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Fig.1 Role of xenobiotic-metabolizing enzymes and antioxidant enzymes
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S-transferase (GST), UDP-glucuronosyltransferase
(UGT) ® NAD(P)H : quinone oxidoreductase 1
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factor 2 (Nrf2) 2 & o TREGHIZHIE ST
LZENHLNE L STWE D, HE, BEM
v AL WL TNA2 EE T2 L 27T 2
LB T BN EE - TBY, EIBA
WEZKE T 5 &, BEEEEEDEL BT
%9,

XFHRIIZ, GST % NQO1 7 & o SRR B
Febop LORBFEIETELS L, VAW
BIZEBEEREEPMET T2 EdbAMEATY
%59, 2%, GST R NQOL % L DEEFE OB
XHETHWEIIFEBA W L oL
ZrbNTWwb, TRETOMRICE ISR
S N7 7 RACH R R OFEA & LT,
77 Fk7ay 39 =124 F 15 sulforaphane
RTav Aty a iZEEnsg curcumin & E3
MOENTWS Y £ OFEANIEESL Y2 &,
RIKFE D HFHE SN T WD, FEH DK 80 FlilH
DT 3 2 X G T ACHRIER OF S/ &
A L7, ) BSEIEICE DOBEERY S 5
EV) MR ERLO, L LAads, B
FE—HMIZHEVHELRLOTIERL, LLAK
D HEICERT 2E0% wiEamdh 5 GST
R NQO1 DFFEH 2 IRFE S 2T 4%, HRMIZIZ
BATRE LCOREZZT 52D 5 L%

Catalase % glutathione peroxidase (GPx)

Zlze T TAMZETIE, #ESE v Ba
THEEHZR L) BB L UL 0EHD Y 2
FROAMITHRERKD, in vitro B X in vivo
DM 2 5 P RBRIER 2 FHET 5 Emz Wil
FTIERHME L,

2. B 3

2.1 M H
)RR TH L), ko), =Y
BLOIINEINEFTHNDOARA—=—IN—<—F v |
THEA U720 B EBIH G I N EFHE
BEARAREZE» SRS SN2 O &M L7z,
7 aAFRORMTH D7 Fid 2009 4E 7 HIC K
ELCERILL 725 O % FEERICH W2,

2.2 VRSB IOy aFEERAY O
WY 2 K TR KRG ZREMW S 728, 2
OHMOEREEZWEL, IFV—IIB L. 1B,
7 FIZOWTIEEB L O ZE0HS 2 Ml i,
Z NS ORI T B ORED T F I
720 WEMBERED AFREDORA Y ) — V& I FH—
WMz, WYrEElhsnsETIFt—%
s S 7, Bo5Nzx% ) — Vilibiz A8 L,
A ETNRL —F =2 X D ERE Lz, ik
WaL RO ) —VITHERT 5 2 & TR
40 FHEAE (10 g/ml) & L7zo o &Y
A% 7 — VI — 20C I THRAE L 726

W EBRICHEHL72I YNB LY Fokb ik
BUTOXIICHB L7z K25 7 — Vi %
SHROANTH L TIMPEEHFL, TDOHRAY /) —
VIgE I NRL —F —TRIEME L7z, RiEw %
ANFF /BRI (2 01, v/v) OBEBET
FERL, ZoSsofgfIfliKT20, 2nT
KT 2 MIAHE % B L. MK~ 7k v
LTHIRSEABEZ T NKRL — & — T
EREL, RiEMERGHRBHIZI— Y+ Vi
P L 720



FEHI AR D AL 2 IS 2 R AEREER 2 5T 2 A TR O 5 61

2.3 Milakize

Z v MEFE RO Clone 9
lZ American Tissue Culture Collection ¥k & 1)
AL, 5% COx/95% air D& T, 10% fetal
bovine serum, 100 U/mlX = > 1V ¥ G, 100
dg/mlA LT AT BXU025 ug/ml 7
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Eagle’s medium THEZ 17> 72,
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P450 (CYP) 1A OGN E % 5 N2 GSH & &
OWENZ T R THEEHICH > 720 GST I X
1-chloro-2,4-dinitrobenzene %, NQO1 21X

2, 6-dichloroindophenol Z, UGTIZlZ4-methyl
umbelliferone %, catalased XUGPxIZIZ
hydrogen peroxide %, CYP1AlZIXethoxyresorfin
IE 2,

2.6 B AR A 5 ) — VOB

KREPY)FEIRII AR A RE BN T R R DKGED
TTirbhiz,

5 EEHEYE C57BL/6] ~ 7 AT EREN Y X
DHEA L7z, FEERINHIH oK B X ORI H IR,
HIEH A 7 Wik 1285 & L, &GHBETICL
HEOBMEZIT 5 720 2. 2 H TR L 72 B
AZ = VHIIE I Vv 500 g/kg £ 72137 F
100 g/kg O3 5-IEET 1 H 1 01 4 H [ 5 ) #E 11
XY=y A L7z HRIZEIT—vF AV
% 4 H$&G L7z w45 24 K, —— 7
VIR T < 7 A ZFLIISE S &, 165K e % 5
L7z L 722BEs 3 HIEE T - 80TCICT
TRAF L 726

2.7 AT

Table 11281} 27— 7 133 + B#ERFE
=3) %KL, Table 226 7IZBF57—%1
Py R (n = 3) BERT. HEAEKEIX
Dunnet #%E % Fl v p < 005 Z el FE EA L
L7

3. #& S

3.1 MRAEFARICKITTEMMM A S 7 — )L
R O 3

Clone 9 MIIE % FIv> 7z in vitro B2 AR R R
DFERREAT)ICHY, EHRELHICE LA
A A 5 7 — VAT O BRI RSB 22
REZRET L7720, e OREOHEET
Clone 9 Mfifla Z ALPE L, MTT i3I & % il Ak
FROWUEZIT > 720 WH 24 FER I BT 2 M
RAEAFFEN O ETHNIEEKLE L. €0
MR, N5 mg/mlBlT, a2 19ix10



62 {1 e s

# Vol17 (2009)

mg/ml LT, =T 310 mg/ml L, IV
Nt 6 mg/ml LR, 7 Fid 1 mg/ml LT OjgEE
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Table 1 Effect of methanol extracts of Apiaceae and Araliaceae food plants on xenobiotic-metabolizing
enzymes and antioxidant enzymes activities in Clone 9 cells.

Treatment GST activity NQOL1 activity GSH content  Catalase activity UGT activity
(nmol/min/mg) (nmol/min/mg) (nmol/mg) (4mol/min/mg) (nmol/min/mg)
Control 9.27 + 193 217 = 50.8 713 = 211 7.04 = 220 1.29 + 0.18
(100%) (100%) (100%) (100%) (100%)
Sulforaphane 20.7 = 1.00* 541 = 42.4* 945 * 154 176 = 049* 276 = 0.33*
(2uM) (223%) (249%) (133%) (250%) (214%)
AR 174 + 218" 327 = 6.60* 145 + 1.76* 8.24 + 0.01 1.95 + 0.24*
(5mg/ml) (188%) (151%) (203%) (117%) (151%)
Rl 142 £ 1.67* 383 = 31.7* 136 = 1.92* 751 = 1.19 201 = 0.20*
(10mg/ml) (153%) (176%) (191%) (107%) (156%)
% 20.7 = 2.53* 472 = 56.7 11.1 + 1.52 134 + 243" 205 = 0.26
(10mg/ml) (223%) (218%) (156%) (190%) (159%)
IUN 240 = 1.82° 661 + 62.6" 169 + 243" 149 + 215" 242 + 0.11%
(6mg/ml) (259%) (305%) (237%) (212%) (188%)
AN 214 = 1.21* 569 = 46.3* 153 + 3.16* 14.1 = 1.80* 284 = 0.32*
(Img/ml) (231%) (262%) (215%) (200%) (220%)

The number in parenthesis was expressed as a percentage of each control.

*, p < 0.05.
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Table 2 GST activities in the cytosol of C57BL/6] mice treated with
methanol extracts of Mitsuba and Udo.

GST activities (nmol/min/mg)

Treatment Liver Small intestine Kidney Lung
Control 1858 + 125 180 + 37.2 712 = 380 173 + 464
(100%) (100%) (100%) (100%)
IUN 3190 = 191* 573 = 139 1415 + 79.5* 256 = 1.99
(172%) (318%) (199%) (148%)
7K 2830 = 367* 413 + 189 1462 + 188* 245 + 15.1
(152%) (229%) (205%) (142%)

The number in parenthesis was expressed as a percentage of each control.
*, < 0.05.

Table 3 NQOI activities in the cytosol of C57BL/6] mice treated with
methanol extracts of Mitsuba and Udo.

NQO1 activities (nmol/min/mg)

Treatment Liver Small intestine Kidney Lung
Control 230 = 532 753 = 255 192 + 915 165 + 2.25
(100%) (100%) (100%) (100%)
IUN 65.3 = 243* 163 + 23.2 363 = 314" 26.2 £ 2.99*
(284%) (216%) (189%) (159%)
AN 528 + 3.35* 111 + 537 305 + 9.44* 252 = 257
(230%) (147%) (159%) (153%)
The number in parenthesis was expressed as a percentage of each control.
* p < 0.05.

Table 4 UGT activities in microsomes of C57BL/6] mice treated with
methanol extracts of Mitsuba and Udo.

UGT activities (nmol/min/mg)

Treatment Liver Small intestine Kidney Lung
Control 236 = 0.75 119 + 0.70 128 £ 1.39 784 = 3.06
(100%) (100%) (100%) (100%)
IUN 20.1 = 3.65 220 = 265 9.85 + 1.80 11.1 + 040
(85.2%) (185%) (77.0%) (142%)
AN 32.1 £ 274 30.1 + 5.39* 9.23 + 1.39 123 + 0.70
(136%) (253%) (72.1%) (157%)

The number in parenthesis was expressed as a percentage of each control.

*, p < 0.05.
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Table 5 Catalase activities in the cytosol of C57BL/6] mice treated with
methanol extracts of Mitsuba and Udo.

Catalase activities (#Zmol/min/mg)

Treatment Liver Small intestine Kidney Lung
Control 75.1 = 137 248 + 055 118 + 6.74 3.20 = 095
(100%) (100%) (100%) (100%)
IUN 787 = 102 401 = 044 192 + 7.23* 41.7 = 0.14
(105%) (161%) (163%) (130%)
AN 107 + 24.0 157 + 0.40 166 + 7.53* 427 + 040
(142%) (63.3%) (141%) (133%)
The number in parenthesis was expressed as a percentage of each control.
*, p < 0.05.

Table 6 GPx activities in the cytosol of C57BL/6] mice treated with
methanol extracts of Mitsuba and Udo.

GPx activities (nmol/min/mg)

Treatment Liver Small intestine Kidney Lung
Control 437 £ 132 387 + 132 137 £ 126 231 = 219
(100%) (100%) (100%) (100%)
IUN 446 + 238 522 * 6.83 164 = 843 308 = 221
(102%) (135%) (120%) (133%)
VAN 417 + 160 322 + 100 159 £ 194 295 = 315
(95.4%) (83.2%) (116%) (128%)

The number in parenthesis was expressed as a percentage of each control.

Table 7 EROD activities in microsomes of C57BL/6] mice treated with

methanol extracts of Mitsuba and Udo.

EROD activities (pmol/min/mg)

Treatment Liver Small intestine Kidney Lung
Control 56.1 = 5.29 228 = 0.17 377 £ 163 330 = 0.76
(100%) (100%) (100%) (100%)
IUN 36.2 = 7.86 352 = 1.00 334 = 0.08 3.65 = 0.59
(64.5%) (148%) (88.6%) (111%)
AN 377 £ 148 220 £ 0.78 316 = 1.26 284 = 0.03
(67.2%) (96.5%) (83.8%) (86.1%)

The number in parenthesis was expressed as a percentage of each control.
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5, IUNEY FIZX 2B WRHREEROFENE
R E W2 S Ltk v,

Clone 9 MilE & HI\> 7z in vitro A 2 ) — =V 7
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Oy Fx %5 7 = i o512 k), GST
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A% 7 — Ui CYPIA ZEHE DR D % WIF
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J — Vi 12 sulforaphane & R BRICFEDSA W
B OB b 2 SRR & R IR I35
T HREEMEFER L L CTALTILNTE S,
DEORRID VR I v NNB IOy axRy
FiZ GST, NOQ1, B XU UGT & & 9 % 2t
WARMEEZFLEL, PATHIEELA T 5 RN
PRSIz, L Lo, KifgiE~y A% H
Weh s 4 HEHOBE TH Y, RHIHES1ZX
LRI EL b SRy, BREHO#ES12LY,
EHINZ0b0G0HENEHNL 2 L
T\, BT, IUNRT FOXE ) — Vi
O¥GREAXZEE LT, @EHkL 0 EILLEGS
IUNRY FOETE MIBWTARETHEON
AR R O FEEH & 584§ 5 etk
BahBHMnwEEbhd, 4%, IVNBLIY
7 REPATHIEME LTHEEZ T 5D THNII,
IYUNRY FIZEENLMEHRF LT ZW 60
L, TORG DI L 5 EZY B REER OFENE
HEaBRET20E»H 5. HEOEIETH O 2
EOWEETHIE, RMERR R L, 7
A e LTRET A0, BEFERTOEGRE
EDDHE) BRI VNPT FOMER R 1T ) LE
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Development of cancer preventing foods that induce xenobiotic-metabolizing
enzymes that detoxify carcinogens

Tomokazu Ohnuma

(School of Pharmacy, Tokyo University of Pharmacy and Life Sciences)

Chemoprevention comprises multiple intervention methods using either pharmacological
or dietary agents to impede, arrest, or reverse carcinogenesis at various stages. Development
of cancer preventing foods is highly desirable, due to their safety, low toxicity, and general
acceptance as dietary supplements. The purpose of this study is to find the dietary
xenobiotic-metabolizing enzyme (XME) inducers for chemoprevention. Overall, the XME
system plays an important role in determining the final fate of carcinogens and their
subsequent impact on carcinogenesis. Glutathione S-transferase (GST), NAD (P) H : quinone
oxidoreductase 1 (NQO1), and UDP-glucuronosyltransferase (UGT) are major XMEs,
which are expressed in various tissues and involved in the detoxification of carcinogens.

When Clone 9 cells, a cultured cells line from normal rat liver, were incubated with
several methanol extracts of edible plants from Apiaceae and its closely related family
Araliaceae, the methanol extracts of Cryototaenia japonica (Mitsuba in Japanese) and Aralia
cordata (Udo in Japanese) significantly induced the antioxidant protein catalase as well as
GST, NQOI, and UGT. The XME-inducing potency of the two methanol extracts in Clone 9
cells was almost equivalent to that of sulforaphane, an isothiocyanate compound known to
be a potent inducer of XME ix vitro and shown to be protective against carcinogen-induced
tumorigenesis in laboratory animals.

To investigate the effect of the methanol extract of Mitsuba or Udo on the induction of
XMEs in vivo, the two extracts were administered orally to mice for 4 consecutive days.
GST and NQOI1 activities were increased in liver, small intestine, kidney, and lung of mice
treated with the methanol extract of Mitsuba or Udo. In contrast, UGT activity was
increased only in small intestine. Although cytochrome P450 (CYP) 1A subfamily, which is
also one of the major XMEs, is known to be involved in metabolic activation of carcinogens
such as polycyclic aromatic hydrocarbon and heterocyclic arylamine, the methanol extract
of Mitsuba or Udo did not alter CYP1A activity. These results indicate that the methanol
extract of Mitsuba or Udo may contain constituents that induce carcinogen-inactivating
XME such as GST and UGT rather than carcinogen-activating XME such as CYPIA.

This study suggested that Mitsuba and Udo, edible plants, might be expected to have
chemopreventive properties. However, further studies on adsorption and toxicity of Mitsuba

and Udo are needed.



