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Abstract: Geastrum fimbriatum is a kind of medicinal mushroom with hemostasis, clearing lung and alexipharmic
functions. For the further study on the development and utilization of G. fimbriatum, the antioxidant, antibacterial and anti-

cancer activities and the chemical constituents of the ethanol extract (EE) from G. fimbriatum were evaluated. The present
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study exhibited that the total phenolic content of EE was 10.53 pg + mg” EE DPPH and + OH radical-scavenging activities
with IC, values of 91.35 and 148.76 ug - mL"', respectively. EE showed no antibacterial activity on Staphylococcus aureus ,
Escherichia coli and Bacillus subtilis. Meanwhile, EE displayed antifungal activity on Fusarium avenaceum with inhibition
ratio of 36.11% at the concentration of 1 mg + mL'. EE displayed anticancer activities against tumor cells BG-803, NCI-
H502 and MDA-MB-231 with the inhibition ratio of 18.87%, 17.71% and 41.23% respectively at the concentration of 200
pg - mL'(MTT assay). Six compounds were isolated from EE by the methods of column chromatography, thin layer chro-
matography , recrystallization and so on. The structures were elucidated by the analysis of spectral data and physical-chemi-
cal properties and identified as 5S¢, 8a-epidioxyergosta-6, 9(11), 22-triene-3B-ol (1), 5a, 8a-epidioxyergosta-6,22-dien-
3B-ol (2), D-allitol (3) , L-glutamic acid (4), maltose (5), saccharose (6). All the six compounds were isolated from
G. fimbriatum for the first time.

Key words: Geastrum fimbriatum, antioxidant activity, antibacterial activity, antitumor activity, chemical constituents
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EH M ( Geastrum fimbriatum ) J&— Fp 24 ] B
i, R R R R I — B, 5 IR BN R
A TR BCTE R B EVE L = R L
Ve TR IR SRR VLA A A A, f TR A Ik
I JH R A RE /R (B4 ,2013) o H A HL A
JR T B A R BRI A o3 2R B Kirk et
al(2008) iC# A T FA 50 ZAFh, whvk S FE gy
JR(2016) iC48 H AT E A # 2 16 FhAT 1 B Fh, H
3 A [ R R B A AU O SRR, MR R E AW
M BEARGE B AT P AL PR A EE TR, 40 Guerra
Dore et al (2007 ) $iRiE 4T L 2 ( Geastrum saccatun)
TAHFEMN B HERE, AR YA R
P Kim et al (2012) fRIE = HL 2 (6. lageniforme)
B A B AL 16 14 5 Chittaragi et al (2013) i
ERTIUHL AR ( G. triplex ) F49 7 Bk | S8 075 0 FH B i B
WABTRE TG, AHH AT A WA 6 2 R Y
PEFIA 22 B3 o0 A B BIF e 40l . 2538 8 IO B H
Hb B SR SR B R AT AL BT A
FATEVERESY , N S BRI Y h oy i 3 6 MGy, 1
A N T B AR B, O T IE Hb A B T & R
PR TR EARYE

AR

1.1 #F# XEE S F

B BIH 2 ( Geastrum fimbriatum ) K H W
SErt e AT n T, b 28 R Sk A L BT A
PR ATIAE e ROE K22 A e B SR EE A B

4 95 4 4 BR 18 ( Staphylococcus aureus ) . K ¥F T
( Escherichia coli) A% B ZEHUFT B ( Bacillus subtilis)
W v R 2 B A ) R e DR B P R AR
g8 T ( Fusarium gmminearum) N | ﬁf/J\J—%%@( Cer-
cosporella albo-maculans ) F1 3% 2 % T] & ( Fusarium
avenaceum ) H L FHAR Y K24 $E A3 s NCI-H502 ( A fifi
BR K AN ) (BG-803 (N R 402 ) F1 MDA-
MB-231 ( A\ FLIR e 2 i ) ry v [ B2 o B2 g ik Al
JT 240 B o AR AR

X% : Bruker DRX 500 8 3 4% 1 FL 4 P 351 5
Agilent 6890N-5975N Jii i 1% ; Thermo Lab systems
4 [ SR ; VERTEX 70 57 FH21 4GS ; O-
lympus CH &3l {8 & B B, 7). DPPH b %[
Sigma 23 F AR 7 s LU L R B 4 0 BRs hy ) ARI Sk
PGBz AT A 7 5 HA iR 1 o8 [ o B 4l iR
1.2 RMESE

B R F IR (T 1.5 kg) ,H 95% LB
4 W BT d, B IR ZE TS 100 g LAY, B
10 o AR s M, DAyl mE - IER (10 2 1,
8:1.5:1.3:1.2:1.,0: 1) RPefBislahfrisaE sk
Jid, 28 v 2 2 M A, & JF AR R 03, 45 6 DN
(Fr.A=Fr.F), Fr.C A& k: 243, LA
A« ZFRAME (1 < 1) R UEB R SEAT BN, 15 2
AN AL 4 (Fr. C1 AL Fr. C2), Fr. C1 W41 43 &
Sephadex LH-20 {4 % #: 2 H7, Fi 48 TLC il % 0 1%
(GFs, A1t : ZRROHE=2 ¢ 1,8 1K) s
PI1(4.4 mg), Fr.C2 WH AR RBEILED 2
(5.7 mg) ., Fr.E Hp @ rE AR T o0 8, Ui



7 XBhAE ;T NH M AP AAA B0 15 A AL 2 i 5 955

T PYEA (2 0 1) BRI TR 15 2 AN
4 (Fr.E1 Ml Fr.E2) ., Fr.E1 41434 Sephadex LH-20
IS EN, G 3(3.1 mg), Fr.E2 H4r%
Sephadex LH-20 (35 4E 28T, RERAEZ BT b 174 55,
PV = IR (L = 1) R Uemi AT vE e, 156 54
4(2.2 mg) , Fr.F Qo2 ke Zr i e, LA
T NI (L 1) VRIS TR, B AL
HH15(4.1 mg) F16(4.7 mg)

1.3 ZERBMER L EED T

1.3.1 £ 4 mME S Liu et al(2013) 7
B, bR v B R A o D 2B 1 R I
B, RN 2~14 pg - mL', HEERNY
=0.006 2X + 0.064 7, R*=0.999 3,

1.3.2 DPPH a w A F k£ % S B H R4
(2017) Wy J7 5, IFRSVE Rl T i AS [R) k B i A
i, A3 B 100 WL A AT 100 pl 60 wmol -+ L7 ()
DPPH B (95% ) ¥ IR A, A B A5 A P 732 50
PEA) KGRV 30 min, 517 nm FIEHIEEE(A)
X R FIAL FRAI A B A 3 I,

(1)

T Ay R BRI WOGAEL, Ay, S8 AR i 52
IO VR R R G BE B, ORIl R A Sy BH A X R
133 28 AFnxi
(2001) 735, IERIfERL 8, 200 pl J2 Wik &
A AR [FIVR BE A AL S ) 100 L, FeSO, -
7H,0(9 mmol - L") 20 plL,H,0,(8.8 mmol -+ L")
20 wL, KR - BEE W (9 mmol + L) 20 pl, 7F
37 CHEIR/K R 30 min J5 , FE§EFR{UAE 510
nm TR EOGE (A) . 2 H o 5T bR &R A X
(1) PO LRV Ay BH X B
1.4 ZEER BB EEE S
1.4.1 o @K B 0 BRI AT Lk 17 D e
(BAAESF,2017) . KIS AL B R VR 1 x
10°~1 x 10" CFU - mL' R & W, B 0.1 mL
RN B - AR SR AR IR AR A, AR
0.6 cm FTALARTEWR M ST H9 AR EATHL, L
A 50 pL(100 mg - mL™") £, 37 °C 5] & 55 57 24
h, WEAN T R, BERE AL 3 AT, 5 mg - mL' 3

Z: B8 Grymonpré et al

B Z ANV R B S ECBH P B A X IR L, 10 mg -
mL " T B F NI A R = B T A 6 R
1.4.2 A RE e & 0 00 7 30
KRR (2014) (T 22 B KR IE 25 AU IR
(CHVBE) | BH P X R (e d e Wk B2 0,10 mg -
mLil) JJDEWLI*IE( Z@?%Eﬂ%,(&fﬁjﬁ 1 mg -
mlL™") A B 3 A EE

XS R = (25 4 FREA V% ¥ AR -
DEEAR) /(25 PN BR B V% 7 3 BLAR - TR OF AR )
1.5 ZE242 BN 4 i Bob 788 3 14 5 4

ZIEIESE (2017) 7 (MTT 35, H 58 &
Pt 12 54 1R X A 9 40 B8 BG-803 . NCI-H502 Al
MDA-MB-231 H4 58 (4 10 i 16 P o K 315505 I 4
BB FEBREE 1 x 10°4 - mL", i
%96 25, A FL 100 mL, i TR FRFEE 57 12 h,
WA TRV B AR OIS S FL T, 15 5% 48 hy
BALE R LB A 100 L JCE PBS, FHIIA
20 wWL MTT (G FEEEG) 3555 4 hy Wi B3, &L
JIIA 100 wL DMSO, #& 10 min & 45L& 1 , K
570 nm ) OD WO, PR B, I
ISR 0.2 pm JC TR UE 75 58 R DL PRTIE 22 S S0 50
o AR A TC A

2 HREHHH

2.1 UEMEHWERE

a1 FOANERHAR(HE),mp 165~
167 °C, EI-MS:m/z= 426.3.,'H NMR (500 MHz,
CDCL,, 8, ppm, J/Hz): 0.75 (3H, s, H-18) , 0. 84
(3H.d,J=7.0,H-26) ,0.84(3H,d,J=7.0,H-27) ,
0.93 d(3H,d,J=7.0,H-28),1.00(3H,d,J=6.5,
H-21),1.10 (3H, s, H-19),3.96 (1H, m, H-3) ,
5.16(1H,dd,J=15.3,7.5,H-23) ,5.24(1H,dd, J=
15.3,7.5,H-22) ,5.45(1H,dd,J=4.4,H-11) ,6.26
(1H,d,J=8.5,H-6),6.52(1H,d,/J=8.5,H-7);
3G NMR( 125 MHZ, CDCL, , 8, ppm) : 32.4 (C-1) ,
30.9(C-2),65.9(C-3),35.9(C-4),82.6(C-5),
135.5(C-6),130.4 (C-7),78.2(C-8) , 142.5 (C-
9),37.8(C-10),119.6 (C-11) ,41.0( C-12) ,43.5
(C-13) , 48.0(C-13), 20.8(C-15), 28.5(C-16)
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55.7(C-17),12.7(C-18),25.4(C-19),39.7 (C-
20),20.5(C-21),135.0(C-22),132.3(C-23),42.6
(C-24),32.9(C-25),19.5(C-26),19.8(C-27) ,17.4
(C-28) . %t#5 Kobor et al (2006) [)— 3, i % 5E
N 5o, 8ot A A A1 15-6,9(11) ,22- =038 B,
a2 HEGECTEE) ,mp 182~183 C,
EI-MS: [M]*" m/z = 428.3.,'H NMR ( 500 MHz,
CDCl,,8,ppm, J/Hz) :0.82(3H,S,H-18) ,0.83(3H,
d,J=7.0,H-26),0.83(3H,d,J=7.0,H-27),0.89
(3H,S,H-19),0.91(3H,d,J=7.0,H-28) ,1.00(3H,
d,J=6.5,H-21),3.97(1H, m,H-3) ,5.14 (1H, dd,
J=15.3,7.5,H-23),5.21 (1H,dd, J=15.3,7.5, H-
22),6.23(1H,d,J=8.5,H-6) ,6.49(1H,d,J=8.5,
H-7) ;"*C NMR (125 MHZ, CDCL, ,8, ppm) :34.6 ( C-
1),30.3(C-2),74.02(C-3) ,36.7(C-4) ,82.1(C-5),
135.4(C-6),130.5(C-7),79.3(C-8),51.0(C-9),
36.7(C-10),20.6(C-11),39.2(C-12) ,44.4(C-13) ,
51.5(C-13),23.2(C-15),28.5(C-16) ,56.0( C-17) ,
12.7(C-18) ,18.0(C-19),39.5(C-20),20.7(C-21) ,
135.1 (C-22),132.2(C-23,42.6 (C-24),32.9(C-

Chemical structure of compounds 1-6

25),19.5(C-26),19.8(C-27),17.4(C-28) ., ¥z 5
H W (2013) BY—2, U E N Sa, 8a-id A AL &
1 15-6,22- " H5-38 Y,

e 3 ek IR (HE) ,mp 106 C.
"H NMR (500 MHz,DMSO,8, ppm,J/Hz) :3.54( 1H,
dd,J=11.8,2.3,1-Hax) ,3.53(1H,dd,J=11.9,6.8,
1-Heq) ,3.69(1H,ddd,J=11.9,5.6,2.4 ,H- 2),3.79
(1H,dd,J=12.0,5.6,H-3) ,3.65(1H,ddd, J=8.5,
6.0,2.6,H-4),3.45(1H,dd,J=11.5,5.68,5-Hax) ,
3.43(1H,dd, J=11.5,8.4,5-Heq) ; "C NMR (125
MHz,DMSO, 6§, ppm) :63.3(C-1),70.6(C-2),70.8
(C-3),71.3(C-4),63.3(C-5), a5 outh
(2016) —Z, B E N D-FIHAR bR

a4 HEJoERHAR (P EE) , mp 169 ~
172 °C, EI-MS:M* m/z= 147.1,"H NMR (500 MHz,
DMSO,8, ppm, J/Hz) :4.68 (1H, ddd, J=15.5,5.6,
5.5,H-2),2.63(1H,dd, J=15.5,5.6,H-3a),2.55
(1H,dd,J=15.5,5.6,H-3b) ,3.08 (2H,t,J=15.5,
6.2,H-4),7.71(2H,d,J=5.5,NH,) ; *C NMR( 125
MHz,DMSO,8,ppm) :175.8 (C-1) ,56.4(C-2) ,26.7
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(C-3),30.8(C-4),173.8(C-5), %k 5 4
(2011) F—3, MU E N L-AATR

Ews TeIrih(HEE) ,mp 102~103 °C,
"H NMR (500 MHz,DMSO,6, ppm, J/Hz) :5.02( 1H,
d,J=1.6,H-1) ,4.71(1H,d,J=3.6,H-1") ; C NMR
(125 MHz, DMSO,8,ppm) :93.7(C-1),71.2(C-2),
73.5(C-3),74.7(C-4),74.7(C-5) ,61.2(C-6),99.8
(C-1"),72.7(d,C-2"),72.6(d,C-3"),69.7(C-4") ,
70.7(C-5'),60.2(C-6") . Bl 5 2% SCHk (BB,
2002 ; Z5/INEE 5, 2015) 1 — 3K, [ 4508 M 22 200k

ka6 )i (HEE) , mp 185~186 C,
"H NMR (500 MHz,D20,8, ppm, J/Hz) :4.45(1H ,d,
J=5.4,H-1) ,4.61(1H,s,H-6) ,4.72(1H,d,J=3.6,
H-1");13C NMR (125 MHz, D, 0,8, ppm) :62.3( C-
1),102.9(C-2),81.7(C-3) ,77.3(C-4) ,74.3(C-5) ,
62.2(C-6),91.9(C-1'),71.9(C-2"),72.5(C-3"),
69.4(C-4"),74.4(C-5"),70.1(C-6") . %4l 55K X
FAE(2016) 19—, WO R

100

— A
s
o 80
-§ —O— ZEHREYY) Ethanol extract
[} —A— UIRMER Ascorbic acid
3 60
c
©
o
®©
8 40-
o
T
0

T T T T T
5 10 20 50 100 200
SREE Concentration (pg-mL™)

2.2 ZERIREVIE M R

2.2.1 HEMAFRE  TIHME BRI 285
H5(10.53 + 0.53) wg - mg”" ,DPPH Fl - OH [
FEVEBRIG M VR B IE AR GG R (B 2) . Mk R
200 pg - mL'Bf DPPH 1 - OH [ Hy B35 5 % 43 5
F(65.27 + 0.71) % F1(49.34 + 0.44) %, 1C,, J&iH
FRZER 509 B X8 I AR o e B, (BB, 3R I o
TEPERES , 2, s, B A LB DPPH
- OH H L BRBE JI 19 1C5, 43 318 (91.35 +
1.93) 1 (148.76 = 1.60) wg - mL" 5H IR 1M 12 1Y
IC,,[ (5.00 = 0.31) F1(20.55 + 0.25) pg - mL" ]2
S (P<0.05), R EHME L BERIYA —
FE 1) DPPH Fl - OH H H 3835 R i ML F o fm
iR, Huic A [FJEE WP A L5 #iiE, Guerra
Dore et al (2007) $& i 43 JE Hb &L Z2 4l $2 U 76 200
peg - mL' B, - OH AWM EEREN (64.0+
2.92) %, T BIHH# R R,

2220 AN B A L EEHREU X = R R

100 4
B

804 —e— ZESIREW Ethanol extract
—A— HURMER Ascorbic acid
60
40

20 +

EP&ZE Clearance rate (%)

0

T T T T T T
5 10 20 50 100 200
SREE Concentration (pg-mL™)

B 2 ERHHE Z BB DPPH (A)F1 - OH (B) F #3558 1EH

Fig. 2

20 TR (< (0 4 BRI L K A R A R 2 SR
W) BB R B A SRR, T R B, Chiu-
aragi et al(2013) 38 T [F] J& 22 101 A2 HH P $ )
AR R I M, LA BT 1 5 P b R 2 T S )
T — M, W 25% .50% Fl 100% 19 9R T
Hby B2 PP SO X I A B 3 TE A S M 12.5%
1R 2 Ty 2 Y it 5 B XoF 45 €0, 7 2] BR AT AL TG D
filiEdE, 2 1 o, BIH MR B3R U X R 45

DPPH (A) and - OH (B) scavenging activities of ethanol extract from Geastrum fimbriatum

S T TR 3R /S 2 A6 B AR AR R BN 25 R
F(P>0.05) ,%EN1 mg - mL" A, #8245 51
F(19.10 £ 0.19) %I (20.24 + 1.12) %, Xf#ed
BT TR B AT R, 1 mg - mL R (36,11 +
1.6) % ABAR T BH A X B 5e B2 8 (69.55 + 2.46) %,
HZEREBEH(P <0.05),

2.2.3 AP EN TR LB X BG-
803 ( N\ B AN ) (NCI-H502 ( A i IR _E Kz 240 i
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I ) A1 MDA-MB-231 ( A L AR o 41 i ) #8545 B AIK 1
PHIVER, H 2B IEM R (B 3), EWRE
4200 wg - mL' X BG-803 \NCI-H502 Hl MDA-
MB-231 #fi it 1 10 il & 53 3 Ry (18.87+£0.62) % |

EMEME ZERIYREREHE

Antifungal activity of the ethanol extract

x1
Table 1

from Geastrum fimbriatum

1R Inhibition ratio (%)

B b

i = =3
(17.71+£0.84) % F1(41.23+0.39) % , HAK T L A2 % Sl REUTE oy PN
(98.32+1.4)% . (92.67+1.53)% F1(98.11 Fusarium 5" onaceum ~ Cereosporella
graminearum albo-maculans
1.85)% , HE R W E (P < 0.05), HApEmHHAE
L = Y 19.10£0.19  36.11£1.66  20.24+1.12
ZAE?%HX%X‘T MDA-MB-231 E"Jjﬂ]ﬁ%ull‘iﬂigi{g/fﬁﬂ: E[hano] extract
Ll H TR R #2670 MR R I g?ﬁé | 69.55+2.46  77.96+2.23  70.44+1.76
W5 H B HIE B Guerra Dore et al(2007) 45 i1 R 0.00£0.00  0.00£0.00  0.00+0.00
ST M R BRI ZE 0.5~ 1.5 mg + mL I, A4 Methy aleobol
;\;100- gmo' 8 §1oo- e
£ 80 *g 80 £ 804
§ 60 2 60 é 60
< 40 £ 404 < 404
? —©O— Z BRI Ethanol extract —O— ZEHEEY) Ethanol extract T
{9__\‘"]' 20 4 —A— %H28E Taxol {'—E\I- 20 —A— SH2EE Taxol {-i.l- 20 4
¥ #E i
= = = —O— ZEREY) Ethanol extract
O I I 1 I I 0 _AI_ :‘Tfl::;'—lzEg TaX?I T T

1 T T 1 1 1
6.25 12.5 25 50 100 200
SR Concentration (pg-mL™)

1
6.25 12.5 25
SRE Concentration (ug-mL™")

1
6.25 12.5 25 50 100 20
KB Concentration (pg-mL™")

50 100 20

B 3 ERHHL A 2 ELEE U AT BGC-803 (A) NCI-H520 (B) Fil MDA-MB-231( C) #y#I1E

Fig. 3

Inhibiting effects of ethanol extract from Geastrum fimbriatum on

BGC-803 (A), NCI-H520 (B) and MDA-MB-231 (C) cells

il PMBC (&b & I A% 240 1) #4737, X A i B 4t
B M R —E AR 1 RIS TR

3 W54 ®

F T 1 A2 I s b 2SR X A b R SR AR A
X RIME , H A AL B a0 9T 32 AR T A B R
AR 282 b, O T UL R 19 A= W M i 9 A AL
JURRIE . AN B E PR & E 6 4
&Y, 45 2 N E IR 1 AR 1R 2 A
Wi, H 5, 8a-id 1k % 1 -6, 22-— #-36-1
AP0 AL T R BT MR N M (X a4, 2013,
2014) , 15 BH 5 IH 1 AL 0440 4804k AR b 988 0 1 5 X
TS AR AT REA — 28 WA DGR . B PH Hb 2 2 P 4 R
Y DPPH A1 - OH [ i 535 BR g J1 19 1C4, 53 51

(270.43 + 4.52) F1(340.95 + 2.83) pg - mL', 7E
200 pg - mL'BF, B HL A 2 BESEICY) - OH A
BV R F N (49.34 £ 0.44) % A% T4 Hb B £ 8%
PR - OH H B2 TEBR % (64.0£2.92)%
( Guerra Dore et al,2007) , Ui Bl #h 2 5§ 2 B B
FIPT A A TG M 0] BE B4 T £ IR HU , 1T BB 2
ASTE b B B BT AL TG PRI T B M 2 XA Rt
— AR, BNHE 2 BB X 4 B 0 A ER
PR R A BR R B 2R JRAT B TSI /E L 55 Chi-
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