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(adenosine)

[3]

[4] [2]

Potato dextrose agar PDA
18

ITS (Internal transcribed spacer)
NCBI (National Center

for Biotechnology Information)
Hirsutella sinensis

(BCRC
930209) 2 L

500 L 5 T

18 120 rpm 14 16
30 rpm 300 L/min 800

L/min 10

Arcolor
1254-induced (Moltox, BOONE, USA)

S9 (Moltox, BOONE,
USA) S9 cofactor

S9 S9

OECD
Test No. 471 [5]

(Salmonella typhimurium) TA98
TA100 TA102 TA1535 TA1537 (Moltox
Inc., USA)

(mutagenicity)
5

2.5 1.25 0.625 0.313 mg/plate
TA100

(plate incorporation method)
S9 1.89%

(v/v) S9
0.05 mL

0.5 mL 0.2 M pH 7.4
36±1 0.1 mL 1~2x109

0.5 mM histidine/biotin
solution top agar 2 mL minimal
glucose agar plate top agar

36±1 48~72

1 5 mg/plate

/ S9

ANOVA
Dunnett’s test p <

0.05
- (dose-response)

-
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S9 TA98
TA100 TA102

2 TA1535
TA1537 3

(In vitro chro-
mosome aberration assay)

(OECD)
Test No. 473 [6,7]

(CHO-K1 cell line
BCRC 60006 )

20±2

10 mg/mL
0.2 μm [surfactant-free cellulose
acetate (SFCA), Corning®, USA] 

S9 2
S9 1% CHO-

K1
3~4 105 / 24±3

S9 mito-
mycin C 0.5 μg/mL S9

benzo(a)pyrene 25 μg/mL
3-6 / S9
18-22 S9

5 2.5 1.25 0.625 0.313 mg/mL 5
5 mg/mL

MTT
50%

Giemsa

(Po-
isson distribution analysis) p < 0.05

2
(

)
CHO-K1

(OECD)
Test No.474 [6,8]

(peripheral
blood cells)

ICR
5 21±2

55±20% 12
RO

LabDiet 5010 (PMI@ Nutrition International,
LLC. Richmond, Indiana, USA)

Aspen Chip (Northe-
astern Products Corp., USA)

5

1,250 2,500 5,000 mg/
kg b.w (20
mL/kg b.w.) cyclophosphamide
(Sigma) (80 mg/ kg b.w.)

20 mL/kg b.w
10 mL/kg b.w

48±2 72±2
2~3 μL

48±2 acridine orange
2~3
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(polychromatic erythrocytes
PCE%) (MN PCE)

1,000
(PCE%) 2,000
(PCE) PCE

(MN PCE)

p < 0.05

Cochran-Armitage trend test
-

20%

(cytotoxic)
(non-mutagenic) 2 5 mg/plate

2.5 1.25 0.625
0.313 mg/plate 5

3
TA98 TA100 TA102

TA1535 TA1537
(mutagenicity)

S9 3
5 2.5 1.25 0.625 0.313 mg/mL

91.34±2.01%~103.25±2.62%
S9 3
85.77±13.32%~113.22±3.58%

S9 18
86.24±4.08%~109.11±8.33%

50% 5 2.5 1.25
mg/mL

( S9 )
20 19

(p < 0.05)

S9 5 2.5 1.25 mg/mL
3 1 0

S9
3 0 2

S9 2
0 2 4

/ S9
S9

(p < 0.05)
CHO-K1

0%

t-test
1

48
1.10±0.19%

1.24±0.15% 3.66±0.31%
3.58±0.26% cyclopho-
sphamide 5

48
72
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1. (Hirsutella sinensis)

Strain S9 positive control μg/ plate

TA98 2-nitrofluorene (2-NF) 1

TA100 Sodium azide (SA) 1

TA102 Mitomycin C (MMC) 0.2

TA1535 SA 1

TA1537 9-aminoacridine (9-AA) 50

TA98

+

2-aminoanthracene (2-AA) 1

TA100 Benzo [a] pyrene (BP) 1

TA102 2-AA 5

TA1535 2-AA 5

TA1537 2-AA 5

9-AA, SA MMC 2-NF, 2-AA BP DMSO

2. (Hirsutella sinensis) TA100

Dose
mg/plate

Number of revertants/plate
(Mean ± S.D., n=3)

w/o S9 mixture

Negative controla 155.0 ± 11.1

Positive controlb 791.3 ± 99.8*

(H
irsutella

sinensis)

5 180.3 ± 5.5

2.5 176.7 ± 4.2

1.25 168.3 ± 19.5

0.625 169.3 ± 11.7

0.313 170.7 ± 10.0

* 2
a Negative control Sterile water
b Postive control Sodium azade, 1 μg/ plate
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3. (Hirsutella sinensis)

Group
(mg/plate)

Number of revertants/plate (w/o S9 activator, Mean ±S.D., n=3

TA98 TA100 TA102 TA1535 TA1537

Negative control 37.7 ± 10.5 165.7 ± 11.6 361.7 ± 26.2 8.0 ± 0.0 11.3 ± 3.1

Positive control 200.0 ± 29.3* 756.7 ± 113.4* 1654.7 ± 72.5* 466.7 ± 5.4* 224.5 ± 10.6*#

(H
irsutella

sinensis)

5 30.3 ± 4.0 164.3 ± 10.5 382.7 ± 17.4 14.0 ± 5.2 12.7 ± 2.1

2.5 31.7 ± 2.1 154.3 ± 5.5 364.7 ± 17.2 11.7 ± 0.6 6.3 ± 1.2

1.25 28.3 ± 6.1 161.7 ± 11.8 358.7 ± 7.4 11.7 ± 3.5 6.7 ± 2.1

0.625 31.0 ± 3.6 155.3 ± 18.0 354.3 ± 13.6 9.3 ± 2.1 9.3 ± 1.5

0.313 32.3 ± 1.2 156.7 ± 16.1 373.7 ± 15.2 10.0 ± 1.7 7.3 ± 1.2

Group
(mg/plate) Number of revertants/plate (with S9 activator, Mean ±S.D., n=3

Negative control 30.7 ± 6.5 132.7 ± 16.6 370.7 ± 7.4 6.7 ± 1.5 10.3 ± 2.1

Positive control 411.0 ± 26.9*# 618.7 ± 93.2* 940.0 ± 101.0* 238.3 ± 33.6* 403.3 ± 53.3*

(H
irsutella

sinensis)

5 49.3 ± 3.5 150.7 ± 15.4 314.7 ± 3.1 15.3 ± 1.2 16.0 ± 4.0

2.5 43.7 ± 6.4 142.3 ± 8.3 374.0 ± 7.0 12.7 ± 3.8 8.3 ± 4.0

1.25 47.3 ± 11.0 148.7 ± 27.7 377.3 ± 30.9 11.0 ± 3.0 9.3 ± 4.2

0.625 38.0 ± 4.0 139.3 ± 19.0 323.3 ± 10.0 8.3 ± 1.5 8.0 ± 1.0

0.313 40.3 ± 4.2 161.3 ± 5.5 388.7 ± 39.3 11.7 ± 4.0 9.3 ± 1.2

* 2 3
# n=2

4. (Hirsutella sinensis)

Sample S9 ctb cte csb cse Other Total number
of aberrations

Total cell number
with aberrations ctg csg AF4 p value

Short-term
treatm

ent

Negative1 0 0 0 0 0 0 0 0 0 0/200

Positive2 5 6 2 0 8 21 20 0 0 20/200 0.0000*

5 mg/L 2 0 1 0 0 3 3 0 0 3/200 0.1991

2.5 mg/L 1 0 0 1 0 2 1 0 1 1/200 0.7358

1.25 mg/L 0 0 0 0 0 0 0 0 0 0/200 1.0000

Negative1 1 0 0 0 0 1 1 0 0 1/200

Positive3 13 0 3 2 4 22 19 2 5 19/200 0.0000*

5 mg/L 3 0 0 0 0 3 3 1 0 3/200 0.1991

2.5 mg/L 0 0 0 0 0 0 0 0 0 0/200 1.0000

1.25 mg/L 2 0 0 0 0 2 2 0 0 2/200 0.4060

L
ong-term

Negative1 1 0 0 0 0 1 1 0 0 1/200

5 mg/L 1 0 1 0 1 3 2 0 0 2/200 0.4060

2.5 mg/L 0 0 0 0 0 0 0 0 0 0/200 1.0000

1.25 mg/L 1 0 0 0 1 2 2 0 0 2/200 0.4060

* (p < 0.05)
1 2 Mitomycin C 0.5 μg/mL 3 Benzo [a] pyrene 25 μg/mL 4 AF, 200
(metaphase)

ctb, chromatid breakage; cte, chromatid exchange; csb, chromosome breakage; cse, chromosome exchange; other, other
abnormalities ctg, chromatid gap csg, chromosome gap
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5. (Hirsutella sinensis)

mg/kg b.w.

a (PCE%, mean±SD, n 5)

48 hr 72 hr 48 hr 72 hr

Negativec 3.66 ± 0.31 3.64 ± 0.17 3.58 ± 0.26 3.72 ± 0.13

Positived 80 1.10 ± 0.19 1.24 ± 0.15

(Hirsutella sinensis)

1250 3.58 ± 0.19 3.72 ± 0.23 3.48 ± 0.25 3.56 ± 0.18

2500 3.60 ± 0.29 3.60 ± 0.27 3.76 ± 0.25 3.46 ± 0.15

5000 3.56 ± 0.15 3.60 ± 0.31 3.70 ± 0.10 3.80 ± 0.22
b (MN PCE,mean±SD, n 5)

Negativec 0.40 ± 0.42 0.40 ± 0.22 0.50 ± 0.50 0.80 ± 0.27

Positived 80 21.70 ± 5.24* 14.60 ± 6.08*

(Hirsutella sinensis)

1250 0.60 ± 0.22 0.50 ± 0.35 0.40 ± 0.42 0.60 ± 0.65

2500 0.30 ± 0.45 0.60 ± 0.42 0.30 ± 0.27 0.30 ± 0.45

5000 0.50 ± 0.71 0.50 ± 0.35 0.50 ± 0.50 0.80 ± 0.76

a 1,000 (PCE%) ± (mean±SD) b 2,000
(PCE) PCE (MN PCE) ±

(mean±SD) c Negative Sterile water. d Positive Cyclophosphamide *

(p < 0.05)

1. In vivo
± (mean±SD) n=5 Cyclophosphamide

80 mg/kg b.w. 1,250 2,500 5,000 mg/kg b.
w. t-test
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Hirsutella sinensis Mycelium Fermented Powder Has No Genotoxicity
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1Bioengineering Center of Grape King Bio Ltd, Taoyuan City 2Institute of Food Science and Technology , National Taiwan University,
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Abstract

Cordyceps sinensis is a medicinal mushroom
that possess multiple bioactivities. Hirsutella
sinensis is the mycelial form of Cordyceps
sinensis. In this research, Hirsutella sinensis
cells were isolated and purified from the fruit
body of Cordyceps sinensis. The strain was
identified by ITS sequencing. The sequences
were deposited in the Bioresource Collection
and Research Center (BCRC) at the Food Industry
Research and Development Institute. The isolated
Hirsutella sinensis was analyzed for genotoxicity
by Ames, chromosomal aberration, and bone
marrow cell micronucleus tests. In the Ames
test, the powder of H. sinensis mycelium was
found to have no mutagenic effect on 5 different
strains of Salmonella typhimurium at the con-
centration of 5 mg per plate. At a concentration

of 5 mg/ml, the powder of H. sinensis mycelium
caused no chromosome aberrations in CHO-K1
cells. In vivo, erythrocyte micronucleus test
revealed no significant increase in the number
of polychromatic erythrocytes or erythrocytes
with micronuclei in ICR mice treated with the
formulation at a dose of 5,000 mg/kg body
weight. This result indicates that the powder of
H. sinensis mycelium has no adverse effect on
bone marrow hematopoiesis. Taken together,
results of this study suggest that H. sinensis has
no genotoxicity.

Keywords: Hirsutella sinensis mycelium
fermented powder, Ames test, In
vitro chromosomal aberration test,
In vivo erythrocyte micronucleus test


