITH D RIS,
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Eif53

AWFFRICB L, #ETHRER D THE, THREZIH Y £ LB LR BRI
ORI EOR A R BRIGEACTHRERIEHOBEER LE T, £, #KiA%<
DOEBERIHEROWNCTHEZ Y F LIERIRFERENE EFEAHICN (GRF) 63
FWREOLR WG W%, xR 5 BEIL X0 RS L BT ET,

RIfE L LTEBERIELH Y £ LERRERYEPE BEPRPUEE (EY) KER FEE
DIEK Bl Bz, FRFRFERE FEEK R EIEIT WEE APt EOME B 2
%, FIRFRFERE EFHEAVIEH T EYIERFAFREORH 535 BiRioh L0 EH
RLEFET,

AWFFRILE LK P72 b N A— 22— KSR AR BN TIThZ b DO TH Y, K
MO %52 CTTFSWE LIzFFRICES B P L BT E 5,

BHEEIZRD 2RO ZICBAHTIEZE LT LN TE RN TERRFRF P EFHE
EHEE ISR DB DL < DT 2O BIEL BILH L BT ET,

R, R AN EFEOWNLE LU OE ILTORIYEMES X 207840 2 #4012 7z
DINEL, RS 2ET TS NEFHRICL L IEHP L EFET,

2013 -4 J
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