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Antitumor and Immuno-potentiating Activities of Crude Polysaccharides from Fruiting
Body of Agaricus brasiliensis
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ABSTRACT : Agaricus brasiliensis, one of edible mushroom belonging to Basidiomycota, has been used for curing
gastric ulcer and stomach cancer of human beings and also known to have good inhibitory effects on sarcoma
180 and Ehrlich carcinoma of mice. Neutral saline soluble (0.9% NaCl), hot water soluble and methanol soluble
substances (hereinafter referred to Fr. NaCl, Fr. HW and Fr. MeOH, respectively) were prepared from fruiting
body of the mushroom. B-glucan and total protein contents were identify from fractions of edible mushrooms
extract. The B-glucan and protein contents of all fractions of the mushrooms ranged from 21.54~32.31% and
0.16~9.34%, respectively. In vitro cytotoxicity tests, crude polysaccharides were not cytotoxic against cancer cell lines
such as Sarcoma 180, HT-29, NIH3T3 and RAW 264.7 at the concentration of 10~2000 pg/ml. Intraperitoneal injection
with crude polysaccharides exhibited life prolongation effect of 18.8~50.6% in mice previously inoculated with Sarcoma
180. Fr. HW increased the numbers of spleen cell by 1.2 fold at the concentration of 200 pg/ml compared with control.
Fr. MeOH and Na improved the immuno-potentiating activity of B lymphocyte by increasing the alkaline phosphatase
activity by 1.6 fold compared with control at the concentration of 50~500 ng/ml. Fr. Na generated 15.9 pM of nitric
oxide (NO) when cultured with RAW 264.7 at the concentration of 200 ug/ml, while lipopolysaccharide, a positive
control, produced 3.7 pM. The Fr. NaCl, Fr. HW and Fr. MeOH increased the secretion of TNF-a, IL-1f, 112 and
IL-6 by 2.2 times compared with the control group. Fr. Na increased the numbers of peritoneal exudate cells by
4 folds at the concentration of 50 mg/kg compared with control. Circulating leukocytes increased by 2.7 folds when
Fr. HW from A. brasiliensis was inoculated at the concentration of 50 mg/kg body weight. The hematological and
blood chemical analysis of the 3 fractions did not show any difference in blood compositions and enzyme activities
compared with the control group (p<0.05). Therefore, the experimental results suggested that crude polysaccharides
extracted from A. brasiliensis contain antitumor and immuno-potentiating activities against Sarcoma 180 in ICR mice.
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WHAIZL F 500 plo] 32k FRHTE YA 100°CY] FF
Zollx] 2417F 57t RES-2 AT 213] k3=l 2N KOHZ
500 pl BaL S the 94E21(1,500 xg, 10 min)ate]
SAE AU} A5 50 plell exo-1,3-p-glucanase(20 U/ml) +
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Table 1. The recovery rate of crude polysaccharides extracted
from Agaricus brasiliensis

Weight of the dry Weight of Recovery rate

Fractions' mushroom (g)  extract (g) (%)b
Fr. MeOH 80 31.54 39.42
Fr. NaCl 80 4.97 6.21
Fr. HW 80 1.80 225

*Fr. MeOH, fractions extracted with 80% methano; Fr. NaCl, fractions
extracted with 0.9% NaCl solution; Fr. HW, fractions extracted with
hot water.

bRecovery rate (%)

= [Dry weight of extract (g) / Dry weight of the mushroom used in
the experiment (g)] x 10
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Ao FrFe dold A, ZohdRe] S 21.54-3231%,
TS 0.16~9.34%C] A THTable 2). ©] A=
Um 5(2010)°] =] HAlEe] =gr=elz]e] AHEA| <A
80%2] oeFeZ FE3F 37.67%2] B-glucanol] HI3jA =
ZIA T =g el 2] 19.03%90 vl E B3t
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Table 2. Polysaccharides and protein contents of fractions
extracted from Agaricus brasiliensis

Fractions® B-D-glucan® Protein®
(meantS.E.) (mean£S.E)
Fr. MeOH 21.54+3.24 0.16+0.98
Fr. NaCl 28.78+1.28 4.78+0.58
Fr. HW 32.31+0.96 9.34+1.01

*Fr. MeOH, fractions extracted with 80% methanol; Fr. NaCl, fractions
extracted with 0.9% NaCl solution; Fr HW, fractions extracted with
hot water.

°B-D-glucan contents were quantiatatively determined by mushroom and
yeast B-glucan kit and expressed as the weight percentage. 1 mg/ml used
for each experiment.

“Total protein contents were quantitatively determined by Bradford reaction
and expressed as the weight percentage. 1 mg/ml used for each experiment.
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FLo| A9t Sarcoma 1802} HT-299] thafa]wh 2k7ke] =4S
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ATHHur ef al., 2008). 0] FRHALS] AL A oA HehE=
F=% 2R AlZz5Y A3elA= 1000~2000 pg/ml
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UJeRN L t2 Al ¥391 HepG2, HT-29 2 NIH3T3E
10~2000 pg/mle] = Lol 5438 VFERA] 24THChoi
et al., 2008). 12} A=A S Eo]o] A A
Gz FE5I 20IH AESAAEAYA = 1000 pg/ml
o]3}e] FEoAE NIH3T3®} Sarcoma 180 A|EZFe) th3sh
=48 gloY 2000 pgmle] FEolAME SAl0] FsHA
YUERSTHShim ef al., 2003b; Oh er al., 2006). TebA B4l
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Fig. 1. In vito cytotoxicity” of fractions® extracted from fruiting bodies of Agaricus brasiliensis against (A) Sarcoma 180, (B) HT-29,

(C) NIH3T3, (D) RAW 264.7.
*Cytotoxicity was measured after 24 hours of incubation.

°Fr, MeOH, fractions extracted with 80% methanol; Fr. NaCl, fractions extracted with 0.9% NaCl solution; Fr HW,

fractions extracted with hot water.
“Concentration of cells was 1 x 10° cells/ml.
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Survival days

eOH
Fractions
2. Effect of crude extracts isolated from edible mushrooms
on the life span of ICR mice inoculated with Sarcoma
180 (i. p.)
“Fr. MeOH, fractions extracted with 80% methanol; Fr.
NaCl, fractions extracted with 0.9% NaCl solution; Fr HW,
fractions extracted with hot water Each experimental group
consisted of 5 mice.
*mg/mk body weight.
“‘Survival days of each animal in experimantal group
were counted individually and the mean survival days (M+
S.E., meantstandard error) of each group were calculated.
‘LS, Increase of life span.
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Fig.

ZUER-E Sarcoma 180 F3AF] ol FAFste] o] A3
qIE A A3 ol AFe 3R ZUER Tl
o3 4mg0] 18.8~50.6% A=A tl2te] AF= Het
AE dre 17801 oy 489 5 Z0EH= 20 mgkg
body weight2 FoJgt A3 AF ] Fi BEYT+= 25.6Y
2 UeRt 88 50.6% AFATE Ao E YERITHFg, 2).
A 4345 dFga AgA 9 FEole] AHEAE 77}
ol e 2 FE3 ZUER-E Sarcoma 180202 FE-3H
AR £l T yehd g} vlwd Ax oigka
9] 67.5%<F 502 66.7%Cl HlsIA = kO (Lee e al.,
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Fig. 3. Effect of three fractions’ extracted from fruiting bodies of
Agaricus brasiliensis on proliferation of murine spleen
cells™*.

Fr. MeOH, fractions extracted with 80% methanol; Fr.
NaCl, fractions extracted with 0.9% NaCl solution; Fr
HW, fractions extracted with hot water.

*Proliferation of murine spleen cells was measured after
48 hours of incubation by WST method.

“Concentration of splenic lymphocytes was 2 x 10° cells/ml.
LPS, Lipopolysaccharide was used for positive control.
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Fig. 4. Effect of three fractions” extracted from fruiting bodies
of Agaricus brasiliensis on the alkaline phosphatase
activity in the murine spleen cells®
"Fr. MeOH, fractions extracted with 80% methanol; Fr.
NaCl, fractions extracted with 0.9% NaCl solution; Fr
HW, fractions extracted with hot water.
°LPS, Lipopolysaccharide was used for positive control.
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Fig. 5. Effect of three fractions® extracted from fruiting bodies
of Agaricus brasiliensis on nitric oxide production in
the RAW 264.7°.
Fr. MeOH, fractions extracted with 80% methanol; Fr.
NaCl, fractions extracted with 0.9% NaCl solution; Fr
HW, fractions extracted with hot water.
*Concentration of RAW 264.7 cell was 1 x 10° cells/ml.
‘LPS, Lipopolysaccharide was used for positive control.
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Fig. 6. Effects of fractions extracted from fruiting body of Agaricus brasiliensis on cytokine(A:TNF-a, B:IL-1p, C:IL-2, D:IL-6)
production in splenocytes. Concentration of splenocytes was 5 x 10° cells/ml. Fr. MeOH was extracted with 80% methanol.
Fr. NaCl was extracted with 0.9% NaCl solution. Fr. HW fraction was extracted with hot water. LPS(lipopolysaccharide)
was purified from Escherichia coli 0111:B and was used in positive control on B cell. Con A(Concanavalin A) was used

in positive control on T cell.
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Fig. 7. Effect of three fractions® extracted from fruiting bodies
of Agaricus brasiliensis on the number of peritoneal
exudate cells in ICR mice.
Fr. MeOH, fractions extracted with 80% methanol; Fr.
NaCl, fractions extracted with 0.9% NaCl solution; Fr
HW, fractions extracted with hot water.
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Table 3. Effect of fractions extracted from fruiting bodies of Agaricus _ /1‘__]?5] asle] AdAN WEE, SeEd B e
brasiliensis on the number of circulating leucocytes in ICR mice FE 2HERE 10, 20, 50 mg/kg body weight®] S==
- : —— s e OIS 28 4RA950e Rl dxee ¥
Group Dose™ No. of mice (x 10’ cells/ml) ild FeE vt Ay mF G el gt 9l
Control - 233+1.03 5 ERISKAAL, 417 71%59] X377} == BUN, creatinine
10 5 5.62+1.41 13%1 bilirubinQ] oo]:% EH__,Z_E-E]- 2= /\ET@ o Z_]:oﬂ %94/\3
Fr MeOH 20 s 5 86£0.93 (p<0.05)°] §I3ATk. B3 b Al E ol EAsk= ALP, ALT
50 5 6.9241.96 2 AST 59 Hahe o] S| ooz f2|97] wle
- - o o 71 71%59] DA AR olgH 3 k. 48 A3k 4
Agze] $AE vzl wsl v A ek 2
et 2 i L 5 PEsl o) ) ETPACR BARY 2% iz
0 > >0510.33 T3 AT Ve Fele gl Ao eRdrh(Table 4)
» > 3.0955.01 meba A AR FEF ZOFRE AT
fr W20 > 01127 Fol g Az A0 dHQ e 2 #AE g

50 5 6.37+1.27 Aoz YERIT)

*Fr. MeOH, fractions extracted with 80% methanol; Fr. NaCl, fractions
extracted with 0.9% NaCl solution; Fr HW, fractions extracted with hot

Mo
water. i
"mg/kg body weight.
Mean+S.E. AEHAL F A, FEHAE, AT &8s

Table 4. Analysis of blood of ICR mice administered with various fractions extracted from Agaricus brasiliensis in ICR mice

Extracts” Concent ration Protein (g/dl) BUN® (mg/dl) Creatinie (mg/dl) T. bilirubin (mg/dl) AST(U/L) ALTd(U/L) ALP(U/L)

Control - 6.00£0.21" 16.67+2.31 0.47+0.06 0.43+0.06 50.33+12.86 33.00+3.61 63.5+1.70
10 mg/kg 7.00+0.15 18.33+0.44 0.53+0.04 0.43+0.04 71.00£12.67 43.67+4.89 65.70+2.20

MeOH 20 mg/kg 6.80+0.31 20.00+2.00 0.60+0.00 0.53+0.04 86.00+2.00 40.33+0.89 69.30+1.10
50 mg/kg 7.20+0.26 18.00+0.00 0.60+0.00 0.57+0.04 82.67+3.11 57.00£8.67 74.30+5.10

10 mg/kg 7.00+2.44 17.00+0.00 0.60+0.00 0.53+0.04 66.67+1.78  46.33+6.89 69.30+3.10

NaCl 20 mg/kg 7.10£0.20 20.33+1.56 0.57+0.04 0.57+0.04 64.67+1.78 39.67+1.78 69.30£3.10
50 mg/kg 7.40+0.33 20.33+1.56 0.57+0.04 0.57+0.04 70.67+3.11 40.33+0.89 69.7+0.90

10 mg/kg 7.10£0.11 21.67+0.44 0.60+0.00 0.57+0.04 62.67+3.78 37.00+3.33 77.30£5.10

HW 20 mg/kg 6.90+0.11 21.00+0.67 0.60+0.00 0.43+0.04 76.00+4.67 56.33+3.78 81.70+8.40
50 mg/kg 6.40+0.51 21.67+0.44 0.60+0.00 0.57+0.04 71.33£1.78 48.67+3.78 75.00+6.70

*Fr. MeOH; fractions extracted with 80% methanol, Fr. NaCl; fractions extracted with 0.9% NaCl solution, Fr HW; fractions extracted with hot water
"BUN : blood urea nitrogen.

‘AST : aspartate aminotrasferase.

ALT : alanine aminotransferase.

°ALP : alkaline phosphatase.

‘Mean +S.E.
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