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Abstract: Objective To investigate the hepatotoxicity and potential mechanism of strychnine based on zebrafish larvae model.
Methods The acute toxicity test was performed to determine the 10% lethal concentration (LC10) of strychnine, and then the sub-
lethal concentrations of 0.33, 0.66 pug/mL (1/4 LCio, 1/2 LCi0) were given to zebrafish larvae, the liver phenotypic changes were
observed by stereomicroscopic imaging, acridine orange staining was used to detect hepatocyte apoptosis, histopathological of liver

tissue vacuolization degree was analyzed, the activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were
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measured. Transcriptome sequencing technology was further used to screen differentially expressed genes, and the expression levels

of key genes were verified by qRT-PCR. Results The liver morphology of larvae zebrafish was abnormal after exposure to sub-lethal

doses of strychnine. The pathological sections showed hepatocyte void formation, and the activities of ALT and AST were significantly

increased (P < 0.05, 0.01). Transcriptomic analysis revealed significant enrichment of lipid metabolism pathway. Among them, key
regulatory genes such as cell death-inducing DFF45-like effector B (CIDEB), cytochrome P450 family 7 subfamily A member 1

(CYP7A41), and fibroblast growth factor 19 (FGFI19) showed abnormal expression. Conclusion

Strychnine has obvious

hepatotoxicity, and the mechanism of its hepatotoxicity may involve the abnormal expression of key genes regulating lipid metabolism
pathway (such as CIDEB, CYP7A1, FGF19), and then lead to lipid metabolism disorders. This study provides theoretical reference for

the safe and rational clinical use of Strychnos nux-vomica and related drug preparations containing strychnine.
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mol/L Na,HPO4. 0.44 mol/L KoHPO4+ 1.3 mol/L
CaCly» 1.0 mol/L MgSO4. 4.2 mol/L NaHCO;) 1,
B THIRSE RN TR, E2HKE 4d (4 d post-
fertilization, 4 dpf) By BraiHkik (g 5 Bt o 4
T a8 24
1.2 AHR5HF

7 IR L (LS DSTDS002602, Jii 843 %1
N 98%) T H AR FER AR AR AR N
MR AR (alanine aminotransferase, ALT) £&
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YHAR A 3R P450 2K 2 WA R B 1 (cytochrome
P450 family 2 subfamily R member 1, CYP2RI). 4H
JEa 3R P450 Kk 7 WA A Bt 1 (cytochrome
P450 family 7 subfamily A member 1, CYP741) %
A MM A K EF 19 (fibroblast growth factor 19,

FGF19) B i i - JIE [ B /e 3% 3% & B (lecithin-
cholesterol acyltransferase, LCAT). F.I9EH M O-
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(NPC1 like intracellular cholesterol transporter 1,
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# i 5 1 86B ( transmembrane protein 86B ,
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family transcription factor 3, RUNX3). FRVEEHENG
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&1 3149575

Table 1 Primer sequences

HEH EHE 5P (5°-37) TSI (5°-37)
P-actin AATCCCAAAGCCAACAGAGAGAAG CATCACCAGAGTCCATCACAATACC
CIDEB TGAGGAGGACGGGACAGAGG CTCGGTTTACTATCGCCTGGTTTG
CYP27CI AAGGCGGCGAGAGTCAAGAG CCATACTTCTTAGCGTGCTCCATC
CYP2RI GCTGTGAACTGCTTCCGCTAC TTGCCTTGGTGCTGGTCAATG
CYP7A1 CGTCGCTATACTTTGGGCTTCAC TTCGCCTCACCTCCTCACTTG
FGF19 CTGCGTAGCCATTAAGGGAGTTG TGTAGCCGTCTGGAAGGATGC
LCAT TTACAACAGAACCACTCGCAAGAC GCTGACCAGATGCTGAACCATAG
MOGAT3 CGTTCGTGCTGCTGTGTCTC CCACTGTGACCTCCGACCTC
NPCILI GTCATCTTCCTCTACATCGCAGTG AGCAGCCGACTACCAGAATCC
MTTP GCATACAGCACCATCGCCATC GCCGCACGCACGTTCTTC
PLA2GI12B CCTGCTCCTGCTGTGTATCTCTG GCTCTGCCTGATTCTCCTGATTAAC
TMEMS6B CTCAGTGACCTTCCTGTCCTCTC GTAGATGCCAACGCCGAACAC
SLC548 ACAGGCGGCTTTCAGTATTTCAG CCCACAATGACAGTCCCAAACC
NPPA AGCCGTAGATTATGAAGACAGCAAC TTTCTCTGTGTGTCAAATCCATCCG
GATAS TGGCGGCATGATCGGTCTTC CACAGCGGCGTTGAGATTGAG
RUNX3 CACGGACAGCCCAAACTTTCTC GAACATCACCAAGAGCCACCAC
SMPDL3B AATCGGCAACCTCACTAACATCATC GGTTTGCTGTTTGCTCGTAAATGG
ALAS?2 CGAGTGTTGAAGAGCGATGAAGG CAGGCAGTCCAGCGTCCAG
GATAI CAGATGAGCATGTAGGAGCGTATTC GTAAGGTGGAAGTTGGCAGTAGATG
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TEA[F S BRI ) 2 B 24 i, Bivh 4t
THEIPREAT R, SRER, LTS A
S EE R LClo & LCso 434 1334 3.19
ng/mL. R, KA 033, 0.66 pg/mL (1/4 LCjo-
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sk
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AL TRRBRE LT R ML, B-H DR (X40); C-HEHEBED AT AT SO Y X I] (X40); D-HEHE R Dt AT 5 e e
BRG T E-BE S A FAE s e e tg il (X500, EXIBCANNE; F-BESaFERIA Ry r HE JERN (X10, X40), HEF LI

A Gy H-BEE 1 ALT Al AST it SXIIBAIE: "P<0.05 "P<0.01, &5 [,
A-concentration-mortality curve of strychnine; B-liver phenotypic changes of zebrafish (x 40); C-fluorescent stained areas of liver of transgenic zebrafish

(x 40); D-liver fluorescence staining area statistics of transgenic zebrafish; E-liver acridine orange staining of zebrafish (x 50), red area is the liver; F-HE

staining of liver pathology sections of zebrafish (x 10, x 40), yellow arrow points to vacuolization; G, H-activities of ALT and AST of zebrafish; *P < 0.05

**P <0.01 vs control group, same as Fig. 5.

1 THTIHRDS&EHNSMSERFEEMAR (Xts,n=3)
Fig. 1 Study on acute toxicity and hepatotoxicity of strychnine to zebrafish (X £ s, n=3)
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anchored component of plasma 9 carbohydrate transport o
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AL TGRS 0 T R R I 22 AR I R ) 22 S RA BN AR AR UL B-H I TARAI AL S 1) TR R A 2 R IA R

KL C-HRKERLIEEFN GO I)

g
He &
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A-common differentially expressed genes and their expressions between strychnine low-dose group and strychnine high-dose group; B-classification of

common differentially expressed genes between strychnine low-dose group and strychnine high-dose group; C-GO functional enrichment analysis of

various differentially expressed genes.

& 2

T TIPS R E A RV

Fig. 2 Effect of strychnine on gene transcription in zebrafish
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A-PCA diagram of differentially expressed genes between strychnine low-dose group vs control group; B-volcano plot of differentially expressed genes

between strychnine low-dose group vs control group; C-heatmap of differentially expressed genes between strychnine low-dose group vs control group;

D-GO enrichment analysis of differentially expressed genes between strychnine low-dose group vs control group; E-KEGG enrichment analysis of

differentially expressed genes between strychnine low-dose group vs control group; F-GSEA of potential hepatotoxicity targets between strychnine low-

dose group vs control group.
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Fig. 3 Effect of low-dose strychnine on gene expressions in zebrafish
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A-PCA diagram of differentially expressed genes between strychnine high-dose group vs control group; B-volcano plot of differentially expressed genes

between strychnine high-dose group vs control group; C-heatmap of differentially expressed genes between strychnine high-dose group vs control group;

D-GO enrichment analysis of differentially expressed genes between strychnine high-dose group vs control group; E-KEGG enrichment analysis of

differentially expressed genes between strychnine high-dose group vs control group; F-GSEA of potential hepatotoxicity targets between strychnine high-

dose group vs control group.
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