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Analysis of petroleum ether extracts from Fomitopsis officinalis by GC-MS

and bioactivity investigation on different extracts
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Abstract: The fruiting bodies of Fomitopsis officinalis were extracted, using different polarity solvents. Petroleum ether extract,
chloroform extract, ethyl acetate extract and methanol extract were obtained. The constituents of petroleum ether extracts
were investigated by GC-MS, and the biological activities of extracts in different phase were measured. Forty-six kinds of consti-
tuents were identified from the petroleum ether extract. The extracts obtained by using the four solvents showed anti-tumor
activity at 100ug/mL. The petroleum ether extract components at 50ug/mL displayed strong growth-inhibitory effects on
NCI-H460 and SGC-7901 tumor cells with 99.03% and 82.57% of inhibition rate, respectively. The free radical scavenging rate of
methanol extracts at 8mg/mL was 93.35%.
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A % /ZBERABEHEZIRIA GC-Ms TR SIRIRI L EY

HGHEBEAAS R L2 )R THFET M RRw
7, Hh 2w HEREEH R — K.
ERERREEAY T, F2RWETX 3K, fF
A G 2 R ZFNARE S5 (IR ORI A R
2008),

25 J ) )= FL B Fomitopsis officinalis (Vill.)
Bondartsev & Singer, 144 A7 (11, ) 44 B B2
CHras), EZ LW H Polyporales, 12L& %}
Fomitopsidaceae, f\J=fL&J& Fomitopsis (¥ %
2009, 2010, 2012). SRS ETE 23 [ HE P
BORK R BT, BONGE R RS, Afas
W, FHEKAM, RO . HRK,
EZ R w kA TR 3 500m A )
LR AR LR L AhE b aRIARE R L, A5
LA FRREE R R T Lo )iz oA AR, #E
PEEIIL HAR WEEE S Hl BrasE. Wb,
v DI, mE SR A CERSE 2002;
R 20120 AHELEAEN - MAH R
B, B IR #E R T IR L B R
PR % fift e 85 55 T3, [R) I 38 e I % w1 E AT B 1)
B CIRIRYESE 20100, {H2MEE EVE, HET
X 24 FHA0L 25 LR 1 2 BRSSP A ek iE L0 . o T
S e MR 24 FH AR LA (00 2 B A SO0 T A
EAT 43 2R 25 5, 0 FLAM A g 40 L FH H 4 A0 S5 2B )
T PEREAT RIS, AT A 1E— 28 I R 245 9802 AL
U ISR .

LS
1.1 #H

1.0.1 PR R Y A B 24 R AUE LR 5
A R ORIE ) B AR R 2 AR A B A w
1.1.2 X2 HAERF]: Spect roMax M2 G MY
(molecular devices), RE-52A MY Jig#E 7% K AX L
WA ), 96 FLAN MBS FRIW T Gibico 24
H], RPMI-1640 i 72 5E06 H Gibico A H], Jifi 4 LK
HBUM DY ZETT A ] P75, DMSO T H A T4

#, Alamar blue I H Sigma A+, 4 H IS &
B1 (DDP) A& 2] 7 i, PURILER « A7 Tk |
LR LW RN 534 4 4y M 4. rDNA-ITS ] PCR
PR A B A A TR R IR A
BRAT . FRISI4 Tss/iTsa h BigHEm 4 T
FEA BR A Al il

1.2 7%

1.2.1 ZHBZLE TSR S50 P4 X7
SRS B, 7F PDA ¥5FR3E TR ILE 3R,

MEEHIESFFE . FERTE EAAK R 3em 5, I
P PR T 22 A K 4R HL DNA. DNA (3RS i
/NIIEE (2007) ) CTAB k. PCR I HE4A R0 5

10xPCR Buffer (100mmol/L), dNTP (200umol/L),
MgCl, (25mmol/L), Tag DNA H§ (15U), ITS5/ITS4
519, WE DNA Bl (49 25ng), [ AR K
25uL, 3 NAE AB /A ] ) 2400 4 PCR 41 {L
AT RN R 95 C AR YE 3min; 95°C
A5k 1min, 55°CiE K 1min, 72°C%E{H 90s, fEH
35 % 72°CHEAH 7min, ZIEIRE N 4°C. PCR =
YR 1.5% M3 I e kA I i, A8 A 1 ifg
et A B ) 58 AN T o 1TS 74V AR 4l
M 51 UL R 2 B A )45 Bty (NCBID 9l 4 1t
(19 22 FL B R S0 Ath B0 B8 1R AH OC 7 A A v . e 1)
DNA /74 ClustalX #AFEAT X AL HES . I F 4>
THALBAE D HT A (MEGAS) > T R G0 .
1.2.2 ZIHPEFLEAE S BRI B2y F B2 FLA
MIA 15g, O 300mL A7 ik, ZRCHEHUE R
ah, CIRIRAE1FRE 0.5g, 19% 3.33%; iRplfE
P skA sR N 300mL =& FFEEHRE 4h, R IK
W1 H 3.6g, 135 24.67%; ik T priakid
A LR LBESEEL 4h, (RIIRFTHRE 6.7¢g,

135 44.67%; IR TR PTG Ak oo N FE RE SR EL
ah, RIRIKAIFIRE 0.7g, 155K 4.67%; o FI4&
3.4g Mkt . RFH 4CLRAF, &H.

1.2.3 GC-MS 4341 : Thermo TRACE1300 < 5t ¢ T 1,
HP-5msi E41E (A4 (0.25mmx30m, 0.25pum),
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AR 260°C, FHEFEF ARIUGE 50°C, B
5°C/min S THE S| 200°C, #HAmEmAiAS, K
B 1ul/min, FEFEE 1uL, UEE 30:1; EI HL YR
70eV, BT UEIRIE 230°C, FERTIE 7.4psi, TG
[l & 35-550, AT NISTOS bR J5iilh M 2

1.2.4 20 f 557 5 AR A MM b5 40 M s 1 S 5 SR
A Alamar Blue 7% (Brigitte et al. 1993; Hamid et al.
2004) Fr IR SR IR 4 B vE P . NCI-H460 Al
SGC-7901 i il T+ 10% FBS. 100U/mL 75 % % .
100pg/mL HE% E 1 RPMI-1640 i Fedkrh 8557, 1
37°C 5% CO,~ WA 4511 T 40405 7% . ] 0.25%
I TR T A K T 1) A0 L IS RO L 4k R ke 1
A0 A, 96 FLAR ThAEFL N 100pL (£ 1 5 A4
JL ), T] A A2 B e L IS e PR 2 e e TR,
PEXTHEZL I 100pL 75 40 1 10 35 5 55, BH 0T HE 4
100uL DDP ¥, =0 6 B4L N 100pL A5 40 e 1)
BRI EE, N MR AR S, A EE . A
A ML P2 U DMSO ¥ iRt I F s 72 254
B, no100uL B SZEAL, AR EE 4 BN
100ug/mL 1 50ug/mL (DMSO HIWE /N T 0.1%),
XTHRAIAM I 100pL H5 7R 0k 1E9R 48h 5, A H:
FEW, FH PBS VRV UK . Alamar Blue 473 F 1%
FREELL 1:10 LIRS, BEfLIn 200uL, Alamar
Blue & 10%, 4h 5 #5572 BT 570nm IR B
K F 590nm PR, KA g 5 5 3
(0 FLAE 2 VR, I g BB A A & 0 FLAE ) JR(E,

LA 355 7% L I 98 25 25 (L A A il SE Bl 3%
WO ST S0 WA s 2 40 A7 0 e =0 IR —#F
il )/ %) Hix100%

1.2.5 Hréa b RE I : K DPPH [ Bk Frik
(Orhan et al. 2007) . %M UE P BERL L, KA
A i 35 LA TSI H R v iR, 1E A2
W . B 100pL [ 200pmol/L DPPH ZJE¥EE AN
100pL (200 CAY AN 96 LB, TRA), =
U R BCE 30min T, AF 517nm ALIUWEOGRE, R
I 5E 100uL DPPH YA +100uL Jo/K L EEVE AW (B)
F1100uL AZPE+100uL To/K LEER AW (C) 7
517nm FIIWROGIE . BEHT vC 1R N BRI XS . 44 i
FATHE DPPH H B IEVE B % : DPPH JEBR %
=[1-(A-C)/B]x100%.

2 BR G50
21 EEWBRESFEE

MG SEARTEAS, l W35 () - S5 4k 5 [
B, REOHDHEE, AO6. REA. KH
BEOHA . XA SEATHA S E, K
2mmx2mm FEETEEA ZREAE 25°C L T, THIl 4%
PERERFR 3d 5, HAHITIRET R AR, KA ®
W22 V% . 28 PDA REFR3Eali b 95 % 10d (K D
i, BB A AR, ARV RKREE, 5
O 225 e, Jige—BUNIAl S, s Wae ol
T,

1 HRABRAEFEAREBADBEEKR A
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Fig. 1 A fruiting body and the tissue isolate of Fomitopsis officinalis. A: A fruiting body of F. officinalis; B: Culture after 10 days.
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221TS FIINFERARFLE D

DL S 56 TR Bk B 22 AR SR B SRR 40 DNA 4
B, X TS BGEAT PCR RS . R NCBI
1) BLAST R P EAT 2 41 LU, T aoAH B RE $5z i 1)
9 N ITS [ 41, iz Moy Tk Ak A% 73 BT B 1 MEGAS
R KR AEHERGEKEN (E 2. o,
RGEKRKEW LSLGWEIES F officinalis B 8T —28
BE, MALEN . 5 F spraguei. F. meliae .
F. rhodophaea 7= AU K . HZ BLAST JR41LE
X35, 5 F officinalis Ft KABALCRAE 99%, HE—
SUEH, 5 F officinalis B AT ZA KRB RAR,
W 2 L AL
23 ZANBEILEAMBIEEMILER D S

KH GC-MS #1725 AL E FL B A 3
Tk $2 B 4y b 3k 43 52 AN, kR R HoEE
NISTOS. N LAEMTIFZH A Rk Be ek, JL%E
T a6 MLECGR D, T S s,
W T NEN A G Y R O RS, e D A
HATHED . BRED . wiREWE, of /D
HIEWIL . oA Ok K B B Ry
FHARL o

QUERY

2.4 ZHAMEILE A E B VBT IE I XS BhiE 4
B 188 5 A 82 M)

MR S R (R 2 FIE 3), A
[ 7 LI 5] () B U A AN T A JBE S5 N A /I & o i
Jisi NCI-HA460 Fl1 SGC-7901 41 g 1) A= KIS AN [RIFEFE 1)
POHIVE T o A RE SRR B O, 0] s 4 g
BB AR A B S, FEAR RIEAROC. HIRSE
IR E] 100pg/mL B, SIS K 1 e 0 P34 o i)
W5, JUDAA RS U A A s . TEIR
JE ok S0pg/mL B, filiEEFEEY) %) NCI-H460 Al
SGC-7901 Jifyea 41 fu (1) 41 1 % 2y 99.03% 411 82.57%, 5
HES IS E (DDP) IR AT, i BH A ik
FEI) rh ] BE B A7 0 IR A0 By MR s R
25 ZRAMNBILEAARBEHAT RIS LEE
pal:oE Rl

T S DA [R] A AL 72 U DPPH H b
R AT LU 25 A2 AL B 0 RS ) A
—EMPUEALRE S . HLBEEFE SRS 3G 0, 2L
DPPH [ HIFEVG B Z AR N I, RILH —E &
MK FR . FERIUAE 8mg/mL i, B Fik
93.35%, & W H A A HUEALTEE, (G HER ISR 4),

93, Fomitopsis pinicola (F1608588)

Fomitopsis pinicola KMJ812 (FI418162)
Fomitopsis spraguei Cui8951 (KC507164)
Fomitopsis rhodophaea TFR1414 (EU232216)

Fomitopsis officinalis FO4 (EU854437)
94| Fomitopsis officinalis OKM-8050 (KC585355)
37' Fomitopsis officinalis FO6 (EU854439)

Fomitopsis meliae (KC585177)

—
0.1

2 ZHANIETLE TS REEFTIEERM N RELXER
EFZ T, JLRFEA)P SR A GenBank.

Fomitopsis rosea (AJ415564)

T 18] £ AU bootstrap SCHEFEL; Fi QUERY AR il )32 51 AL

Fig. 2 Neighbor-joining (NJ) phylogenetic tree based on ITS region sequences of Fomitopsis officinalis. Nucleotide: Kimura

2-parameter, complete deletion, bootstrap=1 000; The numbers in each node represents bootstrap support value. The samples

marked with QUERY was examined by the authors, and others obtained from GenBank.
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* 1 HAMUBEILE AR S

Table 1 Components of petroleum ether extract from Fomitopsis officinalis fruiting bodies

P REEE SRR 31X
No. tzg (min)  Component name Molecular formula
1 4.60 i HZK 1,4-dimethyl-benzene CgH1o
2 6.53 2,2,3- = HJE-5-2FL ik 5-ethyl-2,2,3-trimethylheptane C1aHae
3 7.66 +—%t Undecane Ci1Haq
4 7.71 1-FEE-2-ME 2 i 2-pyrrolidone,1-methyl- CsHgNO
5 8.63 7-H Bz DU M -1-lF PR 1E  7-methyl-Z-tetradecen-1-ol acetate Cy7H3,0,
6 9.40 (3a,5a)-2- V. H F:--HH £ ¢ -3-l% Cholestan-3-ol,2-methylene-,(3a,5a)- CygH4s0
7 9.68 3-}2 4k~ %iME Dodecanoic acid, 3-hydroxy- C15H2403
8 9.70 VIR Oleic acid CigH340;
9 10.01 + ¢ Dodecane CioHae
10 10.19 3,7,11-=H J-1-1+ " 1-dodecanol,3,7,11-trimethyl- Cy5H3,0
11  10.28 2-[(2)-9- 1+ )\ Wedfs T4 R £ B 2-[(2)-9-octadecenyloxylethanol Ca0H400;
12 10.90 2,6,10-=H |- PU%¢ Tetradecane,2,6,10-trimethyl- Cyi7H36
13 11.00 A /5L Tert-hexadecanethiol Ci6H34S
14 11.22 T Nonanoic acid CoH150,
15 11.26 1,3,5(10)-M £ = J%-170-/% Estra-1,3,5(10)- triene-170a-ol C1gH,40
16 11.35 4-5 R FE-1,3-38 2 Wi 4-isopropyl-1,3-cyclohexanedione CoH140,
17 11.49 2-H3E-1-175FilE 1-hexadecanol,2-methyl- Cy7H360
18 12.89 (E)-3,7- - F%6-2,6-3F 05-3-H1 3 T R CisHa60,
3-methyl-,3,7-dimethyl-2,6-octadienyl ester,(E)-butanoic acid
19 15.30 9-+ /N MR 9-hexadecenoic acid Ci6H300,
20 16.78 1- = L¥%ilE 1-heptatriacotanol C37H760
21 17.34 17-=- HBR) 17-pentatriacontene CssHyo
22 17.68 6-K-ElE 6-epi-shyobunol Cy5H260
23 17.74 —+-t%¢ Heptacosane Cy7Hse
24 18.64 E,E,Z-1,3,12-+ JUHk —i-5,14- &% E,E,Z-1,3,12-nonadecatriene-5,14-diol CigH340,
25 18.77 JWi-13-— 115 }% 82 Cis-13-eicosenoic acid CyoH350,
26 19.59 3b,20- £ HE-12-1% I3 kE-28- R 12, 3- LR T MR C33Hs,05

Urs-12-en-28-oic acid,3b,20-dihydroxy-,methyl ester,3-acetate (8Cl)

27 20.21 1-=-1-L4%ElE 1-heptatriacotanol C3;H760

28 20.38 AR HR,1-T Jik-2-(8-FH 3L T lK) C5H3404
1,2-benzenedicarboxylicacid, 1-butyl-2-(8-methylnonyl) ester

29 21.90 StNEIR 415 Ethyl iso-allocholate C16H4405

30 24.10 M- )\ Bk 42 Cis-vaccenic acid Ci1gH340,

31 24.36 13-+ J\BkJiFR Trans-13-octadecenoic acid Ci5H340,

http://journals-myco.im.ac.cn
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Bk
32 31.59 AR AR — H H:1% Dilauryl 3,3’-thiodipropionate C30Hs304S
33 32.00 BRI - 2R Trp-glu C16H19N305
34 35.87 & Squalene C3oHso
35 3756 3b,20- £ Jk-12-15 U5 ki-28- R 1R, 3- L 1R W1 IR C33Hs,05
Urs-12-en-28-oic acid,3b,20-dihydroxy-,methyl ester,3-acetate
36 38.12 (3b,16a,21b,22a)- 7% 33 S ¢ -12-45-3,16,21,28- 1L ¥, 21-[(2E)- 1 3 -2- T 4R FHHE] CasHseO6
Olean-12-ene-3,16,21,22,28-pentol,21-[(2E)-2-methyl-2-butenoate],
(3b,16a,21b,22a)- (9CI)
37 38.74 3-$45-17-448-15,7,9(11)- =% 5,7,9(11)-androstatriene,3-hydroxy-17-oxo- CigH540,
38 39.42 (16a)- F Hk-6- . Y Hk-4- 7 45-3,20- 1] Cy3H3,0,
Pregn-4-ene-3, 20-dione,16-methyl-6-methylene-,(16a)-
39 39.55 [l Stigmasterol Cy9Hag0
40 39.95 14-4A-14 15,17,19,21-hexatriacontatetrayne C3gHss
41 40.00 4 J%-2,6,10,15,19,23-7\ 1 %£-2,6,10,14,18,22- — |- PU T/ 45 CaoHso
2,6,10,14,18,22-tetracosahexaene,2,6,10,15,19,23-hexamethyl-,didehydro deriv.,
(6E,10E,14E,18E)-
42 40.22 JH%ERR Ursodeoxycholic acid Cy4H4004
43 43.75 FZHIE R Ergosterol CygH140
44 44.87 4,22- " J7iH5-3-[ 4,22-cholestadien-3-one Cy7H4,0
45 45.83 (3b,5a,6a,16a)- 5,6- 4 -3,17- 2 HE-16- FF JE- 2 f5-20-1 Cy2H3404
Pregnan-20-one,5,6-epoxy-3,17-dihydroxy-16-methyl-, (3b,5a,6a,16a)-
46 48.82 # 11 #$-4,6,8(14),22-VU4%-3-1 Ergosta-4,6,8(14)-tetraen-3-one CygH100
47  49.15 4,14- "W 3E-9,19- A IH (§ 45-3,7- 13- LR R C31Hs,03
9,19-cyclochloestene-3,7-diol,4,14-dimethyl-,3-acetate
% 2 FREIBHIAFIREDHNIS] NCI-H460 BFhiE 4 M iE 14
Table 2 Antitumor activities for different solvent extracts of Fomitopsis officinalis fruiting bodies on NCI-H460 tumor cells
i AN TR B PR 4 ) %
Constituents The inhibition rate of different concentrations (%)
100 50 25 12.5 6.25
Fiilifk Petroleum ether extract 99.37+1.21 99.03+1.17 14.62+1.98 8.56+1.23 5.98+1.53
Z & H%E Trichloromethane extract  99.04+1.34 46.68+0.92 9.05+3.46 3.27+1.06 7.19+1.94
LR L1 Acetylacelate extract 99.36+1.41 52.30#3.52 18.74+1.18 15.99+0.98 5.95+0.78
I Methanol extract 99.67+1.37 11.67+3.56 8.16%3.50 6.12+3.94 3.40£2.99
5T IS 2 4 DDP 99.7410.07 94.57+1.30 83.11+1.00 43.780.39 33.280.69
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% 3 FREIBHNAFIREUIINE] SGC-7901 FhiE 40 AEE £

Table 3 Antitumor activities for different solvent extracts of Fomitopsis officinalis fruiting bodies on SGC-7901 tumor cells

il AN TR F 4 ) 4
Constituents The inhibition rate of different concentrations (%)
100 50 25 12.5 6.25
fi7lTik Petroleum ether extract 99.3614.32 82.57+7.24 52.85%4.69 22.54+4.82 8.98+2.53
=& H%E Trichloromethane extract 70.25£6.75 7.23+8.89 16.99+3.53 17.95+7.16 14.1343.46
LR WE Acetylacelate extract 98.31+4.15 3.25+3.73 8.81+8.08 21.44+4.10 2.92+3.38
F 2 Methanol extract 98.78+3.39 7.78+5.66 9.42+11.53 3.47+7.61 15.44+11.49
TS IS 24 411 DDP 99.80+0.18 96.14+0.24 79.74+0.99 49.0211.31 29.74%0.97
F 4 FEBHBATRIROME LT
Table 4 Antioxidant capacity for different solvent extracts of Fomitopsis officinalis fruiting bodies

ik AN TR FEE 3 Bk

Constituents The DPPH radical scavenging rate of different concentrations (%)

10 8 6 4 2

fiif# Petroleum ether extract 36.95+1.75 35.21+0.83 34.41+2.82 21.44+2.95 19.13+1.52
=S W HE Trichloromethane extract 53.05+0.11 48.85+1.17 36.34+2.00 27.74+4.30 23.8710.60
L% L1 Acetylacelate extract 38.61+3.56 37.17+0.74 34.69+3.88 33.16+0.90 21.48+0.31
FFiZ Methanol extract 91.23+1.41 93.35+0.35 86.60+1.25 76.64+1.71 57.15+1.47
YU MLER Vitamin C 99.89+0.01 99.51+0.03 97.73+0.02 97.54+0.03 89.97+0.01

3 Wi

PR 8 5E, FET 70 7K L rDNA
43 DX B P LA S 1R 2 T SR A AR A
IER e T E . w5E. 5. #E3CikkiE,
rDNA-ITS Il 7 F52 A 2 % 2 . H - #E45 L i Inonotus
obliquus. #ZIAR)ZFLIE Phellinus rimosus A% )2
L% Porodaedalea chrysoloma . fifl 4 A JZ £ FH
Inonotus baumiiC¥ /NIAE 2007) . FLA- 3 Suillus
bovinus (& IHEAIE S 2005) 45 K FL 4l 57
WA E . EAWTICH, AT rDNA-ITS Xt
AR LR AT T IRIEAE I S8, XA R 2
FH A0 LR 4l 55 57 B M ) DR R S A R 2 1t
T BRI

AL, E SR AN R A B TR SR 2 40
EALE R . K GC-MS M ik, M2y
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JAALB A BRI T o B A S ) RIS R AN [F] A
HLEEFRSE Y ) A= 0308 T AT A5 I o 7 25 F 802 £L
AR SR h IR E T 46 NMLEY) .
B T Rt R N SR S IR 2 S E i1
W AE W JE AR B0 R, AR 4 i
NCI-H460 F1 SGC-7901 il i 1 A K345 A [FI 2 FE 1)
FTIAE FT 0T it J68 2 H FR 400 1 2 5 vk R e A
IEAHOG. M4 EE NIH bRdE, S3EPI7E 100pg/mL
I JEC 00 51 P8 4 2 K R R L B 30% 5t
FT I A 0 5 L A A e 8 4 e 8 )3 o S
H, FESIREEALE 100pg/mL AN [R) A HLES A $E )
HOR I H PR E M, b, A R U
50ug/mL I 6 NCI-HA460 1 SGC-7901 i 41 fifd /1)
I O 42 L F] 99.03%F1 82.57%, i X
HHOR] R A DR I TR v RS PR T
TEIEF G OU R NRA B 2SS b T AW
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A SIE BRI BT, IR AU I 1A A
W OfF o4 2004), H b4 2 o H G
B ik 1, B 2l ok Mk A= iy KO T S S R A
J, 3 ALAAE 73 F K A 7KF S 4R 48 B K
P, TSR SR, AR AR R ThRE
PR 38 JE DL RAESE o N LA s
AU TN NAR B A B RIE -, ATIELE
T F LS FRIR IRy, S R, 2
PO 2 AL R v mT 85 A 400 i R84 B R e A A
PR R IR B0, AR L = 25 PR o R AR F L
il A R — 2P
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