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Some Properties of Polysaccharide Fraction from the
Hot-Water Extract of Phellinus robustus and
Its Biological Activities

Chihiro HARA

Summary

A polysaccharide fraction (K-3) was isolated from the hot-water extract of the fruiting body of
Phellinus robustus. K-3 was composed of D-xylose, D-mannose, D-glucose and D-glucuronic acid in the
molar ratio of 1.0 : 3.7 : 12.8 : 1.5, and contained a small amount of protein. Its total sugar content was
estimated to be 99.3% as anhydroglucose. The low value of specific rotation, («)?, -3.8° (water) and the
presence of a characteristic absorption band at 890cm~! (type 2b) in the infrared spectrum suggest that
most of the component sugars of K-3 are bonded by g-D-glycosidic linkage. The molecular weight was
presumed to be below 10,000, by gel filtration on SephadexG-200. In some biological screening tests, K-3
exhibited significant antitumor activity against Sarcoma 180 (at a dose of 10mg kg X 10) and colony
-stimulating factor-inducing activity, although the mitogenic activity was little.
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X/ aBUCETIND BHERICIE, BUESERCREIRIEIER . S DEMIERZTRTLODH 2
ZEDBECREZIN TS, TR TLEOBEH (L 2 27) EIINE X ) 2 MRy e 35
EARTLDNEC, kL) REESLEFEE L CHMb 2 VEEEHHE L THVLATWS,
IR TR LRSIV 2L A7 IZBT 52X/ 32130494, 2T bud s Picding Sk
D) HTR-1,657K1,3-B-D-7 A VT AHIEBERAO S 2 Z EHTEHE N, ZRLD b 15
DGR, 3-B-D-T N7 P IZERENC LB END &5 12k o 72, —HEIC, ZDL D 7 SR ETE
REPEIS AR HOBEGIRANIC VA L C, B R D IEH MO MR (R A 4 2 8 3 2) R4 lbe D IS (2
WEGH) % SICBIE L Tw B 2 b L2 e D DDk B, Y

WIS 37 4 Phellinus robustus Karst. (B)F1% © 2749/ 3L % 7)1%, %FLH (Polypor-
aceae) yxa v v ay X 37 Sy BICET 5 SHEE, AEHX 2 2 (Fig. 1) ¢, @KL/, 2
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Ay EWENEX ) aHED1IETH
D, RESOMARETEFL THOR
Bnx L7 6T AKMBHETH 5,7
INFTHIL ashrrfEnsG %
DX/ anBKMBEZIZONWT,
<7 22 MK L 72 Sarcoma 180 &%
T A HEEENZ 7 ) —=> 7R
B 5¥8 LKLY LT
TbTWwadY, AN/ as s
ZOWTITONTE LT, 722D

Figl. # s a4 Phellinus robustus Mo EWIEERBIC DEEE N T e,
EHZ, REROH I/ 2Ly TEAKL D Bk SHEES 2 MbasEL, 155 07 ShEES
DFEWEEWLICT L E E DI, PUESERE L OCREBREICTUITIER LTS F 2 = Vil
¥ 2o =—H# K F (colony-stimulating factor : CSF) FEHEMEIZ D\ THRET L 2D TEZ DRER & ]
HY 5,

X B 7 &

1. %

AR THAEL VERLZA YL, 2 a7 FEEEX 7 288 L THW,
2. BIALE L 8UKIZ & 2 S HEED DM

KETFERIMEPERL, FELL-AREBRELLE BREFCLI--THRELLZERER
32.4g), MERBKE Vv 7 2V —IEINEE X Vv, £ 5/ — L THEKE T8RRI L 722, B
1o HIH TR (28.8 g ) £ 11DT0%KNE L 5/ — L THIZABRER T ($980°C) I L, Wi
S Yoo THIHEEE 282, Z0T0% KL Y/ — s & 2 & EH15EER DK LTV, BE T
2 BT EORS FRWHE R hIRE L7z,

BN T0% KM & 7 — LHH I K800ml % fin 2., PRI 6 BefIE T IcHm L, Wi
LT EE & o C R (BUKHINRE) 21372, oK EEE BED & MBS EII0mEER ) R LAT- 72
%, HHEEAS— L, 0—F Y —T /KL —F—Z A TH500mlc BHE L 720 KN TZ DR E 5
HREHA S & OB AIC K L GBI L 72, BHTNBCTICAE L 2B N EY 2 307 B & - ThE
L, 185 177 RISl & MM s R B | C Bkl 24 (K- 3 5 ILEL.21g) 21372,

3. PEBILERGRIEE

(1) ~LiFd -~ uiFEiE, 0.1M NaCl # &8s L CH v, Sephadex G-200% Fo3i L 72 7% 7 L (1.
5% 96em) & EHAL L 7248 3R 2 L, 3.8mlT O L 72, FEHRBREPOMEREL 7 =/ — VB
N k5T, F 7277 A BE % 280nm BN & - TRIEL 72,

2) FEROHE : REH(5mg) 2 3mlod 2 N 1) 7L v BEER TUIOKIE b 6 REFMUK O LTI s Lz B
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WER—r—7u=} 7574 —(PPC) iz & » TEMSITL 72, BEIEEHEE L Tn-7% /— - )
Pr-K(6 14 3(FE)EA, 2RISZERBL BT YY) MBERE TN ZE Y F FRHL
2o RATHAKRGIERDET NS F—NT LT HFEKEL, ¥R7v<}t 7574 —(GLO) Ik -
THEERE T L 72, "R B IIKRRREBRA DB GC- 8 A B % AV, # 7 A (0.3%200cm) FoHi#
& LT 3% Silicone OV-225(Chromosorb W), # 7 ZI8E195C, % + ) 7—# 2423 (171.6kPa)
DAIFGETIT 572, HR vt I Ao — 7 HE#IZEE C-RIABR Ju= b5y Zic k5T
Kb, FHEBEOELLEEHRL 72,

B &MEBRBLIVV O BOER  RBOLMWREL 7/ —VHEBIENC LT, Yo BEE
EANNT = VERBRENC L T, ENFNT NI —2, SN0 B i BRYE & | CREE % VEK
LittaERE L 72,

4) FRIHRBIL 2~ 7 F )L (IR) D IRZR7 } vz HAES A 1028 /MRS IS % B v KBrés
Al L - THIEL 72,

(5) MBESeRE | SRR AM (BEE ¢ =0.59) 2 B SEPA-300 R e st # F vy, 2dmoF £
25C CHRIZEL 72,

4. E£WEERNEE

(1) HUEBIER | KRB 6 Bk ICR-ICL bt~ 2 (20~25¢ , 1 BE105 ; JSLCH) % s
72, 2 X10°MElo> Sarcoma 180MEEHINE%Z <7 2 RIBERE FICHMEL, 7024445 1 H 1 [,
10 H AR EIE-0.01M ) > B (DH7.2) 18R L 72208 (2, 10mg,ke) % RERICIRE L 72, &
BT B HBICE L EEOERZAHBIL, 0HEICEEZ L L CF0EE4IEL 72, [EE
FEEER (%) 12 ((A—B) /A) X1000R (A : MBEOEHEEER, B ARE5EOTYEES
B) L DEHL 2, SEERE L CIPSK(# 7 5 5 7 FROBUEEM: 72 A B SHEEAK | 200me, k)
AWz,

@) 2A PPV A Y ERREEY L REOFEIC L > THANS, Tabb, 1088
NC3H,/He=7 2 (i) & 1) 8% L 72 BeARAG (4 X 10°8) & 308 (0.1, 1, 10ug well) ¥ #37°C, 486
ﬁ%%L,%%%74%%%K1747U%1U—09H}%E?V%Mifﬂwxi&wL,mm
RIS AZ Nz CH)-F 2 2> OBEHEM (cpm) 2 Mk > FL— gy =2 &> THl
L7z, MEERE L TRBEBEKRDY) ER) ¥y #5414 FLPS) % Hv 7,

(3) CSFZHHEMY : MmiEhdCSFFHEIEME T ATHEY & FEIRDFHETHEL 2. T o b b, 8 E#HANICR
7 Z () 1 SR (1008) % BERERIC 25 L, 3 BRRIA%IC COBIRIN | /87> M3 (12.5, 25u1,7dish) &
FHETIZ, CS5TBL 6~ 2 () h 5757 B 86818 (5 X 104E) % 5 %CO0,-4 > ¥aN—g—T
37C, 7THRMBEEL, BHMEOSE, WcL->TAELZI0=—H% £ F N v — 2 g CHIE
L7zo MBEME L TA X I ERER-- 7075 —2 - a0 =—R K F (GM-CSF, 33units) 24
L7,
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Fig.2. Chromatogram of Polysaccharide Fraction K-3 on Sephadex G-200
The column (1.5X96em) was eluted with (.1M NaCl.
~@— : 490nm (sugar) —()— : 280nm (protein)

mREEE

KIRFEH LW/ a4 TEREKE 2F 7 —, T0%KELSY 7 — VTHRW 7 & o det % ik g
F 724k, Bk L, kG THBETOMS FWE 2 BN L o TBRE, BATRBZ AR L T
oGS (K- 3) 2893, 7% OB TH 72, K- 3 3KICBETREGAL 2L, M2 RS a7z,
77Ty 7 A2G208 FHWTK-3 D7 NVFRx{T-728 25, Fig. 2lcm¥ Ly suv=t 77
APERL N, SR RBERERAESE L —7 e LTERINY, 77Ty 7 AG-200
DHERIRR (Vo) o L VB0 SMErHEH SN, 205 TRICIEEFEEN B bz, Fig. 2 FcmL
R, ATEEMOEETX 2 L 7> (5 TEMw D 1X104 77 =L TR O EALE &R
L7LDT, o TK-3HmnEENEEFTRIZ1ITLNRAZT LD FHEER NI, —H, TZA
EVEELZ & 5 280nmoBRIE s TG, AL 2 RE O BAERIC AR E Nz, $72K- 3 ekl
£ (total sugar content) %, HEH#ME X L T/ NI — 2% AW TERL 2 & 2 599.3% &R ST,
LLEOkERD &, K-313ZFDI13EA RN LS LHEMS TH LI LWL k-T2, K-3H
DA HEEEIEH CYRTHY, ERlAHEE EHOrVFBIC BT 5 EHAIEYG —HL T\
Zr ()b, RAEERBAERTH S EHEESI N,

SaEEs K- 3 2 AL, £ U RN £ PPCOTIC & » TREL 2Ak, 717 . 77
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Fig.3. Gas Chromatogram of Neutral Component Sugars of Polysaccharide Fraction K-3 as Alditol

Acetate
conditions : 3% Silicone OV-225 on Chromosorb W at 195°C.
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Fig.4. Infrared Spectrum of Polysaécharide Fraction K-3

by, ¥ wv—2x, w2 /—2, TNa—2z, TN arBhmEEn, ¥ KSR R Ty
5*11/742?— FEERE L CGLCH %475 72 & = », Fig. 312573+ I, BN L Tx
v—2Z (Xyl), => /—2(Man), 73—z (Glc) iz Hk3 2 7o F—=NTT—F2BHL -,
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Fig.5. Effect of Polysaccharide Fraction K-3 on the Tumor Growth in Mice
-~ control. -+ K-3 (10mg'ke)
- K-3 (2mg kg) -@- . PSK (200mg,kg).

Table I. Antitumor Activity of Polysaccharide Fraction K-3 against Sarcoma 180 Tumor in

Mice?
Sample Dose Mean tumor weight Inhibition Complete
P (mg, kg, day x10) +SDP>(g) ratio (%) regression
K-3 10 1.86+2.39* 70 3,710
2 5.53%4.85 10 1,710
PSK 200 0.58+1.11** 91 5./10
Control - 6.13+5.02 - 0,10

a) Sarcoma 180 tumor cells were implanted subcutaneously into the gorins of ten ICR-JCL
mice, and after 24 h, test samples were intraperitoneally injected once a day for 10 days.

b) At 30 days after tumor implantation. Significant difference from the control, * P <0.05,
** P <0.005.

—H BRI K- 3t L s u s R A VS — VRIS ko TER L 2AERT.8% TH - 72,

FRAGLCHH & 77 v v BBOERBK R H, K-3 13X o —2, =¥ /—XA, ISna—=z, 7Iv

suLEAREREE L, FN6AT1.0:3.7:12.8  1.50FLLTEEN TSI LATRINT,
LS K- 3 ORERELRIEL 72 & 25, HERENMEL (@) -3.8Th-72, FLK-3DIR
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Table II. Mitogenic Activity of Polysaccharide Fraction K-32

(*H)-Thymidine uptake®
mean cpm + S.D. (SI.)

Sample
Dose (,ug/well)
0.1 1 10
K-3 6897+415(1.1) 7244+1894(1.1) 8049+432*(1.3)
LPS 25199+8825**(3.9) 37621+1753**(5.9)  N.to

a) C3H, He spleen cells were stimulated for 48h with the indicated
dose of polysaccharide fraction.

b) (H)-Thymidine uptake was measured by a pulse label for the last
4h of incubation in quadruplicate cultures.
A value of the control without test sample was 6426+361. S.I.=
stimulation index (cpm in the test sample /cpm in the cotrol ).
Statistical analyses were carried out by the Student’s t-test,* P <
0.01,** P <0.001

c¢) N.t.=not tested.

Table III. CSF-Inducing Activity of Polysaccharide Fraction K-3*

No. of colonies  5x10* bone marrow cells per dish®

Sample mean+S.D.
12.5u1,/dish 2511,/ dish
Control 0 0
K-3 : 26+t 2 95+12
GM-CSF (33 units) 90+ 2 124+10

a) Three ICR mice per group were injected intraperitonealy with 100ug polysaccharide
fraction in saline. Serum was separated from the blood 3h after administration and pooled
in equal volume.

b) The CSF-inducing activity in 12.5 or 25x! of serum per dish was measured in triplicate.

2~y PIUIZ B TERBGRIEO890em iz 8-7"1) 33 FREAICEBRI ¥ 472 b (Fig. 4 b &)
DR OHFBH LTz, K-313¥ s u—2, => /—2, ZLa—2, TN a B LA NT 1
EWETH B, ERDE G ICHIEREIENEZRL 22 5, 8L IR 227 FIAZB-7") a2
FHEICRRIZ 2472 b DRSS 26 5 72 = & B b, K-3DBEMEDIZ A LiXp-7
NasFHEAELTWR LD #EI N,

NFTORRERET DL, A3V 3 H 7 BKMMESK-3 12, MDA HE % iREY
ELTER, ZDIREAED B-7Y 2L FRES L X u—2x, vy /=X, INaA—Z, SN
YBR(1.0:3.7:12.8: 1.5) ¥ HBHMEL T 25 F B 1 H L N0/ 8 v 2D CH 2 L HEE
Ens,
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KizK-3 12 onwT~=m 2124 72 Sarcoma 180ic ¥4 2 HikEEIEH 2 ad L 72, BEISHAI24KE
Mitg 5 1 H 1M, 10BMK-3 28NS L, BME7 HB®EIC 4 8H, &5 DK (tumor
growth) # B OEELZBIET S 2 Xic L DB (Fig. 5) L, 72300 RIS L i, FEL THE
%ﬁ%%ﬁmtoﬁg5b¢vam1:ﬁLt#%#%J&3im%/wxw%&%ttﬂéﬁﬁ
T PO VEH (S B RERIHIERT0%) 7k L, S/ eI B L 727 2 L1086 3 HHICRE O b 1L
2. L LA b K-37D2mg, kex 100 EFETIZIT LA EHEEERA» RO LN L -7z, K-3
AP R & RT3 7 C & L 10mg, kg X 10LL L5 @onE L Bb s, ZNETa7 XY
VAL ARSIV AL KX ) 2 HUEEBER & R #kahil 2HEO R AE LR 5 41T
VBRI TN SEDEEEITNL SN2 — ADAEDP LKL RELW(B-D-I ) THY), T E
L50HLLE S K-3 F HRTBDTREV, F2I 06D B-D-7 N> nsrFar 5 LM
KL 725 O TEPIEBER P NET B 2 s 5N T AP, K-3 i 7 v a— 2N oie 5T
~FOEETH), T2FOHTEIIEG(CTXI0YIZ Lo b b THESEER 427 2 LIZERE
|- IR FETH B,

Kz K- 3 A piSkkie oI B L Tw s L) koA Y viEths Lo CSF FEEtE e
Do EIC Lo THRETL 72, =4 Y 2 VBN EAT AWMEIC L > THBENz=7 2D Y >/ ER
BTER AR (L) L, RIS A B R X, MM CH)-F 2 2 > M) AA RS AT 51
#5, Table Mol L9010, K-3I0LkAPHI-F 12 v ORM D) IAABRDEELHMARBRED S 1L
#otoit%%ﬂ%#%%ﬁwwwﬁfﬁé%MHVV7n77~>«@%ﬁtﬁ%%%LTé@
F+ LT CSF OGNS MLENT VAW, K-322nk ) kT4 <7 AMEPICHERTE 0L
5#%,Kﬁ(ww@ﬁhS%%%@m%t“%MW%%ﬁL,itt:mz~ﬁ%%@¢é:kﬁ
F <7, Tablelllica L 72 & 5 1o K- 31213 & h iz idvy CSE B8R H 172, HFH b
BN CEAELTHOLNL EELICERICLHIN TR XX 7Y 7 7Y% 13 LB X
J 90BN SHEES OFIc e 4 b Vs v iEMR CSF BEEE L RTINS L L FREL
T 3 2%, REFEROBOKIM 285 (K- 3) 1 b GRIEER 2 Ry WHEOZEN T L I eh
IRENT T BT BRI W

AHFZEIC BT BRI, 2N THROATbIL T WA L/ 23 7 7 Bokili R 5 K- 3
DIAR I VE & EMEMEIC DWW TRET L7200 ThH D, T/ asnr SIHEN S X/ 3 D#k
A 24 & ORI B TARZAREZ 52500 Th b, HHRIZK-3 DAL %
U, HEEIE, SesBisrem & oBEEIc » TR T 2 2 ERETH S L Bbits,

oW AgoOEEr L CHEGZ BAEYEAL B RH-RCHEL KL L 9, S HERRR
5 L CTEG 7 Sk A R R e = A b Y 2 v iEME . CSF FEEtEoRE % L TIHW7
b Bk A SR A IR M T R B 29
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