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Introduction

N-nitrosamines are a class of chemical compounds recognized for their potent mutagenicity and carcinogenicity, arising as contaminants in various pharmaceutical preparations, food
packaging material or in environmental samples. The testing of nitrosamines for mutagenic properties is critical for public health, necessitating an array of methodologies such as the Ames
test, which has served as a benchmark for mutagenicity assessment since decades. Recent investigations have solidified the understanding of key parameters influencing assay sensitivity,
specifically examining nitrosamines like N-nitrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA). Enhanced sensitivities have been achieved through qualitative and
quantitative analyses, pinpointing effective experimental conditions for accurate mutagenicity detection [1]. The formation of nitrosamines can occur during common processes, such as
water purification, where secondary amines react under oxidative conditions, resulting in potent mutagenic by-products [2]. Considerable concerns have emerged surrounding the presence
of these substances in pharmaceuticals, with contaminants potentially leading to critical safety issues. The regulatory landscape has been adapting in response; for instance, the FDA and
EMA have heightened scrutiny of manufacturing processes to mitigate nitrosamine formation. The regulatory recommendation includes the application of the Enhanced Ames Test (EAT)
principle with the recommendation to use higher S9 percentage - and to include Hamster Liver S9 in addition to Rat Liver S9 [3,4].

Methods: parallel running miniaturized Ames tests from the same overnight bacterial culture

Ames MPF™ Pre-incubation MicroAmes6
" Miniaturized Ames test in microplate fluctuation format " Miniaturized Ames test in 6-well agar plate format with a pre-incubation step
" Ames tester strains: TA100, TA1535, E.coli uvrA[pKM101] " Ames tester strains: TA100, TA1535, E.coli uvrA[pKM101]
" Water was used as solvent, unless solubility was an issue - DMSO " Water was used as solvent, unless solubility was an issue > DMSO
" Metabolic activation: 30% Hamster Liver S9 (in accordance with EAT) " Metabolic activation: 30% Hamster Liver S9 (in accordance with EAT)
" Input bacterial cell density: 108 cells per mL " Input bacterial cell density: 107 cells per mL
" 25x concentrated stock solution of Nitrosamine test compounds " 50x concentrated stock solution of Nitrosamine test compounds
" Pre-incubation for 90 minutes - concentration was adjusted to have the same test N S/, ) " Pre-incubation for 30 minutes - concentration was adjusted to have the same test
compound concentration between the two miniaturized systems I compound concentration between the two miniaturized systems
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Conclusion

Our data suggests that the miniaturized Ames assays are applicable to reliably assess the mutagenicity of Nitrosamines. Our optimized miniaturized Ames assays can be applied to test both
volatile and non-volatile substances through the adjustment of the protocols. There is an excellent concordance between the pre-incubation MicroAmes6 and the Petri dish-based Ames test
data: out of the 8 Nitrosamines that are positive in the Petri dish-based Ames test, 7 Nitrosamines are also positive in the pre-incubation MicroAmes6. We found high agreement between the
Petri dish-based assay and the Ames MPF assay: 6 out of 8 compounds were positive in both the Petri dish-based assay and the Ames MPF. The other two Nitrosamines published as positive
in the Petri dish assay were equivocal in the Ames MPF assay. There is a good concordance between the two miniaturized Ames assays in predicting the mutagenicity of Nitrosamines, i.e. the
exact same assessment outcome was gained with both miniaturized Ames assays for 8 out of 12 test substances. N-Nitrosodicyclohexylamine tested with E.coli uvrA[pKM101], resulted in an
equivocal result with MicroAmes6 versus a negative test result with Ames MPF. In the case of Streptozotocin MicroAmes6 was positive, Ames MPF gave an equivocal result with the E.coli
uvrA[pKM101] tester strain. We conclude that the miniaturized Ames assays are an environment- and resource-friendly alternative to the Petri dish-based Agar plate test, while providing
high performance and excellent predictive power for the assessment of mutagenicity of Nitrosamines and other genotoxic impurities. Significantly reduced hamster or rat liver S9 in line with
3R, reduced quantity of test compound as well as a significantly smaller volume of contaminated plastic waste are advanced skill sets for a sustainable environment.
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