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STUDIES ON ANTITUMOR AGENTS FROM HIGHER PLANTS

HIDEJT ITOKAWA
TOKYO COLLEGE OF PHARMACY
HACHIOJI, TOKYO, JAPAN

To date, many types of compounds having antineoplastic activity have been
isolated from higher plants, that is, alkaloids, terpenes, lignans, steroids
and so on., Some of them were isolated from Indonesian plants, Curcuma xanthor-
rhiza and Eurycoma longifolia. Bisaborane type compounds were isolated as ant-
ineoplastic compounds against Sarcoma 180A from C, xanthorrhiza, and quassino-
ids and euryrene type triterpenes from E. longifolia.

Casearins, a kind of diterpene, had been isolated as cytotoxic components
from Casearia sylvestris distributed in South America,

RA series Cyclic hexapeptides isolated from Rubia akane and R. cordifolia
also have strong antineoplastic activily against various types of tumors.
Till now, 16 kinds of RA series compounds were isolated and named as RA-I~
XVI.

Moreover, monoglucoside of RA-V newly isolated from same plant. Many kinds
of derivatives including natural RA compounds were tested for QSAR, and one
of them, RA-VII was screened up as a most suitable substance as an antitumor
agent. RA-VII(=RA 700) has strong cytotoxic activity against KB cells, P388
lymphocytic leukemia and MMZ mammary carcinoma cells.

In some solution, three conformers of RA-VII were observed by NMR. It was
discussed the relationship betweeen conformation and activity. Total synthesis
was already completed, but there is left room for improvement.

Phase I clinical trials for RA-VII has been finished, then Phase II trials
will be started before long.
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CELT, GThi,
F 7 CHBROMRNEDPES (Do TwD L
bbb,

TR S G A R 72ODFEY A 7 1) —
Z oL, EEENOMIIEELTBLT, EO

FETLRANH L Ao TV A, HllEEED A S
) — =2 OB B l/i»’C‘ I, L hEbaly
ERIELTHA ISR LT AIREL VR .

[. s EEMENRT Y -7

B O GRS OMM T, 7 A h Ot
Y7 —DIET, WitEE R 'a_ﬁﬂun CE&EN R B R
Twh, Thabh, FiElRCEEL R LS
R AT (cyvtotoxicity) & W\, BRI EER TS
P& L 72 & &I ETE (antitumor, anti-
neoplastic) & W9 ifA My, BIK CTr MEIH
AR LTHOT, EEHH v HETHV
IHEnH I ETHDL. Lk, ZOBHLHOF
TAFDMEIR T B - 72720 REL = 1E

FRIZLTYH, Ay —=27dils, mE

A M A o 2 B A, RIS
IS 5 5 4 770, RIS L BT
BT B, L7oh - T, BIABAY LV asHilfER]
N R B i/ SRR Y SYICW-% [ ) ROkl
BHTHY,
YyrzyzFs, TrFwAr, FFT740 b
FLURENIDYATIIET A, HL RA
H AR ORI T D RN & w0 32T, oo
B A CE I s A T ThHE THHDNIIA
YEDSHR & LAws, O T bEg L)
A H 5, oA EERA I RIZIE L,

PLAFY, LieFFr, EioiZ—0b, INT
yF oAl UL T A L R, 'F?E@%ﬁ%
AT, ATEPTETERAVEEIINSTIE

BAM BHEBAANER TS T, T2
AU DOWIRHE L TH 5.

7 X A E LT (NCI) ClE, 1953 £
RILFEMICh 7 THRELY DD TETV A, #
WUIHE~T, R )= gl & & & XeETH
MASHEH, Thb &b Luike ko Tiir

KIS H DR Th,

DR AR LY Y-S

2 b, TRUTAL L,

FEMARRD MR L TOAE LA DOABUIRTHA .

kD 2 7)== 2 LSO & R
{2 K4t 4 compound-oriented-in rive screening
Thh, ZOJFETC LR AT A B
T DA, 2 b O TR 7 i) )
I ﬁ}:%ﬂfb\fwL*L)")J%‘}‘-fé)&) .
T, Ay == riib e M J%UL A
R NETHL LGS ;xf;/mn?& e, NCI
Tl 1986 12 disease-oriented screening % R HI
THI LU AL, b MmORTEEL L
T 5 B H ORI R 2 A L6 DT H
b, HSROT— 5 OEWPEENL.

FOU3 A, FEES in vive 335 0 in vitro OHTUE
WiETE T A P A ERAT A5, ) T )
NCIDAZ ) —Z 2 FDHOT I ba— V%
EL D, R L BRI E
Hifle 2 BRI E 7203 v — LRl ffzhl'{l,tfi, 1
Az, 2~3 HIE 2 250 Gt £ % il
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APBEEE (C) M T B EMECE (T) OAFHE
DS (median survival day) & T/C %, 5
W3 ILS {increase of life span) = (T-C)/C % & &
LTHHiliL T %, FAo, —- o ko
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£1 HEBEMOIIY-Z2T 2574
[1 hos \‘ inoculation : administration *' i e
tumor B e OO R e IR
| size site rottte period |
I B m e Y R
leukemia and asciles tumors ; : | i
Sarcoma 180A i ICR f 10¢ \\ ip | ip. ’ 1~5 [ TPCV
Ehrlich carcinoma ICR ] 5X 105 0 ip l i p. 1~5 | MST
P388 leukemia i CDF1 ! 10° . ip | ip 1.5.9 | MST
L1210 leukemia CDF1 | 10° fupo e |15 MST
MMZ mammary carcinoma C3H/He ’ 10° " ip. Lp. 1~9 ‘ MST
B-16 melanoma BDF1 | homogenate % Lpo i.p 1—~9 ‘ MST
Meth~A BALB/C | 2x10° bpoip 13 MST
MH-134 hepatoma C3H/He | 10° Lip | ip 1~5 ’ MST
Colon26 adenocarcinoma CDF1 J homogenate 1 L p. i p. 1~9 MST
Yosida sarcoma Donryu rat ’ 10° ip. i p. 1~9 ! MST
AH-13 | Donryurat | 10° }Lp ip | 1~9 MST
solid tumors } ’ ’
Lewis lung carcinoma C57BL/6 5 X 10° s C. ip. 1~11 | TWDI7 or MST
Colon38 adenocarcinoma BDF1 | homogenate l s. ¢ i p. 1~ 11 TWDI17 or MST
Meth-A BALB/C | 10° s.e. | ip 1~11 TWD14
Ehrlich carcinoma ICR 5 % 10° ’\c,fhp. 1—~11 TWD14
B-16-BL6 CS7BL/6 2.5x10° | se ’ ivo 11 * 3

*1 drugs were administered on the indicated days.

*° TPCV : total packed cell volume, MST : mean survival time. TWD : tumor weight on the day (tumor weight was
determined with callipers LXW?/2).
*3 tumor size on the day 18, numbers of putmonary nodules and weight of tymph node on the day 35,
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! . ; ) : ;
original plant part used :)(\)l[\r'l;: I OBWC () PCV/TV GR "% assessment
Fomes spp. fruit bady W ‘ — 2.1 0.15 22 ++
Cvyperus rotundus rhizome W — 4.6 015 28 + +
Areca catechu - seed £ ; - 1.8 0.07 9 +++
\S fo—0.9 0.04 6 +++
Pinetlia temata tuber W o —09 b 03 31 ++
Amomum xanthioides seed W - 3.3 ! 0.23 14 ++
Amomum cardamon fruit W - 3.5 ' 0.06 11 ++
Curcuma longa rhizome : i - 2.2 0.14 38 + +
Curcuuma zedoaria rhizome ] W — 2.5 (.15 ; 20 + +
Zingiber officinale rhizome ‘ W - 2.0 i 0.09 i N ++
Kacmferia galanga rhizome : W — 4.3 ‘ 0.08 i 9 ++ +
Upinia oxyphylia fruit | W — 0.1 i 0.15 1 25 .
Piper nigrum fruit ; W ; — 3.0 i 0.12 ‘ 19 o+ 4+
H I
Reynoutria japonica var. typica root A\Y - 0.5 i 0.13 i 32 B
Kochia scoparia seed ; W ‘ - 0.5 | 0.13 30 | ++
Wisteria flovibunda wall : W ) = 0.9 0.22 16 I+ +
|
Tribulus tervestris C frut A — 2.0 0.18 36 |+ +
Euplorbia lathyris seed E : - 1.9 0.14 33 | ++
W i — 1.7 0.05 3 + + +
Hovenia duleis fruit W ! — 2.8 0.14 29 + +
Hypericum crectum herb ; W | — 4.2 0.10 32 ++
[ ‘
Avralia elata bark } W - 2.6 0.28 39 + +
Nepeta aponia . herb A S S O 011 2 +
i i |
Isodon jupesticus herb : W ! —-0.3 0.46 ! 9 +++
Trepa quudrispinosa fruit : W 1 — 0.1 ; 0.24 ! 40 ++
Torilis juponica fruit W 3 - 0.3 0.00 12 I
Eupatorin fortunei herb E + 1.3 : 0.25 18 by
Periploca s piion root bark E : —5.9 0.13 31 P+
Bentneasa vt seed W ~ 1.1 n.o7 11 + +
Stellaria modi i herb W ; + 0.1 .31 39 + +
Ruhia cordis 2 root M . — 3.4 0.27 20 + +
Cdise bas rhizome W — 1.4 .06 : i1 Pt
Solegindlos T e " herb W - 0.5 0.14 ; 38 + +
E . ethanol, W« owr AL methanol, dose @ 100 mg/kg/day
1) 7anaqfp VHGT0 L i 20k, sk R B
a) EoepTasuagk & AL ARG 2 d Y F OIS ISR
er.l ’?’hﬁ‘mﬁ bfrbﬂ.f /Y\HJ LI 240w ””ﬂilii L<, ‘I))f‘&) 1&.”' u[’(”\’\'U)Tnuv-iZ}”J
LEERLAWE LT, TTFHIVIIFFSNL. W A S A B DNA K PE RNA poly-
ZF =T 7 (Vinea rosea. Catharvanthus voseus) merase F1i0 ﬂ Hi L -C RNA i 2 3 261810
PHBONBT VTS FTHL. Vinea WHHY  2HHAEZ LT, KA1, SAE
W, IRHEE TR AR AL, BRI AL LA TOOMLL DT LA A4 FANEESILT A, T
LUMHAI G SRtV L 2 F STy BRSSP 179 UM T L 12 4 Nid, vinblas
i, WA > FEORTRARA & L CTihkls T tine {1) & vinceristine (2)CTdh 4. #Hi¢7id Hodgkin
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=l NHR,

COsCH;
0

H i R R
CH30.C..., (3) COCH; OCH3
HO (4) CHs OCH;

CH;COO (5) COCHs NH;

(1) vinblastine (R=CH3)
(2) vincristine (R=CHO)

(5) colchicineamide
<O N—<:/\ CaHs
N N 0
0 C b
0 :
N N 0
R
OCHj
R N0
(6) ~OH HC:
OH OH O
I I i (8) 7 > 7+ 7 v v ihiitk (CPT-11)
(7) CH;—(II-(CHz)z—('Z—CHz—C—OCHs
CH; COO -

(3) colchicine (4) desacetylmethylcolchicine

(6) cephalotaxine
(7) cephalotaxine acid

Ry R:
CH;0
o> < 0
0 ¢
HO i H:CO 0 = !
NH H,CO
HO OCH3 CH;0 OCH3
OH OR;
(9) sinococuline (10) nitidine chloride (11) podophyllotoxin

(Ri=H, R;=0H, R3=CHj)

OCO(CH2)12CH3

OR; CH:0Rs

(12) curcumol (13) 12-O- tetradecanoyl- (14) ingenol -3-hexadecanoate
phorbol-13-acetate (TPA) (Ri=CO(CH2)CHs, Rz —Rz=HJ
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i COOCH:

OR,

RO E 0
i H
CH.OH
t()
(16 Ri= (OH R=
| H
OH On 0

OAc

(17) Ry =H, Rgh—g
0O

(16) bruceantinoside B

{17 bruceantinol

CH.COO 0O
CiH:CONH 0 HC )
IISCn/\é/\O"“”

OH "

OH £ " OCOCH:
H-C.C00

(19) taxol (NSC 125973)

OH

(20) withaferin A

casearins | R, | R,

Ry | Ry | Ry " ICatpmol )*

Al OMe| Ac | Ac | OH | Bu Lo
B(2) COMe, Ac | Ac | OAc | Bu 8.5
Ce COH . Ac | Ac | OAc De 0.77
D4 OH Bu | Ac | Ol | Bu 18
E(5) OH | Et | Ac | OH | Dc | 47
F(6) OH | Et | Ac | OH | Bu 29.0
G OMe  Ac | Ac | H | Bu 0.17
Hi) OH Ac ! Ac | H | Bu 0.37
19 OH | Ac | Bu ' H | Bu 0.51
o OMe ! Bu | Ac | OH | Bu 11
K | OAc  Ac | Ac | Ol | Bu 0.52
L2 OMe  Bu ' Ac | OAc| H | 1.6
M13) | OH | Bu @ Bu | OAc| Ul | 18
N4 {OMe | Ac | Bu ()AC! Bu 5.9
015  'OMe: Bu | Ac | OAc| Bu 6.0
P(6) 1 OMe Ac @ Ac | OAc! Ac 7.8
Q7Y OH  Ac | Ac "OAci Bu 13
R{18) =0 Ac i Ac | Ol | Bu 5.4
Aa2y  *OMe Ac @ Ac | =O ! Bu 0.55
AbZ2) OMe Ac | Ac | OPr  Bu 170
Ac(23) 1()Me; Ac i Ac OBu% Bu 38.0
Da(24) J =0 Bu | Ac | =0 Bu 19.0
* eyvtotoxic activities against V79 cells

(I8) 2 7 1~ - FAb (v

CH;0

CH,

([:H:s
R: coCHAl\'cocn;
CH;

(?1) mavtansine




WD, BAIEMBIARE EhTwh. FDUd
7> leurosine. lochnerine, vindoline, vindolinine 7
ELMAEEE T GED LN T 4.
b} T F AL G Y
1 2Y¥ 75 > (Colehicum autumnale) (275 F 1L
HEThAhaA FCHsH, TINkF > (colchicine)
FBPEOM BRI R Tt L, 40
HWHhHET L., T/, EFBME (polyploid) #1115
HRLEMELTHS A, colchicine (3) £ 9
FWIsN DT A 3TN » desacetylmethylcolchi-
cine (4) 12, FERITE BN BRI A O DML 55 %
ORI, ST B R B & O
£ 7% w5 % 53, colchicineamide (5) (3, <2
WiER D~ TH DA%, FUIRIIH T BiGHEE
r';—,‘jb \,
) L7y FHATALITALLF
Cephalotaxies harringtonia & D EHOLT A7 1L T
A O A PSR, FERMBRES kAR
& M 72, harringtonine i3, cephalotaxine (6) |
acid (7) O 2-enantiomer 3L AT LFEG L7z H D
T&d V), homoharringtonine (&, S 527 2Ll
HIDOXAFIWENTITREL BTV b, 4\7@@7’
AL FiZ2»Tid, PEIICBVTERIKMI
X hAYTON, AMEEDBE A EHE SN
T35,
d) A7 FF 3> (camptothecine) ™
i [F] i D E#H (Camptotheca acuminata) (Nyss-
aceae ¥}) OO N AHMEBFHLEW TH S,
FRRIIZTHILAR R DHEIZ T A b S h/ens, EIEA
AR e, RAIEIXFOFHEMLK (8) I\ TH
KlEgAED LN, BNt HL LT3
e) < /a2 (sinococuline) (9)%
T4 X5 7Y (Cocculus trilobus) (Menisp-
ermaceae £t) LG LN BHEHEH T L O A
FThh, BroERBWELERICLVERYE
TwW A,
f) 207 LAoaA( N
Ry EDY gy (Zanthoxylum niti-
dum) £, BMFFEM L1210 8 & °P388 v 7 %

Ex L TH M 2 77 1 nitidine chloride (10) Y

Wil SALCTHB O, F7°. Acvonvcia baurei 14 7 7
Y NZHATI AT A KO acronyeine, Ochrosia ellip-
ticu £ 1) ellipticine YU 2 40T v B ellipticine
DUL-T T 2 FiFiSAK Sund599 (3, = A
FHEEL 0P U THEAL WM R L, o 4nkions
LB & O MUT H B TRRIR RS 5 1
Twh, T2, P ARSIt v )0
#i& LT, Thalictrum dasycarpium 7> & thalicar-
pine, Stephania spp. ¥ &£ U Menispermum spp. X
b) tetrandrine, Cocculus spp. & 8 coccusulinine 7%
Hoftvys,

2) st

BN T 10V L0 (Podophyllum peltatum) DHEE L,
T A AT L D A O BRHLEE R i) &
LTHWwWSR:, #0703~ VITF ALY
NAHIGIE, K F7 1) 2 EFER S NI A
T, ML F LV 2 473 B 72 H Ui e
Bqc. HHir LY, MO podophyllo-
toxin (11) AYHLEE S 4172, podophyliotoxin (&,
aneF L0 LHEEAME, EFEMLL D LA
SN 3 B IR AR & B IREME R Ay L
TWzDT, L OFHEERPERI 1, B
VP-16 (etoposide) # & IF VM-26 &I % F
AR A SR TW D

3) TR/ AF
a) LAF TR

MNaHtES 2 IIHUTEIEME E LT, %<
OALEWAHENT B Y, HEMIZT TN
methylene-y~lactone & % W 3 a. 3-AFafH VR
SN EDI YL, AT AMENBUEATEI Y 9
L) MRS TA2{LEMHE L ALNE.
¥ T ORI Acanthospermum glaburatum X
) eremantholide A, Eupatorium hyssopifolium X 1)
eupahysopin 2 EASHI ST A, F /2, HEIC
B W T2 B E (Curcuma aromatica) £ 0 3-
elemene 38 X UF curcumol (12) "EHME & L T
SEES R, BESERMCFESEIESTH S
CEDHESOHLN TV D

b) TRy
ORI E SR 1D 2 4



£ 3 RAEEMOWIRAIMEIR
ik L Rt meoon
R Al coloriess pn\vdm’ mp 28~1°C {dee.. from MeOH R VML colortess necdles, mp 219=220°C ifrom MeQIH
MS m/z 0 772 [M] 7 (CiH mOwN, MS m/z 786 (M) 1CalhaO NG
[@],-216 " (CHCLMeOH 9 : 1 fal), 118.6 CHCL
RA-] colorless necdles. mp 261°C fdec. from McOHh  RA-M colortess needies mp > 3007 ifrom MeOll
IMS m/z 0 756 IM) " {C W H OuN ‘ MS 2 s 7T M OGO
fa]p-201" tCHCL) i Fa],-220 (CHCL)
RA-TI 1§ colorless needles, mp>3007C ffrom MeOH) : RA-MI colorless necedles, mp 267 = 2697 from MeOH
IMS m/z 786 (M) (CH 00N, TO8 (M| MS /2 800 (M) (CrdL O,
H.01" l [a])-150.5" iCHCL
[«],-199° (CHCL.) ; RA-I\ cotorless needles, mp 212 ~2437 ‘from McOH)
RA-IV | coloriess powder, mp 247 ~255C (from McOH) i MS m/z 310 (M) (CuaOnN:
MS /7 786 (M) T (CpHa 01Ny, 768 (M- [l 1580 (CHCL
H-0) J RA-Y ¢ colorfess needles, mp 255~256C {from MeOH !
[@],-126" (CHCly) J CMS m/z 828 M) IC IO NG, 768 (M-
RA-V | colorless powder, mp>300T (from MeQH) { CH0)
MS m/z 0 756 (M) 5 (C1uH 00N . 768 (M- ‘ [a],-205.4 (CHCL-MeOH 12 1
H.0) ' j
[@],-225° {CHCly) 1 |
{ 7% % (Euphorbiaceae) |ZIgT 5 Rty H 5 11, < quassinoid #? bruceine C 3 £ U bruceantino-

GHO T T WAL AV S, BT Euphorbia T8,
Croton }& 8 X U Jatvophe I L TIZEE < D

RTHHDL, ZOREOILEWOHRI D7
OE—¥— % L TA %% TPA (12-O-tetradecan-

) BB 5.
L’C"fri'?ﬂl

> ingenol-3-

)

oylphorbol-13-acetate)

T 700 BRISSEIR N - &
hexadecanoate (14) 7% Euphorbia lathvris £ 1)
& HIBORELE B IE R R L 22,

20 Cascaria svivestris & ) O3 F W~ v Sl
P (A~R) U8)7F 0 KMiME, 44 F ) E
(Flacourtiaceae) DHlA-C, 77 i, /8¢
T EHRITIE T LT b,
Burro-Kaa & Fr L -Cufidl:, Hidisgdg
LT\ A, Sarcoma 180A {247 %)
TR R 6Ty A,

B FOMDTF RS D LB Rabdesia
B 5L, SHOPEEE 7 L~ Hi
B, £OHDoridonin (15) X U ponicidin

34,

C
=YL

B LTI ETRRIR SR b v, 4, T
T+ €7 ORMERIHEHDO HIWTHV TV A =

7 F B Burucea spp. & ) PG TEY H &

side A, B (16), bruceantinol (17) Z¢ & AN 3

T Dh, 720 4515015405 taxel (19)
B, R H I TwAILaD 1> Th LY
c) MYUFL

7 ) FD Cucurbita spp. £V cucurbitacin 1,
+ ZAEO Witheringia cocoloboides & V)
B L OZoMEILG. £,

2700 M) T LA D cerasterol B &

physarmm B
Salvia spp. & 1) &
N pris-
T F
AR

55402 Ganoderma lueidum £09

T A 2D ganoderic acid AL

timerin,

L LCHiMESiulnag,
4) ZAFuAfy
27T A FAOHT S, FR L ACHE A e -4
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