BiFLait $755 F35 (320-328H, 2015)

Bz ENL AFRUEHEMET VT ZI2BWT
KRG A N — VAT DA % I 5 5

D WRIK P A B (e PR )

2 WARIK S DR S OB 2

Y WARIK 2 DR SRR 27

O BRIR 27 D 2 o D2

¥ WRIA 27 D 2 S 258 42
O WARIR DRSO BLE E CREE PR )
i EELLY R ERE*Y oM BV
SRR dA HFV HEIeAs Y
RFHTLELE 29 i BAl -0 giie =0

£ EE A Y

¥ed - KEMEIE, BRPEIME T 2B Ly 2D PR EICHW STV 5 B3
THhbh. TV AFEREERI T LERBE A INLD, FOREHRG RS- BIIC
OWTIEHEIZE N TV AW, T2, BEOR—ZAXA—7—HfliTH D H N — VALele (DL
TICC) BENE A KGIZL > TEDLHITEAILL, FREPENEIICE 2 5EHIION
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S OEB T MG E LT ICC O LZiR-X72. 1) MM C57BL/6] <~ 7 A 2xf LIEEE IV
v 4 (10mg/kg) % 10 HREEHE FEFTLIEICE ) BV A FHREEMET LV 2R L
7o KECHRY (30, 75, 150, 300, 500 mg/kg/day) %5 LHHiEZHIE L 25, KiE
i (75 mg/kg) G L > TOAPHHEEDOK T AEZICHH Sz kiz, v 2 X
D BN 7 S ONERG & i UG EE) 2 RREk L7z, Krebs MICHR L 72 KEEFS (2%, 4%,
10%) #EHEHG L7222 A, WTFRd 2% TSP LELIZ G- 7205, EE/AEIE 4%
THHEAMEAE L, 10% TIEIHI Sz, 2B 4% 7213 10% O 5-T, HREKAEIIZE
BIAHIHI S 7z, 2) KREFEEGIE (Bre 2485 60 400, HE, 6047%) %% %2 CHE
el Lz, KiEhEZ2 TV 255 60 000 F 721 dFRFICHRS- Lo ERL, B
ARG 60 0 HRG LB CIdMER A EICIR S Rz 3) ERE oM Dz, av
ho— v, KRERY (75mg/kg) OAREHRG LHE, ELve xFBUE#ME T VE, T
e A HEEMERE T VICKER S (T5mg/kg) Z4#%5 L72#EO 4 #1241, Tail Flick Test
TGS A PO A W Lz, KBRS o#RGIEE Ve 2 OEFBERICREEL L
Molz. WIS, FRRICEEST Lz~ 2 X ) BEV/NG S 24 L, ICC 2 L% ik
FHNTRARTz. ekit PiikE HWTICC 2#t L, IBERERmEICH 5 ICCHKE A7~ b LT
FENE, B E B ICENE R IEEIIL 5 TICCHUZWA L7228, KREHhExEICL > T
OWAIAHEICHH Sz KEDE (75 me/kg) OFGIZELVE AMEWERSG X 2 PHMERE
DIRT2AEZICLE LD, TRULOBHEORSG TIIRIEIZEO LN o2 T2,
e A FEGHICKBERFGEZHS L TCORMEIEON L o722 &0 0, Toa RERGORE
ZHIE T, BGEREGDIA IV IIPRUTHLEEZ ONL. RIIEIET 2 G
L7z, KRERSHIZ, EVeAO8EBENZHEL 272205, FEF AL FZEERIIHT
HHEERIE R L, ICCHPOWHIZHEG L TnwbEEZLNA.
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BL, 2L DBEEDOQOL 2K T X LEK L %5
TWb., —fRIIZE IV FFRMEMER 0 LTI,
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1. EERE)

6 iy (KH 22 ~ 25 g) DM C57BL/6] ¥ A
(HARZEWM R v & —, HE) ZHWz FEZERY
M 1 IlEsFoR8 7 — VICAR, KB X O E
(CE2; HAZ L7, Byl THHERE L, 12K
ML DM A 7 VCTHEF L, fFREIX=m 25+
1T, MEESS5E5% i L7z, REBITIEHIKS
B FEBREBROKROT (KAFE 5 01109), I
RSBy FBRE NGRS % 35 L 1T - 7z

2. KEEHG OGO

1) in vivo

X7 AENE AFREMEME TV EZER L, K
H OG- EEEZ THROME 21172, %7 X
ZHAEZIZ, 2 ba— )LV (CON), ELLLFH
BUEETVEE (MOR), EV b AFHFHEMEHE
TN KBRS &85 L7228 (MOR+DKT), X
Wi (75 meg/kg) DA EHRS L72# (DKT) (2
4372 (Table 1). &3, EVb FFFRUEMEHBET
WVIZHK 3 % DKT o5 &%, 30, 75, 150, 300
500 mg/kg & L 72. MOR # & MOR +DKT # 3,
HEgELre & (10 mg/kg/day : BHFEN T, X
B) % 10 HREH TR Fi5- L, EL e RifdtE
fERLE T N 2B L 7217, CON B & DKT #1213,
W, AR E RS L7

KEEFH (TJ-100 : Lot No. 2080100010) (7 2 5,
HE) =¥ ABOREKICHEMRL, Erer i
ARG 60 Rii, BROKS Lz EBREBO 3
Haih 625 E (10 HF) 28 L THH OPHE
il (o) ZWEL, BV ARE5HERNBZTED
AL E PR

2) in vitro

~ 7 AR EE O B EE N % DKT E#%
B 5- 0B e Mgt L7z, HEALE O C57BL/6] < 7 A
GUE) 2BV MNVE Y — VIERKRET (50 mg/
kg ip.: VAR FUE; B R 121
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Table 1 Groups of experiment

Groups n DKT (p.o.) Morphine (s.c.)
Control (CON) 6 0mg (water) 0Omg (saline)
DKT (75mg) 6 75 mg/kg 0O mg (saline)
Morphine (MOR) 7 0mg (water) 10 mg/kg
MOR + DKT (30 mg) 6 30 mg/kg 10 mg/kg
MOR + DKT (75 mg) 7 75 mg/kg 10 mg/kg
MOR + DKT (150 mg) 7 150 mg/kg 10 mg/kg
MOR + DKT (300 mg) 6 300 mg/kg 10 mg/kg
MOR + DKT (500 mg) 6 500 mg/kg 10 mg/kg

Daikenchuto (DKT) was administered orally one hour before the morphine

subcutaneous injection.

NG (CHBPER A 58 1em 384 &R (FLM
258 1 em #84) =M. R S 472 Krebs Wi
WHEEZ245 LT, TOHRESZHLL. K
\Z, Krebs #ilCi L7z 3HHE (2%, 4%, 10%)
DWEO KBRS %, KIRED b OH O NAF IR
X, BEER O E L.

3. KEh % G- R o 2

KBRS OPG O G- R 25 HEf B (28BS %
MR L7, ENVEAFBRMEHET VYT A 12U
Z, O R@BEHhEZELVE 2AHKE5RICES T 58
(PRE) & [E:Ic#H5¢ 58 (SIMUL), £l kA
58I %S5 58 (POST) @ 3#IZ (% n=4)
WEAEB 2T 72, iR 2. 1) in vivo FEERE [AERIZ,
< AEBEVEe & (10 mg/kg/day) % 10 HH
Wit L, PEERZE L2, PREBEICIZE L
%5 60 4Hic, SIMUL BElCiZEL b 2k5 &
FHEIC, POST BEICIZENL L 2555 60 450412
Ky (75 mg/kg/day) %% 5 L7-.

4. KEH G OERRER OBGT

1) EL e A OEFEMIH$ 5 KR E o e
KEBEPFEOVEH A, EILE RSHEEANDOHEIZ L
5500 BET 572012, EL b ROEFHERIC
3B KREPF SO EEEBRE L 68O M
C57BL/6] =7 A 28 lL& fEAE 4120 > b a— L

(CON), ®EW e A FFHEVEMMET T VE (MOR),
TV AFHFEMRE T VIRE DS (75 mg/kg)

G L7-B (MOR+DKT), K&EHE (75 mg/kg)
DOHxREYE L7728 (DKT) (£ n=7) 1247

REEPE OFH1EE IV e A5 60 AT AT, EIV
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v a5 30 401%12, Tail Flick Test (Cut off time ;
10 #) 2 TEAIAS R 9 2 &9 B 2 W L 7z,
FEhRIZ 14 H R TIT - 72,

2) AoN—=IVAfEMIE (ICC) X9 % K
D

ICCIZxd 2 B 2 EMMBR A ITHE L 72
ICClRZARMKEFT Y v FF—¥HEN kit ZFH
T5ZENL, ICC DMMIZIZP ckit ik a Hwv
72 FigEER & AR, 6 Hilho MY C57BL/6] <
v A 20 PE%& M2 12 CON #, DKT (75 mg) #,
MOR #, MOR+DKT (75mg) #, (%n=5) ®
AR 720 10 HE#EfR CTEIV e 2852 17o 72
%, 2. 2) in vitro FEERE FIRRIZ L350/ NEs & B % 4
ML7z. #HRPIZA% /8T RV AT VT F) VR
TR CRIE L, @ & ) sotfEgtaz17- 72
Ut (EX 10 um) 2fER L, —&kufk (4T,
overnight) (1:100, rabbit anti-c-kit antibody; Santa
Cruz Biotechnology, TX, USA), 7 5 NI kUK
(%36, 2 B (1 :1000. Alexa Fluor® 555 Donkey
Anti-Rabbit Antibody, Life Technologies, CA, USA)
EROn &7z k212 4, 6-Diamidino-2-Phenylindole,
Dihydrochloride (DAPI) (=i, 1043) (1 : 2000.
Life Technologies) |2 THigett %47V, BEphikH
F AHl (H-1000; VECTOR LABORATORIES, CA,
USA) ZHWE AL HERL — W — AR R
WMBIFVIOOD : + 1 Y78 A, HWH) I THZL
BEREDGH (X600) %, HEAEAIZERA A2 #INL,
LY 10 BT o Lz, Mk, FW—xv 7
(200X 200 um) M2 & 5 DAPL G o # %= & T
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Fig. 1 Effects of Daikenchuto on mice with constipa-
tion induced by morphine

CON:: control group, DKT: Daikenchuto treated group,
MOR: morphine administered group, MOR + DKT:
DKT treated MOR group. The volume of stool is ex-
pressed as a percentage (the average stool volume over
10 days after the morphine injection / the average stool
volume over 3 days before the injection). The volume of
stool was significantly decreased by the administration
of morphine. Only the administration of DKT (75 mg/
kg) inhibited the decrease in the volume of stool.

ICC O¥%, BHTFEML ENTVRWVE=ZINS
7L, 10 Moz Eofis L7z,

5. MEETEEMALEE

FTRTOFE R MR ZET/RL, Tukey
2% 7213 Tukey-Kramer 12 X % £ H LR E %
T, AEKEER 5% KL L.
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1. RERGORG & E

1) in vivo

P 02 %, FEEBALGET 3 H B O PHE
¥R (g/day) (<xFL, EIV e 2 E5BIEDS 10
HE ¥ ER (g/day) ZHSE (%) TRL7Z
(Fig. 1). 10 HH®EIV & A2 #k%512X D, CON #
(97.09£343%) &It MOR HEOHHMER (7764 +
6.65%) WFABEICWA L (P<005) 2%, Kt
W (75 mg/kg/day) OFHIZL Y ZDORTITAHEI
Pl &7z (89.79£586%) (P < 0.05, vs MOR).
¥ H-2 i, P E T 2 ¥H) 3 A EH LR
OOLNEhol. B, CONH# & DKT (75mg)
B (9350£538%) TldEEAaLN ol %
72, CON#EENV L A ZHG LR ELEORMT, %
BRI ERICE B R AT kD o 7.
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Fig. 2 Direct effects of Daikenchuto (DKT) on the

excised bowel motilities in Krebs solution
The administration of 2% DKT did not produce no-
ticeable changes in the motilities of the small intes-
tine and colon. The motility of the small intestine was
accelerated by 4% DKT but inhibited by 10% DKT.
The motility of the colon was inhibited by 4% and
10% DKT.

2) in vitro
S5EDFWHh o it L, Ktk 2 EH
L7225, WINoOBETH RO EIGS

N7z, RFEWMLRT— % % Fig. 2 1RT. EE/NEIC
U CRERGZEERG L7225, 2% KB
TR LR % h o 7285, 4% TG DR
HEL, 10%TRIMFEI SN FAEBICHLTIE
2% TIEZALIZ e h o 7288, 4% £7213 10% D% 5T
&, KES O BRI ES S S . B
BOMMIZ L > THRISIZERR 2%, BHEOKE
W O 53 B & W3 5 2 L ATVRIE S 7z,
2. RE T 5 o 5o

KEEHE ORI %S (PRE#) (91.65+£6.73%) &
BHWIEEIE S (SIMUL #) (8870+1.78%) &It
L, EVex Lm0k (POST #) (7573
562%) T, A EICHHMERAHIH Sz (P < 0.05)
(Fig. 3). PRE# & SIMUL B & o BICI3AE AT
BOSNLE DT

3. KEH G OB OMGET

1) E b 2 ORI 5 KRS0 E
=Y ACHEBELVE 2 (10 mg/kg) sk 5
T5E, WEIEEEINDLZEFAMSLRTVEY,
ARWFFETIE, 7 H H DRI 2 B oK



H

120 4

100 +

80 4

60

40

volume of stool (%)

20 +

SIMUL POST

* P < 0.05 (Tukey test)

Fig. 3 Appropriate timing of the administration of
Daikenchuto (DKT)

DKT was administered before (PRE) or after (POST)

the injection of morphine, or simultaneously with the

injection of morphine (SIMUL). The volume of stool

was significantly decreased in the POST group versus

with the PRE and SIMUL groups (*P < 0.05).

T E 5 7245, MOR # & MOR+DKT (75 mg)
BEE TIRRZFOEAIZEIZA L RH - 72 (Fig 4).
CON # & DKT (75 mg) #IZEBRMY, BiEo

ZALIRO ON o lz. BNV A OEFHEHICK
BGIIEEE 5 2 h\wZ EARIR S .

2) ICC \Zxfd 5 K052
/NG o MAERE % Fig. 5a lZ, HE % Fig. 5b
Y. BEBEOICCEE Y v M LizkZ A,
EEB/ANB @ ICC #5013, CON #: (280+1.03 1) =
DKT (75mg) # (272073 18) :lti#L, MOR
(096 =048 i) TIIAEITIHA L7zA%, MOR+
DKT (75mg) # (236058 ffl) Tix, Zomb
HAEZIZHIH &7 (Fig 5¢). b FEAEZ, CON
# (500+1.2318) % DKT (75mg) # (546 £0.92
i) L l, MOR#E (266+11116) TRRAE
W29 L72A% MOR + DKT (75 mg) % (5.00+1.37
B <Tix, ZolArHERICHH & n7z (Fig 5d).
W d CON B & DKT (75 mg) B & oRIC#1E
BN Dol B AEMERSIX S5 ICC
WA % KERGITIH T2 2 LATRE S 7z,

# 2=

KFZeTlE, BV AFREFEHMET V<7 A
BB REDGOREFERGEL G 5 7208 &

& H - i3Hh
12 -
.
e« T u 0 coN

3 10 1 i N & DKT(75mg)
?. 8 | . WMOR
g [ MOR+DKT(75mg)
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= 6
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T 2 1111.
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* P <0.05 (vs CON and DKT)
(Tukey test)
Fig. 4 Thermal pain threshold by the tail flick test

CON:: control group, DKT: Daikenchuto treated group,

MOR: morphine administered group, MOR + DKT:

DKT treated MOR group. The chronic administration

of morphine induced tolerance. The pain threshold was

increased by the chronic administration of MOR

(10mg/kg/day) but decreased after day 7. The

change in the threshold was not influenced by the
DKT administration.

(day)

Ml L7z A, KRiEHFY (75 mg/kg/day) D&
PHHERO T2 AZICHFHIL, i b EiE

IR RO Sk d o 72 (Fig. 2). L
BB AT AEEEHZRNTY, MRS O

W & & W KBS O H S ARAT B9 B A3 & 7z
(Fig. 3). Kurosawa 5%1%, ENEY h25OHH
W TR LRSS (2 245 TJ-100) % 0.0025 ~
25% DHEIPHCTHEERG Lz 2 A, KEBIZHEK
HFRCISw AR L, 25% Tl KOsz /R L7z
EELTWS, LaL, e bTIRKLIMIZOE
ZofEE (150 g/day %24 3 TG54, 1
50g % 100mlDKTIRMALAZET S & 5.0%) £
592522355, W AN% 72 Manabe 5% 0
WFZeclx, K% 75 g/day & 5\ & 150 g/day
5 HEMRSHE, RIVYyF279 741K -T
S DR RE R T2 & 2 A, INGOEBERETIEA
BEELro/zbon, REICE L TIE 75 g/day
OFG-OI, T T KRG L R UA B R RAER)
WD SNz, BWET IV Z N2 in vive 72 5
W in vitro DFEBRPERO S LT —HT 5D
TRV, REFZEOHKE R Manabe b O %
FRHTHLDOTH o7, EBIMOBWEERTIZ

KEAEFHIZ X 2B EBOIHIEH Dt ST
Wa2 Sy Mot LERE v, 3 UE
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* P<0.05 (vs CON, DKT7 and MOR+DKT)
(Tukey test)

Fig. 5 The changes of interstitial cells of Cajal (ICC)
CON': control group, DKT: Daikenchuto treated group, MOR: morphine administered group,
MOR + DKT: DKT treated MOR group. (a) and (c): ICC in the small intestine. (b) and (d):
ICC in the colon. The number of ICC in the MOR group was significantly decreased (*P <
0.05); however, the decrease was inhibited in the MOR + DKT group. Immunopositivity for
ckit (red), and nuclei labeled with DAPI (blue). ICC was marked with a yellow arrow.
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B3 Th D A NN T — )V Tl S 728 1R
BEHRGLEEZA, 30 um/ml ML EHETIX
BB E SR 2 H LT b, —HintkEo
TER 2RSSR E R ), BB OA KD DR
SNAHBEFFIE, MHT2EIENZHT 55
WEEINTVLDON—HIT, 072D )My
OHELER 2SI CTE 5. Jiko X 5 IR
DAL, HIHALTATH AS L IR
W, AR e BRI AR BRI 3 %Y. k)
EBEONL WG, BEOGE (KE) ITEEE
LTVl lddhsrds, HGEPIEZIZE>TO
FEETE RV, L L. Ik nia o
P TIERL, BETLIZELHMFTRETHS.
— BSR4 3 V7%, EwmofRH
H 505, BElfldDEVIZEFORMAIERI LT

5% LH»L, EVb R HEERTH B
LClE, WoORBHEGZHES T 5 EEHNICON

TOMIFIZEN TV RV, EVE 235 60 7§,
I, 60 RIS KEREG 25 L 25, 6045
BRI R R RO Sk o7 (Fig 3).
BESY oML, Eret 10me/ke) 25 v

FAEIRAP G L7 8 25, 4 B & ok
TR L7z, 72 Nakamura 5Y Of%ETIE, £
VEY bSO ORMHERGICHLEVE 2285 L
P a2 W SRl KB 2 RS Lk 2
5, $OSFEFOMMBEIALN kXY, BE
RO TIEE IV A 55O RREH OB S8 o
L B2dDTHY, KEFLHOHEGIZL->TE
OWHH S OREDS R 2 &5, KEHH OB
LN, ®ve s b0, A &b FEORY
BLEFLWwEEREDNA.

IR X ) ICKRERGORMBET & LTiE, ko
b= VBRI RN a4 RZHRD 20 LR,
FoWALEEE o a2 Y b a— VIS A IELE R
7F FOSWEEIERY 7 EHE SN Twb. €
Ve RGBSR A OIRREI RS 2 K S o1
R & L Tid, Satoh 59%%, E )& A FHFHML
BEOHILERTF 2RIz 25, CGRP &{H
LB EENEHENR T F R THHEF ) ¥ OREEPKT
LCWiehs, KERGIPAENTH - 2 BHETIX, £
NOEDETHAPHRI SN2 EEZHRE LTS, bh
bk, FTTFRETHOF A 2RO
ZRTz. 7 AN10 HEE )V b falfide G- L, 2k
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RIS A ERBIE Rz L 2 A, RiEhg i
BV A OB RN G 2 %o 72 (Fig. 4).
Nakamura 593, FIL< VROV
5N AOERIEHPRKETGORELZ T R
LB L TWAA, KERHIEAEE A N2R
REHET L LICX > THEMEIZ 37251 C
WEDTIRRWT EATRE SN,

WIZ, BEESHORMICEE 2&HE2 12T
ICCMIZ#E H L7z, ICC B 2 ik imik 2 564 L,
CHUC & o TR HEE Y 20 E BhIGHE % 17 -
TWh. T/ & W & OBICATE L Tk =
EEMTAMEEAETAHICC LHEET LY. €
Vb RFRVAER & ICC & DY, - KEDY
MNICCIZH 2 BB ZOVTRIALIZERTY
., REFETIE, ELE R0EERESICL 5T,
RN 7 & OV I I B RE 0 ICC U A A
L7 (Fig. 5). MR EREE, BEEREE, 7
O — ¥, BEPZE, ERME 7 & CICC DR E D H
EXNTWAEHIZG  F)L b RAFRMEERICBNT
b ICC DREEDHEG IR I NIz, £ L TREH
OG5, BN RAFHEMEMICBIT S ICC O
WA ZAEEIHH L2, ICCIZIEaLy A r®F=v
RYIMNAYF Yy, ku b=y, VIP, 7kFNL 2
) VR EOZHERDOFIENEREINTEY, ICCH
PR HRIZEORE 2 T-oTnb LEZLNT
WED, FO—DIZEF VEEKLH VD, T
UV ARMERNERIC X B IR E DAY, ICC R S
HBEETIIET LY. Bk 2 FIMEMEIC
X9 5 KEF GO O—D2 L LT, £F ¥
DR HE SN TV EHFY, 5 YHIE
TWICHEBET 5 7201213 ICC DAL E P < & Zh% e
BT, ZZIDHDREFEGVHEG L TwbLLEEZLNR
5. B A EMES 2 ICC DA & IE AT,
T2 RETEAED X ) IZICC DA I b -
TWVEDONIEHELRDMENLETH 5.

AZEL Y, TR KRERGOREEZGEHTIC
i, BEERPEGOIAL I VIR THY, B
L, HEHRGICR 5 EREIES Y, K5
WizEeve 2RI VWEELZONSL. FLT,
W) KBS0 513E IV b 2 OV % &
TAHZERL, BN RAFEREMRI L TRIEE
mL, ZOMEHETEIZ ICC DA HH A S LT
WhHZ EATREE N
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KAMPO MEDICINE “DAIKENCHUTO” PREVENTS THE DECREASE
OF INTERSTITIAL CELLS OF CAJAL
IN MICE WITH CONSTIPATION INDUCED BY MORPHINE
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Abstract —— Daikenchuto (DKT) is a traditional herbal medicine (also referred to as Kampo medi-
cine) which has been used to treat postoperative ileus, intestinal paralysis, stomachache, abdominal dis-
tention, constipation and diarrhea. The aim of the study was to clarify the effect of DKT on constipation
induced by the chronic administration of morphine and its influence on the morphology and quantity of
interstitial cells of Cajal (ICC). 1) Male C57BL/6] mice were injected with morphine hydrochloride
(10mg/kg) subcutaneously once a day for 10 days. DKT (30, 75, 150, 300, and 500 mg/kg) was adminis-
tered 60 min before the injection of morphine. Only the administration of DKT (75mg/kg) inhibited the
decrease in the volume of stool. 2) The pain threshold was measured using the tail flick test 30min after
the injection of morphine. The administration of DKT did not influence the antinociceptive effect of mor-
phine. 3) The expression of ICC was examined immunohistochemistrically. The number of ICC in the
upper part of the small intestine and the colon were reduced by the chronic administration of morphine;
however, the reductions were inhibited due to the administration of DKT (75mg/kg). Because DKT did
not prevent the antinociceptive effect of morphine, the effect of DKT is not mediated through blocking
the opioid receptor. ICC is known to serve as a “pacemaker” which regulates contraction of the smooth
muscle. Our results suggest that the reduction in the number of ICC was involved in morphine-induced
constipation and the administration of DKT inhibited the decrease in the volume of stool. Administration
of the optimal dose of DKT may prevent morphine-induced constipation.

Key words: Daikenchuto, morphine, constipation, interstitial cells of Cajal, c-kit
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