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Changes in Function of Liver and Intestinal Barrier during Ulcerative Colitis
Induced Sodium Dextran Sulfate in Rat
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We investigated the expression levels of major ATP-binding cassette transporters such as P-glycoprotein (P-
gp) and CYP metabolic enzymes in the liver and small and large intestines during ulcerative colitis (UC). In
addition, we examined the involvement of tight junctions (TJ) such as intestinal epithelial cells with barrier
functions by measuring membrane resistance (Rm), relative activity of P-gp evaluated by a P-gp substrate, and
rhodamine 123 (Rhol23) permeability in the presence or absence of a specific P-gp inhibitor, verapamil. Expression
levels of both P-gp and CYP decreased in the liver, suggesting a secondary loss of barrier function in UC. A decrease
in P-gp and an increase in CYP was observed in the jejunum and colon, but not in the ileum. In control conditions,
the permeability of Rhol23 in the serosal to mucosal direction was greater than that in the reverse direction, as
observed in an in vitro diffusion chamber method. The inhibition of Rhol23 permeability was observed in the
presence of verapamil, indicating P-gp was sufficiently expressed and was working fine in the small and large
intestines. In contrast, a decrease in the relative activity of P-gp and Rm, and Rhol23 hyperpermeability in both
directions was observed in UC, when compared with control conditions. These data indicate that hyper-permeability
of Rhol23 in the small intestine resulted from not only P-gp dysfunction, but also the decrease in Rm. The plasma
concentration profile of Rhol23 after intravenous and oral administrations showed that UC affected Rhol23
absorption from the small intestine and liver functions, as evaluated by Rhol23 elimination.
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WRNEL Twb, H#EEE CTH % Cytochrome
P450 (CYP) 3A4 BL UM b5 2 AR — ¥ —
THoPHESY /37 E (P-glycoprotein; P-gp) 1
AN BRI ARTE L3 & & Db RIS L,
NYTHREELTEHE, N ATXATEY T4
DEZHFG L TWEZ ERMENT VA, 20 F
72 CYP3A4 OIE & Pgp DFEEDL L 3FEHEL T
By, 10 CYP3A4 DFHILHALE T2 5 B~
ERBMENERA L, KX P-gp 3HLE L2 S
THEHANEBHEN LA TLZ 00, HLE LR
O CYP THE# % 7 5 % HALE T o P-gp
2 & o THEES 2 & & TR~ O 23T A % il
L, CYP & P-gp OB EIEIC L ) HALE O 2k
B SE SN TWwAZ L AsRTnwaD, W

F 7, HILECHER C& o 7230 Ry, ™
W7 & BFERR ISR A L, FFlECREZ 2 5. FFIC
CYP Il % < L, EYWEMAHCROE
B ETH L0, CYP OFHERLIEEOLH) X
Bl sh B B A KT, S 512, FHE P-
gp (INE M ICAAAE L, ARAHEICEE S L T 5.

UC B JRAEZE & L Cld, UCEBEDOHIGICE
W, CYPB LU P-gp ®FBlIZELICERT L E
V) R, 12 RIERERIC BV T P-gp MK T T 5
EWIHEDRHLLOD, B UC EHED/NEB LD
gl B17 5 CYP B LU P-gp BE LB I 5
Wi T v, 72, UCEFILTY AZBWTIEN
BB X OBFEC CYP % P-gp O #5135 A, 1415
UCEFNVT v M & HW-KEt = P-gp #EE 0 -
R E T AR Lo v, F 4 — 0, Al
RaEIBR Y — b i Tight junction (TJ) (2 & AR
DFEBEE AL YN TR I N TS, K
I2B1F 5 T] OERETIZ oW TOMEIIHE < H
B3, 161718 SN DWW T O 1 7R 0,

UEoEmod &R W7 TIE, CYP3A, Pgp B
LOT]D320N) 7THENEIZEH L, mRNA %
HL )W AT, in vitro AICTHWE O E BN L
T] & OB & NZEMZEICOWTEHMEL, &
512 in vivo RNBIEEN DB % MET L7z

5 &

£k

7 M5 D Wistar £ #MZ v b (Japan SLC,
Japan) M7z, fREKIFBHBIZS 2, WE
(22+2TC), 1E{E (B55%5%), 12 KM OBKEH 1 -

v (BHET7 1 00~19 : 00) O N TLEETCHE L
720 TRTCOFERI, WILERFER KO B E
B2 B X DR & 2T CHEME L 72,
EBMXBRETIVS v b OER

7 v M2 5% DSS (Dextran sulfate sodium salt,
MP Biomedical) &% 7 HEHHSKSESZ &
TR RZFREIE. AKE, FEEK, MEOH
A HBIZE L, BEHIZHEV: Disease activity index
(DAD 2a7z&EHL, W EEEZFFMLZ. A
WFFETId, BERZAHEZLY (DAI A7 8L
T) OETFTNT v EMEH L. 72, EBREiH
WA LT b EBRIZH W7,
Hematoxylin-Eosin (HE) &

Wige %, M ERA L, 10%H EEE ARV A T IV
7T MR L CREER, 771 Al L,
4um \ZA T A A LTz, Bisg 74 Y%, AN b F
D) T 15 gt L, 1%3EER 7OV 2 — L T
B L7, Z0HB1I%TF Y Y T30 Gm L,
PKLEE 2 | CHE AL 72,

Z v MiggatE#H 5 O RNA it H KU cDNA 65

WIEHRBANE L, JFD&, 2205, W & OFE % 4
WL, WFEER %2, BEEUHE, KRz 58
L 723 @ % RNA later Solution (Invitrogen) Zi&i&
L, 4C T over night 2, W2 SHEE I L
RNA fliHi 2479 £ T—-80TC 124 L72. RNA Ol
1 FastGene™ RNA Premium Kit (HAY = %
T4 27 A) ZHWTIT, Qubit RNA BR Assay
Kit (Invitrogen) 3 & UF Qubit 3.0 Fluoromoter
(Life technologies) 2T RNA &5 %l L, High
Capacity RNA-to-cDNA Kit (Applied Biosystems)
129> T total RNA 2 ug 7°5 ¢cDNA Z1/E#L L 7-.
Real time PCR (C& % mRNA 3 HIEE

CYP3A 51, P-gp % 21— N9 L#ELTTH5H
MDRIA B X ' PXR (Pregnane X Receptor) O #%#l
Mo IEH =2 B % real time PCRIZ X ) M L 72,
CYP3A 4 7-#1x CYP3A1, 3A2, 3A9, 3A1S,
3A62 O 5 F% vy, 3A1, 3A2ICBIL CILATHMIZZ
CEHL, HEBEIZBWTHRE SN W &S
NTWa 70, 1922 s X O TlE 3AL,
A2 R\ 72 M THIE 47> 72, Table 112" L
72794 ~<—38 XU THUNDERBIRD® SYBR
qPCR Mix (TOYOBO) % F\»7z. Step One Plus
real-time PCR system (Applied Biosystems) T
95T 60 B hm#f4, 95C15#8 £ U860T60 # % 40
A 7V &, NEREEHE|Z B-actin & W T,
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Table 1. Primer sequence for real time PCR.

Target Forward sequence (5'-3") Reverse sequence (5'-3")

CYP3Al GCAGGAGGAGATCGACAGG CCAGGTATTCCATTTCCATCA
CYP3A2 CGTCTGGATTCTAAGCATAAGCA TGGAATTATTATGAGCGTTCAGC
CYP3A9 ACCTGGCTGCTCCTGGTT AATTCCATGTGAATGAGTTCCA
CYP3A18 CCAATGTGCAAAAGAAACTCC AGAGCATCATAGGTGACAGGTG
CYP3A62 TCCAGAAGAAACTGCAGGATG CTACCAGGACATCATAGGTCACAG
MDRIA GCAAATGTAGGAAACAACCGTA ATAGTAGGCGTACGTGGTCATTT

PXR AGCAGTGGCCACCTAACAGT
[ -actin CTAAGGCCAACCGTGAAAAG

CCAACATGGTTCCACCTCTC
GCCTGGATGGCTACGTACA

AANCEIEIZ & ) AR FEBIE 2 F L 72,
In vitro diffusion chamber %

7 v bORFEE VT, in vitro ThHERL 7 X~
b T & ORI E I OB 2 4T o 72 B, B
Br@mib L, ¥— MR Wz, AR % 5t
G LR EEf%, chamber IC[E % L 72, chamber
X 37Coe—b7u vy 72ty bL, HEEME
(Serosal side; Sfl) 12 Glucose-HEPES-phosphate
buffered Ringer’'s solution (Glucose-HPBR) buffer
% 35 mL, HiEM (Mucosal side; M ) (Z1&/¥y
77— F7213 100 uM Verpamil & % 3.5 mL iR
L, 157 LA ryFax—Tarli &b,
Ny 7 7 =13 95% 05/5% CO, gas T/N7) » 7L,
sk fFIIREE C pH 74 IR L THIW 72, BRI
(MS) Hir &l (SM) Flao 2 #1241, P-gp
DILE TH % Rhodaminel23 (Rhol23) #3EEH & L
THEEEITo72. 74 rFax—Tartg F
F+ — 1% 10 M Rhol23 35 mL, L ¥ —/N—1fllix
Ny 77 —=35mLICANER, 157HETLY —
IN=HIA S 200Ul oY 7)) TR L, FOHS
Ny 77— % 200 uL 0 2 Volume fIE L 7-.
Rhol23 iR 1% Infinite M1000 (TECAN) % Hw»
T, #tE (Ex; 485 nm, Em538 nm) % {ll%E L
THIE L.

B2 o0& ®EAR (apparent permeability
coefficient; P,,,) OHEMIZLLTOXLSE T L7

o dA
dt - G- S
. dA PO e
72721, o CIBEREE 2 /L 72 Rhol23 &

EE (pmol/s)
S BEREOFEE (cm?)

P-gp fHAHGE M (relative activity) (LT O 25
BHL7.

G (M) e

pass

HEESTR] (SM) o Thes

app

7272L, P,, : permeability without Verapamil

P,.ss * permeability with Verapamil

BREREOR K

Chamber 12 Glass Barrel Micro-Reference
Electrode (Precision Instrument Desing #) % i
A L, Short-Circuit-Current Amplifir (NIHON
KOHDEN) (Z#&fe L, BEMZHE L4 — 2 0%
HNCPEVEREUE (Rm) 2R M L7
FEbLUOBOKREROERERE

Rhol23 i 0.2 mg/kg B £ 1820 mg/kg % SHi
WR¥x 56 & ORI 5- 1%, SHEIRD S BRI Z 1T -
7z. 10000 rpm, 3 min CTu.lxL, [MAEZH > 7N
& LT, HOBEEE A2 e LI a2 e L7z,
HIEBOT— 51323 8— b XV FEFIVCHE
M & 47y, MULTI % W 72 e i/ — i1z &
D BEWBIREENY 8T A —F R EH L7

o R

BEMKBRETIVS Y bO/ER

b hUC LRBEDOERZFIERI T EDD,
By FERIZ1E DSS 3 UC ET VA ILH ST
By, RKEFVIZBWVWTH UCEETHDOON
2 B A R0 MIAE &\ o 72 RSB S 7z, ML
P12 3 control (Fig. 1-a) 12#F LT DSS (Fig.
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Fig. 1. Histopathological findings in colons of DSS induced colitis rat Experimental colitis was induced by drinking 5%DSS water
during 7 days. After overnight fasting, the colon was removed, and stained with hematoxylin and eosin. (a) Control, (b) DSS
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Fig. 2. Change in the relative expression level of various CYP3A mRNAs in the liver (a), jejunum (b), ileum (c) and
colon (d) during DSS-induced colitis rat. Expression levels of CYP3A mRNAs were determined by real-time PCR. Open
and closed columns represent the control and DSS-treated rat, respectively. Data are expressed as the mean £S.E. for
4-5 rat per group. *Significantly different from the control at P<0.05.

1b) IZBWVWT, UbLAREEHEOHENRD LN, AR TF 25320 51, CYP3A62 TIZE LA R H i
EEWARGRET VT v MOERTE 7. otz (Fig 2-a). 2B L UREBIZBWTIE,
s LOBEEICH TS5 mRNA HIIHIAE CYP3A9 X control # 2 t# L DSS #CHEIZ -

P 12 B3 T CYP3A1, 3A2, 3A9, 3A18 ADRRO LN, MO FEIIED 2 h o7 (Fig

mRNA F§H & 1% control #EIZILE L DSS #ECTH = 2-b, c). #EWETIX, control #EIZLEZ L DSS #IC B
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Fig. 3. Change in the level relative expression of MDRIA (a) and PXR (b) mRNAs in the liver, jejunum, ileum and
colon during DSS-induced colitis rat. Expression levels of MDR1A and PXR mRNAs were determined by real-time PCR.
Open and closed columns represent the control and DSS-treated rat, respectively. Data are expressed as the mean =S.E.
for 4-5 rat per group. *Significantly different from the control at P<<0.05.
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Fig. 4. Rhol23 permeability coefficient in the mucosal to serosal and serosal to mucosal direction in jejunum (a), ileum
(b) and colon (c). Open and closed columns represent permeability in the absence verapamil and presence verapamil,
respestively. Data are expressed as the mean = S.E. for 4-11 rat per group. *p<0.01, *p<<0.05

WT CYP3AQ I A EICIR RO L, #IC
CYP3AIS XA EIZ LA L, CYP3A62IZEEL CTiZ
FHRMEMTH 72 (Fig. 2d).

P-gp ® mRNA FHEIZFE, EEB L OB
2B WL, control B2 L L DSS B CH E 2K
TSRO SNz, B TIEELDRD 5Lk
o7z (Fig 3a).

BN ZHRTH 5 PXR OB EITITIRE L O
5 CTIXZEALDSTRD SN hr o 7225, 228 L Ol
TIEDSS HECTHEIZ EAPRD SN (Fig 3b).

P-gp KU T] $#BEFTH

722, B X O I2 BT control BEIZB W
T Verapamil IFFFET O MS (2B L SM THE
WAL TWwaZ L5, Rhol23 OFEITA~D
N7 NVEEDRD b (Fig 4). TR L
T, Verapamil O3NS & ) W7 R D& 5.,
PEM A OEBIKTAA LN L s, 22,
s 6 & OBV oI BWTS Pgp 28
PICHEBLUEREL TV 2 RSNz, —F
DSS #Cld, control #ETRED H /R b V%
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Table 2. Relative activity of P-gp assessed using Rhol23 permeability coefficient
in the presence or absence of verapamil in jejunum, ileum and colon.

MS SM
control DSS control DSS
jejunum 045 0.25 0.65 045
ileum 040 0.28 0.73 0.67
colon 0.50 0.38 0.59 0.08
Each value represents the mean of 4-11 in dependent experiments.
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Fig. 5. Change in membrane resistance across jejunum (a), ileum (b) and colon (c) in DSS-induced colitis rat. Open
and closed circle represent control and DSS-treated rat, respectively. *p<0.01, "p<<0.05

T L, Verapamil NN X 2R BT LS
D5, Pgp OB T AVR S 7z,
gp DFNEEZ R LERN 25 iz Lze 2
A, WTENROIALZ BT D IS X OHEM 5 1
DO ST & OFFH T control #EIZHEL L, DSS #
2B W T Pgp HEHEDOERT VRO LM
(Table 2). %8B, BIFIZBWTIE, ZhbB L0
B e L P-gp AXHE O T IR/ S 2o 72,

T] HEREDIRIE TH 2 FEHRPUE L, VTN OEL
I2B VT control #EIZ L L DSS B TH & IZMK
TAEER® 57z (Fig. 5). #i B Tld control (&
1034 (Q -cm?) 205 788 (Q -cm?) IZI&TF L,
B LML 786 BLUNT783 (Q - cm?) 205
555 BL U642 (Q - cm?) IZIKF L7
Rhol23 83 & KOO EEDAFANEIEE

Rhol23 #HERDORNEREIX 2-0 > 78— b XA 2 b
ETWIZE o T 2TV, a - I RO LR,

2512, P-

control FEIZILEE L T DSS #HIZB W T SAHHOE T 2
HoOSN (p=005) (Fig 6-a). F 7z, control #
\ZIE#E L DSS #EI2 B\, IR - ER R AR T
i (AUC) 14 EAL, &527 07>
AW T3%IALT L7z (Table 3). I 5-2D
EMHERE (Cuw) & control BELZ ILE L DSS LS
BWTEAL, #GETHIEL Chw/D TIIAE
AP SN (Fig 6-b). S 512, #FEOERG
BROMAPRERE > SR L7z AUC B X UWILH
Bk IEER LAPREOLN, O )T I
v A (CL/F) BIUOHEREE kg DFE K
TyREoO 57z (Table 3).
% %=

UC TR ICERER S A2 TR T 5 SIEEIG R

BThHaHI Db, RIEFHMTHLEEHBDON) T
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a) b)
210000 ] 5 1007 Cmax/D
> P % control DSS
g 1000 4 = 204 +35 | 492 + 96
g -e-cont i.v. % 10 . . .
5 -o-DSS i.v. r
§ 100 c
£ 5
§ 10 § -e-cont p.o.
g é --DSS p.o.
g g
s - : ; - a 0.1 . . ; .
0 1 2 3 4 (hr) 0 1 2 3 4 (hr)

Fig. 6. Plasma concentration curve of Rhol23 after its intravenous and oral administration. Rhol23 solution was prepared
using 1%DMSO and were intravenously (iv.) and oral administration (p.o.) administered to the rats at a dose of 0.2
mg/kg and 2.0 mg/kg, respectively. The total clearance (CL,.) of Rhol23 was calculated by dividing the iv. dose by
the area under the plasma concentration curve (AUC), which was obtained by fitting the plasma concentration to a
Z2-compartment model using the program MULTIL.

Table 3. RPharmacokinetic parameters of Rhol23 after its intravenous (0.2 mg/kg) and oral (2 mg/kg) administration.

Control DSS
1v. p.o. Lv. p.o.
AUC (ng - min/mL) 3052 £ 302 1976 + 158 4309 =798 3732 £429™
CL (mL/min/kg) 686+78 - 50777 -
CL/F (mL/min/kg) - 1047759 - 592.8 £82.5™
Vi (mL/kg) 1839+39.3 - 788+135" -
« phase (hr?) 19.0£047 - 184 +148 -
B phase (hr~1) 055+0.03 - 0.29£0.09 -
k, (hr™1) - 237012 - 48+0.46™
ke (hr1) - 021+0.02 - 0.05=001*
tys (hr) (calculate from S phase) 1.28+0.08 - 3.17+0.89 -
tye (hr) (calculate from ke) - 3.36=0.23 - 135 +3.04*

Data are expressed as the mean = SE. for 4-6 rat per group.
“p <001, *p < 0.05, significantly different compared with the control.

PREEZ BN ICE T 2 G I HD 555, /WD)
TR T AR 2 ME X v, 200, K
P8 TId DSS FZEME AR %27 v b OHEALE LR/
falzswe, &Ml N 7 Th b Pgp, CYP, B
L OHIRE B NY) 7 TH B TJIZAEHL, b o
N TRERED LB 70 & IZHL 2 DWW TGS &
1T 7.

> CYP3A mRNA ZE3& 1%, control #E 2t
L DSS # 2B\ T CYP3AL, 3A2, 3A9, 3A18
THERKTRRD SN FICHFEROFR TR d
AL\ CYPSA2 OFELRIETAREN, 2
NS DFEFIZUC EF NV~ A% 72 CYP3A O
mRNA BEL WY X7 BT OHwE & —FK L
TWwh, 12 —FHT  Fv MIBIT5S CYP3A2IE

HETIMESNTVLEIEDRS, 2 FEICBW
TIZ CYP3A OB T2 & ) EWRBOET 2
fZDHEEZBNT

725 L O 51 5 CYP3SA mRNA J8H &
B L TAhBE, MEAME D DSSEHIZBWT
CYP3AYDHEZ LA oo/, LirL, 1k
WERIZ BT B 22 Lm0 CYP3A 4 TR O 5B
TaT7 7 ANDPREL LI ENRTTICHREENTH
D, ZOIMEIZL D EZEFHIZBWTIZ CYP3A9 28
KLEL, HBIZBWTIECYP3AG2 25 b % <
FHETHZ L, T/, BGICHETET 5 CYP3A62
X CYP3A9 O 5 FH I ERBIEDTEH 2 LAVREN
TWa. W Zn0, ZHIZBWTiX, CYP3A9
® mRNA ZE8l& FA- 20§ 52 RHTTEPIE 2 S5



52 RET R, A

i, BFAPBY, BEH i

7o, BBl B W THR b fFIER DL\ CYP3A62
BHEOZALNRRD 5T, o5 TRETHEELE
ADPHEDOLENTVE I DS, RBFOLEHICHEL
TWREEICLDVEFHORESE LS EEZ LN,
F72, MBI OVWTHFEKIIEZ D &, fillR
D% CHB LT Ah CYP3A 45 T-HEid CYP3A62 T
Y, BH=E EAENICH DD, HFHEICL -
THRBPLEHPRL L NS, H & RRICEY
Lo TRBOLE P RL D2 LDEZ NI
XHIZUCET VI Y AT, /Mg EEIZBNT
v b CYP3A4 123249 % CYP3A1l OFsH & HK
TEaZ ke, WG zay —2a% w7
ICBWTCYPSA TRR# s =7y
HEEIMET LT B 720, 2 /NGO CYP3A 1I2B
L CIIHEEDORENREVEEZ b,

v b CYP3A 7 FHEnH T CYP3A62 X, b b
CYP3A4 B L UN3A5 & d 7 3/ BRECH O AH [F 1
BEWI EARENT VS, LEALars, K3
FEIFEWZ bbb Ty, W Zhidsy b
Rtz MIMET 22 L dREETH D 2 L 25
RS20 THD. 2 LoT, BECYP3AIZLD
WIELE B RO LN OV TIEE S 74 B HE A
BTH5b.

P-gp mRNA & IZE LTI, FFlK =B £
OHEIFICB VT, DSSETHBEIIK T A0 5h
72 DS TIZ AL DS5R S, /N P-gp D 5EH
B2 L MBI BT DEMESFIET S 2 &
O ML 7.

RAER % FHATRS L CFEBLL TWwb CYP3A
YL Pgp ICHEME LT TERT L L, b
X O Tl P-gp @ mRNA FH K T I2fE W,
CYPH LA FAE EABEMICH Y, BFGIIBNT
X P-gp, CYP & B IZELBRBOOLNL NI &
5, MALE BT B P-gp & CYP OB I AHAIAY
THAHUFEMENEZ b,

¥ 72, P-gp B XV CYP3A DB G HEALIZE G-
LT AENZEAL  PXR ORBEICHET 5 M
IZBWT, WIhos e SRS Sk
Molz. —fICPXR AEMALT AL, LF AR
X 2% (retinoid X receptor, RXR) & %1 ~—
IR L, MR A S BMNICRAT LRI
5352 & TCYP3A R P-gp DI EHINS &
5. B AEOFEBIZE VT, MY EENICE
95 PXRERXH L TCWwWAWA®, PXRD5EH
HIIZAE T ICHEANOBITEDS LA L TWwhT]

BEMEDZEAON. B, FEICBLTIEELD
CYP3A 451 & P-gp DO T 580 5T
B, UCET IV~ ZADFEIZB VT PXR O
NBITES EALZEW I FEbH LI s, X
PXR OEHENL DL O THNBITEN LA T 517
REMEDYE 2 b7z, HIALBEIZBWTIZUC EEIC
BT, UCET VI T RIZBWVWTYH, PXRD
BHEFIZDOON W EWV) ENH L Eh
5, 12D B KRG 4D CYP3A B X U P-gp D%
BUZE) L PXR OFEBIZ B AAT L 22\ 5R1C &0
HENTWDLEEZ LN, PXR OBNBITESM
DENZERIZONVWTE L R LRFDPLETH D,

W2, P-gp OHEEEZ BN DO\ T P-gp DA EAYMH
EXNTH D Verapamil # W THEF L7, =2EB
X O G ClEHEM T X 7 N OVERTEDS control #E
(e L DSS #E TR R L, Verapamil iINIC £ %
Rhol23 O & #2572 & 3FAfh L 72 P-gp #EHE & 55
L7z, —J7, [Tl P-gp OREREIZZEN B L OF
BlclhtiE L TRFELTwAEEZ LN, i
mRNA OFfFREFERTH Y, PMEEIZBWTH2E
W & Bl COFMEIFAET S EEL LN JE
EHEOZE I T NOEMICB W THEIZET
DRBO AL, T HEREDOMT 2/ L 7 Mfg R L —
N OB 2 57z, Rhol23 (d g MH: 2 D1 3k
HTHY P-gp DIEHELRBN, T4 UETHS
DS HIVARZIVIEDP RN T 2 M [ FR
V—bFHHEBTLIENMOENTVE, B ZD]
®, Rhol23 D& #AR%E L control #EIZHEL L
DSS #EIZ B W TEERIIZ LA RO i/,

Zefp L MBI A DN DM L TERL T
AB &, KGR & # % TOHEC &) BN <
MR OWEFE 2 EAMAIZTRA L, K T RE %
#EZ 3 L) iR, 520 UC BEICB W TR O
FREFD R A EVWIHERH L & s, 29
KIGH 5 S & O 26 H L, ZIRIZZ2E
DEELFIESEITOTEILEVPEHEELL. £
72, BEEREGRTIEET ) oWz sl &I $H
WAL EIRE %7 EOAPENM SN TV 5.
JEIT D oW & ) IO P-gp OFB EAB LV
CYPs ODFBETANEZ 5 2 &%, 30 /NGO &S
HEOTHENBERI SN LV IFHELH L &
M5, 3V HM ) o WEIC X o THIE B L UVNE O
HICEEPRRRZ L LEZ LNz BT oW
5 E, NE~NRATHITEMET 5 LJH
HlEx ) 7y FeT ENZTEIRTH 5 farnesoid
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X receptor (FXR) OiEMEALAHIH 41, FXR
=R #Efm T CdH 5 P-gp R CYP ORI T %
WREEDSZ Z b7z, L Lah s, RWFZETld
HALEIZB W T P-gp & CYP A USSEBIZ#) % 78
EhwnwZ ks, Pgp & CYPTCIEELRL AN =X
DX ) FBHEHIHE Z o T 2 0] FEtETHER S
nr.

Rhol23 &% O I A i BEHERS 0 & SEW B - 1)
INTGA—=F FHHMLIEZ A, DSSEIZBWTS
HOBKTIHEY &2F 27 ) 77V ADKT RO 5
N7z, —7, BORGOBREHIIBW Tk, @ LA
£ 5 Chax DHERAIIRENTZ. E 512, Cra/D Tht
WY AEAEBLGLEA L L ORENLZEDNLS, B
ILEWIGBFEIC B W T DSSHTEHNH 5 L £ 2
b7z, £72, Rhol23 11X P-gp DFEETHLH—F,
HMIRRHRR Y — P2 @@ T 2HE L H D, in vivo D
HERIIP-gp BL O T] OM T OFAER T I X ) I
MBS B L7z bR s n7z. 25612, &IH&
HOWBRIIBWTH CL/IF BE U ky DFERIKT
e, 20T T A ORI T I & A i
FEDTHERIEATR E N7z, UC IR CRIENA: U
LB TH LA, WMoY 7EEET X 5T
MARBIOZY T Iy AEeOAEETIC X 51
HIEEO LAPBEO L, BIERSHIZORDS
TREMEANE Z b7z,

HALE LM R LN 7T TH Y, KN
NOEY R OFA DY) 7L LTE L. RIFLE
TIZ CYP3A, P-gp BLUT] D320\ 7 1%k
WHEBL, N T7TOEBEHMAEZHO LT,
EEERKBREEICBWTIX, KON TR
DT 721 TIE R <, DERIFNR & v o 7288 L&
512 D0 Bl @@ %) R\ 5-9 5 Mk 0N ) T
PREEDB L OHEM R EEOT b E R L3y E %
#ATo T RENH L. Sk, N THEERT
DANZALRHAEZHLNIZTH I LT, &
BROLPHED A H = X L ORI P 72 7 GRS
DRMVHZEDHFEINS.

HE  HE §efal2 B\ ORI S0 7
NODOTIRELZB ) F L7z, HALERESERIKFE
BN B A R BB\ BOL L) R L
EFES. F7o, BEAERICELTERR S C
N7 72& 5 L7/ - mEERY v & — 3
MERIC OV EHOBEEZRLET.

FIEHER
FHETIBWT, FRTNESFIRMRIE W,
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