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ZE HAY: &5 HPLC-MS/MS % R Bl & L A et ZOLRE SRR BR AR5 & & 2 EH & R 54
FRHEZRNGEF F T LETHFASARSASET, RKREMNERRE ZHLEt i 42. Hik: kA
Poroshell 120 SB-C,; &£ (2.1 mm X 100 mm, 2.7 wm ), ¥A 0.1% VB2 K A7 3h48 A, THE A 7348 B, #
FESB, Ak 0.15 mL e min™', 4238 30 °C, 4% % 320 nm; KA L EEFR(ES), A B8FRE, SR H
Wl (MRM ) 42X, st 43 X3 4 H F 8 AR HATH AL TN T, BR IHATERILEE GRE.
B F LI R E RS R E R HEF . E T LT A 8 RS, PR A N, &
PETE B 2 %) A 0.719~23.0. 0.688~22.0. 0.344~11.0. 0.625~20.0, 4.44~142 . 2.31~74.0. 1.03~33.0. 0.625~20.0
pg mL™" 5 R* % %1 4 0.996 7.0.998 9.0.999 6.0.993 5.0.997 3.0.998 6.0.997 7.0.995 6., -F 34 A Af =ik
F (n=6) % %) 4 101.7% ( RSD=0.89% ). 99.41% ( RSD=2.6% ). 96.20% ( RSD=2.4% ). 99.56% ( RSD=2.7% ). 101.3%
(RSD=1.5% ). 103.8% ( RSD=1.8% ). 99.82% ( RSD=1.6% ). 100.2% ( RSD=1.5% ). 8 A 5% % & 33 ¥ 4f & P
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Comparison of eight components in hawthorn leaves
from different habitats by HPLC-MS/MS *
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Abstract Objective: To establish an HPLC-MS/MS method for simultaneous determination of eight
components ( epicatechin, chlororenic acid, vitexin, hyperoside , vitexin—rhamnoside, vitexin—glucoside , rutin

and shanyenoside A )in hawthorn leaves and compare the contents in hawthorn leaves from different habitats.
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Methods: The HPLC-MS/MS analysis was conducted on a Poroshell 120 SB=C,; column ( 2.1 mm X 100 mm, 2.7 pm)
maintained at 30 °C. 0. 1% formic acid ( A ) and acetonitrile ( B ) were used as the mobile phase in gradient elution mode. The

flow rate was 0.15 mL * min"'. Electrospray ionization source was used with negative ion scanning and multiple reaction
monitoring ( MRM ) mode for quantification. Results: Eight components ( epicatechin, chlororenic acid, vitexin, hyperoside,
vitexin—rthamnoside,, vitexin—glucoside, rutin and shanyenoside A ) were identified and quantified in hawthorn leaves from
different habitats. Meanwhile, the linear ranges of them were 0.719-23.0 pg*mL"' ( R°=0.996 7 ), 0.688-22.0 p.g* mL"
(R=09989),0344-11.0 g mL" (R=0999 6 ), 0625-200 pg*mL"' (R=09935),444-142 pug-mL"' (R=09973),
231-740 pg-mL" (R=0998 6 ), 1.03-330 pg-mL "' R=0997 7 )and 0.625-20.0 wg* mL" (R=0.995 6 ) , respectively.
The average recovery rates of them were 101.7% ( RSD=0.89% ) , 99.41% ( RSD=2.6% ) , 96.20% ( RSD=2.4% ) ,
99.56% ( RSD=2.7% ) , 101.3% (RSD=1.5% ) , 103.8% ( RSD=1.8% ) , 99.82% ( RSD=1.6% ) and 100.2%
(RSD=1.5% ) , respectively. Contents of 8 components had significant differences in 33 batches. Epicatechin,
vitexin, rutin and shanyenoside A were not detected in some samples. However, chlorogenic acid, hyperoside,
vitexin—glucoside and vitexin—rhamnoside were detected in all samples. Conclusion: The developed HPLC-MS/
MS method was accurate and reliable, and it especially proposed the determination method for epicatechin and
shanyenoside A with poor UV absorption, thus providing reference for the quality control of hawthorn leaves from
different habitats.

Keywords: hawthorn leaves; epicatechin; chlorogenic acid; vitexin; hyperoside; vitexin—rhamnoside ; vtexin—

glucoside; rutin ; shanyenoside A ; multicomponent analysis of TCM ; LC-MS/MS
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LR (S16~820 )37 (821 ). J1HE (822 ). 7R (S23~824 ),
VI3 (825~826 ). P41 (S27 ). L4 ( S28~S30 ). WL ( S31 ),
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2.1 A

{441k 25 F . K HH Poroshell 120 SB-C, {034+ ( 2.1
mm X 100 mm 2.7 pm ), UL 0.1% HiR7K A shitd A, 2
15 A if s AH B, 6 BE PR (0~10 min, 10%B — 18%B;
10~25 min, 18%B — 20%B; 25~35 min, 20%B; 35~40
min, 20%B — 60%B; 40~41 min, 60%B — 90%B;
41~50 min, 90%B ), & 0.15 mL + min™", KM K 320
nm, FEi 30 °C, ¥R 1 pl,

JoT i S5« SRR 55 B U5 (ESTD, T2
FHHE, R Z R B ( MRM ) A28 (S50 1),
BN HLE +3.750 KV, B4 T D HLE -180.0 V,
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Pk 12.0 L min™, THRE 350 Co &R G2
RS - Ui o 5 1 DL TR 1, A (S8 ) BB i (e i 1A
L 2,

x1 8MMLEH MRM #XSH
Tab.1 The parameters of 8 compounds in MRM mode

o BEBT TET TiliAEE
o (precursorion ) (production ) ( AMPI
(‘compound )
m/z m/z voltage ) /V
FILKE 289.0[ M=H ]~ 245.0 0.8
(‘epicatechin )
S 353.0[ M-H |~ 191.0 0.3
( chlorogenic acid )
HH3HI 2 (vitexin ) 431.0[ M-H ]~ 311.0 0.8
M (hyperoside ) 463.0[ M-H ]~ 301.0 1
IR AT 577.0[ M=H ]~ 413.0 0.7
( vitexin—rhamnoside )
IR R A A 593.0[ M-H ]~ 413.0 0.9
( vitexin—glucoside )
7T (rutin) 609.0[ M-H |~ 300.0 12
&R A 407.0[ M-H ]~ 245.0 0.8

('shanyenoside A )

22 WIRHIAS

2201 NG OREEARERAS X R Sh IS A, 4
75 5 6 L A5 % 0.023 mg - mL™', 4 J5L 2 0.022
mg - mL " I 0011 mg - mL, 4220k 0020 mg* mL™,
FEFR) 2% B2 BT 0.142 mg - mL", 4 3R] 254 2 B Y
0.074 mg - mL™", 7 T 0.033 mg-mL™", Il # i 4 A
0.020 mg * mL™" F4 B — e HE Sh A 25 9, P st T FY
T R SN [ s 1 Xof TR S A o

222 HHASEW Ol AE 25k R (i 60 H
0 ) £90.5 g, MG % PR, B H IEHEIE T, A %
A 60% HV I 7K %5 W 25 mL, FR 5, #75 (700 W, 40
kHz ) $#2 82 30 min, BUH B0 2058, HARE, FH 60%
FH TR 7K 3 VB0 A2 451 2 1 i, #2250, 3R IO T 12 000
r+min” B0 10 min, 0.20 wm GLFLIEMESE , B ZigE
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6 SV A3 “2.17 TR 5 F IR 52 e 1 A
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TE 48 h WEETE R LT
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Fig. 1 Multiple reaction monitoring ( MRM ) chromatograms of 8 standards

BEH T LA A S A4 4 5 0.09.
1.39.1.39.0.36,2.60.,0.65.0.20,0.07 mg* g, RSD
PHET 2.3% , R IA50 B 1 R AF

2.3.5  JREmICRICE: RS R0 R AT AL A LA
- (S8)6 1y, By £ 0.25 ¢, A5 B FR A, 40 ARG 2
AN RIS R (BRIFIR AR ki A
R R A T A A A

hhiHE i

T 0.25 g AR T & A &, 4% 42.2.27 T 5 ikl
PR WL, 4% “2.17 TR oA SR THER L
AR GRR HHR S aB AR ER R
PRI A AR T LA A B DR R
101.7%.99.41% . 96.20% . 99.56% . 101.3% , 103.8%,
99.82% . 100.2%, RSD 431 >4 0.89% . 2.6% . 2.4% . 2.7%,
1.5%.1.8% .1.6% . 1.5%.
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B2 ##m(S8) B FRASEFRE
Fig.2 The TIC of sample 8 in negative mode

=2 8MMLEWMEIFAE. LMEEF LOD.LOQ
Tab.2 Regression equations, linear ranges, LOD and LOQ of 8 compounds
ARG
] [ , T LODY LOQ/
. . R ( calibration range )/ o o
( compound ) ( regression equation ) . (ng-mL™") (ng-mL™")
( g - mbL )
# )L Z (epicatechin ) Y=5.59 x 10°X-2.74 x 10" 0.996 7 0.719~23.0 78.0 260
2R R ( chlororenic acid ) Y=1.89 x 10°X-1.01 x 10° 0.998 9 0.688~22.0 43.8 146
HH9F1 2 (vitexin ) Y=4.19 x 10°X+1.53 x 10° 0.999 6 0.344~11.0 111 370
L2 Bk (hyperoside ) Y=1.48 x 10°X+1.65 x 10° 0.993 5 0.625~20.0 101 337
HH3R) 2 R (vitexinrhamnoside ) ¥=6.58 x 10°X+8.01 x 10° 0.997 3 4.44~142 150 500
IR Z AT (vitexinglucoside ) Y=6.31 x 10°'X+4.63 x 10* 0.998 6 2.31~74.0 132 440
75T (rutin) Y=2.25 x 10°X+5.42 x 10° 0.997 7 1.03~33.0 98.0 327
A& A ( shanyenoside A ) Y=8.42 x 10'X-1.31 x 10" 0.9956 0.625~20.0 124 413
2.4 FEERINE 3.2 gL

I 33 il RS, IR “2.2.27 TR Jr ki A it
AR, BB 2,17 R S b S AT R, I Rl
FrbRUERN T3, M 25 R L3R 3.

3 g
3.1 LC-MS HARMH

HTSR A HPLC-UV [A]AsHME T 2% b A &
HIAPHETT IR 2R B AR R O T ek
6 o 1 i, U R ILAS R FILAE T A S5
W5, H HPLC-UV AR xfEAs I 21, >k H] HPLC-MS/MS
e, MRM A=, B m) L34 ko) 52 8, ST LA
B IFE bR, SEBE T REIIAL A R A A

GG P SRR, DR AL T3 2 4, 38 2 %
R BB - 0 B Ay L MRM SR Jefe i
BN BN R Al R SRS
33 EHmlIkBs

ASZEG XF 10 A4S 77 b 33 4L (A i R AT T 8 4
BAT I i, o DAk s (Il AR N B K
B8 AN B 22 0 B T b = 1A e 8 Ak
Ay BG4 0.00~0.94 . 0.39~4.95 . 0.00~2.41 .
0.10~2.93.0.03~6.36.,0.01~3.95 . 0.00~4.41 . 0.01~0.44
mg g5 IAP= LA H 8 AR a7 31k 0.00~
0.85.1.15~2.91.,0.00~5.45.0.29~2.23 . 0.16~3.81 .
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Tab.3 Results of the determination of 33 samples

iz FILER 2R HIER ey IR B IR R A A T LA A

(lot No.) (epicatechin ) ( chlororenic acid ) (vitexin ) ( hyperoside ) (vitexin—rhamnoside )  ( vitexin—glucoside ) (rutin) ( shanyenoside A )

S1 0.15 1.68 1.50 0.40 4.59 0.99 0.49 0.44
S2 0.17 1.37 1.68 0.47 3.50 0.97 0.40 0.27
S3 0.07 0.54 1.74 0.41 2.48 1.72 0.32 0.30
S4 — 0.39 0.58 0.10 1.13 0.37 — 0.03
S5 0.03 0.65 0.71 0.21 1.82 0.48 0.07 0.08
56 0.18 1.70 0.07 0.35 1.73 0.47 0.25 0.18
S7 0.45 3.97 0.28 0.60 3.84 0.30 1.13 0.04
S8 0.08 1.38 1.39 0.38 2.64 0.63 0.21 0.07
S9 0.87 1.16 0.41 0.71 4.37 0.21 1.23 0.10
S10 0.94 1.55 0.13 0.80 6.36 1.86 4.41 0.01
S11 0.20 2.05 0.47 0.96 3.95 3.95 0.98 0.12
S12 — 3.73 2.41 0.64 1.73 0.87 0.07 0.07
S13 0.71 2.84 — 1.63 0.15 0.01 0.97 0.06
S14 0.47 0.79 — 2.25 0.03 0.02 1.05 0.02
S15 0.55 4.95 0.09 2.93 0.26 0.01 0.76 0.28
S16 0.05 1.15 5.45 0.29 2.97 0.84 0.12 0.35
S17 0.82 291 0.24 1.31 3.81 0.66 0.17 0.16
S18 — 1.30 — 2.23 2.35 0.75 0.41 —
S19 0.03 1.17 3.21 0.40 2.79 0.69 0.02 0.11
S20 0.85 2.33 0.13 0.76 0.16 0.03 1.02 0.32
S21 0.28 3.35 0.96 0.68 4.63 1.54 0.62 0.54
S22 0.03 0.88 1.14 0.11 1.61 0.60 — 0.06
S23 0.14 4.59 0.38 0.19 4.02 1.67 0.35 0.32
S24 0.11 2.55 0.19 0.54 1.85 1.07 0.36 0.16
525 0.58 1.06 0.63 1.53 0.05 0.01 0.22 0.19
526 0.70 391 0.12 1.27 0.07 0.03 0.81 0.36
527 0.08 291 0.34 1.31 3.81 0.66 0.18 0.16
528 0.33 4.37 0.18 0.40 4.82 1.14 0.91 0.12
529 0.17 5.58 0.97 0.69 2.87 1.45 1.22 0.03
530 0.61 1.31 — 1.65 0.08 0.03 — —
S31 0.12 2.00 0.72 0.46 2.71 0.86 0.36 0.20
S32 0.13 1.93 0.65 0.61 3.41 0.89 0.34 0.23
533 0.29 0.62 — 0.29 2.72 0.97 2.15 —

hhiHE i
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