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▪ Secondary plant metabolites

▪ Produced by over 6000 plant species

▪ More than 660 PAs are known 

What are Pyrrolizidine Alkaloids?

ASTERACEAE 

(Compositae)

BORAGINACEAE FABACEAE 

(Leguminosae)

▪ Genotoxic and carcinogenic properties of 
1,2 unsaturated PAs

▪ Commission Regulation (EU) 2020/2040

enforced from 1st July 2022

ML set for sum of PAs in certain foodstuffs 
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▪ STEREOISOMERS

Structure of PAs - types of isomers

▪ R/S-configuration on chiral C

▪ E/Z-configuration at double bond

▪ STRUCTURAL ISOMERS

▪ Shift of methyl group

Intermedine Lycopsamine Echinatine Rinderine Indicine

Senecionine Integerrimine

Senecionine Senecivernine
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Detection

▪ Isomers provide identical 
MS/MS transitions 

Separation

▪ Coelution of isomers

▪ 10 groups of isomers for a 
total of 28 compounds 

Challenges in PAs analysis using LC-MS/MS

Chromatographic 

separation is 

needed
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The most challenging compounds

Echinatine

Indicine

Intermedine

Lycopsamine

Rinderine

Intermedine Group

Echinatine-N-Oxide

Indicine-N-Oxide

Intermedine-N-Oxide

Lycopsamine-N-Oxide

Rinderine-N-Oxide

Senecionine

Integerrimine

Senecivernine

Senecionine-N-Oxide

Integerrimine-N-Oxide

Senecivernine-N-Oxide

Intermedine-N-O Group Senecionine Group Senecionine-N-O Group

▪ Separation of isomers with different oxidation is no problem – retrorsine/senecionine-N-oxide

▪ Separation of other types of isomers is more difficult
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Chromatographic separation of PAs

▪ Different types of analytical columns were tested            C18 were chosen for the final method

Combination of small particle size of stationary phase and long column is a good starting point to separate mixture of isomers and 
matrix interferences     
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Chromatographic separation of PAs

Intermedine group

Intermedine-N-oxide group
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▪ pH of mobile phase – critical part of successful separation

Senecionine group Senecionine-N-oxide group
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Chromatographic separation of PAs

▪ Column temperature

Increasing of temperature

Senecionine-N-oxide group

Senecionine group
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Chromatographic separation of PAs

▪ Developed method provides sufficient separation of all isomers included 
in Commission Regulation (EU) 2020/2040

▪ Method allows individual quantification of all PAs in one single run

▪ Total run time is 23 min
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Extraction method - QuPPe

Weigh homogenized sample into 50 mL PP tube 

Add 10 mL H2O

Add 10 mL MeOH containing 1% FA 

Shake for 15 minutes

Centrifugation for 5 minutes

Filtration into vial
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Cumin Chamomile Marjoram Hay

Method validation – Recovery

▪ Average recovery for all PAs together across all spike levels:

▪ Cumin seed – 99% ▪ Chamomile – 93% ▪ Marjoram – 74% ▪ Hay– 82%
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Method validation – Matrix effect

Signal 

Enhancement

Signal     

Suppression 

No ME
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▪ Developed method allows total separation of all isomers included in EU Regulation 
in one single chromatographic run 

▪ Method was successfully validated for several matrices – cumin, chamomile, 
marjoram, hay

▪ Generally low LOQ were obtained 

Conclusion

Current 

Application note



▪ Thank you for your attention! 
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