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Identification of the antidepressant fraction and its major chemical
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Abstract: The goal of this work was to investigate the antidepressant fraction from Radix Paconiae Alba and
identify its major chemical constituents. Corticosterone injured rat phaeochromocytoma (PC12) cells and
behavioral despair depression models of mice were used to evaluate the antidepressant effects of Radix Paeoniae
Alba (Bai-Shao) ethanol extract (BS-E) and its three fractions (BS-10E, BS-60E, BS-95E) isolated by macroporous
resin column chromatography. Animal experimental procedures were approved by the Animal Ethics Committee of
the Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical
College (approval No.: SLXD-20210618051). The results showed that BS-E, BS-10E and BS-60E had protective
effects against PC12 cells injury induced by corticosterone, among which BS-60E had the strongest protective
effect. BS-60E could significantly shorten the time of forced swimming and tail suspension in despair depression
models of mice, and was identified as the antidepressant fraction of Radix Paconiae Alba. The major chemical

constituents in the antidepressant fraction were identified by ultra-performance liquid chromatography coupled
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with quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS), and their proposed fragmentation pathways

in MS spectra were deduced. A total of 79 chemical constituents were identified from BS-60E, including 36

monoterpenes, 34 polyphenols, 6 oligosaccharides, and 3 other constituents, and monoterpenes and polyphenols

may be major effective constituents of BS-60E.
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DAL, A8 SN R R R 5 5 PC 12 41 B 4 28 45 475
PRI &5 5 /N RRAT A BB AR 36f (AT B34 (Bai-Shao
ethanol extract, BS-E) A 3 K FL & Jlg A [\] ¥ it 41 73
(BS-10E, BS-60E, BS-95E) 1 HL AR 1E F 2L 47 V-4, 07
T ARAF AT PUHAL 5 1 20 75 SR 5 SR i e O
i DU AT AT I IRD R 3% (UPLC-Q-TOF/MS) v2: X #1410
I TE PR 2H 3 B AH 5 B A HEAT A TH R AE, AR AT 1)
UL 26 2550 R S rti e SR 5%

MRS A
KA SHM IR F K IS 25 mg x

50 A, #ib°5: 20130402) (V1 75 B A 250 1% 4 A TR 2 7]
FE s KRGS AR PC12 4H i (rp [ 5 2 ) 2 e 3
filh = 2= W 7 ), RE IR 4 L (35 [ 2R B0 K /R B
2\ ) DMEM #5 7% i #1 i 2 F1 B (3% [ HyClone 2
A]); B 25 H R (LC-MS Z%) (36 [H 2258 € /R R
B wl); MaiK (7N E B R PORME BR A7), J
JR B 236 DU S M YR £ [3-(4,5-dimethylthiazol-2-y1)-
2,5-diphenyltetrazolium bromide, MTT] F1 — H 3£ 7.
(dimethyl sulfoxide, DMSO, 3% [H Sigma A &]); KX LW
BB i D101 (9 3 /R 4k 24 700 A R A |)); A5 24
(paeoniflorin, It 5: 20190123, R &% > 98%) S AbAT
245FF (oxypaeoniflorin, #1t5: 201912, i & /34 > 98%)-
7 It AS 25 1F (benzoylypaeoniflorin, L5 : 20190628,
B HL > 95%) T Bl A VIR R A | A
25 N IEEF (albiflorin, fIb5: 14090602, Jfi & 734 > 98%)
T Eiga AR AR AR BB

(galloylpaeoniflorin, #t5: PS01094, Jifi & 434 > 98%)-
2K FF Bt %A1k AS 25 1 (benzoyloxypaeoniflorin, it 5 :
PS012411, Jifi &3 % = 95%)+1,3,6- = B £ 11k 7 % b
(1,3,6-trigalloylglucose, #t%5: PS211103-01, A 74 >
97%)+1,2,3,6- VY ¥ £ 19 i %) B (1,2,3,6-tetragalloyl-
glucose, #it'5: PS012574, i &40 41 > 98%).1,2,3,4,6- 11
BT & VE (1,2,3,4,6-pentagalloylglucose, #t 5 :
PS011427, JHE 540 > 98%) WT R A RHT A
J54£ 75 2 B1 (procyanidin B1, it 5 : BSCI-NCL007006-
NX-1, Jit 50 40 > 98%) FT 15 K (citric acid, fit5: SCI-
NCLO006879, Jii 5434 > 98%)- i H# (sucrose, fit5: SCI-
NCLO001868, Jii 573 %1 > 98%). JLZ 2 (catechin, It 5
SCI-NCLO005127, i 7% = 98%) #%1¢ 82 (ellagic acid,
fit'5: SCI-NCL000196, Jii & 7 % > 98%). 1% & T IR H
fi§ (methyl gallate, it 5 : SCI-NCL003154-NX-1, Jii &
I3 8 > 98%) B TR T8 (ethyl gallate, #ik 5 SCI-
NCL000608-NX-4, Jii & 7 #1 > 98%) it T (adenosine,
It 5 : SCI-NCL005881, Jii & 73 %1 > 98%) K i T~
I Rt 5 5t 24 F R A0 7 i 16 5K v 24k S D

HATZ AT AL R B B A BR A 7], &
= 2Rk 2 B 245 F R0 0 9 P sk T SR 9T R 8 8 A B
AJ (Paeonia lactiflora Pall.) IR .
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I3 KT (4 [ Sartorius R 5 £ A A BR 2 7); Legend
Micro 1 7R AR s e 4% 25 Oobl (36 FEBR W /R BHE A
F]); S0200-230V-EU Y i i i &A% (36 EERAAHE A 7)),
i)/ B R S I 22 (20 ecm x 20 cm x 40 cm).
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SCXK (i) 2014-0004. /NERAEIE 10 R TR, H e
oK, Zi23~25 °C, #JE 50% + 10%, 7:00~19:00 )
HE ZNAE B IR & B 7 KRG AR SR8 . B sh )
SEG ¥ £ i v [ e R B 24 H AR S B s A B
Zx B2 fieE (iEHE S SLXD-20210618051).

BS-E. BS-10E. BS-60E #1 BS-95E FU#l & Hl A
AJEIF 1200 g, 11 70% LRI (128, W/V), [
PEH 2 %, FEIR 3 h, B UE, K TR IR A IF, UE
WA, A URT, 192 BS-E, #EH%E N 17.65%. BS-E4
AR R TCRE, MUKFREBA S TAEZ 8= 0.5 gmL, B0,
REE, RERAEY, LG R FUN REREZ BT, AR
FH7K10%60%95% £ B i 1 i, Ye il 42 iR 4, ¥4
UG, o A B RFUM Mg /K Ve 44y (18.4 g, 13 A
8.70%)-BS-10E (12.6 g, f3% 4 5.95%).BS-60E (37.8 g,
5% 17.84%) I BS-95E (0.396 g, 3% 5 0.19%).

MAIE RS REF37 °C, 95% A5 5% CO,
HINRIE 264 T, K PCI2 4 B T 5 & 2 (100 pgrmL™)
B (100 pgrmL™). 5% i 4 135 A1 10% 5 i 37 1)
DMEM #5555 vt 40 Mg S0 73 41 23 X R4 o IR
41 (control); #E A ZH (model) 4200 pmol-L™ 7 Ji i ;
45 #3¢1 N BS-E (100 pg-mL™").BS-10E (100 pug-mL™).
BS-60E (100 ug-mL").BS-95E (100 pg-mL™").

YHRESE FIME  E I MTT 5256 PEA5 40 i 77 35 15
1o, B B AR K 41 A, 1R B 40 P %5 % D 100 000-mL7,
P T 96 LR, FEFL 100 L, K& 5% CO,, 37 °C4 1
NUEE 24 he W R IR, BFL4r 0N 200 pmol - L
[ 5z J53 I A FH 48 h, X J5 FF 43 i il N BS-E.BS-10E.
BS-60E Fll BS-95E {F F| 24 h. 4L/ A 0.5 mg'mL"
MTT (120 pL (FEZ %), keii3i4 h)m, LR
=, HFLINA 150 uL DMSO, & ¥k % %5 72 10 min,
DA 05 58 0 00K 78 0V . SRS BT B BRI S 43
A LK 570 nm W& FLIR OGS

IR SR N4, R 10 HUNER, oy
W A 4 (CMC-Na, vehicle). B 11 24 25 & &4 0K 182
4 (40 mg-kg', clomipramine hydrochloride). BS-E 41
(M4 T 42451 7.28 gkg")BS-60E 41 (M4 T4 25 &
7.28 gkg!), F IR HIIESLREE 14 K, &5 —IREGY
1 h 5 HHURAT =25

NRERREE SR Steru SV AL T
AT O B I, R RE £ /) BRUR i
292 em &b, SR G I 7 IAE AR, 1/ R 2 EECIRAS, 1Y
JE DAKR I S A 2%, W82 6 min, 12 3¢5 4 min P9/) BB
ANZhist[a], B & R A3l [H] (tail suspension immobility
time, TST). SCICRFHE X, SLW AN BAKIE S P45
Zy1E i, HSI0aT g — YIZRS o0 N ORI 48— 5256 07 )

P, BEAE 7 ORI S 56 A & 115 55, JF HLARUE SR8 38 58
F14) i 35 R 2

NERIRIBHFKSELE SRR KR Porsolt Z M VL (1)
D515, K /N RO B EL T A KR L) 15 em, JKIE (25
£ 1) °C, JFEE W5, #5742 6 min, 2t /5 4 min /) R AE
A A AL IR A g/ AR S B R
R Sk 0 VT 8 JK T 4 5 R 1 1), B 56 38 I Bk AS 3l B[R]
(forced swimming immobility time, FST). LI KA EH
%, SEIe N RN FE S R4 2t o, Hsgsearge— il
SR N 5 R G — SIS VE A AR, A 5 RS2 A
A 1555, I HLARIE 256 PR 55 1 B 29 FH 22

UPLC-Q-TOF/MS 4 #7 & K H 1Y ik
ACQUITY UPLC HSS T3 (2.1 mm x 100 mm, 1.8 pm);
WA 0.1% HER K IE W (A)-0.1% H R 45 (B); X
FH B BE V5 B 0~4 min, 1%~4% B; 4~6 min, 4%~
12% B; 6~16 min, 12%~23% B; 16~18 min, 23%~
50% B; 18~20 min, 50%~99% B; i i#: 0.3 mL-min™;
FE IR 40 °C; &I 3% K 4 190~400 nm; #EFE & 5 ul.
% il Waters SYNAPT G2 HDMS % %t , &S AE N i i
ESI B FIR B Z A0 HEFL A Wi 55 s IR 148
X BUEHEIE: IEET3.0kV, LT 2.1 kV; #EFLH
JE: 40 V; RERUEFLHE: 3 V; & T YRIRE: 100 °C; it
TSR - 400 °C; J [A) HEFL AU : 50 L' JiE ¥ 51
SIE: 600 L-h'; Ailf 48 PR : 0.5 mL-min™; 54 B
[4]: 0.5 s; F 3 A [A) B& - 0.02 s; J5i 77 b Y0l m/z 50~
1 200; 5 K4 R Continuum; R &1 : Normal; )
A6 Extended; SR 52 2082 — i MEJK 2547 K 1 I &2
RIE (B8 =2 BB T m/z 556.277 1; U
TN m/z 554.261 5),

ik BB RAEIE R HE I BS-60E T4 £
10 mg, & T2 mL Ep & 11, A 50% F EE7K 7 1 mL,
A A B AR, T 13 000 r-min” B0 15 min J5, BUE
TEW, 33 0.2 pm FLFLIERE, R

SRR MRIARAEIE RS REAT 2T VAT 2 A
T VEAATA T R WA 2 BB T IAT 2 R
MR ATZ T  1,3,6- = B FREE &5 1,2,3,6- 0% &
TEEEABE1,2,3,4,6- 0% B TELHIE 0 5L % B,
FRAE TR REME LA 3= VB TR PR R B TR SRS
FEOE B, VA A, SRR TR R 6 R S A, 4K
ik, 45 BIAH LT RE g 25V, AR S T M T .

AR LI EE K SPSS 17.0 £ b 24K
PEREAT Gt 0 4T, AP IME = AR iR 2 (x + 5) RO,
LR 2 ANOVA J5 Z 3 7 AT R v 58, L P <
0.05RRNEFEFREEME L, P<001 FREFEE
e BEEE L
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sEE TOF MS 43 #1 4 14, K4 BS-60E [ i 1% % 4k, 43 7l 15
1 BS-E.BS-10E.BS-60E #1BS-95E X1 i & HHiE S PC12 FIIE  f SRR s CREBAY IR (B 2). M
SRR E BS-60E H13t % 5E 79 MEAE R (58S TR E 740

MTT 5256 45 R an 8 1A AR, 525 o A AR L,
TR 20 of J7 R B S PC12 40 M 36 /) B35 T %, I
BS-E{&#" 24 h 5, 4 M35 77 53 B A=A
J& , BS-10E #1 BS-60E ¥ & & 3 14 in PC12 48 i 1) 3%
73, For BS-60E [ k3%, H 5 BS-E 1 24 %40
24 {H BS-95E AR E .

2 BS-E #1 BS-60E 3317 A B4R BN TST #1 FST
R

INERAT NS5 R B 1B C TR, BS-60E fig i %
G4 /N B TST 1 FST, 55 B0 4 24 #5118 S 74 K 9k 1) 76
Y, (HH 2% B 47 T BS-E. LR #F 73— 5k
52, BS-60E H A 23 PP AR E H -

3 BS-60E {LEFERLTHIE M 574
N T B BS-60E H (1) 4k %% 1% 47, #% 8 UPLC-Q/

A 1009 = B 120+
80- *% ok
* wv
ES # T 2 80
£ 60 B
Z 40 3
20
0 0

I
Control Model BS-E BS-10E BS-60E BS-95E

1
Vehicle Clomipramine BS-E

BB RS E S1AS, Hodt 46 A o3 [\ B 7E IE AR
TR AR I ), B RS R 36 1N, 2 My K )
344, FERE R 6 4, HABK s 34 HdiAj 2
B VAATA T R BEA 2 E ATA NIRRT VKBTI
AT R H B SE AR AT 2 1,3,6- = BT I A R
1,2,3,6-VU £ Bk 46 0% 1,2,3,4,6- 10 % B F k8 4
WELVRIEE R BLATER ERLER KB TR
e B TR 18 BRACER IR 55 17 AN R 5 6] R
HAT T HOXS, % i g IR 107,
4 FEUZFRPELEERRIEHBHUENES
41 BREEEMTBEE TR S S KL LR
T AE B A B, R AT RS — e
m/z 165.055 1 [RRFAERE v B 1. LAb-& 9 46 F150
fil, 7€ ESI-MS 11 & 1 9 fi i 20, 9 2 OR B I 1) 4 231
TST C 150~ FST
# T
" .
100 3

50

Immobility time/s

0 T

BS-60E BS-60E

Vehicle Clomipramine BS-E

hydrochloride hydrochloride

Figure 1 Protective effect of BS-E, BS-10E, BS-60E and BS-95E on injured model of PC12 cells induced by corticosterone (A). n = 3,
x£s."P<0.01 vs control; "P < 0.05, P < 0.01 vs model; the TST (B) and FST (C) results of BS-E and BS-60E in mice. n =10, x £ 5. "P <
0.05 vs BS-E; “P < 0.01 vs vehicle; BS-E: Radix Paconiae Alba ethanol extract; BS-10E: 10% ethanol elution fractions with macroporous
resin column chromatography of Bai-Shao ethanol extract; BS-60E: 60% ethanol elution fractions with macroporous resin column chroma-
tography of Bai-Shao ethanol extract; BS-95E: 95% ethanol elution fractions with macroporous resin column chromatography of Bai-Shao

ethanol extract; TST: Tail suspension immobility time; FST: Forced swimming immobility time
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Figure 2 The base peak ion (BPI) chromatography of BS-60E was detected by UPLC-Q-TOF/MS in negative ion mode (A) and in positive

ion mode (B)
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Table 1 Identification chemical constituents results of BS-60E. “Confirmed with the reference substance; —: Not detected
Serial Retention Molecular ES ES’ Error
. . Compound Observed Fragment Observed Fragment B Classification  Ref.
number time/min formula . . /%10
mass m/z ion m/z mass m/z ion m/z
1* 1.10  Sucrose* C,H,,0, 341.1083 179 365.1075 325,175,145  -0.29 Oligosaccharide [9]
[M-H] [M+Na]"
2 1.31  Maltotriose CH,,0,, 503.1620 341,311,179 527.1583 343,325,175, 1.59 Oligosaccharide [9]
[M-H] [M+Na]" 163, 145
3 1.41 Maltopentaose C,,H,,0,4 827.2674 665,503, 341, - - 0.60 Oligosaccharide [9]
[M-H] 311
4 1.47  Maltohexaose C,H,,0,, 989.3290 827, 665 - - 2.02  Oligosaccharide [9]
[M-H]'
5 1.54 Cyclomaltoheptaose C,,H,,0;; - - 11353850 649,487, 325, 6.52  Oligosaccharide [9]
[M+H]" 163, 145
6 1.55  Maltoheptaose C,,H,,0,, 1151.3741 989,827,665, 1153.3882 811,649,487, 1.39 Oligosaccharide [9]
[M-H] 503, 341 [M+H]" 325,163, 145
7* 1.74  Citric acid* CH,0, 191.0188 111 - - -2.09  Other types [10]
[M-HJ'
8 2.38  Desbenzoylpaeoniflorin C,H,0, 375.1296 345,195, 165 399.1230 396,331, 179, 1.30 Monoterpenoids [10]
[M-H] [M+Na]" 151
9 2.61  Oxiglutatione C,H,NO, 611.1427 481,331 613.1600 487,484 0.33  Other types [11]
S, [M-H] [M+H]
10 3.15  Galloylglucose C,H, 0, 331.0648 169, 125 355.0624 325,290,208, -5.10 Polyphenols [12]
[M-HJ [M+Na]™ 153, 145
11* 330  Adenosine* C,H,;N,0, - - 268.1038 136,153,268  -2.98 Other types [11]
[M+H]
12 3.35  Galloylglucose isomer C,H 0, 331.0672 169 - - 2.11  Polyphenols [12]
[M-HJ'
13 3.44  Galloylsucrose isomer C,H,0; 493.1158 331,313,283, 517.1188 325,268,153, —7.09 Polyphenols [13]
[M-H] 169 [M+Na]” 136
14 3.79  Desbenzoylpaeoniflorin C,H,0, - - 399.123 0 325,215,197, 5.60 Monoterpenoids [10]
isomer [M+Na]® 151
15 4.08  Glucopyranosyl C,H,,0, 359.1323 311,179 383.1294 325,287,163 -5.29 Monoterpenoids [14]
paconisuffrone [M-H] [M+Na]"
16 4.48  Glucopyranosyl paeonisuf- C, H,,0, 359.1323 311,179 383.1294 325,287,163  -5.29 Monoterpenoids [14]
frone isomer [M-H] [M+Na]’
17 5.36  Galloylsucrose isomer C,,H,0,; 493.1158 331,313,283 517.118 8 433,315,153  -7.09 Polyphenols [13]
[M-H] [M+Na]"
18 5.72  Galloylsucrose isomer C,H,0; 493.1158 331,313,283 - - —7.09 Polyphenols [13]
[M-H]'
19 5.84  Galloylsucrose isomer C,,H,O; 493.1154 331,313,283 517.118 8 433,315,153 =791 Polyphenols [13]
[M-H] [M+Na]"
20 6.40  Digalloylglucose C,,H,,0,, 483.0738 331,313, 169 - - —7.66 Polyphenols [15]
[M-H]'
21 6.57  Galloyl C,,H,0,, 527.1409 169, 125 551.137 1 496, 445, 345, 1.52  Monoterpenoids [16]
desbenzoylpaeoniflorin [M-H] [M+Na]" 297, 164
22 6.72  Glucopyranosyl lactinolide C,H,O, 361.1516 179 385.1450 205, 188, 144 4.71 Monoterpenoids [17]
[M-H] [M+Na]"
23 6.79  Digalloylglucose isomer C,,H,,0,, 483.0738 331,313, 169 - - —7.66 Polyphenols [15]
[M-H]'
24 6.92  Strictinin C,,H,,0,, 633.0735 481,301, 169 657.0731 367,261 1.11  Polyphenols [18]
[M-H] [M+Na]"
25 7.00  Mudanpioside F C,H,,0, 343.1383 181,150 - - -2.91 Monoterpenoids [19]
[M-H]'
26 7.04  Galloyl desbenzoylpaeoni- C,,H, O, 527.1421 497,169 551.1371 481,365,221,  3.79 Monoterpenoids [16]
florin isomer [M-H] [M+Na]® 281,179
27 7.18  Catechin glucoside C,H,,0, 451.1275 289,245,169 4751177 441,291, 139 7.76  Polyphenols [16]
[M-H] [M+Na]"
28 7.23 Trigalloylglucose isomer C,,H,,0, 635.089 1 465,169, 313, - - 1.10  Polyphenols [20]
[M-H] 125
29% 7.33  Procyanidin B1* C,,H, 0, 577.1321 289,245,203 579.1509 409, 127 -4.30 Polyphenols [21]
[M-H] [M+H]"
30 7.53  Oxypaeoniflorin isomer C,,H,,0,, 495.1498 465,345,333, 519.1509 121 -1.01 Monoterpenoids [22]
[M-H] 281 [M+Na]"
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Continued
. . ES ES*
Serial Retention Molecular Error i .
number fime/min Compound formula Observed Ffagment Observed FTagment <10 Classification  Ref.
mass m/z ion m/z mass m/z ion m/z
31 7.61  Procyanidin B2 C,H,0,, 577.1321 289,245,203 - - -4.30 Polyphenols [21]
[M-HJ'
32 7.70  Trigalloylglucose isomer C,,H,,0, 635.0891 465,169,313, - - 1.10  Polyphenols [20]
[M-H] 125
33% 7.76  Methyl gallate* CH,Oq 183.0302 168 - - 4.92  Polyphenols [23]
[M-H]'
34% 7.82  Oxypaeoniflorin* C,H,0,, 495.1498 465,345,333, 519.1509 291, 139 -1.01 Monoterpenoids [22]
[M-H] 281 [M+Na]
35 7.85  Trigalloylglucose isomer C,H, 0, 6350891 465,169,313, - - 1.10  Polyphenols [20]
[M-H] 125
36* 7.89  Catechin* C,H,0, 289.0722 245,203, 169 291.0884 179, 147 3.50 Polyphenols [24]
[M-H] [M+H]"
37 8.00  Procyanidin C C,;H, O 8652012 577,289,245, 867.2126 579,245,123 3.70 Polyphenols [21]
[M-H] 203 [M+H]
38 8.35  Mudanpioside E C,H,0,, 5251635 495,479 549.156 1 349,179 5.14  Monoterpenoids [25]
[M-H] [M+Na]"
39 8.45  Trigalloylglucose isomer C,,H,,0, 635.0891 465,169,313, - - 1.10  Polyphenols [20]
[M-H] 125
40 8.52  Trigalloylglucose isomer C,,H,,0,4 635.0891 465,169,313, - - 1.10  Polyphenols [20]
[M-H] 125
41 8.65  Glucosylpaeoniflorin C,,H, 0, 641.2090 611, 489, 165 6652010 483,105 1.25 Monoterpenoids [26]
[M-H] 121 [M+Na]
42 8.94  Diglucosylpaeoniflorin C,H,,0,, 803.268 1 773,755,641, 827.2650 409, 393,371 -2.86  Monoterpenoids [26]
[M-H] 611, 489, 165 [M+Na]’
43 9.06  Trigalloylglucose isomer C,,H,,0, 635.0891 465,169,313, - - 1.10  Polyphenols [20]
[M-H] 125
44 9.30  Glucosylpaeoniflorin C,,H, 04 687.2139 611,489,165, 6652010 393,153 1.31 Monoterpenoids [26]
isomer [M+COOH] 121 [M+Na]"
45* 9.50  1,3,6-Trigalloylglucose* C,,H,,0, 635.0891 465,169,313, 659.0800 619, 526,467, 1.10  Polyphenols [27]
[M-H] 125 [M+Na]”™ 297,153
46* 9.60  Albiflorin* C,,H,.0, 525.1625 525,435,449, 481.1749 319,197,105 3.24 Monoterpenoids [28]
[M+COOH] 357,327 [M+H]'
47 9.79  Glucosylpaeoniflorin C,,H, 0,4 641.2090 611,489,165, 655.1561 519 1.25 Monoterpenoids [26]
isomer [M-H] 121 [M+Na]"
48 10.06  Galloylpaeoniflorin C,,H,,0,5 631.1672 481,365,221, 655.1602 519,503, 437, 1.43  Monoterpenoids [30]
[M-H] 281,179 [M+Na]" 153,121
49 10.20  Tetragalloylglucose isomer  C,H,;0,,  787.1035 465, 169, 313, - - 5.21  Polyphenols [27]
[M-H] 125
50%* 10.20  Paconiflorin* C,,H, 0, 479.1550 525,449,357, 503.153 1 463,179, 151 3.24  Monoterpenoids [29]
[M-H] 327,165 121, [M+Na]"
77
51%* 10.49  Ethyl gallate* CH,, O, 197.0459 169, 124 - - 4.57 Polyphenols [25]
[M-H]'
52 11.34  Tetragalloylglucose isomer ~ C,,H,0,, 787.0979 635,617, 169 811.0947 641,619,525, -1.91 Polyphenols [31]
[M-H] [M+Na]” 153
53%* 11.78  1,2,3,6-Tetragalloylglu- C,H,0,, 787.0979 787,635,617, 811.0947 641,619,525, -191 Polyphenols [27]
cose*® [M-H] 169 [M+Na]" 153
54* 12.30  Ellagic acid* C, HO, 300.998 8 245,185,175 - - 1.33  Polyphenols [23]
[M-H]'
55% 12.98  6'-O-Galloylpaconiflorin* C,,H,,0; 631.1689 481,365,221, 655.1602 179, 153 1.43  Monoterpenoids [30]
[M-H] 281,179 [M+Na]"
56 13.46  Galloylpaeoniflorin isomer ~ C, H,,0, 631.1689 481,365,221, 655.1674 629,613, 487, 1.43  Monoterpenoids [30]
[M-H] 281,179 [M+Na]" 153
57* 13.58 1,2,3,4,6-Pentagalloylglu- C, H,,0,, 939.1136 631, 469, 169 963.1044 771,153 3.40 Polyphenols [32]
cose* [M-H] [M+Na]"
58 13.84  Pentagalloylglucose isomer  C, H,,0,¢ 939.116 9 631, 469, 169 - - 6.92  Polyphenols [32]
[M-H]'
59 14.00  Pentagalloylglucose isomer  C, H,,0,, - - 963.104 4 481, 365, 221, 6.65 Polyphenols [32]

[M+Na]" 281,179
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60 14.22  Pentagalloylglucose isomer  C, H,,0,, - - 963.104 4 481,365,221,  6.65 Polyphenols [32]
[M+Na]" 281,179
61 14.28  Galloylpaconiflorin isomer ~ C, H,,0 631.1689 481, 365, 221, - - 1.43  Monoterpenoids [30]
[M-H] 281,179
62 14.80  Galloylpaconiflorin isomer ~ C, H,,0 631.1689 481,365,221, 633.1807 633,267,153, -1.90 Monoterpenoids [30]
[M-H] 281,179 [M+H]" 105
63 15.11  Hexagalloylglucose C,H; 0, 10911141 939,769,169 1115.1108 923,771 —6.14  Polyphenols [20]
[M-H] [M+Na]"
64 15.60  Mudanpioside I C,,H,0, 525.1625 357,327,283 481.1749 503,481,319, 3.24 Monoterpenoids [33]
[M+COOH] [M+H]" 197,133
65 15.70  Hexagalloylglucose isomer ~ C,H,O,; - - 1115.1108 923,771 -7.26  Polyphenols [20]
[M+Na]’
66 15.82  Hexagalloylglucose isomer  C,H, O,  1091.1141 939,769,169 11151108 923,771 —6.14  Polyphenols [20]
[M-H] [M+Na]"
67 17.13  Galloylpaeoniflorin isomer ~ C, H,,0,, 631.1672 481,365,221, 655.1602 613,511,153 1.43  Monoterpenoids [30]
[M-H] 281,179 [M+Na]’
68 17.26  Digalloylpaconiflorin C,,H, 0, 783.176 1 783,643,313, - - —-1.53 Monoterpenoids [32]
[M-H] 169
69 17.55 Mudanpioside H C,H,0,, 6151670 493,313 - - =7.15  Monoterpenoids [34]
[M-HJ'
70 17.80  Pinane-10-yl vicianoside C, H, 0, 447.2223 447,315,169  471.2244 471,349,177  -1.57 Monoterpenoids [35]
[M-H] [M+H]*
71%* 17.61  Benzoyloxypaeoniflorin* C,,H,,0,, 599.1794 165,137,121 - - 4.84 Monoterpenoids [28]
[M-H]
72 17.99  Galloylpaeoniflorin isomer  C, H,,0,,  631.1672 481,365, 221, - - 1.11  Monoterpenoids [30]
[M-H] 281,179
73 18.06  Pinen-10-yl vicianoside C,H,,0, 4452057 293,149 - - —-3.82  Monoterpenoids [35]
[M-H]
74 18.31  Cineole rhamnosyl C,,H, 0, 461.2390 447,163 485.2343 355,153 0.65 Monoterpenoids  [9]
glucoside [M-H] [M+H]
75% 18.55  Benzoylpaeoniflorin* C,H,,0,, 583.1829 583,553,431, 607.1794 427,267, 249, 2.23  Monoterpenoids [28]
[M-H] 165 [M+Na]® 179, 151
76 18.63  Benzoylpaeoniflorin isomer C, H,,0,, 583.1829 629,583 607.179 4 427,267, 249, 5.09 Monoterpenoids [28]
[M-H] [M+Na]" 179, 151
77 18.77  Paeonin D C,,H, 0, 735.1925 613,583, 169 - - 0.10  Monoterpenoids [23]
[M-H]'
78 18.98  Paeonin D isomer C,,H, 0, 735.1925 613,583,169 - - 0.10 Monoterpenoids [23]
[M-HJ'
79 19.07  Benzoylpaeoniflorin isomer C, H,,0,, 583.1829 463,319,267, 607.1794 427,267, 249, 2.23  Monoterpenoids [28]
[M-H] 197 [M+Na]" 179, 151
99.60 F110.20 min, & M5 75 FUWEAR R, 3928 BT m/z1091.114 1 [M-H] (C,H,0,, Am/z —6.14

m/z 479.155 0 [M-H]  (C,;H,,0,,, Am/z =3.24 ppm), H.
B m/z 165.055 1 [PRFAERE v 85+, 16 &4 50 7]
RE N LRGSR A, H 38 AT RN R 4 SR A4 78 i
WEh, —EHRAETRMERAGER, X ms
375.126 0 A E W 46 IFFAERE Fr BS -, m/z 449.139 3
S AW SO RFAERE Fr B 1o [RII 7 2 1) B 1 U 7
230 F1 254 nm 4b 35 5 S RRAE U, JE I S SO RS
Joont W SR AT LK, B 2 A0 G W0 46 NAT A N BR T, b
G50 AT 25, A R RE I T SRR A 1 3
FTR

42 ZEERSVETE LMLEY 63 NI, 1E ESI-
MS F 8 AT, R B T4 15.11 min [O#ES T

ppm), 1 2R, F71E m/z 169.011 0 FIRFAE J5 3 i
FES T, HENAG AP 63 M RE R & TRy HE
FER K IRE R85 T 3B 45 m/z 939 Flm/z 769, Hort m/z
939 AEW) 63 i — 7 TI% & T IE 415 (C,H,0,)
JE i [M-H-152] 1 1 B, m/z 769 52 B m/z 939 W}y
B AR SEM X — o IR R (CH0,) TE T M-
H-152-170] # B 857, F46 800 5 — o T & 7T
44 (CH,0,) P2 m/z 617 IWE R B+ . %L EWH
L I FE 217 1279 nm Ab A 48 AMRFAE TR i, 3t 5 5T
BRCOLE T, 125 H W7 Sy 7S 38 £ Tk 2 0, L mT R I
LR A 1 4 BT

LI AW 29 19, 45 ESI-MS #5 FH 0T,
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Figure 3 ESI-MS spectrum and proposed fragmentation pathway

of albiflorin (A) and paeoniflorin (B) in negative ion mode
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Figure 4 ESI-MS spectrum diagram and proposed fragmentation

pathway of hexagalloylglucose in negative ion mode
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Figure 5 ESI-MS spectrum and proposed fragmentation pathway

of procyanidin B1 in negative ion mode
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Figure 6 ESI-MS spectrum and proposed fragmentation pathway

of maltoheptaose in negative ion mode
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CHRPHRIE, BS-E RET% . 2 o0 18 VEAS W] $U00 N
PR K B B IARFEAT 9, B B B AR A ), B
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