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Immuno-potentiating and Antitumor Effects against Mouse Sarcoma 180
by Crude Polysaccharides Extracted from Fruiting Body of Russula rosacea
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ABSTRACT: Russula rosacea, one of edible and medicinal mushroom belonging Agaricales of Basidiomycota, has
been 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 extracted from fruiting body of the mushroom. In vitro cytotoxicity tests, crude
polysaccharides were not cytotoxic against cancer cell lines such as Sarcoma 180, HepG2, HT-29 and NIH3T3 at
the concentration of 10~2000 ug/ml. Intraperitoneal injection with crude polysaccharides exhibited life prolongation
effect of 21.4~45% in mice previously inoculated with Sarcoma 180. Fr. HW improved the immuno-potentiation
activity of B lymphocyte by increasing the alkaline phosphatase activity by 6.8 fold compared with control at the
concentration of 500 ug/mi. In case of Fr. NaCl, the numbers of peritoneal exudate cells and circulating leukocytes
were increased by 6 and 2.6 folds at the concentration of S0 mg/kg, respectively. Therefore, the antitumor effect
against mice Sarcoma 180 by Russula rosacea could be due to immunomodulating activity.
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20~25 go] ICR AE 74 WF-L2HE FHA0E H]
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Alkaline phosphatase activity (o-nitrophenol gmol/
1X10° lymphocytes/60 mins)
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Table 1. Recovery ratio of crude polysaccharides extracted
from fruiting body of Russula rosacea

Fraction®  'eight of the used  Weight of ~ Recovery
mushroom (g) extract (g) rate’ (%)
Fr. MeOH 400 96.1 24.0
Fr. NaCl 400 7.7 1.9
Fr. HW 400 2.8 0.7

*Fr. MeOH; Fraction extracted with 80% methanol without dialysis,
Fr. NaCl; Fraction extracted with 0.9% NaCl solution and dialyzed
with dialysis tube (MW. 12,000), Fr. HW; Fraction extracted with hot
water and dialyzed with dialysis tube (MW. 12,000).

"Recovery ratio (%)=[Weight of extract (g)/Weight of the used
mushroom (g)] x 100.
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Fig. 1. In vitro cytotoxicity of fractions extracted from fruiting body of Russula rosacea against (A) Sarcoma 180, (B) HepG2, (C)
HT-29, (D) NIH3T3. Concentration of cells was 1x 10°cells/well. The Fr. MeOH was extracted with 80% methanol
without dialysis. The Fr. NaCl was extracted with 0.9% NaCl solution and dialyzed with dialysis tube (MW. 12,000). The
Fr. HW was extracted with hot water and dialyzed with dialysis tube (MW. 12,000). ICy, means 50% inhibition

concentration.
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FroMe A o]-&3F A £ NIH3T3¢} Sarcoma
180 T3k 42 itk whebx wdle] AdA &
ZodF9] AF Sarcoma 1800 thal dta = M EE
gel &gk Aol7] Bthe Z2ohdFel Fofof ofg AF <]
A S Soll 93k Aol 28 Zoz Alg ).

g7 9 gy

ArFgHAl ] AR A 3 T/ SuE o] 83t
FZ3 ZYHS Sarcoma 18022 HEFH AF A F
Atste] o] AE a5 2AMSE A3t ol AF e
FHE 3 TR 20EHR Fold o3l oF 21.4~45% <
FE T dlx2e] AFE Had AE 57 2080190
o gdE FE3 20YRFE 20 mg/kg body weight

2 Rt A3 AF Wt AELSTE 2092 A1
A vehg o] 45% A== &37F UERStH(Fig
2). 4 5(2003a)y> vivsEEESE 2 ALAZEEH F
g oz FZ3 ZUYHFE Sarcoma 18002 HE
H AF ] FoJste] AR A3 AT I 32.3%
2 B Ay vjgide A et 238y 4§
(2003b)e] A=A S FAHH Sdom FE3 Zrh
FHE AFo T3 AP A FHol 77.4%
A=l 2 Aol Ao vls) FHAT &aIrF A
ekttt 7 5(2006)S Sarcoma 1803 &3 AF
WREEAL AN EFR FEI ZUEHE
Sarcoma 180 F{EAF| ol Foste] ol& AF S FHo|
el Hlal] 67.5% AFETE RS BiE, &
5(2006)= 3Eole] zpAA|qA FHFLN F& =

FFHE Sarcoma 180 FEFO) Folste] 53%2] 4

40
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Control Fr. MeOH Fr. NaCl Fr. HW
Fractions

Fig. 2. Effect of crude extracts isolated from fruiting body of
Russula rosacea on the life elongation of ICR mice”
inoculated with Sarcoma 180 (i.p. injection®). “Fr. MeOH;
Fraction extracted with 80% methanol without dialysis,
Fr. NaCl; Fraction extracted with 0.9% NaCl solution
and dialyzed with dialysis tube (MW. 12,000), Fr.
HW,; Fraction extracted with hot water and dialyzed
with dialysis tube (MW. 12,000). *Each experimental
group consisted of 10 mice. “i.p. injecion intraperitoneal
injection.
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2,158 455 e 8 tixo® ARSE
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43.38119] F21& RAFAh(Fig. 3). ©] 5(2007) %
UEARER ] 2P oA Wehe, SAEEY, 452
F23 2ogH7F 50~500 pg/mle] FEolA Tzl
Hlgl] oF 1.8~2.18] =4 FAson, FdNETo=
AREE LPSE 50~200 pg/mie] sE=olA thztdl Bls)
oF 248 A SAEAh (1996)> BA| wijget b
Ao gAHANA FES hFRQL lepidano] BIFEAEZE
el Blal 10u8] o] SAAH o™, Bgh v A Zu
o] B gue] S % S AT Bkt mEbA
A QoA o] Fojshs WMz} A E At
£ 0 Alxe 4 238 Wyl Z74o] FHe a3t
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—
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e
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A FE3 2R AN E F2]EZ1& Sarcoma
1800 st AF <9 AAFE-S FAAT= RAS=E AR
Hr},
0.4
@5 ug/me
050 xg/me
m200 wg/me
@500 wg/me

0.3

Proliferation of murine spleen cell
(0.D. 570 nm)

Control

Fr.MeOH Fr.NaCl Fr.HW
Fractions

Fig. 3. Effect of fractions extracted from fruiting body of
Russula rosacea on proliferation of murine spleen cells.
Concentration of spleen cells was 2 x 10’ cells/ml. Pro-
liferation of murine spleen cells was measured after 48
hours of incubation by MTT method. Fr. MeOH was
extracted with 80% methanol without dialysis. Fr.
NaCl was extracted with 0.9% NaCl solution and
dialyzed with dialysis tube (MW. 12,000). Fr. HW was
extracted with hot water and dialyzed with dialysis
tube (MW. 12,000). LPS (lipopolysaccharide) was
purified from Escherichia coli 0111:B and was used in
positive control.
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m5 g/ m
0.7 050 ug/me

m200 x/m
0.6 m500 xg/me

Control LPS Fr.MeOH Fr.NaCl Fr.HW
Fractions

Alkaline phosphatase activity (0.D. 405 nm)

Fig. 4. Effect of fractions extracted from fruiting body of
Russula rosacea on the alkaline phosphatase activity in
the murine spleen cells. Alkaline phosphatase activity
was calculated as follows: Alkaline phosphatase activity
(p-nitrophenol  zmol/1 x 107 lymphocytes/60 mins) =
1.15 x optical density at 405 nm. MeOH was extracted
with 80% methanol without dialysis. Fr. NaCl was
extracted with 0.9% NaCl solution and dialyzed with
dialysis tube (MW. 12,000). Fr. HW fraction was ex-
tracted with hot water and dialyzed with dialysis tube
(MW. 12,000). LPS (lipopolysaccharide) was purified
from Escherichia coli 0111:B and was used in positive
control.
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Alkaline phosphatase= B 3ol HH| 5w w9
sl Fodshz gholn, Ar R Ale] AR A oA
HEE, SAEEN 2 d5E o8l FE3 2 HE
Aol FoJ3le] alkaline phosphatase”’} E3E U
SA¢k A3, dgelA FE¢ 27T 50~500 pg/ml
FEAA el BlEiA o 27~6.800¢] & BHS
HAou 7+ T2l oFdUlZt LPSel| H]s|A <= alkaline
phosphatase &/do] <7+ WAl Yelsth(Fig. 4). ©] &
2007y BUHFHALREA ] APAA T D8}
AFE o]83le] =3 UIFS ATlske] alkaline
phosphatase®] &< =33 A3} 200~500 pg/mls] =
oAtz HlEIAE vl =& A4S JUEle
LPSE A g izl vlsix e &40 ozt 7t
ATk T3 2 52007y W71 HAle] 2 A o)A
TR FE3 2OFHE 200~500 pg/mi®] FEE
A0S Wl LPSE 5 pug/ml =2 ATe A iz
ol BI3)] 1.44] =2 alkaline phosphatase®] €4Jo] 1}
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o] ofg WAl AAA A FAEE, HEkE
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gt a3 89

ZoA FH|SH= cytokine(TNF-a, IL-2)¢] 4= ELISA
assay kitZ =43} tt. TNF-o2] 79 W2 F&3
ZUEFE 1~500 pg/mie] Fx=2] HWLolA] izl v
3 =2 S48 BTk 283 1 pug/ml FEC] HgE 2
A FE ZUEGRE 22 559 FAUET Con A
o} LPSe) HlsiA =2 &8-S YER IL-2004 = W&
22 FE 2P F BE R4 dEzed 9 o
21 ConA2} LPSOl| HIsl] o] =okom, $49 &
Hoz FZH3 ZUTHFE 1000 pg/mie] oA %t o
Zat3 A i ZQ) ConASt LPS H}) E4do] =4 U
EPtH(Fig. 5). ©] $(2007)= BuEuAlRx]o] 2 A
oA FAEEN, HEre ¥ IFE FE 2RIt
1~1000 pg/ml =] HLlelA o] Blsjr =&
TNF-of] &848& BEoy 4 tiz+<¢l Con A4+ LPS
o HlsiA = ol& 3 TF 2tdH &40l 47 =
oA A7t ol AFS Bk wEh 2 Ao 4

-

300

A |1 oug/me
010 wg/me
250 | m100 48 /me
m1000 xg/me
~ 200
E
>
a
~ 150
3
1
w
=
=100
50
o L& B
Control ConA LPS Fr.MeOH Fr.NaCl Fr.HW
Fractions
350
B w1 g/ m
300 010 wg/me
m100 @ /m
m1000 g /me
250
E 200
S
£
¥ 150
=
100
50

o

Control ConA LPS Fr.MeOH Fr.NaCl Fr.HW

Fractions

Fig. 5. Effects of fractions extracted from fruiting body of
Russula rosacea on cytokine (A: TNF-¢, B: IL-2)
production in splenocytes. Concentration of splenocytes
was 1 x 10" cells/ml. Fr. MeOH was extracted with
80% methanol without dialysis. Fr. NaCl was extracted
with 0.9% NaCl solution and dialyzed with dialysis
tube (MW. 12,000). Fr. HW fraction was extracted
with hot water and dialyzed with dialysis tube (MW.
12,000). 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.



% #dY

50
O10mg/ke body weight
m20mg / kg body weight
40 m50mg / kg body weight

45

35

30

25

20

15 |

10

| a (M
L

Fr.MeOH Fr.NaCl Fr.HW
Fractions

The number of peritoneal exudate
cells (1.0x10° cells/me)

Control

Fig. 6. Effect of fractions extracted from fruiting body of
Russula rosacea on the numbers of peritoneal exudate
cells in ICR mice. Fr. MeOH was extracted with 80%
methanol without dialysis. Fr. NaCl was extracted with
0.9% NaCl solution and dialyzed with dialysis tube
(MW. 12,000). Fr. HW was extracted with hot water
and dialyzed with dialysis tube (MW. 12,000).
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Table 2. Effect of crude polysaccharides extracted from fruiting
body of Russula rosacea on the numbers of circulating
leukocytes in ICR mice

Group' Dose No. of No. of leukocytes
(mg/kg body weight) mice (x 10%/ml)
Control - 10 235+034°
Fr. MeOH 10 10 3.15+0.01
Fr. MeOH 20 10 3.22+0.02
Fr. MeOH 50 10 440+ 0.28
Fr. NaCl 10 10 3.23+0.08
Fr. NaCl 20 10 3.84 £ 030
Fr. NaCl 50 10 6.00 = 0.03
Fr. HW 10 10 3.29+025
Fr. HW 20 10 3.40+0.14
Fr. HW 50 10 4.40+0.57

Fr. MeOH; Fraction extracted with 80% methanol without dialysis,
Fr. NaCl; Fraction extracted with 0.9% NaCl solution and dialyzed
with dialysis tube (MW. 12,000), Fr. HW; Fraction extracted with hot
water and dialyzed with dialysis tube (MW. 12,000).
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WS = R 235+ 03400 HlEle] HERS 25
50 mg/kg body weightoll X 4.40 + 0282 % °F 1.98) =
7ksld o, 49 F5 20+ 50 mg/kg body weight
o] FEoA 2.681¢] F7HE YEFATH(Table 2). ©] &
(2007) EHFHATA O] AL A A HEERE 353
ZUEHE 50 mg/kg body weightZ Fo13F A3 A3
o] Wy 7t gzl Hls 1.94] F7FskRaL 7HES
2 FE 2OEHE LS TR FAT AF o] WP
T 14 F7FeRTh webs 919 AES s AT
FHA o] AAA o WL R 53 Z20YF7T Fold
AF ] BT 7tz Hle] 1. Sk A ol
HAe 2RV AF e W 5 F/AA WIS
FAA7)=H 71998 & Uths BoE 202 AlsHr

-

Moy A7(o| FE0 O|Xl= A

Holxh AEE 7191 7 ¥, $49] SEdshE v
e 2 FE 2OERE AF T A3 4zte] =
ZoA g2 AR S AT SAEeRE FE
St ZtdRE F=7F 10~50 mg/kg body weight & o]
kel vl 7k, v 9 FAe] FAVE A%o=m FUb
3t5ATH(Table 3). & 5(2006)%= F&Ho] FAHAEY F=
ZOFHE Fost A A 71, v, 49
A7 thzol vlal 0.85~7.24% S7HE Zo 2 AL
ANeH, o] F(2007)% FHFHANTA S AHAE T4
dgHor FEo 2rpdF AP AF S 7, ¥,
FAe] FAZE el vls) tha S7H AS ER1EA
ol meba R AlS Bk Al AR A 5
st ZOFHE AF O T 2odR7E Fold AF
o] 74 w1, FA9] FAle gutd ez &AE e

T2 eh) 3 9 A0 ARdrt,



) F-FHA (Russula rosacea)®] AAANA FE3 Zopde] AF Sarcoma 1800 thet WMF7F 2 ek a3} 91

Table 3. Effect of crude polysaccharides extracted from fruiting body of Russula rosacea on the body and immunoorgan weight of

ICR mice
Group®
Control Fr. MeOH Fr. NaCl Fr. HW
Dose
(mg/kg body - 10 20 50 10 20 50 10 20 50
weight)
No. of mice 5 5 5 5 5 5 5 5 5 5

Body weight (g) 32.1843.73° 3770+190 37.50+290 37.40+221 36.70+1.50 36.60+2.60 38.00+2.50 3714350 3890+350 3820+3.70
Liver weight (g) 1.76£026  1.63+0.13 1.57+0.17 174020 153+0.13 137017 209+0.12 157+0.15 1.65+0.15 1.65%0.15
Liver/Body (%) 551+£079  432+£0.02 432+£039 456+£090 439+180 41+1.10 436+£029 432+0.67 428+13 435+0.87
Spleen weight (g) 0.18+0.075 023+0.03 023+005 033+0.05 033+003 033+£0.67 036+058 020+0.14 025+035 0.29+0.58
Spleen/Body (%) 0.57+025 059+032 062+0.12 079+032 081+0.18 091+0.18 094082 053082 064083 0.76=0.12
Thymus weight (g) 028+0.04 022+0.03 021+0.03 024+0.13 0224006 022+0.03 023+£0.00 022+0.00 023+0.00 022+0.05
Thymus/Body (%) 0.88+0.14 0.58+0.04 059+005 061+0.08 059+0.14 059+0.12 060+051 059+0.18 059+039 0.58+0.69

*Fr. MeOH; Fraction extracted with 80% methanol without dialysis, Fr. NaCl; Fraction extracted with 0.9% NaCl solution and dialyzed with
dialysis tube (MW. 12,000), Fr. HW; Fraction extracted with hot water and dialyzed with dialysis tube (MW. 12,000).
®Mean + S.E.
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