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Effects of different decoction methods on functional components of rhubarb
based on pseudo-targeted metabolomics
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Abstract: Objective The effects of different decoction time and different decoction temperature on its chemical constituents of
anthraquinones, anthrone, and tannins were revealed by pseudo-targeted metabolomics, which provided the basis for clinical use of
rhubarb. Methods Using LTQ-Orbitrap-MS" to accurately excavate the characteristic ions of various chemical components of
rhubarb, the ion pairs of chemical components were determined as much as possible by characteristic ions to obtain the peak area of
various components by using the MRM mode of QQQ-MS. The effects of different decoction methods on the chemical components
of rhubarb was compared by multivariate statistical analysis combined with paired ¢ test. Results Both decoction time and
decoction temperature have impacts on the chemical components of rhubarb decoction. Short-term decocting for 15 min was
beneficial to the dissolution of dianthrone glycosides and anthraquinone glycosides, while long-term decocting for 60 min was
beneficial to the dissolution of tannins; Compared with boiling water maceration, boiling water decoction was more favorable for the
dissolution of anthraquinones and tannins. Conclusion This paper adopts the method of pseudo-targeted metabolomics, and clearly
points out that short-term decocting or maceration is conducive to exerting the laxative effect of rhubarb, and long-time boiling
decocting is conducive to exerting clearing heat and detoxifying efficacy, which provides a reference for the clinical application of
rhubarb.
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Milli-Q 2l 7K &4t , 3% [ Millipore A 7 ; Accela
RSO v AL, SEE Agilent AF]; M1
B -5 P 3 LT B 2H G 30 23 5 % 4% (Thermo-
Fisher LTQ-Orbitrap XL), 3% [E Thermo-Fisher A 7;
Waters UPLC-Xevo TQ-S = 5 PUMRAF 5 B A,
2 [# Waters 23 7 ; Sartorius BT25S B4 #1170 #r K,
LR BEZ R AR AR ;. KQ-500E £ 7 i1k
BYESE, BT A IR AR ZNHW-100 %
BAERBRE, b G R R AR A .
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®1 EXRRAERER

Table 1 Rhubarb pieces sample information

I P = ] =

LR

St g 171202

N EAF 2RO A PR A F]

75~80 CHRTJ5:

S22 16122105 RS A B A BR A #l, i, PIHN 2~4 mm JE
<60 ‘CHIA+HAET 4
S3  HiFfEAM 2018010652 i EEEAGH A RAT i, BaE, Y8 2~4 mm B,
S4  HIEREM 2018010656 iR E R AR AT <80 CAS TR
S5 HiR 2018010657 A AR [ 24 ] A R A
S6  HIFHE)  ZYBZH-K3-02-002 = HEh&HIZM AR A @il 2IE, YIHA 3 mm JE ), 70~80 C/

60~70 ‘CHEFE/LLAN T4

2 FESH#R

2.1 @&

2.1.1  FHERER RIS G L E 6 M RUE
MR R, RBeE, o150 (10 B, Mk, &4
FIRMIFES 38 2 4, 2RI A KFIE 60 min (1
) A 15min (L4, BUSFEM AL 5 g, B
R, BT 100 mL [REHHA, A 10 52K,
FROEF R, IIER, 1403 60 min, 11 2
15 min, 73 HHCREGA, #MERIKTE . 6 000 r/min
B0 15 min, BUEIEW 200 pL, FH 50% F RSB &
1 mL, J&%], 12000 r/min &.C> 10 min, B 5,
% H .

2.1.2  EBEAER ARSI Rl 6 A RIE
PR, R, o 150 (10 B, ¥, B4
SKIRMIFES 3R 2 4, USRI R 5 g, KRR
SE K B 15 min (I 40D Ak 7K 3230 15 min
(IV 4. H 10 f5&EsK, BT 100 mL R A,
FREBUR, BRGNS, 2 HEN A K
A, T ALFAEIR 15 min, IV AT K IR 15
min, ZAEUREGS, AMERKTTE. 6 000 r/min
B0 15 min, HU 3B 200 uL, F 50% FF LRGSR 2
1 mL, J&%], 12000 r/min &.C> 10 min, HL &,
% H.

2.1.3  FiERERHIA (QC) B IR HI & &R 5
W 200 ul, 3L 4.8 mL, AW, EIEFRER
FE 0.1 g/mL (LURERFRERET) B QC FEAV
W, HT kg%,

214 NRESIEBRGE RESREGRET A 1.05
mg. HVETH B 1.03mg. M KHE 1.07 mg. KK
% 1.02 mg. KiE%E 1.21 mg. KEH 1.18 mg. K

B 1.26 mg. JRJLAR 1.05 mg. P2 KIEZ-
8-O-B-D-Hi % BT 1.09 mg. K # &K -8-O-B-D-Hii % b
1 1.10 mg. WEB TR 1.24 mg. JLAEE 1.14 mg.

FKILFZE 1.16 mg. RILFRZRE S TIRAE 1.22 mg,

S E 10 mL &EH, 00 S0%HEZRZIE, 25,

TE R IR M iE &, %E, 4 CLRAF, #%H.

22 MEEH

2.2.1 faif4F  HPLC-LTQ-Orbitrap-MS® 7341
A SR Agilent SB-Cys 14 (250 mm X
4.6 mm, 5pum); ViBNAHALHE-0.1%FRRKIER,

BREESESL: 0~10 min, 2%~11%Zf&: 10~20 min,
11%~13%Z.JiE; 20~35 min, 13%~16% i ; 35~
55 min, 16~20%Zfff; 55~85min, 20%~33%7Z
i: 85~100 min, 33%~60%Z.fiE:; 100~120 min,
60%Z.1E; AN 40 C; AFEN 1 mL/min;

HEFEEA 10 pL.

UPLC-QQQ-MS 7 #T i tailh 4. R H Waters
Acquity™ BEH Cjs (100 mmX2.1 mm, 1.7 pm) €&
HERE, RBNAHA ZB5-0.1% P E/K VAW Rt :
0~1 min, 2%Zfif; 1~6 min, 2%~25%Z}E; 6~
7 min, 25%~100%Z.fiE; 7~8 min, 100%Z.JiE; 8~
8.5min, 100%~2%ZME; 8.5~10 min, 2%ZNE;
FEIRA 40 °C; AABUREN 0.3 mL/min; #EFEEA
2 ulLo
222 JRiEZ&M FIF HPLC-LTQ-Orbitrap-MS® X
FE AT VAR ) A TR . B, ESI
HWTE B, BANERE 350 C, HAAMTE
30 arb, FHENSAAFE 10 arb, BIZHE 3 kV,
EBAEHRE-35V, BEHEHBE-110V, JEHEHTE
miz 100~1 200, /&7 #E A4 2 (Full scan,
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FS), —ZJHRnEn R R % E N 30 000, 2% Jiil
B R BRI (DDA), FT B4 #%N
15000, CID fif i fe &M 35%.

FIH UPLC-QQQ-MS #EATHE M AL bR 5
PR, MBI S TR (ESD, i,
Z PRI (MRMD H$E 57, iSRS B
I HE 2 kV, HEFLHE 40 V, JFEE 150 C.
PSR, B E 1000 L/, $HE 500 C.
23 BURALIEBA ST

FIF Qual Browser of Xcalibur 2.1 (Thermo
Fisher Scientific, USA) ¥ 7H 542, Target
Lynx™ (& [H Waters 2 7)) A% MRM ATl
JE IS P T AR AT R 7 Ab 3 . SPSS 25.0 Siit
WA (IBM, USA) #E47 ¢ #65:, SIMCA versionl4.1
(Umea, Sweden) AT IE A2 f5e /> — 3 F) A1) 70 By
(OPLS-DA).

24 BFNHIHE

KB B R A XURER TS, BRR S M R
JRZE . AR AE A B 7T EON K R X
270 ZMUEY), HEWD T 5 KA 1 RAERE,
FRGE T DB EREF 2, BRSNS SR RS 1E
B 1100 AR X K B % 2 R D SR A 43
MrRI, 1% 3 BB TE R 2 T R R R AR %
A, KRR, RAREE 7. Bk,
TR S AL E R T HRHERS TG
FELCEA b, ARSLISHE T T MRM BER R
RIES T X

DL E R B 73 AT S0RH, m/z 699.131 9
[M—Glc—H]« m/z 537.080 8 [M—Glc—Glc—H] -
m/z 903.194 4 [M—H—CO,] "+ m/z 493.091 7 [M—
H—2Glc—COx/M—H—CO,]~ 2534 1] /5 g X i
TR I 7. BeAh,  XUEEH T 28 % o
C10—->C10"tHA &) Wi, T AL & § m/z 386.099 0
[(10—10") WrEd]. WU TR SRk 73 7T e (1) vl 2L
AR A 8 RRAE B T LARVS 1 A/B A T T
A miz 933.208 7 [M—H] AL &Y N BIEAT R
(E 1),

[FEE, FARF BT T R SR 2R
SHRHEE T 25, BERUEWIEES TEF
FEXPRIEE T, BRATE NS TR e T
94 AR T 32 o BUS R 28 . BUER S SR  o
WEVIREFXE (R 2), F2Ruso st Bl g
SR 60V. 20V, 10V, HEFLHEE N 30 V.

25 KEARREASRNHEROMERKEHEZS
EEER

J£F HPLC-LTQ-Orbitrap-MS® J7 32l 5E f K %
FE S 38 B 40 2-A iz, 3£+ UPLC-QQQ-MS 1)
BN MRM B AR 257X P00 A (1 R SR i i
K4 2-B s .
251 ZMEXRFRFEER FH QC FEAX LK Rt
1TH%E, S E R “2.1.37 TR QC FEA 20,
50~ 100, 200 400 1000 pL, F 50% 9 EERR: S
1 mL, J&%], 12000 t/min &0 10 min, HL &
BT 6 NANIF BT IR BE ) QC FEAIEWR, 43 7K
FIRIE 2 uL, H% 227 TR AT E . PAES
BT R (V) X QC BEATEIKIE (XD HHT
Pearson H¢ ZE0 72, TPt . SRR
AR 2 775, 65.22%F0 83.7% 25 T X7 ] Pearson
FIZRRBORT 09 A1 0.8 (K 3-A), FHHEEARR
W 2= AR R AR 2t
252 EEMFESE FHFENE “2.1.37 iR FATH
6 47 QC FEAR, DR & B TR A, THE
H.RSD fH. 455 EM, RHMEEACEH Y I7E 8
90.22% U6 (5 SIS TRIAA R 99.1%) ) RSD fH/M T+
20% (P& 3-B), i SRR ARAR S 40 25 07 VA I B B 1
R4F,
253 KEEEHEE H RSD GHIE B 7T
WEEVN . HHNRBEE: 1 d W7
“2.1.37 TR 6 £ QC FEAM & 557X gyt AR, 1
HORSD; HIAFEZE: &4k 3 d AT “2.1.37
T 6 %1 QC FEARS B 74 I m A, 15 RSD.
LERLRBA, RSD /T 20%010 H AR % FE 1 Rt
o\ o Lo A SRR AR 4 Ly iR 92.39% Al
99.25% (P 3-C), RSD fH/INT 20%[ H a1k % 5%
(1 BT U CE 2 LR BRI T AR 4 b il
92.93%F1 99.90% (& 3-D), FHIREEARAR S 2
TR R
2.6 RIARTEIX KEAIH LR 57 B2
2.6.1 FETERNE L IESVTR T XA K
RIZ& 60 min (DD A1 /KEIA 15 min (1D ZHEAT
OPLS-DA #i8Y, A Z4 Ry? 5 0.998, 0?4 0.95,
By EE 4-A s, SREoR, TAM I Hor A
162 AR XS, $27m 2 H2Z AR B 2 57 .
T AT e U S A I TR OK B AL A R
73, AR A B AT M VIP>1 Ml ¢ A2 56
P<0.05 (& 4-B) L3 1 AN [F) AT I [A) 0 B2 444k 2
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Fig. 1 Proposed mass spectrometry fragmentation pathways and identified characteristic ions of dianthrone glycosides

represented by compounds of sennoside A/B and excimer ion peak of m/z 933.208 7

*2 HBETRAT MRM RN ARERPETHIESTHERZLAYE T

Table 2 Detection of ion pairs of major compounds based on characteristic ions in rhubarb samples by MRM scanning under

negative ion mode

ek S CLkd BTX (miz) fr/min WEY AR

BRI 2 1 699.132 4—537.080 8 7.24 rhein (10—10") rhein type aglycone
2 831.214 4—669.158 3 7.14 chrysophanol (10—10’) rhein type aglycone
3 847.209 0—386.099 0 5.81 aloe-emodin (10—10") rhein type aglycone
4 847.209 0—>386.099 0 6.02 aloe-emodin (10—10") rhein type aglycone
5 847.209 0—386.099 0 6.73 aloe-emodin (10—10") rhein type aglycone
6 847.209 0—685.152 2 7.12 aloe-emodin (10—10") rhein type aglycone
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“#gE2

WEZR s BETX (miz) fR/min A4

WEEIHIE 7 861.1859—699.1319 5.78 sennoside B
8 861.1859—>699.1320 6.36 sennoside A*
9 861.2257—>699.1691 6.17 physcion (10—10") rhein type aglycone
10 861.2257—699.1690 7.14 physcion (10—10’) rhein type aglycone
11 933.208 7—889.2150 6.45 aloe-emodin (10—10’) rhein type aglycone/Emodin (10—10") rhein type aglycone
12 933.208 7—>889.2150 6.77 aloe-emodin (10—10") rhein type aglycone/Emodin (10—10’) rhein type aglycone
13 933.208 7>889.2150 7.16 aloe-emodin (10—10") rhein type aglycone/emodin (10— 10’) rhein type aglycone
14 947.188 6—903.1944 6.12 rhein (10—10') rhein type aglycone
15 947.188 6—>903.1944 6.32 rhein (10—10') rhein type aglycone
16 947.188 6—>903.1944 6.42 rhein (10—10') rhein type aglycone
17 947.188 6—>903.1944 6.72 rhein (10—10") rhein type aglycone
18 947.224 4—903.2312 6.90 physcion (10—10") rhein type aglycone
19 947.224 4—903.2312 7.20 physcion (10—10") rhein type aglycone
20 537.0823—>493.0917 4.32 rhein (10—10’) rhein type aglycone
21 537.0823—>493.0917 4.19 rhein (10—10") rhein type aglycone
22 861.1859—493.0917 7.42 rhein (10—10') rhein type aglycone
917.214 0—>873.220 8 7.18 chrysophanol (10—10") rhein type aglycone
269.045 1—240.0419 7.62 aloe-emodin®
283.060 7—>240.0420 8.16 physcion®
253.050 2—>225.0549 8.10 chrysophanol®
269.045 1—225.0550 7.85 emodin®
283.023 6—239.0342 7.66 rhein®
311.055 5—268.0370 7.58 acetyl-emodin
487.088 1—>239.0344 7.17 rhein O-acetyl-glucose
431.098 1—>269.044 7 5.86 aloe-emodin 8-O-B-D-glucopyranoside®
431.098 1—269.0450 6.15 emodin O-glucose
431.098 1—269.0450 6.83 emodin O-glucose
431.098 1—>269.0450 7.08 emodin O-glucose
431.098 1—>269.0450 7.27 emodin 8-O-B-D-glucopyranoside®
473.109 1—>269.044 5 6.45 emodin O-acetyl-glucose
473.109 1—269.045 0 6.55 emodin O-acetyl-glucose
473.109 1—269.0450 6.70 emodin O-acetyl-glucose
517.098 0—>269.044 7 7.20 emodin O-malonyl-glucose
431.098 1—225.0550 7.18 emodin O-glucose
473.109 1—-311.0551 7.03 aloe-emodin O-acetyl-glucopyranoside
473.109 1—311.0550 7.26 aloe-emodin O-acetyl-glucopyranoside
457.114 0—253.049 5 7.47 chrysophanol 8-O-B-D-(6'-O-acetyl)-glucopyranoside
459.093 0—253.049 6 5.36 carboxyl-chrysophanol O-glucopside
459.093 0—253.050 0 6.64 carboxyl-chrysophanol O-glucopside
459.093 0—253.050 0 7.18 carboxyl-chrysophanol O-glucopside
487.088 1—283.024 3 6.58 rhein O-acetyl-glucose
487.088 1—283.024 0 6.69 rhein O-acetyl-glucose
487.088 1—283.024 0 6.81 rhein O-acetyl-glucose
487.088 1—283.024 0 7.55 rhein O-acetyl-glucose
517.098 0—473.108 1 6.49 carboxyl-emodin 8-O-(6"-O-acetyl)-glucose

[\
O 0 9 AN L B W N~ W

(NS NG T (G R (I G I O I R S R S R e e e e
0 N9 N L AW N R, O VO X 39N B WD = O
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waEYIN e BT (mlz) tr/min AR/ ERS
B 29 517.098 0—473.108 0 7.31 carboxyl-emodin §8-O-(6"-O-acetyl)-glucose
30 597.088 0—>313.0552 6.54 rhein O-galloyl-O-glucose
31 473.109 1—268.0370 7.44 emodin O-acetyl-glucose
BRI 1 441.0819—289.0713 533 (—)-epicatechin-O-gallate
2 441.081 9—289.071 0 5.97 (—)-epicatechin-3-O-gallate®
3 451.124 1—289.071 0 3.50 (+)-catechin O-glucose
4 451.124 1—289.071 0 3.69 (+)-catechin O-glucose
5 451.124 1—289.071 0 3.88 (+)-catechin O-glucose
6 451.124 1—289.071 0 4.06 (+)-catechin O-glucose
7 729.145 3—407.076 7 5.26 procyanidin B-O-gallate
8 729.1453—407.077 0 6.59 procyanidin B-O-gallate
9 483.077 6—169.013 9 3.33 di-galloyl-O-glucose
10 483.077 6—>169.014 0 3.52 di-galloyl-O-glucose
11 451.124 1—331.066 0 3.30 (+)-catechin O-glucose
12 493.119 2—>331.065 9 2.20 glucopyranosyl-galloyl-glucose
13 483.077 6—>313.055 5 4.21 gallic acid-O-galloyl-glucopyranoside
14 483.077 6—313.0550 4.42 gallic acid-O-galloyl-glucopyranoside
15 493.1192—313.0550 2.78 glucopyranosyl-galloyl-glucose
16 493.1192—313.0552 2.94 glucopyranosyl-galloyl-glucose
17 635.087 6—>465.065 9 4.71 tri-O-galloyl-glucose
18 635.087 6—465.067 0 4.82 tri-O-galloyl-glucose
19 729.1453—>577.132 9 4.93 procyanidin B-O-gallate
20 729.1453—>577.1329 5.57 procyanidin B-O-gallate
21 729.1453—577.1329 6.00 procyanidin B-O-gallate
22 881.155 7—>729.142 8 5.70 procyanidin B 2 3, 3'-di-O-gallate/procyanidin B 5 3,3'-di-O-gallate
23 881.1557—729.143 0 6.44 procyanidin B 2 3, 3'-di-O-gallate/procyanidin B 5 3,3'-di-O-gallate
24 881.1557—729.143 0 6.93 procyanidin B 2 3, 3'-di-O-gallate/procyanidin B 5 3,3'-di-O-gallate
25 881.155 7—>729.143 0 5.97 procyanidin B 2 3, 3'-di-O-gallate/procyanidin B 5 3,3'-di-O-gallate
26 603.1343—>559.1452 6.96 (+)-catechin O-gallate-O-glucose
27 483.077 6—>439.087 5 4.38 gallic acid-O-galloyl-glucopyranoside
28 483.077 6—>271.045 2 4.07 gallic acid-O-galloyl-glucopyranoside
29 577.134 5—289.070 9 3.96 procyanidin B
30 577.134 5—>289.071 0 4.10 procyanidin B
31 577.134 5—289.071 0 4.60 procyanidin B
32 577.134 5—289.071 0 4.90 procyanidin B
33 577.134 5—>289.071 0 5.25 procyanidin B
34 577.134 5—289.071 0 5.46 procyanidin B
35 577.134 5—>287.056 0 4.29 procyanidin B
36 865.197 5—>577.132 9 4.30 procyanidin trimer
37 153.017 9—>109.029 0 3.26 protocatechuic acid®
38 169.013 7—125.023 9 1.90 gallic acid®
39 289.071 1—>245.0815  4.29 (+)-catechin?
40 289.071 1—>245.0815  4.90 (—)-epicatechin®

SAXRRMESIE, R 3. 4R

2]dentified with reference substance, same as Table 3 and Table 4
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Table 3 Significantly different compounds found in group I and group II based on overall multivariate statistical analysis and

paired 7 test

WEZA P fr/min

EFX (mlz)

=x// VIP {5 #% Zegtit ot B « ke

XEBAFIE 1 861.1859—>699.1320 6.36 sennoside A® 1.886 | +
2 861.1859—699.1319 5.78 sennoside B* 1.159 +* +
3 947.188 6—903.1944 6.72 rhein (10—10’) rhein type aglycone 1499 ™ +
4 917.2140—~873.2208 7.18 chrysophanol (10—10") rhein type aglycone 2.187 | ** +
5 831.2144—669.158 3 7.14 chrysophanol (10—10") thein type aglycone 0.395 ™ +
6 847.209 0—386.099 0 5.81 aloe-emodin (10—10') rhein type aglycone 0.573 | ™ +
7 847209 0—386.099 0 6.02 aloe-emodin (10—10') rhein type aglycone 0.682 ™ +
8 847.209 0—386.099 0 6.73 aloe-emodin (10—10') rhein type aglycone 0.770 ™ +
9 933.208 7—>889.2150 6.45 aloe-emodin (10—10") rhein type aglycone/ 0.860 | ** +
emodin (10—10’) rhein type aglycone
10 933.208 7—>889.2150 7.16 aloe-emodin (10—10") rhein type aglycone/ 0.693 ™ +
emodin (10—10’) rhein type aglycone
11 947.188 6—903.1944 6.12 rhein (10—10") rhein type aglycone 0.803 ™ +
12 537.0823—493.0917 4.32 rhein (10—10") rhein type aglycone 0444 ™ +
alizes 1 517.098 0—473.108 0 7.31 carboxyl-emodin 8-O-(6'-O-acetyl)-glucose 1.475 | ** +
2 473.109 1—269.0450 6.70 emodin O-acetyl-glucose 2,720 4 +
3 269.0451—>225.0550 7.85 emodin® 0.543 t* +
4 487.088 1-239.0344 7.17 rhein O-acetyl-glucose 0.946 ™ +
5 431.098 1—-269.0450 6.15 emodin O-glucose 0.668 | * +
6 473.109 1—269.0450 6.55 emodin O-acetyl-glucose 0436 1™ +
7 487.088 1—>283.024 0 7.55 rhein O-acetyl-glucose 0.280 ° +
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WEWZRA 5 BT X miz fr/min wED VIP &% Z gt B ¢ Kl

Bk 1 169.013 7—125.0239 1.90 gallic acid® 2834 t° +
2 289.071 1—245.0815 4.90 (—)-epicatechin® 1.495 ™ +
3 635.087 6—>465.0670 4.82 tri-O-galloyl-glucose 3.126 1™ +
4 483.0776—>169.0139 3.33 di-galloyl-O-glucose 2.746 | +
5 729.1453—577.1329 5.57 procyanidin B-O-gallate 1353 t* +
6 441.081 9—289.0713 5.33 (—)-epicatechin-O-gallate 0333 | +
7 451.1241—289.071 0 3.88 (+)-catechin O-glucose 0592 | +
8 451.124 1—-289.071 0 4.06 (+)-catechin O-glucose 0.995 | +
9 729.1453—407.0770 6.59 procyanidin B-O-gallate 0.600 t° +
10 483.077 6—313.0555 4.21 gallic acid-O-galloyl-glucopyranoside 0368 |° +
11 635.087 6—>465.0659 4.71 tri-O-galloyl-glucose 0.601 |* +
12 881.1557—729.1428 5.70 procyanidin B 2 3,3'-di-O-gallate/procyanidin 0.575 | * +

B 5 3,3'-di-O-gallate
13 881.1557—729.1430 6.93 procyanidin B 2 3,3'-di-O-gallate/procyanidin 0.369 | * +
B 5 3,3'-di-O-gallate

14 603.134 3—>559.1452 6.96 (+)-catechin O-gallate-O-glucose 0333 | +
15 577.1345—289.071 0 4.90 procyanidin B 0290 t° +
16 577.134 5—289.071 0 5.25 procyanidin B 0.980 1™ +

5 ALEE (LAETIFATRRR

t T

| B#1%, *P<0.05

"P<0.01

P<<0.001; “+” FoRHRENZ RIS HIS T i

1 increase and | decrease, "P < 0.05 ""P <0.01 ""P <0.001 vs group II (peak area as indicator); “+” indicates the analysis method to find the

component
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Fig. 5 OPLS-DA score plot (A) of boiling water decocting 15 min group (III) and immersing 15 min group (IV) and S-plot (B)
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Table 4 Significantly different compounds found in group III and group IV based on overall multivariate statistical analysis

and paired ¢ test

WEWAR FF5 BT X (miz) fr/min WEw VIP {8 &% ZIogiit ot Bixt Ak
XEBAFHIE 1 917.2140—~873.220 8 7.18 chrysophanol (10—10") rhein type aglycone 2.036 | * +
2 699.1324—537.0808 7.24 rhein (10—10") rhein type aglycone 0226 |° +
3 847.209 0—386.099 0 6.73 aloe-emodin (10—10") rhein type aglycone 0.770 | * +
4 847.209 0—685.1522 7.12 aloe-emodin (10—10") rhein type aglycone 0.109 | * +
RRE 1 283.023 6—>239.0342 7.66 rhein® 3226 t* +
2 253.0502—225.0549 8.10 chrysophanol® 2425 t™ +
3 283.060 7>240.0420 8.16 physcion® 2349 t™ +
4 269.0451—225.0550 7.85 emodin® 1.899 t* +
5 431.098 1—>269.044 7 5.86 aloe-emodin 8-O-B-D-glucopyranoside? 2482 t° +
6 431.098 1—269.0450 7.27 emodin 8-O-B-D-glucopyranoside? 2,148 t™ +
7 473.109 1—269.0450 6.55 emodin O-acetyl-glucose 0436 t™ +
8 473.109 1—-268.0370 7.44 emodin O-acetyl-glucose 0379 t* +
L7 4N 1 729.1453—577.1329 4.93 procyanidin B-O-gallate 2438 1t° +
2 729.1453—577.1329 5.57 procyanidin B-O-gallate 2314 t™ +
3 451.124 1—289.071 0 3.88 (+)-catechin O-glucose 1.811 t° +
4 441.081 9—289.071 0 5.97 (—)-epicatechin-3-O-gallate? 1.806 t° +
5 483.077 6—>271.0452 4.07 gallic acid-O-galloyl-glucopyranoside 1.645 t° +
6 451.124 1—289.071 0 3.50 (+)-catechin O-glucose 1.602 t* +
7 451.124 1—289.071 0 4.06 (+)-catechin O-glucose 1.572 t* +
8 451.124 1—289.071 0 3.69 (+)-catechin O-glucose 1.041 t° +
9 169.0137—125.0239 1.90 gallic acid® 5211 t* +
10 289.071 1—245.0815 4.90 (-)-epicatechin® 1.787 +* +
11 289.071 1—245.0815 4.29 (+)-catechin® 1.653 t° +
12 153.0179—109.029 0 3.26 protocatechuic acid? 1293 t* +
13 451.124 1—-331.066 0 3.30 (+)-catechin O-glucose 0.095 t°* +
14 483.077 6—313.0555 4.21 gallic acid-O-galloyl-glucopyranoside 0368 t* +
15 577.1345—289.071 0 4.90 procyanidin B 0290 t* +

5 IV AR (LEmBOSERD: 1t The, | K, "P<<0.05

"P<0.01

TP<0.001; “+7 FoRHENZRIT M7 %

1 increase and | decrease, P < 0.05 P <0.01 ""P<0.001 vs group IV (peak area as indicator) ; “+” indicates the analysis method to find the

component
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