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Effective Productions of Plant Secondary Metabolites Having Antitumor Activity
by Plant Cell and Tissue Cultures
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Methods for the effective production of plant secondary metabolites with antitumor activity using plant cell and tis-
sue cultures were developed. The factors in tannin productivity were investigated using culture strains producing differ-
ent types of hydrolyzable tannins, i.e., gallotannins (mixture of galloylglucoses), ellagi-, and dehydroellagitannins.
Production of ellagi- and dehydroellagitannins was affected by the concentrations and ratio of nitrogen sources in the
medium. The formation of oligomeric ellagitannins in shoots of Oenothera tetraptera was correlated with the differentia-
tion of tissues. Cultured cells of Eriobotrya japonica producing ursane- and oleanane-type triterpenes with antitumor

activities were also established.
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DEFESS INETITANTRIIBT DAY
Y 3 A 7Y (Oenothera biennis L.), FF* <3 A
74 (O. erythrosepala Borbas) KU~y aAA >
Y (0. laciniata Hill) [2DWT, ¥ > =2 KU
HARY 7 = ) =)V AENTONTE . 2D
fhEa, RROREBEREEEZEIZIIPY 2 F
I —8Hz20, B O NHEEE, MHiEkE
INTWD, ZOH TH, oenothein A (1),
oenothein B (2) 1, ¥V IA VY@ OES >
—>Td»>. %7/ oenothein B (2) 1%, Sarcoma
180 FEAIILDBAEIC L DB SR I SNDIY T XD
KL, TAREINE 100D > =V FHOH
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RILoor > zZ>Fyaxr—13, fivqIVA, §i
MRSAER7R EZRTOONH O, il DR R
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{K oenotherin T, (3) ZHHEEL /=. X Lza<Y
A P83 51)1 A% oenothein B (2) %% &4 FE
L7n, SoR2EENROMEZBEEL

oenothein B 2) SHREKUMIAERICEEZEZ 5 A
LEFITDNT, INHERH, H#EYFRILE > [in-
doleacetic acid (IAA), kinetin] &R, fHEEEE & D
fE¥E, LS Rrirh R RE, b oRERKITON
ThF U7z, matLzfiR %, fildd K & oenothein
B (2 #FE KUMENSFIHEINDREBE 4/
DOAEERELTEEDSDE, Table 1 DED & 73
5. MEtLZKFOHRTIE, RiCE o ERE N
M RIC# 8% 5 29712 oenothein B (2) F A &
ERESMEESE SEER U Z LS B
HZEDEFR (0mMIHY) 2ZFATHD, EHK
BN RERBFEEEZ TS uERZE A, BF
BZEBEWO /4 1HRUZRHICE Th 2wt
FRET CERZTHEZEZROLIIOWTHRF L. 20
BER FNOSERZBFEOUNI IO AR
REBFEEGZ, B&IGEE DREERSMHITHA,
3EUEOEHEBERTREESEEZWHSNICL 2
(Figs. land 2). ZOXDICLTRHL %% LS

Table 1. Effects of Culture Conditions on the Productivity of
Oenothein B(2) in Callus Culture of Oenothera laciniata

Condition Result

I K S % LS R w C G P
10 10 Suc 3 1 20/40 4 14 14 20
10 10 Suc 3 1 20/40 5 24 1.5 3.6
1 10 Suc 3 1 20/40 4 1.8 1.0 1.7
10 100 Suc 3 1 20/40 4 1.2 1.9 23
10 10 Suc 5 1 20/40 4 37 09 3.5
10 10 Glc 3 1 20/40 4 14 1.7 24
10 10 Suc 3 0.25 5/10 4 29 1.7 49
10 10 Suc 3 (0.25) 10/5 4 47 12 54

I: IAA (um), K: Kinetin (um), S: Sugar type, Suc: Sucrose, Glc: Glu-
cose, %: Concentration of sugar, LS: LS concentration (fold), R: Ratio
of NH; (mm) /NO; (mMm), W: Harvest weeks, C: Oenothein B (2) content
(mg/g fresh weight), G: Cell growth (g fresh weight/test tube), P:
Productivity (=CXG, mg/test tube).
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Fig. 1. Effects of Inorganic Flements in LS Medium on
Oenothein B (2) Content and Cell Growth in Callus Cultures
of Oenothera laciniata

Calli were cultured on diluted LS medium (1 to 8-fold) which was sup-
plemented with 3% (w/v) sucrose, 10 um IAA and 10 um kinetin. Calli were
cultured in the dark at 25°C for 28 days. Bars show standard errors of the
mean in three replicates.

@ Oenothein B (2) content (mg/g fresh weight)

[ Cell growth (g fresh weight/test tube)

o

NH, (mM) 0 5 75 10 15
NO; (mM) 15 10 75 5 0

Fig. 2. Effects of NH, /NO;3 Ratio on Oenothein B (2) Con-
tent and Cell Growth in Callus Cultures of Oenothera
laciniata

Various ratio of NH; /NOj (total 15 mm) were added to nitrogen source-
free LS medium, 3% (w/v) sucrose, 10 um IAA and 10 um kinetin. NH,Cl

and KNOj; were used as nitrogen sources. Calli were cultured in the dark at 25

°C for 28 days. Bars show standard errors of the mean in three replicates.

TR U /=34, oenothein B 2) &H &1 65
mg/g dry weight &720, 1 >% 7 NEYDOEDE
FEID ISFEEWYTH . axyaA( T T
BEBHI A 3L O LGN % H T % oenothein B
Q) DHFREL TENZRERTHDES A 5.

F 7z, #EERPE ThH o /= oenotherin T; (3)13,
HPLC #Hric XV REED Y E IV (0. tetraptera
Cav.) O iz L THAEZZFZICHHYE
GHETHIELEERHLAEDT, YFIVIUNSDOH
Btz T> 72, T DOREEIX NMR, MS 782 & D # il X
R MVF—=5I 512, HEMRE, DRRIEDR
RicED&E3IXATESIhBZEE2HSMNITL
(Fig. 3).

flid <Y 31 7Y @Y TIL, oenothein A (1)
R UK oenothein B 2) MERKIFTHDDITHL, Vv
F 3V 1% oenotherin T, (3) ZbH L EIZAEFET S
ZEMS, FrRIRBEACAIREEE OIS W Al gEtE A
EZLNZ. £IT, YFIVTIZDOWTHE#ER
Az, ZOME, WMYKROBFAENIRETH LY F
SYURBEI - MRERLL, ARRERICKOE
Moo, EREBE ENUKS RS > = 2 EERIC
EERERNOLZENHSN LRSI Thab
B, VHEFIVUEES 12— MIET, 10uMm D IAA
& 10 uM @ kinetin ZIRM U LB TEEL TN S
M, TO¥a— MERIVEERNEMABHET S
ZEITKDESENEE SN, WERIEAEL -
VFIVITEED 12— ME, 1,2,3,6-tetra-O-gal-
loyl-g-D-glucose (GG) (4), 1,2,3,4,6-penta-GG (5)
WA, £KkLUEA 257 bMEWTIRZE E A EAFE
L T84y hexa-, hepta-, octa-GG (6-8) DEEY
ELEAEM L. £, BLMERENESITEAT
BELCREARLEDZTTIDY = HERK tel-
limaglandin I, IT (9, 10), 2 £1& oenothein B 2) %
HEFELE., FIT, INSREORILELEIN
55 2 Z R DBRIZ DWW T X 0 FEfl72 orb 217
o7z, TORER, GG HEIIMMEDFEE DLW
BWTERICERRIND ZENRINF. —7,
IOV UHBROEER, > a— hDsMEI
ML, EDH T ZEMNEEL, ENERIN
HERTHRbE <, BHAENEDKRIZE W TR
LERBDE. L% = 2 81K oenothein B
2) OEERF, HMEORE DKW TS,
SEIHER, T T ZAEDOWHRITENEML 7=, &
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1,2,3,4,6-Penta-GG (5)

Oenotherin T, (3)
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RGo. OR
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R=G —C OH Hexa-GG (n=0) (6}
o Hepta-GG (n=1)(7)
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Fig. 3. Biogenetic Relationship of Hydrolyzable Tannins in Oenothera Species
1) : Galloylation of sugar hydroxy group, 2) : Galloylation via depside linkage, 3) : Intramolecular C-C oxidative coupling, 4) : Degalloylation, 5) : Intermolecu-

lar C-O oxidative coupling with tellimagrandin I (9), 6): Oxidation.

U e BAESEYR KR O REDN S OYREHTIE, &
IZ oenothein B (2) Z4A L, F7//4&ED penta-
GG (5) ODEEZEFED. I HIT, WHHEMAEZ,
fOZF—ITREFLEAERBEI NN 3 EK
oenothein A (1) % 7f oenotherin T; 3) Z4E L,
WL O LRI IHEYAR D A EIT WAL
. TINS5 ORERKXD, EYIcBI2Y >
AR, MEICfEo TEEL, T i3y > =24
BB EKMLZHDOTHD, RBRIZSDY >
A I — DA PE SRR D MBI R B R A
HBZENREIN (Fig. 3).

222, XUTHEEKRICEDZHOY = 4EES0
HEETI, VIV HOBEEGSATH 22X T
(Rhus javanica L.) ODZEELIZXIF /) II T &
WO RBRMNTFAETDHZEICKDFEAETIHI A2
MUZAERT, HAERHINHEINTNWSSY =

Sl oy = D1 Th2 GG ORAEY)
DEGEREITH D, ¥ >, EHELTHY
SNBEF TR, JilEBEEOHRESIN TS
penta-GG (5) DFERIEH 0D, D F-TEMITH
HEMEEMTHS., LrLZOFERIERDZHIRN
DFEAEZHRIZENINTHD, F15DLEEMRS
WIEIAREN NS, Z I T, WMYHREEEICLS
& VBOBERMEREL, X TEEROMK
METOE., FORE, XIVTFTOEMID 2,4-
dichlorophenoxyacetic acid (2,4-D) DIRMIT LD H
IWANFEBI N, DIV ARBEFELOXRS MWD T
TN LM TRIFREEERL, 1257 MW
LFEKE, ¥ B (GG DIREY) ZAFEL-.
RV E> DR EfTo/ET S, T2
DHEFENL, 1um 2,4-D & 1 uM benzyladenie (BA)
DOHEMRILVE > DA EORITK D RES N,
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MptEEy o AEZAOHEZRL, B0
BRI, @EOBESRNE (10um 2,4-D & 10 um
BA) ML TWAZENHLMNER S, —H,
WA TORESWRETH D, WIKEEKRIL, (K
RIVEPEE (1um 2,4-D & 1 uM BA) I2HBWNWT,
BWY S UEERERL, 1D, BRERBREFER
Lz, £k, PO BHBORERLA 257 ME

MmN SHEEEITY, BONEHANADY >R
BEZRANRIZEZA, 41250 NMEMOY > =2 Eh
BEFEINZNIVADY > = U AEFEREICIIAHENT
72<, SEIMESIUEMIZED, —EOEEREER
TXITEBRNIADWLNAIRETH B Z EAVRS
N7z (Fig. 4). =517, TIAA ZiRINL =552
Wiz ZAh, RERNFBEI N ANEHRDHE
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Fig. 4. Comparison of Ability of Tannin Production between Three Callus Strains, and Tannin Content of Corresponding Intact
Plants of Rhus javanica
(A) Each GG content of leaves in three different intact plants (A, B and C) of Rhus javanica. (B) Each GG content and cell growth in three callus strains in-
duced from different intact plants (A, B and C). a: Penta-GG, b: Hexa-GG, c: Hepta-GG, d: Octa-GG, e: Nona-GG, f: Deca-GG, g: Undeca-GG, h: Dodeca-GG, i:
Cell growth.
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RT2ZEICKOMEL LIV TEEARAERIT,
IWAXD BT O IMEEDENWSY > =V BM T
K& %2 9 5 /R4 43 riccionidin A % A g
Uiz, BEAERIIBIT S IS ZRICGHED O 4
PEICHEBE5Z2RTIIONTHREZITWV, ¥ =
DR OEFEOEEIICRMSICI MR SN, £
7z, YR EELTE—F 2 0AZFERHLZ
LE, MEOAEIEESINS I EEHSNT L
23. LFT7TIXFIVBENILRCETSBTEER
OIS %E? F775FY
(Aleurites fordii Hemsl.) 1%, &1 79 RHIIE
THHEFEEDHEEGATHS. FElkre Ll TY
FINWR=INFDI T IV A K, 12-O-hexade-
canoyl-16-hydroxyphorbol-13-acetate (HHPA) % &
A, RGBT OE—SIERHERET S &
DHSMZINTNS, W —F, hUYA 7S EHE
WNZIMK D RS > =2 2506 DN < F1E
L, TN63To205 = X 0BboEAETE
ROTLSDY D VEELEBAET DEAND D,
ZTOMMDERZ IS > = 2B, FEShTn
5, FTYTIFUBY L VITER, ETDERS

HOHZC

—gz >—oc OH,C
OH —> z
HO HO

B-Glucogallin (12)

HO OHHO OH

HOOH

1,6-Di-GG (13)

By Rornsoy > oRENILEY), gera-
niin (11) THh 5. £/, DIFTRAZZY /F
(Acer nikoense Maxim.) O T3 Z A3EAF % W ia
BT oNEMERE T OE—4, TNF-o Otz
HETZZEMNS, BTHANOWREENHFFSNT
BO, ZOEMRS D 1 DI geraniin (11) TH 5
ZEDRBINTNDG B0 22T F 7T I5F
DOWTHEERDMN 2T 7. YL L= B53& 7
WADERET D RHEMORKEZITToEZ
A, THIVIR—IVRD I TIVRJ A REOEFEITR
B 5NT, B-glucogallin (12) 75 O A4S ARk 2
KU 72K T O GG #4, 1,6-di-(13), 1,2,6-tri-
(14), 1,2,4,6-tetra- (4), 1,2,3,4,6-penta-GG (5) &8
FeROTLSY% > =, geraniin (11) Z4FEL
TWaZEzWSMI LK (Fig. 5). X7z, K7
L7 IREEDMIRLFERE, 1 > % 27 MEMIZBNTHH
Tl penta-GG (5) MAEEINDZENHLME
olz. 51T, BESFMOBMEZEZITY, MERtE
FROBERMU I %3 1Smm) TIX, pen-
ta-GG (5) DAEFENMIHI SN, geraniin (11) D H
MERAICEEIND Z 2N L.

OH

HO. OH

ouzc

_Q_OH%“Etv\» -Cé-

HO OH

OH

1,2,6-Tri-GG (14)

!

OH

HO, OH
oc co OH HO QOC, OH
0 / OHG o o
ch,/ o-co OH HO oc—o@,o-c oH
0 OH < . <
HO oc (&N OH OHzc
0 0 —e CcO
co i I l HO OH “o/o
-— HO OH oo
OH HO OH cOo

Geraniin (11)

Fig. 5.

., @

1,2,3,6-Tetra-GG (4)

1,2,3,4,6-Penta-GG (5)

Biosynthetic Relationship of Isolated Compounds from Callus Culture of Aleurites fordii
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2-4. SEFESLL7CMKABRMEY > = EEEE
KRICEBOMRE L ZNODEGHRMER Bt
DEFFOWEEICLD, GCHEHIZO TV HEELZT
BNDITH L, KOEGHRREBEOEATZEHARIN
HITPH Y, TEROLTI DY D DEJE
BRERFEELZTHIENHSN D 2. EX
Beh & UCREF L7z LS BSHIDIFIRE H 2 WITEH
HEOPREZ 1/8 £ TR S8 2 EMIKEAEOHIH A
BOHLENTN, TIVF¥ =, FEROLTI DY
SV OAFEITEE DRMITH AR 2—4 SRS N
2. SGEIO—EHOWRIZBWT, WHYCHE T T
ELTWDRYFIVIRBSFTTIFY BH#EKT
I, RoMbisHEcEEOLe (GGHE, T
YO VHBR) OAER, BMETRTTHEETLE
WX OMHlIENZD, KOERROEATZEEZS
nNaee (TS5 ¥ > 28K FeEROoTS
DHZY) OEMEIR, HEOREEZTRMNO
o, —7, MEBETTHEAELTVWSXILTEER
ERTIE, AR T THEETSZLICLD, GGH
KOMEEOEENRAFI SNz, £/, SREIELLZ
BERIIVWING GGEHEAE L. £V F=
VORI FT7TIFYTIE, EELEAMY 2B
N S 2N SEEYNIBRE S N2V DITH L,
FAEDHEYIRLHFHFITHB W T, penta-GG (5) D
EREZERDIZEMNS, RMEEYNITI DY =

T
CH,

Ho,

HO 4 oY
H:C"  CH;

20-Hydroxyursolic acid

. . 3
Ursolic acid (15) / Tormentic acid (16)
CH,

PFEROILI VY O ORIKRTH S L2
SICEMT. LaLl, iEMESHFICBITS
penta-GG (5) DEFEEEIZMM NI NG, HEHAED
HERICHES TRMICY > Z U EERNTZOH DN E
AL, ~QICBILSCEADEATILEMN L EBICE
fanhsdEEZLEND. ZDXDHIT, penta-GG
(5) MISICELIN, EARINDSEEZLNS
IRFEDERTOII DY = DEREICEG T 5B
FIL, TNTNOHYEICEETH D EEZ SN,
ZDZ ENFED B W EHR OREYTEN TIZEBI O
WiEEET 25 VENEEIND Z & EBKRL
TWBEHRBIND. Fiz, INSEILEIHEIT,
b EEBERBGRERD 2 EAURE N

3. EUHEBENLRCLIONEREMRS DL
,%17)

Y7 (Eriobotrya japonica Lindl.) 13/)N 7 FHZ B
L, TOEIE 4 REHAERFRGLHE 1BHITHIL
BINLEEETHY, BERELTHEDBRREICH
WwWunbd, £z, REWNIC, "ETOZEEE L
U7ziREBE KL, BB SICAESEINTY
5. UL, PUEBEERSICOVWTIERFETH
%, FZT, BMERCILDEY OHiEERS DL
ZHWICERZTo 7. Db L L - E T8
BNINARLEDO NI TR EEELTBD, %
nouiE, UL CRKROBEEEEEETS M) T

A
HC' CH,
2a,190-Dihydroxy-3-oxo-ursen-
28-oic acid (17)

Hyptadienic acid (18)

Fig. 6. Possible Biogenetic Correlation for the Triterpenes in the Callus Culture of Eriobotrya japonica
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R (TH), RUALT7F B FILR> (2 1)
TharIZEZHSNI L., £ THEEEEL =1L
HEWITOWTHH HPLC 2 W, ETEEIL R
EA T MEMEDORT K ET o 2. DR
B, A7 MEY TIL ursolic acid (15) ZFE &
LTHEELTWDRDITHL, H)V X MmbER T
% FFD tormentic acid (16) = b L EITEFEL -,
¥ /=, tormentic acid (16) & FDLE(LEY & & 73
N5 EY, 2a,19-dihydoxy-3-oxo-urs-12-en-
28-oic acid (17) K& Tf hyptadienic acid (18) %, &
B WA 27 MEYMOETIZIFEAEEEI N
TWRWHDT, NIVAIKERbDOTHD, Kk
FIVATIEA 257 M &3 RS MU TV
A REGHRBENHNTNWSE I ENRBINE
(Fig. 6). E7= 1)V ZI3PIRIENEH K U5 FT HIV
1% 1% % ¥ D maslinic acid 21 >4 7 W) D wL 1§
HEYZ0NTHEEL TNWSZEZ2ROE. R
2, ETEENIVANSBEEL LG DN TH
HRETOE—2 3 DO—RAV)—Z2TETHS
Epstein-Barr Virus #/] #] i i 78 B #10 il it B 2= 17 -
2. FTOFEE, #FFHHF 12-O-tetradecanoylphorbol-
13-acetate (TPA) 129 % 500 fif mol & T DY)
MPERFEREOKBIZBNT, WIhoflkamd
S0% A EoMfEEZRLE. BTH 2a,19a-di-
hydoxy-3-oxo-urs-12-en-28-oic acid (17) 1% 76 % @
BWIIHEEZR L2, £ TIZORAEWIZDONT
nitric oxide (NO) {(%) - (E) -4-methyl-2-[ (E) -hydro-
Xyimino] -5-nitro-6-methoxy-3-hexenamide (NOR1)
WO FEEY 2REA I -5 ELUTHEMAL,
TPA 27 OE—% T 50 A K FEFHE B3
Befrolz. TR, AHBRICBNVWT, 20,19~
dihydoxy-3-oxo-urs-12-en-28-oic acid (17) 1%, &
HHHERHOH SN TWEBRDOERDT?THS (—)-
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Fig. 7. Inhibitory Effects of EGCG and 2a, 19a-Dihydoxy-3-
0x0-urs-12-en-28-oic acid (17) on the NORI-TPA Carcino-
genesis System

Tumor formation was initiated with NOR1 (390 nmol) and promoted
with 1.7 nmol of TPA given twice weekly starting 1 week after initiation.

(A) Percentage of mice bearing papillomas. (B) Average number of papillo-

mas per mouse. @: Control (NORI and TPA), l: NOR1+TPA+EGCG

(0.0025%), O: NOR1+TPA+2a, 19a-dihydoxy-3-oxo-urs-12-en-28-oic

acid (17) (0.0025%) . Papillomas per mouse of EGCG and 2, 19a-dihydox-

y-3-0x0-urs-12-en-28-oic acid (17) treatment were significantly different
from control at 20 weeks after promotion, p<0.005.
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