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INTRODUCTION

During the last decade some "stimulating" or "hormetic" effects have been ascribed to low-levels of
radiation. The adaptive response was a phenomenon recently used as an argument among others advertising
such "hormetic" effects of low dose irradiation (Luckey, 1991).

Human peripheral blood lymphocytes may show a decrease of chromosomal aberrations (CA) after high
doses of ionizing radiation if they have been previously irradiated by small doses of internally deposited
tritium from labelled thymidine (Olivieri et al. 1984; Bosi et al. 1989), or by small doses of X-rays
(Shadley et al. 1987a,b; Wolff et al. 1988; Fan et al. 1990). This response looks as if some adaptation
would take place to the low-dose irradiation and was called "adaptive response" (AR). It was attributed to
repair mechanisms elicited by damaging the lymphocyte DNA by small doses of radiation (Wolff et al.
1990) so that after the high dose, delivered at times when higher levels of repair proteins and other
molecules are still present in cells, a lower damaging effect may be expressed.

Our work was aimed at gaining information about the frequency distribution of the responses to a
combination of low-dose irradiation with tritium and high-dose irradiation with gamma rays and at
comparing two endpoints : counts of CA with counts of micronuclei (M) in lymphocytes from the same
donors in a human population sample.

METHODS

Lymphocytes from healthy adult donors of age from 20 to 59 years, of both sexes (24 males and 20
females) were isolated from blood by centrifugation and after washing they were divided into four samples
designated as :

K) control, unirradiated ;
T) irradiated from tritium incorporated during in vitro incubation in phytohemagglutinin

(Wellcome)-containing medium with tritium labelled thymidine (3HTdR, specific activity 1950
GBq/mM, UVVVR Praha). Lymphocyte samples of six groups of donors served for
experiments differing in either incubation-time or in the concentration of 3HTdR (see chap.
Results).

G) irradiated after 44 hours of incubation by a ^Co gamma source, the absorbed dose being 1.5
Gy at a dose-rate of 0.115 Gy/min.;

TG) irradiated first by tritium as in T) and then also with the gamma-source as in G).

The CA and M were counted in at least 200 metaphases or 2000 nucleated cells, respectively, on each
slide.

The type of response of the lymphocytes to the combined irradiation was determined by testing the
difference: (TG - K) - (T - K) - (G - K) = K + TG - T - G where the characters represented counts of CA
or M in appropriate samples. The c-test based on Poisson approximation of a normal distribution has been
used to test the significance of the above difference:

K + TG - T - G
C* =

+ TG + T
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RESULTS

Generally, three types of response were found. A negative value of the difference accompanying a value
of c Š -1.96 revealed a statistically significant adaptive response. A positive value of the difference
accompanied with c ž 1.96 revealed a statistically significant synergic response. Values of c falling
between these two limits have been interpreted as additive response.

In the first group where lymphocytes of 14 donors were preirradiated in vitro by 45 hours incorporation
of 3HTdR (4 kBq/ml), four AR and 4 synergic types of response were found after CA counting. After
counting of M only 1 AR and 1 synergic response has been observed, both were found in lymphocytes of
donors giving the same type of response after CA counting.

In group 2, lymphocytes were preirradiated by 24 hours incorporation of 3HTdR (4 kBq/ml), 3 AR and 2
synergic responses have been observed after CA counting. After counting of M four of the samples
responded adaptively, no synergic response has been observed. A concomitance in the response type was
found only in two of the samples.

In group 3, lymphocytes were preirradiated by 15 hours incorporation of 3HTdR (4 kBq/ml), one AR and
one synergic response has been observed after CA counting and the same after counting M. Only one
concomitance was found.

In group 4, lymphocytes were preirradiated by 7 hours 3HTdR incorporation (4 kBq/ml), two of the
lymphocyte samples showed a synergic response after CA counting, one AR has been found after counting
M, but no sample showed concomitance in type of response.

In group 5, lymphocytes were preirradiated by 24 hours 3HTdR incorporation (0.4 kBq/ml), every of the
two endpoints showed in two samples the synergic response, but only one concomitance was found.

In group 6, lymphocytes were preirradiated by 12 hours 3HTdR incorporation (0.05 kBq/ml), one AR and
one synergic response has been found by CA counting. Only one synergic response was found by counting
M. No concomitance was found.

The within-group results of testing, did not show a preponderance of any of he extreme (adaptive or
synergic) response type. The Kruskal-Wallis test was applied to grouped values of c. It showed as at
counting CA, as well as at counting M that the values of c belonging to samples from every group are
distributed by chance (p > 0.05) so that any of the six irradiation schedules could not be preferred in
willing to achieve one of the extreme types of response. An overall concomitance of CA- and M-results
was in 7 from 16 extremely responding samples of CA and M series, respectively. The distribution of c
values at both endpoints was close to normal (Fig.l and 2). Altogether in 44 donors at counting CA nine
adaptive and 11 synergic and at counting M seven adaptive and 5 synergic types of response have been
found.

DISCUSSION

The majority of authors interpret the presence of the AR after one-dose testing like a binary phenomenon -
as an alternative its absence is considered. Only Bosi and Olivieri (1989) found synergic type of response
in four of 18 donors. Others (Olivieri et al. 1984, Shadley et al. 1987a,b, Wolff et al. 1988,1989,
Bauchinger et al. 1989, Fan et al. 1990) did not observe any synergic response in testing lymphocyte
samples of a few donors.

Our results of testing show that at every schedule of irradiation used at least two types of response could
be demonstrated. The grouped c-values of both endpoints strongly suggest, that actually the distribution
of the differences K + TG - T - G and of the c-values in a group of samples from various donors may have
a shape close to the Gaussian. This would require a revision of the up to this time "binary" interpretation
in the sense that after combined irradiation with two doses the adaptive and synergic responses are at the
tails of a normal distribution of responses the majority of which is additive. The question of the conditions
in vivo, or in vitro that must be present at revealing each of the extreme cell response types remains open.
We demonstrated that changing concentration of tritium in the incubation medium through two orders of
magnitude (from 4 kBq/ml to 0.05 kBq/ml) still made possible to reveal the extreme types of response.
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Fig. 1: Normal probability plot of c - values for
CA.

Fig. 2: Normal probability plot of c - values for
micronuclei.

Every healthy cell should have capacity for repairing clastogenic damage the expression of which may vary
during cycling (Aghamohammadi and Savage, 1991). In healthy, unimpaired cells the expression of this
capacity should vary only slightly around a "normal" level that could be revealed by the testing method
used here as an additive response. If the tissue repair capacity would express broad variation, this,
especially in case of prolonged expression of synergism, would be of interest for radiation protection as
all radiation protection limits of exposure are based upon the premise of an additive effect of low doses.
The above interpretation allows to describe semiquantitatively both of the extreme tails of the response
distribution - the adaptivity and synergism. From the point of view of radiation protection the adaptivity
to the clastogenic harm is a phenomenon causing less concern than the synergism as the former reflects
a status of radioresistance. The possibility of a synergic response, moreover after low-dose irradiation, may
cause serious concern if it actually appears in frequencies as was shown here, as it expresses
radiosensitivity. It should attract attention of further search for its causes. Especially, the question if it takes
place also in vivo after combined low and high-dose irradiation, or combined low dose irradiation and high
dose chemical clastogen exposure should be solved preferentially. Both these modes are actually taking
place at various professional exposures. At the relatively low counts of probands which we have used here
the unexpectedly relatively high frequency of synergic response still might be shown by chance.

CONCLUSIONS

Combined irradiation of human lymphocyte samples with two doses, a low-dose from tritium and a high
dose from gamma ^Co, when CA and M are followed as endpoints of effect, leads to a distribution of
responses that strongly resembles a shape close to normal. The majority of responses is additive, with
adaptive and synergic responses at the tails of this distribution. This shows that the supposed "hormetic"
effect of low dose irradiation in vitro, represented by an adaptive response, is an extreme phenomenon at
least at such in vitro conditions as have been used in reported experiments, and, on the other side it has a
counterpart in synergism. Unlike adaptation, the synergism may cause concern in the field of radiation
protection as all exposure limits are based upon the premise of additive effects of multiple doses of ionizing
radiation.

Only low degree of intraindividual concomitance in any of the extreme types of response between the two
endpoints - chromosomal aberrations and micronuclei counting has been found.
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