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Abstract

From the genetic point of view, radiation sensitivity is a quantitative character, and the
distribution of individuals in the population with different radiation sensitivities is characterized
by a binomial curve. Thus rise in irradiation dose firstly results in a very slow increase in the
number of sensitive genotypes, and then in a sharp rise. Since quantitative characters are de-
pendent on several polymeric genes, and their manifestation is strongly affected by external
conditions, radiation sensitivity of the organism depends on many hereditary and environ-
mental factors. One of them is the presence of melanin pigment in cells. In particular, we have
shown that the introduction of exogenous melanin into the organisms of mice reduces (2-4
times) the frequency of mutations, induced not only by acute, but also by chronic irradiation. It
was also established, that mutational load, accumulated in drosophila populations, irradiated
within 125 generations, has been decreased under melanin influence almost to the control level.
Antimutagenic action of melanin is also manifested on cultured human cells. So, it was shown
by the example of melanin, that it's possible to increase the radiation resistance of individuals,
and in the first place of the population highly sensitive fraction.

Introduction

The problem of radiological risk assessment is extremely complicated: several factors
must be taken into account, one of which is different radiosensitivity of individuals belonging
to populations of the same species. This population-related genetical aspect of radiosensitivity
has been very poorly studied, and is practically not taken into consideration when carrying out
radiological risk assessment. From the genetic point of view, radiation sensitivity is a quantita-
tive character, and the distribution of individuals in the population with different radiation sen-
sitivities is characterized by a binomial curve. In fact, 50% of individuals have mean radiation
sensitivity (x ± 0.67 a), while 95% of the population have radiation sensitivity within the range
x ± 1..96 o. Only 5% of individuals have extreme values of this character (2.5% are highly
sensitive and 2.5% are highly resistant). This means, that the number of individuals sensitive to
irradiation increases not proportionally to the radiation dose, but rather in accordance with a
"bell-shaped" curve; moreover, rise in irradiation dose firstly results in a very slow increase in
the number of sensitive genotypes, and then in a sharp rise.

The presence in the population of a small fraction of highly sensitive individuals obvi-
ously explains the contradictory data about the existence of a "threshold" in the biological ac-
tion of radiation, if one analyses samples that are not very large, or uses methods that are not
very sensitive, then the apparent "threshold" is observed at an irradiation dose, preceding the
sharp increase in the number of sensitive individuals. Naturally, this dose is precisely the maxi-
mal tolerance dose, so one can take advantage of this principle to set standards for ionizing
radiation action for man.
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Hereditary differences between individuals for their radiosensitivity are due to the inter-
action between several pairs of polymeric genes responsible for a whole range of physiological
and biochemical peculiarities of the organism. Differences between genotypes may be the fol-
lowing: contents in the cells of autoradioprotectors and autoantimutagens such as endogenic
antioxidants and sulfur-containing radioprotectors which are present or get synthesized in the
cells under the irradiation impact, rate of repair processes, etc.

Since quantitative characters manifestation is strongly affected by external conditions,
radiation sensitivity of the organism depends on many environmental factors. The diet is im-
portant for the individual resistance: food rich in vitamins, microelements, adaptogens, etc. fa-
vours the increase in individual radioresistance [1]. Besides nutritional conditions, the level of
radiosensitivity depends on physical activity, nervous and psychological state, hormonal bal-
ance, presence of non-genetical diseases, etc.

The genotype and environment influence on radiosensitivity may be clearly demon-
strated with melanin pigment. It is well known that one of its functions consists in the protec-
tion of cells against ultraviolet radiation. It has been shown in several publications that high
contents of endogenous melanin (particularly in the case of melanoma), as well as the addition
of exogenous melanin promote the increase in the radioresistance of cells and organisms [2-4].
We have studied the influence of melanin on ionizing radiation genetic consequences; it has
been demonstrated that melanin injections or feeding with this pigment result in the decrease by
2-̂ 4 times of the frequency of radiation induced mutations in germ animal cells (drosophila,
mice) and cultured human cells [5). Besides melanin was shown to be able to reduce the muta-
tion load accumulated in the populations as a result of the irradiation of many generations [6].

Methods

The influence of melanin isolated from animal hair on genetic effects of acute and
chronic irradiation in mice and human lymphocytes has been studied. Mice males of 2.5 months
and 22g weight were used. The starch gel or melanin suspension in it were injected into stom-
ach every day with a special needle. Melanin was supplied in concentrations from 0.3 to 30
mg/kg. Mice were exposed to 1-3 Gy of y-rays of Cs137 at the dose rate of 0.007Gy/h (chronic
irradiation) and 420Gy/h (acute one). Animals were killed 2.5-3.0 months later when the expo-
sure was stopped. This interval was necessary for repairing irradiated spermatogonia. The lev-
els of reciprocal translocations in metaphase of spermatocytes were analysed cytologically.

Human cells were cultured according to a standard method. The culturing time was 52h
at 37°C. Colchicin was injected 2 hours before cells fixation with ethyl alcohol and glacial ace-
tic acid mixture. Blood was taken from practically healthy people of 25-45 years old in special
medical hospital.

Melanin was added to culture media at Gi and G2 stages in the following concentra-
tions: 0.1; 0.3; 1.0; 3.0; 10.0; 30.0 mg/1. Human cells were exposed to acute irradiation (0.5Gy
of y-rays) 40 min after melanin injection. The cytological test included dicentric-ring- and
fragment- analysis.

Results

Investigations of melanin influence on spontaneous mutation level has demonstrated
that melanin itself doesn't possess a mutagenic activity in all concentrations used, even being
supplied for 30 days.

Melanin in all concentrations was shown to reduce effectively mutagenic action of
acute y-irradiation. The melaninynfluence on genetic effect of chronic irradiation was even
more
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effective. The data presented in fig. 1 show that the pigment in all concentration used greatly
reduced the percentage of induced mutations at different doses of chronic irradiation.

It's very difficult to compare antimutagenic activity of melanin under acute and chronic
irradiation because in the first case one injection of melanin has been used, but in the second
case melanin has been injected many times (once a day for 10-20 days). Nevertheless it is pos-
sible to draw a conclusion that melanin is no less and even more effective under chronic irra-
diation than under acute one.
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Figure 1. The melanin influence on chronic irradiation induced mutation frequency in mice
germ cells.

The investigations of melanin action in human lymphocytes have shown, that melanin in
all used concentrations (from 0.3 to 3 mg/l) was able to decrease the mutation level (fig. 2),
but not so effectively as in mice. Strict concentration effect correlation was not observed either
in human cells or in mice. There are some proofs that only small amount of melanin can pene-
trate into cells, and melanin quantity inside cells doesn't increase with rise in outside melanin
concentration - this fact can explain absence of such correlation.

Antimutagenic effect of melanin has been revealed to be the same under irradiation at
G2 stage as at Gt one. These results demonstrate that melanin action doesn't depend (or little
depends) on the repair system. The same conclusion was drawn earlier, when melanin had been
investigated in drosophila and. mice [5]. Complete toxicological tests have been conducted.

Conclusions
According to our data the radiogenetic risk depends upon the melanin contents in the

body . Melanin is able to reduce genetic consequences of chronic irradiation and decrease mu-
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Figure 2. The influence of melanin on radiation induced mutation frequency in human lympho-
cytes

tational load, accumulated in populations, irradiated within many generations. So, melanin
could be used in medicine for people protection against genetic consequences of irradiation.

References

1. Hanson, G.P., Komarov, E., "Health effects in residents of high background radiation re-
gions", Biological effects of low-level radiation. (Proc. Symp. Venice, 1983), IAEA, Vienna
(1983)31-36.

2. Lukiewich, S., "Interference with endogenous radioprotectors as a method of radiosensiti-
zation", Modification of Radiosensitivity of Biological Systems., Vienna (1976) 61-76.

3. Hill, H. Z., Huselton, C , Piles, B., Hill, G.I., Ability of melanins to protect against the ra-
diolysis of thymins and thymidine, Pigment cell research. 1, (1987) 81-86.

4. Hill, HZ., The function of melanin or six blind people examine an elephant, BioEssays. 14,
(1992)49-56.

5. Mosse, IB., Radiation and Heredity: Genetic Aspects of Protection Against Radiation,
Univ. Press, Minsk (1990) 208 pp.

6. Mosse, I.B., Lyach, IP., Melanin influence on mutation load in Drosophila populations af-
ter long-term irradiation, Radiation Research. 139 (1994) 356-358.

7. Mosse, I.B., Dubovic, B.V., Wilcztok, T.M., Plotnikova, S.I., Kostrova, L.N., Subbot,
S.T., "Melanin decreases remote consequences of long-term irradiation", IRPA9, 1996 In-
ternational Congress on Radiation Protection (Proc. Vienna, 1996), Vol. 4, Vienna (1996)
127-129.

107


