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Simultaneous determination of eight components in Xuefu Zhuyu
Decoction based on UPLC-ESI-IT-TOF-MS method
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Abstract : To establish a UPLC-ESI-IT-TOF-MS method for simultaneous determination of amygdalin, hydroxysafflor yellow A,
liquiritin, rutin, narirutin , niringin , neohesperidin and saikosaponin A in Xuefu Zhuyu Decoction. The chromatographic separa-
tion was on Shim-Pack XR-ODS C 4 column (2.0 mm x75 mm,1.6 pm) with a mobile phase consisting of water/ formic
acid (0. 1% ) -acetonitrile and gradient elution. ESI ionization source, combined with positive and negative scanning switch
simultaneously, and IT-TOF-MS was used for qualitative and quantitative analysis. The results indicated that the linear rela-
tionship, intra-day and inter-day precision,and stability of the eight components were all good,and the average recoveries of
the eight components were in the range of 89. 8% -108. 1% . This experimental method is simple and sensitive. which gives
full play to the advantages of the IT-TOF-MS detector with good stability , accurate mass, high resolution,and accurate quanti-
fication by the external standard method of the excimer ion,and can be expected to provide a scientific basis for quality con-
trol of Xuefu Zhuyu Decoction.

Key words : Xuefu Zhuyu Decoction;eight components ; UPLC-ESI-IT-TOF-MS; quality control
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T IR B AL | LT 28 908 JE B 45 ) LA 2417 Al B2
HEGE AT D BULANE M & A N BT
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FeAREE IR (iR o 2 g R
FE BN EUDBULA LT, 3% S84 AR R E DL S8
G2 53 B, BLAFAE S BTt Tl i) 28 i
RS, i UPLC-ESI-IT-TOF-MS Zp 74 A, BEH
A e SO A €0 15 1 R | R A 4y B AR 2% B 1Y
DAL, SRB AR IT-TOF-MS J5 335 46 ) g 114 4 B 1] [1]
R JREEGAE TR B BT E
Z AR S TR DU A1, 38 T T 0 i AT
PRI , SR FH BT i s 0 A i A3 A T 5 S, AN
AT 58, IS RE AR E R IR 2285537 i1 577 43 B Hh 3 B
ARG HT T 5 00 SRy BR A o

AT G B BRI 328581 1) 5 G M Al i A
T REELALE AR A HRAT T 25l
1R BB B SRS R A 25 BRI R I
BT BRE R S A il B A BMOoR PR B
PR IEVE s SR A A YUR PURE L
SR e A AT s H R R R 2 R A
FN 5 T B P AR B Lk A B AR
AL BT I /AR SR AR WA A B S Ik R
B AL 2 RS BE IR T VR s BT A £
FAGY KM B B SR s o L
B B TR IR B o H 2 g £ o
I3 EFIER T ZA SR RNRIT RN Y, R 2T
PRI > B AR I A i 4 S I, S iR %
STIE 2 K R LN R Drely e S N1 i3 % N A
H 24 3R 9 T B, A IR 5 3 B4 I AR 7 FH B ik
itk

ARSI R IR B A B o3 7 Y
HFERE [, % H UPLC-ESI-IT-TOF-MS 5 A Xt 1fil Ji§ 7
G T 8 A A3 R A F RIS, Sy — R PR
MR R AT R R | e S8R A T R B
AL A YIRS 8 A MR I
B &, AR IR 2295837 1 A2 1 o3 i 4T
AR B
1 URE5RG

R 1 SOUBORE £ 7% - L MBS 55 - B8 1 k- AT IS [ i
X ( UPLC-ESI-IT-TOF-MS ) ( Shimadzu, Japan ) , {3 $%
TIJUHE A (LC-30AD) | H gl kA 4% (SIL-30AC) |

JHAAHL(DGU-30A3) D'tHL — 4R 45 B2 K5 I £ ( SPD-
M20A) i &% (CBM-20A) (A i 4f ( CTO-30AC) |
ESI & 5 A IT-TOF 155 43 3¢ Jii 1% 4% ( Shimadzu, Ja-
pan) . X BG# A AT A (amygdaling, it 5
13011801) 2 HLLT 85 5 F A (hydroxysafflor yellow
A, HSYA, it 5 12081605 ) . H ¥ # ( liquiritin, it =
13020901 ) ./ T (rutin, #t5 13020911 ) | 25 & A J2
F (narirutin, fit5 14060310) Al jZ 1 ( niringin , fit5-
14101208 ) . # & 2 H ( neohesperidin, it 5
14122405) . FiT &0 B2 A ( saikosaponin A, it 5
12052402) #5> HPLC 2 (4l =98% , i #f 2 S8 s
AN . W HPLC 2% ( Sigma-Aldrich, | ) , B
EEAN 2 G #8 A HPLC 2% ( Merck Darmstadt, f8[F ) , 7K
afigoRK (ke R B ) HoAl ) 345 43 A
ali,

8 ANAN[RJE U Il R 2 58 37 Kb 5 i FRAR R, 43 )
W [ A5 24 55 (IR AT ) 4 4t MR 25 5 (TR
FK>)4 it b b pg R AR B B v 242 R I
PRI AR 2500, BREARAF T A S50
% (45 : CSU-20181001-20181008 ) .
2 ZWHE
2.1 @EifEs

%% k'™, Shim-Pack XR-ODS C,, i 43
(2.0 mm x75 mm,1.6 pm), LLK/H R (0. 1%)
(A)-Z N5 (B) s, B ED:0 ~ 1 min, 10%
B;1 ~3 min,10% —13% B;3 ~7 min, 13% —17%
B:7 ~ 11 min,17% —21% B;11 ~ 16 min,21% —
25% B;16 ~21 min,25% —35% B;21 ~ 28 min,
35% —44% B;28 ~30 min,44% —60% B;30 ~ 31
min,60% —70% B;31 ~32 min,70% —90% B ;32 ~
35 min,90% B;## 0. 4 mL/min; AT .5 wL;
i 40 °C
2.2 RiBEH

SH R B SR E R I B Tk
BN ESIC + ) F1 ESI(-) [F R4 TR TN
100 KPa; B FHi RO H J K. ESI( + ) 4.5 kV,
ESI(-) 4 3.5 KV Bl Ha o 1.56 kV ; 5546 i
WA 1.5 L/min; CDL AU P il 2 34 2 200
CAXERILSE S 40 C 5 kb 2R <R 4l Ar <,
R A% A 45 kHz, — 9% MS" i 4 1 1 Fil £ 9
MS" 4 H sh34i, m/z {6 F 2k 50 ~1 500 Da, B T2
ZEFRIBEE S 30 ms(MS') F150 ms(MS®) . Hidi R
HH LCMS solution 3. 8 % {4: ( Shimadzu, Tokyo, Ja-



1008 KIRF=YIB R 5T K

Vol. 32

pan) , f BIRE 231 i TR A o3 2H0
b PR
2.3 MRMBEHH & SiRERZLH

FEBAFRIC— 7 BT 1Y 3R 8 X BRA 43 5
T PP I I A — S R VAT, 8 A R v VA TR
AR 5390 O < v A 3. 50 mg/mlL, FREELT AL B
2% A 6.70 mg/mL, HEHF 4. 70 mg/mL, T 2. 10
mg/mL, Z5F M 2 7 4. 80 mg/mL, fli 2 3. 60 mg/
mL, BB 5.10 mg/mL et B4 A 1.07 mg/
mlL A B A X AR W TR A S I P A
FAFIC AW, 3B 2 A5 BRI £ WA 6 SV FE AR
JERXS REGTIR GV #0325 0F 7 AN BT
S Sy IERE 3 UK, LG AE IR BE (ug/mlL) Sy £ A
B (X)), AT B NAR A5 (Y) EATERAE [T, 753
Ao A J7 B MG &R R BR (LOD) K e
HR(LOQ) .
2.4 MATERR B s R &

FAE T WU B 557 £ TR 4L 78 ¢, ¥y (100
H) ik 1 L2 30 min, B 15 min, \JZ20 A
UE SR A o 25 ARSEINK RUE U, BRI 1S g3
b, BT = URIEW, AE 70 C LLF BLZs e 4n 2 HLIEY)
WL 1.0 g AE25/mL, fdi F T 25 B 7 /KB 100
£%5,0.22 wm JEREE I8, HIAS AR AR A AE 4 °C
TR
2.5 FAEREER
2.5.1 AMFEFEE

I3 VRS R IBUAER b i 3 AR RE AR BE A0S IR
TRAEW 1 RZNIESEIERE 6 I, %252 3 KorHlik
FE TR 0 W B2 18 RSD, #E47 H YRS %5 B2 A H

G 5
2.5.2 REMHEE.

It 5y 20181001 Ifit i 128 95 1 4b T3 ik F, 4%
2.4 WUR Jr A ST, 43 BIAE 0.2 .4 .6 .8.10
12 .24 h B L2000 3 UK, DU E 25 L4310 £ B s (] e
MR, 715 RSD,
2.5.3 FTHABEEH

Bt 24 20181001 IfiL i 22 9% 7 b 75 ik B 3 6
0y 4252 47 WUR 43 5P AT I HE SR 6 1y, 45 it
FE3 WK, 0 SR A, TR R EE 1) RSD
2.5.4 e pCR LI

B W L 128 119 © 9 L R B I RTS8 95530 17
TRAE T, A3 I A AR RN R TR A TR TR (A A
{ZF 13,13 pg/mL I L EEE A 670.00 pg/
mL H & 5.34 p,g/mL\ﬁT 0.164 pg/mL\%%<$Hﬂ
FZHF9.00 pe/mL Al 2 F 13,50 pe/mL ., Biks iz #
12.75 pg/mL FILEEH 245 A 0.0672 wg/mL) , &>
FEMIERE 3 WK, 3% (A5 2-J7 4R &) /A & x
1007 5845 B3 F- A [l 32 A1 RSD
2.6 HREENE

FEU2. 47 WUR kil A 8 ARl AL Y IR 2
P W, B HERE 3 U, AE 8 AN B3 i & i
3 REER
3.1 ZMXRENREESR

8 AN B4 B 1A J5 B L 2k ¢ & L LOD il LOQ
mFE 1,8 %) IR L BUE T i (extraction ion cur-
rent, EIC) WM& 1, {7 B8 B (0] ML A5 BNk 2. 45
R, R M7 HAE R £ 9 BB N Pl e R LA
(r>0.99),

x1 SAHSHEERRE &EEE ARNRFIEER

Table 1 ~ The regression equation, linear range,limit of detection and limit of quantitation of 8 components
y S IRAEC BIERE e erm
o, WAy Regre%slo‘n Regr(.fsi%mn Linear LOD" LOQ*
Component equation” coefflfnenl range (ug/ml) (ug/ml)
(n =3) (r) (pg/mL)
1 A FH Amygdalin Y=65119.3X +1 823.98 0.9950 1.64 ~52.50 0.64 0.19
2 FILLTAE B (A Z AHSYA Y=10014.9X - 21 452.96 0.9993 20.94 ~670.00  0.58 0.18
3 H ¥4 Liquiritin Y =719 081.5X +1 360 663.00 0.997 3 1.78 ~47.00 0.69 0.20
4 7] Rutin Y =666 632.0X - 49 791.00 0.9990 0.016 ~5.25 0.0115 0.00345
5 2=l 2 #F Narirutin Y =152 689.9X +970 358.20 0.996 5 2.25~72.00 0.58 0.17
6 1}z Naringin Y =149 294.5X +707 926.30 0.996 2 1.69 ~54.00 0.57 0.17
7 8 Kz Neohesperidin Y =164 038.8X +466 265. 10 0.995 4 1.59 ~51.00 0.42 0.13
8 LW AT ASaikosaponin A Y=1173004.0X - 4 373.60 0.9992  0.017 ~2.68 0.011 0.0033

Y FORMETRL, X SRR ;" LOD S2FEKTIER ,S/N =35 °LOQ JE 45 IR, S/N = 10,

Note : *Y is the peak area,X is the concentration of standard solutions ;" LOD refers to the limits of detection,S/N =3 ; °LOQ refers to the limits of quantita-

tion,S/N =10.
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Table 2 Retention time and MS information of 8 components
IE B 74558 Positive ion(m/z) 1B THZ Negative ion (m/z)
P BE 1) , , .
No. Iy 2 TR gt Ry, SR R Sy
(min) Component Formula  Neasured Accuracy #MS}Z\ " Measured  Accuracy #MS}Z\ "
[M+H]* [M+H]* [M-H]- [M-H]-
1 2.615 # A Amygdalin CyoHyy NOy, - - - 456.151 8 456.151 1 323.098 2
BRRLIAEHE AR A . 491.119 8
C,;, H;, O - _ _
2 3.971 HSYA 27 H3, 046 611.163 8 611.161 8473.110,8403.1033
H R 255.067 5
C,;Hy O - - _
3 6.485 Liquiritin 21 Hpp Og 417.118 0 417.119 1 135.013 2
T . 465.108 7
C,;, H;,0 - - _
4 7.12 Rutin 27H30056 611.1589 611.160 7 303.052 6
5 8.804 SEMEAF Narinutin CyyHypOyy - - ~ sm.714 5791719 211.0608
459.116 3
Tl e 271.060 8
C,,H;,0 - - -
6 9. 606 Naringin 27 H3 0y 579.173 0 579.171 9 459.116 3
, . 301.070 7
7 11.267 i #E Bz Neohesperidin CogH3, 045 - - - 609.179 3 609.182 5 489. 140 4
sk B
8 14. 881 Aﬁﬂ%ﬁ: A CypHggOp3 781.4705 781.473 3 - - - -
Saikosaponin A
(x100 000)
1:611.1589 (2.00)
41: 781.4705 (10.00) EIC
42:456.1518 (1 00)
2 611.1638 (0.50)
Je5 2 ) l
Z I 2 J| 1
- [ A
5 lF‘ i
- ) 1
P‘EI )
0.5- J |
i !I
LU
0.0 ' FAN \I : s
0 10 20 30

TE 1 2 R AR B R A3 H R 347 155 S M B 6 M BCE 57 Bt B 58 SEWi Y A
“27 AR TR T T
A %1

3.2 mEE

DA b g 3 SR B B o IR iR

”

A [8] Time (min)

&1
Fig. 1

channel represents positive ion mode

A FPARS R DA 5 5%, Ik 3, 45 R

W1, H AT H RS % B2 RSD $5/NT 5% , U W] J7 1 1)

R R AT

PR Biin

ETC of 8 components

“nn

3.3

*

8 MRS HIIRENE TR B

MR A T5 R B 2 T 24 /i AR
EVE R4 ,8 AN RSD B/ F 5% , 45 Wi o3 AE i
BB E TR (TIC) IR R A 2A 7RIS

channel represents negative ion mode. The same below.

SRR IE B
Note:1: Amygdalin;2 : HSYA ;3 : Liquiritin ;4 ; Rutin;;5 ; Naringin ;6 ; Naringin ;7 : Neohesperidin ;8 ; Saikosaponin

T TIC FPEyIE anis 2B, S B T an e 2C,
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Fig.2  The attribution of 8 components in Xuefu Zhuyu Decoction

A E TR TIC BB BB AT TIC [ C 30 Fif & . Note: A TIC in negative ion mode;B:TIC in positive ion mode;

C : Extracted ion current.

®3 HARBZEMBERZE

Table 3 Intra-day and inter-day precisions of analytical method

B W . H VR H B4 2 BE
No. Compound Concentration Intra-day(n =6) Inter-day(n =3)
(pg/mL) RSD(% ) RSD(% )

1 FAY (- Amygdalin 1.64 4.53 3.89
13.13 4.36 3.58

52.50 4.38 1.84

2 FRILT T F AHSYA 20.94 3.17 2.74
167.50 4.91 4.78

670.00 4.81 2.49

3 HEEFF Liquiritin 1.78 3.69 3.98
14.25 4.18 4.45

47.00 4.88 4.79

4 7T Rutin 0.016 4.56 4.61
1.31 3.47 4.05

5.25 4.78 4.86

5 =M T Narirutin 2.25 3.59 4.26
18.00 1.99 3.04

72.00 4.17 4.01
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214% 3 ( Continued Tab. 3)

e W . H RS % H [RDH %5 B2
No. Compound Concentration Intra-day(n =6) lnter-fiay( n=3)
(pg/mL) RSD( % ) RSD(% )
6 Hl1 2 # Naringin 1.69 4.95 4.05
13.50 4.03 4.93
54.00 3.60 3.93
7 RS 2 4 Neohesperidin 1.59 4.16 4.67
12.75 1.63 3.79
51.00 4.61 2.96
8 SERA AT ASaikosaponin A 0.018 3.89 4.09
0.67 2.03 3.65
2.68 1.52 2.03
3.4 EEH 4 itig

WU B AL TR 6 Gyt A7 B A P SE 5,8

AR EER) RSD 4350028 < 5 A5 4 3. 53% 720k
O EA3.20% HE1F3.45% 2 T2.67% .
SERF AN KA 2. 35% Ml B2 3. 07% | R R T
3. 40% FNEEH AT A 4.26% ,RSD H/NF 5% , F2 1
ZOTIEE R E R
3.5 mniEEgER

8 LA T3 A [T S 3 1 RSD 4n 4, 45 5
FEH 45 53 I IR el SR HRAE 89. 8% ~ 108, 1%
T3 REERERY RSD BI/NT 5%
3.6 HRMAEENE

8 NN YR IR B 5517 v BT 8 AN LA 7E
R SRR S,

4.1 MmMAFRBRIHREIF ERERF

ARSI 2% 8B J5 S AT R B 1 258 8h
F12E o T BB L 5, O HE R A BILY ) B2 HU
VLT 05 BR XoF B 40 7 A B PR 5 ) BRI SR BRUK R
AR UG 2 ) il 28 T U, B T R fil, Gk
B T APVLERIRER A5G sh i 10 IR R 2K, A
IR RS ES SER N IR
4.2 RZHEREE

SR AL T K/HR (0. 05% ) -2 i 7K/ W R
(0. 1%)-& Jif. K/ & (0. 05% )-& /W R
(0.05% ) JK/HFR(0.1% )-2. 15/ W (0. 1% ) %
ARG, LI A5 R, K/ PR (0. 1% ) - )i
TBIAH R G5 B SR IAT , (i I BT 34T, ik 5]
TR T C L E

R4 SAMOHIMBELKRLIHER
Table 4 Results of recovery test of 8 components
A
W S A St L EmEMCR
NO. . Original Spiked Detected (pg) Xt Recovery
Component " (%)
(ng) (pg) (%)

1 2 3
1 EAH Amygdalin 14.228 13.130 26.342 25.298 27.345 26.328 +1.020 96.2 3.89
2 FRELLTAL (1 R AHSYA 590.075  670.000 1311.158 1313.936 1 318.0231 314.372 +3.450 108.1 0.26
3 HHFF Liquiritin 4.135 5.340 8.968 9.029 9.456  9.151 +£0.270 93.9 2.91
4 t);:lg; 0. 160 0.164 0.326 0.328 0.327 0.327 £0.001 101.8 0.31
5 ZEF M 21 Narirutin 9.071 9.000 19.027 18.370 18.092 18.496 £0.480  104.7 2.60
6 MELH 16.935 16.500 33.958 33.914 34.189 33.720 £0.150  101.7 0.43

Naringin
7 B Bz - Neohesperidin 14.151 12.750 26.039 25.798 24.953  25.597 +0.570 89.8 2.23
b B

8 SEIAAR A 0.061 0.067 0.128 0.139 0.130  0.132 +0.006 106.0 4.43

Saikosaponin A
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£S5 SAREHRMAFRRZSR 8 MHSESE(~ £5,n = 3) (mg/mL)
Table 5 The contents of 8 components in 8 different batches of Xuefu Zhuyu Decoction ( x =5 ,n = 3) (mg/mL)
Iy 20181001 20181002 20181003 20181004 20181005 20181006 20181007 20181008
Component
A 45 Amyedali 0.8218+ 0.7195= 0.7137+ 0.8102+ 0.8571= 0.8136+ 0.6987+  0.7713 +
wrE L Amygdatin 0.000 1 0.0003  0.0000  0.0004  0.000 1 0.0000  0.000 I 0.000 3
46.0354+ 452190+ 38.2938+ 36.6176+ 50.687 9+ 41.1982+ 30.0399+ 35.6439 +
AL IT I S
FALTAE R G A HSYA 0.0001  0.0001  0.0005  0.0002  0.0002  0.0000  0.000 1 0.000 1
E— 0.4137+ 0.3836% 0.3793= 0.3350x 0.3772% 0.4056= 0.3654+  0.452 1+
T H Liquiritin 0.000 1 0.0002  0.0002  0.000 I 0.0004  0.0003  0.000 I 0.000 0
5T Ruti 0.0254+ 0.0269+ 0.0257= 0.0271+ 0.0203+ 0.0178= 0.0165+  0.0184+
£+ ] Rutin 0.0020  0.0050  0.0010  0.00010  0.0030  0.0010  0.0020 0.004 0
s Navirt 0.7992+ 0.7205%+ 0.7996= 0.7864+ 0.7286% 0.6803= 0.6236+  0.684 1
= arrutim 0.0010  0.0020  0.0020  0.0010  0.0050  0.0010  0.0040 0.002 0
it 45 Naringin 0.7557+ 0.7403+ 0.8274+ 0.7404+ 0.7912% 0.8169+ 0.7050+  0.7470+
3 & 0.0020  0.0010  0.0010  0.0030  0.0010  0.0020  0.004 0 0.001 0
S48 145 Neohesperidi 0.6811+ 0.6838% 0.6254+ 0.6745+ 0.7023% 0.6746+ 0.6031+  0.7161%
» T Neohesperidin 0.0002  0.0001  0.0001  0.0010  0.0020  0.0002  0.0005 0.003 0
0.0034+ 0.0035+ 0.0036+ 0.0027+ 0.0033+ 0.0025+ 0.0026+  0.0025+
th = " 1 S 1

SRR A Saikosaponin A 0.000 1 0.0001  0.0001  0.0002  0.0002  0.0004  0.000 I 0.000 3

4.3 SWAENRFRE

AL 2 3 F UPLC-ESI-IT-TOF-MS {1 77 1 %}
MR IZFEA AT 2 B, & H R e
(1) 75> A IT-TOF-MS SZBLBR AT IF £ B8 TR 0%
e, BRI 2B TR A E R A AT R 25 s
FETESE . BN, BT S BT A AR R R
T EFARCRA G RN B8 i R, R IE &
TN SE B P s A, oA 6 /> o3 7E B
[ W N N & IR ENTE W whr e i
BEAXFEAT 70 Mo AERE T HA R, IT-TOF-MS 4R
PR T Ak i S L, B8 A A1) T 52 2% 25 i3 1Y
SEPEERMIIE . (2)IT-TOF-MS HA & Btk &
ST TR FORS B FIAS S IR AL, PT DA% H 4
HURRIE B -0 | LAGE B0 i HLA 25 1A T30, SR TS
e R 1 B U, WX i B s A E =
MR, ELEE R vEmf ] 5
4.4 ZERFHEKX

B T IR 3255 3 1) 1 282 R K 38 5 12, B B
YR 2 & B 3 o 2 A TR R, B 11k
R BEAR, PRI A 22 B0 3 ft AR, S 247 A
FUET B F- 34 i 43 5124 0.022 3 F10.003 0 mg/
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