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Chemiecal approach to the actions and effects of nitrogen oxides on living
matters
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The main subject of this study project has been the clarification of the chemistry of the
action of environmental nitrite on living matters through interference on genetic mechanism,
as well as developing effective countermeasures against it. More specifically, our interest
was centered around the action of nitrites on fcod constituents. In the early stage of study
it was found that nitrite, which is naturally present in food or added to it as a commen
preservative, readily reacts with sorbic acid, which is itself found in nature and is also a
widely used food preservative, and develops strong mutagenic action towards bacteria.

Chemical and biological studies of this reaction under carefully controlled conditions
showed that the induced biological activities were highly dependent on reaction conditions,
especially pH of the reaction medium. The maximum bacterial toxic action was produced by
the reaction at fow pH (1.5), but the mutagenic activity was the strongest by the reaction at
pH 3.5. We succeeded in isolation and identification of number of the products of the reaction
and found them as C-nitro, C-nitroso and N-nitro compounds of varying biological activities.
That these compounds can be readily formed under mild conditions was rather disconcerting
to us since such possibilities have received only limited attention so far, in contrast to the
extensively studied formation and biological action of N-nitroso compounds. In fact our results
has stimulated US FDA to carry out a systematic reexamination of the simultaneous use of
nitrite and sorbic acid in canned foods, which has been considered as a safe and convenient
way of lowering the level of nitrite.

Though the complete picture of the course of the reaction of nitrite with sorbic acid to
produce mutagens is not clear yet, il is certain that it starts with the addition of nitrogen
oxides to the gamma- and delta-positions of sorbic acid, as was concluded from the product
studies. Continued studies seemed to indicate that, fortunately, not many common food con-
stituents react with pitrite to produce mutagens but piperine, the spicy constituent of pepper,
is suspected to behave similar to sorbic acid.

In our optimistic view, there are operating varieties of unknown detoxification process
simultaneously with the natural genetic aberration. We found that many kinds of common
vegetable juices are effective in supressing the mutagen formation from sorbic acid and nitrite.
Ascorbic acid and cysteine reacts with certain kinds of the mutagenic products and inactivates
them. The well-known mutagenic pyrolytic products of tryptophan, Trp P, and Pz were found
to be inactive in the presence of vegetable juices.

Our achievements is only the very start of a vast boundary field that awaits working
into. However, we believe that the fund from the Nissan Science Foundation has been very
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meaning-fully utilized to lay a base for the future developments, and wish to express our

gratitude for the three year’s support.
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pH effect Growth Inhibition Rec-assay
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DC: drop time 18, scan rate 5 mV/s
DPP: drop time 1s, scan rate
5 mV/s, modulation 20 mV
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