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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 (MPUN8501), 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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w5 1S 99k A7IME 42 ITSI, ITS2 % 5.8S
rRNA gene2 codingdl= rDNAY Y-S SIS
2 ZZalo] A&t White er al., 1990]. DNAE 7}
21A] 0.2 gollA] DNeasy Plant Maxi Kit(Qiagen, Germany)
& AHg-sle] FE31AL, 0.8% agarose gelollA] EH1EIITE.
PCR(Gene Amp PCR System 2400, Perkin-Elmer)
ITS5F(5-GGAAGTAAAAGTGGTAACAAGG-3")} ITS4R
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(5-TCCTCCGCTTATTGATATGC-3""S primer2 PCR
premix(Bioneer Co., Korea)E ©]-8-3}] pre-denaturation
94°C/5%, denaturation 94°C/30%, annealing 50°C/30%,
extension 72°C/13 30 cycle, 72°C/7% F714% wHsS
2 A&ttt PCR W35S 1.6% agarose gelollA] 1
slar, Al M=E 22} QIAquick gel extraction kit(Qiagen,
Germany)® gAste] F7|M Aol ARESFATE 7]
& Bigdye Terminator Cycle DNA sequencing v2.0
Kit(PE and Roche, USA)9} ABI 310 auto DNA sequencer
(PE and Roche, USA)E ©]-&3}o] 438k, 2R H7]
18-S Clustal G mutiple alignmentS- ©]-8-5}] NCBI Gene
bankell SEE WHH7] F 2 FAF FEF Neighbor-
Joining method2 V]2 FA] 3 T Park et al., 2001].
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=
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ml®] SFT% A7HE v 40, 70, 100, 121°Co] &%%
ZNA AZPEAIZE, 4X1ZE TAIZE, 122070 E A6
o 7t AR 4 FEES 933 $(Whatman
No.2), 3471x7]&5 ol&ste] AxAA. f7]&mF=
& YAE R SFFZIE o8] 40°ColA HTRE
YHZE o]&ste AR the, XA
TEHOE F718E AASNAL 2FEES n-hexane,
CHCl,, ethyl acetate, butanol, &9 A2 442 2]
of upet ©HAA 8-S WSk Th(Fig. 2).
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AR FOA @3] AR A Yehbe 54S doti
7] 98 5% ICR mouse(UEFZ)E oz AFER
2000, 1000, 500 mg/kg/Day AR 2 S RTL(DHF
SHT)el gkl o 42 10vlE st 55
AEe A7 Hol 8R1S HAstslr] flste 21F9]
oFEebA Aol -] ALSk= good laboratory practice(GLP)
zAste A ATk AldEd AFFA = AT
ke A &Aoo 7 AFsaL, A= A ZE, o
AHE= v Ha 134 AFete] HF 1497 o)

Atk AT = Al 2 wE AL AldE

o o Y (T 1o

DMEST SHOAIE

ANFEF o] FEA f5EE A 98l
Salmonella typhimurium 3)2~E]d Q74 5 TA9S,
TA100, TA1535 2 TA15379] 4719] 42} E. coli EF
Ed 974 #52 E. coli WP2uvrAS o]-&3le] &
dAwlo] o RE AT APELS AFAEE Kol
2] &= 5000 pg/plateS AXLFEZ 1000, 500, 100 2
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50 pg/plate SHAIZ B4R o, 25 W (S9-)et tiAtE
3P (3902 285t0] AN

ASChALR} G G4 EH

Alcohol dehydrogenase(ADH)S] &4 ¥Hg-d(1M
tris-HCI(pH 8.8), 20 mM NAD’, ethanol, DW)°l| A&}
ADHZ W3l 30°C, 537k Rh&-3F Uy, 5% &<t 340 nm
oA Fd=e] WslE =433t Acetaldehyde dehy-
drogenase(ALDH)®] &/ WS (1M  tris-HCI(pH
8.0), 20 mM NAD', 1 M acetaldehyde, 3 M KCI, 0.33 M
2- mercaptoethanol DW)ll A|52} ALDHE %3 30°C,
E7F w3k U2, SE B9 340 nmol|A &3 =e] Wk

g 233,

(@]
r

BHENAM 83 23 ¥ otk I °*E1I6|E £X
AR FoM AFEZ os dFEE| aHE Yol ]

e 6—1‘33 471 Sprague Dawley(SD) Rat 47119] A9
(Gl : 57, G2 : A19EZ 250 mg/kg, G3 : AAF A
°q7<]' G4 DAL dykejekEyel| tiste] 242t 20mtE] & A
sttt vhbd St AAA AAE =] 25% ok
13] 74578k, 303, 1417F, 3A17E, A7k Eof
oA 1 st S AfFH k] EF ethanol %
8<% acetaldehydedS = 0]-2113]-. HE IF £ oA
EdUsl= 57445 #l8te] whg-l(potassium phosphate
buffer(pH 9.0), NAD® tablet)oﬂ geolo H7la1e] 20°C, 3
74 9EA17) 3 340 nmol A SEEE S 3HAL) tH
ThA] ADH ¥+ ALDHE 78k 20°C, 5%7F whg- ]74
340 nmolA T2 =5 =439 tHA2). @5 alcohol B

acetaldehyde &5+ thad 22 2102 ALt

m[o n

Alcohol =0.7259/3.6 X AA,

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

A A =sample (A2-Al) — blank (A2-Al)

g l Ao FIE g
0}17] -‘?4?3‘]'04 G'Zrej %’i Sprague Dawley(SD) Rat 471}
DU, G2 1 ARESHERA SR, G
250 rng/kg G4 : FxEZ)l st 72t
7”}312 Akt 1AL 797 w3l A E
ol 9—359_%14' AASEAE 1482 S 2 2 mil/
kgs 5705—045?04 st AlAEES =4
Fo 4A7E A, Fofl BAa-Rodstarl, SAFEEE Fol 48
AlZE 3 oflHl 2 Wi ste]l JiEste] g 9 7k 235
Fstdok, Qe doAsieEA 7171 FA GOT,
GPT 55 S4siolen, x=ddd 343 1k 242
H&E dwtgAo g #aks19] ).

RUX AV |MYE 2Mg Sst t'._‘||11|7| E§5LL &0l

2 AFollA ARSEE HiH)7] SFstRe WAARS] &
< FElA gRE AT %Oﬂ}ﬂ internal transcribed
spacer(ITS) ¥ A7IME BARoR IRITHE A
o]-&&Fitt. ITS 9= 7heule] 5885 *3tstod]
500 bp AER, 2 A7IMLE AR SI7F s, A]
A9l Aok @ W) i tee) #ES eR &
= wREE Aol Agete, £ WSS we o
7IMEe] Hgdds s F, £ Rl HEsh
Tl Hi*%l E2 58S F9E Xl donw
ITS F-9loke] 7tz}o] vyt 7hsahe, ol gk F45-gk A
Bl oz 9 2ol £7) @ &7be] ST
Aol Frad FHer HriEy QAE}[Chen et al., 2001;
Park e al., 2001]. MPNUS105 &5 AAA ] %5&
o] 7]_;(1. °—’,‘40]—U4}\1 ITSogo_lﬂ oﬂﬂﬂ;ﬂ&l/] 7:"531-/&361—24

) J°

(a) 1 gtgaacctgc ggagggatca ttaacgagtt ttccaactcc caaccctttg
51 tgaacatacc tatcgttgct tcggcggact cgcccagcge ctggacgcgg
181 gcctgggecgg cggoccgtcgg gggccccaaa cactgtatct accagttttt
151 ctgaatccgc cgcaaggcaa aacaaatgaa tcaaaacttt caacaacgga
281 tctcttggct ctggcatcga tgaagaacgc agcgaaatgc gataagtaat
251 gtgaattgca gaattcagtg aatcatcgaa tctttgaacg cacattgcge
361 ccgccagcecat tctggcggge atgcctgttc gagcgtcatt tcaaccctcg
351 acgtcccctg ggggatgtcg gcgttgggga ccggcagcac accgccgccc
481 ccgaaatgaa gtggcggccc gtccgecggeg acctctgecgt agtactccaa
451 ctcgcaccgg gaacccgacq tggccacgcc gtaaaacgcc caactctgaa
581 cgttgacctc ggatcaggta ggaatacccg ctgaa

(b) L.edodes

P.ostreatus

C.brittlebankisoides
C.japonica
C.sinensis
C.ophioglossoides
C.scarabaeicola
C.nutans
C.pruinosa
C.tenuipes
C.militaris DQ52
C.militaris DQ43
— C.militaris DQ48
C.militaris DQ51
C.militaris DQ47
C.militaris DQ45
C.militaris DQ46
C.militaris DQ43
C.militaris DQS0
C.militaris DQ44

0.1

Fig. 1. Phylogenetic analysis of genus Cordyceps based on the
sequences of ITS1, 5.8S 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
MPNUS8105, b) Phylogenetic tree of genus Cordyceps.
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Bl RN A Cordyceps militaris$t 7F8 =& XS
e Ao IRIEATHFig. 1). 71Eel WHl7] &3t
ZE2 4-53] olde] AtimigES sk wireel w4
gk et B A meFe] 719 Al ol fA 24
e AEe Ho, AR Feld AR 108 BE
ARHLAE A0] FAT WFFE 9 T 2F0] A

AE AT,

x& =U

GrFE2 o R AMgshs WHoR Ao
o, FEHE IR IS Fdskel] fEA 2E
o} ], FE2NF, FEAL 58 st & § A
FAE TS v FEATFE 500 ml/100 g
S 7)Fste] Z7; X2, X4 volumel® FE3IoH,

(2)
C.militaris dry weight 100g
Organic solvent 3times extraction of 250ml MeOH for 3hrs at
40T
(Water extract Pre-extraction 9g
i 2times ion of 250ml DW and Hexan
water fraction
2times separation 250ml CH,Cl
water fraction
2times separation 250ml EtOAc
water fraction
2times separation 250ml BuOH
CcM Hexan fraction CH,CI fraction EtOAc fraction BuOH fraction water fraction
(4.2g) (2g) (0.4g) (4.8g) (23.6g)
water CM1440 CM2140 CM2440 CM2470 CM24100 CM2740 CM1240 CM4440
extract (g) 23.39 32.41 36.12 29.14 36.84 29.61 33.15 33.52
ADH activity + +++ + + - + + +
ALDH activity + +++ - + - + + +
(©
organic solvent CMW CMH CMC CMA CME
extract (g) 23.6 4.2 2 0.4 4.8
ADH activity - - - ++ +Ht
ALDH activity - - - ++ +Ht++

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, (¢) 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 m/, 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;CI fraction;
CMW : water fraction.

X1 volumeS F= £ filterr] ¢&Fo] Zto} AT =&
< A7) o1H YT, X4 volumed o] Hol 24 A
7, 147 A7t

et =
100°C o]/¢¢] FEENM = a487d0] Ao UrEP/} ] &
Ut E€5E 2 T aagyo] M e 21
X2 volume, 40°C, 1A17Fl|lA] L3 & 32 go] T}

F7180 FEL ek 2FEE tste] S x}o]
of we} thgst Sl 2 TAIA FEE AlAsIATH(Fig. 2a).
Az3 HJ_HV] B0k 100 g& WEHE(250 mlyS o183t
o] 33] NHE &3] 36 g0 2EFES I53ATh &%%
£S5 Hexan(250 m)) -2 23] £2]3}] Hexan ¥83} 5
FEo 2 Btk 755 CHLCI(250 m)E m

g3t CH,Cl w83 3 5E2& Fgsiitt. 75+
S THA] EtOAC(250 ml)E 23] 225l EtOAc 87
89tk FERES BuOH(Q250 m)=
23] ¥-a]3te] BuOH ¥-83 B2go=w Basiqict. A3
o= 36 g9 2FZ=04 Hexan w8 4.2 g, CH3C1
3 2g, FtOAc 38 04g EFF 24.6g BuOH £%
4.8 g2 F53kt

FOIA|E
50 thaliA
% vt 5

i E‘oﬂ/qu
%Ol ADHQP ALDH
FEEINAE=

‘:"ﬂ‘ﬂw & B9 tehhith

ZH HH S2EHE 0|88 REYE
=

R 242t 3

» ”HN’ JW'

53] —‘ﬂr%%zl MESA o} & BH571E veh
Wol, o] #8e

S ZFACZ jn vitro I2EAANE E in
vivo /‘@xﬂg gy 2 Ay A FX gEATE

O]'ME]'-

°W’SP—} "4
% BuOH F&E91 tslA
EAHIANE S Fote]
WOM # 7-8-% 2000 fmg/

O%LTO# = ét&’;‘“, st 2 F4x
EOM ol HAo] vEhA] ekt mIAE H
AWolAE A & Aol ARE-E AlEEE2 TA9S,
TAlOO, TA1535, TA1537 2 E. coli WP2uvrA®] 5 #F
E AR A (-S9)F A A3 (+S9) EFellA
SAUZET viste] 7F Fd HEwdlAe] F2Y A
}‘6] -{,‘—Z]-L; <7 o]:)\].__ L]'E]"’HX] 1—‘6}/1-‘:]' =, tﬂtﬂﬂ 071
3t% BuOH FEE2 F7HA 23zd SA4AIHNA 5
et 54 HolA] ge e EHYS EUE 9

Ho|7| 853t —’F—%§°|
CHHMAIE:
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et
¢ sl cigt &2 Jédial 549 ADIE
1 dvh} ZMIAN 2T2E wel BejsheA)

24 13
o A tH(Fig. 3a). AAMS] 334 HA 25 v
Z3ate] BAFS| T 23]5-§ AHejokE, S s 4

CAHe] 25, oFolA S8R okt %‘vﬂ
nRAl= DARS] YRECIORE 28, oF= FelA SFE A
AWM= AAR] EAFe] =84, H1 NFEZES o] &3 FA}
9 FHNALE =YAE FFSHE 100 pug/ml, 500 ug/ml,
1000 pg/mio} ¥ wate] G328 Fallsh= G 4
S7H7IE T8-S Hlaskith A1 52l Al SelAe
BAFS] A|Eo] ADH 49] 1095.05%= 7Fd =43, &
3% 100 pg/ml, 500 pg/ml, 1000 pg/mh= 22} activity
7} 1805.04%, 3802.09%, 2666.77%= A%< AEHT}
ADH activity’} €53t =2 Z 02 o] =AU

ofo
o
s

u

4000
(2)
3000
2
=
g
= 2000
()
<C
1000
R o D < < ng Q$p O
Q
€§y \gb O
O
600
(b)
2
=
©
©
T
(=]
<C

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 : dimk (mushroom extract); CME100 :
C. millitaris extract 100 ug/ml; CMES00 : C. millitaris
extract 500 ug/ml; CME1000 : C. millitaris extract
1000 pg/mi.

—_—
—

_Efi Zﬂ "H"ﬂ/ﬂ A4S o= HEYHEIEE
2%l ALDH®| &gl drpht &S vxl=
e?ﬁ ’5}“‘3}(F1g 3b). Fig. 3acllA <} nlz7A &2

mE 7 Y A~FAY] S8E giato 2 v waly
, A FAE FollA DAl A|Eo] ALDH activity7}
360.22%= 7HE =4 UL k2 100 pg/ml, 500
g/ml, 1000 pg/mi= Z¥2} activity 361.00%, 440.29%,
444.46%= FH A 1581004 sl o] Ee BAHFTIHES

Pﬁ

JERRGI) ol #4318 ALDHY 8oz S48
Q) OPHELHF =} WA ol EAe ® ATHE Ao
= Amad.

MAY S0l S7l0 ofst ¥ hAERE A
o4 %Jomw RS PFE Polus] 98] AR 2D
olgale] %HE oy, EAPHAUIN B &5

HE AAbe] A A} DAFe] G3a|as Aubelo}

o
=
F 5938 $F5x FEES v AASAHFig. 4).
Fig. 4ax= A FolM LI LS XFH3 & A|7hd g H3}

=2 d
ale AW g3 FeuslE 249 315153 A AlF
% DAR AFol 6AIT 9 UHE FTE 212 ﬂg/mli

-

SHEZA SE7F A Wk}, o] ﬂ%o}oq FFot=
A7 o] IS FETt 86 ug/mlZ ERAL AFel B]sﬂ

—&—DW

800 —&—CME —&—D

Acohol (#/m)

TIME

2500

b

®) ——A —E—DW
2000
—&—CME ——D

1500

1000

Acetaldehyde (ng/ml)

500

0 1 2 3 4 5 6
TIME

Fig. 4. The change of (a) alcohol and (b) acetaldehyde in
blood after administrating alcohol. A : Natural tea; [1:
distilled water; B: C. millitaris extraction 250 mg/kg;
O: medicine.
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A & = =3
Fig. 4b= Wﬂ Hellx ARz 54 % 2] 0 7)= o E
drs|=e F% WstE Hlw AT Zoint. magA
Al A i*o“ol =44 *]T-&“ﬂxﬂﬁd AXFe] A A}
o} DAFY] 38 dNeloRE =YAE vy o
Atk AR 25U EFATE A7 o EFo
EQUH 3= FE7t 342 ng/mli= 38) oA 223l ERAMA)
F3 AAF AFL135 ng/ml, DAF AFS 158 ng/mlZ 56
ng/ml°] W& EF38t27F 150 o} oMEUH S E &
S7F wEA dHA o, o|& Qs K3F7F WE Al7H
iSRS = AT

24 2 &4 7Y 2HoMe g 7 &4 Y=
ARE-EE AL St AT THE] A, &, X84 BTk
4 2 S Al s AR de] ARSEolR A
WEEstrg] vE, ofk oA EApf o] FAaYR ®
= A7 gER7A4 xgkE o] AA (halogenated
hydrocarbon)®] A Tt(Ilett et al., 1973) AFES U3 7
o] BE Fof tisf 7 &S 4ol dEAR] EEE
dHA AUk AlFstEe] 7F 54 Z8713e 51EH
A2 g3)de] 5 o] F3L th(Recknagel, 1959). AFY
3terA s Folahd AAEe] endoplasmic reticulum(ER)
o| Al At stetae] THd 3l (homoytic cleavage)ol 2]
3 vES dAERER] trlchloromethyl #+2]71(CCL)E thAk
ZAY(Poli et al., 1979) & AMFs}erA7} b4} vhS
3l A4 ¥ trichloromethyl peroxy -f2]7](CCL,O00)Z
AbstE|o] Al zute] Ty st Aihs ksl Ao R
AoEre] Fx8} 7leS Bgtial BarEo] QUth(Di
Luzio, 1973; Dinis et al., 1993; Goodman Gilman, 1985).
At St Fofr] dofuhs 7130 FH e R-EHE o]
2 AW H(hepatic steaosis)2} 7Fa S44 ZAHhepatic
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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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