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Mechanism of Hedyotis diffusa and Scutellaria barbata in treatment of cervical
cancer based on network pharmacology and molecular docking
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Abstract: Objective To study the active ingredients and mechanism of Hedyotis diffusa and Scutellaria barbata in the treatment of
cervical cancer based on network pharmacology and molecular docking. Methods The active compounds and predicted targets of
H. diffusa and S. barbata were collected from TCMSP and STITCH database. Cervical cancer disease targets were downloaded on
the DisGeNET website. Cytoscape software was used to construct protein-protein interaction (PPI) network of common target for
drugs and cervical cancer based on the data of String platform. CytoHubba was used to analyze the hub genes and construct a
network diagram of the target. The network of “active compounds-target-pathways” was established and Schrodinger software was
used for verification of active compounds via molecular docking with targets. Results “Active compounds-target-pathways”
network showed that there were 25 major active compounds, 38 major target related with 18 signaling pathways. Molecular docking
results showed that 25 active compounds were successfully docked with some or all of the 38 target. Conclusion H. diffusa and S.
barbata may promote the apoptosis of cervical cancer cells through multi-compound, multi-target, and multi-pathway.
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552k 5% Scutellaria barbata D. Don 24X} £ & 5
() BB T AR — o BT AR, 2 A
TR, . ZRERENT S, BADUMEE
PEOO-121 AHI 5T e FH AR AR BRI A 2 06T
B EVE YRSy, IR FUHAE R T 5 200 (4 5 2 A
FAMLH, A A & A 2 A 25 R T S0 1)
RN AT IR S .

1 #ER5R%E

11 HRESRH

DisGNET (Chttps://www.disgenet.org/), H1Zj R
G2 Hr°F- & (TCMSP,  http://tcmspw.com/),
STITCH Mk Chttp://stitch.embl.de/cgi/input.pl ) ,
Uniprot ¥4 Chttps://www.uniprot.org), String ¥k
(https://string-db.org/), PDB %4 Chttps://www.
rcsh.org/ ), PubChem #(#& J (http://pubchem.ncbi.
nim.nih.gov), DAVID M3k Chttps:// david.ncifcrf.gov/
home.jsp), Cytoscape 3.7.2 % fF, Schrodinger 2018
A4, BioinfoGP Chttps://bioinfogp.cnb.csic.es).
12 Bt EEMEREAINAEER TS
%

PLZSZ5E (drug-likeness, DL) =0.18. HARA:
YR C(oral bioavailability, OB) =30% Af#iik
A, 7E TCMSP ~F & 48 8 F fein o B A R Y
TEHERSY, WIEYERST ) PubChem 1D, #5544
PR, @28 SR 78 BT OB 1 DL i /Mgt
(5 5 - LA PubChem ID 34k SMILE ik,
E STITCH [k v FHRAH AL 11, Uniprot Wl €
254 5 1 Uniprot ID.

1.3 EfEERELRimE

DisGeNET Mufi LA “ B2 " J9 i 445,
o ZRAT B B S AL A, RBRA A Uniprot 1D
MR, ZBR B A FHE Uniprot ID BIARIEE &, R
FA ME— Uniprot ID ML . FIH BioinfoGP

VENNY2.1 T B, ¥ E7eie & BRI by i 2 0] 4 2
T8 T R T TN L 5 S A O B AT AR
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B 5 B 20 (1) A8 SR
14 BEHESATREEMFEREATHRERER
MEBR-ZEBFREEER (protein-protein
interaction network, PPI) X%

¥ ateie & S B e PR B AR
BT STRING P65, 21| PPI 2% . Ko
WA EARSE S5 DAVID Pul, HEAT LA
& (gene ontology, GO) UjRE & 47 B Al 5T AR HEA
HRERNMAFR4F (Kyoto encyclopedia of genes and
genomes, KEGG) il &%,
15 EfRSHINXRESESERIEER
(Hub ERED 47#h

FIFH Cytoscape HAFHEAT #HAM 73BT I 4%
i, R CytoHubba i1 2 =25 1 Hub JE A
1.6 “FEMRY-IRR-EEE” MR

FIF Cytoscape HKAFL P i -0 A -1
[ S R
1.7 AN SEER D FXERIE

e UG PE R - R0 AT 4 R R
TSR SR ST 2 T R 7 PDB £ FE T4k
# A5 [ PDB SCHE, £E PubChem $idis e -8 75 14 %,
3B SDF 3244, FIH Schrodinger 2018 #4347 43
TFXi#E,

2 %R
21 Bt EEMEREAITRIEMERK S IS
Uipeis

w1 Fw, Aok Ea s 37 MEERT,
2 I H 8 AN E EEVE LS A 88 MAH IGHE A
mk 2 fiw, PHSEGSE 94 MNMEMS, St
AT E] 29 AN FBENE RS AT 170 ASAHOCHE AT
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Table 1 Active ingredient of Hedyotis diffusa

MOL ID wEm AR PubChem %i 5 e
MOL000358 B-sitosterol 222284 35
MOL001670 2-methoxy-3-methyl-9,10-anthraquinone 10514946 26
MOL000449 stigmasterol 5280794 26
MOL000098 quercetin 5280343 13
MOL000511 ursolic acid 64945 10
MOL001663 3-epioleanolic acid 11869658 3
MOL001659 poriferasterol 5281330 2
MOL000771 p-coumaric acid 637542 1
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Table 2 Active ingredient of Scutellaria barbata
MOL ID a2 R PubChem %#*5 B R
MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one 667495 38
MOL012245 5,7,4'-trihydroxy-6-methoxyflavanone 26213330 28
MOL012248 5-hydroxy-7,8-dimethoxy-2-(4-methoxyphenyl)chromone 14353376 21
MOL012250 7-hydroxy-5,8-dimethoxy-2-phenyl-chromone 14825644 12
MOL012251 chrysin-5-methylether 5490127 11
MOL002776 baicalin 64982 11
MOL000953 CLR 5997 11
MOL000358 B-sitosterol 222284 11
MOL012266 rivularin 13889022 11
MOL001973 sitosteryl acetate 5354503 11
MOL000449 stigmasterol 5280794 11
MOL000173 wogonin 5281703 10
MOL001735 dinatin 5281628 10
MOL001755 24-ethylcholest-4-en-3-one 5484202 10
MOL002714 baicalein 5281605 10
MOL000105 protocatechuic acid 72 10
MOL000008 apigenin 5280443 10
MOL000511 ursolic acid 64945 10
MOL002042 thymol 6989 10
MOL000991 cinnamaldehyde 637511 10
MOL002915 salvigenin 161271 9
MOL000351 rhamnazin 5320945 4
MOL002295 cinnamic acid 444539 4
MOL000359 sitosterol 12303645 3
MOL005190 eriodictyol 440735 3
MOL000006 luteolin 5280445 3
MOL008206 moslosooflavone 188316 2
MOL000098 quercetin 5280343 1
MOL000771 p-coumaric acid 637542 1
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Fig. 1 Venn analysis of cervical cancer target, H. diffusa
and S. barbata target
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Fig. 2 PPI network of cervical cancer target, H. diffusa and
S. barbata target
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Fig. 3 GO enrichment analysis
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Fig. 4 Bubble chart of KEGG enrichment for common target protein
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P, WA B GEE ) Il .
SICHUR . ERE R AR, AR T
4 Mo 9% # 1% Chuman T-cell lymphoma-leukemia
virus-I, HTLV-D J&Ze. KRIBMERTT K. EB Wit
YL, NI FRAES G e R 20
B H BOKE ;4 AN AR R an 25 B
SN T 71 N 1 R N N D O 2 EP R g
s 518 /NEIURE AL KIEFKIE 5 iE,
WHERE A EIETR I E A 20 AT
microRNAs., % B VLEE 3-3F (phosphatidylinositol
3-kinases, PI3K) /& F i B (protein kinase B, Akt)
S5 IE R PR SE R T (tumor necrosis factor, TNF)
SO, 2R FEWE SRS (mitogen-activated
protein kinase, MAPK) {5 5. AT, Wit
FomlEH . Toll HE32 45 Saleg . MEBER(E T IHEK
MEEFRRE TIEE. k& (forkhead box O,
FoxO) 5 5l EE . sk Qi s ps3
(tumor antigen p53, TP53) {55 EM. KT «B
(nuclear factor-«B, NF-xB) {55 iE#. #EiASH
¥ 1 (hypoxia inducible factor-1, HIF-1) 15 5@
R 5@, RtERE. KEGG EHET 2w
KR, KB IR ORI ESLRRIE . 24
Y5959 1) 53 AN FLAERE sis 5 T PIBK-Akt. TNF.
MAPK. p53 15 5@ % . NF-«B {558, T
SR, RN AT E AR EGE N AT REAE R T
205 TR 2 A RURFE I
25 EESESHRINERES Hub EE S

Wz 3. Bl 5 Fw, iSRS E s BAER
Hub ¥ 5 A] fig /& TP53. AKT1. MYC J5E R & A
(MYC proto-oncogene, MYC). I M R4 KK
A (vascular endothelial growth factor A, VEGFA),
JUN J5Us LA (Jun proto-oncogene, JUND. (4
TR [ -3 (Caspase-3, CASP3). TNF. M2
& 1 (estrogen receptor 1, ESR1). MAPK8. MAPK1.
KT 2R (epidermal growth factor
receptor, EGFR). HiFIE N LAWY & 2
(prostaglandin-endoperoxide synthase 2, PTGS2) %,
26  “TEMERT-EEA-EE” ST

EVERL ST -RE SRR MK 6 BT, g
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G, R e E R B 20 E
B RS RATAEIE B o 25 A ZEEPE R o] R i A
T 38 MR, 7E 18 M5 Sl RIEIEH, KW
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Table 3 Topology characteristics of Hub nodes from targets
network

Uniprot ID A T AR FEE
P04637 7157 TP53 46
P31749 207 AKT1 44
P01106 4609 MYC 44
P15692 7422 VEGFA 42
P05412 3725 JUN 41
P42574 836 CASP3 41
P01375 7124 TNF 39
P03372 2099 ESR1 39
P45983 5599 MAPKS8 38
P28482 5594 MAPK1 38
P00533 1956 EGFR 37
P35354 5743 PTGS2 37
P07900 3320 HSP90AA1L 36
P10145 3576 CXCL8 33
P14780 4318 MMP9 32
Q14790 841 CASP8 31
P08253 4313 MMP2 31
P10275 367 AR 29
000206 7099 TLR4 29
P22301 3586 IL10 28
P55211 842 CASP9 28
Q07820 4170 MCL1 27
P13500 6347 CCL2 26
P06401 5241 PGR 25

5 EFEERIRINWLEE

Fig.5 Interaction gene topology network diagram
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X%, 133 800 Z AN R . K 4 LR T
12 MRS 17 NSRS A8 R, TSR
sS4 E P450 1B1 (cytochrome P450 1B1,
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Table 4 Molecular docking results of target and active compounds

25 4B8/(kJ mol™)

L CYPI1Al CYPIB1 PPARA PGR MAPK8 AR HSPI0A MAPK1 PTGS2 EGFR MYC CDK2
FHEME -4383 3898 -3192 -37.36 -2651 -34.80 -3262 -26.27 -33.10 -30.98 -26.97 -32.95
A -4144 3742 -3141 -35.63 -28.75 -36.02 -3442 -2890 -31.51 2759 -27.61 -32.43
AR & -41.04 -37.88 -32.79 -40.58 -27.94 -37.06 -32.97 -30.69 -32.13 —29.97 -27.60 —32.24
HERZR -40.83 -3863 -29.76 -35.13 -26.47 -32.90 -31.66 -23.13 -27.88 -31.95 -31.06 —2857
VN -40.71 -3591 -31.85 -37.88 -28.44 -33.84 -36.10 -34.82 -34.78 -33.78 -33.03 -32.94

7-hydroxy-5,8-dimethoxy-2- —-40.08 -34.42 -33.29 -29.07 -26.75 -33.03 -3255 -2540 -31.30 -28.09 -25.93 -26.10
phenyl-chromone

AT -39.68 — 4024 —  -3207 -2196 -3444 -3309 — -29.89 —2450 —31.96
FH 3947 -3544 -3656 -36.53 -35.06 -37.81 -36.04 -32.50 -35.67 -35.22 -36.28 —33.59
WHEEF -39.18 -3327 -3175 -34.34 -27.43 -3478 -31.02 -30.66 -30.77 —27.86 —24.48 -30.40
HW%E -39.08 -3559 -33.06 -32.36 —2553 —  —32.07 -23.88 -32.14 -29.46 -31.42 -22.77
AN -3891 -36.83 -3377 -40.26 -38.15 -3576 -32.83 -30.39 -29.70 -30.75 —34.07 -30.60
i R % -38.91 -36.68 -29.68 —37.19 -30.89 -32.33 -33.81 -31.98 -33.10 -34.35 -33.45 -33.87
HER -3829 3598 -3257 -3488 2669 -3545 -34.33 -31.05 -31.19 -33.01 -30.82 —22.48
N -36.54 —3526 —33.14 -40.85 -30.74 -3521 -3557 3041 -32.02 —28.88 -28.93 -31.23
o — — 3846 — — 1190 -2524 -1758 — 2479 -18.93 -18.13
B-7 £ — — — —  -20.65 -11.19 -2539 -1633 — -15.28 -14.27 -21.48

FHRR - - - - - - = - = - = -
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CYP1B1). #K 725 [ 90a Cheat shock protein 90a,
HSP90A ) . i i 14 #f 42 5 7% Kl ¥ (brain-derived
neurotrophic factor, BDNF). #i % 54k (androgen
receptor, AR). ESR1. EGFR. PTGS2. MAPKS.

MAPK1 5588 SR 73 W42 e 1380

DL CYP1B1 5Bz 1) o0 94, n
Kl 7 Fion, CYPABL $E AT Hh & A 8B 7 H A BT
T, 5PRERE RIS G 68k 38.98 kiimol.

|

7 EREME (A) 5CYPLBL (B) A FIHEMERE (C) MY FIHIZEHEEREE (D)
Fig. 7 Rivularin (A) and CYP1B1 (B) molecular docking position model (C) and molecular docking bond model (D)
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VE RV ES — P A TFB, R8s it
ENAP S AT

HSPOOA & 4t 4 5 A7 75 HARSF IR B, 7
YN R P B, WFALR P, HSP90A i
KiE 5 KpHabel, oy g, FLMRm00, [ bl
G2 MR I T o<,  HALHI AT RES N HSP90A
XI EGFR. Z/ANE 2 R & H MG erbB-2 (receptor
tyrosine-protein kinase erbB-2, ERBB2). /MK
PE A K K F %2 4k (platelet-derived growth factor
receptor, PDGFR) Z5{5 il B (410, £3 R
A HSPOO W1k, (et TR B AKT MAK
e i A KK 7 32 44 -2 (human epidermal growth factor
receptor-2, Her-2) F#f#, Mt N 52k HelLa
YA ToI621, BDNF J2 10 28 fi ME I 3R SR I R IR
Z—, BDNF/E RN 1A B BRI\ Sy e Tl
SR ab N C S N 2 P AN SRV E YL
AT B BDNF-S SCKBEIESR D RNA KX,
AT 601 20 DR 24 P e 14 G (64T . AR S EIL,
A s o B R A S 24 0T (1) 22 PR I L WS R
FhR 2. it 685 BDNF siahxts, Hxt
(VAL

MAPK {558+ 1) MAPK1. MAPKS8 £ &g
HUmAMRIEE. . TR, AR PN T
EZL BN N 1) S NE NI NS SE N S ST B
A MAPK B, H)E Sm A e RE S
R, MR ERTIES HelLa i id S H h3t
(reactive oxygen species, ROS) [I7/=4:, AliE ¥
1% ROS/c-Jun N K (c-Jun N-terminal kinase,
INKD /Bcl-2 38 % 1755 4 T 4100 1) 4 i, 4 e A
IEREE, ik RVER T ROS/INK JE#%% S = 2
C33A #ifuEmE, KIEHTMIEIEMN . MEEEEL
BOE p-INK BB MH] C33A 41l 5 N 3 SiHa
YT 3G 5 . IR 512207, PIBK-Akt {55 il g X
BRI A T A R AR
Mo BEAEXT Hela 40 B A EAER, wrl
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