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New 5’-nucleotidase-inhibitory polyphenols named NPF-86IA, NPF-86IB, NPF-8611A and NPF-86IIB were
isolated from the seeds of Areca catechu L. The ability of the inhibitors to precipitate gelatin was investigated by
microturbidimetry. These inhibitors produced weak turbidity. As 5’-nucleotidase is a kind of phosphatase, we examined
the effects of these inhibitors on alkaline and acidic phosphatases. While they showed moderate inhibitory effects on the
activity of acidic phosphatases, they did not have any significant effect on the activity of alkaline phosphatase. Therefore,
they showed a higher inhibitory effect on the 5'-nucleotidase than the other phosphatases. Murine macrophages were

directly stimulated by the 5’-nucleotidase inhibitors.
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5’-Nucleotidase (EC 3.1.3.5,- 5’-ribonucleotide phos-
phohydrolase) is located primarily in the plasma mem-
brane.! ~* Most of the 5’-nucleotidase activity of this type
is expressed by ecto-enzymes.* "7’ Many inhibitors of ecto-
enzymes show antitumor and immunopotentiator acti-
vities.®) For example, bestatin, diketocoriolin B and for-
phenicine were isolated as inhibitors of aminopeptidase,
alkaline phosphatase and Na*t, K*-adenosine triphos-
phatase (ATPase), respectively® which are located mainly
in cell surfaces or membranes. The primary action of these
inhibitors seems to occur at the cell surface. Bestatin binds
to cells, especially to macrophages, diketocoriolin B acts on
B-lymphocytes and increases the number of antibody-
forming cells, and forphenicine acts on macrophages and
increases antibody formation. Other inhibitors of 5’-nuc-
leotidase may therefore show such activities.

Recently, we have isolated four new 5’-nucleotidase
inhibitors, named NPF-86IA, NPF-861B, NPF-8611A and
NPF-861IB from the seeds of Areca catechu L.'® These
compounds were found to be polyphenolic substances and
showed antitumor activity, prolonging the life span of mice
inoculated with Ehrlich ascites carcinoma.'’” However,
these inhibitors did not show any significant cytotoxicity
against various mammalian cells in culture.'” The primary
action of these compounds therefore seems to involve some
change at the cell surface.

As the compounds described above inhibit 5’-nucleo-
tidase, a kind of phosphatase, we tested their inhibitory
activity against alkaline and acidic phosphatases. In ad-
dition, we examined the activation of macrophages by these
compounds. This paper describes the results.

Materials and Methods

Animals and Chemicals C3H/He mice, propagated at Shizuoka
Agricultural Cooperative Association (Hamamatsu, Japan) were used.
Acidic phosphatases of potato and wheat germ and alkaline phosphatases
from porcine placenta, chicken intestine, calf intestine and Escherichia coli
were obtained from Sigma Chemical Co. p-Nitrophenyl phosphate and
ferricytochrome C were from Nakarai Tesque Inc.

Gelatin Precipitation Test (Tannic Activity) A microturbidimetric
method was utilized to evaluate theinhibitorsin a gelatin precipitation test.'?

Enzyme Assay 5’-Nucleotidase inhibitory activity was determined by
the method described previously.!®’ Inhibition of alkaline and acidic

5’-nucleotidase; inhibitor; alkaline phosphatase; acidic phosphatase; superoxide; Areca catechu; polyphenol;

phosphatases was assayed as described previously'#'*) using p-nitrophenyl
phosphate as a substrate.

Preparation of Peritoneal Macrophages Method A: C3H/He mice (8
weeks old) were injected intraperitoneally with 10 mg of inhibitor. Four
days after the injection, peritoneal exudate cells (PEC) were harvested in
Hanks balanced solution, plated on fetal calf serum (FCS)-coated plastic
discs (70 mm), and kept for 30 min. PEC were washed with RPMI 1640
medium to remove nonadherent cells.

Method B: C3H/He mice were injected intraperitoneally with 1.5ml of
109, Proteose peptone solution. After 3d, the mice were killed and their
PEC were harvested in Eagle’s MEM. The cells were cultured on plastic
discs at 37°C for 2h and washed vigorously three times with Eagle’s
MEM. The adherent cells were further incubated with or without the
inhibitors for 48h and then used directly for the measurement of
superoxide anion (O;).

Measurement of Superoxide Anion O; -Generating activity was mea-
sured by the method of Inokuchi ez al.'®!” The adherent cells were treated
with a solution containing 0.05% ethylenediaminetetraacetic acid (EDTA)
and 109, FCS in phosphate-buffered saline (PBS). The resulting single cell
suspension was diluted in Krebs—Ringer solution. The reaction mixture
(2.5ml) contained 2mM glucose, | mMm, CaCl,, 80 um ferricytochrome C,
and 0.5 ml of the above cell suspension.

Results ;

Gelatin Precipitation Ability As some polyphenols are
known to precipitate proteins (tannic activity),'® the four
inhibitors from A. catechu were tested for their abilities to
precipitate gelatin. They were found to precipitate gelatin
very weakly (Table I).

Inhibitory Activities against 5'-Nucleotidase and Alkaline
and Acidic Phosphatases As shown in Tables IT and III,
NPF-861A, NPF-86IB, NPF-86IIA and NPF-86IIB st-
rongly inhibited 5’-nucleotidase activities but not alkaline
phosphatase activities at 10 ug/ml. The acidic phosphatases
were inhibited moderately by these compounds. Tannic

TasLe I. Gelatin Precipitation Test (Tannic Activity)
Compound Tannic activity (%
NPF-861A 30
NPF-86IB 23
NPF-8611A <10
NPF-8611B <10
Tannic acid 100
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TaBLe II. Effect on 5’-Nucleotidase Activity
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ICso (ug/ml)

Source of enzyme

NPF-861A NPF-861B NPF-8611A NPF-8611B Tannic acid
Snake 0.096 0.194 0.070 0.075 >200
Rat liver 20.2 233 18.5 17.5 >200
TasLe 111, Effects on Various Phosphatases guinea-pig neutrophils.??’ Consequently, 5'-nucleotidase is

Inhibition (%)

NPF-861A NPF-86IB NPF-811A NPF-8611B

Acidic phosphatase
Potato 25 13 64 47
Wheat germ 50 35 70 52

Alkaline phosphatase
Porcine placenta
Chicken intestine
Calf intestine
Escherichia coli

SO OoO
Soo o
SO OO
SO0 o

a) Inhibitor concentration, 10 yug/ml.

TaBLe IV. Oj Production by 5'-Nucleotidase Inhibitors (Method A)

Dose O, production O, production
Compound (mg/kg) (nmol/45 min/mg protein) ratio (%)
Control 0 38.4+3.3 100
NF-86l 10 69.5+1.5 181
NF-8611 10 107 +5.6 279

NF-861 and NF-86I1 are mixtures of A and B components of each fraction,

respectively.'?

TaBLE V. O, Production by 5'-Nucleotidase Inhibitors (Method B)

Concentration O, production O, production

Compound (ug/ml) (nmol/60 min/mg protein)  ratio (%)
Control 0 77.5+ 2.3 100
NPF-861A 100 215 +12.5 277
NPF-861B 100 208 +14.4 268
NPF-8611A 100 189 +10.7 244
NPF-8611B 100 203 +13.8 262

acid did not show any effect on 5’-nucleotidase activity at
200 ug/ml.

Superoxide-Generating Activity of Peritoneal Macro-
phages Two methods were used to estimate O, -genera-
ting activity of macrophages. Intraperitoneal injection
of NF-861 and NF-86II at 10 mg/kg enhanced O; produc-
tion 1.8 to 2.8 fold, respectively (Table 1V). When murine
peritoneal exudate macrophages were treated in vitro with
100 pug/ml of the 5'-nucleotidase inhibitors, these inhibitors
enhanced the O, -generating activity 2.4- to 2.8-fold
(Table V). These results suggest that murine macrophages
were directly stimulated by the 5’-nucleotidase inhibitors.

Discussion

5’-Nucleotidase is known to be associated with the
plasma membrane of mouse peritoneal macrophages'® and
rat liver cells,2°?! and was shown to be an ecto-enzyme in

used extensively as a marker for the plasma membrane in a
variety of cells and tissues (review?®). Inhibitors of 5'-
nucleotidase are therefore suspected to bind to the cell
surface and modify the functions of immunoresponsive
cells. Recently, we found three inhibitors, named nucleo-
ticidin,'® melanocidin A and melanocidin B**' from micro-
bial metabolites. These substances were polysaccharide in
nature and showed antitumor activities. The antitumor ef-
fects were not direct but host-mediated. Several investi-
gators have reported the biological properties including im-
munostimulating activities of polysaccharides such as
lentinan,?® schizophyllan,?® PS-K?"’ and mannan.?®

We further screened 5’-nucleotidase inhibitors and iso-
lated NPF-861A, NPF86-1B, NPF86-1IA and NPF-8611B
from the seeds of Areca catechu L. These inhibitors were
not polysaccharides but polyphenolic substances. Some
polyphenols such as tannins have a characteristic ability to
precipitate proteins. Their molecular weight usually range
from 500 to 3000. In contrast, the average molecular
weights of the inhibitors, NPF-861A, NPF-861B, NPF86-
IIA and NPFR86-IIB, were estimated to be 5620, 5000,
29400 and 8610 dalton (Da), respectively. The ability of these
inhibitors to precipitate gelatin was investigated by micro-
turbidimetry. These polyphenolic inhibitors gave weak tur-
bidity (Table I). In view of these findings, it is considered
that these inhibitors can not be classified as tannins, even if
they are polyphenolic in nature. There are very few reports
on the biological properties of polyphenols of this type
although Takeuchi et al. recently reported antitumor ac-
tivity?” of polyphenols from the bark of Prero carpus
indicus W.

In order to check the possible specificity of the samples as
inhibitors of 5’-nucleotidase, we examined the effects on
alkaline and acidic phosphatases, as 5'-nucleotidase is a
kind of phosphatase. These compounds showed moderate
inhibitory effects on the activity of acidic phosphatases, but
none of them had any significant effect on the activity of
alkaline phosphatase at 10 ug/ml (Table III). It is concluded
that the compounds had greater inhibitory effects on 5'-
nucleotidase than on alkaline phosphatases and thus seem
to be rather specific inhibitors of 5’-nucleotidase. 5'-Nu-
cleotidase and alkaline phosphatases are ecto-enzymes.*”
Studies on the inhibitory activities of these compounds
against ecto-enzymes in intact cells, such as Ehrlich, L5,
and HL-60 cells, are in progress.

Next, we examined the activation of macrophages by
estimating O, -generating activity in order to cast light on
the mechanism of the antitumor effect. The results suggest
that murine macrophages were directly stimulated by the
5’-nucleotidase inhibitors. As described in the previous
paper,'® the inhibitors did not show any cytotoxicity
against various mammalian cells. It is likely, therefore, that
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the inhibitors show antitumor activity through potentiation
of the immunity of host animals.
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