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Abstract: This study employed an integrated strategy combining ultra performance liquid
chromatography-linear trap quadrupole-Orbitrap mass spectrometry (UPLC-LTQ-Orbitrap-MS) ,
network pharmacology, molecular docking simulations, and in vivo animal experimentation to
systematically analyze the active components of Synotis solidaginea (S. solidaginea) and to
elucidate its underlying therapeutic mechanism in the treatment of acute eczema. Initially, the UPLC-
LTQ-Orbitrap-MS method was utilized to perform a comprehensive chemical profiling of S. soli-
daginea extract. Based on accurate mass, multistage fragmentation spectra, and cross-validation
with literature and reference standards, 59 constituents were unambiguously or tentatively identified.
Subsequently, a network pharmacology framework was established to predict the potential phar-
macological mechanisms of the identified compounds. Among the characterized constituents, seven
bioactive ingredients—namely isorhamnetin, kaempferol, luteolin, quercetin, myricetin, betaine,
and rosmarinic acid—were selected as the primary active components based on their relative
abundance and favorable oral bioavailability and drug-likeness properties as predicted by the
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP). The
corresponding potential protein targets of these seven compounds were systematically screened using
the TCMSP database and the SwissTargetPrediction tool, resulting in the identification of 192
component-associated targets after the removal of duplicate entries. Concurrently, a comprehensive
collection of disease-associated targets was curated for acute eczema. By querying the GeneCards
database and the Online Mendelian Inheritance in Man (OMIM ) database with the keyword “acute
eczema”, a total of 2 214 distinct therapeutic targets relevant to the pathogenesis and progression
of the dermatological condition were retrieved. Through the construction of a Venn diagram to map
the component-related targets onto the disease-specific target set, a core network comprising 75
overlapping targets was identified as the potential therapeutic intersection through which S. soli-
daginea exerts its pharmacological effects against acute eczema. To further investigate the functional
interactions and biological significance of these 75 intersecting proteins, a protein-protein interaction
(PPI) network was constructed using the STRING database (version 12.0) and subsequently vi-
sualized and topologically analyzed using Cytoscape 3.10.1 software. Network topological analysis,
specifically evaluating the degree centrality, betweenness centrality, and closeness centrality,
highlighted SRC proto-oncogene tyrosine-protein kinase and matrix metalloproteinase 9 (MMP9)
as the most prominent hub nodes within the network, suggesting their pivotal roles in mediating
the therapeutic activity. Furthermore, Gene Ontology (GO) functional annotation and Kyoto En-
cyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were conducted on the
75 potential targets. The GO enrichment analysis indicated that these targets were predominantly
involved in biological processes related to the regulation of inflammatory responses, cellular response
to oxidative stress, and positive modulation of cytokine production. The KEGG pathway analysis
further revealed that the therapeutic effects of S. solidaginea are likely orchestrated through the

modulation of several critical signaling cascades, with the PI3K/Akt signaling pathway being the most

SIRA SHERE AHUR, BIRIL, P WA, BEIEUR i U, 5505 5, 52 WL, 3 A L4, 7™ R B TR R OB (3 -2 1k
T - r 3 L BT 0 4 24 B Ry S0 R S 5 HAE TR T A IR VT LR] . €131, 2026,44(7) 1 741-763.
DANZENG Cizhen, FU Xinchen, LUO Paier, LUO Yachun, SHAO Meijuan, XIE Shuya, GE Haoyu, PENG Xifan, PUBU
Zhaxi, YAN Zhihong. Exploring the mechanism of action of Synotis solidaginea in treating acute eczema based on ultra per-
formance liquid chromatography-linear trap quadrupole-Orbitrap mass spectrometry, network pharmacology and animal ex-
periments. Chinese Journal of Chromatography, 2026, 44(7): 741-763.



FPHERE A5 5T OB @3 -2k 5 7 B -8 L S P BE I | 0 45 2 B2

%7 Bl 52 B0 2R T VU B4 iR )7 2R 2 1 A L BIL I - 743 -

significantly enriched pathway. To validate the credibility of these computational predictions at the
molecular level, molecular docking simulations were performed to evaluate the binding affinities
and interaction modes between the core active flavonoids and the identified hub targets. The docking
results demonstrated that isorhamnetin, luteolin, quercetin, kaempferol, and myricetin all exhibited
strong and stable binding conformations within the active catalytic pockets of both SRC and MMP9.
These compounds were observed to form critical hydrogen bonds and hydrophobic interactions with
key amino acid residues, indicating a favorable thermodynamic profile and a high potential for
functional inhibition of these key targets in vivo. The final phase of this investigation involved
experimental validation using an established murine model of acute eczema. The model was suc-
cessfully induced on the dorsal skin of KM mice through repeated topical sensitization and challenge
with 2, 4-dinitrochlorobenzene. Following model establishment, the therapeutic impact of S.
solidaginea administration was rigorously assessed at the macroscopic, microscopic, and molecular
levels. Macroscopic observation and scoring of clinical symptoms revealed a significant amelioration
of erythema, edema, and excoriation in the treatment groups. Histopathological examination of skin
tissue sections stained with hematoxylin and eosin (HE) confirmed that S. solidaginea treatment
markedly reduced epidermal hyperplasia, spongiosis, and dermal inflammatory cell infiltration.
Mechanistically, quantitative analysis via enzyme-linked immunosorbent assay (ELISA) demonstrated
that S. solidaginea treatment effectively down-regulated the serum concentrations of the key pro-
inflammatory cytokines tumor necrosis factor-alpha (TNF-« ), interleukin-6 (IL-6), and interleukin-
17 (IL-17), while concurrently restoring the level of interferon-gamma (IFN-v). This modulation
of cytokine profiles indicates a beneficial shift toward restoring the T helper type 1 cell/T helper type
2 cell (Th1/Th2) immune balance, which is typically dysregulated in acute eczematous conditions.
Most importantly, Western blot analysis of the lesional skin tissue provided direct biochemical
evidence that the extract of S. solidaginea significantly inhibited the phosphorylation of phos-
phatidylinositol 3-kinase (PI3K) and protein kinase B (Akt), thereby confirming the suppression
of the PI3K/Akt signaling pathway in vivo. In conclusion, this methodological approach enables the
rapid, effective, and comprehensive characterization of the phytochemical profile of S. solidaginea.
Furthermore, this study preliminarily elucidates that the therapeutic mechanism of this medicinal
plant in treating acute eczema involves a multi-component and multi-target synergistic action,
primarily through the alleviation of the cutaneous inflammatory response and the restoration of
immune homeostasis via the inhibition of the PI3K/Akt signaling axis. These findings provide a robust
scientific foundation and a valuable reference for the further development, clinical application, and
quality control of S. solidaginea.
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240607) 14 A | AR Z BRI 25 ) A BR A Wl o
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WHRIZG#F 0.2 g, A 10 mL A9 50% FF [ 7K 95
P R IR 40 muing BBV VT B L A R R
BLOHLH L 13 000 r/min &0 10 min; 5.0 5 ] E
WL 0.22 pm FEALUERE, B T 1.5 mL AR Y,
RIA5 117G A H- 2 £ B A 3 it 1 TR

B4 6t IR A & T 10 mL A=, i 50% Y
PS5 W E A B2 B S WS 0.22 wm B L OB
JE L F 1.5 mL SR P, BIAS G RS A . K 1]
VU4 H-45 0 20 % 5 /KB 30 min, fTE PIK, &)
UEVR, e AR i A AR 1.2.1.0.,0.8 g/mL,
R4S/ B AR (4 S R TR BR 45 25 AN )R 4
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ACQUITY UPLC BEH C,, 4 i #% (100 mmx
2.1 mm, 1.7 pm) ; i ah A : 0.1% HF R K& W (A)-Z4
i (B) 5 1E B 7 A 0T 19 86 5 Uk B #2 )% : 0~3 min,
5%B; 3~40 min, 5%B~68%B; 40~41 min, 68%B~
74%B; 41~45 min, 74%B~90%B; 45~47 min, 90%B;
47~47.1 min, 90%B~5%B; 47.1~50 min, 5%B. 1 &
T 20T 1 B AR P 2 0~5 min, 5%B; 5~10
min, 5%B~12%B; 10~24 min, 12%B~22%B; 24~28
min, 22%B~25%B; 28~34 min, 25%B~32%B; 34~38
min, 32%B~34%B; 38~39 min, 34%B~47%B ; 39~49
min, 47%B~80%B ; 49~50 min, 80%B ; 50~50.1 min,
80%B~5%B; 50.1~52 min, 5%B. ¥ii# 0.3 mL/min,
FEVR 40 T, e 2 pL.
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R HL W5 B IR (ESD , 1F B PR T 5
FUE I E 43 S 350 TR 300 C, B 41 E R E
320 C, 8k 35 L/h, 5 B0 10 L/h, Bi55
JEAF 910 4 KV H1 3.6 KV, B4 HE 35V, & B8
O 110 V, RS B i 2 H A, o R
30 000, 394 7 Fl m/z 100~1 500, — 2% J&i 3% % ] 3
Z5 B0 AR #5334 (data dependent scan, DDS) ,
BE UL b — g% 3= BTN 0 04 06 IE AT R S T AR R
(CID) 5 l 43948, LLES - BFT 2 ) (dynode) K I .
1.6 FYEWFHE
1.6.1 4 EER %%y *

K /N BRGE N R SR 1 RS BEBL AT 25 6 IR
2 RIS REZH | FH M 2 0 B2 DL R P A A
KFH o AR 2, 3 6 4, 10 .
H— KA /N EUE AR 2 emx2 em DO b3, 52
BR5 1.2 KBRS A LA, B 63807 ¥R F 100
L DL DS TR - ARSS 9ol (4 1, PR ARG ) T 1) O o R B
50 g/L 1) DNCB %5 W #E 47 SOl 250 55 6 KXf /il
AR 3 emx3 em X IHEAT BB AL B SR AT 7 R BR
23 [ % R 20 Ah B B 0 R B 100 L LA PN R -
M (401, B L) S 1 69 BT 6 9k B 10 g/L Y
DNCB ¥ W ATk B0 3 Rk 1 kG 3Bk 6
Wo ZAMAG TAMIBKIE, RKER 240 )5
WL 2 /N BRUES 38 K2 iR BT B 9% B A AR
WA RS R PR SR . KRRk G
24 h JFUR 45 24, 25 0 B4 ASE8 Xo) B A 45 T 7R 0
K NPE G H 3 K RUIR T 4145 7 1.2.1.0.,0.8 g/mL

259 (1 mL/em?®) , BHPE 25 9 %5 BRZ0 45 3 52 7 It 1R b
FEARMFLE (1 mg/em?) , 45 25 57 5 LA T 2 b 5 K iy
TR R E 0.1%, BE K 2 WK, SE 14 d,
1.62 H£ANRETHEMESTHARREITFL» R
IR Hom e
B 54 R B VE 43 SR W8 T AR R ™ AR A0
(EASD W43 o MR 2T BE K /e (38 H /45 i
PR /3R e B 4 A 16 PR 22 30 ™ 0 72 32 1143 (0~3
Gy ) A fE B K R IR B ™ E A AT g o 4y (0.5
55) o BN RPE S BOE B E . FRIOKEO 2 | 7
KRG 255 /N BURKCE 76 35 B W8 58 v, s il
& 1 h W/ BB IR OB, e it & 2 7E B e — IR
BB I T — R 45 24 I MM UK
1.6.3 BANRKMABRTEAXE
FARKLG 2y )G 24 h, R F 4 I R 2% 2R 42 /N B
W, B AL BT /N BRI VA A S R0 43 B I
T, K G 2% W% B A2 (enzyme-linked immu-
nosorbent assay, ELISA) &l . Ab%E J5 , 1 3 B HL
4> B B ALLY BT -80 CUKA R AF , 4 B
50 mg ZH4U AN A 1 mL TRIzon i % 19 L 1, T vk %
38 g 51 3% L i B R $5 TRIzon i3t 57 156 B 45 k17
A RNA $REC, 5 i RNA 28 MR 2 6 B2 3
FE e BE 5 Al f , TS 2L 08 % sk . qRT-PCR £
T 5 55 B o0 4 0 R IR A1 40, B T 4% 2 W IR T
W 2, T HE Yo K A s b0 B il 4% o TR Jik B
/0N BRI | JFF O % M it , R s U ok 99 SR o
1.6.4 & 41 /) BREBE JF JE A0 R A T 2k el 0 €
MR 1.6.3 1990 5% 19 /)y BRUAR 5T o B 45 Uk 2%
L D /NS W o1 B = W LT = N =R A N ]
% 6 50 < ML I/ O /) % i 250 = AL IO /F U/ g o
(mg) x1 000/44 Jfi it (g) x 10, =2, JIF &5 I i 5 1k
BRI LL 1.6.3 T FREE R
1.6.5 Z4A/NREK4 LN HE €57 E F 40
W B2 Bk 2108 TR 80k 4% 1) 2 3R WV
W GE 24 h B S AR U o R B B 70%.
80%.95% [1) £, BEH FE WK L — W 2R 3% Bk b B )
1E 60~65 CHM IR ., AL A ui)E, Yk
JEEER 5 pm WY R 8 7 5 #E4T HE 45, (8
HIUNE cAL800) 4 R S B 2 B K AR
J&i AT HE e 8 Bk e 620 B8 oy 55 AORS e i
6 min, £k i 2 B2k 5 LA E SR KR 15 RS D 4T
Y 3 min, Yo 05 V) A 20 B L BERG K L R
AL AL B8, e J5 DA v P R e 3
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1.6.6 ELISA 77 i & Ml & 4 /N § f % F TNF-a.
IFN-y .IL-6 \IL-17 & &

T\, IR BRI RS 2, #E 1h 5T
4 C .3 000 r/min 54 F &0 15 min, 4 F 2
o B ™ % ¥ BE 0 G U B R AT 34 B AR 1
PR BE R R JT 5 R A 43 il AR B B L, 37 C
AE 30 min, 3 A FLHRAAR, DIVE % IR E 2
Lt 5 Wa, Im AR F HRIEE , EZ KD
BGMRn AR AW A F B, 37 TG M 20
min, i J5 M AL B . AL RN 15 min (N F
450 nm P T E £ FLOGEER , DAFRE fh iR B2 Ry
A A WO BE A A N A A 2 o B o il 2L T B 4
FEA H TNF-o JFN-vy IL-6 \IL-17 B IfiL %5 He B .
1.6.7 qRT-PCR 4 Ml % jik 41 4 PI3K Akt . TNF-a .
IL-6 . mRNA % ik

6, lU-80 CURAF J Bk 41 21, ffi I TRIzon ix

FIHEAT 5] 32 IR HEHL A RNA . 3t 1.2% Byt B b 3 1
ML Uk SR i 4 O O BE IE A Il RNA BT &, {2
0D260/0D280 {4 1.8~2.2 MIFEA FH F ) L2 5L 56 .
BE G 4% K 1 TR i 5% K R % RNA G cDNA,
S TAE B Y L T AR TR R
AR A G, FEE 51 W& 2,
x1 HHERER

Table 1 Reverse transcription system

Component Volume/pL
Total RNA Template 1 3
5xHiFiScript RTMaster Mix 4
10xgDNA Remover Mix 1
RNase-free Water 12
Total 20

®2 WNETASIMEREERFT

Table 2 Primers and base sequences used in detection

Sequence (5'—3")

Primer name

Forward Reverse
PI3K CGTGCTTTTCAGATTTCCAGCCG TCCCCAGTACCATTCAGCATCCT
Akt AAGGACGGTGCCACTATGAA TCCTGGTTGTAGAAGGGCAG
TNF-a GGTGCCTATGTCTCAGCCTCTTC TGATCTGAGTGTGAGGGTCTGGG
IL-6 GGATACCACTCCCAACAGACCTG TGTTCTTCATGTACTCCAGGTAGCT
GAPDH GCCCAGAACATCATCCCTGCAT GCCTGCTTCACCACCTTCTTGA

PI3K : phosphatidylinositol 3-kinase ; Akt: protein kinase B (PKB) ; TNF-a: tumor necrosis factor-alpha; IL-6 : interleukin-6 ;

GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

B J5 4 % 3 Bl PCR RN R REATH 48 . %
N R PR CE AR 295 CHiAS M 2 min; 4k DL 95 C
25,60 C 34 s, I 40 D1E I ; 5 5 R 5 % i it £
(65 CZ 95 C, BTk 0.2 TR —Wk ) o K& KA XF
Tk g R 2-AACT MW HHATIN . kT
I AR S AR 3k B I I T 0 PR AR
Bl CT {8 (cycle threshold) , H %0 {H 5 ¥ 4f #5545
DUES S e TR, i /8 L GAPDH (B HAh h 2
ER) AN S, MR AKX ACT=CT( H 2 H)
~CT(NZHER) , THR AR ACT #; M) R
A AACT=ACT(Ab B4 ) -ACT (X HE 4 ) , 3154
FUFREAN AACT A . HeJa, B 5L 4 H XT3k
UL 2-AACT TH5, I DL 3RIR Ab B4 A 4 T % B 2
1R IBEBUE A
1.6.8 Western blot # Ml & fk 41 4 # PI3K. p-
PI3K Akt.p-Akt & & & F

16 2 25 B 60500 A9 RIPA 2H 21 24 W rP ¥ iz

*3 PCREMNEZR
Table 3 PCR reaction system

Component Volume/p.L
cDNA 1
Forward Primer (10 pmol/L) 0.4
Reverse Primer (10 pmol/L) 0.4
2xPerfectStart Green qPCR SuperMix 10
Nuclease-free water 8.2
Total 20

Jik 20 AR A 3 43 21 K 246, T 4 C .12 000 r/min 5%
R B0 15 min, WS B IEE R BCA LN 5E &
FEIWE RS RTE T -80 CHH o #%44L 10 pg
EHE LR, 28 KA, FuturePAGE
B WU T 160 V EE R LK 40 min, il J5 iE
A R A 2 R W W &M (PVDF) JE |,
B WS I LA TN A 21 G €0 00 UE 5% B ACR B TBST Pk .
1 B8 R B P I ZE R B P 1S min, Bl S 5 —
PLCH M E A —PUR BN 1:500, N S HUIRH B L
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i % 44 %

9 1:2000)7E 4 TR F LA . TBST WM 3 K
JG, 5 W T 37 CE L h, Bk EER. mEHH
ECL & &M dt 4T B 5 , 7E 5 = g 6 IF R E KR,
Bt Imaged BA4:43Mr B #5457 BY K BE 1 .
1.6.9 it o r

fifi 11 SPSS 27.0 8 4F 347 24 43 A, o ik Bk
K P 45 #E 2 (mean+SD) 7R , #EAT B £ )7
250, P<0.05 A G X

S ST AL A A I TR S 4 BR Lo T
S5 K SR NI PG A H A A R Bl . R A
UPLC-LTQ-Orbitrap-MS %} )1 7§ & H- 34 12 BUR 1T
b2 1543 43 B, A5 B0 E R T REET R R R
kA, W 1,

K TraceFinder 4.1 $ {4 4b B, 43 87 4k 2% A 43
A5 B3 IR ) — 2 R R B TS B AR R
R 25 <5%107°( <5 ppm) B AL-& 9, SR EUIL &
YRR IR 8 SR IAF & Sy F B 1

=

2 #ER5iTie
M) R R A5 S, 45 A ok IR 2 A o Al 5 SOk
21 JIBEEHESHH [15-67 Jik— 20 Ll , JE 8 iy 59 Ffb o il oy, Herp
2.1.1 Il V& B3 A R 2 2 7 WA 20 B By ER 2K 18 Fh AW ZE 11 Fh, A
T b SCHR A F R I T A B8 1 AR LA 1R 210 Flv, WLk 4.
a 100 — 2-6 b 100
31-3 41-43
80 80 — -~ 44
S £ N s
3 54 4
= =1
T 60 S 60 f
! E!
C C
2 2 404
= =
2 2
20
0 -F T T T T 1 T T T 1
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
t/min t/min
B1 I EAEHRREE)E. () AEFRATOAEFREEE
Fig. 1 Total ion chromatograms of the extract of Synotis solidaginea (S. solidaginea) under (a) positive and (b) negative
ion modes
R4 I BEEFHENRATSIMUZRSWIMELE
Table 4 Analysis and identification of 59 chemical components in the extract of S. solidaginea
Ob- Mass (.thftracter» B
o/ Adduct Calcu- istic frag- . Classifica-
No. : Formula . served error/ . Fragment assignment Compound . Refs.
min ion lated m/z ¢ ention tion
m/z 10
(m/z)
1099 CHO, [M-HI" 133.01425 133.01448 1.73 115 [M-H-H,0] malic acid’  organic  [15]
71 [M-H-CO,-H,0]" acid
2 1 CHN, [M+H]" 136.06177 136.06113 -4.73 118 [M+H-NH, ] adenine  nucleotide [16]
92 [M+H-NH,-HCN]"
3 101 CH )NO, [M+H]" 156.10191 156.10118 -4.67 138 [M+H-H,0]" retronecine  alkaloid [17,
120 [M+H-H,0]" 18]
4 102 CH NO, [M+H]" 130.08626 130.08571 -4.24 84 [M+H-H,0-COJ* pipecolic acid  organic  [19]
acid
5 107 CH;NO, [M+H]" 118.08626 118.08568 -4.93 59 [M+H-C,H,N]" betaine alkaloid  [20]
58 [M+H-C,H,0,]"
6 1.16 CH NO, [M+H]" 144.10191 144.10150 -2.84 84 [M+H-C,H,N]" stachydrine  alkaloid [21,
58 [M+H-C,H,0,]" 22]
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Table 4 (Continued)
Ob- Mass (.Zh:?tracter» B
No. tl?/ Formula Ad.duct Caleu- served error/ stic f1.fag— Fragment assignment Compound Clas.smca— Refs.
min ion lated m/z /e 107 ment ion tion
(m/z)
7 125 CHO, [M+H]" 16505462 165.05418 -2.64 121 [M+H-CO,]" p-coumaric  phenolic  [23]
acid” acid
8 148 CHO, [M-H]" 169.01425 169.01465 2.36 125 [M-H-CO, ] gallicacid  phenolic [24]
acid
9 176 CHN,0, [M+H]" 127.05020 127.04977 -3.41 110 [M+H-NH,]" thymine nucleotide [16]
84 [M+H-HNCO]*
10 2.03 CH,NO, [M+H]" 166.08626 166.08546 —4.79 120 [M+H-HCOOH ]* phenylalanine amino [23]
103 [M+H-HCOOH-NH, ] acid
11 223 CHO, [M-H]" 167.03498 167.03537 2.33 152 [M-H-CH, ] vanillic acid  phenolic  [25]
123 [M-H-CO,]" acid
108 [M-H-CO,-CH,]"
12 255 CHO, [M-H] 153.01933 153.01961 1.81 109 [M-H-CO, ] protocatechuic phenolic [26]
108 [M-H-COOH ] acid acid
13 301 C,H,, [M-H]" 353.08781 353.08787 0.12 191 [M-H-C,H,0,]" neochlorogenic phenolic [27,
179 [M-H-CH,0,]" acid acid 28]
173 [M-H-C,H,0,-H,0]
135 [M-H-C,H,,0,-CO,]”
14 39 CHO, [M-HI" 137.02442 137.02475 2.41 109 [M-H-CO] protocatechual- phenolic [29]
dehyde acid
15 391 CHO, [M+H]" 139.03897 139.03850 -3.40 109 [M-H-CO]~ 4-hydroxyben- organic  [30]
93 [M—H—COZJ’ zoic acid acid
16 411 CH O, [M-H]" 165.05572 165.05611 2.34 119 [M-H-OH-CH,0]" methyl 4-hy- lipid  [31]
77 [M—H—OH—CH3O— droxyphenylac-
CH3O]7 etate
17 553 C,HO, [M-H]  359.07724 359.07770 1.27 197 [M-H-C,H,0,]" rosmarinic acid phenolic [27]
179 [M-H-C,H,0,]" acid
135 [M-H-C,H,0,-CO,-
H,0]"
18 642 C,H O, [M-H]" 353.08781 353.08677 -0.12 191 [M-H-C,H,0,]" chlorogenic  phenolic  [32,
179 [M-H-C.H,0.]" acid” acid 33]
173 [M-H-C,H,0,-H,0 ]
135 [M-H-C,H,,0,-CO,]”
19 677 CHO, [M-H]" 179.03498 179.03543 2.52 135 [M-H-CO,]” caffeic acid  phenolic [34]
117 [M-H-CO,-H,0]" acid
20 7.14 C,H, O, [M-H]" 353.08781 353.08767 —0.14 191 [M-H-C,H,0,]" cryptochloro- phenolic  [27,
179 [M-H-C.H,0.] genic acid" acid 35]
173 [M-H-C,H,0,-H,0]"
135 [M-H-C,H,,0,-CO,]"
21 777 C,H,NO, [M+H]" 352.17546 352.17423 -3.77 138 [M+H-C, H,,0,] senecionine N-  alkaloid [36]
120 [M+H-C, H,,0,-H,0]" oxide
22 8.02 C,H,NO, [M+H]" 352.17546 352.17413 3.77 138 [M+H-C, H,,0,]" retrorsine” alkaloid [37]
120 [M+H-C,H,,0,-H,0]"
23 828 C,H,NO, [M+H]" 368.17038 368.16885 —4.15 138 [M+H-C, H,,0,]" isatidine alkaloid [37]
120 [M+H-C H,,0,-H,0]"
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Table 4 (Continued)
Ob- Mass (.Zh:?tracter» B
No. tl?/ Formula Ad.duct Caleu- served error/ stic f1.fag— Fragment assignment Compound Clas.smca— Refs.
min ion lated m/z /e 107 ment ion tion
(m/z)
24 1026 C,H,,0, [M-H]™ 317.03029 317.03058 0.91 299 [M-H-H,0]" myricetin flavonoid [38,
273 [M-H-CO, ] 39]
25 11.48 C,H,NO, [M+H]" 366.19111 366.19906 2.86 168 [M+H-C, H,,0,]" senkirkine alkaloid  [40]
150 [M+H-C, H,,0,-H,0]"
122 [M+H-C, H,,0,-H,0-
coJ
26 12.05 C,H,NO, [M+H]" 366.19111 366.19006 —2.86 168 [M+H-C, H,,0,]" neosenkirkine alkaloid [41]
150 [M+H-C H,,0,-H,0]"
122 [M+H-C,H,,0,~H,0-
coJ*
27 12.86 C,H,0, [M-H]™ 223.06120 223.06140 0.90 208 [M-H-CH,] sinapic acid ~ phenolic  [41]
179 [M-H-CO, ]~ acid
163 [M-H-CH,-CO,]”
149 [M-H-CH,-CO,-CH, ]
28 1295 C,H,0, [M-H]" 62514102 625.14093 -0.14 463 [M-H-CH,,0,]" quercetin-3-O- flavonoid [42]
445 [M—H—C(,H]UOS—HZO}’ sophoroside
300 [M-H-CH,,0,-CH, 0.~
H,0]"
29 1329 CH,0, [M-H]™ 303.05103 303.05130 0.89 285 [M-H-H,0] taxifolin flavonoid [32]
241 [M-H-H,0-CO,]”
30 14.65 C,H,0,, [M-H]" 609.14611 609.14624 0.21 301 [M-H-CH,,0,~C,H,0,]" quercetin 3-O- flavonoid [43]
300 [M—H—CGH”OA—CGHQOS robinobioside
—H]’
151 [M-H-CH,,0,-~CH,0,-
CH,0,]"
271 [M-H-CH,,0,~C,H,0,-
CH,0]"
31 148 C,H,0,, [M-H]" 449.10893 449.10938 0.99 303 [M-H-CH,,0,] astilbin flavonoid [44]
285 [M-H-CH,,0,-H,0]
179 [M-H-CH,,0,-CH,0,]"
32 1498 C,H,0,, [M-H]" 463.08820 463.08700 -0.87 301 [M-H-CH,,0,]" hyperoside  flavonoid [45]
300 [M-H-CH,,0,-H]
271 [M-H-CH,,0,-H-CO]"
33 1521 C,H,0, [M-H]" 609.14611 609.14625 -0.21 301 [M-H-C,H,,0,] rutin” flavonoid [46]
300 [M-H-C,H,,0,-H]"
271 [M-H-C,H,,0,-CH,0]"
151 [M-H-C,H,,0,-C,H,0,]"
34 1555 C,H,0,, [M-H]™ 463.08820 463.08780 —-0.87 301 [M-H-CH,,0,]" quercetin-7-0O-8 flavonoid [47]
300 [M-H-C,H,,0,-H]" -D-
71 [M—H—CBH]UOS—H—COJ’ glucopyranoside
35 15.66 C,H,0, [M+H]" 289.07066 289.06979 -3.00 271 [M+H-H,0]" aromadendrin  flavonoid [48]
243 [M+H-H,0-CO]"
36 15.71 C,H,0,, [M-H]" 463.08820 463.08880 0.87 301 [M-H-CH,,0,] isoquercitrin®  flavonoid [49,
300 [M-H-C.H,,0,-H]" 50]
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Table 4 (Continued)
Ob- Mass (.Jh:?tracter» B
No. tl?/ Formula Ad.duct Caleu- served error/ stic f1.fag— Fragment assignment Compound Clas.smca— Refs.
min ion lated m/z /e 107 ment ion tion
(m/z)
271 [M-H-CH,,0,-H-CO]"
37 16.05 C.H, 0, [M-H]" 367.10346 367.10394 1.32 191 [M-H-C, H,0,] methyl chloro- phenolic  [51,
179 [M-H-C,H,,0,]" genate acid 52]
135 [M-H-C,H,,0,]”
38 16.35 C,H, 0, [M-H]|" 593.15119 593.15179 1.02 285 [M-H-C,H,,0,] nicotiflorin  flavonoid [53]
255 [M-H-C ,H, 0,-
CO-2H]
151 [M-H-C,,H,,0,-C,H,0,]
39 1691 C,H,0, [M-H]" 447.09328 447.09252 0.25 285 [M-H-C,H,0,] kaempferol-3-O- flavonoid [54]
284 [M—H—CQHGO;H]' galactoside
255 [M-H-C,H,0,-H-HCO]"
40 17  C,H,0, [M-H] 193.05063 193.05099 1.89 178 [M-H-CH,]” ferulic acid  phenolic  [25]
149 [M-H-CO,]" acid
134 [M-H-CH,-CO,]"
41 1749 C,H,0, [M-H]  353.08781 353.08777 -0.12 191 [M-H-C,H,0,] 1-caffeoylquinic phenolic  [26,
179 [M-H-CH,0,]" acid acid 55]
173 [M-H-C,H,0,-H,0]"
135 [M-H-C,H,,0,-CO,]"
42 175 C,H,0,, [M-H]" 515.11950 515.11948 -0.22 353 [M-H-C,H,0,]” isochlorogenic  phenolic  [35,
197 [ M-H-C,H,0,-C,H,0,]" acid A’ acid  45]
179 [M-H-C,H,0,-C,H, 0]
173 [M-H-C,H,0,-C,HO,-
H,0]
43 17.54 C,H,0, [M-H] 593.15119 593.15109 1.03 285 [M-H-C,,H,,0,] lonicerin flavonoid [56,
57]
44 17.66 CH,0, [M-H] 135.04515 135.04547 238 107 [M-H-CO ]~ phenylacetic ~ organic  [58]
91 [M-H-CO,]" acid acid
45 17.84 C,H,0, [M-H]  447.09328 447.09317 -0.25 285 [M-H-C,H,0,] astragalin’  flavonoid [35]
284 [M-H-C,H,0,-H]"
255 [M-H-C,H,0,-H-HCO]"
151 [M-H-C,H,0,-C,H,0,]
46 18.12 C,H,,0, [M-H]" 477.10385 477.10370 -0.32 315 [M-H-CH, 0 ] isorhamnetin-3- flavonoid [54]
300 [M-H-C/H,,0,-CH,]- O#-D-glucoside
47 18.42 C,H,0, [M-H]" 207.06628 207.06660 1.57 161 [M-H-C,H,0]" ethyl caffeate  phenolic [35]
135 [M-H-C,H,0,]" acid
133 [M-H-C,H,0-CO]"
48 198 C,H,0,, [M-H]" 515.11950 515.11938 -0.23 353 [M-H-C,H,0,]" isochlorogenic  phenolic  [35]
197 [M-H-C,H,0,-C,H,0,]" acid © acid
179 [M-H-C,H,0,-C,H,,0,]
173 [M-H-C,H,0,-C,H,0,-
H,0]"
49 2025 C.H, 0, [M+H]" 249.14852 249.14781 -2.84 231 [M-H,0]" tomentosin terpe-  [59]
noids
50 23.23 C,H, 0, [M-H]™ 301.03538 301.03540 0.07 273 [M-H-COJ" quercetin®  flavonoid [22]

157710




© 752 - @ Vi o5 44 %
*4 ()
Table 4 (Continued)
Ob- Mass (.Zh:?tracter» B
No tl?/ Formula Ad.duct Caleu- served error/ stic f1.fag— Fragment assignment Compound Clas.smca— Refs.
min ion lated m/z /e 107 ment ion tion
(m/z)
179 [M-H-C,H,0,]
151 [M-H-CH,0,]
51 2334 C,H,0, [M-H]™ 415.10346 415.10388 1.02 295 [M-H-C,H,0,]" puerarin flavonoid [23]
267 [M-H-C,H,0,-CO ]
52 2371 CH, 0, [M-H]™ 285.04046 285.04074 0.99 241 [M-H-CO, ] luteolin’ flavonoid [48,
199 [M-H-C,H,0,]" 60]
151 [M-H-CH,0,]"
53 2823 C,H, O, [M-H] 28504046 285.04034 -0.99 257 [M-H-COJ" kaempferol’  flavonoid [48,
229 [M-H-2001" 60]
185 [M-H-C,H,0,]"
169 [M-H-C,H,0,]"
151 [M-H-C,H,0,-H,0]"
54 29.54 C,H,,0, [M-H]™ 315.05103 315.05136 1.05 300 [M-H-CH, ] isorhamnetin  flavonoid [48,
271 [ M-H-CH,-CHO |~ 61]
243 [M-H-CH,-CHO-CO]"
151 [M-H-CH,-CHO-
C,H,0,]"
55 36.87 C,H,0, [M-H]" 193.05063 193.05099 1.89 134 [M-H-CH,-CO, ]~ methyl caffeate phenolic  [62,
acid 63]
56 41.84 CH, O, [M-H]™ 24511832 245.11867 1.42 229 [M-H-0] xanthatin terpe-  [64]
183 [M-H-C,H,0]" noids
159 [M-H-C,H,0-CO]"
57 4193 C,H,N,0, [M-H]™ 443.19763 443.19815 1.17 383 [M-H-C,H,0,]" aurantiamide ac- alkaloid [ 65]
etate
58 42.53 C,JH,NO [M+H]" 282.27914 282.27802 -3.98 265 [M+H-NH,]* oleamide alkaloid  [66,
247 [M+H-NH,-H,0]* 67]
59 47.03 C,H,NO [M+H]" 338.34174 338.34033 -4.16 321 [M+H-NH,]" erucamide alkaloid  [66,
303 [M+H-NH,-H,0]" 67]

* Confirmed by comparison with the reference standard.
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IV B B34 5 I 28 4 8 B Sk I S L B
B2 T AT 25 . BT o280 & W AE MS 24 o 72
R by F 45 CO.CO, Ml CH, 25 P R 1 A, i % B 4%
C # % 4= RDA (retro-Diels-Alder) Jz i 4 fi# IF 3 ,
JE A R B S RRAE IR R 5 35 A 1T 254k A ok &
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k&9 52 540EY 53 Hoh 4y S5k fh 2
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28.23 min, #fE 73 F B 1 W& 5 5 A m/z 285.040 74
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¥ 4x K C ¥ RDA 2# L % m/z 151 R BT,

Mk &w 52 fE i FHRAX T vk —0F
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17.84 min, #E 7r ¥ & + W 53 51 8 m/z 447.092 52
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T R B IR Y, R 25— 43 ) 4 BE R (CeHL1005) T
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Fig. 9 Gene Ontology (GO) functional enrichment analysis of the intersection between candidate targets proteins of
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BP: biological process; CC: cellular component; MF: molecular function; ATP: adenosine triphosphate.
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Table 5 Information related to the network nodes of the
components of S. solidaginea

Compound Core targets BC Degree
Isorhamnetin Aktl, EGFR, SRC, MMP9 0.08 43
Kaempferol  Aktl, EGFR, SRC, MMP9, PTGS2 0.08 42
Luteolin Aktl, EGFR, SRC, MMP9, PTGS2 0.08 42
Quercetin Aktl, EGFR, SRC, MMP9 0.07 42
Myricetin Aktl, EGFR, SRC, MMP9 0.07 42
Betaine EGFR, PTGS2, CASP3 0.18 30
Rosmarinic EGFR, MMP9 0.10 20
acid

BC: betweenness centrality; Aktl: Akt serine/threonine ki-
nase 1; EGFR: epidermal growth factor receptor; SRC: SRC
proto-oncogene, non-receptor tyrosine kinase; MMP9: matrix
metalloproteinase-9; PTGS2: prostaglandin-endoperoxide syn-
thase 2; CASP3: caspase-3.

Binding energy(kcal/mol)

-4.930
PTGS2 { -5.56 -5.98 -4.99 -6.33 -5.51
-6.192
MMP9 +
-7.454
SRC
-8.716
EGFR 4 -4.93 -5.81 -7.44 -5.73 -6.09
-9.978
AKTI 4 -5.28 -5.90 -5.51 -5.81 -5.66
— ——— = . -11.240
& &o\\ < 24 & -o‘:QQ
& & & &
& LS ~

12 JIBEEFXERSEANESROBAEAXMNELER
Fig. 12 Docking results of key components of S. solidag-
inea and core target proteins of acute eczema
1 kcal=4.184 kJ.
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Fig. 13 Simulation of docking details between key compo-

nents and core target proteins
A. isorhamnetin-SRC; B. luteolin-SRC; C. quercetin-MMP9; D.
kaempferol-SRC; E. myricetin-SRC.
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Fig. 14 SKkin injury images of mice in each group

A. blank group; B. model group; C. positive group; D. low-
dose group of synotis solidaginea; E. middle-dose group of syno-
tis solidaginea; F. high-dose group of synotis solidaginea.

F6 FHHNREBRITSMBEIORE (n=10)
Table 6 Skin lesion scores and scratching frequency of
mice in each group (n=10)

Skin lesion Scratching
Group
scores frequency
Blank group 0.50+0.31 2.67+£2.08
Model group 3.87+0.217 62.00+8.54™

Positive group 1.46+0.197% 25.33+4.517%

High-dose group 1.79£0.297% 31.33+4.04"

Middle-dose group 2.12+0.317% 40.67+4.047

Low-dose group 2.83+0.207% 45.00+3.00"*

Compared with the blank group, ** P<0.01; compared with
the model group, ## P<0.01.

FzT7  EA/NERBRAE B RR AN BT AETE A E (R=10)
Table 7 Determination of spleen, thymus and liver indi-
ces in each group of mice (n=10)

Th in-
Group Spleen index  Liver index ymus
dex
Blank group 23.58+1.19 329.90+8.88 17.52+0.99
Model group 45.89+4.97"  395.29+26.37" 29.55+3.66"

Positive group 25.92+1.87"  326.58+12.59" 18.30+4.89"

High-dose group  25.81=1.43"  339.62+17.31" 20.39+0.38"

Middle-dose group 27.63+0.38"  355.85+1.65"  22.01£2.27"

Low-dose group  34.74x4.99"% 37544+33.93"% 22.57+1.69"

Compared with the blank group, * P<0.05, ** P<0.01; com-
pared with the model group, # P<0.05, ## P<0.01.

MAPK i [ \PI3K/AKt i % . f£ 2 MR Z A
PLIR LB Th2 g 4, Th2 i B 3% 4k Al 2 ot IgE
Ko =R JE @] Th G By 24, 5 8RR 4] IFN-y
IKEFEAR s 259 T W5 IFN-y 3 [0l I+, 325 25 )
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Fig. 15

HE staining results (200x) of the back skin tissue of mice in each group

A. blank group; B. model group; C. positive group; D. low-dose group of synotis solidaginea; E. middle-dose group of synotis solidag-

inea; F. high-dose group of synotis solidaginea.
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6 mRNA 8 4 % 3 A F I &

W 9 Pron, 525 (4l b, BB 2 /N B Bk
20 241 PI3K Akt TNF-a . IL-6 mRNA F ik & ¥H

BEF S, ZFA G % E L (P<0.01); 5B 4]
FHEG, PR 1 PG A 48 v /v ) et s BURZ k4
41 PI3K, Akt TNF-o . IL-6 mRNA 5 ik 14 T
TR (P<0.01) , )11 74 & -2 A% 5] 42t 21 /0 B K2 Bk v i)
PI3K mRNA ik i 5808 20 A L, B & 35 o 2%
5 (P<0.05), 1] Akt ,TNF-a.IL-6 mRNA %£ik& 5
B 20 A LEJC 1 3 1 25 55 (P>0.05) .

*8 HHA/NRIMFEH TNF-o IFN-y. IL-6.IL-17 FFE QK F

Table 8 Protein levels of TNF-a, IFN-vy, IL-6 and IL-17 in the serum of mice in each group pg/mL
Group IFN-y TNF-« IL-6 IL-17
Blank group 628.89+75.43 202.17+36.18 216.10+69.31 21.98+7.60
Model group 433.25+20.38" 395.84+45.93™ 405.90+50.68™ 72.21+13.32"

Positive group
High-dose group
Middle-dose group

Low-dose group

604.92+69.82%
600.66+34.15"
519.82+52.74"*
498.66+76.46"

245.46+46.31%
267.74+18.18"*
292.08+43.27"%
347.84+22.917*

260.20+44.66"
304.62+72.74"
311.29+58.82"
332.93+60.88™

37.79+3.80"*
43.97+6.85"*
46.93+11.67""
57.97+11.87"*

Compared with the blank group, * P<0.05, ** P<0.01; compared with the model group, # P<0.05, ## P<0.01.

x9 BANREKALP PI3K. Akt . TNF-a % IL-6 mRNA 483} & i% 7k F

Table 9 Relative mRNA expression levels of PI3K, Akt, TNF-«a, and IL-6 in skin tissues of mice in each group

Group PI3K Akt TNF IL-6
Blank group 1.07+0.07 0.92+0.08 1.04+0.07 0.94+0.05
Model group 3.02+0.16" 2.08+0.08™ 2.18+0.12" 1.78+0.03
Positive group 1.15+0.12% 1.08+0.08" 1.10+0.10" 1.03+0.03%

High-dose group
Middle-dose group

Low-dose group

1.76+0.10"%*
2.18+0.05"*

2.71£0.27"*

1.35£0.16™%
1.70£0.07"*

1.99+0.08™

1.42+0.43™%
1.73£0.07"*

2.07£0.16™

1.23+0.057%
1.45+£0.09™*

1.70£0.12"

Compared with the blank group, * P<0.05, ** P<0.01; compared with the model group, # P<0.05, ## P<0.01.
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2.3.6 &4 /NR k4 4+ PI3K.p-PI3K Akt . p-
Akt & A &k AR

M 16 F 10 AT R0, 525 AL AR T, A 20
/N B ik 40 21 P p-PI3K/PI3K . p-Akt/Akt 73k 7K
Vi FE TR, E R BAA G E L (P<0.01) ; 54
ARVZHAH L, BRAE 4 )1 VPG A B3 s /b 5] i 41 b/ R
Je 41 4 rh p-PI3K/PI3K . p-Akt/Akt 3 ik 7K - 14 [
fiX, 25 BA 5022 X (P<0.01) ; 1 P65 A H 4%
7 21 /N RO R 41 20 p-PI3K/PI3K  p-Akt/Akt
FIB KT 5 BRI A L C W 3 M 22 5 (P>0.05) .

P13K|------|84kDa

PPIK | = g = == w= W | 54D

Akt | S| 5 (D

p-Akt | == W w= == - - 62kDa

GAPDH | " a» «» @ @» @ | 3 (D

16 #4A/NREIKALAPI3K.p-PI3K Akt .p-Akt E Q&K ik
Fig. 16 Expression of PI3K, p-PI3K, Akt and p-Akt pro-
teins in the skin tissues of mice in each group

F10 FANREKAL S PI3K. p-PI3K Akt & p-Akt & A 874
FiLKFELLEB (n=6)
Table 10 Comparison of relative protein expression lev-
els of PI3K, p-PI3K, Akt and p-Akt in mouse
skin tissues among groups (n=6)

Group p-PI3K/PI3K p-Akt/Akt
Blank group 1.00+0.13 0.99+0.13
Model group 2.57+0.22" 2.27+0.24"
Positive group 1.23+0.11% 1.11+0.16"

1.60+0.12"# 1.56+0.03"*

1.97+0.17"%

High-dose group

Middle-dose group 1.93+£0.06™*

Low-dose group 2.51+0.08" 2.25+0.04™

Compared with the blank group, ** P<0.01; compared with
the model group, ## P<0.01.

3 &g

AR TIFGE DN 53 S5 - s T - S A AT 22
JE AT )1 PG A B 45 36 97 20tk 1R 92 B9 Bk 2 I 3 i
A 2 245 B 2 KA PN sl ) S 56 56 I UE BA 1T P A HR 2
L 2 Wy - 22 0 A - 2258 B UM RIBL R VA Y Sk T
9%, ] fE i o B TNF-« IL-6 . IL-17 & 4, JI &
IFN-vy [ &% & K P& & Th1/Th2 F i ; i@ i #9 6l

PI3K/AKt {5538 #% 2k D 45 4 0E S N, o5 2 vk i 92
/0N BRI PRORE R ) 1) JH 5 b 22 B R 9 A 1R 5
I 245 Ko B g2 - VR RS o DRt Ji5 5 AR L R
RN K L8 W 4% 2 B 2R R 4R 45 R PI3K-Akt,
MAPK %5 {5 538 [ & ¢ R W42 4 11 78 & B2 76 31X
LS [ I G B T A, DTSR AT 4 R 1T P G B
bt 2R Z MR E L

Sk

[1] LuY, WuW, Yang Y, et al. Academic Journal of Shanghai
University of Traditional Chinese Medicine, 2024, 38
(5): 62
s, SR, B, S R BE R, 2024, 38(5): 62

[2] Teasdale E, Muller I, Sivyer K, et al. Brit J Dermatol,
2021, 184(4): 627

[3] DawaZ M, De B L, Lan J, et al. Xizang Science and Tech-
nology, 2021(10): 23
ISRk LI, fE I, 228, S PERHY, 2021(10): 23

[4] Editorial Committee of Flora Reipublicae Popularis Sini-
cae of Chinese Academy of Sciences. Flora Reipublicae
Popularis Sinicae. Beijing: Science Press, 1999
ERER T EMY S RE R S P EAEYE . deat: B
AL, 1999

[5] Northwest Institute of Plateau Biology, Chinese Academy
of Sciences. Tibetan Medicine Records. Xining: Qinghai
People’s Publishing House, 1991
o R BE PG AL s AR ST T L AR ST LR
JiAt:, 1991

[6] YuWY, WaHM, Guo X J, et al. Chinese Journal of Chro-
matography, 2023, 41(3): 207
RS, S, W, . G, 2023, 41(3): 207

[7] LiW, Jiang Z Z, Li H, et al. Chinese Journal of Chromatog-
raphy, 2021, 39(5): 478
FI, BB, B, % A5, 2021, 39(5): 478

[8] Xiong C S H, Ding T M, Liu J, et al. Chinese Journal of
Chromatography, 2022, 40(9): 817
RERRICE, KM, XA, 4. @i, 2022, 40(9): 817

[9] PengSQ, YanZ H, Xiang R Q, et al. Chinese Journal of Ex-
perimental Traditional Medical Formulae, 2023, 29

(10): 183
AR, AR, MR, L T E S Oy R e, 2023,
29(10): 183

[10] Yuan Z, Pan Y, Leng T, et al. J Pharm Pharm Sci, 2022,
25: 218

[11] LiuP, Wu K, Zhao S W. Chinese Traditional Patent Medi-
cine, 2024, 46(8): 2785
X, P, BAESC. PREY, 2024, 46(8): 2785

[12] XiongJZ, Zhang T W, Chen Q H, et al. Asia-Pacific Tradi-
tional Medicine, 2024, 20(12): 132
EsE g, KR, BRIEAE, 4. RS EZ, 2024, 20
(12): 132

[13] Livak K J, Schmitygen T D. Methods, 2001, 25(4): 402

[14] Lei X, Cai L Y, Chen R, et al. Chinese Traditional and
Herbal Drugs, 2021, 52(8): 2414



+ 762 - 1,

i % 44 %

[17]

[21]

[22]

[24]

[25]

[26]

AR, ERET, BRAR, A h S, 2021, 52(8): 2414

Zhai Q, Liang F Y, Wang Y W, et al. Chinese Journal of
Experimental Traditional Medical Formulae, 2024, 30
(10): 176

B, R, ERRIK, 5. P ESI R A2k, 2024, 30
(10): 176

Chen L' M, Liu X Q, Zhang Y X, et al. China Journal of Chi-
nese Materia Medica, 2021, 46(12): 2912

WhRws 4, ol e e, sk Rk, AF L R IE P 2 ek, 2021, 46
(12): 2912

Jiang B, Ding T, Cao C J, et al. Journal of Instrumental
Analysis, 2020, 39(4): 473

FZuk, T¥, WEIT, % BT A4, 2020, 39(4): 473
Qiao Y, Chen L H, Hu H X, et al. Chinese Journal of Ex-

perimental Traditional Medical Formulae, 2020, 26
(1): 155
A, BRimie, W% 75, &5 PRS2 7 F 2k, 2020, 26
(1): 155

Xu X M, DuH, Yi H, et al. Chinese Traditional and Herbal
Drugs, 2022, 53(23): 7524

TRty , KX, Bk, AF 2y, 2022, 53(23): 7524

Yu X C, Han Y Q, Hao Y Q, et al. Modern Chinese Medi-
cine, 2024, 26(2): 289

T &y, SEM, MR, 5. EIACT 2, 2024, 26
(2): 289

Wang Y L, Yang X X, Li T J, et al. Central South Phar-
macy, 2024, 22(2): 358

EITy, BRK, ERY, % PRI, 2024, 22(2): 358
Xiao L J, Ai J H, Huang F F, et al. China Journal of Chi-
nese Materia Medica, 2024, 49(13): 3526

M, E, R, AL E 2 e, 2024, 49
(13): 3526

Huo S Q, Wang S, Yang X X, et al. Central South Phar-
macy, 2024, 22(5): 1150

wEAr, EO, MR, . T2, 2024, 22(5): 1150
LiuMY, JinY, Zhao Q T, et al. Liaoning Journal of Tradi-
tional Chinese Medicine, 2024, 51(9): 141

XUWIRH , &%, ®Ia R, & . LT P ERE, 2024, 51
(9): 141

Zhang J Q, Fu X M, Zhuo Y, et al. China Journal of Chi-
nese Materia Medica, 2024, 49(17): 4672

gk, AE/MEE, sLBE, A R E 2G4, 2024, 49(17)
4672

Lin J L, Zhou X, Zhao X, et al. Journal of Instrumental
Analysis, 2024, 43(4): 541

MRy, JER, BT, S TN, 2024, 43(4): 541
Tian Y R, Wang J W, Li H X, et al. Chinese Journal of
Pharmaceuticals, 2024, 55(5): 686

MRS, Eanfh, FEE, & P ERBEZL T, 2024, 55
(5): 686

Cui HJ, Jiang L, Zhang Q Y, et al. Chinese Journal of Hos-
pital Pharmacy, 2024, 44(8): 865

WL, 2200, KA =, P E B2 Ak, 2024, 44
(8): 865

Qin P, SuYJ, Chen Y M, et al. Central South Pharmacy,
2024, 22(2): 296

TR, JRPHER, MRk, S5 R 2hs, 2024, 22(2): 296

[30]

[32]

[33]

[34]

[37]

[38]

[40]

[43]

[44]

Zong S Y, Di Z B, Liu Q Q, et al. World Science and
Technology-Modernization of Traditional Chinese Medi-
cine, 2024, 26(1): 218

ERT, BB, XVHLEE, S5 R HOR P 2 AR
1k, 2024, 26(1): 218

Qin W H, Yang Y, Li Q, et al. Chinese Journal of New
Drugs, 2019, 28(13): 1574

Zfhi, BB, =W, & pEBZ e, 2019, 28(13)
1574

Xie Y, Ye K W, Li B, et al. Chinese Traditional Patent
Medicine, 2024, 46(10): 3338

W, TEITSC, Ak, S PRy, 2024, 46(10) : 3338

Yang L, Yu Y, Kang S Y, et al. Chinese Traditional and
Herbal Drugs, 2024, 55(4): 1344

Mise, T, HEEFT, 5. P E 2, 2024, 55(4): 1344

Shen Y, Huang S H, Liu Y R, et al. Chinese Traditional
and Herbal Drugs, 2023, 54(15): 4789

W, FLL, XMkE, 4. h 2, 2023, 54(15): 4789

Li KL, Liu L, Zou Y F, et al. Modern Chinese Medicine,
2025, 27(2): 210

YL, X, AR TR, SF L R AR T 2, 2025, 27
(2): 210

Cao X Z, Ou X, Ci Y, et al. Food Industry, 2023, 44
(11): 342

WL, B, Wk, 46 i Tk, 2023, 44(11): 342

Zhi K, Zhou Y, Li Y L., et al. China Journal of Chinese Ma-
teria Medica, 2021, 46(17): 4456

B, RB, R, F P E Pk, 2021, 46(17)
4456

Zan L F, Yang X Y, Zhang L, et al. Science and Technol-
ogy of Food Industry, 2024, 45(21) : 264

oL, M A, KR, SF L B Tk B4, 2024, 45
(21): 264

Yang Y, Shao J J, Xu J K, et al. Natural Product Research
and Development, 2024, 36(2): 279

B, BRRY , WAaE, & KRR 5Tk, 2024, 36
(2):279

Cheng X Y, Zhang X, Liao M, et al. Chinese Traditional
and Herbal Drugs, 2017, 48(12): 2390

RRpent, JKEE, B, 4. hREZy, 2017, 48(12): 2390

Shi HY, Xu N, Wang P, et al. Chinese Journal of Hospital
Pharmacy, 2023, 43(8): 910

W, IR, EoR, FPEERE SRR, 2023, 43
(8):910

Yang J, Wang Y L, Yang D, et al. China Journal of Chi-
nese Materia Medica, 2023, 48(13): 3462

WA, Bk, B, L P E P24, 2023, 48(13)
3462

Fu C, Cui X F, Pei X P, et al. Journal of Shanxi Medical
University, 2020, 51(7): 666

fH%, /7, EHEME, F . ER R, 2020, 51
(7): 666

Yang YL, Yang WM, Wei T H, et al. China Journal of Tra-
ditional Chinese Medicine and Pharmacy, 2024, 39 (4) .
2001

R, S, e, &b 2Rk, 2024, 39
(4): 2001



»

FPHERE A5 5T OB @3 -2k 5 7 B -8 L S P BE I | 0 45 2 B2

%71 R sl Wy 52 B AR FE )N V8 G B 4816097 2092 B AR R BL I - 763 -
[45] Xiao G L, Jiang J Y, Cheng Q Y, et al. Journal of Instru- 32(20): 2478

[46]

[47]

[49]

[51]

[52]

[54]

[55]

[57]

[58]

mental Analysis, 2023, 42(11): 1424

LA, i, B s, L kA4, 2023, 42
(11): 1424

Liu M J, Li K L, Zhang M, et al. Modern Chinese Medi-
cine, 2024, 26(3): 507

XV AE, APk, sk, 5L b R B 25, 2024, 26
(3): 507

Zhou S Q, Fang Y, Tan J T, et al. Natural Product Re-
search and Development, 2022, 34(10): 1633

JREAS, i, WA, . KRBT WUR 5Tk, 2022, 34
(10): 1633

Bian X, Xia L B, Deng S R, et al. Journal of Pharmaceuti-
cal Research, 2024, 43(3): 243

PR, BB, RRALAT, AL 25ATSE, 2024, 43(3): 243
Liao C P, ENR L, Gao Y, et al. China Journal of Tradi-
tional Chinese Medicine and Pharmacy, 2023, 38(5): 2122
B, WU, s, & p e gk, 2023, 38
(5): 2122

Zong Z, Hu Y, Xu B L, et al. Chinese Traditional Patent
Medicine, 2025, 47(2): 649

S, W, IREETE L LT, 2025, 47(2): 649

Wu LY, Pan D Y, Chen Q T, et al. Chinese Journal of
Modern Applied Pharmacy, 2023, 40(5) : 646

SRR, WEARPY, PR, AF L P E UL 2554, 2023, 40
(5): 646

Sheng J Y, Zhou H L, Zhou Q, et al. Chinese Traditional
and Herbal Drugs, 2018, 49(20): 4773

REATYE, R, R, AL R, 2018, 49(20): 4773
LuGY, Han B B, Liu YY, et al. Research and Practice on
Chinese Medicines, 2023, 37(5): 15

FAITYE, whkvk, XV, GF L SR 2 AT Y S SRR, 2023,
37(5): 15

Zan L F, Yang X Y, Guo HY, et al. Science and Technol-
ogy of Food Industry, 2021, 42(23): 251

AL, b A, S AE, AL R A Tl B4, 2021, 42
(23): 251

Ren YR, Zhao Y Y, Liu Z W, et al. China Journal of Chi-
nese Materia Medica, 2023, 48(2): 430

fE—H, BB, XK, S . P2 ek, 2023, 48
(2): 430

Tang H M, Fu J, Xiong L W, et al. Chinese Journal of
Modern Applied Pharmacy, 2023, 40(18): 2499

7 A, ATRE, REAR ST, Lo R AR T 254, 2023, 40
(18): 2499

LiYL, LiCY, Liu M H, et al. Central South Pharmacy,
2016, 14(4): 363

FRERR, BRIV, NdE, 55 P2, 2016, 14(4): 363
Wang L B, Feng T, Wang F, et al. Journal of Pharmaco-
epidemiology, 2023, 32(2): 198

EOIM, WA, £, F L W AT R A 2R, 2023, 32
(2): 198

Lyu W S, Wei C J, Pan X J, et al. China Pharmacy, 2021,

[60]

[62]

[63]

[64]

[65]

[67]

[68]

[70]

[71]

[72]

[73]

BT, MRS, WBER, . P E ), 2021, 32(20)
2478

Yang M F, Li H, Xu X R, et al. China Journal of Chinese
Materia Medica, 2023, 48(22): 6191

Wi I5, B, R0, FoPEP R, 2023, 48(22):
6191

Hou B Y, Zhang Z, Liu Y, et al. Northwest Pharmaceuti-
cal Journal, 2023, 38(6): 1

Pevkdie, sk, XUH, 4. PEdLgy ek, 2023, 38(6): 1

Ji R F, Quan Q H, Guo X Y, et al. Journal of Chinese
Mass Spectrometry Society, 2018, 39(5): 540

Wisi I, R, SIET, &5 . B, 2018, 39(5): 540
Zhang Z, Sun Z R, Pan P C, et al. Journal of Pharmaceuti-
cal Practice, 2022, 40(2): 146
[ SR R L A
(2): 146

LiuJ X, Luo Y Y, Liu X H, et al. Chinese Traditional and
Herbal Drugs, 2016, 47(22): 3951

XU T, B agit, XL, 55 . REZy, 2016, 47(22): 3951
Wang J Y, Gao G H, Zhu J Q, et al. China Journal of Chi-
nese Materia Medica, 2019, 44(14): 3055

EAER, mE, R, S EPHJE, 2019, 44
(14): 3055

MaDY, Gao XY, Peng L F, et al. Chinese Journal of Ani-
mal and Veterinary Sciences, 2023, 54(12): 5275

PR, mEG, 2R, LR BB AR, 2023, 54
(12): 5275

Su J, He Y N, Yang X, et al. Chinese Traditional and
Herbal Drugs, 2023, 54(22): 7374

SIE, BOEY, M, SF. b2, 2023, 54(22): 7374
Zhang Y, Tan C M, Ma L K, et al. Chinese Pharmaceutical
Journal, 2024, 59(6): 491

ik, EAEM, DR, &b E 2 e, 2024, 59
(6): 491

Zan K, Li Y L, Wang Y, et al. Chinese Journal of Pharma-
ceutical Analysis, 2021, 41(12): 2087

AW, B, FR, A a e, 2021, 41(12)
2087

Ye JF, Han J J, Gong T G, et al. Chinese Traditional Pat-
ent Medicine, 2024, 46(1): 278

MR EREER, BB, Pz, 2024, 46(1): 278
Jiang Y, Fang B, Xu B, et al. J Clin Lab Anal, 2020, 34
(3): 23102

Ou H, Guo J, Wang J R. Western Journal of Traditional
Chinese Medicine, 2024, 37(7): 43

Wit , Rk, LYLEG . PEAR R 2, 2024, 37(7): 43

Li XY, Zhao Y Y, Li Z J, et al. Acupuncture Research,
2025, 50(3): 295

FRE, B, 2R, L FHHIBESE, 2025, 50(3): 295
Zeng W, Zhou S Q, Huang J, et al. Shanghai Journal of
Traditional Chinese Medicine 2025, 59(1): 80

WS, MR, deAE, L R EZ ek, 2025, 59(1): 80

2y S R % A, 2022, 40



