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ABSTRACT 

 
The estimate on approximate dose in exposed individual can be made through conventional cytogenetic analysis 

of dicentric, this technique has been used to support physical dosimetry. It is important to estimate the absorbed 

dose in case of accidents with the aim of developing an appropriate treatment and biological dosimetry can be 

very useful in case where the dosimetry is unavailable. Exposure to gamma and neutron radiation leads to the 

same biological effects such as chromosomal alterations and cancer. However, neutrons cause more genetic 

damage, such as mutation or more structural damage, such as chromosome alterations. The aim of research is to 

compare frequencies of unstable chromosome alterations induced by a gamma beam with those from neutron-

gamma mixed field. Two blood samples were obtained from one healthy donor and irradiated at different 

sources. The first sample was exposed to mixed field neutron-gamma sources 
241

AmBe at the Neutron 

Calibration Laboratory (NCL – CRCN/NE – PE – Brazil) and the second one was exposed to 
137

Cs gamma rays 

at 
137

Cs Laboratory (CRCN/NE – PE – Brazil), both exposures resulting in an absorbed dose of 0.66Gy. Mitotic 

metaphase cells were obtained by lymphocyte culture for chromosomal analysis and slides were stained with 

Giemsa 5%. These preliminary results showed a similarity in associated dicentrics frequency per cell (0.041 and 

0.048) after 
137

Cs and 
241

AmBe sources irradiations, respectively. However, it was not observed centric rings 

frequency per cell (0.0 and 0.027). This study will be continue to verify the frequencies of unstable chromosome 

alterations induced by only gamma beam and  neutron-gamma mixed field. 
 

 

1. INTRODUCTION 

 

Cellular damage produced by high-LET radiation, as heavy ions, alpha particles and 

neutrons, is less extensive compared to low-LET,  as well as X-rays and gamma radiation. 
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The damage generated by high-LET radiation is characterized by induction of DNA double 

breaks, making repair difficult. Complex chromosomal rearrangements induced by this type 

of radiation increase the rate of cell death. These aspects show that high-LET radiation has 

high power to act on cells [1]. 

 

For low-LET radiation, the dose of any ionizing radiation is randomly distributed between 

cells. The DNA lesions are also random within cells, leading to assume that there is the same 

generation probability for each cell chromosome aberration. It was concluded that 

chromosomal alterations are then distributed randomly among cells. This has been shown in 

X and gamma radiation, where genetic changes follow a Poisson distribution [1,2].  

 

The biological dosimetry is used in all situations where full-body absorbed dose is unknown 

or uncertain, such as occupational or accidental exposures, or in cases where the dose 

assessment by physical dosimetry is not possible. In most accidents, the physical dosimetry is 

not available. Even in situations where physical measurement is feasible, an independent 

estimate by biological methods can be very useful. The aim of biological dosimetry, then, is 

to provide information for the prognosis of individuals exposed, because the clinical 

evolution of the high doses can possibly be adequately anticipated and planned, to the best 

medical treatment [3]. 

 

The conventional analysis of dicentric chromosomes in the indicator system “peripheral 

blood” has achieved significance for radiological protection purposes as a useful technique to 

supplement physical dose measurements in the event of suspected or confirmed accidental 

radiation exposures [4]. There are several essential requirements for biological parameters as 

meaningful dosimeters: low background level; clear dose effect relationship for different 

radiation qualities and dose rates; specific to ionising radiation; non-invasive; fast availability 

of dose estimate; good reproducibility; comparability of in vitro and in vivo results [4]. 

 

To be prepared for radiation threats a scoring procedure was developed to allow high 

throughput analysis in a triage mode. Using this method in case of a radiation mass casualty a 

biodosimetry screening of a high number of persons could be performed in a fast and reliable 

manner by a network of cytogenetics laboratories [4].  

 

Unstable chromosomal alterations in peripheral blood lymphocytes, in particular dicentrics, 

are the most fully developed biological indicator of ionizing radiation exposure. Doses are 

estimated by comparing the observed yields of unstable chromosome alterations to a standard 

dose response curve generated following in vitro irradiation of human lymphocytes [1,5] 

 

In the case of a radiological accident in Goiania-Brazil, in September 1987, a 
137

Cs radiation 

source was removed from its housing damage provided that the internal and external 

exposure of at least 100 people. During the initial decision-making regarding clinical 

management for the victims was essential to estimate the absorbed radiation dose of 

individuals differently exposed [6]. 

 

Another important situation is that the cosmonauts on long-duration space missions may also 

suffer the effects of radiation on the body. Then they are exposed to radiation like gamma and 

neutron, and the two types of radiation can lead to the same biological effects, such as 

chromosomal abnormalities and cancer. Therefore, the information obtained through 
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biological dosimetry based on quantitative analysis of dicentric and ring chromosome, is of 

great importance [7]. 

 

The aim of research is to compare frequencies of unstable chromosome alterations induced 

by a gamma beam with those from neutron-gamma mixed field. 

 

2. MATERIALS AND METHODS 

 

2.1 Blood Samples 

 

Two heparinized blood samples (10 mL) were obtained from one healthy donor and 

irradiated at different sources. Each sample was divided equally (5mL + 5mL) between two 

culture tubes. 

 

2.2 Irradiation 

 

The first sample was exposed to two mixed field neutron-gamma sources 
241

AmBe (20 Ci) at 

the Neutron Calibration Laboratory (NCL – CRCN/NE – PE – Brazil). A polyethylene barrier 

(2mm) involving the tubes containing the samples was used to ensure the electronic 

equilibrium. Both of the sources were calibrated and the emission rate was determinate to be 

(4.46 ± 0.07) x 10
6
 n/s in 03/15/2005.  

 

The second one was exposed to 
137

Cs gamma rays at Antoine Becquerel Metrology 

Laboratory (DITAN/CRCN-NE/CNEN). Source has been an activity of 444GBq on 13/05/03 

and Kerma rate in air at 1m of 30.78mGy/h at 15/02/07. Both exposures resulting in absorbed 

doses of 0.66Gy.
 
 

 

2.3 Cell Culture 

 

From each sample, two blood cultures were set up. Lymphocytes were cultured for 48 hours 

in RPMI 1640 media (Sigma), supplemented with 20% (v/v) fetal calf serum, 1% (v/v) 

hytohemaglutinin (Biological Insdustries), 1% Hepes (v/v) and 50 µg/mL streptomycin. 0,05 

µg/mL Colcemid (Biological Industries) was added 46 hours after culture started. The cells 

were harvested by centrifugation of the samples and the hypotonic shock (0.075 M KCl) was 

realized for 15 min at 37°C. The cells were fixed in methanol:acetic acid (3:1). Finally, cells 

were dropped on clean slides and stained with a 5% Giemsa solution (Merck). One thousand 

well-spread metaphases were analyzed for the presence of dicentrics by two experienced 

scorers. 

 

2.4 Scoring Criteria 

 

Scoring of chromosomal alterations was performed directly at the optical microscope 

(Quimis Q708SK-5). Only cells at the first mitosis were scored (figure 1). 
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Figure 1.  Metaphase observed under an optical 

microscope containing a chromosome fragment 

(arrow 1) and a dicentric (arrow 2), increased 

total: 1600X. 

 

 

3. RESULTS AND DISCUSION 

 

The frequencies of chromosomal alterations observed in samples of human peripheral blood 

exposed to gamma beams (15 hours and 30 minutes) and the mixed field (9 hours and 45 

minutes) with dose of 0.66Gy are showed at Table 1. 

 

 

Table 1. Frequencies Of Chromosomal Alterations In Human Lymphocytes Irradiated 

in vitro At Gamma Beams (
137

Cs) And The Neutron Gamma Mixed Field 

Resulting In a Absorbed Dose Of 0.66Gy 

 

Chromosome alterations Mixed field neutron-gamma Gamma Rays 

Dicentric associated 0,048 0,041 

Acentric associated 0,048 0,041 

Dicentric isolated 0,005 0,002 

Acentric 0,122 0,049 

Acentric 

Ring 
0,027 0 

NOTE: In mixed field neutron-gamma, the gamma vector corresponds to 50% of the radiation 

beam. Frequencies of control samples were subtracted from irradiated samples.  
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The frequencies of dicentrics associated (0.048 and 0.041 in 0.66Gy) are significantly similar. 

However, the other frequencies of cytogenetic changes did not show the same relationship, it 

is interesting to note that there is an increase in the frequencies of chromosomal rings for 

samples exposed to a mixed field neutron-gamma that was not observed in samples exposed 

to gamma beam; the frequency of acentric fragments is also increased in sample of mixed field 

neutron-gamma. 

 

Compared if low-LET radiation, high-LET particles induce an increased frequency of 

chromosome damage and highly complex chromosome rearrangements, most of which lead 

to cell death. At the same time, some types of chromosome damage could confer a 

proliferative advantage on cells, leading to oncogenic cell transformation and carcinogenesis 

[8]. 

 

In human lymphocytes, centric rings are much rarer than the dicentrics. Some 

researchers combine them with dicentrics while others choose to ignore them for dose 

estimation [2]. 

 
Silva et al. demonstrated that cytogenetic analysis of human blood lymphocytes irradiated in vitro 

with neutron showed that the major types of structural chromosome alterations observed were 

acentric fragments, centric rings and dicentrics. Likewise, cytogenetic analysis showed various 

types of structural chromosome alterations, same types found in cells irradiated with low-LET 

radiation, as gamma rays, in agreement with the observation that the effects of radiation are 

qualitatively but not quantitatively similar at the chromosomal level [9]. 

 

 

3. CONCLUSIONS  

 

There really seems to be different structural chromosome alterations when human blood 

lymphocytes are irradiated with different kind of radiation show that the effects of radiation are 

qualitatively but not quantitatively similar at the chromosomal level.  

 

This study will be continue to verify the frequencies of unstable chromosome alterations 

induced by only gamma beam and  neutron-gamma mixed field in different absorbed doses. 
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