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Effects of Artificial Digestive Juice on the Antitumor-Immunity Activity
of Protein-bound Polysaccharide from Ganoderma lucidum
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Abstract — To examine influence of artificial digestive juice on the antitumor activity of Ganoderma luci-
dum-A(GL-A), protein-bound polysaccharide from Ganoderma lucidum, we compared the digested protein-
bound polysaccharide with undigested one both on immunopotentiating activity and influence of digestive
juices. Protein-bound polysacchande GL-B was obtained by digesting the antitumor component GL-A with
artificial digestive juices i vitPo- When GL-A was administered orally to sarcoma 180 tumor-bearing ICR
mice, the life prolonging effect was exhibited in a dose dependent manner. Not only GL-A but GL-B
increased the production of colony forming unit (CFU) to 10- and 8-fold of that of the control, respectively.
Both of the protein-bound polysaccharides also showed the secretion of nitric oxide in RAW 264.7 cell lines
to 3.5-and 3.7-fold of that of the control, respectively. GL-A activated components of the alternative com-
plement pathway, whereas GL-B did not. In humoral immunity, GL-A increased the activity of alkaline
phosphatase in differentiated B cells to 3 times and GL-B to 4 times of that of the control. These results
showed that the artificial digestive juices had no influence on the antitumor activity of the protein-bound
polysaccharide from Ganoderma lucidum and that its immunomodulating activity retained after treatment
with artificial digestive juice. And this provides a basis of the protein-bound polysaccharide of Ganoderma
lucidum as an peroral anticancer drug.

Keywords [ Ganoderma lucidum, artificial digestive juice, bone marrow stem cell, complement pathway.
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9] G o] ATEY gom 7 F2F 54 4
F4 oA g9 7ol RS
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£ 1960 Roland 5°| Calvatia giganteaZ ¥
calvacing £ FoEZN AFHe]) Chihara &
(1970)°] Lentinus edodes®] AFAAZHE F2|3 3
EAF B-(1—3)-glucan?! lentinan®] "H-2~ sarcoma
1804|2ol] A= st T AAZREo] S HIIIRS
™ P Komatsu 5 (1969} Schizophylium communel.
25E B-(1—6); B-(1—3)-glucan?) schizophyllang
F-a31901,» Tsugagoshi 5(1974)2 Coriolus versi-
color®] WjYTFALZRE B(1-3); B-(1—4); B-(1—6)-
glucan?) 39MY ShEAQl PS-K(Krestinye £l
BIATHY Fujii 5 (1978) Lentinus edodes?) W)oF
A2 5E dido] Askd thdA| KS-28 8%
F AEHE F2Fgo] JYeg BHESTEY o) B
AR FAREL w59 ARG St gk A
Qo] BuEow Y v 7+ 2 human immuno-
deficiency virus(HIV)ell t3t <j¥ko] Kitamura 5
(1986)l] 2J3 AFEHAL? GRIFFA EEF ok
A W o OIS gkt 2 AATEE
53l Hr} 98 ddans Ee ARSIy
A} Sk AT Tkekawa 5 (1982)°1 3l A=A
oo® oAl B-(1—3)-D-glucanS periodate® Ak
3A)7)AY borohydride® A7) 284 etaslr}
#x3] T8-S Sone T (19851 LEE o]F th
FAQ) sk e} EAlge] FAEYH Aol Yl
2-& Adachi 5 (1990)°) B &gt

it RS @ ARl B¢ A7 Kim
5 Q979] TEHA, Zu 2 el A
ZRE v}929] sarcoma 1800 thall Z+&st sketzt
£ Uehle oeRe @Az 7Y 18R B4
S Bagk ol MEHo)? 5o A m wi
TAA|ZHE vh$-A sarcoma 180 Tl et 2H8
< Yehls 9 OEAE 28l Hudglt. o
Sfgto] BAAF7t 559 Wukge] Bedh= tiy
AE, FA, AE 545 T 937 L NK AZ 59
28-S FANA B R Q) dx3] Askd dt
= Y= AtEAE Vil AR
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AGz A g M2 HET) olFA 1 kP
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el AT s Wl |Es gk o A&
A PR 3 239 A8 3% AA7)
sty AL 84T HARE 59 B2 BHT
Aeo] oH 53] AT Fozghs Aol doAe
A3S B FEol 288 Jehd Fol= 43
540 287 pH WEol 3 o 92 U 2%
Halo] i3t o] Fgsitt

G Ganoderma lucidum= F LEY &L, 4
o 3AGA 2L, FLHA ZAE, qdE 2, T
HIV 24, 2739 ot antifibrotic 295 714 4
2 AlEET Qe HEHAY sholtt. 53] FAkA9)
AVA BFolA dA gyt JI8HT 9l 4
Ag AA 583h= B¢ 72 9e P olEske
t] AR &ka Aol et e deA]e] gig
By off Qith. & dAFoMe IR il
Astels Xelsle] I i) kAol ofd FE
= BIAERIE AL 1A SHA B8 2
ANEg st gt

HEYY

AUHRE - FA Ganoderma lucidums A Wik
T 42 FAAE @5 FE3HL DEAE-cellulose
anion exchange chromatographyZ ©|-&3le] £ 3
Agk e A GL-AZ ABAIEE ARSI
Sepharose CL4B gel filtration®] 9J3}¢] GL-AS] &
A} 243 kDao|3irt.

olZ Asloio] =N U chf il GL-A9| 48}
-AF YN NaCl 2 g7 pepsin(550 units/mg, Sigma
Chem. Co., USA) 6.4 mge At 7mlol &38lgt &
gol2po 71 1 LZ 3] AMg3IGitt. 1 A
KH,PO, 68 g& ©o°]2% 250 miofl &3fiste] 02
N NaOH 190 m/Z 713} pancreatind < USP speci-
fication, Sigma Chem. Co.,, USA) 125 g& ¥& ¥
0.2 N NaOHE ©]&3l pH 751012 % & &
o]24E 7Hl 1 L= whEo] A3t

o ohgHA GL-AY 28ae o5 22 Wl
o= AlFgeich. @l ohgA] GL-A 05 gof UAF
A¥ 250 mie 718 37°C shakerollx] 1A3} wljkst
I 02N NaOHE 4o} pH 758 %&H U3 B
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1 LE 718 6 AIRE E<F 37°C shakerolld] i3t
t}. 100°CS] water batheld 5 £3F Wol &4 &E
€ EEAS A7 & W4T Cellouse dialysis
tubeol] o Zolgoll 3Ut B4 § FHAUx
sl d& BTg GL-BE 3+ th Sepharose
CLAB gel filtrationell 9J3}] GL-BS] EAREE 238
kDa°| 3t}

solol chst gAsE HY - Beddel digt I
A8 APL gy Zol A ICR pR-A
E7}o| sarcoma 180 A 2X10° cells® o]l
kS FATE GHEE o)2eta 24A7 -
B QA @5e] 521 Fd tET krestin} GL-AS
Z¥z} 20 mgkg/days] §20%, dizrde A 4
ArE 01 m WY 13 1063 A&3le] HTE
3ttt A P PAE o) F dixFd AR
T AEAREE BE3t] FFAAEY@mean
survival day)S A g Hy AE BEE
(mean survival rate, T/C %)% Tad= AXFIA
o}, T/C(%)=100X (mean survival day of treated
mice)/(mean survival day of control mice)

Offac] x=MZ Mzo) chet B8 - w29 23
T A didt F2 9 B3} 58l 3t JIEAE
oty 7] &l Kino(1987)2] o whal colony
stimulating factor assay® -AAISIIch'Y Balb/c @
228 AT g3 AR F dEHESE F7A
o7 A3ty HBSS §e] Eo3lE 26 gauge F
AP dEZY] SFAZE Eob visith 300 gellx
5 4 HBSS o2 23] AT A F 40
% FCS 37} 2XEMEM HiAlo] F MEE 3X
10° cells/me] H5F FFAIZCh 1% agar &4l
ZFAE 50 w, 40% FCS #H7} 2XEMEM 950
w, GL-A$t GL-BZ Z}7Z} 50, 100, 200 & 500 pg/
me] FEE 715k 2 23515 & 6 well plated] T
2A 7kl el 237 vhs, 37X, 5% CO, =i
F71olA 7UZE WA £ 40 HiE StellA AR}
#n}73 (Olympus optical co., Japan)° 2 PHE AXE
A colony 5 STt olm A7t 3070 o)
Bl A 1 JFo = 1F3giTh

ole2o) chalMz waslo] ojXl= HEF - sk
A Falshe Aoz deiXl N0 Aol |
2GS dobr] A3l Choi 5 (19949 o]
wet vheao] G 7198 RAW 264.7 cell lines
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o]g3lo] nitric oxide®] A% H3E EH3IAH

AE wioks flaskell ¥iSFE RAW 264.7 cell line
% 1% trypsin(Gibco Co., USA)SZ 2|3t o]
W Z serum free DMEMSE 300X goll 587k 3
3 Ay AH F 2x10° cellymZ 273l 24
well multiplatec]] #3151t} PBS 20 well #5855
7} IFN-y 10U/m/, IFN-y 10 U/m/¢t LPS 1ng/mi,
GL-A¢+ GL-BE ZZ} 50, 100, 200, 500 pg/ml %
IFN-y 10U/mi% LPS 1 ngmio] H=2 &3 37}
8l 37°C, 5% CO, Hid7lol AZE Ft wjodet
= 10%7} E=%F FBSE #7ista 37°C, 5% CO,
Hijokr]ollA] 48417k F2F wieksISITh. 400% gollA 30
B2 44EEsle] A 100 wrkE # 3l ELISA
titer plateo] ®37) ¥ 100 w/ Griess reagentZ Wil
1087 A-2of %x%t & ELISA Reader(Flow Lab.,
UK)Z AH8-3te] 540nmellX F3EE A5
sodium nitrate®] 7S 0 2RE] nitric oxide?] thA}
A nitrite?] FEE ARSISITH

B3 cjFid=ze) #ysiol ojXl= WE - 24 oA
7 Z (alternative complement pathway)ol ofgt Z-&
S golry] 943} Adachi(1990y el we) s
th10 A7 AR @3 04 mel @ oA 4
£ GL-A, GL-B ¥ zymosan A(Sigma Chem. Co.,
USAYE 22} 1, 25, 5 mgmi 7kt 37°C, 5%
CO, Blok7lolA 1A vjokst § gelatin veronal
buffered saline-EGTA Mg"™ €% 0.3 m/¥} rabbit
red blood cell5X107 cells/ml) 0.2 m# 733t
thAl 37°C, 5% CO, viF7IelA 1A wjeFsta
gelatin veronal buffered saline-EDTA £ 2 mi&
71l W& F4 ARl ¥ 1500 rpmolld AHE
Zslo] g AS5AL 414 nm FFENA SHEI%
on i SHEE the A 93 Aarsigith
Complement activity(%)=100 X (TOD-COD)/COD,
@, COD¥ dzx78 7 F¥E #eld, TOD:
AE FAFe Ho T3 jtolth

oFR2o| B Ui Asio| O|Xl= g - F3hd
B 9972 Ee] 285 alkaline phosphataseE
Ohno %5 (1986) 5 HPgell w} AAstH® ICR
RAS AFETHOR 2RTILL Ao R bl
< A&319d 100 mesh B FAS F 2 A
¥ B H{9L Histopaque £ H(Sigma Chem. Co.,
UsA)el &3] 2:19] B1EE A7Islo] 400X gof|A]
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2027 9 ot dRANE S8 ZAAHA F Table II - Effects of GL-A and GL-B on colony forming
3] 300X g°]] A 5EM 33 PAREsl] NHI T unit (CFU) of the murine bone marrow cells
1x10° cellymlZ 3] welld 1 m B3813 GL- Fraction C‘m(ffg’/‘rt;';‘)ﬁ‘m CFU
As} GLBZ 27 50, 100, 200, 500 % LPS 50 ot S £T5d
pg/mie] FEZ 7¥ele] HEFRZL 2 mlt HES 5t GL-A 50 18 + 1.2*
Pk 37°C, 5% CO, wlg7|olA 4877+ T2t HH"J 100 27+ 32+
@ Th 400X gl 1087 AR AFAL 200 8
L . 500 12 +31
Bg]lz Y& FHRE] p-nitrophenyl phosphate/50 GL-B 50 14 + 1.8*
mM sodium carbonate buffer 1 miE 713 th& 100 34 £29*
37°C, 5% CO, #ieF71oIA 1AIZE BESAIZTE. Y2 200 38+ 2.4*
500 13 £ 1.6*

0.3 N NaOHE 500 piE 713t ¥bg-& A~
% 405 nmelX FFEE 8% B T
alkaline phosphatase 83> the 2ol wet AlAbst
9t} Alkaline phosphatase activity(p-nitrophenol
umol/10° lymphocytes/hr)=1.15X 0D at 405 nm

EASY BM -2E AEE meantstandard
deviation(S.D.)E YERHoH, $-2A4 ZAAR= student's
t-test® 3T}

HHEY

Selofl chEt HARE - FREFH 2 &
th3A)e] Sarcoma 180 E55de] s et AF
ATES] e ok WHo g AAR A §% 9
EH oz oot ICR vhp-A0] AEY 7t A=I]t
GL-AZ 20 mg/kg/day®} 30 mgkg/day £50=% ¥
o3t A9 B AEY 57} izl Bla 242 139
%%}t 180%% QFTozN A Y IFEAE
Uehlgltk(Table I). Webd GL-AE 23140 9%

mlo 1=

Table I - Effects of GL-A on sarcoma 180 ascitic tumor

Dose  Mean survival time T/C

Fraction o o/day) (day, Mean + S.D)  (%)**
Control Saline 29.2 + 10.4 100
Krestin 10 385 £ 115 132
GL-A 5 321 £ 67 110
10 37.6 = 89 128

20 402 + 15.2* 139

30 53.5 + 11.6* 180

Krestin or GL-A were injected to the ICR mice bearing

sarcoma 180 at various dose for 10 days. Each value

represents the mean * S.D. of 10 mice.

*Significantly different from the control (*p<0.05).

ST/C(%) = Mean sunfival Fime of treated group % 100
Mean survival time of control group

Bone marrow cells of mouse were treated with GL-A or
GL-B and incubated for 7 days on agar plates. Data are
expressed as mean * S.D. for three experiments.
*Significantly different from the control (*p<0.01).

A g3 RS EHE
ATt
U|-?-¢94 ZHD MEO it g2 - 2FE AR
Z2 9 B3l m|x)= GL-A9) Fg Al «l‘dP
&S WH=RE dotrr] fJ3le] AR He
A& Ay} GL-A 200 pgmld] $EZ A2 P WH
dizre) wvlske] oF 100 Hx e 71 —57}6}351#
GL-BY A$oIME 200 pgml %004 7P Be
At 7} F71BIReH iz vlsle] oF 8 ul &
T A" 57} é7}2‘$}<°°‘E}(Table ). webA GL-Ao

stale Azlshejels Z2ERAIZY] Bl tslol=

OH% A 2g-S VFERIA] okgk

ofpAo| CHAIMZ EAsiofl D|Xls &3 - nheAY
ST 7199 RAW 2647 cell lineg ©)&3t4
nitric oxide®] AAH WHIE I A nitrate®)
EES 3439 o [FN-y 10 UmiRks 22313l
& = giE2E AelE HolA] ¢ghom IFN-y 10
Umigt LPS 1 ng/mie 37 A=ldt Ffele dxa
o H]3to] 4u) IFNy 10 U/mi, LPS 1 ng/mze}
GL-AZ X3 o nitrite?] BAFS AR 5
o) .ﬂi&}_& ~7}6}°ﬂt} GL-AZ 500 pg/miz zi
g]st #4$- IFN-7 10 U/mi9} LPS 1 ng/mts
3t o]l B]O}Oﬂ 35 vle| nitrite T/ 2P Y
FE2] GL-BE A=st Aoz 3.9 718 ES
or GL-A9l 7-%¢} F% Wt xo|F nolA ¢
$THFig. 1).
x| tiHZze| gysiol njxl=

ek 2 &

% o
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Nitrite  (uM)

Fraction (ug/mf)

Fig. 1 — Effects of GL-A and GL-B on nitrite production in
activated macrophage cell line, RAW 264. 7. The
cell line was treated with GL-A or GL-B at
various doses and the production of nitric oxide
was assayed using ELISA reader Data are
expressed mean = S.D. for three experiments. * and
**Significantly different from the control (*p<0.05,
**p<(0.01).

60 e
—l- Zymosan A
50 -@-GL-A
—A—GL-B

40
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20

10

Complement activity (%)

1.0 2.5 5.0
Concentration {mg/m1)

Fig. 2 - Effects of GL-A and GL-B on the alternative
complement pathway. Human serum was treated
with GL-A or GL-B at various doses and the
complement activity was detected using spectrop-
hotometer at 414 nm. Data are represented as
mean * S.D. for three experiments. * and **Signifi-
cantly different from the control (*p<0.01,
**p<0.05). Complement activity (%)=100 < (ODy,,
of treated-OD414 of control)/(OD414 of control).
~M—: Zymosan A, - @ —: GL-A, ~A— GLB

Az tigh GL-AS] Fgkal Agld] X ¢ A
HFFE A A Y oY dEFA zymosan
A%} GL-A ¥ GLB &% 1 mgm/ sEAE tx
T3 Al BA 8498 B3y 25 mgml P 5
mg/mi®] ESoME GL-ASF GL-B X2jA] 24z} 54
%S} 40 %2 BA E/do) JERsdtHFg. 2).
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Fig. 3 —Effects of GL-A and GL-B on the alkaline
phosphatase activity in the murine spleen cells.
Mouse lymphocytes were treated with GL-A or
GL-B at various doses and the alkaline phosphatase
activity was detected using spectrophotometer at
405 nm. Data are expressed as mean + S.D. for
three experiments. *Significantly different from
the control (p<0.01).

Olp2e| B uip gAMbl Olxls &2 -B vt
F7}¢ £8A) ME B9 == alkaline phospha-
tase B4S &3¢ A= GL-A 100, 200 FE= 500
pg/ml FEAA tizTe] v)F) 3d =9 FHol F
7kt om GL-BE 100, 200 = 500 pug/ml 55
oA oF 3-3.7m19) wd TP dofvf GL-A%H &
2ol HolA| okgich(Fig. 3).

BUFE AZAADT. GL-AZ 30 mgkg/day®] &%
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FE 49X W ofFA7t sarcoma 180 YA
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HIE Blg goas A APEaeL & 5 glof
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o] nitric oxide®] A3/3% W3E 1 AR nitrite
9 F52 359 E W GL-Ax nitric oxide®] ¥
HlE &850 1 &3 430e A2$ GL-Bol
QoME FUsirh, Sdske oiaAlERle] A%t
thu ¢EA nitric oxide: At FZHEA Foff WA
& Hol: ZJAAY ¢ NTARE faEsith 2R
o D gal HE7} nitric oxideE Aol
HI=A] helper THIEZHE {3 gamma inter-
feron((FN-y)l 23} priming®l 2 7% S/ olA
E&9 lipopolysaccharide(LPS) &J8te] triggering
gojo} sthy B 1E Y

BA tiAdzel digt 48 23 GL-ASH GL-B &
TolA BAS) 243 aE #EY 5 AT BA
Az E BAA 84 532 lipopolysaccharide, £l
o 2 &% 5o g3t &A=l Hamuro 5
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AIAET AT Al BEHoE GHZE EA
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B Qa9 B33 =7} ¥+ alkaline phosphatase
gAo] 719 Ao=7 Hol GL-A: BAEY E3hdt
Aell Zgahs Ao® Bt T3 GL-Bell oA
T 7 2ge HErt JehdA 949tk Yadomae &
(1979)% FUWA Peziza vesiculosa AEA AdESQ
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A8 ABAANZRE GL-AE BUOZ sk A
e £59 WAY)ES Ao IABAIIAY F
NA ARk 2AEA2A RS vl A
oz AlgHd 7 ZEe 23 Xzl o) Fo
Rt WsE Uehlix gotth ol Exleln £
& ol oAy} S5 i A S2He-S vERd
2] ko A WE7)15E FAANA FEER It
35 el B ople} Agoleie dukAl e
BT BAo] oA FEshR: g dRisiglerng
I A8E 7RE B EAua 2 33 v A
= AT 5olg Az e £ i b Al
Algith,

INERTE

2 Qe AL JelE 14 ST
9] A7H]R olFoiRon ol WAL=

2 #

1) Roland, J. E, Chmoilewicz, Z. E, Weiner, B. A. and
Gross, A. M. : Calvacin: a new antitumor agent.
Science 132, 1987 (1960).

2) Chihara, G., Hamura, J., Maeda, Y. Y, Arai, Y. and
Fukuoka, E : Fractionation and purification of the
polysaccharides with marked antitumor activity,
especially lentinan from Lentinus edodes (Berk) Sing
(an edible mushroom). Cancer Res. 30, 2776 (1970).

3) Komatsu, N., Okubo, S., Kikumoto, S., Kimura, K.,
Saito, G. and Sakai, S. : Host mediated antitumor
action of Schizophyllan, a glucan produced by Schizo-
phyllum commune. Gann 60, 137 (1969).

J. Pharm. Soc. Korea



)

A5ple) =) Bok vl Y 99 353

4) Tsukagoshi, S. and Ohashi, E : Protein bound poly-
saccharide preparation, PS-K, effective against mouse
sarcoma 180 and rat ascites hepatoma by oral use.
Gann 65, 557 (1974).

5) Fujii, T, Maeda, H, Suzuki, E and Ishida, N.:
Isolation and characterization of a new antitumor
polysaccharide, KS-2, extracted from cultured mycelia
of Lentinus edodes. J. Antibiotics 31, 1079 (1978).

6) Hamuro, J., Hadding, U. and Suermann, D. B. : Solid
phase activation of alternative pathway of complement
by B-(1 — 3)-glucans and its possible role for tumor
regressing activity. Immunol. 34, 695 (1978).

7) Kitamura, M. : Effect of Lentinus edodes mycelia
(LEM) on immunological liver cell injury and antibody
production. Jpn. J. Gastroenterol. 83, 1905 (1986).

8) Ikekawa, T., Ikeda, Y., Yoshioka, Y., Nakanishi, K.,
Yokoyama, E. and Yamazaki, E. : Studies on antitumor
polysaccharides of Flammulina velutipes II, the
structure of EA3 and further purification of EA5. J.
Pharm. Dyn. 5, 576 (1982).

9) Sone, Y, Okuda, R., Wada, N, Kishida, E. and
Misaki, A. : Structure and antitumor activities of the
polysaccharieds isolated from fruting body and the
growing culture of mycelium of Ganoderma lucidum.
Agric. Biol. Chem. 49, 2641 (1985).

10) Adachi, Y., Ohno, N., Ohsawa, M., Oikawa, S. and
Yadomae, T. : Macrophage activation in vitro by
chemically cross-linked (1 — 3)-B-D-glucan. Chem.
Pharm. Bull. 38, 988 (1990).

11) Kim, B. K., Park, E. K. and Shim, M. J. : Antineoplastic
activities of Coriolus versicoloy, Pleurotus ostreatus
and Lentinus edodes. Arch. Pharm. Res. 2, 145
(1979).

12) Kim, B. K., Hyun, J. W, Yoon J. M. and Choi, E. C.
: Immunological studies on the antitumor components
of the Basidiocarps of Agrocybe cylindracea. Arch.
Pharm. Res. 20(2), 128 (1997).

13) Suzuki, I, Hashimoto, K., Oikawa, S., Sato, K.

Vol. 44, No. 4. 2000

Osawa, M. and Yadomae, T. : Antitumor and immuno-
modulating activities of a B-glucan obtained from
liquid cultured Grifola frondosa. Chem. Pharm. Bull.
37, 410 (1989).

14) Kino, T., Hatanaka, H. Miyata, S. and Ochiai, T : FK-
506, novel immunosuppressant isolated from a Strep-
tomyces. . Antibiotics, 150, 1256 (1987).

15) Choi, S. H., Jun, C. D., Lee, B. S, Park, S. D., Oh, J.
S. and Chung, H. T. : Effect of various extrinsic and
intrinsic factors on the nitric oxide production of
murine macrophages. Korean J. BRM. 3, 15 (1994).

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

17) Carmichael, J., Degraff, W. G., Gazdar, A. F, Minna,
J. D. and Mitchell, J. B. : Evaluation of a tetrazolium
based semiautomated colorimetric assay, assessment
of chemosensitivity testing. Cancer Res., 47, 936
(1987).

18) Vanasbeck, B. S. and Hoidal, J., Vercellotti, G. M.
Schwartz, B. A. Moldow, C. E and Jacob, H. S. :
Production against lethal hyperoxia by tracheal insu-
fflation of erythrocyte: role of red cell glutathione.
Sctence 227, 756 (1985).

19) Jan, A. M., Marielle, E. B., Peter, H. N,, Pieter, S. H.
and Ralph, V. E : IFN-y induced L-arginine dependent
toxoplasmastic activity in murine peritoneal macrop-
hages is mediated by endogenous tumor necrosis
factor-o. J. Immunol. 148, 568 (1992).

20) Hibbs, J. B, Lambert, L. H. and Remington, J. S. :
Possible role of macrophage mediated nonspecific
cytotoxicity in tumor resistance. Nature 235, 48
(1972).

21) Yadomae, T, Suzuki, I., Yonekubo, H., Nunomura, K.
and Miyazaki, T. : Examination of the mitogenic
activity of materials from fungi on murine lymphocytes
tn vitro. Microbial. Immunol. 23, 815 (1979).



