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ABSTRACT
Since glycyrrhetinic acid was proved to suppress tumor promoter
effects, several oleanane-type triterpenes which were chemically derived
from oli-annui acid and hederagenin were tested in vitro and in vivo
against the action of tumor promoter, 12-0-tetradecanoylphorbol 13acetate.
By in vitro experiment monitoring with 12 - O - tetradecanoylphorbol13-acetate-induced stimulation of ''I', incorporation into phospholipids
and an in vivo test on skin tumor formation in mice initiated with 7,12dimethylbenz(a|anthracene and promoted with 12-O-tetradecanoylphorbol-13-acetate, 18/3-olean-12-ene-3/3,28-diol (=erythrodiol), 18/9-oleanI2-ene-30,23,28-triol, 18a-olean-i2-ene-3Â£,28-diol, and 18a-olean-12ene-3/3,23,28-triol showed remarkable suppressive effects. Especially
I8a-oleanane derivatives having a < 11,<>lI grouping converted from the
COOH group initially allocated at C-17 were 100 times more effective
than glycyrrhetinic acid both in vitro and in vivo.

various kinds of chemicals, which modulate cellular phospho
lipid metabolism, were proved to have antitumor-promoting
activity in vivo, and the evaluation of the inhibitory potency for
the TPA-enhanced phospholipid metabolism has been shown
to be valuable for the screening of new antitumor promoters.
In reducing the pseudoaldosteronism of glycyrrhetinic acid
while enhancing its therapeutic effects, several triterpenoid
compounds were prepared by partial chemical modification of
glycyrrhetinic acid (5, 6) and some related triterpenoids. These
compounds were tested for the antitumor promoter effects on
in vitro phospholipid synthesis enhanced by TPA. Some com
pounds which strongly antagonized the phospholipid synthesis
promoted by TPA were subjected to the in vivo experiments on
mouse skin carcinogenesis.
MATERIALS AND METHODS

INTRODUCTION

Preparation of Triterpenoid Compounds

Several antiinflammatory substances have been known to
inhibit the action of tumor promoters in the two-stage mouse
skin carcinogenesis. Recently, some triterpenoid compounds
were reported to have antitumor promoter action (1). Inde
pendently, glycyrrhetinic acid, which is known to have antiin
flammatory activity, has been tested in vitro and in vivo against
the tumor-promoting action induced by TPA1 and teleocidin

Erythrodiol (180-Olean-12-ene-30,28-diol) (HI). Oleanolic acid (IS.;
olean- 12-en-3/3-ol-28-oic acid) (I) (1 g) dissolved in hexamethylphosphoric acid triamide (10 ml) was added with 25% NaOH (1 ml) to keep
stirring for l h at room temperature. Ethyl bromide (1 ml) was added
to the reaction mixture to allow the reaction to proceed for 20 h under
stirring at room temperature. By acidification of the reaction mixture
with 5% HC1 (20 ml) followed by dilution with water, ethyl oleanolate
was obtained quantitatively.
The dried ethyl oleanolate (1 g) dissolved in dried THF (20 ml)
was dropped into a refluxed mixture of sodium aluminum
bis(ethoxymethoxy) hydride [NaAlH2(OCH2CH2OCH3)2] dissolved in
70% toluene (3 ml) and THF (10 ml) under a stream of N2. The reaction
mixture was refluxed further for l h on an oil bath. After cooling to
room temperature, 10% HC1 was added gradually to the reaction
mixture to adjust the acidity to pH 3-4. The precipitates formed by the
decomposition of the aluminum complex were filtered off, and the
filtrate was extracted with chloroform 3 times (50 ml each). The solvent
was removed in a vacuum below 40Â°Cto obtain erythrodiol (III) almost
quantitatively (Fig. 1). Erythrodiol (III), m.p. 236-237'C, [a]D +77Â°C
(in CHCI3), M+.

on the carcinogenic system initiated by DMBA (2). The time
course of skin tumor formation in mice initiated by DMBA and
promoted by either teleocidin or TPA was observed for 18-20
weeks with or without glycyrrhetinic acid. The experimental
results showed that glycyrrhetinic acid remarkably suppressed
the skin tumor formation. For example, at week 18 of tumor
promotion, the group treated with DMBA (100 Â¿ig,single
application) plus TPA (0.5 Â¿Â¿g/painting,
twice a week) produced
10.9 tumors/mouse, whereas the group treated with DMBA
plus TPA and glycyrrhetinic acid (10 pmol, applied topically
40 min before each promoter application) had 1.5 tumors/
mouse.
It has been known that the tumor promoter induces primarily
the change of phospholipid metabolism in vitro and in vivo (3,
4), and the enhancement of phospholipid metabolism is sug
gested to play an important role in tumor promotion /'// vivo.
Glycyrrhetinic acid was tested on TPA-induced 32PÂ¡
incorpora
tion into phospholipids of cultured cells. The experimental
results showed 30.9% inhibition by the 25 Â¿tg/mlof glycyrrhe
tinic acid (2). This would suggest that the same mechanism
would be involved in the antitumor promoter activity of glycyr
rhetinic acid in vivo. Furthermore, besides glycyrrhetinic acid,

Calculated: 442.38 11
Found:
442.3850
18/3-Olean-12-ene-3/3,23,28-triol(IV). IV was prepared starting from
hederagenin (180-olean-12-ene-3/3,23-diol-28-oic acid) (II) by the same
procedure used for obtaining III from I (Fig. 1).
18/3-Olean-12-ene-3|8,23,28-triol (IV), m.p. 216-217'C, [a]D+78.4Â°C
(CHCI3), M+.
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DMBA, 7,12-dimethylbenz(a]amhracene; THF. tetrahydrofuran; NMR, nuclear
magnetic resonance: s, singlet; d, doublet; t, triplet.
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Calculated: 458.3743
Found:
458.3763
18a-Olean-12-ene-30,28-diol (V). Oleanolic acid monoacetate (I') (4
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13CNMR 0 ppm (CDClj): 142.6 (s, C-13), 117.4 (d, C-12), 78.1 (d, C3), 56.8 (t, C-28), 55.9 (d, C-5), 47.7 (d, C-9).
18a-Olean-12-ene-30,23,28-triol (VI). Hederagenin diacciate (18/3olean-12-ene-3/3,23-diol-28-oic acid diacetate) (II') prepared from hed-

(I) R=CHJt'= H oleanolic

acid

(III) R= CHj

UMR-R'-CHj
(II)R=CH2OH

(IV)

eragenin (II) (1.5 g) by acetylation with acetic anhydride and p>ridine
was dissolved in acetic acid (30 ml) and reacted with /miniivi chromate
(2 ml) at 60'C for 4 h. The reaction mixture was extracted with
chloroform 3 times (50 ml each) to separate 18/3-olean-12-en-ll-oxo3/3,23-diol-28-oic acid diacetate (IX) (yield, 1.58 g), m.p. 154-161'C.

Erythrodiol

R-CH2OH

Compound IX ( 1.58 g) was dissolved in acetic acid (30 ml) and added
with concentrated HCI (30 ml) to react at 120Â°Cfor 4 h. The reaction

R'-H Hoderagonin

<IIMR-R'=CH3

Fig. 1. Preparation of 18p-olean-12-ene-3/3,28-diol(erythrodiol)
olean-12-ene-3/3,23-28-triol (IV).

(III) and 180-

g) dissolved in acetic acid (200 ml) was reacted with fert-butyl chromate
(20 ml) at <>()'('for 4 h on a water bath under shading. The reaction
mixture was extracted with chloroform to obtain 11-oxooleanolic acid
monoacetate (VIII) which was recrystallized from 95% ethanol (yield,
3g).
Compound VIII (3 g) was added into a mixture of ethyleneglycol
(180 ml) and NaOH (3 g/60 ml H2O) and was allowed to react for 12
h at 105'C in an oil bath. After cooling, the reaction mixture was
acidified with concentrated HC1 and extracted 3 times with CHCI3 (80
ml each). The solvent was distilled off after drying to obtain 18a-olean12-ene-3j3-ol- 11-oxo-28-oic acid (X) which was recrystallized from chlo
roform or methanol (yield, 1 g).
Compound X (1 g) was methylated in chloroform solution with
CH2N2 in ether. The methyl ester (X') (1 g) dissolved in dried THF
was added dropwise into the refluxing mixture of \;i All I
(OCH2CH2OCH3)2 in 70% toluene (3 ml) and dried THF (10 ml) under
stirring in N2. The reaction mixture was refluxed further for 1 h. After
the reaction mixture had cooled to room temperature, its acidity was
adjusted to pH 3-4 to decompose the aluminum complex. The precip
itates formed were filtered and the fÃ-ltratewas extracted with chloro
form 3 times (50 ml each). The chloroform solution was evaporated
below 40Â°Cto obtain 18a-olean-12-ene-3ftl la or 11/3-28-triol (XII).
Compound XII dissolved in ethanol (100 ml) was stirred with pal
ladium-carbon (10%, 3 g) for 8 h under a stream of H2. The reaction
mixture was filtered and evaporated in a vacuum to obtain 18a-olean12-ene-3/3-28-diol (V), which was recrystallized from methanol (yield,
0.6 g) (Fig. 2), m.p. 264-266'C, [a]D+41Â°C(CHCI3), M+.

Calculated: 442.3811
Found:
442.3781

mixture was extracted with chloroform 3 times (50 ml each). The dried
chloroform extract was purified by means of silica gel chromatography
using hexane-acetone mixture as the solvent to obtain 18Â«-olean-12en-1 l-oxo-3/3,23-diol-28-oic acid diacetate (XI) (yield, 0.35 g).
Methyl ester of XI (XI') dissolved in dried THF was dropped into
the refluxed solution of NaAlH2(OCH2CH2-OCH3)2 (2 ml) in THF (3
ml) under stirring in N2. Stirring was continued for 1 h, and the reaction
mixture was acidified to pH 3-4 by the gradual addition of 10% HCI
at room temperature. The aluminum complex was decomposed in
liberating gas to form precipitates. The filtrate was extracted with
chloroform 3 times (50 ml each), and from the dried extract 18a-olean12-ene-3/3,ll,23,28-tetraol (XIII) was separated, which was reduced
catalytically in ethanol using 10% palladium-carbon (5 g) as the catalyst
under stirring for 8 h. The reaction product separated from the catalyst
was chromatographed over silica gel to yield 18a-olean-12-ene3/3,23,28-triol (VI) (yield, 0.57 g) (Fig. 2). 18Â«-Olean-12-ene-3/3,23,28triol (VI), m.p. 258-263'C, [a]D+56'C M+.

Calculated: 458.3743
Found:
458.3770
13CNMR &ppm (CDCIj): 141.38 (s, C-13), 116.26 (D, C-12), 72.14
(d, C-3), 66.64 (t, C-23), 55.60 (d, C-28), 47.42 (d, C-5), 46.48 (d, C9), 39.08 (d, C-18).
18a-Olean-12-ene-3/3,30-diol (VII). 18/3-Glycyrrhetinic acid (180olean-12-en-ll-oxo-3/3-ol-30-oic acid) (XIV) (2 g) was added into a
mixture of ethylene glycol (60 ml) and NaOH (10 g in 20 ml H2O),
and reacted (60 ml) for 12 h at 110-120Â°C.After cooling, the reaction
mixture was acidified with concentrated HCI and extracted 3 times
with CHC13 (80 ml each). The residue obtained on evaporation of the
solvent was recrystallized from CHC13 to obtain 18a-glycyrrhetinic acid
(XV) (yield, 1 g).
18a-Glycyrrhetinic acid acetate or methyl 18a-glycyrrhetinate was
subjected to reduction using NaAlH2(OCH2CH2OCH3)2 in dried THF

-NaOH

in HO(CH2)?OH
or
R
HCI HOAc

Fig. 2. Preparation of 18a-olean-12-ene3/3,28-diol
(V)
and
18a-olean-12-ene3/3,23,28-triol (VI).

<l)R=CHj
(1'>R=CH3

R'=H
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by the procedure as mentioned above to produce 18a-olean-12-ene3/11 1,30-triol (XVI), which was catalytically reduced using 10% palla
dium-carbon in ethanol to yield 18Â«-olean-12-ene-3/3,30-diol (18adeoxoglycyrrhetol) (VII). The product was purified by silica gel chromatography followed by recrystallization from methanol (yield, 0.1 g)
(Fig. 3).
18Â«-Olean-12-ene-3/3,30-diol (VII), m.p. 254-256Â°C, [a]D +63.2Â°C
(CHCb) M+.

Calculated: 442.38 11
Found:
442.3814
From the crude product, the diacetate, m.p. 231-232Â°C, was pre
pared, which was recrystallized from methanol. "C-NMR ppm
(CDC13): 171.3 (s, CHjCO), 176.9 (s, CHjCO), 142.6 (s, C-13), 117.3
(d, C-13), 80.9 (d, C-3), 75.3 (t, C-30), 55.4 (d, C-5), 47.2 (d, C-9), 43.7
(s, C-14), 39.6 (s, d, C-8 and C-18).
Compound VII was recovered quantitatively from the acetate (yield,
0.4 g).
''I', Incorporation into Phospholipids

of Cultured Cells

Incorporation of 32Piinto phospholipids of HeLa cells, C3H10T'/2
cells or Swiss 3T3 cells was assayed as described previously (2).
Analysis of 32PÂ¡-labeledphospholipids was carried out as follows.
Aliquots of phospholipid fraction extracted from 32PÂ¡-labeled
cells were
chromatographed on Silica Gel 60 thin-layer plates (E. Merck, Darm
stadt, Federal Republic of Germany) in chloroform:acetone:
methanohacetic acid: water (10:4:2:2:1, by volume), and the autoradiograms of the thin-layer plates were prepared and then scanned by a
densitometer.
In Vivo Two-Stage

Carcinogenesis

Experiment

The back of ICR mice (purchased from Shizuoka Laboratory Animal
Center) at 7 weeks of age was shaved with an electric clipper. After 2
days, initiation was accomplished by a single application of 100 /Â¿g
of
DMBA on a shaved area. TPA, at the dose of 0.5 ^g (0.81 nmol)/
painting, was applied twice a week starting 1 week after the initiation.
18Â«-or 18ff-olean-12-ene-3/3,23,28-triol (VI or IV) (81 nmol; molar
ratio to TPA, 100:1) dissolved in 100 fil of a vehicle consisting of
acetone:dimethyl sulfoxide (99:1) was applied topically 40 min before
each promoter application. Mice in control group were treated with the
vehicle alone. The experiments was continued for 18 weeks. Each

TRITERPENOIDS

experimental group consisted of 15 mice. The number and size of
tumors at the back of mice were determined once a week, and the body
weight of mice was measured once a month.

RESULTS
Based on an idea for drug design that the conversion of
COOH into CH2OH may enhance the biological activity of
triterpenoids (5, 6), a COOH group attached at C-17 of oleanolic acid and hederagenin was converted into CH2OH by the
action of NaAlH2(OCH2CH2-OCH3)2. By the in vitro system,
the inhibiting activities of the original compounds and their
modified derivatives against tumor promoter were compared.
The idea was approved by the experimental results as shown in
Table 1.
Contrary to the expectation, 180-olean-12-ene-3/3,30-diol
(=18/3-deoxoglycyrrhetol) which is a pharmacologically active
key compound of the chemical modification of glycyrrhetinic
acid revealed no inhibiting activity at 25 Mg/ml against 32PÂ¡
incorporation into phospholipids of HeLa cells enhanced by
TPA (data not shown). However, by the stereochemical conver
sion at position 18 of the oleanane skeleton, 18a-olean-12-ene3/3,30-diol (= 18a-deoxoglycyrrhetol) (VII) showed a strong in
hibition of "PÂ¡incorporation by 81.3% at the concentration of
25 Mg/ml (Table 2).
The potentiation of biological activity by the conversion of
18/3-H into 18a-H of oleanane-triterpenoids was demonstrated
to be a general phenomenon (Table 2; Fig. 4).
Thus 18a-olean-12-ene-3/Ã¬,23,28-triol (VI) showed the high
est inhibition rate on the TPA action thus far tested. The 50%
inhibitory dose was calculated as around 6 UM (3 pg/ml) (Fig.
4).
The inhibitory effect of VI on phospholipid synthesis was
confirmed in other cell lines, such as C3H 10T'/2 cells and Swiss
3T3 cells (Table 3).
Analysis of the 18a-olean-12-ene-3/3,23,28-triol-induced
change in phospholipid fractions revealed that 32PÂ¡
incorpora
tion into phosphatidylethanolamine
and phosphatidylcholine
was remarkably suppressed (Fig. 5). Inhibition of "PÂ¡incorpo
ration into phosphatidylinositol by treatment with VI was also
distinct.

18ÃŸ-Glycyrrhetinic

acid

(XV)
18a-Glycyrrhetinic

acid

Fig. 3. Preparation of 18a-olean-l2-ene3tf,30-diol(VII).
CH2OH

(XVI )
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( VII )
18a-Deoxoqlycyrrhctol
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Table I Effects of oleanane-type Iriterpenoids on the enhanced 31PÂ¡
incorporation
into phospholipids of HeLa cells induced by TPA
HeLa cells were incubated with one of test compounds (25 Â«nml), and after 1
h, 32PÂ¡
(20 nCi/culture) was added with or without TPA (50 nM). Incubation was
continued for 4 h, and then the radioactivity incorporated into phospholipid
fraction was measured. Data, expressed as percentage of inhibition on TPAenhanced '' I', incorporation, are mean values of duplicate experiments.
Compound

TRITERPENOIDS
100

80

Inhibition

60

40

20

Oleanolic acid (R'=CH3,R2=COOH)
(I)
Hederagenin (R'=CH2OH,R2=COOH)
(II)
Erythrodiol (R'=CH3,R2=CH2OH)
(III)
18/3-Olean-12-ene-30,23,28-triol
(R'=R2=CH2OH)
(IV)

5
10
Concentration ( jjq/ml )

48.0
72.6
81.1
100.0

Fig. 4. Effect of 18a-olean-12-ene-3ft23,28-triol
(D) and 18/3-olean-12-ene3j3,23,28-triol (â€¢)on the enhanced ''!', incorporation into phospholipids of HeLa
cells induced by TPA.
HeLa cells cultured as a monolayer in Petri dishes (35 mm diameter) were
incubated with various concentrations of IX,, and 18/5-olean-12-ene-3/3,23,28triol. After 1 h, 32PÂ¡
(20 (Â¿Ci/culture)was added with or without TPA (50 nM).
After
4
h,
the
radioactivity
incorporated
intoonphospholipids
of cells
was
measured.
Data, expressed as percentage
of inhibition
TPA-stimulated
'â€¢'!',
incorporation,

Table 2 Effects of oleanane-type triterpenoids on the enhanced 31PÂ¡
incorporation
into phospholipids of HeLa cells induced by TPA
Experimental conditions were the same as those in Table 1.
Compound

18a-Olean-12-ene-3/3,28-diol
(R'=CH3,
R2=CH2OH)
(V)
18Â«-01ean-12-ene-3/3,23,28-triol (R'=R2=CH2OH)
(VI)

18o-Olean-I2-ene-3ft30-diol

(VII)

15

are mean values of duplicate experiments.

Inhibition %
Table 3 Effects oflSa- and 18ÃŸ-olean-12-ene-3p,23,28-triol on enhanced "P,
incorporation into phospholipids of cultured cells induced by TPA
Experimental conditions were the same as those in Table 1.
32Piincorporation
(cpm/mg protein x 10~4)
Condition
Inhibition %
C3H10T1/! cells
Control
4.51
+ TPA
32.10
TPA+ 180-olean-12-ene50.1
18.27
3/3,23,28-triol (IV)
+ TPA + 18a-Olean-12-ene10.03
80.0
3/3,23,28-triol (VI)

100.0

Swiss 3T3 cells
Control
+ TPA
+ TPA + 18/3-olean-12-ene30,23,28-triol (IV)
+ TPA + 18n-Olean-12-ene3/3,23,28-triol (VI)

100.0

81.3

Under the experimental conditions in this study, glycyrrhetinic acid and the related triterpenoids did not show any cytotoxic effect on cultured cells; the number of cells was not
decreased, and viability of these cells was not affected by treat
ment with these test compounds, either.
These results of in vitro experiments prompted us to examine
the effect of VI and IV on in vivo carcinogenesis. Fig. 6 shows
the time course of skin tumor formation of the groups treated
with DMBA plus TPA, with or without VI or IV. The first
tumor appeared at week 6 in the group treated with DMBA
plus TPA. In the groups treated with DMBA plus TPA and VI
or IV, the first tumor appeared at week 11. The comparison of
control and triterpenoid-treated groups at week 18 is summa
rized as follows.
Since the tumor response had not reached to the plateau at
week 18, the comparison was tentative. The percentage of

6.11
15.54
10.01

58.6

7.12

89.3

tumor-bearing mice treated with DMBA plus TPA was 100%,
whereas that of the group treated with DMBA and TPA plus
VI or IV were 20 and 40%, respectively (Fig. 6/4). Compounds
VI and IV also decreased the average number of tumors per
mouse (Fig. 6B). The group treated with DMBA plus TPA
without triterpenoid compounds produced 10.6 tumors/mouse
at week 18, whereas the group treated with DMBA plus TPA
and VI or IV had 0.6 (P < 0.001, Student's / test) or 1.8 (P <
0.001) tumors/mouse, respectively. The size of tumors was
smaller in the group treated with triterpenoid compounds than
that in the control group (Table 4). Body weight measurement
during the experiment showed that both 18a- and 180-olean12-ene-30,23,28-triol did not cause any growth retardation
(data not shown). Furthermore, we observed that the triterpen
oid-treated mice had smooth skin, while those treated with
tumor promoter alone had multiple foci of inflammation, ne
crosis, and scarring. Therefore, the terpenoids seemed not to
have general toxicity but rather to prevent the toxic and inflam
matory reaction induced by tumor promoter. Thus, VI and IV
were proved to have remarkable antitumor-promoting
activity
in vivo without any toxicity. Compared with the previous results
of glycyrrhetinic acid (2), these compounds were much more
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Table 4 Effect of ISa- and 18ÃŸ-olean-l2-ene-3ÃŸ,23,28-triolon the promotion of
skin tumor formation by TPA in DMBA-initiated mice.
Experimental conditions were as described in Fig. 6. At week 18 of promotion,
the diameter and number of tumors were measured.
Av. no. of tumors/mouse
B

Size of tumors (mm)
Condition

1-3

Control+
18/3-Olean-12-ene-30,23,28-lriol
(IV)+
18a-Olean-l2-ene-30,23,28-triol
(VI)6.201.730.533.20

3-5

5-7

7-9

Total

0.130.070.0710.61.80.6
1.07

The inhibitory potency of VI against tumor promoter in vivo
was higher than that of IV, which correlated well with the
activity in vitro.
DISCUSSION

PÃ• PC

ft

Fig. 5. Analysis of phospholipids containing '-'I', in HeLa cells incubated with
TPA in the presence or absence of triterpenoid compounds.
HeLa cells were incubated with J!PÂ¡
with or without TPA (50 nM) for 4 h after
pretreatment with or without triterpenoid compounds (12.5 /ig/ml) for 1 h.
Phospholipids were extracted and analyzed by thin-layer chromatography, fol
lowed by autoradiography and densitometry. A, control; B, +TPA; C, +18/3olean-12-ene-3fi,23.28-trioI + TPA; D, +18a-olean-l2-ene-3/3,23,28-triol + TPA.
/'/. phosphatidylinositol; PC, phosphatidylcholine; /'/.. phosphatidylethanola-

100,

10
B
20
Weeks of pronwtion

Fig. 6. Effect of triterpenoid compounds on the promotion of skin tumor
formation by TPA in DMBA-initialed mice.
From 1 week after initiation by a single application of 100 pg of DMBA, 0.5
Mg(0.81 nmol) of TPA was applied twice a week. 18t>- and 180-olean-12-ene30,23,28-triol (81 nmol; molar ratio to TPA, 100:1) was applied topically 40 min
before each TPA application. I. percentage of tumor-bearing mice; B, tumor
incidence. O, group treated with DMBA plus TPA; Q and â€¢.groups treated with
DMBA plus TPA and 18a- or 180-olean-l2-ene-30,23,28-triol, respectively.

Cancer prevention is now the most urgently required for
public health. It is especially worthy to develop the method for
prevention at the promoting stage of carcinogenesis, since such
method might be applicable even after the hit of tumor-initiat
ing agents, which seems, in many cases, unavoidable in human
life. In this context, the application of antitumor-promoting
triterpenoids is highly promising for protection against tumor
formation; the terpenoids developed in this study seem to be
especially valuable, since they did not show any particular
toxicity in vivo.
Although the mechanism of the antitumor-promoting effect
of 18a- and 18/3-olean-12-ene-3/3,23,28-triol and other related
triterpenes used in this study is not known, the modulation of
phospholipid metabolism appeared to be one of the important
aspects; it was proved that the inhibitory potency of the triter
penoids for the TPA-enhanced phospholipid synthesis corre
lated well to their antitumor-promoting activity.
The triterpenoid compounds were found to inhibit the inflam
matory reaction induced by tumor promoters. This antiinflammatory activity may play an important role in the mechanism
of antitumor promotion as demonstrated in many cases (7).
Recently, we found that glycyrrhetinic acid and its related
compounds interact with calmodulin, an intracellular Ca2+binding protein (published elsewhere). Since calmodulin is an
essential protein for cell proliferation, the calmodulin-interacting property of the triterpenoids seems to be important for
antitumor-promoting action.
Glycyrrhetinic acid was proved to inhibit the binding of TPA
to its receptor (8), which has been suggested to be Ca2*-activated
phospholipid-dependent protein kinase (protein kinase C) (9).
Therefore, glycyrrhetinic acid and the related triterpenes may
also affect the TPA binding in modulating the activity of protein
kinase C. Since protein kinase C has been suggested to be one
of the key enzymes in the signal-transducting system to control
cellular functions including the expression of oncogenes, cell
proliferation, and transformation (10), the analysis of the inter
action of triterpenoids with protein kinase C is worthy to know
their mechanism of action.
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