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Because biological responses to ionizing radiation are dependent on 
irradiation time or dose rate as well as dose, simultaneous inclusion of dose 
and dose rate is required to evaluate the risk of long term irradiation at low 
dose rates. We previously published a novel statistical model for dose rate 
effect, modified exponetial (MOE) model, which predicts irradiation time-
dependent biological response to low dose rate ionizing radiation, by 
analyzing micronucleus formation and growth inhibition in a human 
osteosarcoma cell line, exposed to wide range of doses and dose rates of 
gamma-rays. MOE model demonstrates that logarithm of median effective 
dose exponentially increases in low dose rates, and thus suggests that the 
risk approaches to zero at infinitely low dose rate. In this paper, we extend 
the analysis in various kinds of human cell lines exposed to ionizing 
radiation for more than a year. 

We measured micronucleus formation and [3H]thymidine uptake in human 
cell lines including an osteosarcoma, a DNA-dependent protein kinase-
deficient glioma, a SV40-transformed fibroblast derived from an ataxia 
telangiectasia patient, a normal fibroblast, and leukaemia cell lines. Cells 
were exposed to gamma-rays in irradiation room bearing 50,000 Ci of 
cobalt-60. After the irradiation, they were cultured for 24h in the presence of 
cytochalasin B to block cytokinesis, and cytoplasm and nucleus were stained 
with DAPI and propidium iodide. The number of binuclear cells bearing a 
micronuleus was counted under a fluorescence microscope. For proliferation 
inhibition, cells were cultured for 48 h after the irradiation and 
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In conclusion, dose rate effect in growth inhibition and micronucleus 
formation in cultured cell lines is dependent on dose rate and irradiation 
time: In higher range of dose rates and short irradiation time, biological 
effect is determined by dose but not dose rate, and dose rate effect is not 
observed. In middle range of dose rates and irradiation time, dose rate effect 
is dependent on DNA repair system, and follows MOE model. In low range 

H]thymidine was pulsed for 4h before harvesting. We statistically analyzed 
the data for quantitative evaluation of radiation risk. While dose and dose 
rate relationship cultured within one month followed MOE model in cell 
lines holding wild-type DNA repair system, dose rate effect was greatly 
impaired in DNA repair-deficient cell lines, suggesting that dose rate effect 
predicted by MOE model is dependent on DNA repair system. Dose rate 
effect in a resting normal fibroblast cultured in serum-depleted medium also 
followed MOE model. In contrast, dose-rate effect was observed in these 
cell lines deficient of DNA repair system, when they were cultured for more 
than several month. This dose rate effect did not fit MOE model, and 
followed a model based on elimination of damaged cells. 
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of dose-rates and irradiation time longer than several months, dose rate 
effect is mainly dependent on elimination of damaged cells, and biological 
effect is determined by dose rate rather than total dose. Our results suggest 
that dose rate and irradiation time should be included in estimation of long-
term radiation risk at low dose rates. 
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