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ABSTRACT 

The cytogenetic effect of low-dose gamma irradiation on the heredity structures of rabbits was 
studied. Rabbit peripheral blood lymphocytes were irradiated in vitro within the dose range 0.25-1.0 
Gy on Rokus equipment with 60Со radiation source at a dose rate of 2.22 cGy/s. The analysis of 
cytogenetic data showed that the frequency of induced chromosomal aberrations in rabbit peripheral 
blood lymphocytes, irradiated in vitro, augmented correspondingly to exposure dose. The dose-effect 
relationship was described by a linear-quadratic function of the Y=bD+cD2 type. The comparison of 
results in the different blood donors showed a lack of significant difference in the frequency of 
induced aberrations in peripheral blood lymphocytes, irradiated and cultivated under the same 
conditions. 
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INTRODUCTION 

The global environmental pollution is 
responsible for the exposure of living beings 
to the influence of various technogenic 
factors, including ionised radiation∗ The 
investigation on their impact upon mammalian 
genetic structures is especially important for 
evaluation of hazards related to these aspects. 
The exposure of cells to ionised radiation 
results in induction of various types of 
damage of DNA and cellular reparative 
processes (1, 2). 

The exposure to high doses of ionised 
radiation during a short period of time 
produces alterations that are detectable 
immediately after the irradiation. They are 
known as threshold effects and consist in cell 
death, cataract, sterility, thyroid function 
reduction etc; the extent of damage being 
related to the dose rate (3, 4, 5). The low 
doses of ionised radiation may induce effects 
that could not be manifested soon after the 
exposure. Thus, there is not a threshold dose 
and each radiation absorption increases the 
risk for expression of these, known as non-
threshold effects. They could become 
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apparent in both irradiated individuals and 
their progeny (6, 7). 

Despite the fact that no increase in 
genetic effects in irradiated human 
populations was observed, the results from 
numerous studies in experimental mammals 
evidence the risk of these effects, even under 
the influence of low doses of gamma 
radiation. 

The possible effects of low-dose 
ionised radiation exposure are three types – 
carcinogenesis, genetic effects and in utero 
effects. 

For elucidation of the mechanisms of 
low doses’ impact, radiation-sensitive cell 
lines with average lethal dose (LD50) of 0.5 
Gy are created, the majority of them being 
with apparent defects of DNA reparative 
systems. Regardless of this, the defects in 
reparative enzymes are not sufficient to 
explain the variety of the cellular response to 
ionised radiation. In mammals, peripheral 
blood lymphocytes are highly sensitive to 
radiation (8, 9). The latter provokes protein 
denaturation via direct ionisation on one part, 
and acts upon cells via radiolysis products, on 
the other. The determination of the influence 
on cells, more particularly upon DNA after 
exposure to low doses of gamma radiation, is 
especially important. 

Various methods are used for detection 
of low-dose radiation-induced genetic effects, 
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the chromosomal aberration test being one of 
the principal biomonitoring tests used (10, 11, 
12). 

The actuality of problems related to 
low-dose irradiation motivated the aim of the 
present study, i.e. the determination of the 
cytogenetic effect of the effect of low-dose 
gamma irradiation in rabbit peripheral blood 
lymphocytes. 
 
МATERIAL AND METHODS 

Two mature male White New Zealand rabbits 
aged 6 months, with equal body weight, 
housed and fed under the same conditions in 
individual cages, were used as blood donors. 
The blood was obtained from the ear marginal 
vein. The samples were processed prior to and 
after their irradiation (13). 
 
Preparation of lymphocyte cultures and 
irradiation 

Blood samples were obtained with 30 U/mL 
heparin as anticoagulant. Immediately after 
sampling, the blood was subjected to 
cytogenetic analysis as follows: 0.5 ml whole 
heparinised blood was incubated in 7 ml 
RPMI 1640, 3 ml heat-inactivated normal calf 
serum, 0.2 ml reconstituted PHA, 100Е/mL 
penicillin, and 50µg/mL gentamicin. 

The cultivation flasks were 
thermostated in the dark at 390 С. By the 24th 
hour of the cultivation, the cultures were 
exposed to gamma radiation as follows:  
• Group 1 – control, sham-irradiated; 
• Group 2 – irradiated at 0.25 Gy; 
• Group 3 – irradiated at 0.5 Gy; 
• Group 4 – irradiated at 0.75 Gy; 
• Group 5 – irradiated at 1.0 Gy. 
Each group included two cultivation flasks 
from each donor. 

Cultivation flasks were irradiated in a 
water bath (for ensuring homogeneity of the 
radiation source) at 39оС. All cultures were 
incubated for another 24 hours. At the end of 
the 48th hour from the beginning of 
lymphocyte incubation, chromosomal 
preparations for detection of chromosomal 
aberrations were prepared. 

 
Chromosomal analysis 

Chromosomal aberrations are determined after 
addition of colcemide at a final concentration 
of 0.5 µl/ml for fixation of cells at the 
metaphase stage (2 hours prior to end of 
incubation). The fixation was performed with 
methanol and ice-cold acetic acid (3:1). The 
cell suspensions were dropped onto slides and 

air-dried without slide warming. 
Preparations were stained with the 

Giemsa stain. 
 

Statistical analysis 

The obtained data were statistically processed 
by the t-test for dependent samples, estimation 
of nonlinear models (Statistica software). 
 
RESULTS AND DISCUSSION 

A total number of 3000 metaphase plates with 
2n=44 chromosomes (full set) were analysed. 
The unstable chromosomal aberrations were 
determined. 

The data of chromosome analysis after 
exposure at various radiation doses are 
presented on Table 1. 

The results on the number of 
chromosomal aberrations in rabbit peripheral 
blood lymphocytes showed that the exposure 
to 0.25 Gy already resulted in the appearance 
of dicentric chromosomes in both donors. 
With increase of applied dose, the frequency 
of dicentrics also increased. The number of 
detected acentrics prevailed after irradiation at 
both 0.25 Gy and 0.75 Gy. After irradiation at 
1.0 Gy, the dicentrics/acentrics ratio changed 
in favour of dicentrics. 
 
Comparison of both blood donors 

There was no significant difference in the 
responses of cells obtained from both donors, 
exposed to equal doses and cultivated under 
equal conditions (p>0.05). 

The dynamics of changes in 
chromosomes of peripheral blood 
lymphocytes in rabbits irradiated within the 
dose range of 0.25-1.0 Gy is presented on 
Figure 1 and Figure 2.  
 
Dose-effect relationship 

The dose-effect relationship is presented on 
Figure 3. 

Linear and linear-quadratic functions 
were tested for determination of the dose-
effect relationship. The latter corresponded to 
a linear-quadratic model fitting the equation 
У= (1.93±0.75) Х+ (3.40±0.87)Х2 

Р=0.03 for coefficient b, P=0.004 for 
coefficient с;  
The radiosensitivity of peripheral blood 
lymphocytes has been investigated by 
numerous authors (14,15,16). The percentage 
of radiation-induced chromosomal aberrations 
varied not only depending on the dose rate 
and the post-irradiation period, but also 
depending on the object of experimentation 
(17, 18, 19). 



 
 

Table 1. Chromosomal aberrations in rabbit lymphocyte, irradiated within the dose range 0.25-1.0 Gy 
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Figure 1. Frequency of induced dicentrics, Figure 2. Frequency of induced dicentrics, 
 acentrics and abnormal cells in    acentrics and abnormal cells in 
blood donor No. 1.     blood donor No. 2. 
 
 
According to Upton (20), the effects of 
exposure to low radiation doses may damage 
health after several years of exposure. There 
are evidences of association between 
occupational exposure, cytogenetic alterations 
and the increase in cancer rates (21). It is 
known that the probability of carcinogenesis 
is greater in populations exposed to radiation, 
since ionising radiation can raise the 
frequency of CA and spontaneous mutations. 
According to Preston (22), all tumours contain 
chromosome alterations; specific deletions 
and translocations are involved in different 
stages of the development of the tumour, and 
unspecific alterations are common in genomic 
instability, which is a characteristic of tumour. 

 

 
Stable (balanced translocations, 

paracentric inversions) and unstable (dicentric 
and acentric fragments and rings) 
chromosomal aberration types are normally 
found after exposure to X-rays and gamma 
rays. The latter are generally observed as a 
consequence of exposure to acute ionising 
radiation in vitro or in vivo (23). Unstable 
chromosomal aberrations were not detected in 
the present study, which corroborates the 
previous statement. Stable aberrations are 
detected only by applying specific techniques 
of chromosome staining and were not detected 
in the present study since we carried out a 
conventional cytogenetic analysis. However, 
the possibility of there being stable type 
aberration in this sample cannot be discarded. 

 
 

Dose 
 

Blood 
donor 
№ 

Number of 
meta-
phases 

Dicen-
trics 

Dicen-
trics % 

Acent-
rics 

Acentrics % Abnormal
cells 

Abnor-
mal 

cells % 
0 Gy 1 300 0 0 2 0.66 2 0.66 

0 Gy 2 300 0 0 3 1 3 1 
0.25 Gy 1 300 3 1 5 1.66 4 1.33 
0.25 Gy 2 300 2 0.66 4 1.33 5 1.66 
0.5 Gy 1 300 5 1.66 5 1.66 7 2.33 
0.5 Gy 2 300 7 2.33 6 2.0 9 3 

0.75 Gy 1 300 8 2.66 11 3.66 13 4.33 
0.75 Gy 2 300 10 3.33 13 4.33 15 5 
1.0 Gy 1 300 16 5.33 13 4.33 19 6.33 
1.0 Gy 2 300 17 5.66 15 5.0 20 6.66 
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Model: v 7=b*v 6+c*v 6**2

y =(1,93155)*x+(3,40774)*x**2
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Figure 3. Dose-effect relationship of the frequency of induced dicentrics in rabbit lymphocytes, irradiated 
within the dose range 0.25 -1.0 Gy. 
 
It is important to point out that high 
frequencies of chromosomal aberration in 
individuals occupationally exposed to 
genotoxic and/or carcinogenic agents may be 
considered a relevant biological marker to 
demonstrate a future cancer case (24). Thus, 
the increase in the number of studies in this 
area is necessary and important and the 
present study presents positive results. 

In this study a linear-quadratic curve is 
obtained from lymphocytes irradiated in vitro 
with single doses of radiation. It is contrary to 
linear dose-response curves observed (25, 26, 
27, 28, 29−31) in lymphocytes of patients 
undergoing radiotherapy (fractionated 
radiation schemes). The linearity is a result of 
the fact that the entire dose D is not applied at 
once, but is a sum of n equal fractions acting 
subsequently. 
 The test system used in the present 
study (frequency of cytogenetic damage in 
lymphocyte cultures) provided evidence for 
the genetic effects of low-dose irradiation in 
somatic cells, but is limited as a marker of 
induced damage of germ cells because only 
unstable aberrations, that either could not pass 
through the various stages of gametogenesis 
or, if having passed, could be incompatible 
with the development and the survival of the 
foetus, are detected. 
 
CONCLUSION 

The in vitro irradiation of rabbit peripheral 
blood lymphocytes within the dose range 
0.25-1.0 Gy caused dose-dependent increase 
of unstable chromosomal aberrations − 
dicentrics and acentrics. The dose-effect 

relationship was described by a linear-
quadratic function of the Y=bD+cD2 type. 
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