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Abstract: Objective To explore the pharmacodynamic material basis, potential targets and mechanism of the active ingredients of
Scutellaria baicalensis regulating iron death to reverse tumor resistance based on network pharmacology and experimental methods.
Methods To screen the active components of Scutellaria baicalensis through TCMSP datebase according to bioavailability (OB) =
30% and medicine-like (DL) = 0.18, and the corresponding target genes of active components of Scutellaria baicalensis were obtained
by UniProt database. Related targets of drug resistance were collected from GeneCards and OMIM databases. Cytoscape 3.7.0 software
was used to determine the intersection targets of the active ingredients of Scutellaria baicalensis and tumor resistance, plot the “active
ingredients - target” network, and obtain the degree ranking of active ingredients by CytoHubba plugin, and analyze the key core
targets. The GO function and the KEGG pathway enrichment were analyzed through the online analysis function of the DAVID
database. FerrDb database was used to obtain the regulatory genes in the process of iron death, and their intersection with the target
genes of Scutellaria baicalensis active ingredients involved in reversing tumor resistance was selected. Finally, the target gene of
Scutellaria baicalensis was obtained to reverse multidrug resistance by regulating the process of iron death. The Discovery Studio
software was used for molecular docking of compounds and core targets. ZR-75-30 and HeLa cells at exponential growth stage were
cultured for 48 h with different final concentrations (12.5, 25.0, 50.0, 100.0, 200.0 pmol/L) of wogonin. The inhibitory rates of wogonin
combined with iron death inhibitor (Fer-1 1 pmol/L), inducer (Erastin 20 wmol/L and RSL3 8 pmol/L) on tumor cell growth were
calculated, and the effects of wogonin on ROS activity of tumor cells were detected. The expression of tumor protein 53 (TP53) was
verified by Western blotting. Results A total of 32 active ingredients including wogonin, p-sitosterol, baicalein, stigmasterol, and
acacetin were selected from Scutellaria baicalensis, and 15 targets including PTGS2, TP53 and ALOX12 were selected. It regulates
iron death by mediating IL-17, HIF-1, PI3K-Akt, TNF, C-type lectin receptor, tumor necrosis factor, neurotrophin, and other signaling
pathways, thus playing a role in reversing tumor multidrug resistance. The results of cell proliferation experiment showed that wogonin
could inhibit the proliferation of ZR-75-30 and HeLa cells. Compared with wogonin group, the cell inhibition rate of wogonin combined
with Fer-1 was decreased,and the inhibitory effect of Erastin and RSL-3 on cells was significantly enhanced (P < 0.05, 0.01). Compared
with the control group, 100 umol/L wogonin significantly increased the ROS contents of ZR-75-30 and HeLa cells and the expression
of TP53 protein in HeLa cells (P < 0.05). When wogonin was combined with Fer-1, ROS content and TP53 protein expression were
decreased significantly. When wogonin was combined with Erastin and RSL-3, ROS content and TP53 protein expression were
significantly increased after treatment (P < 0.05, 0.01). Conclusion The regulation of Scutellaria baicalensis on iron death and
reversal of tumor resistance has the characteristics of multi-component, multi-target and multi-pathway action, revealing its
pharmacodynamic substances and mechanism of action.
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Table 1 Information of active components of Scutellaria baicalensis
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HQ-01 MOL001689 acacetin ESEHENER 284.28 34.97 0.24
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HQ-03 MOLO000228 (2R)-7-hydroxy-5-methoxy-2-phenylchroman- 1132 270.30 55.23 0.20
4-one
HQ-04 MOL002714 baicalein B 270.25 3352 0.21
HQ-05 MOL0029095,7,2,5-tetrahydroxy-8,6-dimethoxyflavone  5,7,2,5-VU¥%3£-8,6- ~H %3t  376.34 33.82 0.45
Ll
HQ-06 MOL002910 carthamidin WIS 288.27 41.15 0.24
HQ-07 MOL002913 dihydrobaicalin_qt ZEFEET_qgt 272.27 40.04 0.21
HQ-08 MOL002914 eriodyctiol(flavanone) ZEWYy (HBERRD 288.27 4135 0.24
HQ-09 MOL002915 salvigenin VA o) 328.34 49.07 0.33
HQ-10 MOL0029175,2',6'-trihydroxy-7,8-dimethoxyflavone 526-=¥3-78- " HHEHFE 33031 45.05 0.33
B
HQ-11 MOL0029255,7,2',6'-tetrahydroxyflavone 5,7,2',6'- VU ¥2 35 286.25 37.01 0.24
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HQ-15 MOL0029335,7,4'"-trihydroxy-8-methoxyflavone 5,7,4'- = F2 3-8 F A L I 300.28 36.56 0.27
HQ-16 MOL002934 NEOBAICALEIN WEHHR 37437  104.34 0.44
HQ-17 MOL002937 DIHYDROOROXYLIN AR S A 286.30 66.06 0.23
HQ-18 MOL000358 beta-sitosterol B-% S 414.79 36.91 0.75
HQ-19 MOL000359sitosterol gagE] i 414.79 36.91 0.75
HQ-20 MOL000525 norwogonin EHNHEEFR 270.25 39.40 0.21
HQ-21 MOL0005525,2'-dihydroxy-6,7,8-trimethoxyflavone 5,2-—#33-6,7,8- = F4E IR 344.34 31.71 0.35
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IR TE
HQ-26 MOL002879 diop J B 390.62 4359 0.39
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s Mol ID A 44 FR WA HHXF 4 F i OB/% DL
HQ-27 MOL002897 epiberberine F/NGET, 336.39 43.09 0.78
HQ-28 MOL008206 moslosooflavone LI R 298.31 44.09 0.25
HQ-29 MOL01041511,13-eicosadienoic acid, methyl ester 11,13- -1 I IR P G 322.59 39.28 0.23
HQ-30 MOL0122455,7,4"-trihydroxy-6-methoxyflavanone 5,7,4'- =2 5:-6- F S L 5 e i 302.30 36.63 0.27
HQ-31 MOL0122465,7,4'-trihydroxy-8-methoxyflavanone 5,7,4'- =2 5L-8- H S H 3 e 302.30 74.24 0.26
HQ-32 MOL012266 rivularin BB 344.34 37.94 0.37
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Fig. 1 Active components of Scutellaria baicalensis and
common targets of tumor multidrug resistance
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Table 2 Core target results

FEA drgree EPC
AKT1 50 16.964
TP53 47 17.133
IL-6 44 16.148
CASP3 43 16.771
JUN 41 16.528
VEGFA 41 15.979
PTGS2 40 16.668
CCND1 39 16.282
HSP90AAL 38 15.892
ESR1 37 16.366

ESR1 — HSP90AA1
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Fig. 4 Active components in Scutellaria baicalensis reverse
the core sub-network of tumor multi-drug
resistance targets

TER K ZR; HUOCHMIREEE pb3 (TP53). PR
H KM 3 (CASP3). AIINR (IL) -6, ¥
BT AP-1 (JUND . I W EAEKET A
(VEGFA). FIFIRR NS E Y&l 2 (PTGS2)
5 3 1 D1 (CCNDLD) . #UA 5L 900 Kk
A KT 1 (HSP9OAAL). A Z3Z14 1 (ESR1),
PR IXLEAT pi AE AN W2 R ] REL A OCE R, 2
TSV R R0 1A R 22 25T 2 VR IR DG B 1 o A%
O I 5% H 1 D) 48 T R TS 5 7 B 25 A0 2000 1 ik
3 T R i 2 B R HE G AR .
2.5 GO IJREFN KEGG BIREE SR

FIF DAVID $di e, X8 2535 1 o Fi
i 25 2 SR AEFR AT GO H4E, WE P<<0.01 AT
I R PRAT B AR B AL R R IES HEE, X GO
e £ i 8ds v AL ER, WK 5. GO B & 7
P33RSR (BP) 1209 4, izl (CC)
24, Sy IhRE (MF) 85, k¥ P{E K/, 2
BIBIEEREAEELET 15 2 H . H GO /g vl
B, IXUEELR BP B RS NE . XTHRZ HET
SRNE K2 R SRR 73T SBE K S8 A R S

S X0 2 B SO S o SR B R R R N R
FRBKE MR Z. WEEET
(19 5 B 240 Bk R A= P S B s CC 2 298 S 4
o A B A R O R R A AR, iR
X 2 Z RS H R E MR A BT E
G, MAEAMIE. RNA REEF | HBRATES
Vs MF B0 ROAZ 2 RiG 1  BCARI0S 135 S R
TIEPE. RNA REHE 1 5557 DNA 45 &5 317
ghbr . R MR T RIE M L FE S IR R 45 5
W EREE ERERA A . HE CEEEE . D
ghfr . FRUAFE ] AEIE I K S ik B 0 R i 2

it KEGG i & &0, E 43 115 %@
% (P<0.0D). F#EPAG |5 ¥E FAER RIES4
EEE, XTI 15 4% KEGG 15 5B B & 4 /b &k FLidk
FTATAALALTE, W 5, TR K AR EEULEE 3-3
filf (PI3K) -E A B (At S55iEH. JqH A
BNKHRFEREAL . R P PR AR SRR BRI e, &
B2« NREARURE YL fRS . 12E80E-2
RS pS3 5 5l AN R-17 558, KK
WrdH-UR W R . N R B e 1 &g, b
TR /NN . AT SR . AR T
HARBEERERMER, W &S HERG5E
M MRS K. KEHEFHE -1 (HIF-D 15
S, MRIRIERE T (TNF) 5538k, 2%H
EEAREE (MAPK) (S5, FURIMER
S AN R AEKET (VEGP) 5 5@ 8. i
SEFRETE TIEEE @ . KEGG Bk E %
a3 BT &5 JR I B 5 PR o) 10 R 2 A 2
JEE. AU, AOE. B, BRI, 40
. SRR YIAROC, PN T B T
REIE T 2 M B 2 A g ok R AE X IR £ 24
i 24 (R
26 HETFEREFRNRRRESESE SRS
M 2 AT 2 M AR E EFH I TEE S

7t FerrDb #¥s i Fh ISR AET i AR IR B 2
319 4>, | [KF 283 4N, FRidIERA 114, &
ZJEkREEGIR, RA1FE] 410 MBI TIEE
FHRFEDR . K432 410 MERAET T AR 3 A
5 FRBEE TR S8 2 AN 2 61 ANACEE
B ASCEDRIEAT Venn 20 #r, BURSE, 183 15 M
DR] B 2 B 53 1 B 2 1 A FH B i S 3 2 iR %2
2T 2 AT S s, R RO T R FE I P AL A,
T 6, BN B EsiE I A gt T R R %



protease binding-

endocrine resistance. §

FEI/HBFE I 20234F3 H DN R X LY 3 Drugs & Clinic Vol. 38 No. 3 March 2023 + 525 .
CO-BP cyclin-dependent protein kinase holoenzyme GO-CC
response to lipopolysaccharide: || ENNEREGEGE : |
response to molecule of bacterial| E complex I
cerel membrane .
response to UV] _ membrane microdomain: —
response to radiation: | EEGEG—_G—_— serine/threonine protein kinase complex- _
cellular response to chetmlcal stress: | P i protein kinase complex- | NG "
response to steroid hormone: [ EERNRNGEGGEE . P
- transcription regulator complex: _
response to oxidative stress: [ N N RN 1X1070
N organelle outer membrane: | NN 0.0025
response to light stimulus| | ENRNHERINEEN 2X10%
) outer membrane- [ NG 0.0050
) agng I 3X107% transferase complex,transferring phosphorus-| L
response to reactive oxygen species: [ NERNRNRNREREB 1% 100 containing groups 0.0075
reproductive structure development: [ EEGEGEGTGTNG RNA polymerase I transcription regulator complex ]
reproductive system development! | NN MMM mitochondrial outer membrane: .
response to metal ion: |G myelin sheath | [N
cellular response to abiotic stimulus. | NN ficolin-1-rich granule lumen: | N
cellular response to environmental, dendrite terminus- -
stimulus 5 £ 10 15 00 25 50 75
GO-MF KEGG
nuclear receptor activity- | N lipid and atherosclerosis! . .
ligand-activated transcription | _ Kaposi sarcoma-associated | . Kok
factor activity herpesvirus infection 112
RNA polymerase |1- %ECIfIC DNA-| _ PI3K-Akt signaling pathway .
binding transcription factor binding - 014
DNA-binding transcription factor. _ ‘ hepatitis B. . 16
binding h lovirus infecti .
steroid hormone receptor activity [N ‘ uman cytomegalovirus infection, (] 05
transcription coactivator binding: | N P fif ) ) _ Measles, (] 20
o ) chemical carcinogenesis receptor .
ubiquitin-like protein ligase binding: || EGTN 25%10°5 activation (] .22
histone kinase activity: [l 50%10°5 P53 signaling pathway. @
heme binding. ' IL-17 signaling pathway.
o emesinding. [ o ! P
ubiquitin protein ligase binding. _ Lox104 small cell lung cancer. ¢ 16X101
tetrapyrrole binding. | : _ prostate cancer; '
) . AGE-RAGE signaling Fath\_/vay 12X107%
histone deacetylase binding. - in diabetic complications] §
_ Cysteine-type endopeptidase activity | - apoptosis| ] 8.0X101t
involvedin poptotic signaling y - colorectal cancer. 40101

BH domain binding.

o]

0 25 50 7.5 10.0 125
R

020 025 030 0.35
GeneRatio

Bl 5 GO EBHE/M KEGG BREEN
Fig. 5 GO analysis and KEGG pathway analysis
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Fig. 6 Targets reverses tumor multidrug resistance from
Scutellaria baicalensis by regulating ferroptosis
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Fig. 7 Signaling pathway of tumor multidrug resistance
reverses from Scutellaria baicalensis by regulating
ferroptosis
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in tumor reversed by active components of
Scutellaria baicalensis by regulating ferroptosis
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Table 3 Activity scores of active components from Scutellaria
baicalensis reverse tumor multidrug resistance core
target protein and compound binding

A5, % 25

TP53 EERER 86.277 4
WHEZR 80.288 3
WER 94.373 4

JUN WA R 43.259 8
B-# i 420153
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PHMZHESTEMS IR
Table4 Activity scores of comparison of the active components
of Scutellaria baicalensis in reversing tumor
multidrug resistance core target, compound and
positive drug binding
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®5 NEZRSHRETIEERETEHAX HeLa A% KAIIHIZRMENE ( X +s, n=6)

Table 5 Inhibition rate of HeL a cell growth by wogonin combined with ferroptosis regulators ( X +s,n =6 )
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0.0 — -0.81+3.85 -0.90+7.08 28.25+4.53"
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25.0 8.98+1.22 5.61+7.99 10.69+6.51 36.64+4.55"

50.0 9.14+4.13 6.97+5.47 14.66+6.41 78.39+6.13"
100.0 12.524+1.05 9.06+8.43 31.41+7.13" 84.28+1.08"
200.0 21.06+2.02 10.56+6.92 50.96 +5.37" 86.64+0.98"

HWESRAKE: "P<005 “P<0.01
"P<0.05 *P <0.01vswogonin group
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Table 6 Inhibition rate of ZA-75-30 cell growth by wogonin combined with ferroptosis regulators ( x +s,n =6 )
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2 ﬁ % @ 3% % +RSL-3
- RS ROS ifi 1/U g 2004 g g
5
(umol'L™?)  Hela ZR-75-30 1004 g g
X R — 14.98+0.53 16.16+0.53 i % %
W 100 27.56+0.63" 31.65+0.67" s 530
WH%HE+Fer-l 10041 19964088 23.98+0.86 e - ) o
IE s +Erastin - 100420 42.7340.92" 35.66+0.37" SARALILEL: TP=005 TP=001 HURISRAILEL P
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SxtiEdl . “P<0.05 “P<0.01
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0.05 *P<0.01
"P < 0.05 ™P < 0.01 vs control group; *P < 0.05 *P < 0.01 vs
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Fig. 10 Effect of wogonin combined with ferroptosis
regulators on contents of ROS (control group as
100%b)
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