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Abstract

Objective: To investigate the mechanism of action of total flavonoids from Hedyotis diffusa Willd. (HF)
against esophageal squamous cell carcinoma (ESCC) using network pharmacology and molecular
docking methods, and to verify the effect through in vitro cell experiments, so as to provide a basis
for subsequent research. Methods: The drug targets of Hedyotis diffusa were obtained from TCMSP.
ESCC-related targets were screened from GeneCards, TTD, and OMIM databases, and the intersec-
tion targets were identified using a Venn diagram. Cytoscape 3.10.2 was used to construct a protein-
protein interaction (PPI) network, followed by Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses. Furthermore, molecular docking was performed
between the active component quercetin and core target proteins, and the effect was verified by in
vitro cell experiments. Results: A total of 127 intersection targets were screened, including NFKB1,
EGF, TP53, ERBB2, etc., and quercetin was identified as the effective component. It exerts anti-tumor
effects mainly by regulating NFKB1, TP53, and EGF signaling pathways. Molecular docking experi-
ments showed that quercetin binds well to core targets; cell experiments indicated that the inhibitory
effect of HF on the viability of ESCC cells is concentration-dependent. Conclusion: The anti-tumor effect
of total flavonoids from Hedyotis diffusa may be associated with their regulation of targets such as
NFKB1 and TP53.
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1. 518

CEREAEN—ME WA TE S R, B IR SRR 1, FETC2RAE 5 e i A4 55 5[] [2]
2021 4F 1 A, ERFRERESTFEH 0 (International Agency for Research on Cancer, IARC)#E 4 GLOBCAN %4
JE R AT IR, 16 2020 SEAE BRI B BRI AOR I 490 60.4 73, HrRAETI N H ik 54.4 T[3].
TE A TR IR 1R 3 B 23 2Rk J e, IR 200 B B i A B KR 2 B, i R £ e o5 £ 90% [4]
HEZRERZAE T IAA R K. BHAT, 5@ St 5 & V) BRI A X0 B 4575 A F AR RIS RIGTT
R, REMH S8 EFHEZ T MEREHEDIR. A, BUT. 7 7 S 2 S 5A10)T, H
PR R BRI T PR, H 5 R AR I ZEA L 20% [5] [6]. BARTEL, ARz I RIG T A
e il € S A R AR ST N

[ {£ie 5 % (Hedyotis diffusa), 74 % F}(Rubiaceae) H- %% & (Hedyotis)fi 4, | iZ /AT 4 W AN 4< B9 W Hb
X, aneE . HAMENE JE VAR [7]. et E HAE e S 2 A, AE BRI R 2 e b HAT R e i 24
MME, BRBEJEREE . FIREM D80, HAe Rt dik. Jra b iy 2 Ea M
W, RELG A BB A2 —[8] [9]. BURZE A AR R, ARl Y 3 B M A
ST XS 22 Fh N SR R S TR e [10]. JEAESR, el E EAE N 2 MR T M 1A% O 4 )
2, AR GRRAN M TP 4R B RO Ay AR 25 B LA 5k = ARG MERIT T[], I BH 4o e 25 BEATL i)

DOI: 10.12677/acm.2026.162391 282 Il PR 25 2 33t e


https://doi.org/10.12677/acm.2026.162391
http://creativecommons.org/licenses/by/4.0/

CL RN 2 B2 AT ) R B ) [1.2]

N T R AL D8, ASHIEFURs e s S R SRR, RGN TR AR I 25 B L
PARAE IR o AR SORFA I 0 25 24 380 2 22 45 ) W 1 e o B el BV 7 6 Wl F) BB BE FE FHLEE, O
B TR B B R A SRR A AT AR R . T 5 AE B A AR U A T 2 b i SR, A
PRANR I SEIGI0IE I AEME T o R B I I RCR, R SRR TE L2 fh AR 2 IR AR -

2. MR 55%
2.1 o8

2.1.1. EERFIRH M #EH

Al R R A TARAWARAR, 2EE/FE CPEZGHR) frfl; B SHEANM t oGS %2
A B A R A R AT 5% NaNO, ¥ B R £h 22 b #h /K (PBS) W H T N ATA R Z5RH A TR /A 75 90%
LT B 22 T 10% AI(NOs)s'9 Ho0 T H il 5 & wi F A RHE A R A\ ;4% NaOH V0K H
B EAEE AR A 10%M64R M5 A EREREY TRARA R —HETHOMSO)WHT
TR AR A S A AR (KL 1),

Table 1. Experimental reagents and consumables

1 SEWIF R M

JERE, K7 4 R EV N &y
I 20 P B A R A PR A )
FIALIE & L BUR 2

90% 2. BE 2 L
5% NaNO2 T HIFA AR IR A 7

10% AI(NO3)3-9 H20 RN ZE R YR ERA A

4% NaOH EEHEAYRHE R AR
PBS MR B 2R A R 7]
i IR AR R A PR A

10% i 4 M3 IR TR PR A ]
DMSO I T REREAL A RAF]

2.1.2. FENUH

Z RPN LRI TS FEAR A A PR A ] B P P A A IO T AL AR RS R A
BRAF]; Wk 78RR T R o AEAACER s 8RS 7R B i AR A IR AR, BLE
IXERIIFF G I AR E(LE 2),

Table 2. Experimental instruments
* 2. KILER

DEEA S AR DEIRE
Z IIREM AL BJ-2500A HEE AR B AR A
L o A 935 1 75 Uk 2L B B A XH-300A e B R A T
Vet 2R A RE-52AA AR
ZEALBRIE TR Herocell 240 LR AR A RA R
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2.2. BT EETRME M SR EIE R ST

P 24 2 48 245 7 2 50308 i 5 0 #7°F & (TCMSP,  https://tcmsp-e.com/load_intro.php?id=29) %5 4% 7 15
%, LLOARZEYHIF B (Oral Bioavailability, OB) > 30%. 252 %(Drug-Likeness, DL) > 0.18 Jy2kf:, fiik
AR e ) 3 B R R B N R RE s, K BdE 3 ON 0 R AR A B TR 04 FE (UniProt,
https://www.uniprot.org) {5 2| X b () d H 5T 44 75

2.3. REBHRERAHIE

fi Bh 3 PR Fy 3048 B (Genecards, https://www.genecards.org). 25445 ¥4 2 (TTD,
https://db.idrblab.net/ttd) LA J 75 2 A\ 95 i 8 /R 845 248 22 (OMIM, hittps://www.omim.org), 484575 %518
i et A O (P L A

2.4. ZERHERAAIIREN

FIF VENNY 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny)Z: il &k {2, S5 N 245440 SR SE 5, 4
% VEEN K.

25. BEAFMEIFRMEI9E Rz DR ATHE

) A6 2 AF HLAE F 6 R (945 % T EL(STRING, https://cn.string-db.org/), PA“Homo sapien” Ai#iik 4 1F,
Py 254 5 s S IR 40 5 1 25 A HAE M 2% (Protein-Protein Interaction, PPI), Jff%8) Cytoscape 3.10.2 #fF
BEATHIN AT, DUE B (Degree) . /1% (Closeness). H0r i (Betweenness) s K TP 3B ik & 4F, I
L Degree B HE 44 BT = 3 RIE A% O 5 R HEAT VEA 2047

2.6. GO & KEGG B EESH

FIF Metascape (http:/metascape.org/gp/index.htm!) 54 2, 1T GO Thfg & M KEGG E s 4, *i
BT R AT AT AL AR

2.7. SrFXHE

ZEE R, EEUS R 58048 S (NFKB1, TP53, EGF), Jfiliid CB-Dock
(https://cadd.labshare.cn/ch-dock2/php/index.php) i 47 43 1% 4

28 BEEELSARENSZ

HCF 5 0 FAERE B 5, OV RN, ek ARG 60 H 45 3 O S8 1) A el & R K . FREL 8 g
EAEIEH RO R, IO 90% S BEVA . IR S RO CGHAT IR, WESHNT: |\E RN 70C, KA
1.00 MPa, LFHEFIEA 15080, (REFET RN 40 7081, ki TRV 0 W, @RI EIRJY 400 W.
XPREABGEAT 3 UCHEFE IO R A, ShURAS B P OR, ARG, M

2.9. 4RSS

P A6 0 T A B U 0 8 4 (1 75 15 . CCK-8 S A i o £ 3 il 4l Ffa LA L 7000
YL F 5 M AE 96 FLANPRIS F-M . 78 37°C. 5% CO, 544 T H5 3% 24 h JEWGE RSk 2 . FALEH
BN A AN R & 1) AR & B I Y B 2. Ri9R 48h J5, 7% bih, FIJCH PBS BEk4H 3
Ko BJE, MIAE 10% CCK-8 HiFRALiE & 2 /MM, £ 450 nm A< Il S A i O, DL E 40
57
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3. &R
3.1. MRS MITHIE

i TCMSP Hioffi i i B 5 FAEdE & SN RS PE R 7 A, W3k 3 fom . JRES 2] A edE s &=
AR PO R R, B 179 ME R,

Table 3. The active components of Hedyotis diffusa

3. B EERAYRS

molld molName OB(%) DL
MOL001646 2,3-dimethoxy-6-methyanthraquinone 3486 0.26
MOL001659 Poriferasterol 4383 0.76

(4aS,6aR,6aS,6bR,8aR,10R,12aR,14bS)-10-hydroxy-2,2,6a,6b,9,9,12a-heptamethyl-

MOL001663 1,3,4,5,6,6a,7,8,8a,10,11,12,13,14b-tetradecahydropicene-4a-carboxylic acid 3203 076
MOLO001670 2-methoxy-3-methyl-9,10-anthraquinone 37.83 0.21
MOL000449 Stigmasterol 4383 0.76
MOL000358 Beta-sitosterol 3691 075
MOL000098 Quercetin 4643 0.28

3.2. R RATHIE
ifiit GeneCards. TTD. OMIM 4k PEffiik, 45732 & B B A 4157 4.
33 REHLRNES
HMH VENNY 2.1.0 24 HH 259 - o s i, WA 1o
Baihuasheshecao ESCC

Figure 1. Venn diagram of intersecting targets between Hedyotis
diffusa and esophageal squamous cell carcinoma

1 B EE - REREREESFEE

3.4. PPl (BB RS Hh
B BEEE Y - R SR I 127 4. 5B STRING WM& 259 55t R S E A B
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[ERUSERE

1EMZE (] 2), FFF Cytoscape 3.10.2 BT B A #h (€ 3). AEHFE. A8 OB R T
PME TR, 13580 3L 27 N(EE 4). KEEX Degree 184 BT = O FE BRIME A% O L R BEAT VELE 20 4T
SR F kBLINFKBL). & B AE KR F(EGF). MR85 1 53 JEK(TP53). H.iZ A ehy & 5 £ B a s
3 A 0850 5N Quercetin.

: I CHRM3

CYP1B1

SERPINB2

I NPEPPS

CHRNA7

Figure 2. PPI network of intersecting targets for Hedyotis diffusa in the treatment of esophageal squamous cell carcinoma
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Figure 3. Intersection diagram of components and targets of Hedyotis diffusa in the treat-
ment of esophageal squamous cell carcinoma

E 3 BiREERTRESRENS - BRZEE

Table 4. Targets screened from the PPI network
3% 4. PPI 4 eh ik A S0

Target Degree Betweenness ~ Closeness Target Degree Betweenness ~ Closeness
NFKB1 95 1128.30786  0.006535948 IL1B 64 183.0095797 0.005405405
EGF 91 1003.4361  0.006329114 FOS 63 210.7938862 0.005347594
TP53 88 835.1822645 0.00625 IL10 63 240.3206957 0.005376344
ERBB2 83 572.7851547 0.006024096 PTGS2 62 173.6611372 0.005319149
PPARG 78 408.0848422 0.005847953 TNF 61 609.8269832 0.005347594
CASP3 76 373.5651274 0.005780347 PRKACA 60 149.2058132 0.005291005
PTEN 75 324.1036425 0.005780347 RELA 56 216.7894276 0.005154639
MMP9 75 633.3076108 0.005780347 HSP90AB1 53 193.8943939 0.005128205
BCL2 74 442.0506648 0.005714286 TGFB1 53 178.0200195 0.005076142
AKT1 72 282.0888993 0.005617978 HSPA5 51 131.4340059 0.005025126
MYC 69 328.6504773 0.005524862 CASP9 47 298.3672025 0.004926108
HMOX1 68 182.6044864 0.005524862 JUN 41 189.3336025 0.004739336
IFNG 65 306.5921234 0.005434783 CDK1 40 232.8616414 0.004761905
CDKN2A 35 161.2603965 0.004608295
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[ERUSERE

3.5.GO 5 KEGG E£E4#r

GO 73 Mo A [FI B R D BESR A AR E B TT (1 5 R 1 0L, EZEVIERE(BP). 20 T ZhRE(MF).
LA 7 (COYR =ANYESE I BV FE A4 DNA BB s 0 IE % . FERIERIAH I . 40 T2
FERI LT . RNA REEE 1| 3 0O IE5%; 2 7o SR AR S ) 745 A R s 020, X —
T INREAEZ SRR P2, WRER L TIRE L —, MAh, MIREARL S, B R,
AR RS € E R, HARMAEIER N =R ZR) TR Ry TEM A
MoV AR AR ARIRVA S . SRR PSS, ELARIK LA i 45 A AR 5C (030w B i Ve

EVSRER 22 57 R AR AU A ) o A g, LI 4

KEGG 73# 2 BUAF5 5 IR EWE T b I s 1500, Hrh AR S BBk A AL fi 25 e SR 1A s
PRBIYI S I AR AL EIFE S KR AR R RE P ol e AR, ZERERE LR S w5 WEEUE
TEM - AR B R R E M, RZERERS SAABUEYE 3 KRB By, 2R5
LR S S s B A B RS 3-J - SR B B 15 S IE BRI AR AR N B (S S g,

FERE] 5 T —E M E R, W2 R AT B X Ll S S S ARG . k. ARSI,

G0:0045893~positive regulation of DNA- templated transcription - [}

GO0:0010628~positive regulation of gene expression - [

G0:0043066~negative regulation of apoptotic process{ @

dg

G0:0006915~apoptotic process4{ @

GO0:0000122~negative regulation of transcription by RNA polymerase |14

- logyg(pvalue)
GO0:0005515~protein bindingw C)
15
12
GO0:0042802~identical protein binding - [ ] 1 9
6
G0:0042803~protein homodimerization aciivitH %
count
G0:0000981~DNA- binding transcription factor activity, RNA polymerase Il- specific ® 40
@ 60
G0:0019899~enzyme binding{ ® @ 30
@ 100
GO0:0005634~nucleus 4
GO0:0005737~cytoplasm -
G0:0005829~cytosol | 2

G0:0005886~plasma membrane 4

GO0:0005654~nucleoplasm -

25 50 75

Figure 4. GO enrichment analysis of targets for Hedyotis diffusa in the treatment of esophageal squamous
cell carcinoma
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hsa05417:Lipid and atherosclerosis 1 ]
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21
hsa05207:Chemical carcinogenesis - receptor activation ‘ 18
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hsa04010:MAPK signaling pathway - . 12
9
hsa04151:PI3K- Akt signaling pathway < o
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hsa05161:Hepatitis B{ @ e 20
® 22
hsa05163:Human cytomegalovirus infection {» : i
26
® =
hsa05160:Hepatitis C 4+
hsa04933:AGE- RAGE signaling pathway in diabetic complications
16 18 20 22

Figure 5. KEGG enrichment analysis of targets for Hedyotis diffusa in the treatment of esophageal squamous cell carcinoma

5. B EERTT REEE LK KEGG E&E S

3.6. PFxTE

B e E EAZ O R TR I Quercetin 5 OCHERE S ER T /B, ik Degree fELAT — 1) S B
A5 NFKBL. TP53. EGF 5% it AT 5. 45 BoR: 78 EGF w1 2bo2 HI7r 4565 HeN-7.3, 5vyg
)51 4-& e 9—7.0; £ NFKB1 H 8TQD [ 4145 & fe y—6.8; #£ TP53 11 3DCY W73 T 45 & HeN-7.9,
Wi A LG HE S 55 B 6T Quercetin B — 2 LS & R8T, UL 6~9.

Figure 6. Binding of quercetin to the 2bo2 protein
6. Quercetin 5 2bo2 EHLE A
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Figure 7. Binding of quercetin to the 5vyg protein
7. Quercetin 5 5vyg EAGA

Figure 8. Binding of quercetin to the 8TQD protein
8. Quercetin 5 8TQD EALA

Figure 9. Binding of quercetin to the 3DCY protein
9. Quercetin 5 3DCY EQ4%4&
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3.7. YIRZSHF SRR

Wk 10 Fos, ESRBUREE T 5~100 ng/ml i, BEE SEHGROREZ IO IN, SHIRAEERZ0 T, H
TREAEHIE R BT, VRN, FAENE T R RES A RGN B B A, R R

IOEHEIIEEER
120.0 -
100.0
I 1
80.0 -
s
ji; 60.0
\\_‘_‘: I
g
=
40.0 - I
20.0
00 1 1 1 1 J

5 10 25 50 100
HACkE IR E (ug/mL)

Figure 10. Effect of Hedyotis diffusa extract concentration on the viability of esophageal squamous cell carcinoma

10. B EEREIRE X R E SR MR EE NI
4. g

ITAER, A X481 49 (1 R SR B 24 Hh i i tH B4k 2 0 BN R BYR 7 e iE 1A o2 2 —[13] .
AR S F e S 2R R S S A TV CEAE LA L. i TCMSP 254l R R 3 H
AEHE & B R 7 Rl GRS BRI SR B S SE AU AT A, kS SR G AE K& Quercetin, 14T & —Ff
RIRAD R IA[14], HABR . P LIUANEZ M2 3AEH[15]. BRILZ Ak, Quercetin iE RE A% 5%
YA FWE . RS IR, TE 2 R R RN FH[16], (R EEAE— IR T A R AR
R, AHERIUESE, EFREURIKIE N 5~100 pg/mL i, BEEWREE IR0, N fAs B Ei A, H
MFEERR IR F 100 pg/mL B, S 4R HIAE IS FAE 35.9%.

P ZSCER AT AN, Quercetin CLYE PR AU R ¥4 2(E F, 6 AN S AW 73R W Quercetin AT A i it
5 AKTL. TP53 %O i, BE p5b3 15 Zilis, k| HCT-116 4Mfudsa. 755 GO/GL HAFH A 4T,
e RIS B M FA[L7]. 36T 0, AT 70t 2% 25 B 2 0 e HH (A 18 de 6 5 RS 179 4, 5
B I AT SRR L 127 AN, %O #E 5 AL NFKB1. EGF. TP53. ERBB2. PPARG. CASP3. PTEN %,
BN RN, AT B A T AL T DNA BRI S i IE R . LRIk 0 E R . 4 T
AR RS LL A RNA ARG 1| i oS skiayT (8 i 8 PUE EAEHWEVE — %4k, &
1R [R5 — B A T TT RE 2 4 > 7. LA Degree AEFEALFT = (04E 25 NFKB1. TP53. EGF #E4T HAk
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A3 IS TR, ABFFT R IN 3DCY M 2bo2 5 Quercetin X HEK 4 A RSB/

EGF, /& EGFR i E Bk 2 —[18], &5 5 W ] HF Mg sE . /b iR fAms 2 il i,
AEF mIRNA X EGF 15 52 f R 1E U A B —— Rl 58 7 WL 2 s B e, 3k
SR R A% DR, WB R . (R RERE ) OB YT U [19] . BT E EGF BB S G
FI 524k 2bo2 % 15 Quercetin HEAT 707X 82, 45 R EI/RWIE LS &8N -7.3. 4B TAHE AR REE, 45
A eI B R T RIS e, 1 H0E 25 R Tk — A IE : 2bo2 B 15 Quercetin AHE &1 5
WA E 4G Re ), Hoke m A T RS B B B T HAL R I B - 294G 1IX— Ry EGF 415
ISR R YT 7 R IF RS T B AR .

NFKB1, & NF-xB REH A WIEA P EERKKRL —. NFKBL ZEFENRL A4 ERALE R
4924, FImRLF=Y) 5T 50 kDa [1) DNA GG 8, A& TR SO RS HERE 59 A e i Sk s
[K-7[20] - Schmitt & AfFFTIESE, Nfkbl DAERAEARA 7 XORFEAE R, 123K FEARHI 55 1 e 400 i) 25,
HHZN G NEHEBEAT IR, AR NFKBL b WLk RS, (HRRIAE i, 1X
A e A IR NFEAR 53 BION R E B0 25 R 08 I 4k R I ORE[21] - 5 B AT 43, dlad 4 Nfkbl #8 UK ERT
R I 35 8 0T b8 A RS . ASHIF T I8 A TR SR BGUE S, 8TQD & (B NfkbL #E i i) SCHEAH ¢
B H%2/K)5 Quercetin 45 A HEN-6.8, AT HAL/KF. XA T Quercetin 5 8TQD & 1 H &5k 1 45
AR, O NFkbL $E SRR R G YT SR AL T BRI SO .

TP53 £ [ /& A9 K1 TP53 Frémtdim pift, 2 ZM4NMst T R BRI 12—, Wk
JEERM EEZS 5%, TP53 EEH S5 DNABE . ¥, i ish]. B4 r:[22]. Zhong &
A f&HH TP53 J& ESCC Hr e WL SRS B R, %4 IR A77E T AU B A i 1 S AN B, Hh Ew &
BB RARFR Y 3%~35%, HBEAER ARty AR S0 N A A Dy 10%~400%, g S A1
A= SR A 40%~75%, ESCC H12A 50%~90%, 76 “ kdT” eist, R re 1 i) S D] 75 X045 o7 2k
DR SRV A o> ik g e A, IR SR BH T TPS3 BERIE i i 80 . KA K. BHRAITE il 2%
R [23] AW FIE SR T 16 B R 1a YT U, 2595 TP53 IRl (1 45 & & 5T R SRR3R 1Y
I T TPS3 5848 A @ i (an i B 57 A2 7Y p53 hfie. FEMSSAE R ps3), Wk iaiT 4 RRIEE A
ArECERIVE R o K TPS3 ZERIAHOCEE H——3DCY & H——15 Quercetin #4770 FXHE:, R BN, =&
SEA BRI A-7.9, BT HAT A SMEEEKT . BT FuiEd “G a5k
R, 28l T SR M 04518 —J2 Quercetin 55 3DCY & H 4SS & RE IR, A& E
HEVIFER, O RANR T HALSCI A, Quercetin 5% R M HAE AL R H .

TE I W28 2 B0 2 K 4y~ % 4o [ A e v e o ) 5 6 A s A L ATLAR 23 BT ) 2ty -, AR TRk id
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