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SHEPTEE

SRERREFERE HFYHEZ

BEE . Y2 —RBEBETRTEOLN Snobiletin, =H ¥ 3 7 H LS Dzerumbone, A v NEEE
BB R RIcEET DgarcinollI T v P XBREAAZIAI L, FOEE L U CHRRBREEME OFIH#H,
MEBEZOFER VO LCOX2RINOSEHRMAEINEZE X b, ., T EBREEHRE/ ==
—Ya VEIICRWVW T, COX2ZEARIIRR hA =V z—va VEIRBWTAAR Y —ERERAE B
Lz, :

1. HIEEH ,
FIRBERANEYE., SBNGFHYEEZ RVHTEN T, BHNEHY 2 —A8ETRTELNS

—IV RV RAA NS ERD Ddlimonene % BRE Lo F 2 518 bz polymethoxyflavonoid

THIAEEEREZAET Hnobiletin, 7 V7 THRAERE LTHAIATWS =y avy

(Zinger zerumbone Smith) DIRZE DOIEH AL CTH 5 zerumbone, A ¥ FEBE R Garcinia indica

DEIEEFPREE LRBILER2E TAIRIA Y Lo fb_ Yy 7 2 /) @ 1 Fgarcinolll D

T. azoxymethane (AOM)F R KB BN ARIRIKRE (ACF) BAE~DOEELTRIF L. KBEISAEEZD

BERFR L, $h, RAT ez RBROERPARRETEEEZRET DI L EHIT, BRA T

¥ ZiBF T 5k Heyclooxygenase-2 (COX-2)AEMRZEBB L OB R P AETT VIZBWTERE LT,

2. Mg H ik

(ER1) HEMHETF344 T v + (438E) 36 L ERL, s58IcHIT, B 18 (8[E) IZTAOM (15
mgkg EE) 2B 1E., 5 3E. ETESH. £ 28 (8IL) i AOM+0.01% nobiletin (AOM £ &5 D
1 8L Y s BEEEEE).E 3P (8IL)IX AOM+0.05% nobiletin, %5 4 # (6 C) iX 0.05% nobiletin
HRMBEKRS, 58 (60 RIELEEHL Lz, ACFIRIERBHE#SFETT v b2 EBHE
SHBIELEZ, AEEIC, ACF ¢ ABRKBHEOMEEEESY 2 MIB-5 OERETREEGSIERI
BEL., S KBHEPGE EORE (FH 3 %21{To7,

(EBRR2) MM F344 5 v b (4 BH) 2HV., AOM (15 meg/kg FE)ZE 18, 3t SHEETEHL
T ACF %% U7z, Zerumbone 1% 0.01%, 0.05%DEETAOMBED 1 BriL v 5 BRIEHEIKE
L. XKBBACF OBEEIERBHZSBETHE Lk, FFIC, KBHEHREHEESE % AgNORs T
BEL. EHIIF. KBHED GST, QRIEEORIE, PGE:, PGD EORIEGIToTz, £/, X
MEED COX-2 BB 2 T,

(EB3) HMF344 7 v b (43B#) 2HERB L. sHILQTTCUTOLER T, B 18 (8L
ZAOM #HE 1[H., 3E. ETFHEH. 28 (8IL) X AOM+0.01% garcinol, % 3% (9L) X
AOM+0.05% garcinol, %5 4 3 (4 ) ¥ 0.05% garcinol % 5 HEIEEH&K L, E 58 (4 L) TEL
BXBEBL LKL, Garcinol T AOMEBED 1 EaT L Y, 5 BERMEAKS L, ACF IXERBBZ BT
Sy NERBEFITREELE, ARIC, ACF Lt AEKBHRECHRIBHEENE 2 PCNA OEBRRTA
EHEEVERTREL., $F® GST, QR FHEORE LT, Mx T, RAW264.7 i3 T LPS
L IFN-yTHE Lz COX-2 X iNOS ORBIZK 5 garcinol DEEE hiz,

(EBR4) s BRMOMMESL YV 7 UL REZ—% 3FICHIT, N-nitrosobis(2-oxopropyl)amine (BOP)
210 mgkg PRAEBRTC—BHEBTA4RKELTERS L, TNLLERABIIEBEERLLXFF T
OBFRZ 0% (B 1E) . 1.0% (B2 BIUD50% (38 OHETHEMEEREL, L%
Epd MFHER, TV AER) KTH4BEEE L (Fig. 1), BRICX Y., BBz FOICE
EUHRLEORERA L RERBRFHICRE LKL, £, BOPIZL2 DNABEOEEL LT, BEE¥ L
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Bz 81T 5 Of-methyl deoxyguanosine (O6-metdG) DAL Z AEMEBILZEHIZIHRE L, 7R 50
BEEBRT LI,

(ERE5)b EHMOHEMEL VT UNARE—%2 5 FITHIT, F 1~3BICiX BOP % 10 mg/kg DAEEI
T—HAMRT 4 BARERTRS Lz#, COX-2 FHEH| nimesulide % 0% (35 1 #) . 0.01% (& 2
) BXU0.04% (E 38) OBET I EMREERSLS L, HRICI Y, EE2TLIKEEHRSE
DOFAERREZFERBZNIIRE L,

(GEBR6) 5 BB DKM Wistar R 7 v M2 5 BT, B 1I~3HILEEPADA = o — 3 4L
E & LT MNmethyl-Ntnitro-N-nitrosoguanidine (MNNG)% 0.01%DEE THRAHRET 3 L B
5%&E% 8§ BEEREARE L, £0O#%, nimesulide # 0% (8 1 &) . 0.01% (B 2#) 88X 0.04%

(B 3#) OAET. 57T HMEEMHEKEE Lz, § 4 BT MNNG 4E %2 ¥ 712 0.04% D nimesulide
DHhEEL, %5 HITELBEMNERL Lk,

3. BFFERLR

(28R 1) ACF O% 41X, AOM 3 : 139+35, AOM+0.01% nobiletin B : 70+15 (P<0.001).
AOM+0.05% nobiletin & : 6310 (P<0.001) & nobiletin OREEFR 5T ACF OF4E£ 2B ZICHE
U7z (Table 1), —7F ., ACF 23} 5 MIB-5 2= {, nobiletin DRER E THEICHE D Lz (Table
2), PGE2 12K £ nobiletin M ETEEIZET LT,

(ZEBR2) KiE ACF OBEEIX. AOM B 84+13 Th-o7eDizxf LT, AOM+0.01% zerumbone
BT 72+17, AOM+0.05% zerumbone BT 45+18 & AOM+0.05% zerumbone BB CHEIZRLV LT
Wiz (P<0.001) (Table 3), KIBARZE LMD AgNORs 3 & KIBHED PGE BIXHBER T
BRIET LTz, PGD: EiX zerumbone DEAEBEH TOLEFEERIE T2 I 7 (Table 4), FF
GST. QR {EH#iX zerumbone DEHAEREICIVARICER L TWizsd, KIBHE GST. QR fEiX
zerumbone DWITNOHETHLERICERE L TW/ (Table 5), £z, COX-2 B LMBELLHFS
IS o T2,

(B 3) KM ACF OB X, AOM B 9715 Th oD% LT, AOM+0.01% garcinol B
7216, AOM+0.05% garcinol 3£ T 58+8 & garcinol DW TN OHAEBRETHEEICEHL LTWiz
(P<0.01) (Table 6), ACF L IFEMKBIRE L EMIaZO PCNA ERRLRABKICHAEBERTERR
BT L TWiz(Table 7)), JF D QRIEM 1T garcinol DS HAEFREIC L WV HEICEHE LTV (Table 8),
RAW 264.7 #ifgiz LPS & INFyTHE L& COX-2 R iNOS bAFEITETF L7z,

(ER4) BEREOCEEHEI EL2BLUIHTENEN 86.6%.56.6%K LU 58.6%Th v (Fig.
2B IFHICHEBLTE 2RIV IHTEREP<0.0)IEY L, BIREOCBY LT v OFHEEK (%
FEH) X, B 2BIUSHEHTEALTNL2, 08BXV0.7ThHY (Fig. 3), & 1HICHELTE 2
BIUBEHTERMP<OOSBIT 0.0DITHY Uiz, BMERFERORBRABEEIZ, £1. 2B LIV ET
FIEN 56.6%, 43.3%B LV 27.56% Th Y (Fig. 2), F 1 BHICHE L TE 3 B THE (P<0.05Z R4
Lic, BMEEREROLZREMEIZ, B1, 2BLU3HTZAEN 08, 0.7BXU0.3 ThHY (Fig. 3). &
1 BICHELTE 3 B THEP<V0)IZEY L, BOP BEIC L - TS LEMBICER LK
Ob-metdG X, 7o T OAEBICHBELTEAS L. B 1 HICHB L TE 3HTHEEP<0.05ZHY Lz,

(EBRD) BBREOREFREIL.E 1.2B8LUSHTTNEFN 70.0%,73.3%B LU 40.0%Th v (Fig.
), BFIBICHBRLTEIHTEEEP<008)IZB Y L, MERBROBAREIT, £1. 28X0 3
BTENTI 56.6%, 36.6%1B LU 40.0%Tdh YV (Fig. 4), 7o & EHTRIEREZR L,

(EBR6) BrE, EREB LY 57 BEABRBEL, ERZMELTNE, £ TOLI A, HEBO
AFRICBEERZRITOONL TR, FFEERBYIC, EREHE 66 BTERZKT L, TR
JVBEEZFLICEEEREORERR T FEMBENIIRETEITETH S,

4. EE

UEDRER I Y, nobiletin, zerumbone, garcinoliZAOMBERACFORAE L RE LT ME Lz,
TSR BEEEORHE, MEEZEOFEZLZ WV LCOX-2RINOSEHMAIC L5 & x bivk, ACF
HHEIZRIZ3BRED 5 5, nobiletiniZ o7z, ZHOLDILEHITLET., LEHAXEIZSKRAL VWL
AFRTEBRZ b, SHOEREREZERTIEDRBBRAEZALAF—F— L LzEHOERMN
Z2Eh, FOIIRERZHELTWHLZATHS, T bik, iNOS, COX-272 ¥ DIFH & M
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TEZEND, REZERETEIRBEREN A, FIEEEEKRBRESE O KBRS AGEICEZICF
AT A88EENDS, B, DHEFEE SIIPPARsY F'Y FIZ X 2 KIBACF M&HIRERITFR A
R OEE % B 520 Uiz, PPRAsIIfeedbackB#E Iz L W COX 2R B EHIEHTARIEELRH D, &%
LSERBE LI b8 O KBFHEIZBIT APPARSBE~ORE L RBRETH Z L ITEKEEWN,

Fir, ToTHEBEEBHEROA =V — a3 VEIRERB LU COX2BERHOFRA A =2 —v 3
VEI EZ. BOPERILIBZNL AT —OERPAEIFTAZILRNHELD 2o, TexiIdk
IVERCARLERE LTADNTRBY, IREER, MEMUEA, HEER. B TEAREEZR
TEL OEBEEMELZEELTWVWAZ ERALNA TS, I, £EERYORBEER IUORER
REETIZLLHELMIENTRY  SEOERTENMAEIZBITABOPIZL 2DNAEEL &R L
ez L EREBENHDLHEINDE, —F, COX20BERRBEPACEELRIFEFDO1 DL E
ZOBNTWBERE, BEERACOWTHE TIEXEAFEENRESNTL, Z0Z &iE, b KBS AEE
LRI, EBRARBRAZEDREEL O FRAMBRIZ X E 75 0P 0RCOX-20 18R 3R
NRHELNDZELEELTHED TEKELS., BEETTFOT v FEREPA~DREEL L HITHERD
BRARIETEEEZRFETILERDA D,

5. £&®

EMEH Y2 RABEIRTELRDII— NV R LVRAFA AP D ERD Dd-limonene ik LTz
B2 518 b polymethoxyflavonoid CHLAFEEIER % F 7 D nobiletin, HET7T V7 DR EEK
THhBd=HY a7 TOEMEETH S zerumbone, > FEZE Z# Garcinia indicaD &R EF iz
FHET DgarcinoiIB B ABFRKBPARBEREORE L ZORERLIHEITHIZ EAHBELE, £
OWMAEEL LTid, HRBREEEOHE. MEBZOFTELR W LCOX-2RINOSERMAHE L E X b
Nic, ¥/, Te 2HEREEHRERRIA =z -2 a3 VEBITRBWT, COX2MERIIRRA hAf = —
g VBB W TBOPHERIZE D NLR I —DOREREBAEZIHE LT,
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Table 1. Effect of nobiletin on AOM-induced ACF formation

Group Treatment Incidence Total no. of % of ACF with
no. (no. of rats examined) (%) ACF/colon 4 or more
crypts
1 * AOM alone 8/8 139 « 358 152+3.5"
® (100%) o3
2 AOM+0.01% 8/8 70 = 15 9.6 + 5.2C
nobiletin (8) (100%)
3 AOM + 0.05% 8/8 63 + 10b 80+28b
nobiletin (8) (100%)
4 0.05% nobiletin o6 0 0
© (0%)
5 No treatment 0/6 0 0
© (0%)
2 Mean = SD.

b.c Significantly different from group 1 (PP<0.001 and CP<0.05 ).

Table 2. MIB-5-1abeling index in rectal section of colonic mucosa of rats treated with AOM
and/or nobiletin ~

Group Treatment ACF “Normal- Normal crypts
no. (no. of rats) appearing” :
CIypls
1 AOM alone (8) 25.6+ 6.7° 17.8 = 45 -
(10) (10)
2 AOM + 20.7 = 1.6° 155 = 14 -
0.0196 nobiletin (8) (10) (10)
3 AOM + 188+ 1.0¢ 156 = 1.6 -
0.059% nobiletin (8) (10) (10)
0.059% nobiletin (4) - - 130+ 14
(10)
5 None (4) - - 13.8 + 1.1
(10)

AOM, azoxymethane; ACF, aberrant crypt foci.

No. in parentheses of the data are no. of ACF or crypts examined.
* Mean + SD.

b¢ Significantly different from group 1 (PP<0.05 and *P<(0.02).

Table 3. Incidence of aberrant crypt foci (ACF) in rats treated with AOM and/or zerumbone

Group Treatment Total no. of No. of large ACF (more
no. ACF/colon than 4 crypts/focus)
AOM Zerumbone

in diet
(w/w)

1 + - 84 x 13° 11.1 £2.6

2 + -0.01% 72+ 17 23+1.4°

3 + 0.05% 45 x 18° 0.7=0.5°

Analysis of ACF was done in 8 rats each of groups 1-3 and 4 rats each of groups 4 and 5.
There were no ACF in rats of groups 4 and 5.

* Mean =+ SD. )

® Significantly different vs. group 1 (p<0.001).
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Table 4. AgNORs count and amounts of PGE, and PGD, of the colonic ep1thehum of rats treated
with AOM and/or zerumbone

" Group Treatment AgNORs PGE, PGD,
no. count/nucleus (pmol/mg/protein) (pmol/mg/protein)
AOM Zerumbone
in diet (w/w)
1 + - 1.56 = 0.22*° 43.0x+7.2° 132.9 = 13.0°
2 + 0.01% 0.90 = 0.13¢ 29.3 x 4.0° 136.0 = 10.3
3 + 0.05% 0.82+0.13* - 17.723.0° 101.2 = 23.0°
4 - 0.05% 0.67 = 0.12 151+3.6 40.1 £ 6.9

5 - - 0.62 = 0.09 198+ 1.0 66.0 = 23.6

AgNORs coumt was done in 4 rats each of groups 1-3 and 3 rats each of groups 4 and 5. Assay of
PGE, and PGD, was performed in 5 rats each of groups 1-3 and 4 rats each of groups 4 and 5.

* Mean = SD.

e *Significantly different vs. group 5 (° 'p<0.01 and °p<0.001).

1 Significantly different vs. group 1 (‘p<0.01, °p<0.001, and ‘p<0.05).

Table 5. GST and QR activities in liver and colonic mucosa of rats treated with AOM and/or Zerumbone

Group Enzyme activity (mU/mg protein)
no.
Treatment GST (CDNB) QR (NADH)
AOM Zerumbone Liver Colon Liver Colon
in diet (w/w) _

1 + - 571 = 57° 83x6 646 345 = 29
2 + 0.01% 654 = 85 106 = 15° 71+8 453 = 49°
3 + 0.05% 698 = 98° 129 = 14 78 = 12° 469 = 344
4 - 0.05% 721 = 56° 135+ 14° 86 = 31 496 = 14
5 - - 526 = 18 87+6 52+ 10 365 =22

Enzyme activities were measured in 5 rats each of groups 1-3 and 4 rats each of groups 4 and 5.
: Mean = SD.

*4 Significantly different vs. group 1 ( 0.005, p<0 01, and ‘p<0.001).
*' Significantly different vs. group 5 (“p<0.01 and 5<0.001).

Table 6. Incidence of ACF in rats treated with AOM and/or garcihol

Group Treatment Total no. of % of ACF
no. (no. of rats ACF/colon containing 4
examined) or more ACs
1 AOM alone (8) 97 = 15° 6.45 = 2.40
2 AOM + 72 16 - 443 2 0.26°
0.01% garcinol (8)
3 AOM + - 58 + 8¢ 3.85+0.16°
0.05% garcinol (9)
4 0.05% garcinol (4) 0 0
5 None (4) ) 0 0
ACEF, aberrant crypt foci; ACs, aberrant crypts; AOM, azoxymethane.
* Mean = SD.

b Significantly different from group 1 (*P<0.01, °P<0.05, “P<0.001, *P<0.02).
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Table 7. 'PCNA~1abeling index in rectal section of colonic mucosa of rats treated with
AOM and/or garcinol

Group Treatment ACF “Normal-appearing” Normal crypts
1O. (no. of rats) crypts
1 AOM alone (8) 320+ 48° 243 = 5.0 -
(10 (10)
2 AOM + 253+ 1.9° 187 = 0.6° -
0.01% garcinol (8) (10) (10)
3 AOM + 22.6 = 1.3¢ . 18.1 = 0.8° -
0.05% garcinol (9) (10) (10) »
4 0.05% garcinol (4) - - 133 + 0.3
(10
5 Nore (4) - - 134 = 1.3
(10)

PCNA, Proliferating cell nuclear antigen; AOM, azoxymethane; ACF, aberrant crypt
foci. »

No. in parentheses of the data are no. of ACF or crypts examined.

* Mean = SD.

*4 Significantly different from group 1 by Welch’s t-test ("P<0.005, °P<0.01, and
4P<0.001).

Table 8. Liver GST and QR activities

Group Treatment GST-CDNB - GST-DCNB QR
no. (no. of rats examined) (mU/mg protein) (mU/mg (mU/mg
protein) protein)
1 AOM alone (8) 628 = 62*° 42«5 59+ 5°
2 -~ AOM + 783 = 115° 35x4 63 x7
0.01% garcinol (8)
3 AOM + 769 + 1014 35=5 66 = 6°
0.05% garcinol (9)
4 0.05% garcinol (4) 776 + 55° 35x2 55+ 3
5 None (4) 545 + 26 33+2 42+ 4
GST, glutathione S-transferase; QR, quinone reductase; CDNB, 1-chloro-2,4-
dinitrobenzene;
DCNB, 1,2-dichloro-4-nitrobenzene; AOM, azoxymethane.
* Mean = SD.
><f Significantly different from group 5 by Student's ¢- test (*P<0.05, P<0.001, and
{P<0.005).

% Significantly different from group 1 by Student's 7- test (P<0.005 and *P<0.05).
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