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CONTINOUS INDUCTION OF UNSCHEDULED DNA SYNTHESIS
BY GAMMA IRRADIATION

Introduction
For the judgement of the risks of chemicals, tests of genetic
effects - besides the "classical toxicologic tests - got
increased importance during the last years. These genetic test
systems can be arranged in the following groups:

- Mutagenicity Tests: They are used to detect permanent changes
in the genetic material.

- Transformation Tests: They shall permit an estimation of the
carcinogenic properties of substances by determinaton of the
ability of cells, to grow without contact inhibition.

- DNA-Repair Tests: They are used to detect non permanent
changes in the genetic material.

Another subdivision can be made in in-vivo and in-vitro tests.
In-vitro systems are experimentally easier to handle, whereas
in-vivo systems are more 'realistic1. In some cases it is
possible to combine in-vivo and in-vitro methods. That means,
the treatment takes place in an animal model with all its
metabolizing- and enrichment processes; the measurement however
is done with a single cell suspension in-vitro.
In this paper, such an in-vivo - in-vitro test system for the
estimation of the induceable DNA repair in liver cells is
described.
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Material and Methods:
Test animals
For this experiments C57-black mice were used. At the time of
irradiation, the animals were about 80 days old. The tests were
done durig 19 month, that is during the whole life span of these
animals.

Irradiation
The animals were irradiated once, at the beginning of the
experiments, with a dose of 1 Gy (100 rad) 5 0Co-gamma rays.

Time schedule
Before the irradiation, as well as 7, 56, 178, 360, 424, 465,
493, 528 and 563 days after the irradiation, eight animals per
group were tested. •

Preparation of cell suspensions

The liver of the.animals was - under strong ether anaesthesia -
perfused first with EGTA containing PBS and then with a solution
of 0,05 U/ml dispase and 10 U/ml collagenase in BME medium with
1% serum. Then the liver was incubated for about one hour at
37 °C in this solution. Subsequently the organ was cut into
small pieces and a single cell suspensin was made by gently
stirring in a solution of 0,5 U/ml dispase and 1 U/ml
collagenase in BME medium with 2% serum. The cells were washed
several times with PBS to remove all cell debries.

Incorporation of 3H-thymidine
15 /uCi ^H-thymidine were added to about 1,5 million cells in
1,5 ml BME medium with 3% serum. After an incubation of
90 minutes at 37 °C, the cells were washed in PBS and incubated
for further 30 minutes in medium containing 0,1 mMol/1 of not
labelled thymidine to remove the non bound radioactivity. Now
the cells were washed several times with PBS, swelled 5 minutes
in 1% Na3-citrate solution and fixed in methanol + acetic acid.
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Autoradiography

The fixed cells were dropped on slides and covered with
photographic emulsion. After three weeks the slides were
developed and stained with May-Griinwald / Giemsa. The silver
grains of 50 cells per animal were counted microscopically.

Results:

The individuall differences from animal to animal were quite

high. But due to the high animal number (eight animals per

time-point and group) statistically significant results could be

obtained.

Fig. 1 shows the mean silver grain numbers per nucleus at the
different dates of the experiment. The grain numbers of the
irradiated group were always higher than those of the respective
control groups. The two peaks at day 56 and day 493 probably are
artefacts due to experimental failurs or disorders (e.g.
infectious diseases) of the animals. The time between the two
peaks is nearly exact one year, so even a seasonal effect is
thinkable.
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Figure 1: Amount of unscheduled DNA synthesis, represented as

the number of silver grains per nucleus, at the different days

of the experiment.
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If you assume them to be artefacts then the results from this
diagramm are:

- The background of unscheduled DNA synthesis is nearly constant
till to the 424th day of experiment (age of the animals- = 16
to 17 month) and is then increasing steadyly till the end of
the life of the animals (age about 21 month).

- The irradiation at the beginning of the experiment leads to an
increaseing background of unscheduled DNA synthesis til the
end of the life of the animals.

In fig. 2 the mean values of the grain numbers are represented
as 'per cent of the control1. So the two peaks disapear and the
time course of the increase of unscheduled DNA synthesis due to
the irradiation can be seen.
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Figure 2- Amount of unscheduled DNA synthesis, represented as
'percentage of control1, at the different days of the
experiment.
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The results of these diagramm are:
- The irradiation leads to a steady increase of UDS during about

five month.
- Then the increased UDS remains constant during the whole life

span of the animals.
- The decrease of the UDS ratio at the end of the life is

probably due to the increase in the absolute values.

Most of the examined liver cells produce no or one silver grain
in the autoradiographic slides (86% of the control group and 76%
of the irradiated group). Only 3,0% of cells of the control
animals and 6,4% of the irradiated group produce more then three
silver grains. These cells are called 'induced1, that means they
show an remarkable level of unscheduled DNA synthesis. In fig. 3
one can see the pattern of the grain numbers summarized over all
dates of the experiment and in fig. 4 the number of 'induced
cells' at the different time points are presented. Like the mean
value of the grain numbers, the amount of induced cells is
always higher in the irradiated group then in the control group.

Figure 3: Pattern of
the number of silver
grains per nucleus,
summarized over all
days of the experiment.
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Figure 4: Number of induced cells (cells with more then three
silver grains per nucleus) at the different days of the
experiment.

Discussion:
The effect described in this paper is - compared with the action
of some genotoxic agents - to classify as very small. Here the
mean grain number increased to about twice the background
whereas substances like methylmethanesulfonate increase this
value about tenfold and UV-irradiation even more. Nevertheless
because of the high number of evaluated cells even these small
effect could be clearly identified.

The time course of the induction of the unscheduled DNA
synthesis however does not fit those of the repair of gamma
damage. DNA single strand breaks, the niost common gamma type
damage, are repaired within a few minutes and most of the other
types of gamma induced damage show a repair time of not more
then some days. According to this, even at the first timepoint
after irradiation (seven days) no more effect shoud be visible.
And in fact there was - nearly - no effect at this time point.
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The induction of UDS was found more clearly at the later time
points. There are the following possibilities to declare this
extreme long lasting induction of the unscheduled DNA synthesis:

- The induction is caused by 'hidden' damages in DNA regions
which are not active in the moment and therefore are covered
by proteins so that damages cannot be repaired. Later, when,
these regions are activated, the damages are recognized and
repaired.

The irradiation damaged the system of regulation in some
cells. Therefore the DNA metabolism does not run off error
free, what itselfe is the cause of further damages in the
regulation of the cell. So only after some time - maybe after
some cell divisions - DNA damage, caused by misregulation
occurs. This damage has to be repaired and this repair
synthesis was measured in our experiments.

The time course of the UDS induction at the beginning of the
experiment, as seen in fig. 2, seems to verify the second
declaration. Because this intervall of time covers only two time
points, one of them is the possible artefact at day 56, some
doubt remains. Of course it could be that a combination of the
two possibilities of declaration is the real reason for the long
lasting induction of the unscheduled DNA synthesis.
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