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Abstract: Objective To evaluate the hepatotoxicity of Psoralea corylifolia volatile oil and analyze its potential toxicity mechanism.
Methods The liver-specific fluorescent Tg (fabp10:EGFP) transgenic zebrafish model was employed to evaluate the effects of P,
corylifolia volatile oil on liver morphology, fluorescence intensity, biochemical indicator and histopathology. GC-MS was utilized for
systematic characterization of the chemical constituents in P. corylifolia volatile oil. By weighting the toxicity coefficients of
components and molecular docking, the core targets of P. corylifolia volatile oil hepatotoxicity were screened using the network
toxicology strategy, and the possible toxicity mechanisms were investigated with Gene Ontology (GO) and Kyoto Encyclopaedia of
Genes and Genomes (KEGG) pathway enrichment analyses. Based on the “drug-component-target-pathway” network, the potential

toxicity components and targets of P. corylifolia volatile oil were screened. qRT-PCR method was used to verify the relevant core
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targets. Results P, corylifolia volatile oil significantly reduced the area and intensity of liver fluorescence (P <0.01), increased alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and malondialdehyde (MDA) levels (P < 0.05) , decreased glutathione
(GSH) levels (P <0.001), and induced pathological damage such as liver cell nuclear atrophy and vacuolation. A total of 55 components
of P. corylifolia volatile oil were identified by GC-MS, and terpenoids were the main components, of which 42 were reported from P,
corylifolia for the first time. Five core targets, Cytochrome P450 3A4 enzyme (CYP3A4), cyclin-dependent kinase 1 (CDK1), heat
shock protein 90 alpha type 1 (HSP90AAL1), hypoxia-inducible factor 1A (HIF1A), and phosphatidylinositol 4,5-bisphosphate 3-kinase
catalytic subunit alpha (PIK3CA), related to the hepatotoxicity of P. corylifolia volatile oil were screened from weighted network
toxicology. The toxic mechanism was related to cellular senescence, autophagy, HIF-1 signaling pathway and so on. Caryophyllene
oxide, (-)-cis-myrtanol, globulol and other components were potential hepatotoxic components of P. corylifolia volatile oil. The results
of qRT-PCR showed that the expression of CDK1 and HIF1A genes in zebrafish increased significantly (P < 0.001) and the expression
of PIK3CA gene decreased significantly (P < 0.001) after treatment with P. corylifolia volatile oil. Conclusion The volatile oil from
P. corylifolia exhibits certain hepatotoxicity, and its mechanism is related to the regulation of core targets, intervention in relevant
signaling pathways, and mediation by toxic components.

Key words: Psoralea corylifolia L. volatile oil; hepatotoxicity; zebrafish model; GC-MS; weighted network toxicology; caryophyllene
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A-overall morphology and liver fluorescence of zebrafish under microscope; B-statistical map of the fluorescence area of zebrafish liver; C-statistical map
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Fig. 1 Effect of different concentrations of P. corylifolia volatile oil on liver morphology in zebrafish ( X +s, n=3)
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Fig.2 Effect of different concentrations of P corylifolia volatile oil on biochemical indexes of zebrafish liver ( X *s, n=3)
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Fig. 3 Effect of different concentrations of P. corylifolia volatile oil on histopathological structure of zebrafish livers
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Table 3 Results of compositional analysis of P. corylifolia volatile oil
F9% m/min 3T EY AEMBARE /% Ao g
BUI  2.682 H2S ik 97 0.86 THED
BU2 7.876 CsHsN  nbng 97 0.11 AW ED
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BU34 16.851 CisH»  Eils 81 117 BERAEY
BU35 16.986 C13H220 A Mg 95 025 WERWED
BU36 17.111 CisHae  B-Bi& M 84 0.67 BERWLED
BU37 18213 CisHx  o-FH/f 94 0.11 Wik HAEY
BU38 18.717 CioHao  1,5-FHI3E-2 3- 2R IEH Okt 81 0.48 BERLED
BU39 19.320 CisHz  1-F3E-2, 4-X0(1-F 2 20 58 3R e 88 020 #ERULEY
BU40 19.817 CisHu4O  SEMANTH 94 2577 wERLE
BU41 20.368 CisHu4O  (4E,7E)-1,5,9,9-PU FJE-12- 5 20U [9.1.0]+ —fk-4,7- ) 96 032 WERWED
BU42 20.861 Ci1sH240  HFIGIREAY) 1T 96 227 WERNEY
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F% m/min  SFR &M FEHBUEE 9% ST EDo Bl
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BU48 23.341 CisH2sO  2-(4a,8- - HFE-2.3 .4 42,5,6- /N 25-2-58) A -1- % 81 043 [RULEY

BU49 23.400 CisHa6O  T-F M1 84 0.11 W&

BU50 23.522 Ci7H3402 KRS FH g 92 0.17 HEeRL&W

BUS51 24.740 CisH24O  (1R,4E,8F)-6,6,9- = FiFE-2-V FH3E-4 8-FF+— Bk —f5-1-lF 96 030 HERLEY
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A-intersection of P. corylifolia volatile oil constituent targets with liver injury targets Venny diagrams; B-binding energy thermograms of key targets-key
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Fig. 5 Network toxicology of P. corylifolia volatile oil causing liver injury before weighted analysis
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*4 XEHESHBC, CCHFDCE
Table 4 BC, CC and DC values for key targets

KL T C
AKT1 0.003 227 426 0.009 737 528
BCL2 0.014 415 836 0.140 100 896
CASP3 0.003 227 426 0.016 066 123
CCND1 0.009 108 513 0.036 194 261
CDK1 0.167 252 385 5.031 079 639
CYP3A4 0.180 305 530 2.214 147 933
EGFR 0.029 118 554 0.391 343 223
ESR1 0.091 013 412 0.712 773 410
HDAC1 0.025 317 364 0.161 941 437
HIFIA 0.118 052 069 2.234 184 066
HSP90AALI 0.091 443 735 1.925 613 253
MAPK1 0.053 575 271 0.555 622 113
MAPK3 0.003 514 308 0.003 820 845
MDM2 0.013 555189 0.049 886 569
PIK3CA 0.123 861 436 2.096 474 043
PRKCA 0.070 859 930 0.861 286 135
SRC 0.005 307 323 0.016 066 123

BC CC DC
0.111 461 208 4.36X10°® 0.000 659 970
9.076 380 201 2.64X10°¢ 0.042 413 102
0.137 585 343 6.43X10°® 0.000 725 931
0.466 888 642 4.17X107 0.003 956 111
1798.527 182 9.98 X107 9.256 060 741
3749.815 258 4.77X10™* 6.786 792 969
36.161 369 37 1.52X107° 0.227 906 976
467.907 878 3 9.16 X10°* 1.297 438 797
11.253 96509 5.22X10°¢ 0.053 299 093
1460.273658 3.64X10* 2.637 500518
1512.036162 246 X107 4.930 387 514
77.641 635 88 4.09X10°° 0.654 887 313
0.028 841 302 1.80X10°® 0.000 281 980
0.672 224 751 8.87X107 0.008 114 663
394.156 2199 321X10* 6.232 134 844
112.458 111 8 7.26X10°° 0.732 368 100
0.393 232 058 1.10 X107 0.002 472 775

3.3.5 GO J KEGG i'EHE0Hr  1£ DAVID 7
& ERAZ O GER, 17 GO Dygeid B Al
KEGG @ #r. GO /iiréifin, HALEYF
EFE (BP) 10 4%, AHLpsr (CCO 2 2%, 7 7 IIRE
(MF) 6 %%, LKl 6-A. BP FZ LIEFRIARIIE
4% (positive regulation of gene expression). 4y
iE# (cell migration). Il 4% (angiogenesis) &
JiTH s CC FEW MM (cytoplasm) FT4H o Jofi 2
Jii Ceytosol)s MF 2234 K [ 45 4 (enzyme binding)
B 10T 22 2R TR i P (protein serine kinase activity
protein serine kinase activity)« 12 & & [IEEM S A
(ubiquitin protein ligase binding) %6771, KEGG &
B HTILIRTS 20 &ME 5@, FEW KA
(cellular senescence )~ H M (autophagy-animal) HIF-
1 {558 (HIF-1 signaling pathway) %5 . fR4fE P>
0.05 X} I A7 {5 5 i@ B BEAT I ide, #4018 f 19 3 1) 12
A5 TR AT AL, W& 6-B.

33.6  “AY)-Rr-BE IR MZEREE BT AR
HHRHER M A% DB S R KEGG % S 550
raf R, BEHAR IR “ 25)-p o) -4 i -l R AT
HES, BT NS degree A K (degree
=5 K 8 Nar: (-)-MiaX-H B e (BU3D. Jx
XA T I (BU10). (1aR,4a0,7aa,7bp)-1 4 -
1,1,40,70- VY H JE -1H- 3 P [e] & (BU20 )« W

((2R,3aS,4R,7aS)- )\ &-7,8,8- = HI Jk -4, 7- H |5 2 -1k
I-2-J5)EF (BU21). (1R,2S,3S,65)-3- . i J-3-Hi k-
6-F P FE-2-TJf-2- 3 CU i (BU27). B AT
(BU40). 1R,55,95-11,11-""H 3=-4, 8-X IV F J& XA
[7.2.0]+—%e-5-F% (BU52). Wif%lE (BUS3) ik N
FEANE TR R I BUR B A% O R g . Bl 6-C B
N, WIS 26 AN R (AR, BT
BEPE AN« OCBERE S A S ) 72 Skl (AR
WM EAEHSRR), RIS 280 T %
BERIAIORIEE . 45 K0, NI IRHE KM BUHHR
e “ 2 -2 R-2®R” R
GIGIESTNGR
34 HEEELHENEDEFHEXZOESER
FIKHIFZ N

FIFH qRT-PCR 770 IIA 94 6% 25 3527 7 128 H
(RO R B N4 A I R B ME A% 08 i3 CDKL L HIF1A
PIK3CA #ATIRIUE, &5 E/REL AR 1)
ANE IEHE R AT S, CDKI . HIF 1A FER 22k o0t
TRAH RN (P<<0.001), PIK3CA FERF LR
MR B b, WK 7,
4 e

AW R BT AN TR A, R B
MRS HL T B BT IR 7T, IR T PR EAE
s [FBRA GC-MS 77k % e HANE B R i
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A-histogram of GO analysis results; B-bubble diagram of KEGG analysis results; C-network diagram of “drug-core ingredient-core target-signaling pathway”.
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Fig. 6 Weighted network toxicological results of liver injury caused by P. corylifolia volatile oil
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Fig. 7 Effect of P corylifolia volatile oil on gene expression of related core targets ( X *s, n=3)
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