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Study on quality evaluation of Cortex Moutan based on UPLC-MS’
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Abstract Objective: To establish a method for simultaneous determination of 18 chemical constituents in Cortex
Moutan by ultra performance liquid chromatography—triple quadrupole mass spectrometry ( UPLC-TQ-MS ) and
to compare the differences between sulfur—smoked and sulfur—free samples. Methods: The determination was
performed on a Waters UPLC BEH C 4 column ( 2.1 mm x 100 mm, 1.7 pm ), with gradient elution of water ( 0.1%
acetic acid ) and acetonitrile at a flow rate of 0.4 mL * min™'. The column temperature was 35 °C. The target compounds

were analyzed by multiple reaction monitoring ( MRM ) mode. Results: The linearities between the concentrations
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of the tested components and the peak areas were good (0.992 3<r°<0.999 9 ). The orthogonal partial least

squares discriminant analysis ( OPLS-DA ) score and VIP picture were drawn by OPLS-DA, which indicated that

paeoniflorin sulfite, quercetin, catechin, oxypaeoniflora, gallic acid and methyl gallate were the discriminating

components between the sulfur smoked and non—sulfur smoked samples of Cortex Moutan. Conclusion: A

comprehensive and accurate method for evaluating the quality of Cortex Moutan was established, which could

provide reference for the identification of Cortex Moutan with or without sulfur and its quality control.

Keywords: Cortex Moutan; sulfur—smoked ; different ingredients; paeoniflorin sulfite; quercetin; catechin;

oxypaeoniflora; gallic acid; methyl gallate; ultra performance liquid chromatography—triple quadrupole mass

spectrometry ; orthogonal partial least squares discriminant analysis
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Waters 2y 7 ACQUITY UPLC £ 4 ( — 7t & JE
B, H bR FEIRAS , A SIS GS ) 5 Waters
N Xevo TQ/MS JH i 22 55 ; Waters 2\ H) MassLynxTM
JF T T AR ; MR8 - 08 20 FRA 7] M1L204
L T4 M RSF (1710 J7 ), MS105 HL T 43 KF- (1/1
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A ALERAT BN 7] KQ-250E RUHE 7 i 1 v de s L
WEREAUEE) Anke GL-16G 1T B0 HL,
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BT (65 QMTT20160811 ). 5T F K (41t

i
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63.6.72.4.91.6 F1123.9 pg-mL™", ¥ FRIES XS
I YA D P I B B 6 ) AS TRk BE (AR 2,10,
20,100,200, 1 000 1% ) BYTEAXF B TARWR
2.2 AR A

BUH PR B2 2546 k3 oK (i 4 50 ) 249 1 g, K5 25 F
SE B IEMEIE I P R B A B 50 mL, R E R
B AL PR (IR 250 W, 4R 33 kHz ) 45 min, JiX
FE R PROE i, R A AR DR I T 4R
13 000 1 min~" 5.0 10 min, B EJEW , 13 0.22 pwm ff
FLUERE, BPAS
2.3 A% T

OB 251 < SR Waters Acquity UPLC HSS BEH

Cys 1038 45 (2.1 mm x 100 mm, 1.7 pm), PL0.1%
BR KV (A ) - i (B) Rt shAH, B EEVEL (0~5
min, 95%A — 90%A ; 5~7 min, 90%A — 75%A ; 7~10
min, 75%A — 50%A ; 10~15 min, 50%A — 5%A ), i
0.4 mL-min™", HEIR 35 C, #ERE R 3 wl, HERERT
VLGRS A A BERT AR A5 P-4 5 mins

Jo T A I 2% A4 EST R s 451485 7 =0k ESIY L EST
P 22 /N Wi (MRM ) 5 BAHEF L E 3 kV, HEfL
HLE 20 V, AEHUCHL R 3V, B FURTEE 150 °C, A
IRFE 400 °C,HEFLAF R SO L b iy A S i
1000 L+ h™ BN 0.15 mL - min™" 3 7500 5434
FERESHOLEE 1, ARER LA 1,

®1 FMS MRM 24
Tab.1 MRM parameters of the component to be tested

g, . T %ﬂ&ﬁfﬁ zmjﬂﬁiﬁluﬁ?ﬁ HEFL AL Eﬁfﬁﬁﬁi
(ingredient name ) ty/min ( relative molecular mass ) ( 1omz'i1l10n ( m.ultl.ple reaction ( cone (collision
equation ) monitoring scan ) m/z voltage )/V energy ) /eV
B TR ( gallic acid ) 2.09 170 ESI” 169.031 9>124.958 2 36 14
ATEITF AR IR ( paconiflorin sulfite ) 3.12 544 EST* 544.404 3>161.165 7 22 22
KHRFEHH 2 ( p-hydroxybenzoic acid ) 5.06 138 ESI* 136.968 1>93.006 6 26 12
B TR G ( methyl gallate ) 6.37 184 ESI” 183.031 9>123.991 0 40 20
AATZYT (oxypaeoniflora ) 6.67 496 EST* 495.301 4>137.018 9 52 28
JLAEZ (catechin ) 6.73 308 ESI” 309.159 6>202.938 0 32 20
=R T M A BECL, 3, 6-tri-0- 7.17 636 ESI” 635.309 4>465.209 3 66 30
ealloyl-beta—D-glucose )
6- ¥ 1A 5 2 (6-hydroxycoumarin ) 7.27 162 ESI” 163.031 9>107.055 6 36 18
FFE I JFAT ( paeonolide ) 7.32 460 ESI” 459.287 3>165.054 4 38 32
Aj25F ( paconiflorin ) 7.57 480 EST” 479.287 3>120.962 7 36 28
LT (acetovanillone ) 7.84 166 ESI” 167.095 8>125.097 2 24 8
T B T A RE(1,2,3,4,6- 8.01 941 ESI” 939.414 9>769.187 5 66 32
pentagalloylglucose )
WA T EEAT 25T ( galloyl-paeoniflorin ) 8.10 632 ESI” 631.346 6>613.267 8 58 24
FEPEATZ54 ( benzoyl paeoniflorin ) 8.72 584 ESI* 583.344 6>553.247 41 40 10
HPFEAT € (cortexidin C) 8.92 600 ESI” 599.414 9>136.959 9 48 42
Hit Bz 2 ( quercetin ) 9.28 302 EST 301.159 6>151.015 6 42 24
A5 TC ( paeoniflorigenone ) 10.15 318 ESI* 319.223 5>105.088 3 20 30
FHEZE ( paeonol ) 10.64 166 ESI* 167.095 8>121.127 4 30 20
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£ £
§ 1007 BETFM (gallic aci g 100 iflori
gallic acid) g Aj2i# (paeoniflorin)
¥4 B
EE 82
5 0 _— 5 0 ‘ - -
-1 2.5 5 7.5 10 12.5 t/min -1 0 2.5 7.5 10 12.5 t/min
£ X
§ 100 I F WIREREE (paconiflorin sulfite) £ 100+ FHHEZW (acetovanillone)
N I
8 g2
i o : : : : 30 : A1
-1 0 2.5 5 7.5 10 12.5 t/min & 0 2.5 7.5 10 12.5 t/min
s £
€ 100 ~ . € 100+ ;
M§ HIBEFKFMR (p-hydroxybenzoic acid) ot TR TR
#38 i #8 i 1, 2, 3, 4,
§ B ;§ 2 6-pentagalloylglucose)
oL R . 3 ‘ N N —
1 0 2.5 5 7.5 10 12.5 t/min £ 0 2.5 7.5 10 12.5 t/min
£ S
5100+ BRTFRFEE (nethyl gallate) 5 1007 BEFRATEH
ﬁg B ﬁé i (galloyl-paeoniflorin)
i i
5 0 ‘ : ‘ : : 5 0 ‘ e
= 0 2.5 5 7.5 10 12.5 t/min = 0 2.5 7.5 10 12.5 t/min
S £
£100 HMWATZH (oxypaeoniflora) § 100 KRG
ﬁg ﬁg (benzoyl paeoniflorin)
B 8
1 0 2.5 5 7.5 10 12.5 t/min & 0 2.5 7.5 10 12.5 t/min
< g
£ 100 JL#E#H (catechin) 5100 HFFBFC (cortexidin €)
wt 3 wt cortexidin
#8 #8
2 I
£ 0 2.5 5 7.5 10 12.5 t/min = 0 2.5 7.5 10 12.5 t/min
p 2
§ 100 =R TFREEE 5100 W% (quercetin)
%E (1, 3, 6-tri-O-galloyl- %‘5
'}é% beta—D-glucose) '§§
i 0 _— 5 0 ; —
< 0 2.5 5 7.5 10 12.5 t/min & 0 2.5 7.5 10 12.5 t/min
£ £
:g 100 6- R EETR (6-hydroxycoumarin) é 100 ZjZ5# 7T (paeoniflorigenone)
¥4 e
82 8
3 0 ‘ : : ‘ : 50 ‘ —
1 0 2.5 5 7.5 10 12.5 t/min £ 0 2.5 7.5 10 12.5 t/min
g0 FHEeBEF (paconolide) 5100 #+KB (paconol)
s wE
#5 g
- 2
LI 3 0 ‘ ‘ ‘ ‘
E o 2.5 5 7.5 10 12.5 t/min & 0 2.5 7.5 10 12.5 t/min

1 HmpEFURS MRM &ifE
Fig.1 MRM chromatogram of each analyte in the sample
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241 ZMCRFLEERM TR Ea FRIE K
BRI 2.7 W RYNRA XIS, TAEW 3 pL, 3%
“2.37 TR AT AR TN o DAREINAL A P o i

WERE X R AR bR, A I TR Y PN A AR, EF TR
157, I (5 e e (SN ) R 10 AT 3 43 5053k 1 1l
Ay E R FRR (LOQ ) AT FFR (LOD ), 453 L3k
2, B MR BT, P EIITE 09923 L

®2 OEAFEGECEEUNTRSEE TR
Tab.2 Regression equation, linear range, LOD and LOQ

EIEp¥ LA (line )/ LOD/ LOQ/
1bE4) ( compound ) ) s ) I A mea_rl ranee . 0 .
( regression equation ) (pg-mL™") (pg-mL™") (pg-mL™")
PR ( paeonol ) Y=1.138X +0.146 0.996 9 0.129 4~129.4 0.0118 0.0395
BT (gallic acid ) Y=9.238X+1.151 0.996 2 0.122 2~61.08 0.049 7 0.165 8
252451 ( paeoniflorin ) Y=6.869X+0.558 0.995 0 0.121 4~60.72 0.029 6 0.098 7
HE TR (1,2,3,4, Y=2.475X-0.054 7 0.999 9 0.994 4~49.72 0.153 4 0.5113
6-pentagalloylglucose )
WA FERF EE ( methyl gallate ) Y=65.444X+0.392 0.999 3 0.119 4~56.69 0.174 8 0.582 8
AR AT 2 ¥=0.098X+0.008 0.992 5 0.110 6~55.28 0.0915 0.305 1
( benzoyl paeoniflorin )
=BT IR ¥=0.491X-0.014 1 0.999 9 0.100 6~50.28 0.0750 0.2499
(1,3, 6-tri-O-galloyl-beta—
D—glucose )
WETFEATAT ¥=9.375X+0.689 0.994 0 0.100 7~50.36 0.058 0 0.193 3
( galloyl-paeoniflorin )
AEATZ5H (oxypaeoniflora ) ¥=0.264X-0.000 5 0.999 8 0.955 6~47.78 0.005 3 0.017 5
Aj245H 7T ( paeoniflorigenone ) ¥=2.522X+0.002 0.9952 1.111~55.56 0.0170 0.056 5
T 2T ( acetovanillone ) Y=8.305X-0.616 0.994 8 0.010 0~50.00 0.001 2 0.004 0
JLASZ (catechin ) Y=4.438X+0.138 0.999 2 0.109 1~54.53 0.0336 0.1120
X FR B H R ( p-hydroxybenzoic ¥=0.497X+0.036 0.992 3 0.125 7~62.86 0.037 8 0.1259
acid )
6- BHFEE Y=89.82X+8.548 0.995 8 0.120 3~60.17 0.058 6 0.1952
( 6~hydroxycoumarin )
H AT C (cortexidin C ) ¥=5.015X+0.194 0.996 4 0.063 6~63.56 0.0459 0.1529
FHZ B ( paeonolide ) Y=3.265X+0.043 6 0.999 4 0.072 4~72.39 0.074 4 0.248 0
HitHz 2 (quercetin ) Y=38.634X+0.522 0.997 6 0.091 6~91.56 0.0747 0.249 0
AJ 24545 W R g ( paeoniflorin - ¥=0.019 4X-0.000 07 0.999 4 0.123 9~61.94 0.071 0 0.236 6

sulfite )

AR S
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TR 8 73 W T AL, A% 8 A i e TR A RSD 3
PG . SR 3,

R3 FEEER
Tab.3 Methodological study

RSD/% ( n=6)

AW ( compound )

SRR RN ( recovery )(n=9)

H % FEME HA
( precision ) ( stability ) ( repeatability ) i RSD/%
( mean )
F1 B2 8 ( paeonol ) 0.56 1.5 1.9 101.6 2.0
BT (gallic acid ) 1.8 1.0 1.4 98.8 24
A5251F ( paconiflorin ) 1.2 0.48 1.4 99.9 3.0
oW o’ T OBE W A BE(1,2,3,4,6- 0.62 0.84 1.7 97.2 22
pentagalloylglucose )
TR TFHEE (methyl gallate ) 1.4 1.5 2.1 98.6 1.7
HHBEA 254 (benzoyl paconiflorin ) 1.5 1.1 1.6 100.3 3.5
SEETRAEE (1, 3, 6-tri-0-galloyl-beta— 1.2 0.44 0.24 97.2 4.0
D—glucose )
WA TEEAT 255 ( galloyl-paeoniflorin ) 2.0 1.9 1.9 96.7 3.7
AALATZGH (oxypaeoniflora ) 1.5 0.070 1.7 97.7 1.1
A5G ( paeoniflorigenone ) 0.83 2.5 1.6 102.1 3.2
T B LI (acetovanillone ) 1.4 0.15 1.2 98.9 1.9
JLZ5 % (catechin ) 1.6 0.081 15 99.0 1.3
FHRIEHEHER ( p-hydroxybenzoic acid ) 1.5 0.18 1.6 99.3 3.6
6— 234 5.2 (6-hydroxycoumarin ) 0.74 1.8 0.76 98.6 4.4
HJF A C(cortexidin C) 1.1 0.54 2.0 99.7 42
FHEz2 B ( paeonolide ) 1.2 0.17 1.8 95.2 3.6
Hit e  ( quercetin ) 0.63 1.4 2.4 95.5 2.8
AT ARIRTR ( paeoniflorin sulfite ) 1.4 1.2 22 100.6 1.6

243 TEVEIRE SIS RN 6 4y, e Id “2.27
TR Jy i A U, o B AT TR A
Ay i, LAY RSD TR B B, 45 032 3,
244 FEEMIE  HSIS RN, R 227 T
7k A R W, ) T & S 0.2.4.8,
12,24 h HEREDAE , DIAE & AR 2548 A il o 06 T AR
RSD, 455 W5 3.

245 FEEDCREE B 0.5 ¢ TR B S1 5

i

BESD 6 1), BEORE AR, A S RE S 45 1o 2
AT 0 45 X6 BE A, F2 2,27 TR 72tk A i v
VOF8 1 3R SR AR A2 , TR 2 [BRCR F RSD, - 45
R 3,
3 HBRE5HW
3.1 MEgsR

RS IR 42,27 TN [ 7 AR
I “2.37 WUARAE R TINE  25 SR WK 4,
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32 iR

HF 20 HE R AP E2 AR i 18 MMEE R =
BE A B R R, 28 UV AR iEAL AL RS A
SIMCA-P+13.0 ( Umetrics AB, Umea, it it ) 514, #)
FH IE 22 i e /N — 3 11031 53 A7 ( OPLS-DA ) #5743 Bt
AL

2221l OPLS-DA 1543 [, anl&l 2, i K1 =R #H 20 it
FEPFRERESRE o[ 2 T3 S X4 22 AN IX sk, HAR 4
SRR (S) 5ARGE (W )2 4, w1 W s i 5 hn
TP N TEA 2R W R A R I A8k

1.310 96%¢,[1]
(=]
Il

1.002 09%¢[1]
W. RARE (not sulfur smoked ) S. #iFE ( sulfur smoked )

E 2 OPLS-DA B4 E
Fig.2 Score plot of OPLS-DA

VIP {E j& OPLS-DA 13- f 48 18 X 73 2 1) B #ik
i H T 5 1, — okl VIPS1 A 78 8y 26 Ja] ) 4
EPEIRY, A Geita L R 7 A% 52 SURAIE ( 7-
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