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Abstract

The effect of cynaropicrin that is the major component of an edible plant, artichoke (Cynara
scolymus) on 2,3,4,7,8-pentachlorodibenzofuran (PenCDF)-induced toxicity in mice was studied. We
evaluated the effect of cynaropicrin on the wasting syndrome and oxidative stress elicited by PenCDF.
However, the PenCDF dose-response relationship on the wasting syndrome has been superficial.
Therefore, we determined the dose which causes wasting syndrome in C57BL/6] mice, a responsive
strain to dioxins. Since 2,3,7,8-tetrachlorodibenzo-p-dioxin (0.1 mg/kg, p.o.) induces hepatic
ethoxyresorfin O-deethylase (EROD) activity in mice, we set the doses of PenCDF at 0.3, 1.0, 3.0, 5.0
and 10 mg/kg (once, p.o.) on the basis of its toxic-eqivalency factor (0.3). The wasting syndrome was
evaluated by measuring the daily changes of body weight. Thiobarbituric acid-reactive substances
were used as an index of oxidative stress. Of PenCDF doses examined, wasting syndrome and
oxidative stress took place most markedly in 5 mg/kg. In disagreement with this, EROD activity which
i1s the marker of the aryl hydrocarbon receptor-dependent induction of cytochrome P450 lal was
elevated most abundantly at 0.3 mg/kg. Then, we examined the effect of cynaropicrin on the wasting
syndrome and oxidative stress provoked by PenCDF at 5 mg/kg. However, this compound up to 20
mg/kg (p.o.) did not attenuate PenCDF-induced wasting syndrome. On the contray, PenCDF-induced
oxidateive stress was suppressed by cynaropicrin at the highest dose (20 mg/kg), although EROD
activity was increased rather than reduced by cynaropicrin at lower doses. Thus, it is suggested that
cynaropicrin has an ability to reduce oxidative stress caused by PenCDF.
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WAETIE, BERCIRERH SRR 2 ho &5
5 LW D7z B FEEMNFEAE L, FAER 40 FUL
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LB 2B, ZLOBEDPELATNS.

HEJE ¥ 1%, polychlorinated biphenyl (PCB)
BLOZzomaUz L) & U2 EERNAERY TH
HEAT RV VETHDLEEZ LN TWAY,
T, 2,3,4,7,8pentachlorodibenzofuran (Pen-
CDF) &, HHEBEDHANTO Y A FF T Y HH L
LTo#mMEEHETDH L TEQ (Toxicity
Equivalency Quantity : 2,3,7,8-tetrachlor-
odibenzo-p-dioxin (TCDD) #t & =, TEF
(Toxicity Equivalency Factor) & fffE& & DfF)
DERDOK) T0% &b E <, FERENDAFG DR D
BWEEWE L Z 25N Tw52Y . BimERT
X, BHEOS A F ¥ VHEICL T, REEM
PHIER 2458 & 3 5 {H#EJE (wasting syn-
drome), HFAEKIB & O HaR < iLhig o 24 7 & o
FAEAH STV Y,

¥4 FFT VHEOBEMEICIE, aryl hydrocarbon
receptor (AhR) #5452 &7%% AhR /v 7
TR A HWIHZE, HREBINT WY
BV F A FF L HHFIE O AhR KA
% &, AhRIIIENIZEAT L7205, AhR nuclear

translocator &EfEE L, ~NT O ¥ A~ — % ERE,

T E =+ IS FFAE 9 A xenobiotic responsive ele-
ment I[ZFEET S, NI E D, BEINEELS
1, cytochrome P450 (CYP) 1Al 2R & 55
S ST RMESFE SN,

MIFFEE T, B F T, geranylgerany-
lacetone, resveratrol, 3 & Uf curcumin 7 & DYy
B A TCDD |2 & % wasting syndrome % #iil] 3
LI EHRELTWLEY P —F artichoke
(§AEE 74 2) Cynara scolymus (2%, $ulRALIER
20 EWisrTh S cynaropicrin 1, LA
BREFAIROUEEM, PUIEER S 5 &
BEnTwRW, F7, AFEHIIE 512X 5 in
vitro F2E%7> 51X, cynaropicrin (2 AhR 7~ % I
ZAMELTOEHLRESATH Y,

AHFFETIX, ~ ™ A TO cynaropicrin DB &E
WMEL* By & L7z, §7%&b5H, cynaropicrin #°
PenCDF #HE IR T 2 BBAEH 2 H S 2 050
% KiEt L7z, Cynaropicrin 288 Y O xhE %

e HoE —

(83)
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HF3 i, CYPIAL 1A2 BXUIBl &2 &ED
AhR I S M B BER OFE R S, 72,

BRALE A N L A & s &R S 7.

PenCDF H 81 & | T, wasting syndrome
BXUBMILWA ML A2 Wiz, w7 AT,

PenCDF 7f wasting syndrome % #2354 &7,
EREWZIZ Do T, #2TC, 9, Pen-
CDF # M o H = K7 % % 31 X, wasting syn-
drome &L 3 A2 HE xR L, €D, cynar-
opicrin DA &M % #GHE L 72

B A

1. PenCDF OARL

PenCDF (&, BE#IZGEV &1L L 72", PenCDF
D E &AL LR S GERIE), 196-196.5T ;
EI-MS ICBJ 255 F A+ E—=2 (m/z, M),
338 :NMR A*7 F)V [CDCl3, ¢ inppm (signal
pattern)], 7.97 (s), 7.91 (s) and7.77 (s) B &
A7 N7 7128 REL. FREDOH
A7 0N N 7T T DOFRMTIH—E— 7 DRFi
M 21.8 /rICEig s, ¥— 7D S HE X
WL EERFEDL SN, FAZUS NI 7%
& : Shimadzu GC-17A (Kyoto, Japan); 77 7 4 :
DB-5 (0.25 mm ID. X 30 m) (Agilent Technolo-
gies, Santa Clara, CA): 1 9 &4+ — 7 Vg (A
53#H1) - 70C T 2 min f/FF, 2C/min T 220C £ T
i L 220C T 1 min f&¥%F, 3C/min T 280T %
THIEL, DIBESHTHIE 280C IR F:, 1>V«
7 va vR— MR - 250C ; it gRiREE 330C
Fy )T HA L EMEEFE T A Ny (99.999%) ¢

ES &

FEdE 0.8 ml/min ;A% T 9 T L 2
(3Ni).
2. Ehpnie

B ERIL, TN TN KRFEYERGEEE
EDRBEETIT - 72. PenCDF H 2R
B4 2 %ERIE, JUNKFEREAE B A2 B
TAT7»72. %72 cynaropicrin {2 & % PenCDF %
PEBE AN R OMGEEFEERIL, M A H AR
ZELTYTo 72, 7 AIZHARZ LTEE ) A
L, 1AM OB toD LM L7z, PenCDF #4E
DFIEARLENE © 4 4 F 2 VI L
® AhR #5845~ 2 (C57BL/6] %#k) % 1
i L7z, PenCDF ® TEF=0.3'" & CYP1Al ®



Cynaropicrin 7% PenCDF ®# (2

< — 71 —{EMETH 5 ethoxyresorfin O-deethylase
(EROD) {51 % i < 75 L, wasting syndrome
% #4245 TCDD ® il & 0.1 mg/kg (p.o)® %
#1121 C, PenCDF OfEH=E% 0.3 mg/kg (p.
o) IZRE L. T bbb, 7TH4® C57BL/6] %
HEPE~ 7 212 PenCDF (0.3, 1.0, 5.0 8 X710
mg/kg/2mL I — Vi) ZHEREORS L7z xf
HRERICIE, a— e OES Lz &5 7T Hi
WZAREZWE L7720 b lEas 2RI L 72. Cynar-
opicrin {2 &£ % PenCDF &4 D%, - PenCDF H
®=id, 5.0 (mg/kg/5mL I— Vi) IZEkE L7z
PenCDF #&[14¢5- 1 BRI ATIZ, cynaropicrin (1,
5 10 BLX 1 20mg/kg/5mL9.6%TF A K1) )
EAREORG L7 dEIRBEICIE, KB L O cynar-
opicrin DEBETH AL TF A M) VB EHKS L
7. BH26, 1TH1IR6HM MUCHEZD
cynaropicrin =% 45- L7z, #&5-&%&H, PenCDF
%57 HiAlZ, MHIERTIC cynaropicrin Z#%5- L
7z.

3. REHSLUVHEBREE

PenCDF #5-Hi2 6, #5410 ﬁ”j'%T?>)Eli
T, WBHAEABE L2 BEHCE, TR, M
g6 & O R o &= w2 158 Lf’

4. Thiobarbituric acid-reactive substance
(TBARS) OBIE
Ohkawa & D #EIZGEVT, JFHO A E Y $—
FERHW, JRESEBRILICE DALY I T
T FeF ANV ey — ViR E OGS, AR
OWSEE (532 nm) = #llE L7z,

5. Ethoxyresorufin-O-deethylase (EROD)
SEMEDBIE
L7 LY 3 f5=d 1.156% KCLIZTHE

TFAX LI TR 9,000xg T 20 4 E Oy
mEL7.. oz ki (89) 40z M, Burke

5D HFIGES T, T-ethoxhresorufin @ O-Jii

TIVFIWALBISIZ & 0 A U % resorufin D&%

Mg L7z (BhkeYs, 544 nm ; W5ESG, 590 nm).
& 3

2R3 %

PenCDF |2 & % wasting syndrome

cynaropicrin OFEPEEJEANEH 2 3i-X 25 D125,

I=A
Ewp7
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¥ 4, CH7BL/6] ¥ 7 A2 B\ T wasting syn-
drome % &2 L7155 PenCDF W& 5t % g~ 72,
PRESIEG], FIER, W3 X O O ZiE %
wasting syndrome D IIE & L TR & 17 - 7-.
Z OiE%, PenCDF O H & MAF Y I AR H I N o> #1
flps@igE S i/z (Fig. 1). PenCDF 1mg/kg Dl I
OH&ETIE, &5 7HRIZBWT, AERAEN
IEHI 2SS 57z, 5B L 10 mg/kg T,
FHLWRE A DRSO 5, wasting syndrome
BERINIZZEVPHL N7 FFIEXIE
0.3m/kg K WERE I N2, SRIFANZHED
#HpHTIX, HEKEEIERED SN o7z Mt
DZEHEIX 0.3 meg /kg £ ) PenCDF HEMKAFIIZ
s/, £/, PROZEMIE 5.0 mg/kg D
LeBigEs N/ (Table 1). JREBEELOFRE &
7 5 g TBARS i & PenCDF H&KGFRYIC
WL, 5.0 mg/kg D& THRKE -7 (Fig
2). —77, Cyplal #FHEDIEZETH 5 EROD HME:
&, A RIBE L eREHED 0.3 mg/kg 125\
T b FES N (Fig. 3). TNH DGR,
5, C57BL/6] < ™7 A2 wasting syndrome % %
3 HHEE LT PenCDF 5 mg/kg % #1172,
PenCDF 5 mg/kg |2 X » TEE I N LK EH
I X LT, cynaropicrin 1220 #E/EH %
RS o dz (Fig 4). 72, FFAEK, &S X
O M B Z2 46 103 2 HIRI R b Ao e o 7z
(Table 2). —J, TBARS {2, cynaropicrin 1~10
mg/kg OFHEH TIE, PenCDF HMEZGHFX 1 3§
WIZ AT DA D - 7258, 20 mg/kg DK
& @ cynaropicrin Tl > ba— V#E L A=
AR WL N )VIZEE L 72 (Fig 5). — /4,
EROD {&EVED %1% cynaropicrin @ 5 8 X U8 10

Table 1 Effects of PenCDF on the organ weight of mice

Spleen Thymus

(% of body weight)
5.77 £ 0.07

Treatment Liver

of PenCDF

Control
PenCDF

0.3 mg/kg
1.0 mg/kg

0.29 £0.01 0.31 #0.01

0.22 =0.02"
0.12 0.0
5.0mg/kg  7.31 £0.107 0.21 =0.01° 0.09 = 0.00"
10 mg/kg  6.80 £0.32°  0.22 +0.01° 0.07 +0.01"

Mice were given an oral dose of PenCDF (0.3, 1.0, 5.0 or
10 mg/kg) on day 0. Mice were sacrificed 7 days after
PenCDF treatment. Each value represents the mean £ S.
E. of 5 mice. Significantly different from the control (, p <
0.05:7,p<0.01;" p<0.001).

7.71 £ 0.09"
7.96 = 0.03"

0.30 =0.01
0.28 = 0.01
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TBARS (nmol/mg protein)

76-5-4-3-2-1012 34567
Days after treatment

Effect of PenCDF on body weight gain in mice
Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg) on day 0. Each plot
represents the mean of 5 mice. Mouse body
weight was measured in every morning (9 a.m.)
from the beginning at 7 days before treatment.
Significantly different from control (*, p < 0.05 ;
** p < 0.01:** p<0.001).

QO : control (corn oil) ; M : 0.3 mg/kg PenCDF ;
A 1.0 mg/kg PenCDF ; ¥v:5.0 mg/kg
PenCDF ; @ : 10 mg/kg PenCDF

*kk

10

Cont. 0.3 1 5

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

Fig. 2 Effect of PenCDF on hepatic lipid peroxida-

tion in 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 E. of 5 mice.
TBARS was used as the index of lipid
peroxidation. Significantly different from
control (**, p < 0.01 ; *** p < 0.001). Signi-
ficantly different from PenCDF 5.0 mg/kg
group (T11, p < 0.001).

Body weight gain (g)

N
<

—_
o
1

o
1

*kk

it Tt

0.3 1

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

Effect of 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). Each value
represents the mean = SE. of 5 mice. EROD
activity in the S9 is used as the index of the
induction of Cyplal. Significantly different
from control (**, p < 0.01 ; *** p < 0.001).
Significantly different from 0.3 mg/kg
group (T, p < 0.05; Tt p < 0.001).

Cont. 5 10

1 2 3 4 5
Days after treatment

Fig. 4 Effect of cynaropicrin on PenCDF-induced body

weight loss in C57BL/6] mice

Mice were given an oral dose of cynaropicrin (1, 5,
10 or 20 mg/kg) or dextrin 60 minutes prior to
PenCDF (5.0 mg/kg) treatment. The same dose
of cynaropicrin was given orally once a day for
subsequent 6 days. On the 8th day, cynaropicrin
was also adminiatrated 30 minutes before dissec-
tion. Significantly different from control (corn oil)
(*,p<0.05* p<0.01;** p<0.0001).

O corn oil (control) + dextrin ; 2, 20 mg/kg
cynaropicrin ; M, dextrin; ¥, PenCDF 5 mg/kg +
dextrin ; 9, PenCDF + 1 mg/kg cynaropicrin ;
(O, PenCDF + 5 mg/kg cynaropicrin ; [,
PenCDF + 10 mg/kg cynaropicrin ; 2. PenCDF
+ 20 mg/kg cynaropicrin
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Table 2 Effects of cynaropicrin on the organ weight in
C57BL/6] mice

Treatment Liver Spleen Thymus
of Drug (% of body weight)

Control 5.69=0.09 0.26=0.01 0.22=0.01

Dextrin 5.62=0.13 0.20=0.02 0.22 % 0.04

20 Cyna 579 +0.22 0.26=0.01 0.22=0.02

PenCDF (5 mg/kg)

+ dextrin 8.04=0.16° 0.22+0.01 0.05*0.01"
+1.0Cyna 7.80 = 0.247 0.21 £0.01° 0.05 % 0.00"
+5.0Cyna 8.04 +=0.177 0.19 = 0.007 0.05 = 0.00"
+10Cyna  7.53+0.107 0.20 = 0.017 0.05 = 0.01"
+20Cyna 7.97*0.107 0.22+0.01 0.05=0.01"

Mice were given an oral dose of either cynaropicrin (Cyna)
(1.0, 5.0, 10 or 20 mg/kg) or dextrin 60 min prior to
PenCDF (5.0 mg/kg) treatment. The same dose of
cynaropicrin was given orally once a day for subsequent 6
days. On 8th day, cynaropicrin was also administrated to
mice before sacrifice. Each value represents the mean +
S.E. of 6 mice. Significantly different from control (, p <
0.05;",p<0.01; ", p<0.001).

PenCDF (5 mg/kg)

| *kk |
*% -

TBARS (nmol/mg protein)

Cont. Dext
10

20
Cynaropicrin (mg/kg, p.o.)

Fig. 5 Effect of cynaropicrin on PenCDF-induced
hepatic lipid peroxidation in C57BL/6] mice
Mice were given an oral dose of either
cynaropicrin (1, 5, 10 or 20 mg/kg) or
dextrin 60 min prior to PenCDF (5.0 mg/kg)
treatment. The same dose of cynaropicrin
was given orally once a day for subsequent 6
days. On the 8th day, cynaropicrin was also
administrated to mice before sacrifice. Each
value represents the mean = S.E. of 6 mice.
TBARS was used as the index of lipid
peroxidation. Significantly different from
control (corn oil) (*, p < 0.05; **, p <0.01;
*** p < 0.001).
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Fig. 6 Effect of cynaropicrin on the PenCDF-induced

EROD activity in the liver of C57BL/6] mice
Mice were given an oral dose of cynaropicrin (1,
5,10 or 20 mg/kg) or dextrin 60 min prior to
PenCDF (5.0 mg/kg) treatment. The same dose
of cynaropicrin was given orally once a day for
subsequent 6 days. On the 8th day, cynaropicrin
was also administrated to mice before sacrifice.
Each value represents the mean £ S.E. of 6
mice. EROD (ethoxyresorufin-O-deethylase)
activity is used as the index of the induction of
CYP1A1. Significantly different from control
(corn oil) (***, p < 0.001). Significantly different
from treatment with PenCDF alone (5 mg/kg)
(t. p < 0.05).

mg/kg £ 52 L VR L 720 ¥EIZ, 5 mg/kg D
cynaropicrin Tl& PenCDF #5812k L€
bEEENEL (Fig 6).

Z =

PenCDF O RFEHIZ BT 5 HEKG M %
NR7-4EF wasting syndrome 23 { i S b
& & Cyplal oL 72 % (EROD) iGN
LMFESINLHEIHL LIRS TEY,
A& X 5.0 mg/kg, #%#1$ 0.3 mg/kg TH- 7.
TCDD T O f##f Ti&, 0.1 mg TR L 72
C57BL/6] ¥ A, Cyplal 758 FHE I N5 &
V) B HFFEE TORATRZE £, PenCDF @ TEF
=0.375%2TY, SHEORMMARIE, 0.3 mg
& L7z, PenCDF 0.3 mg/kg (28T Cyplal &
FENEE CTHo/-Z L1E, TEF THESNS
HHBEEFETAEEDbNL. —J, wasting
syndrome = &# 3 5121, TEF X ) &HE2Y
WCHDH I EARE SNz, EROD G HIZ 4
w72 PenCDF O & T, 0.3 mg/kg % ¥ —
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702, HERECEEL otz —J, @R LR
BHoiETHAHIF TBARS 1&, HEKEIZEN

L7, COEVORRKIZHER N TIEHS 22 Tldk
v, A[AlE, wasting syndrome % FRAEIZ L 7272

», 5mg/kg DHEZERL, ZOKROME %
1To7z.

A nket L7z f s & o 20 mg/kg @ cynar-
opicrin (%, &K@, TBARS & X ON EROD {1 I2H
BLoEE5 27,
Z O & Tld cynaropicrin HAEAO#HEMEIZH N 72
WEE 2z 5172, PenCDF 5 mg/kg 12 & » TE
e SN ARERIIEIEIER, IR, MEs & O
Mot ZE4E 12kt L C, cynaropicrin (ZeXHEEH AR
SN ho7z (Fig 4, Table 2). #i£- T, wast-
ing syndrome (2%} 3 % cynaropicrin @ & 4§,
MmO TR, LR osEzoN
4. —75, EH®ED cynaropicrin 121%, PenCDF
2 & B IRE AR~ OMEWER A o 5 2 & HRIZ
a7 (Fig. 5). EROD ifMEICH L Tid, 5.08

LU 10 mg/kg DHETHEIREL 722 & 205,

PenCDF & cynaripicrin ® = MKFF LT, &L
HHEEROLUEELH L EEZ LN
cynaropicrin 1%, Ah-7 >~ % =X MEH b #IfF
SN Tw5b. PenCDF 2 & 2 H&EMKAFMETIE
5.0 mg/kg £ D IEHED 0.3 mg/kg TEHL W
EROD iF 0 #FEH RO b Tz (Fig 2).
Yt > T, cynaropicrin 28 Ah-L ¥ 7% —%[HE L
72 EARSET UL, cynaropicrin EARRICIE, T L
% PenCDF & TOMEMIZHEHM L 7245 R A
51, EROD D E o/ ERAH 2L BT
x5,

Al OMES Tld, wasting syndrome % $51% (2
L7z7z0, REBEIMIEHER A R b BHE 725725
mg/kg PenCDF (2%} 9 % cynaropicrin D 5% %
F~727%, EROD il L {FHES N7z, 0.3
mg/kg 2 &, X DA E® PenCDF I2XF 3 5%

cynaropicrin D 2% TR VS L E 2 b7z,

&

Y artichoke D4 T& %4 cynaropicrin

HYE R K S PenCDF 354 1264 2 B84
EHT LGN e T AR W TRE L7,

=&
af

1. % 22817 5 PenCDF %D H &K%

IO DOIRIECEHMET AR,

—77,

e HoE —

307 %

AA7zAER, 5 mg/kg © PenCDF 12 & 1) &1L
AN L ADIBETDH 5 il TBARS 252 L
S ERTDLZENPHLNTHR 572, Wasting
syndrome (¥ 5 mg/kg 7% b HHE TH o 7-.

2. PenCDF 0¥ 55 % 5 mg/kg & L C, cynar-
opicrin |2 £ %4 PenCDF #5:ME#EAEH % g
L7, 2o HE T cynaropicrin |21
PenCDF (2 & % wasting syndrome (283 %
FUHEBEHIIRO N2 o7z

3. PenCDF 2L > Tiile s 115 TBARS © &
&, M= cynaropicrin ¥ 512X ), 2
Y MU= VEEEEEEN VL ANVIZETE L
7z.

PenCDF |2 & 1) &2 & 115 wasting syndrome
\2kF$ % cynaropicrin O 3R EE I35 D T
v, LCidhrwdotEZoNS. Ll
= H & ® cynaropicrin 121%, PenCDF 2 X A ig&
BB OIFIER DS 5 Z L AVRIR S N7z, 4
%, 1EH = PenCDF 12%F ¥ % cynaropicrin @
HEOMMREDPEIND.

AWTED—ERIL, JEAETT BRI 7EE i B 5
(M D% - ZEMRIEENZESSE) GUEE
77 H2A-REh-45E-014) 12X o7z,

Z X ®

Masuda Y : Behavior and toxic effects of PCBs
and PCDFs in Yusho patients for 35 years. J.
Dermatological Sci. 1 : S11-S20, 2005.

Masuda Y, Schecter A, and Papke O : Concen-
trations of PCBs, PCDFs and PCDDs in the
blood of Yusho patients and their toxic equiva-
lent contribution. Chemosphere 37 : 1773-1780,
1998.

Tanabe S, Kannan N, Wakimoto T, Tatsukawa
R, Okamoto T, and Masuda Y : Isomer—specific
determination and toxic evaluation of potentially
hazardous coplanar PCBs, dibenzofurans and
dioxins in the tissues of “Yusho PCB
poisoning victim and in the casual oil. Toxicol.
Environ. Chem. 24 : 215-231, 1989.

Poland A and Knutson JC : 2,3,7,8-tetrachlor-
odibenzo-p-dioxin and related halogenated
aromatic hydrocarbons :
mechanism of toxicity. Annu. Rev. Pharmacol.

E3

=

1)

examination of the



5)

6)

7)

8)

9)

10)

11)

12)

Cynaropicrin 7% PenCDF O M2 K 133 5228

Toxicol. 22 : 517-554, 1982.
Fernandez-Salguero PM, Hilbert DM, Rudikoff
S, Ward JM, and Gonzalez F] : Aryl-hydrocar-
bon receptor-deficient mice are resistant to
2,3,7,8-tetrachlorodibenzo-p-dioxin-induced
toxicity. Toxicol. Appl. Pharmacol. 140 :
173-179, 1995.

Mimura J, Yamashita K, Nakamura K, Morita
M, Takagi TN, Nakao K, Ema M, Sogawa K,
Yasuda M, Katsuki M, and Fujii-Kuriyama Y :
Loss of teratogenic response to 2,3,7,8-tet-
rachlorodibenzo-p-dioxin (TCDD) in mice lack-
ing the Ah (dioxin) receptor. Genes Cells 2 :
645-654, 1997.

Hankinson O : The aryl hydrocarbon receptor
complex. Annu. Rev. Pharmacol. Toxicol. 35 :
307-340, 1995.

Ishida T, Oshimo T, Nishimura A, Mutoh J, Ishii
Y, Koga N, Yamada H, Hashiguchi I, Akamine A,
and Oguri K : Reduction of the toxicity of
2,3,7,8-tetrachlorodibenzo-p—dioxin in mice
using an antiulcer drug, geranylgeranylacetone.
Biol. Pharm. Bull. 27 : 1397-1402, 2004.

Ishida T, Taketoh ], Nakatsune E, Kan-o S,
Naito E, Takeda S, Mutoh J, Ishii Y, and Yamada
H : Curcumin anticipates the suppressed body
weight gain 2,3,7,8-tetrachlorodibenzo-p-dio-
xin in mice. J. Health Sci. 50 : 474-482, 2004.
Ishida T, Naito E, Mutoh J, Takeda S, Ishii Y,
and Yamada H : The plant flavonoid, quercetin,
reduces some forms of dioxin toxicity by
mechanism distinct from aryl hydrocarbon
receptor activation, heat-shock protein induc-
tion and quenching oxidative stress. J. Health
Sci. 51 : 410-417, 2005.

Ishida T, Ishizaki M, Tsutsumi S, Ishii Y, and
Yamada H : Piperine, a pepper ingredient,
improves the hepatic increase in free fatty acids
caused by 2,3,7,8-tetrachlorodibenzo-p-diox-
in. J. Health Sci. 54 : 551-558, 2008.

Ishida T, Takeda T, Koga T, Yahata M, Ike A,
Kuramoto C, Taketoh J, Hashiguchi I, Akamine
A, Ishii Y, and Yamada H : Attenuation of

(93)

13)

14)

15)

16)

17)

18)

19)

175

2,3,7,8-tetrachlorodibenzo-p—dioxin toxicity
by resveratrol : a comparative study with
different routes of administration. Biol. Pharm.
Bull. 32 : 876-881, 2009.

Sonnante G, D’Amore R, Blanco E, Pierri CL,
Palma MD, Luo J, Tucci M, and Martin C : Novel
hydroxycinnamoyl-Coenzyme A quinate trans-
ferase genes from artichoke are involved in the
synthesis of chlorogenic acid. Plant Physiol. 153 :
1224-1238, 2010.

Cho JY, Baik KU, Jung JH, and Park MH : In
vitro anti-inflammatory effects of cynaropicrin,
a sesquiterpene lactone, from Saussurea lappa.
Eur. J. Pharmacol. 398 : 399-407, 2000.

Takei K, Hashimoto—Hachiya A, Takahara M,
Tsuji G, Nakahara T, and Furue M : Cynaropic-
rin attenuates UVB-induced oxidative stress
via the AhR-Nrf2-Nqol pathway. Toxicol. Lett.
234 : 74-80, 2015.

Kuroki H, Haraguchi K, and Masuda Y :
Synthesis of polychlorinated dibenzofuran isom-
ers and their gas chromatographic profiles.
Chemosphere 13 : 561-573, 1984.

Ohkawa H, Ohishi N, and Yagi K : Assay for lipid
peroxides in animal tissues by thiobarbituric
acid reaction. Anal. Biochem. 95 : 351-358, 1979.
Burke MD and Mayer RT : Inherent specificities
of purified cytochromes P-450 and P-448
toward biphenyl hydroxylation and ethoxyre-
sorufin deethylation. Drug Metab. Dispos. 3 :
245-253, 1975.

Van den Berg M, Birnbaum LS, Denison M,
DeVito M]J, Farland W, Freely M, Fielder H,
Hankinson H, Hanberg A, Haws L, Rose M, Safe
S, Schrenck D, Tohyama C, Tritscher A,
Tuomisto J, Tysklind M, Waker N, and Peterson
RE : The 2005 World Health Organization
reevaluation of human and mammalian Toxic
Equivalency Factors for dioxins and dioxin-Like
compounds. Toxicol. Sci. 93 : 223-241, 2006.

(Received for publication March 13, 2015)



