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ABSTRACT.-The MeOH and CHCI, extracts of  the pericarps ofMallotuslaponicus showed 
potential anti-tumor-promoter activity. Seven constituents of the CHCl, extract and two de- 
rivatives from the most abundant Constituent, mallotojaponin [l], markedly inhibited the in- 
corporation of  'H-choline into phospholipids o f  C3H IOU2 cells enhanced by 12-0-tetra- 
decanoylphorbol- 13-acetate (TPA), a potent tumor promoter. 

Many research efforts on anti-tumor 
agents from natural resources have been 
attempted in order to find useful drugs 
for medical treatment of cancer, and po- 
tential anti-tumor-promoter agents 
from plant sources also have been 
examined for the purpose of chemopre- 
vention of cancer. 

Potential anti-tumor-promoter activ- 
i t y  of flavonoids widely distributed in 
the plant kingdom was described in two- 
stage carcinogenesis on mouse skin (1- 
4) .  The studies on inhibition of tumor 
promotion by triterpenoids, such as 
glycyrrhetic acid, the aglycone of 
glycyrrhizin, were also carried out ex- 
tensively (5-8). The anti-tumor-promo- 
ter activity of berberine sulfate, an 
isoquinoline alkaloid (9 ) ,  coumarin de- 
rivatives ( lo) ,  curcumin, a constituent 
of Curucuma longa L. (1  l ) ,  and an extract 
of garlic (genus Allium) (12), were also 
reported. 

As part of a program for survey of 
biologically active constituents from 
natural resources, we have been studying 
constituents of Mallotus japoniizs Muell. 
Arg. (Euphorbiaceae) and have reported 
the isolation, identification, and struc- 
tural elucidation of several new phloro- 

glucinol derivatives and the cytotoxic, 
anti-tumor, and antiherpetic activities 
of the isolated compounds (13-20). 
During the continuation of our research, 
we found that the MeOH and CHCI, ex- 
tracts of pericarps ofM. japonicus showed 
potent anti-tumor-promoter activity; 
i.e., the extracts markedly inhibited 12- 
0-tetradecanoylphorbol- 13-acetate 
(TPA)-enhanced 'H-choline incorpora- 
tion into phospholipids of C3H 10T1/2 
cells. It has been known that tumor 
promoters induce primarily a change of 
phospholipid metabolism in vitro and in 
vivo (2 1,22), and it is suggested that en- 
hancement of phospholipid metabo- 
lism plays an important role in tumor 
promotion in vivo. Furthermore, vari- 
ous kinds of chemicals that modulate 
cellular phospholipid metabolism were 
proved to have potential anti-tumor- 
promoter activity in vivo, and the evalu- 
ation of the inhibitory potency for the 
TPA-enhanced phospholipid metabo- 
lism has been shown to be valuable for 
the screening of new potential anti- 
tumor-promoters. Accordingly, we at- 
tempted to evaluate the anti-tumor- 
promoter activity of some phloroglu- 
cinol derivatives purified from the 
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CHCl, extract by an in vitro screening 
test to assay the inhibitory potency on 
tumor-promoter-enhanced phosphatidyl- 
choline synthesis. 

RESULTS AND DISCUSSION 

The MeOH and CHCI, extracts 
proved to have potent anti-tumor-pro- 
moter activity in the screening test in 
vitro; i.e., both extracts showed 100% 
inhibitory effect on TPA-enhanced ,H- 
choline incorporation into phospholipids 
of C3HlOT1/2 cells in vitro at 50 pg/  
ml. Seven isolated phloroglucinol de- 
rivatives from the CHCI, extract of M.  
japontrus, mallotojaponin 111, mal- 
lotolerin 121, mallotochromene f31, 
mallotophenone 141, mallotochromanol 
151, isomallotochromanol c61, and 2,6- 
dihydroxy-3-methyl-4-methoxyacetophe- 
none 171 and two phloroglucinols de- 
rived from mallotojaponin l l] ,  namely, 
mallotochroman 181 and isomalloto- 
chromene 191, were tested for potential 

2 

4 

CHI CHI 

9 

anti-tumor-promoter activity. All of 
them markedly inhibited tumor-promo- 
ter-stimulated ,H-choline incorporation 
into phospholipids of C3HlOT1/2 cells 
(Table 1). 

Previous reports described cytotoxic- 
ity of these compounds toward KB cells 
in culture (10,11,15). Compounds 1 4  
and 9 were cytotoxic; compound 1 espe- 
cially showed intense cytotoxic activity 
for KB cells with ED,, 0.58 pg/ml. 
Compound 1 was further examined for 
anticancer effects on Ehrlich solid tumor 
and ascites carcinoma in mice (14). 

Recently, the cytotoxicity toward five 
cultured tumor cell lines, Hep-2 and 
PC- 13 carcinomas, B- 16 melanoma, 
and L5178Y and P-388 leukemias, by 
13 phloroglucinols from M. japonicas 
and anticancer effects of compound 1 on 
mouse L5178Y leukemia in vivo and 
combined treatment of compound 1 and 
OK-432 on mouse L5178Y leukemia 
and Ehrlich ascites carcinoma were de- 
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Concentration 

50 &ml . . . . . . . 
10 &mi . . . . . . . 
2 kg/ml . . . . . . . 

Compound 

1 2 3 4 5 6 7  8 9  

100 100 100 99.1 100 100 100 74.3 100 
100 100 66.7 97.0 29.2 95.5 100 68.7 100 
85.8 78.8 - 57.1 2.9 0 49.5 9 .3  91.9 

scribed (20). Compound 1 showed sig- 
nificant cytotoxicity for all of the five 
tumor cell lines in vitro, and potent an- 
tileukemic activity in vitro was ob- 
served. The combined treatment gave 
facorable results in a 60 day experiment. 

In the present study, compound 1 was 
found apparently to inhibit TPA-en- 
hanced phosphatidylcholine synthesis. 
However, it  is not still assured that it is 
really an anti-TPA effect. In other 
words, since the compound is cytotoxic 
as mentioned above, 3H-choline incor- 
poration into the phospholipid fraction 
could be effected secondary to the 
cytotoxicity, and the effect may not be 
specific. To distinguish among these 
possibilities, we further examined the 
effect of compound 1 on the incorpora- 
tion of 3H-choline into phospholipids of 
C3H 10T 1/2 cells in the absence of TPA 
as well as in the presence of TPA. As 
shown in Figure 1, up to the concentra- 
tion of 1.5 kg/ml,  compound 1 scarcely 
affected basal incorporation of 3H- 
choline and specifically suppressed the 
TPA-enhanced portion of 3H-choline 
incorporation. ID,, is calculated to be 
about 1 pg/ml. Thus, compound 1 was 
proved to have specific potential anti- 
tumor-promoter acitivity, at least at the 
ID,, concentration. 

Together with these results, it is of in- 
terest to investigate the mechanism of 
action of compound 1, which has a wide 
spectrum of antineoplastic activities 
(i.e., potential anti-tumor-promoter ac- 
tivity, cytotoxicity, antileukemic activ- 
ity) and the therapeutic activity of com- 

h c 

2 
x ,  

c' 01 

6 0:5 1.b 1.5 2.0 
Concentration of compound 1 (Fg/ml) 

FIGURE 1. Effect of compound 1 on tumor- 
promoter-enhanced 3H-choline in- 
corporation into phospholipids of 
C3H10T1/2 cells. C3H10T1/2 
cells were incubated with various 
concentrations of compound 1. 
After 1 h, 3H-choline (9.25 kbq/ 
culture) was added with (closed cir- 
cle) or without (open circle) TPA 
(50 nM). Incubation was continued 
for 4 h,  and the radioactivity incor- 
porated into phospholipid fraction 
was assayed. Data are mean values 
of duplicate experiments. 

bined treatment for leukemia and 
Ehrlich carcinoma. 

Because various kinds of phloroglu- 
cinol derivatives besides compound 1 
showed potential anti-tumor-promoter 
activity, more extensive study on struc- 
ture-activity relationship is also of inter- 
est. Among the phloroglucinol deriva- 
tives tested in this study, compound 9 
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showed the strongest potential anti- 
tumor-promoter activity. Thus, i t  is of 
particular interest to examine the anti- 
tumor-promoter activity in vivo of com- 
pound 9. 

EXPERIMENTAL 

MATERIhLS.-The extracts were prepared 
from the pericarps as described previously (13). 
Mallotojaponin [l], mallotolerin 121, malloto- 
chromene [3], mallotophenone 141, malloto- 
chromanol 151, isomallotochromanol 161, and 
2,6-dihydroxy-3-methyI-4-rnethoxyacetophenone 
1 7  were isolated from M .  japonicus (13,14), and 
mallotochroman E81 and isomallotochromene [91 
were derived from mallotojaponin 111 (15) as des- 
cribed previously. 12-0-Tetradecanoylphor- 
bol-13-acetate (TPA) was obtained from Phar- 
macia PL Biochemicals. [Methyl-3H]-choline 
chloride was purchased from Amersham Interna- 
tional. 

3H-CHOLINE INCORPORATION INTO PHOS- 
PHOLIPIDS OF CULTLJRED cEu.--Incorpora- 
tion of 3H-choline chloride into phospholipids of 
C3H 10T1/2 cells, established by Reznikoff et al. 
(23), was assayed by the method described previ- 
ously (24). 
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