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Chemical Study of Citrus Plants in the Search for Cancer Chemopreventive Agents
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The constituents of Citrus plants were investigated to develop useful agents that are effective in cancer
chemoprevention. We examined the roots and bark of the roots of various Cifrus plants, resulting in the isolation of
many novel compounds. Their structures were determined using spectroscopic methods, especially 2D-NMR spectra.
The following new compounds of constituents were found: dimeric coumarins, dimeric acridone alkaloids, and
acridone-coumarin dimers. Auraptene and nobiletin are known as useful constituents of the peel of Ciftrus plants for
cancer chemoprevention. However, we found that 3,5,6,7,8,3",4"-heptamethoxyflavone (HPT) has both antitumor pro-
motion and initiation activities and is more effective than auraptene and nobiletin. We synthesized pentaallyl quercetin
(QPA), a useful antitumor compound that has the additional effects of a P-glycoprotein (P-gp) inhibitor. The inhibito-
ry effects of QPA on P-gp were more effective than those of the typical P-gp inhibitors cyclosporin A and verapamil.
Both HPT and QPA have antitumor promotion activity and are potential candidates for effective multidrug resistance a-
gents in cancer chemotherapy.
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bisosthenon (18) bisosthenon-B (19)
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1E3 MO BALICHFIEL, MRk T DHERT YU 213
clausarin 3) TH VD, TO_BIKELHEE TE /.
LU, 2 D7 <Y 25k ORs ki &k et
WCBLTiE, AXRZ MLTF =212k I EDf#
WORRETH D, RADOELFH L WEHOFEENE
AHNTEDT X MM zT o7, £ ORR,
I /T ERENMLU T B U ZEETHHL
7=, 1419 £ 7= claudimerin-B (24) 134 O A X7
FMLVF—% Oz £ U claudimerin-A OS5 J B
T VEREICBET SRR A EHETE . BT
JE T BREGT D 4 DOKFEDKE G E R HERER
FENWZ L, FHEITXTOLZ F)VET NOE A #EH|
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e ROoE T VRZBML TERE L MGz LT
W5, EHEHOMEICDOWTIE, BRENERL 2K
RITHELE3EDAHATIVE, AFL-AF
AF L UAKFZEDREBRE HMBC AX7 ML DFF
M7 FIC K D REL . Citrumarin-A (25) 1%
nordentatin (4) & frans-dehydroosthol (30), citru-
& trans-dehydro-
osthenol (31), citrumarin-C % nordentatin (4) &

marin-B 1% nordentatin ( 4 )

trans-des-O-methylcitrubuntin (32), citrumarin-D 28)
% nordentatin (4) & cis-des-O-methylcitrubuntin
(33) MEfEL-H#E Td 5. Citrumarin-E (29)
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T-& L, trans-dehydroosthenol (31) L DRI TE
UERZEERL TW3 (Chart 4), 16
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W@ T & /-, Hassmarin (34) 1% O-demethyl-phe-
balosin (35) & trans-dehydroosthol (30) 73, bispa-
rasin (36) | citrubuntin (37) & trans-dehydro-
osthol (30) 2VBRARFIMUL 7z#iiz B L CTnbd. 7
U R FE SRS K SRITE L TIE HMBC 12 &K
2B, S S5ITSARMFIE NOE ICX O HEL
Pz TS HEEEICE ) TV R B R RED T RIR Y
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237

R,0 0" Yo

N N
o
(30) R,=H, R,~Me, Ry~
(G Ry=H, Ry=H, R;= /\/K
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Chart 4
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CHEE BT —TIHEG R O LRI OB TH %
(Chart 5).
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mine EALE—HOHF LW BERKT VY R
L7381 R citbismine-A (38), -B (39), -C (40), -D
(41),-E 42),-F 43) ZHEL /. INIRTITHS
N T /= Glycosmis JgHE ¥ 7 6 %5 5 317~ Glycobis-
mines-A, -D,-E Tl&, —HD7 7 U R2EHD AT
J—)VAEUKEE M S DT 72U RO T L =)V 5
HI$H & 1,4-dioxide MITHEEG L TWa. N s5iTxH
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HO (¢ [}
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R>7)bhOA R furofoline-11 (44) DFEEARD P
EROT7IVBEMDY 77U BRIV AOA RO
BLTWS, ZNs OEE, BaxDAXRT Ml
T — & DT, HRFEAYICIT citbismine-A (38) @ X
FRAS R IC K D EE L 7219 MR 71, furo-
foline-II @ dihydro-5-hydroxy {& & natuscitrine-II
(45), citpressine-1I (46) D#ESIKNZFNF 1 citbis-
mine-A1%20 F 7X citbismine-F,2? furofoline-II @ di-
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hydro-6-hydroxy-5-methoxy & & natuscitrine-II
(45), citpressine-II (46), citracridone-1 (47) &}
citpressine-1 (48) D5 & KM F N F 1 citbismine-
B, citbismine-C,29 citbismine-D % X citbismine-E2V
THD. F7-, bis-5-hydroxynoracronycine (49) &
fir#4 U 7= S5-hydroxynoracronycine (50) O &K%
HEEL 7=, AMEEW O Kt ld 5-hydroxynoracrony-
cine Z M LI L THRR L 2 EES & D EBRIT K D %
WEIRE L7z (Chart 6). 29

23. TUURAIRZE

2-3-1. IJXUYD1ETH S
suberosin (51) 24 DY 7 U R>7)LhhoA K&
—g2ftL7=—#HD{b &Y % acrimarine &4 L,
acrimarines-A—-N @ 13 ffi (-C & -L O [d]—EAvH]
BHLZ72%) OfEazHs ML D 73y
COREEEAIE, TIURZEBDAMTHLHD
732 ## [acrimarine-C (54), acrimarine-D (55)], %
DD 11 FETRXRT2HMTHD, MOFA THES
L7t EMEIARATH 5. HEREIX, PMR X
N7 PVIZBWTEGBIZRETEZ ST 77U K%
EURYUEDOTTFIVOIENT, FFEEN

Acrimarine

[0} OH
Jeast
R, CH

OH

4 |
HzCO Ry

cilbismine-A (38) R,=0H, R;=R3=H, R4=OCHg
citbismine-B (39) R,=0CH,, Rp=0H, Ra=H, R4=0CH,

citbismine-D (41)

T3 05.56.5 LD DL AL 7 1 2kFHE
@D 2 DO doublet >~ FJI, CMR AX7 MLIZH
i} % 032—35 (singlet, N> P)VjR#E), 123—126
(doublet, F L 7 1 >jx#), 132—136 (singlet, A
L7 q ViR MHEICBHIENS 3 D07 )bk
577U REEE T < 2 ERDEAEE T DGR
FETE, EWALE I suberosin i3 D X b F 5
M5O NOEIZXDREL, HMBC IZX DHEE L
7z (Chart 7).

2-3-2. Neoacrimarine Suberosin A5t @ 3 B
o<y A7) RV AOA4 RED
Bk 11 fE % Bl L, neoacrimarines-A—-K & #1445
UREIRE L=, 2nld, 77U 2 EEOENIT
KD 3IFBEORITHFETE 5.

1) YZ7UR-UZTRZBEEIY B 4
fdi [neoacrimarines-A (65), -B (66), -D (67), -E
(68) 12830 7= Y 2431 clausarin (3) XiZ
nordentatin (4) O 2 THIREN, Y7 U K> &Y
XU B ERSRA KBNS OMEL, T
ROBHBDO2MOEHDH 1 fE (neoacrimarine-D) , 4
fEOBDOMNIETH S, 4RIV U OB RBE-IR

bis-5-hydroxynoracronycine (49)

citbismine-C (40) R,=OCHg, Rp=OH, Rg=CHy, R{=OCHs o OH .
Gitbismine-E (42) Ry=OCHs, Ry=OH, Rg=CH, Ry=OH O O 1
citbismine-F (43) Ry=OH, R,=H, R3=CHj, R4=0OCH; Rs N R,
O OH O OH Re CHy Ry
—~ J.i j)\H {/ | 1 = ~/ i l \, yukomine (86} Risprenyl, R2- OI1, R3=R5= 1. Rd= OCH3
: | | : \/\ﬁ‘ P o Ry T\N/m citpressine-1 (48) R1=R3=H , R2=R4= OCH3 , R5= OIf
R OCng ocHs CHy = 2 O s citpressine-11 (46) R1=R3= H, R2~R4=R$=OCH3

OH

citracridone-1 (47) R)= OCH;,R,=OH

rassucitrine-1 (83) R=OH furofoline-1i (44) citracridone-1Il (87)

naisucitrine-1l (45) R=OCHj,

prenylcitpressine (84) RI=H, R2=R5=OH, R3-premyi ,
R4=OCH3
R,=R,=OH citrusamine (88) R1=R3=R5=H, R2=0CH3, R4=0H
1=n=
citrusinine-H (82) R1=RS=H, R2=R4=0H, R3=0CH3

S-hydroxynoracronycine (50)

R,=OH, R,=H

Chart 6

pummeline (83) R1=R3=R4=il, R2: OCii3, R=OH
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R1 R2 R3 R4 R5 R6
acrimarine-A (52) CH; Cou OH H OCH; OCH;
acrimarine-B (53) Cou OCH; H OCH; OCH;
0O OH acrimarine-C (54) H OCH; Cou OCH; OH
Rz acrimarine-D (55) H OCH; Cou OCH; OCH,
Rg O 'I‘ O R, acrimarine-E (56) H Cou OCH; H OCH; OH
Rs R; R, acrimarine-F (57) CH; Cou OCH; H OCH; OH
acrimarine-G (58) CH; Cou OH H OH
acrimarine-H (59) CH; Cou OCH; H OH
acrimarine=I (60) CH; Cou dimethylpyran  OH H
acrimarine-] (61) CH; Cou dimethylpyran OCH; OH
acrimarine-K (62) CH; Cou OH H OCH; H
Cou= acrimarine-M (63) CH; Cou OH H H H
acrimarine-N (64) CH; Cou OCH, H OCH; OCH;
Chart 7
FHEESL TS AL, acrimarine DS HEDO T W& OPRE L (Chart 8).
77U RVIEITRTN-HAEKTHS. 2D00HKED 2-3-3. Dioxinoacrimarine-A 77U RTI
WEMEIZ, HMBCIZX D P ROE T VEDOAN oA R-r7< U > _8KDS5, benzo-1,4-

CUIAIKFE L RFDOHBEERF L CIRELZ. £
72, O- AFINEDARNFIHENSDI Y VB4
f7k#E, PeEROE I VEOXY DIIKEND
NOE BN &S, 77U VO U =
7RI ZRERA L /2.

2 72UR-7>Faos—3BRHEITY >
Hl : 6 ffi [neoacrimarines-C (67), -F (70), -G (71),
-H (72), -1 (73), -J (74)]3032 7 G
cis-khellactone (16) T, IXTT7 U R EFHED S
PfEI—FIIEELTWS, PMR ZXRZ7 MLIZH
FETIT RN DYV AFIVE T VRO EDITRE
DIKFZ, DAFINEDSTFINMSE, ST O
WERHEETER, 727U R EVTY CHEBORKE
MLEE HMBC IZBII 57 527 > O P IVLK
FEOMHBENSIRELE. B, 777 N EHD
SREZEIZ DWW TR AFL > OO T, A
I X 15 NOE 7 5 HRHC & 2 P L 7z,

B Z2UR-7F /727U 8 15 [ne-
oacrimarine-K (75) ]3? eRrorvs /oY
CBRERTHHE DRI THD. PMR KU CMR 7
FEH-2-E ROoF Yy 7o) ROoT
CEROGIENHH L. 727U ROBEDOKEN
1X HMBC I2 & 5 X DIV DK FE & e D AHEE

mE oY

dioxane R Z /1 L T &L L TW A HEKDILEY
Z W CHEEL, dioxinoacrimarine-A (76) & @
L7. PMR A7 ML & D 7,8- @ <D 2514,
4- A bF-5,6- “EETY 7V R B OEENE
L. 2D0EKMICNIET S NI ARF LT
1 2KFE, AFIVE, XAFLUKFOHERKRKIZ
HMBC AR 7 MVIZ K BB 5 #E &AL E TN
FHXHL & Z R E L /=, 829 Benzo-1,4-dioxane 52 & /1
LToEbL T EHESNSFAKROIEY D H
BEL, 2 DAXYT MLEHNWTREL TWDH,
L& BN RRE TR > TN D,

2-4. BELBEEEZEITBHT77VERTIHOA
k
2-4-1. TU)V R VTS V7 R R

wEAEITHTURT7INAOAL RTHD. 1,42
FEFHUREFKRL THELTWEY 7Y R &Y
7F RS DHBEIBIRIC D W TH 2 DARY bLik
ERHWTHRELEZ. LhL, UTF oD
PEDKENT 7V RARBD 561 5013 6 ML OEEFE
EI—FIVEEG L 280 O E RO REN
HMBC 75 £ D 2 k7t NMR ZBiffi L TH R TH
o, BEXTOLIARIFRERNELNTZ
acrignine-A (77) D AN X MRfERAETIC L > TH
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neoacrimarine-A (65) R=CHj
neoacrimarine-B (66) R=H

Hs

o
Hi
[¢]

neoacrimarine-D (68)

neoacrimarine-C (67) R=OH
neoacrimarine-H (72) R=H

CH,0

neoacrimarine-E (69)

neoacrimarine-F (70) R;=OH, R,=CHj;
neoacrimarine-G (71) Rj=H, R,=CHj3

neoacrimarine-K (75)

neoacrimarine-I (73) R{=0OCHj;, R,=H
neoacrimarine-J (74) R1=OH, R,=H

BREFRADNTH D0, HHEMOIEITRIE
Thb.

242, P bORE  TEBESEREOTI
K> 7)) hoA R citropone-A (78), -B (79), -C
(80) Z¥)® CHEEL /=. Citropone-A ® PMR &
R MVIZBWT, #EOY 7Y R>7)VAOA R
KOGFWKFRE LUIKBRED S 7 IV 1 fE%
<, RS ICRHREMICEHNEI NS HEFRE O RN
07.97,6.67 (% 1H,d) I J=127THz O RKEIKLN
w7 T TEBIEING Z &0 5 FHEKOEFEEN
M S N7z, HMBCIZHBIT 2 BN S 7 BB %
B 2RBENHEE I NN, REMITIE X SRS
@t 211> CTHRE L /2.3 BI# 9 % citropone-B X
O -C OEBIIBZFEAXRY b5 —4 % citropone-
ADENS EIBBRHL THEZHS ML
roRO 2RO 7T BIROMApHEEZAL THWHDIT
BTy hOoR> Emu LTz,

243. THYY R 6 BRESO1DONE

) Y Bz 5 /- azacridone-A (81) % ¥) 6D C Bilf
L7z, @EO7 27U R7)IV 04 BO PMR XX
7 MV TIRBAIE N80 89.19 (1H, s), 8.54, 8.06
(1H, d, J=49Hz) OEL KBGO 7 FIVII,
FNSDTIAINTT N, JEMNS 34-BHREY D
CEROKFEEREL .30

THRY 70 R7IVAOA RIZERSEDEN D
SN, REMEL THESNIEDOREVOHTH
D, £/, 6[MNEETHETTF TR ELT
IIME— DB TH S (Chart 9).

25. 77U ERT7LAOM RORENATD
F— 3 EMH Berenblum 52 X 2 HN AL
MDDk, (EFEMEIZE > TRET DDA,
A2y I—Yar—->7O0E—ar—->7arlb v
I OMETHAE - EFTTL2D0EELZSNTY
%30 A 22T —3 3 ERIERIRE, JEa]FRT
HBHOITHL, TOE—T 3 BRI ENM 2 0NE
EL, AN THLIEMNS, TOE—T 3 2
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citropone-A (78)

OMHERZFEIET D EN, HADILFET I
BEORNBFERERLRINTVS, Z0 2 ElH
WIERT AbEME TRAATOE—SY— LT
T PH D, 12-O-tetradecanoylphorbol-13-acetate
(TPA) 1ZZDRENZLEMTH 5.

EES5I, PESICXK VL SN A S RE
£ TdH % TPA 12 & % Epsein-Barr virus (EBV) 1%
PAEMHER 2BEICLEZA ) —Z 0 Tk %
AWTHEERR > OIEE 2 Lz, b, Ok
IZ& D EBV-EA EAZ I L 72 &P in vivo 1T
BOWTHENEZETD 2 E0n%L, HiXNAT DO
B —ERVEDZEEZIOLNTVNS. ERIZ,
EBV 7 ) L2 A T % Raji flfd % n- BREEEIE T
FNATOE—F—Thd TPA L EHITHEL,
EBV IE (LI K DB <FBEAEIND F P
(EA) Z ML HUAZEIC X 0 Bt U RHE o %%k 2 Hl
E L. IEEOFMEIE, TPA KO n- BIE D & % i
Alztea > bo—IV#E (K 30% Offifid i EBV-
EA BlHlEN %) &, BiKZMARED EBV-
EA BEROHKICIDITo /2. MilLE & D EAFR
(i FETE) 1ITDWTIE, 2—3 H O\ E RS
B LMD EREHEN 10—20% ThH 5 I &n
5, il - RIAREZMA T L 7-/ilE 2 A%
DEGFERDN 60% LI EThIuIMigFHEIZFHnD O
EHIWTL 7.

citropne-B (79)

Chart 9

O OH
B
N
yZ N o
CHs L

azacridone-A (81)

O OH
o ‘
’ N: ‘ ~OCH,
H

CH,0C” OH

citropne-C (80)

2 < BB CE L HER KO &KoY 71
RAZDWT EBV BT BRZTTo /2. Wih
DALA Y H 1000 mol ratio/ TPA O 2 E T H il g
#HHEZEEN -, BEROY 7Y RO7)bhoA R
Tl citrusinine-II (82), pummeline (83), prenylcit-
pressine (84), 5-hydroxynoracronycine (50), —&E{K
72U R TEEBRITA Uz acrimarine
D9 XT, neoacrimarines-A (65), -B (66), -E (69)
7Y 1000 mol ratio/ TPA D C EBV-EA D ¥ El %
100% I L 7=. H:lZ S-hydroxynoracronycine (50),
neoacrimarine-A (65), -G (71) % 10 mol ratio/TPA
DRETH 10—13% OMGlEEZRLZ. Lien
ST, INS5DLEWIFRENATOE-F—LL
THYER{LEMEE Z 5N 5. F£7z, natsucitrine-I
(85), yukomine (86) (Z1% 10 mol ratio/TPA JE2E T
b, TNETN10%, 17% OHMFHIZNENED 51
= 3% KB E T RAFRIEME 2 R U /= citpressine-1
(48), -II (46), citracridone-1 (47), -III (87), yuko-
mine (86), citrusamine (88) ®HfifEFEMEDTH N, B
FMATOE—F —ELTHRETES (Table la,
Table 1b).

W& SIEEDBHRICDONWTER T S &, ROMEHMN
MRwLNIZ. 1) Tz /) —IWWEKEBEEDZE 5
RL0T 6 fLIT/KER L Z R DL EMNE, T8 6 OfrE
KR 2 FF 72 T2 DB B W B R TR W RN L S
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Table 1a. Relative Ratio of Activation with respect to Positive Control

Concentration (mol ratio/TPA)

Sample 1000 500 100 10
(TPA 32 pmol=100%)

% to control (% viability)

Citpressine-I 24.2(80) 42.4(>>80) 78.9 100
Citpressine-II 28.3(70) 50.5 80.9 100
Citracridone-I 6.0(70) 34.4 77.8 92.9
Citracridone-II 36.7(80) 68.0 83.7 93.5
Citracridone-111 19.2(50) 55.7 75.4 97.8
Natsucitrine-I 8.4(80) 21.7 52.4 89.5
Natsucitrine-11 36.8(80) 68.3 92.7 100
Citrusinine-II 0 (80) 61.6 80.1 100
Grandisine-II 23.3(70) 50.8 100 100
Glycocitrine-I 12.0(80) 68.3 100 100
Grandisinine 27.2(80) 48.5 90.1 100
Yukomine 33.7(70) 35.7 80.2 82.6
Citramine 53.6(80) 71.6 100 100
Pummeline 0 (70) 33.1 90.6 100
Buntanine 23.9(20) 93.1(60) 100 100
Honyumine 14.8(50) 51.2(60) 87.0 100
Prenylcitpressine 0 (60) 50.1 86.4 100
Citrusamine 11.3(70) 26.7 72.7 93.5
5-hydroxynoracronycine 0 (70) 20.2 49.4 87.8
5-methoxynoracronycine 57.2(60) 67.0 100 100
1, 3-dihydroxy-N-metylacridone 27.7(80) 52.3 82.1 92.6
1-hydeoxy-3-methoxy-N-metylacridone 17.9(70) 64.4 91.8 100
1-hydroxy-3-acetoxyacridone 30.2(80) 76.6 100 100
1, 3-diacetoxyacridone 21.8(80) 50.8 94.0 100
Acrimarine-F 0 (50 0 (50 47.7(80) 66.8
Acrimarine-B 10.0(80) 44.3 65.8 88.2
Acrimarine-D 31.7(70) 72.1 100 100

Table 1b. Relative Ratio of Acridone-Coumarin Dimers Activation with respect to Positive Control

Concentration (mol ratio/TPA)

Sample 1000 500 100 10
(TPA 32 pmol=100%)

% to control (% viability)

Neoacrimarine-A 0 (70) 44.2 80.3 100
Neoacrimarine-B 0 (70) 41.7 77.2 95.6
Neoacrimarine-C 4.6 (60) 59.8 85.0 100
Neoacrimarine-D 9.0(60) 60.9 86.7 100
Neoacrimarine-E 0 (60) 48.7 79.9 100
Neoacrimarine-F 8.4(60) 61.5 88.0 100
Dioxinoacrimarine-A 12.5(60) 63.7 89.2 100
Glycyrrhetic acid 15.6(70) 54.3 100 100

N3, £z, SMITKBREZFOES /77U R ROLNDN, ENHITENTET >F 27—
WERWEMEZRT. 2) 2,2- VAFIVE T VRER M) Z 7 MEOEMENEN. 3) YUY
DY U RIS RTRIEEZAET2H DN 3, TS MY 2HEROY 7Y K27V
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A RKOEENRNY, 4) 727U REHOD 2 A
7Y AN EHL U 7= acrimarine-B (53), -F (57)
DFM AL < ENEH L /- acrimarine-D
(55) KD BIGMEN RV, HaE STEEOMBEIICEEL
TRE5R5T - DEEPLETHY, £z, in
vivo TOJEM B RRFTTH 5.

3. WeFYRRCEENDINATHHE

1990 7 AU IMMAFRIE THATEHITHEILD
BY OHARIAOERRLUIZDN, TOHERT
LSEMEE T Iy RTERLUEHRT, hIFvETH
fLico > r7a3nTn5d, £z, HATH 1996 F4
o0z 7 b0 1D&ELT M FVick
LM ATBHICEET 2 MBS MRELZ. RE
WOMRICEFTHZEITE, 2<DEADEEL
DOWIFEIC LD &M - 2HOI U T TR /AR
DEFIENHESINTHBD, IHICHFVHICEE
N5PHENATOE—4—& LT aurapten (89), 40
O nobiletin (90)*VNH SN TWZDTRKERK
WoWRHo. UL, EEZERES U oiEn
ToONTWEN S DT, #H LWIHERO A EENE % 1
L TEEME ORRICET L.

3-1. EUREOEE  EMOKES RS
(BIMSTATBOEN T > VFFEE0) B S5 TG
NI N RHTET B 38 (Citrus, Fortunella,
Poncirus) DOF & (81 ) 7% n-hexane, 99 % EtOH
THIM L. B5N /- TF X % EBV-EA iGN
FlEABRICA L, ZOREMEF UIZMER, AFSh
>S54 A (C. aurantifolia), > +v5 > 1 (C. gran-
dis cv. Shytian you), WA Y1, (3, #H%H
% —7 ) (C. sinensis OSBECK), > 2> >
(C. shunkokan Hort. ex TANAKA), X% F (C.
sudachi Hort. ex SHIRAI), %7 %>~ (C. nobilis
Lour. var Kunep), ¥ 1O (C. yatsushiro Hort.
ex TANAKA), % 2 (C. keraji Hort. ex TANAKA) ,
F /0=, A2 TY— (C. depressa HAYATA),
a7 (C. leiocarpa Hort. ex TANAKA), %1 /\F
>N > (Fortunella crassifolia SWINGLE) , F /i &
>4 > (F. margarita SWINGLE), 515 % F (Pon-
cirus trifoliata RAFIN.) DO A\FH > TF 270 100 ug
/ml JEFE T 100%, 10 ug/ml T 60% LL LD
EBV i& AL MMHER Z/R L7292 Rl AF 2 >
T L, TYFAEA, XAFF, vvn, F/)U
ZOANFHOIF AL Lug/ml OKEETH 20%

DL EoffishfRanl, MidAEFRS 100 ug/ml R
ET60%LLEERFTH- 2 EMm5, Mlaatk
DIFNFHENATOE—Y—2FHL TNDH T EN
sk, YeFI10L, NIVAEY K (C. ber-
gamia RISSO et POIT), L2 —DAFH > ITF X
100 pg/ml JEEET 100%, 10 ug/ml 5T 80% LA I
DN R Z R U7ZD, SEEICH T S/MiE
PEMERN S 7=, L, ([KBETH REFRIEENR
OOoNEZENSEAETOHHENATOE—T 3
AERDEIREE NS,

ANFY 2, T =) ONTIUT B EWIETEED
BOLNZN, NFHIFADOHED, EEDTHRN
MEADFED 5N DT, WEWER TR I FTE
THEHEL.

Z 2 THRIBNEENZED 5 NZMED S 5,
8ff [YEF AL, "NVAEY N, W= 7
L—77)b—, FXH47T (C. glaberrima Hort. ex
TANAKA), FVYHA YA, NL>IT7HL 2P,
F A XZ (C. tangerina Hort. ex TANAKA)] DT F
e - pEL, 5Nk T IV 3% EBV
TS PEAL G 8 (ST U TIS MRk o D 70 A &2 ket U
oo YURNTNEHEHLEAS L O B35
#E 2~ o~ ~ (diisopropylether TRER) ZHW,
Rf790.7 Lk, 0.7 Kii#—0.5 LA E, 0.4 AR 57 F
UZz. TEMERBROKER, R 0.5 fhiDy — >
ICHRWIEEN RSN, 20V — 13 UV B THL
ERTDHIENS, EEARKEI Y T TR/
1 REHEEL .

32. REBSONE REZY b2
L, /o TF A Z2K/BFRTFIIVITATIVTOD
Sy B & % 1 13 Diaion HP-20 1 5 A2 X D 438 L
Z. T UNTIVERWEEAAS LAY N, &
B 7 O< N EZ2EDRL T <Y > 21 f,
TIR 4 EERBLZ. FICT IR EHIN >
FYHIIBEMIIZ<EETNL ZEHM5NTND
RUARNFTTIRTHo L.

3-3. HEERDOENAIHIZIR

33-1. 7<) HHORRENATOE—S3F
i HFRVHEHIZEEND YU > TI, aurap-
tene (AUR) (89) 7% EBV iGHALMIGIEM Z2H T 5
ZEMHSNTHBD, O FiRNSATOE—F—LEL
THE#HINTWS., £/, &I, epoxyaurap-
tene, 5- ( 3,7-dimethyl-6-epoxy-2-octenyloxy ) psora-
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len, 8-geranyloxypsoralen 7% £ & EBV JE AL HNHI/E
MZERT ZENMRESINTNDS. S

HNFVREKEEIODHBERELEZ21EO XY > %
EBV {E (b #I BRI L /2 & 2 A, mexoticin
(91) 7% AUR LD HBWEEZRL, TOHRIEZ
1000 mol ratio/ TPA T 100 % , 500 mol ratio/ TPA
THH90% EBV iEME Lzl L, MEFRD
1000 mol ratio/TPA T 60% LA L& BAFTH o 7=. 49

ARIOFEBRIZES>T, HoFVHIIEAINDH
FNATOE—F =< ELTHEHEAINTNS
AUR (89) X ZNULOIEHZRI(LE
W RSN 7-. HIC mexoticin I3 LEM &
Ez2oN5HN, FAEENDIEL in vivo ERRIZHED
ZEMTEMRM> - (Chart 10, Table 2).

3-3-2. 7R FEOEMRAR

D FFESATOE—Ta 2 EE RUARF
2T IR HEIT Y IR RS T H U I
NSRRI, U > ONERIEREHNE], FUES, PIRIE
BREDEYEREZRT ZENMEIN TS, P

¥z, JELF > (NBL) (90) \3HiE(LIEM &

B OEHIERZAE L, U A RENAIHIE
HERTZENSHFENATOE—Y—L L THIR
EZREOTVWS. ZOMOH > FVHkOT7 IR/ 1
R T % hesperidin (111) % diosmin (112) X< v
~ORE, Bl K, BEEREAZIIGIT 2 2 &,
quercetin (113), luteolin (114) HFEH A MHIZIE %
BIHIEMMEINTNGS, O
HFYRENSHBELZT TR 14FEITD N
T, EBV &ML A L T2 mat L
7=. TR, 3,56,7,8,3",4"-heptametoxyflavone
(HPT) (115) iZ 1000 mol ratio/TPA T 100%, 500
mol ratio/ TPA T H £ 70% D &% & 5\ 1 il 5 1 A
A5, MdAFEHE D 1000 mol ratio/ TPA T 70
% LA ERBIFTHo 7~ (Chart 11, Table 3). 47
EHEOMSIE, EREOR, EEROHEESED
BEWIZKD, koL S @mn@do sz, OA R
FEHOEIMI > TEEOBENED 5N 5. @
KIBEL D B A NF T EEZHET 2EWD RN
HEHZERT. OARMFIHOBAMEICLDKER
AZRIFIEO SNV, LaL, 3MICANFIHEE

Ry

Rs

R4

92. R;=R3=R;=H, R3=OCH,CH=C(Me)CH,CH,CH(OH)C(OH)(Me);  marmin

93. Ryj=R2=H, R1=0CHCH(0)C(Me);, R4=CH,COCH(Me),  isoponcimarin

94. Ry=R4=H, R3=0Me, R1=OCHCH=C(Me)CHCH2CH=C(Me);
S-geranyloxy-7-methoxycoumarin

95. Ry=R2=R4=H, R3=0CH;CH=C(Me)CH;CH;CH(OH)C(=CH3)(Me)
7-(6-hydroxy-3,7-dimethyi-2,7-octadienyloxy)-coumarin

96. Ry=R=R4=H, R3=0CHCH=C(Me)CH,CH=CHC(OH)(Me),
7-(7-hydroxy-3,7-dimethyl-2,5-octadienyloxy)-coumarin

89. Ry=Ry=R4=H, R3=OCH,CH=C(Me)CH,CH,CH=C(Me),  auraptenc

97. Rz=R4=H, R3=0Me, Rj=0OCH,CH=C(Me)CH;CH,CH(OH)C(=CH;)(Me)
5-(6-hydroxy-3,7-dimethyl-2,7-octadienyloxy)-7-methoxycoumarin

98. Ry=Ry=H, R3=0Me, R4=CHCOCH(Me), isomeranzin

99. Rj=Ry=H, R3=0OMe, R4=CHCH(OH)C(OH)(Me)>  meranzin hydrate

91. Rz=H, Rj=R3=0OMe. R4=CH;CH(OH)C(OH)(Me);  mexoticin

100. Ry=Ry=H psoralen

101. R{=0OMe, Ry=H bergapten

102. R1=R;=0Me isopimpinellin

103. Ry=H, R;=0CH,;CH=C(Me)CH,;CH,CH=C(Me);  bergamottin

104. Ry=H, R;=OCH,;CH(OH)C(OH)(Me);  heraclenol

105. R1=0OMe, Ry=0OCH;CH(OH)C(OH)(Me),  byakangelicin

106. Ry=H, R{=OCH,CH=C(Me); iscimperatorin

107. Ry=H, R1=0CHCH=C(Me)CH;CH;CH(OH)C(OH)(Me),
5-(6,7-dihydroxy-3,7-dimethyl-2-octenyloxy)-psoralen

108. Ry=H, R;=OCH,;CH(OH)C(OH)(Me);  oxypeucedanin hydrate

109. Rj=0Me, Ry=OCH,CH=C(Me),  phellopterin

Chart 10
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Table 2. Inhibitory Effects of Treatment with Coumarin on TPA-induced EBV-EA Activations (TPA 32 pmol=100%)

Sample

Concentration (mol ratio/TPA)
1000 500 100 10

% to control (% viability)

Marmin (92) 5.29 (60) 43.6 77.0 100
Isoponcimarin (93) 0(60) 42.9 75.8 97.4
5-geranyloxy-7-methoxycoumarin (94) 0(60) 39.9 70.2 96.1
7-(6-hydroxy-3, 7-dimethyl-2, 7-octadienyloxy) -coumarin (95) 0(60) 39.1 69.1 96.8
7-(7-hydroxy-3, 7-dimethyl-2, 5-octadienyloxy) -coumarin (96) 0(60) 37.0 66.3 92.0
Auraptene (AUR) (89) 0(70) 38.9 68.0 95.8
5-(6-hydroxy-3, 7-dimethyl-2, 7-octadienyloxy) -7-methoxycoumarin (97) 0(60) 35.0 66.1 92.1
Isomeranzin (98) 0(60) 25.8 71.8 92.5
Meranzin hydrate (99) 0(60) 14.1 48.2 81.0
Mexoticin (91) 0(60) 11.2 46.9 80.0
Psoralen (100) 20.7(70) 62.9 82.5 100
Bergapten (101) 18.0(70) 60.3 81.5 100
Isopimpinellin (102) 14.4 (60) 55.7 77.8 100
Bergamottin (103) 9.9 (60) 49.0 76.9 100
Heraclenol (104) 9.7 (60) 46.8 78.3 100
Byakangelicin (105) 8.0(60) 443 75.9 100
Isoimperatorin (106) 7.0(60) 42.7 76.5 100
5-(6, 7-dihydroxy-3, 7-dimethyl-2-octenyloxy) -psoralen (107) 7.2(60) 43.9 75.0 100
Oxypeucedanin hydrate (108) 6.5(60) 41.4 74.8 100
Phellopterin (109) 4.7 (60) 38.2 70.6 97.8
Bergapten dimer (110) 25.5(60) 64.8 85.7 100

a) Values present relative percentages to the positive control (100%). b) Values in parentheses are viability percentages of Raji cells.

Chart 11

OB, ZOMBEICAMFIEZEZRWE
BTN THRWEEZRT I NG, EEFEIIC
HEELEZONS.

SEIOEBRIZED, TNETHCFVIZEEND
TR /A4 KROS5, RBALERIIFENATOE—
H—E L THEHINTWS NBL (90) E[FR%H D
WIZENL EOTEEZRTILEYB RSN F
IZ NBL DL EDgRWEMEZ R L7z HPT I3HFEN A
TOE—Y—E L THERILEWMTH D Z ENRE
TNz, FIT, mOBMWIIHIIERZ7RL = HPT

116 R]-—Rq—RG—H Rz—R3—R4—R7=OMC
117 Rl—R3—R6—H R2—R4 Rs—R7—0MC
118 R;=Rg=H, Ry=R4=0OH, R3=Rs=R7=OMe 5,7-dihydroxy-6,8,4'"-trimethoxyflavone
119 R =Rs=H, Ry=0H, Ry=R3=Rg=R7=0Me 7-hydroxy-5,6,3',4'-tetramethoxyflavone
120 Ry=Rs=H, R;=0H, R3=R4=R=R7=0Me 5-hydroxy-6,7,3',4'-tetramethoxyflavone
121 Rl—Rs—H Rz—Rf;—R4=Rg-R7:OMe
122 Rl-R:;—H Rz—R4=R§—R6—R7—OMC

125 R;—H R] —Rz—R';—R4—R6-R7=OMC
126 R3—H Rl—R2—-R4—R5 RG—R7—OMC
127 Ry=OH, Ry=R3=R4=Rs=R¢=R;=OMe
115 Rl =R2=R3=R4=R5=R6=R7=OMC

5,6,7,4'-tetramethoxyflavone
6-demethoxytangeretin

tangeretin
6-demethoxynobiletin

123 R1—R§—H Rz—R’;—R4—R6—R7—OMC sinensetin
124 Rl-—H R2-—0H Rg‘R4—R§-—R6—R7—OMC 5-dcmethyln0bi]ctin
90 R;y=H, Ry=R3=R4=R5=R¢=R7=0Me nobiletin

3,5,6,7,3",4'-hexamethoxyflavone
3,5,7,8,3",4'-hexamethoxyflavone
5-hydroxy-3,6,7,8,3",4'-hexamethoxyflavone
3,5,6,7,8,3',4'-heptamethoxyflavone

IZDWT, XA G BRI A IR B4 &2 17

W, ZTOEMEERF L. BRI ZEHICY
t b ICEEMR U 7= 7,12-dimethylbenz [a] anthracene
(DMBA) Z®fil TA > T—3 3>z, 1
%NS TPA Z8B AL TTOE— 3 2 Z2HRD
7=, BtEa > ho—)LEEICIX, TPA %3 2[5 20 i
MM Ut BB ER L. —7F, EBRCS
WTlE, DMBA T =3I —3 3% TPAJLH 1
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Table 3. Inhibitory Effects of Treatment with Flavonoids on TPA-induced EBV-EA Activations (TPA 32 pmol

=100%)

Sample

Concentration (mol ratio/TPA)
1000 500 100 10

% to control (% viability)

5, 6, 7, 4 -tetramethoxyflavone (116)
6-demethoxytangeretin (117)

5, 7-dihydroxy-6, 8, 4’-trimethoxyflavone (118)
7-hydroxy-5, 6, 3°, 4 -tetramethoxyflavone (119)
5-hydroxy-6, 7, 3’, 4 -tetramethoxyflavone (120)
Tangeretin (121)

6-demethoxynobiletin (122)

Sinensetin (123)

5-demethylnobiletin (124)

Nobiletin (NBL) (90)

3,5,6, 7,3, 4-hexamethoxyflavone (125)
3,5,7, 8, 3, 4-hexamethoxyflavone (126)

5-hydroxy-3, 6, 7, 8, 3", 4’-hexamethoxyflavone (127)
3,5,6,7, 8,3, 4-heptamethoxyflavone (HPT, 115)

12.79 (70)» 50.6 78.9 100

11.4(70) 48.9 74.0 96.5
9.9(70) 39.5 68.0 95.7
9.1(70) 40.4 72.5 94.7
8.3(70) 38.9 69.3 93.7
9.3(70) 36.8 66.0 93.0
8.5(70) 40.3 72.1 95.3
7.2(70) 35.7 65.0 91.9
7.6(70) 38.0 69.2 92.7
6.0(70) 33.0 62.1 91.4
6.5(70) 43.6 72.1 95.9
5.7(70) 39.3 68.4 94.6
3.6(70) 32.6 60.4 90.3
0(70) 30.1 59.9 88.4

a) Values present relative percentages to the positive control (100%). b) Values in parentheses are viability percentages of Raji cells.

20 M, YR 1S OEHBICHET S
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Fig. 1. Inhibition of TPA-induced Tumor Promotion by Multiple Application of 3,5,6,7,8,3",4’-Heptamethoxyflavone (85 nmol)

A: Percentage of mice bearing papillomas, B: Average number of papillomas per mouse.
@: control TPA alone, A: TPA+85 nmol of 3,5,6,7,8,3",4"-heptamethoxyflavone. *Statistically different from control group (p<{0.005).
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Fig. 2. Inhibition of NOR1/TPA-induced Tumor Promotion by Multiple Application of Nobiletin (NBL) and 3,5,6,7,8,3",4"-Hep-
tamethoxyflavone (HPT)

A: Percentage of mice bearing papillomas, B: Average number of papillomas per mouse.
@: DMBA (390 mmol) +TPA (1.7 nmol), O: NORI (390 nmol) + TPA (1.7 nmol), l: NOR1 (390 nmol) +0.0025% NBL (2 weeks) + TPA (1.7 nmol),
A: NOR1 (390 nmol) +0.0025% HPT (2 weeks) + TPA (1.7 nmol). *p<{0.05 in t-test between NOR1+TPA versus HPT treatment.

BRABRNED 5N/ > 72D T NORL H DMBA [ HPT (115) XI{Z NBL (90) Z#%5 L /=8 T3, <
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(Chart 12), 5
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2) FAEOEHREZAETZLEWITBNWTIE,
morin #FEA (BB 2, 4 (L&) A quercetin i
MR (BER 3, A fL@EHk) & HTHE TG
IRERLIZZENDS, BRFEREOHAME DS
HRBICEHEGT2HDEEZ5N5.

3) 75— (139, 140) XD AF)LIK (129,
130) OHFMEFIEENBENZ LS, T—TI)ILE
IZXTI)CEWT 2 CHRIEIEDHE®REZ M > TH,
EEREICIEF STV FART L0 1R



No.

249

on & R=H (128)

R=Me (129) OR O R=H (113)
R=Et (131) R=Me (130)
R=n-Pr (133) R=Et (132)
R=n-Bu (135) R=n-Pr (134)
R= allyl (137) R=n-Bu (136)
R= COCH3 (139) R= allyl (138)

R= COCHj3 (140)

Chart 12

Table 4. Inhibitory Effects of Treatment with Flavonoid Derivatives on TPA-induced

EBV-EA Activations (TPA 32 pmol=100%)

Concentration (mol ratio/TPA)

Sample 1000 500 100 10
% to control (% viability)
Morin pentamethyl ether 4.29 (70)» 30.1 74.0 96.9
Quercetin pentamethyl ether 3.5(70) 28.8 70.3 95.6
Morin pentaethyl ether 6.3(70) 38.2 81.4 100
Quercetin pentaethyl ether 9.4(70) 40.6 85.9 100
Morin pentapropyl ether 11.8(70) 45.4 88.0 100
Quercetin pentapropyl ether 18.4(70) 49.9 92.7 100
Morin pentabutyl ether 20.7 (60) 52.3 96.4 100
Quercetin pentabutyl ether 23.5(60) 55.5 97.9 100
Morin pentaally ether 0(70) 15.8 55.0 81.7
Quercetin pentaallyl ether 0(70) 18.9 58.4 85.0
Morin pentaacetate 5.7(70) 35.2 78.4 100
Quercetin pentaacetate 7.6(70) 30.5 70.1 100
HPT 0(70) 30.1 59.9 88.4

a) Values present relative percentages to the positive control (100%). b) Values in parentheses are
viability percentages of Raji cells.
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Fig. 3. Inhibition of TPA-induced Tumor Promotion by Multiple Application of Quercetin Pentaallyl Ether (85 nmol)
A: Percentage of mice bearing papillomas, B: Average number of papillomas per mouse.

@: control TPA alone, A: TPA+85 nmol of quercetin pentaallyl ether.

HPT, QPA O iEME DR X1, in vitro X X in vivo
BT, HHOFEEMHEL THHINS
glycyrrehetic acid (141) < curcumin (142) X U i#
WHEDTHo7ZENS, P-HELEAUI<SEEDOM
BERSTHRSAT OE—5 —OIERBEF OB
HRFHTESEEAZ NS,

3-5. P-#ELAECEBEER A, L
e f s & OMHEERANGEEICE> TS, L —
TIN—=YTa—ZAIELTHP ROy P %
TV LERE, 702 RY >, FIVTFY
P, R TLREEMHT S E, EYOilHiEE
DERZHEZST I ENHESIN, TOHRMED
R THON TS, P2 —AICFZENTND T
IR A R CYP3A4 ZHET S I &2 MMF
rn0y —LEHANWEZERTIRD SN, naringin
(143) , naringenin (144), quercetin (113) 72 &A% in
vitro CHEEHZRT ZENHESNTVWS, £
D, KO T T /) ENFEAINHEEDE
1% 67,7’ -dihydroxybergamottin (145), bergamottin
(146) KUENSD_RIKTHS I ENPLMNITE
N0 &k, BEHSREAL PP a—AEHNA
HOMAEERZRETL, Pa—ZAICE&ENDHRYU A
N7 IR A CYP3A4 Tld7a<, P- Bz AL
{HOEYHHEMZHET 2 I LXK DENTO
MM EZERTINROH LI EEZHSNITL
2.0 §/2bb, LLC-PKlcel iTBVWTIRE > T
I A F > OHGAVL cyclosporin-A, HMF, tangeretin,

nobiletin 12 & % 137245, MDR1 TEML 72
LLC-GA5-COL 300 cell TIFEFL <KL& Lk
MoT, TNSDRY A RFT TR P- Kz
MELSBIZX2EYEHZZE L HEFETZZENH
SMZIRo 7z, RUARMFT T IR HEITIIHENA
TR DD ambEEZD &, EYOHEH
FEFICEDHINAF OG- EDOHIE « IR OIE K
mE, BWEEITHLWFEN A SN S Z &Ik
5. & ZTEIMTAFNEGIRIERIN S HICHE
L7 QPA @ P- iz AMIX< EIHEMEMZKRFL
. WEORED, ZOMOFERIZDONTHREL
7=#E 5 (Figs. 4,5), 7FI)LT—F)Jl, quercetin,
morin TIERNRNED 65NN, AF), T
FI), 7O, TUVII—TILDOFTXTH K562/
ADM cell IZ & % vincristine D BUA 2 BN X H 7=,
¥ 1T quercetin ® A F)L (130), YU )L T—F)b
(138) KW morin ® TF )L T— )b (131) i
10.6, 10.8, 14.4 fF B HGADHEMZ /R L /2. 2 2T 5
D P-fEL N HEERL, RENLTZEYTHS
cyclosporin A % verapamil X D W H D TH -
., BRETEEREMMOBEDICTAEKRTE S QPA
BHRNATOE—Y—, {2 IT—45—Ths&
EHITP-HEY NV EOHEBEERZRTZENS
(I A DILEEE] OFEMEL THNIRBEMTH S
ZEDNBHEMNERD T,

4. &HYIC

AR EEITTDICHZ0, KIGERBHEEE -



No. 3

251

(A) K562 (B) K562/ADM
1200 - o
1000 7
o ]
W= 8007
E
28 600-
i
32 400-
D ]
0 *%k % L1 B L
2001
; Hﬂmﬂﬂﬂmﬂ
%, %, %, %, oy 2, 0,
%3% %5,, S o Ny %:% %%&0 o, S, by,
o" 1 S @ i fn@ 0‘7 61, Kc ) “6‘

Fig. 4. Effects of 20 uM Quercetin and its derivatives on the Uptake of [*H] Vincristine by (A) K562 and (B) K562/ADM Cells
Each bar represents the mean S.E. from four experiments. Significant differences from the control were determined by ANOVA followed by Duncan’s test

(*p<0.05, **p<0.01).

(A) K562
1500 7

—
Ada

500

Cells/medium ratio
(% of control)

(B) Ks62/ADM
b2 )

Fig. 5. Effects of 20 uM Morin and its Derivatives on the Uptake of [3H] Vincristine by (A) K562 and (B) K562/ADM Cells

Each bar represents the mean S.E. from four experiments. Significant differences from the control were determined by ANOVA followed by Duncan’s test

(**p<0.01).
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