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BRI R M E G L, B AR | S ACRANF 63 sk T AT A B Al IF R AR B R AR 5 A Kbk A iE
Tty 45 )5 5 T3 AL A R BACE R AT, SR EE G RN SN AN G R LRI T AT EE R
BRH AR TR S B E RS . RN AR kAP KR B 20 Mo (5 A h S8R, L P AR
(46.76%) Az A48 T 85 (13.82%) A2 & B2 (7.20%) A2 & -4, 6- =K (4.99%) A4 F R &M A Mebdn, 2G4 & Mk
RO A BRI A M S A H AR S BE (1) 1,2- = BEALKE (2) b A5 8 BE C(3) 6-F 2§ —4— I 3-8 (4) 2§ —5—F5 7~
B (5) A2 & 5K -38,Ta =B (6) A2 —5— 438,78 =B (7) 2§ -4 —6-F87 (8) 3-% L A -2-F K- kBt & 1 (9),
P feddn 7% DPPH A Wik A= ABTS 8 @1 48 /1 R 4F, 2 1Cy 145 51 # 180 pe/mL A= 12.2 pe/mL. %3 . % Kk & %5
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LA AL IS 1 BE A R i 16 PR R R K, Park
SO Kang A8 A7 AL 2R B34 ) BE AT 23 A /)
BRUPR MR R B — s Y R IR AR ARHE
ST PINAS AT 5 e A AL SR B4R W AT e B A
) L BRI AR TR A o [ AR T A7 AE SRR ) 1Y
WFFE T2 T T AW P T, R B AT
JLPREZEH,

RN — R B, T2 A7 A8 0 B 2 A H Y
B, AU R 2 @ 8O - 3 156 7 ik
AT A AR BRI A S W R s
AT | SR A 3 D 0 BT O3 4l
e, iz AR - B G 25 & SCHR AL 5 4
S5H  IF X IR A A W AR TR PEREA T I E L A
BEWAGRIIE T A SRR R D) 1AL 22 8o,
A AESE T RE R A TF e B R (B AR M 35 S

1 #REFEE
1.1 R 5K

300~400 HRERE, 28R B Ak T BHA FRA
F) s HSGF254 3 23 6k A, 48 75 VT A RE e T & A7 FR
oyl g s g B 25 1 ) T.BAKER 24 A 5 0
i ONE ks PR, 32 E J.T.BAKER A A ;
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SIGMA-ALDRICH i AC& 5, b 5 5 A B ]
Gy M Sl A B 1 25 L AT BR S\ 5 e o b 4l
Gk 2R, B HE A R A X5 A TR SR
it T 2020 4F 9 HRAE TR A AR M T N 4R
1.2 NE5EH
KQ5200DE 5 TE vEAL, B 1L A A g A BR

3 ERE-52AA i 728 kA, Bl R AR
WFH-203B =55 A%, EiRs RHA R A
Primaide il £ % 5 ZORAH (0354, REFRH#AL
A PR F]UV-100 4017 WA Y66 T, 1 ifg
KA B A FRZA 7] s Bruker AV 11-600 MHz #%
WAL PRAL, A5 s B AT BR 2 B Agilent 1260
HPLC-6500 %% Q-TOF ¥ ik X , ZHEfeFHE
A PR A K- 4 GCxGC HRT 4D plus,
FE LECO A ],
1.3 Fik
1.3.1 ARy NS S  FRERTHRALR 1
kg, FHRY REALAE LT AR A A8 S8 K ,60% &
P ORI PR I 3 Uk, L g A T B EOR , D8R v
4, 1RO AR Y) 20 g, FH R ERORE P ) Ag
10 mg/mL, T J5 229 73 #7 .
1.3.2  AAEERER Y Z A5 (TLC) ot ¥ A
162 WEHE W) 43 590 0 A I Tk S 2 B2 2 TG A% B 31
AL RO R O TR )Z 5 B A LR B4R W) /R i
Flash #4385 (k- 2 B Z 7R 5 ) 13 2K [ i)
PEB W R R R B P B s T A aE i ),
VauwsV zmem = 151 JB It ,@ﬁ@ﬁ%‘%%ﬂ@%ﬂm%
B,
1.3.3 A ER B YR B H] (LC-MS) 43t R
i Agilent 1260 HPLC-6500 % %1 Q-TOF ¥ - Ji
T IR FHASORT A 6 S B 2 W ) Ak B W i AT o B,
KN 210 nm, & 7 IF M +ESI, i & H1 4575 B miz
90~820 u, {43 H K AA12S05-1546WT C,5(150
mmx4.6 mm,5 pm) ; HE RN 35 C, AR ERN 1.0
mL/min; ¥ FE 88 5 wL; 3 8h 4 b K (A) # & B
(B), HHEPEME (0~30 min,5%~100% B;31~40
min, 100% B),
1.3.4 A ERESRY) B (GC-MS) 70 % 5

T02s ZEBOR A 5 mL £ 76 352 BESE P RE A, 75
JA 1 g NaCl Fi1 10 wL FR¥) 2—F B (10 mg/L),
% B, 7E%E T 600 r/min FIZKIE 40 CKBF

A 20 min, i 5 K B Ar TR A 9 A TR TP
R o A TEURE AR UL 2 AT 2 % B 2 4 R Il
43 30 min B A HUTE BE A9 2 Ui A GC-MS
O3 FEHR AR B AR TR 50 °C, £ 58 0.2 min, 2R )5 LU
20 °C/min FHE Z 200 °C, 5L 6 °C/min FHiE
% 300 °C, 4% 10 min,

1.3.5 AESERERYN e Salife WA e
YR T AT IE AR AT 1 5y B, DURTR AT
fik— TR CBEARFLLE (100:1—50:1—20:1—10:1—
5:122: 1= 1) TR A5 W R i TR HEA T 40 B2 R, 28 0
EOIER IR A IR 13 AN (BRiE s Fr. 1~
13), 3Rk RCAE 2 B 05 55 I 2 4 B
(CEIE iRty

1.3.6  PLEALIEHENFSE DPPH & ABTS H i 3t
T8 BRI 1 0 S S R SCHR[14-15)164T7

2 GZBRE55H

ARG 55 X A7 46 S BE AR W Ak o AT T 4
Mr, iz H GC-MS %5 i 29 ME&¥, R4 55 g
TR AT LR A me | HS EAE s as R R 2
il 5 VB AH €T S5 X A AR SRR Y R oy s, AR E
& 175 R 176 mg) L& 277 R 13
mg) AW 3N 48 mg) AW 4= RN
16 mg) L&Y S7 &N 65 mg) fLEY) 6(7= &
H 88 mg) MG T(7 A 9.6 mg) G 8
(Z &N 24 mg) LEW I &R 21 mg), i2H
Wit o3 S B oy s S T e, 351
SRS B (1) 1, 2- WA A (2) LA A (55 82 C(3) .
6—F2 I -0 {5 —4—Ja5 -3 (4) . MAE§-5-Jf—7 -
(5) JH§ -5-4-38,7Ta B (6) B -5-4-38,
7B I (7) S —4-Ji—6-M (8) 3-F £ K -2-H
Fe-EoR B (9) 658 3.8.9 N KRR =Y
(B 1) o DL K 1 40 i B 5 26 4k A 9 1) 56 0 3
B
21 ARKERUNLERDSEEESH

iz F TLC Fl LC-MS K I A7 48 252 B 42 W) 1k 2
BT IS GFEBOYIG A AL B A
fik 2 Fl O TR O TR LT 2 Y B B 2 R =9,
HZERE AT (K 2a) . BRI 4 Flash 05
JRBLH B R A, R R
20 WO WO PRSI Th ATRE S A A LR | S
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Compounds identified from the ethanol extract of G. amansii

Fig.1
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Fig.2 Detection of the richness of the ethanol extract of G. amansii
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2.2 FRAIEFEERY GC-MS &

A0 A6 S B ) e SO 3 B I 43 A
ENE 3, AN & AR A, L 80%
VTR Tk 29 ML G, B AR RIR 1, R
1 PRl A LSRR ) E B IR R | B R
PImg . G 2SS A A, HL B R R Y O R A R
(46.76% ). t5%HH MR & B (13.82% ). M f =
(7.20%) JH§§ 4,6~ " (4.99%) . A1
P L AR S P R R o 3 43 R S e
RS -4, 6 RS 54 -7 B AH S -4 ,6-—
=3~ 38— (Benzoyloxy)—JH fi§ -5 - 78—, 41
b O B W A AN A U AENT ) i A
NS B g VT d5 58 3 Fharie b th &2 B T IR S
P K AT AR

i 7 {ELx 10°
Intensityx10°

4y L.|| 1 ,l L ! 1 1 |

0 5 10 15 20 25 30 35 40
458 ]
Retention time/min

B3 AEXEZRMWH GC-MS
Fig.3 GC-MS diagram of the ethanol extract

of G. amansii

®1 GC-MS EEMAAEXEBRUTHLEN
Table 1 Compounds in the ethanol extract of G. amansii identified by GC-MS

B5 1% 8 B /s ot HF K A0 x4 F /%
1 1084.54 A5 4 B CieH0, 46.76
2 1102.18 5B B CisH30, 13.82
3 1 648.93 R & BY CoHO 7.20
4 1541.33 B -4 6-= % CoH40 4.99
5 960.13 GIER ¥ C..Hx0, 3.98
6 1015.07 H B CysHy0 222
7 921.49 + L% CHay 1.8
8 1771.32 38— (Benzoyloxy) A2 & —5—¥ 78— B% CaHyO; 1.52
9 1 849.44 B —5— 4 —7 -8R CyH,0, 0.79
10 662.77 EE S F 1 CH;0 0.78
11 269.82 ¥ T CsHy 0.68
12 510.07 R B CH,0, 0.47
13 573.14 3-2 -4 ks -2, 5- A C,H,NO, 0.47
14 1186.68 T4+ % kg C\eHy0, 0.40
15 982.22 Ok S BR O B CoH30, 0.36
16 598.18 R CoH 50, 0.31
17 361.97 RS 3 CoH 0.30
18 455.41 +—% CHay 0.29
19 589.36 3-2 k49 -2 5-ubvktE = B C,H,NO, 0.28

20 865.55 TR A CH,¢05 0.27
21 818.42 = SRR AR A B C,H,0, 0.27
22 1211.63 kB L CH40, 0.25
23 245.04 TR CHyo 0.24
24 332.40 PR CoH 0.23
25 977.03 T-fk ek (2,4) = 8 C,H,0; 0.14
26 1071.94 3-F T H-2,3,6,7,8,8a—7 A% C,H N0, 0.10
27 174353 JER R . CoH,0 0.10
28 405.06 N— P 3 o v 5 R C-H,NO 0.03
29 794.41 p—Ah A AT e C,H,.N,0, 0.02
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23 AUEXEBERVUEBRSBHESBREMETE

LB 1 A ER R BN, iR o
A6 2140 EIMS m/z 386.35 [M]*; ¥ s B ¥ ik
ARG 1A BURE S, FA o O Y S B
S, FUARE & B SCHR [16] B %5 e Ry AR S
(Cholesterol ) , H AR W4 4 F ."H-NMR (600
MHz, CDCLy) 8, 5.35 (1H, m, H-6), 3.54 (1H,
m, H-3), 1.02 (3H, s, H-19), 0.96 (3H, d, J=
6.5 Hz, H;-21), 0.88 (3H, d, J= 6.6 Hz, Hs-26),
0.87 (3H, d, J=6.6 Hz, H,-27), 0.68 (3H, s,
H;-18); “C-NMR (150 MHz, CDCl;) 8. 139.7 (C-
5), 122.6 (CH-6), 71.9 (CH-3), 56.7 (CH-14),
56.0 (CH-17), 50.0 (CH-9), 42.3 (C-13), 39.7
(CH,-12), 39.7 (CH,-24), 38.1 (CH,-4), 37.0
(CH,-1), 36.6 (C-10), 36.2 (CH,-22), 36.1
(CH-20), 319 (CH,-7), 31.9 (CH-8), 283
(CH,-16), 28.0 (CH-25), 27.8 (CH,-2), 24.3
(CH,-15), 24.3 (CH,-23), 23.0 (CH;-27), 22.7
(CH;-26), 21.0 (CH,-11), 19.3 (CH;-19), 18.8
(CH;-21), 11.8 (CHs-18),

&% 2. TR Y ; ESIMS m/z 313.30 [M+
H]";'H NMR (500 MHz, CDCLy) 8, 5.15 (1H, s,
H-17), 499 (IH, s, H-17), 422 (1H, J = 6.8,
2.7Hz, H-2),3.72 (1H, d, J=10.0 Hz, H-1a),

CHO

ROl !

3.55 (1H, dd, J=10.0, 6.4 Hz, H-1b), 2.36 (1H,
brs, OH), 2.15~1.90 (2H, m), 1.04~1.55 (20H,
m), 0.86~0.89 (12H, m, H;-16, 18, 19, 20),
BC-NMR (125 MHz, CDCl;) 8. 148.7/148.6 (C-
3), 110.5 (CH,-17), 75.1/75.0 (CH-2), 65.7
(CH,-1), 39.4 (CH,-14), 374 (CH,-8), 37.3
(CH,-10), 37.3 (CH,-12), 36.9 (CH,-6), 33.0
(CH,-4), 32.80 (CH-11), 32.7 (CH-7), 28.0
(CH-15), 25.5 (CH,-5), 24.8 (CH,-13), 24.5
(CH,-9), 22.7 (CH;-20), 22.6 (CH;-16), 19.8
(CH5-19), 19.70/19.71 (CH;-18), %¥¥irh c-2,
C-3, C-18, C-10 Brif#p i 2L 2 4 A [6) 19 fk 2
PEF HREI Ry 2 467 F2 1 S A s i, DL e S
SCHR[19-201% R S sE fb &9 2 O 1,2 FE Al I
(Phytene—1,2~diol ) , HiZ Ak & ¥ hy 2 1) 53 44 1A 11
REW Q2 iR,

&% 3. @R Y HREIMS  miz
400.3341 [M]*; B fg % W Wl LUE 1 A 3
f55[6: 189.7, &y 9.97, CH-6],1 XI5 S (8¢
168.9, C-5; 139.4, C-6) %l 4% Je: f B i) o AL (5
5 (E4), BT 'TH-NMR (500 MHz,
CDCl,) 6,9.97 (1H, s, H-6),3.71 (1H, m, H-
3), 3.47 (1H, ddd, J=2.0, 4.5, 14.5 Hz, H-4a),
2.55 (1H, dt, J=4.0, 11.0 Hz, H-8), 2.05 (1H,

6 L 4 3
L2 Box107
Chemical shiftx107°

(a) &Ik

190 170 150 130 110
i B x10°
Chemical shiftx10°
(b) e i

2500
2000
1500 >
m 2
ool
1000 = &
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L CHO i #% {5 % C
1000 ( c ) {4: ?2? 423 ééfﬂiﬂ Eﬂ
I
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500 g i
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0
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Fig.4 Structural characterization of parguesterol C
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m, H-4b), 0.95-1.96 (22H, m), 0.93 (3H, s,
H;-19), 0.92 (3H, d, J= 6.5 Hz, H;-21), 0.87
(3H, d, J=6.5Hz, H;-26), 0.85 (3H, d, J=6.5
Hz, H;-27), 0.73 (3H, s, H;-18); “C-NMR (125
MHz, CDCl;) 8; 189.7 (CH-6), 1689 (C-5),
139.3 (C-7), 70.9 (CH-3), 60.2 (CH-9), 55.4
(CH-17), 545 (CH-14), 463 (C-10), 46.2
(CH-8), 452 (C-13), 39.8 (CH,-12), 39.5
(CH,-24), 362 (CH,-1), 36.1 (CH,-22), 35.6
(CH-20), 33.9 (CH,-4), 31.3 (CH,-2), 28.5
(CH,-16), 28.0 (CH-25), 26.6 (CH,-15), 23.9
(CH,-23), 22.8 (CH;-26), 22.5 (CH;-27), 20.7
(CH,-11), 18.9 (CH;-21), 15.6 (CH;-19), 12.5
(CH;-18) ., Z A& W) A R A (i B A (Parguesterol
A)BIZEIY , 2008 4F 1 Wei Z5205 5, R4, AR
S He i 24 A A A S B C (Parguesterol C), K #r
KERT=W . A% (8 B AL A W s AR B 43
R AL T TR TG PR

&Y 4. @8 A EIMS m/z 400.33 [M]';
K I R 5K A AE 1 AR L (8 200.5,
C-3),1 NAUEES 5 (8. 126.3, 8H 5.81, CH-4;
8. 168.6, C-5),1 i E MK H EAF 5 (6. 73.2,
Sy 4.34, CH-6), %42y B AL (1) BEA5 5, HAR %L
P40 F .'H-NMR (500 MHz, CDCl;) 6,,5.82 (1H,
s, H-4), 436 (1H, t, J=4.4 Hz, H-6), 2.52
(1H, m, H-2a), 240 (1H, dt, J =16.5, 3.0 Hz,
H-2b), 1.46-2.06 (13H, m), 1.34 (3H, s, Hs-
19), 1.00-1.33 (11H, m), 0.92 (3H, d, J=6.6
Hz, H;-21), 0.88 (3H, d, J= 6.6 Hz, H;-26),
0.87 (3H, d, J=6.6 Hz, H;-27), 0.75 (3H, s,
Hi;-18); "C-NMR (125 MHz, CDCl;) 8. 200.5 (C—
3), 168.6 (C-5), 126.3 (CH-4), 73.2 (CH-6),
56.1 (CH-14), 55.9 (CH-17), 53.6 (CH-9), 42.5
(C-13), 39.6 (CH,-12), 39.5 (CH,-24), 38.5
(CH,-7), 38.0 (C-10), 37.1 (CH,-1), 36.1
(CH,-22), 35.7 (CH-20), 34.2 (CH,-2), 29.7
(CH-8), 28.1 (CH,-16), 28.0 (CH-25), 24.1
(CH,-23), 23.8 (CH,-15), 22.8 (CH;-26), 22.6
(CH;-27), 21.0 (CH,-11), 19.5 (CH;-19), 18.7
(CHs-21), 12.2 (CHs-18), LI E%ud 5 SCk[23-
2510 IR S AL A 4 R 6-FR -0 {5 -4 -

3—f] (6-Hydroxy—cholesterol-4—en—3—one ) ,

fE&9 5. KA ;EIMS m/z 400.33 [M];
W R 1 o S5 K R AE T A B AE (S
136.0, 6y 5.69, CH-6; 8. 165.6, C-5),1 /&
S (55 (8, 73.2, 8y 3.67, CH-3),F4x
Sy B RS AR S BAREE IR . "TH-NMR (500
MHz,CDCly) 8,5.69 (1H, s, H-6), 3.67 (1H, m,
J=1.1Hz, H-3), 2.51 (1H, m), 2.40 (2H, m),
2.03 (1H, m), 1.94 (3H, m), 1.46-1.66 (6H, m),
1.23-1.40 (9H, m), 1.20 (3H, s, H5-19), 1.00-
1.17 (7H, m), 0.92 (3H, d, J = 6.6 Hz, H;-21),
0.88 (3H, d, J=6.6 Hz, H;~26), 0.86 (3H, d, J=
6.6 Hz, H;-27), 0.68 (3H, s, H;-18); "C-NMR
(125 MHz, CDCLy) 8. 202.6 (C-7), 165.6 (C=5),
126.0 (CH-6), 70.3 (CH-3), 54.8 (CH-17), 50.0
(CH-14), 49.9 (CH-9), 45.4 (CH-8), 43.1 (C-
13), 41.8 (CH,-12), 39.5 (CH,-24), 38.7 (CH,-
4), 383 (C-10), 36.4 (CH,-1), 36.2 (CH,-22),
35.7 (CH-20), 31.2 (CH,-2), 28.5 (CH,--16),
28.0 (CH-25), 26.3 (CH,-15), 23.8 (CH,-23),
22.8 (CH;=26), 22.5 (CH;-27), 21.2 (CH,-11),
18.9 (CH;-21), 17.3 (CH;-19), 12.0 (CH;-18),
DL BdE 5 SRR [26) % B, MOE E S S R
8§ —5-H -7 (Cholest—-5-en—7—one ) .

B 6.7 J&— Xt 2 m AR, TLC AR &2 1
B EIR IR 2 PSR R R R
E(E S, G 6. R EIMS m/z 402.35
[M]*, HZ%RETE 1 o 458 AR TE 1A B 5 (8¢
1239, 8, 5.63, CH-6; 6. 1463, C-5),1 I i&
AR L5 5 (8. 65.4, 8,3.87, CH-7) , Fl4x Ny
MR S RS S, BRSO iR L "H-NMR (600
MHz,CDCl;) 8, 5.63 (1H, dd, J=5.3, 1.8 Hz, H-
6), 3.87 (1H, m, H-78), 3.62 (1H, m, H-3),
2.36 (1H, ddd, J=13.1, 5.0, 1.7 Hz, H-4a), 2.30
(1H,td, J=13.1, 2.3 Hz, H-4b), 2.02 (1H, dt, J =
12.9, 3.9 Hz), 1.85-1.94 (3H, m), 1.72 (1H,
m), 1.37-1.58 (10H, m), 1.29-1.36 (5H, m),
1.10-1.25 (11H, m), 1.01 (3H, s, H;—-19), 0.94
(3H, d, J=6.7 Hz, Hy-21), 0.89 (3H, d, J=6.6
Hz, H;-26), 0.87 (3H, d, J= 6.6 Hz, H,-27),
0.71 (3H, s, H-18);"C-NMR (150 MHz,CDCl;)
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oc 146.3 (C-5), 1239 (CH-6), 71.3 (CH-3),
65.4 (CH-7), 55.9 (CH-17), 49.4 (CH-14), 423
(CH-9), 42.2 (C-13), 42.0 (CH,-4), 39.5 (CH»-
12), 39.2 (CH,-24), 37.5 (CH-8), 37.4 (C-10),
37.0 (CH,-1), 36.2 (CH,-22), 35.8 (CH-20),
314 (CH,-2), 28.3 (CHx-16), 28.0 (CH-25),

24.3 (CH,-15), 23.7 (CH,-23), 22.8 (CH;-26),
22.6 (CH;-27), 20.7 (CH,-11), 18.8 (CH;-19),
18.3 (CH;-21), 11.6 (CH;-18), LA I %4 5 Scik
[27-28] % #, 0 4 E fb 5 W 6 i IR 5 -5-94-38,
Ta —F# (Cholest-5-ene-3B, 7a diol),
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l 8y 5.63 (dd, H-6) L’ -
A NV 2
TLC of 6 T L %@
’ H-NMR of 7 e &
meesesees 10000 HO o
' 9532 (t, B-6) {55 54538, Tor —-2(6)
P 1fo Tir S ! 50 75 70 65 60 55 S0 45 40 35 30 25 20 18 .n:n
e — e x10° —>
o i Chemical shiftx10° J&?é\/\(
. ( HC-NMR of 6 1000 HO' OH
caa . SRR L, L = HE-5-4-38,78 —E(7
s o e O - ULl e s ME-S-HR-38.78 —BE(T)
= | =i
) wZE E ()L EW 6.7 s A
()b B 6.7 (132 3 %t 1L & C-NMR of 7 ‘ o
2= Box107°

Chemical shiftx10°
()& 6.7 ARE Bk xt HLE

5 LEMET7THENEER

Fig.5 Structural characterization of compound 6, 7

&Y 7. B @ E A EIMS m/z 402.35 [M]*,
Bk S5 G M 6 5L, mRMXBIETHEY
76 AL S, HIERN Sy 5.63 (dd),
¥l 6y 5.32 (1) (B 5), ZiaHIWXE C-7 fi
FPEAR AL I S BN, Bl 5 SCHR28] 0 IR ik 4 e
&% 7 MRS -5-45-38,78 -l (Cholest—5—
ene-3B, 7B diol), EAKEE T ."H-NMR (600
MHz, CDCL) 8,5.32 (1H, t, J=2.1 Hz, H-6),
3.87 (1H, dt, J=8.0, 2.3 Hz, H-7a), 3.58 (1H,
m, H-3), 2.35 (1H, m), 227 (1H, m), 2.04
(1H, m), 1.08 (3H, s, H-19), 094 (3H, d, J=
6.5 Hz, Hi-21), 0.89 (3H, d, J = 6.6 Hz, H-26),
0.87 (3H, d, J=6.6 Hz, H;-27), 0.71 (3H, s, H-
18); B*C-NMR (150 MHz,CDCl;) 8. 143.5 (C-5),
125.4 (CH-6), 73.4 (CH-7), 71.4 (CH-3), 56.0
(CH-14), 55.5 (CH-17), 48.3 (CH-9), 42.9 (C-
13), 41.7 (CH,-4), 40.9 (CH-8), 39.6 (CH,-

12), 39.5 (CH,-24), 36.9 (CH,-1), 36.4 (C-10),
36.2 (CH,-22), 35.7 (CH-20), 31.6 (CH,-2),
28.6 (CH,-16), 28.0 (CH-25), 26.4 (CH,-15),
23.8 (CH,-23), 22.8 (CH;-26), 22.6 (CH;-27),
21.1 (CH,-11), 19.2 (CH;-21), 18.8 (CH;-19),
11.8 (CH+~18),

fE& Y 8. A A EIMS m/z 386.35 [M]*,
B b WOoR g5 b AR AE 1 DR EE S (S
203.2, C-6)F1 1 XRS5 (8: 146.9, C-5; &
132.6, &y 6.17, C-4), Fl4x Ay AL S BEA5 5
EARBHE 4R . 'H-NMR (600 MHz, CDCl;) 8, 6.17
(1H, t, J=2.2 Hz, H-4), 426 (1H, m, H-3),
2.57 (1H, dd, J=16.0, 3.7 Hz, H-7a), 2.08 (2H,
m), 1.02 (3H, s, H-19), 093 (3H,d, /=6.5
Hz, H,-21), 0.89 (3H, d, J= 6.6 Hz, H;-26),
0.87 (3H, d, J=6.6 Hz, Hy-27), 0.71 (3H, s, H-
18); "C-NMR (150 MHz,CDCl;) 8. 203.2 (C-6),
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146.9 (C-5), 132.6 (CH-4), 67.3 (CH-3), 56.7
(CH-14), 56.0 (CH-17), 51.3 (CH-9), 46.4
(CH,-7), 42.6 (C-13), 395 (CH,-24), 394
(CH,-12), 384 (C-10), 36.1 (CH,-22), 35.7
(CH-20), 34.8 (CH,-1), 342 (CH-8), 284
(CH,-2), 28.0 (CH,-16), 28.0 (CH-25), 24.0

(CH,-15), 23.8 (CH,-23), 22.8 (CH;-26), 22.6
(CH;-27), 20.8 (CH,-11), 19.8 (CH;-21), 18.7
(CH5-19), 12.0 (CHs=18), H 45 i e K45 S AH ¢
SCHK [29], LAY 8 WA N H K5 —4 4 —6— il
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Fig.6 Structural characterization of cholest—4—ene—6-one
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G2 M EES AR RES DR
5T T 1A E R AR T 2 /TR Bk S
55, BEMREREEIE T . '"H-NMR (500 MHz,
CD:0D) 8,4.80 (1H, ¢, J=6.8 Hz, H-5), 2.06
(3H, s, Hy-7), 1.42 (3H, d, J=6.8 Hz, H;-6);
BC-NMR (125 MHz, CD,0D) 6. 174.7 (C-1),
139.3 (C-2), 143.7 (C-3), 173.8 (C-4), 63.4
(CH-5), 8.6 (CHs-6), 22.5 (CH:-7) . UL ¥ 5
SCHR[300 IR S ek &) 8 o 3-8 L K2/
FHe— LR WE W % [2-(1-Hydroxyethyl ) —3—methyl-
maleimide ],
24 WMHUEDHMEMLFNE

1 8a AT, BTk E N 0~2.0 mg/mL i,

A& Wi bk DPPH H rh 5568 77 W Ik v 7 43
KR, B 8b v A, L& 7 ik DPPH H
ALY 1Cso H A/, 0 0.18 mg/mL fL&5H 1,45,
6,1Cs, 18 43 1 4 1.13,0.78,0.24 mg/mL F1 0.20
mg/mL, VC Y ICs, {4 0.08 mg/mL, &%) 7 56
DPPH Bt HAE 145iE VC, & E & W 73K
DPPH H M AR ) fe s, &Y 1 7 Kk DPPH H
HH LA T s

B 9a AT LLFE Y, Bk B 0~30 wg/mL
B, &l Ak A 4 Bl 5 0T o W 8 B, W B ABTS A H
Hae g, MR 9b AT, VC 1Y 1Cs fH R 1.3
pe/ml, L5 1.4.5.6.7 1HFR ABTS H H %G
BURT VC, &l ABTS H i F 1Y 1Cy 1H
KN F R . T<6<5<4<1, KL EY 7 HK
ABTS H HiHEBE Ty e, H 1Cs (H R 12.2 pg/mL.



H24% H 2

2717

»
=3
8
I B {E
Intensity

l

4000

3000

1000
0

o4
-
o

1
8

3464

55 50 45 40 35 30 25
M X107
Chemical shiftx10°

(a) &Il

8
o

S 1.0 05 00

!

oH ©O

1ty

1

I
Intens

170

DPPH H i 535 B %

ABTS H ih 15 %
ABTS free radical scavenging

150 130 110 90 80 70 60 S0 40 30 20 10 0
2= B x10°
Chemical shiftx10°
(b) B
M7 3HZE 2 FE DRBIRENETE

Fig.7 Structural characterization of 2—(1-Hydroxyethyl)-3—methylmaleimide

o0
£
o0
.
g £
_ 8 5 19
EZ £
<E B g0
8 o8 =
= = 8 05
= £ )
& ‘ ' : 0.0
A %0 05 1.0 15 277 1 4 s 6 1 VC
it e g = fei
Mass concentration/mg+mL™ Compound
() L&t DPPH [ 1 37 1 2% ()AL A ¥ DPPH [ H 32 BT B o i vk

E8 ARLEWEKR DPPH BEHEB ALK ICyE
Fig.8 DPPH free radical scavenging ability and ICs, value of different compounds

100 =e=1
—_— —e—4
+5

——6

.
Pt
»

(=)
(=}
]
(=]

| -

\

activity/%

5
E
p
2
4
7z : B 5 60
40t £
‘ EE w0
: I 2
0] L LGP -
¢ =]
M S
0 : i f ) . n
0 5 10 15 20 25 é L4 5 6 7 VC
ey S
Mass concentration/mg-mL™ Compound

() L& ¥Hy ABTS H i 3L 2% (D)L B W ABTS A i e 40 B o fa v J2

B9 AELEWEKR ABTS BEHRERNIK ICy E
Fig.9 ABTS free radical scavenging ability and ICs value of different compounds

12500 3-F% B2 H B T fe ik IV fr
| =z () et
Hs00 1= £
1000
1500
lo



278 hoE

i oF i

2024 455 2 #)

3 HFig

R TSR RN A SR B R ) AR 2 R A 0 A 5 S
H, A4 iz H TLC HPLC \LC-MS .GC-MS |
NMR % Z a0 F B, R G 17 HAL# %
57 TLC \LC-MS 43 ¥ R W e 4 ) h &
B R GAE Y, HAR AT B2 (S B 4y, i2
GC-MS M A1 3% < i B rh S5 e 31 29 Mk &
Y, Hrh S AR EERAE Y . 4OF R
HPLC 47 8 ,NMR %€, 538 9 kb 59,
R RS T (1) (1,2 AR (2) A A% B C
(3) 6-FRFE-JIH §§ —4—Jf -3 (4) JH 5§ -5-If -7
B (5) B H§ -5 -4 -38, 7o — B (6) H {5 -5 -
38,78 —FE(7) MBS —4-MF—-6-1 (8) 3-8 £ H -
2-H S -E SR R (9) s L& 7 W Bk DPPH H
i LA ABTS F HBERE 1 fe i, 3L 1Cs fH 4300 R
180 wg/mL A1 12.2 pg/mL, A SCH K RGEWFE T A
TR o B 3.8.9 Ml KR =4 ;
o EERL G Y R —E PR TE . AL
5 W T FE 2508 B BT T A 46 25 B 0 396 A 1) 4 o
B, A SRR R S B R K (AR R A AR L
TR

2 % x #

(11 7, B, Y, 5 WEOARZH A b

T B Oy ALAR PR BT A OE O[T B SR T,
2022, 48(4): 235-242.
PEI Y, YANG S T, FENG R, et al. Research on
the free radical scavenging ability and physicochem-
ical properties of the polysaccharides in Gelidium
crinale[J]. Food and Fermentation Industries, 2022,
48(4). 235-242.

(2] A, BLAE, B, % AR RN

e B S pE AL AT [J]. £l 5 K B T, 2020, 46
(7): 57-62.
PEI R N, ZHAI H L, QI B, et al. Isolation, pu-
rification and monosaccharide composition analysis of
polysaccharide from Gelidium amansii[J]. Food and
Fermentation Industries, 2020, 46(7). 57-62.

[3] MkEM, 2R, HKH, % MGEHIEREA
I 5 A7 46358 X TR W5 7K 53 1L 78 K M 8 45 48 1 52 il 7).
hEERE, 2018, 37(3): 49-52.

LIN S N, LI T J, TIAN Y Q, et al. Effects of
Gelidium amansit on the water mobilityand ultra-
structure of yogurt bynuclear magnetic resonancel|]].
China Brewing, 2018, 37(3). 49-52.

[4]  SRIeAs, o, BRBE. A BRI 0 5 25 B
FHBESEHE RE(T]. RS, 2021, 45(1): 129-138.
ZHANG Y G, WU G Y, CHEN X. Chemical con-
stituents and pharmacological effects of Gelidium a-
mansii[J]. Marine Sciences, 2021, 45(1). 129-138.

(5]  Z&A%, ZRSrey, XM, 4F. A0 4B A AT AT 5

HEJE]]. B AT, 2022(30): 178-181.
QIN Q, LUAN L N, DENG X, et al. Research
progress on the application and processing of Gelidi-
um amansii[J]. Food Science and Technology, 2022
(30): 178-181.

(6] FhL. MEHEERAMY BT R M) BT )
PR ER 2K, 2012.

SUN K. Summary of medicinal research on marine
algae plants[D]. Nanning: Guangxi University of Chi-
nese Medicine, 2012.

[77 KIM C, RYU H J, KIM S H, et al. Acidity tun-
able ionic liquids as catalysts for conversion of agar
into mixed sugars[J]. Bulletin of the Korean Chemi-
cal Society, 2010, 31(2): 511-514.

[8] SEO M J, LEE O H, CHOI H S, et al. Extract
from edible red seaweed (Gelidium amansii) inhibits
lipid accumulation and ROS production during dif-
ferentiation in 3T3-L1 cells[J]. Preventive Nutrition
and Food Science, 2012, 17(2): 129-135.

[9] LEE O H, YOON K Y, KIM K J, et al. Seaweed
extracts as a potential tool for the attenuation of ox-
idative damage in obesity —related pathologies [J].
Journal of Phycology, 2011, 47(3): 548-556.

[10] PARK M H, KANG J H, KIM H J, et al. Gelidi-
um amansii ethanol extract suppresses fat accumula-
tion by down-regulating adipogenic transcription fac-

tors in ob/ob mice model [J]. Food Science and

Biotechnology, 2017, 26(1). 207-212.

[11] KANG M C, KANG N, KIM S Y, et al. Popular
edible seaweed, Gelidium amansii prevents against
diet—induced obesity[J]. Food and Chemical Toxicolo-
gy, 2016, 90: 181-187.

[12] FRHESE, JEETS, WREW, 5. G638 Mg 12
B BT G PRI B ST, B A LS, 2011,
40(1) . 28-30.



524 4 2 M

G 70 R B A AT

279

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

LIN X P, ZHOU F F, CHEN X Q, et al. Research
on the antimicrobial activities of extracts from Ge-
lidium amansii and Sargassum pallidum|J]. Subtropi-
cal Plant Science, 2011, 40(1). 28-30.

INAS, B, REKTE, 55 A ERERY IR
PEAHL AL T PEFFE[D]. B ahBlaE, 2007, 28(10):
53-56.

SUN J, WANG Y J, ZHU L Y, et al. Study on
antifungal and antioxidant activities of alcohol extract
of Gelidium amansii [J]. Food Science, 2007, 28
(10): 53-56.

CHOE J H, JANG A, CHOI J H, et al. Antioxi-
dant activities of lotus leaves (Nelumbo nucifera)

(Hordeum wvulgare) extracts [J].

2010, 19 (3):

and barley leaves
Food Science and Biotechnology,
831-836.

AKKARI H, HAJAJI S, B’CHIR F, et al. Correla-
tion of polyphenolic content with radical —scavenging
capacity and anthelmintic effects of Rubus ulmifolius
(rosaceae) against Haemonchus contortus [J]. Veteri
nary Parasitology, 2016, 221. 46-53.

RN, 2R, BES, %5 28N EEAY W
5 (9E3C)[J]. Journal of Chinese Pharmaceutical
Sciences, 2017, 26(10). 754-762.

GUO W J, LI G L, HOU Y X, et al. Chemical
constituents from the red alga Symphyocladia latius-
culalJ]. Journal of Chinese Pharmaceutical Sciences,
2017, 26(10): 754-762.

B, NZE, HBR ) AF. ZTE FLVLE K A 0 S
7). TEZY A, 2015, 25(2): 132-134,
142.

XIA H, SUN Y, TIAN L,
stituents from the red alga Gracilaria asiatica [J].
Chinese Journal of Medicinal Chemistry, 2015, 25
(2): 132-134, 142.

R, BEV, R, 45 ImE3¥ (Porphyra haita-
nensis) 2% WA R 9T (). W EERE S, 2013, 37
(5): 15-18.

FENG Q, WEI Y X, QI J,
chemical constituents of Porphyra haitanensis|J]. Ma-
rine Sciences, 2013, 37(5). 15-18.

BROWN G D, LIANG G Y, SY L K. Terpenoids
from the seeds of Artemisia annua [J]. Phytochem
istry, 2003, 64(1): 303-323.

WONG H F, BROWN G D. Photo-oxygenation of

et al. Chemical con-

Studies on

et al.

phytol and the structure revision of phytene—1,2-di-

[21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

ol from Artemisia annua to phytene =1 —ol =2 —hy-
droperoxide[J]. Journal of Chemical Research, 2002,
2002(1): 30-33.

WEI X M, RODRIGUEZ A D, WANG Y H, et al.
Novel ring B abeo —sterols as growth inhibitors of
Mycobacterium tuberculosts isolated from a Caribbean
Sea sponge, Svenzea zeai|J]. Tetrahedron Letters,
2007, 48(50): 8851-8854.

WEI X M, RODRIGUEZ A D, WANG Y H, et al.
Synthesis and in wvitro biological evaluation of ring B
abeo —sterols as novel inhibitors of Mycobacterium
tuberculosis [J]. Bioorganic & Medicinal Chemistry
Letters, 2008, 18(20): 5448-5450.

WA, XA, SBRAE, . R BRI
Biemna fortis Topsent k2% hl 43 K A= Wy 3% HE ()], h
E KK 2, 2008, 6(5): 348-353.

HUANG X C, LIU H L, GUO Y W, et al. Chem-
ical constituents of marine sponge Biemna fortis
Topsent[J]. Chinese Journal of Natural Medicines,
2008, 6(5): 348-353.

LANG K L, PALERMO J A, FALKENBERG M, et
al. Steroids from the red alga Acanthophora spicifera
[J]. Biochemical Systematics & Ecology, 2007, 35
(11): 805-808.

LI L' Y, DENG Z W, FU H Z, et al. 6-Hydroxy—
4 —en-3 —one sterols from the marine sponge /lotro-
choto birotulatalJ]. Journal of Asian Natural Products
Research, 2005, 7(2). 115-120.

WANG Y S, WANG L L, HU Y, et al. Isolation
and identification of two steroid compounds from
Oviductus ranae[J]. Natural Product Research, 2010,
24(16): 1518-1522.

LIU H W, LI J K, ZHANG D W, et al. Two new
steroidal compounds from starfish Asterias amurensis
Lutken [J]. Journal of Asian Natural Products Re-
search, 2008, 10(6): 521-529.

R, XBEE, R, . b E ROl
Dendronephthya gigantea "' /¥ 22 32 5 §§ B WL 53 [J]. h
EVEAEZS ), 2004(1): 1-5.

LI G Q, DENG Z W, GUAN H S, et al. Polyhy-
droxy sterols from soft coral Dendronephthya gigantea
from the South China Seal]].
Marine Drugs, 2004(1): 1-5.
REGA M, JIMENEZ C, RODRIGUEZ J. 6 E-hy-
droximinosteroid homodimerization by cross—metathe-

sis processes[J]. Steroids, 2007, 72(11-12). 729-

Chinese Journal of



280 hoE N % R 2024 455 2 ]

735. Oxidative degradation studies on porphyrins with
[30] GAULER R, HESSE U, RISCH N. Derivatives of chromic acid[J]. Liebigs Annalen, 1995, 12. 2227-
natural tetrapyrroles for photodynamic therapy. 3. 2230.

Analysis of the Constituents of the Ethanol Extract of Gelidium amansii

Tian Yongqi', Luo Haitao', Ding Ting', Wang Qisheng', Deng Shanggui’, Wang Shaoyun'
(‘College of Biological Science and Engineering, Fuzhou University, Fuzhou 350108
XCollege of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, Zhejiang)

Abstract Objective: To study the chemical constituents of Gelidium amansii and lay a foundation for the research and
development of functional food of Gelidium amansii. Methods: TLC and LC-MS were used to analyze the richness of
chemical components in the ethanol extract of Gelidium amansii. The ethanol extract of Gelidium amansii was separated
and purified by silica gel column and HPLC, and the structure of compounds were determined by GC-MS, NMR, and
combined with the data reported in the literature. The antioxidant activity of some compounds was determined. Results:
TLC and LC-MS analysis showed that the ethanol extract of Gelidium amansii was rich in secondary metabolites, and it
was likely to be sterols. 29 compounds (5 sterols) were identified from the ethanol extract by GC-MS. Among them,
palmitic acid (46.76% ), ethyl palmitate (13.82%), cholesterol (7.20%), 4,6—cholestadien—3beta ol (4.99% ) were the
four compounds with the highest content. After chromatographic separation and NMR identification, 9 compounds were
obtained, which were cholesterol (1), 1,2-diol phytoene (2), pagosterol C (3), 6-hydroxy- cholest-4—en-3—-one (4),
cholest-5-en-7-one (5), cholest-5—ene-38, 7a diol (6), cholest—-5-ene-3B, 78 diol (7), cholest—4—en—6-one (8),
3—hydroxyethyl-2—methyl-maleimide (9). Compound 7 has the strongest ability to scavenge DPPH and ABTS free radical
with 1Cs values of 0.18 mg/mlL and 12.2 pg/ml, respectively. Conclusion: In this paper, the ethanol extract of Gelidium
amansii were systematically studied for the first time. Compounds 3, 8 and 9 were new natural products. Some sterols
showed good antioxidant activity.

Keywords the ethanol extract of Gelidium amansii; constituents; sterol; antioxidant activity



