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[ Abstract] Objective: To establish ultra-performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) for simultaneous determination of six hepatotoxic pyrrolizidine alkaloids in
Verbenae Herba, and to carry out preliminary risk assessment according to the research results. Method: An
ACQUITY UPLC HSS T3 column (2.1 mmx100 mm, 1.8 pwm) was used for analysis with 0.05% formic acid
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and 2.5 mmol-L"' ammonium formate in water (A)-0.05% formic acid and 2.5 mmol-L" ammonium formate in
acetonitrile (B) as mobile phase for gradient elution (0-12 min, 3%-8%B; 12-25 min, 8%-15%B; 25-26 min,
15%-3%B; 26-30 min, 3%B), the flow rate was 0.3 mL-min"', the column temperature was 40 °C , and the
injection volume was 1 pL. MS system was operated by electrospray ionization (ESI) in the positive ion mode
with multiple reaction monitoring mode. MS parameters of triple quadrupole and six analytes were optimized for
qualitative and quantitative analysis. According to the determination results, the risk assessment was carried out
by using margin of exposure (MOE) combined with transfer rate of hot water extraction. Result: Based on the
instrument precision, linear range, repeatability, stability, recovery and other methodological validations, the
results were in conformity with relevant standards of quantitative analysis. The linear ranges of intermedine,
lycopsamine, intermedine N-oxide, lycopsamine N-oxide, echimidine N-oxide and echimidine were good (r>
0.999 0) between peak area and mass concentration in the ranges of 0.984-49.20, 0.994-49.70, 1.012-50.60,
1.032-51.60, 1.004-50.20, 1.016-50.80 pg-L", respectively. The average recoveries of these six analytes were
87.2%-94.2% with relative standard deviation (RSD) <4.0%. Their MOE values were >10 000. Conclusion:
The UPLC-MS/MS established in this study is stable and feasible, which can provide scientific basis for the
quality control and safety evaluation of hepatotoxic pyrrolizidine alkaloids in Verbenae Herba.

[Keywords] Verbenae Herba; hepatotoxic components; pyrrolizidine alkaloids (PAs) ; ultra-

performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) ; determination; risk
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WU E WA B 1 mL, il 10% C W5 B & 5 mL,
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2.5 mmol-L" H 8 & ) #8 J& P& it (0~12 min, 3%~
8%B;12~25 min,8%~15%B ;25~26 min, 15%~3%B;
26~30 min,3%B), # # 0.3 mL-min", #E £ & 1 wL.
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Table 1 MS parameters of 6 PAs in Verbenae Herba

fppT  TETmE g R

ey W e Tem e BN eV
DIESH 729 3002 941 138.1 26 30
FER/N 13 771 3003 941 138.1 26 30
EEEREMY 955 3162 941 1721 20 24
ORMRSELY 1012 3163 941 1721 20 24
WHEERAAY 1691 4143 1201 2202 28 26
W E 17.22 3983 2542 3963 36 32

2.3 JIkcEHE AR
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XoF I 1 e I v B R i R BR(LLOQ) , L3 2.

Table 2 Linear relationship investigation of determination of 6 PAs in Verbenae Herba

% LI r LR il /g L LLOD/pg-L" LLOQ/ug-L"
BN 38 Y=9 125X-458 0.999 1 0.984~49.20 0.20 0.49
FERUNIS Y=9 012X-852 0.999 3 0.994~49.70 0.20 0.50
BN A ALY Y=6 127X-745 0.999 0 1.012~50.60 0.20 0.51
AR A Y=5 692X-586 0.999 1 1.032~51.60 0.21 0.52
WA A A Y=7 593X-425 0.999 2 1.004~50.20 0.20 0.50
W] Y=8 576X-614 0.999 1 1.016~50.80 0.20 051
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Table 3 Contents of 6 PAs in Verbenae Herba (x+s,n=2) ug-kg!
FE 7R 1B iR B ENSEE ALY A A ALY W E A S A W ] ENS
S1 INAR 2% 19.32+0.23 21.53+0.15 52.14+0.25 46.52+0.22 10.25+0.07 39.86+0.25  189.62+1.32
S2 INA G YT 18.57+0.15 15.42+0.08 42.25+0.32 39.82+0.37 13.52+0.11 17.95+0.12  147.53+1.58
S3 Y957 5t 22.96+0.32 17.63+0.11 95.63+0.41 85.48+0.52 8.25+0.09 18.25+0.08  248.20+2.01
S4 VLI M 19.28+0.18 21.04+0.19 31.61+0.27 52.17+0.24 6.69+0.10 26.32+0.17  157.11£0.95
S5 WK 9.69+0.11 11.22+0.07 28.69+0.16 46.22+0.36 11.58+0.14 35.84+0.12  143.24+1.03
S6 T P A 12.74+0.08 18.74+0.12 48.85+0.31 37.21£0.19 9.63+0.11 26.38+0.16  153.55+1.28
S7 IR 15.83+0.10 8.58+0.06 62.74+0.29 32.14+0.15 22.82+0.19 64.29+0.36  206.40+1.85
S8 ST AR 20.69+0.12 16.75+0.15 49.41+0.34 96.84+0.56 16.64+0.13 42.85£0.29  243.18+2.14
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LR35, R R, AR 4 2 2 MOE=BMDL,,/
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B R wgekg's M R 2020 4F i AR N R AL R E 25
ML) (LA 7 B e [ 24 ) ) e 9 19 245 4 a5 R A )
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