International Journal of Biology and Chemistry 7, Ne2, 46 (2014)

UDC 614:623.454

https://doi.org/10.26577/2218-7979-2014-7-2-46-48

'A.K. Shametov’, R.K. Bigalieva,
E.T. Zhamburshin, 'B.E. Shymshikov ,
*A.C. Kulumbetov, 'Z.K. Idrisova, 'A.B. Bigaliev

'School of Biology and Biotechnology, Al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan
’Kazakh-American Medical University, Almaty, Republic of Kazakhstan
3Sh. Esenov Caspian technology and engineering university, Aktau, Republic of Kazakhstan
S.D. Asfendiyarov Kazakh National Medicine University, Almaty, Republic of Kazakhstan
*E-mail: aitkhazha@gmail.com

Biological and genetical consequences of radiation effects

Abstract. Biologically and genetically consequences of radiation action. Consequences which emanation
influence causes in a live organisms in particular could be classified by different ways depending mainly
from the size of received doze. These consequences of radiation we shall enumerate in following order:
changes in somatic cells leading to cancer appearance; genetic mutations rendering influence on future
generations; influence on germ and fetus as a consequence of mother’s radiation during period of pregnancy;
death exactly at moment of radiation. Biological consequences are: changes in organism’s cells leading to
cancer appearance and mutations in sexual cells rendering influence on future generations. They are the
most frequently connected with situation when huge number of people are influenced by small doses of
radiation during expositions at medical aims or as a result of work on atomic electricity stations. Influence
of radiation on developing germs or fruit presents itself special case worth of special discussion.
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A quantitative characteristic of emanation is
usually called a doze, which is measured in sizes of
energy consumed by tissues. Number of used mea-
surement units should be strictly determined and
justified in order to make compareness possible of
radioactive effects. Regretfully at present time ad-
ditional misunderstanding appears conditioned by
that radiation measurement units were permanently
replaced in frames of International system if units.
International commission for radiological units and
measurements were adopted, that new units of mea-
surement although were introduced in 1980 year but
they were used simultaneously with old ones until
1984 year i.e. that time when old units were exclud-
ed from use. It should be agreed that total use in
science system of International measurement units
differed by their concordance and simplicity finally
would bring only benefit [1].

Difference between external and internal radia-
tion of organism. Basic understanding of radiation
diseases mechanisms is clear imagination about ex-
istence of two different ways by which emanation

© 2014 al-Farabi Kazakh National University

reaches organisms tissues and influences on them.
First way — external radiation from source situated
outside organism. In this case X-ray emanation and
y-rays should have relatively bigger energy on order
to go through body of man and some high energy
b-rays should be in position to penetrate surface lay-
ers of skin. Second way — internal radiate condition
by radioactive substance come inside of organism.
In this situation a-, b- and y-emanation could create
serious danger. However the most threatening prob-
lem appears in case of deflection in organism of iso-
topes emanating a-particles with short run and high
density of ionization. From all said above it follows
that measures of precaution which are against exter-
nal radiation totally differ from measures directed
against internal radiation [2].

Norms of radiation security. From work experi-
ence with toxic substances it is known that for popu-
lation more strict limits of exposition are established
than for persons who are rendered for harmful influ-
ence during their working day. Justification of such
position is in that it is better to go for increased risk
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in professional activity than to allow for harmful
influence to spread on all population making many
millions of people. These limits are known as «stan-
dards» or «norms of protection». Doctors and sci-
entists working with X-rays in hospitals, works in
Almaty occupied in many other districts of atomic
industry are influenced by radiation thanks to their
profession. Usually during fulfillment they are ren-
dered to certain radioactive influence. In such situ-
ations quarter maximal affordable equivalent doze
makes 30 mZv under the condition that summarized
annual doze at average should not exceed MZv for
persons elder than 19 years, Maximal equivalent
doze in bars shouldn’t exceed size 5(N-18) where
N —age of man in years. For eighteen years old doze
should be limited 50 mZv a year and for persons of
elder age annual doze should not exceed 120 mZv
under the condition that in none of the year quar-
ters they wouldn’t get more than 30 mZv. If quarter
limit is exceeded about this in accordance with law
should be reported to Commission for control by
atomic energy use or in local controlling body [3].

Consequences which emanation influence
causes in alive organisms in particular could be
classified by different ways depending mainly from
the size of received doze. These consequences of
radiation we shall enumerate in following order:
changes in somatic cells leading to cancer appear-
ance; genetic mutations rendering influence on fu-
ture generations; influence on germ and fetus as a
consequence of mother’s radiation during period of
pregnancy; death exactly at moment of radiation.
Biological consequences are: changes in organ-
ism’s cells leading to cancer appearance and muta-
tions in sexual cells rendering influence on future
generations. They are the most frequently connect-
ed with situation when huge number of people are
influenced by small doses of radiation during ex-
positions at medical aims or as a result of work on
atomic electricity stations. Influence of radiation on
developing germs or fruit presents itself special case
worth of special discussion [4].

Influence of radiation on developing germ or
fetus presents itself special case worth of special
discussion as far as all efforts should be directed
on it exclusion. Appearance of fourth effect exactly
death directly during the moment of emanation is
connected with receiving of huge radiation doze.
Last effect appears only in catastrophic situation for
example during the explosion of atomic bomb or ac-
cident on nuclear reactor.

From literature it is known that the main cat-
egory of mutations are genetic changes. So, 50% in
spontaneous abortion cases to emergence of domi-

nant mutations. 96% of newborn cases the heredi-
tary defects caused by gene mutations. In 4% cases
are the chromosomal changes in form of number or
structure of chromosomes [5].

After accident at the Chernobyl nuclear power
plant a sample survey of children living in regions
near the Chernobyl nuclear power plant was con-
ducted. The results indicate a statistically signifi-
cant increase in individual and group frequencies of
aberrant cells and different types of aberrations in
the age groups of the population living in areas with
high background radiation [6].

As a result of cytogenetic survey of Ukraine’s
population, which is living in the radioactive fall-
out after the Chernobyl accident found that at the
living population the incidence of aberrations of
chromosome type increased, especially radiation
markers (dicentrikes, doughnut and abnormal chro-
mosomes), i.e. it is almost 8 times exceeded the
reference level for these mutations, making up 0.4
and 0.44 per 100 metafazes (control of 0.05 to 100
metafazes) [7].

Among the factors leading to abnormalities of
chromosomes, particular importance is attached to
ionizing radiation, as all types of exposures to cause
chromosomal aberrations in germ and somatic hu-
man cells.

Japanese scientists were studied chromosomes
in blood leukocytes of people exposed to radiation
in the atomic bombing of Hirosima and Nagasaki
Awa et al., [1978], study showed that chromosomal
alterations of blood leukocytes are cases to cause at
the people even after three decades after the explo-
sion were made.

Cytogenetic analysis of peoples’ blood leuko-
cytes who received irradiation was conducted by
Sofuni [8]. It was showed that all irradiated persons
have leukocytes, among which more than 10% had
chromosome restructuring.

Results of epidemiological and experimental
studies pointed out on the induction of genome in-
stability in the offspring of parents, which were ex-
posed to ionizing radiation. This genome instability,
first of all, is happened with increase rate of muta-
tion rate and an increased risk of .cancer and other
pathologies appearance at the offspring [9].

Many scientists, research show that phenom-
enon of genomic instability is found in irradiated
populations of distant descendants. At the same
time, emergence of different types of chromosomal
aberrations in cells and increase in overall level of
chromosome abnormalities is appearing. Antushev-
ich A.E. and other [10] showed on experiment that
prolonged low-intensity radiation can cause a sig-
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nificant increase in the number of cells with chro-
mosome aberrations and reciproces translocationes
of chromosome not only in the exposed, but in their
descendants of the first generation and especially at
the second generation.

Up to date, cytogenetics have studied the pat-
terns’ activity of different genotoxic agents and has
large enough factual material on the dynamics and
diversity of types of chromosomal aberrations, lead-
ing to formation of difficult recovery double breaks
of DNA. The study of new molecular mechanisms
of cytogenetic damages education dedicated to the
work of many scholars

The population living in the region of Semipala-
tinsk nuclear range level of diseases of blood and
blood-forming organs with the dose of irradiation 90.0
Mzv in 2 — 2,5 times higher than level of control dose
and 7.0 —35.0 Mzv in 1.3 — 1.5 times correspondingly.

In the structure of blood and blood-forming or-
gans diseases the iron-deficiency anemia is domi-
nated, the radiation level of which at the dose of 90 —
199.0 in 1,5-2 times higher than in the control group.

Along with extensive preventive work among
population to improve feeding supply, the focus of
which is to identify the light forms of anemia, it is
essential to conduct screening tests, to detect abnor-
malities at cellular level and functional changes of
the disease, namely:

- to prevent anemia among 264 000 women and
children up to 5 years in regions affected by nuclear
testing, by improving knowledge of the pathogen-
esis of anemia and rationalization of nutrition.

- large-scale prevention of anemia among wom-
an and children population, with the account of ra-
tional nutritional and ferrum-therapy.

- study of citomorfometrical indicators of pe-
ripheral blood at pregnancy anemia to develop early
diagnostic and prognostic criteria of anemia and al-
location of risk group.

- analysis of intracellular mechanisms develop-
ment of mother and child anemia.

Environmental impact assessment of the products
of nuclear explosions on the human population and
development of diagnostics, adjustment and rehabili-
tation of population health, is the overriding priority at
the present day. To do this, it is necessary to carry out:

* genetic risk assessment of many years effect
of nuclear tests on gene pool of human populations,

» diagnosis of physiological state of people or-
ganism who have been influenced by many years of
nuclear tests,

* diagnosis of mental condition of people who
have been influenced by many years of nuclear tests,

* rehabilitation of population health by detoxifi-
cation methods using antioxidants.
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