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ABSTRACT 

Antitumor activities of two (1 -+6)-branched (1+3)-p-D-glucans, isolated from 
the fruiting body of Auricularia arrricula-judae (“kikurage”, an edible mushroom), 
and other branched polysaccharides containing a backbone chain of (1-+3)-x-D- 

glucosidic or (1+3)-a-D-mannosidic linkages [and their corresponding (1 43)-D- 
glycans, derived by mild, Smith degradation] were compared. Among these poly- 
saccharides, a water-soluble, branched (1+3)-&D-glucan (glucan I) of A. nuricula- 

fzrdae exhibited potent, inhibitory activity against implanted Sarcoma 180 solid tumor 
in mice. The alkali-insoluble, branched (1+3)$-D-glucan (glucan II), a major 
constituent of the fruiting body, showed essentially no inhibitory activity. When the 

latter glucan, having numerous branches attached, was modified by controlled, 
periodate oxidation, borohydride reduction, and mild, acid hydrolysis, the resulting, 
water-soluble, degraded glucan, having covalently linked polyhydroxy groups 
attached at O-6 of the (143)~linked D-glucosyl residues, exhibited potent antitumor 
activity. Further investigations using the glucan-polyalcohol indicated that the 
attachment of the polyhydroxy groups to the (1-3)~P-D-glucan backbone may 
enhance the antitumor potency of the glucan. On the other hand, partial introduction 

@A part of this work was presented at the Annual Meeting of the Japanese Biochemical Society, 
In Kyoto, 1978, and in Tokyo, 1979. 
@*To whom requests for reprints should be addressed. 
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of carboxymethyl groups into glucan II (d.s., O-47-0.86), which altered the insolubility 
property, failed to enhance the antitumor activity_ The interrelation between the 
antitumor activity and the structure of the branched (1+3)-fl-D-@UCan is discussed, 
on the basis of methylation and ‘3C-n.m.r. studies of the periodate-modified glucans. 

INTRODUCTION 

Since 1963, when Johnson et al.’ established the structure of a branched 
(1+3)-B-D-glucan-having side chains of single D-g1UCOSyl groups at the O-6 atoms- 

that is elaborated by Fungi inzperfecti (Sclerotrmnz ginca~zicrmz), similar branched 
D-glucans have been found in fruiting bodies and in the culture broth of many fungi, 
such as Lerzritzrrs edodes (lentinan)2*3, Sclerotinia Iibertilza4, and Sclzi~oplzylhzz 

conrmrme (schizophyllan)‘*6. Harada et al. also reported production of a water- 
insoluble, linear (1-3)~P-D-glucan (curdlan) by a bacterium, Afcaligenes faecalis7’s. 

In a previous studyg, two highly branched (1 +3)-/l-D-ghCaUS (glucans 1 and 

II), in addition to an acidic heteropolysaccharide, were isolated from “kikurage”, the 
fruiting body of Auricrdaria arrricrr?a_idae, one of the common edible mushrooms 
belonging to the Hetet-obasidionzycetes. 

In recent years, some (1+3)-/3-D-glucans have attracted much attention” in 
view of their inhibitory action on the growth of certain tumors in animals; however, 
structural correlation to the antitumor effects of these polysaccharides is not yet 
fully understood, except for the molecular-weight dependence of some glucansL1-‘2. 
Our preliminary study showed that the water-soluble glucan I of A. awiczda-jzlmdae 

exhibits potent antitumor activity against the growth of Sarcoma 180 solid tumor, 
impiantec! in mice, whereas the other (alkali-insoluble) &can II, which is a major 

constituent of the fruiting body, has essentially no such activity_ This has prompted 
us to investigate the relationship of the structure to the antitumor effect of the 
branched (l-+3)-B-D-glucans and other plant and microbial polysaccharides con- 
taining a backbone of (l-+3)-D-glycosidic residues. 

We report, first, the dependence of the antitumor effects of some polysaccharides 

containing a (1+3)-D-glycosidically linked backbone on the structure, and, second, 
a comparison of the antitumor activities of chemically modified glucan II (altered 
by controlled periodate oxidation and borohydride reduction, and also by partial 

carboxymethylation). 

RESULTS AND DISCUSSION 

Fractionation of the polysaccharides of kikurage by successive extraction with 
water and cold and hot hf sodium hydroxide afforded an acidic polysaccharide 
composed of D-glucuronic acid, D-XylOSe, D-glucose, and D-mannose (molar ratios, 

1.3 : 1.0 : 1.3 :4.3), and two types of /?-D-glucan distinguished from each other by their 

physical properties. The yields and molecular sizes of these polysaccharides are 
listed in Table I. Both glucans, glucan I, which is water-soluble, and glucan II, which is 
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TABLE I 

POLYSACCHARIDES OF THE FRUITING BODY OF MIKURAGE (Arrricdaria aWiClda-judm) 

--. 

Polysaccharide Yield [aI% (degrees) Solrrbiliry kfoolecdar weigbr 

(%I (0.5~ NaOH) 
----..~..- 

D-Ghxurono-D-xylo- 
D-gluco-D-mannan 48.7 -20.3 water-soluble “5 ;.< 10” 

D-Glucan I 2.3 -10.1 water-soluble “1.4 x IO” 
D-Glucan II 49.0 - insoluble in (d.p., - 6 :.: 10:‘)” 

2~ NaOH, and in Me&O 

ODetermined by high-performance, liquid chromatography (column, Toyosoda PW 5000: carrier, 
dimethy sulfoxide). “Determined by the D-giucitol dehydrogenase method. 

CH20H 

0 

* 

03 

HO 

OH 

CHZOH 
I 

0 
OH Q- 0 

HO 

OH 

OH OH 

Water-soluble G-glucan 

0 

CH20H 
-I I 

CH20H 

YH20H CH2 

I 

=F? 

I 

C”2 

I 

OH OH 

2 

,Wkali-insoluolr o-c@Can 

- 

t-8 



Sc
hi

zo
pl

~J
~/

//r
rr

l C
N

/?
III

IIU
IC

 
Sc

hi
zo

ph
yl

la
n~

 
Co

nt
ro

l 
__

-.-
_-

---
__

..-
 

Aw
ic

rh
rio

 
ar

r~
iu

rr
ln

-jd
w

 
(k

ik
ur

ag
c)

 
p

-D
-G

lu
ca

n
 

I 
(s

o
lu

b
le

) 

/I-
o-

G
lu

ca
n 

II 
(in

so
lu

bl
e)

 
Ac

id
ic

 
po

ly
sa

cc
ha

rid
e 

Pc
rio

dn
tc

-m
od

ifi
ct

l 
Co

nt
ro

l 

p-
(l-

+3
)-m

 
p-

(l-
,6

)-G
lc

 
8 

x 
IO

 
0,

20
 

96
6 

31
4 

/‘I
-(1

+3
)-G

lc
 

/3
-(I

-1
6)

.G
lc

 
10

 
x 

IO
 

4.
74

 
18

.9
 

O
/4

 
a-

( 
I 3

 3
).M

an
 

p-
(l-

12
).X

yl
, 

/?
-G

lc
A-

( 
I +

 
IO

 
x 

IO
 

4,
75

 
l8

,5
 

O
/6

 
a-

(1
 -

r3
)-M

en
 

IO
 

2:
 1

0 
3,

65
 

37
,4

 
O

/6
 

5,
83

 
O

/6
 

--
- 

St
ny

to
co

cc
rts

 
sa

liw
r’i

rr
s 

a-
o-

G
lu

ca
n 

Co
nt

ro
l 

Pc
rio

da
tc

-m
od

ili
cd

 
Co

nt
ro

l 

a-
( 

I -
-) 

3)
.G

lc
 

a-
(I 

+3
)-G

lc
 

a-
(l-

+6
)-G

lc
, 

a-
(l+

4)
-G

lc
 

30
 

>!
 1

0 
3.

84
 

18
.8

 
o/

4 
4.

73
 

o/
4 

IO
 

>:
 I

O
 

3,
70

 
36

.5
 

O
/4

 
5.

98
 

o/
4 

Bm
cn

ia
 

sc
lrr

cb
c~

i 
Ac

id
ic

 
po

ly
sn

cc
ha

rid
e 

Co
nt

ro
l 

Pc
rio

da
tc

-m
od

ifi
ed

 

Co
nt

ro
l 

/%
(I 

-r3
)-G

ill
, 

p-
(l-

+3
)-M

an
 

/?
-(I

 -
t3

)-G
al

, 
p-

(l-
+3

)-M
an

 

(l-
+3

)-R
ho

, 
(I 

+3
)-F

uc
, 

(1
44

).G
lc

A 
30

 
x 

IO
 

5.
98

 
-2

6.
4 

O
/6

 
5.

83
 

O
/6

 

(I 
43

).F
uc

 
5 

x 
10

 
IO

.7
8 

I.1
 

01
6 

IO
,9

0 
O

/6
 

nA
dm

in
is

lc
rc

d 
in

tr
ap

er
ito

nc
al

ly
. 

“N
um

be
r 

of
 t

um
or

-fr
ee

 
m

ic
e 

to
 n

um
be

r 
of

 m
ic

e 
ne

st
ed

. C
Da

ta
 

of
 T

ab
ru

n 
ct

 ~
/.f

l. 



STRUCTURE AND ANTITUMOUR EFFECTS OF POLYSACCHARIDES 119 

soluble in neither alkali nor dimethyl sulfoxide, had been shown by methylation 
and Smith-degradation studies to contain a backbone of (I-3)-linked D-glucosyl 

residues’. They have many branches of single D-glucosyl groups attached at O-6 
of the (l-+3)-linked D-glucosyl residues of the backbone chain, many more than in 
the hitherto-known, branched (l+3)-j?-D-glucans’-5; in glucan I, two out of three, 
and in glucan II, three out of four, (1 -+3)-linked D-ghcosyl residues are branched. 
In addition, glucan II contains a very few, short side-chains of p-(1 +6)-linked D- 

glucosyl residues. These branched structures were confirmed by the present re- 
investigation- The structures of the repeatin, (J unit of these two glucans are shown in 
1 and 2. Glucan I had a molecular weight of 1.4 x 106, as estimated by h.p.l.c., using 
dimethyl sulfoxide as the carrier. Glucan II, which was insoluble in dimethyl sulfoxide, 
had an average d-p. of 6 x 103, as measured by an enzymic method according to the 
procedure of Manners et a1_13. 

As some P-D-glucans, such as scleroglucan, lentinan, and schizophyllan, which 
contain a backbone of (1-3)~P-linked D-g~ucosyl residues, have been found to 
inhibit the growth of Sarcoma 180 solid tumor implanted in mice”, the antitumor 
activities of the kikurage glucans were compared with those of schizophyllan and 

other polysaccharides containing a backbone of (l-+3)-linked glycosyl residues, 
i.e., the mainly (l-+3)-linked u-D-glucan of Streptococczrs sa/ivarizrs’4, a D-glucurono- 
D-xylo-D-gluco-D-mannan containing a (1 +3)-a-D-mannosidic back bone, which 
was isolated from kikurage’ (see Table I), and an acidic heteropolysaccharide of the 
mucilage of a water-plant, Brasezzia dzreberi, having an extremely highly branched 
structure consisting of (1+3)-linked j?-D-galactosyl, /?-D-mannosyl, L-fucosyl, and 
L-rhamnosyl residues’ ‘_ The (1 +3)-linked D-glycans that constitute the backbone 
chains of these polysaccharides were prepared from the corresponding, parent poly- 
saccharides by mild, Smith degradation (periodate oxidation, borohydride reduction, 
and mild, acid hydrolysis). The tumor-inhibitory activities of these polysaccharides 
were compared by successive, intraperitoneal administration of each polysaccharide 
as an aqueous solution or suspension, at a dosage of 8-30 mg per kg of ICR-JCL 
mouse per day, for 10 days, starting 24 h after subcutaneous implantation of Sarcoma 
180 cells. After 5 weeks, tumor-inhibition ratios, and the number of treated mice 
whose tumors had completely regressed, were examined. The results are listed in 
Table II. 

It is apparent that the water-soluble, branched (143)~lJ-D-glucan of kikurage 
(glucan I) gave the highest antitumor activity, as in the case of schizophyllan; how- 
ever, glucan II of kikurage, which is water-insoluble, showed no antitumor activity. 
Other polysaccharides containing (1 +3)-r-linked D-glucosyl or D-mannosyl residues 

as their backbones also showed no antitumor activity, although their Smith-degraded 
polysaccharides, consisting solely of (l-3)a-D-glycosidic linkages, showed some 
slight activity_ The acidic heteropolysaccharide of the water-plant B. sdzreberi, and 
its Smith-degraded polysaccharide, which may still have a branched structure con- 
taining a backbone of (143)~j?-D-galactosidic and -D-mannosidic linkages’ 6, also 
had no antitumor activity_ As regards the antitumor effects of (1+3)-linked D-glucans, 
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TABLE III 

AsTITU.~~OR ACTLWTIES, AGAINST SARCOMA 180 SOLID TUMOR, OF PERIODATE-MODIFIED, RIKURAGE 

GLUCAN II 

- 

Modified gltrcarr 

_~ 

Oxidation Yield Dose Inhibition Complete 

conditions (%I) (rngltkg :< days) ratio (%) regression” 
(molar ratio 
of periodate 

to gr11c0syr 

residtte) 

Native glucan 10 x 10 18.9 016 

CSD-25-S (soluble) 
CSD-25-I (insoluble) 
CSD-SO-S (soluble) 
CSD-50-I (insotuble) 
CSD-50-SA (insoluble)” 
CSD-75-S @.oluble) 
CSD-75-SA (insoluble)* 
Control 

68.8 5 x 10 S6.3 314 
31.2 5 i: 10 52.9 516 
83.4 5 x IO 100.0 616 
12.6 5 x 10 40.7 Oh5 

5 ;-: 10 62.1 416 
s3.0 5 i: 10 99.4 516 

5 i: IO 4.8 016 
016 

“No. of tumor-Free mice/no. of mice tested. bTreated with 0.2~1 sulfuric acid for 7 h at 100”. 

it should be noted that the /3 configuration of the D-glucosyl residues, which affords a 
helical chain-conformation, is essential, as far as the growth inhibition of Sarcoma 
IS0 tumor is concerned. X-Ray analysis and viscosity studies on the hitherto-known 
(1+3)-P-D-glucans, e.g., lentinan, schizophyllan, and curdlan, indicated that most 
of them may have triple-strand helices, by hydrogen bonding between (l-+3)-linked 
chains of D-glucosyl residues’ ‘- ’ 9, whereas the molecules of (I-+3)-linked Z-D- 
glucans may have a ribbon-like, single-chain conformation, extended along the fiber 
axis'0.2' 

Although it appears that the triple-helix chains of (l-+3)-/3-D-glucans are 
responsible for the antitumor activity, the Fact that the glucan II of kikurage (which 
has many more branches than glucan I), and also schizophyllan-type glucans, showed 
essentially no antitumor effect prompted us to remove, partially, side chains in glucan 

“ff, whereby its structural features might become close to those of the antitumor 
active ghrcan I. For this purpose, glucan II was subjected to controlied, periodate 
oxidation, using a limited ratio of sodium periodate to glucan (0.5-2.0 mol of perio- 
date per D-glucosyl residue) For S days at IO”, and the partially oxidized glucan 
resulting was reduced with borohydride. The resulting glucan-polyalcohol was then 
hydrolyzed with 0.1~ acid for 24 h at 25”, according to the customary procedure of 
the Smith degradation_ This reaction yielded a water-soluble, modified glucan frac- 

tion (CSD-S glucan) and a still water-insoluble glucan (CSD-I glucan). The pro- 
portions of water-soluble, and insoluble, modified glucan fractions obtained under 
different conditions of oxidation, and their antitumor activities against Sarcoma 180 
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are shown in Table TIT. It is evident that all of the modified glucan fractions exhibit 

antitumor effects significantly higher than that of the native glucan II; in particular, 

the soluble, modified glucans, such as CSD-50-S and CSD-75-S, showed nearly 
100% tumor-inhibition ratios, and a high rate of complete regression with small 
dosages (5 mg/kg/day), although the water-insoluble fractions gave lower activities. 

However, when these highly active, periodate-modified glucan fractions (for instance. 
CSD-50-S) were further hydrolyzed by heatin, m with 0.2~ acid for 2 h at IOO”, the 
high-molecular-weight product (CSE-50-SA) became water-insoluble, and the anti- 
tumor activity was markedly decreased, compared to that of the original, modified 

glucan. 
In connection with such biological activities of these periodate-modified glucans, 

the distributions of branches were examined by methylation analysis_ The results 
are shown in Table IV. It was surprisin, 0 that all of the antitumor, modified glucans. 

particularly the water-soluble fractions, which contained many more (I +3)-inter- 
residue linkages than did glucan II, were found to have much higher degrees of 
O-6 substitution of (1+3)-linked D-glucose residues than the corresponding, (non- 
reducing) terminal D-gIucosyI group, as indicated by the ratios of 2,4-di- to 2,3,4,6- 

tetra-O-methyl-D-glucose. For instance, the molar ratios of the nonreducing terminal. 
(1+3)-linked interresidue and disubstituted D-ghtcosyl residues in CSD-50-S and 
CSD-75-S are I :25.25 : 16.53, and 1 : 25.5 : 19.45, respectively_ These results strongly 
indicate that, in addition to the increase in the linear portion of the (I-+3)-linked 
/I-D-glucan chain, some of the (1+3)-linked D-glucose residues have certain groups 
other than D-glucosyl residues attached at O-6. 

This was confirmed by methylation analysis of the hig!l-molecular, degraded 

TABLE IV 

hlOLAR RATIOS OF ACID-HYDROLYSIS PRODUCTS OF PERIODATE-LIODIFIED GLUCAN II, AND OF hlETHYLATED 

D-GLUCOSES FROM THE RIETHYLATED POLYSACCHARIDES 

____.__. ___. .~_ __-__._ _ 

h~oriificd gIttcatt II ~~fotar- ratio of acid hlolar ratios of D-ttt~rltyl-u-gftt~o.s~s 
Itydrolysis prorfttctsl~ front tttetltylaterl, tttodifd gfttcutt 
_____ _I_. 
GIyccrol GfUC0.W -I 1 3 9 4 9 6-tctt-u- -7,4,6-tri- -‘,4-r& 

_. .______- __ ..__ _ 

CSD-2.5-S 1.0 1.35 1.0 4.42 3.30 
CSD-25-I 1.0 2.12 1.0 2.90 3.40 
CSD-50-S 1.0 0.75 1.0 25.25 16.53 
CSDdO-I 1.0 1.30 1.0 4.39 18.75 
CSDJO-SA 1.0 48.90 0.47 
CSD-75-S 1.0 2.43 1.0 25.47 19.45 
CSD-75SA 1.0 113.70 1.06 

Native &can 1.0 0.3 0.9 

- -__-- _---- 

%lodified glucans were first hydrolyzed with 18 :7 sulfuric acid-water at IO”, and then with LI sulfuric 
acid for 6 h at 100”. The hydrolyzates were analyzed by h.p.1.c. 
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0 S 10 15 : 

TIME (min. 1 

Fig. 1. Release of glycerol and glycolaldehyde during hydrolysis (&?!hf sulfuric acid at IOOO) of 
periodate-modified gtucan II (CSD-50-S), monitored by h.p.1.c. [Conditions: a column (8 x 500 mm) 
of Hitachi, with water as the carrier (30 kg/cm”), MeOH; methanol used as the external standard. 
A, After 1 h; B, 2 h; and C, 4 h of hydrolysis.] 

polysaccharide after hydrolysis with hot acid. When CSD-50-S and CSD-75-S glucan 

were treated with 0.2b1 sulfuric acid for 2 h at loo”, the resulting, water-insoluble 
polysaccharides had essentially linear, or slightly branched, structures, indicated by 
the ratios of the nonreducing terminal ends and branch points (see Table IV). More- 
over, as shown in Fig. 1, glycerol and glycolaldehyde were gradually released during 

acid hydrolysis; after 48 h, glucose was released. The molar ratios of glycerol to 

D-glucose on complete hydrolysis with M sulfuric acid during 6 h at 100” are listed 

in Table IV. The results indicated that the polyhydroxy groups originating from 

p-D-glucosyl branches in glucan II are rather stable to acid hydrolysis, and are still 

attached to the backbone of (1-3)~P-linked D-glucosyl residues. Thus, the hydrolysis 
conditions employed in the ordinary procedure for mild Smith degradation, Le., 

acid hydrolysis” with 0.1~ acid for 15-20 h at 25 “, are apparently insufficient for 

cleavage of the acetal linkages of the polyhydroxy groups to the (1-+3)+linked 

D-glucosyl residues in such water-insoluble, branched j.?-D-glucans as the g&an II 

of kikurage. 

The aforementioned changes in the structural features of branched (1+3)-j.?- 

D-@UCZUIS of kikurage during Smith degradation were supported by their 13C-n.m.r.- 

spectral data, shown in Fig. 2. The 13C-n.m.r. spectra of the native glucan (dimethyl 
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1 

OH 
C-6 

::k;&o___ c-5 

3 
c-3 

, 
c_l 86.15 

102.91 

80 60 

d c ( p.p.m.1 

Fig. 2. Comparison of the 1W-n.m.r. spectra of (A) glucan I of kikurage, (B) periodate-modified 
glucan II, CSD-50-S, and (C) debranched glucan II, CSDdO-SA, measured for a solution in Me&O-& 
at 55O. 
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TABLE V 

AhTlTUXIOR ACTIVITIES, ON SARCOMA 180 SOLID TUBIOR, OF THE KIKURAGE GLUCAN-POLYALCOHOL AND 

OF THE CARBOSYhl!ZTHYLATED GLUCAS 

Polysaccharide DOS&J 
(mgikg ;i dam) 

Average hhibition Complete 
tmzor weight ratio regressiod 

Cgl (%I 

Glucan Ii 10 x 10 5.93 15.9 O/6 
Glucan II polyalcohol 1 >: 10 2.3 1 79.0 218 

(water solubte) 5 :-: 10 0.29 97.4 618 
10 % 10 0.34 96.9 618 

Glucan IL polyalcohol 

(water insoluble) 5 x IO 1.75 94.1 116 
Glucan 11 polyalcohol 

(water soluble) 500 x lo= 9.53 17.1 018 
Control 11.01 01s 
Debranched glucan 11” 5 x 10 6.81 4.8 O/6 
Control 7.15 O/S 
CM-glucan II (Ix, 0.47) 5 x 10 4.57 43.7 O/6 
CIM-glucan II (DS, 0.86) 5 x IO 5.00 38.4 O/6 
Control 11.01 018 
---.--_- __- 

uIntraperitoneally administered. Wo. of tumor-free mice/no. of mice tested. ~Oraliy administered. 
“Prepared by hydrolysis of water-soluble. giucm polyalcohol with 0.2hc sulfuric acid for 2 h at 100’. 

sulfoxide-soluble glucan I, instead of the insoluble glucan II), periodate-modified 
&can II (fraction CSD-SO-S), and completely debranched glucan (fraction CSD-SO- 
SA) in dimethyl sulfoxide-rl, were recorded at 55”. The native glucan gives nine 
distinct, “C-resonance peaks (see Fig. 2, A), characteristic of (l-6)-branched 
(143)~/I-D-glucan, as reported for lentinanz3 and schizophyllan6*‘3, whereas CSD- 

50-SA, which is presumed to be a linear (l-,3)-P-o-glucan, gives six such peaks (see 
Fig. 2, C), such as those of curdlan, a linear (l-+3)-P-D-glucan of Alcnlt&vzesfie- 

calis”. On the other hand, CSD-50-S, which contains numerous polyhydroxy groups 

attached to the O-6 atoms of the (l-+3)-linked /M-&can backbone, shows a some- 
what intermediate state compared to glucan Z and CSD-50-SA (see Fig. 2, B), and 
there appears to be no peak corresponding to C-6’. it gives two characteristic peaks 
around the C-6 area (61.35 and 62.11 p_p.m.), one of which may be due to many 
primary alcohoi groups present in the branches_ 

Because these polyhydroxy groups attached to the (1-+3)+linked glucan 
backbone appeared to play an important role in the antitumor activity, either through 
alteration of the insolubility property or the presence of many (hydrophilic) hydroxyl 
groups, the glucan-poIyalcoho1 [derived from glucan II by limited periodate oxidation 
(1.0 molecule of periodate per D-glucosyl residue) followed by reduction with boro- 
hydride] was tested against Sarcoma 180 solid tumor by intraperitoneal administra- 
tion of l-20 mg/kg for 10 days. As shown in Table V, both the water-soluble and 
-insoluble fractions of the glucan II polyalcohol exhibit potent antitumor activity, 
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TABLE VI 

ANTlTUhlOR EFFECT OF KIKURAGE GLUCAN POLYALCOHOL ON EHRLICH CARClXOhlA SOLID TUXIOK 

Polysaccharide Dose 
(fug/kg X days) 

Average tutno~ 
w-eight (g) 

brhibitiorr 

ratio (y:,) 

-- 

Glucan II polyalcohol 1 ;-: 10 6.07 59.6 O/6 
(water soluble) 5 x 10 2.70 sz.0 2/6 

20 >< 10 0.34 97.7 517 
Control 15.01 O/7 

UNo. of tumor-free mice/no. of mice tested_ 

although the former has a higher antitumor activity than the latter at the same 
dosage (5 mg/kg)_ The water-soluble @can-polyalcohol had a very high antitumor 
activity at dosages of 5-10 q/kg for 10 days, with a significant inhibition ratio (97:~;) 
and a high rate of complete regression (6/S)_ In contrast to intraperitoneal administra- 
tion, however, its oral administration showed no effect on Sarcoma IS0 solid tumor. 

As regards the effect of chemical modification of the (l--+3)-P-wglucan, Sasaki 
~‘t al.” recently found that the antitumor activity of water-insoluble curdlan, a linear 
(l-+3)-p-o-glucan, is remarkably enhanced by partial introduction of carboxymethyl 
groups (d-s., 0.47), probably because of its providing water solubility, but carboxy- 
methylated curdlan having a ds. above 1.0 was less active. In order to ascertain 
whether alteration of the insolubility of glucan IL would effect enhancement of its 
antitumor activity, this @can was partially carboxymethylated by reaction with 
monochloroacetic acid and sodium hydroxide. The resulting O-(carboxymethyl)-o- 
glucans (d-s., 0.47 and 0X6), which were water-soluble, were tested for antitumor 
activity against Sarcoma 1SO solid tumor. As indicated in Table V, these partially 
carboxymethylated derivatives ofglucan II show higher antitumor activities than the 
parent, insoluble glucan II, but are much less active than the glucan-polyalcohol. 

The glucan-polyalcohol, particularly the water-soluble fraction, was found 
to exhibit growth-inhibitory activity against other transplantable tumors, such as 

Ehrlich carcinoma, in mice at dosages of l-20 mg/kg, as shown in Table VI. These 
modified glucans also significantly inhibit the growth of certain syngenic tumors, such 
as subcutaneousljr transplanted Meth/A in Balb/C mice (unpublished result)_ 

The mechanism of the antitumor effects of (l-+3)-/I-o-@cans has not yet been 
elucidated, but the results of several previous studies suggested that augmentation 
of the defence of the host to the tumor growth is the most likely explanation, probably 
through stimulation of cell-mediated response. It is not yet known whether there is a 
definite effect of the polyhydroxy groups located as branches of the periodate-modi- 
fied &can, such as in glucan 11 polyalcohol. It is conceivable, however, that the 
presence of numerous (hydrophilic) polyhydroxy groups, probably arranged outside 
the triple-helix chains formed by the (l-+3)-P-wglucan backbone, would alter the 
water insolubility of the highly branched glucan II of kikurage. In addition, the present 
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implantation_ Inhibition ratios and the number of completely regressed mice were 
estimated as already described. 

Preparation ofperiodate-mod$edghcans. - As, on complete oxidation, glucan 
II consumed 0.92 molecule of periodate per D-~lucosyl residue, with concomitant 

liberation of 0.42 molecule of formic acid’, the controlled periodate oxidation was 
conducted by using a limited concentration of sodium periodate. The samples (1 .O g) 
of glucan II were homogenized in a suitable volume of water, to which were then 
added different quantities of 0.5~1 sodium periodate (molar ratio of periodate to 
D-glucosy1 residue, O-5-1.5), the final volume of each solution being adjusted to 
200 mL. The oxidation ofeach mixture was conducted for 8 days at IO”, with mechani- 
cal stirring. After completion of the oxidation, ethylene glycol (O-2-0.6 mL) was 

added, the suspension was centrifuged, and the insoluble residue (oxidized glucan) 
was reduced by the addition of sodium borohydride (500 mg in 10 mL water) in the 

usual way. After decomposition of the excess of borohydride by careful addition of 
acetic acid (final pH, 6.0), the viscous, stiil-turbid solution was dialyzed. The non- 
dialyzable fraction was hydrolyzed with 0.1 M sulfuric acid for 24 h at 25”, with 

mechanical stirring_ The hydrolyzate was centrifuged for 30 min at 12,000 r.p.m., 

to give a water-soluble fraction (CSD-S glucan II) and a water-insoluble fraction 
(CSD-I glucan II). The aqueous layer, containin, = CSD-S, was made neutral with 
M sodium hydroxide, dialyzed against water, and then Iyophilized. The yield of 

periodate-modified glucan II (i-e., CSD-S and CSD-I fractions) was dependent on the 
conditions used in the periodate oxidation (see Table III). 

Glucan 11 polyalcohol, used for assay of the antitumor activity, was prepared 
by oxidation with sodium periodate, I .O molecule of periodate per D-glucosyl residue 
in the glucan, as already described_ After reduction with sodium borohydride, and 
decomposition of the excess of borohydride, the water-soluble fraction of glucan IL 
polyalcohol was dialyzed, precipitated with ethanol (2 vol.), dissolved in water, and 

the solution lyophilized (analysis: C, 40.58; H, 6.29; N, 0.00). Its aqueous solution 
showed an intrinsic viscosity at 25” of 16.3 dL/g. The proportion of glycerol released 
on complete hydrolysis with 18 :7 sulfuric acid-water for 1.5 h at IO”, and then 

with bt sulfuric acid for 6 h at 100°, corresponded to 26.3 mol% of the glucan poly- 
alcohol_ There was no appreciable toxicity on intraperitoneal administration to 
mice (LD,, 2.0 gfig). 

Preparatiort of partially carbosymethylated g/man. - Each sample (1.5 g) of 

powdered glucan II was dispersed in isopropyl alcohol (40 mL), and then treated 
with monochloroacetic acid (0.75, 1.08, or 1.8 g) and 30% sodium hydroxide (2.9, 
3.6, or 6.0 mL), the mixture being stirred for 5 h at 60-65 O; the insoluble product was 
successively washed with 7 : 3 methanol-acetic acid, 4 : 1 methanol-water, and metha- 

nol. The resulting, partiahy (carboxymethyl)ated glucan (CM-glucan) was dissolved 
in water (100 mL), and the pH of the solution was adjusted to 8.5. After removal 
of a small amount of insoluble material by centrifugation, the aqueous solution was 
concentrated to a small volume, and the CM-glucan was precipitated with acetone 
(3 vol.), washed with methanol, and dried in vacua (yield, 1.2-1.3 g)_ The molar 
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content (d-s.) of carboxymethyl groups in the CM-glucan was found to be linearly 
related to the monochloroacetic acid added (under the experimental conditions 
described). Thus, when the glucan reacted with 0.75, 1.20, and 2.10 molecules of 
monochloroacetic acid per D-glucosyl residue, the d.s. was 0.47, 0.62, and 0.56, 
respectively. 
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