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Phenols and Organic Acids Constituents in Water Decoction of

Curcumae Rhizoma-Sparganii Rhizoma Herbal Pair and Single Herb

WANG Xiao-ping, XU Guan-ling, YAN Xin, LI Xiao, XU Xiao, LI Xiang, SUN Si-qi, REN Xue-yang,
LIU Xiao-yun, WANG Yu, ZHE Gai-mei’
(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

[Abstract] Objective: To investigate constituents containing phenolic hydroxyl or carboxylic acid
(excluding diarylheptanoids) from Curcumae Rhizoma and Sparganii Rhizoma herbal pair and single herb.
Method: Multiple chromatographic separation techniques, including silica gel, MCI gel and Sephadex LH-20
gel, were employed to isolate and purify the compounds. Their structures were identified by means of the nuclear
magnetic resonance (NMR) , mass spectrometry (MS) and physicochemical properties. Constituents were
quickly analyzed by UPLC-LTQ-Orbitrap-MS", and scanned in positive and negative ion modes. Result: These
compounds were determined as trans-p-hydroxycinnamic acid (1) , vanillic acid (2) , protocatechuic acid (3) ,
fumalic acid(4) , succinic acid(5) , succinic acid monomethyl ester(6) , docosanoic acid(7) , azelaic acid(8) and

p-hydroxybenzaldehyde (9). Forty compounds were speculated by comparing mass spectrometry data, retention
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times of some compounds and reference materials, including 14 phenols and 26 organic acids. Among the
compounds of herbal pair, 8 phenols and 22 organic acids in Sparganii Rhizoma as well as 11 phenols and 13
organic acids in Curcumae Rhizoma were identified. Cleavage pathways of main compounds were described.
Conclusion: There are abundant phenols and organic acids in Curcumae Rhizoma and Sparganii Rhizoma herbal

pair and single herb. The results enrich pharmacodynamic material basis of Curcumae Rhizoma and Sparganii

Rhizoma herbal pair.
[Key words]
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herbal pair; Curcumae Rhizoma; Sparganii Rhizoma; phenols; organic acids; UPLC-

F));CP224C T 1/1 J7 KV (RS A BRA ) o

Agilent XDB-C,,UPLC i ¥ # (4.6 mmx
150 mm, 3.6 wm) ; A (4% H A K (200~300 H , 5 5
WAL T ) )R ok I REIR G (F B i EAL T
J7) ; MCI-gel CHP 20P ( H A& =25 {24\ # , 75~
150 um) ; LH-20 %Y 3% P 3t 4 3 B &t )X (Sephadex
LH-20,25~100 pm , % # Pharmacia A 7 ) ; ODS 1 4
BHCHAYMCAHRZAFAL,S um) ; 10%H,S0, 4 B %
W (% 2015 4 p i [ 245 ) B s ) 5 20 PR
(g4, 55 & Fisher A Al ) ; oK LB (53 B4k, At
O T ) 5 5256 K Sy 2585 7 K R0 Ik iy iy &g K (o
P 7 ] 2 e s 4 AT A R D ) o

i 20 5 R e R R o B A A R X R R
JLZR R X A S o] 2 R %o B, T RN R X R
BEOR HH E T R 38 O S 56 2 A A, 28 HPLC 0 1 AR
H— 3B R 5297%., AR = E T
o E A w2 AT, 2t a2 K A rh 2
TR 2 T IR 2082 o 0 S S R 2 W m A ) v
FH A Curcuma kwangsiensis WM 25 B =% Fl B =
¥ JE A W) 2B =42 Sparganium stoloniferum B ZE
2 FHik
2.1 REUrE RS [FER- =R (1:1)] 20 kg,
B 10 % HE K Ji & 3 WK, 59K 2.0 b, U8 VR Mk 4
EWH AREKINA AW AP b L8R LR IE
TR IEAT AR I, 2% A OER A 8 VR 4 T 5 AR B A
Bt A (16.2 g), —H Y (1215 ¢), LT
LBRAEIY)(337.2 ), 1E T EEAE LY (100.0 g) o A1
T Tk 22 IO 28 30 R B A 3 43 5, A Tl Bk - £ TR £ TR
(9:1~5: 1) B BEVE LA 2L B4 7(16.0 mg) . — &
FH ot A% RO 28 ek A (3, — S B - B (91 1~7:
3) 6 E PR L 1525 MCI Fll Sephadex LH-20 ¥ (7,1 2
SN K- (1:0~0: 1) 80 B2 PR, 15 B 4654 9
(7.0 mg) o LR T8 A BUW) 28 ik I i, — S
Bt - H B - K (8:2:0.2) BB, 45 B T 3 4> 4 4
(F2.1~F2.4) . F2.1 S RERCAE (035 0 2, =% W be -
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B (9:1~7:3) B VRN, P 22 MCI M1 ODS k2 & 43
B LK -HEE (1 0~0: 1) BB EEBER , R RIS W1
(16.0 mg),2(11.0 mg),3(10.0 mg) ., F2.2 &k k:
ke, A MR- BE(9: 1~7:3) B B2 Uk i 151k
W 6(9.0mmg)., F2.3 & kA5, =& H
fg-FI 7K (8:2:0.28(7:3:0.5856.5:3.5:0.5) ¥ /i
51549 4(11.0 mg),5(18.0 mg),8(13.0 mg) .

2.2 UPLC-LTQ-Orbitrap-MS" /3 b7 4 4

22,1 BERAE B H A PRI XS [ FEOR - =R
(1:1)]200 g, A 10 4% & /K Jil 2% 3 0, 54K 2.0 h,
TEWOR R e A 25425 1 g-mL B KB ZET .
R J5 ok AR FHJC/K B i, #8 75 Ab B 15 min,
FH0.22 pum fiFL I B8 L, BIAS 25 X6 R4t i

K RVRE 9 5 v b 34 2 3R =R BBk 25 1
M T
2.2.2 RGBSR E A S AR BGE R
AKX R R RILAR BT . T —
FiR | XoF ¥ 3 % R XoF B i T JC K B R A9 X
HE i i 5 T
223 @SRRI 55 14 : Agilent XDB-
C,UPLC {4 i+ (4.6 mmx150 mm, 3.6 pm) ; H i
35°C; Hi# 0.3 mL-min™; $EREIRFL 1 L W s A &
5 (A)-0.05% IR 7K ¥ W (B) A6 B U i (0~5 min,
3%~12%A ; 5~11 min, 12%~20%A ; 11~14 min, 20%~
25%A; 14~17 min, 25%~30%A ; 17~19 min, 30%A ;
19~20 min, 30%~35%A; 20~22 min, 35%A; 22~
25 min, 35%~40%A ; 25~28 min, 40%~48%A ; 28~
30 min, 48%~52%A ; 30~35 min, 52%~80% A; 35~
40 min, 80%A ) .

Jo T 2% - R E 55 B T VR (EST) , 4 il 7E IE | B
BT AU, — 2 2 AR A B B
Fil m/z 50~1 000, 43 $£ 3 30 000; 2 T AL JE 3.5 kV;
BN NG BE 350 °C 5 B S K 40 arb ; 4 B <A
Ui 10 arb; 4535 G R O 120 V5 Bl U5 R 25 8
ilf 18 B 22 94 % S B KAE Y 35% o
3 &R

FEA - =8 245 06T 1 A i ik 2 B Ao, — G Y e 2
IR A, 1F T M 4K BOGHS A0 38 5k A e A 8 1%, MCT A
4, 3i% , Sephadex LH-20 #¢ i # {4 3% , ODS {2 i 7
HHEARGERBIONEY &P LG Y AL
PE BT A S R Il % B AR DG SR L S E A B 94
A UL KW 2k &9, i — A3l i UPLC-LTQ-
Orbitrap-MS" £ AR X 38 AR - =0 25 %5 /K B L 3E AR K
PV RN =88 7K IR 1 Ak 2% B o3 2R A7 R s R0, 23

S 40N B R A HLIRZE LG .
3.1 Sitg%E

k&1 TEE S, =S-S5k B R
BH M, TR B0 B i = N PH % . ESI-MS m/z 163.038 97
[M-H] ", 7+ ¥ & C,H,0,, 'H-NMR (CD,0OD, 500
MHz)6:7.54(1H,d,J=16.0 Hz,H-7),7.39(2H,d,J=
8.5 Hz,H-2,6),6.75(2H,d,J=8.5 Hz,H-3,5),6.23
(1H, d, J=16.0 Hz, H-8) . "“C-NMR (CD,0D, 125
MHz) 6:171.0(s, C-9) ,161.2(s, C-4) , 146.7(d, C-
7),131.1(d,C-2,6),127.2(s,C-1),116.8(d, C-3,
5),115.6(d,C-8) . ML ke i 71 & # £ J=16.0
Hz, fE 004 g s S 0 DL - 88 5 Semk [ 7 ) e
FEA -3, MO AW 1 R a0 R R
(trans-p-hydroxycinnamic acid) o

k&2 TEE R, = F A8k m AL sy
BH P , 580 B 3 2 0 PH P . ESI-MS m/z 167.033 88
[M-H] ", 4 ¥ & CH,0,, 'H-NMR (CD,OD,
500 MHz) 6:7.50 (2H, m, H-2, 6) , 6.78 (1H, d, J=
9.0 Hz, H-5) , 3.83 (3H, s, OCH,) . "“C-NMR
(CD,0OD, 125 MHz) 8:170.0(s, COOH), 152.7(s, C-
3),148.6(s, C-4),125.3(d, C-6),123.0(s, C-1),
115.8(d,C-2),113.7(d,C-5),56.3(q,OCH,) . Ul I
Bl 5 SR8 IR B A — 8, BB 2 N
BifiR (vanillic acid) .

k& W3 JC{a k&, ESI-MS m/z 153.018 23
[M-H] ", % ¥ C,H,0,. 'H-NMR (CD,0D, 500
MHz)8:7.37(1H,dd,J=8.4,1.8 Hz,H-6),7.35(1H,
d,J=1.8 Hz,H-2),6.73(1H,d,J=8.4 Hz,H-5) ., “C-
NMR (CD,0D, 125 MHz) §: 170.4(s, COOH) , 151.5
(s,C-4),146.1(s,C-3),123.8(d,C-6),123.3(s, C-
1),117.7(d,C-5),115.7(d,C-2) . Lk b %4 5 Sk
(9] B B A — 3, etk &3 LA R
(protocatechuic acid) -

k&4 TTEE T, = F Bk -2k w8 N
BH P, 580 B 3 2 0 PH P . ESI-MS m/z 195.065 18
[M+H]", 4 F 2L C,,H,,0,. 'H-NMR (CD,0D, 500
MHz)6:7.54(1H,d,J=15.5 Hz,H-7),7.12(1H,d, J=
2.0 Hz,H-2),7.00(1H,dd,J=8.5,2.0 Hz,H-6) , 6.75
(1H,d,J=8.0 Hz, H-5),6.25(1H, d, J=16.0 Hz, H-
8), 3.82 (3H, s, OCH,) . "“C-NMR (CD,0OD, 125
MHz) §:171.0(s, C-9) , 150.5(s, C-3),149.4 (s, C-
4),146.9(d, C-7),127.8(s, C-1),124.0(d, C-6) ,
116.4(d,C-2),115.9(d,C-5),111.6(d,C-8),56.5(q,
OCH,). DI F&E 5 SClk[ 10 ] a8 He A — 2,
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EALE Y 4 M T BLER (fumalic acid) o

& ¥ s @4 &, ESI-MS m/z 119.033 88
[M+H]", 4> 7= C,H,0,. 'H-NMR(D,0,500 MHz)
8:2.37(4H, m,H-2) . "C-NMR(D,0, 125 MHz) §:
185.5(s, COOH) ,36.9(t,CH,) . DL _E%¥E 5 ik
(1) A 3, ke kG W s hIEmMm
('succinic acid) o

k&6 JCt kb (H ). ESI-MS m/z
133.049 53 [M+H] ", 4 ¥ X C,H,0,. 'H-NMR
(CD,0D, 500 MHz)8:3.61(3H,s,0CH,),2.52(2H,
m,CH,),2.50(2H,m,CH,)., “C-NMR(CD,0D, 125
MHz) 8:176.1(s, COOH) , 174.8(s, CO0) , 52.2(q,
OCH,),29.9(t,CH,),29.7(t,CH,) . VL F##t 5
AR L9 TR E FE A — 20, SO B LB 6 R 3R IR H R
(succinic acid monomethyl ester)

&7 H A% 5, ESI-MS m/z 341.341 40
[M+H] ", 4 T & C,H,,0,. 'H-NMR (CDCl,, 500
MHz) 8:2.34(2H,t,J=15.0 Hz,H-2) ,1.62(2H, t, J=
14.5 Hz,H-3),1.25(36H, m,H-4-21),0.87(3H,t,J=
14.0 Hz, H-22) . "“C-NMR (CDCI,, 125 MHz) &:
179.1 (s, C-1),33.9(d, C-2),31.9(d, C-20) , 29.1-
29.7(d, C-4-19),24.7(d,C-3),22.7(d, C-21) , 14.1
(q,C-22). LA b %oe 5 sk 12 JHi il S A — %, ik
RFAE W T .+ — kiR (docosanoic acid) .

k&8 IRE KK, ESI-MS m/z 187.096 48
[M-H] ", % 7 & C,H,0,, 'H-NMR (CD,0D, 500
MHz) §:2.22(4H,t,J=14.5 Hz,H-2) , 1.54(4H, t, J=
13.5 Hz, H-3) , 1.29 (6H, s, H-4, 5) ., “C-NMR
(CD,0D, 125 MHz) §: 174.4(s, C-1) ,35.4(t,C-2),
30.6(t,C-3),26.6(t,C-4,5). LI E¥0dE 5 k[ 13]
Wil Fe A —2, ke &Y 8 AT R (azelaic
acid) .

k&9 NPk AK,ESI-MS m/z 123.044 05
[M+H] ", 7+ ¥ X C,H,0,, 'H-NMR (CD,0OD, 500
MHz)$8:9.70( 1H,s,CHO),7.72(2H,d,J=9.0 Hz, H-
2,6),6.86(2H, d, J=9.0 Hz, H-3,5) ., “C-NMR
(CD,0D, 125 MHz) 6: 193.3(d, CHO) , 165.7 (s, C-
4),133.9(d,C-2,6),130.8(s,C-1),116.3(d, C-3,
5)o DA g 5 Sk [ 14 i AR — 20, B e b
E W9 N Xt £ IR H S (p-hydroxy benzaldehyde) .
3.2 UPLC-LTQ-Orbitrap-MS" 4> #f  #| F§ UPLC-
LTQ-Orbitrap-MS" 43 AR XF 38 AR - = 1% 25 X 7K 7l i [
IR 24 1 A LR A 1 2 Ak G Wtk AT s U TR
ao i AT AR AT 1 BCHE A R (DR B8 I ) | — SO B J5T £

- 174 -

Fb R AR ) FF AR 4l A 6 IR T (R B S %
SCHRFI AL A 1 24 fire 0 4 0BT 11 36 R - =0 24 X 7K R
W 40 A 28 KA HLIR 5 A, L 144
FH 26 DA HLIRIE A3, Horb 8 AWy 201 22 A7 Bl
R 2 0 TE = e K B R TR 11 AN 2R 13 A4
A LR S A A2 IR AR K J iR . AR - =
255 1) R R (TIC) DL 1, i b i B BT e &
Was R WK1,

14\ |17 28 37 38

t/min
AER TR B B TR
B1 FEAR-Z# 73 UPLC-LTQ-Orbitrap-MS” 2 B F it
Fig. 1  Total ions chromatogram of Curcumae Rhizoma and

Sparganii Rhizoma herb pair by UPLC-LTQ-Orbitrap-MS”

A A - =g 245 % v RS 0 2 1 1 2 AT BIL IR 28
WA, AR R A 12 DB R 2L, 9 RN K 2K, 6
MR RIS 3R EEDS 7 A B 2, 2 4> IR 2K
A Horp 8 AN S 22 A HILIR 28 A3 AE — e K R
TR LA B SR 13 A MR ZE o 1 F R
KRR R B o 25X K B P B 25 A WY
)y X EEAH CO,CO,, H,0 % kB 71y £ %k
DL S RDA i . IR B R R, 76 1 8 F BT
WES> T35 10 K m/z 287.255 00 [M+H ", % £k 2=
CO 715 2 ¢ Fr 85 114 259.142 97 F1231.136 57,RDA
S 1 15 2 e F B T I8 152,548 39 F11 135.041 37, H
Pz AL G YR IR AR XS 2y 7 i W R LIRS %
FHOESCHR ™ e 2 e iz G W AR R R T
kSRR WK 2, BRI RS
KB YN CO P R, HAERE CO, &k, AR
wR A, AR RN S TR TS mz
269.084 87 [M-H] ", H. 5 i & F 47 m/z 240.989 29
[M-H-CO]",225.148 86 [M-H-CO,]", 197.059 98



526 B4 23 W) HEXBAFZRS Vol. 26,No. 23
2020412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020

#1 UPLC-LTQ-Orbitrap-MS"XSHER-ZH AN REAKGHNBMEMBIERER S D
Table 1 Analysis on phenols and organic acids constituents from Curcumae Rhizoma and Sparganii Rhizoma herb pair and single herb by

UPLC-LTQ-Orbitrap-MS”

ity
. S A R .. # =
R AL/ B o o “ Wh BT R Z% W
/min (m/z) (x10°) K ® e
e
1 SFHIA  CHO, 0.46 153.05388 -4.839  153.001 19[M+H]",135.116 46[M+H-H,0]",125.059 34[M+ - + HEH
SRR R H-COJ",109.100 78[M+H-CO,]",107.085 11[M+H-H,0-CO]"* [i7ES
2 M CHO, 1.37 139.03831 -4.751  138.963 70[M+H]",122.023 07[M+H-OH]", 121.028 02[M+ + o+ [15-16] FEH
S iR H-H,0]",111.043 58[M+H-CO]",95.085 00[M+H-CO,]* &S
3 A CHO, 1.69 167.03307 -4.881  166.958 45[M+H]",149.095 66[M+H-H,0]",121.100 75[M+  + - e H
T iR H-H,0-CO0J",93.069 39 [M+H-H,0-CO-CO]* iz 2%
4 FIBR C,H,,O5 324 199.05940 -3.516  199.043 76[M+H]",181.158 04[M+H-H,0]",153.054 05[M+  + - [17-18] &K
H-H,0-COJ", 137.131 93[M+H-H,0-CO,]", 125.070 58[M+H- (78S
H,0-CO-COJ*, 111.116 35[M+H-H,0-CO-CO-CH,]"
5 HER CH,O, 5.79 167.03456 4.040  167.03590[M-H],152.010 99[M-H-CH,],123.044 91[M-H- - + [18-19] K
CO0,],108.021 39[M-H-CH,-CO,]" Xf R PR
6 JRILFZMR CHO, 6.18 153.01900 4.998 109.029 40[M-H-CO,] -, 91.680 71[M-H-CO,-H,0] -, + + [18,20] %H
81.701 54[M-H-CO,-CO]J", 53.226 44[M-H-CO,-CO-COJ X IR TR
7 JFJLA®E CHO, 636 139.03830 -4.823  138.985 60[M+H]",121.075 67[M+H-H,0]",95.085 01[M+ + - [18,20] I
H-COJ*,83.048 62[M+H-CO-COJ* [[EES
8 FHEEE  CHO, 7.44 153.05394 -4.447  152.536 41[M+H]", 137.640 70[M+H-CH,]", -+ [18] ®EW
109.100 78[M+H-CO,]" g
9 MR C,HO, 8.02 149.05899 -4.804  149.070 40[M+H]',121.027 94[M+H-CO]*,105.069 53[M+ + o+ [21-22] EN
H-C0,]*,79.296 86[M+H-CO,-C,H,]* [itES
10 BWR#E  C,H,0, 9.75 417.116 18 -4.384  417.225 43[M+H]",399.107 42[M+H-H,0]*,381.096 80[M+  + - [19] ¥
H-H,0-H,0]",363.086 03[M+H-H,0-H,0-H,0]*,351.086 21 %
[M+H-H,0-H,0-CH,0]",335.091 09[M+H-H,0-H,0-H,0-
C0]J*,321.075 44[M+H-H,0-H,0-C,H,0,-COJ*,297.075 50
[M+H-H,0-C,H,0,]*,267.064 94[M+H-H,0-H,0-CH,0-
C4H402]v
11 g&AX CHO, 12.70 163.03972 4.596  163.364 07[M-H], 145.013 73[M-H-H,0]", 135.019 49[M~ -+ XA R
AR H-COT,119.050 14[M-H-CO,]",117.083 91[M-H-H,0-CO] 78S
i
12 #itk®  CH,,0, 13.13 303.048 55 -4.551  303.148 44[M+H]",285.108 95[M+H-H,0]",257.114 07[M+  + - [19]  ¥&[H
H-H,0-COJ",247.168 43[M+H-CO-CO]",229.086 11[M+H- %
CO-CO-H,0]*
13 BI#gER  C,H,,0, 14.28 195.06424 -4.846  194.929 90[M+H]",180.093 14[M+H-CH,]",177.126 91[M+  + + [23]% KA
H-H,0]",167.084 99[M+H-CO]",151.074 37[M+H-CO,]", M R
136.024 15[M+H-CH,-CO,]*
14 ZH®  CHO, 14.95 123.04350 -4.519  123.161 90[M+H]",105.032 89[M+H-H,0]",95.048 58[M+ o+ [24] W
H-COJ",79.053 65[M+H-CO,]" iz 2

15 #kEm C,H,0, 1637 353.08771 2.836  353.137 15[M-HJ',191.107 47[M-H-C,H,0,]',179.071 21 + - 23]
[M-H-C,H,0,-H,07, 161.058 18[M—-H-C,H,,0,]", 135.081 39
[M-H-C,H,0,-H,0-CO,]

B
# =

16 £  CH,O, 1695 187.09731 4.407  187.097 17[M-H],169.086 55[M-H-H,0],143.107 35[M- -+ [18,20] Jl5Mjj
H-CO,],125.097 15[M-H-H,0-CO0,],97.065 59[M-H-H,0- X IR R
CO,-C,H,I

17 #%EFEH C,H,Oy 1826 359.07623  0.240  359.148 53[M-HJ", 196.580 66[M-H-C,H,0,],179.070 85 + - [20] ENW
[M-H-Cy,H,0,-H,0]",161.060 41[M-H-C,H,,0,]",135.045 07 % M
[M-H-C,H,0,-H,0-CO,]", 123.044 94[M-H-C,H,0,-H,0- S

CO-COJ
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gxk1
(%<3
. SCAE 2 . # =
s ks Al R . (- . .. 3% W
/min (m/z) (x109) K ® .
B
18 Filifs  C,H,0, 18.78 199.097 00 2.584  198.695 04[M-H], 155.107 33[M-H-CO,] ", 137.096 83[M- -+ 18] W%
H-CO,-H,0]"
19 WiMkfE C,HO, 18.99 181.048 65 -4.890  181.105 39[M+H]",137.095 61[M+H-CO,]*,119.085 05[M+ - + [17-18] KN
H-CO0,-H,0]",109.064 32[M+H-CO,-CO]*,91.053 86[M+H- [[7ES
C0,-CO-H,0]"
20 MBI CHOO, 20.52 123.04350 -4.519  123.043 86[M+H]*,105.032 94[M+H-H,0]",95.048 61[M+ [25]%F 7%
25 H-COJ]",79.053 67[M+H-CO,]",77.984 43[M+H-OH-CO]" S S
21 7-H3E CHO, 21.59 163.03816 -4.846  162.980 41[M+H]", 145.064 33[M+H-H,0]",135.116 38[M+ 23] &H
FEE H-COJ*, 117.069 47[M+H-CO-H,01",89.059 20[M+H-CO- E £
CO-H,0]",107.085 08[M+H-CO-CO]*
22 +=kEEE CH,0, 21.79 215.19939 -5.421  215.142 36[M+H]', 145.100 60[M-C,H,]*,131.085 01[M— [26]  fEN;
C,H,,1",117.069 41[M-C,H,,]",103.074 96[M-C,H ,]* [iCES
23 KT C,H,O0, 2496 203.12679 -4.901  203.006 26[M+H]",185.131 91[M+H-H,01",174.135 30[M+ - + [22] fEWi
H-CHOJ*,157.100 68[M+H-CHO-OH]" [IES
24 =R CH,,05 2549 329.23280  1.821  329.233 89[M-H],229.144 84[M-H-C,H (]',211.134 29[M- -+ [27] &Ml
COOH-OH-C,H,]",183.139 13[M-COOH-OH-CH,,T", iz 2
171.102 89[M-COOH-OH-C,H ]
25 AKFRFE CH,,0, 26.89 287.053 86 -4.022  287.255 00[M+H]',243.134 84[M+H-CO,]*,231.136 57[M+  + - [19,28] i
H-CO-CO]J*,152.548 39[M+H-CH,0,]*,135.041 37[M+H- %
C7H404]v
26 K##E  CH,,0; 27.65 269.04529 3.123  269.084 87[M-H]",240.989 29[M-H-CO],225.148 86[M-H- - + [18,20] ([
C0,],197.059 98[M-H-CO,-COJ, 181.159 13[M-H-CO,-CO,] ES
27 WHERER C,H,0, 29.78 22921510 -4.828  229.191 75[M+H]", 145.100 71[M-C,H, 1", 131.085 13[M- + o+ [26] RN
C,H,,]",117.069 46[M-C¢H,,]*,103.074 86[M-C, H,.I* I7ES
28 BES C,H,0, 30.09 283.06146 4.805  283.136 38[M-H]",268.036 59[M-H-CH,]",251.033 71[M-  + - [20] ¥
E 4] H-CH,0H],222.981 58[M-H-CH,0H-COJ", 166.992 36 %
[M-H-CH,0H-CO-CO-CO]"
29 K#EE C,H,0, 30.91 283.06024 0.495  283.100 56[M-H],268.036 80[M-H-CH,]",240.080 70[M~ + 0+ [20] R
FH ik H-CH,-COT,211.111 89[M-H-CH,-CO-CHO]J, 195.174 90 ES
[M-H-CH,-CO,-CHOJ
30 AEEE CH,05 31.34 271.059 11 -3.652  271.059 02[M+H]",243.137 57[M+H-CO]",227.139 92[M+ + = [17-19]
H-CO,]", 153.635 48[M+H-C H,O]", 135.116 32[M+H- ES
C,H,0,]*,109.100 54[M+H-C,H,0-CO,]"
31 ihiz CsH,,0, 31.85 287.05450 -1.792  287.053 68[M+H]",259.132 57[M+H-CO]*,241.157 79[M+ + o+ [22] HGER
H-HCOOH]",231.100 42[M+H-CO-COJ*,186.991 39[M+H- X
C404H3]7
32 FZLEE C,,H,,0, 32.06 223.09538 -4.955  223.110 72[M+H]",208.123 66[M+H-CH,]",179.142 62[M+ + o+ [17-18] KN
i H-CO,]",151.111 13[M+H-C0,-CO]*,123.116 23[M+H-CO,~ 1% g
C,H,]",95.084 96[M+H-CO,-C,H,-CO]" ES
33 BB C,H,0, 33.65 257.24686 -2.514  257.302 34[M+H]",239.160 52[M+H-H,01",199.129 82[M-  + + [26] f&Wi
C,H,]",155.025 12[M-COOH-CH,]*,117.176 03[M-C, H,,]", i 2
103.051 03[M-C,,H,,T*
34 TR C,H,,0, 3449 201.18393 -4.854  201.126 91[M+H]",169.075 62[M+H-OH-CH,]*,159.080 14 + + BE Wi
[M+H-CH,]", 145.100 81[M+H-C,H,]", 141.069 52[M+H- [IES
COOH-CH,]*
35 FHEEM C,H,0, 3542 24323154 -1.302  243.136 87[M+H]", 131.084 92[M+H-C,H,(]*,124.636 56[M+ - + Bg B
H-H,0-C,H,]*,103.327 03[M+H-C ,H,,]* [ &S
36 R C,4H,,0, 35.51 279.230 68 -4.214  279.092 38[M+H]", 149.022 86[M-COOH-C(H,]*, 137.095 47 - + [26] HEWi
[M-COOH-C,H,,]*, 135.116 23[M-COOH-C,H,,]", 123.116 41 [i7ES

[M-COOH-C,H,,]*, 121.100 58)]M-COOH-C,H,]*, 109.100 65
[M-COOH-C,H,,]"
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gx1
&
L S 2 . # =
s ks A R ] L=y . .. 3% W
/min  (m/z)  (x10°) NI ,
FH
37 JI#LE  C,H,,05 35.63 283.06046 1.272  283.263 09[M-H]",268.036 65[M-H-CH,]",211.106 99[M - -+ [28] i
H-CH,-CO-CHOT, 151.075 81[M-H-C,H,0] S
38 MEfEER  CH,0, 35.71 283.26346 1.070  283.263 09[M-H],265.179 96[M-H-H,0]",254.984 95[M— -+ [26] N&Wi
H-C,H,],251.034 65[M-H-H,0-CH,]",239.200 85[M-C,H,] [I7ES
39 Wi C,H,,0, 38.99 28124622 -4.575  281.294 04[M+H]",263.236 08[M+H-H,0]*,221.189 42[M- -+  [26] J&li
COOH-CH,]",219.173 69[M+H-H,0-CO]*,179.178 09[M - iR 2k
COOH-C H,]*
40 R C,H,0, 39.83 303.230 62 -4.079  303.286 16[M+H]",285.220 37[M+H-H,0]",257.225 59[M-  + + [26] Ji&fi
TR COOH]",233.225 72[M+H-C,H,,]",207.210 05[M+H-C,H ,]", ik 2k

189.163 15[M+H-COOH-C,H,]",175.147 54[M+H-COOH~
C,H,]*,161.131 94[M+H-COOH-C,H,,]*, 147.116 26[M+H~

COOH-CH,,]"

P R IE B T, SR B TR
[M-H-H,0-CO,] #1 181.159 13[M-H-2C0,] . 1§
Pz A A W G A o B i B L0 2%
FHIE SCHRTS 2 I 2 2 12 B o KB R KT

BB IIE 3,

OH * . 5
OHT+ O 0:‘ " OH_l HO. o_]
OH o 200 HO. o RDA K;/g
O’O < O ' — DA
HO

OH O
m/z 231 /2287 m/z135 s 153

OH

mlz 243
B2 REEZWHHRBEER

Fig.2 Proposed major fragmentation of luteolin

oH 0 oH ]
OH 0 OH_\ HsC OH

m/z 241

= OH i
HyC I OH 0, OH O _| 5, _|
m/z 269 = e O‘Q T e Q.Q
'3’
o o

m/z 225 m/z 181

3 XEZTHMRBER

Fig.3 Proposed major fragmentation of rheum emodin

2% IR R R T R 2 Ak B W i) ) i AR R B LA
H,0,CO,,CO % tk/Nr+ R BiiE A& L. U
IR R ), 7E B B A T T e m/z
167.035 90[ M-H ", i i & 7 IF 123.044 91 L W] £
B TR 1401 CO,, B Fr B F U5 152.010 99 R B B
B R F CH, B ik — B 3k £ 143 F COL 1
FIRE A B T U5 108.021 39, MG % 1L & W 09K i A
X oyt W Oy 3, 0T 5 0 B BEAT L X &S

2R O SCHR R E Y A R AN IR,
HF S R A R 4. DL EERR A B, £E IE B T
MR WE S F B F sk m/z 149.070 40( M+H ™, 1
AU 121.027 94 KA EE B 7K X 140+ COL B
B2 150 CO M BN B 1106 105.069 53, %
B — 0 R & CHL 1 B R R B % 79.296 86,
MR 2 A W 0 RS B AR X - i i TR T OF S
A DG SCHR Y R A E AR B Y o R R,
WA iR WK 5. RRiRR 5 %k CO,,H,0 /N F
F B 10 AR B R A EC Al B R — R AR R 4 R
A 2% 14n ) (CH,),-COOH & I il — R 51 J2 B
TR R 06 o AN TRLRITJI Js R B  OL SR K D A 8 o —
JO T R R T A A% LR AT TN TR %) AN AR A
PR A i P 22 R K. DL R R, A T B T
KNS T8 7% m/z 187.097 17[M-H]", ¥
R T4 169.086 55 R E 7K 2010 F H,0, %
FE T 143,107 35 RIIHREE TR 25 140 F CO,, %
BT -2 A1 TFHOME KA B T &
125.097 15, F 24 fig ¢ 25 C,H, 19 3 i & 1 1§
97.065 59, MR 4f % 1k A& 1 W RS i AH X 43 F 5 8
2497 3, IF 5 X BR O HEAT X A S 2 A OC STk R
T A A B Y R T R LT S A i

UK 6.
4 itig

A5 38 ) 22 Fh 5 o B HOR X R - =R
200 7K R A 25 B A R AT o B AliAk S i 2
B 2T A A IR A G Y . i if UPLC-LTQ-
Orbitrap-MS" £ AR X “ AR - =4 7 25 XF S Bk 245 3
AR 2 KA ALIR 28 B A i AT P U A
258 h L BT 40 D 2 A LR B G . T
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