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Why metabolomics for environmental quality assessment?

Limitations of (in vitro) bioassays:

> Focus on one specific endpoint

> Limited sensitivity

Metabolomics

Focus on multiple endpoints (metabolites or sets of 
metabolites) simultaneously

 Includes in-vivo metabolism 
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Metabolomics

Aim: study sub-lethal neurotoxic effects in non-target 
invertebrate species

• Non-targeted metabolomics: method development to investigate 
changes in (non-target) hydrophilic and hydrophobic metabolites

• Targeted metabolomics: method development for neurotransmitter 
profiling of L. stagnalis

• Apply both approaches to snails exposed to
• i) imidacloprid
• ii) a surface water extract
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Background - Imidacloprid

Neonicotinoids - novel generation of neuro-active  insecticides

High water solubility (610 mg/L in 20°C H2O; log Kow = 0.57)

High environmental occurrence

Neonicotinoid insecticides probably affect postsynaptic nicotinic acetylcholine 
receptors (nAChRs)

Evidence of a connection to honey bee colony collapse

EU imposed a number of (temporary) use restrictions but its use it is still allowed in 
greenhouses

Picture taken from Atlas Bestrijdingsmiddelen in Oppervlaktewater
http://www.bestrijdingsmiddelenatlas.nl/

> 1 μg/L

< 1 μg/L

< 0.1 μg/L

In the Netherlands:

Low affinity for the nAChRs of mammals has been shown, but what for invertebrates and 
aquatic species?

PLOSone 2013
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Lymnaea stagnalis organ dissection

Sample pretreatment:
Snap freezing in liquid 
nitrogen to quench the 
metabolic activity

16 week old snails,
± 2.85 cm shell length 
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Metabolomics workflow

Chemical analysisExtraction of metabolites

80

81

82

83
84

85

86

87
88
89

90 91 95
96

9798
99

100

101
102103

104

105
106

107

108

126

127

128
129

130

131

132
133

134

169

170171

172
173

174

175
176

177178

179

180

181

182
183

184

185

186
187

188

189

3.0 3.5 4.0 4.5 5.0 5.5 Time [min]
0.0

0.2

0.4

0.6

0.8

1.0

5x10
Intens.

35
3637

38

39

40
41

42
43

44
57

5859

60

8081828384

85

8687888990919596979899
100
101102103104105106107108 126127

128129
130

131
132133134

169170171172173174175176
177178179180181182183184185

186187188189 245
259

269

274275
276277
278279280 330331332333334335336337338339340

341
342343344345

346

347

348
349350351

2 3 4 5 6 7 8 9 10 Time [min]
0.0

0.2

0.4

0.6

0.8

6x10
Intens.

Biological interpretation

Metabolite screening/identification
118.0873

156.0427

273.1218

+MS, 8.34-8.47min #(498-506)

0

2

4

6

5x10
Intens.

50 100 150 200 250 300 m/z

Study design

Data analysis



7

Sample preparation

SAMPLES

Water addition
+

beads beating

Withdrawal for 
Bradford Assay  

TISSUE 
NORMALIZATION

MeOH:CH3Cl (+IS)  
1:1 v/v addition

+
beads beating

Centrifuge
Two cycles of 10 s at 6500rpm Two cycles of 10 s at 6500rpm

5 min at 17000rpm at 4

Lymnaea stagnalis
dissected organs

• A tissue normalization step was included to normalize data

• A mix of internal standards of different metabolite classes was added to normalize the 
signal intensities and to align retention times

Tufi et al., Anal Bioanal Chem 2015
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Analytical strategy

Lymnaea stagnalis
central nervous system

ANALYTICAL METHOD

ANALYTICAL STRATEGY

SNAIL CNS

EXTRACTION

Samples

MeOH/H2O fraction

TARGETED 
ANALYSIS

neurotransmitters

LC‐QQQ

NONTARGETED 
ANALYSIS

polar
metabolites

HILIC ‐ (ESI) TOF

Chloroform fraction

NONTARGETED 
ANALYSIS 

nonpolar
metabolites

GC – (APCI)  TOF
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Metabolic pathways investigated

Biosynthesis of
unsaturated fatty
acids

Fatty acid biosynthesis

Purine metabolism
Pyrimidine metabolism

Tyrosine metabolism

Tryptophan metabolism

Phenylalanine metabolism

Alanine, aspartate and glutamate
metabolism
Arginine and proline metabolism

Histidine metabolism

Citrate cycle (TCA cycle)

Glycolysis / Gluconeogenesis

Ascorbate and aldarate
metabolism

Lipid Metabolism

Amino Acids Metabolism

Nucleotide metabolism

Carbohydrate Metabolism

Other

In total > 70 metabolites covered

Tufi et al., Anal Bioanal Chem 2015
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HILIC, RP-LC and GC analysis

Waters XBridge Amide column, 150×2.1 mm, 3.5 μm; Amide guard column 
10×2.1mm, 3.5 μm Gradients of ACN/H2O 30:70 v/v NH4HCOOH 10 mM (A) and 
ACN/H2O 95:5 v/v ammonium acetate 10 mM (B); for pH 9.0 adjustment with 
ammonium hydroxide and for pH 2.8 with HCOOH to pH 2.8. For both LC 
approaches, the separation occurred at 30 °C, the flow rate was set to 0.25 ml/min, 
and the injection volume was 5 μL

Waters C18 Symmetry column, 150×2.1 mm, 3.5 μm; C18 guard column 10×2.1 
mm, 3.5 μm Gradient of H2O and ACN with 0.1 % formic acid.

HR-TOF-MS on MICROTOF II, Bruker

GC-APCI Derivatization of chloroform fractions with 500 μl
of a methanolic BF3 solution, kept for 30 min at 80 °C, with 
subsequent liquid/liquid extraction with hexane 

Tufi et al., Anal Bioanal Chem 2015
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Platform performance - metabolome coverage

*2

*1 91.30% RT < 1.5 min

*2 88.88% RT < 1.5 min

*1
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Tufi et al., Anal Bioanal Chem 2015
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Molecular features

GC-APCI(+)>HILIC-ESI(+)>RPLC-ESI(+)

Tufi et al., Anal Bioanal Chem 2015
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Targeted analysis of neurotransmitters, precursors and 
metabolites

GABA

epinephrine

L-Dopa

dopamine

histidine

histamine

glutamate

glutamine
3-MT

5-HIAA

5-hydroxy-L-tryptophan

choline

acetylcholine

normetanephrine

serotonin

glutamatetyramine

Tufi et al., J. Chromatogr. A 2015
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HILIC columns tested

Tufi et al., J. Chromatogr. A 2015
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Separation factor k (log2) distribution

Tufi et al., J. Chromatogr. A 2015
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Heat map and hierarchical clustering analysis of peak areas

Tufi et al., J. Chromatogr. A 2015
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HILIC-QqQ chromatogram of 20 neurotransmitters, precursors 
and metabolites

0.3 ml/min; gradient of 100% H2O and 90:10 ACN:H2O (v/v)

Tufi et al., J. Chromatogr. A 2015
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Method validation parameters

Tufi et al., J. Chromatogr. A 2015



19

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Selection Condition Condition Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure Dissection
Egg 

counting
Egg 

counting
Egg 

counting
Egg 

counting
Egg 

counting
Egg 

counting
Food Food Food Food Food Food Food

Refreshing Refreshing Refreshing Refreshing Refreshing Refreshing Refreshing

10 DAYS

CTRL GROUP

0.1 µg/L

1 µg/L

10 µg/L

100 µg/L
Conditioning period of 2 days for adaptation

Refreshing and egg counting every second day

Exposure to imidacloprid

Tufi et al., under review Env Sci Technol 2015
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Data analysis workflow

Data Preprocessing
‐ Spectra calibration
‐ Retention time alignment
‐ Peak picking

Data Pretreatment
‐ Normalization
‐ Intensities
‐ Tissue amount

‐ Variables scaling

Multivariate
Data Analysis

(MVDA)
‐ PCA
‐PLS

‐OPLS‐DA

Down-regulated
Up-regulated
Not-detected

 Metabolic changes visible at low, 
environmentally relevant concentrations

 Indication of inflammation and neuron cell 
injury

 Involvement of the cholinergic system, 
possibly through an increase in cholinergic 
gene expression 

 Indication of GABA receptor antagonist 
activity

 Insight in the involvement of different or 
unexpected metabolic pathways

Tufi et al., under review Env Sci Technol 2015
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