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Introduction

Miniaturized Ames test systems for nitrosamine mutagenicity 
screening: A systematic evaluation of miniaturized Ames test 
formats as sustainable alternatives to conventional 
genotoxicity testing

Results

The Ames MPF and MicroAmes6 are proprietary miniaturised Ames assays developed by Xenometrix AG. 
Check out our homepage xenometrix.ch for further information, and follow us on social media: 

Conclusion

Miniaturized Ames assays reliably assess nitrosamine mutagenicity and, with protocol adjustments, accommodate both volatile and non-
volatile substances. Concordance with the Petri dish-based Ames test was excellent: 7/8 positive nitrosamines were positive in MicroAmes6,
and 6/8 in Ames MPF (remaining two equivocal). Between the two miniaturized formats, results matched exactly for 8/12 substances, with
discordance only for N-Nitrosodicyclohexylamine and Streptozotocin. Miniaturized Ames assays thus provide a resource- and environment-
friendly alternative to Petri dish testing, with strong predictive power for nitrosamines and other genotoxic impurities, plus 3R benefits: less
S9, less compound, and minimal plastic waste.

References:
[1] Thomas DN, Wills JW, Tracey H, Baldwin SJ, Burman M, Williams AN, Harte DSG, Buckley RA, Lynch AM. Ames test study designs for nitrosamine mutagenicity testing: qualitative and quantitative analysis of key assay 
parameters. Mutagenesis. 2024 Mar 12;39(2):78-95. doi: 10.1093/mutage/gead033. PMID: 38112628; PMCID: PMC10928841.
[2] Breider F, von Gunten U. Quantification of Total N-Nitrosamine Concentrations in Aqueous Samples via UV-Photolysis and Chemiluminescence Detection of Nitric Oxide. Anal Chem. 2017 Feb 7;89(3):1574-1582. doi: 
10.1021/acs.analchem.6b03595. Epub 2017 Jan 6. PMID: 27989108.
[3] Food & Drug Administration. (2023, August). Control of Nitrosamine Impurities in Human Drugs. Guidance for Industry
[4] European Medicines Agency. (2023, July). Questions and answers for marketing authorization holders/applicants on the CHMP Opinion for the Article 5(3) of Regulation (EC) No 726/2004 referral on nitrosamine impurities in 
human medicinal products
[5] National Toxicology Program (NTP) coordinated by United States Department of Health and Human Services

Pre-incubation MicroAmes6Ames MPFTM

▪ Miniaturized Ames test in microplate fluctuation format
▪ Ames tester strains: TA100, TA1535, E.coli uvrA[pKM101]
▪ Water was used as solvent, unless solubility was an issue → DMSO
▪ Metabolic activation: 30% Hamster Liver S9 (in accordance with EAT)
▪ Input bacterial cell density: 108 cells per mL
▪ 25x concentrated stock solution of Nitrosamine test compounds
▪ Pre-incubation for 90 minutes – concentration was adjusted to have the same test

compound concentration between the two miniaturized systems

▪ Miniaturized Ames test in 6-well agar plate format with a pre-incubation step
▪ Ames tester strains: TA100, TA1535, E.coli uvrA[pKM101]
▪ Water was used as solvent, unless solubility was an issue → DMSO
▪ Metabolic activation: 30% Hamster Liver S9 (in accordance with EAT)
▪ Input bacterial cell density: 107 cells per mL
▪ 50x concentrated stock solution of Nitrosamine test compounds
▪ Pre-incubation for 30 minutes – concentration was adjusted to have the same 

test compound concentration between the two miniaturized systems

N-nitrosamines are potent mutagens and carcinogens that can
contaminate pharmaceuticals, food packaging, and environmental
samples. Because of their health risks, testing them for mutagenicity
is essential, and the Ames test has long been the standard method
for this purpose. Recent studies on compounds like NDMA and NDEA
have clarified which experimental conditions most affect assay
sensitivity, helping improve detection accuracy [1]. Nitrosamines can
also form unintentionally—for example, during water treatment,
when secondary amines react under oxidative conditions to create
mutagenic by-products [2]. Their presence in pharmaceuticals is a
particular concern, prompting regulators like the FDA and EMA to
tighten oversight of manufacturing processes. Current guidance
recommends using the Enhanced Ames Test (EAT), which calls for
higher S9 concentrations and the inclusion of hamster liver S9
alongside rat liver S9 [3,4].

Volatility of small Nitrosamines 

Highlights

Both the 6-well format 

and Ames MPF run under 

the adjusted protocol 

with unchanged 

negative and positive 

controls.

Performance of the miniaturized Ames assays in Nitrosamine testing

▪ Enhanced Ames Test (EAT) conditions implemented in

miniaturized Ames assay context

▪ High agreement between miniaturized Ames test formats

▪ Miniaturized Ames assays can detect positive

Nitrosamines at lower concentrations compared to the

Petri dish-based test

▪ Adjusted protocol for volatile Nitrosamine compounds

▪ 3R benefits: less S9, less compound, and minimal plastic

waste

N-Nitrosodimethylamine
(NDMA)

N-Nitrosodiethylamine
(NDEA)

1-Ethyl-1-Nitrosourea 
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