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2-APB

4 a-PDD

5-HT

AMPA

CCK-8

CGRP

CHAPS

CRD

DAMGO

DMEM

DMSO

DPCPX

EC

FLIPR

GABA

HBSS

HEPES

2-Aminoethoxydiphenylborane

4 a -Phorbol 12,13-Didecanoate

5-Hydroxytryptamine

a -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
Cholecystokinin-8

Calcitonin gene-related peptide
3-[(3-Cholamidopropyl)dimethylammonio]propanesulfonate
Colo-rectal distention

D-Ala2, N-MePhe4, Gly-ol]-enkephalin

Dulbecco's modified ragle medium

Dimethyl sulfoxide

8-Cyclopentyl-1,3-dipropylxanthine

Enterochromaffin cells

Fluorometric imaging plate reader
Gamma-aminobutyric acid

Hanks' balanced salt solution
4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
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HSRRB Health science research resources bank

IBS Irritable bowel syndrome

NO Nitric oxide

PAF Platelet-activating factor

QoL Quality of life

S.E.M. Standard error of mean

TRPA Transient receptor potential ankyrin
TRPV Transient receptor potential vanilloid

VIP Vasoactive intestinal peptide
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FF
EFB IV X A, HECHHMEREEE W o 2Bk 2 B3 2 bk ch 5, fA
MoMEERIL, JLRTIEIAOD 2-27%., 400 7 A5 5 5,600 J7 AFLEE & #EE X

%&

T\ % (Drossman et al., 1993; Pare et al., 2001; Longstreth et al. 2006; Wald
etal,, 2007), HARICE T 2 HiFEOEIGIE. 2016 FEERAGEEERNEICX 2
L2-5%THY, BHEXLY SLWEDITS v, Mlwic XY BRBFEML, HE
JE8CII LR <, mlnici b L B R EH 3 2 (EAET )% PR 28 45
i E R AR, Fig. 1o ERAEE © QoL % filH A & k3 % & . MOS 36-
Item Short Form Health Survey (SF-36) % Psychological General Well Being
Index (PGWBDIZEB W THEITK L, QoL DK TIZIEERIERD 2 a7 TH 3
Gastrointestinal Symptom Rating Scale (GSRS) % L < 13 B{ATEENE & 0 HES A
WE TN TWw3b (Wald et al., 2007; Glia et al., 1997), & S IC{EMEHFICE VT
I EFEEOE T b HE XT3 (Glia and Lindberg, 1997; Sun et al.,
2011), BHEMICERIEREZ 2L T3 BFICE T 2 LHENEFIC OV, il
5 DB X HMUIER Z f5H L 72 S 088D 5. il O FERMERF IR L <
Symptom Checklist-90-Revised (SCL-90-R) #ZHfiL7= & = 5. {HREEHC
FOSKIERE S LU DREPAREICE . e AT Y —RED SuEm 25
22 MG I N TS (Heymen et al,, 1993), % 7-. EEE&E2 64 2 &
& D B RALIER % Somatic Symptom Checklist TEHli L 72 & & 5. H{kfLd = =
THAEEANL D D ECC &b EE I N T B (Jianetal., 2008), EFLEE TIT.

RN=F VY VB XS FEERAUIE O MRR B ORER LG, I 2B LD
ANERERE 75 & ORGP & DB# & #5725 5 (Choung et al,, 2016), X &
ICOEZE B X OBOE 7 & DRI OIRE 2 RERF L dEINT
BO, HRICEOTH PHERE DD 2 0INERE O CHED ERICEET 2
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#eid H 2 (Salmorirago-Blotcher et al., 2011; Honkura et al., 2016), fEH 2P
BHABEDAIRETH O, THERBRIFTH 5 LEZ LN T 555, (EHLASLOETE
IREDREENTHR~EEST 2L S 5,

fEAL D ZWT AR O WIRT (BatEd L <1181, SERNAZ{LoFE, JFEKIC
Ko Tomansg (Fig.2), EMMERZFF 2 2 B IO L T, BAICHZ s &
CHAIC X D, SRR A RE D . X O ICHRAIHFE 2 fE8 L. A o 1
BEMEZ WS 2, 2O DAREMEA RN E N2 A 1T, AR T H L 72181
s X OEMIE B E R (R IBS) oi2Widie S d, BIEFERE X
OMEFLRL IBS (3. 18O BB 2L % b 72 WHEREME#ERE©H % (Cashetal,
2007), HLEIREDOEEN A A FF7 4 CTH % Romelllic X 2 &, HEAEMEIE
PR D 2 Wi EL e 13 Tablel D X 5272 ). — 5 OEME IBS o k7 HL % |3
Table2 I d LB Y TH 5, MFEREIZ. PHERE DA B X OHEE & v o 72 fE
RIFHE S 2 23, FEMA IBS 13 PEEREE i 2 THE S L < IZIRERA DU 2 5E
Ko LThfgfo 2 EBBMEHEL 7 5, —T77. 1B MERRRR LM I [ I
REEDZWIEMEZ 7= X v ] LRI EEN T2, B T4 F T4
v BT IC KA S MEETH 553, EEOERIKICE W TIE, Romelllic
5 &0 Il BRAVEEWT IZEE L < . 1B MERRREMEIRIC 1T 5 IBS DFRILEENT % BR
CLMEROHEFIRECEKET S22 dME TN T3 (Fig. 3, Wong et al.,
2010),

ZDXIICHA N IA Vv EOBURLRSH Y, ZWEE T 2 EETH 2 23,
HLE OBAREN 22 ICEE T2 L MREBII R E (B 5, 1BHERIHEE
D3RR I CEBI A 22 C T oict LT, A IBS 3B ICGER 2% i
ZLTW3EEZLNTWS, Hasler b DfFEIC & 3 & {FfRH IBS BE O ER
PUE I3l A B EREE L kT 2 & fEICEF LTV, IBSHEETR
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EISEE L T\ b Z EIRBREIN TS (Hasler et al., 2009),

FERR D IR I 1T FEANE RN EIEUCE S Fii I b, WEFR A4 v PIEKE
(<, BFHH, EiEkRs L CEBEO 3 0BT oN5, BREED
WEIIEDOHE D 75% 13K TH B0, KOBREHAET 2, 1H3 A
DEF FICHRZ LoV &L 22 L, BYMHEOEE RBIE 2 -7V b ik
CHEREEMIC X VBN A2 3 2 e BT O NG, BYHEICEI L T,
FRLTWIHAEICE, BREZHCT LERDH 2 L I T2 03 (Leung et
al., 2011), EFHEEL FFER 2 15 X 2 2 vfEME S & 2 (Muller-Lissner et al.,
2005), ‘EiEfEROSE L LTt EiE) XL BRIz 5 2 8. Tk
MERZ & 22, MHRE o 2KfIC M 4 LI A% X 91 L CHEEEE % 1
L8, BB OND, B OWE L, #ERER S X2 0% ORE & IEE
D2y P —Y LRIy FOEMPED 5, FIHEREIC L 2 EMAEIZ. BEHS
THEPEEZIHETZ 25 Z ICEEFHOBE b w2 IR TH 225, 1A
BRELTR—LEbodrsntesod, TogAtc>wTzeT v X
LV DRI v, F R EIRRE O B CHEMEIR S ER T 5 2 ik vy
7z, EHRE L oflabsbecHu LN,

fEMMIC B T 2FEYNREL L X TAIHWOb NS, TANICIZRE 3T T,
R, BB X ORI THIA S 5, B A F 74 v TIIBHEMEB ORI
k. EEEWETAIOFEH R I N CTw S, REEETAIZ, Bt~ 2T L4
REWHETAIEMINE b D TH Y, RO/ THMATE 5, B{L~7 1>
7 LTRSS O 7 A IBS IB W TR I N TV B 08, KHIRE R
R B MR COAEM X N TH Y HRR IBS bW TR EhTE
59 (Medoff et al., 2004) | J&JH - IEHAEIR 153 2 2R IF AR TH 5 (Khoshoo
et al., 2006), ZRMETANIAKD ZWIN LIRS 2bDTH Y, FICKRFEID
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RCEEDOBEICHo NS, B TANZREEEORKE 2R s 5 2 &
D IRENEE) % JUE T 5 B ORI TV b 5 28, RIIIZ I i3
AHEETHY A F 74 v EDbFHWESIcE Yoo nTw 5, 7 IBS
CBEWTRAA P74 VICRRBIE® 22”7 v RID 7L, FITERZ B
IEBMELD 5,

ECih R E QR DE (iR & ) 3. ARG E T v 21
R ZBICIEEREES L D5, & HICHIKICE W Tz B I3 B R L
I W EREET S L, BUHERE X OHEBA IBS &6 5 LT B
R EANIEIR L WEFR X AT EwWEEZON S, £/, HH
IBS DiEFEHE DG A, RIS 2MFIEFH EELEEZEZON S, D720, Th
FEPE T M ICE W T, ERNICHCEEBIERE IO T 5 1EH] 2 BT % 2 8
Yie7F L ofigi TRPAL BT =2 + OFFFGAEIR & L ConREtEZ KR
AES 5 720 ICFE 21T 5 72,
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Fig. 1 The prevalence of constipation in Japan (data from National Life Basic

Survey in 2016).
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To include two or more of the following and present for the past three months,

with symptoms starting for at least 6 months prior to diagnosis

1, There are two or more symptoms out of A) to F)

A)
B)
C)

D)

E)

F)

Straining during defecation for at least 25% of bowel movements
Lumpy or hard stools in at least 25% of defecations

Sensation of incomplete evacuation for at least 25% of defecations
Sensation of anorectal obstruction/blockage for at least 25% of
defecations

Manual maneuvers to facilitate at least 25% of defecations

Fewer than 3 defecations per week

2, Loose stools are rarely present without the use of laxatives

3, There are insufficient criteria for irritable bowel syndrome

Tablel. Diagnosis criteria of chronic constipation (Romelll)



There are symptoms more than 6 months ago. There are abdominal pain or
abdominal discomfort more than once per week in the last 3 months. And it
satisfies two or more of the following items

1. Improvement with defecation

2. Onset associated with a change in stool frequency

3. Onset associated with a change in stool form (appearance)

4. Hard or lumpy stools at least 25% of the time, and loose or watery stools less

than 25% of the time.

Table2. Diagnosis criteria of constipation dominant IBS (Romelll).



Constipation
dominant IBS

Functional
Constipation

Fig. 3 Overlap between functional constipation and constipation dominant

IBS in the case of ignoring exclusion diagnostic criteria adapted from Wong et

al., 2010.
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FH TR

HITERIR T 38 TEERR IS 3 2 SEAIRHE 2 17 9 56, BRIR & RIRRICHEE R 3
JUPHEEZIEIRL T5 28T 5, Lo LEERZEIRE L7250, FHiR R
PR %5 2L, B XUEHBEEA 2B —BATENCEE L 5451 b FHiiE
RCH L PEEICE
2O LE OEBEEZ I T ¥ 5. ERI IR Z M 72 5Hl% OME 2 Hig

AN

BrhH 2280355, 20720, X0 EHICEHiATRE TS v |

A\

L7

% T CHLEEEREE) O FEM (X, Jacoby & 35 X OF Schotteck 5 I X % G5
v — X% AT 55 2EI1C L7z (Jacoby et al., 1987; Schottek, 1967), JiHE
JEROERICEI L CTid, BRRICEHE W TRRAEEMEM TR P L AEEHE N
BECLYVEZZEEZLNTVS, L2L, 7y PPy RICENTIE, AT
L A% B LTH THRAERIZER T 223, MEREZERT 2 2 LIFEHL W,
Yamada 3 X O Okada IC XV, a7 FLF VU VEZEKFEFTH 5 clonidine
X pAvA 4 FZEMREEECH % loperamide IZ X 0 JHALE EE) A3 B 3
5B EINTEY (Yamadaand Onoda, 1993), SHEFM: 1< L BE 7 AL X
® % Z & TR DREE A G L 72, Clonidine (3 HIGE % ik & & 2 1EF A
» Y (Chahl, 1985; Coupar and Kirby, 1972). loperamide (74L& D&Y
MazEELT 2 ePMEINT WD (Sohjietal,1978), LA L, T F TICil
FEHN D 1n vivo I BT 2 FPEDE W & FENICRRET L 728l 13 7 v,

AIETIE. a7 FLF ) v ZEEREDEE (yohimbine), p A ¥4 4 FRERK
fEPi3E (naloxone) ICHI X T, LA A ) VEZFEFEIHECH 5 atropine I X U
R CIEMEMERL B X OEMAL IBS DKL L TH o Tw 5 5-HT, AR
F)3CH % tegaserod % H\» T clonidine I X U loperamide I X 2 #55H#ERE I
W32 VEH 25T L 72, & & 1C mustard oil D FK 5> TdH % allyisothiocyanate %
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FAfi L 7=, Ally isothiocyanate (¥ TRPA1 ZAEMAEDIEEANER %2 b > 2 & 23
INTW3, Z T TRPAL ZEEHILEN T D FICHLE LR 7 v 28 IM
i (EC #ifE) iCRpc BB A E < L in vitro §HilIC 1> C TRPAL 3f#EAkIC X
b EC #ifis 5 5-HT ofigi$ 3 2 & & X O % v 72 Batic X v ik
EEENCB S 3 2 lREME 2 iS5 L 72 (Nozawa et al.,, 2009), Z OFEHE2 5 FAIX
SR L 72 38K T 7 v ic 1) 2 TRPAL ZBET7 I =2 + D in vivo ITEB )

ZiHLEEENCN T 2 FH 2 BGELES %5 & LT L7,

13



BE RBRIA
e d
Loperamide hydrochloride (LA T loperamide)., clonidine hydrochloride (LA

clonidine). naloxone hydrochloride (LA naloxone), yohimbine hydrochloride
(LT yohimbine) ¥ X OX atropine sulfate salt monohydrate (LA F atropine) %
Sigma Aldrich #1: (St. Louis, MO, USA) 2> 58§ A L 7z, Allyisothiocyanate |3/
FAE T (R, HER) » WA L 7, Tegaserod hydrochloride (LA
tegaserod) |3 7 R 7 7 ABIICTHK L 7=,

Loperamide (% 1% Tween 80 % & A 72 A B H/KICHEME L . clonidine (34 H
BIEKICIAME L 72, Naloxone ¥ X U atropine (3288 /KICEf%E L 72, Tegaserod
1% 0.5 % methylcellulose AR TR X &7z, Ally isothiocyanate (% 10 % DMSO

F LU 10 % Cremophor % & A 72288 KICTIAE L 72,

Fiik

HEME ddY ~ v 2 (RE27-30g) x HARSLCHE X W EEA L. AL 2. B9
i3 12 B O BREE ], R X NEEAEH S W -FMEEICC, ERiiH T
HHEA S X OCHBPOKSH T CHE Lz, EBRETH Y 572006 BENONEY
bR BT L, B HRFOKATRE R RIBIIAMERF L 72, EBRUH, ~ v 2 3HlE
HOMEREE 7 — VI ik 1 R LA EBIME & €72, SRR TR X KR
BEL L7z, TV RICYZF AT —T VTR REEZ 220, EE 3 mOT 7R
—RX%NLFIA 5 2cm OAIEE T, iy )V avyBonzETiliAL7z, A
B RABHET -V IR L, HME»OREL Chr b —XBPHI s £ T
DR ZBE L7z (Fig. 4), HE2 O HES 2 £ colflids L2 1 pfE T

D, FREITRESELRS Z Lidhr o,
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Loperamide & clonidine (% & — X#fi A D 30 73HiIC K T 5 L 72, Yohimbine,
naloxone % X U atropine 13 & — XA 60 2}HIICHEITHE S L. tegaserod & X
O ally isothiocyanate 12 2 L EHE — XIFAD 90 4335 & 8 3 40Hi I R OTHES L
oo HHEA O G HE, Bk L V& 4 I v 7% Table 3 IC, FEF|DFE % Table
4ITF &7,

B, TXTCOMYERITT AT 7 ABEOEYEREBE R IC T, HENIE
PO EERTSTEIC O WTRKE RS THEML 72, B3 12 Ffs o BHES R, R
JORENEB I N B EICT, ERATH £ cHBER S X U H hfokEf
TCHEB L,

fEbT

v — X OPEHIRE I PR B X O RZ 2B L 72, 2 HEoRE
7Z21E 1X Unpaired Student’s #test % V>, 3 HELL_E O FEREIRGE IC 13 Dunnett’s
multiple range test Z f\ 27z, X TOME ICHB W THEKEIX p<0.05 DGE

ICHEAD Y LHE L 72, v — XPRE O UEERIT, B G- O I P KA 2
0 %, loperamide b L < (% clonidine JEf%54F (control #£) DI %
100%& LCHEHL 72,
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Loperamide 0.3 ma/kg sc Insertion of a glass bead

Clonidine 10g/kg sc injection

—
——1

30 mi <—Q

Oral side

a O

;Anus
O

Fig. 4 Schematic image of anti-constipation models.
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Table 3. List of administration dose and timing of drug

Drug mechanism Dose Time
(Before beads
insersion)

Clonidine a » adrenergic receptor 1,3, 10, 30 30 min
agonist ng/kg sc

Loperamide u opioid receptor 0.03,0.1,0.3,1 30 min
agonist mg/kg sc

Yohimbine a 2 adrenergic receptor 0.1,0.3,1,3 60 min
antagonist mg/kg po

Naloxone u opioid receptor 1,3, 10 mg/kg 60 min
antagonist po

Tegaserod 5-HT, receptor 0.1,0.3,1,3 90 min
agonist mg/kg po

Atropine Muscarinic receptor 30, 100, 300 60 min
antagonist mg/kg po

Ally TRPAT1 receptor 0.01,0.1,1 3 min

isothiocyanate agonist mg/kg po
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Table 4. Structure of evaluated drugs

Drug name Structure
Cl
Clonidine
HN
HN
\N Cl
Loperamide O
O
Yohimbine
Naloxone
Tegaserod
Atropine
Ally
isothiocyanate
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BEH KR

Clonidine @ J¢ F# 512 X v F BARTEN 72 © — PR HER OB IE 2720 6
7= (Fig. 5A), Clonidine 10 pg/kg ¥ 51 X v, IEHREL IR L TH L Z 3 5o
— 2P DBIE 253 b 7z, £ 72 clonidine 30 ug/kg e GRETIE, IEHEE
LR L T X% 6 50 v — XPEHE B OB RS & 7z, FHIFHE I B0
Tld, BEFHOERE T & 5 LAY oEms i Lic {2 2 &
bHD0, AR OEHREL O S/N 2540 iR ATEER 10 ng/kg % EACH &
L LTEAT %2 &ic L7z, Clonidine 10 pg/kg Ic X % ¥ — XPEHEIEVER 13,
yohimbine % HHAICARNRSG T2 Z &1 X v HRBREN AFETUEHR 2 L D 5
1, yohimbine 1 mg/kg $5-8E CHEAT 7x & — X HEHIFRELE © SEE T 23380 &
. X 51 yohimbine 3 mg/kg #5-1C X Y 584 ICBLE X EkE & h7- (Fig. 5B).,

[Fl kI loperamide @ FZ T #5.T d FIRIKEA 72 & — X PEHIRFTE] 0 B AE A358.0
&N 7-(Fig. 6A), Loperamide 0.3 mg/kg #%51C X bV, IEHEFE B L TH X %
3150 v — X P OB R b7z, FE% loperamide 1 mg/kg IC$ 3
LB X% 45D v — XPEHR R 23529 6 7z, Clonidine £ 51 & [7] U
PEHEBIES R T2 72012, 0.3 mg/kg DHE %A L 7z, Loperamide 0.3
mg/kg #e51 & % v — PR EE 13, naloxone % & — Xif A 60 43R ICHE
M55 % 2 Lic X ) FARKEN 255032 & 54, naloxone 3 mg/kg 5
IC XV HERWEIER 229 5 1. naloxone 10 mg/kg #5.1C X U 584 IR AE (13
ek & 7= (Fig. 6B),

5-HTy ZFBAET T =2 F TH % tegaserod & & — XA 90 ZrAiICHE %5
T3 2 &2k b, conidine I X % & — XPEHIRFRHEIE Dk 253880 b7z (Fig.
7A), Tegaserod 0.3 mg/kgf 51T X U J KIEHN(82 %) 33D b2, &
& 3mg/kg) TIIEFR ORI L., BELRIGEEMALHEA L 7z, Tegaserod
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IZ[FEEIC loperamide IC & % ' — XHEHIRFEEAL % 6 L 7= (Fig. 7B) . Tegaserod
1 mg/kg ¥ 5-W RIS (81 %) 233D b7-23, 3mg/ kgt GHC T HEC
X H > 7223, FERDOWFI RO LTz,

AN VEFIKHESRCTH % atropine 1% 5 FHEHF (3-300 pg/kg) !
B TIE, clonidine 1T X 2 ¥ — XY RLEIE IC 0 3 BB IZ A LD b
727> 7= (Fig.8A), —/j. atropine 30 pg/kgld loperamide i€ X % & — XHEH EE
BT % A7 Ic ek L, ERIZT0%TH -7z, Lo LEHRICE W CSEE
FIxiEs L 7- (Fig. 8B),

TRPA1 %k T == % } T 2 allyisothiocyanate 13 loperamide ZHH D v —
X PR RE 1< U CHBMRFN 2B ER 2R L. 1 mg/kg po I CTHEE
L. 3 mg/kg po iBWTHIEH OIS IER® b, IEHEE L FEOHHH
e ¥ ceE % L7z (¥, 102%, Fig. 9A), —75. clonidine ¥ D v — X
HEHLEIERFELEE IR L Tt BRI L ® S 2w 1 mg/kg po TeEMH %
L® L. 3 mg/kg po CEABELRIGEFEMZRL 7, 3 mg/kg po FFDUGERIZ

82%TH - 7= (Fig. 9B),
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Fig. 5 Effects of clonidine on colonic propulsion in mice.

Dose-dependent delay of colonic propulsion induced by clonidine (A).

All values are presented as the means * S.E.M. (n =6 or 10). ++ p<0.01
compared with the control group (Dunnett's test); ### p<0.01 compared with the
control group (Student's rtest); ** p<0.01 compared with the vehicle group

(Dunnett's test).

21



50+ o

401

++
304

204

Evacuation time (min)

104

control  0.03 0.1 0.3 1

Loperamide (mg/kg sc)

B
it
304
i)
£
‘g 204
g
= ok
=
g
ok
S UE
0
control  vehicle 1 3 10
Naloxone (mg/kg po)
Loperamide 0.3 mg/kg sc

Fig. 6 Effects of loperamide on colonic propulsion in mice.

All values are presented as the means = S.E.M. (n =6 or 10). ++ p<0.01

compared with the control group (Dunnett's test); ### p<0.01 compared with the

control group (Student's rtest); ** p<0.01 compared with the vehicle group

(Dunnett's test).
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Fig. 7 Effects of tegaserod on the clonidine- and loperamide-induced delay of

colonic propulsion in mice.

All values are presented as the means = S.EM. (n = 10). ### p<0.001

compared with the control group (Student's #-test); * p<0.05, ** p<0.01 compared

with the vehicle group (Dunnett's test).

23



H#t#

304

204

Evacuation time (min)

101 I
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Fig. 8 Effects of atropine on the clonidine- and loperamide-induced delay of

colonic propulsion in mice.

All values are presented as the means

+ S.EM. (n = 10). ### p<0.01

compared with the control group (Student's t-test); * p<0.05 compared with the

vehicle group (Dunnett's test).
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Fig. 9 Effects of ally isothiocyanate on the clonidine- and loperamide-induced
delay of colonic propulsion in mice.

All values are presented as the means * S.EM. (n = 10). ### p<0.01
compared with the control group (Student's #-test); * p<0.05, ** p<0.01 compared

with the vehicle group (Dunnett's test).
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HPUET EE

PEBETECE R (3 U1 1 o (B R © & 2 18 ML I X OB (E M < & 2 fELRY
[BS ic kxS RplEN 3 (Cashetal.,2007), SHOWETIZ, =7 ZAZFHWT
clonidine ¥ X UF loperamide I X 2 I EWHEREELZ AT L VA Lz —X
OPEHRE R 2 fatE & U CEHili3~ 2 ik 2 Mgt L. B0 FR 2535 Z & <.
Z DFEZEBEEL 72, Clonidine 32 NE TIK~ Y RAEBLX VT v MiTB VT,
fLEDINMEZIMH T2 2 it Xy, MHRiZzMFlT2 2 erHEI LTS

(Doherty and Hancock, 1983; Thollander et al., 1989; Hallerback et al., 1987),
X 51T clonidine IFEFIRIC B VT H M ZE Z 3 & 233 T 1T 5 (Bostock,
1975; Ferder et al., 1987; Gonzales-Gomez et al., 1983), Afiff5% T clonidine %
HBRRAFHNC I E EERE 2 EBE X &, Z OIEIER R T yohimbine 1T X ) #5HT
N7, ZDKEFIT clonidine 252> I1C a, adrenergic Z &A% N L TG EHHXHE
REBIELTWEZEERLTWS,

% 7z loperamide b BRR CHEERIE 2 8 & & 2 23, =€ v F OfHIGE %
72 B A4 X % A 72 A EEEHNE 1< 35\ TGS O IS %2 S8 hn & &
52 BTN T35 (Sohji et al., 1978, Fioramonti et al., 1987), AHf%E T
1% loperamide b HEKFIIC G EE@IERE 2 EBL X ¥, Z DELF)FR T naloxone
X Y EEPIE N, Z DFERIT loperamide 23 221 popioid Z A E /M L TH
EEIERE R BEL TWBE Z L 2R LT3,

I DA T, M7 VDR Z Y3 X OB X OhRIE & v D
Btk & W Z MREES 2 HIT, tegaserod ¥ X U atropine @ #FAlli % 1T - 7=,
Tegaserod (¥ 5-HTs ZAMFEZECH b . BEMREEICD MK » LT &
Fra) vyEX W GCRP #4232 2 Lic X v BEEEES % (Lt 5 2 & 28
53T % (Grider et al., 1998, Liu et al., 2005), Tegaserod (3 E5R#R % D HIfE
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M xBEAICTHSE? O —RHARE L T 228, BRI B W Ot MEEL 3 X U
B OM T ICHENEELZ R T Z EAME I N TS (Appel etal,, 1997, Jin et
al., 1999, Scott and Perry, 1999), % D 7-®. tegaserod D€ T VI E T 5 HED
PEOWRALIR, WREE T L DR Z Y2 RELS 2 720 1AL E X B,

—7J7. atropine (% in vivo 3 X O in vitro I B W CELEIE 2 BHE L, H1L
EEE) 24 3 (Bush et al.,, 2000, de Ponti et al., 1993), EERICHEWTD .,
Pra ) vEIFNIEEEER N L CREFHZ R T e G IhTWw 3

(Dobrilla et al., 1990, Passaretti et al., 1989) 25, $1=2 V) vHloE 4 8ER L L
AR D e X LT\ 5 (Lampela, 2015), 245D T & 2> atropine D FFAffi 1%
M€ 7S BT B v — AP AE L E 2SR PE© H 5 2>, iR CH % 2
ZHOPICT 2D ICHM R FERTHELEZLN S,

AMEFERICE W TDH | tegaserod 1 loperamide ¥ L U clonidine 57 &
— AP EELE IC L CHE R SGEFEM 2R Lz, —Ji. atropine &
loperamide #FHF Y — XHEFEELEE T LICEWTOARFREAREEEHAZ R L 72,
AWFFEAER X, I SN T3 tegaserod ¥ & U atropine &R UHia U vIHoD
EEIRAS R LRI L CH b | loperamide 5% ¥ — XML REELL T 7 /v (3L
MET V& LT, clonidine 355 v — XWX REEIL € 7 v ISR EEM T T v &
LCENZENFRHTH L LEZ LN,

RIFEIT BT, tegaserod (X HH R IC I\ T v — Xk O IEEEF 237
59 L 7o TN ETICD tegaserod BN EBPLHATHBICH - THHHEICHE
TYEFAIREE T 5 2 L 23 M&E T T3 (Appel et al., 1997, Jin et al., 1999,
Scott and Perry, 1999), mH&EICEH W T tegaserod DIEF A KT 3 2 HA I,
CGRP, substance P 3 X O VIP OfHiE DM 32 Z L i X 5 b o & HEH]
X% (Grider et al., 1998),
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TRPA1 ZEMAFITARERRICHAAE L. BRIBL B8R B X O RIEME DR 4 D{RiE
WCBH5§ % Z & A & LT B (Bautista et al., 2006, Kwan et al., 2006, Nagata
etal,, 2005), Z#F Tic TRPAL ZAMIEMHELIEM2 S % mustard oil @ T
Td 5 allyl isothiocyanate 28~ 7 X DfiiEE & FEkicE V£ Y FMEHEE I
B TIEER ZRd 2 & 285 22 L7z (Penuelas et al., 2007; Nozawa et al.,
2009), ZD7/7z®, FAIHEEL 7-fE T vIicE T % allylisothiocyanate DYEF %
BRAE L 7z, % OfHR. allylisothiocyanate | loperamide #¥ ¥ & U clonidine #%
FLEHOLDE - XHHRRELEICH L THEMAUGEFHZRLEZ, b
tegaserod & 3R Y mHBRICBWTEHOBE IO oz o7z, TN in
vivo IC 3 1J % allyl isothiocyanate DB ETHEREICHN T 2 W] D TORATH 5,

ZiE < TRPAL I3iEMHA L3 % &, ECHMllflgs» o 5-HT Ziki3 252 &, %
=B A2 ETic s v»w T, TRPAL IC X 2 ML EEB S EER 1. D7
C e dEaomicEWNAEN 5-HT otz LTwas 2 e 2HELTEL

(Nozawa et al., 2009), In vitro EERIC 35\ T allyl isothiocyanate @ 5-HT i
EMEIRIRES L 7 v &1, ARRFZEIC 35 T allyl isothiocyanate 78 tegaserod & 13
B2 ) EHEICEWTOERNDGY L b o B & HEH T 0 5,

AKIFEIC BT, FAIL loperamide & clonidine % 72 2 D O IEF|E(FERLE
TR L, KA IC X o C loperamide |3 EEEVEERE, clonidine |35t
WHEEM D ET VL TH 2 2 & LR CTH MM Z R 3 3H o FHiliic & Y BRR TR
HobsETALTHLILEHLIIC LT, & 5T, allylisothiocyanate 230%
TOTHMERR L7722 &2 6, TRPAL ZEART o= 2 b 2MEMEER S X Uith

ML DI & 7 v REtE 2 /R T 2 L 3T & 7z,
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PE_E P TRPA1 7 =X I ASP7663 D
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F—H BR

TRPAl Z%&Z TRP 77 3 ) —D—D2TH 5, TRP ZHFKIIL a7V a2y
NIDNRFICEEZ 2T HRNEEFLELTHAEINZDRZ Z >0 TIC, &
Tu SRS EEEI N, A—%=7 7 IV =KL T3 (Clapham et al.,
2001; Moran et al., 2004), TRP &KL 7 20H 777 1) —iZhHrnTn»
%, ARG X, 6 PFEEE N A VERTEKR N AL vy T 2=y
D4 BERTRAEREIERT 5,

Table5 ICf w7z X Hic, TRP ZEKITIREEZIESH Y. kA LRIEY)

]

H. pHZA ., BHRBEICN L CORIGT 2 2 eBmEINTwD, ZDEH)T
b TRPAl ZAEMZHIE A7°CLLT) R LTRIET 2 &ML TED
allyl isothiocyanate, allicin ¥ X UF cinnamaldehyde @ X 5 Ze il E 120 L C
bIGT 5, FEHIL, BEMRE L ECHIRICH Y, IBERMER T ¥ A1 TH 5
729, KEHRICE Bt G2 ERT 5 2 L CiiADmEICEE T 2
L 23% L ¥ T B (Bandell et al. 2004; Bautista et al. 2005; Jordt et al.,
2004)

Penuelas i€ X ) TRPAL ZEERBHLEICHKEL T2 2 ElE ST
%75 (Penuelas, 2007), Z#E TITHLENTHRHIC EC Ml icFric FBIE 2
B <. TRPALJEE(LIC X v EC #iflds 5 5-HT ot 2 /v L <. #{LEEH) i
BI53 2 alaetE 2 S T\ % (Nozawa et al., 2009),

fEFAAY IBS D & 13, BRI, EHMECELL woERE 2T 2
SEEE SN Z & DR & T w3 (Dunlop etal., 2005), —f%fyIc B3t
FEOEEP I NS 20, BREOMP 5-HT RED LR 512 2, (Hk
A IBS B Cld BB oM 5-HT B O EFAHE A L iR L TR» 2 & 23R
H I N T\ % (Atkinson et al., 2006), % 7=, HilfKF X CEEKICEH T, 5-HT,
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TRET T= 2+ 5-HT R AR T == 2 + 2383 X OEA IBS 1t
LCREERZRT Z & & TN T3 (Appel et al., 1997; Jin et al., 1999;
Scott and Perry, 1999; Imanishi et al., 2003; Moore et al., 2013), L ko Z & 2
5. ERLEL IBS B I B W Tid, 5-HT OFEE D L I3 oK T 23R B 0 JH A
D—DThHbBLEEZLND,

Fiko@E Y, ZiE Tic TRPAL RAEKRT ==X + 23 HLE EC #lids & 5-
HT 32 2 ERELTE D, HICHIEDERS O, TRPAL ZEMART =
= Z b AVEMEER S X ORI IBS &5 & LT HAIE 2 7R 3 54 o (F R
RIEIR L B EIREME R R L7z, SO IFZERE R Z b LT, #i#l TRPA ZHEKT
== 2 + OES % HE L T high throughput screening ZEfE L. HEL 74 v
F— VR DAL & & ol b &S % 2 & ic & Y ASP7663 ((E)-[7-fluoro-1-(2-
methylpropyl)-2-oxo-1,2-dihydro-3H-indol-3-ylidene]acetic acid) % R Hf L 7=
(Fig. 10), AEICEHB W TIE, TRPAl ZAEMART =X itk #ERM:, 5-HT K
HIERZBGEEL 72, & O ICHTER CHESE L 22 EAIRERMEME T VI T 21EH &
& T3 2 fER R MRl 3 2 720 ic, #EEhRARIEREE7 v (CRD €7 4)
R L 72, & HICHGRIEOEE AR LT X b | ERIC 2 SRR & I
X3 2 EIBEFF 2 BH S 22T L 72,
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Fig. 10 Chemical structure of ASP7663.

32



Table 5. Summary of thermo-sensitive TRP family.

Receptor

Threthold of

Distribution Stimulator
type temperature
Capsaicin, Acid, Camphor,
TRPV1 43°C< Sensory neuron, Brain Lipid 2-APB, NO, Vanilotoxin,
Resiniferatoxin
Sensory neuron, Brain,
] ] Growth factor, Thymol,
Spinal cord, Lung liver,
. Menthol, Eugenol, Camphor,
TRPV2 52°C< Spleen, Colon Bladder
S Carvacrol, Unsaturated fatty
epithelium, Muscle, )
acid
Immune cells
Skin, Sensory neuron, Low osmotic stimulation, GSK
TRPV3 32-39°C Brain, Spinal cord, 1016790, Lipid, Mechanical
Stomach, Colon stimulation, 4a-PDD
Skin, Brain, Bladder
. epithelium, Kidney, .
TRPV4 27-35°C Calcium
Lung, Inner ear,
Vascular endothelial
TRPM4 Warm Heart, Liver Calcium
TRPM5 Warm Taste cells, Spleen
. Brain, Spleen, Immune cyclic ADP-ribose, H0,, B-
TRPM2 36°C< .
cells NAD*, ADP-ribose
. Sensory neuron, Menthol, Icilin, Membrane
TRPMS8 25-28°C o
Prostate phospholipid
Allyl isothiocyanate, Allicin,
Cinnamaldehyde, Mechanical
. Sensory neuron, EC ) )
TRPA1 17°C< stimulation, 2-APB, Carvacrol,

cells

Calcium intracellular
alkalization, H> O;
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H_H ERE
JAR7
A
Loperamide & clonidine (35— & [f] U < Sigma Aldrich #1: (St. Louis, MO,

USA) 2 bHEA L 7z, ASP7663(Fig.10) & HC-030010(Fig.11)1x 7 A 7 7 A #il34E

ICCTHL 72,

In vitro F¥ii

HHREAN Ca? R I E

v b, 7y FBLUP=Y X TRPAL ZEMARITN S %5 ASP7663 T == i
WaFfiL 7z, e b 7 FB XU~ A0 TRPAl AR ZBHIFER & ¢ 7-
HEK293 #fifidix Doihara © O CHEZE L 72Mfg % > 72 (Doihara et al.,
2009c), & F. 7 v F B XU~ 20D TRPAL Z&4kFH HEK293 i % Poly-
D-lysine 22—+ L7Z22E27 Y 7K LD 96 well plate I % Z L 16,000
cells/well, 20,000 cells/well 3 X f 20,000 cells/well TIERE L 7=, E5E®R I 10%
FBS ¥ X U 1% penicililin / streptomycin % & A 72 DMEM % 7z, &L 72
MG IE 37°CIlc C— B L 72, BN H X, ¥ % 20 mmol/L HEPES (pH 7.4)
F X1 0.02% CHAPS % & A 72 HBSS (HBSS-HEPES-CHAPS &%) Ic Ca®i{
HAERHETH S 2 pmol/L Fluo-4 Z I L 7238 RIC AN 2 2 IRfE]FfE L 72,
80 pL © HBSS-HEPES-CHAPS ##8 T 2 a3 LFifiic w7z, ASP7663 &
HC-030010 ¥ DMSO (¥ fi# L 7= %, HBSS-HEPES-CHAPS & i1c DMSO
D EASIREDS 0.1%I1C 72 5 X 9 ST L. L 72,

HI7E 1% FLIPR tetra (Molecular Devices #) TfT 5 7z, ASP7663 iM% 30 47
R DMINER Ca> JREZAL 2 HIE L, IR L /MEDAZZ S 7 F v e Lie,

34



5-HT fieHH E Al

HSRRB 72> 5 Hif5% L 72 QGP-1 # 7= (JCRB0183), 24 well plate iZ 3 X
10° cells/well CHEFEL . 3 HREEGE L 7z, K5I 10% FBS & 1% penicililin
/ streptomycin % & A 72 DMEM % 27z, 0.5% FBS & 2umol/L fluoxetine
k& A 72 HBSS T 3 [l¥ei L7z, ASP7663 % FIIE D& A 72 HBSS-FBS-
fluoxine IR ICIRIR Z B L. 37°CT 60 /[ E L 7=, FlE L 72Mifg %z kR < 7=
I 3,000 rpm TS5 L LD, FiFEZBEINL 7z, RIFIZHIE £ TOFH-
80°C THIAGIRTE L 720 5-HT I Serotonin EIA Kit (IM-1749, Immunotech f) %
M, 7u b a vl#OMETETIT> 7%, 405 nm OWOLE L SpectraMax
(Molecular Devices #f:) # F\»C, Spectra Max (Molecular Devices #1:%) GHlE

L7z,

In vivo F¥i

TRTOFYERIT A7 7 AEEKOEY)HEHREB 21T, FETELDE
BRTE I oW TR 2 5 CHA L 7. B3 12 Rl O BIRG A, R B X ONE
ERER I NFEEICC, RERATH £ CAMEBER S X WA HPOKSEA T CHF

BL 7,

HAFF R E T L

B — AT ATE O R & [/ U5k CHRMi L 72, ASP7663 13 &' — X ffiA
DZANCRE O S 7w LIRERIRIE S L 72, fO& 5 C ASP7663 13 10%
dimethylformamide & 10% Tween 80 % & A 72 ZKB/KICHEM L 7=, #IRNIL S
IRFIC X, 5% dimethylformamide & 5% cremophore % & A 72 4 FREGHESEVANR I
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AR L7z, TRPA1 ZEMRHERTH 2 HC-030010 I X 2 FEPrFEE <1k, HC-
030010 % & — X4 A D 45 43 AicfF 845 L, ASP7663 % 30 4raiic#R £ 5.
L7, HC-03010 (% 0.5% MC & I i L. #EOs L7z,

RERPFEYIN 775 3. Ghia b D 7E% SF IEIEZ N 2 CEMEL 72 (Ghiaet
al., 2006), ddY =7 z1ic 50 mg/kg sodium pentobarbital % M5 L R L
oo B 2 IEHUIGE L . BEREAE T o I8 3 X Bl oK EMRE R 2 UIBR L 72,
<~ 7 ZHENEE < C 1HEB O BEIAR 2 B CTo b BRI L 72,

it Ik sR A FE M il & 7 v

s 1ot 3 B VB 2 BGEE S 5 72 91T Fioramonti & @ 5k #{E1E L 72 CRD 7
FEDIF AT T NV DEHM & 1T - 72 (Fioramonti et al., 2003), HfEE Wistar rat 2 HA
SLC#2bBAL, ALz, 5%4 VY 7L 7 VHKEEF T, BRE5ecm DT v 7
7 ZEAN — v NI WAL 72, AR RSV — Y O IE 2 LT L Y 1 em
DR EETHAL, M —vRfiLiiEane v iicFa—T7% 7 —7ChlE
ICECEIE L7ze 2 D% 7 v MIAR 7 — Y IC Adv, REED RO Th O EBREAT
2770 2NN — VITIIHEMEIE & L7z Barostat ©& % DISTENDER SERIES I
(G&J Electronics 1) % flv>T, 15~60 mmHg ®JE% 15 mmHg Z & 12221 72,
SN = VIZEE DT BRI 5 e L. FHER oI 5 o4 v &=
NER T, NA—=VICEE P T T T v b ORERIGD 8 %A 7=
(Fig. 11), ASP7663 I3F¥Hiff4A 5 53T iCBEIR & 0 #% 5 L 7=,
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Fig.11 Structure of HC-030100.
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Insertion of the balloon

0 15 30 45 60 mmHg

| < |
5 min

Counting the number of abdominal contractions

Fig. 12 The method of CRD model.
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EEEgRE I & & 7 v

HEPE ICR = v 2 (4-5 38R Z HASLC X WAL, AL 72, B 12 I
IO BARGEHA, g s L RENEM I N B R ICC, EFMTHE cHHRER
B X OHBPOKSET CHE L %,

FEELH, BIEST — 30 0 LA LEBIME L 7z, ASP7663 13 FFIES 5 30 43R IC#%
5 L7z, 0.6% BEREARIIIER L. 10 mL/kg % JGHENT G- L 72, BEREHLS:
% 20 R DR ESZBEWERITH CTH 5 writhing ((REX X U 0 178) o [BIE%E H]

E L7,

457

ASP7663 & HC-030010 27 A7 7 ABIICTHMK L 7z, Loperamide
hydrochloride ¥ & Uf clonidine hydrochloride (% Sigma Aldrich 2> 58 A L 7z,

Ca** assay ¥ & ' 5-HT assay T, ASP7663 & X 1" HC-030010 (¥ 10 mmol/L
DMSO 7AW % Epk L . HBSS-HEPES-CHAPS % L < (& HBSS-FBS-fluoxetine I

Bh L CRSIREE & L7z,

At ALER

TRPA1 Z&MET =2 MMEA S X O 5-HT iHiEM: D ECs ffiiZ. Sigmoid-
Ena FEARIZ IR HTIC X D B L 72, &alifiE n=3 HloJh7 L 72 4 347 D K]
P B L 5%EHXMHE % kD 72,

BPEERIC BT, T T ORGP LR CRlR L 7, AEER
EWCR L Clid, 2 BERIL 05412 13, unpaired Student's #-test 17\, 3 FELA
ol D41 1 Dunnett's multiple comparison test % w72, A EKUE(Z
p<0.05 ZHEAED Y LHE L 22, BRiHlio5 & I1cid, EEM A CoREr%
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15720, %HEEZZEL C. Bonferroni's 1L %17 7=,
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EEE MR

t b, 7v FEB XU~y 2D TRPAL ZEMK % i 53 & ¥ 72 HEK293 fllfg
BT, ASP7663 3[R U X 5 RIRERFEL b o THIIEA Ca? iR FE %2 $Ehn X
7z, ZNTENOEFIFEHMALIC 1T 5 ECso fH(95%EXEDIX, v b, T v
k. =7 2 TRPA1 ZZ{EDNEIC 0.51 (0.40-0.66), 0.54 (0.41-0.72) F X W
0.50 (0.41-0.63) upmol/L TH -7 (Fig. 12), ZhZ homilRIEMEIc s
W C, ASP7663 10 pmol/L iC X 2 fifEN Ca* 2 E5/ER X, TRPAL Z#& 14
FHEHRTH 5 HC-030031 ic X v ] X 7=,

v sk oMifecd 5 QGP-1 #ifa%x 7z 5-HT MUHEA oEfic s
WC, ASP7663 IZIREMTERIC 5-HT BUBZ IR L 72, ECso fH(95%{5 48 X [H])
i, 72.5 (52.6 - 99.9) pmol/L <& - 7= (Fig. 13),

HE O L7 2 ODOFEMETAICET S ASP7663 DYER % 25l L 7.
Clonidine 0.01 mg/kg ¥ X O loperamide 0.3 mg/kg 7 T 51 X 3 HEm e —
YRR [0 L €, ASP7663 Z #5153 % & | loperamide IC X % ik
REEIEICR LClE, 03 B XU 1mg/kg icBWCHEARKEEM %2R L7 (Fig.
14A), ASP7663 IZ[AEIC clonidine iC X ZHkAEBE/EHICRH LT 1 LW
3mg/kg I B W THERKEER %/~ L 72 (Fig. 14B), ASP7663 13 %5 Tl
BELBUSEFEMZR L7z, —77. BER&%E G <l v — XPEHEESCEEH 278 X
Zaho 7= (Fig. 15A), ¥ 7-. ASPSP7663 #&O#%5.1C X % v — R e RGBT E
TEFZ BRI 2 VIR L 72~ 7 2 (Fig. 15B) 3 X 1 HC-030031 100 mg/kg %
FHEfcREOKS 32 LA L7z (Fig 150),

ASP7663 DEJEICH T 2/FHZIRAES 5 729 1C CRD €7 VL HFEE T LIC
x93 3l % 1T o 72, i€ T I BT ASP7663 B 5 Tl R It~ D 552
IR0 LN o7z, CRD EFAICE VT, IERKIGIZESGNTED EFICtEn
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B L 72, ASP7663 1 mg/kg iZ 3T, BRI 3 2 SOG RIE D J /0 )
RH LT, 3 mg/kg ICFH T, 30, 45 B X 60 mmHg OJEHBEIC N 2
NG RGO B 7R 235889 b 7= (Fig. 16A), CRD & 7 Vi B\ TIE,
ASP7663 1 BRI S < b MR R IG & i L 7z (Fig. 16B).
WEIE A 76 & € 7 L OFHINIC 35T, BREEI ST X 0 A= ISR o HE
DD Tz, THITH LT ASP7663 13 A = R iMHIEH 2R L 7= (Fig. 17),
ASP7663 O ERMEFEAM & L <. 60 D Z AR S L O TPRV1 1S3 5 /A

ZRET L 7245 3R ASP7663 1\ oM RE D 2 & AR & 117z (Fig. 18, Table 6)
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® human TRPA1

) ¢ rat TRPA1
1004 A mouse TRPA1
=
o
: ]
2
S 50-
S
=
A
| .
0- s
[ T L L | T L LI | T L L L L | L
0.01 0.1 1 10 10
ASP7663 ASP7663
concentration (pmol/L) +
HC-030031
10pmol/L

Fig. 13 Activating effects of ASP7663 on human, rat, and mouse TRPA1.
ASP7663 increases the intracellular Ca?" concentration in HEK293 cells
expressing human, rat and mouse TRPA1. HC-030031 (10 pmol/L) effects on
ASP7663 (10 umol/L) induced an increase in levels of intracellular Ca?*. Data are

expressed as mean values = S.E.M. (n = 4).
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Fig. 14 Effects of ASP7663 on 5-HT released from human QGP-1 Cells.
ASP7663 releases 5-HT from QGP-1 cells in a concentration-dependent

manner. Data are expressed as mean values = S.E.M. (n = 4).
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% 09 £ 30- T
E T 5
£ \ K g T\ Q *
'O \ % o 20- \ _I_ %k
g \ \ - 2 | = \ \ NI
m
0 NN NN WRART
control vehicle 0.03 0.1 0.3 1 0 o
ASP7663 control vehicle 0.1 0.3 1 3
mg/kg po ASP7663
Loperamide mg kg po
0.3mg/ke sc Clonidlne
0.01mg/kg sc

Fig. 15 Effects of orally administered ASP7663 in loperamide- and clonidine-
induced constipation models in mice.

ASP7663 improves delays in colonic propulsion induced by loperamide (A)
and by clonidine (B). All values are represented as mean = S.E.M (n = 10). #
p<0.05 compared with the control group (Student’s t-test); * p<0.05 compared

with the vehicle group (Dunnett’s test).
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Fig. 16 Effects of ASP7663 in the loperamide-induced constipation model in

mice.
Effects of intravenous administration of ASP7663 (A) and effects of oral
(B).

administration of ASP7663 is diminished in HC-030031-pretreated mice (C). All

administration of ASP7663 in vagotomized mice Effects of oral

values are presented as the mean = SSEM (n=50r6).# p<0.05compared with

the control group (Student’s #test).
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—_ 30 -
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Fig. 17 Inhibitory effects of ASP7663 on colorectal distension in rat.

ASP7663 decreased the number of abdominal contractions induced by
increasing the pressure of colorectal distension. All values are presented as the
mean = SEM (n = 6 or 8). * p<0.0178 compared with the vehicle group

(Dunnett’s test (A) or Student’s t-test (B) with Bonferroni correction).
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Fig. 18 Effect of ASP7663 on acetic acid-induced writhing behavior in mice.
Number of writhing was counted. All values are presented as the mean = S.E.M
(n = 10). ## p<0.01 compared with the control group (Student’s #-test); **

p<0.01 compared with the vehicle group (Dunnett’s test).
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DMSO or ASP7663 10 p mol/L

Ca%saicin 50n mol/L.
5,000 - 25,000 -
[*]
4,000 4 % 20,000
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=
~
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Fig. 19 Effect of ASP7663 on human TRPV1.

The effect of ASP7663 in HEK293 cells expressing human TRPV1 (A). The
same experiment data were summarized to evaluate agonist activity (B) and
antagonist activity (C). ASP7663 (10 umol/L) did neither increase intracellular

Ca?* nor inhibit the effect of capsaicin. Data are expressed as mean values *

S.EM. (n = 3).
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Table 6. Inhibition effect of ASP7663 on radioligand binding to various

receptors, ion channels, transporters and enzymes.

Inhibition (%)

Assay name ASP7663 ..

10 pmol/L Positive substance
Adenosine A1 (Rat) 0.90 99.42 (DPCPX)
a 1-Adrenergic (Non-selective) (Rat) 0.00 100.00 (Prazosin)
a 2-Adrenergic (Non-selective) (Rat) 0.34 100.00 (Yohimbine)
B -Adrenergic (Non-selective) (Rat) 4.50 99.80 (Propranolol)
Angiotensin AT1 (Human) 17.61 99.76 (Angiotensin I1)
Angiotensin AT2 (Mouse) 0.00 99.04 (Angiotensin II)
Bradykinin B2 (Human) 0.73 98.66 (HOE140)
Ca channel (Type L, Dihydropyridine) 1.16 99.35 (Nitrendipine)
(Rat)
Ca channel (Type N) (Rat) 0.00 97.80 (w -Conotoxin)
Cannabinoid CB1 (Human) 0.00 100.00 (WIN55212-2)
Cannabinoid CB2 (Human) 16.45 100.00 (WIN55212-2)
CCK A (Human) 16.00 99.58 (CCK-8 sulfated)
CCK B (Human) 0.00 100.00 (CCK-8 sulfated)
CRF1 (Human) 0.00 100.00 (Human Urocortin)
Dopamine D1 (Rat) 5.82 99.48 (SCH23390)
Dopamine D2 short (Human) 0.50 99.36 ((+)-Butaclamol)
Dopamine transporter (Human) 0.00 100.00 (GBR12909)
Estrogen (Rat) 42.43 99.19 (B -Estradiol)
Endothelin ETA (Human) 1.82 98.28 (Endothelin)
Endothelin ETB (Human) 7.30 97.87 (Endothelin)
GABA A (Agonist site) (Rat) 1.31 100.00 (Muscimol)
GABA A (BZ central) (Rat) 0.42 100.00 (Diazepam)
GABA B (Rat) 0.00 87.14 (GABA)
Glutamate (AMPA) (Rat) 1.65 95.30 (AMPA)
Glutamate (Kainate) (Rat) 1.51 97.91 (Kainic acid)
Glutamate (NMDA agonist site) (Rat) 1.32 96.01 (Glutamic acid)
Glutamate (NMDA glycine site) (Rat) 0.00 94.08 (MDL105519)
Glycine (Strychnine sensitive) (Rat) 3.18 97.36 (Strychnine)
Histamine H1 (Central) (Guinea pig) 9.00 100.00 (Pyrilamine)
Histamine H2 (Rat) 6.01 94.95 (Cimetidine)

a -Methyl

Histamine H3 (Rat) 0.7 99.76 }(ﬁstamine})l
K channel KATP (Rat) 0.00 100.00 (Glibenclamide)
K channel SkCa (Rat) 9.40 97.83 (Apamin)
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Continued

Leukotriene B4 (Guinea pig) 16.93 100.00 (Leukotriene B4)
Leukotriene D4 (Guinea pig) 0.61 100.00 (Leukotriene D4)
Melatonin MT1 (Human) 0.88 99.16 (Melatonin)
Muscarinic (Non-selective) (Rat) 0.91 99.84 (Atropine)
Muscarinic M1 (Human) 0.00 100.00 (Atropine)
Muscarinic M2 (Human) 2.02 100.00 (Atropine)
Na channel Site 2 (Rat) 13.36 100.00 (Dibucaine)
Neurokinin NK1 (Human) 20.45 100.00 (L-703,606)
Neurokinin NK2 (Human) 0.20 100.00 (Neurokinin A)
Neurokinin NK3 (Human) 3.23 98.24 (Senktide)
Norepinephrine transporter (Human) 8.11 95.36 (Desipramine)
Nicotinic Ni (Rat) 4.18 100.00 (Nicotine)
Opiate (Non-selective) (Rat) 23.93 98.62 (Naloxone)
Opiate 11 (Human) 4.83 100.00  (DAMGO)
Oxytocin (Rat) 5.36 99.40 (Oxytocin)
PAF (Rabbit) 0.04 100.00 (PAF)
Serotonin 5HT1 (Non-selective) (Rat) 3.92 100.00 (Serotonin)
Serotonin 5HT2B (Human) 18.86 100.00 (Serotonin)
Serotonin transporter (Human) 7.47 100.00 (Imipramine)
Sigma (Non-selective) (Guinea pig) 2.27 99.82 (Haloperidol)
Testosterone (Human) 55.86 100.00 (Testosterone)
Arg?]-
Vasopressin V1 (Rat) 2.02 100.00 if[asogpr]essin)
VIP 1 (Human) 3.36 100.00 (VIP)
Acetylcholinesterase (Human) 5.47 99.34 (Eserine)
MAO-A (Rat) 2.69 98.22 (Clorgyline)
MAO-B (Rat) 6.52 77.68 (Ro 16-6491)

Data are expressed as the mean values of duplicate samples. Positive substance concentration: 1 pmol/L
for HOE140, human urocortin and endothelin, leukotriene B4, leukotriene D4 and VIP, or 10 pmol/L for the
others.

The inhibition rate was calculated from “100 — binding ratio.”

Binding ratio: [ (B - N) / (B0 - N) ] x 100 (%)

B: Radioactivity or fluorescence intensity in the tube for calculation of inhibition rate (individual value),
B0: Radioactivity or fluorescence intensity in the tube for calculation of total reaction (mean value), N:

Radioactivity or fluorescence intensity in the tube for calculation of non-specific reaction (mean value)
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HPUEN EE

RIFFICE W T, ASP7663 12k F. 7 v b B XU~ 7 20D TRPAL 24K %
R X & 72 HEK293 #ifid i 3\ IR FERFRY IS Ca* iR 2 B9 & &
oo ZNZENICET B EC EIZIZIFFICTH S Z &b ASP7663 OiEMEICHE
EIhweEZOLNSE, ZNE TOMETICEWT, allylisothiocyanate ® 7 7' =
Z biEMEIE e P v R T v P TRPAL ZEMRICHF % ECsofi 13 2 112 41 1.23,
4.23, 5.08 ymol/L ¥ X Uf cinnamaldehyde ® ECs fliZZ £ 21.1, 15.2,
10.2 pmol/L T& - 7= (Doihara et al., 2009¢c), ASP7663 @ ECs fH X% L% 1
0.51, 0.54 35 X T 0.50 pymol/L 72 5 7=7-®, ASP7663 |38EfF D TRPA1 Z&HAK
TR XD HCEEZR D EBHL L o7,

¥ 72, ASP7663 I X 251313 TRPA1 ZEARHEA<H 5 HC-030010 i &
>THEFING Z 26, MIEN Ca> i Alx TRPAL ZAEEZNL7ZRIGTH
% Z L DR T % 7=, Allylisothiocyanate 1 TRPV1 % [E#:1EEL S 2 7EH b 3
&I N TH Y TRPAL ZAMITH 3 2 FH M 135 < 72\ (Everaerts, 2011; Ohta,
2007), —7J7. ASP7663 DERMICEIL TlE. 60 FEDZAMICHTT 2 fEAHIM
TEEHii 3 X O TRPV1 ZAEMITH 3 2 i MHEEHl O #5225, TRPAL ZAEMAITH
LTmWiEREZ R LA thsreEron s,

Takahashi & 1%, TPRA1 ZEK T EEFRIRE S L MEBRRIREOWTFNICE
W T, TRPAL ZAEMEIEMAL T % 23, EEHRIRESME T Tl TRPAL @ Cys
BHoar7e VY AE (-SH) 23t hTar 7 = v ((SOH) &7 0,
VANT A FRiBZIEKT 5 2 L CEENZILL., WEHLT 2 2 eMmEL Tw
% (Takahashietal., 2011), Macpherson & D#i5Tlx, allylisothiocyanate 23
N KEERIC 3 3 > 25 4 v 5tk (Cys619, Cys639, Cys663) &iEtd 22 &ic k
h TRPA1 Z&MA %G % (Macpherson et al., 2007), —7j, Takaya & %
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Cys621 FHEICHE G 3 2 ¥l TRPA1 ZBART ==X b % B L 7z (Takaya et al.,
2015), A L o#is b TRPA1 ZAEAROIEMALIC X Cys BRE~LAHR AT 5
¢ T TRPAl XA OfEE# 22T, ke Twid e EZLNS, Allyl
isothiocyanate % &% C TRPA1 ZFMART == X MEMAZF2LEW D% < 13Kk
BYMHILAYTH 5, ASPT663 bEIFEICA v R Y 7 v 360 L IZAARVER
DIFICH 2 “HEifidz b ORKETHILAYMTHY, Lo "HEGEZMNL T
TRPAL ZEMED v 2T 4 VIRHE L G #EE T % 2 & T TRPAL XEEDRLHE %
ZALE & TEEIL T 2 [REEREZ LS,

InFE e, b MEREEMEEROMAEcH 5 QGP-1 23 TRPAL &k L
5-HT A#EHETH2 )V Fr 77 ve FudFe 59— 2RBLTEY .,
TRPA1 i&HALIER % % - allyl isothiocyanate ¥ X U cinnamaldehyde #lj#{ic X
) 5-HT %3 % 2 & (Doihara et al., 2009b) &. % O¥#ss EC Mg & 5
BILCwas e ZHL2 LR > T3 (Nozawa et al.,, 2009), Z#5H DHIR S
5 QGP-1 fffifi2s TRPA1 ZZFAR T ==& M & % 5-HT M % 7 3~ 2 ©
I L 7-METh B L EZ LD, ASPT663 IZIEEKERIC QPG-1 #ifEs 5
5-HT %l d 2722 & 55, ASP7663 134KPIIC 3T b ILE 2 v L8
MMIIE2 S 5-HT 2t g ¢ 3 2 & TE 3 D LI N B,

ARz B WT 5-HT 13, 2D E AL ECHlldic s wTAKEh, HILE
IREEENCEE AR EH A H S T b EFEZ LTS (Gershon, 2003; Spiller,
2007), ZD7=®, Fhix ASP7663 28 EC #lifids & @ 5-HT fixi %/ L <. 1t
EIEELER)CB S T 2 A[REE D D B & F 2 T,

B CHEL 2 2 DOEFFREM v — XPRHIERDEE T 7 LI B\ T
ASP7663 (3 E 2 WEEM %278 L 72, ASP7663 (33l 3 Riick &5 3
Lick by, v — PRI RLEE & s X ¢ 72720, ASP7663 2MEIE~FE L.
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B 2> & EC #Mifd & iEMAL U, LB EB 2 7T L 72 & 13F 21w, 22T
RS & 25t 2 7 B iT#ic EC MINICIE 3 2 WHet: & 5T
L7, % OfE5R, BHERIES Cld ASP7663 1T X % & — RHPEHIRIEIL o S
FIEER® b e b5 7272 FEORGHFRT CPIRE . b2 S 1FH 3 2 Whg
HIHENEEZ LT,

BoMNKEEICH ECHllEA% {fFEEL CTH Y, ECHlED LU & vz 5-HT
DI R D IE AL & A U CRE I EED % THE S 5 RIS AT & T % AR B
%233 % Z & (Gershon and Tack, 2007; Rindi et al, 2004; Lang, 1999) %5
ASP7663 13 F -#il S & A L CHRE G IRENES) B G 3 2 AlREE 2 F 2 7=, £ C
THREMREZ VIR L 72~ v X2 A CTRET L 724551, ASP7663 @ v — X E
SECEE A IR L 72,

Z N F TIT allyl isothiocyanate i€ X % 7 v b BHEHLEIEEH 23 5-HT; 24K
B PV 77y vebed o 7 —KHEAMCLVHETEILBLD
allyl isothiocyanate 23 4 X i {LE HBHIE IC B\ TRIOF GBS FRELE o
Bz iS5 2 & 23 ¥ LT\ 3 (Doihara et al,, 2009a,b), Z 415 DGR 13,
o R AiaE i iz EC #ifidic iz » 3 TRPAL ZAMKZEE(LT 3 &, 5-HT @
B Z R 32 L, £72 TPRAL ZAMKRT o= X MMIROKSER ICHRIHLEE
BEETL L BERL TS,

LIEofES 25, ASP7663 13'H @ EC #ilgic & 2 TRPA1 Z& A% EM(L 3
2 lick b, 5-HT Ot a4 L OREMRZEER L, B- K X b
T EE 2 T X & 5 Z LRI N, X OICEIRNBES I X 2 ERI 235389
bz &b, ECHlllio TRPAL ZAEKIZEREMICOAFHL T Y, I
N D ASP7663 AL A & EC Mild 215 b+ 2 c e ixT&E AV EE XS
ns,
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RE IR 2 RE SR A PRI X BEAE D (ERBEE o — ik e RIfEFH <& % (Johnson, 2006;
Tack etal., 2011), BZaRME T AlZ/NE N ORI 2 0] 3% & & CTEREN OfF
DK EZIEIMNZ ¢ 5 —77, BEEFAGANLHENE D O DK% TS &
% & CEMEREZES 5L §% (Stephen and Cummings, 1979), RN T#| &
REEFR TAIOMEEA & b ERENAEYMOREZEINX 2 5 720, IEEBE
CHEEEE G| X T LD B, R T ANLIECE E R & TE R
T3 720 JERA PR R % i 2 L %3 < (Bengtsson and Ohlsson, 2005;
Whitehead et al., 2011), fHEFAH IBS BB ic B \wCli, MEICEREZ5I 2+
T ERHE N T WD (Saitoetal, 2002), TNHDZ EH b, Bk X OIEE
ARBIC 3 2 CEEH Z iR R0 2 L ik, Sl o EMEE o BEFEE 1T 3 2 &
kD —21c7 ) 2 5 &#F 2. FAIIIERICN I % ASP7663 OFHli 1T > 72, 7
v + CRD &7 VMdMER S & CIEEA R 3 2 3EFIFHE R & L TRk
FlvbhzEFLTH 3 (Kiso etal., 2001; Liang et al., 2005) , AHF52 1< 351 T,
ASP7663 1% CRD E 7 Vic B W THERIERIGHEHN 2R L7z, 2 OffHRIE,
ASP7663 A E MR REELESCEFHIC &b €. BB X VA& % o
TA2EHZfERio &2 L Tk H ., BMEFEOMEMEICN T 23K ICR 5
tEzbNB,

TRPAL1 ZAKROEMNEIZ, BREMBELZRE L., Az ERT 22 L3 b0
T#H Y (Brierly et al., 2009; Jordt et al., 2004), TPRAL iEHEALIEM % b - allyl
isothiocyanate |3 CRD € 7 v CHURTHEEH 23 G T % (Cattaruzza et
al, 2010), —/ T, AWFFEICHEVTIE. ASP7663 I E X CEHIRNIELS D W
THhicsWwTd CRD EFAMICEWTHERERIMGEWERAZ R L7z, E5IC
ASP7663 IZFEEFAFIRE T L ICE W THEM AMEIER 2R L2, 2 DR
iZ. ASP7663 23HALE NHEDREZ M IC/EMN L CHERIER 2z R DTl <. A
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HDIREREEE ZIH T 5 2 L CTHEBENZ TR L Twa e ExbNs, $ER
AT 12 S L T 7r v As, ASP7663 (345 514 I L T w7 W IR BE TR
JGRRT T &3 d o7,

Cattaruzza b D Tli. allylisothiocyanate [ KIGPICE#EK S TN T3

(Cattaruzza et al., 2010), Z D78, EiRE D allyl isothiocyanate 23 1E W5 PE
BEICRFEIND T LI/ B, Allylisothiocyanate (¥ TRPAL I3 2 5EH I 23K
LR T TRPVI ZAEEOTEMALIEN b & % (Everaerts, 2011; Ohta, 2007),
% 72 allyl isothiocyanate (¥ TRPA1 2% k% /& 971 TRPV1 Z & O i K
TUEREEBRT 2 2 b TN T3 (Alpizar, 2014), Z1d DD S allyl
isothiocyanate (¥ TRPAL %4+ & ¥, TRPV 1 ZAKDIEFALZ N L TRA%ZE
BT 2AREMEAEZ N D, —J7. 60 FHOZELE L O TRPVL ZA MK
T 2RIV O KE A & ASP7663 13 TRPAT ZAMKICH$ 5 V@R k%
HLTWB EWR 3, TDI L5 allyl isothiocyanate TG Z EL L .
ASP7663 TIIMIRRIC & FHE L 72 WERHNIE, 5 R B O#E W & TRPA 11243
LiEFMEDENEZ LN D,

ARHFFECix ASP7663 X IERIIGIER 2R L T\, $72, BEEHRMAET
LNTHHEMERL TS Z L5, CRD T MICE T 2 BRI O & 70 53,
Bl &\ o 2L EWEIC X BRI LT IMBIERZ R L Tw3, 61
ASP7663 13ERINIE S TH CRD EFACTHUMEEZRLZZ &Eh 6, v =Xk
HREEIECCEFH & X R 2 FRBTF IC X W EEE G2 L E 2 505,

A DREICE S 4 2 2RO I IBUEERIC X Y . BRIEA 2R3 2%
Ry HEINT WS, —DOHOAEEM: & L Tid. 5-HT Ak BUEAE o Al agd:
BFEZbND, TRPAl ZEEZIEHAAT 5 & 5-HT 2T 525, 5-HT i<
X OEAL T 2 B0 Y 7 24 7 X W IEEIC T 3 H G AR 7 B Al REIE DS
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H 5, Kiso bDiiFic X 3 &, 5-HTs A0 E LA CRD €7 Vi n»T
M Z g 222, b L IIMEIE3ERIZR2 o7 (Kiso et al, 2001),
—75C. 5-HT, &K OE AT CRD %7 A &\ TG % 1§l 4 2
(Liang et al., 2005), T DiEW(Z, BIE THb~72 X 5 IC tegaserod DIEF 235

Fi&EicE T, CGRP, substance P % VIP OHEHHELET S &ick D
WEIT57-0LEz2 6503 (Grider et al., 1998),

b9 —oDHEEN L LT TRPAl ZARHKDOBEIEDO iR EZ b 5,
TRPA1 ZEM LR L TRP 7 7 IV —TH % TRPV 1 i3 KRR OMERFRFER
SR LT Y, BEGEICES T 3 2 b, X oI TRPVL Z &K D
IR IC X 0 $ERTER 2 3 2 & 23St & LT B (Bhave et al., 2002; Vyklicky
et al., 2008), EEKIC I\ T b EiRE capsaicin % £ & 3% Qutenza TM %
HURAIE LTS RT3 (Blair, 2018), TRPAL Z &AM S KO MEAFERIC
FHL T, BEICEW RIS L LRI LRG3 5 2 & 23
WX T3 (Brierly et al., 2009; La et al., 2011), TRPV1 %%k & TRPA1
ZAEMIIE U SR OHEMRICHFIAL T Y (Jordt et al., 2004; Kobayashi K. et al
2005; Nagata et al., 2005), TRPA1 ZEFEOEENIC X Y TRPV] &S X
Uf TRPA1 ZEAERDIBIERL & 5 & & s T LT\ % (Akopian et al., 2007;
Kistner etal., 2016), [d] U TRPA1 Z&AR7 =X +F TH % curcumin 3 TRPAI
ZREORBRAFIC X W #EEFRAZ R T C L ME I N Tw5 (Leamy et al,
2011), % D7z, ASP7663 % [FAfkic TRPA1 ZAADOBUKIEIC X b, TRPAL
b L <F TRPVI Z /i L 2@ RImEZ I T 2 2 L ic X0 BRMFIER 2R L
TWLHREEREZE Z b D,

ASP7663 (% 5-HT, ZAMARIEHALIE TH 2 tegaserod & 1ZHRAL Y, HHAERKRS
ICH VT v — XEHEREEIEIE 235 L 722 o 72 T & CHFEHA R AT T L

57



TOEMERZRLTWE Z Eh 5, 5-HT ZEERDOIEMENA LV & TRPAL 2K
ROBBIEIC X B EF 2T B A, X0 a2 ORI 1T & & ICFEl 7 i
MR BELEZ B,

KRETOMIEIC X b, TRPAL ZEEICH L CEREOFEWT I =2 b TH 3
ASP7663 % R L 7=, ASP7663 13 @ EC #ifidic » 2 TRPA1 Z &A% iE1E(L
T2k 5-HT 2T 2 £ F 2 54115,5-HT i3kEMR o L.
B -#E R 2 A L C N EEALE 0B & TS 5 © L2 X Y .| clonidine ¥ E
X O loperamide #FEHD 2 DDEMET VICEWTEMMEZRL T EEZDL
N3, —J7. ASP7663 13RO MEHED TRPAl ZEKZIURIET 3 2 Lic X b,
BREIEIER 2 RT PO e o7, ORI Y ASP7663 13 HKE
TER DEE & MR INHIE R % OF & R D BBl D (EAAR SR & 7 5 AlREME VR IR &
Nz,
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RifFgECix, ERFHRED 2 ooEME T AR BE L, ML R &
ETFNLDORHEDEVEI S A L7z (Table 7), % L CHifEE T AL ICEH T
TPRA1 ZAMKRT =2 b OFMFER A &, TRPAL ZEMAKT ==X b 2MEMA
P & 7 2 REME A R L HTS 12 X 2 BB AR 2 BHIA L 72, Z OF5R,
B TRPA1 AR T7 =2+ TH % ASP7663 % R L. 3K & L CoA[HE
P RET L 72,

% 3 clonidine ¥ X U loperamide @ 2 3EHIC X 0 SFEF T 2 EEE 2% 16
ALz =X Z 5L 372 2 L CEEBNICRHMCcZ 252 AL
7zo THETICYH clonidine [FHLE 2tk S ¢ 5 2 & THBIARE RIS &

(Chahl, 1985; Coupar and Kirby, 1972) % X U loperamide 28881 1< (L &5
AT LG I Tz (Sohjietal, 1978), L2 Lili# Okt Di&
W% in vivo ST 35\ TEEMNCREE L 728845 13 72 2> 5 72 ABFFE T 13, clonidine
B L W loperamide @ 2 FANC X 2 PFHELE DR EZ A O 22 IC T 27201,
atropine @i % 1T\, atropine I X 2 SGEIEHARD bN A 5722 LD b,
clonidine IZIGFE %Mk ¢ 25 2 & CHEIAL2EZRKILTCnwE e, b
loperamide 1€ X % EIE/E 13 atropine IC X b T 2 T & 2 & KL O EE R
BETATHL EEZHLITLT,

BRIRIC BT, B IR DR T B b . R IBS LA o (AR
TH2EEZLNTEY, SHEEL 72 clonidine FEFHHIEREEIE T 7 V13181
fEFET L TH Y. loperamide FFFEMILRELELE E T L (X EFAAL IBS €T L & %
ZAbNb,EHIC5-HT 7 =& b TH 5 tegaserod D FFAilli % 1T - 7z, Tegaserod
FEIRICE VT, BHEERES X CERE IBS i L CHEIMEE R L T3, &
HAECECTHERIEE T2 EbMEFT LV CHETETEY, WET AL D
IRZLEICOWTHRT LR TE T,
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JRAEE T DZ Y& T HE (< 12, R4, B Y s X Ol
ZNUWD 3 OnH b, RMZUML X, B3R TE LA e b ofER EHEEIL
TW3ZETH D, MEREZYMEL T, WEIERIN SRR e b DFFREFRIE D
JRR EFUL T2 2L TH 5, RIRICTHIZ L TEL 13, & Mg WTHEME
R LTOEEAIFEETLICBWTOEMMEZRT L TH 2, SR
LizeT it BHFERETH Y X P L ACEFTHEOENDER E b e
FOJREEL 3R B0 MERZ LI v, LA L, bk DJFRE &[RRIt
M X O o WL E BB AE DK T (R4 1E) LK Td BMEEZ RS
tegaserod BAMMEEZ RS TV 5 (FHINZ Y1) © 2 D%z LZ{EET v
LEZ D,

IHICHEEEL - 2 20T R, L2 DA L 72 © — X D HEHIRFH %
I L LTh Y, gt s X O ML EEEEARK T Ic 4 2 BHl o %)
R a2 FRFEHILINIFE — D EFIC B TR T 5 2 L 23T & 3 S HE/A
BIHOFFICE O TENRT WS L E 2 D, $72, B 285 O EGEEIEE O
SR & ERERICEHIT A RE T D & 5,

I E TIT TPRAL AR HLE ECHMlldic < B L Tk Y 5-HT it
AL CMLEERNICBI 53 2 iRt 2 7R & T & 72 (Nozawa et al,, 2009),
AIFFEIC BT, TRPAL ZERIEMALIEH %5 ally isothiocyanate 237 € 7
NCHMEE RS Z Lo b TRPAL IEPEALEE BT o (ERNA RS IC 70 2 W] HEME:
ZRW% L7, £ L CHTS #EfiL. BHiem%ET5 2 Lic Xk bk TRPAL %
RIKT =2+ TH 3% ASP7663 % RH L 7=,

TRPA1 SR FIRMAL % F 728502 5, ASP7663 13k b, =7 ZAB X U7
v METCIFEEDO LT & T 51T 60 FEEH D ZAMICH 3 2 K5 A BRI TERTA 45
R & TRPVI ZAMICH 3 2 (EHEHliAS R 2> 5 3 IRKAY 7 TRPAL1 AR T 7= R

61



FCTHB L EWSMICL 2, ASP7663 1E ally isothiocyanate ¥ X O
cinnamaldehyde 7 &BEfFD TRPAL ZFAET == 2 b & Wik 2 LiftEA 58 <
(Doiharaetal., 2009¢), ERYES 720, AR O TRPAL AR T T =2 F &
D B OEmNKEESF I NS,

QGP1 g % Fv 72kt ic X v L ASP7663 1 TRPAL ZAMIEIEL %/ L T,
EC #ifig2> & 5-HT 2 & ¢ 5 2 & 2SI L7z, 5-HT 3HALEES) I &
B 2 O REME TH Y. ASP7663 73 5-HT g % /v L Cisfb i &Ed)ic
BRI+ 52 & 2RBL 7,

ASP7663 IZHE5E L 72 2 - O SKI R MERIISBLEE T LI B W CEMIER T L
7o G0 DIMFEBORE & | HIRNE G CIAMMEZ RS G o/l &, &
SICKEMB AR L 72~ v A TREMEIHEI L2 &5, ASP7663 11 H
O EC #ildic & 5 TRPAL ZEAEZEMAL L, 5-HT 232 2 &ick v, &
AMEEZIEEE L. BRI XD MTEHLE OS2 TS 5 2 L 2
2T L7z,

TRPAl ZHEK A DGFEICEEG T2 2 L AHE SN TE Y, ASP7663 3
KRG 2 BT 220D o 72720, EGILREIEEE R O R E 7 v & BFE
ETNAMICEIT S ASPT663 DIEFAZMET L 72, ASP7663 IXiliE€ 7 LI B\ T
FER %R L 720 & 51T ASP7663 I3 FIRAIL S < b IRINHIER 2R3 2 &2
OB EBNICN I 2 & I3 A3 5 7e 5 2 L 2SR X 7z, TRPAL 241K
i TRPV1 CHHERICHBELZRC 32 & BMEIN TS (Akopian et al.,
2007; Kistner etal., 2016), & D Z & 2> 5 ASP7663 13K LR © TRPAL 52
AR BUEET 2 2 &I X 0 EmINRIER 2 /R aletEsZ 2 b s,

PIEDRER X Y., ASP7663 12iH{LE EC #iigs & @ 5-HT fitH 3 X OOk E A
BRI 2N L2 B - R A I X 2 L EEB JUEER & koo
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TPRA1 ZHEGEEBEET 2 C Lic X 28BMIEAZM S D L ARBI N
(Fig. 19),

1SR S X O IBS 13, B2 203, Frehy 2 fEREIR % 2
TRHEETH Y, SWIEUE L HLIL T3, ASP7663 13t tEfEiE T v 3 X
CEEEFERET LO BTN L TCHOAMEEZ R LTS Z b, BHME
M L OMERAY IBS Wi nt L C b BRIERIIFFC& 2720, MK By
TGRSR & e 5 Z E ARSI B, F 72, A IBS Tid. IEIRIER D
FHFRO—D Lo TWn3b, AifFEICIH VT ASP7663 1 TRPA1 ZBARMUEAE I
L0, EHFHEE T vicE TR EZ R L Twd, 2D L5 ASP7663
FRERIEIR IO U CEBERICRIR 2 R oinifdi & Zr 2 v[REME SRR S LB, DA
btrEro s, AUIERER L Y ASP7663 IFE M 5 R GGEET 2B L, ¥
L& SE R RE T 1 F FEIR DS TR T O FERLRIESE & e 2 W HEME DS B 2 & & %
bib,

63



Table 7. Comparison of two constipation animal models.

Clonidine induced

constipation model

Loperamide induced

constipation model

Dose

10 pg/kg sc

0.3 mg/kg sc

Time

30 min prior beads insertion

Beads evacuation time

Approximately 3 times longer than control

Yohimbine
Effective Not tested
(a» adrenergic antagonist)
Naloxone
Not tested Effective
(popioid antagonist)
Effective Effective
Tegaserod
(Weakened at high (Weakened at high
(5-HT, receptor agonist)
dose) dose)

Atropine
(Muscarinic receptor

antagonist)

Not effective

Partially effective

Ally isothiocyanate

Effective Effective
(TRPAT1 receptor agonist)
Type of colonic dysfunction Atonic Spastic
Functional Constipation dominant
Pathological model
constipation IBS
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ASP7663

Mucosal epithelial cells

Enteric nerve
system

Smooth
Muscle cells

Fig. 20 Schematic image of dual action of TRPA1 receptor activation by

ASP7663.
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