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ABSTRACT: Entomopathogenic fungus Cordyceps militaris is famous for its medicinal efficacies. It has been
reported to have various pharmacological activities such as anti-tumour, insecticidal, antibacterial, immunomod-
ulatory and antioxidant. In this study, we investigated the effect of the extract of C. militaris (MPUNS8501), which
was identified by the analysis of the nucleotide sequences of 5.8S ribosomal RNA, on the function of liver. C. mil-
itaris powder was extracted using hot water extracts method as time, volume and temperature and using method
as differential polarity of organic solvent. Each fraction was tested for the improvement of hepatic enzyme alcohol
dehydrogenase (ADH) and acetaldehyde dehydrogenase (ALDH) activity. The BuOH extracts (CME) had highest
activity which was used for the test of toxicity and efficacy of C. militaris. The enhancing effect of CME on the
activity of ADH and ALDH was much more than medicine, drink, natural tea etc. Thus CME promoted the res-
olution of alcohol and acetaldehyde in rats, inducing recovery to normal condition rapidly. Furthermore, oral
administration of CME effectively protected the carbon tetrachloride-induced acute hepatic injury as revealed by
the hematological parameters (levels of sGOT and sGPT) and histological observation. CME was ascertained to
be safe by regulatory toxicity studies of single dose toxicity and genotoxicity. These results suggest that CME would
be useful for the maintaining normal hepatic activity as a functional health food.
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H Uehdts wA fEishdeltt. A9E ZEo 2R gt oz 24 #F 2 OIS 2R S
@] AgdE Fe] APE ¥ 7R fAe] Apdaiat veRdt, @A SuEleAE 7099Fe] A SEskx
£ A5k Aol g3 Hx2 250 7E3ke dF=EA 7b HAE AL Qlom, mE-5F38l=(Cordyceps japonica)
A= ATHLee, 1998). F, FEoRAFE 229 ol A 9 W7 $281(Cordyceps militaris)E JEOZ <l
Pate] A g o 2 715 SRS o) 8ste AL A Aot 2 FAME wu)y] SFEEEa B
AEAE FASHAAN A, 55018 7AEL )l FS F2 Y| E(Lepidoptera)?] f5 Ex HH|7|E 7]
o o)Al wel olFS WHEIE stk dE2RE BF  FE s PN 28y AHE Y 23D
St2E SRHEXY EXV|8E vES So5hEglel 1y (Entomopathogenic fungi)®] YFO 2 AF A7} s

HAGEIHTE ), ADSS(hmAR), PV ERERE) A olFAL Ytk ol ©shEely B vlg
9 &0l Jlov(Jo, 1998), Bt (H)AL mEEE & AN HER AY midjE Se OE Tl vis) TR
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1998). A3 JTHO et al., 2003).
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AZI7E W2 LA S Fo] e F)e] 5 FF
(MPNU8105ye A3ttt AAolA AFg )7
5ot IFE AdF4E U198l chloramphenicol
50 ppme -2 Potato Dextrose Agar(PDAMRX|o] 21°C
oM 1087 viFRiTt. o]721S RS Zekiaso) &
A AFLAE MFS Fofl 2H ]l 2 FE ARRsled ¥
A= AAS AL FAA] FET AR a3 )l FEF).
AEAL = 95%, &% 16°C, Z% 500 Lux, 371
1000 ppmol| A 27047+ A ul &ALt

H7IMY BY

o5 F0E AT F71ME £42 ITS1, ITS2 & 5.8S
tRNA genes codingshs rDNAY Y-S EgAgo
2 FZslo] A YSIATHWhite ef al., 1990]. DNAE =t
A 0.2 goll4] DNeasy Plant Maxi Kit(Qiagen, Germany)
E AMESt FE31AL, 0.8% agarose geldllA E<lalsiTt.
PCR(Gene Amp PCR System 2400, Perkin-Elmer)
ITSSF(5'-GGAAGTAAAAGTGGTAACAAGG-3)4 ITS4R

THE KOREAN JOURNAL OF MYCOLOGY, 34(1), 2006

(5-TCCTCCGCTTATTGATATGC-3'y& primer2= PCR
premix(Bioneer Co., Korea)& ©]-8-3}d pre-denaturation
94°C/5%, denaturation 94°C/302, annealing 50°C/30%,
extension 72°C/1% 30 cycle, 72°C/7% %714 whgo
2 A3t PCR ¥H-E8 1.6% agarose gelollA Sl
staz, 2 M=% #2} QIAquick gel extraction kit(Qiagen,
Germany)E A5t @7 EREA] ARSI 97
Xg-& Bigdye Terminator Cycle DNA sequencing v2.0
Kit(PE and Roche, USA)°} ABI 310 auto DNA sequencer
(PE and Roche, USA)YE o|-&3t] BA31al, 2AE |71
X ¥E Clustal G mutiple alignmentZ ©]-&-3l] NCBI Gene
bankl]l TEE WHHZ] F 2 A FEF Neighbor-
Joining methodZ Bl 243} tHPark ef al., 2001].

AEHEE &Y

EFFE2 1008 AEE 7]1FESR2 500, 1000, 2000
mi®) 7L Z718 T2 40, 70, 100, 121°Ce] &£22
ZollA AZFEAIZE, 4XZE TAIZE, 1287h2 A8ES
ot el 2R de FEES oF3 F(Whatman
No.2), 327§ o]&3ld AXANHY. 7 8wFE
& dxpF o7 BAFFEVE o83l 40°ColA vEE
2 ZFE0, FYHZE o83k st v, A
FTEEH0E f718ME AANAY 2FEEE n-hexane,
CHCl,, ethyl acetate, butanol, £ £AZ2 49 X}o]
o wet BA1A E23gS st chFig. 2).
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Fiel diste 4z 1ol E A 5
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Salmonella typhimurium 3|2E]d 274 5 TA9S,
TA100, TA1535 % TA1537¢] 47H9] @59} E. coli EH
EXR 274 459 E coli WP2uvrAE o3l EAE
o] QF-E AT A FELS AFHSE 2ol
A = 5000 pg/plateS HTEEEZ 1000, 500, 100 2
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50 pg/plate SHAIR 35150, AHY
AP (S9H)S A &3l AAsFaT.

B(S9-)sh At

UZCHAIY BB S48 &£H

Alcohol dehydrogenase(ADH)2| &4 WEEA (1M
tris-HC1(pH 8.8), 20 mM NAD', ethanol, DW)ol] Al&9}
ADHE %37 30°C, 557+ vhe-38h vhg, SE 59F 340 nm
oA FE=e] WEE St Acetaldehyde dehy-
drogenase(ALDH)®] €742 ®ESA(1M tris-HCl(pH
8.0), 20 mM NAD', 1 M acetaldehyde, 3 M KCl, 0.33 M
2-mercaptocthanol, DW)9| A|52} ALDHE Y37 30°C,
587 WSS v, 5% B¢ 340 nmollA F3=e] ws)

otMEgH3I= £
g dEEd a3E Yot
=71 Sprague Dawley(SD) Rat 4712} Al
(Gl :%%—’F G2 : AEEA 250 mg/kg, G3 : AAL
"4?} G4 : DA} dyrojeriyel disied Zhzr 20mi & A
Fatgleh. v St AAAI APFE 25% e
18] AFFoistar, 308, 1417}, 3A17E, eAZ7kA B
oA 5 sute] ¥ FA-g 3fF 3t TZF ethanol Z
A% acetaldehyde®F S ZA5IG T €5 4T T oA
Ed= &S 98k Wk (potassium phosphate
buffer(pH 9.0), NAD" tablet)] & H7}ated 20°C, 3
F2E BEEAIZIAL 340 nmoll M FEEE SASHAL The,
YAl ADH F3 ALDHE 718kd 20°C, 5870 ﬁ&—o—/\]?ﬂ
340 nmolA FFLE=E 249 THA2). % alcohol &
acetaldehyde S5 T3 22 202 Altels o

o

o offt rulo u

Alcohol =0.7259/3.6 X AA,

AA =sample (A2-Al) — blank (A2-Al)
Acetaldehyde = 0.7158/3.6 X AA,

AA =sample (A2-Al) — blank (A2-Al)

b ek AdEES] a8 o
—’F%i Sprague Dawley(SD) Rat 47}
SN, G2 : AFGE e 24, G3

AdEd 250 mg/kg, G4 : FAN=E2)el] et =zt

g ARsan. HEAAL 747 e3A dEEE
o] SEH oA AMAZEAE |48 EF3 &N 2 ml/
kgs BR8] Rt AldEde SARSEL
Fo 4/\17& A, Fof| AFFAsl, A LER Fo 48
AIZE 3 A" 2 mRF st 7HHo}°4 o 2 7k 228 A
# P’it} GOT,

GPT =3 %75‘@923“4

ol

FEX H7(MYE BME S8t HOl7| S5stx =el
B Ao ARg-gE Wd)7] sFetee WA F
& E23iA FRd AYFEF FolA] internal transcribed
spacer(ITS) ¥4 ?37] A EAges Eelsdd As
olg-3lgitt. ITS 249+ 7}—‘?—H]94 588 ¥E3sle] o
500 bp AR, 2 G7IMES AAs7|7F HEstaL, A7
Q1 Aeke d w7 wﬁ?:"ﬂ g #5 g = st
B EFE ool A, A JgEert et 4
7INEe] TS PSL*S}b %, &9 BFo Hgai.
O, BEAe] #2585 TAE zf:;-sw ooz
ITS F-9jeke] 747}9] H]JJJ} 7V, ol gk FH-st A4
HEka 7H A OE TY S T E &k W?“i?ﬂrﬁ]
Aol fradh FEeR YrHEA SAHChen er dl, 2001-
Park et al., 2001]. MPNU8105 @55 A4 g

o 7hg B, 1TS9Y B7INDs] AT LA

(a) 1 gtgaacctgec ggagggatca ttaacgagtt tteccaactec caacccttig
51 tgaacatacc tatcgttget tcggoggact cgoecagege ctggacgogg
181 gcctgggegg cggecgtegg gggecccaaa cactgtatet accagtttit
151 ctgaatccge cgcaaggcaa aacaaatgaa tcaaaacttt caacaacgga
281 tctcttgget ctgygcatcega tgaagaacge agcgaaatge gataagtaat
254 gtgaattgea gaattcagtg aatcategaa totttgaacg cacattgege
391 ccgecageat totggeggge atgectgttc gagegteatt tcaacceteg
351 acgteccetg ggggatgteg gegttgggga ccggoagcac accgocgeco
491 ccgaaatgaa gtggeggece gtocgoggeg accteotgegt agtactcecaa
451 ctegeacegyg gaacccgacg tggocacgee gtaaaacgee eaactctgaa
581 ecgttgaccte ggatcaggta ggaatacccg ctgaa

(b) L edodes

P.ostreatus

C.brittlebankiscides
C.japonica
C.sinensis
C.ophinglossaides
. scarabaeicola
. nutans
C.pruinosa
C.tenuipes
Comilitaris DOS2
C.militaris DQA43
—  Comilitaris D048
C.militaris DQA1
C.militaris DO47
C.militaris DO45
C.omilitaris DQ4G
C.militaris DQ43
C.militaris DQS0D
C.militaris D44

0.1

Fig. 1. Phylogenetic analysis of genus Cordyceps based on the
sequences of ITS1, 58S and ITS2 rRNA region.
Phylograms were generated from 1,000 bootstrap
replications from data recored as described in materials
and methods. a) ITS1, 5.8S and ITS2 sequence of
MPNUS1035, b) Phylogenetic tree of genus Cordyceps.
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BB Cordyceps militaris®t 7 =2 A4S
T E A2 FRIEHATHFig. 1). 7180l Hu7] 53}
25 453 oo AtpidE A widrge ¥4
ok st 2 A B 7138485 M Bl 4A 28

l

He A4S Rgoy, A2 B3 FFE 103 Fn
Aol = A FL3 Mg = 2L 2okol A
Ag kst

THEL Yukgoez /\l%'l{— o2 Algfsgie
g a2 S Juiststrl HEA 2=
o} ], FEdFg, FEAI17H %—% ggstete] & A
EAE g vz, FEAFe 500 ml/100 g
< 71E3t ZHzd X2, X4 volumel ® F&3Iom,

(a)
C.militaris dry weight 100g
Organicsolvent | 3times extraction of 250m! MeOH for 3hs at
40T
‘Water extract Pre-extraction 9g
{ 2times ion of 250mi DW and Hexan
water fraction
2times sepamlmn 250ml CH,CL
water frachon
2times separation 250ml EtOAc
water fraction
2times separation 250ml BuOH
cM Hexan fraction  CH,Cl fraction EtOAc fraction BuOH fraction water fraction
“42g) Qg (04g) 43g) (23.6g)
water CM1440 CM2140 CM2440 CM2470 CM24100 CM2740 CMI1240 CM4440
extract (2) 23.39 32.41 36.12 29.14 36.84 29.61 33.15 33.52
ADH activity + ++4 + + - + + +
ALDH activity + bt - + - + + +
©
organic solvent CMW CMH CMC CMA CME
extract (2) 23.6 4.2 2 0.4 4.8
ADH activity - - - ++ PR
ALDH activity - - - ++ 4t

Fig. 2. Extraction and separation of Cordyceps militaris by

water and organic solvent (a) methods of water organic
solvent extraction, (b) ADH and ALDH activity of
water extraction, (c) ADH and ALDH activity of organic
solvent extraction.
*CM1440 : water 500 ml, 4 hour, 40°C; CM2140 : water
1000 ml, 1hour, 40°C; CM2440 : water 1000 ml,
4 hour, 40°C; CM2470 : water 1000 ml, 4 hour, 70°C;
CM24100 : water 1000 ml, 4 hour, 100°C; CM2740 :
water 1000 ml, 4 hour, 40°C; CM1240 : water 500 ml,
2 hour, 40°C; CM4440 : water 2000 ml, 4 hour, 40°C;
CMH : n-Hexan fraction, CMC : CH,Cl fraction;
CMW : water fraction.

X1 volumee & ¥ filterr] o] 2o} AT &
S A7) oYY, X4 volumeS o] Zol P4 ¥
AZEo] AR FEATHE 1, 4, 7, 12NZF T2 &
sle] 2 4L vwsgoyt, 7+ EAA testd] AHE
E o) 17} o] &2 EFA% 2o AdEHATh
T3 FE22TE 40°C A5 7 FAsislon, 59
100°C o]39] &M= 280l A9 Yehr &
Ut} E5FE 27 T FELEAF] TP =2 2
X2 volume, 40°C, 177kl ZHE 32 golRiT}.

718 FE2L WEgE 2FFE et 349 o]
of whe} kst SR @AIF 25 AW SATHFig. 2a).

Az Wbul7] 33k 100 g2 HEE250 m)E |83t
o] 33] WHE F&3le] 369 ZEES IEIUY. 25
E-& Hexan(250 mHE.= 23] TE]S]-O% Hexan ¥-83 5

FEoZ Bt 5 ES CH,CI(250 mhE m

g3sle] CH,Cl £33 ’“Z‘ﬂ—‘%_i i) 5%
£-& ] EtOAc(250 m)Z 23] #2]5te] EtOAc 837
FERECR Bt £35S BuOHQ250 mh=
23] £2]ste] BuOH £33 ERE o2 Fejatitt. 47
oz 36 g9 £FEENA Hexan ¥38 4.2 g, CH,Cl ¥
8 2g, FEtOAc £38 04g, EEF 246g BuOH £3F
4.8 g& YE3H4tt.

o B SLMNE 08E REYE YoM
5 L 471802 228 242l 2EES P
g Ei ADHS} ALDH®| &4 84& 9t 5

7t AZIEA El 3}92‘4—(F1g 2b~c) G FEEANE
ZFZFo] ADH$ ALDH
94 &4E 7}75} 23 °] %‘7}’\]3331 v7lﬁ'“ﬂ FEEIAME
oA & B4S eI
—|3] EP&LQOJ ME oA o]—r FS7HE et
Wol, o] B3I FHOE in vitro &4 Q"‘U\]?‘:i 2 n
vivo AAZALEHY B A3} 2FFM BeATE
pii=

#o7| &5l £&5829 otdMn °§é§

SHMMAIE: WH7] 5%3= BuOH FEE tsfA]
ARF D39 FRASAA D EGASI™IANNE S S35t
EA4E glsiatth. @3 5AE M HALEF 2000 fmg/
kg/dayoﬂ)ﬂli BAFES 5 duEA, AFHs 2 214

A FolA by EAo] veRbA] esith RidE B9
%ﬂﬂﬂowﬂ A B Agol] AM-E APERLS TA9S,
TA100, TA1535, TA1537 2 E. coli WP2uvrA®] 5 &35
£ A A8 AL S48 (+89) EFolA
LAYz HEke 7+ T AEre 224 A
A FAE F7E3e JehiA g9t S, Hur] 5%
3% BuOH FEE2 F7HA 23849 %* Al A
3 BA4-2 Hojx] g obdd EdYS U

Fid

¥
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3 AHSHAHFlg. 30). ALS] SFNLE WA A 1]
23lo] BAL] M EG ANSIORE, SHN2g Sl
Ctel ERER, FFIA SHHEEOE Dokt
shAE DAl Aok S8, o SN HAelag
=YL EAS) 52, HAFEEE 0|8 B

1000 pg/miok ¥ Wsle] 45L& Hafsle 49 A4S
ST 8 Bl AlE S AF SolMe
BARY] A|Fo] ADH E4J°] 1095.05%% 7V B9, =
232 100 pg/ml, 500 ug/ml, 1000 pg/mh= 242} activity
7} 1805.04%, 3802.09%, 2666.77%= AlZ9] AEFHT}
ADH activity”} 95314 & 102 3ol U},

4000
(a)
3000
2
=
g
$ 2000
=)
<C
1000
0
600
(b)
500
z
= 400
k]
<
X
I 300
<

200

Fig. 3. In vitro (a) ADH (alcohol dehydrogenase), (b) ALDH
(acetaldehyde dehydrogenase) activity test existent in
liver. A : natural tea; B : medicine; C : drink; D : medi-
cine; E : drink; F : dirnk (mushroom extract); CME100 :
C. millitaris extract 100 pg/ml; CMES00 : C. millitaris
extract 500 ug/ml; CME1000 : C. millitaris extract
1000 peg/mi.

—_
—_

T A YoM 5A4S dod|s oMHEYH=E
Ealete a9 ALDHY 43¢ drpt 93-S vxle
2] BlwAd 3 tH(Fig. 3b). Fig. 3aclA ¢}t mizzix| =
A% =l e A~FARY S5 U1 nwAy
3L, AEAE Foll 4 DAY A Fo] ALDH activity7}
360.22%= 7HE =4 Wkl $FskE 100 pg/ml, 500
pg/ml, 1000 pg/ml= 242} activity 361.00%, 440.29%,
444.46%2 Hx 1500004 5] o]} we BAIIES
Uehfoitt o) E43tE ALDHS Fgo=z E4&53
ol P ELEF| = WEA o EAIS R A= Ao
2 A"t

MAHLH sS40 Soto] 28 4 cHAtE2: A
A dojues WSS doliry] 98 AXF 2de
o] g3le] £HE Yoy, FATHANHIAN 2L T
< BAE AALY] AA A9l DALY s3sA8 dnkefor
F =y3aE 533% FEEY vL APIUHFig. 4).
Fig. dat= AXFollA GIZEE AHAFS & A7HEE Wt
ZAT A= ANF AF
Z DAY AFol oAt Fo] UFE FE 212 pug/ml=
3t FFt2E

QL
|
0
=
l'UO
i
o
1o
off
i
rE
mm

Acohol (48 /mf)

2500
2000
1500

1000

Acetaldehyde (ng/ml)

500

TIME

Fig. 4. The change of (a) alcohol and (b) acetaldehyde in
blood after administrating alcohol. 2 : Natural tea; [1:
distilled water; l: C. millitaris extraction 250 mg/kg;
O medicine.
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AW dHE&E we] ZANAFE AL ¢ .

Fig. 4be= AA] WollM dAZ 548 doe oA
g o] sx HslE vl ef@.fﬂ Zoltt, 484
AN FF0l é’%%f‘?i Al A E <]
S} DAY s3EAag YNt =yaE
At o= 1“3?1 BERAES 6A7 F9 oA
EYUBE F57t 342 ng/mi= 38) o)A 18]3l ERAMA)
3 AAF AF-2135 ng/ml, DA} AEL 158 ng/mlZ 56
ng/mlo] W& 5531271 1.54) o4 oAEYY = &
EoF mEA GHAoH, o= s %37} mE A7)
BAEg A 4 AT}

B2Y 7H &4 4 ZdoMel g3 2+ &4 mdz
AR MR AE V15 7EA, S, X84 b7k
4 2 ORFEA AA e 23AE gy AL A
e dE °ﬂ SollA BN AR T
= AA7E 2094 @9 Fehe] AA (halogenated
hydrocarbon)olxl‘ﬂ(ﬂett et al., 1973) AHE H1EF 7
o] & o tisl] 7 48 doge Eye Ed=
dEA AUk AlgsteAe] 7F B4 Zer)Ae s
A3 g do] £5 o] R 9tk (Recknagel, 1959). A4
steAE FoJdhd AA Y] endoplasmic reticulum(ER)
AWM AtdstEAe] S B3l (homoytic cleavage)ol] o
3 W~ tAHEAQ trichloromethyl 72 7)(CCL)E A
HAWPoli ef al., 1979) & At slghart A4} vhe
shH A€ trichloromethyl peroxy -#2]7](CCLO0)E
2kstE|o] Akl yHEE S} X WAk ksl Ao s
A oEre] Sz} J15E ddtty Busoe] thDi
Luzio, 1973; Dinis ef al., 1993; Goodman Gilman, 1985).
MBS FoiA] dojus 7hEAe] FE FREE o]
732 A7 H(hepatic steaosis)} 740 F44 A Hhepatic
centrilobular necrosis)°|tHBrown et al., 1974; Kim, 1998;
Plaa, 1991).

At R FIAZL FA 7 S8 B B2k
FE8 B3 g9E Fig 5o Y. 6539 A
SD Ratdl] £2]B0A7} E33 AMESIEAS Eoh) &
o5t H4d 71} e FEIAT. 12~16717F A4
P A, ol FFIE FE2E
(250 mg/kg/day)% %5048 % %%%él o] 484

= /‘}"E‘i}“/’t‘i S0 A 1J %t GOT 1997.33
U/L, GPT 1090 U/LE @AHA F718I93L, olol| tha}
o Fduix EZQ silymarin £ GOT 560 U/L,
GPT 542.67 U/LE 749l vlsl =27} 5904 A 7+
2% AL Y F gdon, B3R F2EY Boge
GOT 37533 U/L, GPT 223.67 U/LEM Silymarin® th=
Fdgays e =1

TS o] o]l ek 7he] 2F ] EA4AT 2 A E

Fig. 601 UERIQIT,. S22 095t Aldsberag |42

3000

@

7 2000
B)
'_
@]
o
1000
|
i
77
0 1
A B CME D

1500

(b)

-3 1000

GPT(U/

A B CME D

Fig. 5. The change of (a) GOT and (b) GPT in blood after
administrating CCl,. A : negative control; B : CCly;
CME : C. millitaris (250 mg/kg); D : silymarin.

A-E 2 ml/kg(body weight)e] 832 SD rat
EFAs] S et SAREEA
ZE)S

5 Fo 4847+ &
B2 n}F 3} 7Hi 04 EdgEat: }01 ZA¥=x7(Glission’s
capsule) T 2GAk] B, AGAke] AH, AgAlelER
& 2fAo] 7HEE (hepatic ‘triad) o] BolA 7+ %3
S AFs 3 H&E FAste] &38R Fig. 6a F4
7+o] Ttz 23 o] et B Z2A] o] F5
o] Kol I 7HAo] AL, AEIo] F2 F A
29TEE #E 2 Utk Fig. 6be SAEZ A4
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(c)

Fig. 6. The histological change of liver tissue by administrating CCl,. (a) normal liver tissue (b) damaged liver tissue (c)
administration CME liver tissue. All the tissues were observed by Epiflurescence Microscope, West Germany Co. Ltd. x40.
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