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Abstract

The mechanism of oxidative stress which is one of the major toxicities observed in 2,3,4,7,8-pen-
tachlorodibenzofuran (PenCDF)-treated mice was studied. Previously, we evaluated the dose-re-
sponse relationship on the wasting syndrome and oxidative stress elicited with PenCDF (0.3, 1.0, 5.0
and 10 mg/kg, once, p.o.). Of PenCDF doses examined, the wasting syndrome and oxidative stress
were most marked in 5 mg/kg. In disagreement with this, the hepatic ethoxyresorufin-O-deethylase
(EROD) activity which is a marker of aryl hydrocarbon receptor-dependent induction of cytochrome
P450 1al (Cyplal) was most significantly elevated at 0.3 mg/kg. To clarify this discripancy, in this
study, we determined the contents of Cyplal and 1la2 protein. The content of Cyplal was well
correlated with the EROD activity up to the PenCDF dose 1.0 mg/kg while the induction profile of
Cypla2 was not correlated with it. Although, at the PenCDF 5.0 mg/kg, the contents of Cyplal and
la2 protein were induced consistently, the EROD activity declined to the level far smaller than the
PenCDF dose 1.0 mg/kg. Further, the NADPH consumption was comparable among the PenCDF
dose examined. Instead, the hydrogen peroxide production was elevated in S9 fraction most markedly
by PenCDF dose 5.0 mg/kg. In agreement with this, the marker of hepatic injury, the serum AST and
ALT activities were also most elevated at the same dose. Therefore, it is possible that PenCDF elicits
oxidative stress and hepatic injury through the production of hydrogen peroxide via the mechanism
involving uncoupling of the P450s.

Corresponding author : Yuji Isun

Laboratory of Molecular Life Sciences, Graduate School of Pharmaceutical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka
812-8582, Japan

E-mail : ishii@phar kyushu-u.ac.jp

(10)



PenCDF |2 & 2 ER{LI A b L AR AE

59

Key words : Oxidative stress, Dioxins, PCDF, Cytochrome P450, Hydrogen peroxide, uncoupling,

Liver injury

& U &

(

1968 4F, T4 HAR—7 12584 L 72399, THE T,

R RER R IR AT 2 1R & 3 5 22 b 7
BEEINFE L, FAERE 49 400 Bk L 723E
buB, ZLOBENELATHS. JWERKY)
Hix, A4 24 AN OMES AR OB L LT
Fi\» 5172 polychlorinated biphenyl (PCB) 3 &
CZDmMmBAZ L0 £ U EEKNERY TH S 5
I FFLVHTHDLEEZLNTWAY,
2,3,4,7,8pentachlorodibenzofuran (PenCDF)
&, WERZEOERNTOS A+ F L VHELTO
HmHIRIE TH H TEQ [Toxicity Equivalency
Quantity : 2,3,7,8 tetrachlorodibenzo-p-dioxin
(TCDD) & % &, TEF (Toxicity Equivalency
Factor) &fifidm & OFE] RO 70% & &b
E{, BENOFGPROEVERDELEEZS
NTwaYY EYERTIE, EHEOY A X
VVBEIC X o T, REEIEEIEH 2 R 5
M#EHE (wasting syndrome), FFEKEB X O
RO Z T EORFEDSH SN TV BY,

T4 F T VEOFHMEIZIE, aryl hydrocarbon
receptor (AhR) 25B85-94 2 &5, AhR / v 7
7Y b AEHWZEIZES SRS LT Wn
299 A4 F XL UHHIE O ARR IS A
AL, AhR IIFEWICEIT L7205, AhR nuclear

translocator AL, NT O Y A ¥ — 2 IERIE,

T E = IS FFAE 9 A xenobiotic responsive ele-
ment I[ZFEET S, NI E D, BEIEELLS
M, cytochrome P450 (CYP) 1Al Z#f &%
SEEFAMENFELINLY. FAFF Y M
XL HNHEEERT 2, PCOELIA ML R
REWLHBUO—2TH2YY. ¥4 +%v V5

WX DEREI A b L AR SN A8 & LT,

BRHOZERPZEZ 5N E. BIFREOEITHIZET
&, ¥4+ F 2 VHO—FTH 5 coplanar PCB
i, WM E N Z R TdH S Se-dependent gluta-
thione peroxidase (GPx) < catalase % #iill 3 %
CEICE DAL A ML AZTLES S Z L AUR
e STV 5O —J5 EEERE R R O T
ARETLHmELH L. BlzIE EWOMmIZE

HTd,
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b5 P450 1L, A= 3—FF T P74 Rk
fLkFEOERK S i3 1%, Zhix, NADPH-
P450 RICEER 2 6 P40 ~MtRE S 2B 148, 3
WO AE DAL TN IHPERFEE D A B HEHELZ
SN b ¥E TH A (uncoupling K IE).
TCDD LB X D FE & 7z Cyplal 1&, DI
IBANOFEGHREVEEZ LN TWEY . Zh
PI#MiZ 3, xanthine oxidase % NADPH-oxidase
GEDOFELBHRILMA N L ATTEICEHES T
WL sz, FAFEY VHICK
HEALIA b L AERIZIE, HHERERE ISR OB
HE & AR DTLHED B 1), PenCDF Tl & E 528
BEENMIES P TIE R,

HH S OHATHZICB VT, PenCDF O#MED
HEKFE:%, C57BL/6] ~ ™7 A 12T PenCDF H
#0.3, 1.0, 5.0 BX1°10.0 mg/kg (p.o.) 12 TH
LR E Cyplal OFEDIRIE L 22 5,
ethoxyresorufin-O-deethylase (EROD) 41,
PenCDF 0.3 mg/kg Tt b B IZFHE s n7-o
—7i, 7 ANZE LRE AR, Moz
i % £F o 72 wasting syndrome % &2 5 HE 12,
CNEEHLNIZEZL > TEBY, PenCDF 5
mg/kg DEHABETROBEE TH- 7219, $7-,
INEFUH=EIZBWT, REARILOTRETH
% thiobarbituric acid reactive substances
(TBARS) d# L EH&E2Y. s+ Fv
i CROREMED TCDD 13, M7 v MiZBWT
wasting syndrome % 5| & 2§25, ZTIIIPIEE
{L#]® butylated hydroxyanisol THHIT % 217
[@ k12 PenCDF 12 X A wasting syndrome (235
ThH, B b L 2O BT 5§
HAREMEIZMIRICE R S5 L. L, PenCDF
I2 & % EROD {5 MEDFFED HEARL LAY, wast-
ing syndrome ML A b L 2D EREH O Z
NEITHL TR 2HAIIAS 2 TlE v,

TCDD T#HE S 4172 Cyplal 2 EE{LAY A b L
ZADEFRIZEG TSI LD, Cypla2 / v 277w
MY R EMoRETTHLMICEN TS, F
B, TCDD 2 & 5 TBARS @ _FH12, BpARI
L Cypla2 /v 7 7% h< I ATEVY WD,
—J, HFEH O OLEATH % T, PenCDFO0.3
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mg/kg THL L Cyplal BNFEINTWDL LD
DAL A P L A DERIZEENTH > 7219,
it > T, PenCDF Oo¥&121%, AhR # 4L 72
Cyplal OFE 217 Tl, BLWA ML A% +4
IR TE kb b,

INELZHRTLIHEOH L. ThbH, KH=E
@ TCDD (15 ug/kg, ip.) x5 L72HET v &
ORI 7 v — AT, HELKFEOAIZT
LARMBEEX ) EIZ 5N TWwW5BAS, TCDD 0
Zoar AbiAbkFE%E 2.5 M BINT 5 2 L1
X0 BEEILKFEOERAMT 2 5. 2
D L5, TCDD MLEET v b AT & HEE L 7
I7av—AI12E, &E5ICHEKT 5 TCDD &7
BN CYPIAL 2SEEN TS 00, bin
5 2.5pM ® TCDD ## L %13 4ud CYP1AL
EERILKFZEDOERICIZE A LS LanwZ &
G5,

AHFFeClE, Cypla2 @ PenCDF %19 5 HiAl
PEWCAEH L7z, UHEI2BI 5075 T,
PenCDF 755 v b @ CYPIA2 128 WEAIME %2 7R
oW ERTWREY, 2%,
PenCDF 13 H 55 L 7z Cypla2 IZfEE& L CTHS
DHFWPEIR S NIV FEE SO
SEATIFZES DB L P CE 25 L, PenCDF
X FNHEHHDFHE L 72 Cypla2 IR LES
PenCDF £ F Tl L wHHIEE S, 20
F XU T4 —%HBz /L X2, wasting syn-
drome O & 9 HFE L WEESHIEERI SN D &
HEESINS.

ZZC, KW TIlE, CORMEBREET L,
HEHOORITHETE LAY 2 H VT
PenCDF #%45-& & EROD iM%, Cyplal BL O

Cypla2 # » 78327 H L NV OBRIZO W TR,

ZD#ER, PenCDF 5mg/kg Tld, Cyplal B &
Wla2 ¥ Y237 BoOFEEIZIZE A EZ LL T
ZWIZH 5T, EROD HEAME T35 2 &%
Moizizd, E512, NADPHHEEEIZOWTD
fat L, P450 @ uncoupling St D JLHEIZ DWW T
R T WEEOY—57—Td 5K
aspartate transaminase (AST) B X UF alanine
transaminase (ALT) OiFMEIZOWT Y~/
X 512, PenCDF ALHE < w7 2 o JFFlis Ak o0 8 i
LKkFE=E D P CTER L, PenCDF #HEHIH~D
FRALIIZ b L ZADFGIZOWTELE L 7.

e HoE —
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1. PenCDF LIBE)HDEF

% 0%, BEHRICC C57BL/6] ¥ 7 A % A
PenCDF HEMKfFEO#ET % 0.3, 1.0, 5.0 B &
°10.0 mg/kg (po.) OHEIZTIF-7219. KW
7212 B1F 5 PenCDF LB O StEHE, RO
CTCEELPFABL L0 HW &b,
PenCDF ZBEHUZHEV &1 L2, PenCDF 0#%
& E AR LR L7z BiERRIX, X
TIVUNRSF BN TR G IR B X OKREZH TT-
7z. PenCDF HEAKGIEICEE T 5 EEBuZ, JuK
SRR B &SI BV T T 72, ¥ RIXH
KL T7TWEVEAL, —AMOB oD SR
L7z, A4 F2 VI L CEBMED AR
A RBIT 5~ A (C57BL/6] H#kk) % fHif L 7=,
7 384 © C57BL/6] & MiPE~ 7 A 12 PenCDF
(0.3, 1.0, 5.0 3 £ 0710 mg/kg/5 mL = — i)
HORECOHRG Lz, HIEECE, o— Y lae
C#5- L7z, 357 HIRIARE L W% L 720 Bl
PR 72,

= &

2. EROD ;&40 BRIFE

i L7-FE~x 3R5E 0 1.156% KCLIZTAE
VFAAXLI ThE 9,000xg T 20 43O
GrEEL 7z BB e BiE (S9) i A b,
Burke 5 D Jii125E - T%, 7-ethoxyresorufin
D O-FiF VMALRISIZ & ) A L % resorufin @
O WE L7z (Bhkeot, 544 nm : #Ml5EE, 590

nm).

3. FFiEE#P DAL KRDAIE

Pierce® Quantitative Peroxide Assay Kits
(Thermo-Fisher Scientific) % Fv»CTilll%E L 7.
SOy TNy Ny HiRE (2mg/mL) k7%
5 E9121.15% KClL THML, D 100 pl. %38
MAbkFEm I ZHH L7 15 M= TA >~
Fax—=FL72DBL, 560 nm OWOILE % ll%E L
7z MR I 20 C~25 CO#EHIZH
0, EEOWEICITBERILKE (Z-ALFT3E)
(30%, 8.8M) % milli Q K TAML TIERK L 72
TR 2 R L7z, BRIk iR EE 0.031
M~0.244 M O#iFH CTlE BIF 2 EMESH D, 3
RTOF v FViE, ZOHPENTER L.
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4. NADPH & EMHIE

De Matteis 5 0 J5 %) 12# U CTI7 - 72, B-
NADPH i#h1# @ 340 nm OWSLE D 2L % 37
T2 T U-3210 TR HFL/HWLEEET (HITACHD %
HWT55MAFr > L7/ NADPH® IV -EIL
AT T 5 6.2°4 % T NADPH 4% #
R L7

5. ALT XU AST ;EHDAIE

TANGEUVBT I/ N TV AT T—EFy
N TIFZEZTI/NTIARATT—EFY b
NG UATIF—ECIO-T AT a— (AGH
ETHEM) 2 HWT, MmiEzlE L7z ALT I3,
FEARMIZ 10 fEAFUZ THISE L 727%, control 1
W DMEA o 72720, 5 AR B = T
WsE L7z, F72, AST IZ, control #EDAJEIE T
H5E L7z, 555 nm (2B WG % UG 1 K
LA E L 7z

6. SDS-Polyacrylamide gel electrophoresis
(SDS-PAGE) # &1 Western blotting

SDS-PAGE (¥ Laemmli ® /5% 124E > T
7o 72, SDS-PAGE # T 12D 7 )V % Fv>, Tow-
bin 5 )20 12# U C PVDF B2 8 > /87 &
¥R G L7z, —WRPUIKIZ, rabbit anti-rat P450
1A1 antibody®”, Z¥k#ifkI2, horseradish pero-
xidase-donkey anti-rabbit IgG (GE Healthcare
#) % H vy, Clarity™ Western ECL Substrate
(BioRad #1) (2 & ) ChemiDoc MP (BioRad #)
MW T Cyplal B XM 1a2 O3> F&ALFEG
BT L 72

= R

PenCDF MLEE~ 7 A JFfik © S9 43 ] O A xf )
Cyplal BE U 1a2 ¥ v /37 B & &% Fig 1 1275
9. Cyplal i&, 0.3mg/kg |2 Tl < FHE S I,
PenCDF &% FIFCL FHEnin X (L FEEE T
& - 72. —7, Cypla2 ix, PenCDF 0.3 mg/kg
TIXFHEMEM AR S5, 1mg/kg PLETHEE R
FENEIE SN PenCDF AlEx LIJCHEE
BOBSIZFARBETH -2, HESOERTHRED
[#Y L) 7F— % 2L, PenCDF #4545 &
EROD i, 6 %12 Cyplal 3 £ U8 Cypla2 & &
DEAL OB AR M % Fig. 2 1278 9. PenCDF 1
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mg/kg ¥ TOHETIX, EROD it & Cyplal &
ORI —3 L 7. PenCDF 1mg/kg T
1, Cypla2 28 { FHE I N T2 b DD, EROD
EEDOZE)X Cyplal BROELE THHTE S Z
725, EROD iiEE~® Cypla2 ODEG AN E W
e b5 Mh” 5. —F, PenCDF 5mg/kg T i,
Cyplal BEX W 1a2 oEF=IFIT L A EZLL T
WIZH 5T, EROD AT LT, BE
MTHR7 L S 12 PenCDF 5mg/kg T it
TBARS O LW EADHEZ 5T b L) HEE
225, P450 @ uncoupling UG 2STCH#E L 722 & i
TaE2Zz6Nns. b L, £9ThbRHIE
EROD itk & AHIS 7% NADPH {HE = O KA
FHENG.

Fig 3 12 PenCDF WLE < 7 Z i SO 47 1 O
EROD iEMEA2Rd. Z 20T 2 EBTIT,
K% OEFENOT 7 (S9 45H) %E&EET D7 —
VL, FEEEEE 4 pM & LT NADPH % &l
9 & [T EROD {14 2 ik L 72, FRE R
20 nM T® EROD itk (SeITifscoHESR)©
DA E RIS, 4 uM 2B W T D PenCDF 0.3
mg/kg WLEEHE T b G E o 72 (Fig 3).
PenCDF 0.3 mg/kg B E1Z, Cyplal BHEH]
T& A a-naphthoflavone 12 X 1), #ERE 1.2 mM
BLU2mM TENLEN 0% B L 9I7%MHE S
N7 (F—rRBE). CoZ s, TOFEMEIC
IZ Cyplal BEIZFGLTWDE I EATRE SN
Fig. 4 121 4 uM ethoxyresorufin f1E F T S9
@ NADPH {H# &= % /~"3. NADPH HZE&EIZ K
WFge T ~<7- L @ PenCDF 58Ty A& b
Ao 57z, LaL, EROD HH0E & L i
—%LTB57, EROD iHFME LA K& %
A 72 PenCDF 5mg/kg T%, EROD {ifi %7K
b & 7 o 72 PenCDF 0.3mg/kg & A 2 & @
NADPH "{HE S /z. 72, mEkiED
PenCDF 10 mg/kg #%5-# 125\, NADPH {H
B AN WEMIZH o 72 b DD, PenCDF ALELHE
MCTHERET R 7.

Fig. 512, PenCDF ALFE< 7 Z g S9 451 12
GENDHBEMILKEDE %R T. PenCDF 5
mg/kg BGHIZB W THEIRILKE L XV L
K EHLTWBZENRHLNIZR 7. 10
mg/kg FEIE RABEM AR L7275, L OR
F 72713 PenCDF 5mg/kg &% G FHDO AL L &
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¥ 5 72. PenCDF 5mg/kg O WER{LAKFEL N
ik, o EoHE &G LI D D EEICE
Moz, AST BLOTALT 1, FERIEARHE S
72E X2t iciRi T A0 T, IS oiEd
TOWEML, WEE - —E L THWAZ EN
T&5. Fig 5B8X0°6 12, IMiFtho AST, ALT
1%&;%MDF%&&¢%@%$T.EMA$?
io‘ X OV ALT {5 1x PenCDF 1 mg/kg ML ETH
IZHI L, EHH S 0L T ISRk E
m&wm TBARS D A FIZ 5 mg/kg 12T

bEBEPKED T
(A)
150+
k] *odk
£5 - =
]
=N 1004
22
Gg
0 o 501
2"
8e
@
o-
cont 0.3 1 5 10
PenCDF (mg/kg) (p.o.)
(B)
e 601 *
g -
13
E S 40
© -
<
o
g‘é‘
® O 201
2
8
©
(4 o4
cont. 0.3 1 5 10

PenCDF (mg/kg) (p.o.)

Fig. 1 Effect of 2,3,4,7,8-PenCDF on the
Cyplal and 1laZ2 level in the liver of
C57BL/6] mice
Mice were given an oral dose of PenCDF
(0.3, 1.0, 5.0 or 10 mg/kg). Each value
represents the mean = S.D. of 5 mice.
Protein expression levels of Cyplal and
la2 in S9 of liver were determined by
western blotting. Cyplal (A) content
represents the relative Cyplal content
in S9 of PenCDF 0.3 mg/kg group mice
(=100). Cypla2 (B) content represents
the relative Cypla2 content in S9 of
control mice (= 1.0). Significantly diffe-
rent from control (*, p < 0.05; ™, p <
0.01; ™, p <0.001).

Fig.
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EROD
(pmol/min/mg protein)

Fig. 3

== EROD activity
=9~ Cyp1al
Cyp1a2

10 100 1000 10000
PenCDF dose (ug/kg body weight)
Induction of EROD activity, Cyplal and Cypla2 by

PenCDF

EROD activity is shown as a percentage to that of
0.3 mg/kg PenCDF-treated group which exhibited
the maximal value. Hepatic EROD activity
(pmol/min/mg protein; mean £ SE)in 0.3 mg/kg
PenCDF group was 32.6 = 5.6. Similarly, the
contents of Cyplal and CyplaZ are expressed as the
percentage to the maximal values in PenCDF (0.3
mg/kg) and PenCDF (1.0 mg/kg) groups, respec-

tively. Data were taken from Fig. 3 of Yamada et
al'® and Fig. 1.

60+

40-

Cont. 0.3 1 5 10

PenCDF (mg/kg) (p.o.)

Effect of 2,3,4,7,8-PenCDF on hepatic EROD
activity of C57BL/6] mice

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). EROD activity in the
pooled S9 fraction was used as the index of the
induction of Cyplal. Each value represents the
mean of triplicated assays. EROD activity in the
S9 was measured under the conditions in which
the final concentrations of NADPH and ethoxy-
resorufin were set at 130 #M and 4 ¢M, respec-
tively.
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20+
dedek
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Cont. 0.3 1 6 10

PenCDF (mg/kg) (p.o.)

Comparison of NADPH consumption in the
hepatic S9 fraction of C57BL/6] mice treated
with PenCDF

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). Total NADPH consump-
tion is shown. NADPH consumption was deter-
mined by comparing the change of absorbance
at 340 nm in the presence and absence of 175
uM NADPH. Ethoxyresorfin (4 £M) was used as
a substrate. Each value represents the mean +
S. E. of 5 mice. Significantly different from
control (*, p < 0.05; ™ p < 0.001).

0.3 1 5 10

Cont.

PenCDF (mg/kg) (p.o.)

Fig. 5 Effect of 2,3,4,7,8-PenCDF on H>0O, pro-

duction in C57BL/6] mice

Mice were orally administered with
PenCDF once at a dose indicated. After 7
days, liver was removed and homogenized in
1.15% KCI. The S9 fraction was stored at
-80 C until use. The sample was thawed
and an aliquot containing (200 g protein)
was subjected to the assay at room tempera-
ture. The content of hydrogen peroxide was
determined by a commercial kit (Pierce
Quantitative Peroxide Assay : Aqueous
compatible formation). Each value repre-
sents the mean = SE. of 5 mice. Significant-
ly different from control (***, p < 0.001).
Significantly different from PenCDF 5.0
mg/kg group (7171, p <0.001).

AST (lUL)

1000+

800+

400

200+

600 *

0.3 1 5 10
PenCDF (mg/kg) (p.o.)

Cont.

Fig. 6 Effectof 2,3,4,7,8-PenCDF on AST activity in

ALT (IUL)

1000+

800+

4004

200+

serum of C57BL/6] mice

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). AST activity in serum
was used as the index of liver injury. Each value
represents the mean = S.E. of 5 mice. Signifi-
cantly different from control (*, p < 0.05 ;" p <
0.01 ;" p <0.001).

600+ **

0.3 1 5 10

PenCDF (mg/kg) (p.o.)

Cont.

Fig. 7 Effectof 2,3,4,7,83-PenCDF on ALT activity in

serum of C57BL/6] mice

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). ALT activity in serum
was used as the index of liver injury. Each value
represents the mean = S.E. of 5 mice. Signifi-
cantly different from control (*, p < 0.05 ;™ p <
0.01 ;™ p <0.001).
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% =

AWFgeClx, C57BL/6]Jcl R~ 7 2B W
T, #HO¥5 L7 PenCDF 2SHfLIY A b L A %
RS AEEEZHS 22T 572012, EROD iEHHE
L NADPH HE=EOMIREZRANL & & b IZ,
PenCDF MLE < 7 2 O #LKkIZ TR AF 3 % fk 1t
KEZERLE. FAEY A — ML 0HE2S9 %
BX, & 24FEMICE D BIKR 7 ) —F—I2RAF L
T2, PenCDF 5mg/kg B2 B\ Cid, #fk
HFIZE L BB LNV OBBRILKE 235 2
L TE72 (Fig 5). ZOBIZHBWTIE, Cyplal
& LU NADPH {H# &1, PenCDF 1 mg/kg
HLFEBETHLIZO 2 b 5T, EROD iFthid
ARSI 2 572 (Fig 3). 2O &b,
ethoxyresorufin ®EE{LLIAZ NADPH 257H # &
N7z 2 EAURIEE I, P450 KUG @ uncoupling 2%
K20, EERILKESREIER L 722 E2URIE
SNz, ZOBIIBWTIE, IREERBILO ZkE
& @ malondialdehyde % 1812 & 4% TBARS
BELLEATHILEZFEBTSDTATIIZETRL
THNY, ZOWHOZUMEEZFFL 0D, —
75, PenCDF 5 mg/kg B2 IE_IUUTE N Do,
PenCDF 10 mg/kg #:12 %, TBARS flZH &2
w70 7219 PenCDF 10 mg/kg ¥ 5 mg/kg D
MM T, Cyplal, la2 oL\l AR LT
TH 4 (Fig. 1), PenCDF5mg/kg D HI1Ztr L
2B\ wasting syndrome 3B AL S LT 519,
Zhid, TBARS Offik LML TV 5. fit-
T, N6 H#EH O wasting syndrome D5l & D
ENZE, BLA N L ADBENDOFG ORI W
EEZDLDIIRNBTHD.

F 9, PenCDF #°0.3mg/kg TIxERILIY A b
LAEDHLIT N THLDIZ, % 5mg/kgllio
THhLEFELLTET L2ODICONWTERT L. 2
&, Cypla2 %% PenCDF (2t L TRV A1 %
IR T EERICHHTE S, Fig 2123380,
PenCDF 1 mg/kg & 5mg/kg TiZ, Cyplal B &
N2 ogEM3IZRELETHSH. LrL, EROD
1% PenCDF 5 mg/kg THALLFIZ 7% o T
5. Z i, PenCDF 1mg/kg T &, ¥ 72
Cypla2 & PenCDF O#E &2l L T 7z9
LEZDHIENTEL, BHICENZE, Cypla2
1%, electronsink &£z 51 TEY, Cyplal 706

e HoE —

(16)
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DETEZWMHMEET L EeNTER®. Zh
%H|2# 2 b L, PenCDF 1 mg/kg Tlx, Cypla2
75 Cyplal 225 D&ET %2 T - T, ENHSEEE
LREEBAEDND D ZFH TV B REND
%. —J, PenCDF ®H&7E < 7% 72 5mg/kg
T, Cypla2 #° PenCDF TH A1 L 72728,

Cyplal 5 OE T2 WY HET 2R %Ko

TLEohbE2L2ENTEAE KHE
TCDD CULE LT v PO 70— 24
@ CYPIAL IZ, in vitro T#FE = TCDD % &
ML7z& 2BBALKFELERT ST L0995 h>T
w3t T, Cypla2 7 PenCDF THafl L7
PenCDF 5mg/kg BHED SO I2BWTH, TN EH
PL7RADEL 72D DEEZ LI EINTE S,

PenCDF 5mg/kg & 10 mg/kg D#EWIZ DWW T,
L) —DRlOEELYEZLLENSH L. TN,

Cypla2 & OEEDEM L 722 D 434557 PenCDF
DEGTH L, LBoOEEO LI, B %
PenCDF 78 Cyplal & & b 12 @B LK FZA w2 B
A5 EDRBEINDL 00, AR L 7 8ER L
KFIZ L > T, Cyplal 3—FAEHALILTL
T o/ HREM. TH S, 3,3,4,4-tetrachlor-
obiphenyl (PCB77) # NADPH f £ F I
CYPIAL ¢t ERFM IS S ¥ 5 &, CYPIAL A4
EMALT 5 2 ST w52 PCBTT It
CYPIAl ® uncoupling 5| &3 & & B 12,

AR L 72 RAEIK 325 CYPLAL & AN A ISR
HEHALL TPA20 12T 5 EDREBENLT WD,

AWfFED PenCDF 10 mg/kg JLEEET D [FED =
ENRI 5> TVDO SNV, KiFZETIE
western blotting 12 £ V) Cyplal & 1a2 % jll % |2
Ewm L TBYY, PenCDF 5mg/kg # & 10 mg/kg
HTIHVWITNOREETH- 2. Stk SOHOD
P450 %Wl L THiT 5 2 £ %, Cyplal ¥
la2 ORFRFER T HC-FHERR, H50Id5EH
SUZ PenCDF Z RIS A 7% & L THGET A W%
Bob, b, BRERTIE, ZLoMmre
€73, PenCDF IZ X D5k SN AHERILIA T

L A & wasting syndrome O B4R % SiHH H 3k 5 )
RETEDSDH 5 .

A FF L HICL BRI A P L ADERIC
i, ShUAD X I =X n b EEEND. TD—
221, I ha Y FY 7o Cyplbl 7°% 5%, &
WF7ECTix, EROD iM%, NADPH {H&=, F /-8
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ALK Z DM EIZIE SO 2l & vz, SOk 3 b
IR TORAEEHITCHEL TS OO0,
TBARS QI Z T > 7-DIZFRET A — MIIXT L

TTHOYVI Iy FYTHHELEATHS, T2,

I by N T CEE S N ERRILK A E
W SR, SO THEIIZE TN TS EED
N5, AWZET SO 7z i S - @bk
LNV EAO—HH», I ba > F)T7ToO
Cyplbl ICHIR T LW HEMEIETBETE 22\,

F 72, PenCDF MLEl~ 7 Z O K& S9 T it
NADPH {HE &AL 7225, Z OWIIfE=RII,
EROD (it 1,000 f5 L - Ch o7z, iz, i
NZDF F P450 KIE® uncoupling S
72D THIUE, PenCDF 0.3 mg/kg HEIZBWTD
# L\ TBARS @ LA O LNz ), A2
WAL FEDOEE LRV H > T LDERETH
L. GEoT, S9 &ffo 728812, P450 U LAk
I2H NADPH BMHE SN TWAH I L L EET 5
VEHNH S, PenCDF &, 1 M IVEETH S
NADPH : quinone oxidoreductase 1 (NQO1) # %
WYL ERHISNTWEY £72 TCDD 7%,
WRALKF DA S 595 NADPH-oxidase
DHTIL=y bO—DOEFET L EPHE SN
T\ Xanthine dehydrogenase (%, SH 3£
WALIISESY & 5uvid, I b3y FY 7 7OF
7 — I X B ES MRS 12 X ) xanthine
oxidase £ 72 5 Z &EDMHIH T\ 5%, Xanthine
oxidase b WAL K FZ DA WIZHF G T 5 25,
TCDD 7° xanthine oxidase % #H#E 3 % Z & b 4l
ShTwa® fHL, ZoOKJEICIE NADPH 1
VE VA, RBH#IC NADH 234K T 5. &5
2, A FF D VHEITHEEREEERICO B
FKlTFT Z &Aoo TEY, Se-dependent GPx
OS2 NADPH AL ETH L. iU, ¥4
F ¥V THH SN S DT, NADPH =L
Btp B IINCE IOV F 7z, bk ED
SRICBES-§ % catalase B35 A 4 X ¥ Y EHO—
DT&H % PCBI26 THLAHHIESNLEZ LD, K
BEOHLATHED HRE SN T WA PenCDF
FHEREEIC L 2 BEBRIKEOFHEENERIZ,
IS OWESESIICES L Tw» A IRENIEE
D72\,
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s ®

HE R KN E PenCDF 12 & % @ ER LK 35 A4 %
JiE, BRALAYA b L AR E ZU X B HFREEO
BRI DWW TR L 72,

1. #E#%5- L7z PenCDF 2SER LU A b L 2 % &
B EEEZ IS 22T 572012, EROD i
P& NADPH HEEOMRERA~NSL & & I,
PenCDF LB~ 7 2 O JFFHMK I FRAE T 5 # R
bkE % & L72. PenCDF 5 mg/kg #F1H.
B 5-~ 7 A O JFHeALAR H >R S9 4318 12 B v
T, @@L NIVOBRILKE R S 7.

2. Cyplal @i (X, PenCDF 1.0 mg/kg ¥ Tl
EROD {HME L MBI L7225, 2N &) Wik T
ML o7, F72, Cypla2 ®FE I
EROD ifith & 3B L 2o 72,

3. EROD {#EM:1L, PenCDF 0.3 mg/kg 12T b
EEAE - 72, NADPH W E®EIX, Wil
@ PenCDF MLHHETH A EICHE <, EROD i
O 5mg/kg HETDH, EHEDOEH 0.3
mg/kg BEE K& o 72,

4. PenCDF 5 mg/kg #LFEHETlX, EROD {H X
NADPH #HE= & LA ->TB 5T, uncou-
pling |2 & 2 @ILKFZEOERASIRE 5722 &
VIR STz,

AWFFETld, PenCDF @ Cypla2 ~D4FEAY %
WAL 2HMER, 72, ZOF ¥y 80T 14—
% %2 72 PenCDF & CT® Cyplal ® uncou-
pling S8 ERILK TR, BRILIA ML AERED
F72BERTHLH EHEL TS, 2O RO
SIS B 720120E, SO S DD Bk
LK FE D EB I3 4, Cyplal BHE# <,
xanthine oxidase PHZ# 0 f28E5E & B I2MET L C
W EDH D, KR DOMEDS, S 1ROMHER
HOFEWBRIZ 4R35 2 L 2 MfFT 5.

EH B

AWIFED—#BI%, ST B E R AR TR A B G
(R D2l - R A PRAEE DT 2R F03%) (GRAE
5 L H2A-f - 1R9E-014 B & U H27- A dn-Hi 58
-017) 12k o7z
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