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Water extract of Cordyceps militaris grown upon Protuetia dreujtarsis (CMPD) was examined for the
genetic toxicity-bacterial mutagenicity, chromosome aberration, and micronucleus formation. For mutage-
nicity assay, bacterial reversion test with Salmonella typhimurium TA98, TA100, TA1535, TA 1537, and
E. coli WP2uvrA were performed. The extract at the concentrations of 50~5,000 pg/plate did not
induce mutagenicity at all. Chromosome aberration test was performed by using Chinese lung (CHL)
cells. There was no significant chromosome aberration in CHL cells with S-9 mixture at the concentra-
tions of 312.5~1,250 ug/ml of the extract and without S-9 mixture at the concentrations of 1.2~19.5 g/
mi of the extract. For micronucleus test, ICR mice were treated with the extract at the dose of 0.5, 1,
and 2 g/Kg. The frequencies of the micronucleated polychromatic erythrocytes (MNPCE) in bone marrow
preparations of the extract-treated group were not increased compared to the untreated control group.
Taken together, our results show that water extract of CMPD did not induce any harmful genotoxicity.

Key words: Cordyceps militaris extract, Protuetja dreujtarsis, Mutagenicity of Salmonella, Chromo-
some aberration, Micronucleated polychromatic erythrocytes (MNPCE).
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now UdHA ﬁiﬁ‘r(Park et al,
2002: Lee et al, 2004; Kim et al, 2005). =3+ 9
ol% ZFRE A} Bk o} FAHEaFHE Uele Ze
2 e IthPark et a/, 1998; Liang, 1990). wtebA
FHolg 71FE sto] AT LYelees FEIHERETEH
A 22EL ofd ATE B3 PR HAHE Yehh
om, Al 7% 715 AELR A T ok
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AR % Al Fdolfel dYEl: FFskE €
FZE(CMODYe 2y gidz NAZA sH7IsAl
oA AFit ABAECE IAYAH FEFE 54
Qo A8 2L A& 1 g9 4.62mge oAl
3 2EZ 4°ColA WREASAY ARELEA
Gl dg® 3XFFrol &siAA AT Al
ks ¢8) Nutrient Broth(Sigma) 3 Vogel-Bonner
minimal glucose agar plateE ARS-3Fow], A Fuls
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S 98] Eagles MEM(Gibco BRL), trypsin-EDTA(Gibco '

BRL), fetal bovine serum(FBS, Gibco BRL)® colce-
mide(Gibco BRLIZ AFE3lY. SO &8 AxE <3l
S-9(MOLTOX™)& Molecular ToxicologyAt, Cofactore
Oriental YeastAF25EE] 7 3kd AR5

OJY4 S-S Z015/0/A/E(Bacterial reverse Ames test).
AIEI8 7F L HfgExZ AN Ao ALE3E Salmonella
typhimurium TA98, TA100, TA1535, TA 15637 B £
coli WP2uviA @5 Molecular ToxicologyAF= -l
et} ols dFE B Aol UA histidine &7
A, crystal violet 7743, UV 254, &84 A3 2 A
A EAEAH] NEFe FAIRINGL T3l 4
g "Jﬂ?ﬁ‘:}
AIBI2E, FM=E& e =X ¥ &£
%“2!01%ﬂ1 R R S = ‘é%‘-—}—% (CMPD)&
AlEdd Had 37<}"0—Tr’"l"°ﬂ 7k s=ER sAste

= [s]
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5,000 pg/plate® HZFEZ 1,000, 500, 100 & 50
ng/plated] 5AAIZ FEE AU 2 FF0l EH’EYP
ok thxE4<l Sodium azide(NaNgi= BdE 3345
ol =] AMgEIRN O™, 3amino acridine((9-AA) 2(2—
furyl}-3-(5-nitro-2-furyl)), acrylamide(AF-2= DMSQ°]
£33t AHe-siitt. SdUZEE R DMSO%H Ea¥
ASFHFTE AHESIR

E2Z0/H0/A[E EAFL OECD guideline for the
testing of chemicals(OECD, 1993a)ll F3te] Ames
(Ames et al, 1975; Maron ef af, 1983)2] Wl o}
2} ¥ A=A g Wg=Est 22 preincubation
o 2 BEdio|Ad-S AA dgich & Al o
A AEERS] CMPDE 5,000 ng/plates H2LF=23}t
o] 1,000, 500, 100 ¥ 50 pg/plated] SHAIEEE b
F 2o 3t FEAA AE-S AEAE(-S9)F A
B (+S9)l ulet At e, 7o) ASAs7F vt
A &= FES A JueEE QAT 243
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A 12~1447r AE e 3 i) 01 ml, 2 s
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preincubation & AAIEIATH old A Hel A% S9
g el ARS8 0.5 miE WolFAaL, AR
A3l WolMe S9 £ 0.5 me AUIelch wigE
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5% CO, wid71olA 37°CE w3t ARguAl= 10%
FBS % penicilling} streptomycing 233st Eagles
MEM uiz|ellA] el on, Widd A= 2~3d
mt} 0.5% trypsin-EDTAS o] &&ke] Atjujekalaict.
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Fol g3liste] AMgsl o, SR ELRE
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STATAIE ENEY HivEE
MTT 2 MI{Mitotic index) A&l Wt HEZZAHAAES
AN g 50% MESAHE AAEe FE(C,) %
50% MEELAAAF M) F=F A=t MTTH
Holl 2 TG AgolM= FHiFE 5,000 pg/mlE
e 7T3AZ AEE AXEA, MXEL ICwE &
IEERSY AGAR FEE AFsgen, AlPAEE
FAA o) AT FLEA FFstuTt.
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%hﬂ CHL Axod ANFEZ(CMPD) ¥ HEUZE
7zt FEZ Atk So&Egde] gle FHHe
% AFEE AN 6ATHB-S)T 244 7H24-S) vt
AZeon, S9 Ejtefo] EAlsks ARSI A%
S-9 EFAS #Hriste] 6A1F F7PNH6+S)E v B
AR 2 AR 3 18AI17F FQF FMkEdTh M
3 277 Aol colcemide(Gibco, USAKE 10 ug/ml
Erg 2E8s & 1% trypsin-EDTAE ALESle] AlZE
gojd thg AR AEE It

FEo HE ¥ B5 3T AX 75 mM KCIHF
N(37°Cre 3017+ HEst & ZA Y (methanol : glacial
acetic acid=3: 1102 43] wt&Esle] IAAA slideE
AAEA AZRAAHT}. o]EE 5% Giemsa SHoZ &
Ak U drAe R BEBIATE. Migabs 1] ¢
3l z} F= 1,009 AEZFE F7MZEFE &<
stgon, GaFol A g e FEE 20072 F71A)
ZE 1,000u)0)4 o]n|x] =R (AxioVision program)
oz JAAE g3 5 A5G A ST GAAl Y
L& =ZA FFo|AHstructural aberration)# ol
(numerical aberration)e® BF (3, o1t
gap(chromatid and chromosome gap), ctb{chromatid
break), cte{chromatid exchange), csb{chromosome
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afPA £ A/‘// £ 0/85F 2845

YEIEE A5 778 73 ICR v-2E (F)Eotd
o=23E 143t 1577 TIATIHA disAS B
L AFS SAANCH, FerIke] FUaL AJEAA
3% A AR TES &7 R wiEstd 25
Atk AHEEL Polycarbonate cage(nh-22: F 20
cm, Aol 26 cmpell €& T SPF TR 5 W
19~25°C, 40~60%, 71§<5%: 13~18 cm/zx, 37134
10~208}/hr, 71992k 2~10 mmH,0, H cycle: 07:00
HAE~19:00 &%, 2% 160~300 Lux)llA] ALS-3PEA
24 dad AATet AP EE AIRKMER)E A
A2 ZT

AEEE Y f=EE: BEAQAAM AE ‘(CMPD)
Fojge w354 DS B8t AP SEo| fle
FHax%E 2,000 mgkglbody weight)Z2H8 FH|22 3
WATEE AASINA, AETY e 3RERTO &
slsted Mgt FPHEEAR Cyclophosphamide
(Sigma, USA) 70 mg/ml, SA4HZFoE Hdd A5
FrE A
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e 13 7c}~§ —r/\}o}(}i‘:} Fo & 2007 S8
At EEEES ARSI, ’*2‘?4_”176‘3}"1]’\1 iy
kg 2,00074 9] E‘r°§ AAEE(PCEPIA A8 (MNPCE)
EANETE At FFEAAZE Schmid(1975)
o] whyel et AAstHer, AT 2ae =HAE
ARt 72 FEEREH J&¢ HEIEFE 26 Alo]
A FARE AR, 3ml $Ee}E A (GIBCO, USA)LRE
F4E Aojdlg dgreled 1,000 rpmez 5E-7F YAE
it AsHe A, JHE ZFAEE Setol
T Zetio =Este] I3 3 5% GiemsalMuto Pure
Chemacals)= gAsted 1,000002] W&= HAsIAY-

i m{n i

EHEFE 24 AN B AWAIFA Scheffe
test @ Dunnett's testE 2AJ3I¥en, z+ Ad72S &
Az} vty 43S HrHFHTHp < 0.05).
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Z R4l Fajstd ZelEtgen, FEAAAFA 5,000
no/plate® AFEE3kd 1,000, 500, 100 2 50 pg/
plateZ 5HAZ HAIEAt. 2L H¥} HiFE 5,000 pg/
plates ¥l 2E FrcAold A 2 HESA
< JeERR ¥stthdata not shown). Wehs EA|E|
A& 5,000 pg/plated FIFEE ARSI, FEA
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Table 1. Mutagenicity of the extract of CMPD with Protuetja dreujtarsis (Main test)

_,d
e
ox
o

EA TR éxﬂ;}&i
| A
Istoint. AHe-l ATd

T )°ﬂ tﬁ}ﬂ} B4

2 (CI\/IPD)— 7t FE

Number of colonies/plate (Mean + SD)

Test materials

S-9 Mix Base substitution Frameshift
(ng/plate) '
TA100 TA1535 E. coli TA98 TA1537
DW 123+ 06 15+£2.3 37+7.1 21+£12 13£15
50 114+98 14+2.1 41+75 22+15 15+1.7
100 14 +96 15+3.5 37:6.0 2410 12+241
, 500 110+ 17.0 2026 42+45 25+2.1 16+£2.1
Without 1,000 108 8.7 21+17 49+35 26+1.2 14+£15
S-9 mix 5,000 146+ 114 18+4.0 45156 2417 14+ 3.0
Positive cortrol AF-2 NaN3 AF-2 AF-2 9-AA
g/ IZ?e) 0.01 05 0.01 0.1 80
g'’p 520 + 137 160 £ 12.5 354 +23.3 212+ 15.4 175+ 95
DW 15+55 16+ 3.0 41+15 33+5.1 12+2.1
50 121 £12.1 20+3.2 40+ 51 3085 1£17
100 122 + 20 16+36 39+ 8.1 3036 13+3.1
4 500 127 +15.9 16+23 56+ 1.2 28+53 15425
with 1,000 125+7.2 17 £3.2 55+ 1.5 27+45 14+15
-9 mix 5,000 148 +21.6 18+2.5 50+6.7 29+1.0 13+1.5
Posit trol 2-AA 2-AA 2-AA 2-AA 2-AA
°?' N/e|:?§) ro 10 20 10 0.5 20
Haip 4997158 118 £125 202+215 209228 192 +23.6
Table 2. Mutagenicity of the extract of CMPD with protuetja dreujtarsis (Reconfirmation test)
Number of colonies/plate (Mean + SD)
S-9 Mix Test materials Base substitution Frameshift
(ng/plate)
TA100 TA1535 E. coli TA98 TA1537
DW 12115 15+1.2 34146 24+25 9+1.0
50 118+7.8 13+25 36167 26+17 8+06
100 17+95 12+15 37+ 1.1 2420 8+£21
, 500 134+ 18.6 22406 36+55 28+26 715
Without 1,000 128 £15.9 15125 45470 28423 8+20
S-9 mix 5,000 141+ 196 1845 45+25 28+25 9+1.0
Posili trol AF-2 NaN3 AF-2 AF-2 9-AA
?' "’/elg‘t’e") 0.01 0.5 0.01 0.1 80
Halp 469 +27.6 115+ 56 313+ 115 163+ 9.0 153+ 20.8
DW 15+ 10.3 14423 36106 26+3.8 14 +4.0
50 129+1.5 15+2.5 3025 3026 16 +3.1
100 127+ 127 10+ 1.5 38+5.1 35138 14+38
, 500 136+ 18.7 1715 46 +55 35+46 15+ 3.1
with 1,000 149+ 56 17£36 49425 36+1.0 15£32
S-9 mix 5,000 143 116 1930 47426 36+7.0 10 1.0
. 2-AA 2-AA 2-AA 2-AA 2-AA
Positive control 10 20 10 05 20
(ug/plate) 496 +19.1 115+ 8.9 4091214 179+ 12.7 222+18.7

P
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2ol A s F7IHA den, S3EdE &
A=A UrHTable 1). ©1& AR BAFA
o oz ATRINEE AL, fARE AdE
e AtHTable 2). webs F¥olwd 2l s 5%
32 E5FEE(CMPDR: HiEx 5,000 ug/plate ©
sloA AFRFFEEREE EJPEQH|Z SusK 2=

ZAo= eI

SAHOIMAIE, FPolsd Lelele FEex @
T52E(CMPD)= Chinese hamster 521¢] lung cell
(CHLIE olg3te) 8% (-S9) Akl (+59)e 4
AA o)l 4N S AABIATE MTTel 23 13FsEARA|
g2 53 50% AESAIA TS Yefll= FE (ICRE
golslgitt. 2 A AHY(-SPIAM AIEEZDS 64
A2 8HB-S) ZANA IC, 7S 312.5 ug/mleld, 24
Ag)gt 271(24-SplMe 78.1 pg/miZ Elakdc
S9EFEo] EAlshe WAFEAISHAl (+S9)lA A8
(CMPDYS 6217 A21dt 2ZA(6+SKlIM  1Csake
5,000 ug/ml F==2 AAsAHTable 3). 915 ICyite
ZAZst] xR Al MI(Mitotic index) A18-S
AN E] 50% A EREGAAAF (MRS Elsidor,

Mo b 2> Y tlo ot d
o

o

Table 3. IC;, of the extract of CMPD on CHL cells

Test r S-9 Treatment Inhibition ICs

materials Mix (ng/ml) (%) (ng/ml)
DW - 0 100
- 5,000 30
- 1,250 42
6 - 625 47

312.5
Extract  (6-S) 3125 51
- 78.1 64
- 19.5 80
- 98 98
DW + 0 100
+ 5,000 62
+ 1,250 78

6 + 625 80 5000

Extract (6+S) + 3125 85 '

78.1 95
19.5 102
+ 9.8 110
DW - 0 100
- 5,000 12
- 1,250 20

24 - 625 25 78.1

Extract (24-S) . 3125 30 ’
- 78.1 51
- 19.5 62
- 9.8 71

Table 4. Ml;, by mitotic index in CHL cell in the the pres-
ence and absence of S-9 mix for the extract of CMPD

Test r S-9 Treatment Mitotic Inhibition  Mig,
materials Mix  (ug/mi) index (%) (ng/mi)
DW - 0 324 100 -
5 - 3125 13.0 40
6-S) - 78.1 14.8 45
Extract (6-S) 195 170 s 19.5

- 98 279 86
DW + 0 325 100 -
6 + 5,000 15.2 46.7
6+S) * 1,250 16.9 52
Extract (6+S) 625 290 gop 1250
+ 3125 318 97.8
DW - 0 238 100 -
24 - 78.1 8.9 373
24-S) - 19.5 9.9 416
Extract (24-S) ~ o8 112 47 49
- 49 12 50

*MI (mitotic index) = Mitotic Metaphase number/Total number
of cell (1,000 cells) x 100 (Kannan et al., 2006).
*Inhibition (%) = (Ml of treatment/MI of control) x 100.

ol ZAZ BEAYe HuwxE ZAsIAY. 1 A%
HHH (Sl AFEDS 6A7F AT eHE-S) 270l
Migh& 19.5 pg/miels, 24A17F H2]dk 271(24-S)el
ME 49 pg/miz BRIEIHTE g SOEFE] &8t
= A FAFA(+S90IM ANFERS 612 AT =
26+S14 Migahe 1,250 pg/ml 552 23315

(Table 4). & SO Egteho] EA3A| YPe Z7(6-S, 24-S)
oA el HeEle]: FFskE E45-2<(CMPD)
& 2o g A ALAE AESA0] BA e
o}, S99 o] EAlske 4% (645 & &
(1,250 pg/miieliMz= HMEEAo] WA yepsitt. o]t
Apde gkt 7 EAES £ S9 Sy
A EAL UJelle 2o tAbEogA FAo] fAa
B RAog Rt uehr FAAoPIAIFAME Mg,
e ZARESE 7 248 HAasss ARsen, ¥
H]28 3HAIZ Al etk & 6+S 2719 749 1,250,
625, 312.5 pg/mi¢t 6-S =7slollME 1963, 9.77,
4.88 ug/m!, 24-SOIXE 4.88, 2.44, 1.22 ng/migl 5=
2 7t AAEger, AS-g AlREdY] FEEE G4
A BES AFsl #E5-g AAETH Table 5elA$
7o) AHWSl 6-S, 24-S 2AF AIZASAR] 6+S =
A SN zZe] Aol Hl=E gap EF FF
of Aol 1~45% BWHZE Yeistor, Jdix=Ed
(MMCll 23+ FMlo)l4 ¥HleE 205~29%2 -S4
233 vlwsld BAFeE #93 zolE JeEhidt



250 W. 8. Joetal

Table 5. Effect of the extract of CMPD on chromosomal aberration of CHL cells

Chromosome aberrations/200 cells

Treatment — Extra aberrations
Chromitid type Chromosome type  Total aberrations (PP+ER)

Compound/S-9 mix hr Con. (pg/ml) cto cte csb cse (%)
DW 0 1 1 0 0 *1 0
Exact o os O : 0
(without S-9 mixture) (6-S) 49 9 5 0 0 35 0
MMC 0.5 33 99 3 0 *67.5 1
DW 0 1 6 0 0 *3.5 0
1,250 2 3 0 1 3 0

Extract 6

625 0 3 1 1 25 0
(with S-9 mixture) (6+S) 3125 4 4 0 0 4 0
CPA 10 10 26 1 4 *20.5 0
DW 0 0 0 2 0
Extract 24 gi 5 : 8 (1) 2'5 g
(without S-9 mixture)  (24-S) 12 0 8 0 0 4 0
MMC 0.5 13 28 0 6 *23.5 0

Con.: concentration, ctb: chromatid break, cte: chromatid exchange, csb: chromosome break cse: chromosome exchange, MMC:
mitomycin C, CPA: Cyclophosphamide, PP: polyploidy, ER: endoreduplication.

*Significantly different from the control at P < 0.05.

Table 6. Effect of the extract of CMPD on micronucleus formation in ICR mice

Compound Route Dose (mg/kg) No.ofmice Samplingtime (hr) MNPCE (Mean +SD)  PCE/PCE+NCE (Mean + SD)

DwW oral 0 5 24 *0.27 £ 0.06 0.44 +0.04
CPA iLp. 70 5 24 *5.24 +0.96 0.37+005
oral 2,000 5 24 021+0.M1 0.44 £ 0.06

Extract oral 1,000 5 24 0.17 £0.03 042 +0.07
oral 500 5 24 0.17+0.09 0.38+0.08

MNPCE: PCE with one or more micronuclei, PCE: Polychromatic erythrocyte, NCE: Normochromatic erythrocyte, CPA: Cyclo-

phosphamide.
*Significantly different from the control at P < 0.05.

(p < 0.05). WhHel AJFEA(CMPD)Y] 7t FEwA A
t AAHoZ S9 EFA 7 Auglol 3~45%
dAAold MEs Yepdoh wekd F9o] 2 e
et B%5% 9452 E5(CMPD)E BE sEdAM £
FolEAE YERA ggten, BAA fodE gle
AoF Wol B Az sl GAlA| oS fFasiA|

e Ro e,

28AE ol BEElR: FFEE IrFE
E(CMPD)9] @354 AAAEE FH LDgite A=
aled 2,000 mg/kg(body weight}s EA|He] 83
o 23t Fu]22 1,000 2 500 mg/kg(body weight)S
2 3AZ AR5t AEEE(CMPDR1E 13] 29
7t ZATRSIlen, HF FARRH of 2407t Fof ¥

al] I ;‘(]E A 28k 1:}._ o] ERYE Adue 9
I EEA4S Hrletad. EAEOME 2t 559 2,00070
A4 A& L (Polychromatic Erythrocyte, PCE) Sl
veh)= '“E‘roﬂ”]—if‘é?(l\/ﬁcronucleated Poly chro-
matic Erythrocyte, MNPCE)?] & A8ttt 1 4
I ANEEZ(CMPD)Y] &3 0:]‘7L°ﬂ"'1 MNPCE2] ®l
T7t SRS vwste SR a%em, &%
o7 AEY Ue FVHE Kol ). 53], A¥
24(CMPD) s=A0IA Stz sl EA5H
o2 feojgo] vehtA] gt Egh MEEAE VER
= 2AE1E I HE(PCEAPCE+NCE)) H]-&9ll
JoME BE AFEEL FoFdA ANz A9
FAFRoH, $FAANE GERER] QU BATH O
2 % gt T R 2EZ(CPA) FowtY

>
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>

ARz Sthzael vel SASHoR frolet
(P < 0.05) @A 57 } FHHAT, ol £ APl
A =S AAtHTable 6). F-7Al F
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