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Abstract To investigate the pharmacological activities and potential mechanisms of action of the active
components in Artemisia argyi with artificial intelligence technology, a search was conducted in the HIT,
TCMSP, and TCMIO databases, obtaining 199 active components of A. argyi. A comprehensive set of
algorithms, including KNN, MLP, RF, SVM, and models based on Lipinski’s and Veber’s rules, was employed to

Wi EHE 2024-08-07  *iE{EYE#E Tel: 17355066323 E-mail: fangzhaohuil 111@163.com
HEETH %8438 WRAAHAB (GXXT-2020-025); S ez o B RAF PO KR RLIZHZEFL 7 E SRR B
IR B (2023CXMMTCMO003)


https://doi.org/10.11665/j.issn.1000-5048.2024080701
https://doi.org/10.11665/j.issn.1000-5048.2024080701
https://doi.org/10.11665/j.issn.1000-5048.2024080701
mailto:fangzhaohui1111@163.com

5 56 B4 3 1) SRR, 45 TN TR R SEHE R o 22 4 24 BTG P K 201U R G oE 359

predict the toxicity and oral bioavailability of 4. argyi compounds, identifying 14 components that are non-toxic
and have good oral bioavailability. The synthetic accessibility score (SAscore) model was used to analyze the
synthetic accessibility of the 14 components mentioned above, and molecular segments were fragmented using
BRICS and RECAP algorithms. Mining of the STP and PM databases yielded 406 target proteins for the core
components of 4. argyi, and Cytoscape was used to screen out 5 core targets: SRC, EGFR, PTPN11, HRAS, and
PDGFRB. GO and KEGG enrichment analyses indicated that the core targets were involved in 808 GO
enrichment analysis entries and 71 signaling pathways, including EGFR tyrosine kinase inhibitor resistance, gap
junction, phospholipase D, and JAK/STAT. Molecular docking results showed that active compounds of 4. argyi
have a good binding affinity with proteins SRC, EGFR, PTPNI11, and HRAS. Cellular experiments have
confirmed that ledol, an active component of A. argyi, can promote the proliferation of HUVEC cells within a
certain concentration range and can increase the expression of EGFR protein. This study reveals the
pharmacological characteristics and potential molecular mechanisms of the active components of 4. argyi and
lays a solid scientific foundation for its medicinal development.

Key words artificial intelligence; Artemisia argyi; active ingredients; pharmacological properties; molecular
mechanisms
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Figure 1 Venn diagram showing the union of Artemisia argyi
ingredients in TCMIO, TCMSP, and HIT databases( Different
colours indicate different databases)
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Figure 2 Six toxicity scores of the ingredients of Artemisia argyi
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A: Hepatotoxicity; B: Acute oral toxicity; C: Mutagenicity; D: Carcinogenicity; E: Estrogenicity; F: Androgenicity. The dotted line marks the
toxicity threshold; numbers below indicate predicted non-toxic ingredients.
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14 core ingredients of Artemisia argyi satisfied both toxicity prediction models and oral utilization models

A: Intersection of toxicity prediction models and oral utilization models for active ingredients; B: Chemical structural formulae of the 14

core ingredients

Table 1 Toxicity prediction scores for 14 ingredients in Artemisia argyi
Toxicological prediction
Compd Molecular
‘ formula  Muytagenicity Carcinogenicity Hepatotoxicity ~Estrogenicity ~ Androgenicity Acut(-,;(_iéi)t;al_To
Bornyl acetate C1oH00, 6.27 27.96 40.48 14.21 2.09 25.42
(-)-Bornyl acetate C12H200, 6.27 27.96 40.48 14.21 2.09 25.42
Isobornyl acetate C12H200, 6.27 27.96 40.48 14.21 2.09 25.42
(+)-Bornyl acetate C12H200, 6.27 27.96 40.48 14.21 2.09 25.42
[(1R.4S,7R,8R)-3,3,7,9- C17H2403 12.59 39.92 46.69 5.66 18.22 35.56
tetramethyl-11-ox0-4-
tricyclo[5.4.0.0%*]lundec-9-
enyllacetate
3-Methylbutylcyclohexane  C44H,, 8.15 39.09 48.02 7.67 0.46 14.99
Dihydroactinidiolide Cq4H460, 12.87 40.79 48.40 3.28 6.36 28.68
y-Heptalactone C7H4,0, 10.43 36.91 48.84 9.88 0.79 5.54
(8aS)-5,8a-dimethyl-3- C15H4603 14.29 40.72 48.88 6.49 16.75 49.69
methylidene-3a,4,9,9a-
tetrahydrobenzolf][1]benzo
furan-2,6-dione
(-)-Borneol C1oH4g0 4.35 28.78 49.21 44.99 13.12 33.69
Isoborneol C10H180 4.35 28.78 49.21 44.99 13.12 33.69
Borneol C1oH4g0 4.35 28.78 49.21 44.99 13.12 33.69
Ledol C15H260 15.05 33.30 49.36 35.04 6.53 28.30
1,4-Cineole C1oH4g0 11.42 36.57 49.53 20.06 1.16 8.76
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Table 2 SAscores for 14 ingredients in Artemisia argyi

Compd. SAscore Compd. SAscore
y-Heptalactone 0.79 ||(-)-Borneol 0.64
1,4-Cineole 0.63 Isoborneol 0.64
Ledol 0.64 || Dihydroactinidiolide 0.69
(-)-Bornyl acetate 0.66 ||Isobornyl acetate 0.66

3-Methylbutylcyclohexane 0.91 (+)-Bornyl acetate  0.66

Borneol 0.64
(8aS)-5,8a-dimethyl-
3-methylidene-3a,

0.52 ||4,9,9a-tetrahydro 0.60
benzo[f][1]benzofu
ran-2,6-dione

Bornyl acetate 0.66

[(1R,4S,7R,8R)-3,3,7,9-
tetramethyl-11-ox0-4-
tricyclo[5.4.0.0%*lundec-9-
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Figure 4 Segmentation results of the molecular fragments in Artemisia argyi core ingredients by RECAP and BRICS algorithms. The
blue module indicates that both algorithms yield identical segmentation results; the red module indicates that the segmentation results
differ between the two algorithms; and the grey module indicates that segmentation could not be performed
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Figure 5 Predicting the target gene and potential mechanism of core Artemisia argyi ingredients
A: Core gene screening; B: GO enrichment analysis of core genes; C: KEGG enrichment analysis of core genes
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Table 3 Molecular docking results of core ingredients and target sites

R, A 1.7 AR 1.9 A, SRC 324K 5 HAH e
R EWS .

3.8 A& B3 HUVEC #93% 78 5 EGFR & & & i&
) %5 ")

CCK-8 L 5 45 - £ W, 5 pmol/L At 7 B X}
HUVEC 13 78 B A {2 #F4F H (P<0.001) ; 4 ¥ i
BT e KRR S AR A eSS, BR T 10
umol/L £ #b, 4% F ¥ & (15, 20, 30, 50 pmol/L)
KA BE ¥ X HUVEC Y 1 58 & 30 13 40 1 4F
(P<0.001), If-Ffi % 259 70 2 3w B4 m (&1 7-A) .

Binding energy/(kJ/mol)

Component
EGFR HRAS PDGFRB PTPN11 SRC
y-Heptalactone -25.53 —-28.46 -21.77 -22.19 -20.09
1,4-Cineole -26.79 -29.30 -24.70 -24.70 -24.70
Ledol -30.98 -28.88 -26.79 -30.98 -31.81
(-)-Bornyl acetate -23.86 -20.93 -21.77 -22.60 -25.95
3-Methylbutylcyclohexane -23.44 -27.63 -22.60 -24.70 -23.02
(-)-Borneol -21.35 -19.25 -26.79 -21.35 -23.86
Isoborneol -22.60 -25.95 -23.02 -20.93 -23.44
Dihydroactinidiolide -25.53 -24.70 -21.35 -25.53 -28.88
Isobornyl acetate -23.86 -25.12 -21.35 -24.28 -26.79
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(Continued)
Binding energy/(kJ/mol)
Component
EGFR HRAS PDGFRB PTPN11 SRC

(+)-Bornyl acetate -23.44 -21.35 -22.19 -24.28 -25.12
(8aS)-5,8a-Dimethyl-3-methylidene-3a,4,9, _ _ _ _ _
9a-tetrahydrobenzo[f][1]benzofuran-2,6-dione 3265 32.23 241 2763 32.23
[(1R,4S,7R,8R)-3,3,7,9-tetramethyl-11-0x0-4- _ _ _ _ _
tricyclo[5.4.0.0%®lundec-9-enyl] acetate 29.30 25.53 24.28 26.37 29.72
Borneol -23.02 -20.09 -20.93 -21.77 -22.60
Bornyl acetate -23.44 -25.95 -23.86 -23.86 -23.86
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Figure 6 Molecular docking results of high binding between 14 ingredients of Artemisia argyi and target sites
A-C: EGFR binding to core ingredients; D-E: HRAS binding to core ingredients; F: PTPN11 binding to core ingredients; G-l: SRC binding

to core ingredients
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Figure 7 Effect of ledol on proliferation(A) and EGFR expression(B) of HUVEC after incubation for 24 h(x = s, n=3)
***P<0,001 vs 0 ymol/L group; *P<0.05 vs control group. ns: no significance
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