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PERSISTENT UNSTABLE CHROMOSOMAL ABERRATIONS
IN LYMPHOCYTES OF RADIOTHERAPY WORKERS  AFTER

1ST MITOTIC DIVISION IN TEHRAN, IRAN
Abolfazl Movafagh1, F. Maleki2, S. Fadaie3, E. AzarGashb4

ABSTRACT
Objective: Studies indicate that ionizing radiation can induce persistent genetic instability in a
high proportion of exposed cells. It has also been reported that exposure of radiotherapy workers
to ionizing radiation causes chromosomal damages. Some of the damaged cells show a large
number of aberrations such as dicentrics, polycentrics, rings, and numerous acentric
fragments.To determine, whether chromosomal damages can be used as a biomarker of possible
radiation in occupational exposure in a hospital setting.
Methodology: In this study, chromosome abnormalities were evaluated in peripheral blood lym-
phocytes from fifty medical radiotherapy workers who handled ionizing radiation for an average
of twelve years, and forty three control individuals who did not knowingly come in contact with
any radiation source. Chromosome aberrations were evaluated by the conventional solid stain
technique.
Results: Dicentrics, fragments, followed by ring chromosomes, as well as total chromosome
aberrations were elevated in the experimental group. We did not observe any aneuploidy
chromosome in the present study. Although the level of exposure was below the annual
permissible limit of twenty mSv/y recommended by the International Commission for Radiation
Protection for whole body exposure, the mean frequencies of different chromosomal aberrations
were higher in radiotherapy workers compared with controls (P=0.041). Although the mean
frequencies of chromosomal aberrations in the female workers (3.5±1.42) was slightly higher
than in males (3.28±0.95), there was no significant differences (P=0.74) in the frequency of
chromosome aberration between males and females of ionizing radiotherapy workers.
Conclusion: The results of this study underscore the need of adopting measures to avoid or
minimize overexposure to radiation in hospital settings.
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INTRODUCTION

Exposure of cells to ionizing radiation pro-
duces an extremely wide range of DNA dam-
aging and mutational events. DNA double-
stranded breaks are generally accepted to be
the most biological significant lesion produced
by ionizing radiation, and may ultimately re-
sult in cancer.1 All types of ionizing radiation
increases numerical chromosome aberrations.2

Exposure to radiation during the embryonic or
pre-embryonic stages increases susceptibility to
carcinogens.3

Chromosome aberration is regarded as be-
ing the most sensitive indication of radiation-
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induced genetic alternation. Studies have
shown that the frequency of chromosome ab-
erration, like rings and double-minute chromo-
somes, was increased in persons exposed to ra-
diation.4,5 Reports indicate that delayed chro-
mosomal instability is consistently induced by
densely ionizing radiation but only occasion-
ally observed in cultures exposed to ionizing
irradiation.6 Significant radiation-induced
changes in the frequency of chromosome ab-
erration have been detected at very low doses.7,8

In the present study, we have investigated
whether chromosome aberrations can be used
as a biomarker of possible radiation injury in
radiotherapy workers exposed to low levels of
ionizing radiation in a hospital setting.

PATIENTS AND METHODS

Chromosome analysis was carried out on fifty
radiotherapy workers as medical personnel of
laboratory in the radiotherapy department and
forty three controls. Of these workers, twenty
seven were males and twenty three were fe-
males, between 21-55 years of age (mean of
34.72±10.60). A total of forty three controls
were evaluated that, included twenty four
males and nineteen females, between 25-57
years of age (mean of 33.79±11.05). In order to
obtain analysis results in a limited time and to
minimize the scoring biases, an inter-labora-
tory collaborative study was performed, which
included Shahid Behsehti and Tehran Medi-
cal Universities hospitals. No medicines or
drugs were taken by either group for at least
one month prior to sampling. Those suffering
from genetic disorders, cancers, chronic and
acute leukemia, syndromes, current viral in-
fections, for more than six months were ex-
cluded from the study. They had no recorded
over-exposure in their personnel documents.
The whole body doses received by the radio-
therapy workers, was measured by film badges
and they wore lead apron and the annual ef-
fective doses calculated by their personnel
physical dosimeter, indicated that the level of
exposure was below (20 mSv/y) that recom-
mended by International Commission for
Radiation Protection (ICRP).

Approximately 0.5 ml of peripheral blood
was obtained from each radiotherapy worker
at Shahid Beheshti and Tehran Medical Uni-
versities (Hospitals) in Tehran. The blood sam-
pling and cell culture procedures were essen-
tially the same as used for normal control indi-
viduals. Briefly, heparanized blood was imme-
diately mixed with four ml RPMI-1640 (Gibco-
BRL Grand Island, NY, USA) cell culture me-
dium supplemented with 15%-20% heat inac-
tivated fetal bovine serum (Gibco-BRL Grand
Island,NY,USA), 100 mg/ml Phytohemagglu-
tinin (PHA; Sigma,St Louis,Mo,USA) with
100µg/ml Streptomycin and 100 U/ml
Penicillin(Gibco BRL, Gaithersburg, MD.USA)
in a Vacutainer tube. This tube was cultured
for 48 hour at 37oC in an atmosphere contain-
ing 5% CO2. The cultured cells were then
treated with colcemide (Gibco-BRL Grand Is-
land, NY, USA), final concentration, (10 µg/
ml) and incubated at 37oC for an additional
thirty minutes. The contents of the tube were
then centrifuged for ten minutes at 1000 rpm
and re-suspend in 10 ml of 75 mM KCl (0.56%)
pre-warmed to 37oC for twenty minutes. At
this stage, one ml of -20oC Carnoys Fixative
(3:1 methanol: acetic acid) was added in to the
tube, and this fixation step was repeated four
times. Ten slides were prepared for each cul-
ture and stained for three minutes with Giemsa.
Slides were examined with an Olympus model
BH-two light microscope. Eighty well-spread
metaphases were analyzed for each subject.
Karyotypes were described according to ISCN.9

Statistical evaluation: The data presented as
means ± standard error (SE). The statistical
analysis in the present study was performed
using student’s t-test. The level of significance
was accepted with P<0.05. Significance levels
were determined by using the software pack-
age (SPSS).

RESULTS

Chromosomal aberration analysis was con-
ducted on fifty Radiotherapy workers from
different hospitals of the Shahid Beheshti and
Tehran Medical Universities. Chromosome
alterations were analyzed, taking in to con-
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sideration the duration of exposure, age and
sex. Age ranged from 22 to 55 (mean of 34.72±
10.60) years in workers and from 21 to
53(mean 33.79±11.05) years in control group.
There was no significant increase in the fre-
quency of age between workers and control
groups (P = 0.337), the detail is summarized in
(Table-I).

A total of 4000 metaphases or on average
about 80 cells per workers and controls were
analyzed. We scored more metaphases for both
group bearers with chromosome aberrations.
Of particular interest is that majority of dicen-
tric is not accompanied with fragments. The
incidence of structural chromosome aberra-
tions including Dicentric, Fragments and Rings
in lymphocytes from fifteen subjects (exposed
group) with exposure duration  from 7 to 15
years  (mean frequency  11.50± 3.83) and in
cells from only four control individuals is sum-
marized in (Table-II).

There was a significant increase (P= 0.041)
in the number of structural chromosomal ab-
erration in the peripheral lymphocytes of the
exposed group compare with controls. The
mean values were 3.4±1.18 abnormal
metaphases for workers and 2.0±0.82 for con-
trol individuals (Table-II).

Although the mean frequencies of chromo-
somal aberrations in the female workers
(3.5±1.42) was slightly higher than in males
(3.28±0.95), there was no significance differ-
ences (P=0.74) in the frequency of chromosome
aberration between males and females of
radiotherapy workers.

DISCUSSION

There are numerous studies on the induction
of chromosomal aberration by radiation; how-
ever, to our knowledge, this is the first reported
study on chromosomal aberration in radio-
therapy workers in Iran. Chromosomal aber-
ration frequency provides the most reliable bio-
logical marker of dose for detecting accidental
radiation exposure. Hence, the International
Atomic Energy Agency (IAEA)10 in 1991 sug-
gested that chromosomal aberration in periph-
eral blood lymphocytes provides a sensitive
measure of the quality and quantity of radia-
tion exposure, and chromosome aberrations
have been used for biological dosiometry in
human exposures to radiation.11,12 In our in-
vestigation, the majority of aberrations for both
groups of subjects were dicentrics, acentrics
and ring chromosomes, which is consistent
with the observations of others.4-13

The yields of chromosome fragments and total
aberrations were significantly higher in work-
ers exposed for expended periods of time,14-16

and in cells from patients with various syn-
dromes affecting DNA repair or cell cycling,
like Ataxia telangiectasia.17 The data presented
here and in another study indicate that low
level occupational radiation exposure for rela-
tively short periods of time, e.g., two years,18

has no significant influence on lymphocyte
chromosomal aberration frequency. These data
demonstrate the usefulness of chromosome
aberration as a biological marker of dose and
cellular damage, which is sensitive to the
duration of radiation exposure in the field.19,20

Abolfazl Movafagh et al.

Table-I: Sex, Age and period of exposure distribution for radiotherapy workers and controls
Subjects Controls

Age , Years Sex M/F      N    Exposed Duration (Yr) Age , Years Sex M/F    N

22 – 24 4 / 0 4 26 / 0 21 – 24 3/2 5
25 – 29 6 / 11 17 67/ 109 25 – 29 5/6 11
30 – 34 2/ 4 6 22/48 30 – 34 2 / 2 4
35 – 39 2 / 3 5 12/36 35 – 39 3/ 4 7
40 – 44 3 / 2 5 35/13 40 – 44 4 / 3 7
45 – 49 2 / 2 4 26/29 45 – 49 4 / 3 7
50 – 55 4 / 5 9 76/75 50 – 53 0 / 2 2
Total 23 / 27 50    ----     ---- 21 / 22 43

Mean ±SD   34.72±10.60 11.04±3.29/11.15±3.26 33.79±11.05
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In addition to structural chromosome aberra-
tion, all types of radiation affect the frequency
of numerical chromosome aberrations,2 but we
did not find any numerical chromosomal al-
teration in our investigation. Densely ionizing
radiation induces severe cell cycle delay at M-
phase,21 exposure to low level ionizing radia-
tion induces chromosomal damage at G2
phase,22 and non-DNA target components of
the mitotic spindle apparatus can also be in-
volved in chromosomal aberration.23 Phospho-
rylation of histone H2AX at a flanking site
causes DNA double-stranded breaks in cells
from radiation workers.24

Neither age nor sex was a significant predic-
tor of chromosomal aberrations in our study.
Statistical analysis did not show a significant
sex-age association with chromosomal aberra-
tion which is consistent with other studies.4,20,25

In conclusion, our results indicate that long-
term exposure to even low doses of ionizing
radiation increases the frequency of chromo-
some aberrations, and potentially the risk of
adverse health effects. Also chromosome ab-
erration frequency provides a reliable biologi-
cal marker of dose to detect acute accidental
radiation exposure. Finally, the increase in
chromosome aberrations in our radiotherapy

Table-II: Frequency of chromosomal aberrations in lymphocytes from
15 exposed workers and 4 controls. Significant (P=0.041)

No. of Sex Age Exposed Metaphase Structural Chromosome Total Chromosome
Subjects Duration    Scored               Aberration          Aberration

     (Yr)

Ring Chromatid Dicentric
       type

Breaks gaps

1 F 29 11 80 0 0 1 2 3
2 F 50 12 80 2 1 1 0 4
3 F 25 8 80 1 1 0 0 2
4 F 52 15 80 0 1 1 2 4
5 F 26 7 80 0 1 1 3 5
6 F 30 11 80 0 1 0 0 1
7 F 54 15 80 0 1 1 3 5
8 F 42 12 80 2 1 1 1 4
9 M 25 9 80 0 1 1 1 3
10 M 35 12 80 2 1 0 0 3
11 M 55 17 80 0 1 0 1 2
12 M 50 15 80 2 1 0 0 3
13 M 43 10 80 0 1 1 2 4
14 M 24 8 80 0 1 1 3 5
15 M 42 12 80 0 1 0 2 3
,

Mean± S.D 11.50±3.83 3.4±1.18

No. of Sex Age Exposed Metaphase Structural Chromosome Total Chromosome
Control Duration    Scored               Aberration          Aberration

     (Yr)

Ring Chromatid Dicentric
       type

Breaks gaps

1 F 50 0 80 0 1 0 1 1
2 F 51 0 80 0 1 1 2 2
3 M 42 0 80 1 1 0 0 2
4 M 54 0 80 0 1 2 2 3
,

Mean± S.D 2.0±0.82



workers underscored the need of adopting
measures to avoid or minimize overexposure
to radiation.
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