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Tumor Growth Inhibitory and Immunomodulatory Activities of
Cordyceps Militaris Water Extracts in ICR Mice Bearing
Sarcoma-180 Solid Tumor

Haemi Lee, Yeajin Lee and Taesun Park’

Dept. of Food and Nutrition, Yonsei University, Seoul 120-749, Korea

Abstract

Hot water-extracts prepared from Cordyceps militaris of silkworm pupa (CMP) or Cordyceps militaris of
silkworm larva (CML) were tested for tumor growth inhibitory and immunomodulatory activities in ICR mice
bearing sarcoma-180 cells solid tumor, and compared with those of the known compound, cordycepin, found
in Cordyceps militaris. Mice were subcutaneously injected with sarcoma-180 cells, and i.p. injected with either
saline (Control), 50 mg/kg or 100 mg/kg of CMP (CMP50 or CMP100, respectively), or CML (CML50 or CML100,
respectively), or 1 or 2 mg/kg of cordycepin (C1 or C2, respectively) for 10 days. Mice injected with CMP50
or CMP100 showed a 47.3% or 57.6% inhibition in the solid tumor growth (p<0.05), while those injected with
CML50 or CML100 exhibited a 35.5% or 37.1% reduction (p<0.05) in solid tumor size compared to the value
for control mice treated with saline. Animals injected with corcycepin showed a 26~30% inhibition in the solid
tumor growth (p<0.05). Mice bearing solid tumor and injected with CMP or CML showed a significantly increased
thymus weight (38~44% increase), lymphocyte percentages of CD4+ T-cell, CD8+ T -cell, and NK-cell (63~
110% increase) in the spleen, and interleukin-2 excretion (33 ~51% increase) by the isolated splenocytes compared
to those in control mice (p<0.05). These results indicate that the anti-tumor activity of hot water extracts
of Cordyceps militaris, raised on both silkworm pupa and silkworm larva, appears to be associated with their
immunomodulatory activity, and these activities found in Cordyceps militaris are superior to those for the

single compound, cordycepin.
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2lsted Al ZA A ES ¢ lvh 0.1% sodium azide2} 296 FBS
7} 35 PBS £ of] 5+ 3} 2 (PE-labled antimouse CD8
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2+el o] PBS &4 500 uL-& 7habe] A &3 5 A Al Felshg
o} AL A Asta A2 AEAAE fixing buffer(0.1
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of| 4] 48] 7H5-qt vl oF sl ek, vl ool & 4 ¥ interleukin-
2 (IL-2) kit (BD Bioscience, USA)E o|-8-3}od [L-29] &
& ZA 3o} Kitdl4 AZE ELISA 3489 50 uL
96-well plateol] -8+ 3 vl ofd A & 1= kitoll 4 AT
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H=] st o, 96-well plateol] 3+ M %"—‘.’% aspiratorg ©]
§-3to] A7 5t PBSE 53] Al H g 5 vlg] £33 ukg
o (anti-mouse IL.-2 monoclonal antxbody+av1dm-horse

() ru]

op

radish peroxidase conjugated enzyme) 100 pL-& # 7}3}te]

AR A 4 ddxd s)s 61

2ol 1A 7E%-¢F wh= slgd o). Aspirator 2 ©]-4-31¢3 well Y]
kg A& A Asta 53] AA st 7|2 R AHEH 33,
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off 7}k 3 AF-g-oll A 3082} vl F3td o} 7 wellol] ¥Hg-A A
49 50 uL# & 7}slx, ELISA reader(Perkin ElmerAl,
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Table 1. Effect of Cordyceps militaris or cordycepin admin-
istragion on the growth of sarcoma-180 solid tumor in ICR
mice

Group Dose Tumor weight Inhibition rate”

(mg/kg/d) (g) (%)
Control Saline 2.45+ 0,307 -

cMP? 50 12940.17% 473
100 1.04£0.04° 576
CMLY 50 1.58+0.02™ 355
100 1.5410.04% 37.1
Cordycepin 1 1.81+£0.22° 26.1
2 1.72+0.09° 298

YThe treatment continued for 10 days following the subcuta-

neous injection of 1% 10° sarcoma-180 cells.

“nhibition rate (%): Tumor weight of control mice -
Tumor weight of treated mice

Tumor weight of control mice * 100

¥CMP: Cordyceps militaris of silkworm pupa.

‘_”CML: Cordyceps militaris of silkworm larva.

*Values are mean*SE of 8 rats.

Different alphabets in the same column indicate significant
difference among experimental groups by one way ANOVA
at p<0.05.
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gho 2 v AR A9 2718 25}, macrophageel]
Al a-8-8 271 7= 23t 9l So] Bkl vl 9l

A _Ld

o

[«

e 2

= 9 -2 sk s
25582 A53E5E 2 cordycepin®] 17}
FE vk v Sk Bl gl X =
b A7} Table 3o vhetvt oloh AAFT2] »iAt
£& As o CD4+ ¥ CD8+ T-A| 27} 7}7]
. W 177109% 2 Exf3}te] <k 2.09] CD4+/ CD8+
T“ﬂi'rr] v & vhebde} g, ek Al EE oAk
279 CD4+ % CD8+ T-AlEr]-&2 27] 202+22% ¥
11.2+08% 2 el A Tl vl&] #9314 <

A )
KJ
s I H

o Mo of

%éo‘?‘,ﬂﬁ]
2
2
O-H

SEIL(p<

Table 2. Effect of Cordyceps militaris or cordycepin administration on immuno-organ weights of ICR mice bearing sarcoma-

180 solid tumor"”

Grou Dose Weight gain Liver weight Spleen weight Thymus weight
p (mg/kg/d) (g/3 wks) (g) (g) (mg)
Normal Saline 107205 1.65+0.04 0.21+0.02 77.6% 4.1

Control Saline 121%03 1.63£0.06 0.2410.01 634+ 6.2°
CMP” 50 79103 1.67+0.06 0.26£0.01 87.6+125

100 88105 1.77+0.12 0.28+0.02 908+ 6.2°

cML? 50 92+05 1.56+0.08 0.29+0.04 89.0% 6.4°
100 85+0.2 1.57%0.06 0.29+0.01 912+ 5.4°

Cordycenin 1 89102 1.76£0.12 0.26+0.01 826E 307
yeep 2 94%1.2 1.79%0.17 0.24+0.02 732+ 46

“The treatment continued for 10 days following the subcutaneous injection of 1x10° sarcoma-180 cells.

?’CMPZ Cordyceps militaris of silkworm pupa.
$CML: Cordyceps militaris of silkworm larva.
4’Values are mean* SE of 8 rats.

*Different alphabets in the same column indicate significant difference among experimental groups by one way ANOVA at p<0.05.
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Table 3. Effect of Cordyceps militaris or cordycepin administration on the lymphocyte composition in the spleen of ICR

mice bearing sarcoma-180 solid tumor" (%)

Sample Dose (mg/kg/d) CD4+ T-cell CD8+ T-cell  CD4+/CD8+ T-cell ratioc CDI19 B-cell NK-cell

Normal Saline 35.6+1.0% 17.7409% 2.0£0.1 408+1.3°  29x02™
Control Saline 20222 112087 18%£0.2 34621 1.9x0.2
CMP? 50 29.7+2.2" 15.6+0.6™ 19402 393+32®  40£06°
100 315%£1.3" 157+1.6" 2.0%0.1 440£30"° 37305

CMLY 50 265206 14308 1.9+0.1 354+09™  31+03"

100 275£0.7" 15.941.3* 1.9%0.1 408+13"  36+02°

’ 40P +0 49 + 49 EC 40 1be

Cordyeepin é notos”  Izaris® 19202 r24% _ 26105"

"The treatment continued for 10 days following the subcutaneous injection of 1x10° sarcoma-180 cells.

?’CMPI Cordyceps militaris of silkworm pupa.
FCML: Cordyceps militaris of silkworm larva.
"Values are mean*SE of 8 rats.

“'Different alphabets in the same column indicate significant difference among experimental groups by one way ANOVA at p<0.05.

0.05), CD4+/ CD8+ ¥]-& A AAFtol vjsl] wFoport
AR {2l DA A AgthHp>0.05). 8, CMP0
CMP100F-2] 7§ CD4+ T-AlZE B]&o] 2+7] 29.7 +2.2%
315+ 1.3%2 Vel =zl vlsl foskA o =9kz,
#A7VA] 2 CD8+ T A Z 8§ d4] 156+0.6% 2 15716
%2 2ol wisl f-o kAl v Eehth(p<0.05). oF-&#
CML50 % CML1007-2] CD4+ T- xﬂiT<26o+06% ) 275
£0.7%) ¥ CD8+ T-Al24(14.3+0.8% 2 159+1.3%) o
A ol vlE] f-a A e g v ke (p<0.05). 39, cor-
dycepin Foi 2] 7§l wlAW CD4+ H CD8+ T-A| %
F7F a2 Fodde Aol vellA] skl CD4+/
Ch8+ T-HA 249 vl= 28 AP g2 Zhel §-24
Ql #ol7t izl ol = A¥ T2 CD4+ 2 CD8+ T-AlE
vl go] el vlsl 25 foAdtA o wokv] wFelet.
B-AlZ slwsE= CD19 A 22 v &2 AATF(408E1.3
%yoll w)al A ZZ o] Ak 2 TH34.612.1%) A A
6}-5 A 8-S B9 on CMP50%, CMP1007 % CML100%
o] A% 2T vl Frbete A oS X vhp<0.05). ¥
) NK-A £ 882 CMP50T 2 CMPL00F-l4] 27] 4.0
£0.6%2}F 3.7105%% vheh}, 27 (1.940.2%) 2 e} 96~
1109 27181l eH(p<0.05). CML50F(3.1+0.3%) = CML100

F(3.610.2%)9] 8] AV NK-A 2 1] §-2 27 B3] 63
~89% -2} kAl Z7}s 2 (p<0.05), Ct H C27-2] 7 -9-<ll
£ iz R} 31 ~36% -2 Al 718k oh(p<0.05). o1
o] A2 ﬂr%i wl—"%‘—oi 2 o, %oﬂﬂ%tﬂﬂ i Follol

SN2 NE ofm

cordycepin & &

= —1_:
20l w1l 014 ) WAL 2N A} o
Fe ¢+ 9

U %%—s—q Fol7t 2y ke o)A
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Fig. 1. Effect of Cordyceps militaris or cordycepin adminis-
tration on interleukin-2 production by the spleen of ICR
mice bearing sarcoma-180 solid tumor.

Values are mean™SE of 8 rats.

CMP50: Cordveeps militaris of silkworm pupa (50 mg/kg body wt).
CMP100: Cordyceps militaris of silkworm pupa (100 mg/kg body wt).
CMLA0: Cordyceps militaris of silkworm larva (50 mg/kg body wt).
CML100: Cordyceps militaris of silkworm larva (100 mg/kg body wt).
Cl: Cordycepin (1 mg/kg body wt).

C2: Cordycepin (2 mg/kg body wt).

The treatment continued for 10 days following the subcutaneous
injection of 1% 10° sarcoma-180 cells.

Different alphabets above the bar indicate significant difference
among experimental groups by one way ANOVA at p<0.05.

o) stAl ZAaE ek 3R, CMP50 2 CMP100E2] 7<% ]
A Eo 27 IL-2 THI—O—OI AeAld g T g2
TRt 41.8% 2 514% foH o2 F7hE 2 (p<0.05),
CMLS0 2 CML100w9} vl A £ 23 IL-2 &¥)%
o x] Tl ulsl 33.3%¢} 33.4% -F2l8hA Fbslsch
(p<0.05). Cordyceping Fodwt& C1F % C279 % o
ZFel vla IL-2 #¥]%5e] 25 Fo3tA SrtEd v
(p<0. 05) I F7hEo] rolidl ] s rollefd ] Welet
B 25532 g Fod Tol vld o] At

Aﬂi% A& Vet = 71E9 gdAe 2 ERdw



64 o]g}]u] .

ha

A 2R oeFg g RE
F7FA TN B2 <hefnp 2 A 1
o] A E I gEd(2728), E3) AT T2 wHE o
O9FE5L FEFTA B o} Fhduto] A R
A ANz &A3 S99 mdzxy 71%5¢ Vel = bl
B s deh29). A AR 2L o] £3F A2
S3 e T2 "A R vebd = Qlh A A A 1
Azgle] B4 W me] 715 o] &3] T-AZ(AHEA
o) = A A )& Fof FA ol o8 54
= A0 1(30), B+ interferon, T-HE2 AHUAZE
o8] Al IL-2, A ZE FAA A7l TNF- e 52l cytokine
Rl A7 713S 4 Th3E1,32).

3 3Fe]] i3 dFATFES

mouse melanoma Kﬂi—a— = 4?‘{} 5=
=3

S5sl27} Bdvlol vl E
a$-229] 5ol B,

Chen $(34)2 ]'-?—./_\.01 %%%}i%%g 5 Toﬂ g 7é=+ TH
A E5, CD4+/CD8+ T xﬂ
7Vl &8 pasiedc) B

ArFEEel L¥AE °V—1‘”‘:‘% shf-2= B & T-4| X,

T <) 7o = o =
45}141-; 713.1 F&Hc} [L-28 d59+5 4347912
B8 2xsn2A 59 WdAd5E FAAIE A
v}t B2 o Fol| 4] sarcoma- 180 A Z£E o} A& ICR vl9-2
Z iAo g deleel A% dsls 2525 FAR 23 A
Zel wiste] IL-2 W*bol fro]siAl Fohat AR 0] F
of 2 o, WelelelngRelze vl 2 IL-2 #4]%
Z7He B9 559 997)eS A7 T-NZ2 &
AL frsidd ez Az

532 el 5‘—1}] 3} cordycepin® ¢HAlE2] DNA,
gA-S Atngs AEEdS JAste
= vk 2l eh(35,36). 4, o] 2= tHEH 2 2 Kuo
Z(37)-2- B-EW & Cordyceps sinensis®] -ZeF 248 g
7t 23, 4% ok 2495 vrebd £38 ol cordycepin
o] &fse] U UL HAsA L, Wty FHdxY &
ZoF A3} cordycepin ©] 9] o} A &el o3 vebd 5
AEE AR St F, F53t2Y] FFS EF= B
A Bo] }_ook,q]ioﬂ AxA o g zL_Q_f;].ﬂ\,}. r=ogE g
71e} A REo] rhgno] WA r)5E FUHAA vebd A
o F5 9k & AFdA 7|FE DEste] Al FrhA]
o wlglele) A5 sl 20 A58 v)E H3 A, £AA
o) A& vehR] ekgr ot oW H| y] F &5t 2 7] ol of
e gFslxe] vlsl FFAH A 2 A Bl o
S vhel W 71, cordycepin 1 3 Rl e
B2 FEEANAM 2 E7t oS SE Sl

£ 9
b ol o
o oM T

L

el

BaAEelch Gow BelHeaFFeid §HE FE A

5ol ot B4, B BT L Ag1A 79 Sl A
A7 Aot @ 7oz yrEr}
2 o

2 AT E Pl ] i roloh A E 71T 3

of AF AME Weleh) 25 Fet el YL AGdA U

g 7152 Hrtelgie) ol & $13) sarcoma-180 A&
zwtolo) Hat o] A2 ICR w48 diAdeZ 1

el 22 2ex v FEA SR 94#A cordyceping
104 7F B 5o3dt & w3 gt AAA A5, A HA 3]
AWl v W) WA E4=0] W) e n) A Eel
& interleukin-2(IL-2) 4Ae<& &4t vhg3t 22 2
28 dgich A=Folo wyggh
mg/kg(CMP50) == 100 mg/kg(CMPlOO)P’] ol v 7]
“13]‘43]*37131——% FZ25S 10497 FoAg A7 A=y
AP Eoirs]-qq o ]3H3 = T8} A—];ﬂ—o] 47.3%
% 57.6% F2 kA & zﬂ'ﬂmu} (p<0.05). 50 mg/kg(CML50)
) 100 mg/kg(CML100)2] Yol ol 2 = 2] efe] 25532
Eoiute 79 355% ¥ 37.1%, 18] 1 mg/kg ¥ 2
Fojubd o] A% 26.1%9 29.8%
7;1}-5] 041;]. p<0 05). t‘f:l o]—_Q_.

m[m Ne,

mg/kg®] cordycepins
o] w1y AA o zﬂ_’g_;,]—7}-

oA F ol Wlul7] wi Folojue Beletel 2% F
28 TR shgak hEFe sl FHFA B~

449 -8-9) 3 Al 2718l (p<0.05), v]ZY CD4+ = CD8+
T-AE4, NK-A Z5(63~110% Z7}), 2] v AA 2|
2]gk 1L-2 AA5(33~51% Z7}eol 2% fofstA =714}

AoHp<0.05). o1 4e] A5 Fa 2 o, Ueleh] 28F
Bz A5EFES 1YY A4S A she Bt e
o, ol9} & Uelele| 253t FEE0 AL W

=3}

Ho
rot

1. Sung JM, Lee HK, Choi YS, Kim YO, Kim SH, Sung GH.
1997. Distribution and taxonomy of entomopathogenic fun-
gal species from Korea. Kor J Mycol 25: 231-252.

2. Cory JG, Suhadolnik R]J, Resnick B, Rich MA. 1965. In-
corporation of cordycepin (3'-deoxyadenosine) into ribo-
nucleic acid of human tumor cells. Biochem Biophys Acta
103: 646-653.



3.

4.

5.

10.

1.

12.

16.

17.

18.

19.

Yelehe 253z

Sung JM, Yu YB, Cha DY. 1998. Mushroom science.
Kyohaksa, Seoul. p 569-570.

Ying J, Mao X, Ma Q, Zong Y, Wen H. 1987. Icons of medical
fungi from China. Science press, Beijing, China. p 60-85.
Herlyn M, Menrad A, Koprowski H. 1990. Structure, function
and clinical significance of human tumor antigens. J Nat!
Cancer Inst 82: 1883-1889.

. Kath R, Herlyn M. 1989. Molecular bioclogy of tumor anti-

gens. Curr Opin Immunol 1: 863-866.

. Davis ID. 2000. An overview of cancer immunotherapy.

Immunol Cell Biol 78 179-195.

. Reilly RT, Emens LA, Jaffee EM. 2001. Humoral and cel-

lular immune responses: independent forces or collaborators
in the fight against cancer? Curr Opin Investig Drugs 2:
133-135.

. Youlchi M, Osamu Y. 1991. Activation by protein bound

polysaccharide PSK (Krestin) of cytotoxic lymphocytes that
act on fresh autologous tumor cells and T24 human urinary
bladder transitional carcinoma cell line in patients with
urinary bladder cancer. J Urology 145: 1082-1088.

Han SG, Lee CW, Jeon Y], Hong ND, Yoo 1D, Yang KH,
Kim HM. 1999. The inhibitory effect of polysaccharides
isolated from Phellinus linteus on tumor growth and me-
tastasis. /mmunopharmacology 41: 157-164.

Wang HX, Liu WK, Ng TB, Ooi VE, Chang ST. 1995. Im-
munomodulatory and antitumor activities of a polysaccharide-
peptide complex from a mycelial culture of Tricholoma sp.,
a local edible mushroom. Life Sci 57 269-231.

Oh-hashi F, Kataoka T, Tsugagoshi S. 1978. Effect of com-
bined use of anticancer drugs with a polysaccharides prep-
aration, Krestin, on mouse leukemia P388. Gann 69: 255-257.

. Park MH, Oh KY, Lee BW. 1998. Anticancer activity of

Lentinus edodes and Pleurotus astreatus. Korean J Food
Sci Technol 30: 702-708.

. Lee JW, Baek S], Bang KW, Kang SW, Kang SM, Kim BY,

Ha IS. 2000. Biological activities of polysaccharide extracted
from the fruit body and cultured mycelia of Phellinus linteus
IY001. Kor J Food Sci Technol 32: 726-735.

. Maeda YY, Chihara G. 1971. Lentinan, a new immuno-

accelerator of cell-mediated responses. Nature 229: 634-
636.

Wasser SP, Weis AL. 1999. Medicinal properties of sub-
stances occurring in higher Basidiomycetes mushrooms:
current perspectives. Int J Med Mushrooms 1. 31-62.
Ooi VE, Liu F. 2000. Immunomodulation and anti-cancer
activity of polvsaccharide-protein complexes. Curr Med
Chem 7. 715-720.

Suzuki F, Suzuki C, Shimomura E, Maeda H, Fujii T, Ishida
N. 1979. Antiviral and interferon-inducing activities of a
new peptidomannan, KS-2, extracted from culture mycelia
of Lentinus edodes. J Antibiot (Tokyo) 32: 1336-1345.
Oh SW, Kim SH, Song HN, Han D. 2003. Comparative chem-
ical compositions of four kinds of Tochukaso. Korean J
Food Sci Technol 35: 15-22.

. Cunningham KG, Hutchison SA, Manson W, Spring FS.

1951. Cordycepin, a metabolic product from cultures of
Cordyceps militaris. Part 1. Isolation and characterization.

21.

22.

23.

24.

26.

27.

28.

33.

34.

35.

36.

37.

I ECES

s
R

J Chem Soc 51: 2299-2300.

Goldin R, Pet R. 1981. The causes of cancer, quantitative
estimates of avoidable risks of cancer in the United States
today. J Nat! Cancer Inst 66: 1192-1308.

Skehan P, Storeng R, Scuderio D, Monk A, McMahon JD,
Vista J, Warren T, Kenney S, Boyd MR. 1990. New color-
imetric cytotoxicity assay for anticancer-drug screening.
J Natl Cancer Inst 82: 1107-1112.

Kneifel H, Konig WA, Loeffler W, Muller R. 1997: Ophiocordin,
an antifungal antibiotic of Cordyceps ophioglossoides. Arch
Microbiol 113: 121-130.

Miyazaki J, Otkawa N, Yamada H. 1977. Studies on fungal
(Penicillium chrysogenum) polysaccharides. XX. Galacto-
mannan of Cordyceps sinensis (Lepi doptera). Chem Pharm
Bull (Tokyo) 25 3324-3330.

. Jia TY, Lau BHS. 1997. The immuno-enhancing effect of

Chinese herbal medicine Cordyceps sinensis on macrophage.
Chinese Pharmacol J 320 142-144.

Kuo YC, Tsai W], Shiao MS, Chen CF, Lin CY. 1996. Cor-
dyceps sinensis as an immunomodulatory agent. Am J Chin
Med 24: 111-125.

Hartwell J, Nakamishi M, Uehara N, Chihara G, Fukuoka
F. 1971. Antitumor action of some basidiomycetes espe-
cially Phellinus linteus. Gann 59: 155-157.

Kim HM, Han SB, Oh GT, Kim YH, Hong DH, Yoo LD.
1996. Stimulation of humoral and cell mediated immunity
by polysaccharide from mushroom Phellinus linteus. Int |
Immunopharmacol 18 295-303.

. Ebihara K, Minamishima Y. 1984. Protective effect of bio-

logical response modifiers on murine cytomegalovirus in-
fection. J Virology 51: 117-121.

. Hans W. 1986. The immune system as a therapeutic agent.

Scientific American 272: 455-515.

. Rosenberg SA, Lotze MT, Mule J]. 1988. New approaches

to the immunotheraphy of cancer using interleukin 2. Ann
Intern Med 108: 853-864.

. Sukurat T, Suzu S, Yamada M, Yanai N, Kawashima T,

Hataka K, Takaku T, Motovoshi K. 1994. Induction of tumor
necrosis factor in mice by recombinant human macrophage
colony-stimulating factor. Jpn J Cancer Res 85: 80-85.
Xu RH, Peng XE, Chen GZ, Chen GL. 1992. Effectors of Cor—
dyceps sinensis on natural killer activity and colony for—
mation.of B16 melanoma. Chin Med J 105: 971-980.
Chen GZ, Chen GL. 1991. Effects of Cordyceps sinensis on
murine T lymphocyte subsets. Chin Med J 104: 4-11.
Glazer RI, Lott TJ, Peale AL. 1978. Potentiation by 2'-
deoxycoformycin of the inhibitory effect by 3'-deoxy-
adenosine {(cordycepin) on nuclear RNA synthesis in L1210
cells in vitro. Cancer Res 38: 2233-2238.

Piga A, Ganeshaguru K, Green ES, Sheridan B, Hoffbrand
AV. 1989. Selective toxicity of purine nucleosides to human
leukemic cells. Adv Exp Med Biol 253B: 291-298.

Kuo YC, Lin CY, Tsai W], Wu CL, Chen CF, Shiao MS.
1994, Growth inhibitors against tumor cells in Cordyceps
sinensis other than cordycepin and polysaccharides. Cancer
Invest 12: 611-618.

(20031 84 5« A4 2003 1149 21 A=)



