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Introduction
Pyrrolizidine alkaloids (PAs) are a large group of natural toxins produced by plants
(families Boraginaceous, Asteraceae, Compositae and Leguminosae). PAs are detected
in some human foods (e.g. honey, eggs, milk), phytopharmaceuticals, cosmetics, and
herbal teas. Necine bases demonstrate hepatotoxic, pulmotoxic, antimitotic, mutagenic,
carcinogenic effects.

These experiments provides an introduction to the practical application (e.g.
optimization of chromatographic conditions and selection of characteristic fragment
ions for identification and quantification in SIM mode) of Gas chromatography/Mass
spectrometry (GC/MS) and High performance liquid chromatography/Mass
spectrometry (LC/MS).
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General structure of pyrrolizidine alkaloids

The German Federal Institute for Risk Assessment 

(BfR) came to the conclusion that acute and long-term 

exposure to PAs could result in severe hepatic damage

attention
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❑ Instruments employed for determinations

➢ For Gas chromatography/Mass spectrometry (GC/MS) determination:

HP 5MS 

column
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Instruments employed for determinations

For High performance liquid chromatography (HPLC/PDA) 
determination: Columns

for 

semipreparative 
purpose

for analitical
purpose

NUCLEODUR® C18 

Gravity

10 × 250 mm, 5 μm

Phenomenex Luna 

C18

4.6 × 250 mm, 5 μm
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Instruments employed for determinations

For High performance liquid chromatography/Mass spectrometry 
(LC/MS) determination:

Column:

Agilent InfinityLab Poroshell

120 EC-C18,

2.1 × 100 mm, 2.7 μm
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Experimental 

o for Gas chromatography/Mass spectrometry (GC/MS) determination of retronecine in
honey and tea samples

o necessary chemicals, laboratory equipment, laboratory consumables and solvents
o sample of honey,

o sample of food supplement for preparation of tea,

o deionized water (from Millipore system),

o HCl as 0.5 M solution (Sigma-Aldrich, Germany),

o NH4OH (Sigma-Aldrich, Germany),

o CH2Cl2 (Sigma-Aldrich, Germany),

o Methanol, (HPLC grade, Sigma-Aldrich, Germany),

o anhydrous Na2SO4 (Sigma-Aldrich, Germany),

o Graduated cylinders from 100 mL, 10 mL (from borosilicate glass, Sigma-Aldrich, Germany),

o Erlenmeyer flasks from 2 L, 500 mL, 100 mL (from borosilicate glass, Sigma-Aldrich, Germany),

o Separation funnel from 2 L, 500 mL (from borosilicate glass, Sigma-Aldrich, Germany),

o Whatman® Cellulose Filter Paper (Sigma-Aldrich, Germany),

o Syringe with exchangeable 0.45 mm filters,

o Buchner funnel (Sigma-Aldrich, Germany),

o Rotary evaporator (RV 05 basic, Ika, Germany),

o Analytical balance (0.0001 g, ABS-N/ABJ-NM, KERN & SOHN GmbH)
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Hazard pictograms of used reagents
HCl                                                                                NH4OH

CH2Cl2
CH3OH

anhydrous Na2SO4
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Experimental 

➢ for Gas chromatography/Mass spectrometry (GC/MS) determination of
retronecine in honey and tea samples

➢ Photos of laboratory equipment and laboratory consumables
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Experimental 
✓ for Gas chromatography/Mass spectrometry (GC/MS) determination of

retronecine in honey and tea samples

✓ Methodology of preparations of samples
✓ Sample of honey (200 g) or sample of food supplement (200 g) for

preparation of tea were mixed in a erlenmeyer flask (2 L) with 0.5 M
HCl (600 mL) for three hours.

✓ eliminate insoluble particles by using buchner funnel.
✓ Mixture transfer to separation funnel.
✓ The aqueous solution was rendered alkaline with NH4OH (pH=9).
✓ Extracted with CH2Cl2 (400 mL, two times), dried over anhydrous

Na2SO4 and evaporated.
✓ The residue dissolve in 1 mL of methanol.
✓ Methanol solution of free PAs divide into two equal volumes (0.5 mL).
✓ Both volumes of solutions transfer to Screw Cap Vials, and store at 4 °C

until use (for GC/MS or HPLC/PDA).
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Experimental 

▪ for Gas chromatography/Mass spectrometry (GC/MS) determination of
retronecine in honey and tea samples

▪ Methodology of qualitative GC/MS analysis
▪ carrier gas helium, flow 1 mL/min,
▪ oven program: 100 °C for 1 min, then 100-200 °C at 20 °C/min, then 200-

280 °C at 10 °C/min,
▪ injector temperature 250 °C,
▪ injection volume 1 mL,
▪ split ratio 1:20,
▪ transfer line temperature 280 °C,
▪ ion source temperature 230 °C,
▪ temperature of quadrupole mass filter 150 °C,
▪ full scan: m/z range of 45–550, electronic impact 70 eV,
▪ the run time 18 min.
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Results 
❖ for Gas chromatography/Mass spectrometry (GC/MS) determination of retronecine in

honey and tea samples

➢ Qualitative GC/MS analysis
✓ use the MSD ChemStation software and Wiley7Nist05 library for identification of

retronecine and other PAs
✓ use the MSD ChemStation software for determination of retronecine peak (find

retention time),
✓ confirm presence of retronecine by comparing retention times and mass spectra of

solution of pure compound and retronecine in examined samples.
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Results 
❖ for Gas chromatography/Mass spectrometry (GC/MS) determination of retronecine

in honey and tea samples

❖ Quantitative GC/MS analysis
❖ stock methanolic solution of retronecine 1000 mg/mL,
❖ working methanolic solutions of retronecine: 500, 400, 200, 100, 50, 25, 12,5 mg/mL,
❖ adjust the parameters of GC/MS system for quantitative analysis:
❖ carrier gas helium, flow 1 mL/min,
oven program: 100 °C for 1 min, then 100-200 °C at 20 °C/min, then 200-280 °C at 10
°C/min,
o injector temperature 250 °C,
o injection volume 1 mL,
o split ratio 1:20,
o transfer line temperature 280 °C,
o ion source temperature 230 °C,
o temperature of quadrupole mass filter 150 °C,
o SIM scan: m/z 155, 111, 88, electronic impact 70 eV,
o the run time 18 min,
o using the data obtained for the standard working solutions, prepare a calibration

curve by graphing peak area versus concentration of retronecine in mg/mL.
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Results 

❖ for Gas chromatography/Mass spectrometry (GC/MS)
determination of retronecine in honey and tea samples

Standard 
(mg/mL)

Retention 
time (min)

Peak 
area

12.5

25

50

100

200

400

500
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Calculations Calibration curve
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Questions

❖ Briefly explain how GC is used as a separation technique.

❖ Briefly explain advantage of SIM mode vs Full Scan mode for quantification.
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Experimental 

❖ for High performance liquid chromatography (HPLC/PDA) determination of retronecine
in honey and tea samples

➢ Methodology of preparations of samples is same as for GC/MS.

➢ adjust the parameters of HPLC/PDA system for quantitative analysis:

✓ oven temperature of 40 °C,

✓ set PDA detector on 220 nm ± 4 nm,

✓ prepare mobile phases:

A: 5 mM hexane-1-sulfonic acid sodium salt in 1 % (v/v) aqueous phosphoric acid (pH =

3.2)

B: 100 % acetonitrile

✓ Gradient elution program:

0-7 min – 20 % B; 7-25 min – increase to 40 % B; 25-28 min – to 60 % B; 28-33 min – to 80

% B; 33-35 min – 80 % B; 35-40 min – decrease to 20 % B.

✓ the mobile phase flow rate 0.8 mL/min; injection volume 25 mL.

✓ use same standard working solutions of retronecine as for GC/MS analysis,

✓ using the data obtained for the standard working solutions, prepare a calibration curve

by graphing peak area versus concentration of retronecine in mg/mL.
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Results 

❖for High performance liquid chromatography
(HPLC/PDA) determination of retronecine in honey and
tea samples

Standard 
(mg/mL)

Retention time 
(min)

Peak area

12.5

25

50

100

200

400

500
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Calculations Calibration curve
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Questions

❖ Briefly explain how HPLC is used as a separation technique.

❖ Briefly explain advantage of GC/MS method vs HPLC/PDA method for 
quantification.
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Experimental 

❖for High performance liquid chromatography/Mass spectrometry
(LC/MS) determination of retronecine in honey and tea samples

➢Methodology of preparations of samples is same as for GC/MS and

HPLC/PDA system for quantitative analysis.

➢adjust the parameters of HPLC system for quantitative analysis:

✓oven temperature 25 °C,

✓prepare mobile phases:

A: 0.025 % formic acid, 5 mM ammonium formate in water

B: 0.025 % formic acid, 5 mM ammonium formate in methanol

✓Gradient elution program:

0-3 min – 5 % B; 3-15 min – increase to 50 % B; 15-18.5 min – to 71.5

% B; 18.5-22 min – to 95 % B; 22-22.5 min – 5 % B.

✓the mobile phase flow rate 0.3 mL/min; injection volume 10 mL.



______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.

Experimental 

❖ for High performance liquid chromatography/Mass spectrometry (LC/MS)
determination of retronecine in honey and tea samples

➢ adjust the parameters of MS system for quantitative analysis:

✓ Ionization mode Positive ESI, Scan type Dynamic MRM, Gas temperature 220

°C, Gas Flow 14 L/min, Nebulizer pressure 30 psi, Sheath gas temperature 400

°C, Sheath gas flow 12 L/min, Capillary voltage 2500 V (pos), Nozzle voltage 0 V,

High-Pressure RF 150 V, Low-Pressure RF 60 V, Fragmentor 380 V, Cell

acceleration 4 V, Cycle time 500 ms, Total number of MRMs 72, Minimum dwell

time 19.8 ms, Maximum dwell time 165.8 ms, Resolution Unit (MS1), Unit

(MS2).

✓ use same standard working solutions of retronecine as for GC/MS analysis; add

additional four working solutions 1, 0.5, 0.25 and 0.125 mg/mL.

✓ using the data obtained for the standard working solutions, prepare a

calibration curve by graphing peak area versus concentration of retronecine in

mg/mL.
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Results 

❖for High performance liquid chromatography/Mass spectrometry
(LC/MS) determination of retronecine in honey and tea samples

Standard (mg/mL) Retention time (min) Peak area

0.125

0.25

0.5

1

12.5

25

50

100

200

400

500
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Calculations Calibration curve



______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.

N

OH
HO

M+=155 m/z

N

H2C

94 m/z

CH2

N
H

94 m/z

CH3

N

H2C
N
H

81 m/z 80 m/z

N

OH

H2C

111 m/z

Describe fragmentations of molecular ion of 
retronecine; EI 70 eV 
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Describe fragmentations of molecular ion of 

retronecine; 
ESI, pos mode; [M+H]+ =156
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Questions

❖ Briefly explain advantages of Dynamic MRM mode vs Full Scan and 
SIM modes (for quantitative purposes).

❖ .

❖ Briefly explain advantage of LC/MS/MS method vs GC/MS or HPLC/PDA 
method for quantification.
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DESCRIPTION OF THE EDUCATIONAL ELEMENT

Educational element title
Replacing of GC and LC columns, optimization of chromatographic condition (GC and LC), selection of 

appropriate parameters for MS

Educational field Chemistry

Level of study Doctoral academic studies

Title of course in which Educational element is implemented (lecture or lab exercise)
Modern experimental methods in biochemistry (lab exercise)

Title of teaching unit
identification and quantification of hepatotoxic pyrrolizidine alkaloids in food samples and dietary

supplements by GC/MS and LC-MS/MS (lab exercise)

Teacher PhD Nenad Vukovic, prof.

Target group (study program, year of study) PhD Study Programme  - Chemistry, Module: Chemistry, 2nd year

Educational objectives of educational element

Sources of pyrrolizidine alkaloids and its toxicity. Kinetics and metabolism pyrrolizidine alkaloids. Preparation

of samples for analysis (liquid-liquid and C18 SPE extractions). Optimization of chromatographic conditions

(GC and LC) and selection of characteristic fragment ions for identification and quantification in SIM mode.

Demonstrator shows how to adjust appropriate chromatographic conditions (for GC, temperature and flow of

carrier gas; for LC, temperature and flow of mobile phase) for separation of target compounds, as well as

selection of MS parameters.

Required preliminary knowledge and skills GC/MS and LC-MS/MS instrumentation & working principle basics

Material available at Moodle platform for the educational element:

- Type (.mp4/.avi/.ppt/.pdf/.doc/.jpeg …):

- Size (MB):

- Used language in the material:

ppt, doc and jpeg

6 MB,

English 

Remote access classroom-laboratory Yes

DESCRIPTION OF REMOTE ACCESS

1. NETCHEM COMMUNICATION SIDES

(NOTE: NETCHEM Communication is defined as event that involves all kinds of internet interactions (in real time and not in real time) between participants via devices (PCs, laptops, tablets 

andmobilephones))

host side

(NOTE: Host side of NETCHEM Communication is defined as PC who invites other users to join 

the session)

participant’s PC in classroom

guest side

(NOTE: Guest side of NETCHEM Communication is defined as PC who joins the invitation to 

session)

participant’s PC in laboratory

1. COMMUNICATION SOFWARE

Team Viewer

Meeting:  yes

Remote control:  yes

Meeting and Remote control simultaneously:  yes

Skype
Call 1:1: yes

Conference Call:  yes

1. COMUNICATION HARDWARE

on host side 1  PC for each participant

on guest side 1 PC, 1 headsets with microphone, camera

1. INFORMATION EXCHANGE TYPE

Educational 

(one side is dominantly receptive)

Place of Educator participant: guest side

Number of educator(s): 1

Place of student participant: host side

Number of student participant(s):  8

Consultative 

(two sides are equal in giving-receiving information)
Number of host side participant(s):  No

Number of guest side participant(s):  No
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