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Abstract

Objective: To apply network pharmacology to predict the active ingredients and mechanism of ac-
tion of Artemisia annua anti-sepsis. Methods: First, the active ingredients of Artemisia annua were
obtained by TCMSP database. Prediction of active ingredient targets based on PubChem database
and SwissTargetPrediction database; the GeneCards database was used to obtain sepsis genes, and
the genes were mapped to active ingredient targets to obtain the anti-sepsis target of Artemisia
annua. Use the String database to build a protein interaction network (PPI); the Cytoscape soft-
ware was used to construct the network diagram of “Artemisia annua-active ingredient-intersec-
tion target”; DAVID database for gene ontology (GO) enrichment analysis and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analysis; the binding activity of core compo-
nents and core targets was tested by molecular docking. Results: The main active ingredients of
Artemisia annua in the treatment of sepsis were mainly dihydroartemisinin, quercetin, luteolin,
and 88 intersection targets were obtained, including SRC, MAPK3, AKT1, MAPK1, EGFR, HSP90AA1,
RHOA, MMP9, MAPK14, APP, F2, ADRBK]1, these 12 targeted genes may play a key role in disease
treatment. A total of 544 GO enrichment entries and 146 KEGG enrichment pathways were ob-
tained, mainly related to lipid and atherosclerosis, endocrine resistance, tuberculosis, toxoplas-
mosis, cancer pathways, EGFR tyrosine kinase inhibitor resistance and other pathways. The mo-
lecular docking results showed that the main active components of Artemisia annua had good af-
finity for the core target and played a central role in the treatment of sepsis. Conclusion: The me-
chanism of action of Artemisia annua in the treatment of sepsis has been preliminarily studied,
and Artemisia annua has the characteristics of multi-component and multi-target, which can play a
role in the treatment of sepsis through multiple targets and multiple pathways.
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1. 51§

IR FIE (sepsis) & B 51 L fm R, FEUE KA T ThREH AR, & — @R
AL G IR SR G AE o« BREFAEAME ™ B g N M@, 45 Ry7 DAk T E R 7l . RE K
FIE R RIE LR ZHIE R E ICU LR . 2020 £ — TRk 5 BoR, ICU BRFIE IR IR RN 20.6%
[1]o HAETXTMERERGT 2R HPUAER . R TUSER . METEIEAY). PitasTeE, H2IXEnR
JTF BB AR A HRAR,

W ERTEIRYT IRERE 7 T A FOMRR IR, KRERIERHFZ4Mb 45T, BARIFMBE. A%
B R EIREFHEE2] 3] HHEMA. annua) AFFHEE, HERT (MREAREZ) , BFERER,
M 2 JRIERDIE. MARAIAIESEE B AAPUER., UMg. MEA R, BRPIR. e
Z R IE E[4].
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PIZE 2GR 2 G AR T BORRIAEGE B ARGS &, TR 254 R0 A SREE
R~ S VLRI 8] (1R 4 5% 2R 1R — P ARAT BT SR (KA (5] R R ASHIE TE R X 48 25 B 2 D5 R e 7
VR IRERAE BT VAL B B LA RS ORI AR PR, B A AR AE TR T SR AR I B R (4R -

2. RIS A
2.1. BIBEMRGE

I BE 2 T 2 R G 2 P R 12 3 M 5 (TCMSP, http://temspw.com/temsp.php). 254740 /4
BAEEE: APVNY T YIS T BEE ZE (Pubchem, https:/pubchem.ncbinlm.nih.gov). % HAREHREE: A
HI%5-6 8085 5 (GeneCards, https:/www.genecards.org/). 7N 25H0HE w5 TN E 287 & (Swiss Target Predic-
tion, http://www.swisstargetprediction.ch/). 7E£k35 & (https://bioinfogp.cnb.csic.es/tools/venny/index.html).
415 °F & (http://www.bioinformatics.com.cn/) . Cytoscape3.9.1 #F. & )5 A7 H.AE H 43 #7 ¥ & (String,
https://String-db.org/). “E¥ME BEIEE: (DAVID, https:/david.nciferf.gov/). 73 FXFH28F: AutoDock,
PyMOL.

2.2. BEFRMERS FEIRAIE

B8 ITE FEYERRA L E TCMSP [6], 70 b AR YE K T 80T 0.18 FIZ54 A iDL ALK T
5T 30% 0 1 ARAE YA B B2 (OB)SE X, 17 54 TCMSP #4E e rh 3R ER (AL &0 4 Fr i\ pubchem %1
R, B E) SMILES 5% A\ Swiss Target Prediction #0458 2, FRAFHLESW A (FEEFF .

23. iR EERTRSENER

£ Genecards ¥4 [ 7], HAN “sepsis” 1F iz B A LIRS RS AEAHOCHE s, SR A6 R
(venny) A5G 8 5 B RRAE IR S AR K

24. {8 “75Y) - FEMERS - XERRT Mg

i Cytoscape 3.9.1 #4770 #ir, Mg “ T8 - WEYERY - S A7 RAM L. FIH Centiscape
22 FF I A B O
2.5. PPI PI4E A9 B R A% O 8 3 O

R T BRI IEE AR A M AR BAE T, W ACEREE sl String £04 22 [8 13E 47 #H HLAE H
B A AR IR S EAHEAE A N (PPL, YR E N “homosapiens” , W E BEAHIEHES > 0.900, [
LALLM A, HRSHRARFRIARE, SEESRTRSEENEOMEIERAMS . FIH
Cytoscape 3.9.1 BAFTHEL 28 0 3 ZE0H RIS A% Do Bl A

2.6. GO 9#if1 KEGG B EEST

GO T N TAMREREINEE 2R, FEATERERPDIEE, SFEAmIige. 2 FIhaEEE.
1FH DAVID B FEX AL ST E R, DI RS B VeI T M iE S0 55 0 & B A Y S FE At id
%, BERSAMAEGERY, mEA ST
2.7. FFRNBFEIRZ OB E%OBRNESRED

7E TCMSP ##fs e A R I N B0 B “mol2” #g X0, VR X ICR . ¥4 1.4 BT ik %
OSSR TR R, /E PDB Bl T EE A4 . SR AutoDock B 5 4%,
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5 J5ia |l PyMol b B A5 IR .
3. &R
3.1. EERS R LATHE

FIH TCMSP £i%, 7E OB K15 T 30%, DL KT4T 0.18 B FibATimE, LBRAEMEAREAY,
WIS T 22 FBLERIA RU% 5. FI ] Pubchem F1 SwissTargetPrediction $(#i %, W& P H AT 0.1, 3k
47 367 MELERE ST RET 20 FREAEA FUNr (FH vicenin-2_qt. vitexin_qt XTSRS P AE/NT 0.1, &
%), WE 1.

Table 1. Potential active ingredients of Artemisia annua

*® 1. EEREAYES

name Mol ID Molecule Name OB (%) DL
Ql MOL002235 EUPATIN (%2 35 %) 50.8 0.41
Q2 MOL000354 isorhamnetin (5 ZEH) 49.6 0.31
Q3 MOL000359 sitosterol (%+ {5 B¥) 36.91 0.75
Q4 MOL004083 Tamarixetin (B & &) 32.86 0.31
Q5 MOL004112 Patuletin (234 %) 53.11 0.34
Q6 MOL000422 kaempferol (11143)) 41.88 0.24
Q7 MOL000449 Stigmasterol (& £ %) 43.83 0.76
Q8 MOLO004609 Areapillin (14 B3 ) 48.96 0.41
Q9 MOL005229 Artemetin (3LFE %) 49.55 0.48
Q10 MOL000006 luteolin (KR HLE) 36.16 0.25
Qi1 MOL007274 Skrofulein (% 2 i) 30.35 0.3
Q12 MOLO007389 artemisitene (75 & /) 54.36 0.31
QI3 MOL007401 Cirsiliol (2 #] %) 43.46 0.34
Ql4 MOLO007412 DMQT (FHAE T HHR) 42.6 0.37

[(2S)-2-[[(2S)-2-(benzoylamino)-3-phenylpropano
yl]Jamino]-3-phenylpropyl] acetate

Ql5 MOLO007415 (ZBR(25)-2-[[[(25)-2-(HE ik He A 0 3 58.02 0.52
AT S - 3- R R T ) 2 T e

Q16 MOL007423 i;%%%“cgsélazm%%%? 59.85 0.21

Q17 MOL007424 artemisinin (5 5 %) 49.88 0.31

Q18 MOL007425 dihydroartemisinin (W& 75 & %) 50.75 0.3

Q19 MOL007426 deoxyartemisinin (it % 7 i %) 54.47 0.26

Q20 MOL000098 quercetin (it 7 %) 46.43 0.28

3.2. BERTIREIERXESRNER

M GeneCards ##5 F HH fiE I IRAT AR FFIEAR S [K] 2046 >, REH L RIAT 250 HE s AHAE, 3RAS 88
MRELF BRI A 1.
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qinghao sepsis
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Figure 1. Intersection target information of drug genes (blue) and
disease genes (yellow)
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3.3. ¥R Y - EBERS - XERR Mg

fff] Cytoscape 3.9.1 BAHEAT /0T, MEE “FHiE - WM - RS KAMKLE 2). FIH
Cytoscape Hiff 115, degree {EHHEA T 10 (4L GV BT 2  (LBR[(2S)-2-[[[(2S)-2-(4 HI Mt ik 2 2k )-3-
IRIET I RE | 2 e -3 - R L U B IR B . LB ER . ARMETER . BRI R, RRAR. AN, ML E.
PRSI . AR R XSV R R &7 IEEE OB &

Figure 2. Qinghao-component-target network diagram
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3.4. PPI 4R BOHI R B 2 ¥ I 16

P S R AR A R 15.(88 M) 3 STRING #idis FE A4 PPI W45, {5 Bh Cytoscape 3.9.1 ZK A%}
PPI MZ AT #a AN 0T, TP E B, A8 0 E, Tt B0 S 12 4 ZOE

KU EE &5 PP 4% LI 3.

Table 2. Core targets and topology parameter values

* 2. RUBRRIBINSRIE

RSB 2,

B BEfE AR % B

Targets Degree Betweenness Closeness
SRC 26 552.7982497 0.00617284
MAPK3 25 1585.394315 0.006535948
AKTI1 24 424.4695574 0.00591716
MAPK1 24 368.612315 0.005952381
EGFR 22 659.9000675 0.006097561
HSP90AALI 21 544.9375402 0.005952381
RHOA 17 283.4054301 0.005555556
MMP9 14 587.6097551 0.005494505
MAPK14 12 191.5619668 0.005291005
APP 12 458.2990554 0.005434783
F2 10 346.6858413 0.005319149
ADRBK1 9 465.3966489 0.004739336

HSP90AA1

AKT1

MAPK1

2 MMPe

APP

MAPK3

SRC

ADRBK1

Figure 3. Core target PPI network
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3.5. GO M1 KEGG E&£E4#H

FIFH DAVID 45 B b 259 - Bl SRR 55, GO X T B R M T R 20 = AN RRGES 43 A A0 B Ak
43(CC)s AL FEBP)M S T IEE(MF), &4 T 385 4~ BP. 654 CC. 94 4> MF. FIFMAEGEFE,
A PR P AR RN R € R S5 3 R BB R -log 10 (p value)fBLRSE « 5 K/ NRIR RBE T 2/ Nk
BRI, DAL 8 5] 45 0 R 7 62 M e B SR T -log 10 (p value)fl . GO 70 W MR AT 10 N EEHH (P H <
0.05)an 18 4 Fron. FEAEYEFE 7 R E SR ABRM). AT T IR B KR B 2R
SRR TSI AR SRS A AR 2 B R RS 0% . FEARA S T T B S ARSI . KT E
AW AR X . AERR[10]. MRANXZ&H K. B0 TIhRE T E B 5 M R E11]. HALER
TR TG RV . BB TS WSS A KBRS TS K,

KEGG /3 irés iR, XU EEEHETE 146 4> KEGG EEg, 17 20 MHHWE 5 fiw. 4%
KE, FEPREERS AT ReE T 2 st FER, B S SR FEREAG[12] [13]. 4R T
i SR . BEIEMIRAE . EGFR B2 BRIl 77 26 1 S A ok
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Figure 4. GO enrichment analysis of intersection targets of Artemisia annua in treatment of sepsis

4. EERTRSEREE RN GO B O

DOI: 10.12677/tcm.2023.129414 2767 R


https://doi.org/10.12677/tcm.2023.129414

JEAR

Lipid and atherosclerosis .
Endocrine resistance - )
Tuberculosis @
Toxoplasmosis - o
Pathways in cancer 1 ‘
EGFR tyrosine kinase inhibitor resistance - ! - log1o(pvalue)
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Focal adhesion - @
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Figure 5. KEGG pathway enrichment analysis of Artemisia annua therapeutic sepsis intersection targets

5. BERTTIRSER SIS KEGG BB EE

3.6. ST FXIHESTHT

BB o R SR D BE L AT 70 R, IR B TR R, R 3. B SRR,
H e/ N T =5 keal/mol, RWIME L5 KR UFo A PyMol BAFXT 45 Rt AT A3, L5 A 6.
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Figure 6. Molecular docking between representative active ingredients and key targets

B 6. BOEMMS S XBESHNS FIHETER

Table 3. Binding energy of active ingredients to key targets

3?3 BN SRR SRS ARE

ANy Pt 4545 e (keal/mol)
[(2S)-2-[[(2S)-2-(benzoylamino)-3-phenylpropanoyl] amino]-3-phenylpropyl] SRC 516
acetate
EI(CZei)l;i-[[(ZS)-2-(benzoy1amino)-3-pheny1propanoyl] amino]-3-phenylpropyl] MAPK3 276
g(czei)lz-[[(28)-2-(benzoylamino)-3-phenylpropanoyl] amino]-3-phenylpropyl] AKTI —4.44
dihydroartemisinin SRC -9.92
dihydroartemisinin MAPK3 -8.11
dihydroartemisinin AKT1 —6.84
artemetin SRC -7.41
artemetin MAPK3 —4.50
artemetin AKT1 —3.86

4. g

FRHEAEAE oh 5 24 0 BARIRE, AR R BRI H A AN . “BHIE” . ‘B
W7 L CREST L PR SSVEME . R BER MR AN R I, BRERE R L R 1 s,
EAR R R, FIMRRRRIEELR L 14]. GARTF R REZE I 7. 57, RIS
RERRE L AL 2 R X, X R I T S RE R G e N, SRR, WA IRy
ROR, WA, BRI SR, TR R I R A R

T 9 42 U T 85 2 e S /AN B A0 B B 0 LA (R P P U7 5 20 1) TN 46 F

Ik
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G I Y 2 AR R SNATL (30K, S % 4288 (1 OCLN [ IK , M T B AEG Ao I P 1 400 B 003 328 12k
IR B RE 0452497 1) R 1 FH AT i -5 L0 S A 453473 AR 0K L i o B 3 32 12k« A 35 7K B R 22X TNF-ax
TRAKR[15]. IR, BHIBERIER LPS BUS 5/ W SR & Fh R IR 7. el (it
THUR MR T A ZRAL)-10 (1500, RPN T LPS B0 i R A - 23 TL-10 (1) 62 4
Mg 16]. LR, FMEIR. RRER. WERLEREMMEY, BAETELIEE7]. WER
Aeidd i PIBK/AKT/mTOR i % B ARk B3 E /1 SO DLZH 2 98 R R A A SEBUR N, AT 4O L A3 43
[18]. UEHEZRA, #b7atil i 2 vl AR e R AE A AL BB, T toll FEAZ44(TLR)M mRNA ik, 75
Yo% S LN SR fiAE B B REAH DG 38 B DI BERREAT, WEREERE P A2 7G ad 52 [19] 0 15 28R R BLZ MR 32 e i & 1)
EH 22— 08 RIIAREZ AT LI RE 51 K812, W1 Toll A2 R mIERH A box-1, FfFEM 4
2L 7 L R I 2RK, W Nod 24K FE -3 FIVGAL B g4I AOR%Z Rl T « eI 1. ARBRE R ICET
R G2 s SR/ M A R VA 20 L 4 71 o A AR O EL 2 B )5 BV R [20] 0 AR R B 3K W] e i
il ROS/TXNIP fliffl, SROGEMRERAE ALL /R 500 RSN [21]. KRR EZRA B TR
CLP 5 5 1) ALL /N RAR AL i B2 7 , FE 0 i 4143 7 caspase-11 MK PE LB AR T o iZ LI AT RES AT Treg
HIBRE AN Treg T4/ IL-10 HI7K A4 2%[22].

A X 2 2 B A v, SET#3 3] SRC. MAPK3. AKT1. MAPK1. EGFR. HSP90AAI. RHOA.
MMP9. MAPK14. APP. F2. ADRBKI % 12 /M5 BT IEERAE O OCHERE 2, AT 7 h 25 7 I 2 58 K1
Ferl. Hr, AKT1 & AKT B—MERY, [ mfEa G40, o] DI R {E 58 DL PI3K Akt
PR, SS5MBFET. FRRE, B2 Akl K/ R I 0 RE T A A K IR 28[23]. SRC K
T S R R (SFK ) A2 — ZH I U B U g, 5 E W E VR G A M S 4R AN T = i bl R B E . k4t
7R SRC 25 RIEAH K5 T HEE[24]. MAPK1 & R I H 2 — 51, J& H B RIEVFN 48 br - MAPK1
e RFHENE B ER I — 0, S5 RIEMEATIT, X4 A 255 A0 G B S R 1 H A
YEFH « MAPK1 B AT R 28 1 Rl 73808, 753 b R 40 2 A 85 0 S Motk 4 M 384 2, 3 o 28 98 5 Jse B o
RHOA & —Fp i ik 4 i 88 1, J8 T/ GTP B M. RHOA 7847 T %, 5@t r. 4
T ANA K R 7 (R 485 T B0 » 938 5 mDia A1 ROCK 155 25 618 5 41 it 1 48 2 3 AN HL A IR 7 (R S5 [ 25
Chen [26]%1A¥, RhoA/ROCK i F4iil & & T R & W-LrH 1 2 LPS 1553 (1l b J2 58 e 4 43 ALl
() B EH G 7y o HSPOOAAL i HE MR e EH 2 —. AWK HSPOOAAL W] LU i 7
PI3K/Akt/mTOR 15 Sl B2 it HWE[27]. {EMKERE R RS, SRC /3 T NF-«B %%, 55 7 NF-«B ]
BN R %58, B8l T TNF-a. IL-6 & IL-18 SR YER FHI& AR, wl3t— 5% CASP3 &
FRIE, R 22k HSPOOAAT I AFRIE, HHLHI A §ES PIBK/AKT (55 @ EEFHOC, AIEH 725
B RHOA B#if, HEmslsdL FiF4r+ ROCK, MIifi % RhoA/ROCK 15 5B #5[28],

ZE LRTR, AW FUE I W 4% 25 B RN T B VR T MR ERE (AR LB EIT R G, IR 7Rt
BHARYPE IR TS SRV RNEE B “ 25, 2K BITIRERE, T2M R R
N AR, SRR T AW FATAE R R PR RE : ToTR R B e Sy 2 S x4 LS R B
R FTRE— D 5EHA LIS, XA LSS IE o

S 3k
(11 Efh, 2048, RAEM, 25 JEREEFIEH S HEE 202 T X IR K22 &E, 2020, 21(7): 517-529.

[2] A=Z, TEREL o0k, & BT BB % AR S5 7 R SR 2 AGIE B IR R s [J]. o s
B4 &2k, 2022, 29(1): 22-26.

[3] MR, &8, B0, 5 MARIEE IS IREE & F 2 B 25 5 BRG], R, 2022, 42(11): 1653-1656.
[4] 20, KM, W32, % FE s KA EE B AR, R EZ, 2019, 50(14): 3461-3470.
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(18]
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