Europ. J. Cancer, Vol. 15, pp. 211-215 0014-2964/79/0201-0211 $02.00/0

© Pergamon Press Ltd. 1979. Printed in Great Britain

Antitumor Activity of
Carboxymethylglucans Obtained by
Carboxymethylation of (1—-3)-f-b-Glucan
from Alcaligenes faecalis var. myxogenes 1IFO

13140%*

TAKUMA SASAKI,+ NORIKO ABIKO, KAZUO NITTA, NOBUO TAKASUKA and YUKIO
SUGINO*

Chemotherapy Division, National Cancer Center Research Institute, Tsukiji 5-chome, Chuo-ku, Tokyo, Fapan 104

Abstract—Soluble carboxymethylglucans were obtained by carboxymethylation of
insoluble (1 —3)-B-p-glucan from Alcaligenes faecalis var. myxogenes /FO 13140.
Carboxymethylglucan with DS 0.47 (DS, number-average degree of carboxymethyl
groups substituted per anhydroglucose unit) strongly inhibited growth of sarcoma 180
solid-type tumor when injected daily i.p. (3-40 mg/kg) or i.v. (5 mg/kg) for 10
days. It also strongly inhibited growth of Sarcoma 180 when injected 1.p. in a single
dose of 20-200 mg/kg 7 days after tumor transplantation.

The DS of carboxymethylglucans was found to be closely correlated with their

antitumor actwity, compounds with a DS of about 1.0 per glucose residue having less

activity.

This chemically modified glucan seemed to have a host-mediated action, because it
had no cytotoxic effect in vitro and because it was effective when injected before tumor

transplantation.

INTRODUCTION

PreviousLy we found that a non-toxic (1—-3)-
B-p-glucan from Alcaligenes faecalis var. my-
xogenes (IFO 13140) strongly inhibited growth
of Sarcoma 180, solid-type tumor [1]. It was
not cytocidal to tumor cells in culture, but
had strong antitumor activity in vive when
injected at a daily dose of more than 5 mg/kg
for 10 days. When given in this way, it was as
effective before tumor inoculation as after
tumor inoculation. Although this glucan has
strong antitumor activity, its potential value is
limited by its low solubility in water. We,
therefore, attempted to obtain a water-soluble
derivative that retained the antitumor activity
of the parent glucan. Many polysaccharides of
different origins have recently been reported
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(2], but there have been few attempts to
modify them chemically. We attempted to
increase the solubility by introduction of hy-
drophilic groups and “found that carboxy-
methylation o the glucan increased the solu-
bility and antitumor potency without resulting
in any detectable toxicity to the host animals.

This paper reports the strong antitumor
activity of the water-soluble carboxymethyl (1
—3)-B-p-glucan. The correlation between the
activity and the extent of carboxymethylation
is also discussed.

MATERIALS AND METHODS

1. Animals and tumor

Female ICR-CR]J mice, weighing about 24
g, were purchased from Charles River Co.
Inc., Japan. Sarcoma 180, initially obtained
from the Sloan-Kettering Institute, New
York, N.Y., has been maintained in our
Institute in an ascites form. Unless otherwise
stated, 0.05 ml (6 x 10° cells) of the 7-day-old
ascites tumor was transplanted s.c. iniv the
right groin of mice. We have never observed
spontaneous regression of this tumor.
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2. dssay of antitumor activity

Test samples at a suitable concentration
in distilled water, were sterilized for 20 min at
120°C and then injected into mice daily (0.1
ml, i.p.), starting 24 hr after tumor implan-
tation, unless otherwise noted. Mice were kept
under observation for 5 weeks and then killed
for final evaluation of the effect of treatment
on tumor growth. Inhibition ratios were cal-
culated by the following formula:

Inhibition ratio (%)= (4 —B)/4 x 100,

where A4 is the average tumor weight of the
control group and B is that of the treated

group.

3. In vitro culture of Sarcoma 180 cells

The ascites tumor cells (10°) of Sarcoma
180 were incubated in a CO, gas incubator at
37°C for 24 hr in 5 ml of medium containing
various concentrations of carboxymethyl-
glucan. Then their viability, estimated by
staining with 0.17%; trypan blue, was com-
pared with that of control cells incubated in
the same medium without the glucan.

Eagle’s minimum essential medium with
209, calf serum was used for suspension
cultures.

4. Carboxymethylation

The content of carboxymethyl groups in
carboxymethylglucan depends on the con-
ditions used for carboxymethylation. The de-
gree of substitution (DS, the average number
of carboxymethyl groups substituted per an-
hydroglucose unit) was determined by the
method of Eyler et al. [3]. (1 >3)--p-Glucan
with a number-average degree of polymeri-

zation of 540 from the culture filtrate of

Alcaligenes faecalis var. myxogenes IFO 13140 [4]
was obtained from Takeda Chemical
Industries Ltd., Osaka, Japan. This glucan
was carboxymethylated in the following two
ways:

(A) A suspension of 3 g of the glucan in 80
ml of isopropyl alcohol was stirred at room
temperature for 30 min. Then, 8 ml of a 309
solution of sodium hydroxide was slowly
added with stirring over a period of about 60
min. Vigorous stirring was continued at room
temperature for about 90 min to prevent gel
formation. Then, 3.6 g of monochloroacetic
acid was added and the mixture was stirred at
60°~70°C for 5 hr. The product was recovered
by filtration and thoroughly washed with a
mixture of methanol and acetic acid (7:3,
v/v). The precipitate was collected by fil-

tration, washed successively with 80%, aque-
ous methanol, methanol and acetone and
dried under reduced pressure. This procedure
yielded 2.9 g of carboxymethylglucan (DS;
0.47 or 0.65).

(B) A suspension of 1.5 g of the glucan in
40 ml of 1sopropyl alcohol was stirred at room
temperature for 30 min. Then, 4 ml of a 309,
solution of sodium hydroxide was added in 1
ml portions at 15-min intervals and stirring
was continued at room temperature for 90
min. Then 1.8 g of monochloroacetic acid was
added in 3 portions at intervals of 10 min,
and the mixture was stirred at 50°C for 150
min. The product was collected by centri-
fugation, dissolved in 40 ml of water and
neutralized with acetic acid. The neutral so-
lution was mixed with 90 ml of methanol and
the resulting precipitate was collected by cen-
trifugation. It was washed well with a mixture
of 200 ml of 80%, aqueous methanol and 100
ml of ethanol and, then, with a mixture of
200 ml of 809, aqueous ethanol and 200 ml of
ether and then lyophilized, to give 2.0 g of

carboxymethylglucan (DS; 0.98 or 1.03).

RESULTS
L. Effects of various doses of carboxymethyl (1—3)-

B-o-glucan of DS 0.47 on Sarcoma 180 solid-type
tumor in ICR mice

The effect of carboxymethylglucan was
tested on Sarcoma 180 solid-type tumor trans-
planted s.c. into mice. As shown in Table 1,
the carboxymethylglucan had a strong anti-
tumor effect when given in daily doses of 3-40
mg/kg i.p. for 10 days from the day after
tumor transplantation. There was no detect-
able toxicity to mice with these doses, the
LDso being over 2500 mg/kg i.p. in mice.

A single dose of 20-200 mg/kg i.p. at 7
days after s.c. transplantation of Sarcoma 180
also caused complete tumor regression. These
doses resulted in tumor inhibition ratios of
over 88.5%, and caused regression and com-
plete disappearance of the tumors in many
animals.

Smaller or larger doses of 10 and 400
mg/kg had less antitumor activity, which re-
sulted in tumor inhibition ratios of 42 and
799,, respectively, and did not cause tumor
regression. Daily injections of 10 mg/kg for 10
days had a similar effect to a single injection
of 100 mg/kg at 7 days after tumor implan-
tation. Namely, the implanted tumor grew to
about the same extent as in control mice for 2
weeks, and then regressed, disappearing al-
most completely within 5 weeks.
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Table 1. Effect of carboxymethyl (1—3)-f-D-glucan with DS 0.47 on Sarcoma 180 solid
Sorm in mace

Dose Days of Average Tumor
(mg/kg x sample tumor inhibition Complete
days) injection weight (g) ratio (%) regression*
1x10 +1to +11 0.774+0.91% 78.9 1/
3x 10 +1to +11 0.03+0.08 99.2 5/6
Control 3,65+1.38 0/6
5x10% +1to +11 0.84+1.88 88.1 4/5
5x 10§ +1to +11 3.77+1.45 46.4 0/5
Control 7.034+2.88 0/10
10x 10 +1to +11 0.07+0.16 96.8 5/6
20 x 10 +1to +11 0.21+0.28 90.3 3/6
40x 10 +1to +11 0.1840.10 91.7 1/6
Control 2.174+1.09 0/6
10 x 1 + 7 3.44+2.54 41.6 0/5
20x 1 + 7 0.68+0.94 88.5 2/6
60 x 1 + 7 0 100 6/6
100 x 1 + 7 0.03+0.06 99.5 4/6
200 x 1 + 7 0.08+0.15 98.7 4/6
400 x 1 + 7 1.23+1.19 79.1 0/6
Control 5.894+3.44 0/6
100 x 1 -7 1.98+2.16 70.4 1/6
100 x 1 -3 0.551+0.52 91.8 2/5
100 x 1 + 4 0.0540.10 99.3 5/6
100 x 1 +10 0.234+0.28 96.6 4/6
100 x 1 +14 0.4240.60 93.7 2/6
100 x 1 +21 1.74+2.06 74.0 1/5
Control 6.68+1.72 0/6

All mice were inoculated s.c. with tumor on day 0.

*No. of tumor free mice/No. of mice tested.
t+Values are means + standard deviations.
tAdministered i.v.
§Administered s.c.

In contrast, carboxymethylglucan did not
inhibit the growth of ascitic Sarcoma 180 or
prolong the life of mice with ascites tumors.
The average survival time (12.7 days) of mice
inoculated i.p. with 6x 10° cells of Sarcoma
180 ascites tumor and treated i.p. with 10
mg/kg daily for 5 days of carboxymethyl-
glucan (DS, 0.47) from the day after
transplantation did not differ appreciably
from that (12.1 days) of the control group.

2. Effects of single injections of carboxymethyl (1
—3)-B-D-glucan with DS 0.47 on various days
before or after s.c. transplantation of Sarcoma 180

The effectiveness of pretreatment of animals
1s characteristic of the antitumor activity of
polysaccharides. Table 1 shows that car-
boxymethylglucan . also showed antitumor
activity when administered before tumor
transplantation. When injected as a single
dose of 100 mg/kg, it had a marked effect
(inhibition ratio, 91.8Y,) 3 days before s.c.
transplantation of Sarcoma 180, but less effect
7 days before tumor transplantation (inhi-
bition ratio, 70.4%,). The same dose 4, 10 or

14 days after tumor transplantation resulted
in an inhibition ratio of over 939,, with
regression and complete disappearance of tu-
mors in many animals. Even a single injection
21 days after tumor transplantation, resulted
in a significant inhibition ratio of 749, (Table

1).

3. Effects of carboxymethyl (1— 3)-B-p-glucan with
DS 0.47 by various routes of administration

Carboxymethylglucan was administered at
a dose of 5 mg/kg iv. or s.c. for 10 con-
secutive days from 24 hr after s.c. inoculation
of Sarcoma 180 cells (Table 1). It showed
high activity when given i.v. (inhibition ratio,
889,) and less activity when given s.c. (in-
hibition ratio, 469%,). It had no appreciable
effect when given orally, even at a high dose
of 1700 mg/kg.

4. Effects of carboxymethyl. (1 —3)-f-D-glucans
with various contents of carboxymethyl groups

The effect of the content of carboxymethyl
groups on activity was investigated using 4
samples of carboxymethylglucan with different
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contents ol carboxymethyl groups. The results
ol bioassay are shown in Table 2. When given
at a dose of 10 mg/kg i.p. daily for 10 days,
carboxymethylglucan with a content of carbo-
xymethyl groups of 0.65 or less per glucose
residue had strong antitumor activity, causing
complete regression of tumors in many ani-
mals, whereas preparations with contents of
carboxymethyl groups of 0.98 or more per
glucose residue had lower antitumor activities.

effective when given as a single injection i.p.
0.47 resulted in a tumor inhibition ratio of
almost 100°%, and a high rate of complete
tumor regression; moreover, even a dose of 1
mg/kg, resulted in a significant inhibition ra-
tio (78.99%,). Similar doses of the parent glu-
can have little effect. The antitumor potencies
of these carboxymethylglucans are greater
than that reported for carboxymethylpachy-
maran [5]. Carboxymethylglucan was even

Table 2. Effects of carboxymethyl (1—3)-B-D-glucans with various contents of carboxymethyl groups at a dose of
10 mg/kg for 10 days on Sarcoma 180 solid form
DS of ' (]’ Average Tumor
carboxymethyl in tumor inhibition Complete
group H,0 weight (g) ratio (%,) regression*
0.47 £6.0° (c=0.77)t 0 100 6/6
0.65 —26° (c=1.64) 0.1140.17% 97.1 4/6
0.98 —2.0° (c=1.53) 1.33+2.14 64.4 3/6
1.03 —2.3° (¢=1.58) 1.34+2.45 64.2 2/5
Control 3.74+1.44 0/6
0 0.01 £0.02 99.8 5/6
Control 6.004+2.36 0/6

*No. of tumor-free mice/No. of mice tested.
tMeasured in 0.1N NaOH.

tValues are means + standard deviations.

DISCUSSION

Previously, we found that (1-3)-8-p-
glucan (from Alcaligenes faecalis var. myxogenes
IFO 13140) has antitumor activity, but is
very insoluble in water, so that it could not be
administered satisfactorily i.v., the most suit-
able route from practical purposes. Moreover,
when autoclaved, it forms a very elastic re-
silient gel that does not break, as agar gel
does, when pressed between the fingers. In the
present work we found that on carboxymethy-
lation (1—3)--p-glucan becomes water sol-
uble, without loss of its antitumor activity.

Carboxymethylglucan with DS 0.47 was sol-
uble in distilled water (70 mg/ml), and the
clear solution could be sterilized before ex-
periments by autoclaving.

Analysis of the *C nuclear magnetic re-
sonance spectra of the carboxymethylglucan
in deuterium oxide suggested that the car-
boxymethylation occurs principally at G-6
(Sait6 and Sasaki, unpublished data).

The carboxymethylglucans with DS’s of
0.47 and 0.65 used in this work showed strong
antitumor activity at lower doses than the
cllective dose of the parent glucan [1]. A dose
ol 3 mg/kg of carboxymethvlglucan of DS

after the tumor had become completely estab-
lished (14 days after transplantation) or when
injected iv. at a dose of 5 mg/kg. The
effective dose-range (20-200 mg/kg) of carbo-
xymethylglucan was wider than that (60-100
mg/kg) of the parent glucan. This is especially
useful for therapeutic purposes.

No information is available on whether
carboxymethylglucan has a direct antitumor
cftect, or whether it is effective after hydrolysis
to glucan. Probably carboxymethylglucan is
converted to glucan in wive, but carboxy-
methyglucan may have a direct effect as a
polyanion due to its carboxylic acid.

The antitumor actions of both carboxy-
methylglucan and the parent glucan, are pro-
bably host-mediated, because neither com-
pound has any direct cytocidal effect on tu-
mor cells in vitro (data not shown) and both
compounds are effective when injected before
tumor transplantation.

Our results showed that the degree of sub-
stitution of carboxymethyl groups affected the
antitumor activity: activity was lower when
the degree of substitution with carboxymethyl
groups was high. For antitumor activity, the
limit to the content of this group seems to be
about 1.0 per glucose residue. It is interesting
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in this connection that deacetylation of GE-3,
a polysaccharide from Gyrophera esculenta con-
taining 4-109%, of acetyl groups, lowers the
antitumor activity, and that complete acety-
lation of GE-3 yields inactive products [6].
These findings suggest that the hydroxyl
group of polysaccharides may be involved in
interaction with some substance in the animal
body necessary for biological activity and may
also participate in maintenance of some essen-
tial conformational structure [7-9]. Extensive
substitution with carboxymethyl groups may
increase the solubility in water, but also alter

the molecular orientation, the lateral order
and the conformational structure, eventually
causing loss of antitumor activity.

The present study partially clarifies the
relationship between chemical modification
and growth inhibitory activity of glucan.
Further studies are in progress on the mode of
antitumor action using 14C-labelled
carboxymethylglucan.
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