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Summary

In the treatment of foods containing fat with ionizing radiation — for example, the irradiation of
chicken or hamburger to kill pathogens such as Salmonella spp orE. coiz 0.157:H7 — arange
of hp(‘u yuc uxswuuu. ynuduma are 5mwzamu, among umm the group. of aa-amyxcycxouutanones
These compounds contain the same number (n) of carbon atoms as their precursor fatty acids,
whereby a hydrocarbon chain with n-4 carbon atoms is attached to ring position 2 of the
cyclobutanone. In this way, 2-dodecylcyclobutanone is generated from palmitic acid. Up to the
present day, cyclobutanones have not been found in non-irradiated foods. Therefore, it is
important to examine the toxic or genotoxic potential of cyclobutanones in the context of
discussions about the safety of irradiated foods

In this study, in vivo experiments were conducted on rats, which received two different doses of

2-dodecylcyclobutanones by way of pharyngeal probe. After 16 hours, colon cells were isolated
from the rat and analyzed for DNA damage by means of the comet assay.

No cytotoxic effects were detected in the trypan blue vitality test. When the “% tail intensity” or
the “tail moment” was used in the comet assay for quantitative analysis, the values obtained with
an experimental group that received a low concentration of 2-dodecylbutanone (1.12 mg/kg body
weight) were similar to those of the control group, which was administered 2% dimethyl
sulfoxide. Slight but significant DNA damage was observed in the experimental group that
received the higher concentration of 2-dodecylcyclobutanone (14.9 mg/kg body weight). Further
studies are needed to clarify the relevance of these results to an evaluation of risk from the
consumption of irradiated foods.

Introduction

Of late there has been growing interest in the treatment of foods with ionizing radiation. The
irradiation can help improve the hygienic quality of the food and prevent diseases that otherwise
could be caused by consumption of foods contaminated with parasites or pathogenic.
microorganisms. Furthermore, the irradiation of certain foods facilitates an improvement in the
storage life and reduces the spoilage rate [Diehl, 1995). A growing number of countries have
approved the use of ionizing radiation for numerous products {Anon., 1998}, Within the EU, one
can expect harmonization of the legal regulations of the member states with. regard to foods and
food components treated with ionizing radiation. As a first step, itradiation of dried aromatic
herbs and spices is to be permitted in all EU nations. This ~development is based in part on the
positive evaluation of the procedure by the World Health Organization. In a 1992 position



statement, WHO stated that “foods that have been treated with ionizing radiation and produced
according to good manufacturing practice (GMP) are to be regarded as safe in terms of health
and satisfactory from the perspective of nutritional physiology.” Numerous studies and animal
feeding experiments, as well as experiments on volunteer test subjects, support this conclusion
[WHO, 1994]. Taking account of the studies available to date, a new expert committee
concluded in 1997 that “even irradiation of foods with high doses (> 10 kGy) may be judged safe
and satxstactory in terms of nutrition” [WHO, 1997, 1998]. In recent years, there has also been
increasing interest in analytical techniques to determine whether a product has been irradiated
[Delincée, 1998]. For example, a research team in Northern Ireland has determined that certain
lipolytic digestion products — namely, the 2-alkylcyclobutanones [LeTellier and Nawar, 1972]
— might be products that are unique to irradiation and therefore hold great promise as markers
of irradiation treatment [ Stevenson et al., 1990, Stevenson, 1996]. As a result of irradiation, the
acyl-oxygen bond in tnglycendes is cleaved with formation of Z-alkylcyclobutanones with the
same number of carbon atoms as the initial fatty acid and with the alkyl group in ring position 2.
For example, 2-dodecylcyclobutanone and 2-tetradecylcyelobutanone are formed from palmitic
acid and stearic acid, respectively. Although 2-methylcyclobutanone has been identified
following ultrasound treatment of Hevea brasiliensis latex, for example [Nishimura et al., 1977],
cyclobutanones have not yet been detected in non-irradiated foods [Stevenson, 1996). However,
since cyclobutanones do occur in irradiated foods — for example, at levels of 0.3-0.6 pg 2-
dodecylcyclobutanone/g fat/kGy in chickens [Stevenson et al., 1990, 1993; Boyd et al., 1991;
Crone et al., 1992 a, b, 1993; Stevenson, 1996] — it is necessary to characterize their potentially
toxic features and undertake a risk evaluation.

In this study, the so-called “comet assay,” a new test procedure that detects DNA damage in
individual cells by means of microge! electrophoresis, has been employed as the toxxcologxcal
test procedure [McKelvey-Martin et al., 1993; Fairbaimn et al., 1995]. Rat colon cells', tissue in
which tumors can be generated under certain nutritional condmons were used as the target cells.

! [Translator’s note] The German “Dickdarm” used here can be translated “large intestine” or “colon” (the latter a
segment of the former); “colon” has been translated since the authors used the unmistakable “Kolon” in the same
context in the “Summary.” : ) )



Nutrition Report 1996, a man wexghmg 70 kg consumes an average of 104 g fat/day, or 1.49 g
fat’kg BW), this would lead to a 2-DCB content of 1.5 pg x 5 x 1.49=11.2 pg of 2-DCB/kg
BW. |

With a safety factor [Classen et al., 1987] of 10 for individual differences, and an'additional
factor of 10 to account for differences between various species (here, rat/human), the expected
no-effect level (NOEL) for radiation pasteurization lies at ~

11.2 pg x 10 10 = 1.12 mg 2-DCB/kg BW.
Similarly, one would expect a NOEL of
20 g x 5 x 1.49 x 10 x 10 = 1.49 mg 2-DCB/kg BW

for the radiation steﬁlizatioﬁ (60 kGy) of frozen chicken. This calculation is based on formation

of 20 ug of 2-DCB/g fat for radiation stenhzed (60 kGy), frozen (-46° C) chicken [Crone et al.,
1992a].

Results

The trypan blue vitality test did not reveal any cytotoxic effects on the colon cells from the 2-
DCB that was administered. The vitality of the treated cells was on the same order of magnitude
(=90%) as the cells of the negative control group, which were tre‘ated with DMSO alone.

On the other hand, DNA damage from 2-DCB was observed in the comet assay. In the
evaluation of the comets, both as “% tail intensity” and as “tail moment,” the DNA damage
exceeded that found in the negative control group. In the group of six animals that received the
lower concentration of 1.12 mg 2-DCB/kg BW, two of the animals exhibited increased DNA
damage, while four of the animals exhibited values like those of the control group (Fig. 1a).

When the results of the experimental group animals were combined, there was no significant
difference relative to the negative control group (Fig. 1b). At the higher concentration of 14.9
mg 2-DCB/kg BW, an increased level of DNA damage was also detectable in the group, relative
to the negative control group (Fig. 1b). While the increase in DNA damage is slight compared to

the positive control group, which received DMN as alkylating agent, one must recall that the
latter is a strong and speclﬁc rat. colon carcinogen.



Fig. 1a Effect on Individual Animals
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Fig. 1b Effect on Groups of Animals
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Figures 1a, b DNA single-strand breaks in rat colon cells from the action of 2-
dodecylcyclobutanone and DMSO, or DMH. Administered with pharyngeal
probe 16 hours before isolation of the colon.

(** p<0.01 significantly different from the negative control with DMSO;
unpaired, two-sided Student’s t-test, n = 3-6).



Discussion

Initiat in vitro experiments with 2-dodecylcyclobutanone, which at various concentrations was
‘applied to rat colon cells as well as colon cells from human biopsies, have shown that 2-DCB
leads to DNA damage {Delincée and ‘Pool-Zobel, 1998]. Although the concentrations of 2-DCB
that were used, ranging from 0.30 — 1:25 mg/ml, are large in comparison to the expected
consumption of pg quantities of 2-DCB, further clarification is needed to determine whether the
these results are relevant to the safety of irradiated foods.

The in vivo experiments that were just conducted Iikewise\show DNA damage to colon cells at
higher concentrations of 2-DCB. Of course, one must keep in mind that not every instance of
DNA damage proves to be a precursor to damage severe enough to generate a tumor, or leads to
mutations in tumor-relevant genes. Furthermore, possible DNA repair processes and other
cytotoxlc events, for instance apoptosis, play a role before lesions become manifest and cell
degeneration is imtiated.

In addition, the quantity of 2-DCB that was administered here is to be regarded as very high. A
projection shows that the concentration of 14.9 mg/kg BW in humans corresponds to
consumptzon of more than 800 radiation-sterilized (60 kGy) broiler chickens. This comparison
raises the question of whether the safety factors must in fact be 10 x 10. With several food
ingredients (e.g. selenium), this concept would lead to deficiency symptoms, since the amount
required in rats, for example, is about 25% of the toxic dose [Classen et al., 1987]. With lower
safety factors, and hence lower test concentrations of 2-DCB, there would no longer be any
detectable DNA damage.

&t should be mentioned once again that in many animal feedmg experiments with irradiated foods
n which it is known that cyclobutanone was also in the feed, no evidence has been found to
indicate an mjury from irradiated foods that have been consumed/{Typical in this regard is the
Raltech study in the USA [Thayer et al., 1987], in which several génerations of mice and dogs
were fed with radiation-sterilized chicken. This study also included nutrition-physiological,
teratological and genotoxic experiments on various species of animal.

In each case, it is necessary to check the relevance of the results that have been obtained. It is
stnkmg that the variation in observations is much greater at the low dose than the high dose,
which in the latter case entails stansucal significance. This must also be clarified.

Conclusion

High concentrations of Z»dodecylcyclobutanone lead to DNA damage in'colon cells that is
detectable with the comet assay. The requisite concentrations are very much higher than those
that can be reached through the consumption of irradiated foods that contain fat. The results
urge caution, and should provide impetus for further studies.
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