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 Introduction
• Radiation exposure has been a hazard with accidents in Chernobyl, Ukraine and, 

more recently, Fukushima, Japan. 
• Nuclear power is still a significant energy source, giving more opportunities for 

further exposure events. 
• Effects of both low and high doses of radiation range from chromosomal changes to 

increased cancer rates. 
• Humans are exposed to both chronic and acute doses of radiation and the biological 

effects of chronic low dose rate exposure aren’t well-understood.
• This study attempts to compare high dose rate (acute exposure) and low dose rate 

(prolonged exposure) effects upon chromosomes of affected lymphocytes. Very few 
studies have been done on the effects of chronic low dose rate radiation exposure.

• This study may lead to better understanding of how cells and tissues are affected by 
radiation and thus better diagnosis and treatment plans.

Background
• Dicentric chromosomes are caused by ionization energy causing double strand 

breaks and mis-rejoining of chromosomes.

• The dicentric chromosome assay was utilized to evaluate the effects of low- and 
high-dose rate exposures on human lymphocytes.

• Triage mode of scoring was used in the experiment in which 50 cells (or 30 dicentric 
chromosomes) are sufficient for rapid dose estimation.

• Radiation is measured in Gray (Gy) and dose rate is a measure of the rate at which 
energy is transferred to a targeted material (Gy/min).

• There are two kinds of Linear Energy Transfer (LET).
             High-LET radiation, such as alpha particles and neutrons, generates densely 
ionizing events with a large amount of energy. 
             Low-LET radiation is from external electromagnetic radiation, and include  x-rays 
and gamma rays which generate sparsely ionizing events.
• Gamma rays are high energy emissions from an excited nucleus after alpha or beta 

particle decay.

• Lymphocyte cells were used in the project due to their radiation susceptibility and 
their ease of growth in vitro.

Results

Conclusions
• Radiation dose dependent induction of dicentric chromosomes was observed in 

human lymphocytes after exposure to both low (0.01318 Gy/min) and high 
(1.2036 Gy/min) dose rates of Gamma rays.

• Frequencies of dicentric and polycentric chromosomes were higher in lymphocytes 
exposed to high dose rate than in those exposed to low dose rate Gamma rays.

• The dose response curve was linear for low dose rate exposure and linear quadratic 
for high dose rate exposure for both radiation doses tested. This initial observation 
needs to be verified with additional radiation dose points (0.25 Gy, 0.5 Gy, 1 Gy and 
3 Gy).

• Differences were observed in the cellular distribution of dicentric and polycentric 
chromosomes between low and high dose rate exposures.

• Reduced induction of dicentric and polycentric chromosomes observed in low dose 
rate Gamma rays exposed cells was likely due to protracted exposure allowing more 
time for DNA repair.
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Materials and Methods

•Peripheral blood was drawn
•Samples kept at room temperature
•Samples assigned number to ID and 
protect personal information

•The blood sample was irradiated 
with 2 Gy or 4 Gy of gamma rays 
•Low dose rate was  0.01318 Gy/min
•High dose rate was 1.2036 Gy/min

•Initiation of culture done in A2 
biosafety cabinet
•Blood (0.5ml) and 9.5 ml media 
(PBMax, 1% PHA and 2% BrDu) 
combined in 15ml conical tubes

 

•1 ml fixative added to sample
•Centrifuged 10 minutes at 1200 rpm 
and removal of supernatant
•10 ml fresh fixative added, mixed, left 
to sit 15 minutes to preserve the 
chromosome morphology
•Centrifuged 10 minutes at 1200 rpm

•At 48 hr mark, Colcemid added to 
stop cells in metaphase and returned 
to incubator for four hours
•10 ml prewarmed 0.56% KCl added to 
tube and incubated in 37°C water 
bath 18 minutes to swell cells for 
better visualization and optimal 
spreading of chromosomes

•Fixation/centrifugation/aspiration 
repeated 3 times to wash cell pellet
•Sample stored in refrigerator until 
slides prepared
•30-50 µl of cell suspension placed 
onto prepared wet slide

•RNase treatment performed before 
staining to remove cellular debris.
•Slides placed in 5% Giemsa solution 
for 2 minutes then rinsed in water 
and allowed to air dry to allow 
microscope visualization

•Coverslips applied to protect the cells 
from dust, debris, and being 
scratched during analysis
•Slides were loaded onto slide trays 
which were then loaded into the slide 
feeder

•Simulation of 
body conditions 
for optimum 
viability
•Cultures were 
placed in 37°C 
incubator with 
5% CO2 for 48 hrs 
for proliferation 

•Metafer software automatically 
scanned slides and located and 
captured images of metaphase 
spreads
•Autonomous image capture allowed 
for minimal technologist intervention

•Metaphase images showing 46 +/- 1 
chromosomes were manually scored 
for dicentric analysis
•The number of dicentric 
chromosomes in each image 
was scored as follows: 1 for each 
dicentric, 2 for each tricentric, etc.

•Plots were made to demonstrate the 
frequency and distribution of the 
dicentric scoring

Metaphase image with a single dicentric chromosome.

Metaphase image with two dicentric chromosomes.

Metaphase image with three dicentric chromosomes.
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