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of pyrrolidine in pH 5.0 buffer, and put an aliquot through our 
quenching and extraction procedure. The organic extract was 
analysed for pyrrolidine in free and protonated forms. Free 
pyrrolidine was not detected, subject to a detection limit of 
0.5 Jlg ml- 1

. The level of total pyrrolidine (free plus protonated) 
detected in the extract was > 1.0 Jlg ml-- 1

• The amount of NPy 
that could be formed from this is insignificant compared to the 
levels being detected in the reactions. In a reaction mixture 
containing sodium nitrite (0.15 M), pyrrolidine (0.15 M) and p
cresol (0.075 M) in citrate buffer at pH 5.0 the concentration of 
NPy formed after I h was two and half times greater than that 
formed in a control reaction from which p-cresol was absent. It 
therefore seems that at suitable concentrations the presence of 
phenols can lead to an enhancement of the rate of nitrosamine 
formation. 
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Fig. 2 Logarithms of the rates of formation of N-nitrosopyrrolidine 
plotted against the logarithms of the concentrations of p-nitroso-o

cresol. 

Other kinetic data4 suggest that in a system containing nitrite, a 
phenol and a secondary amine, the phenol should be nitrosated at a 
faster rate than the secondary amine. The initial product of phenol 
nitrosation is the nitrosophenol, a relatively unstable species, 
which can be oxidised by atmospheric oxygen to the stable 
nitrophenol. In this system there are therefore two opposing effects 
on the rate of nitrosamine formation. The rate will be retarded by 
the phenol, but catalysed by the unstable nitrosophenol formed 
during the reaction by nitrosation of the phenol. The overall effect 
is likely to depend upon whether the steady-state concentration of 
nitrosophenol (as determined by the relative rates of its formation 
and its destruction by oxidation to nitrophenol) is sufficiently large 
to overcome the inhibitory effect of the phenol. In turn this will 
depend upon the relative degrees of retardation and catalysis of 
nitrosamine formation exerted by the phenol and the nitroso
phenol respectively. 

These observations elucidate the basis for some of the conflict
ing reports of the effects of phenolic compounds on the rate of 
formation of nitrosoamines, but the implications in terms of the 
formation ofnitrosamines in cured meats and in vivo are not clear. 
The effects of phenols at up to 300 mg kg- 1

, which may be found in 
smoked meats (Knowles, M. E., unpublished) and of the 
42-300 mg of phenolic material excreted daily into the stomach via 
gastric juice 7 arc likely to be much more complex. The complicat
ing effects of other soluble and insoluble components and of 
adsorption effects in heterogeneous systems are not susceptible to 
quantitative prediction; our studies of the catalytic effect of 
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phenols which we have noted as being exerted through the 
formation of nitrosophenols are being extended to examine these 
additional factors. 
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Erratum 
In the article 'Stem anatomy and sheathing mycorrhizas in 
the Betula verrucosa-Amanita muscaria relationship' by 
P. A. Mason, J. Pelham and F. T. Last, Nature 265, p. 334, 
Fig. Ib was inverted and is shown in correct relation to 
Fig. Ia below. 
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