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Abstract: Hepatic injury caused by pyrrolizidine alkaloids (PAs) has attracted widespread global attention.
Establishing a rapid evaluation model for PA toxicity is of great significance for risk assessment of PA exposure.
Therefore, this study used senecionine as a representative component to investigate its metabolic characteristics in
adult zebrafish, providing core metabolic support for the use of the zebrafish model in rapid screening and
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evaluation of PA toxicity. Adult zebrafish were orally gavaged with senecionine (0.6 mmol-kg™). Liver tissues were
collected at 0.25, 0.5, 1, 2, 6, 12 and 24 hours post-administration. Metabolites were identified using ultra-
performance liquid chromatography coupled with tandem mass spectrometry (LC-MS"). Concentration-time profiles
of major metabolites were determined using ultra-performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS), and pharmacokinetic parameters were fitted. Five metabolites of senecionine were identified in the
zebrafish liver, including N-oxide, hydroxylation products, N-glucuronide conjugate of senecionine, and glucuronide
conjugate of senecionine hydroxylation product. The parent compound and phase I metabolites reached their peaks
and were cleared rapidly. Among the phase II metabolites, the glucuronide conjugate of the hydroxylation product
showed the latest peak and became the predominant form in the zebrafish liver at later time points. This study for
the first time systematically elucidated the metabolic profile and kinetic patterns of senecionine in adult zebrafish,
confirming that zebrafish possess glucuronidation detoxification capabilities similar to humans. These findings
provide a crucial experimental basis for using zebrafish as a model for PA metabolism and toxicity studies, and also
offer scientific data for the risk assessment of traditional Chinese medicine preparations containing PAs. This
experiment was approved by the Laboratory Animal Ethics Committee of Zhejiang University (Grant No:
Z7JU20250602).
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Identification of metabolites of senecionine in zebrafish liver. The fragment in underlined text type is the characteristic ions for the

compound. Compound labeled with star means that the compound is identified with chemical reference standard

Compound tR, m/z (ESI')  Formula Mass Major fragment ions Identification
/min error/ppm
MO 52 336.178 0 C H,.NO, 1.4 308.183 9, 220.129 9, 156.088 0, 138.089 2, 120.078 8 Senecionine’
M1 54 3521749 C,H,,NO, 5.2 324.1817,220.132 2, 138.092 1, 136.078 6, 120.080 3,  Senecionine N-oxide"
118.064 7
M2 40  352.1781 C H,NO, 2.0 324.181 7,242.137 4, 156.101 3, 138.090 9, 120.080 0,  Hydroxylated senecionine
M3 3.7 3521747 C,H,,NO, -0.2 324.182 6, 242.047 9, 156.103 5, 138.091 4, 120.079 6  Hydroxylated senecionine
M4 5.0 5122201 C,H,NO, -0.1 336.180 0, 308.185 8, 138.085 5, 120.079 2 Senecionine glucuronide
M5 33 528.1904 C,H,)NO,, 5.7 352.177 4,324.192 1, 138.090 6, 120.081 6, 242.147 8  Hydroxylated senecionine

glucuronide
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Figure 1 UPLC-MS/MS analysis of senecionine (MO0) in positive

ion mode. A: Extracted ion chromatogram (EIC) of senecionine

(m/z 336.2); B: Fragmentation mass spectrum of senecionine
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Figure 2 UPLC-MS/MS analysis of M1-M3 in positive ion mode. A: EIC of M1-M3 (m/z 352.2); B: Fragmentation mass spectrum of

M1; C: Fragmentation mass spectrum of M2; D: Fragmentation mass spectrum of M3
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Figure 3 UPLC-MS/MS analysis of M4 in positive ion mode.
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Table 2 Pharmacokinetic parameters of senecionine and its metabolites in zebrafish (n =7, x £ 5)

Parameter MO Ml M2 M3 M4 M5
to/h 0.38 £0.25 0.35+0.23 0.45+£0.31 0.42 £0.28 1.62+1.18 7.85+4.62
Cmax/nmol-g'I 17.22 +3.41 0.38+0.34 0.62+0.18 0.28 +£0.06 0.18 +£0.09 1.48+1.14
t,/h 5.42 +0.85 4.56+£0.71 7.29+1.03 6.73 £0.92 8.89+1.25 8.45+1.18
AUC, l/nmol-g"'h 59.36 £ 7.84 2.56+£0.38 7.84 £1.08 3.62+£0.49 3.45+0.48 25.63 +3.45
MRT /h 7.85+1.02 6.28 +£0.89 10.32 +£1.36 9.47+1.21 12.56 £ 1.58 1423 +£1.87
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Bt AN TE 2H 2995 38 2 & FH T 24 9 1 I 454 A
72, H2g Wi R 40 (W CYP3A4.UGT1A4) 5 A%
IRAFAE = BE M Th R R IR DS, AR, Y
1 AFAE RS AT I 40 € 5 P450 By, JL RS AR AR 1T Al 3 5 N\
AR E A — 8. B PAs I 2 K 3 o 245
T, 1A BT[] A A AR FR AT S R R ST A
o) v R ) AR - MR RSV AR R, R R M
PR A e I8 7 1 -5 R L 3l 0 K B MR G 1) S R AT
b PETE 25 22 A PR VP (9 R0 R T 5 R PR T Ay
1B, XHHESNE PAs 251 2 AW R 5K A # R H B
B E RS E L.

gk BRIk, ARG 7T B OGHRAEE
AR P9 AR T 1 A% 0 B A% R 25 AR 0 SRR AT, B

T sE 5 A0 BACH -, IESE B S B 53K
FHALR PAs S B fif 7 AU RE 70, MAR R JZ T
PRIy 0 41 0y PAs 5 PE AN A& B SR 1 OCH S e
e, (RIS 98 PAs FH 24 51 (K B 4k ARG PP A & 4
RS B 53R T R S M SO

{E& TTEk: SKOE 22 VAR R 2 S ST SE IR B SR R VR
AR SEY SR ICHES $UNGS SN S aE N E Rk N
Bos AR FRBE T £ T I AN R S BORR T M A 0
HRALERIE T, RREE AR A &R .

RS A 1 & 25 A EAE R 2R 7h R
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