13228

v T R 25 PR gk R

413 S22 2025 4F 11 J (45 444 1)

A UPLC - MS/MS % [G) B il zE i I iH P B 38

SHMETHEE

Simultaneous determination of eight constituents in Huoxuexiaozhong capsules by

UPLC - MS/MS

a4 B, e
T &%, 2, anig,
&ooms', B A&

(1. JJLERRRRAE S B b B AR B X 2238,
ML 4150 05000052, L BRI S —BEBe
I RZG 238, WL 1% H 050000 )

WANG Tian - tian' , FU Ran®,

LI De — giang', YU Jing’,

ZHUO Ting —ting' , BAI Xiao — mei',
DAI Peng', ZHOU Chun — hua’

(1. Department of Pharmacy, The
Second  Hospital of Hebei Medical
University, Shijiazhuang 050000, Hebei
Province, China; 2.
Pharmacy, The First Hospital of Hebet
Medical University , Shijiazhuang 050000,
Hebei Province, China)

Department  of

EEWE b b B 258 1R AT R
S 4 YE B H (NoZ2022014)

1EB R A : TRAI(1990 - ), Lo, EELHIN, F 22
TG ARZG 2 AR ST 5

BEEE B, 48 W LERI
Tel: (0311)87156675

E - mail ; zhouchunhua@ hebem. edu. cn

FEE B Rl S 0RO 5 BRI = E DU AT TS (UPLC - MS/MS)
T2 TR B0 37 o 3 R P IR RT3 AR B AR T PR (SRR
T RGFR & E. ik R UPLC - MS/MS 34 5E T 1ML 7 b ke 2 v 8
PR B & . B & A% AR Agilent Poroshell 120 EC - Cg (2.1 x 150
mm,1.9 pm) , FEHFE R ZNE(A) -0. 1% FER/K(B) ,7H 5 0.3 mL - min ™", 4
MR 35 C SRS AT TS B IR, DA S W ( MRM) 485 3Gk A7 1E 671 38 F
YIBH . BTFIREESNES. 5 kV il —4.5 kV, B TR 550 °C , GSI 344. 74
kPa,GS2 344. 74 kPa,CUR 241.32 kPa, %%k B AriElh k5 E &
TR AEE S ORI, SR HER MR N R R
% B g JE R L T BRI R 4 B #E (0.26 ~ 25.70) . (0.03 ~ 1.68) .
(0.03~1.51) .(0.03 ~1.47) .(0.40 ~10.34) .(0.56 ~27.05) .(0.03 ~1.37) .
(2.50 ~759.65) - mL~" U I FE YR ESE R BT (R? =0.991 1) 5% Bf A
IR 108 048 TR RRRE X AR VE A 22 (RSD) 43 1] <2. 44% F <2. 87% , £ 143 (W fin
FE IR TE 96. 54% ~ 107. 86% 2 [a] , RSD 7E 0. 47% ~5. 41% | K& 5% B FAEw
RAF s RE A bR IR 25 <2. T7% o 8518 AHFITa S T [R5 0% i 78 b
e 8 PR AR BE I UPLC — MS/MS Jy e, 10 R BUE & 45 S0k Fa g s,
CIWS R IIRE L& Iy = A E et

SRR« V5 IV P RS 5 Al B0 5 B R ASRUR €0 i B I = DR AT DB 1 i
e

DOI: 10. 13699/]. cnki. 1001 —6821. 2025. 22. 012

HE4r S R284. 1 SERFRERD: A

TEHES 1001 - 6821(2025)22 - 3228 - 06

Abstract; Objective
chromatography — tandem mass spectrometry method ( UPLC — MS/MS ) for

To establish an ultra — high performance liquid

the determination of the contents of cholic acid, imperatorin, quercetin,
isoquercetin, ferulic acid, chlorogenic acid, rutin, and cryptochlorogenic
Methods
performed by UPLC — MS/MS. Chromatographic conditions: separation
was achieved on an Agilent Poroshell 120 EC - C 4 column (2.1 x 150

mm, 1.9 wm) . The mobile phase consisted of acetonitrile (A) and

acid in the Huoxuexiaozhong capsule. The analysis was

0. 1% formic acid in water (B) with gradient elution, at a flow rate of
0.3 mL - min~" and a column temperature of 35 °C. Mass spectrometry
conditions ; multiple reaction monitoring ( MRM) with positive/negative
ion switching mode was used electrospray ionization source. The ion

source voltage was set at +5.5 kV and —4.5 kV, with the ion source
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temperature maintained at 550 °C. The gas settings were as follows: GS1 344.74 kPa, GS2 344.74 kPa, and CUR
241. 32 kPa. The specificity, standard curves and limits of detection and quantification, precision and recovery, and
stability were investigated. Results The analytical method demonstrated good linearities for cholic acid, quercetin,
isoquercitrin, ferulic acid, chlorogenic acid, cryptochlorogenic acid, rutin and imperatorin over the concentration
ranges of (0.26 -25.70), (0.03 -1.68), (0.03-1.51), (0.03 -1.47), (0.40 -10.34), (0.56 -27.05),
(0.03 =1.37), and (2.50 —759.65) pg - mL™", respectively (R*= 0.9911). The relative standard deviations
(RSD) of peak areas for reference standards and test samples were < 2.44% and < 2.87% , respectively.
Recoveries for all components ranged from 96. 54% to 107. 86% , with RSD values between 0.47% and 5.41% ,
indicating good precision and accuracy. The stability of the method showed an RSD of < 2.77%. Conclusion The

UPLC — MS/MS method was established to determine the concentration of eight components in Huoxuexiaozhong capsule

simultaneously. This method has high sensitivity, specificity and stability, which can be used as a reliable reference for

the quality control of the capsule.
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Table 1 Mass spectrometry data for 8 chemical components
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Parent ions

Product ions Declustering Collision

Analytes Ty (min) Detection modes
(m/z) (m/z) potential (V) energy (eV)

Cholic acid 22.66 M-H 407.3 343.3 -127.5 -50.5
Quercetin 19. 61 M-H 300. 7 150.9 -77.1 -28.5
Isoquercetin 16.53 M-H 462.9 299.7 -141.0 -35.0
Ferulic acid 15.35 M-H 192.8 133.2 -90.0 -18.0
Chlorogenic acid 10. 06 M-H 352.7 190.7 -62.0 -23.0
Cryptochlorogenic acid 11.19 M-H 353.1 172.6 -60.0 -22.0
Rutin 16. 11 M-H 609.2 299.9 -91.0 -47.9
Imperatorin 24.50 M+H 271.3 203. 1 125.8 24.8
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Figure 1

A: Reference substance; B: Sample;1. Cholic acid, CA; 2. Quercetin, Q; 3. Isoquercetin, 1Q; 4. Ferulic acid, FA; 5. Chlorogenic acid, CGA; 6. Cryp-

tochlorogenic acid, CA. 7. Rutoside, rutin; 8. Imperatorin, IMP

R2 8 FLAA 1 IV T e AR AR LML BRI ) FR & 2R

Table 2 Regression equation, correlation coefficient, linear range, quantification limit, and detection limit results for eight chemical com-
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Multiple reaction monitoring (MRM) extracted ion chromatograms of 8 components in Huoxuexiaozhong capsule

ponents

Range of linearity LOD LOQ
Analytes Standard curve equation R?

(pg-mL™") (ng+mL™") (ng-mL™")

Cholic acid Y =152 982X +45 465 0.998 5 0.26 ~25.70 1.22 4.07
Quercetin Y =5 569 652.6X +6 553. 44 0.999 9 0.03 ~1.68 0.83 2.71
Isoquercetin Y =4 964 926. 64X - 26 448. 82 0.999 8 0.03 ~1.51 0.73 2.42
Ferulic acid Y =73 259. 12X - 637.95 0.999 3 0.03 ~1.47 6.21 20. 69
Chlorogenic acid Y =2 852 039. 52X +245 006. 95 0.998 8 0.40 ~10. 34 1.76 5.86
Cryptochlorogenic acid Y =487 071. 58X +306 106. 3 0.991 1 0.56 ~27.05 2.83 9.42
Rutin Y =4 485 592. 34X +43 656. 45 0.998 2 0.03 ~1.37 0.67 2.23
Imperatorin Y =129 642. 15X +4 625 442. 41 0.994 7 2.50 ~759. 65 27.99 93.32
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Table 3 Precisionand and accuracy of detected analytes

Precision Accuracy
Standards Sample Stability Original Spiked
Analytes ) ) Detected Recovery RSD
solution solution (%) quantity quantity
. iy (pg-g™") (%) (%)
(%) (%) (rg-g™') (pg-g ')
Cholic acid 1.12 2.87 2.77 0.78 0.39 1. 18 101.29 2.33
0.78 1.55 101. 99 2.78
1. 19 1.99 105. 20 3.76
Quercetin 1.28 2. 68 1.94 0. 19 0.09 0.29 101. 61 3.23
0.19 0.37 99. 67 3.30
0.28 0. 46 96. 54 1.82
Isoquercetin 2.12 2.59 2.7 0.32 0. 16 0.47 100. 08 3.84
0.32 0. 63 99. 59 0.47
0.48 0. 81 100. 37 0.95
Ferulic acid 2.44 2.01 2.49 0. 65 0.32 0.97 99.77 1.58
0. 64 1.31 104. 65 2.75
0.98 1. 68 105. 83 2.54
Chlorogenic acid 1.08 1.71 2.33 64.22 32.11 95.54 100. 77 3.56
63.71 129. 60 105. 69 2.52
96. 98 160. 56 97. 54 1.52
Cryptochlorogenic acid 2.2 1.43 2.34 117.58 58.79 180. 46 103.98 3.21
116. 64 242.42 105. 92 4.04
177.57 297. 86 99. 40 1.94
Rutin 2.18 2.53 2.45 0.12 0. 06 0.18 103. 53 5.20
0.12 0.26 107. 86 2.01
0.19 0.32 103. 04 4.55
Imperatorin 2.21 2.57 2.31 165.75 82.87 250. 84 104. 52 1.72
164. 42 341.02 105. 66 1.43
250. 31 427.59 101. 55 5.41
faEME DA AHER MR 2R SR R BT AR a3 A LT o A A e R (g - g7

SRIRIR BRI T KT R W TE AL RSD 433
H2.77% . 1.94% 2.70% .2.49% .2.33% .2.34% .
2.45% 2.31% , FHIVEWAE 36 h PIFaE M BT
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~0.72 pg - g ' PIERAR 1.28 ~2.01 g - ¢, LR
112.21 ~152. 14 pg - g~ ', B4k J5 R 184.36 ~233.03
pg g L T 0.18 ~0.24 pg - g7, BROHT B R
328.48 ~566.82 wg - g o ARHLUCR W25, L
)& e, B e — 3k

Table 4 Content determination results of 220701, 220702 and
220703 (pug-g™ ")

Analytes 220701 220702 220703
Cholic acid 1.56 0.92 1. 14
Quercetin 0.37 0.45 0.36
Isoquercetin 0. 64 0.72 0.56
Ferulic acid 1.28 2.04 1.43
Chlorogenic acid 127.27 152. 47 112.54
Cryptochlorogenic acid 233.03 230. 61 184.39
Rutin 0.24 0.18 0.18
Imperatorin 328.48 566. 82 418. 11
%

I IV o J5e 20 by 290 (204 I g A2 L T S L
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