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Abstract

The present study investigated the effects of polymethoxyflavonoids nobiletin and tangeretin on
uridine diphosphate-glucuronosyltransferase (UGT) activity in the livers of dams exposed to
2,3,7,8-tetrachlorodibenzo—-p-dioxin (TCDD). Pregnant Wistar rats received TCDD (1 ¢ g/kg, p.o.) on
gestational day (GD) 15, and the hepatic UGT activity and its inducibility using TCDD were assessed at
GD20. UGT activity against p-nitrophenol, 4-methylumbelliferone, and SN-38 was significantly
induced in hepatic S9 of TCDD-treated rats. Therefore, UGT isoforms involved in the glucuronidation
of these substrates are considered TCDD-inducible in pregnant rats. Kinetic analyses were performed
for pooled S9 of rats maternally exposed to TCDD and for control rats for SN-38 glucuronidation. Their
K values were comparable, but the Vmax value in TCDD group was greater than that in the control
group. Considering the K, value, SN-38 concentration was fixed at 10 ¢ M, and the inhibitory effects of
nobiletin and tangeretin were studied. Nobiletin and tangeretin significantly inhibited SN-38
glucuronidation in pooled hepatic S9 in the control rats at 10 M. Tangeretin also inhibited SN-38
glucuronidation in the TCDD-treated dams at 10 #M, whereas Nobiletin was inclined to inhibit it. At
100 #M, nobiletin and tangeretin inhibited SN-38 glucuronidation in TCDD and control groups.
Although their inhibitory properties were similar, tangeretin was slightly stronger than nobiletin.
Thus, UGTs are involved in hormone homeostasis. Further analysis is required to determine whether
nobiletin and tangeretin reduce the adverse effects of maternal exposure to TCDD via their
modulation of TCDD-induced UGT activity.

Corresponding author : Yuji Isun

Division of Pharmaceutical Cell Biology, Graduate School of Pharmaceutical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka
812-8582, Japan

Tel : + 81-92-642-6586 E-mail : ishii@phar kyushu-u.ac.jp

(65)



66

ok B

307 %

Key words : TCDD, UGT, dam, polymethoxyflavonoid

& U &

T AT F L HEIRAERICE L TSR EEE T
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HREOBE 72 44 4 F 3 VEOBRA KA DT

Bl L CHEERIZT I ERBENTNEY.

TAF XL VHOEKLBNEDOS 1L, BERT
TH 5HEHRRAKEZEZEIR (aryl hydrocarbon
receptor, AhR) 245 & L TH MK ¥ AhR nuc-
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TCDD

Nobiletin
Fig. 1 Structure of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), Nobiletin and Tangeretin.
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2.3,7,8-Tetrachlorodibenzo—-p-dioxin (TCDD)
(Fig. 1) 3EmmMEHETLIAF XL 0T, &
O Tl TRERE, FEE, EHEE, BAR
HRAELEORERE LI NS THEY, ¥
A4 F 2 VYOS RRGBED %% 0TI A
FOFEIGERNTLL00H5 L E2 51, AhR
%41 L7z cytochrome P450 1A1 (CYP1Al) ®iF%
EHOR S, 514 F D v HEEOSB R IRE -
LCIEL VSR TV a0t v Ho
L9 7% AhR V) # ¥ FOSiFE S L@ a FI3 LI
B, EYRHE MR O P450 7217 Tk <

EAMBRICOREERRIZL, Sy ra RS
% %) A UDP-glucuronosyltransferase (UGT) &
FET LI LN oT0EY . B MIBWT
&, human UGT1A6 B X N UGTIA9 %%, T v K
2B W TIE, rat UGTIA6 B L OF UGT1A7 ¢
TCDD Ik DV E b L HE ST B2,
Lfge=E Tld, TCDD kit By &
L, #HiERS v v~® TCDD (1 ng/kg, p.o. ges-
tational day (GD) 15) #%5-12 & 25 217> CT\»
B e fhfREO N E TOREIC X
D, #HEEES v b ~® TCDD H A5 12
Lo THAEERIB L OHEFLRNIC B TR ol
HURIS ARV E VAR TV sl o h, F 724
IR, AW OB 22 TCDD MELZ X % Bk
ORI A OV KT & 2 1U2E D ol L~y
D THAHEENTWAS. TCDD IZXL 5 BOH
KPR A IV E 2 L ARVIRT ORI 1X TCDD 12 &
% UGT OFFENH5 3 2 REHAVRIE S TH

Tangeretin



RYARNFL 7K 4 FO UGT FHER)F

D1920 = id TCDD IR R IC L 2 5B
EO—HEEZH5NS. LaL, TCDD MEL /2
THRER A Z 0P 5 & 3 % 45 ARSI AR SR O A B)
IZDOWTIE, BWEEDEITHIZET GDI8 B L Y
GD19 |2 BT % EIRFHENFNK UGT mRNA L ~X)v
DBHRENTWEH DD, FEEOFMEITH§ 5%
Bh b REFLOBESTORLTWARWY £
Z CTAWZETIX GD15 S v A~ TCDD (1 ¢
g/kg) #OF5-L, GD20 2B 2 BT
UGT {EEOZE B % fEHT§ 5 2 £ T TCDD 12 & %
KR END 7V 7 v Y BREDOEG122nWT
E8L, KT UGT #BHFLEICHT 28RO
WEAHMWET A, 7 v MEREMEIZ TCDD K
HERESEBOFETO UGT OEEOZE)
EZNSDEEIT A OME 21T - 72
JATZEIc & Y, I v b UGT & TS %1
I ERHETLHZEDG o TBY, 4-methy-
lumbelliferone (4-MU) ##E & T 505 FfE L
T, BRI FEHRRAKEICELD AhR 24 L CTHF

X2 UGTIA6, UGTIA7 23515 Twad,

F72, T ) NVE Y — VEEND UGT2B1%?,
E TN A NICEREMN%RY UGT2B12%Y
b 4-MU Z#HEI123 5. 4-MU 2 UGT 1259 5
RN EETHY, RO FHEZIT TR,
F v MIBWTUGTIAL 1A2, 1A3 &L &
JK#i 7 UGT & FRESHEE & 322, F 72,
HPLC IZ X 2l b SN TWw2® . p

Nitrophenol (p-NP) Z7 VA JHTHEGE EL,
FHAEICE VAT L E 2RI L2 IED,

MEOES SHSWHENTERD . p-NP 0
B L R B RAUKEFELETH DL Z &N
LMo TBENZ, 2 OFE 2RI EN
#MEN, ¢cDNA 70— L& N72D D rat
UGT1A6 T& %% UGT2BI2 2% p-NP H41H
WD B 2 Lo TnBE® . p-NP X, HHE
) URBHCTHLINT T, XAFNVINTFF
DA TR L > TEL, KEFBEHDOIEEIZH
WHENBMETH VD, Ty MIZBWwTid
UGTIAG IZiEHEDA B W 2 ED M ST 22,
F72, p-NPIZD2WTd, HPLC IZ & AillE D
WL ENTHED . HBAKTHEA) ) FH
¥ OWEHEACH M TdH 5 SN-38 1£F v P THEIC rat
UGTI1Al1, 1A7, 1A8IC LY 7 v o v miass
=¥, 72, v MIZHB W TIE human UGT1AL,
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1A7, 1A9, 1A8 THIAENLY Z LpmbnT
Wh, IhsoFEEICHT 5 UGT IG5,
TCDD EHEZRZE RO TED L ) I2EH)
T ORI SN mid 7 <, RFFE Tl
INEWFERRE L7

FAFF HEHICHLT, VAR fa—)b,
INIIVIREDKRY T2 — VPV %4 ¢
DT TR A FEPZFOHERRICAERTH L &
SN TWVES D WHEHEICE T B A XN
YU ) v aRhLIIEENL VLT
V30 g x = VD R RO TH B,
REFZETIE, TCDD kIR 2 B & LTl
ff&hs/¥LF>» (NBL, 3.,4,5,6,7 8hex-
amethoxyflavone) BL % 7 L F > (TNG,
4'5,6,7,8pentamethoxyflavone) % in vitro |2
B AEHIHW: (Fig. 1). / ELF VI3
RHEY, FRZ =2 U= —12E L HEFENLH R
AMNFTTIRIARO—FETHY, PLAENE
FS93Y - BranangE A0, Jhs AERA RO
PR 70 B O SRR VER 2R T 2 & A3
5N Twhb. TCDD #H M 5 #H i <,
U937 b b~2 77— TTCDD I & »CFHi
N7z human CYP1A1 2 mRNA L )L T3]
WIS 5 2 &M F 72 MF%8 2 Tt Luciferin £
Bikx~—H—HHHE L L7 rat CYPIAL 1A2,
2C6 B £ U 3A 25T 2 i VEO BHEEH % i L
TWwA® 2% UGT OIFIHEIC RITTHEICET 5
HHRITEZOMBIBY Z L. ¥ 7 LF v L
B, BHERIE, HRcy v o) VIcE L EE
NLZR)ANFTTIRIARTHY, PLiIENE
FA1) R HUERIRIER®, S8 ALY 70 &3
mENTWE, ¥ 7L F i MRIBIRAT AR
BRtG e L7z invitro EER T, human CYP1A2 12
xf LBHE A RS 2 &%) $7- TCDD #4EICB L
TlZ Caco2 Mile T TCDD 2k o CFHEXI LI
human CYP1Al, CYPIA2 # mRNA L ~\)L T3
HAHIS 5 Z e s ST a1 5 UGT i
HEANOEBICH T 2 W EEE OB R Y K727
ENTWR, Ko TRIFZETIE, MEREMA IR
94 TCDD A EFEIZ L 5K D UGT
EHOFEEH 2 #X, UGT ML # A4 5
JELFUBXOY VLT CIRIIE R & AT
% Z & T, TCDD kit 32 26K
ANFT T TR A RO Z MR L7
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1. HE

4-Methylumbelliferon (4-MU) : Sigma—-Aldrich
(F5H0)

p-Nitrophenol (p-NP), 4-MU-glucuronide,
p—nitrophenyl-B-D-glucuronide, UDP-glucuronic
acid (UDPGA, trisodium salt), Brij-58 : +7# 7 1
T AZ ()

/ ¥ L~ INDOFINE Chemical Company ®
bor7Fa L VAL

5o LF v B ET7 A0 A Wako ().

SN-38, SN-38-glucuronide : ¥k &4t 7 )L b

N N B SS = g

2. EMHERR

RWFFEI BT B EERIL, TN KRB S5k
FEBC X DEBREITROKR L 272 L THERML
7o, MEMED Wistar 27 v M & —BiscEL L, i
FEMICHFoSERR S N2 GE, TOHZ RO H
H& L7 #4115 HHIZ, TCDD (1 xg/kg/2
mL corn oil) Z H[EOHS L7z B2,
Corn oll DA x5 L7 §EE 20 HE (GD20)
DIERIEEA» SR L, IO T 12t
L7220 F72, RMEOE L L, ks
THFE L7z0b, £ T-80T I THARE L
7z,

3. SOY > TIVEAR

GD20 FEfA 1 IEr 4720 1 g% 0.25 M A 7
O—A23mL CTHREVFA XL T0ODH,
9,000 x g, 4C T 20 rME-La#EL7z. Foh
7o biE (S9) A4EL, T % F T-80TCIZ TR
L7z, & 287 BERIE, Lowry DI
DWCITo 7z, B, By VX7 L LT
bovine serum albumin (BSA) %\, WGREEH
ZE 121 HITACHI U-1800 Spectrophotometer %
w7z,

4. UGT 5EMHBIE

g L LT 4-MU, SN-38, p-NP % >, UGT
DIEMERE 21T o 72, ARRBEOVRE X4 T
1%LIFIZ 5 L) L7z, S9 > 7))V & Brij-
58 (0.25 mg/mg of protein) &iE&T, 30 4k
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ETRE L 720 B 1 E 4 L7z, UDPGA
% &t buffer Z M2 72, 37C, 105711~
FaN—Tarl, BERIONMISI OBRIMZLD
G L, 37C, 60504 yFax—arLi X
IV T OREEIZH L TH 1 M TCA Eili &
100 gL @hns 4 2 & TIEIL S w72, 30 ok
%, 13,000 rpm, 4C, 10 45#.0 L, kif% HPLC
FEFTICHE L 72 BRI CTH AL 7 V7 = FOER
&, WTNOREEIZBW T KADT V7 a=F
ZHan & L7l i2 TfT - 72, HPLC 4
RHILINIR @) T, BEHE & OMlE M
4-MU®’, SN-38°V, p-NP®, Zn2ho#HEIC
X LEATHIZE IS TR SN2 2 1T E L
7z.

HPLC Zf4

$%i& : HITACHI Chromaster 5110 Pump, 5210
Auto sampler, 5440 FL Detector, 5420 UV-VIS
Detector, 5310 Column Oven

Column : Nova-Pak® C18 cartridge (4 pm, 8 X
100 nm : Waters) % RCM 8 x 10 Module (Wa-
ters) |ZFCH L 72b D%, Nova-Pak®Cl18 Guard
Column (60A, 4 gm, 3.9nm X 20mm) |2 545
LR L.

5. T— A

7 — ¥ EHTIZ1E Graphpad Prism™8.02 (Graph-
pad Software Inc., San Diego, CA) TAT-72. 4
TO 2 BB OB DWW TIE, Student's ¢ test &
FWCHN L7, AEAREITD <0.05 & L7
F 72, kinetics OfEF: 1% Michaelis-Menten #2
AT ATV, KT A—F —%HI L7

BFIHEIZ BT 5 ICs (half maximum inhibi-
tory concentration) DHEHIILLFORIZLBTIiEoH
TiT- 7.

(Top — Bottom)
Y=Bottom + (1 + 10 (1o {(IC50) - log (X)) Hillslope) )

COAITB VT, BERIHEE(Y) ZBREH O
BEX)Ed4DODNRFA=F 12X ) RBEN5.
Top (ZFREHEE Y=0 D L X OFFEIHEZF L,
Bottom 1 HEFI AR KO RO % 7R L
Tw5h. F72, Hillslope DEA K E Wi E ICs
FED 7T TOEEITEI R 5.
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1. TCDD KEAERZBZBMATO UGT BFRE

HZE)

4-MU, p-NP, SN-38 # B & L, HHEHEx
FEHL72. SODE L8 &%, 4-MU, SN-38 T
1250 xg /100 xL, p-NP (2%} LTl 200 g/100
ul & LT 21T o 72, REEEIIWIT ok
IR LC OB, SR Mo 2 MCllE %
FEhE L, SEATHIZED Km ExZE 12, 4-MU (34
MR 50 M - 200 g M52 p-NP IZHGLEE 100 4
M - 1000 #M? | SN-38 13 #3830 M - 100 4
M 1Z3E L7z, Z0#55, Control BEE L
T TCDD #TIEWIFNoREE I LT, HKiE
JE - EREA TV 0y RIa AT E B
WL 7 (Fig 2). SN-38 1 &5 5 4 Control #
LD EWEEE R LA, KR - SEE O/
FIHEMEIZEDR AL NV ED S, REMFIZBW
T v MFS9 ® SN-38 @ Km fiti13 30 uM £ b
SIKEERICH B Z EHTRIBE N7,

2. JELF>, B2 LFICK B in vitro
TO UGT EMICX T 2BEERR

WIZ, SN-38 ##EE LT/ ELF VY RS »
FLF D UGT K ¥ 2 HERMREZMET L7,
SN-38 D#IREEX, B SN/2F AT 4 v 7 AN
J X —%— (Km, Vmax) (Table 1) % 3E1Z 10
eMIZFRE L. HERE LRI L7z €L
VB IUY L F I SN-38 & [F L < DMSO
IR L, R 1~100 oM O#EPH TS S &
7o BEEF L LT, 5ILofT v MDY~ 7
WEERBRMLUZ: 7=V FESOH > 7z v,

N7z ICsfHIZ VTN D REHOREIRETH S
100 M X W K& R E o7z, RiERE I,
JELF B L F VEE 10 #M, 100
eMIZBITAHEMREET L. LT B
L% L F b 1) I2 DMSO % [H=i#N
LIS SE/oxtige g L7z, ¥ 1 4+%2 v &8
B LTwhwBHED g %o 7 — v L 72 Con-
trol ™S9 2, JELFrBLUIY X LFrid
10 uM THEZHEMREZRL, FomigEdlo
100 uM IZB W T S FFRICHEEH 2R L 72
(Fig. 3). 72, Control® S9IZxf LT/ ¥ L F
NTNE, IR XD SR CHE R 2 B
D E > 72705, & 7 LF ¥ TIIAKIERE & &k
FEM CRAREOMEIEMH 2R L7z, —7, TCDD
TR R 5 L 72 BHAR O Pk R o 7" — v L 72 S9
ZBWTC, #7LF U210 uM TEEZHE
e %R L7225, /7 ELF > 10 uM Tix UGT i
oW AEINZE EF o720 T2, EEEMACS
WTlE, JELFUrBIY U7X LF UL, 13T
FREOHEEHZR L. JELFYBIVY »
FLF T UIBWTY, REEICHTERE
FECIIFEREAFZIHW o Tz, 2Dk
212, T v M S9 il & 7z in vitro TORRET
TR/ ELFUrBLOY 7 LF U2k 5 UGT
FHERNRATER SNz S O FHEVEH 5L
LTCWbon, 75 VFrolBl/ ELF v
0 SEPIZ, BHERRPEAKERE o7z,

Z =

AWF5ETIE, TCDD ARG &5 L 72/
7 v b ORFIEO UGT itz MlE L, S 5IZSN-
BEAEE L L2 UGT IS T 5 /LT -

BERZ WIS 52 E TR ZMm ST HHS YU LF OB BIZOWTHRET L. BEES

Table 1 The kinetic parameters for UGT activity in rat liver S9 toward SN-38.

Enzyme source (S9) Km (¢ M) Vmax (pmol/min/mg protein)
Control 8.69 £ 2.62 6.52 £ 0.51
TCDD 9.42 £ 2.64 11.8 0.9

S9 samples were prepared from the liver homogenate of pregnant rats (GD20) orally
treated with TCDD (1 ux g/kg) or vehicle (corn oil). S9 samples of 5 rats were pooled and
subjected to the assay. Pooled S9 sample (50 ¢ g protein) was used for each assay. SN-38
concentrations were varied ranging from 1 to 100 # M. UDPGA concentration was fixed
at 2 mM. Each value represents the mean = SE.M. of triplicate assay.
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4-MU-glucuronide formed
(nmol/min/mg protein)

(nmol/min/mg protein)

p-Nitrophenol-glucuronide formed

SN-38-glucuronide formed
(pmol/min/mg protein)

Fig. 2

ok RO ELTH

4-MU (50 pM) 4-MU (200 pM )
4_ skk 15_
T 3
3_
g%
2 g 107 —[—
£ ]
14 %3
=2 E
)
<+
0- T 0- I
Control TCDD Control TCDD
p-Nitrophenol ( 100 pnM) p-Nitrophenol ( 1000 pM )
=
%]
2.0 E 10
Hok S = *%
QD em 8_.
1.5 “' s 2 T
= @
o 1
o = 6_
2 e
1.0+ ERS
e | _
<E 4
i g3
0.5 2% o
= =7
i=
0.0~ I z 0- .
Control TCDD S Control TCDD
SN-38 (30 uM) SN-38 (100 uM )
15 * 15+
T
10 <%
g & 10- —"
= o0
S E
5 g
5 ag 5-
]
®x g
N
Z =
0- T @ 0-
Control TCDD :

Control TCDD

Effect of maternal exposure to TCDD (1 ¢ g/kg at GD15) on the
hepatic glucuronidation activity in dams at GD20 toward 4-MU,
p—nitrophenol and SN-38.

Control group was treated with corn oil at GD15. S9 was prepared
from dam liver at GD20. Glucuronidation activities toward 4-MU,
p-nitrophenol and SN-38 were assayed at indicated concentrations.
UDPGA concentration was fixed at 2 mM. Each bar represents the
mean = SE.M. of 5 rats. Significantly different from Control: *p <
0.05, **p < 0.01, *™*p < 0.001.
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TCDD
15
=
g2
o e KX
S % 1TT
3 107 —
25
e £
= g8
>3 kk
= E 5
Pl
® g
N
Z =
n
0_
NBL (uM) () 10 100
TCDD
15
=
L ~
é 'E 0
S 2 T
gE
2 oo ok
° E
=2 $oskok
2.
Eg 5
2%
Z &
n
0_
TNG (uM) () 10 100

Fig. 3 Effect of nobiletin (NBL) and tangeretin (TNG) in vitro on the
glucuronidation activity in hepatic S9 of pregnant rats (GDZ20)
exposed to TCDD (1 xg/kg at GD15).

Control group was treated with corn oil at GD15. S9 samples of 5
rats of control group or TCDD-group were pooled and subjected to
the assay. NBL and TNG were added at indicated concentration.
For S9 without NBL and TNG, DMSO was added as a vehicle. Each
value represents the mean = S.D. of triplicate assays. Significantly
different from S9 without NBL or TNG : *™p < 0.01, ***p <
0.001. Significantly different between the pair indicated: T T p <

0.01, T T p<0.00L

S OMRBEE OB 2 mae xR E L7z 4-MU,
p~NP B L O SN-38 1%t 9 5 UGT & MEHIE D&
F O WTNOEITH LT TCDD WD)
MEED E o722 £ 5 (Fig 2), TCDD £HE
FRIZL) INSOEEOE TS 3% UGT
GTHENFESNEEZ NS, TCDD 2 X
% rat UGT1A6, 1A7 DFEIZOWTIHIA LA
NTH YD AR EHEALE AL 72 X 7 = X 4
IZOVTHEENLZENTNEED W 72 2%

(71)

ITHFEIZ B W C TCDD IR E & 12 & 2 JFE T
® rat UGT1A6/7 @ mRNA L )V OIENT 547
nNTHBY, BRICBTIENER, fHERizBw
TIREELFENALN TV FEERMB
BROBMAET TICHREL ZHRET R VWD,
rUGTI1A7 %% p-NP JaE1G M 2 7R 3 1 e PR 1L A
T&ERWH, p-NPHEFHEMEZ AT 5 rUGTLAG
T AR ZNLCHFESNL (B, YEFIIHHG
EDEE > TV haholzz0n, SEBEBFRILK
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FRICEVFEEINL UGT 4 TH% CYPIAL 12
fit> T, UGTIAL LB ENTWAE Z L2
T2UENHH), LoT, p-NP KT 544
A TCDD MR L ) RIS A L7
ZEE, A E b UGTIAG AFEE SN2 &
EpkEZONS. F72, SN-38¥uAiHtEE A
$57v O UGT 51D 6 TCDD ik
Do TV 5 DI rUGTIAT T 5. fito
T, SN-381Zxf9 ¥ &1L TCDD KH &%
B VAZICERE L2 L1E, rUGTIAT '3
BanhfzbkicksEzon, MAETGDI8
B XU GD19 12 THEM & N7 SBITHI7E2Y % 30k
THRERE R 572 4-MU 1% O UGT 41
WHEEZTAEEZLNLY, BETHRIRL
72T A G XD FEMND rUGTIA6 BL DY
rUGTIA7 THOR# 22T 5 2 EFHAL ATV
W ZoZ by, TCDD RAEREIC LY
BENZINSGFREIZED 4-MU 2§ 548
BEUDPEEICER LD EEZLND.
TCDD 2 & ) #FE & N7z rUGTIAT 1 FUIRMR &
VEYTHLFAFT Y (T4) OHSIZHEEST 5
TENHESNTEBYY, T BAICBIT B H
RIEARVE LAV ORFAIZEG L Twb EE 2
ENTWD. KOS TCDD MK
MR L o TRHEFICBIT 5 rUGTLIAT D%
EAVRIE SN2 LA, BHRICB W THURER &
WVE Y LNV OB CIRT L, I
FLZ B D HUIRER ARV E L AL~ 2 W] e
N5,

KT, TCDD R & 3 88 L 72 IR BRI 12 B
WTHESIN/- L E 2 515 rUGTIAT Offhi3
BiEMEE LT SN-38 fu Al EARIE L L, 7—
VLSRG E2HOR) A MFL 75K
4 FOHEGEZ ML 72 (Fig. 3). ##, /¢
LF Y RO LT UIET A F T VLT
W\t BB O RHRRTFER O 7 — v L7z S9 12 B v
THERELRBEECH D 10 uM T UGT {HH
AEEICHELL £/, JELF I2iE 100
uMIZ B\ TIHENEH ME 1250 < 7 2 #H [ 2°
Hot=hs, ¥ LF 2100 kM TR, 10 gM D
B & PHESFRIZIZIZFMETH Y, HREICTLS
X BEBIINE ol VLTV OEIEE
BT AHEERIE, ¥ o7 LTy e #airo
7.

T PFIZEELTWS UGT 0FHDH b,

ok B
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SN-38 ¥4 71X UGT1IA7, 1A8, 1A1 DJEIZ
B L o sH 5L 0D, UGTIAT BL O
IA8 X HF A 2 3B E DMK <, mRNA LANLT
IX UGTIAL ¥ R 1/10 (2372 2 W #ETH
b, ZDH, FRNENZFOEFNREHEE %
B 5 MRS T Cld, SN-38 O F AR
FIZrUGTIAL TH D, FAFF TV FFEL T
e WEHARER D SO I BTk, JELF RO
FUorLF R EICEHENIZEHALTCRNS
rUGTIAL ICK L CHEMEEZRL, /ELF vV
Iy LT 0l rUGTIAL KT 5
FHERREAE N EDRIE STz, F72, EiRE
TRV FARE rUGTIAL A KT 285
LEzZoNh/. v MNFEMIEHEKTH S HepG2
M TR A INF T TITRK AL FIZE D
hUGT1A] #BlEDZ B % ELISA % F\Vv T
LR fTbNTEBY), ZOKRE/ LT
TIZ hUGTIALl BHEICHEL RIS o1z
Yoo, ¥4 LF 2 TIEhUGTIAL #8lE % 1
&L OHENH L | KR TIE, cell-
free DEER % A i vitro TOTIRIE % FH
TV, RHWIC & 2 E8h—id % W REMEIE o
ETERWVLOO, EARMIZUGT IS 2K
ANFTTIR) A FOEBROEEZR-LDL
EZTRWESD . Z07-%0, BFEGEEZNES
LB VNTELNUDEET LI LI FEZD
S\ —7, SBAFRFZES Tid, ELISA #:% Hw
THRTBY, HHELTHEL O TIER L
hUGTIAL % 37 e L CORMEL EEL
TWBI LR D, HtoT, MBLIZHEMLAY &~
LT U DYERIC UGTIAL IZ X A4 I &
DEINEEBELIZODDRRENT WL b Tl
vy, F o, MRV AN T IR A Rx
WML Cwb7z0, REOEEFERTE 2V E
2, BIETRHZEH SRR T2
BAGZLUREND L. RFIEIET v bR
SO MW THY, ZoOHEfTHIEIEE PH
KHEE TV E L VW) EBENLH LA, § 7
LFUhF v b UGTIAL % HET 57217 T% <
t b UGTIAL 12 QMO R Z KA HENE L
WETE RV, TOLHIZ, Kikgers, 7047
LF 955 v » UGTIAL 12 X % SN-38 #4&i% 1
PR T SRR S Z LB Gh o7z,

F 72 TCDD #HEFEE L72HT v MK S9 12
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X % SN-38 &M ICR L ClE, RiEED Y &~
FUFyTIEEEZEEETIER2 R S 7228,
g VLF o CliBAEICE T 72 F

PZERETIEEL 5 FERGEHETEAZS D,

o7z, TCDD #&§& L726ET v NI
X UGTIA7 B"FE SN TWwDH LEZ LN,
THRELAZ2HEORIANF T T7IRK )4 FD
SN-38 ¥ BTG DR TAEHIZEMUL T2 b D
D, FUTLFrORB I ELF L) LENC
BN ED o, TOZ EIE, EERKIC X
BHRHEREOBERDOE SN ) VLT VO IZHE
FiZolZ bbb FEEN S, TCDD fHk%#
FTL72BT v RS9 12iE rUGTIAL &
TWwb 7217 T%<, TCODDICL W FESI N
rUGTIA7 b &ENTH Y, HED SN-38 a5~
DHEGWREVEEZLND. (> T, HEDE
b, B H % L Tw b rUGTIAL & TCDD
12 & D FE SN2 rUGTIAT O FICR$ 5 b D
ThiHEEZL). RUAMNTITIKRK A B8
TAFF T LB rUGTIAT OFEH % HE
FTLPEDPEEHROBETH LN, F14+F2 v
THE S N7 rUGTIAT 23l 3 2 Y8 A5 %
FEICPHET L 2 L3R s NS,

WIZ, NS 2HEOR) A NFTTIKRIA
FIZXBHEMPEDOEICEH L TEETSL . /L
FUROTT AL F Ul HICCYPIZ X BAERL
ZTAHIEPMSNT WS, KiFERIZBWTH
W72 TCDD MR L 728 F v N SO 4
Y7V, UGT &% 54 CYP & TCDD I
L2FEE T I T WL EEZLNLY. K%

- >
— -

T SO IZRIN L 743512 UDPGA O AT 5 A5,
NEEOHER D —TERA L CnbEEZ LN,

T MFIZBWT/ ELF »IZ CYP 2 X B2
F VALK S & 52 1F, 4-0H, 7-OH, 6-OH, 3,
4-diOH, 6,7-diOH IZft# & n°", hTd 4-OH
Ro R CYP2C11, kW T rCYPIAL O&F5-
Db KE <, 7T-OH o213 CYP2C11 @
REPZEELTREL, KW TCYP3AL K O°
CYP3A2 7B 5- L T\ 5. 6-OH oA il ik
CYP2C11, CYP2D1, CYP3Al $ X U CYP3A2
PITIZFERECHESE- L CWwah, v FTIE4-0H
R EZRBITH B0, COAEBFIZFEIZEG T
% CYP2C11 W HEICF R 20 FRETH 0D, o
DD N IZHETIZ CYP2C6 12 X AN 5

73

TEDPHEHENTNDBY, v —h— L p R
W% #1295 &, TCDD A & 8 8% BE 0 i
I2BWT CYP2C6 3 £ UF rCYPIAL ®~ — 71 —
EHEATHESNLY ks, TCDD HHEBEL
Ty M PHDT =) L7289 TIkiFE &7z CYP
2k AR —EE2 T, FIC 4-0H, 7-OH,
6-OH O T/ LT Y REEm s E & iz b
WEENDE, JELF RS 7 LF U EHE
UGT #HET 2D H 2725, s
A UGT 1§ 2 HER R AR LML H 5.
—HE T LF L ET v MFIZBWTCYPIZ &
B A FOVAL RS R K BRI LS & 521, 4-0H,
3.4-diOH, 4 ,6-diOH IZf#t & 55960 = k53
WEENTWEL, o CYP T ESRENCE S
TLDOMEIZZ L WAS, CYPLA %3 OKERL
BB, Z oMo CYP 23 2 F VAL RS 12 BE 5
FTHLIENREINTNEY . v MNTFEHRE
LW cizs vy L FroR#Ew e LTl
4-0OH, 5,6-diOH, 3 ,4-diOH, 4’,7-diOH, 4,
6-diOH A5 0, 4-OH fE~D1L#H1E CYP1A2
OG5 HRHKEL, DWTCYP3A4 Lo T
W5, 3,4-diOH 13 CYP1A2, CYP3A4 AS[FAREE
CB5 35 EMERENTHB LY, Ty M
WT CYPLA 23 X F WAL B9 % s CH A
DAL, Ty MIBWTHIONTWS FaRkd
3OORBWD D b 4-OH R EERBWTH Y,
K\NT 3, 4-diOH, 47,6-diOH & ELT w5960,
oD ERS, JELFUEREICY VLT
> TCDD & &= % & BRI 3BV TRBE S
7z CYP 73 TR CRER B A T VAL SO R 7K
{LES % 521F, 4-0OH, 3,4-diOH, 4',6-diOH &
b EHEM S NG, EATOIZEIC BV TRHMR I3
% TCDD K &E#FHE 2 L ) rCYPLIA2 i P21
MERDSASNBS =&, RIEN 2T 5.
SRIAVZZ2FEOR) A MFT 75K 4 FOM
ERHROEIZBWT, CYP I WA, B
AF AL LKERIE & AR R S 7= A3 o
EIZHEHTEE, 075V F 2B TEERS
WOKBERES VL FroFnihbLnz b
Mbrd . HECERIC ISR ER 2 B hv R b BT
EEZDLOD, ZODLEYOFEAHY T
DTHULZHEETH ), KEEKIECDD 5.
7OV a Y ERIAE BUSIE GALE Y O KR H: (k)
L CUDPGA L) 7 V7 ur@eimfEd 5 Ko
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ThbIendb, EEAHBWOKEREH D
LoT, JELF XIS LT X O)ihg
WIHERRE AR LRSS 5.

ARWFFECHEME L 72 BHEEBROIREEHIPH Tl 2 1
DIHEHFD ICs0 # HIT HICIEES Do 7208,
WTROFRY X M F T 75K A4 FHRHMEIZBLT
% TCDD EHERFEIZL ) FE SN/ UGT 12
L, FEBERE L FIRECHEMREZ R L.
TCDD |2 & ) FHE S N7z rUGTIAT 1 HIRPR &
VEVTHD T OEEREREL LTHY o
EMMEEIN TS, TCDD 2L A IBDEFHRE
E121E, BOREFRLVE Y ORTR 207
07275 OETFIZEBEERD »EETH L
25, BHEIZO R/ L 912, RoRIREAVE >
LAVOET S —FE ST )90 ki
WBIZBTAEENT L EbN s, KBEHIZBW
TUERHRIZ BT 5 FHARBE ARV E & LSOV AP
I IR TORREE ARV E VDG L Tnwb &%
ZHNTWDE  KWFFIZ LY invitro T/ E L
FURBY LT D EHEITE SO 2B A
TCDD #F#E M rUGT1A7 @ SN-38 &5 %
KFEELIEDRENT, INEOEHBER
JANYTT7 IR A4 ROBEDS in vivo 12B W
T A4 F 2 ViFEME UGTIAT HET 2 i
PEESHRDOBETHL. JELF Ry LT
v OIS, UGTLAT OEFE 7 BHE 28 U 72 R
BRARIVE » OB i G o, 5 NRICE

J B EEFEREDOIHNOLA L Z EHIFINS.

]

A& O TCDD (1 xg/kg, po.) % iR
5w M GDIS ICBFETHZ L X 1) GD20 D RHERF
fElzB\vT, 4-MU, p-NP B L USN-38 D 7 )V
70 YBRIEETHEEDPERICEA L 2D,
rUGT1A6 B £ ' rUGTIA7 OFEN KR -7z &
g sz,

JCELF RO VT 2 in vitro TY A
X U THFEIN SN-3 FATE LY AR
fHE L 72,

SN-38 ¥ &ifith % rUGTIA7 A3t 5 % T, 43
BEHEIEOREBELEZEZ, INHEOR) X MF
75K A FHHIRREER IV E > OBF 2304 % 1)
il L5 2 Bk & LCHifE s e,
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LAY in vivo IZBWT ¥ A+ ¥ viFEan
rUGTIA7 HET A BRI HROETH 5.
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