
Introduction of the final Migratox method
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Workflow: “Migratox method“
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Workflow: “Migratox method“

Endocrine activity
(CALUX)

Cytotoxicity
(RealTime-Glo)

• Methods for chemical analysis & to detect endocrine activity

already developed in previous projects (Xeno, Senses)

• Methods were included in Migratox method, but were not the primary

focus of research
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Workflow: “Migratox method“

DNA-reactive genotoxicity
(Miniaturized Ames)

Evaluation of:

• 8 different genotoxicity tests

• > 60 model substances for genotoxicity test development and validation

The Ames Test has the best detection limits of all genotoxicity bioassays

Detection Limit further improved by miniaturization (approx. 5-fold)
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A sneak peek into our lab
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Correct data interpretation is key!

• Contaminations during migration

• Contaminations during pre-concentration

• Reproducibility of the method

• Background revertants: too high/low

• Positive control response: too high/low

• Inhibiting effects

• Dose-response data

• Rules to “clear” false positive responses

Factors that influence the interpretation of Ames results:
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Contamination of during migration / extraction

To minimize the risk of contamination:

• High quality solvents (HPLC grade)

• Migration containers made out of glass

• Plastic parts covered with PTFE

• Glass vessels are rinsed with solvents

before use

• Migration blanks are prepared

Migrations blanks are rarely positive!

480

Blanks

621

Samples
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Cross-contamination during parallel evaporation

Glass vessels are connected by vacuum cover: 

potential source of contamination?

To measure cross-contamination:

• 3 vessels: spiked with volatile model substances

• 3 vessels: non-spiked

Recovery in non-spiked vessels was determined by 

GC-MS

Cross-contamination rate: <1 %, but still detectable 

for some substances

Are low cross contamination rates problematic?

Spiked

Non-spiked

Syncore® Analyst set-up
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Intra- and interlab validation of Ames MPF
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Latest news: Multi-centre study organized by Xenometrix was published!
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Calculation of the n-fold increase

Sample C-

Revertants: 10, 6, 7 1, 2, 1

Mean: 7.6 1.3

Std. Dev.: 2.1 0.6

Baseline: 1.3 + 0.6 = 1.9

Pos. Threshold: 2 x 1.9 = 3.8

7.6 > 3.8 → sample genotoxic

Example:Calculation of results of the miniaturized Ames test:

1. Revertant wells are counted

Sample & Negative Control (DMSO, C-)

(each analysed in triplicates)

2. Mean + Std. dev. are calculated from Triplicates

3. Baseline: Mean + Std. Dev. from C-

3. Positive Threshold: Baseline x 2

4. Comparison mean sample vs. positive Threshold
Mean ≥ pos. Threshold = positive

Mean < pos. Threshold = negative
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Calculation of the n-fold increase

Sample C-

Revertants: 10, 6, 7 1, 2, 1

Mean: 7.6 1.3

Std. Dev.: 2.1 0.6

Baseline: 1.3 + 0.6 = 1.9

Pos. Threshold: 2 x 1.9 = 3.8

7.6 > 3.8 → sample genotoxic

Example:

5

2.6

2.1

4.7

9.5

7.6 < 9.5 → sample not genotoxic

Calculation of results of the miniaturized Ames test:

1. Revertant wells are counted

Sample & Negative Control (DMSO, C-)

(each analysed in triplicates)

2. Mean + Std. dev. are calculated from Triplicates

3. Baseline: Mean + Std. Dev. from C-

3. Positive Threshold: Baseline x 2

4. Comparison mean sample vs. positive Threshold
Mean ≥ pos. Threshold = positive

Mean < pos. Threshold = negative
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Quality control charts to track background levels

Problem: High backgrounds / 

negative control responses

could cover positive results.

Upper limits for background

revertants were determined

based on historical data.

Assays crossing these

thresholds are excluded from

the evaluation.

Excluded!

Excluded! Excluded!

Quality control chart - negative control
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Low positive control responses indicate poor assay performance

45.5

40.2

37.6

Quality control chart - positive control

TA98 –S9

Low positive control responses 

trigger false negative results.

Lower limits for positive control 

revertants were determined based 

on historical data to exclude 

unsuitable assays.

• Summer 2021: A series of assays 

did not work (TA98 –S9).

• Problems with o/n culture identified 

as cause (OD & dilution).

• Cultivation procedure adapted.

Practical example:
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Inhibiting effects cause insufficient recovery of the internal standard

TA98 –S9 TA100 –S9 TA98 / TA100 +S9

To check for inhibiting effects from the FCM sample:

Spiking with mutagenic reference substances

2-Nitrofluorene 4-Nitroquinoline-N-oxide 2-Aminoanthracene

Bacteriotoxic effects Inhibition of enzymatic function (+S9) 

Bacteriostatic effects Reduction of bioavailability

Inhibition by:
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Inhibiting effects cause insufficient recovery of the internal standard

TA98 –S9 TA100 –S9 TA98 / TA100 +S9

To check for inhibiting effects from the FCM sample:

Spiking with mutagenic reference substances

2-Nitrofluorene 4-Nitroquinoline-N-oxide 2-Aminoanthracene

Bacteriotoxic effects Inhibition of enzymatic function (+S9) 

Bacteriostatic effects Reduction of bioavailability

Inhibition by:
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TA100 +S9

• Undiluted: inhibiting, non-DNA-reactive

• 1:2 dilution: not inhibiting, DNA-reactive

Only if the internal standard is recovered sufficiently:

Assay is valid & can be used for data interpretation!
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Rule: „3 negative results can clear 1 positive“

Strategy developed with Prof. David Kirkland

M1 + M2 -

Sample 

equivocal

M1 + M2 +

Sample

positive

M1 - M2 -

Sample

negative

M3 + M4 -

Sample 

equivocal

M3 + M4 +

Sample

positive

M3 - M4 -

Sample

negative

2 independent migrates are prepared

2 further migrates are prepared

4 further migrates are prepared
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Dose response relationship supports positive results

Supports a true positive Supports a false positive
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Correct data interpretation is key!

• Contaminations during migration

• Contaminations during pre-concentration

• Reproducibility of the method

• Background revertants: too high/low

• Positive control response: too high/low

• Inhibiting effects

• Dose-response data

• Rules to “clear” false positive responses

Factors that influence the interpretation of Ames results:

✓

✓

✓

✓

✓

✓

✓

✓

Processes were optimized

& standardized
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Mutagenicity: Screenings results FCM samples
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Mutagenicity: Screenings results FCM samples

Rec. Papers & rec. polyolefins:

Many mutagenic samples

Virgin papers & coatings:

Few mutagenic samples

Virgin plastics, composites & rec. PET:

No mutagenic samples
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Mutagenicity: Screenings results FCM samples

Rec. Papers & rec. polyolefins:

Many mutagenic samples

Virgin papers & coatings:

Few mutagenic samples

Virgin plastics, composites & rec. PET:

No mutagenic samples

Exaggerated migration / 

extraction conditions 

were applied!

Partially explained by 

expoxy monomers!
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Mutagenicity: Screenings results FCM samples

Rec. Papers & rec. polyolefins:

Many mutagenic samples

Virgin papers & coatings:

Few mutagenic samples

Virgin plastics, composites & rec. PET:

No mutagenic samples
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Mutagenicity: Screenings results FCM samples

Rec. Papers & rec. polyolefins:

Many mutagenic samples

Virgin papers & coatings:

Few mutagenic samples

Virgin plastics, composites & rec. PET:

No mutagenic samples

Food contact materials score mainly non-mutagenic!
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