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FHE: N T A28 YK B 35 (Garcinia xanthochymus)H Fr L2284, K UPLC-QTOF-MS M- A H 13 5] 19 MELAY,
FEREEI R . HERAA R =M 2R A R O 5 BE T F (1 80% FREAR I 43 B 45 51 5 Bk fe &4, 1
PEFRALPE B R i i, e N S ZE (1. dulcisbiflavonoid A (2). 7-7% FF A XUFEHA(3). mono-[2-(4-carboxy-
phenoxycarbonyl)-vinyl] ester (4). =M (5). A& 1 2 AH KWK BEE T EHEE, EY 3 T4 HEXRNERE
YT S ERE. EY 1S 5K DPPH H B EE 1Cso [H 5724 146.8 F139.0 ug/mL, R BGHIEIIEE.
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Chemical Constituents and Antioxidant Activities of Garcinia xanthochymus
Leaves

QUAN Fan, ZHANG Jian, YAN Jian, LI Ping’

(Laboratory of Tropical Agro-Environment in South China, Ministry of Agriculture and Rural Affairs, College of Resources and Environment, South China

Agricultural University, Guangzhou 510642, China)

Abstract: To study the chemical constituents of Garcinia xanthochymus leaves, nineteen compounds were
obtained from its leaves by UPLC-QTOF-MS, including bioflavonoids, flavonoids and phloroglucinols. Five
compounds were isolated from 80% methanol extract of leaves by chromatographic methods. On the basis of
spectral data, they were identified as dihydrokaempferol (1), dulcisbiflavonoid A (2), bilobetin (3), mono-[2-
(4-carboxy- phenoxycarbonyl)-vinyl] ester (4) and kaempferol (5). Compounds 1 and 2 were isolated from G
xanthochymus for the first time, while compounds 3 and 4 were isolated from genus Garcinia for the first time.
Compounds 1 and 5 showed antioxidant activity with ICso of 146.8 and 39.0 ug/mL, respectively.
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1.1 {XEFIRF R

AVANCE-600 B 1% f 45 5% i 4% (7% [ Bruker
ANl HAMERE Evolution 300 484h-1] LB HEAL
(Thermo Fisher Scientific); TLC (/)2 ZHm):BAR
AkE G L (5 S TA PR A 7]); MCI GEL
(HA=25A7]); Sephadex LH-20 %l J A kit iz (3£ [
LI F] ) - DY AR AT B 1) )i i
{X(UPLC-QTOF-MS, Xevo G2, 3 ERFH AL A
FR/AT]); Synergy MX Fbr{X(BIOTEK A ]); il
20 F R A1 2,5 (32 18 Thermo Fisher A ]); H: 417
129 M Ak oy e A0 AL AT

AHIEFE T KM R BK = F BN, &4
A A K 2 22 ZE 8 5 O R ORI TR A )
KBk 5 (Garcinia xanthochymus), FEUEAR AT
MR A K ZE R AT
1.2 UPLC-QTOF-MS 437

B 7 T VR 1) & K I T T M 1
Je s UARFR 40 80% F IR VRN 3 Ik, & HF4REL
W WERAEERRNRE, BUGEM RIS T
O FFEE, FCHIK 1 mg/mL BESAWL F 0.22 um
FLUEIEILIE, 25T 2 mL WAHRE S, &

Bit%&  Waters ACQUITY UPLC® BEH
C18 i k(2.1 mmx100 mm, 1.70 um); shH: A
N 01%FEE-/KIEW, B N 0.1%F IR- LIS, B
FEVEBFE R N : 0~1.0 min, 15%~20% B; 1.0~3.0 min,
20%~60% B; 3.0~5.0 min, 60%~75% B; 5.0~7.5 min,
75%~80% B; 7.5~8.5 min, 80%~95% B; 8.5~10.0 min,
95% B; 10.0~10.1 min, 95%~15% B; 10.1~12 min, 15%
B; JtiEA 0.3 mL/min; #:E 40 'C; HEFEE 2 ul.

JiR % ol s W R FH LT 55 IR
(ESD), fEIER TR SRR, FEAR
m/z 100~1 000 Da, IEZS B4 R E A 3 kV,
FAKBMERIEREN 1.5 kV, FRERREE
120 C. RlEESANR S, BSAE 400 CHRHES
WA, FARERIACA 0.5 s, d#iE MSE A5 QR
Kt
1.3 EVRINE

FEmE i F o 80% RAA 73 i F I 4 U 1 B (1R B
By5) A G B Ak, AR SRR . &

PiM R CBEAIUE, YRR A A AUZ 1
. H, R OTEERE 450 o)t TR
A B, DU B i — & - FF R (100:0—
0:100)HEATBEEELENL, 433 11 AN4H5 Frl~Fr.11. HX
A4y Fr.4 (16 g)id MCI #%, f32|4H5) Fr4-1, Frd-1
SRR, & bE- R R (40:1-8: )BT
Ve, 53 29 T4y (Fr.4-1-1~Fr.4-1-29). 185
Fr.4-1-12 £ Sephadex LH-20 Zi{t 3 L&% 1 (9 mg),
Fr.4-1-11 £ Sephadex LH-20 Zi{b 54k &47 2 (10 mg),
Fr.4-1-21 £ Sephadex LH-20 Zi{b 154t &4 3 (12 mg),
49 Fr.4-1-13 1 Fr.4-1-14 4 Sephadex LH-20 #fifk
L5 4 (20 mg) A1 5 (13 mg).

1.4 S

tEW1 {8 A s HR-ESI-MS m/z:
287.057 4 [M — H], 43T 3\ CisH1206; 'H NMR
(600 MHz, DMSO-d): 6 11.91 (s, 1H, 5-OH), 7.32 (d,
J=18.5Hz, 2H, H-2', 6'), 6.80 (d, J= 8.5 Hz, 2H, H-3,
5", 5.93 (d, J = 2.0 Hz, 1H, H-8), 5.87 (d, /= 2.0 Hz,
1H, H-6), 5.05 (d, J= 11.4 Hz, 1H, H-2), 4.59 (dd, J =
11.3, 2.8 Hz, 1H, H-3); *C NMR (150 MHz, DMSO-
ds): 0 197.93 (C-4), 166.88 (C-5), 163.39 (C-7),
162.66 (C-9), 157.82 (C-4"), 129.54 (C-2', 6), 127.65
(C-1"), 115.01 (C-3', 5"), 100.55 (C-10), 96.13 (C-6),
95.10 (C-8), 82.97 (C-2), 71.56 (C-3). LA ¥R 5
BRI61RIE —5, W e N AL = .

& 2 HE M K; HR-ESI-MS m/z:
675.221 9 [M + H]+, 41 3 C40H34010; 'H NMR
(600 MHz, DMSO-ds): 6 13.40 (s, 1H, 5"-OH), 12.98
(s, 1H, 5-OH), 10.80 (s, 1H), 10.27 (s, 1H), 7.89 (d, J =
2.2 Hz, 1H, H-2'), 7.78 (d, J= 2.0 Hz, 1H, H-6"), 7.54
(d, J = 8.8 Hz, 2H, H-2", H-6"), 6.83 (s, 1H, H-3),
6.79 (s, 1H, H-3"), 6.71 (d, J = 8.7 Hz, 2H, H-3", H-
5™, 6.46 (d, J= 1.8 Hz, 1H, H-8), 6.18 (d, J= 1.9 Hz,
1H, H-6), 5.44 (t, J = 7.1 Hz, 1H, H-8"), 525 (t, J =
7.1 Hz, 1H, H-10"), 3.46 (d, J = 7.1 Hz, 1H, H-7"),
3.43 (d, J=7.2 Hz, 1H, H-9"), 1.76 (d, J = 4.8 Hz, 9H,
H-10', H-11’, H-13"), 1.65 (s, 3H, H-12"); '3C NMR
(150 MHz, DMSO-de): d 182.23 (C-4"), 181.66 (C-4),
164.08 (C-7), 163.87 (C-2), 163.32 (C-2"), 161.42
(C-5, C-7"), 160.93 (C-4"), 157.97 (C-4', C-5"),
157.31 (C-8a), 152.86 (C-8a"), 131.96 (C-9"), 130.61
(C-11"), 129.55 (C-3"), 129.30 (C-6'), 128.08 (C-2",
C-6"), 127.55 (C-2'), 122.38 (C-10"), 122.31 (C-8),
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121.41 (C-1"), 115.69 (C-3", C-5"), 111.51 (C-6"),
103.89 (C-4a"), 103.67 (C-4a, C-8"), 102.98 (C-3),
102.50 (C-3"), 98.80 (C-6), 93.98 (C-8), 28.79 (C-7"),
25.61 (C-12"), 25.52 (C-11"), 21.48 (C-9"), 17.80 (C-
10", 17.75 (C-13"). VA%l 5 SCHR[ 714008 — 2K,
4% 52 N dulcisbiflavonoid A«

&Y 3 # ok K ; HR-ESI-MS m/z:
551.098 6 [M — H], 433 C31H20010; '"H NMR
(600 MHz, DMSO): d 13.07 (s, 1H, OH), 12.97 (s, 1H,
OH), 8.00 (dd, J=7.6, 2.0 Hz, 2H, H-2', 6'), 7.67 (d, J =
9.0 Hz, 2H, H-2"", 6""), 7.15 (d, J= 9.2 Hz, 1H, H-5"),
6.92 (d, J=9.0 Hz, 2H, H-3"", 5""), 6.87 (s, 1H, H-3"),
6.82 (s, 1H, H-3), 6.45 (d, J = 2.1 Hz, 1H, H-8), 6.41
(s, 1H, H-6"), 6.18 (d, J = 2.1 Hz, 1H, H-6), 3.75 (s,
3H, OCH3); *C NMR (150 MHz, DMSO): 6 182.12
(C-4"), 181.71 (C-4), 164.10 (C-2), 163.81 (C-2"),
163.19 (C-7), 162.18 (C-7"), 161.93 (C-5), 161.44
(C-4""), 160.54 (C-5"), 159.65 (C-4"), 157.36 (C-8a),
154.54 (C-8a"), 131.36 (C-6'), 127.96 (C-2', C-2""),
127.78 (C-6""), 122.99 (C-3'), 120.94 (C-1"), 120.05
(C-1"), 116.26 (C-5', C-3""), 114.46 (C-5""), 104.07
(C-8"), 103.65 (C-4a"), 103.6 (C-4a), 103.22 (C-3),
102.99 (C-3"), 98.82 (C-6), 98.77 (C-6"), 93.93 (C-8),
55.48 (OCHs). LA 3R 5 CHR[8]HE — B, %
TE N T2 H SR XU

e 4 B M K ; HR-ESI-MS m/z:
357.135 4 [M + H]", 4> ¥ 3 CisHi20s; '"H NMR
(600 MHz, DMSO-dg): 6 7.63 (d, J = 8.5 Hz, 2H, H-2,
H-6), 7.52 (d, J = 8.0 Hz, 2H, H-13, H-15), 7.50 (s,
1H, H-8), 6.80 (d, J = 8.3 Hz, 2H, H-3, H-5), 6.76 (d,
J=8.5Hz, 2H, H-12, H-16), 6.73 (d, J= 13.1 Hz, 1H,
H-2), 6.30 (d, J=15.9 Hz, 1H, H-9), 5.73 (d, /= 12.8 Hz,
1H, H-6); *C NMR (150 MHz, DMSO-ds): J 168.15
(C-10), 167.93 (C-17), 159.73 (C-7), 158.60 (C-18),
144.26 (C-8), 141.43 (C-1), 132.39 (C-2, C-6), 130.18
(C-13, C-15), 125.93 (C-11), 125.42 (C-6), 117.32 (C-
3, C-5), 115.90 (C-9), 115.54 (C-12, C-16), 115.00 (C-
14). DL 55 SCER[91IE — 5, # % 2 4 mono-
[2-(4-carboxy-phenoxycarbonyl)-vinyl] ester.

&Y S W f) K ; HR-ESI-MS m/z:
287.056 7 [M + H], 412 CisH1006; 'H NMR
(600 MHz, DMSO-ds): § 12.48 (s, 1H, 5-OH), 10.79
(s, 1H, 7-OH), 10.11 (s, 1H, 4-OH), 9.38 (s, 1H, 3-

OH), 8.04 (d, J=9.0 Hz, 2H, H-2', 6'), 6.93 (d, J=9.0 Hz,
2H, H-3', 5'), 6.44 (d, J = 2.0 Hz, 1H, H-8), 6.19 (d, J =
2.0 Hz, 1H, H-6); '3C NMR (150 MHz, DMSO-ds): J
175.93 (C-4), 163.91 (C-7), 160.74 (C-5), 159.22 (C-
9), 156.21 (C-4"), 146.84 (C-2), 135.69 (C-3), 129.53
(C-2', C-6'), 121.71 (C-1"), 115.47 (C-5', C-3"), 103.08
(C-10), 98.23 (C-6), 93.51 (C-8). LA ¥4 5 CHR[10]
REREA—, WEE LR,
1.5 DPPH H R A8 10 E

W57 B 45 B A A P TC ] R 2R 5. 10,
20 40. 60. 80. 100 ug/mL HIFEA, VI4EAEZR C
JIFEYEXTRR,  HURE AT 4EAE 2R C IR 20 wl,
A 100 mg/L [f] DPPH Z B 180 ul, G N;
30 min, 7E 517 nm F4&ll OD {f. DPPH j&ERRZ(%)=
[1-(41=A42)/40] x100%, T, Ao 7 0 RO FE
B, Ay RIS Ax NT/K SBESFE
TR WO AR

2 SRR

2.1 KM BRE M B BB B 4 A

FIH UPLC-QTOF-MS % KA # i F 3E AT 4L
SR AT, AR B BRI AR R
[ FHE 5> 7 37U, b, 18\ MSE 4 2 B A
K PAF A A VRRE R B e g, mid
#EW 7 &, MSE ity 5 o 3L 5 1% Ho s =
(METLIN, MassBank, ReSpect 25) % i 55 J@ AE 4L,
HEUHI SRR, S ST Re g s R AL,
WP IR R R S T 19 MEE ), B
WU . SRR ) 2 =y 2R AR 1), Kt
FE T IH SR EA ) T L 2.

TR SRR AR AT S TR AT, SREE
H 2 ANTEEEFD 10 ANUCGERREA AP . U6 2 70013 HifE
2B T m/z 339.027 6 [M — HI F m/z 593.127 4
[M - H] #EWr 773707105 CisHisOg £ C30Has013,
ZCHREEXT, 4 3% 5E N eucryphin AR, 14 4
> T B T8 m/z 719.157 0 [M + HI R 1R
A Ca6H300160 1E _ZKiIEEH, Hidt—Dr=4 m/z
557.108 0 [M + H] "W | B8 1, &I & 18 C 3k
47 Diels-Alder FHE, 195 m/z431.071 0 [M + H]' T
BT, B G2 RS R E IR B m/z 403.082 6
M + H"#E R &7, il 2B 3)WIs e g
4 NREART
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B 1 a9 1~5 FI45H

Fig. 1 Structures of compounds 1-5

F 1 KR A 4649 UPLC-QTOF-MS il 45 4

Table 1 Chemical constituent information of Garcinia xanthochymus leaves analyzed by UPLC-QTOF-MS

U (RN [M + H]"/[M - H] B FH % MSE fragment ions e
Peak Retention (aEgy) e

No. time (min) m/z M.F. ppm m/z M.F. ppm Compound Class
1 0.490 191.056 4 C;H;;0¢ 4.2 - - —  3-Furanacetic acid, tetrahydro-a,3-dihydroxy-
. _ _ B B _ 5-0x0-, methyl ester, (aS,3R)-!"" -
2 0.656 - - - - - - Eucryphin!?! A
339.0726 C;sH;s09 2.9 _ _ _ Flavonoid
3 2.200 - - - - - - Xanthochymusside!!3] X
719.1609 CyHy O 0.4 593.1293 CyHxO;;  —0.3 Biflavonoid

431.0757  Ca4H;505 23
295.0246  Ci6H704 1.0

4 2269  719.1570 CiH305,6  —5.8 557.1080 C3Hy O —0.7  J@AFI4 U
431.0710  CypuH;s0g 0.9 Biflavonoid
403.0826 Cy3H,50; 2.0
717.1459  C3eHaO16 0.4 565.1332 CayHps01; 2.5
429.0600 CoHp30s  —2.3
5 2435 7211726 CiHuOp  —6.0 - - - Xanthochymussidel!3! U3
719.1605 CyHyO15 1.0 593.1277 CiyHasOr3  —3.0 Biflavonoid
431.0753 CyuHysOs  -3.2
295.0243  CigH;04 0.0
6 2.469 575.1177 C3oH2012 23 431.076 2 Cp4H;sO03  —1.2  Buchananiflavanonel'®] XU B
403.0818  Cy3H;50, 0.0 Biflavonoid
297.0412  CigHoOs 4.4
573.1037 C3oH2012 0.7 447.0706  CapuHysOo 0.2
429.0603 CyuHp;305 2.3
295.0240 CigH:06  -1.0
7 2653 5591230 CiHxsO0, — -1.8 - - - GB-2a'3YGB 118 U3
557.108 5 CsH;,01, 0.2 447.0728  CaqH 500 2.7 Biflavonoid
429.0606 CoHpi305  —0.9
8 2733 557.1089 CsHy Oy 0.9 431.0776  CyuHysOg 2.1 BEHNEERNT/Fukugetin'S] XA
403.0829  Cy3H;50; 2.7 Biflavonoid
555.0924 C3H; o0y —0.5 - - -
9 2.785 559.122 6 C3oHp01; 2.5 - - - GB-2al¥)/GB 110 R
5571077 CyHuOy — —13 4290597 CyuHp05 2.1 Biflavonoid
401.0652 CyuH;;0, 22
2950240 CiH:0s  —0.3
10 2917  543.1270 CsHnOp -39 - - ~  GBla¥ U
541.1129 C30H21010 -1.1 413.064 3 C24H1307 4.4 Biflavonoid

385.069 8 Cp3H 306 36
267.028 8 CsH;0s -19
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4J:3% (Continued)
[ Se V= [M +H]*/[M - HI" B 7R MSE fragment ions e 7nes
Peak Retention Io - d Clﬁ
No. time (min) m/z M.F. ppm m/z M.F. ppm ompoun ass
11 2969  539.0970 CsHisOrp  —1.5 415.0821  CpH;507 0.7 FEAEAZ XU 1) U
387.087 9 C23H150(, 2.6 Biflavonoid
537.0814 C;30H;704 -1.5 443.039 2 Cy4H;109 -2.5
12 3382  553.1123 CyHyOpp 22 431.0752  CyyH;sOs 35 S S 200 S
403.044 5 szH]log 2.2 Biflavonoid
551.0977 C3H 19010 -0.2 429.060 2 Cp4H 505 -1.9
331.062 1 CyH;,05 4.5
13 348 5951428 CyHyO;3  —4.0 - - - HBER RN L
593.1274 C50H25043 -3.5 - - - Flavonoid
14 3.864 295.1926 C;7H»704 5.8 - - - Tanacetol A2 % F
293.176 5 C;7H2504 4.1 - _ - Benzophenone
15 5.080 301.1434 C3H»,04 2.0 - - - Bractebiphenyl BI?3)/ BEOE
_ _ _ _ _ _ Doitungbiphenyl A4 Biphenyl
16 6.628 503.3373 C30H470¢ 0.0 - - - Garcinielliptone EI?%) =g
501.3220 CsoHys0s 0.8 389.1955  CyHyO 23 Triterpenoid
275.128 4 C6H 1904 0.4
233.0810 Ci3H 1304 -1.7
17 7.059 4853220 C3gHy505 -9.7 - - - Garcinielliptone F[?6] ) 2% = Ty
483.3114 C30H4305 0.8 329.174 7 C20H2504 -1.8 Phloroglucinol
287.128 4 C7H904 0.3
18 7.294 5173530 C3;H4904 0.2 539.333 6 C3HysONa 2.4 Garcihombronane LI27] #h 2
3752172 Cy,H3,05 0.3 Friedolanostane
291.161 1 C7H2304 5.2
5153376 C3;H4704 0.6 403.211 0 Cy3H3,06 -2.7
289.144 0 C17H2,04 0.0
247.096 9 C14H;504 -0.4
19 7.690 499.341 8 C31Hy70s -1.0 - - - Garcinielliptone TI?%] ) 2 = gy
497326 6  C31Hs50s -0.2 343.190 6 Cy1Hy704 -0.9 Phloroglucinol
301.1439 CisH2,04 -0.3
100 "
| J/g
|

90 r |

A% FJE Relative abundance (%)

1.00

4.00

5.00 7.00 8.00

fif 1] Time (min)

2 R R RS BB T . 1-19 WK 1,

Fig. 2 TIC chromatography (negative mode) of leaf extracts of Garcinia xanthochymus. Peaks 1-19 see Table 1.

TENID oy B % i s AL B fe v, J@id
H e LL I S HE T B 1 BUR AR, e 2
ANMER =By KB W 17 HAES T35 7% m/z
483.311 4 [M — H] #1737 XA C30H440s, FEAE
R BTN m/z329.174 7 [M — H] M m/z 287.128 4
M - H], @IREEEE HYIPEEE 1T N

garcinielliptone Fo
2.2 DPPH B HEEBREE )

MK i B 7 AR B A& 1 F1 S 3R
HA 20 DPPH H HAEFRRAR, 7E 5~100 ug/mL
Ja T P, B RREE ) BE A oA FE IR T v 1T 12 1
58, ICso fE 237N 146.8 A1 39.0 ug/mL (A 5).
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CyH,,05

CyH, 0T,

C,H,0;
m/z 431.0710

m/z719.1570

m/z 557.1080

=

CZ]HI id:l
ml= 403.0826

% Ton intensity (%)
~
(=)

BT
— W
SRR

0 1

_128.9528

158.9633

169.9791
182.9869

(186-9571 289.0723 399.5738431.0728
I (ll Ll lllL I 1 AL l L L 1 1 1 L

557.1066
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