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Studies on Constituents of Higher Fungi of Korea (LXXIII)
Antitumor Components of the Cultured Mycelia
of Paxillus atrotomentosus

Sang-Deok Kwag, Jin-Woo Bok, Jin-Won Hyun, Eung-Chil Choi and Byong-Kak Kim
College of Pharmacy, Seoul National University, Seoul 151-742, Korea
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ABSTRACT: To find antitumor components from higher fungi, the cultured mycelia of Paxillus
atrotomentosus were extracted with hot water. The water soluble fraction was purified and separated
by DEAE-cellulose ion exchange chromatography and Sepharose CL-4B gel filtration method. The
separated fractions(Fr.) were designated CR A, B, C and D. Fr. A showed the highest inhibition
ratio of 68.51% among the five fractions at a dose of 20 mg/kg/day. When Fr. A was examined
for immunopotentiation activity, it increased the amount of the superoxide anion from activated
macrophages to 1.1 fold and the number of plaques in hemolytic plaque assay to 2.3 fold, respecti-
vely. Otherwise, it did not show direct cytotoxity in sarcoma 180. Delayed type hypersensitivity
reaction showed that the decreased footpad swelling of tumor-bearing was restored to the normal.
These results indicate that antitumor activity was exerted through immunopotentiation. Its chemical
analysis showed 86.36% polysaccharide, 1.52% protein and 1.64% hexosamine. The polysaccharide
consisted of fucose, galactose, glucose, mannose and xylose. This component was named paxillan.

KEYWORDS: Paxillus atrotomentosus, antitumor activity, direct cytotoxicity, superoxide anion, he-
molytic plaque assay, delayed type hypersensitivity reaction, paxillan, protein-bound polysaccha-
ride

Antitumor polysaccharides have been isolated
from natural sources such as higher plants (Naka-
hara et al, 1964), fungi (Chihara et al., 1970), yea-
sts (Bradner ef al., 1958), bacteria (Kato et al,
1981) and lichens. Ringler (1957) first found the
antitumor activity of from Basidiomycetes Fungi.
Various kinds of Basidiomycetes preparations
which include: lentinan (Chihara ef al., 1970), a

high molecular weight B-1-1,3-glucan (Sasaki et al.,

1976) obtained from Lentinus edodes fruit bodies;
a high molecular weight B-1,3 1,6-glucan prepared
from Schizophyllum commune culture filtrates (Ko-
matsu ef al., 1969); and PS-K (Tsukagoshi et al,
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1974), a peptide containing p-14 1,3 or B-14 1,6-
glucan extracted from Coriolus versicolor culture
mycelia, are known to exhibit antitumor activity.
These polysaccharides are krown as glucans, ma-
nnans, hemicelluloses, lipopolysaccharides.
Administration of these compounds is known
to inhibit the growth of various transplantable tu-
mors in experimental animals and increases the
survival. The mechanism has not been exactly
elucidated, but has been suggested that the action
is host mediated and not directly cytocidal (Maeda
el al., 1970). It was suggested that the antitumor
activities were due to the excellent immune-acce-
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lerators of the cell-mediated response. It has been
reported that activated macrophages, NK cells, cy-
totoxic T cells and killer T cells usually play im-
portant roles in tumor immunity (Adachi et al.,
1984; Nakajima ef al., 1984).

More than 700 species of Basidiomycetes have
been recorded in Korea but investigations on their
antitumor components had been scarce. So, the
authors’ laboratory began to investigate on antitu-
mor components from the basidiocarps and cultu-
red mycelia of Korea Basidiomycetes such as Fa-
volus alveolarius (Chang et al., 1988) Coriolus versi-
color (Cho et al, 1988), Polyporus giganteus (Kim
et al, 1987), Ganoderma lucidum (Hyun et al.,
1990), Volvariella bombycina (Kim ef al, 1985),
Agaricus campestris (Park et al, 1985), Pleurotus
pulmonarius (Lee et al., 1985) and Lyophyllum de-
castes (Kim et al., 1984), since 1979.

In the present study, the protein-bound polysa-
ccharides were extracted with hot water from the
cultured mycelia of P. atrotomentosus and exami-
ned for antitumor activity in mice. The antitumor
components were purified by ion exchange chro-
matography and gel filtration method. Their che-
mical composition and molecular weight were elu-
cidated by several analyses. In addition, their ef-
fects on immune responses in mice were exami-
ned to explain mechanisms of the antitumor acti-

‘Mycel'\a grown on PDA slant !

Homogenization with broth

Inoculation into 100 m! of fresh broth
Incubation on an orbital incubator
27+ 1T, 180 rpm, 10 days)

Mycelial pellets

Homogenization with medium
Inoculation into 100 m/ of fresh broth

Incubation for 10 days under the same condition
ulture

Inoculation into 1000 m/ of fresh broth
Incubation for 10 days under the same condition

} Culture broth

Scheme 1. Culture process of the mycelia of paxillus
atrotomentosus.

w
[
@
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Materials and Methods

Strains: The strain of P. atrotomentosus 49003
was provided by Agricultural Science Institute, the
Office of Rural Development at Suwon. Glucose
30g, Peptone 5¢g, Yeast ext. 5g, KH,PO, 1g, MgSO
4+ 7TH.0 1g, FeSO,-7H0 10 mg, MnCl;*4H,0 7 mg,
ZnSO,*7H,0 4 mg, CuSO, 5H:0 1 mg, per 1 liter
distilled water adjusted to 5.6-5.8 pH.

Culture methods: The mycelia of atrotomentosus
were aseptically transferred into a fresh slant of
seed culture medium and cultured for 10 days
at 27+ 1C. The grown mycelia was homogenized
with 50 m/ of the culture broth and inoculated
into 100 m/ of the culture broth for 10 days in
a 500 m/ flask. The mycelia pellets from the above
were inoculated, transferred into a 2 liter flask
containing 1000 m/ of the culture broth and cultu-
red for 10 days under the same conditions
(Scheme 1).

Extraction and separation of fungal metabolites:
The mycelia of 35 liters of the culture broth were

Culture Broth (35)

l filtration with D. W.

Filtrate Mycelia

Extraction with hot water
(95+5C, 6 hrs, 3 times)

Filtration
Besidue Filtrate

Concentration (8,000Xg, 30 mins)

Storage overnight at 4T

Brecip&tatj]

{ Supemataﬂ
Dialysis at 4C for 7 days
Centrifugation (8,000Xg, 30 mins)

| Su rnatantl
irecxpltdte & pe

Concentration
Freeze-drying

Fr. CR
(9.2 g brown)

Scheme 2. Extraction and separation of fungal meta-
bolites from the cultured mycelia of P. atrotomentosus.

Addition of 3 vols. of cold EtOH (95%)
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Fr. CR (629) l

Dissolution in double DW
Centrifugation

Precipitate

DEAE-cellulose (C17) column chromatography
Elution with D. D. W. (pH 74)

Supernatant’

1
Adsorbed Fr.<Uneluted>
(Acidic Polysaccharide)

Nonadsorbed Fr.<Eluted>
(Neutral Polysaccharide)

Elution with 2 M NaCl
Concentration
Dialysis at 4T

for 3 days
Freeze-drying

IFrA B (1.63g)|

Scheme 3. Isolation of the neutral and acidic fraction
from Fr. CR by DEAE-cellulose ion exchange column
chromatography.

Concentration

Freeze-drying

Fr. A (147g)

filtered and washed three times with distilled wa-
ter. The obtained mycelia were homogenized and
extracted with distilled water (DW) on a water
bath at 85-90C for 6 hrs. After filtration, the my-
celia were extracted twice again under the same
conditions. The filtrates were concentrated under
vacuum and three volumes of 95% cold ethanol
were added to the concentrates and then stored
at 4C overnight. After the supernatants were de-
canted, the precipitates were dissolved in DW and
dialyzed at 4T for 7 days. The supernatant by
centrifugation was concentrated and freeze-dried.
A brown powder was obtained at a yield of 9.2g.
It was designated “Fraction CR” (Scheme 2).

DEAE-cellulose column chromatography: A so-
lution of Fr. CR (6.2g) in double distilled water
(DDW) was applied to the column and eluted with
DDW (pH 6.8) at flow rate of 48 mi/hr. The eff-
luents were fractionated into 5 ml/fraction and
were measured at both 625 nm (Anthrone test)
and 540 nm (Lowry-Folin test). The anthrone-po-
sitive fraction was collected, concentrated and
freeze-dried (white powder, “Fr. A”). The adsor-
bate on DEAE-cellulose was eluted with 2 M NaCl
(brownish powder, Called to “Fr. B”, see Scheme
3).

Sepharose CL-4B gel filtration chromatography:
Sepharose CL-4B (Pharmacia Fine Chem., Swe-

Fr. A (700 mg)l

Dissolution on 0.01 M Sod.
phosphate buffer
Centrifugation

—

lael filtration on Sepharose CL-4BJ

Elution with 0.01 M Sod. phosphate buffer
Concentration
Dialysis at 4C for 3 days
Freeze-drying
|

Fr. D (160 mg)
<white powder>

Fr. C (420 ing)
<white powder>

Scheme 4. Purification of neutral fraction by gel filt-
ration chromatography.

den), was used to determine molecular weight.
T2000 (Sigma Chem. Co., USA), T480 (Sigma
Chem. Co) and T60 (Nakarai Chem. Ltd., Japan)
were also used as standard dextrans. A column
(2.5 $X85 cm) was silated with 5% dichlorodime-
thylsilane-CHCl; to form a silicone film in the in-
side of the column, and then dried. A solution
of Fr. A (700 mg) in the buffer was applied to
the above column. It was eluted with the same
buffer at a flow rate of 12-20 mi/hr and the efflue-
nts were fractionated into 4.3 ml/fraction. The an-
throne-positive fractions were collected and dialy-
zed at 4T for 3 days. This freeze dried fractions
were designated to “Fr. C” and “Fr. D” (Scheme
4).

Antitumor test: Male ICR mice (20-25g) were
supplied from the Experimental Animal Farm of
Seoul National University. Sarcoma 180 cells mai-
ntained in the peritoneum of male ICR mice were
used for antitumor test. ICR mice were sacrificed
on the 7th day after inoculation of tumor cells
and the ascitic fluid was collected. After the cells
were washed three times with ice cold saline, the
cell suspension was diluted to 2X10° cells per
1 mi. The 0.1 m/ of this suspension was subcuta-
neously inoculated into the left groin of the mice.

Applications of the water soluble fractions: Each
(20 mg) of Fr. CR, A, B, C, D and Krestin was
dissolved in 10 m/ of saline for a dose of 20
mg/kg/day. They were autoclaved at 121C, 1.1
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Tumor-bearing ICR mice (ascitic formﬂ

Sacrificing with cervical dislocation
Collecting the ascitic fluid
in ice-cold slaine

[ Ascitic_ﬂ@

Centrifugation at 400X g for 5 mins

Cytocentrifugate

Washing with ice-cold saline

Dilution to 2X10° cells/m/

Inoculation into left groin
(s.c, 0.1 m/mouse)

[ICR mouse inoculated with sarcoma 180 cells}

After 3 days, administration samples
(i.p., once daily for 10 consecutive days)
Sacrificing at 28th days

‘after the tumor inoculation
Excising the tumors

Weighing solid tumors

Scheme 5. Procedure for antitumor test in wvivo.

kg/cm?® for 15 mins and stored in a refrigerator.
Krestin was used as standard antitumor agent and
physiological saline for control. Eight mice were
used for each group. Administration of the sample
was initiated on the third day after the tumor
inoculation and continued for ten consecutive days
once a day. Each sample solution (0.1 m/) was
injected intraperitoneally. On the 28th day after
the tumor inoculation, the mice were sacrificed
and the solid tumors were excised and weighed
(Scheme 5).

Calculation of inhibition ratio: The tumor inhi-
bition ratio was calculated as follows: Tumor inhi-
bition ratio (LR.%)=(C,—T,)/C,, X100, where Cy;
was average tumor weight of the control group
and T,; was average tumor weight of the treated
group.

Effect on macrophage activation: The animals
employed for it and all chemicals were described
in detail (Z, 1991). Twelve mice were divided
into four groups, two of which were prepared for
control groups and the other for treated groups.
To each of the control and the treated groups,
0.1 m/ of the tumor cell suspension (2X10° ce-
lls/ml) was subcutaneously inoculated into the left
groins of ICR mice. For the two treated groups,

Normal and tumor-bearing ICR m@

Administration of Fr. A 20 mg/kg/day
for 5 days, i.p.

After 5 days, sacrificing the mice

Collecting peritoneal cells with PBS

Centrifugation at 2000 rpm for 10 mins

Peritoneal cells (5X10° cells/mi)

Addition of 1.5 m/ of each aliquot
to 12 well multiplate

Incubation at 37C for 2 hrs.

Removal of the non-adherent cells

Wacrophages adhering to the multiplate

Addition of 1.5 m/ of PBS containing
10 mM glucose, 80 uM ferricytochrome
C and 0.2 mg/m/ of opsonized zymosan
Incubation at 37C for 90 mins.
Centrifugation at 3000 rpm for 10 mins

Precipitate

Addition of 1 mi of 0.5%
Sod. dodecyl sulfate
Standing for 5 mins.
Lowry-Folin test

SOA per unit proteinJ ‘Amounts of protein (macrophage)

Supernatant

Measuring O. D.
at 550 nm

Scheme 6. Procedure of superoxide anion assay in
activated macrophages.

0.1 m/ of Fr. A solution in physiological saline
was injected intraperitoneally to ICR mice at a
dose of 20 mg/kg/day for 5 consecutive days from
the day when the tumor cells were inoculated.
Physiological saline was used for the control
groups. Collection of macrophages (M¢) in perito-
neal cavity: M¢ were collected. On the fifth day
after completion of injection, Peritoneal exudate
cells (PEC) were obtained by washing the perito-
neal cavities of ICR killed by cervical dislocation
with PBS. After centrifugation at 2000 rpm for
10 mins, precipitated cells were collected and ad-
justed to 5X 10° cells/m/ with RPMI 1640 medium.
Aliquots of 1.5 m/ each were cultured in a 5%
carbon dioxide incubator at 37C for 2 hrs so that
Mo were adsorbed selectively on the plate. The
non-adherent cells were eliminated by washing
three times with PBS. Measurement of M¢ and
superoxide anion (SOA): To M¢ adhering to the
plate, 1.5 m/ of PBS containing 10 mM glucose,
80 uM ferricytochrome C and 0.2 mg/m/ of opso-
nized zymosan were added and the plate was in-
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| ICR mice ,

Administration of Fr. A for 5 days, i.p.
After 5 days, immunization by SRBC
@p. 1X107 cells/0.1 mi)

After 5 days, excising of spleen

iEpleen

Homogenization with ice-cold PBS
Centrifugation at 400 x g for 5 mins
Hemolysis with 0.83% NH,Cl soln.
Centrifugation at 400 x g for 5 mins

| Spleen cells without erythrocyteq

Washing 3 times with PBS
Counting splenocytes

l Spleen cell counting (150 uﬂ

Adding 25 W of 50% SRBC, 25
of complement and 350 W of agar solution
at 47C )

Mixing

Placing 150 w of the mixture
on the culture dish

Overlaying a microscopic cover glass

on the mixture Incubation at 37T
for 3 hrs.

| Counting hemolytic plaque forming cells I

Scheme 7. Procedure for hemolytic plaque forming
cells assay.

cubated for 90 mins at 37C. After incubation, the
culture was centrifugated at 3000 rpm for 10 mins,
the supernatant was transferred into an ice-chilled
test tube and optical density was measured at 550
nm. On the other hand, 1 m/ of 0.5% sodium do-
decyl sulfate was added to precipitated cells, then
after leaving for 5 mins, the cells were well dispe-
rsed and the amount of protein was measured
by Lowry-Folin test. The amount of ferricytoch-
rome C was obtained from the absorbance at 550
nm and free SOA per unit protein was calculated
(Adachi et al., 1990; Sabato ef al., 1988; Kyoko
et al., 1987; Richard et al., 1975; Ito et al., 1983)
(Scheme 6).

Sample administration and immunization: Twe-
lve mice were divided into two groups. For a trea-
ted group, 0.1 m/ of Fr. A solution in physiological
saline was injected, 7.p., to the mice at a dose
of 20 mg/kg/day for 5 consecutive days. Physiolo-
gical saline was used as control. On the seventh
day after completion of injection, the mice were

| Tumor cell suspension

| Fr.AJ
|

Incubation for 72 hrs. at 37C

Incubation for 4 hrs.
Centrifugation

Removal of supernatant
Addition of 150 W of DMSO
Shaking for 30 mins.

l Absorbance at 540 nm |

Scheme 8. Procedure for MTT assay.

| Normal and tumor-bearing ICR micel

Addministration of Fr. A 20 mg/kg/day
for 5 days, #.p.

After last sample injection, immunization by
5X10° SRBC into the tail vein

After 5 days, elicitation DTH reaction by injection of
5X10° SRBC into the right-hind foodpad

I Comparing difference of footpad swellingJ

Scheme 9. Procedure for delayed type hypersensiti-
vity assay.

immunized by intraperitoneal injection of 1X10’
cells/0.1 m/ of SRBC (Cunningham et al., 1973;
Jerne et al., 1963; Klaus, 1987). On the fifth day
after immunization, the mice were sacrificed with
cervical dislocation and the spleen were excised.
They were homogenized with iceOcold PBS and
centrifugated at 400X g for 5 mins. Cytocentrifu-
gates were collected and hemolyzed with 0.83%
NH,CI solution at 37C for 1 min. After hemolysis,
the cells were washed 3 times and centrifugates
were resuspended in ice-cold PBS. The spleen
cells were counted directly with a hemacytometer
and then diluted 1X107 cell/ml. SRBC were wa-
shed 3 times with PBS and the pellets were dilu-
ted with equal volume of PBS. Growing cells were
harvested, counted, and 10* cells/m/ of sarcoma
180 inoculated into 96-well plates. Concurrently,
Each of Fr. A (50, 100, 200 and 1000 pg/mi) was
applied to triplicate culture wells. After the third
day incubation, 50 W of a 2 mg/m/ solution of
MTT in PBS were added to each well and the
plates incubated for a further 4 hrs. Following
this the piates were centrifugated for 5 mins at

Addition of 50 W of MTT (2 mg/m/ in PBS)

Measurement of footpad swelling after 24, 48 and 72 hr



Kwag, Bok, Choi and Kim: Anticancer, Paxillus atrotomentosus, homotytic plaque, paxillan 245

the 450X g and reinverted to remove unconverted
MTT leaving the formazan crystals at the bottom
of the well. These crystals were dissolved in 150
w of dimethylsulphoxide (DMSO) by agitating on
a plate shaker for 30 mins. The absorbance of
the wells was measured using a ELISA Reader
at wave length 540 nm (Wilson et al., 1990, Jabbar
et al., 1989, Weisenthal et al., 1983) (Scheme 8).

Delayed type hypersensitivity (DTH) reaction:
Twenty four mice were divided into four groups.
For treated groups, 0.1 ml/ of Fr. A solution in
PBS was injected, i.p., to the mice at a dose of
20 mg/kg/day for 5 consecutive days. After comp-
letion of injection, the mice were immunized by
injection of 5X10° SRBC into the tail vein. Five
days after immunization, injection of 5X10° SRBC
in PBS in a volume of 0.1 m/ into the right-hind
footpad. The same volume of PBS was injected
into the left footpad as control. The increase in
thickness of footpad swelling was measured 24,
48 and 72 hrs later with a dial thickness gauge.
Results were expressed as the difference in thick-
ness between right and left footpads (Cher et al.,
1987, Ohmori ef al., 1986) (Scheme 9). DTH seac-
tion (%)=thickness of right foot—thickness of left
foot/thickness of left foot.

Chemical analysis: Total polysaccharide conte-
nts were quantitatively determined by anthrone
test (Carney, 1987). Total protein contents of the
fraction were quantitatively determined by Lowry-
Folin test. Free hexosamine and N-acetylhexosa-
mine derived from each fraction were quantitati-
vely determined by Elson-Morgan method (Chap-
lin et al., 1987).

Monosaccharide analysis: Each (5 mg) of frac-
tions and standard monosaccharides was dissolved
in 2 m/ of anhydrous 3% HCl-methanol. The HCI-
methanol solution was obtained by adsorbing the
gaseous HCl generating from the reaction of NaCl
and conc. H,SO;4 into absolute methanol. The air
in the tube containing each saccharide and 3%
HCl-methanol was substituted with nitrogen gas
and the tube was sealed. They were methanolized
at 80+ 5C for 20 hrs. The methanolysate was fil-
tered, evaporated and dissolved in 1 m/ of pyri-
dine. For trimethylsilylation, 0.2 m/ of hexamethy-

Idisilazane and 0.2 m/ of trimethylchlorosilane
were added to the solution and shaken vigorously.
The sample solution was injected into Shimadzu
gas chromatography RIA and analyzed under the
standard conditions. Retention time of each peak
was compared with that of standard monosaccha-
ride. Fucose, galactose, glucose, mannose and xy-
lose were used as a standard. The contents of
each monosaccharide were calculated from the
chromatograms by measuring the peak area
(Scheme 11).

Amino acid analysis: To analyze amino acids
of the protein moiety of the antitumor compone-
nts, 5 mg of each fraction was dissolved in 5 m/
of 6 N HCL The air in the tube was substituted
with nitrogen gas and the tubes were sealed. The
samples were hydrolyzed at 100+ 5C for 24 hrs.
After filtration, the filtrate was evaporated under
reduced pressure and redissolved in 2 m/ of 0.02
N HCL The sample solutions were injected into
Hitachi amino acid analyzer 835 and analyzed un-
der the standard conditions. The content of each
amino acid was calculated from the chromatog-
rams by peak area method.

Elemental analysis: Contents of elements in
each fraction were quantified by Perkin-Elmer
elemental analyzer. One milligram of each sample
was burned at 240C . Oxygen percentage was cal-
culated by subtracting the values of carbon, hyd-
rogen and nitrogen from 100. The weight percen-
tage was reduced to mole percentage. Each sam-
ple was analyzed by KBr disc method, using Per-
kin-Elmer IR 20.

Results

Extraction and separation of antitumor compo-
nents: The cultured mycelia of P. atrotomentosus
were extracted with hot distilled water (90-95C),
precipitated with cold ethanol and freeze-dried.
7.2g of brown powder was obtained from 35 liters
of the culture broth. It was designated Fr. CR

Purification of the water soluble fraction: Fr.
CR was applied to DEAE-cellulose ion exchange
column. The unadsorbed fraction eluted by the
double DW was designated Fr. A (147g) and it
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Fig. 1. The elution pattern of Fr. CR obtained from
the mycelia of P. atrotomentosus by EDAE-cellulose
ion exchange chromatography.
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Fig. 2. The elution pattern of Fr. A obtained from
the mycelia of P. atrofomentosus by Sepharose CL-4B
gel filtration chromatography.

was white powder of neutral polysaccharides. The
adsorbed fraction eluted by 2 M NaCl solution
was designated Fr. B (1.63g). Fr. B was brownish
powder of acidic polysaccharides. The elution pat-
tern of Fr. A was shown in Fig. 1. Fr. A (700
mg) was applied to Sepharose CL-4B gel filtration
column and eluted by 0.01 M sodium phosphate
buffer in pH 6.8. The obtained fractions were de-
signated Fr. C (420 mg) and Fr. D (160 mg).
Molecular weight determination of the antitumor
fraction: Gel filtration method with Sepharose CL-
4B was adopted to determine molecular weights.
T2,000, T480 and T60 were standard dextrans.
When Fr. A was applied to Sepharose CL-4B co-

106-
F
2 |
= T
105E
= 6X 10*
- 34X10° (Fr. C)
10¢ 1 1 ! 1 1 Il I
01 02 03 04 05 06 0.7
Kav

Fig. 3. determination of molecular weight of Fr. C
by elution volume.

lumn, the elution pattern was obtained as shown
in Fig. 2. The molecular weight of Fr. C was 34,
000 dalton (Fig. 3).

Antitumor activity: Tumor inhibition ratios of
each fraction and krestin against sarcoma 180 gro-
wth in ICR mice were shown in Table 1. Fr. A
showed the highest inhibition ratio of 68.51%
among the five fractions at a dose of 20 mg/kg
/day.

Effects of antitumor component on immune res-
ponses: The released amount of superoxide anion
from activated macrophages of the treated group
was 1.1 times higher than that of the control
group. The results were shown in Table 2. The
counts of PFC in the treated group showed 2.3
times higher than that of the control group and
the results were summarized Table 3. The num-
ber of grown cell at the 1000 pg/m/ of Fr. A dec-
reased 32% to that of the control and the results
were summarized in Fig. 4. The decreased footpad
swelling of tumor-bearing mice was restored to
the normal level by administration of 20 mg/kg
/day of Fr. A, the result was shown in Fig. 5.

Chemical analysis: The contents of polysaccha-
ride and protein of five fractions were shown in
Table 4. The content of hexosamine in the antitu-
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Table 1. Antitumor activity of the protein-bound polysaccharides obtained from P. atrotomentosus.

Group Dose? Average tumor weight(g)? IR (%)® Complete regression
Control Saline 597+ 1.21 0/8"
Krestin 20 252+ 0.97 57.79 0/8

50 223+ 0.72 62.65 0/8
Fr. CR 20 2.99+ 0.40 49.86 0/8
50 2721 1.02 54.44 0/8
Fr. A 20 1.88+ 0.57* 68.51 0/8
50 3.09%+ 0.73 48.24 0/8
Fr. B 20 2.78%+ 0.91 5343 0/8
50 345+ 0.99 4221 0/8
Control Saline 4.13+0.24 - 0/8
Fr. C 20 215+ 0.31 47.94 0/8
50 198+ 043 52.06 0/8
Fr. D 20 2.34% 0.23 43.34 0/8

" mg/kg/day, i.p.
2 Meant standard deviation (*p<0.05).

¥ IR=

Control tumor weight-Treated tumor weight

Control tumor weight
9 Number of ICR mice used

X100

Table 2. Effect of the antitumor component on the release of SOA by induced macrophages from normal

and tumor-bearing mice.

Group Macrophage contents SOA released Ratio
(ug/mi) {nmol/mg protein) t/c)
Control 89.00+ 0.73V 30.26+ 0.45
Normal 1.00
Treated 93.72+ 0.69 30.37+ 0.63
Control 101.10£ 0.93 27631 0.37
Tumor 111
Treated 105.81+ 0.84* 30.92+ 0.42
" Mean= standard deviation (*p<0.05).
Table 3. Effect of the antitumor component on the
hemolytic plaque forming cells (PFC) in the spleen 120[ o
of ICR mice immunized with SRBC. . s
80 .:g\"
Treated group Control group T

Body weight(g) 2597+ 157V 2395% 0.80
Spleen weight(mg) 174.20+ 15.60 172.23%+20.5
Spleen cell count 143+ 032 138+ 0.15
1x10"

PFC/10° spleen cells 106.75+ 643* 46.06= 2.73

"' Meant standard deviation (*p<0.05)

oo Krestin
401 wee sample

Cell growth (%)

50 200 500 1000 (ug/mi)
Concentration of samples

Fig. 4. Direct effect of Fr. A on sarcoma 180 cells
in the tissue culture (*p<0.01).
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Fig. 5. Effect of Fr. A on the delayed type hypersen-
sivity responses. » — «: Normal, 0~ 0: Normal + Fr.
A (20 mg/kg/day), ® —@: Tumor, B— M: Tumor +Fr.
A (20 mg/kg/day), (*p<0.05).

mor fractions was shown in Table 5. As shown
above, these fractions were protein-bound polysa-
ccharides. As shown in Table 6, the monosaccha-
ride composed of the polysaccharide moiety in the
fractions were fucose, galactose, glucose, mannose
and xylose. The composition of amino acids con-
tained in the protein moiety was shown in Table
7. The protein moiety of Fr. A contained 14 amino
acids.

Instrumental analysis: As shown in Table 8, the
elements of each fraction were carbon, oxygen,
hydrogen and nitrogen. Infrared spectra of the
fractions showed the typical characteristics of car-
bohydrates.

Discussion

The polysaccharides obtained from the cultured
mycelia of Paxillus atrotomentosus suppressed the
growth of implanted sarcoma 180 when they were
injected into ICR mice. Fr. A exhibited the highest
inhibition ratio of 68.51% among the five fractions
at a dose of 20 mg/kg/day. For mechanisms of
the antitumor activity, the effect on macrophage
activation was examined. Fr. A potentiated the su-

Table 4. Polysaccharide and protein contents of each
fraction.

Fraction Polysaccharide protein contents
contents(%)
CR 87.17+ 2.31% 7.24+0.71
A 86.36+ 3.21 1.52+0.21
B 80.77L 2.07 8.75+ 0.94
C 88.85+ 1.92 3.34+ 031
D 88.04+£293 742+ 043

D Meant standarde deviation (p<0.05)

Table 5. The contents of free hexosamine and N-ace-
tylhexosamine of each fraction.

Fraction Hexosamine (%W/W)
CR 1.98+ 0.28Y
A 164+ 0.17
B 1.21+0.20
C 142+ 0.13
D 1.37+0.18

D Mean+ standard deviation p<0.05)

peroxide anion release from the activated macro-
phages. To study the effect on B cell activation,
the hemolytic plaque assay was carried out. It was
found that Fr. A increased the production of he-
molytic plaque forming cells in the spleen. To
study direct cytotoxity, MTT assay was used. It
was found that the number of cell growth at a
dose of 1000 ug/ml of Fr. A. decreased 32% to
that of the control

To elucidate the effect on T cell activation, de-
layed type hypersensitivity reaction was perfor-
med and the decreased footpad swelling of tumor-
bearing mice was restored to the normal level
by injection at a dose of 20 mg/kg/day of Fr. A.

The elemental analysis of the antitumor Fr. A
showed that the average ratio of C:H:O:N was
6.00:3.36:51.81:0.37. Fr. A contained 86.36% poly-
sacharide and 1.52% protein. The detection of 1.64
% hexosamine in Fr. A suggests that it should
be protein-bound polysaccharides. The main mo-
nosaccharides constituiting the polysaccharides
were fucose, galactose, glucose, mannose and xy-
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Table 6. Monosaccharide contents of the polysaccharide moiety of the each fraction by G. L. C. analysis.

Fraction Fucose Galactose Glucose Mannose Xylose

CR 1.27* 18.21 35.04 3725 342

A 1.34 16.62 35.12 35.07 6.97

B 146 291 68.27 16.59 247

C 1.83 19.68 29.52 39.36 6.41

D N.D** ND 85.10 10.67 ND

*Expressed as the area percentage, **Not detected
t
Table 7. Amino acid contents of the protein moiety of the each fraction.

Amino acids Fr. CR Fr. A Fr. B Fr. C Fr. D
L-Aspartic acid 8.03* 3.00 8.94 5.71 8.80
L-Threonine 517 7.38 4.82 413 14.95
L-Serine 10.39 17.00 11.76 11.75 ND
L-Glutamic acid 8.36 3.58 10.05 7.15 8.54
L-Glycine 14.91 893 15.02 11.26 13.31
L-Alanine 11.39 11.60 8.37 899 5.70
L-Valine 5.10 523 5.15 6.56 2.58
L-Methionin 1.10 1.26 1.23 ND N.D
L-Isoleucine 1.30 135 123 1.79 ND
L-Leucine 4.85 257 252 340 ND
L-Tyrosine 1.94 0.75 0.72 N.D N.D
L-Phenylalanine 5.53 3.00 241 5.59 N.D
L-Lysine 4.69 1.78 2.32 2.39 N.D
L-Histidine 1.87 1.54 1.23 5.16 6.32
L-Arginine 2.98 N.D** 1.03 ND ND

*Area percentage, **Not detected

Table 8. Elemental compositions of the each fraction
of P. atrotomentosus.

Fraction C H 0O N
CR 6.00* 9.92 5.54 0.33
A 6.00 3.36 51.81 0.37
B 6.00 3.86 49.28 0.56
C 6.00 2.02 55.91 0.46
D 6.00 9.63 4853 0.11

lose. And the protein moiety contained 14 amino
acids. The IR spectra showed the typical characte-
ristics of polysaccharides, ie., O-H streching fre-
quency at 3300-3400 cm™!, C-H streching freque-

ncy at 2900 cm !, C-O streching frequency at 1630
m~!, C-H and C-O bending frequency at 1000-
1100 cm™ %

m =B

DAFF-Q S A Paxillus atrotomentosus ]
A E-E FHE] Hsle] 2 FAE E F
Z3lo] ol oAl & B8, ©|5 DEAE-cel-
lulose ion 13+%] ¢} Sepharose CL-4B gel filtra-
tion chromatography® XA slgct E3Ee 47
20 =¥ 50 mg/kg/daye) $%oE R0 B
Yol ¥o38}9d2 u, sarcoma 180 3 tel dd}e]
Fr. A7} 6851%9) 7}4 ¥& A &S Jehiisich
ot AL whs}7] isted vhg-ol W7t WA
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AYS 3 Az Fr. A g3 &) @43s
macrophageo| 4] #¥)%+ superoxide anion %&
1.1v), hemolytic plaque assayelA]e] £4&ult A
ANESE 230 F7HAZL 4" DTH ukge
AFEoR WA PAL) T AR
dFE =AY A8t MTT assays 3 23 o
Z7 vlE A=x viability7} oF 32% 7HA4FE
vepiglct. sHaEM) o3, o] A& fucose, ga-
lactose, glucose, mannose ¥ xyloseZ T4 % 86.36
%2} c}FA| 2} 1452 ofn|xAko 2 AR 1.529%2)
a9l 164% hexosamine® ® FAE protein-
bound polysaccharide®]$it}. o] 432 paxillane
2 gy}
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