
Modeling and Cellular Studies 

The effects of ionizing radiation on living systems begin with the physical processes of energy deposi
tion and develop through many stages of chemical reaction and biological response. The modeling 
effort attempts to organize the available data and theories of all of these stages into self-consistent 
models that can be compared and tested. Models that are found to be consistent with data can be used 
in risk evaluation in the range of dose and dose rate where they have been tested, but their primary use 
comes in developing an understanding of the chemical and biological processes involved. Thus, 
different models that are characteristic of specific biochemical mechanisms or groups of mechanisms 
are contrasted to determine whether they result in different consequences at the cellular level. Often 
models based on quite different assumptions about mechanisms result in equivalent dose-effect 
relationships, but differences may be found in predicted effects of dose protraction or other condi
tions that favor repair. When differences that would be statistically Significant at the preciSion of 
realistic experiments are found, suitable experiments are designed. In general, experiments using a 
well-characterized cell line are preferred because more can be learned about specific mechanisms and 
their interactions by studying one system in detail than by cataloging the cell lines that possess a 
specific characteristic. 

In some cases, important differences among models result in only small differences in cell survival 
within the ranges of dose and dose rate that are normally investigated. To overcome this limitation, 
new ways of irradiating cells at extremes of dose rate, or ways of evaluating the effects of very small 
doses, are developed. Mathematical modeling and cellular studies complement each other. New 
experimental techniques in molecular biology result in discovery of new mechanisms. When these 
mechanisms are included in models, the resulting changes in the predicted effects of specific irradia
tion regimes inspire new experiments. Often the results of these experiments show deviations from 
the predictions, which in turn suggest other mechanisms to be tested . For example, we have recently 
found that mechanisms such as enzyme pool depletion, concentration-dependent misrepair, and 
sublethal damage interaction are not adequate to account for the interaction of dose and repair time as 
they affect the reproductive survival of plateau-phase Chinese hamster ovary (CHO) cells. Other 
mechanisms, such as the effect of chromosome structure on the accessibility of damage to repair, are 
being investigated to determine whether they contribute to this effect. 

CHARACTERISTICS OF REPAIR FOLLOWING VERY LOW 
DOSES 

L. A. Braby, N. F. Metting, and J. M. Nelson 

Repair of radiation-induced cellular damage 
plays a central role in the survival of cells 
exposed to doses of 1 Gy or more. This re
pair is responsible for the dose rate, split
dose and delayed plating effect and can be 
evaluated in the corresponding experiment. 
Because split-dose and dose-rate expe r iments 
involve repair during irradiation and delayed 
plating experiments involve repair after 
irradiation is completed, it was originally 
thought that different repair processes 
(i.e., removing sublethal and potentially 
lethal damage, respectively) were involved. 
It is now clear that this is not necessa r ily 
the case (Curtis 1985). Appropriately 
designed models can account for observed 
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effects at conventional doses (1 Gy or more) 
whether they assume all damage is lethal un
less repaired or some damage is innocuous 
unless it interacts with additional damage. 
However, at low doses, where the probability 
of interaction between damage produced by 
separate charged particle events is very 
small, these two types of models predict 
significantly different responses. Both mod
els predict that the interaction of products, 
in proportion to the square of their concen
tration, could produce the shoulder of the 
survival curve. Their predictions differ, 
however, when this interaction becomes rare. 
If the damage were potentially lethal, there 
would be a large delayed plating effect due 
to repair of the damage; however, if part of 
the damage were sublethal, the effect of de
layed plating, which affects only part of the 
damage, would stay relatively constant. 



We have utilized starved plateau-phase CHO 
cells to investigate this behavior. These 
cells are not cycling, so their radiation 
sensitivity is not changing with time. Con
sequently, 24-hour split-dose and delayed
plating intervals can be used to provide ade
quate time for even slow repair processes. 
The use of a fully automated clone counting 
system using a digitized video image of the 
assay plate enabled the counting of several 
thousand assay plates. At the lowest doses, 
200 plates were typically used per point. 
Delayed-plating and split-dose effects were 
compared in one experiment, while others 
concentrated on improved resolution for de
layed plating at low doses or following a 
low-dose-rate irradiation. 

At doses above 1 Gy, repair intervals have 
the expected effect; i.e., they increase the 
survival. However, at lower doses the sur
vival is decreased by both spl it-dose and 
delayed-plating schedules (Figure 1). This 
is accompanied by a prompt plating survival 
that is conSistently higher than the control. 
The cause of the high survival is of some 
interest since it interferes with precise 
determination of the shape of the survival 
curve. Preliminary investigations have 
revealed that at 0.25 Gy the number of sur
viving clones is essentially equal to the 
number of cells placed in the assay dish, 
while the unirradiated controls show a plat
ing deficiency of about 80%. The electronic 
pa rticle counter used in this experiment is 
routinely calibrated against a hemocytometer, 
and there is no difference in the size dis
tribution of irradiated and unirradiated 
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FIGURE 1. Comparison of Survival Following Immediate 
and Delayed Plating of Plateau-Phase CHO Cells 
Exposed to 2S0-kv X-Rays 
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cells as measured with a flow cytometer. It 
may be that those cells in the initial popu
lation that would not grow when replated are 
further damaged by a low dose of x-rays, and 
are made so fragile that they lyse during 
trypsinization. Thus the cells responsible 
for a plating efficiency of less than 1 would 
be removed from the irradiated population but 
not from the control group. 

In any case, the fact that the survi val fol
lowing a plating delay is always less than 
the survival following immediate plating at 
low doses indicates that the damage produced 
is probably not potentially lethal. It may 
even be that repair plays a relatively minor 
role in modifying cell survival unless a rel
atively large amount of damage is present. 
Experiments with repair inhibitors are being 
undertaken to try to resolve this problem. 
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ROLE OF REPAIR SATURATION IN THE RESPONSE OF 
PLATEAU-PHASE CHINESE HAMSTER OVARY CELLS 

L. A. Braby, J. M. Nelson, and N. F. Metting 

As reported previously (Nelson et al. 1985), 
we see two repair rates in split-dose experi
ments on starved plateau-phase CHO cells. We 
have assumed that this indicates two differ
ent processes repairing two distinct types of 
sublethal damage. However, as we reported 
last year (Nelson et al. 1986), results of 
experiments at different dose levels are not 
consistent with models that assume that the 
damage is entirely sublethal. Alternative 
hypotheses are being investigated to deter
mine whether they provide a satisfactory 
interpretation of the data and a basis for 
further investigation of the repair 
mechanisms. 

One hypothesis that has been considered is 
the saturation of a repair mechanism having a 
limited pool of repair enzymes. Such satura
tion phenomena have been observed in biochem
ical repair studies and have thus formed the 


