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control eyes, a pupil is present and the mesenchyme is 
organized to form an anterior chamber and a cornea.. 
~ur results con~ the suggestion that the lens plays 

an Important part m corneal morphogenesis•-&. At the 
same time they agree with the views put forward by 
Giroud8 and Stroeva.', who emphasize a strong organo
genetic connexion between the iris and the lens. 
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RADIOBIOLOGY 

Manganese Free Radicals in Cobalt-60 Gamma• 
irradiated Strawberries 

THE formation of free radicals in biological systems 
exposed to ionizing radiation is well established'-'· Some 
of the induced radicals, as well as some of those occurring 
naturally8, have long lives•-11• The surprising stability 
of the induced radicals may have far-reaching biological 
implications. As an example of stability, cystine, on 
irradiation in vacuo a.t room temperature, gave electron 
paramagnetic resonance signals even after 35 days11• 

Numerous investigations in connexion with irradiation 
damage of proteins and amino-acids confirm the stability 
of these radicals13- 18• This stability must be considered 
carefully in assessing the wholesomeness of foods preserved 
by ionizing radiation. Such assessment involves the 
concepts of stored chemical energy and consequent radio
mimetic hazardu-ao. Chromosomal aberrations have been 
shown to occur in germinating barley and onion seeds 
following treatment with orange or apple juice, which 
had been irradiated with 200 Krad of y-raysn. Although 
the radiomimetic precursors generated by irradiation of 
fruit juices have not been ascertained, preliminary studies 
indicate that peroxides may be implicated. 

From research in our laboratory, strawberries appear 
to be one of the most promising fruits for application of 
irradiation to extend shelf life11• This communication 
reports on an investigation to determine whether long
lived organic free radicals were present in irradiated 
fruits. Greenhouse-grown 'Shasta' strawberries were 
irradiated at 200 Krad at 0° C, and maintained at this 
temperature for 64 h. Samples taken at regular intervals, 
starting immediately after irradiation, were held in 
evacuated quartz tubes submersed in liquid nitrogen, 
until electron paramagnetic resonance measurements. 
The spectra. were determined with a. Varian electron para
magnetic resonance spectrometer having a. 9-in. magnet 
system, over the temperature range of -196°-0° C. The 
scan was varied from 500 to 1,000 Gat roughly g 2. The 
samples were evacuated continuously during the measure
ments. 

We found no organic free radicals and were only able to 
detect Mn~+ in the samples. Similar results were recorded 
from commercially available fruit irradiated over a. dose 
range of 20()-600 Krad. Atomic absorption spectroscopy 
showed 19 p.p.m. Mn~+ (dry weight basis) in the green
house strawberries. 

Preservation of foods by radiation, a.s a. novel concept, 
led to extensive investigations concerning the whole
someness of irradiated foods. Among the various general 
principles used to evaluate the biological safety of such 
foods, sub-threshold toxicity and delayed response are 

particularly significant when considering wholesomeness 
in relation to long-lived free radicals. 

Due to the absence of any long-lived organic free 
radicals, the foregoing concept is of no significance in 
irradiated strawberries. Comprehensive feeding trials 
of the irradiated foods have shown no adverse effects in test 
animals. Likewise, in trials conducted by the United States 
Anny Quartermaster Corps, troops fed sterilized rations 
showed no ill effects. Manganese resonance also has been 
detected in various non-irra.d;a.ted plant materials, such as 
fallen oak leaves and p 'ne needles and naturally dried 
ivy stems. 

On the basis of the evidence available, it is logical to 
assume that wholesomeness of irradiated strawberries is 
not affected by the presence of Mn 2+ free radicals. We 
have been unable to locate any references in the literature 
as to the fate of ingested transition metal free radicals. 
More definitive evidence regarding the biological safety 
ofMn~+ free radicals will come from such an investigation. 
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Strontium-90 Content of First Bicuspids 
THE tooth crown, once formed, is a stable calcified 

structure removed from direct equilibrium with body 
fluids and therefore undergoes minimal remodelling, 
exchange or turnover of mineral elements. During develop
ment and calcification, the mineral elements of the crown 
are in equilibrium with body flnids and, indirectly, with 
the diet. The concentration of strontium-90 in the tooth 
crown is, therefore, o. measure of the equilibrium between 
the tooth and dietary strontium-90, and the tooth crown 
represents a. permanent record of the equilibrium existing 
at the time of tooth formation. 

We have recently reported•·• that the accumulation of 
fall-out strontium-90 in deciduous teeth of children is 
adequately described by a. linear equation of the form 
aT = K aD, where aT and aD are the strontium-90 con
centrations expressed as pc. strontium-90/g calcium in tho 
tooth crown (aT) and the diet (aD). The slope, K, was 
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