55 46 % 45 5 0 i i 2 R Vol.46 No.5
202549 H Journal of Chinese Mass Spectrometry Society Sep. 2025

UHPLC-Qtrap-MS/MS ;=T R KT S HERM
ENEMRRIREXRRNARNINER
) 28 25318 =

AEW, RME, ¥R, KRE, FHF
BAIGR!, AR FTR A
(1. o R R 22524 B, RIGE A HE HE AR, LaT 1000815
2. rh e RO A i 5 B R 2 B, S R S A F E R RBE 085, dbat 100081)

T E RN OO (- R B DU -2V B 7Bk B (UHPLC-Qtrap-MS/MS) H AR M T3 % | B854, T
B, KR 3R -T-O- M BB BR Y . AT 755545 6 FhT S 40 20 A 4076 I A MR (VaD) Bk B it 3¢
T AR AT E B AT, IR AT RS I B EO TR . DL 0.05%H BR-K AT AR B, 7E ACQUITY
UPLC HSS T3 441 (100 mmx2.1 mm, 1.8 um) [/B6 BB s SR 22 FOny We i (MRMD B, #8525 25 U5 (ESD
HEAT SR ; B S (3 FH DAS2.0 AT 25008l 142805 . B8 AT 3BT 45 5%, R 465 24 32y 1
AR A3 5 A X 455, S PSRV E AR A . S5 SR3RTH, 76 VaD BB rh, T/ W AH . R
R KRR A N 2 58 S BT TR AL, 7T REAEAEACI I PR HE IS I A B 4 TEF B 547 KR . 3
F-7-O- IR E R U AR AE SO, PT REAETE TG SR IR 4 s ZE A AL A3 v, P 32504 A Ak P 2
BRI o SRR Y R B, KT e 4o EZEA UM E R T 12 Bl N, 5 5 &[5 58 HA 56 K,
2L I ST 3 A A T 22 B4R TG U (MAPK) 5 S8 ) vaD = A TR . AR5y
KT 2240 R 2R3N ) A Bt Sk, RIS SR A SR A AR AL IR 5%

5% AR < R R TR € T3 - R IR DU AR AR S F B T3 (UHPLC-Qtrap-MS/MS ); %1 24135 A lliLp4y; 251030 1
25 PR 2

FE S ES: 0657.63 XEkFRERS: A X EH S 1004-2997(2025)05-0602-13
DOI: 10.7538/zpxb.2025.0034 CSTR: 32365.14.zpxb.2025.0034

Pharmacokinetic and Network Pharmacology Studies for the Prototype
Components of Erigeron Breviscapus in Rat Model of Vascular Dementia
Using UHPLC-Qtrap-MS/MS

GAO Xue-meng', CHENG Shuo-han', ZHANG Chen’, ZHANG Xiao-dong', LI Meng-yu',
ZHOU Wen-bin', ABLIZ Zeper'”?
(1. Key Laboratory of Ethnomedicine, Ministry of Education, School of Pharmacy, Minzu University of China,
Beijing 100081, China;
2. Key Laboratory of Mass Spectrometry Imaging and Metabolomics, State Ethnic Affairs Commission,
Minzu University of China, Beijing 100081, China)

PR 25 2 R 5 2 0 2 (e R ) 1 32 (KLEM-Z2202302); Hi e R R 2 2024 4E38 XHFSE L1005 H (2024JCY109)
ARSI VR TR SO,


https://doi.org/
https://cstr.cn/32365.14.zpxb.2025.0034

%

5

B EEUHE: UHPLC-Qtrap-MS/MS A 78 kT 25 40 = B 43 78 I 45 14 i R B AR R BRL iy 244

603

Abstract: The whole dried plant of Erigeron breviscapus is clinically used in traditional Chinese
medicine, and named as “Deng-Zhan-Xi-Xin”. The herb is primarily distributed in Yunnan, Guangxi,
and Guizhou provinces of China, and its traditional therapeutic effects include promoting blood
circulation, unblocking meridians, relieving pain, dispelling wind and cold. Nowadays, it is
commonly prescribed for pathological conditions including hemiplegia, coronary heart disease,
cerebral thrombosis, rheumatism, and microcirculatory disorders. Pharmacological studies have
demonstrated its neuroprotective effects, such as microcirculation improvement, lipid-lowering
activity, and inhibition of platelet aggregation. Chemical components including caffeoyl acid and its
analogues, as well as flavonoids and their glycosides, have been reported, and the flavonoid glycoside
of scutellarin has regarded as an active component related to the efficacy of the herb. Current in vivo
pharmacokinetic studies on E. breviscapus have mostly focused on its injectable formulations or pure
compounds in normal rats, while multi-component pharmacokinetic studies of its aqueous decoction
in vascular dementia (VaD) rat models remain insufficient. As a result, the study established a
bilateral common carotid artery occlusion-induced VaD rat model, which better represented clinical
cases. The pharmacokinetics of multiple blood-absorbed components from the aqueous decoction was
investigated by ultra-high performance liquid chromatography coupled with quadrupole-linear ion
trap mass spectrometry (UHPLC-Qtrap-MS/MS). Furthermore, network pharmacology analysis was
employed to predict the potential targets of these components, and interaction networking for
compound-protein-pathway was constructed. The UHPLC-Qtrap-MS/MS technique was employed to
quantitatively analyze the content changes of six components, including apigenin, scutellarin, syringic
acid, salicylic acid, apigenin-7-O-glucuronide and scopoletin in the plasma of rat model of vascular
dementia. Additionally, the pharmacokinetic parameters were calculated. A gradient elution was
performed on an ACQUITY UPLC HSS T3 chromatographic column (100 mmx2.1 mm, 1.8 pum),
using 0.05% formic acid-water as mobile phase A and acetonitrile as mobile phase B. A quantitative
analytical method was established by optimizing declustering potential (DP) and collision energy
(CE) values, followed by comprehensive methodological validation covering specificity, linearity,
precision, accuracy, stability, extraction recovery, and matrix effects. Mass spectrometry detection
was conducted under multi-reaction monitoring (MRM) mode with electrospray ionization source
(ESI). Subsequently, the DAS 2.0 software was utilized to calculate detailed pharmacokinetic
parameters. The network pharmacology method was applied to construct a network of chemical
components-disease targets-metabolic pathways. Based on the blood-absorbed components, the
potential active targets were inferred. The analysis results showed that, compared with the sham-
operated group, the in vivo exposure of syringic acid, scutellarin, scopoletin, and salicylic acid in the
vascular dementia model group is lower, which may be attributed to accelerated metabolism and
increased excretion of these components. Additionally, scutellarin, salicylic acid, and apigenin-7-O-
glucuronide exhibites a double-peak absorption, suggesting a possible enterohepatic circulation
phenomenon. Among all detected active components, scutellarin has the highest in vivo exposure.
Network pharmacology analysis revealed that the components act on a total of 12 disease targets and
are related to 5 signaling pathways. The active ingredient scutellarin mainly exertes a therapeutic
effect on vascular dementia by acting on the mitogen-activated protein kinase (MAPK) signaling
pathway. The potential multi-target mechanisms of E. breviscapus via network pharmacology remains
experimental validation in future. These rational findings provide support for the pharmacokinetic

study of E. breviscapus and offer a reference for deeper understanding of its mechanism of action.
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Table 1 Quantitative and qualitative ion pairs of measured components and

optimized mass spectrometric parameters

%5 No. /%43 Component -8 F Precursor ion (m/z) T F Product ion (m/z) XFEHLEDP/V fliffEfEE CE/eV
1 THER 197.0 182.0% -25 20
197.0 138.1 -25 -25
2 REFHT 191.0 176.1* 20 20
191.0 148.0 -35 -30
3 FERE 269.1 117.1% -70 —40
269.1 151.0 -55 -35
4 KR 136.9 93.1* 20 -25
136.9 65.1 20 —40
5 LigTeoati 461.1 285.0% -55 -30
461.1 113.1 -35 20
6 R R -T-O- B R 4451 269.1%* —40 -30
445.1 113.1 —40 -20
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Table 2 Investigation of linear relationship
% LRk Ml LIS LRI FE IR
Component Linear equation Correlation coefficient (*) Linear range/(ug/L) LLOQ/(ng/L)
TR =0.00273x—0.0196 0.9976 5~500 5
REFHT =0.00978x—0.0654 0.9936 3~300 3
TrERER y=0.03455x—0.1483 0.9946 3~300 3
K ¥=0.06261x—0.1409 0.9975 12.5~1250 12.5
LI oS e ¥=0.000224x—0.00454 0.9938 12.5~1250 125
TR -T-O- T HFERE R AT »=0.01001x—0.1361 0.9946 12.5~625 12.5
F3 N FHABEERERE
Table 3 Precision and accuracy of intra-batch and inter-batch
i Wﬁ(ﬁﬂiﬁ) __ HLH Irft}ra-bafch __ __ kit L1 Ir‘lt‘er-bafch _
Concentration/ D AE TR T HUER Iz R el
Component (ug/L) Measurement ~ Accuracy  Precision Measurement ~ Accuracy  Precision
(¥4SD, pg/L)  (RE/%)  (RSD/%)  (%+SD,pug/L) (RE/%)  (RSD/%)
TR LLOQ(5) 5.14+0.42 102.73 8.10 5.03+0.57 100.52 11.30
LQC(30) 28.08+1.65 93.60 5.88 26.41+1.73 88.06 6.56
MQC(120) 118.20+1.56 98.50 1.32 120.68+6.34 100.57 5.26
HQC(200) 204.20£5.68  102.70 2.78 202.81£12.35  101.60 6.09
REE= LLOQ(3) 3.190.10 106.29 3.16 3.01£0.21 100.56 7.08
LQC(18) 16.59+0.81 92.15 4.87 16.15+0.63 89.74 3.89
MQC(72) 71.03+2.78 98.66 3.91 68.19+3.03 94.71 4.44
HQC(120) 118.20+2.53 98.52 2.14 118.30+4.97 105.30 4.19
FERE LLOQ(3) 2.95+0.20 98.23 6.76 2.83+0.29 94.39 10.40
LQC(18) 18.02+1.46 100.10 8.19 16.90+1.91 93.89 11.30
MQC(72) 67.79+2.07 94.16 3.09 64.93+3.70 90.19 5.70
HQC(120) 104.40+2.56 87.00 2.45 99.44+13.45 86.08 13.53
KR LLOQ(12.5) 12.59+0.52 100.70 4.11 12.48+0.93 99.90 7.47
LQC(75) 71.75+2.11 95.67 2.94 72.90+3.35 97.21 4.59
MQC(300) 306.80£2.79 10227 0.90 306.87£11.49 10229 3.74
HQC(500)  504.90£14.09  100.98 2.79 509.46£19.37  101.89 3.80
L goses LLOQ(12.5) 12.34+1.44 98.68 11.68 12.31+1.80 98.55 14.60
LQC(75) 70.47+4.95 93.96 7.02 66.29+6.79 88.40 10.24
MQC(300)  272.20+27.82  90.72 10.22 263.39£26.14  87.79 9.92
HQC(500) 493.60+3.16 98.73 0.64 453.06+49.49  90.61 10.92
FRER-T-O-ME R  LLOQ(12.5) 12.73+0.86 101.86 6.77 12.40+0.74 99.22 5.90
LQC(150) 151.70£3.80  101.13 2.51 149.94+6 .83 99.96 4.50
MQC(250) 237.50+4.66 94.98 1.96 242.79+8.76 97.12 3.60
HQC(375)  391.60£10.53  104.44 2.69 395.31£10.08  105.01 2.60
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Table 4 Extraction recovery and matrix effect
% e B (bR E) FRE ISR FE TR
Component Concentration/(pg/L) Extraction recovery (RSD)/% Matrix effect (RSD)/%
THR LLOQ(5) 89.28(1.94) 97.19(1.64)
LQC(30) 96.49(2.79) 81.01(1.79)
MQC(120) 103.76(2.50) 93.00(1.70)
HQC(200) 89.27(10.45) 133.87(7.87)
R LLOQ(3) 99.01(2.66) 108.71(3.05)
LQC(18) 96.83(2.69) 93.61(2.82)
MQC(72) 105.71(5.43) 71.16(14.77)
HQC(120) 103.97(14.71) 64.72(8.46)
i S LLOQ(3) 100.28(3.61) 153.60(14.49)
LQC(18) 98.91(2.56) 119.04(7.40)
MQC(72) 99.93(4.37) 171.20(7.87)
HQC(120) 112.63(5.71) 117.17(9.34)
KGR LLOQ(12.5) 100.31(2.83) 74.97(2.64)
LQC(75) 95.54(1.25) 73.39(2.15)
MQC(300) 101.52(0.82) 86.04(2.03)
HQC(500) 80.77(1.62) 89.79(3.66)
iy g e LLOQ(12.5) 92.98(2.59) 87.94(6.70)
LQC(75) 106.80(2.98) 83.29(6.10)
MQC(300) 96.21(2.97) 88.92(5.10)
HQC(500) 95.28(4.32) 81.39(9.20)
FER R -T-O- R PR IR AT LLOQ(12.5) 86.95(4.87) 99.98(6.71)
LQC(150) 89.69(1.57) 110.93(1.69)
MQC(250) 107.18(2.09) 99.25(2.66)
HQC(375) 90.68(3.97) 105.19(7.05)
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Table 5 Pharmacokinetic parameters of prototype components of Erigeron breviscapus extract into blood

.4 Component Z 44 Parameter  Ff; Unit  A%12H Model group M) {BF A2 Sham operation group (S) M/S
TR AUC(0-f)  pg/(mL-h) 9788.65 15083.29 0.65
AUC(0-0)  pg/(mL-h) 13637.62 15845.82
T h 0.083 0.19
Con ug/L 247.54 298.38
Fpases AUC(0-f)  pg/(mL-h) 1488.72 3672.56 0.41
AUC(0-0)  pg/(mL-h) 2865.60 4539.79
Troax h 0.083 0.08
Con ng/L 37.77 163.65
eSS AUC(0-1) pg/(mL-h) 384.03 359.08 1.07
AUC(0-0)  pg/(mL-h) 1233.22 501.82
T h 0.083 0.08
Coo ug/L 18.01 29.45
KR AUC(0-) ug/(mL-h) 72228.90 203536.79 0.35
AUC(0-0)  pg/(mL-h) 83965.29 213994.96
Lo h 2.00 2.96
Con ng/L 687.94 1280.34
WP AUC(0-)  pg/(mL-h) 139286.49 213773.45 0.65
AUC(0-0)  pg/(mL-h) 155411.96 238851.98
T h 221 0.50
Coon ug/L 949.01 890.73
TR ER-7-O- M A R R AT AUC(0-1) pg/(mL-h) 26687.01 14870.85 1.79
AUC(0-0)  pg/(mL-h) 29586.33 15638.37
Troax h 9.36 0.08
Co ug/L 85.10 115.15

1, TNF 7B —F e R 4 A+, #E VaD 118 1
i PR R R 0 A Y 3 T v, A A O
I YR 4% A 3 AR 1 L I I 40T A /N i T 4 i
0% AL, B IL-1B. IL-6 25 4 SE A B, 351 E M
2 JE RN, WFSE & B, VaD B i
T TNF-o0 7K - 55 T Bl R 2 i 3K (AD) B 3,
H S5 PAT I REE 2 DA P, 0] TNF-a 7] 5
A SRR T PR T e 2 2] iR CRE YL
DR AR DG AR A 2 2R LR
fiti (MAPK) {5 538 [ . B 7K 2% V3 3R 15 - 38 %
PUE I TR 5 2 E 5%, cARR
B2 78 VaD & id B2, MAPK {5 538 %
TEAEF, 208 B E IR HE AR A BN ] g

220 il g ] A R Y U T A 2 on PR T, AR
#t VaD & . MAPK {5 5 A 3 F W AL ] 5
5 vaD ¢, 439 J& ERK1/2, JNK, P38a., H:,
ERK 1/2 3 [ 7 Bt 1l ) 191 06 B s , nl 42 iff pft 48
TCAFIE , RS0 T 3 B LR R ) R f 1 A
TP INK I B AR Az R 1k RN Ak
G IR P R AR, 32 R R S 4 0T
PR T2 P38a 3 I U I ST T A A R I R 11,
1M 5 2 W T 0 VEGF 21k, BHAS I 4% 7
Az, INTITAE VaD %59 A i Hh 8 458 98 i S by A
il oL AT A RN T S 3R -7-0-4 4
WS R 1 7T/ F T MAPK {5 53 % I % 58 2,
TR VaD 7= A 3697 1R -
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