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Abstract-Monofluorocarbon acids can be formed from inorganic fluoride by single cell cultures of 
Acacia geurginue and tea. Fluorocitrate is also present in small amounts in commercial specimens of tea and 
oatmeal. The signiticance of these observations is discussed, especially in relation to the toxic plants. 

INTRODUCTION 

UNTIL RECENTLY there was no evidence that inorganic fluoride was metabolized by plants. 
The only exceptions were those poisonous plants which synthesized fluoroacetate and which 
are found in Africa, Australia and S. America.’ A first indication that other plants can 
convert fluoride to an organically combined form, partly volatile,2 was followed by the 
interesting discovery that some forage plants could synthesize fluoroacetate and fluoro- 
citrate;3 and that lettuces could form fluorocitrate from fluoroacetate.4 

We have shown recently5 that single cell cultures of soya bean (Glycine mux) can convert 
fluoride to fluoroacetate and fluorocitrate. We here add some further observations in this 
field. 

RESULTS 

Single cell cultures of Acacia georginae F. M. ,Bailey when grown in the presence 
of 1O-3 M sodium fluoride for 8 weeks, synthesized both fluoroacetate and fluorocitrate, 
in the approximate ratio of 2: 1. This observation of the synthesis of fluoroacetate 
confirms the report of Preuss et al.” 

Single cell cultures of tea (Thea sinensis), which had been grown in the presence of 
fluoride for 8 weeks were also shown to contain fluorocitrate, in amounts of 5-10 pg/g 
tissue. Using GLC, we have now found small amounts of fluorocitrate in a commercial 
sample of tea, which had previously been missed7 using less sensitive methods. It confirms 
an unpublished observation that tea extracts are inhibitory to a soluble aconitase from pig 
heart. The amount of fluorocitrate does not exceed 30 pg/g and is too small to be of toxic 
significance; an average person drinking 8 cups of tea per day would only be taking 3.4 r.Lg/k, 
which is far from a toxic dose taken orally.8 
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We have also found fluorocitrate not exceeding 62 pg/g in a commercial specimen of 
oatmeal. A small amount of fluoroacetate was also detected. 

DISCUSSION 

The proof that inorganic fluoride, in small amounts, can be incorporated into fluoro- 
acetate leading to fluorocitrate in plants demonstrates that there can be a metabolism of 
fluoride. Hence the F- ion does not always enter and leave a plant in the inorganic form. 
Some edible plants can make monofluorocarbon compounds; but normally the amounts of 
these formed appear to be too low to be toxic by the mouth. 

Nevertheless, it appears now that the toxic plants exaggerate a normal reaction to 
fluoride, and the question is raised whether such plants make fluoroacetate more quickly or 
whether they degrade it more slowly. Their toxicity is known to vary considerably.g It has 
been shown that lettuces can split F- from fluoroacetate,4 and it has been found that the 
African plants accumulate much inorganic fluoride. lo It is also known that the formation 
of some monofluorocarbon acids such as fluoroaspartate I1 leads to instability and inorganic 
fluoride is readily liberated from such compounds in mammalian in vitro systems. So plants 
showing high toxicity may vary from normal plants in the absence of certain important 
compounds, such as glutathione. Fluorocitrate also appears to vary in its inhibition to 
aconitate hydratase; it was 2000 times less toxic in one instance.12 Fluoride can also be 
converted to monofluoroacetone by homogenates of A. georginae.13 

EXPERIMENTAL 

The technique for single cell cultures and their extraction was identical with that described in.5 For GLC 
a column (1.5 m x 6 mm) of PEG 20 M was used, except in one case (oatmeal) where a 2.7 m x 6 mm 
was needed for satisfactory separation of the products from long chain fatty acids. The GLC estimations 
are considered to be accurate to f 10 %, but the efficiency of extraction is dif%icult to assess accurately. 
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