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KL TIEUTD X S g4 % FH vz,

ADM : adrenomedullin 7 F L/ X7 2V v

AITC : allyl isothiocyanate 7 Y v 4 YV 54> 7 F — b

BCTC : N-(4-t-butylphenyl)-4-(3-chloropyridin-2-yl)tetrahydropyrazine-
1(2H)-carboxamide

CGRP : calcitonin gene-related peptide A A v F = VB FEE~X 7T F
CMC : carboxylmethyl-cellulose sodium A A HKF T XA F ko —=R
DKT : daikenchuto KEH %

DMSO : dimethyl sulfoxide ¥ X F VALK F T F

DW : distilled water F5Hi/k

GMBF: gastric mucosal blood flow B fif& IR

L-Arg : L-arginine L-71A¥ =V

L-NAME : N (omega) -nitro-L-arginine methyl ester

NO : nitric oxide —E{LEH

i
H
op
=
=
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NOS : nitric oxide synthase —[#&1t

SP : substance P + 72 &% v X P

PG : prostaglandin 70 2% 75 v v

VIP: vasoactive intestinal peptide MMEEENIEGE 75 F



TRP : transient receptor potential

TRPAT1 : transient receptor potential ankyrin 1

TRPV1 : transient receptor potential vanilloid 1
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TR 2. BERZMH Transient receptor potential (TRP) F ¥ » v

Thermosensitive TRP Channels
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JETHY, ABEBEEETIILTCAFT Y F AL LTHEEEL T 5,
TRP F ¥ A i, —MRICF P I D LAF VYAV T LA FTVZT TR A
Ny LAFvHEBIELIEERN AT AV FrarTh s, BEEM, &
. RBEHE R OB R MiE o BLETTRE. T4 v X Vb
— L7 EOANKILEYE, AVvEY )V, FATFFIAAL ) b= R L
DN A v v ¥ v —5rF v o ZNEHRILEYEIC K - TA 4 v i@t
flfflansg, Lo IERRBCISEL ZMIEN~D AV T LA 4 Vil
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FEREAKEEEZL TS, H{FLED TRP 5 ¥ 2 v iX X 51 TRPA
(ankyrin) . TRPC (canonical), TRPM (melastatin) . TRPV

(vanilloid) . TRPML (mucolipin) % L T TRPP (polycystin) ® 6 2D 7 7

Xy

IR TG 449,

TRP Fr A OHTH, Wty —& LTHREL 5 52Dk TRPVI (2l

2R 42°CLA ). TRPAL1 Galsz 17°CLLT). B X 8, TRPMS8 (IR

WEE 25°CUE)TH 2 (Fig2) ¥, InbiFimEzZ T, TRPVIiE+ v

T DERKD N T A v, TRPAL IRV HCD¥EKRKD T VA Y

FAT 42— FAITOR Y FEVDOHEERSTY VY F LT AT F, LT,

TRPMS8 2R — I VIFDOEFERDAY F =ik o CiEHWILT 22 L2345

nTw g en,

EEKEPG X NS RERZY TRP F v v AV IEH T 5 2 &3

INTHY P, AL THRERZE TRP 5% v ANV ZETTEOIEH A D —

D EEZREIL 72,
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T8 3. KEP$H Daikenchuto (DKT)
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DKT iciZh v*aviiko [6] - a—FA—n, XY vy avihko
bbb vrat—nH (a, B) BEAINTW S 2D REKRZET +
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DKT (&, AR +v v ¥ —& L CHHEET % transient receptor potential
vanilloidl (TRPV1) | transient receptor potential ankyrinl (TRPA1) ¥ %
FINVENLTCT TR NEREZRTYa vt —ArBLU0ebexy a v
vaA—NEORSEER L. FF v o VR CHEREX 0 MEIRRS 7T F
DT FL/ AF2) v (ADM) 83XNR Ay b = vBRTEERTF ¥
(CGRP) AL <., & MR MIER % %83 % 9, ADM i TRPA1 ¥ x %
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MfbzE#k (NO) %L, MARMELREM 2RI 17,
@ /NEEE)E

DKT 78 TRPV1 #iEMib+ 2 c e ©, £57Y v, MEFEHEBE<7FF
(VIP). CGRP & Lo it L CEALE v b O/NEEE), 4 X #55ES) % K
TBTDZILERRINT D 218,
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RESCCIRE—E b HZEIC T T b oM I I BT 3 HIFE A % &

FB—mTIlE. KRBT 7 v Picks T 3EERKEZE TRPVI & TRPAL F ¥ 4L

PR SR X 2 BRI O 8 KRS I 2w THRET 21T - 72,

BOETIE, MKEMT 7y MicE T 3 BREME K KIGIEx3 %5 DKT @

BRICD T TRPVL & TRPAL F ¥ x VO RE 2> b 5T 2 T - 7z,
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HE HEERSZMYE TRPV]I 5L U TRPAL Fx¥ 2% AT 25 v  BE5EID
ViR Ny ]
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BERZMF ¥ 2L TRPV1 - TRPAL & 5 v + BRI & © B{%
TRPV 1 F v A A23EMAL T 3 & 2 0K R» O IMEILERTTH 32—

{LEHEZNO) KLY b= Vi FBESTF F(CGRP) 2+ 5 2 & T

HALEREEIME A BRI 232 MO T3 282425  F 7 TRPA1F %

ANVIEHIC X > CTH KO EREN S, Kondo i1k 7 v P FREHU K ICE

T TRPAT FEH0R#E A B 35 X OORG B T & oo I8 T PHIC A AE Ly

TRPA1 MO B L% 80%2 TRPVI tHEFT L2 2L ICLTWS

26)

FZ T, Iv FEEEMNRICEIT S TRPVL 3 X TRPAL F v 4 v D 4% E|
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B KBRTE

1. fEREY
Y. bt Sprague-Dawley %27 v b (SLC, #fr, HA) TRE 180~

220 g Db DEMBEHL 72, TN EWIL. Hlf & W2 REESME (2422°C, 7R
TR 4% TROBHEY 4 7 0) o FCcEI N, 7 v FEEAR MF (+
Vv 2R, B, HER) 25 272, 8k, BEZC 2o ICHESFE
L7zl 2 D7 — Vi Ad, EERETIC 18 MR 21T - 72, FERIZTHHE
ke L7z, BRI, HARSEISAPKAL 72 BRI+ 2 HASKA
Pttt B XUWEEBEKFEYER - BIYEBRMERZES (#52) OKGE
EECEMI N, FHLZEYEIX. 7 — % ORI L 2 iR/NR o flE0c
Mz 7,

2. EFEY

AE

ATFA T VIFELT7 4V LAHBEHE G, BA) 20MA LK, 77 ¥4

YV 0.5% A NEF LA T AKBRICHEM L 720 AITC FZHGER T O

5, HEX) oA L7, AITC 34 AEKICHRL7Z, BCTC [N- (4-t-7
FATZ7 =)L) 4-3-7ruVE )Y v-2-A 1) ThTe v 7Y v-1(2H)

-A AR FH I F (4- (3-Chloro-2-pyridinyl) -N-[4- (1,1-dimethylethyl)
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phenyl] -1-piperazinecarboxamide) ], BIOMOL (Plymouth Meeting,
PA, USA) »»blA L7, BCTC ZZ&EKTHRLAZB-v 2787 F XY v
BRCHEBEL, B-v 277 X2 ) vV ORMKIRED 10.0%RiIC7Z2 25 X5 IC
B L /-, -7 v T F XY Vi Sigma-Aldrich (St. Louis, Missouri,
USA) LA L 72, A-967079 X, Tocris ¥ (Minneapolis, MN, USA) 7
SEEAL 7z, A-967079 3 DMSO ¢ 2L 7 + — A THMBL =%, ThboD
BAS IR EE DS 5.0 AR 1T 78 5 X D IS KRR CTIRB L 72,
3. BRI (GMBF) o JlE

BRI X v v 2 v (1.25g/kg, ip) W% L 727 v P H % ex-vivo 7 =
YN ICHEEL, AT A4 v b LI AITC 2 BT 30 2 HEH L 72 B o
i im i 22 e Z# 82 L — 3 — F v 77 — Gt (Advance, Model ALF-
2IN, 5, HA) THIE L 7z, 7k, MBEMRO LRI T3 4> v L A<
X AITCEMATOfEICH T 5 —% v } (%) TRL7Z, #EPYix TRPAL 7o
v 7 —A-967079 (10 mmol/L) & TRPV1 7 u v # —BCTC (2.7 mmol/L) %

HTHA TS LI AITCH#EM 20 a2 BWNEM L 72,
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4. 7 v t BHEIER O GBI FR BT

7 v FEEEIE, 0.1 mol/L V v EEEMEIR (pH 7.4) O EER 4% %7k
VLT AT e FIC4°CT 2 KR L CEIE L., V vEgEE EEaEk (PBS)
TIMEPEHF LA, ZNbE, 20% 2270 —2%&T 0.1 mol/L V v EE#EMTIT
e MR OREE L 7o MR & RS HLERY) A E LA Tissue-Tek O.C.T K5l

(Sakura Finetek Japan, Tokyo, Japan) IC@HEH#EL, 774+ 2% v

(Leica, Hemel Hempstead, UK) TE X 60 um iZ#Y) L 7=, HUIUIH %
MAS 22—+ 27 4 F 277 & (MSA-15, Matsunami Glass, Osaka, Japan) I
R~ v b L, Betad 2011, 274 F~=v v oYk 0.3%@EKkHE
&L PBS T30 A vF ax—F L THRERES VA F O X —EiEWEZ RIE
X4, PBS ci L7z, UJAh %, 0.2%Triton X-100, 0.1% 7 ¥ft+ + VU v
LaE&t 10%IEH v 0. PBSEW T 1R/, AV 7w —F v 3 ¥t
TRPV1 & (1 : 30,000) (NEUROMICS, MN, USA), 3 L EKY 7 a—F
N Y ¥H TRPAT 4k (1:120,000) (Abcam, Cambridge, UK) TZE i 40 K
4 vFax—FL7%, PBSTUEHLZLZ. UhzbetFvibe iy ¥
IgG (1:400; Jackson ImmunoResearch Laboratories, PA, USA) T=i& 90
GEA Y Fax—LF L%k, IbCPEHE, UhzX L7 T vetsy

SR F F X —FEHEKR (Vectastain Elite ABC Kit, Cat# PK-6100, Vector
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Laboratories, CA, USA) T=iR 1 FHEA4A vyF*Fa2x—FL7=%. TSA

Fluorescence System (1:75; Perkin Elmer Life Sciences, Boston, MA,

USA) ICX D IBHIFIINT T FI LRI, b, MNEERLE LT,

/71

—RPUE DR RIEZ AL T 2 7201, RO FMED o —RIUEZ IR 1T 7225,

20O TEHBEHEITBREI NG o 7,

PEMSEEE  Wrmix. Y3 (TRITC) 3X L4 (FITC) 74 & —Tuvy

PEMEE AV v ¥ xR FX-1000 v 25 4 (LSM510) & xX20 3 X 18 x40 Plan

Neofluar XL v XD WITNHPTEE L/, BEDY AT LTIE, H—0D

FITC XA FICHE—DBEIE—FZ#HL 7=, FITC (488 nm) X W

TRITC (543 nm) T HEfEHA T84, 22 aviig~=rFFrIv Iy

FE—FTRFYr VL (FYyAarosu bt —2%0#T2720) . &%

3. ZAZ Y 7 DFTRTDAITA ZA% 1 DDOFHICHEE L TIEHELL 7=,

5. et fEAT
F— X I FEEESE CRR L, 1 DAY A~TIEDZ v P 2HEAL

720 20D 7NV — T DEDMKHEEMIX. Student © t BE %2 A\ CREAM

L7z, Dunnet #EZ M L7z —JCECE D BT 0BT IC X - T, BH— DX



TN =TT 2E N =T DK EIT o7, AEKEEIZ 0.05 ITHE L

72, Sigma Stat 3.1 ¥ 7 b v =7 (Jandel Scientific Software, CA, USA) @

Il

FME % g at o ic @ L 72

ol
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F=H MR

7 v b BHBEMFEIC 4 2 TRPV1 & X O TRPAL iEMELE DEHIc D wT
eI L7z, TRPVIEHALIECTH 2 5 7% 4+ (10 mmol/L) 1%, FEEEH ic
L0 BEMEMKOMRE5EEI Lz, ZOMPHEKITEN S5 pRIcy— 271
EL, 59 THRMELZ, 2Dk, ZORSIEBRLAICET LEHATOL XL
IC R - 7= (Fig. 1a), TRPV1 7 1 v 77— BCTC(2.7 mmol/L)ixH 7% 4 + v
I X BB R & B ICPHE L 7225, TRPAL 7’1 v 57 —A-967079(10
mmol/L) i —&B 72 F ¥ & 717z (Fig. 1),

TRPAL JEMEALE T Vv 4 v F 4 7 42—+ (AITC) I 251.1£20.2% F T&
e BRI RIS K 2 5578 L 72 (Fig. 2a), % ORIRA KT L, 30 pfRic~
— A7 A4 VHICKE > 72, AITC O KJtid TRPAT 7' v v 57 —A-967079(10
mmol/L) TREEICIF| & 72, BCTC T X o Tl —& 72 J ] < v 7- (Fig.
2), ¥k, BCTC, A-967079 k<X HMEME M OEHA %2R d o
7z

INLDRERDLG, B T7H AP ik 2 BREME O AKISIZ., TRPV1
i E ML, AITC I X 2 BRI 13 TRPALT f#Z AL CAEL 5 2 & 258

Lt lhol,
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HEALEN 2 FEEH T v F BRI OREIE, KT, 8 O Wi i< B
% TRPA1 & TRPV1 OJFfE% T L 7=, TRPV1 O JF7EIx. ki, KiEEA
JE. KT, ffE. misREcs e ClRREo IR cBlg s hz (Fig.
3a &KH) . TRPAL ffZEiE ISR T . MR 5% 1 3w TR RRHE D TRk ©
@ xh (Fig. 3b &HI) | MR #E <3 ia ik » Bl < /- (Fig. 3b
KEH) . TRPV1 3 X O TRPAL FBIMREHRMEIL &5 & b KT o Ml ic &
VTV ARTIEEINSE, 2 LT, TRPAL 3. BHHEMEIC b g

Y% # o7z (Fig. 3b ZHEKHD) .

23
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g 300 - ot
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! - -~ Control (Vehicle)
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Control BCTC A-967079
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Fig. 1 Effects of TRPV1 blocker BCTC and TRPA1 blocker A-967079 on GMBF
induced by the mucosal application of capsaicin in rat stomachs. (a) Time course of
GMBEF response to capsaicin (10 mmol/L) in rat stomachs is shown. BCTC (2.7
mmol/L) was applied to the chamber for 50 min starting at 20 min prior to
capsaicin (10 mmol/L) application. Capsaicin was topically applied to the mucosa
for 30 min. The data are expressed as % increase in basal values, and represented as
mean * S.E. of values every 5 or 10 min for 4 rats. *P<0.05 was considered
statistically significant when compared to control group using Student’s t-test. (b)
Maximal GMBF response induced by the mucosal application of capsaicin (10
mmol/L) in the presence of BCTC (2.7 mmol/L) or A-967079 (10 mmol/L). The
data are expressed as % increase in basal values, and represented as mean = S.E.
for 4 rats. *P<0.05 was considered statistically significant when compared to
control group using Student’s t-test. Note that an increased GMBF in response to
capsaicin (10 mmol/L) was almost completely inhibited by BCTC (2.7 mmol/L) but
not A-967079 (10 mmol/L).
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a
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o AITC
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Fig. 2 Effects of TRPA1 blocker A-967079 and TRPV1 blocker BCTC on gastric
mucosal blood flow (GMBF) induced by the mucosal application of allyl

-
o
o

isothiocyanate (AITC) in rat stomachs. (a) Time course of GMBF response to AITC
(10 mmol/L) in rat stomachs is shown. A-967079 (10 mmol/L) was applied to the
chamber for 50 min starting at 20 min prior to AITC (10 mmol/L) application.
AITC was topically applied to the mucosa for 30 min. The data are expressed as %
increase in basal values, and represented as mean * S.E. of values every 5 or 10
min for 4-7 rats. *P < 0.05 was considered statistically significant when compared
to control group using Student's t-test. (b) Maximal GMBF response induced by the
mucosal application of AITC (10 mmol/L) in the presence of A-967079 (10
mmol/L) or BCTC (2.7 mmol/L). The data are expressed as % increase in basal
values, and represented as mean £ S.E. for 4 -7 rats. ***P<0.001 was considered

statistically significant when compared to control group using Student’s t-test. Note
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that an increased GMBF in response to AITC (10 mmol/L) was completely
inhibited by A-967079 (10 mmol/L) but not BCTC (2.7 mmol/L).
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Fig. 3 Alteration in distribution of immunoreactivities of TRPV1 and TRPA1 in the
cross section of rat stomachs. The immunoreactive fibers of TRPV1 (a) and TRPA1
(b) were found in the submucosa, myenteric plexus, and muscularis. TRPV1- and
TRPA1-expressing fibers were observed around the submucosal arteriole and venule
bundles (arrows) (a, b). Note that TRPAl-immunoreactive cell bodies are present
in the myenteric plexus (arrowheads), and the TRPA1l-immunoreactivity was also
confirmed in the mucous cells of the gastric glands (two headed arrow) (b). The
scale bar is 60 uym (a, b). Two transverse sections of tissues obtained for five
normal rats are stained by immunohistochemical methods. The typical photos are

showed in this figure.
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Fig. 4 Effect of the mucosal application of daikenchuto (DKT: 360, 720, and 1440
mg/mL) on GMBF in rat stomachs. (a) Time course of GMBF response to DKT.

The data are expressed as % increase in baseline values, and they represent the
mean = SE obtained every 2 or 10 min for 4-6 rats. *P<0.05 was considered
statistically significant when they compared to control group using ANOVA with
Dunnet’s test. (b) Maximum response of GMBF induced by the mucosal application
of DKT (360, 720, and 1440 mg/mL). The data are expressed as % increase in
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baseline value, and represented as mean £ SE for 4-6 rats. *P<0.05 and **P<0.01
were considered statistically significant when they compared to control group using
ANOVA with Dunnet’s test. Note that GMBF response to DKT increases in a

concentration-dependent manner.
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Fig. 5 Effect of TRPV1 blocker BCTC and TRPA1 blocker A-967079 on GMBF

induced by the mucosal application of DKT in rat stomachs. (a) Time course for

DKT (1440 mg/mL)

analysis of GMBF response to DKT (1440 mg/mL) in rat stomachs treated with
either A-967079 (10 mmol/L) or BCTC (2.7 mmol/L). The data are expressed as %
increase in basal values, and represented as mean = SE. of values every 5 or 10 min
for 4-5 rats. *P<0.05 was considered statistically significant when compared to
control group using Student’s t-test. (b) GMBF after 10 min of DKT administration
(1440 mg/mL) in rat stomachs treated with either A-967079 (10 mmol/L) or BCTC
(2.7 mmol/L). (c) GMBF after 30 min of DKT (1440 mg/mL) administration in rat
stomachs treated with either A-967079 (10 mmol/L) or BCTC (2.7 mmol/L). The
data are expressed as % increase in baseline values, and represented as mean = SE
for 4-5 rats. **P < 0.01 was considered statistically significant when compared to
control group using Student’s t-test. Note that the increased GMBF in response to
DKT is obviously suppressed by A-967079; but not partially suppressed by BCTC in

initial periods.
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Fig. 6 Effect of deafferentation of capsaicin-sensitive sensory fiber on GMBF
induced by the mucosal application of DKT in rat stomachs. DKT (1440 mg/mL)
was applied topically to the mucosa for 30 min, and the stomach was perfused with
saline before and after application. (a) Time course for analysis of GMBF in
response to DKT (1440 mg/mL) in capsaicin-pretreated rats. Data are expressed as
the % increase in baseline values, and represented as mean £ SE values obtained
every 5 or 10 min for 4-8 rats. *P<0.05 was considered statistically significant when
they compared to control group using Student’s t-test. (b, ¢) GMBF after 10 and 30
min of mucosal application of DKT (1440 mg/mL) in capsaicin-pretreated rats,
respectively. Data are expressed as the % increase in baseline values, and
represented as mean £ SE for 4-8 rats. **P<0.01 was considered statistically

significant when they compared to control group using Student’s t-test.

43



Sensory deafferentation TRPV1 TRPA1

120pm
LEE3AN

Fig. 7 Alteration in distribution of immunoreactivities of TRPV1 and TRPA1 in the
cross section of rat stomach in between control and capsaicin-pretreatment. No
TRPV1-expressing fiber is found in the capsaicin-pretreated rat stomach (c). Noted
that TRPA1l-expressing fibers around the submucosal arteriole and venule bundles
are not observed in capsaicin-pretreated rats (d), although the TRPA1-
immunoreactivity is observed in the myenteric plexus (arrows) and in mucous cells
in the bottom of gastric glands after capsaicin pretreatment (two headed arrow).
MU, mucous membrane; CM, circular muscle. The scale bar corresponds to 120 pm
(c, d). Two transverse sections of tissues obtained for five normal and capsaicin-
pretreated rats are stained by immunohistochemical methods. The typical photos

are showed in this figure.
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Fig. 8 Effect of a non-selective NOS inhibitor N¢-nitro-L-arginine methyl ester (L-
NAME) with or without L-Arg (300 mg/kg, x2) on GMBF induced by the mucosal
application of DKT in rat stomachs. L-NAME (10 mg/kg, iv) was administered 20
min prior to the mucosal application of DKT (1440 mg/mL) in rat stomachs, and L-
Arg (300 mg/kg, x2) was administered intravenously 40 and 60 min prior to DKT
application, respectively. (a) Time course for analysis of GMBF in response to DKT
(1440 mg/mL) in rats treated with L-NAME (10 mg/kg, iv) with or without L-Arg

(300 mg/kg, x2). Data are expressed as the % increase in baseline values, and they
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represent mean * SE values obtained every 5 or 10 min for 6-7 rats. *P < 0.05 was
compared with the vehicle using Student's t-test. (b, ¢) GMBF at 10 and 30 min
after DKT administration (1440 mg/mL) in rats treated with L-NAME (10 mg/kg,
iv) with or without L-Arg (300 mg/kg, x2), respectively. Data are expressed as

the % increase in baseline values, and they represent mean £ SE for 6-7 rats. *P <
0.05 was compared with the vehicle using Student's t-test. (b, c¢) GMBF after 10
and 30 min of mucosal application of DKT (1440 mg / mL) in L-NAME and L-Arg
pretreatment rats, respectively. The data is expressed as a % increase in baseline
values and as an average * SE for 6 to 7 rats. *P<0.05 was considered statistically

significant when compared to the control group using Student's t-test.
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Fig. 9 Effects of mucosal application of vehicle (DW) or DKT (1440 mg/ml) at 0°C,
22°C, and 40°C on GMBF in rat stomachs. (a, ¢, e) The time course of the GMBF in
response to DKT (1440 mg/ml) or vehicle (DW) in anesthetized rats. DKT was
topically applied to the mucosa for 30 min. The data are expressed as % increase in
baseline values, and they represent the mean = SE values obtained every 5 or 10
min for 4-7 rats. *P < 0.05 was compared with the vehicle (DW) using Student's t-
test. (b, d, f) Maximum response of GMBF induced by mucosal application

of vehicle (DW) or DKT (1440 mg/ml) at 0°C, 22°C, and 40°C on GMBF in rat
stomachs. The data are expressed as the % increase in basal values and represented
as mean * S.E. for 4-7 rats. *P<0.05 is compared to vehicle (DW) using the
Student's t-test. Notable, the increased GMBF in response to DKT (1440 mg/ml)
was maintained even at the very low temperature such as 0°C and 22°C of the
luminal solution, whereas GMBF induced by vehicle (DW) alone at 0°C and

22°C was observed the decrease immediately after mucosal application.
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Fig. 10 Changes in area under the curve (AUC) of GMBF before and during the
mucosal application for 30 min of vehicle (DW) and DKT (1440 mg/ml) at 0°C,
22°C, and 40°C. The data are expressed as a % increase of AUC in the basal value,
which was 30 min before the application of solution, and the mucosal application
value during 30 min. They represented the mean = S.E. for 4-7 rats. *P<0.05 is
compared to vehicle (DW) using the Student's t-test. Notable, the AUC of GMBF
responses to DKT (1440 mg/ml) was maintained even at the very low temperature
such as 0°C and 22°C of the luminal solution, whereas GMBF induced by vehicle
(DW) alone at 0°C and 22°C was observed the decrease immediately after mucosal
application. The solution at 40°C was no changed in the increased GMBF between
vehicle (DW) and DKT (1440 mg/ml).

61



FUUE ER

DKT ic k 2 BRiEIME o K2, DKT ORERE ST+ % 2 L CEH

MG 2 kSt L2, 28R, DKT B 2GR (0°C) B X R

(22°C) < b R DM RIS BI%E & 7z 23, DW C I RGN 57T D 35 K13

B LT, WICKEIMKEOKT 23EHE I -, DKT E®R %R (40°C) ic L

78E. KIRMIRIEH o 22 Ic R L 7228, Z0BIRIE DW Z ik (40°C) ic L

THEEIN, T/, HHOEH X » #ifF X /- DKT L5 Iic X % 1

BIERIEREO b d o/, D7, DKT OEWREIRE X, Wk, d L <

. WIRCTH RO MBI RKOERFERBI R o2 Z e BWL ko, B

Z o BREMBE O KFEHICBEIL T DKT &G & oMMmEhRITiz e A Lk

WwWhotEzZLND,

BRI T REEEREEN TV 2 Ehb, WRICT 2 L EZDE LR

Ty P OMILEBRED IEZ T A2 LLWHLPICINT VS B, 2D, &

ANC L 720 ARIC X 2 EAI D WA CcE 292 LiIRT 22U v M

TRcdbrEZONDE, Sk, MERMROEKKIG? T T, FRIEFEH

o EMh o HHAEA IC BT DKT O E#m AR AL CIE B 23 5 228G L

TnEZWnEEZ TV,

62



BhE NE

SRl FEEICX Y, BEDE W DKT 2725 25 R R I 7R o 88K 255 »
ZEBHL IR o, 0°C, 22°Co DW T3 BRI % D X & 72 25,
DKT ciriifizHkE ¥, Chiz DKT o MickstEzon3,

L2 L. 40°Co DKT ik ic & 2 Iy KIEM A 40°Co DW & RIEETH
o7z, L7edioT, [H¥&+DKT MBI HRRIMRE K 25l 2k 372
59 ] v YOG IZEE T & b o 7,

BE 5 BREMAEHEAERICE L T DKT &5 OBR E o {EH T IE
LB bDEEZLNS, L2 LAaDS, WIRT DKT 2RAT 2 & B

R I RIS L CIRRIROWIR 2 M TE 5 2 L HBL 72,

63



.

HE., EEABESEcRIFEDLNL TS0 KEFE (DKT) ¢b b, FIEH

HLESEE TH 2 S EEMICIE DKT 28 FEHAE 7210 T4 < HLE 2k

HLTHEREZHbT EIN T2, DKT oM A 2 WET 5K L L

CTRERZMY TRPV] X O TRPAL F ¥ 2 A~ E N L <. E#HElE

TdH 5 HHEEMR 2RI 5 »REEL 72,

RO ERTH 2 = % ABHFNIT DT MR DR E I B3 2 Bk

b, 224, DKT IC X 3 2 O3EBEIER O %)) 238 5 38

A DU & V) R GIEIC X o TELT 2 2 1B L T W EWBRET 21T - 72,

=T, MEBFF 7 v Picks T 3EERKZE TRPVI & TRPAL F ¥ 4L

EEEERR I X 2 BRI R MR OB RIS IC 2 WTRE 21T 2 72, % DR,

TRPV1 F % A A{EE#<cH 357 7% 4 v, TRPAl F v * A {EE#CH 3

AITC I EMEMAE A KT E7/~, 7 v P EMEICIZ TRPV1 & TRPAL 3%

B 2 MREMRMED TPAE L. 2 (LSRR T I o TRl s FA P 2 XD B v T

7o THNH XV Sy FPEHEEICHS TRPVIL X X TRPAL O iE ML 23 H G

MO RIIGEZERLT 5 Z L BHL 2L ko7,

64



HE T, BT 7 v M2 E T 5 BRI~ OB ORI IT I %

DKT ozEic2>w»T TRPV1 & TRPAl F ¥ A VO G ZMaT L 7z, % Db

R, DKT 2 X 2 BRI O 8 R IZ, WA IC B TR RS X OB R

Mg IC R L T3 TRPAL oM LiciER L Cwb &, £ LT, iy

BRI M K2 w»wCid TRPVL & TRPAL HFEBA TR IC/ER L E R E

MiEHRKIE B BRI Ni, £7-. DKT 28 TRPV1 & TRPA1

FeHHRE 2 T IEML S 2 2 & T NO 256HE L BRRMR 2RI 252 L L

Y

He Iz T,

=3

HEECIE. M Ty PicsiF 3 DKT I & 2§ R 3E o 88k &6 et
T ABRRBE O BRI OWTHEFTZ21To 77, £ DR, BRIEE O S v DKT
ERAWE TR EREMROE ARSI L3S o7, LaL, BEBEDOATDH

PEE R MR KSR B o N0, HHoGHE X v IKit %2 T/ DKT @

FHMEH R ITFED b iz 5 7z,

lbtoZ &5, DKT I X 2 BRI O H K KIGICiE TRPV 1

TRPA1, NO 2’5 L Cwa3 Z Ex#HL2IC LT, /-, 2RI DKT @

MIERICIEERIED TRPAL 2L 5 2 & Ttz R &, £ DIk,

65



DKT ¥ TRPA1 & TRPV1 REHMFEZEEL L. NO il ¢ 3 2 & T

IR R Z2ER ST 2 2 BRI N,

Sl oWtgE ¢ DKT i3 THMELE 7210 Tk < REHELE 2 & O LE S0 F

AL CHBEH2HTEAE LI ER2AHL -, 4T, 2 THED

2o TR DRI O v THRES L, #lilk2s DKT o3 R 251 &g e %

REL 72,

K5 (DKT)

Kono et al. AJP 304(4): G428-436, 2013
Tashima et al. Intech 2074 (http:/'dx.dol.org/10.57T2/58603)

66



Elg

i

B RO MRERREICH VT, BEERHBETE b b Tw 3 )7k
$13%5 (DKT) KEH L. REMHAI ATV EEHLE cs T 2 REERH D
R % i a7z, 2 OfEFR. DKT AiREEZY TRPVI 3 X O TRPAL 5 x %
A~ORlEE AL CHMEMRZH RS2 L2 WHL2 T ARY ., THHLE
ZICThROHELERBICERL TR ZHLIT I e RBINL, ZAITXD
SEERICH LML TV MO ~OBFICE)r 572, 2L T, DKT 0
BIRERI R Ch 2w A it BRI L <, chFF oG I h Tz DKT IC X
/NGO MRSEE Iz, BoMRKEFERIC X > Th ERME2REST 2 2 LA

EAbLTz,

(B!

T, BRI CERHAEEOFR TH 2 = F 2 ®HFN I, Hlllo X 51
BOTRAT 2R oML {ThbhTwind o722, DKT i X % I/ERH @
N ETTEBEORRE I EGHECL>TELLAEZL2OHmATWEH
X LCTEmRT 2 LRV EBFEZLNT,

PEFEIEM R BB E R O X 1 = X L% A T AT - FEFIRTIC E 5T, BT
BIZEAA D =R L DRP L Y S BRI LEHNCTHRYE D o e nfibh T2 7
LAV BT H DL, L L, Hl Tl 2EICE)T I ITTER - 2 MY
WZER AN =X LN L CEDNEZRL TR LBHLRICINDDH B,

67



At cli. DKT o —#HoEfAEFEZHOL2ICT 32 BN TEHZ, 2D LD

GRIARIZERL T2 itk ), BE2d o THREIAICHETELZR

HMIFETX 2 X513 2MFEL W,

“
i
N

68



£ 3Bk

Kawazoe K., Sakamoto K., Fushitani S., Abe S., Kujime T., Teraoka

K., Minakuchi K., BIBCEART 20 R & U 72 805 SR A — AR 7%

HEHHE OFEBICHE )< — Jpn. J. Pharm. Health Care Sci., 35, 351—

359 (2009).

JIAFIER, SEAAETIC & o T [HEFEY] L3, YAKUGAKU ZASSHI, 131,

401-405 (2011).

Hu}

il
o

7K , AR BRAEWT ST AT A A BROT 2 AP HP
https://www.nips.ac.jp/research/group/post-4/.

Caterina MJ., Schumacher MA., Tominaga M., Rosen TA., Levine
JD., Julius D., The capsaicin receptor: a heat-activated ion channel
in the pain pathway. Nature, 389, 816-824 (1997).

Bandell M., Macpherson L]J., Patapoutian A., From chills to chilis:
mechanisms for thermosensation and chemesthesis via
thermoTRPs. Curr. Opin. Neurobiol., 17, 490-497 (2007).
EEML, RAEMIKH L TRPAL, HA~NT > 2 ) =2 2 F25, 24,

308-317 (2017).

69



7. Peier MA., Moqrich A., Hergarden CA., Reeve JA., Andersson AD,
Story MG., Earley JT., Dragoni I., McIntyre P., Bevan S.,
Patapoutian A., A TRP Channel that Senses Cold Stimuli and
Menthol. Cel/l, 108, 705-715 (2002).

8. Story GM., Peier AM., Reeve AJ., Eid SR., Mosbacher J., Hricik TR.,
Earley TJ., Hergarden AC., Andersson DA., Hwang SW., Mclntyre
P., Jegla T., Bevan S., Patapoutian A., ANKTM1, a TRP-like
Channel Expressed in Nociceptive Neurons, Is Activated by Cold
Temperatures. Cell, 112, 819-829 (2003).

9. Kikuchi D., Shibata C., Imoto H., Naitoh T., Miura K., Unno M.,
Intragastric Dai-Kenchu-To, a Japanese herbal medicine, stimulates
colonic motility via transient receptor potential cation channel
subfamily V member 1 in dogs. Tohoku. J. Exp. Med., 230, 197-204
(2013).

10. 7 &7 2020 SE5E 3R E S v 7 7L v R a— .
https://www.tsumura.co.jp/ir/library/movie/item/0207conference.p

df

70



11.

12.

13.

14.

15.

Bandell M., Story GM., Hwang SW., Viswanath V., Eid SR., Petrus

M]J., Early TJ, Patapoutian A., Noxious cold ion channel TRPAT is

activated by pungent compounds and bradykinin. Neuron, 41, 849-

857 (2004).

Sugai E., Morimitsu Y., Iwasaki Y., Morita A., Watanabe T., Kubota

K., Pungent Qualities of Sanshool-Related Compounds Evaluated by

a Sensory Test and Activation of Rat TRPV1. Biosci. Biotechnol.

Biochem., 69, 1951-1957 (2005).

Koo JY., Jang Y., Cho H., Lee CH., Jang KH., Chang YH., Shin J.,

Oh U., Hydroxy- a -sanshool activates TRPV1 and TRPA1 in sensory

neurons. Eur. J. Neurosci., 26, 1139-1147 (2007).

Sato Y., Katagiri F., Inoue S., Itoh H., Takeyama M., Dai-kenchu-to

Raises Levels of Calcitonin Gene-Related Peptide and Substance P

in Human Plasma. Biol. Pharm. Bull., 27, 1875-1877 (2004).

Kono T., Omiya Y., Hira Y., Kaneko A., Chiba S., Suzuki T.,

Noguchi M., Watanabe T., Daikenchuto (TU-100) ameliorates colon

microvascular dysfunction via endogenous adrenomedullin in

Crohn’s disease rat model. /. Gastroenterol., 46, 1187-1196 (2011).

71



16. Kono T., Kaneko A., Omiya Y., Ohbuchi K., Ohno N., Yamamoto M.,
Epithelial Transient receptor potential ankyrin 1 (TRPA1)-
dependent adrenomedullin upregulates blood flow in rat small
intestine. Am. J. Physiol. Gastrointest. Liver Physiol., 304, G428-
G436 (2013).

17.Kono T., Koseki T., Chiba S, Ebisawa Y., Chisato N., Iwamoto J.,
Kasai S., Colonic vascular conductance increased by daikenchuto via
calcitonin gene-related peptide and receptor-activity modifying
protein 1. /. Surg. Res., 150, 78-84 (2008).

18. Satoh K., Kase Y., Hayakawa T., Murata P., Ishige A., Sasaki H.,
Dai-kenchu-to enhances accelerated small intestinal movement. Biol.
Pharm. Bull., 24, 1122-1126 (2001).

19. Kono T., Kaneko A., Hira Y., Suzuki T., Chisato N., Ohtake N.,
Miura N., Watanabe T., Anti-colitis and -adhesion effects of

daikenchuto via endogenous adrenomedullin enhancement in

Crohn's disease mouse model. /. Crohns Colitis., 4,161-70 (2010).

72


https://www.ncbi.nlm.nih.gov/pmc/?term=%22Am%20J%20Physiol%20Gastrointest%20Liver%20Physiol%22%5bjournal%5d

20. Hayakawa T., Kase Y., Saito K., Hashimoto K., Ishige A., Komatsu

Y., Sasaki H., Effects of Dai-kenchu-to on intestinal obstruction

following laparotomy. J. Smooth Muscle Res., 35, 47-54 (1999).

21. HAEE DT A 3 A 2 TR TR B R aHFEHR] L (2021).

https://www.nikkankyo.org/serv/movement/R01/all.pdf

22.Kono T., Shimada M., Yamamoto M., Kaneko A., Oomiya Y., Kubota

K., Kase Y., Uezono Y., Complementary and synergistic therapeutic

effects of compounds found in Kampo medicine: analysis of

daikenchuto. Front. Pharmacol., 6, 159 (2015).

23. Horie S., Michael GJ., Priestley JV., Co-localization of TRPV1-

expressing nerve fibers with calcitonin-gene-related peptide and

substance P in fundus of rat stomach. /nflammopharmacology, 13,

127-137 (2005).

pii)
o

24. 8K WAL ic B 3 TRPV] ORI & KEs [ Hm5E (Folia
Pharmacol. Jpn.) , 128, 78-81 (2006).
25. YRV E, WIS AN, IMAERES, HLE 284 A2 v 3 — & Z DEE

FERIIFH T Db 5> YAKUGAKU ZASSHI, 138, 1003-1009 (2018).

73



26.

27.

28.

29.

30.

31.

32.

Kondo T., Obata K., Miyoshi K., Sakurai J., Tanaka J., Miwa H.,
Noguchi K., Transient receptor potential A1 mediates gastric
distention-induced visceral pain in rats. Gut, 58, 1342-1352 (2009).
Manabe N., Camilleri M., Rao A., Rao Archana., Wong B., Burton
D., Busciglio L., Zinsmaeister A., Haruma K., Effect of daikenchuto
(TU-100) on gastrointestinal and colonic transit in humans. Am. /.
Physiol. Gastrointest. Liver Physiol., 298, G970-G975 (2010).
HAKEESS EBM 8445 — 4 <— Y KCPG Appendix 2018
http://www.jsom.or.jp/medical/ebm/cpg/pdf/KCPG2018.pdf
HAHEL SR A2 BE S, B E QW - GRS - 12 ER
JEZHEA A ¥ 74 v 2017, MEILE, 55 1 77-78 (2017).

B L TR, SSRGS B o, BPEEIN R, 55 1 iRk 209-212
(2016).

HoK LRI, MRSk WCREP G EI L 7= =5l H AR FEF
#i, 59, 77-81 (2008).

Furukawa Y., Shiga Y., Hanyu N., Hashimoto Y., Mukai H.,

Nishikawa K., Aoki T., Effect of chinese herbal medicine on

74



33.

34.

35.

36.

gastrointestinal motility and bowel obstruction. /pn. /. Gastroenterol
Surg., 28, 956-960 (1995).

Yonei Y., Holzer P., Guth PH., Laparotomy-induced gastric
protection against ethanol injury is mediated by capsaicin-sensitive
sensory neurons. Gastroenterology, 99, 3-9 (1990).

Kaji I., Yasuoka Y., Karaki S., Kuwahara A., Activation of TRPAT1 by
luminal stimuli induces EP4-mediated anion secretion in human and
rat colon. Am. J. Physiol. Gastrointest. Liver Physiol., 302, G690-
G701 (2012).

RERER, SARER, HISS A, JEILESG, KREV)ICE T 5 RETS

a

O FRIEM B KERHoKF —EEKZYE TRPV1 5 X TRPAL 5 %

AN O & RIRIC X 2ERARR LA — &% 47, 100-102 (2020).

Matsumoto J., Takeuchi K., Ueshima K., Okabe S., Role of capsaicin-

sensitive afferent neurons in mucosal blood flow response of rat

stomach induced by mild irritants. Dig. Dis. Sci., 37, 1336-1344

(1992).

75



37.

38.

39.

40.

Wang S., Dai Y., Kogure Y., Yamamoto S., Zhang W., Noguchi K.,
Etodolac activates and desensitizes transient receptor potential
ankyrin 1. /. Neurosci. Res., 91, 1591-1598 (2013).

IS N, AR ER, SHIL2 6, MEELZ v gk 1) % Transient
receptor potential Al F ¥ A AVIEWALET V4 vy FAH T —FiT X
% BRI KOG 4, 38, 187-190 (2011).

Yoshikubo M., Tashima K, Raimura M., Watanabe Y., Noma Y.,
Horie S., Daikenchuto, a Traditional Kampo Medicine, Facilitates
Mucosal Hyperemic Responses through Activation of TRPA1- and
TRPV1-Expressing Sensory Nerves in Rat Stomach. Planta Med. Int.
Open, 9, e72-e79 (2022).

Kubota K., Ohtake N., Ohbuchi K., Mase A., Imamura S., Sudo Y.,
Miyano K., Yamamoto M., Kono T., Uezono Y., Hydroxy- a sanshool
induces colonic motor activity in rat proximal colon: a possible
involvement of KCNK9. Am. /. Physiol. Gastrointest. Liver

Physiol., 308, G579-G590 (2015).

76


https://www.ncbi.nlm.nih.gov/pmc/?term=%22Am%20J%20Physiol%20Gastrointest%20Liver%20Physiol%22%5bjournal%5d
https://www.ncbi.nlm.nih.gov/pmc/?term=%22Am%20J%20Physiol%20Gastrointest%20Liver%20Physiol%22%5bjournal%5d

41.

42.

43.

44.

45.

Dedov V N., Tran V H., Duke C C., Connor M., Christie M J.,
Mandadi S., Roufogalis B D., Gingerols: a novel class of vanilloid
receptor (VR1) agonists. Br. J. Pharmacol., 137, 793-798 (2002).
Yin Y., Dong Y., Vu S., Yang F., Yarovoy VY., Tian Y., Zheng J.,
Structural mechanisms underlying activation of TRPV1 channels by
pungent compounds in gingers. Br. J. Pharmacol., 176, 3364-3377
(2019).

Raimura M., Tashima K., Matsumoto K., Tobe S., Chino A., Namiki
T., Terasawa K., Horie S., Neuronal nitric oxide synthase-derived
nitric oxide is involved in gastric mucosal hyperemic response to
capsaicin in rats. Pharmacology, 92, 60-70 (2013).

Horie S., Raimura M., Matsumoto K., Namiki T., Terasawa K.,
Priestley JV., Tashima K., Cooperative effects of neuronal nitric
oxide synthase and endothelial nitric oxide synthase on gastric
hyperemic response to intragastric capsaicin. In: Gyula Mozsik (ed.)
Capsaicin-sensitive neural afferentation and the gastrointestinal
tract: from bench to bedside, First Edition, Intech; 103-124 (2014).
RIS, AfTEEZE, LA, 51 R 74 (2010).

77



46. R L & 9, InARHER, JKIFTC, FiaSE, BRABUR, AHBEE, HES 5 K

DIRFE L A e b o FHE) I KT T RE HARE-BEF204, 64, 19-

25 (2011).

47. HAERE, AR RE, ON—ER, dmKEs & iRy o B AU X 5 kiR D

AV HAF HEFHEE 44, 583-587 (1994).

48. ¥ B8, FEAAIRY, hill 7 e, FRAY SR, W IERS, BREEZ v P itk T 2 LD

)R XOVBR T D ok R R S OV A R R & O P VE B I AT SR

]

R HAMK S 5555 10, 99-104 (2003).

78



o
KD FEfIC L 720, RIBEIR L2 MHBE E CHE2BH Y £ L 2 EE

RAFEHAPRE LR BRICEE R 2#EEZR LT, 2, WEEER

Ko I

L'IH

s

FIEBLEMIRE D HIGA N BRI ORI E. mCHEE., R
IO HER R 2 R Z OB IC D72 0 SR LT 22X D MkkeRy e ih

Lz, WAR#EZHRLET IS, MCHV 2L 5TFwE L%,

RWFFEITHh S LT 72 & o 7o i E PR R A 38 A RS B4 72 = 0 JEIEAG 3}
K. BFRGBRT K. mhat B KD AAGE K, RERER K. A4CH Y
BEHITITE L, FMEOEFEILOMKICE2 ETRIBAER RIS
LCHREBEBVELEOVWE L7 Y =y 7 RNER AT OXV#EFLFL L
FET., 2L TAMRZZEITTSICH 20 HETTTADWEFEEE © 5L 7 FFill

HEICEBT I VWZEE LR A4y L I RICESCEH 2L X

ER

I HIT, FALERX D EFTE % L T 72 72\ 72 BV [ BR K 27 38 27 51 34 B Re 2 1

(AN

(V

FUE oTht g BZIRICRO X WV IEREZ2#E 2R LET, £/, BIEZHD T
(7230 £ L3P EEER A Tl YA seE van B — 8%

79



T vh E ERR A SR R AL A e = IR dEBUR ISR 5 R A R

Lij_o

RIS, MIRICHELTE 2R Z25 2 TSI o, K B, R

FRH# AL LET, 2, RIBEEZKE Y, 0262 T NEE &K

<

fk. &% MBR. XF HRICLPOLACEH 2L ET,

o)

80



am oL H 8%
ARG XA 1E TR D FEKG I X 5,
1. Daikenchuto, a traditional Kampo medicine, facilitates mucosal
hyperemic responses through activation of TRPA1- and TRPV1-

expressing sensory nerves in rat stomach

Masatoshi Yoshikubo, Kimihito Tashima, Masaki Raimura, Yuto

Watanabe, Yukiko Noma, Syunji Horie
Planta Medica International Open 2021 (In press), DOI 10.1055/a-
1712-8391

2. FEBREY)ICH T 5 KEDG O BREMAEKEH oMy — w21
TRPV1 5 X U TRPAL ¥ A v D5 & EAkic X 2 (EHFEB 021 —

RERER, HARER. HIEA A, HILE&R
B 47 % 100-102, 2020

3. METF 2y PCBITF 27 I EERE DT INMA YV FATTA—bICXK2H
PR JE B E B R 5T 2 & < MR IR M ROAE O F& A BT AT

MG~ A HARER. KRERER, LKA
95 48 & 43-47, 2021

81



&, BES

ARSI P E R R LB AM AR CIi S TREDFE

H

BT X

DiThb 7,

ThH WEEEERAREAE #dk ot Mz

AR IRPEEERR AR EER B ik

[#& BRPEEEEREHE AR =B mo E—

Ho|

82



