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1 1 * 2
N / 10617) X / 91201)
HPLC LC-MS ( Cordyceps sinensis Cs) \Cs
( Hirsutella sinensis) ( Hsm) RS6-3. ( Cordyceps militaris Cm) ( Paecilo—
myces hepiali Cs-4) o : GCs 3
0.92 g/L 2  HIA ; Hsm RS6-3 5 HIA ;
Cs Cm Cs4 H1A

1
( Cordyceps sinensis ( Berk.) Sacc. Cs)
( Hepialus armoricanus Oberthur) ( Stipe) ( Stroma)
e, 1999 Cs ( Hirsutella
sinensis mycelium Hsm) e
Cs 7 ( ergosterols)
N M O HIA
( Activated human mesangial cells) A ( Immunoglobulin A
nephropathy) ° '
HPLC Cs Hsm RS6-3. ( Cordyceps militaris Cm)
( Paecilomyces hepiali Cs-4)
LC-MS/MS H1-A
2
2.1 N
Cs ( )+ Cm( ) Cs4 ( )
( PDB) ( PDA) Acumedia ; ( Difco ) o
( Sigma ) ( HPLC Merck ) Milli-Q
( Millipore ) o
2.2
Cs Hsm RS6-3 ° PDA (15
0.5) C 4-6 PDA .
2.3
0.5~1 cm’ PDA (15+0.5) C
2 0.5~1 cm’ 150 mL PDB 500 mL
20110243 ;20110527

(No. 97AS43.1.4PT¥3(1))
*  E-mail: jhguo@ mail. npust. edu. tw
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80 r/min (15 +0.5) C o 2 o
2.4 HPLC
L2130 HTA  HPLC L2420 UV-visible ( Hitachi ) ; Thermo C48 Gold
(250 mm x4.6 mm i.d. 5 pm Thermo ); 40 °C; 20 pl;
- (9:1 V/V); : 0.67 mL/min; 280 nmo
2.5
Cs ( Stroma) ( Sclerotium) ; 2
Hsm RS63 4 °C 6000 r/min 15 min : Cm
Cs4 o
2.6 HPLC
0.1g 10 10 min;
10000 r/min 5 min : 10
;o 0.22 um ( Sigma ) ;20 uL HPLC o
2 5 10 50 100 300 500 800 1000 mg/L. 3
2.7 LC-ESI-MS H1-A
Finnigan Surveyor Plus ( Thermo ) ; Thermo C48 Gold
(125 mm x4.6 mmi.d. 5 pm Thermo ); 40 C; 20 pL;
- (9:1 V/V); ; 80.4 pL/min; 280 nmo
Finnigan LCQ DECA ( Thermo ) ( Electrospray i-
onization; ESI) ( Ton trap) ; ESI ; 350
C; 4.7 kV; ( Auxiliary gas) : 3 arbitrary units; ( Sheath gas)
5 arbitrary units; ( Full scan mode) 100 ~2000 amu; (m/2)0.5; 0.5
s; ( Spray voltage) : 5.0 kV; Xcalibur software v 2.0.7 o
2.8 H1-A
MS/MS LC-MS/MS o ( Total ion
trapping) ( Daughter ions) ; ( Parent ion) m/z 0.5 span
0.02 s; H1-A ; ( Normalized collision energy)
H1-A : Xcalibur software v 2.0.7
; N Massfrontier ~ ChemBioDraw o
3
3.1 HPLC
HPLC ( - - ). ( Hypersil Gold a Q

column (250 mm x4.6 mm 5 pm) ; Hypersil GOLD Cg column (250 mm x4.6 mm 5 pm) ; Hypersil Gold
column( 150 mm x4.6 mm 5 pum) ; Lichrospher RP48 endcapped column (250 mm x4.6 mm 5 pm) .

(30 35 40 ) (0.5 ~1.0 mL/min) .

2 ~1000 mg/L HPLC 24.6 ~24.9 min.
¥ =29480x +66130 (R) 0.9987 y X .

HPLC Cs +Hsm RS63 Cm  Cs4 14 ~
36 min( 1), Cs .Cs Hsm RS63.Cm Cs4 0.92
0.30 3.60 0.04 2.15g/L( 1); Hsm RS6-3 Cs
Cs 3 ( 1)

3.2 H1A

LC-MS Cm Cs4 m/z410.3 1 Cm Cs4
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H1A ; Cs Hsm RS6-3 HIA
m/z410.3 £1(  2), Cs 2 HIA JHH JH2( m/z411.35
411.32) (1) LC 15.87 26.42 min( 1) ; Hsm RS63 5 H1A
LC4 LC2 LC3 LC4 LCS( m/z410.33 410.97 409.32 410.63 410.32 1) LC
16.83 35.58 40.18 49.06  55.67 min,
6001 1.4 )
— Ergosterol
— Ergosterol —= Stroma of Cs
5004 == Stroma of Cs_ 1.2 . Sclerotium of Cs
w Sclerotium of Cs — —— Hsm RS6-3
Hsm RS6-3 ?_ 104 =~ Cm
= 400- o5 E ] o
E = 03
£ 3004 X
§ z 0.6+ i
8 i z ' |
£ 200 2o |
= i o nl‘.n*f,, bl
[TI0F — - Py A i
0 Jl T T T T T T T T 1 OU 1 1 1 hll.l : el 1
0 4 8 12 16 20 24 28 32 36 40 200 400 600 800 1000
t/min m/z
1 Cs 2 N Cs.
Hsm RS6-3 Cm Hsm RS63. Cm
Cs4 HPLC Cs4
Fig. 1 HPLC chromatograms of the components in metha— Fig.2 Total ion chromatograms ( TIC) of the components
nol soluble fraction of ergosterol standard Cordyceps sinen— in the methanol soluble fraction of ergosterol standard
sis ( Cs) fruiting bodies Hirsutella sinensis mycelium RS6— stroma of Cordyceps sinensis ( Cs)  sclerotium of Cs Hir—
3 (Hsm RS63) C. militaris ( Cm) and Paecilomyces sutella sinensis mycelium RS63 ( Hsm RS63) C. milita—
hepialid ( Cs4) ris (Cm)  and Paecilomyces hepialid ( Cs-4)
Hsm RS6-3 Cs HI-A LCMS  LC-MS/MS
Table 1 Identification of derivatives of ergosterol or H1-A in Hsm RS6-3 or Stroma of Cs using LC-MS and LC-MS/MS
Sample Compound  LC retention time( min) LC-MSparent ion( m/z) LC-MS/MS daughter ions( m/z)
Ergosterol S 54.55 379.2 364 309 294 239° 185
LC4 16.83 410.3 391 339 318 254 239¢ 227
- 409 393 381 378 364" 352 328 255
- o ue %gé %é? 379 378 353 350 348 341
RS63 L3 40.18 409.3 334 320 294" 286 254 191° )
Hsm RS6-3 392 353 352 342 341 339 299 298
) Lo 49.06 4106 286 284 260 254 230 201 177 171
395¢ 393 368 364° 362 355 329 328
LCS 55.67 410.3 298 286 284 273 270 258 254 231
217 202 191" 188 178 174 160 159
JHA 15.87 411.4 391 365" 350 319
Stroma of Cs JH=2 26.42 411.3 409 3947 351 286 256
(Note) :a b c: ( Ergosterol derivative) ; *  d: HI-A ( HI-A derivative)
LC-MS/MS 54.55 min(  1).  ESI( +)
M+H "(m/z379.2 1) 35%
m/z 364 309 294 239 185( 1. 2 3)
3. ESI( +) LC-MS/MS Cs
2 H1-A JH JH2( 1. 4) m/z
350 +1 (10R 13R) 47A (S E) -hex3-en2~ylium-5-yl) 40 13-dimethyl7-ox02 3 4
79 10 11 12 13 15 16 17-dodecahydrod H-cyclopenta o phenanthren3-ylium( 2. 4); Hsm RS63
5 H1A LC4 LC2 LC3 LC4 LC5( 1 5)
(m/z254 1 393 +2) (13S) 43-methyl9 10 11 12
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13 15 16 17-octahydrod H-cyclopenta o phenanthren7( 2H) -ene

(3aR 6R) -6-allyl3{ (2R 5R E) 5

6-dimethylhept3-en2-l) 3a 6 7-rimethyl- 9-methylene2 3 3a 4 5 5a 6 9-octahydrod H-cyclopenta «

naphthalene( 2 5) .
iy
L
o & B ;
> [&1]
% 80 o N Fig.3 LC-MS/MS spectra and structures of ergosterol
2 @ 64 02
£ 60 b N “ ((S) m/2379.2 CpHy*)
C] b 4 -
£ 40 o [:} ( The ergosterol parent ion( S) signal m/z379.2 ( C,xHy *) and its
ﬁ 20 daughter ions)
0
150 180 210 240 270 300 330 360 390 420
m/z
2 Hsm RS6-3 Cs H1-A LC-MS/MS
Table 2 Identification of derivatives of ergosterol or H1-A in Hsm RS63 or Stroma of Cs using LC-MS/MS
Number LC-MS/MS daughter ions Chemical formula IUPAC name
(m/z)
1 185(100. 0%) 186( 15.3%) 187( 1. C.H.3 24 ( 8aR ) 4 Metheylium-8a-methyld 7 8  8a-tetra—
1%) g hydronaphthalen2-yl) ethen- -ylium
5 239(100. 0%) 240(19.5%) 241(1 CoHos (10R) 40-Methyl2 3 4 9 10 11 14 15 16 17-decahydro—
8%) 187723 1H-eyclopenta a phenanthren-3-ylium
(10R 13R 17R) 40 13-Dimethyld7 propd-en2-yl) 2 7
3 é?;)( 100. 0%)  295(24.1%) 296(2. CyHyp. 9 10 11 12 13 15 16 17-decahydrod H-cyclopenta a phe—
¢ nanthrene
(10R 13R) 47-Allyl3 10 13+rimethyl2 3 4 9 10 11
4 309(100.0%) 310(25.3%) 311(3. CyHyy ™ 12 13 14 15 16 17-dodecahydrod H-eyclopenta a phenan—
0%)
threne
(13R 17R) 47H (2R 5R E) 5 6-Dimethylhept3-en2-yl) —
5 3(674)( 100. 0%) 365(29.7%) 366(4 CyHyo2 13-methyld 2 34 9 11 12 13 14 15 16 17~lodecahydro—
¢ cyclopenta a phenanthrene3 10-diylium
< 1 (3R) -6-dsopropyl 3-methyl 3 (2S 5R E) 2 5 6-trime-
6 318(100%)  319(24.3%) 320(3.0%) € H3 0 thylhept-3-enyl) cyclohex- -enyl) ethanone
(10R 13R 17R) H47H ( R E) Hex3-en2~lium-5-1) 40
7 350(100%) 351(27.0%) 352(3.8%) CpsHy, 07 13—dimethyl7-0x02 3 4 7 9 10 11 12 13 15 16 17-Do-
decahydrod H-eyclopenta a phenanthren-3-ylium
2{ (3R 3aR) 3 (2R 5R E)-5 6-Dimethylhept3-en2-
8 365(100%) 366(29.2%) 367(4.2%) CyH, 07 yl) 3a 7-dimethyl9-methylene2 3 3a 4 5 5a 6 9-octa—
hydrod H-cyclopenta a naphthalen-6-yl) ethan- -ylium
3{ (3R 3aR 6R) 3{ (2R 5R E) -5 6-Dimethylhept-3-en—
9 391(100%) 392(31.9%) 393(4.7%) CyHuz07" 2+l) 3a 6 7-irimethyl-9-methylene2 3 3a 4 5 5a 6 9-oc-
tahydrod H-cyclopenta a naphthalen-6-yl) prop- -en4 ~ylium
(13S) 43-methyl9 10 11 12 13 15 16 17-Octahydrod H-
10 254(100%) 255(19.8%) 256(2.0%) CigHz 0 cyclopenta a phenanthren-7( 2H) -one
(3S 10R 13S) 3-hydroxyd0 13-Dimethyl3 4 9 10 11
11 286( 100%) 287(20.9%) 288(2.5%) CioHy 0, 12 13 15 16 17-decahydrod H-eyclopenta a phenanthren7
(2H) —one
(10R 13R 17R) 40 13-Dimethyl-7-methylened7 ( 2R
12 394(100%) 395(30.8%) 396(4.8%) CygHy O 5R E) 5-methylhept3-en2+1) 2 3 4 7 9 10 11 12 13
15 16 17-dodecahydrod H-eyclopenta a phenant hren-3-ol
(2R E) 2 (10R 13R 17R) 3-Hydroxy40 13-dimethyl7-
+ oxo2 347910 11 12 13 15 16 17-dodecahydrod H-cy—
13 409(100%)  410(30.4%) 411(4.6%) CoyHay 0, clopenta a phenanthrend7-1) 5 6-dimethylhept4-en3-yli—
um
(3R) 34 (13R 17R) 3-Hydroxy10 13-dimethyl-7-ox02 3
14 339(100%) 340(25.3%) 341(3.5%) CyH; 0, 479 10 11 12 13 15 16 17-Dodecahydrod H-eyclopenta
a phenanthren-7-y1) but4 -en- -ylium
( Z) 24 ( 8aR) -6-Hydroxy- -metheylium-8 a-methyl -3 -ox0-6
15 217(8)( 100. 0%) 219(15.2%) 220(1 CH 0,7 7 8 8a-tetrahydronaphthalen2( 1H 3H 5H) —ylidene) ethan—
I-ylium
(3S 10R 13R 17R) 3-Hydroxy-d7-sopropyld40 13-dimeth-
16 3%73)( 100.0%)  328(24.2%) 329(3. ¢ {0, 41349 10 11 1213 15 16 17~lecahydrod H-cyclopenta

a_phenanthren7( 2H) -one
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1( Continued to Table 1)

LC-MS/MS daughter ions

Number (m/2) Chemical formula IUPAC name
(10R 13R 17R) 474 ( R E) Hex3-en2~lium-5+l) 40
17 g;o)( 100.0%)  351(27.0%) 352(3. ¢ g, 0**  13-dimethylT-ox02 3 4 7 9 10 11 12 13 15 16 17-do-
¢ decahydrod H-eyclopenta a phenanthren-3-ylium
. 24 (3aR 6R) 3{ (2R 5R E)-5 6-Dimethylhept3-en2-
18 -3,3%( 100.0%) 382(29.7%) 383(4. CyyH, 0* vl) Ba 6 T-rimethyl9-0x02 3 3a 4 5 5a 6 9-Octahydro—
¢ 1H-eyclopenta a naphthalen-6-y1) ethan- -ylium
(2R E) 2« (10R 13R 17R) 3-Hydroxy10 13-dimethyl7-
19 409(100. 0%) 410(30.4%) 411(4. CoHL 0, * oxo2 347910 11 12 13 15 16 17-dodecahydrod H-cy—
6% ) 28774102 clopenta a phenanthrend7-y1) 5 6-dimethylhept-4-en-3-yli-
um
20 191( 100. 0%) 192(13.2%) 193( 1 CoH.-0, * (6S 8aR) -6-hydroxy-8a-methyld -methylene3-ox04 2 3 4
2%) 1277152 6 7 8 8a-octahydronaphthalen2-ylium
(10R 13R 17R) 40 13-Dimethyld47 propd-en2-yl) 2 7
21 é?;)(l -0%) 295(24.1%) 296(2. CyyHyp 9 10 11 12 13 15 16 17-decahydrod H-cyclopenta a phe—
¢ nanthrene
(3R)3A( I0R 13R 17R) 3-Hydroxyd40 13-dimethyl7—
2 i‘};)( 100.0%)  342(25.3%) 343(3. ¢ H.0,* ox02 3479 10 11 12 13 15 16 17-Dodecahydrod H-
¢ cyclopenta a phenanthren47-yl) butan- -ylium
(10R 13R 17R) 47H (2R 5R E) 5 6-Dimethylhept-3-en—
23 379(100%) 380(30.8%) 381(4.4%) CysHys 2+l) 40 13dimethyl2 3 4 9 10 11 12 13 14 15 16 17-
dodecahydrod H-eyclopenta a phenanthren-3-ylium
24 171(100.0%)  172( 14.2%) Cy3Hys (R) 2+ .8a—Methyl—1 7 8 8a-tetrahydronaphthalen2-yl)
ethen- +ylium
25 230( 100. 0%) 231(18.7%) 232(1 C.H ( 8aR) 4 dsopentyl-8a-methyl-3-methylened 2 3 7 8 8a-
6%) 177726 hexahydronaphthalene
2 260( 100. 0%) 261(20.5%) 262(2. C.H (3R 3aR) 3 (2R 5S E) 5 6-Dimethylhept-3-en2~l) 3a—
1%) 197732 methyl2 3 3a 4 5 6-hexahydro4 H-indene
1{ ( I0R 13R 17S) 3-Hydroxy40 13-dimethyl2 3 4 9
27 %?79)( 100. 0%)  300(23. 1%) 301(2. C, H; 07" 10 11 12 13 14 15 16 17-dodecahydrod H-cyclopenta a
¢ phenanthren-7-yl) ethanH -ylium
28 188(100.0%) 189( 14.1%) CyH,e0 (éﬂe) 3-Propylidene4 4a 5 6-etrahydronaphthalen2 ( 3H) —
29 190(100.0%) 191(15.4%) 192(1.1%) CuHy Fen;:R) S8a-Methyl2-propyld 2 3 7 8 8a-hexahydronaphtha—
(3S 10R 13S) 3-Hydroxy40 13-dimethyl2 3 4 7 9 10
30 %770)( 100. 0%) 271(20.9%) 272(2. CoHy 0% 11 12 13 15 16 17-dodecahydrod H-eyclopenta a phenan—
¢ threne7 17 -diylium
(3R 3aR) 3 ( E) 5 6-Dimethylhept-4-en2-l) 3a 6 6-ri—
31 334)( 100. 0%) 355(27.5%) 356(3. CrsHy5 0 methyl3 3a 4 5 5a 6-hexahydrod H-eyclopenta a naphtha—
¢ len9( 2H) -one
(3R 3aR 6S) 3« ( E) 5 6-Dimethylhept3-en2-l) -6-eth—
32 8?78)( 100. 0%) 369(28.6%) 370(4 CysHyyO yl3a 6-dimethyl3 3a 4 5 5a 6-hexahydrod H-eyclopenta
¢ a naphthalen-9( 2H) -one
o )
rx N
120 A " ]J\C ‘E:&b N 100, B /Ct%f—wﬂlw
3 100 J/?/” (6)—31906 8 um VEEEI:) itz
g = 80 . 3510
E o | é 60 \04 {I\” ” o
Z 60 2 2sdon ',;';’
2 2 40 -
= 40 35091 )
2 20 z 2
0 |
150 180 210 240 270 300 330 360 390 420 150 180 210 240 270 300 330 360 390 420
Mass (m/z) Mass (nz)
4 Cs JHHA(A) JH2(B)

Fig.4 LC-MS/MS spectra and structures of JHH( A)
m/z411.35( CogHyp O,)

A:HIA JHA

JH=2

and JH2( B) obtaining from stroma of Cs
B HI-A

m/z411.32( CpyHyp 0,)

o A: JHH parent ion ( m/z 411.35 C,3H,, 0,) and its daughter ions can be obtained; B: JH2 parent ion ( m/z

411.32 CyHy, 0,) and its daughter ions.
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Fig.5 LC-MS/MS spectra and the structures of LCH (A) LC2 (B) LC3(C) LC4 (D) and LCS (E)
obtaining from Hsm RS6-3

A: HI-A LcA (m/z410.33 £1 CpeH,,0,) :B: HIA LC2 (m/z410.97
CagHy 0,) ;C: HIA LC3 (m/z409.32 CyH, 0,%) :D: HIA LC4
(m/z410.63 C,;H,) (E: HIA LCS (m/z410.32 CpsHyg0) . A

LCA parent ion ( m/z 410.33 C,H,, 0,) and its daughter ions; B: LC2 parent ion ( m/z 410.97 Cy,Hy, 0,) and its
daughter ions; C: LC3 parent ion ( m/z409.32 C,H, 0, 7) and its daughter ions; D: LC4 parent ion ( m/z410.63 C
H,s) and its daughter ions; E: LC-5 parent ion ( m/z410.32 C,5H;30) and its daughter ions.

- Cm Cs4 H1-A Cs
Hsm RS6-3 7 HI-A m/z 410 + 1;
Hsm RS6-3 HI-A LC3 LCS
(m/z294  364) (m/z 191  395) m/z 191 395
710 H1-A LC3 LCS H1-A
LCd Lc=2 HI-A (m/z 410 =1)

(m/z239  364) LC4 LC=2 H1-A
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HPLC LC-MS/MS Cs  Hsm RS63
o LC-MS/MS Massfrontier ~ ChemBioDraw
7 HI-A

( Research Center for Bioactive Products National

Pingtung University of Science and Technology) HPLC  LC-ESI-MS/MS o
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Determination of Ergosterol and Its Derivatives in Cordyceps Sinensis—
associated Products by High Performance Liquid Chromatography
and Liquid Chromatography-Mass Spectrometry

CHEN Lin-Cheng' HSEU Ruey-Shyang' GUO Jia-Hsin"?
'( Department of Biochemical Science and Technology College of Life Science Taiwan University ~Taipei 10617)
*( Department of Food Science College of Agriculture
Pingtung University of Science & Technology Pingtung 91201)

Abstract Current research uses HPLC and LC-MS to investigate ergosterol and its derivatives contained in a
Cordyceps sinensis ( Cs) fruiting body obtained from Tibet an anamorphic Hirsutella sinensis mycelium ( Hsm)
strain RS6-3 isolated from Cs by our laboratory and some Cs-associated products such as Cordyceps militaris
( Cm) and Paecilomyces hepialid ( Cs4) . Results indicated that the ergosterol in the Cs stroma was approx.
0.92 g/ or about 3 times higher than that found in the sclerotium. The Cs stroma contained 2 kinds of H1-
A derivatives while the Hsm RS6-3 contained 5 kinds of H1-A derivatives which were different from those
found in the Cs sclerotium. No H1-A derivative was found in Cs sclerotium Cm or Cs4. The results of this
investigation may provide a technical foundation for assessing the quality of Cs-associated products.
Keywords Cordyceps  sinensis;  Hirsutella  sinensis;  Cordyceps militaris;  Paecilomyces  hepiali;

Ergosterol derivatives; High performance liquid chromatography; Liquid chromatography-mass spectrometry
( Received 13 February 2011; accepted 27 May 2011)



