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W OE: BE ELET S RO G- DU AR AT /B 3 OB B R 2 $E T (ultra performance liquid chromatography-
quadrupole/orbitrap high resolution mass spectrometry, UPLC-Q-Orbitrap HRMS) fIIAFSEREF LMD EETFR. FI5 &,
FIZARR . WEAERR. FHERE B. RBER. R, MERME, KR, THERDIK. BCYHNE A FERE T %,
% WA Acquity UPLC® BEH Cig 3 FE (50 mmX 2.1 mm, 1.7 pm), BLZAE-0.1% R RN ENAT, KhEEVER,
R R 0.2 mL/min; JRGRA HESI B8-FR, FIFH 20 B4 5OR F — 4L Full mass H#0 T T ER: HHER
M5 45 RPN L TR B SIMCALA.0 FRHT BN 1. SR ERANEIEEie T, ReTR. A%,

PUZLER . DREAFER. FHER B. ABFER. AR, FEREER, KEE. THEZEBR, WCYIEAR A 48 AITE 0.15~1.50.
0.80~8.00. 1.50~15.00. 0.04~0.40. 0.015~0.150- 0.10~1.00+ 0.004~0.040. 0.004~0.040, 0.02~0.20. 0.01~0.10. 0.04~
0.40 pg/mL MR RRLF (720.999 5); K&, EEMELFREME R (RSD<4%); MEEREZLE 98%~102%, RSD 3
INF 3% BT A 43 7E A HEVORE B P R B A BUR OB TR 26.36~31.03 pg/g. SIS E 178.85~210.79 ng/g. FiIEER
320.91~343.16 pg/g. HIEHER 2.84~3.09 png/g. FHER B 3.55~4.25 pg/g. REBE R 27.33~32.36 pg/g. A3z 1.89~2.13
ng/gs FIEERE R 0.47~0.60 pg/g. KIEE 3.17~3.57 pg/g. T MiZEZKBK 1.99~2.54 ng/g. BRHLAMES A 7.51~8.53 ng/gs 4
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Quantitative research of multiple active components in Fukejing Capsule based
on ultra performance liquid chromatography-quadrupole/orbitrap high
resolution mass spectrometry
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Abstract: Objective To establish a quantitative analysis method of multiple active components (gallic acid, tanshinol, ferulic acid,
rosmarinic acid, salvianolic acid B, luteolin, apigenin, aloe-emodin, emodin, butylidenephthalide, and levistilide A) in Fukejing
Capsule (FC) based on ultra performance liquid chromatography-quadrupole/orbitrap high resolution mass spectrometry (UPLC-Q-
Orbitrap HRMS). Methods The column was BEH Cg (50 mm x 2.1 mm, 1.7 pm) and the mobile phase was consisted of acetonitrile-
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water (containing 0.1% formic acid) at a flow rate of 0.2 mL/min with gradient elution; Mass spectrometer conditions: Heated
electrospray ionization source (HESI) and full mass quantify methods were used to perform the determination, and the results of the
contents were imported into the muti-data processing soft ware SIMCA14.0 to make a quality evaluation. Results Under the optimized
conditions, gallic acid, tanshinol, ferulic acid, rosmarinic acid, salvianolic acid B, luteolin, apigenin, aloe-emodin, emodin,
butylidenephthalide, and levistilide A all showed good liner relationship (» > 0.999 5) in the range of 0.15—1.50, 0.80—8.00, 1.50—
15.00, 0.04—0.40, 0.015—0.150, 0.10—1.00, 0.004—0.040, 0.004—0.040, 0.02—0.20, 0.01—0.10, and 0.04—0.40 pg/mL,
respectively; The results of the accuracy, the repeatability and the stability all reached the standards (RSD < 4%); The recoveries ranged
from 98%—102% and RSDs were below 3%; The result of the content ranges in different batches were 26.36—31.03 pg/g (gallic
acid), 178.85—210.79 pg/g (tanshinol), 320.91—343.16 pg/g (ferulic acid), 2.84—3.09 pg/g (rosmarinic acid), 3.55—4.25 pg/g
(salvianolic acid B), 27.33—32.36 pg/g (luteolin), 1.89—2.13 pg/g (apigenin) A, 0.47—0.60 pg/g (aloe-emodin), 3.17—3.57 pg/g
(emodin), 1.99—2.54 ng/g (butylidenephthalide), and 7.51—8.53 pg/g (levistilide A). The analysis results showed that the quality of
the most batches was stable, the tanshinol and ferulic acid had a great influence on the quality of the medicine, and could be
monitored to ensure the quality of different batches. Conclusion The methods established in this paper have a high sensitivity and
accuracy; The results of the methodology conform to the relevant requirements and the methods can rapidly determinate the multiple
active components in FC; The research also provides a new scientific basis and reference for the quality assessment at the same time.

Key words: UPLC-Q-Orbitrap HRMS; Fukejing Capsule; quantitative research; gallic acid; tanshinol; ferulic acid; rosmarinic acid;

salvianolic acid B; luteolin; apigenin; aloe-emodin; emodin; butylidenephthalide; levistilide A
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2 FAEEHR
2.1 BIEEH

Acquity UPLC® BEH C s 34 (50 mmX 2.1
mm, 1.7 um); ViaNFERN ZE-0.1%FERKER,
JEVERL, PR N 0~0.5 min, 5%Z.JE; 0.5~2.0
min, 5%~40%ZfE; 2.0~5.0 min, 40%~80%Z
&: 5.0~7.0 min, 80%~100%Z./i5; 7.0~10.0 min,
100% 2.1 s ARAR L& 0.2 mL/min; #EFE RN 5 pl;
RN 40 Co
22 FRIEEM

5475 J9 HESI Cheated ESD), B SRR &
N 10 uL/min, FBYSIEE RN 300 C, B TA&HmE
IEH 320 Cs IEE RN AR E N 40
uL/min, M55 HERN 3.50kV; 7B FRIAR: 85
PRFRMEN 38 uL/min, W% HEA 2.80 kV, —Z
RS HERE S 70 000, m/z FRETEEH 80~1 200.
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Table 1 MS/MS parameters of 11 components

BRI TR min BRI ( (;*lf/é)
BETR C;H¢Os  1.60 169.01425 169.01329 —5.660
FZ% CoHg0s  2.30 197.04555 197.044 69 —4.348
FIERER CioH;,04 3.60 193.050 63 193.049 74 —4.621
HIEER CisHi0s 3.72 359.07724 359.076 97 —0.754
FHE L B Cy6H3016 3.76 717.146 11 717.14532 —1.099
ARBEZR CyHyOp; 4.02 287.05501 287.054 66 —1.235
3 CisHigOs 4.25 269.04555 269.04532 —0.842
PERER  CisHiOs 493 269.04555 269.04535 —0.731
NS CisHigOs 5.74 269.04555 269.04532 —0.842
THHEERL  CpH,0, 595 189.09101 189.090 82 —0.985
RR4JHMEE A CoHagOy  6.86 381.206 04 381.20532 —1.878
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Fig.1 Extracting ion chromatograms and MS of 11 components
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2.3 JTRRMIARAEIE

WEETIR. 2%, PIER. RE&ER.
My B. ARBEZR. FRHE. FERER. KEER.
TREIEFER WY AR A SHIESE R, KSR,
3 NN Al FR A 1) 2% B SR FE A 1.0 mg/mL (1)
X R AR A 3 A 2 B R E o R i %
WOTE R, 0N 2 R A A 2 o) o VA 40 Sl o i
BT 1.50 pg/mL. FFZ2EK 8.00 pg/mL. FIELIR
15.00 pg/mL. EiEFMR 0.40 pg/mL. FHEER B 0.15
pg/mL. ARJRFE 1.00 pg/mL. FF3 % 0.04 pg/mL.
FIEERTEEK 0.04 pg/mL. K ZEK 0.20 pg/mL. T/
FLORBK A 0.10 pg/mL. MY IHAEE A 0.40 pg/mL (1)
TR X IR A 2
24 HiXSEAERSIE

BUAG 3R, E5e)a, BN BT RS % FR
EE 1.0 g, BHEEHIVMA, %ML FEE 50
mL, %%, PRERE, BEAELAHE (D)% 200 W, S
50 kHz) 30 min, /4, FRFRE RS, R
FEANERCR T E, RS, JEE, 4022 pm AL
PERELPE I 5 B A5 A VA
25 ZMRRER

53 RS 5 R G S i A OE , Al FH E

MBI ES, RIRBCHIK 6 AT Bk B I R AIkAFE
WL HAR A TR 0.15. 0.304 0.60. 0.90. 1.20,
1.50 ug/mL, FFZ% 0.80. 1.60. 3.20. 4.80. 6.40.
8.00 pg/mL, FTEEER 1.50. 3.00. 6.00. 9.00. 12.00.
15.00 ug/mL, KIEFFER 0.04. 0.08. 0.16+ 0.24. 0.32.
0.40 pg/mL, FHBER B 0.015. 0.030. 0.060- 0.090-
0.120. 0.150 pg/mL, AEHFZE 0.10. 0.20. 0.40.
0.60- 0.80. 1.00 pg/mL, f-3¢ 3 0.004. 0.008. 0.016.
0.024.0.032.0.040 pg/mL, /25 K3 0.004.0.008
0.016. 0.024. 0.032. 0.040 pg/mL, K#E &K 0.02.
0.04. 0.08. 0.12. 0.16. 0.20 pg/mL. T FEAHk
0.01. 0.02. 0.04. 0.06. 0.08. 0.10 ug/mL. K4
T A0.04. 0.08. 0.16. 0.24. 0.32. 0.40 ug/mL.
TE “2.17 J “2.27 TUF B3 itk 2 A AL 40T, i
SRUETIAR . DLEARRIIA ) ot S0 FE AR AR (X0,
CLUGETAUCAMA R (V), 22flbrrEfsk, 2R
T AHRRE () R DUERLL SIN=10
HEEER (LOQ), #iRNE 2. 4HREW, 11
FRF AL S YILE & B BURIR VR N AR R R
i, r=0.999 5.
26 EHEEER
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Table 2 Results of liner regression, correlation coefficient, liner range, and LOQ of 11 compounds

i) [ )77 r LEPETE I/ (ugmL ™) LOQ/(ng'mL ™)
BET]R Y=2.87X10% X+7.03X10° 0.999 8 0.15~1.50 2.863
VEEF Y=1.44X10% X+2.48 X107 0.999 5 0.80~8.00 3.396
B B2 Y=1.16X10% X+7.76 X 107 0.999 5 1.50~15.00 2.176
HIEFR Y=7.56X10" X—2.21X10° 0.999 6 0.04~0.40 0.753
FHHTR B Y=8.50X10" X+6.19%X10° 0.999 6 0.015~0.150 0.598
REBEZR Y=6.57X10% X+8.21X10° 0.999 5 0.10~1.00 1.629
ke Y=2.08X10° X—2.74X10* 0.999 7 0.004~0.040 0.233
FIERER Y=442X10° X—139X10° 0.999 9 0.004~0.040 0.588
N E Y=221X10° X+2.79X10° 0.999 5 0.02~0.20 2.128
T EEIRE Y=1.86X%10° X+8.91x10° 0.999 6 0.01~0.10 0.685
HETEISTIEPN Y=1.07X10° X—4.87X10° 0.999 7 0.04~0.40 1.575

611140, ELHFE 6 X, SR RNEETRR. 1=
. PIERR . REER. KR B. KREEER.
KRV FERER. ORER. THREREL YA
WHlE A VETTAR ) RSD 73514 2.80%+2.30%-2.87%-
2.67%-2.77%- 1.96%-2.10%- 0.86%- 2.05%- 2.07%-
2.67%, SGiRFIZITIERE BT BT,

27 EEMEE

AR S ATR 6 1 (kS 6111400, 2 RilidkfE
WEFEE R ESH, WREE TR ISR M
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FIEKE R KER. THEREL. MCYHNE A
(T 25 5 5 0 B0 53731 30.19. 184.44.337.97.3.00-
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423, 28.67. 2.11. 0.48. 3.26. 1.93. 7.87 nglg,
RSD 735114 2.63%. 2.12%- 2.51%- 3.06%- 3.62%-
2.07%. 2.80%- 1.83%. 2.65%. 2.01%. 1.98%, %
RERWIZHEEEERLT,
2.8 TREMIRAE

BRI IS 611140), 7351F 0. 2. 6.
10, 12, 24 h FFEDHT, MBEE TR, FESER.
FIEEIR . RIEFEIR. FHIHIR By REEZR. ks,
FIERKE R KR THEREL. MCYANE A
T AR RSD 73514 1.82%12.33%12.63%+2.69%-
2.77%-2.79%- 1.59%-2.09%- 1.63%- 3.08%- 2.55%,
gERRM, PURSIARTE 24 h WEGE.
2.9 AR

FREUEESR AR (L5 611140) 3L 9 254y, 43
W1 H, KEERE, SAIMANEE TR FFSE.
FIEEIR . RIEFEIR. FHHIR B REEZR. ks,
PR R KR, THEREL MCYHNE A
XTI IE B, AN G 8 5o 553 R e v o fls 3
PRI R R IR 80% 100%. 120%. F% “2.47 i
N EPAT A B S AR EE S 43 )RR A
THE SRR P F 3 EY 2% J RSD, S5 R EREE

T P35, PR, REER. MR B. K
BEER. TR PERER. KR, THER
BE WCHIHAES A PP R 23008 99.02%
101.11%+ 98.98%- 98.69%. 100.67%. 99.80%-
100.08%- 100.61%+ 100.17%- 99.96%-. 98.78%,
RSD 73] 1.95%. 2.42%+ 2.20%- 1.22%-. 1.15%.
2.07% 2.78% 2.47%- 2.91%. 1.61%- 2.39%, &
RFINZITIET 11 PRI R 5 HE A FE LT
2.10 HENE

10 MAFHEK AT R, 4% “2.47 T
NITETAT RIS BRI & 3 4, 92,174 2.27
T Tl BT 1% S5 A A AT, ST, JREITE
11 MAp e AR b i, RNE 3. K
BIF 5 R % 4 6 A ORE it Hh 7R o 43 U O R
7R 26.36~31.03 pg/g. FHZEK 178.85~210.79
ng/g- FUEEAR 320.91~343.16 png/g. WIEFHRR 2.84~
3.09 pg/g. FHHER B 3.55~4.25 pg/g. KEHE
27.33~32.36 ng/g. /K& 1.89~2.13 pg/g. LK
T 0.47~0.60 pg/g. KIEE 3.17~3.57 pg/g. T
i HEIRIK 1.99~2.54 ug/g BR 24V INEE A 7.51~8.53
ng/g, AATEE BRI R Z HHIR A R BB TRE .

F3 U HEFENRTANELER (n=10)

Table 3 Determination of 11 components (r = 10)

JFE S H (ngg )

e
ek BETR SR PR REFR FHMRB KBRER R FERER KRR THRERER BCENEE A
611135 29.60 18528 342.18  3.06 4.17 2944 213 0.49 3.21 1.99 7.83
611140 31.03 19811 32091  3.07 4.07 2977 195 0.56 3.57 2.44 7.82
701005 2852  210.79 321.11  2.88 3.55 29.63  2.00 0.47 3.17 2.48 7.68
701015 30.64 189.59 336.60  2.67 3.73 3067  1.98 0.52 3.45 2.13 8.28
701053 26.57 18123 327.19  3.33 3.95 2927 208 0.60 3.39 2.48 8.38
702014  28.00 181.52 343.16  3.28 3.90 2733 199 0.50 3.18 2.28 7.51
704016  27.01 188.86 337.53 3.0l 4.25 3044 208 0.59 3.36 2.07 8.05
704066 2895 178.85 33732  3.09 4.20 2836  1.89 0.54 3.27 2.45 8.14
705029 27.76  189.47 341.05  2.84 3.63 3236  2.04 0.53 3.50 2.54 8.53
705049 2636 20249 341.06  2.92 4.00 2859  2.10 0.59 3.40 2.18 8.40
THE 2844 190.62 33481  3.02 3.94 2959  2.02 0.54 3.35 2.30 8.06
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Fig. 2 Correlation Bioplot of bathes quality and ingredient
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