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Pilocarpine, a cholinomimetic drug like ACh, caused a selective strong contraction of the
bronchus, and showed only a low potency on the bronchiole as compared with ACh, but the
reason remains unexplained.

Nicotine produced only a slight contraction of all the portions of the respiratory tract.
It is known that nerve plexus and ganglion cells are present under the mucosa of airways.1®
The number of ganglion cells under the mucosa is, however, smaller than that of ganglion
cells situated outside the airway tissues. The low potency of nicotine in contracting the
isolated airway smooth muscles may be due to a paucity of parasympathetic ganglion cells in
the preparations.

It has been known that administration of Ascaris suwum antigen by inhalation or .v.
injection to dogs with positive skin reaction provokes asthmatic responses such as tachypnea
and increases in respiratory resistance and airway secretion which are reduced by antihist-
amines and atropine.3V In addition, it has been recognized that histamine is released from
the lung by inhalation of Ascaris antigen to dogs.'® In the present Schultz-Dale test using
airway smooth muscles of dogs sensitive to Ascaris antigen, the antigen introduced into the
bath never produced contraction of their tissues. The result suggests that histamine released
from mast cells may produce contraction, not by directly acting on smooth muscles but
rather by exciting vagal reflex.
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A synthetic mannan derivative, stearoylmannan phosphate, inhibited the growth of
sarcoma-180 C and HelLa-S; cells in vitro. Incorporation of *H-thymidine by HeLa-S,

cells was inhibited by this compound and in synchronous culture, this compound inhibited
the growth of HelLa-S; cells only when added immediately after removal of thymidine.
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We have already reported that mannan and glucan extracted from baker’s yeast showed
an antitumor activity against the solid tumor of sarcoma-180 in mice,® and that the polysac-
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charides regressed the solid tumor by their adjuvant action.? It has been found that most
of the antitumor polysaccharides show their effect only against solid tumors.® We have
attempted to introduce a substituent group having an antitumor activity by itself into anti-
tumor polysaccharides in order to develop polysaccharide derivatives which have both the
host-mediated and direct action on cancer cells.® Stearoylmannan phosphate, obtained by
introduction of fatty acid and phosphate groups into yeast mannan, showed a strong anti-
tumor activity against Ehrlich ascites tumor when used in conjunction with ineffective dose
of mitomycin-C,” although a combined use of mannan and mitomycin-C was found to be
ineffective. This result indicates that stearoylmannan phosphate has an activity different
from that of mannan.

The present paper is an attempt to elucidate the mechanism of stearoylmannan phosphate
on tumor cells i vitro.

Materials and Methods

Extraction and Purification of Mannan from Baker’s Yeast These procedures followed the method
of Suzuki and Sunayama,® using fresh baker’s yeast (Oriental Yeast Ind., Tokyo).

Mannan Derivative Synthesis and Purification of Stearoylmannan Phosphate: Stearoylmannan
phosphate was synthesized and fractionated as reported previously.®

Cells and Culture Conditions HeLa-S, cells were kindly provided by Dr. I. Yamane, Research Insti-
tute for Tuberculosis, Leprosy and Cancer, Tohoku University, Sendai, and sarcoma-180 C by Dr. K.
Koyama, of the National Cancer Center, Tokyo. The cells were cultured in Eagle’s minimum essential
medium (MEM) (GIBCO, New York, U.S.A.) added with 159 bovine serum, 100 U/ml of penicillin, and
100 pg/ml of streptomycin. The cells were cultured in test tubes and, 24 hr after start of the culture,
medium was replaced with 1 ml of a new medium containing 1 mg/ml of stearoylmannan phosphate.' The
cells were detached from the test tubes,” collected, and stained with safranin solution'® to count the number
of dead and viable cells using a hemocytometer. Six test tubes were used for each time period and the
experiment was repeated three times.

Incorporation of *H-thymidine into HeLa-S; Cells——HeLa-S; cells (1 x 10° cells/tube) were cultured as
above, 1 mg/ml of stearoylmannan phosphate solution was added by the method of medium exchange 24 hr
later, and 1 pCi of *H-thymidine was added 1 hr later. This mixture cultured at 37° for 24 hr and incor-
poration of 3H—thymidine was measured with a liquid scintillation counter according to the method of
Takiguchi et al*V The culture was carried out in 20 test tubes for each group, and the experiment was
repeated twice. The radioactivity was determined in an automatic liquid scintillation spectrometer
(Beckman LS-150).

Synchronous Culture of HeLa-S; Cells About 1 10% HeLa-S; cells were cultured in a test tube, the
medium was replaced with the same medium containing 2 mu of thymidinel® after 16 hr, and further cultured
for 24 hr. The cells were collected, washed three times with 8 ml each of Hanks’ balanced salt solution to
remove thymidine, and returned to the normal medium. One milliliter of a solution containing 1 mg/ml
of stearoylmannan phosphate was added to the test tubes immediately after removal of thymidine or imme-
diately before the cells went into mitosis. After incubation, the cells were then treated with 0.1 m citric
acid at 37° for 1hr, stained with 0.1% Gentian Violet, and the number of nuclei was counted with a
hemocytometer.!® Ten test tubes were used for each time period and experiment was repeated twice.
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Results

Effect of Stearoylmannan Phosphate on Tumor Cells in Vitro

Effect of stearoylmannan phosphate on cultured cells of sarcoma-180C was tested by
the addition of 1 mg/ml of stearoylmannan phosphate to the medium and number of viable
cells was examined 1, 24, and 48 hr later. At 1 hr after the addition, the number was no
different from that of the untreated control group but, after 24 and 48 hr, cell multiplication
decreased, and approximately the same effect as that of the positive control, 1 pg/ml of
mitomycin-C, was found. The number of dead cells did not increase at any of the periods
after addition of stearoylmannan phosphate, indicating that this fraction had no cytocidal
effect and only inhibited cell multiplication. However, the mannan did not decrease cell
multiplication after 1, 24, and 48 hr (Fig. 1). As shown in Fig. 2, similar examination with
Hela-S, cells showed that, at 72 hr, multiplication of HeLa-S; cells decreased at the dose of
1 mg/ml, as in sarcoma-180C cells. On the other hand, at the dose of 1 and 100 pg/ml, stea-
roylmannan phosphate had no effect on the multiplication of HeLa-S; cells after 24 and 48 hr
of incubation but 299, growth inhibition was observed after 72 hr at 100 pg/ml, while the
mannan had no effect at any of the periods.
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Fig. 1. Growth Curves of Sarcoma- Fig. 2. Growth Curves of HeLa-S, Cells

180C Cells in Medium with Stearoyl-

with Stearoylmannan Phosphate
mannan Phosphate ’

—@—, control.
—~@—, control. —/\=, stearoylmannan phosphate, 1000 ug/ml.
—/A\—, stearoylmannan phosphate, 1000 ng/ml. —/\—, stearoylmannan phosphate, 100 ug/ml
~—X—, mannan, 1000 ug/ml. --/\---, stearoylmannan phosphate, 1 pg/ml.
—~—[J—, mitomycin-C, 1 ugfml.’ — X ~=-, mannan, 1000 ug/ml.

Effect of Stearoylmannan Phosphate on the Incorporation of 3H-thymidine into HeLa-S; Cells

Incorporation of radioactivity into HelLa-S; cells after addition of 1 mg/ml of stearoyl-
mannan phosphate was 181 46513 473 dpm on the average, indicating about 829, inhibition
compared to that of untreated cells, and the difference was statistically significant (p<0.01).

Incorporation of ®H-thymidine by HeLa-S; cells given 1 mg/ml of mannan was no different
from that of untreated cells (Table I).

TasrLe I. Uptake of 3H-thymidine by HeLa-S, Cells

Sample Concentration Radioactivity Inhibition P
p (mg/ml) (dpm/min) ratio (%) value®
Control 2683731 9824
Mannan 1.0 246 126 +-18 761 8
Stearoylmannan phosphate 1.0 181 465413 473 32 <0.01

a) Versus the control group.
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Action Site of Stearoylmannan Phosphate in

3l Synchronized HeLa-S, Cells
HeLa-S; cells were synchronized with
. T thymidine and the site of action of stearoyl-
) mannan phosphate was examined by the time
X of its addition. Effect of stearoylmannan
w 2f phosphate on the growth of HeLa-S, cells was
S examined by its addition immediately after
- removal of thymidine or immediately before
S o the start of mitosis. Decrease in the multi-
7 plication of mitotic cells was seen only when
1r stearoylmannan phosphate was added im-
():l:—{' o . J mediately after removal of thymidine and not
0" 6 89101112 1 18 24 when added immediately before the start™ of
Culture period® (hr) mitosis, 7.e., 9 hr after removal of thymidine
Fig. 3. Effect of Stearoylmannan Phosphate (Fig. 3).
on HelLa-S, Cell Multiplication Discussion

—@—, control.
—A-—, stearoylmannan phosphate, 1000 ug/ml.®

A stearoylmannan phosphats, 1000 jrg/ml Yeast mannan has an antitumor activity

—M—, mitomycin-C, 1 ug/ml.® : against solid form of sarcoma-180, but no activ-

—{}—, mitomycin-C, 1 pug/ml.» : . . . f § 1Is.®

@) Added 9 hr after removal of thymidine. lty agalnSt ascites form of the tumor cells.

b) Added just after removal of thymidine. : On e ther and St aro lmannan hOS a

¢) Culture period indicates the time after removal of th X o h » Ste . Yy . phosph te_’
excess thymidine. a modified mannan derivative, showed an anti-

tumor effect when used with an ineffective
dose of mitomycin-C against ascites form of Ehrlich carcinoma, but did not show an antitumor
effect against solid form of tumor.” The mannan also had the effect of increasing antibody
production and cellular response,® while stearoylmannan phosphate did not show any activ-
ity  These facts signify that the action site of mannan and synthesized stearoylmannan
phosphate on tumor cells would be different. Therefore, we examined the action of these
two substances on tumor cells iz vitro, and found that stearoylmannan phosphate inhibited
the growth of tumor cells, sarcoma-180C and HeLa-S; cells, @ vitro, but the mannan had
no effect on tumor cells (Fig. 1 and 2). Stearoylmannan phosphate inhibited uptake of
3H-thymidine (Table I) and inhibited the growth of HeLa-S; cells at the start of DNA synthe-
sis as did mitomycin-C (Fig. 3). However, elucidation of the site of action of this growth
inhibitory effect requires further detailed examinations.

. We have reported the antitumor activity of palmitoyldextran phosphate,’® and this
compound had an antitumor activity against both solid and ascites form of tumor % vivo.
However, palmitoyldextran phosphate had no effect on tumor growth 4n witro, indicating
that the mechanism of antitumor activity was different from that of stearoylmannan phos-
phate.!® Stearoylmannan phosphate and palmitoyldextran phosphate are different from
these polysaccharides, .., mannan consists of a highly branched polymer of mannose,®
and dextran consists of a linear polymer of glucose.’® It is interesting that both polysac-
charide derivatives have different antitumor and immunological activities.
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