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Studies on Constituents and Culture of the Higher Fungi of Korea
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Department of Microbial Chemistry, College of Pharmacy, Seoul National University, Seoul 151, Korea

Abstract: The objectives of this investigation were to produce artificially an antitumor consti-
tuent by submerged culture of the mycelium of Coriolus versicolor (Fr.) Quél., to characterize the
influence of various modifications of the nutrient and culture conditions with respect to the pro-
duction, to determine chemical composition of the antitumor constituent, and to examine effects of
the constituent on the immune resonse of mice.

Submerged agitation of the mycelium in flasks containing a nutrient solution showed its adequate
growth, Especially the mycelial growth in the medium containing glucose and yeast extract was
abundant. The addition of cotton seed flour or ginseng waste to the medium increased the yield
of mycelial growth and the production of the antitumor constituent. The replacement of glucose
with starch also yielded the adequate growth.

The antitumor constituent extracted from the mycelium and isolated from the culture filtrate
was a protein-bound polysaccharide. The analyses of this constituent by GLC and amino acid
autoanalysis showed that it contained four monosaccharides and fifteen amino acids.

The protein-free polysaccharide of the constituent was also found to exert greater antitumor
activity against sarcoma-180 in mice than the entire constituent.

The antitumor constituent was found to potentiate the immune response of mice against sheep
red blood cell. The protein-bound polysaccharide exerted more favorable influence on the immunity

than the protein-free moiety.
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Table I. The composition of medium 1 and its

variation.
=~ Medium No. ) -
' -1 12 13 14

_Ingredient "o
Glucose(g) 50 50 50 50
Peptone(g) 20 20 20 20
KHPO, (g 0.87 0.87 0.87 0.87
MgSO,+7H,0(g) 0.5 0.5 0.5 0.5
KCl(g) 0.3 0.3 0.3 0.3
Basic Mineral Soln.*(ml) 20 20 20 20
Ca-Pantothenate (mg) 0 0 4 0
Pyridoxine-HCl(mg) 0 0 0 0.25
Distilled Water(ml) 1,000 1,000 1,000 1,000
pH 50 6.0 50 5.0
" *Basic mineral solution (=B.M.S.):

FeCl;+6H,0 0.5g

MnCly+4H,0 0. 36g

ZnClsy 0.2g

CuSO4+5H,0 0. 05g

Distilled water made up to 100ml.
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Table II. The composition of media 2,3,4, and 5.

Jng?dié;t“\»r-\m\;,,E?flfm No. 2 3 4 51 5-2 5-3 5-4
Glucose (g) 50 50 50 10 10 10 10
Potato infusion (g) — —_ 10 — — — —
Peptone — - 5 . — . .
Yeast extract (g) — 7.5 5 0.5 1 1 1
KHPO, (g) 1 — — 0.1 0.25 0.75 —
K.HPO, () — — 1.5 — — — —
MgS0,-7H,0 (g) 5 — — — — — —
MnSO; (g) _ . 0.5  — — _ _
KNO; (2 2 —_ — — —_ — —
Ca(NOy), (g) 0.5 — — — — - _
NaCl (g 0.1 — — — — - -
FeS0,s (9 trace — — — — — —
Ammonium succinate (g) — — — 1 1 1 1
Thiamin-HCl (mg) — — - 3 3 3 3
K80 (2) — — — — 0.322 0.432  0.482
B.M.S. (mD) — — — 20 20 20 20
D.W. (mD) 1, 000 1, 0600 1, 000 1,000 1,000 1, 000 1, 000
pll 6.5 6.5 5.5 5.5 5.5 5.5 5.5

Table III. The composition of media 6~11.

B R A R N
Nutrient broth (g) 8 8 — —_ 8 —
Glucose (g) — 10 40 10 10 —
Sucrose (g) — — — — — 40
Yeast extract (g) — — 1 1 1 1
Peptone (g) — — — - — 10
KH,PO, () - — - — — 1
MgS04+7H,0 (g — - — — - 0.5
B.M.S. (md) — — 20 20 20 —
D.W. (ml) 1, 000 1,000 1,000 1, 000 1, 000 1, 000
pH 6.5 6.5 5.5 5.4 6.5 6.5

Table IV. The composition of medium 12 and its variation.
Ingrediont e Ne. 121 122 123 124 125 126 127

© " Glucose (@ 5 7.5 10 12.5 15 17.5 20
Yeast extract (g) 1 1 1 1 1 1 1

Ingrodomt e edtum Ny 129 1200 121 122 1213 1214

"~ Glucose (@ 5 7.5 10 12.5 15 17.5 20

Yeast extract (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5
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T iedium Mo,

_Ingredient 12l 2T 128 lz=20 2wl
Glucose (g) 5 7.5 0 12.5 15 17.5 20
Peptone (g) 2 2 2 2 2 2 2
B.M.S. (ml) 2 2 2 2 2 2 2

“i)istilled water was added to 100m/ and 1;H was adjusted to 6.5.

Table V. The composition of media 13, 14, 15, and 16.

— " Medium No. oo ot 44 T B

Ingredient —l 13-1 13-2 13-3 13-4 14 15 16
Glucose (g) 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Yeast extract (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5
B.M.S. (ml) — — — — — 2 2
Tap water (ml) — — — — 100 100 —
D.W. (ml) 100 100 100 100 -— — 100
pH 5.4 5.7 6.1 6.5 6.5 6.5 6.5

Table VI. The composition of medium 17 and its variation.

SIS T Mediam Ne. T ::,,, T - - - DR *i S

Tngredient e 17-1 17-2 17-3 17-4 17-56
Glucose (g) 12.5 12.5 12.5 12.5 12.5
Yeast extract (g) 1.5 1.5 1.5 1.5 1.5
B.M.S. (md) 2 2 2 2 2
Cotton seed flour (g) 0.2 0.4 0.6 0.8 1.0
D.W. (md 100 100 100 100 100
pH 6.5 6.5 6.5 6.5 6.5

Table VII. The composition of medium 18 and its variation.

;ng\re(i{e}lt : Med"”f No- 181 18-2 18-3 18-4 18-5 186 18-7 18-8 18-9 1810 18-11 18-12 18-13 18-14 18-15
A Solution* (ml) 98 96 94 92 9 8 70 60 50 40 30 20 10 — —
B Solution** (md) 2 4 6 8 10 20 30 40 50 60 70 80 90 100 100
B.M.S. (ml) e

* A solution=Medium 12-11.
** B solution=the residue (300g) of the alcohol extract of ginseng root was re-extracted with 3, 000ml/ of
hot water for 24 hours (=G.R.A. W.).

Table VIII. The composition of medium 19 and its variation.

e 19-1 192 193 194 195 196
Glucose (g) 125 125 125 125 125 1.5
Yeast extract (g) 1.5 1.5 1.5 1.5 1.5 1.5
G.RAP.* (g 0.0 0.1 0.5 1.0 2.0 4.0
B.M.S. (mi) 2 2 2 2 2 2
D.W. (ml) 100 100 100 100 100 100
pH 6.5 6.5 6.5 6.5 6.5 6.5

"¥G.R.A.P.: lyophilized powder of G.R.A.W.
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Table IX. The comp051t1on of media 20-1~7, 21-1~2, 22, and 23-1~7.

& 77 Agste] Wl wad o
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IngTdiel{{ - Me\d“im No.” 20-1  20-2  20-3 204 20-5 21-1  21-2 22
Glucose (g) 12.5 1.5 12.5 12.5 125 125 125 —
Yeast extract (g) 1.5 1.5 1.5 1.5 1.5 — — 1.5
B.M.S. (mD) 2 2 2 2 2 2 2 2
G.R.A.P. (9 -~ - — — — 0.01 0.1 7.0
Ginseng saponin (g) 0.005 0.01 0.1 0.3 0.5 — — -
D.W. (mD 100 100 100 100 100 100 100 100
pH 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5

I@t\“ '——\\N@‘? No. 23-1 23-2 23-3 23-4 23-5 23-6 23-7
Glucose (g) 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Yeast extract (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5
B.M.S. (mD) 2 2 2 2 2 2 2
G.R.A.P. (g 0.01 0.1 0.5 1.0 0.01 0.1 0.5
Ginseng saponin (g) 0.01 0.01 0.01 0.01 0.1 0.1 0.1
D.W. (ml) 100 100 100 100 100 100 100
pH 6.5 6.5 6.5 6.5 6.5 6.5 6.5

Table X. The composition of medium 24 and its variation.

In\gr;ﬁéiﬁ” MCd lum e 24-1 242 203 204 205 246 247 248 249 24710
Glucose (g) — 1 2 2 5 7 10 12 15 12
Starch (g) 12 10 10 10 7 5 2 2 2 —
Yeast extract (g) 5 L5 1.5 15 1.5 15 1.5 1.5 L5 15
B.M.S. (md) — — 2 — - — — — — —
D.W. (md) 100 100 100 100 100 100 100 100 100 100
pH 6.5 65 65 65 65 65 65 65 65 65

A 180rpme] <= 2 orbital shaker incubator(Gallen w) okl 2 7k o] Fote] o FAAME Fetz

Kamp)ell 41 79 7k i of s} of. FA 2 60°Cel A 2447 Fot AEAA Az THE
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1027k #48st2 ¢ pipet® 10ml‘4 Askl Wi 0~4°Coll A 1917y WA B+

B B 100mls 718 500ml A7 FelsFe] o] 2 A 22 7] (Beckman Co., Model J-21)& A+-43}9

A8ke] 24+1°Cell 4] 180rpme] 4= 2  incubatore] A] 8,000rpme] A 3027k A st AP ESE HAGFT

149 7+ wokatdoh. @A WA o] HE 3~207 2 B % 71 27| (Edwards; Model EF03) S A-&3te] @5

ofate] HFAE 39l Media No. 1~240] % 98% AzAA A7) AzEE SFFR 54 Visking tube

g WA AL, (Visking Co.)& 0~4°Cel A 327k FHA A o] o
4) HwEEE & wER & 3% A2AAA 4L F22E Sample
Table V9| o] A Medium 149+ 155 A A
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Filter
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Concentrate 60°C for add 3 Vol. EtOH
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Centrifuge
Dry Weight
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Lyophilize
Sample B
Crude Polysaccharide 1

Scheme I. Extraction of the polysaccharide from the cultured mycelia of Coriolus versicolor.
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BE-E st 4°Col A 197 A F 8000rpm e B o] DEAE cellulosed] #$A7/32 &&£% 30ml/
308 59 QARAHA IAES A BF Azsg hour, column3 7] 3x30cmet Z& 2ANAN FHFRE
(5% 0.62g). 42440 298¢ Aol 10mly] wrobA] s w4
3) DEAE Cellulose Column Chromatography #8}e] anthrones (Harper et al., 1979)¢] <& A
DEAE cellulose(Capacity 0.7mcg/g)+ chloride o] YeutE RES HE FHI2 ahmﬁiﬂ&ﬂ
forme AF&A et AAAA AL 20mle] FF 5ol AA WA Az 28imge oo o AL Sam-

Crude Polysaccharide 17g

Dissolve in 850 ml of D. W.
Adjust to pl 7.5

Digest with protease 1 day, 379C
Boil for 5 min

Concentrate 1n vacuo

40% TCA to 10%

Stand over night at 0-4"'C
Centrifuge

S| !
(:upernau.nt ) Precipitate
lD'Lalyze with visking tube
Ic‘mcents‘ate in vacuo

Add 3 Vol., EpOH
Centrifuge

I

N —
QSum,xrmtant> ‘L Precipitate 7.16g

]Dis;sn]vc in a mized solution 610 ml
of D.W,, KoHFO,, 2-methoxyethanol
and 113{’0[!
Shake vigovrously in a separatory funnel
LS‘\,nnn‘n for geveral hours

S I N

(\ Upper layer ) Lower layer >
. U S N S

Dissolve in D.W,

Pialyze with Visking tube
Concentrate in vacuo

Add 3 Vol, EtDU
Overnight at 0-4°C
Centrifuge

S us SR
Supernatant ) Precipitate

Dissolve in 20ml H,0
DEAE collulose Column
Fluate with Hp0

Eluate with 0.5N-NaCH

Concentrate i Dialyze

j Add 3 Vol, EtOl | Concentrate
fContrifupge Add 3 Vol. EtOH
| Lyophilize Centrifuge

t

i

|

i :

_L ! Lyophilizse
Rample( 284y ‘% [ ample D 7 oy

Scheme II. Purification of the antitumor polysaccharide.
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3 prel & A dFE Folahod

ovrl. A &% u A B.SS. 10mle Yol FAsetz
2,000rpmel 4] 582k 4AEE st JAd g A%
2 ZAetg k. 4°Col A 0.83% NHCl 6mlg 713he] A
s £dAZ

B.S.S. 1omi¥ oz 38 AFetz A 44%9 B
$.8.% et ARFAA & ALFE AAdTdgon
2 gegag JdEE FHato] 10° cell/mle v AAZ &

+

29

ol whEge. 443 %6l BSS. 304, 1A 204,
20% S.R.B.C. 10p, v #AAEZ 5o 100”1% .
}'Sl— ‘?.Z‘SL:G]_Q?\ D}

2.7 % slide chambere] %7 vaseline-paraffin . &
37°Cel A 24 7 Fok wioFE by, ¥AHE &

%‘ ;55 L =8 ]
wure] FE A Y=k

T

| Mouse |

| Administer samples
| (20mg/kg/day i.p. for 5 days)

After 10 days
o |

S.R.B.C. 4% 108 1x107 cell, i.p.
After 5 days

} bpleen !

Homogenize(4°C) with 10ml B.S.S.
Centrifuge
Add 0.83% NH,Cl bml
Centrifuge
Wash with 10ml B.S.S., 3 times
Resuspend in 10ml B.S.S.

V Cell count

‘ Sm“lc Cdl Suspensmn ‘

Mix with B.S.S., complement,
and 20% S.R.B.C.

Incubate for 2 hours in a chamber

Plaque Forming el |

Scheme III. Procedure of plague assay.

1. EHIEEER

D) Eigkdd e T4 A4S L IR A4
WA 1A 1ARA 175 AGAAA MA 1-1,
1-2, 1-3, 1-4, 3,4,8 & 1l Al FAF A Aol ¥l mA
byl (Fig. 1. ol & MAE wzd 29 WA
1-2, 1-3 & 1-4ell A} FAF A Aol kst es 9

A Eol AA ek gglc),
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{g/100me )
3
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Qﬂ.@[ LQLD_UJ 3

2o 1L

| \\\\J:44; -

Fig. 1. A comparison of mycelial growth and
protein-bound polysaccharide(=PBP) pro-
duction by variation of culture media,

2) Glucose, Yeast extract @ Peptoned] @ ako} v}

g A AF

WA 12(F 21% )0l A] yeast extract, peptone ¥ B.
M.S. & 23 AL glucoseF & W3 AA F4 A
Aeks 2w (Fig. 2), 12.5% glucose: 1.5% yeast

extract (A 12-11)9 =) A ko] Fpaboich

0.
’ /KW“M\‘\A—-A’A
A

‘/

Mycelizl
dry wt,

(gr100mg)

] 1 | 1 1 1 !

5 7.5 10 12, 17.5 10

Glucose(%)
Yeast ext., (1%)
—(O— Yeast ext., (1.5%)
— A~ Peptone(2%) +B.M.S.

Fig. 2. A comparison of mycelial growth due to
glucose amount in the media with different

515

nitrogen sources.

3) pHell =& FAF A A

T AAe] GIHY 12.5% glucose: 1.5% yeast
extract #] Aol pHE WA T4 F4FE »ag
W (Fig. 3), pH6.50 A 7% F sl ch

4) AA viokst A WA v

WA 14 %2 158 AF&dle] A H
A stgg A T4 AAFL U E
Zol A Fzatgl=H(Fig. 4). WA 16% 162 » =3t

ol

8

(g/100mi)
.
2 -
1 - H IL {'
.4 5.7 6,1 5.5
1 Mycelial drvy wt,, KEZEZZA rubP dry wt
Fig. 3. Mycelial growth and PBP production in

various pH values.

14
Sha

Sur, S,

» e ey
Fig. 4. Mycehal growth and PBP productlon by
surface culture (=Sur.) and shake culture

(=Sha.).

. R E -

L o tap water BthE EFFIL Fretd o
5) HEHY Hrtel wE A A A

1.5%, B.M.S. @l
A 7beke] Wl oFetgEl
A AAGEA 17-5)el
3 atgirt (Fig. 8).

glucose 12.5%, yeast ext.

Ao B cotton seed flourE-
u} cotton seed flour g% A
o]

A FA R e E A

i

(¢/100me)

1
g E
o,
Cotton seed flour (¥)
() dyceliai dry wt, , BZZiZZ PBr dry wt,

Fig. 5. Effects of cotton seed flour on mycelial
growth and PBP production.

4
8] l) 0.3

6) G.RAW.Q Asle] wa 74 3z

¥l 2] 18-1~15 Fol Al A soln.:B soln, &} u}-&0] 70 :
3058 50:501 WA GNA 18-T~N7AA A A FAL A
Aol Fgetgrt(Fig. 6).

7 GRAP.S Aol BdE FA A4

G.RAP.Z AA% WA 198 A&sd w sl
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Fig. 6. Effects of G.R.AW. on mycchal growth and
PBP productlon

] ;H\ 1] 1‘
R

Medmm No.
Fig. 7. Effects of G.R.A.P. on mycelial growth.

H G.RAPAAN FAF AL g 274425 (Fig.
7.

8 A4k AL I Holol wBE Fa %B Ak

A A2dE AT A 208 Aedd N gg e

Aol 0.1ge ArME WA M 20-3)el A F
AF Aol Folatyl ot (Fig. 8).

f:
°|
—|-'

|
]
!
1
4
1
1
H
|

I

20-2 D=3 20=d4
Medmm No.

Fig. 8. Effects of ginseng saponins on myecelial
growth.

Mycelial
dry wt,
(&7 1umey

B T T

9) Yeast extracte] M3 G.R.AP.9 Ao wa
b A3 vz

Wl %] 21-1 2 21-26] A F 49 e] Yeast extractS- wi
2 2 94 GRAPE 2AEE Ay T4 470l
Zra= ot (Fig. 9).

10) Glucosee] =3t G.R.A.P9]
A7 nla

WA 226 A=

Hale] @z T

Bt glucoseE o) 2 = WA

Mycelial
ary wi,
(g/100me)

T ol

21-1 -2 72
Medium No.
Fig. 9. Effects on mycelial growth of G.R.A.P,

Control

RAP. & Arsl9gde Hn T4
(Fig. 9.

1) G.RAD. 2 94 Azy
A A ek u w

ul} =] ?-3*1N"°ﬂ 2A% A o] GR.AP.G QA
A g Eekel A7 o A A A
9 17}1*’ A 07'0;1 I (Fig. 10).

A7l Frasi A

EHA A wHE T

Medium No.
Fig. 10. Effects of G.R.A.P. and ginseng saponins
on mycelial growth.

12) Glucose 2! Starch ¢ebuje] @ 3lo] w& FA+
A AERe] ¥ &

WAl 24-1~10F Ak MleFstd g = A A
2k glucose yeast extract(24-10) wi Ao ] Egko,
glucosedt & FrAaA 7] & starchFH e AR FAAARE
Aol frAbel o wAE A sy Fig. 11D,

4 |-

3 7
Mycelisl 41
dry wt. 2
($/100me )

1 -

28] 242 243 2Bl LB T il 248 20010

Medium No.
Fig. 11. Effects of the replacement of glucose with
starch on mycelial growth.

13) WA el HE T4 ARF W=
WA 24-1~10 Fol A WA 24-45F FA A Aol
o 24-10 WA § ASehel A7 W Fekn ADFH
of B A AARE ® AR, 23 AY W A%
F 1196l T A4l HAzol @] 15UAA A%

=99 Fig. 12).
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Mycelral i
dry wi, R ya
(9/100me) L 0—41‘0/3
-/
o+ /'
(/,
|:_LVL_’_4 LIS VAR U N 2 L [
i L] SN b e U 2RSS E A ©
Time(day)
——Medium 24-4 oo Medium 24-10

Fig. 12. The curve of mycelial growth in submerged
culture media with glucose or starch.

2. MEHEAC AHER

D aeR @5 2 74 g4959 24 23

anthrone® o et A3 & F spectrophotometerd]
&t G457 Ik g GLCA <& +4 379 #4423
&= Table X1, XII 2 Fig, 13 A el #peb o),

ogf feke 4] A5F Ax CH A2 v T
o] A%EA B ¥ ldr A g B T4 #FieE
4%F5F9 25 2% mannosed ol 65.7%EA A %
ket

2 gad de d 74 obvl =4k A A

Lowry-Folin®}¥ of =2} A& % ¥ spectrophotome-
ter2 F4 =5 FA% A4d A ¥ amino
acid autoanalyzere] & HA= = ofwlxile] =4

2 Table XIII, XIVet #ewf, 229l chromatogram

Table XI. Polysaccharide contents of the antitumor
fraction of the samples.

Sample A B C D

Polysaccharide content (%)
(after anthrone test at 620nm) 45.5 41 92.4 34.4

Table XII. Retention time of TMS monosaccharides
and monosaccharide contents of the anti-
tumor fraction

£+ Fig. 14, 15, 16 % 175 2+

Gl FFLE 5.7~8. 1%9 2 AR CAE 2y
o] FeldA Fkvh. A5 A A T4 o=
& 150l gk

Man

Glua

e S

b} § 55 "Hine
Fig. 13. G.L.C. pattern of monosaccharides of the

antitumor polysaccharide.

Table XIII. Protein contents in the antitumor frac-
tion of the samples A,B,C, and D.

Sample A B C D

Protein contents(%)
(after Lowry -Folin test at 750nm) 8.1 6.0 0 5.7

. . Retention Average
TMS-monosaccharide time(min.)  contents(%)
Xylose 7.2 1. 20
Mannose 11.2 65. 67
Galactose 15.2 7.50
Glucose 18.5 25.63

Table XIV. Contents of amino acids in the protein
fraction of the samples A,B, and D.

T———~—__ ____ Sample

Amino acxd(/) T A B D
Aspartic acid 11.94 11.88 12.92
Threonine 11.05 10.23 4.50
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Fig. 14. Chromatogram of standard amino acids (A A A).
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Fig. 15. Chromatogram of amino acids of Sample A.
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Fig. 16. Chromatogram of amino acids of Sample B.
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Fig. 17. Chromatogram of amino acids of Sample D.
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Serine 1121 10.23  6.46 droll A W 2T weted AAFoA Zokd HAs A
Glutamic acid 9.38 12.00 12.92 A Aol 57 FAAE 2 eS¢ 5 dd
Proline 3.53  3.56  5.48 g B GAAEH A FE& regressiond Hol
Glycine 10.40  13.77 16.83 AL AR CHrp(Table XV).

Alanine 10.25  10.65 12.33 AES Fol@ T life spano] d4d AHolmz ¥

Cysteine — — —_ dEHt P22 4 A9 (Fig. 18).

Valine 7.9 5.95 9.59 4. BERSS B BE BB

Methionine trace Q.68 — Cunningham® (1973) ¢} 3} A4 q A& Table

Isoleucine 5.27 3.58  4.70 XVI g XVII# 2o

Leucine 7.27  5.34  6.65 gl gz Agtd g R gl A AdEA ge

Tyrosine 0.93 0.8 — o5 A2 FAEE o] AETHEG b A E2FE

Phenylalanine 6.26  3.20 — FAHE Pukold e g8k YA FE FAA AL

Lysine 3.20  4.91  2.94 w$2E A7 5 deld FHom A& w

Arginine 2.22  3.16 4.70 G APt TRt B A UXIP celDR G Ve A
T SAX cellell 2 W9 ER xS 24 Ly Y

3. MERBER o}
wlg-20] o] 48 sarcoma-180%- o] 43 ot P A =3 i Ado] A=l Q% ddFot w el A

Table XV. Effects of the Samples on mice bearing sarcoma-180.

Sample(.p.) 20mg/kg/day Average tumor weight(g) Inhibition ratio(%) Complete regression

1.372+0. 31%* 66. 8 4/10

A

B 1.11240. 33%* 73.1 3/10

C 0. 157-£0, 04%** 96.2 5/10

D 1. 0450, 28%* 74.7 4/10
Control 4,132+1. 48% 0/10

* Meanstandard deviation
** Statistically highly significant(p<{0.01)

10

No.oof

Snrvived ’ " T
Mice 2 b s - P Yony, o  Jeny, PE

Ahsa Sample A,

eeeeme Sample B, —-- - -~ Sample C,
Eant Sample D, E22272) Control

Fig. 18. Effects of the samples A, B,C, and D (20mg/kg/day i.p.) on the life span of
mice inoculated with sarcoma-180
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Table XVI. Hemolytic plaque-forming cells (PFC) in spleen of ICR mice immunized
with sheep red blood cells (mouse: 20g) I

PF C/ 108 PF C/

Treatment SR.B.C ngicgf gg}l?t?(??(ﬁ) spleen cells spleen(Xx 10%
Protein-bound polysaccharide 4% 108 6 35. 8+10. 6* 2346 +471%F 796+148%*
Control 4108 6 22.4+4.0 24134790 516437
Protein-bound polysaccharide. 1107 6 20. 69, 8** 435202%* 11748%*
Control 1% 107 6 12.442.5 36416 42
Protein-bound polysaccharide — 6 19. 6147. 0%* 1549 2x1
Control — 6 10.6043.8 10+3 0.7+0.5

* meanztstandard deviation.
** statistically highly significant (p<{0.01)

Table XVII. Hemolytic plaque-forming cells (PEC) in spleen of ICR mice immunized

with sheep red blood cells (mouse: 25g) 1L

Treatment S.R.B.C Nr?l.icgf
Polysaccharlde 1% 107 6
Control 1x107 6
Polysaccharide — 6
Control - 6

PFC/10°
spleen cells

Spleen cell
counts (X 107)

PEC/
spleen (xX10%

44.61£10.5%* 6121169 284%110
28.0%45.9 2274121 59+23
30.7-£8.5% 15353 4513
16.6£6.0 10018 167

* mean=+standard deviation
*¥ Statistically highly significant (p<C0.01)

74 =

BEE RIS 53 B 98 A,

A AN 2 g % 5491‘}-

Eaw A e vl k(Park e al., 1979)6] A calcium pan-
tothenate ¥ 7}9} pyridoxine-HCl 7o) & F4
o Aol ABF ) uketel, T2 b ok
o8] Mg wA ggk

1.0

Fe0 Qe

A A& o] & vitamin H 7}l

t}. yeast extractd] & 7+ vitamine] d

LE WER Z7E ol & 2% wivlule] 4 4 Ao
= 2 %S AAA g Ao AREg.
glucose$} yeast extracti] A o 4 = glucose 12.5%
9} yeast extract 1.5%% 7}5} pH 6.5 Wl & Al-&
gho] = e et & W TA A o] A EFglermw
TEHAY A gl A= gad oz glucose, A4

AL 2 A yeast extracty} A Fsicta ALz ¥ o},

A7 A As2A e
cose-yeast extract #]l X ol IEERS AAAA wjFEt
A T4 Al Frsach ol AL MEK T o
PAA Glrrt FAAA] EAer A8e= A
o2 Azdch

ol Ao A AxU-E &2t QAN FE 3
3to] glucose-yeast extract wjA]o] 3 olo] wjakst A

WA 9} Sl A =28
k2,

T4 AAFE A5

# glucose-yeast extract

2 701 30%F 50:508% @A, =E Jd4TE F
%, 54 ZAzA7 £ 500mge HAE wMAdA T
AL A Aol FiErgich. A4 AzdE YL dE
GA @ TA AL By

GE Aed R BaAL A7 Q4 FEES A
a9 B Hado® A dAdAE T4 A Ao
FaF el o2 W Fo] Bel 4l FEHEE G
4 eoler] Bote ds F4 2R EA 488 dn F
A= ot

w el o2 A glucose Bl Al Zhe] 4 starch® o

AAAE A% 43¢ Beeh
WA wzE B4 ARFe 4FF 1Y
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AR vkl e A4 FAAEE TART A&

k& xylose, mannose, glucoge % galactose 929

2 B AREE FARE chl=geAE 1650
Folzgfh,
G FEAA AAA 20D EANL G

(Kim et al., 1979a) 7 A A7 FA4AE A @

Qe Fod BAL A masl s ¢ FF

i

= 9ot A9 e 24 oz o] Felx] 9F
o BAFor 948 Loy Andr

4 LJ ol 4 B upgl o], AA TEM
Blef oFshod eld W s SRR
& ek 4’“5'% kgl erd o S AR "/Pﬁﬂ"%—% Al
AT 9 01_—3‘47} A

FFA TEUA Mx v e 4 e

WoFe g o4 e FAH Aol shwete A
A

FEuAe Py e Fg AEAE AP HE
Azgsd abgzo oy wAs e AFH vt
2 Aol whezg RAFE FAARE L F A9

b
=
@rol
-P
S
A
RS
o,
(
l
2
N
e

o, wleba] o] PP ol Ay ko] apdtel =
4% A2F 929 Beelld s FAAA FIAEL
g e Aol shlz 2ol od gUREAAE %
2 9e Aog AuE zerz dog e
ALste 2+E W E, % macrophage, 24 & T-cell
o B-celldl ﬂ] 3 Alge Adstel A wgaks
ool ARel FRAEA WAE | FFE Beo)

etz AEEe

g kg o2 ke 1
<

), £3| glucose 3 yeast

extract 5 WA A FAL A Ao] FI AU
o) WA FEtkael vt A
Aol Zeg 2 glucosed A o2 ARG WANA
= TA AR
2. FE2ul Ao @R At ok eR 2t
g Borg 2o dEF dugel ATE A0
o, 2 g5§ FEeA 4% g9e Fd B
] %

2
9z, m A FEAE 155

-2 ool A

=]
FHoFA] B0, oA q—%&] /5{94 244 #) S vﬁrg] &} ol A

[ =T B U

3 A FTLshdet
3. FEulAe FPdEE FAR S @A
g3 FAA AL AAR B o FE &
A& v Al e
1. FEHAY FEAEe shbas WEsE S
A7 en ghidel A=l & Buist @UAE
AAGE dFF 2ok 2 27k o Ak
ZHALe] wak
o] AFE Aud FA AL Fa FAY T WA
s s 4 Adste] T4 ol 44 A, H6A
25 2 A £ ke Add &
F ol AE FEHT wAe FAE A 2dd o
g Foll A zHAsEE vl o
o Aol £eFE A dFE 1981 % TaT
gt 24 LA oo Fo] A=
Bo] et
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