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As part of a series about effective utilization of unused resources, I examined the stem bark of the Thuja standishii
(Gord.) Carr. (Cupressaceae), Japanese name: Kurobe. Eight new (1-8) and thirteen known (9-21) terpenoids were
isolated from the stem bark of this tree, which were almost diterpenoids, and their structures were established by
spectroscopic methods and chemical conversion. In particular, standishinal (1), 6a,12-dihydroxy-6(7— 11)abeo-abieta-
8,11,13-trien-7-al, was found to be a new irregular abietane-type diterpenoid. Upon evaluation of compounds from
this stem bark and their analogues for inhibitory effects against Epstein-Barr virus early antigen (EBV-EA) activation
induced by 12- O-tetradecanoylphorbol-13-acetate (TPA), 15,16-bisnor-13-oxolabda-8(17),11E-dien-19-oic acid (16)
was revealed to have the strongest inhibitory effect. Among these compounds, 16 and 15-oxolabda-8(17),11£,13E-
trien-19-oic acid (3) were investigated for their inhibitory effects in a two stage mouse skin carcinogenesis test on
mouse skin using 7,12-dimethylbenz[a]anthracene (DMBA) and TPA. Compound 16 was found to exhibit excellent
anti-tumor promoting activity in the in vivo carcinogenesis test. In addition, compound 16 was also found to exhibit
anti-tumor initiating activity in the two-stage mouse skin carcinogenesis test using ultraviolet-B (UVB) and TPA.
When compounds 1-21 were evaluated using a recombinant human aromatase and 5a-reductase, compounds 1 and its
diacetyl derivative (1a) had significant aromatase inhibitory activities and labda-8(17),13-dien-12R,15-0lid-19-oic acid
(2) had 5a-reductase inhibitory activities.
Key words——Thuja standishii (Gord.) Carr.; cupressaceae; 6a,12-dihydroxy-6(7 — 11)abeo-abieta-8,11,13-trien-7-al;
15,16-bisnor-13-oxolabda-8(17),11E-dien-19-oic acid; diterpene; abietane; labdane; epstein-barr virus;

two-stage mouse skin carcinogenesis test; aromatase inhibitory activity
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RKIRVIHR D T IV R A EWE RN 7 o' —
va HREEZ ES, & EIEREENEICD
WTHIEENTED, b /FF (Cupressaceae) i
kU7 aNg (Thuja) 167 )IVRALEWDE
HENTVBT EAMEEN TV S, 2T THA
ldb / FRNCET % 7 1R (Thuja standishii (Gord.)
Carr.) I DWW TRIKZICBI T 2723 EnTw
BN DD, KNHBIROARFIHOIZSD, bl
Kz 7 v R )V L T3 2 DWW TR gL E
BUA L, ##l 6(7—11)abeo-abietane H& % H 3
% standishinal (1), 6 fHD#r labdane %Y 7 )L X
> (2~17), #H nordrimane !t X F 7 )L X (8)
N ORSEREN DY 7))L (9 ~ 21) 72 Hif Lk
MG 2 R L7z,

CNSHEEENTALEMH 2 WVIZFHFERIC DL
T, WBOLZTFHHIOY — MeaWzRLd 5 H
(] °C, in vitro Epstein-Barr virus #] ¥ $i J5{ (EBV-
EA) FE IR — R A7V —=2 T & LT
1oz, B, MOIEEZERLUIAEEYNCH LT,
invivo ICXBHA = T— a3 RO TOE—
> g Y OMIFIERZ MG 2 7edic < ARRE
EEBE RIS 217> 7. £z, RIVE VK
FHREERAIOR 7Y —= 7 e LT, Hiklks
¥ standishinal (1), labda-8(17),13-dien-12R,15-

olid-19-oic acid (2) M CEFEFHOBEML &Y, il
CICZF NS DFBEEARICOWT, invirot F 710
2 — P I E MR ER K O in vitro © b ba- LRZ
2 — B HEFE AR 2T - 7.

AR TIE TN S ORER & EZIT DOV T Z
59 5.

2. 7 ONER O &R

1995 FICFIILIRREATIC B W TIRE L2V
T (Thuja standishii (Gord.) Carr.) ORfEZ 5.3 kg
% CHCly, X\ MeOH THiHtiL7z. CHCl; =
2 (966.4 g) DFIER (558.8 ) & U HFIL 3
kg ZHWIzAI L0 T T 7 ¢ — (SiO, CC)
AL, 6 DDEIZICEEL, i % Sio, CC,
HPLC 7% % %5 octadecylsilane-bonded silica (ODS)
NI LrAax 757 ¢ —, Sephadex LH-20 7
SLOUR IS5 T 40—, NOHGEE 7 1< b
757 14— (PTLC) IC K D DBEFEEIL, 158D
LS T 905 21 OEPHLEY)7Z2 HilE L 7z
(Fig.1). LAY 5 KT 6 I3 EENEED 28, N-( 7
OaAF)IV) TRZIVA I RICK>THINT BT A
T )UK (5a ]2 TF 6a) & U CHEEEL 7=,

CHO

# CHo

W NCooH

Fig. 1 The compounds isolated from the stem bark of Thuja standishii (Gord.) Carr.
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3. VONERDESEMS DEE

3.1. Z& abietane BRI TILRV{LEY

bt & ¥ 1i& mp 164-1655 °C, [a] 2 - 90.7°
(c 0.28, CHCly) &= /R 9 #E 1 $1 IR 4 ¢, 7 7
&, HREIMS IC B 577 F A4 & VHICE DWW
T Cy0Hy05 (m/z 316.2021 [M]" : calced. for
316.2037) L E L 7. AfMIE UV T IR R
X7 FVIZEWT v, 3327 cm” 1IT/KEEEE | A,
288 nm (log € 4.1) & v, 1662 cm™ 1A% 7 L
T RE, A 1609 & 1578 cm! IV VB
DN AR Uiz, DEPT 7—4% KU "C-NMR A
T RIS AFIVEES i, XFLUE3H, XF
VI 2MH, THoKEERE 18 (8. 755 (d)], TIVT
b RE 1[5 189.9 ()], sp® X F > 1{#, M
W2z 2 1, KU sp® PRl 5 A HEE S Nz
'H-NMR A7 RJUIZEBNTIE, ZWAFIVES3
fifl [y 1.17, 1.19, 1.26 (each s)], N ¥ VI

HWELIAY T )V (8, 1.24, 1.25 (each 3H,
d,/=7.0Hz) and 3.27 (1H, septet, / = 7.0 Hz)],
ek g3t [0y 5.40 (1H, d, J = 10.0 Hz)], FiE 4
NP VB [6, 769 (I1H, s)] LU T IV T RE
[0y 10.21 (1H, s)] IcHD L & 7 FHIVHEIIE 1
Te. Xlo, 127 2FIUET 2 LI 72T )V (1a)
WER LIS DT =/ —)VIKEBIRDOFIED
AEFHE Nz, 1 O HMBC A7 k)L (Fig.2) I8
T, H6 & C5, C-11, C-12, ditric H-7 &
C-8, C-9, C-14 & DT long range HHEAMN R 5
Nz, &5, 'H-'H COSY AX%” k)L (Fig2) ©
&, H-6 Y H-5 OA LML TW5 T &R
Niz. 7z, H-5 U H-6 O J fEiEIIC 10.0 Hz
Thole. INLORRNS, 11F, C6 & C-12
KR E RSB, C-8IC7 VT REMEA LK
BBl 8-formyl-6(7—11)abeo-abietane 1% %z H
IB5T AR ENT.

e 'H-'"H COSY
—» HMBC (H to C)

Fig. 2 "H-'H COSY and HMBC correlations of 1
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VEARBLE S DUV T IE NOESY A7 k)L (Fig.3)
IZ BT, H-50 & H-la, H-3a, Me-18 O [,
H-6B & Me-19, Me-20 O], H-7 & H-14, Me-20
DM TNOE AR SNz LM BIREL .
F 7z, 1 ORISR X BRES ST IC X 0T o
7z. Fig4 IcZ® ORTEP MZz/RL7z. DL EOFER
X0, 10OMEEHAEERD 6a,12-dihydroxy-6(7—

11)abeo-abieta-8,11,13-trien-7-al & H|IH L 7z.

1O # R SfR G I D W T 12
p-bromobenzoyl chloride & KInEE TR LN,
6 N DIKEEIEDiEE L 72 p-bromobenzoate (1b) M
BARSA X SRS IC K O MET L7 (Figd). £
FER, 1 OO ARSI Figd IORT XS Ik
E L, {E&5Y)1 % standishinal &% Uiz,

Crystal Data of 1
Crystal system : orthorhombic

Formula : C20.0,H28.0,03.0
Mr :481.430
Space group : P2,2,2,

Cell dimension : 2 (A)  9.684 (3)
b(A) 23.019 (11)
c(A) 8.073(3)

R-Value :0.128 for 1117 reflection

Crystal Data of 1b
Crystal system : orthorhombic
Formula :C27.0,H29.0,03.0,Br1.0
Mr :481.430
Space group :P2,;2,2,
Cell dimension : a (A)  14.132 (3)
b(A) 25144 (9)
c(A) 6.660 (3)

R-Value : 0.0825 for 2311 reflection

Fig. 4 ORTEP drawing of 1 and 1b
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Fig. 5 Possible biosynthetic pathway of 1 from 12

R, TOEEFRBERIC DOV TERZIT -
To. Vi 7 a~Eif &0 BEEE N7z B e &Y
12-hydroxy-6,7-secoabieta-8,11,13-triene-6,7-
dial (12) D C-11 O —HEHFEHMH C6 DT IV T &
REZKBTHILICK>TEARENS LE
AbNhl. £T T, 127%2#/K CH,CL, 0 C T
BF; + OEt, ZHWTIEL, 1205 1 NDLHz
Atz TA, 1 &Z0D 6B-epimer (1c) X 6:4 D
HETHERK LU (Figh). T OL2RIMHBERGRD S,
VNS BT % 12 D05 1 NDATREZAE B RIS DM HE
Exhe.

3.2. ZOMMDFHRIEEVDIEERE
&2 3B AXT bVT— % L ko fi
KR 2P AEHFICKD, 1268 150D T
S FVEEEKL TV labda-8(17),13-dien-
12R,15-0lid-19-o0ic acid &?%ﬁb?’:ﬁl.) 12 i Dt
BB DWW TIE CD AT MUIZ K D ouB- AEIF -
v-Z 7 VBRI D ADO Ty b R R
LicC ehb RSB L L (LA 3, 410
WTHEIZFLDO AR "MV TF— R 7R UTZH,

BF3'OEt2

in dry CH,Cl,
0°C, stirred for 2h

C oIV AFIVE RN O trans- B EHEEEICE DL
T IV T MEIZBWTRICEN RSN &
5, HWCZ 13 I U TR THZ T N
f#t & X 1, 37 15-oxolabda-8(17),11E,13E- trien-
19-oic acid, 4 7% 15-oxolabda-8(17),11E,13Z-trien-
19-0ic acid &P L= (L 5 145 MERTILA R
Thollz®d), N(Z7uaXF)V) T7RZ)IVAIRE
FISEHE, ZON- AF)IVTZ)A 2 K (NMP) =X
TV (5a) & LCHMELTE. | Sk kb ans-
communic acid (15) 5 OFFEEIC K D ZIRE L Tz,
72 12 (ORI DUV T8 Mosher 12
X O HEE L, (129)-hydroxylabda-8(17),13(16),14-
trien-19-oic acid & RE L7z (LB 61 5 & FlkR
I NMP A7 )UK (6a) & U CHEEL T, HFEANX
7 BIVT— 2D SR AKEE 2 13-ethoxylabda-
8(17),11E,14-trien-19-oic acid & & L?’:A‘.) =g
TRU8ICDVWTIE, RMAXRT MIVT—25%Z
NZF N DA LT KK 3 7% 15-0oxolabda-8(17),132-
dien-19-oic acidg)&U“ 12- oxo-11-nordrim-8-en-14-
oic acid & PUE LTz,
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A,

&

E7O0E—Ya Y RUREAMI=_VI—
> 3 VPR

7 Nfg A B HEEE N BER N O e S
Yy, MTICZTNS D EkZZFDTz 32 FIiZDW
T, IR ERZR oL B 2R T 5 HNT,
in vitro Epstein-Barr virus #J##U (EBV-EA) #5
(LA & KR 7 V== T e LTlis T,
DI BERE ST 6 OB DR Rz Table 1
IR LTz, % D H T 15,16-bisnor-13-oxolabda-
8(17),11E-dien-19-oic acid (16) (& I I 5@ 4l
FER ZRDENED 5N, F 7z 15-oxolabda-
8(17),11E,13E-trien-19-oic acid (3) & & &
JE Tl mOIGIEH 2R Uiz, Wik EY

BINBE 2N DS, AT —%—LL
T 7,12-dimethylbenz[a]anthracene (DMBA), 7
0 E—X—& LT 12-O-tetradecanoylphorbol-13-
acetate (TPA) 7= H\\ % in vivo 77 A7 BRI FE
BT OE— g VIR Z T o 7. £ ORE,
3 XU 16 3yl < JEG OFEZIIHI U7z (Fig.6
and Fig.7). T ORI, T CICHE T nE—
g YIIEMER D E T W B glyeyrrhetic
acid V7 L~ MBI TH % ent-3p-hydroxy-
1 5—beyeren—2—one12)0))‘(f'ﬁﬁ7”‘“'— 2L U CHERR
PfEEZ R Uz, FRIC 16 IZIERICHRVFSE T 1
B X CB B C LD Lo T,
FHIC 16 ICDWT, Wi RS (ultraviolet-B :
UVB) #Af =T —%—, TPAZTOE—R—L

Table 1 Percentage of EBV-EA induction in the presence of compounds isolated from

Thuja standishii (Gord.) Carr. with respect to positive control (100%)

Concentration (mol ratio / TPA)®

1000 500 100 10

Compounds % to control’ (% viability)®

1 14.1 (60) 68.0 83.3 100

2 19.4 (60) 64.8 84.1 100

3 0 (60) 45.1 72.0 88.3

4 0 (60) 42.0 69.3 83.0

8 2.5 (60) 27.7 71.9 94.7

16 0 (60) 19.3 65.8 85.9
B -Carotene 9 (90) 34 82 100

# TPA concentration was 20 ng / ml (32 pmol / ml). ® Values represent relative percentages to the
positive control value (100 %). ° Values in parentheses are viability percentages of Raji cells.
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Fig. 6 Inhibition of TPA-induced tumor promotion by multiple application of 16. All mice were initiated
with DMBA (390 nmol) and promoted with 1.7 nmol of TPA, given twice weekly starting 1 week
after initiation. Percentage of mice bearing papillomas and average number of papillomas per
mouse. ®, Control (TPA alone); A, TPA + 85 nmol of 16. Papillomas per mouse of 16 treatment
were significantly different from the positive control at 20 weeks after promotion, p < 0.005.
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Fig. 7 Inhibition of TPA-induced tumor promotion by multiple application of 3. All mice were initiated
with DMBA (390 nmol) and promoted with 1.7 nmol of TPA, given twice weekly starting 1 week
after initiation. Percentage of mice bearing papillomas and average number of papillomas per
mouse. ®, Control (TPA alone); A, TPA + 85 nmol of 3. Papillomas per mouse of 3 treatment were
significantly different from the positive control at 20 weeks after promotion, p < 0.005.
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Fig. 8 Inhibition of UVB-induced tumor initiation by multiple application of 16. All mice were initiated

with UVB (3430 J/m?) and promoted with 1.7 nmol of TPA, given twice a week, starting 1 week after
initiation. Percentage of mice bearing papillomas and average nunber of papillomas per mouse.
®, Control (TPA alone); A, TPA + 85 nmol of 16. Papillomas per mouse of 16 treatment were

significantly different from the positive control at 20 weeks after promotion, p < 0.05.

U CTHWT in vivo X7 A 2§ ERBEF I =
T— g YfERZ T 7. ORI HE A
HCORTHHZZR L THUKICK 3R O0# 5.2 L
Te. ZTORER, 16 E5MET Y FO—)VEFE IR L
THERREA = T— a YHIfRIRNA A SN
7z (Fig. 8)]?)

5. 7AOVY—EHEFEHBRKRS 50- LTV

5 —EHEEREEHR

Ja NS HEEE N BER R CHT LS
Yy, MICTN5 OFEAZ ZDHT 12 I DWW
T, FIVEMEIEERAOA ) —= Tk
LT, Bl H#ZKZ Wiz inviro & b7 10
SN2 —EHFEERBRMA T b Sa- LA T Z—
VIHEE R R fT o 72, ZOR, BRIk aiay

'H 4-hydroxyandrost-4-ene-3,17-dione (4-HOA)
CHEE U TBWMER T G - 7y, #ilily 7
)V TH % standishinal 1) NTZDT 7 v F
Uk (1a) &7 0% 2 — BHFHE R L. %
7z, labda-8(17),13-dien-12R,15-0lid-19-oic acid
(2) I EMEM7Z% 50- LA 7 2 —PHEE N Z/R LT
(Table 2). ZC T, 1 DFGEEHEMEMHENC OV TR
L7z T A, A/BERMD cis idi& 279 IERIREY
DILEVIREM R X O LW IIHRIE 2 7R g
CEABHE ST

6. #&

B

rsafiorzaoa sV LT d XEE
HRDELT, ZOEFEAENY T IV UL
EWTHoT. HEEENI2HELEYOdR T
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Table 2 Aromatase® and 5a-reductase® inhibitory activities of compounds

Concentration Aromatase 5 @ -Reductase
Compounds inhibition inhibition
M) %) %)
1 1.0 50.2 0
1a 1.0 38.6 23.7
2 1.0 7.2 65.5
2-Me* 1.0 0 32.6
15 1.0 0 35
16 1.0 0 234
4-HOA® 0.6 63.7 .
Finasteride 1.0 - 100.0

? Substrate : 0.06 uM androst-4-ene-3,17-dione

® Substrate : 0.1 UM testosterone

¢ Methyl labda-8(17),13-dien-12R,15-0lid-19-oic acid
d 4-hydroxyandrost-4-ene-3,17-dione (formestane)

standishinal (1) 3@ % O abietane H#% & Hx D,
6-5-6 BIRZIEM LGB TH -7z, 4l
HgE X N b amEsmosdm 7 ae— g il
WEEET 28 0NE L Aotz Fcbay 16
& in vivo ICBOWTCIEFR IRV aE— 3 v
gz R L, UVIRSHC K551 =2 T —
va HERE AL TV, TR LAY
THBI6EHTRENE L, ARETRERSD
FERETRHA OV — F{bAP & LT O ReMEA /R
Nz

—77, $WAEM S, standishinal (1) K OZ DY
7R F Uk (1a) &7 0~ 2 —PIHEFRENRD 5
N, FHUEEY 213 5a0- LE 7 Z—BHEHEDN
RObNT. TEIERRB DL AR BV TG
PR IEo7eT e D, MEERIC K > THEA
BIEEOTIEDIAF TE 5.

BEE  AUIIUCEE U CRIBEERE 25 S
CHMEREZ2 ) D & UTORBEEERERY: P &
RICHL K D IEHB L. HBRELEFTL

L2 O X UTe RECERIRY: KB 4F
BERICOLDhSEHOBEZHL FF XY, HIC, 5
WA E EEFREZE O T L s iKW
ICFEATHERLE U WX 9. In vitro EBV-EA %8
(LI RRER, in vivo FEFEINT A ER %2 92/ L T TH
X LIt R PaBr i3 B TN
A BhFICEEATHEILR L BT Rd. X7z,
standishinal (1), &z T 15,16-bisnor-13-oxolabda-
8(17),11E-dien-19-oic acid (16) D&k E Efi LT
THE T U7 nl# R B A 20U 52 < AL
L EFES. i, invivo b k7~ Z—ERH
TGP 2 FEh U CTHE £ U7To K HA R
M EtE7/ LRZEWFZEAT (LR ST in
vitro & b 5a- L& 7 2 —BBH G MR ER 72 52 L
TIHE X LIRS AL Y EREE R 2208
At fnokifz ISR L 9. A2 R 1T
TRICHID, BIRETRETHE X L7 KBEERIR
52 MR — GER0,  HASH R S LA 9T
R I L £, 7z, X Kbk
RN 21T > TIHE £ LT RBCERRE: RO
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afifl, NMR A7 F)L2#lE L CIHEX LK
BEERERY: FElZ BIA, MS A7 MLz flE
U TCIHE £ LT RBCEERIRS: B SERER BT
HHELET. B, REBICHEHBIHEE LK
PR A R IR AL EWTFEE B DT RIS TR < T
AL KT

B8, AWEOKRE T EALLREGAERE IS T
L7zEDTHH, —EIEZDRIEML TITo
EDTHDET.
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