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ABSTRACT: Armillaria mellea, one of edible and medicinal mushroom belonging to Tricholomataceae of Basid-
iomycota, has been known to have outstanding inhibitive effects on the sarcoma 180 and Erhrlich carcinoma of
mice. Neutral salt soluble (0.9% NaCl), hot water soluble and methanol soluble substances (hereinafter referred
to Fr. NaCl, Fr. HW and Fr. MeOH, respectively) were extracted from the mushroom. In vitro cytotoxicity tests,
crude polysaccharide were not cytotoxic against cancer cell lines such as NIH3T3 and Sarcoma 180 at the con-
centration of 1000 zg/ml. Intraperitoneal injection with crude polysaccharides exhibited life prolongation effect of
60~67.5% in mice inoculated with Sarcoma 180, respectively. Fr. NaCl improved the immunopotentiation activity

of B lymphocyte by increasing the alkaline phosphatase activity by

1.8~3.0 folds, respectively. In case of Fr. NaCl,

the numbers of peritoneal exudate cells and circulating leukocytes were increased by 10 and 2 folds, respectively.
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Fig. 1. The extraction procedures to obtain crude extracts
from fruiting body of Armillaria mellea. The Fr. NaCl
fraction was extracted with 0.9% NaCl solution. The
Fr. HW fraction was extracted with hot water. The Fr.
MeOH fraction was extracted with 80% methanol.

AMES| MZESY

Aol AR M EE vhe-2 AfolE NIH3T3
oMM E+= mR$-2 $29hA X Sarcoma 1800]%th. A=
A AEL Denizot er al(1986)2] Wridl ute} =3} 0}%{
o} NIH3T3 AlEE 1X10° cells/m/e] AEE 96 well
microtiter plate®l] 100 @ FY3 F 37°C, 5% CO, Hj
71X 24717 B2 MGEiATE 2 FE2E9 w27}
10~1000 pg/mic] =8 ZAF T 100 w8 A2 X2
sted 37°C, 5% CO, WF71904 24412 &< vieks &
5 fmg/ml®] 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide(MTT) solutiong 10 @& 2k wello
Wl F 7 5 & AU WP, Fea
MTT formazan®] AAFA  dimethylsulfoxide(DMSO)
100 /2 83A1# ELISA plate readerE ©]-&3F] 570
nm IFoA FFEE ZA 59} Sarcoma 1802 2X
10° cells/mi®) MEZ 96 well microtiter plate] 50 /%
FRAEEL 7} & ES] HAF FEE 10~2000 pg/mio] =
TE AR A st FHF &2 o] 100 Wt HES st
37°C, 5% CO, H7Io0M 244170 Wik 1 mg/ml
2,3-bis(2-methoxyl-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide(XTT) solutiond 25 uM phenazine metho-
sulfate’} %3¢ JR"“E well B 30 A A3l o =
Aol 271 7F wiFeE & LISA plate readerg ©]-&3}]
450 nm FAM FFTE S5 APy $3=
S iz FF=e vuste] &S T, 50%
inhibition concentration(IC, )2 A &w+o] vz vls)
AEEo] 50% Aadhe 4hg ovgih

Viability(%)=(T — B)(C — B)x 100

T: 2339 B4 2=

C: Uz B F4E
B : Blank

YA AE

Sarcoma 1802 5X10° cells/mlo] H=Z
mP(1X10° cells/mouse) ICR wh$-228] E7}o] 0]4]3
Haoro 84bA]F]3 Sarcoma 1802 o413 2447 &
H-E] 20 mg/kg body weight =9 FEES 29
o £3IA1A 0.22 /me] membrane filter® AFAZl &
Zkzyel 2EEg vid 13 1047 B Wl 0.2 miy F



100 THE KOREAN JOURNAL OF MYCOLOGY, 34(2), 2006

At dz2ode 22 717 53 AYAETE F
o591 1, Sarcoma 180 FF Fof 3 32U7EA] HAzts)
o B FH dFE ALt E]—— ‘__E increase of
life span(ILS)& Al%rstd] Aol A4 oA 2348 %
7ttt

ILS=[(T —C)/C]X 100

C: e Wit +3(2)
T:AgEe) B +3(Q)

orA2ol B uist 450 O|xXls WE 24

Ohno er al(1986)%] wWiiel wet £3¥ B U312
FH YHAE = alkaline phosphatasefé— st =

HlE B AN ZE 1X10° cells/mie Aate] well
2 100 ¥ B33 50, 200, 500 yg/mH FEER Y
A HE2Fe R 5, 50 ug/mie]l LPS(lipopolysaccharide)&
Ao g HE 2ar) 200 w7t HEE 3T 37°C,
5% CO, Bi7[ollA] 48A17F vkt F, A ujgd S o
ARsty AAEY ImM MgCLE &3 50 mM
sodium carbonate buffer(pH 9.0) 1 mg/mic] HE5
nitropheny! phosphate® 713t 85 100 14 713k th5
37°C, 5% CO, Hg71ollA] 1A17F HEg-A1ZA T W9l 03N
NaOH & 50 /5 7Fsted ¥hg-S F4AAIZ] £ 405 nmell
Al FEEE S en o Ao wat Albkerdt.

)\

1~N

© Alkaline phosphatase activity(p — nitrophenol smol/
1X10° lymphocytes/60 mins.)
=1.15X0. D. at 405 nm

& SZHE 0 0= Ag 24
6799 ICR $4 PH-28 4823 P20 ol

3U7E A0 2 10, 20, 50 mg/kg body weight®] #5232 3
< B7F Wo] TS, d2ate el AYTE F
Atk FE2E Fo HFTARIY 2407 F LS
ZETAA 10 mle) PBS buffer(pH 7.2)2 27 WS A
g O 57 AXEE AFHS Turk’s solution® 2 B4
T71& ol 8ste] SA AT
8 F WET of WY V(o I O|Xl= A&
6539 ICR 34 k25 A3 222
A 278 Wdll 10, 20, 50 mg/kg body
weight®] FEE FEIF& FAsIlon, dxztS A
AArE At FE2E Fo] HFURTEH 24 F
o

AR E et FAS AFstd Turk’s solutionSZE G4
sl @RAF7IZ Wl 78 2489k &3 71
A gl g Ao S

Asted 332 29
A

o= wro] g 4

0%9} 2.4%2 H]
). ol= 4 ‘3(2003a)°l o
AE 2 EFE FEIT 2UERY FEEY
2.2%, 0.9%°l B3 wetes F4F e 2EF7H
A FZ2HAL GFoAe o 2

Hbdofl 4] 5(2003b) *DMHEZJH%
%, 249 ¢ 4522 F -fd E}

%&‘EXJHWﬂl hflwc = 2 A3}
© AHAA ME 2 BulE FE2He 209FY &
< WAl R wt dEvE RS BAFE ZoE A}
EHA

Table 1. Recovery rate of crude extracts from fruiting body of
Armillaria mellea by various extraction methods

. a Weight of the used  Weight of  Recovery
Fraction b
mushroom (g) extract (g) rate’ (%)
Fr. MeOH 400 52.0 13.0
Fr. NaCl 400 7.9 2.0
Fr. HW 400 9.4 2.4

°Fr. NaCl; Fraction extracted with 0.9% NaCl solution, Fr. HW; Frac-
tion extracted®°with hot water, Fr. MeOH; Fraction extracted with
80% methanol.

"Recovery rate (%) =[Weight of extract (g)/Weight of the used mush-
room (g)] x 100.

Table 2. Effect of crude extracts from Armillaria mellea on the
life span of ICR mice inoculated with Sarcoma 180
(i.p. injection”)

Dose

b . < 0/\d
Group (mg/kg body weight) Survival days” ILS (%)
Control 0 21 +0.65 -

Fr. MeOH 20 26+ 2.84 14.3
Fr. NaCl 20 27+2.82 28.6
Fr. HW 20 35+2.69 67.5°

*i.p. injecion intraperitoneal injection.

 Fr, NaCl; Fraction extracted with 0.9% NaCl solution, Fr. HW; Frac-
tion extracted with hot water, Fr. MeOH; Fraction extracted with 80%
methanol.

Each experimental group consisted of 10 mice.

‘Survival days of each animal in experimental group were counted
individually and the mean survival days (M« S.E.: mean =+ standard
error) of each groups were calculated.

“ILS: Increase of life span.
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Fig. 2. In vito cytotoxicity of fractions extracted from fruiting
body of Armillaria mellea. against (A) NIH3T3 (B)
Sarcoma 180, Concentration of cells was 1 x 10* cells/
well. The Fr. NaCl fraction was extracted with 0.9%
NaCl solution. The Fr. HW fraction was extracted
with hot water. The Fr. MeOH fraction was extracted
with 80% methanol. 1C;, means 50% inhibition con-
centration,

R HAgA o] FrA 71A% Aoz dddc)

MESLED
U FESl DAL PAE dD NS
4 ARE & AT BPHEF NIHITIH b2 %

3

i}
o

UM Sarcoma 1809} o3} %ﬁxgog e, 95 %
2RO Z2E 1000 ug/md FEAA olFE AEFE
70% ile] MEZAESEE eI winleEE st
(3 5, 2003a), HAUEZHAUA F, 2003b)9] FE=E ©
£3 A7 s olet FAleE A3t BusSiEH o

H

= RUREA Z0gRe A e AEagase ¢
AT AU AESAE Fo] ShLe] F2E X3

A7V 8ok A HeAaAlE 2 2o Algdn.

Moy & 53t

oA B Qo gasiol oixle ¥ B iUt
F0)3l= alkaline phosphatase®] % 438t BY 3
o] A& 313Nt} alkaline phosphatase= B cell
mitogen?] AAH AL W 9 T cell mitogen
o 213 lymphokineoll eate] g =g HFLom
W B QEolr) s el BstEE Jer ¢
B2 gen, @ 52004y MW (Grifola umbellata) T
o] QLB FEE0| Escherichia coli 0111:B9] LPS
Bt} 68} ©]ArY] alkaline phosphatase 84S B A2
2 3y bk gl

B A9 3FR] FUPHA FE2EL tiEate] ¥

s AAHoR B dHFE BEAIE AF4E e

y

—

%

.50

45 | a5/ me
.40 150 /e
35 . | D200/ /nt
30 | B500: /n

Atkaline phosphatase activity
o O o a0 O o o o o
n
«

.08 g
.00

control LPS

Fr.NaCl Fr.MHelH

Fractions

Fig. 3. Effect of fractions extracted from fruiting body
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Armillaria mellea on the number of peritoneal exudate
cells in ICR mice. Fr. NaCl fraction was extracted
with 0.9% NaCl solution. Fr. HW fraction was ex-
tracted with hot water. Fr. MeOH fraction was
extracted with 80% methanol.
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Table 3. Effect of crude extracts from fruiting body of
Armillaria mellea on the number of circulating
leukocytes in ICR mice

Groupa Dose No. of No. of Ieﬁukocytes
(mg/kg body weight) mice (x 10°/ml)
Control - 10 1.5+0.12°
Fr. MeOH 10 10 2.1+0.47
Fr. MeOH 20 10 2.8+0.26
Fr. MeOH 50 10 3.1+0.89
Fr. NaCl 10 10 1.9+£0.46
Fr. NaCl 20 10 33+0.44
Fr. NaCl 50 10 3.7+0.13
Fr. HW 10 10 1.7+£0.68
Fr. HW 20 10 1.8+0.70
Fr. HW 50 10 2.1+£0.97

“Fr. NaCl; Fraction extracted with 0.9% NaCl solution, Fr. HW; Frac-
tion extracted with hot water, Fr. MeOH; Fraction extracted with 80%
methanol.

*Mean = S.E.
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Table 4. Effect of Fr. NaCla extracted from Armillaria mellea on the body and immunoorgan weight of ICR mice.

Treatment
g Control Fr. NaCl Fr. NaCl Fr. NaCl

Dose (mg/kg body weight) - 10 20 50

NO. of mice 10 10 10 10

Body weight (g) 33.84+3.70° 33.21+£1.79 34.15+0.87 33.36+2.51
Liver weight (g) 2.05+£0.15 2.09+0.11 235+0.25 231+028
Liver/Body (%) 6.11 +£0.05 6.29£0.40 6.88 +0.51 6.92+0.21
Spleen weight (g) 0.14£0.01 0.15+0.02 0.19+0.01 0.23+0.05
Spleen/Body (%) 0.41+0.06 0.45+0.07 0.55+0.03 0.68 + 0.07
Thymus weight (g) 0.049 + 0.01 0.052+0.01 0.056 + 0.02 0.058 + 0.01
Thymus/Body (%) 0.14 £ 0.01 0.15+0.01 0.16 £ 0.02 0.17£0.01

*Fr. Nacl; Fraction extracted with 0.9% NaC} solution.
*Mean + S.E.



Inhibitive Effect of Mouse Sarcoma 180 by Crude Polysaccharide Extracted from Fruiting Body of Aramillaria mellea 103

AANA o R A A719 FA Srrste A #HA
oh. 2o 7ke] T AT HlE 2R 6.11%R1H
Hl] 24Y FEEL 10, 20, 50 mg/kge] HI&E T3}
Re uf zhzrel FEM|E 6.29, 6.88, 6.92%E °F7F 7t
e A 2tk aEa vgs) §A49 AR gz
ol H]3ted Al wet o7 Sk AES 23
Al F(2003b)9] AFME A=A ] FHHE-
FE2EE T A AFAY 74 ¥, F4Y FA
3 : AT, WA

g AF 9
a8 A
Al W&

HOE AR

2 ag
>

Hgs} 2+e] #A| F7F= macrophage
EES] FHOE T Zlolgta wdt
H7]@e =AM 2zt 28 ols] A=
Hh(Gross et al., 1980).

tlo A
r B

q 2

BLEHALL SbtE Soldol] ot dZ5Y et
AFHE YeEE gemiler dEA vk BuFaAl
AAAREE SAHGEEN, 85 € vEs FE2ES 2
sto] AF o) gk It € HAFAAAE AT
Sarcoma 180 B9t A|XE FAlSI Y HUEHA O3
FE Fog A8 ARV 2UGHE FosA @2
22 AFe vs] AHAGEATT 67.5%2 WE =
A veigt, AEEA AdA3, NIH3T39F Sarcoma
180 HZFE T498d, €5 ¥ wd& FE= 1000
pg/mle] FEoA BlFsId ST 70% Wl AEES B
AoH, 7 FE FZHIME MEEALS VeERA ootk
5998 FEES T AFY B ¥4I alkaline
phosphatase 8442 tztol Hldle] oF 3.00] Wjele] &
e RYod, & B AXew dix2gd vis) 23
3.50 7HE Frelgion, €9 S wETe £ dix2d
o ¥1&te] oF 2.5u) Zvlsldc). e Hele] AEE I

;:—l_
&=
ol
=
219 7Mool Ao2 AeEn
ZAle| 2hs
2 A7E 5Y/)&BAE(ARPO)] AN

AHE 204309033SB010) oste] AR o o]
A=Y

RS, PN, B, 8, UEE, o, e, o]

1999. AW A (Agaricus blazei MurillyolA] 213 tigA]e

Staphylococcus aureus 7Y 2 vH-2= Sarcoma 180 FUAHE
of gt ol a3} LA FEEIA 15: 155-158.

Ul f=E, T 7l 1998. AT EC] 3ilsl 244 At
A7 =2 B3] A] 26: 69-77.

Hrehs], o] 35 1999, k=M gt WAL,

AR, AL, olv-&, AR, AR, odg, olEl. 2003a.
) =3 E 53} (Paecilomyces sinclairiiyo| A $&3 209
Feo| Wegy 9 i A A7 d=wSEA 310
155-160.

Adn], dAE, AR, o] ¢-&, Ak, o%E, o]El4. 2003b.
A =AM (Daedaleopsis tricolor) A &7 20152
HEd R LR = 83)A 31 161-167.

e, sk, &3, =S, AW 1985, =t G| 7
7] 4% 2 Y 37 2gol B A7 ¥ 16: 181-
190.

&3], ol¢-&, oulg, AvAL, olElF. 2004, AF(Grifola
umbellata)?] dHANA 23 2P dHGEA L ¢t
a3} = o3 A] 32: 23-30

255, olAE, I, RS, F5H, F%. 1995, Fomitella
SfraxineaZHE E23 WIBA dFRD-FHE &9 F&
R 54, d=astEA] 23: 332-339.

ZF5, olAlE, W, SR, /5, FAE. 1995. Fomitella
SfraxineaZ 58 22 ¢ @SB OFRAD-EF5E tHHRE
e € 54, @5431381A] 23: 340-347.

ZmE. 1996, SAL Ao AR 2 dARIZ ] B3} 2
Bof st A+ Mg ojshl =24, Pp 1-121.

gy, ol 2=, AP, oI5, AE, H48h 1998, FAe|
AAA Bglucandl] 213 RAW 264.7 A2 Nitric Oxide
A7, F=1dS3IA] 26: 246-255.

KEF &, JIEIESR. 1992, % / aDft8 - £ Baiitr 5.

Arthur, C. and Guyton, M. D. 1986. Textbook of Medical Physiol-
ogy. 7th Ed. W. B. Saunder company. Pp 51-59.

Chihara, G, Hamuro, G, Meada, Y., Arai, Y. and Fukoka, F.
1970. Antitumor polysaccharide derived chemically from natu-
ral glucan (Pachman). Nature 225: 973-948.

Chihara, G, Maeda, Y., Hamuro, J., Sasaki, T. and Fukuoka, F.
1969. Inhibition of mouse Sarcoma 180 by polysaccharides
from Lentinus edodes (Berk.) Sing. Nature 222: 687-688.

Choi, S. H., Jun, C. D, Lee, B. S., Park, S. D, Oh, J. S. and
Chung, H. T. 1993. Effect of various extrinsic and intrinsic fac-
tors on the nitric oxide production of murine macrophage. Kor.
J. BRM 3: 15-22. .

Denizot, F. and Lang, R. 1986. Rapid colorimetric assay for cell
growth and survival modifications to the tetrazolium dye pro-
cedure giving improved sensitivity and reliability. J. Immunol.
Methods 89: 271-277.

Gross, R. L. and Newberne, P. M. 1980. Role of nutrition in
immunologic function. Physiol. Rev. 60: 188-302.

Jan, A. M., Marielle, E. B., Peter, H. N., Pieter, S. H. and Ralph,
V. F. 1992. INF-y induced 1-arginine-dependent toxoplasmas-
tic activity in murine peritoneal macrophages is mediated by
endogenous tumor necrosis factor-c. J. Immunol. 148: 568-
571.

Kishida, E., Sone, Y., Shibata, S. and Misaki, A. 1981. Prepara-
tion and immunochemical characterization of antibody of
branched /(1—3)-D-glucan of Volvariella volvacea and its use
in studies of antitumor actions. Agric. Biol. Chem. 53: 1849-
1859.

Komatsu, N., Okubo, S., Kikumoto, S., Kimura, K. and Saito, G.
1969. Host-mediated antitumor action of schizophyllan, a glu-
can produced by Schizophyllum commune. Gann. 60: 137-44.



104 THE KOREAN JOURNAL OF MYCOLOGY, 34(2), 2006

Mossman, B. T. 1983. In vitro approaches for determining mech-
anisms of toxicity and carcinogenicity by asbestos in the gas-
trointestinal and respiratory tracts. Environ. Health Perspect.
53: 155-161.

Ohno, N., Arai, Y., Suzuki, I. and Yadomae, T. 1986. Induction of
alkaline phosphatase activity in murine spleen cells treated
with various mitogens. J. Phamacobio-Dyn. 9: 593-599.

Roland, J. F.,, Chmielewicz, Z. F., Weiner, B. A., Gross, A. M.,
Boenong, O. P, Luck, J. V,, Bardos, T. J., Rerlly, H. C., Sug-
iura, K., Stock, C. C., Lucas, E. H., Byerrum, R. U. and
Stevens, J. A. 1960. Calvacine, a new antitumor agent. Sci-
ence 132: 1987.

Sugihara, T., Yoshioka, Y. and Nishioka, K. 1972. Anticomple-
mentary activity of antitumor polysacchrides. Nature New Biol-

ogy 235: 59-60.

Suzuki, M., Arika, T., Amemiya, T. and Fujiwara, M. 1982,
Cooperative role of T lymphocytes and macrophages in antitu-
mor activity of mice pretreated with schizophyllan. Jpn. J. Exp.
Med. 50: 59-65.

Tsugagoshi, S. and Ohashi, F. 1974. Protein-bound polysaccaride
preparation, PS-K, effective against mouse sarcoma 180 and
rat ascites hepatoma AH-13 by oral use. Gann. 65: 557.

Whistler, R. L., Bushway, A. A., Singh, P. P., Nakahara, W. and
Tokuzen, R. 1976. Noncytotoxic, antitumor polysaccharides.
Pp 235-275. In: Tipson, R. S. and Horton, D. Eds. Advances in
Carbohydrate Chemistry and Biochemistry. vol. 32. Academic
Press, New York.



