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WFZERE SR OMESE (2£30) : This study suggests that, in the cyclophosphamide—induced cystitis
model, TRP channel-mediated early inflammatory response triggers induction of expression
of the hydrogen sulfide synthetic enzyme, leading to increase in the generation of
hydrogen sulfide in bladder tissue. The generated hydrogen sulfide induces bladder pain
through the T-type Ca® channels and aggravates the inflammatory symptom. These findings
raise the possibility that hydrogen sulfide synthetic enzyme and/or T-type Ca® channels
can be new target molecules for the development of therapeutic agents against cystitis
and bladder pain.
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Cyclophosphanide (CP) at 300 mg/kg vehicle (V) was administered ip. to mice. Data show the mean with S.E.M from 8-
10 mice. *P<0.05, ***P<0.001 vs.

% 1 yﬁm$x77iP(@>%E%%
JEARTTED, BEEUm RIR S X ORIESE R

C)/7mfx77\k BT T LI
o BT B TR, AT B T e
E>(ﬁa:#<ﬁﬁﬁiik&:Zi&fﬁféFEE%RE@'Hn)ﬁﬁ%%ﬁ%
DOWFEORF : 7 kA7 7 2 RaELkEk
KX, vr7mrARxA77 I FOFNR#HY
acrolein OFMEICER T H L TS, —
J7.acrolein [X TRPAl O T7 T =A F & LTH
ERT 5, 2o Enb, vYIrKAT 7
NIZ X D BEMERFIEIZ
FEIZINAY TRP PHEESK ruthenium red Z W T
R, vraRAT 7 2 RS 30 R
ruthenium red 3 mg/kg #H F&REL/7-& 2
A, I uRAT7 7 I NiEEERREEITE.
BE R 38 RS KON DA i B

7% TRPAL DES5-%

FTRTCPE L, 20D, 7 akX
7 7 X RFEBEMAR OFIEIZ TRP F ¥ R /L3
MEdpzenmeshnz (K2, 3),

S I L

[ooom mimen] 507 ] [0 et | [oa Franen ]

mmmm

ER)

:°

>
v

Referred hyperalgesia |

4
=
Nociceptive score

2 ER
25
£° 3
> >
\

)
%
2
VvV RR

: :
< 2
RR v

vV CP VvV CP(ip)
Vehicle ~ RR (s.c)

X2 Tr7ukRA77 IR (CP)FHLEISK

ET ST DB TR, H k) B
O S K IE T IERIAY TR OBHE K

ruthenium red (RR) D%hE

Bladder weight
1 body weight (mg/g)
o B BN
© b o o

o
=

)

vV CP vV CP (ip)
Vehicle Rutheniumred (s.c.)

Rutheni \umrdlSmg/kg vehicle (salin istered s.c. to mice 3 h after and i.p.
administration of cyclophos phamd (CP) a 20300 mg/kg The mice wers kiled 4 h after the administato
and bladder weight were measured. Data show the mean with S.E.M. from 5-8 mice. “P<0.01 vs
vehicle + vehicle. 'P<0.05 vs vehicle + CP.

X 3 V?DTX77IF@W%E%%K
ET SIS B BEBEAE RHE B &N & IF
G FEEINA) TRP PHEHE ruthenium red ORhFE-

@ vZukrA7 7 I RHEEKRELETT VIC
P 2 B THED, AR B T e
5 NS RIEFERIT FAET N RPE 1S A RilE#
mii@w%@@d‘fﬁﬁ% BWT, IS
IZEIZ CSE I Lo TRERAIZAER SN Z &
BN TWDZ &K, WK LS Ot
I8 B KOs IE IR 2 #Ft9 2 B B9 C CSE B
23K DL-propargylglycine (PPG) DZhE-Dfa
#&1T-7-, PPG 100 mg/kg > 7 ik A7
7 2 NEH 1 RER AT EENEE G Lz s 2 A,
vIaARAT 7 I RiFRBERERITER X
ONBEER AR & 50 0 (23 L. R AR
HEMINR It sz, ok
726 CSE HSRDOWREME S 1%, 7 ahAr>7
7 X AR ORBBUCEET 52 L, S
5T WEBE D RIETE IR D REBLN & E 4 A B
HLTWaafEEN RSz (K4, 5),

Bladder pain-like
nociceptive behavior

Referred hyperalgesia

|ooosgmm | [0:57 s Fiament ]| [0 Filament | [ Zog Fiament |

mem

4 0
VoV
VP v CP(D) chvc _cp_cp _cP CP(D)

PPG (ip)
PPG) a1 100 mghg o

K4 7 ukRA757 I K(CP) kRS &
ETVICEIT DR BEA TR, B B
ﬁﬂﬁ@lﬁiﬁ‘(}s}iﬁﬂ%ﬂ‘;‘é
DL-propargylglycine (PPG) D%hE:



Bladder weight/ body weight
(mg/g)

vV cP VvV CP (ip)

Vehicle PPG (@i.p.)

DL-Propargyiglyci e (PPG) at 100 mylkg o vehicle (V) was administered ip. to mice 60 min before
lophosphamide (CP) at 300 mglkg or V. The mice were killed 4 h af
s ration an nd Biacor e i was measutcd. Date Show the mean vith S.E.M from 8 mice. forod
vs. vehicle. 1'P<0.01 vs. vehicle + CP.

4 5 v&n¢x77:P@m%t%%“
ET VI T B s DR AR ki B S H iz

4~ CSE PHZEZK DL-propargylglycine (PPG) 0)
BIES

@ vruakrA7 7 I FHRERELEET VI
BT DIENCkRR D CSE # > /X7 FBLE D
M r7uaRA7 7 I RS 4 RERI%. BBt
REFIE LT~ ZAOBENHEB T ICBIT 5
CSE # X7 2Bl E % Western blot {E4Z F W
THIELIZEZA, K6LEITRT IO, B
e 2 BHE L TV 7 R %AV?D
RAT 7 I REE~ T ATILCSE D/ RH
OIS Tz, 2, TNHDONU R
ZEMEAL LB WTE DL A
CSE # > /X7 BB EOHERBEMBRD 5
7= (X6),

06
CSE 1 0°
(47 kDa) 2 04

K]
S o3

@
GAPDH % 02

(37 kDa)
01
Vehicle cpP

0

vehlcle cp
Tycal photographs of Western bloting and quanied data by densitometry sowncy\ph sphamide (CP) at 300
makg of veficle (V) s {ered . 10 mice. Data SHow the Mean wih S E-M. o 4 experiments. »++F

% 6 yﬁmfx77iF@m%E%%%
EF BT B DGR F  CSE Z > X7 3§
HEORN

® vZukrA7 7 I FHEEEKREET VIC

BT DA BE TEY, AR B R 2
%U\ WCRIESERIZ KAET T Y Ca*' T+ R /LR
FIRB L OL A Ca” F ¥ R HEROB T O
BEt: 7R A7 7 I RIS kAL R
\Z CSE & o 37 BB OBMMBFRD Lz 2
X, LS OERSTFELTHBEND T A
Caﬁf?—VJ?/Vﬁ)&ﬁﬁhj<i”ﬁki26éODJ“2%§%£% Iz
5T A0 EDICON TR Z1To7-, T &Y
Ca?F v R /VPLEIK TH 5 mibefradil 10
mg/kg L7 AR AT 7 2 KRG 3 BRI
@WW&%LK&’% BRI TEIR L OY
B R B eI ol S e, —. L
Bl Ca¥F v xNVPLEIHKTH D verapamil 5
mg/kg Z[FEED A A 2 — L CHEIENE G L
e A M RE LS otz Fiz,
Jig8 BEAE B B B MNI W O BLERKIZE
WTHHBINRHoT, ZTOZ b, ¥

JuaR A7 7 I RHEREREORAFBIUC T
T Ca®F v RADBEEST 2 Z ERIBI L
(7. 8BXW9)

>

B
20

BN
o S

15
10
5

tt

behavior for 30 min
N
o

o
2
g
g
s
8
2
5
3
k]
B
S
z

o u

VCP VCP(p) © Vecp vcp
Vehicle Mibe  (i.p.) Vehicle Vel

10 mglkg, verap: ra) at 5 mglkg or vehicl

ophosphainide (cp) r3DD mg/kg orv The

the ata show he mean wih S.E M. 1o 7-5 (4 or 5.6
ES001vs. Vo V. <001 VSV ¥ CP.

©

B 7 vr7uARRA7 7 I R(CP)FHEBENEE
TIZET DR BIEATENC K IE T T Ca™
?v\?%/l/ﬁﬂ%}@mbeflﬂadll Mibe) BILOL
A Ca®F ¥ FVILEF verapamil (Vera) O
BIES

[o00sgFitament | [0.07gFilament | [ 04gFilament | [ 10gFilament |

A

2 20 20 20 201 ..

2015 1] 151 = 4 15 +

2810 10 10 10

3 +

3% 5 5 5 5

2 o0 0 0 0

z V CPVCP(ip) V CP V CP(i.p.) V CP VCP(ip.) V CP VCP(i.p.)
"V Mibe (ip) vV~ Mibe (ip.) V™ Mibe (i.p.) vV~ Mibe (ip.)

B

o 20 20 20 20

£ 415 15 15 15

Be

gs510 10 10 10

28 5 5 5 5

2 O0Vcpvcrip) O vcpvceip) © vepvcpip) O VCPVCP(p)
vV Vera (ip) V'~ Vera (ip) vV Vera (ip) vV Vera (ip)

rapanmi (Vera) at S mglkg o
yclo ph ph mld (G at 300 mg/kg e ption test e
Wwith .6 M. from 7.8 {A) or 5-6 (B) mice. ~P<0.05, *+P0 01, *++P<0.001 ve. ¥ + V.

B8 r/mARAT 7 I R(CP)FFEMENEE
T IAZ BT D b B e Rl U A E T T
@Ca%?'\?Z\/Vﬁﬂ%ﬁ mibefradil (Mlbe) B
LWL B Ca¥F v RIVPHLEIK verapamil
(Vera) DR

>
@

25 25
2 20 20

2B 2 y

SE

gz 15 15

22 10 10

B>

®g o5 05
T o

0 V CP V CP
Vehicle Verapamil
(IP)

ed i.p. to mice 3
o and s weldht were

vV CP V CP
Vehicle Mibefradil
(

wih S
icle + vehicle.

4 9 y7mfx77:F@m%£%%%%
TSI T DI RHE E E N RIES T
A Ca®F v RIVEHER mibefradil BL O L
H Ca¥F ¥ R VEHESK verapamil DOZhE

UEDRERIY, v7absA 7y I RBRFFT
RSN THR IS acrolein XML
2B T TRPAL 1 L CHIIRIEZ 9| & =
TIENEZLN., ZOVMIRIENG X4 L
720 . CSE OREBIFENE Z 0 | H,S OFEAEMN
R L., 2N TH Ca¥F v 2L a2q LT
W OFRBICHE L TWD Z ERNREBEN
775

(2)
O v7uARA77 I RHEBEKEET VIC
B 2R B TE) . BEARAY B Tl e



ONT RIESE RN BT T R 0 T 400 B e
BOGEOKGT . (DITBWT, v¥Z7rKA
7 7 X NIFEPEE OFAEIC TRPAL @ B35
BEoRBETAMANELNT-Z XD, TRPAL
DB EIZHBLL T D — IR TR C BRHEDS
AIRBEIZB 59 2 ATREMEIC S W THRET &2 1T
~7z, Capsaicin D KEHKGIZL Y —KRHR
Wﬁ%%%%btk’% ayhe—iL<wy

w@%ﬂt%%ﬁ%ﬁﬁki@%@ﬁ
ELM _ﬁ%btoé6_\%%
Wﬂﬁﬁ%@%m M’m%éMto:
DZEND &ﬂa%%cﬁﬁ#ﬁﬁ
h%f%ﬁ WZBH L, & BICRIEERIZH
S 595 WA &#rén\Wﬁﬁﬁ%EA
OEARE I (K1 0BEO1 1),

Bladder pain-like
noclcepllve behavior

Referred hyperalgesia ]

[[0.008 g Fitament | [0.07 g Filament ] [ 0.4 g Filament | [ 1.0g Filament |

0- 20 200 ok 201
o

5L, 15 . 18 41 18 7

o 10 10 10

5 5 5 5

0 o o

VoV i
cp_cp cp_cP cP_cP CP VepP)
vV CP VvV CP(ip) ~ an ~ Cap ~ an

Vehicle  CAP (s.c.)

Nociceptive score

v CAP(s.c)

Ablation of sensory neurons was achieved by pretreatment with repeated doses of capsaicin (CAP: 125 mglkg in total), and
used for experiments 10 days aiter the last dose. Vehicle (V) or cyclophosphamide (CP) at 300 mg/kg was
adminstered ip.to mice, (A) The nociceptive behavior was observed from 3.5 10 4 h after the administation. (£) The
nomcepnon test was performed 4 h after me admmlslvanon Data show the mean with S.E.M. from 5-7 mice. **P<0.01,
001 vs vehicle + vehicle. 'P<0.05 , 1'P<0.01, ''P<0.001 vs vehicle + CP.
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Ablation of sensory neurons was achieved by pretreatment with repeated doses of capsaicin (125 mg/kg

in total), and the mice were used for experiments 10 days after the last dose. Vehicle or

cyclophosphamide (CP) at 300 mg/kg was administered i.p. to mice. The mice were killed 4 h after the

administration and bladider weight were measured. Data show the mean with S.E.M. from 5-7 mice.
**P<0.01 vs vehicle + vehicle. 1'P<0.01 vs vehicle + CP.
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adminisration of cydlophosphamide (GP) &t 500 MGkg. The mice were kiled 4 h ater the administraion and blacder weight
were measured. Data show the mean wilh S.E.M. fom 7:11 (A) o 10-14 (B) mice
*+P<0.01 v vehicle. 'P<0.05,
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Capsazepine at 15 mg/kg or vehicle was administered s.c. to mice twice 30 min before and 3 h after
administration of cyc\cphospham ide (cp) at 300 mg/kg. (A) Nociceptive behavior was abserved for 30 min
35 h after the administration. (B) The nociception test was performed 4 h after the administration. Data
show the mean with S.E.M. from 4- s mice. “'P<0.01 vs vehicle + vehicle.
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Capsazepine (cpz) at 15 mg/kg or vehicle (saline) was administered s.c. to mice twice 30 min before
and 3 n an i a istration of cyclophosphamide (CP) at 300 mg/kg. The mice were killed 4 h after

the istrat d m dder weight were measured. Data show the mean with S.E.M. from 4-8 mice.
" P< 0 01 vs vehlc\e vehicle.
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FFIERE . Hydrogen sulfide is a key

mediator for bladder pain during
cyclophosphamide—induced cystitis in mice
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