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Abstract: Pyrrolizidine alkaloids (PAs) are a group of secondary metabolites that are produced by plants all
over the world as a defense mechanism against herbivores. To date, over 660 PAs have been identified from
more than 6,000 plant species that have been reported to be widely present in plants belonging to Asteraceae,
Boraginaceae, and Fabaceae. This study describes an analytical method based on UPLC-MS/MS for the
quantitation of 7 pyrrolizidine alkaloids (Lycopsamine, Echimidine, Retrorsine, Retrorsine N-oxide, Senecionine,
Heliotrine, and Trichodesmine) in honey, and was applied to 84 honey samples for validation. Quantitation
was performed based on a matrix-matched calibration to compensate for the matrix effect on the electrospray
ionization. Good linear calibrations were obtained for all 7 PAs in the spiked honey samples (2.575-202.14
ug/kg; R* > 0.998). The extraction recoveries for most of the PAs in the honey samples were in the range
of 81 %-108 %. The analysis showed that 6 of the 84 honey samples were contaminated by the PAs with the
mean total sum of PAs being 47.19 pg/kg, and the concentrations of the PAs were observed to be in the range
of 1.76-202.1 pg/kg. The retronecine type compounds (Echimidine, Lycopsamine) were the most frequently
found PAs in honey. These data provide useful information for the assessment of human risk posed by the
consumption of honey contaminated PAs.
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Fig. 1. Principal structure of pyrrolizidine alkaloids.
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Fig. 2. Chemical structures of seven pyrrolizidine alkaloids. a) Senecionine-group, b) Lycopsamine-group, ¢) Monocrotaline-

group, d) Heliotrine-group.
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Fig. 3. Locations of honey collection denoted by blue circles.
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Fig. 4. Schematic overview of the sample preparation and
extraction procedure for honey.
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23. 24 77| ¥ =A

2 Ao AMSg dAZZrEIHZE JFE]
2] (vacuum degasser), “H 3 (quaternary pump), AHs-A] 5
F97] @ AgeB oz AE UPLC (Vanquish;
Thermo Scientific, USA)E ©]-8-3}%1 32, H 32 Hypersil
Gold C18 column (100 x2.1 mm LD., 1.9 pum, Thermo
Scientific, USA)S A& 3} t} 717] s34} Data #
2] = Xcalibur 4.1 2 Trace Finder 415 ©]-&3}% ¢}
0] 542 2= 5 mM ammonium formate in 0.1 % formic
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Table 1. Operational parameters of UPLC for analysis of PAs in honey

Paramater Conditions

Column Hypersil Gold C18 (100 x 2.1 mm 1.D., 1.9 pm)
Flow Rate 0.3 mL/min

Injection Volumn 2 uL

A : 5 mM ammonium formate in 0.1 % formic acid (D-W)
B : 5 mM ammonium formate in 0.1 % formic acid (95 % MeOH)

Time (min) A (%) B (%)
0 95 5
Mobile Phase 0.5 95 5
7.0 70 30
11.0 95
13.0 5 95
15.0 95 5
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Table 2. Mass spectrometric conditions (positive ESI) used for the analysis of PAs in honey

Compound Abbreviation RT Precursor ion Product ion Collision Energy ~ RF Lens
P (min) (IM+H'], m/z) (m/z) V) V)
L i L 4.85 300 4 2786 81.9
ycopsamine y . 138 20.92 .

Heliotrine He 6.77 314 138 21.45 76.71
156 28.46

Senecionine Sn 7.93 336 120 30.09 88.01
94 33.28

Retrorsine Re 6.26 352 120 3172 91.53
94 37.64

Trichodesmine Td 6.17 354 120 39.91 9431
222 29.71

Retrorsine N-oxide ReNO 6.44 368 o4 44.95 91.9
118 33.81

Echimidine Em 9.04 398 120 26.38 81.15
220 17.47
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Table 3. Method performance parameters observed for PAs in honey matrix

. . 5 LOD LOQ Recovery RSD
Analytes Regression equation R (ugke) (ueke) %) %)
Lycopsamine y =195300x-87820 0.9998 0.18 0.58 103 1.80
Trichodesmine y = 1240000x-39100 0.9955 0.35 1.07 81-95 4.95
Retrorsine y =28070x-67880 0.9998 0.90 2.72 100-108 4.51
Retrorsine N-oxide y =19730x-41400 0.9996 1.12 3.39 81-97 4.70
Heliotrine y =426900x-170800 0.9999 0.42 1.29 104-107 1.97
Senecionine y = 72278x-63746 0.9998 0.48 1.44 96-102 3.03
Echimidine y =324100x-85590 0.9994 0.12 0.37 95-98 3.25
= % 5% ol AEAES YeEhidch =3 AAW EfA 5aav) 9o, 80~120 %< A-fole MEY
Wl AEFA(LOD)E 0.12-1.12 pgkg o1 =g & 53yt gle Ao ddsr|= sk 919] 7]
A(LOQ)E 0.37-3.39 pg/kg ©1 A tH Table 3). T2 AE3td HEY Ade HEHE a9t o
R Qi A0R ATHL B AT HE PAs TE
3.2. Matrix effect of gk FARAS MPstug wfEX FHRE F
4 A HEH 2] kS ERlsr] A8 matrix- 23}3}7] 913 matrix-matched calibration curveE 2%
matched T8N S THEo A HAPFH S 2 3}&":} Z3t] A Fe A th(Fig. 5).
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150 % ©]74l A5-olle 4 Ey 2~ 237
50~80 % HE= 120~150 %<1 Aol T =9 vl

f
32
Rl

Table 4. Matrix matched effects (ME) in honey

Matrix matched effects

Analytes (ME, %)
Lycopsamine 91.9
Trichodesmine 83.2
Retrorsine 86.7
Retrorsine N-oxide 86.2
Heliotrine 97.5
Senecionine 81.7
Echimidine 91.0
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3.3. PAs EE=%9| ES-mass spectrometry
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Fig. 5. Calibration curves for PA matrix-matched standard curve within the concentration of 0.515-267 ng/mL in honey extract.
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Table 5. Classification of PAs based on botanical source origins

PA group

Botanical source

Representative PA

Lycopsamine-group Boraginaceae family

Senecionine-group

Heliotrine-group
Monocrotaline-group

Eupatorieae spp. (Asteraceae family)
Senecioneae spp. (Asteraceae family)
Crotalaria spp. (Fabaceae family)
Heliotropium spp. (Boraginaceae family)
Crotalaris spp. (Fabaceae family)

Echimidine, Lycopsamine

Senecionine, Retrorsine, Seneciphylline, Ret-
rorsine N-oxide

Heliotrine, Lasiocarpine

Trichodesmine, Monocrotaline

#0904 RT:5:54 NL:217E+007  + p H-ESI FULL: PRO 314.0
138.17
100
1 Heliotrine
> 80
2 ]
g
= 60
o
=
2 ]
& 40 [M+H]*
] @ 314.25
] 82,00 96'100 12‘;'17 169.83 20167 237.92 26417 28200 1317.50
0 II\IIl|IIII|II”Il.I ‘|||\||'||v|'\||||||||
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Fig. 6. MS/MS spectra and chemical structures of identified compounds; Heliotrine, Senecionine. Monitored product ions and

precursors are marked.
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Table 6. Concentration of individual targeted PAs detected in honey samples by LC-MS/MS

Number of incurred samples (range of contamination: pg/kg)

Floral sources N? -
Ly® He? Sn® Re?  Td® ReNOY Em"
. i N
Acacia 18 (2.26) ND! ND ND ND ND ND
. 1 1
Mixed blossom 18 (3.97) ND ND ND ND ND (1.16)
Chestnut 14 ND ND ND ND ND ND ND
Wildflower 12 ND ND ND ND ND ND ND
Lime tree 3 ND ND ND ND ND ND ND
2 2
Manuka 2 (642and 30000 NP ND ND - ND - ND 5 44 and 23.03)
Longan 1 ND ND ND ND ND ND ND
Lychee 1 ND ND ND ND ND ND ND
Styra 1 ND ND ND ND ND ND ND
1 1
Eucalyptus 1 20171) ND ND ND ND  ND 039)
Sugar feed honey 12 ( 17 6) ND ND ND ND ND ND
Total 84

YTotal number of analysed samples
YNot detected
9Lycopsamine, YHeliotrine, Senecionine, "Retrorsine, ¥ Trichodesmine, "Retrorsine N-oxide, "Echimidine
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