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ABSTRACT

In biological objects of different organization, peculiar, non-mutational cell changes
have been revealed, which, unlike the known changes, might be responsible for development
of the tissue, organ, and organism disturbances after low-dose loads. Myocardium capillary
endothelium have been examined ultrastructurally in 236 rats irradiated in a dose 0.5 Gy as
well as (to characterize the effect) in doses of 2.25 and 4.5 Gy. Similarly 28 intact control
animals were studied. Already of the lowest dose, 0.5 Gy, has been established to produce an
increasing appearance of damaged cells with signs of oedema, partial cytolysis of cytoplasmic
structures amd isolated damage of mitochondria. All these kinds of changes were also
observed in control, but much less frequency. These changes fully develop already after the
relatively small doses of ionizing radiation, are of a massive character and are practically
irreversible. This effect is manifested as a steady rise in the probability of the cell injury and
death as compared with the spontaneous level and can be considered a new setup of the cell
homeostasis.

INTRODUCTION

From the viewpoint of classic radiobiology, it is difficult to agree with data that are
obtained, in particular, when evaluating consequences of the Chernobyl Atomic Electric Plant
accident, about various non-stochastic impairments resulted from small doses of ionizing
radiation. Indeed, the traditionally studied radiation-induced cellular (predominantly
cytogenetic) effects under these conditions appear in a slight amount, are prone to reparation
and thereby cannot lead to this pathology. However, there are unusual cellular effects which,
due to their massive and actual irreversibility, might participate in pathogenesis of the non-
stochastic impairments after the low-dose irradiation.

Such effects were earlier discovered in model experiments in various unicellular
organisms [1,2]. In the currrent work, we have shown that similar responses are also peculiar
to cells of multicellular organisms.

MATERIAL AND METHODS

The electron microscopy study was performed on the myocardium capillary
endothelium of 236 randomly bred male rats weighing 120-150 g. They were submitted to the
total X-ray irradiation in a dose of 0.5 Gy as well as (to characterize the effect) in doses of
2.25 and 4.5 Gy using a RUM-17 X-ray apparatus with the voltage 200 kV. current 15 mA.
filters 0.5 mm + 1.0 mm A, focus distance 50 cm, power of the dose absorbed 0.92 Gy/min.
The animals were sacrificed by decapitation after a preliminary narcosis. The standard
procedure of preparation of the material for electron microscopy was used. The study was
performed for 12-18 months which corresponds to the most part of the rat life span. At each
time period after the effect the material was taken from 3-4 rats (after the dose of 4.5 Gy, from
6-15 animals), 4-8 pieces from different myocardium areas in each animal. Similarly with the
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irradiated rats, 28 intact control animals of the same age were studied. In each rat, 150-900
endothelial cells were analyzed, and the percentage of changed or damaged cells among them
was measured. Taken into account were the changes which were due to oedema (at the early
stages of cell hyperhyd=OC ration and in the severe oedema), to a partial cytolysis, and to an
isolated damage of mitochondria.

All these kinds of changes were also present in control, however, much less frequently.
No significant age deviations were found.

These changes occured without any association with mitosis, since its morphological
picture was revealed neither in control nor in irradiated animals, and experiments with 3H-
thymidine label showed only one cells out of 1000-10000 to enter the mitotic cycle for 24 hr,
the duration of the cycle amounting to about 200 days [3].

RESULTS

The experiments performed have shown that in all doses used and according to all
indicators of the state of endotheliocytes there are evident deviations from control. These
consist in an increase in the frequency of appearance of the changed or damaged cells
throughout the study (Table).

Table
Dependence of frequency of appearance of endotheliocytes with different changes on the
radiation dose at different time periods after total irradiation (mean values and confidence
intervals at P=0.05)
Dose (Gy)

0
0.5

2.25

4.5

Time interval
(hours, days, imonths)

18 months
1 -24 hours
2-30 days
3-18 months
1 -24 hours
2-30 days
3-18 months
1 -24 hours
2-30 days
3-18 months

Type of the alterations

Hyper
hydrationi

3.3±0.66
10.0+2.8
13.5±4.2
8.6*
9.5+1.8
15.715.9
7.1*
6.3+2.6
8.1+4.3
10.0+2.4

Severe
oedema

0.67+0.18
3.2+1.4
2.1+0.8
2.8*
1.310.9
2.610.8
1.9*
0.8+0.7
1.6+1.0
1.510.6

Defects
of mito-
chondria
0.610.1
11.8+1.5
14.715.2
6.3*
9.5+2.0
17.213.9
6.5*
10.617.8
7.9+3.7
8.5+3.3

Partial
cytolysis

0
1.811.4
5.313.0
4.3*
2.210.6
4.813.9
2.5*
2.811.9
12.016.9
1.411.1

* - confidence intervals are not presented, as the material is obtained at two time intervals
only (3 and 12 months)

A particular attention should be paid to the efficiency in this aspect already of the
lowest dose, 0.5 Gy, which is thought to have no effect on relatively radioresistant tissues with
a slow turnover. Essential is a peculiar change dynamics not characteristic of the traditionally
studied cellular effects. The differences from control appear as soon as for the first hours after
the irradiation and then are retained for many months. The same was observed at higher doses,
2.25 and 4.5 Gy, with no increment of the effect with increase of the dose. =0C Such evident
dose-independence was possible to be established due to the studied effect being not masked
by cytogenetic changes (because of an extremely low mitotic activity). The stable effect for
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such a long time indicates a steady preservation by the cells of some hidden potential changes
and involvement of the vast majority (or all) cells in the population.

DISCUSSSION

We have demonstrated postradiational changes characterized by such unusual features
as dose-independence, irreversivility for the most part of the life span of the animals, massive
involvement of cells, early development of the maximal effect already after the low dose
irradiation. The same features were revealed in previous experiments on unicellular
organisms. Therefore, we believe such changes to be of a rather wide biological significance;
they may be interpreted as triggering in different eukaryotic cells of a program providing for
the change of cellular homeostasis.

Manifestations of this effect, first of all, its dose-independent and massive character,
do not allow it to be explained by mutations. Most likely, we deal here with epigenetic
changes [4], In the medico-ecological aspect, it is essential that pronounced changes in the
vascular endothelium were revealed already after a dose 0.5 Gy, i.e. the dose compatible with
the average dose obtained by liquidators of consequences of the Chernobyl Atomic Electric
Plant accident. This correlates with epidemiologic findings, such as frequent disturbances of
the cardio-vascular system in the liquidators. .=0C
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