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Abstract: Objective The hepatotoxicity of the methanol extract of Macleaya cordata (MCEE) on zebrafish and HepG2 cells was

evaluated. The potential mechanisms of the hepatotoxicity of the main active components, sanguinarine and chelerythrine, were
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predicted through network pharmacology and molecular docking. Methods The effects of MCEE (5, 10, 20, 40, 80, 160, 320, 640
pg-mL™") on the mortality of 4-day-old zebrafish larvae were investigated, and the liver pathological tissue lesions were observed. The
activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined. The effects of MCEE (5, 10, 20,
40, 80, 160, 320, 640 pg-mL™") on the proliferation and apoptosis of HepG2 cells were evaluated by MTT and Hoechst 33342 staining.
The intersection targets of sanguinarine and chelerythrine hepatotoxicity were predicted through the Swiss Target Prediction database,
Gene Cards, OMIM and MalaCards databases. The protein-protein interaction network (PPI) was constructed by the STRING database
to obtain the core target genes. The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses
were performed through the David database. The molecular docking was verified by the Autodock Vina software between the core
targets and MCEE. Results The 10% lethal concentration (LC10) of MCEE was 6.07 pg-mL"!. Compared with the control group,
MCEE could cause liver damage in zebrafish, with a large number of vacuoles in the liver tissue, disordered and loose arrangement of
liver cells, and even degradation of tissue structure. The activities of AST and ALT were significantly increased (P < 0.01). Compared
with the control group, MCEE inhibited the proliferation of HepG2 cells (P < 0.05, 0.01) and induced apoptosis. The network
pharmacology results showed that there were 15 intersection targets of sanguinarine, chelerythrine and hepatotoxicity. The core targets
of the PPI network were GSK3B, MAPK 1, MTOR, PIK3CG, PTGS2, etc. The GO functional enrichment targets were mainly enriched
in the processes of negative regulation of TORC2 signaling in response to nutrients, mitochondrial outer membrane, MAP kinase
activity, etc. The KEGG pathway enrichment analysis found that the hepatotoxicity of sanguinarine and chelerythrine was related to
the VEGF signaling pathway, mTOR signaling pathway, PI3K-Akt signaling pathway, etc. The molecular docking results showed that
sanguinarine and chelerythrine had good binding effects with the key target proteins GSK3B, MAPK1, MTOR, PIK3CG, PTGS2.
Conclusion MCEE has certain hepatotoxicity, which may be related to the processes of negative regulation of TORC2 signaling in
response to nutrients, mitochondrial outer membrane, MAP kinase activity, etc., as well as the VEGF signaling pathway, mTOR
signaling pathway, PI3K-Akt signaling pathway, etc.
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<3140 E4BEFENH 2025F 11 A

{a'&"%ﬁ'rﬁt ER Drug Evaluation Research

Vol. 48 No. 11 November 2025

GO /W& LR, 76 BP 21, LR S T HEE4E
T TORC2 &5 MM E TR TR
B BT RS S B AGEE: CC R, R E
LRRARAMEL, S, LRRIPRSE; MF JZTH, ¥ & JUN
WGEYE . MAP BREYE . ORI A G55
KEGG il & 80 Hr K B, MCEE JH- 214 AH G i
3% % 4% VEGF {5 5@ % . mTOR {5 5@ . PI3K-
Akt 55 IHPREE, 1K B B 1) 58 WO B AT e
5 MCEE 5 S I T2t 3 DA 9% o 83 2R A5 Rk
F1 Bioinformatics &R Ak, BEWEI T &L
TR 0 A R AE D e PR R

3.1 TR

U SELIRR . MAREE 2 ME R4 5 Deree {8
HEZHT 5 B0 fdEAT 797 X 4%, 4 RCSB PDB,
Pymol. Autodockvina S5 F— RYIAHL f5, 34T
FMR ., SREIR, HESRA. MRS Z G
BB S RAEE BRI S Amt, W ISR
SRR (R D, WMHERAE PTGS2 M4
£rAEN-38.91 kJ'mol™!, IMFHH 5 GSK3B. MAPK
(K45 & e N—42.68 kI-mol™, HAHEAEH 1 (A
. HUKIMEAS) fasg. @il Pymol #AFHET 3D
AR AT (B 1D, S8R T 2 oy 5 HE A5

x1 MRBAMBERIBS %L RS SEE

Table 1

Binding energies of sanguinarine and chelerythrine with core targets

ZE4rBE/(KT mol ™)

e

GSK3B MAPK

MTOR PIK3CG PTGS2

EPTER AR
AR AR

—35.56
—42.68

—38.49
—42.68

—32.22
—34.31

—33.05
—41.42

—38.91
—40.17

y
lw,‘
=X
3

FUH 34U -MAPK]
22 | %

% v R
@ T8 R\
vy G
i e §

T A A
[ 4L -MTOR
M

"o\

£

N

ik
== 25

B

[ iS4 -PTGS2

B 11 BERLEAMARES XREL D FIHRER

Fig. 11 Molecular docking results of chelerythrine and

i H - PTGS2

sanguinarine with key target

FIERIR LA EAE R, 3 P%E T MCEE
BRSO AR LS A, N B MCEE
FFEEPE 7 T AL RO T S50 AW 24 8
4 T

AHF T B D AR . HepG2 4045 & X 4%

A 50T, R%4E7~ 7 MCEE ()8
PE R I AENLE . B 520 o MCEE X 4d 4
1) LC10 4 6.07 pg-mL™", R B HAEEARIRE R A]
Gl R B RN o RS EE ) R o P4 i HE A 3R
AL A SR SRR W AR MERFAE, ALT 1 AST 361
BT H 2 EA M, UESE MCEE Al #3R Bt 5
R LH 2G5 R FF P I Dy Re . DR fa R e a0
W, FAFREE AR BEIh REANSE R 3Rk 5 N KA
A = BE RSN, 1X—45 59y MCEE HFE iR ft 1
1A A S AR 120210,

TEZHE/KF | MTT 3258 1F 52 MCEE X} HepG2
21 6 %) 84 BELH 1) 4 FH S22 9% B RN (] AH G 1, Hoechst
33342 Yethid— §ox MCEE /] S AT, £k
iER R N3 SN A T o o i i = T
HepG2 M OR B 1 N\ JH-4H B (1) SC B AR U il 3 A0 1)
e, RN YL Z T ~ 7 MCEE X E4H
PR B 4 B PR AE F 223,

R 2% 24 B 2 53 #r & B MCEE 3 M 43 (A i 5%
CLHRAA ARG 55 B A DG A S i 3 15 4,
Bt PPI 2% % Y GSK3B. MAPKI1. MTOR %
BoOEE R GO g B EntriioR, XUesp m - 2
25 TORC2 55X E TR AR . SRk Dfe
J MAP BBE S 18 KEGG 1l & 4
|2 B MCEE FF#¥£1T i85 VEGF.mTOR /% PI3K-



FEASEE N 2025FE 11 8 ¥k A Drug Evaluation Research  Vol. 48 No. 11 November 2025 - 3141
Akt Z(Z 5 BIR T H EIE YA OE . 1 EL I8 IR 41 phospholipid  complex for enhanced solubility,

PREsE . P AR i A R R B A,
ZEL T e T EU 40 B 454 F0 Th R pRp 2425,

X GERAE— B IAE T MCEE 151 %5
i DR S S A e ). F I SRR I AR AR
GSK3B. MAPKI1. PTGS2 Z5# 5 (45 & REBIE T
—32.22 kJ-mol™!, $d/x i Al 5 ocH B B A E
gt THRHRNESES, AmEl RS,
GSK3B /& PI3K-Akt il [ s i R 7, 7w
BOE T SR 20, MAPK1 2 541 N
SN SR, Ik U T e R A A R
PR,

AT NG BE S ST L 4 S50 5 I 2% 2
HEEMES G, Z4ERIESE T MCEE B8t 4128
] B B AR . SR 1T MCEE By B 2%, s
CLREAN ARG AL, HARRS ™2 5 R E A
TE— DRI, WAh, AWFRALER T MCEE 5%
B AU E R, AR N S A AU I R S
FHOCIER B 1) b R vl R ML 1 7o i R s 3
YK IR SIS RN I o J5 482 1] [l 5% MCEE JH
BRI THLERIIT T TR FC, NI el (1) 22 42 80
FH P& A5 A T (1R A o

RBAR AL F ARG EA AR

e

[11 LiuZQ,XuYF LiuW, et al. Macleaya cordata protopine
total alkaloids as potential treatment for diarrhoea:
Mechanistic insights and target identification [J]. Res Vet
Sci, 2025, 189: 105633.

[2] LinL, LiuY C, Huang J L, et al. Medicinal plants of the
genus  Macleaya cordata,

(Macleaya Macleaya

microcarpa): A review of their phytochemistry,
pharmacology, and toxicology [J]. Phytother Res, 2018,
32(1): 19-48.

[3] Ni X, Gao C, Zhu X L, et al. Isobavachalcone induces
hepatotoxicity in zebrafish embryos and HepG2 cells via
the System Xc--GSH-GPX4 signaling pathway in
ferroptosis response [J]. J Appl Toxicol, 2024, 44(8): 1139-
1152.

[4] Park J, An G, Hong T, et al. Fenoxycarb induces
cardiovascular,
zebrafish
inflammation, and apoptosis [J]. Sci Total Environ, 2025,
969: 178957.

[S] Patil J, Bhattacharya S, Saoji S D, et al. Cabozantinib-

hepatic, and pancreatic

ROS  production,

toxicity in

larvae via excessive

(10]

(1]

bioavailability, and reduced toxicity in liver cancer [J].
Ther Deliv, 2025, 16(1): 25-41.

s, R, BRehE, 5 ORNFEMEIRE A T KR
Vs B AR Sk A BB (0] P
EE25% T, 2025, 43(1): 247-252, 271.

Yuan S Y, Ye C Y, Chen Y T, et al. Acute toxicity and
of Zhizi
(Gardeniae fructus) from different degrees of processing
in zebrafish model [J]. Chin Arch Tradit Chin Med, 2025,
43(1): 247-252, 271.

FRFERG. /N A [ 5 AR v K JEAN[R] P R S
WWETT [D]. Kib: W PR, 2012

Guo Y G. Study on quality standard of Macleaya

hepatorenal toxicity of aqueous extracts

microcarpa leaves and its fingerprint from different
habitats [D]. Changsha: Hunan University of Chinese
Medicine, 2012.

JaIEkE, FEA, BREM, & BTG MBR N RR
BRI I FEVEVEAT (], hE2Y, 2022, 53(6): 1768-
1775.

Fan Q Q, Li Z Q, Chen M L, et al. Hepatotoxicity
evaluation of Euodiae Fructus extract based on zebrafish
model [J]. Chin Tradit Herb Drugs, 2022, 53(6): 1768-
1775.

58, Mt WG, . BT PR AR ) b 24 SO
BEVEM BT AR (7). VPN AL, 2024, 47(5):
933-940.

Yuan Y, Shang Y, Wang P, et al. Research progress on
evaluation of hepatotoxicity of traditional Chinese
medicine based on zebrafish model [J]. Drug Eval Res,
2024, 47(5): 933-940.

Zeyh, ORI, AR, . o- W RRERAE Y S B S U T
SIRT A1) i R A IE [ 3K 5 75 5 (19 HepG2 4l fE 1
[J]. & 754k, 2023, 45(3): 264-272.

LiJ, ZhengM M, Pei LY, et al. Plant sterol ester of a-linolenic
acid inhibits pyroptosis induced by oleic acid plus
cholesterol by regulating sirtl in HepG2 cells [J]. Acta
Nutr Sin, 2023, 45(3): 264-272.

BT, KR, WA, 4. R s AR 4
B IR AR R S R A AE A R ()] IR
[ [E 24, 2020, 31(6): 1458-1460.

Zhao C L, Zhou Y Q, Han W, et al. Establishment of callus
and suspension cell culture system of Macleaya cordata
and accumulation of two alkaloids [J]. Lishizhen Med
Mater Med Res, 2020, 31(6): 1458-1460.

WA, TN, BRGNS, . BT AME S E T
BRI 2 1 S S0 PRI M ) 7 SR B 0], AR rp R
#j2E 1], 2025, 43(4): 1-6, 259-261.



- 3142 -

F48EFE Y 20255118

{;*‘%ﬁﬁt ER Drug Evaluation Research

Vol. 48 No. 11 November 2025

[13]

[14]

[15]

[16]

[19]

Zeng C H, Xing L R, Chen H P, et al. Principles of
processing method reducing hepatotoxicity of Chuanlianzi
(Toosendan Fructus): Bioinformatics prediction and
experiment validation [J]. Chin Arch Tradit Chin Med,
2025, 43(4): 1-6, 259-261.

Wang X Y, Yang X Y, Liu C,
with

et al. Serum

pharmacochemistry combined network
pharmacology reveals the hepatotoxicity mechanism of
Alangium chinense (Lour.) Harms [J]. J Ethnopharmacol,
2025, 340: 119312.

Yuan H J, Han Q C, Yu H, et al. Calycosin treats acute
infarction via NLRP3
Bioinformatics, network pharmacology and experimental
validation [J]. Eur J Pharmacol, 2025, 997: 177621.

Szopa A, Herbet M, Pachuta-Stec A, et al. Evaluation of

myocardial inflammasome:

developmental toxicity in zebrafish embryos and
antiproliferative potential against human tumor cell lines
of new derivatives containing 4-nitrophenyl group [J].
Toxicol Appl Pharmacol, 2023, 458: 116325.

RBESR, BRI, mas, 25 B TR A BT o ) T R
VORI REESE R D bR s Ak ()RR A B M R
rhEEZG 24K, 2024, 39(5): 2491-2497.

Zhao X R, Chen W, Gao J, et al. Study on the protective
effect of Glycyrrhiza uralensis Fisch. based on the model
organism zebrafish on specific heterogeneous liver injury
caused by Polygonum multiflorum Thunb [J]. China J
Tradit Chin Med Pharm, 2024, 39(5): 2491-2497.

Mu J S, Liu T R, Jiang L, et al. The traditional Chinese
medicine baicalein potently inhibits gastric cancer cells
[J]. J Cancer, 2016, 7(4): 453-461.

Liu H Q, Yang S L, Chen B, et al. Integrating network
pharmacology and molecular docking to explore the
pharmacological mechanism of tanshinone IIa in
improving chronic obstructive pulmonary disease [J].
Medicine (Baltimore), 2025, 104(12): e41638.
JiKS,Han M Z, Yang M Q, et al. Integrated Meta-analysis

and network pharmacology analysis: Evaluation of

(20]

(23]

(24]

Zhigancao Decoction as treatment for diabetic
cardiomyopathy [J]. Front Cardiovasc Med, 2025, 12:
1454647.

Wu M Q, Bian J H, Han S, et al. Characterization of
hepatotoxic effects induced by pyraclostrobin in human
HepG2 cells and zebrafish larvae [J]. Chemosphere, 2023,
340: 139732.

Rodrigues L C, Godoi A B, Fais V C, et al. Zebrafish
embryo-larval testing reveals differential toxicity of new
psychoactive substances [J]. Toxicol Rep, 2025, 14:
102018.

Wang S, Bauer B, Hintzsche H. P25-17 Mixture toxicity of
perfluoroalkyl substances (PFAS) in zebrafish larvae and
HepQ2 cells [J]. Toxicol Lett, 2024, 399: S359.

Ullah R, Algahtani A S, Shahat A A, et al. The
antiproliferative effects of Marrubium vulgare, and
toxicity screening in zebrafish embryos [J]. J King Saud
Univ Sci, 2024, 36(7): 103241.

Song S, Qiu R L, Huang Y, et al. Study on the mechanism
of hepatotoxicity of Aucklandiae Radix through liver
metabolomics and network pharmacology [J]. Toxicol Res
(Camb), 2024, 13(4): tfae123.

Wang Y Z, Cheng W N, Wang X N, et al. Integrated
metabolomics and network pharmacology revealing the
mechanism of arsenic-induced hepatotoxicity in mice [J].
Food Chem Toxicol, 2023, 178: 113913.

Yin Y H, Qi Y P, Zhang K, et al. Integrating metabolomics
and network toxicology to reveal the mechanism of
hypoaconitine-induced hepatotoxicity in mice [J]. Pestic
Biochem Physiol, 2024, 202: 105950.

B, A%, AT, 5. T MK AR AR K
FUR 25 2% 0o LA L 25 1 B4 P LA [J]. (v oK
(HAREBLEAR), 2023, 46(3): 708-720.

Hou Y X, RenJ H, Yao H, et al. To explore the mechanism
of Astragali Radix against doxorubicin cardiomyocyte
toxicity based on network pharmacology [J]. J Shanxi
Univ (Nat Sci Ed), 2023, 46(3): 708-720.

[FiE%tE 24747



