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Enzymeaticial Analysis and Soluble Proteins Assays
on Radioprotective Effects of Cordyceps militaris

Beong Gyu Yoo - Joon Chul Park’

Dept. of Radiotechnology, Wonkwang Health Science College
Dept. of Radiotechnology, Ansan 1 Co]]ege*

Effect of single pre—administration of Cordyceps militaris(Cm) extract on the survival ratio, body weight

and organ weight changes and blood cell counts after whole —body 7 -irradiation were investigated. The
single pre —administration of Cm extract at 24 hrs before ¥ —irradiation increased the 40-day survival ratio
of irradiated mice from 60.1% to 71.4%. The administration of Cm extract completely prevented weight
reductions of spleen and thymus produced by y-—irradiation (P <0.01, P {(0.05). Similar but somewhat less
radioprotective effect was also found in the testis of the Cm treated mice. The administration of Cm extract
retarded the reduction of both leukocyte and lymphocyte counts occured during the first 7 days and

accelerated the recovery of the counts thereafter. The extract also acclerated the recovery of the erythrocyte

counts occured after the day 21th. SDS-polyacrylamide gel electrophoresis of the soluble proteins extracted

from various organs did not reveal differences to any extent in all groups except in the livers of the

irradiated and extract treated groups. in which some proteins were missing or less present.

Also, the result of general intra and extra myecelial enzyme assays with Cm, extramycelial enzyme activity

was relatively higher than the intramycelial enzyme, Cm appeared to indicate that « -amylase was the

highest among the enzymés and gluosidase and chitinase were followed.

Since the spleen, thymus and testis have been well known as radiosensitive organs, the protective action
of Cm extract on irradiated mice may be responsible for its enhancing recovery of these organs. Although
the exact mechanism in protective effect of Cm extract on irradiated mice is not clear yet, the present study

is the first report regarding the Cm which was tested and found to be a potential radioprotective agent.

1.4 = T 9T sy ME ¢ 10099F0] Rudy Jgt "’
o] ol #E AFE 18471RE EFFHA AFEA
TEsxe Agdde w9 FEE ZF3A oA 7 AlzkElo] 20471 ZHEH o8 E JRE 3 gy o
Asti7t AFde FFTERE AAAMHSHE P48t T7b ] o] FoA g, HLdole g o ZA 9 A
= Bold WAt EHEGHoR AYFHFY A+ drrsAel] ek Agoel yEHer oFof T Yot
of £3t= AOFE Lz YA AdATd ot od8 F5stx T AAEY Wl
HAA FExe AMAAZFLE oF 3009F 0] EIEH 2 J1FE e Hur] E28 % (Cordyceps militaris) =

o] =E2 20018 9FRANE ] d7H AP 93 ArHEAS.

- 75 -



gt "99Fsh 92, kA, A4 T, EEAT
7, ARAF 5o #93 50 dE Aow &€

#2480l %’il iﬂ‘%

AgYPAA e EAH S =417 (hydroxyl radical) ol F
HolX = A4 7871 (free radical)-4 e E o]
_]
[e]

LER=EN

(=)
mulating 8915 3

ol &%

PRl A %
< AdAg e B3
7]_ Q%E}liﬁ 19)

wehy B oq;LL 2 FFotas vustd a3t g4
st R F4 WdY] FFstxolA 28 £
e i A W ol ZdE HFE]) HAstd

JIEEREH RFAALEY UYFE FESL T B4

FO{A
L
e
ol
re
By
~

ol\

O
o(
g
o>
>

)
A
of
oft

&
oo
oX
2V
=
i,
0%
o
B g
>
tlo
kN
>
_O|L
8
)
o
ox
do o oft

rg N

. MMl ssdtx F&

militaris Extract)

E(Cordyceps

W 7] &3 2&(Cordyceps mJ]ltans)«] ZH Wl A
= %—%«] Anhui Agricultural t &9 <% F75 I+
2o o3 AFHIUG ojHdd F=F E}J_(Cordyceps mil -

itaris)®] #A A& 8AIZE F<F 95°C Y =olA # F F
E34o. I FEEL 292 0447](M11hp0re pore size
0.22 pm, filter type GS)& £3t9 Axg & 4R 7]
(Hanil HM-160)& AF&3k<d 10,000 X gol A 1087 94
52 s9u =g WEAZZI( Sin Engineering Co.)
E AME3lY FAAZ 3 F Ao AEs
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2. 84 M B2Y

Aol ALE-3t Wul/] F% 382 (Cordyceps militaris) 2
Y 24AE AASY] Hste] extra ¥ intra #AF E4
5L 2AFAY. Intra #AF 2422ES SAE7) A
o WJEAAE A %‘rxd?'f] ey Ao g 2298 A3}
o 487 #43 AFHY @A) BE ARELE & A
dRAL JFo R FYPIYH,

49 BEMOoEE a-Amylase®t B-Glucosidase A
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F 12812 CMCase ¥ Protease &4, Chitinase ¥4 5
=

AEFEZE Green Cross Co, Ltd(Korea) ol X Az #
ICR AEY 258 ¢34 AHZ s9on HF AFL 8¢
olATH AFSAY FALEE AYLE 24C~28C, FE

= 60~70%, S (L719 BN ZUE 1247502
722 2743 NAM ALY AR E ZHAIR (AN E
AbEEtREd 2 ARE & o9 21%, & AW 35%, &
AE2Z 50%, 714 80% St ZE FE2 4
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AHE MFate] o, 7 G, A% 0F, F4, 25
< HHeA g F FF g a4 s S L 95
o] 3 2FEL 108 B399 27bE 01M potassium
phosphate buffer(pH 8.0)o] 2o} glass-teflon homoge-
nizerg °] &8t 17k B4t E4E #59E 4C
o4 50,000 x g2 1587 44 £33 FFAE &
ahod B FA] AME-SFA T

7. MIIHEN st M EHEE UM FA

Z 84 duAde 242 Laemmli(1970)8 B44%
SDS-PAGEES At&3te S8 th” #3772 (Separating
gel) 2 10% acrylamide, 0.27% bisacrylamide, 0.1% Sodi-
um dodecyl sulfate(SDS)E E&3IH 0.025% N,N,N,N,-
tetramethylethylenediamine(TEMED)# 01% ammo-
nium persulfates A7tgozH F3 92 doFch &
el 7) A (Stacking gel) = 3% acrylamide, 0.08% bisacryla -
mide, 0.1% SDSE Z &3l 0.075% TEMEDS} 0.048%
ammonium persulfate® AT EN FIWTE YoFH
o ool #E&4 9HE 45HE 60mM Tris, 25%
glycerol, 12% SDS, 144 mM 2-mercaptoethanol, 0.1%
bromophenol blued EFsI= AEXAMNE SE8A 4:
19 v g2 EF3t ZE B 187 27 gz e o
AN & ZF wellol €3 01M Tris, 0.77 M glycine, 14
mM SDSE E#dte AViY 5L #4589 pH 83& A
719% FA AT Fxd Aex E4AI87F £2A
Hol ©2d W72 20mAe AFE 7te o|FE 9
AA g7 B8 2922 BY (5emEHe Add =2
g d7t4 50mAY AFE s ANFFC) Fud
A719% ZAEFH AL Estd 0125% Coomassie
blue R-250, 50% methanol, 10% acetic acidE Eg3&
FHgfo] Yol 1~2A17 et G d4o] ggH
W 5% acetic acid, 10% methanols T3 G4 Lo
Fol Mgl
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B A%elA 7 A9 Aole) HEAY F4S B

A&7l e Kirk(1968) ol 2} 5o
Keuls A3l w2t Duncan test(1975)& A& &te] 3
Hao fol4e A3 vzadd”. 183 3 A8 F
A e BF HA B¢ BF QAR FAYCH

ok22% Newman-

mz 3
1. HOH 7| S&535tx2 &4 ML
HE 7] £28%E E3) intra @ extra oA 4284
S A5= extra A E4FA 0] ANHO R intra #A}
T4 Bt 9 =3d(Fig. 1 Fig. 2). Intra ¥ extra ¥
} E2E8HNA GE E4E Y3 amylase’t 7HF
=4 Yerst
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Fig. 1. The specific activities of extramycelial enzyme
of Cordyceps militaris.
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Fig. 2. The specific activities of intramycelial enzyme of
Cordyceps militaris.
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Fig. 3. Effect of the intraperitoneal administration of
Cordyceps militaris extract prior to 7-irradiation on
body weight change in mice. Administration of saline
and Cordyceps militaris extract and ¥-irradiation were
described in Materials and Methods.
® : confrol group : m ! irradiated group :

A . Cordyceps militaris extract treated group before ¥-ir-
radiation.

3. MFo YEE H3

y-4d A4 ZAH6.0Gy) 24A17F Ao E7lo g FAME
ZE (100 mg/kg body weight)S #HF
ARel At *3-&—4 4044 AEEE 601%NH 714% =
Z7FA Z eH(P < 0.05, P (0.01)(Table 1).

Table 1.
survival ratio of mice after irradiation survival ratio of

Effect of cordyceps militaris extract on 40-day

mice after irradiation.

Number of |[40-day survival| Significance
Group ) . . .
survived mice| ratio (%) against control
control 10 of 10 100 ===
Rad® 17 of 28 60.1 P <001
Rad + Cm®| 20 of 28 714 P < 0.05

a : Rad, irradiated group :
b : Rad + Cm, Cordyceps militaris treated group before y-irra-
diation.

0

4. MF| o drAtMztsM HIIE9 PASE

BAM A7 409 Fo} 4 MY Fr] FAE ZANG
A WALA A9 7S 4 (thymus) 3 8% (spleen)
o FA dix2Fe v&l X3 Z23 FeFE vew
tH(P<0.01, P<0.05). ¥t A, uFALA g 24417 Ao ¥
rﬂﬂ 5582 FE2EL 59T 29 0@ A7 FA

T UEEH vastd HoE zolg RolA ghth(P(
0.01, P<0.05). ¥ ¥(testis) & A HAE M W
A ZAF A Q) B3R FE2EY AP BEF =

Aol AN #A3F ZAIFFEd(PC0.01) 23 WAL
A A A R FFEE FEE XY #4RA
E7F A AEl e ARt A5 A2 AL o F
AATHP €0.01). 2718 A7IE9 FA LihddE Q234
o2 MA(heart), N (kidney) B 7H(liver)d] FAE =

€ AN EoE F4E& 7HAA R (Table 2).

Table 2. Effect of Cordyceps militaris on organ weight
of mice after y-irradiation.

Tissues Control Rad Rad + Cm
Heart | 0.17 + 0.02* | 0.16 + 0.02* | 0.16 % 0.02°
Kidney | 0.69 + 0.03* | 0.62 & 0.04* | 0.60 % 0.03°
Liver | 1.60 = 0.16* | 1.54 = 0.17° | 159 + 0.18°
Spleen | 0.11 % 0.01° | 0.07 % 0.01° | 0.12 = 0.01°
Testis | 0.34 + 0.02* | 0.08 = 0.01° | 0.14 = 0.01°
Thymus | 0.05  0.01* | 0.02 % 0.00® | 0.06 + 0.01*

*Values are means + S.D. for 10 animals sacrificed on the
40th day.

Means not sharing a common superscript letter within a
row are significantly different (*®P<0.01 or **°P<0.05).
Rad, irradiated group : Rad + Cm, Cordyceps militaris treated
group before ¥ -irradiation.

5. 472l &Y Hs

1) #E8+ w3

Cell counts

(x1000/ul)
O = N W Hh O N ®

0 0.25 1 7 14 21 40
Time(day)

Fig. 4. Effect of the intraperitoneal administration of

Cordyceps militaris extract prior to 7-irradiation on the

leukocytes of mice.

®m : jrradiated group :

A : Cordyceps militaris extract treated group before 7y -irra-
diation.

WA A ZAE A Fd Wt ME Fig 40)A
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2 qAE slEEAn wE, AN EAF 244170 A W

.78 -



7 FF32 F2E 54979 Q7 59 vt
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BIoH(P0.01). Tl 79 olZo e}
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2) AEy W3

WAl e ZAbE A FH 9 AY T (erythrocytes) ¢
= Fig. 594 & 4 ok A¥3y A Ao
5, Z A e AR ZAF 24417 A 9
E252 £28 So9F AlololA FAFSHA veet
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Fig. 5. Effect of the intraperitoneal administration of
Cordyceps militaris extract prior to y-irradiation on the
erythrocytes of mice.

m : jrradiated group

A : Cordyceps militaris extract treated group before 7-irra-
diation,

Cell counts {X1,000/uf)
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Fig. 6. Effect of the intraperitoneal administration of

Cordyceps militaris extract prior to y-irradiation on the

lymphocytes of mice.

m :jrradiated group

A : Cordyceps militaris extract treated group before 7-irra-
diation.

3) =3 ¥

AR o ZAE AF 9 F = (lymphocytes) 3o
= Fig. 6914 HiE nuiel Zro] WAMA AHgEe A-¢
AR AP F 7Y F9 A8 AAFHUALN o)FR A

A

ke

A8 B EEATH iy AR ZAF 24417 A W7
FEE FE2E FALY HEF Fe WARATE 2A
g A g @A oA goew 1 3R @Y
= 9 A%%e Jetlith(Fig. 6). o|3Y 234z Hd7
Fo gExF F9 3Eo] MUY FF}E FEE FA
of o By FxEe ¢ F AAH

6. MIIYS0 Q5 $8M CHYE oy

ANGEL ol gl 84 wHA Py
Aol Fig. 7(A, Bl Ueh} glth oz, W)
FEBY Fol WA AYZ L PN 2A A
Z

B 323 84 99Ey AVNGE FHE Jepiz o
H(Fig. 7). 283 F49 AS zZ+ J50d EoE 3ol
£ Ho|x gksith whH, 7k A AN M3 A
A ZAL A WEY BE2FE FE2E Ty B4 Wy
P
g z ER
@ 2 3 2
T T | 3 3
Kba Mk1 2 3 45678 1
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Fig. 7. 10% SDS-polyacrylamide gel electrophoretogram
of soluble proteins extracted from various tissues of
mice. Lane Mk, contains the molecular weight marker
: myosin(200 kDa), B-galactosidase(116 kDa), phosphor -
ylase b(98 kDa), bovine serum albumin(68 kDa), oval-
bumnin(45 kDa), carbonic anhydrase(29 kDa). The rem-
aining lanes were the soluble proteins from various
tissues of mice(lanes 1 and 5, control group ; lanes 2
and 6, Cordyceps militaris extract treated group ; lanes
3 and 7, irradiated group : Cordyceps militaris extract
treated group prior to irradiation).

A : Testis and liver, B : Thymus and spleen
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Fol ZAaTE HAAY F AATHFig. 7-A, a, 90kDa;s b 7] g2 F29 Adw EF 249 FA7 &
53kDa: d. 32kDa). &%, WAk A FAME 24 4T A3 ZLFATHP C0.01). ZTHY WA 2A A Wl
S Bgou wAA A A ddly] FE8R FE2E FY 7] BEF3E FEE AETY FAREI HAM A
oA ZaHR e auFel FAHATHFig. 7-A, ¢ o) ZaEY A3 AL e & F AATHPC0.0D).
45kDa i e, 26kDa). T W WALl & A7) oly FAH wFRTE o] AR W FgAdol
2 g8 vRY e Hdr] 5 FEEY FAL o & AR Az4g £ Jon wE FAI WAl
A HERFAME JUE 54 vWdEc FASUY IfETE 2 FRHo ¢ wEH Aty T F 3l
(Fig. 7-B. a. 43kDa : b, 27kDa). ' o olgd g ARE EFHE WAL 2AL 2447 A A
g7 &2 FEES FoA A YA Aol
2 715 gol WA REEHI} Y AR F2
V. z 2 & 9tk
A28 AR geael 2 A5 FA ztade
e E232 Zo o2 T2s29 vwsld Axyp  NRHALR v WA el Ay el 4
g8ty dea 23 wd7] £230E(Cordyceps  (heart), A(kidney) R ZH(liver)d FA WA=
militaris . Cm) 2] #2822 E3d z} Fhe FALE BE ZHA #HOE f94& /HAA g AeE %
2N8 & AF AN y-Ae 2AE T 40d7e A= AU 22 FY AR AR 247k AR
g3 AN B 2 7 2 T My gey gy AFA mE A Aot dEdE AoE fddt
AZd vAE ¥ 5 A8 BFaRe zAHA ARl A e Az mAs ¥ o
O ES 199 ARFE A/GES o8 484 vy TIHTA AAES A IFOR PR wvid 24 ¥
Ao by BHoz Folad FF w4 w3 zaz AUV 3Ex F3E wE A4 A94E Fodz
Ao st UE NERAFEE ATsEy B A9 ANPEE 28y 7F A& At 24 W 42 &4
2R =3 APstg o) 2 gl S Al A2 AFE AHEY WAL
W 7] 22529 4 FHE ZAIE E5o ol T A ZAbZEel W8t (leukocytes) F7F AR ZAF 7
Fo] 7154 e & 5 YA 7oA WA FZAHEO Gy) 24 EE FAF F&sRen I olFR MM ARHE
A7 Ao B7og FAE HH 7 2232 F£E(100 g & 4 Qvk I N, AR ZAF 24470 A "
mg/kg body weight)& WAe] ZALE A 40dx 7 FE/E FEE T WA FE PR 24
BESS 601%AM T14%Z ZANZREA(P 005, PC =8 & AERTE FH MM3] ZFade A2 & F
0.01) o} AL A7t A FEEL o] L3 A7 ARATHPL0.01). 2 79 o] Fo vetys HE7 F
ME 2EIIUP Y RRyozs AAE Ay 25 32 O SIS F A KA AR dEEg
B2 NIH-Swiss %9 JCL-ICR ARl XA ZAF Ao A A Y F(erythrocytes) 9 ZA7Age] & 1F7H
7oz gd EQEYS o 3098 AE2sL dAxs o AR REFI AT Ty E A4S A
ZAANATDE By So] & ApxA#Hg & dxa= A A ZAF 4N A WEH7 FFEsx FEE FoTAA
ol AT P =3 WMuy) 282 22E AH A o WmEA JPHEe Aoz & 5 AU EF LA
Zo) MR ARL HE AP LA AL A ZAE9] g2 (lymphocytes) T8 AR ZA F 74
AL gzas YA ZA} A Wgy] E2ax 222 T8 @A FaFHAew I o/FE MM ARH=
Az Bo Aoz A2 2y AAHE AL & AE 2o Zehv AR ZAF 2442 A W) F
4 9o 3R FEE FAFY gy & AR A
gAY 24 B WEE Aohy) szt wzdg w  IELF AT wae Ao I A% U= uo
A ZEAel 2 A7) 3 2 (A, 1 F)3 A U WEA AYHE JoE dewn o diz A
A e Aoty 4HA 3 2F (AR A S o g7 9 4= 59 3Ee] WYy g5 FE=
o2 A ZAF 402 Fo 7 Az x4 g Fold d& wMI 538S s e 23w
ZAFE A AN HEze] A wabal gadol 2 0 F Ath ol% fAR AAdA] 9 EF FEE A
7191 4 (thymus) 2 8] (spleen) @] FA7F )27l AME s Baz Rot? olite] AAEL W
vl FAF Za% AR JeEFO (P 001, P< g7 $F3t2 FEEY TVt I 7L B8] & 5
0.05). HHAFA ZA} 24A)7F Aol W 7] E28R RSB foy 28 239 AAE FIAA ES waA
o Eosl 789 2 Ay BAL yzad umse  BANGE F5L @ £ AP THY AN FA
HoE golg Holx YU 23y Frlae Age AT AR ANT HA RS BAFAG
WERR THP <001, P0.05). ol¢E @2 Hlad WA A7198E o186 T4 @A e 24 A
Aol 2 A7 ded QouAr Bysy g oAy dEe, Wdr] FFst: FE2EY FA
(testis) o) Z-¢olE WA A3 AN A A o A AT B 24 24228 A AEY] FEetE

- 80 -



FZ2E B9 4 lanel® B F3T WALA ZFAdo)
crekat 470e) Z2A(FA, 8, 18, oz RE 253
&4 gude] AV|YgE F4E vEdT 285 §4
ol Ag z} IFT ¥TE RolE HolA gttt
w7k AS AR ZAREH AR ZAF A )
EFE FEE RS9 B dwd oo i ES
A &4 9ich wtH, wALA HIFAME Fah AT
< Hyo) A AL A HEy] EE3l: FE2E 5
oz A ZAaER g B o] A=t ke v
Z HAMA Aol & AR GER vRe] A dd

3| £E9 EAZAA dzFdME ¢Ad

ERELS

= ouAd Zale] o8 B3 vl ¢

Y 2al7t £28 S AAeE Relw Ew
_'i‘

220 o3 BRUWA F2E o

ATE FTotd &% 2dd SNES FEFeEH
o FAHOE
IRSRAE

o
>~
>
- 8
el
I
2
1o
e
&Y
=
o
o i
>
il
rE
ot
L
iy

AA A clased 229 g @
29%E vl

deHos WHI] $35%% $32Y TS Ad 7

N

ad7t BRstsEel ZUAER /BT ALE FAA
4 FE QuE A4S gARE RIL EF ok A®
2HEAEH BAT Avhe A& AASHE Qolth nhe

o

=
HE 7 5232 $5E89 BRszge o)ad A 7
A] = o

f
>
rx,
2

w B
.1>:4
s
o2
N
=2
_>1:
2
=
N
of
ofp
QL
B
X

T o

2ol w5 ai 714 (mechanism)ol HFstA = opz
FHAA FUAT B AT FAE SAN BEEF AR/E
DAY AEE HIZEA &5 B AFxHAE nEos F
Lo Be uiEy Age 2 &A4EF AEdoH A
o] A AHLEAHQ JAE AT AAESAE Y& &3

o}

1. Hul7] 223139 FATAHEE extra A §4%
do] intra #AF &4 Ev} AthE o g o Zooh

2. 7-4A ZAE AFHAE 409 AEEL Hul7] B33

S y-A ZA 2487 A v B4E O

143 A9 Ha AL
o, ¥y EF
FHd AHEY v

. 8] -

R MERAY 3E

&
>
e
oz
N
i
K
b
e
40
X
e
£
BN
!
B
-3

dAsA EolEdod, I8y WY F
FEES FYT AHE 18 ¥A A&
el AN HEFA vt ddHos of
wshgk AgiTh

o
AbZoll Al ALY ZAF & 797 BAS PSR
T2 MM FEHAOW, WHEY] 3FIE F
2E FAZdAAME MAA ZaHE FFE 2idd
(P<0.01).

6. y-Adoll A AHESY AYF Wwes YA
=34 We7] 532 FEE FAL Aol
T AR A el ey, 3E @4 A

&5t 2E FoLAA O A&H3] dolyt

o]

3]

-
-

o]
T
az

T

40N

rir

Z8 AHEY P W8
AL AL % 7UZ WA
NAE HERHQO G, Wy E28
ANE AME Fams Py

= o A%§e dehich

%% 584 WY P
A ZAES A7) $E5

B ama ol Pgase

-

Q
2
X 2

N 8t
2 il
o

o
]
8 P
o
i)
[

of
offt
o,
>
-,
N
>
M
2
>
Iy
N
N
o
ox,
otk
fl
Mo o e
fr o X xR oob o N

z o

o,
o
o

lo 3@ Hut o ¢ b n o
5y
2

~,
i
o
i
A
Y
K-
R
)
B

o © L &
e
¢

O
>

&
oft L (%
ofy & =
X
K1 of

=
A

. Benderitter M., Maingon P., Abadie C., Assem M,

Maupoli V., Briot F., Horiot J. C. and Rochette L. :
Effect of in vivo heart irradiation on the develop-
ment of antioxidant defenses and cardiac functions
in the rat. Radiation Research 144(1), 64, 1995,

LA, AEE AAD C FFEE FEEC] Avpdd

ZAE QA vAE WA WEEI, hIPA
Zl1es3 A, A 224, A 1%, 67-72, 1999,

Fo) obde] zAR A
Aol AT WA HEES P& A,
A 234, A1x, 77-80, 2000.

. Yonezawa M., Katoh N. and Takeda A.: Restorat-

ion of radiation injury by ginseng extract. J. Gin-
seng Science, Vol. 26, 436, 1985,

. Pegler D. N, Yao Y. and Li Y.:The Chinese

Caterpillar fungus, Mycologist, 8, 3-5, 1994.



10.

11.

12,

13.

14.

15.

. Takeda, A., Yonezawa, M. and Katoh, N.: Resto-

ration of radiation injury by ginseng. Response of
X-irradiated mice to ginseng extract. J. Ginseng
Science, Vol. 22, 323-335, 1981.

. Salovsky P. and Shopova V. : Synergic lung changes

in rats receiving combined exposure to paraquat and
ionizing radiation. Environmental, Research, 60(1),
44-54, 1993.

. Yamooka K. Edamatsu R. and Mori A.: Increased

SOD activities and decreased lipid levels induced by
low dose x irradiation in rat organs. Free Radical
Biological Med. 11, 299-306, 1991.

. Furuya T. M., Hirotani and Matsuzawa M. : NE-

(2-Hydroxyethyl)adenosine, a biological active com -
pound from cultured mycelia of Cordyceps and
Isaria species, Phytochemistry, 22, 2509-2512, 1983.

Pegler D. N, Yao Y. and Li Y.: The Chinese
Caterpillar fungus. Mycologist, 8, 3-5, 1994.

Li Y., Chen G. And Jiang D.: Combined traditional
Chinese and western medicine. Effect of Cordyceps
sinensis on erythopoiesis in mouse bone marrow,
Chinese Medicine J., 106, 313-316, 1993.

Liu F, Ooi V. E. C. and Chang S. T.: Free radi-
cal scavenging of mushroom polysacchaide extracts.
Life Sciences. 60(10), 763-771, 1994,

Chattejee R., Srinivasan K. S. and Maiti P. C.:
Cordyceps sinensis (Berkeley) Saccharide, Structure
of Cordycepic saccharic acid, J. American Pharma -
ceutics Assessment, Vol. 1, 114-118, 1957,

Hamada M. : Effect of Cordyceps sinensis (Berke-
ley) Saccharide. Extract upon anti-tumor activity
and tumor immunity, J. Kanazawa Medicine Univ,,
16, 46-54, 1991.

Kergonou J. F., Thiriot C., Braquet M., Ducousso R.
and Rocquet G. : Influence of whole-body gamma -
irradiation upon rat erythrocyte : lipid peroxidation
and osmotic fragility. Biochemistry, 68(2), 311-318,
1986.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

- 82 .

Hutchinson F. :
by ionizing radiation. Progress Nucleic Acid Research,
Molecular Biology, Vol. 32, 115, 1985.

Halliwell, B. and Gutteridge, J. M. C. : Oxygen to-
xicity, oxygen radicals, transition metals and disease.
J. Biochemistry, Vol. 219, 1-14, 1984.

Emerit J. and Chaudiere J.: CRC Hand Book of
Free Radical and Antioxidants in Biomedicine, Miquel
J.. Quintailha A. T. and Weber H.(eds.) vol. 1, CRC
Press, Florida, pp. 177, 1985,

Esterbauer. : In Free Radical in Liver Injuri(edited
by Poli G., Cheeseman K. H., Dianzani M. U. and
Slater T. F.). IRL Press, Oxford, pp. 29-48, 1985,
Bradford M. M. : A rapid and sensitive method for
the quantitation of microgram quantities of protein

Chemical changes induced in DNA

utilizing the principle of protein-dye binding, Ana-
lytic Biochemistry, 72, 248-254, 1976.

Laemmli U. K.:Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4, Nature. 227, 680-684, 1970.

Kirk R. E.:Experimental design : Procedures for
the behavior sciences, pp. 91(Seligson, D. ed.) Vol
2, Academic Press, New York, 1959,

whd 4= 7493, AAA, 21EH  Radioprotective effects
of red ginseng extracts on antioxidants and lipid
peroxidation of the liver in y-irradiated mice. Korean
Biochemistry, J. 26(2), 184-191, 1993,

IARA, AAY, o1HE : Radioprotective effect of
S-2 (3-aminopropylamino) Ethyl phosphorothiocic acid
(WR-2721)7} wrAbdo) ZAldE #AF9 = Al
U AE FEg g A< 8r A, A 2049, A L4,
91-96, 1997.

Yoshida J., Takamura S., Suzuki S. and Koshimura
S. : Potentiating effect of an extract of Cordyceps
sinensis (Berkeley) Saccharide on cytostatic activity
of mouse effector cells against tumor cells, J. Ka-
nazawa Medicine Univ.,, 17, 330-335, 1992.



