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INTRODUCTION

Nowadays, the classic way of evaluating patients with a thorough
anamnesis and physical examination has been easily replaced by
new diagnostic tools and its use has also increased exponentially,
even when it is not fully indicated. Some imaging studies are a good
example of this, recalling that exposure to ionizing radiation (IR) is
its main basis. This physical agent has a direct negative effect on
human DNA and its cumulative effect has not yet been studied in
patients who undergo this exposure repeatedly. An observational
and prospective study was conducted, where micronucleus (MN)
from buccal epithelium were analyzed before and after performing
head computed tomography (CT) on patients that required
consecutive scans. This study showed a significant MN frequency
increase in 81.25% of the analyzed patients, being 31.5% of this the
group with the most descriptive significance, as they were those who
were exposed to repeated doses of radiation. This study provides an
approach to the relationship between immediate radiation exposure
and DNA alteration as an increase in MN was observed after
exposure to IR in patients undergoing to CT, demonstrating that the
oral epithelium is a highly sensitive biological dosimeter and can be
used for early detection of DNA damage caused by exposure to low
doses of IR.

Keywords: DNA damage, micronucleus, ionizing radiation, computed
tomography.

The use of diagnostic imaging in Health System's has
increased significantly over the last two decades,
particularly using expensive new technologies such as CT,
magnetic resonance imaging (MRI), and nuclear medicine
positron emission technology (PET), Brenner and Hal
(2007). The request for “high-end” diagnostic imaging,

particularly CT, has increased exponentially as clinicians
demand accurate diagnostic tests and detailed images to
visualize injuries and diseases before deciding on further
management. The radiation dose required is much larger
than that for conventional x-ray imaging, so more people,
including children, are receiving higher doses of radiation
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than in the past, (Azman et al., 2019).

Although CT provides considerable benefits in some
settings, there is also broad agreement that it is often
overused. Neck and back pain, headache, and suspected
pulmonary embolism are just a few indications where CT
overuse has been highlighted. Clinicians and patients have
high expectations from emergency department personnel
to respond quickly and make accurate diagnoses. At the
same time, doctors are expected to correctly filter out
patients who do not require immediate attention. This
demanding environment, together with the many
uncertainties, has caused emergency doctors to rely more
heavily on advanced technology, and less on their clinical
skills, to minimize errors in clinical diagnoses (Park and
Yang (2021). This increased risk for the population may
pose a future public health issue. In fact, x-rays (a form of
IR) have been officially classified as "carcinogens" by the
World Health Organization's International Agency for
Research on Cancer, the Agency for Toxic Substances and
the Disease Registry of the Centers for Control and
Prevention of Diseases, and the National Institute of
Environmental Health Sciences (Amis et al, 2007).
Currently, 46% of IR comes from a medical source,
compared to about a decade ago, when it was only 15%.
While it is well accepted that CT scanning is clinically
useful, there is also widespread agreement that it is
overused, with estimates that 30%-40% of CT scans are
performed unnecessarily (Puckett and Nappe, (2020). Head
CT is one of the most performed imaging studies, radiation
dose used in head and neck CT varies from 2 mSv for
routine study to 14 mSv for the evaluation of a
cerebrovascular event, being higher than the used in
studies such as CT of the abdomen, pelvis, among others
(Smith-Bindman et al., 2009) -Above doses of 50 to 100 mSv
(prolonged exposure) or 10 to 50 mSv (acute exposure),
direct epidemiological evidence from human populations
shows that exposure to IR increases the risk of some
cancers (Brenner et al, 2003). This is particularly
important because the limitations on requesting CT have
decreased, and it is increasingly being used among healthy
people, in whom the risk of potential CT carcinogenesis
could exceed its diagnostic value (Smith-Bindman et al,
2009). It has been described that the greatest effect of cell
irradiation was considered as the result of the energy
deposit in the nucleus of the radiated cell, causing DNA
damage, genome instability, induction of cell death, among
others.

Radiation-induced genomic instability is characterized by
genetic changes including chromosomal rearrangements,
MN and lethal mutations in cells derived from a radiated
cell clone (Morgan, 2003). An increase in the formation of
chromosomal aberrations (CA) and MN has been observed
in patients exposed to CT (Kanagaraj et al., 2015). MN, also
known as Howell-Jolly bodies, were first identified at the
end of the 19th century in cell precursors by William
Howell. MN are tiny extra-nuclear bodies that originate
from fragments of chromatids or acentric or complete
chromosomes that are left behind in the anaphase of cell

division and are not included in the main nucleus during
telophase. They are usually formed due to deficiencies in
chromosome segregation during anaphase, generally
caused by mitotic spindle failure, kinetochore damage,
hypomethylation of centromeric DNA, and defects in the
cell cycle control system (Luzhna et al., 2013) -Over the past
15 to 20 years, the MN assay has been applied to assess
chromosomal damage for biological monitoring of human
populations exposed to a variety of carcinogenic and
mutagenic physical or chemical agents. A wide range of
trough MN frequencies (0.05 to 11.5 MN/1000 cells) have
been reported with most values between 0.5 and 2.5
MN/1000 cells (Holland et al, 2008). IR is a strong
clastogenic agent and can induce MN. Epithelial cells of the
respiratory and oral mucosa are the first barrier to
inhale/ingest genotoxic agents, representing the first target
for early detection of genotoxic events and a convenient
target for MN analysis being minimally invasive. The buccal
MN cytome assay is a sensitive biomarker of the effects of
exposure to doses of IR in the occupational context.
(Linhares et al,, 2018). The main objective of the study was
to evaluate the association between additive exposure to IR
in patients undergoing head CT and DNA instability.

MATERIALS AND METHODS

The protocol was approved by the ethics committee of the
institution (GN19-00002), patients who attended the
emergency department of the University Hospital for
polytrauma and/or patients admitted to the neurosurgery
room, who required simple brain CT during their
hospitalization were recruited. Prior to sample taking,
informed consent was given to the subject of study or legal
representative. Patients previously diagnosed with chronic
degenerative or oncological diseases and those with
occupational radiation exposure were excluded. The initial
sample was obtained before taking the first CT and the
second one between 1 to 12 hours after the exposure.

Samples were obtained non-invasively with a cheek swab
cytobrush from both cheeks and each one was placed in its
corresponding tube with Saccomanno fixative solution and
kept refrigerated (from 2 to 8 ° C) until processing in our
Laboratory, with a maximum durability for analysis of 6
months. They were identified and processed according to
Thomas et al. (2009) method. In addition, slides
preparations were analyzed by two cytogeneticist. Two
thousand epithelial cells per individual (1,000 from each
tube) were analyzed, including the presence of MN or
nuclear buds as biomarkers for DNA damage, binucleated
cells for cytogenetic defects and karyorrhexis, pyknotic or
karyolitic cells for cell death. This procedure was repeated
the number of times that the patient from the
emergency/neurology departments was studied by means
of CT to assess the frequency and number of MN after each
image.

Healthy normal cells were distinguished from those
considered abnormal based on the nuclear-to-cytoplasmic
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Figure 1: Representative examples of stained cells identified in the study and obtained MN viewed by
transmitted light; a) normal cell (arrow); b) Cell with MN.

ratio and nuclear morphology and texture (Figure 1).
Comparing the morphology of normal cells (Fig. 1a) with
abnormal ones (Fig. 1b) characterized by the presence of
both a main nucleus and one or more smaller nuclear
structures located within the cytoplasm, we observed a
characteristic densely speckled nuclear pattern indicative
of nuclear fragmentation leading to the eventual
disintegration of the nucleus.

Sample size was calculated for hypotheses tested at 95%
confidence interval, two-sided, and level of type 1 error was
set at 0.05% so as power of 80% with a type 2 error set of
20%. For descriptive purposes, categorical variables are
presented as frequencies and percentages, numerical
variables are presented as measures of central tendency
and numerical dispersion (mean and standard deviation).
For inferential purposes, Shapiro-Wilk test was performed
to evaluate the sample distribution. Pearson’s X2 test
assessed binary variables. Independent samples Student-T
tests and paired Student-T samples were performed for
comparing quantitative variables between groups.
Generalized linear model was carried out by means of
repeated means measurement with Bonferroni's post-hoc
contrast. We used the statistical package IBM Corp.
Released 2012. IBM SPSS Statistics for Windows, Version
21.0 was used. Armonk, NY: IBM Corp.

RESULTS

A total of 16 subjects were analyzed. Regarding the
demographic characteristics of the study population, there
were no significant differences between gender for age (p =
0.276) and alcohol/tobacco consumption (p = 0.515, p =
0.515) (Table 1). The scoring criteria for the various
distinct cell types and nuclear anomalies in the assay were

mainly based on those originally described by (Tolbert et
al, 1992) .We observed that normal basal cells (Fig. 1a)
showed a larger nucleus-to-cytoplasm ratio than the
abnormal ones. Also, basal cells had a uniformly stained
nucleus, smaller in size and more oval or round. No DNA-
containing structures apart from the nucleus were
observed in these cells and the cytoplasm was typically and
uniformly stained a darker shade of green with Light Green.
We observed that cells with MN (Fig. 1b) were
characterized by the presence of both a main nucleus and
one or more smaller nuclear structures (MN) oval with a
diameter range between 1/3 and 1/16 of the main nucleus.
In general, an increase in MN was observed after
exposure to IR in patients undergoing head CT scan (Figure
2). It is important to highlight that 13/16 (81.25%) had an
increase of MN after radiation exposure (Figure 3). Of this
percentage, 61.5% corresponding to 8 patients of the total
cohort, had only one exposure. Nevertheless, our
alternative hypothesis (stating that there is a proportional
relationship between repetitive radiation exposure from CT
scans and DNA instability) was tested in 5/16 individuals
(31.25%), which showed an increase in cells intentionally
sought as a marker of DNA damage (MN), which were
subjected more than two times to head CT in a time lapse of
less than 24 hours between them (Figure 4). On average,
the total dose length product (DLP) which is used to
quantify the total amount of radiation patients receive
during a given scan was 1,000 mGy*cm. Of the total cohort,
there were only three individuals (18.75%), corresponding
to two male and a female patient, with the same number of
exposures, who did not show this expected characteristic
pattern, probably being attributed to biological variability.
Among cytology parameters (B. eggs, binucleate cells, buds,
karyolytic cells, karyorrhexis and pyknotic cells) did not
change significantly in course of having either two or three



Int. Res. . Pub. Environ. Health 151

Table 1. Demographic characteristics of the studied population and number of CT exposures

Patient Gender Age Tobacco Alcohol Diagnosis Number of CT MN Additive
exposures increase instability
1 M 54 + + Subdural hematoma 1 Yes -
2 F 54 - - Head trauma 2 Yes Yes
3 M 44 + - Facial traumatism 1 Yes -
4 M 19 - - Basal ganglia tumor 1 No -
5 F 58 - - Hypophyseal macroadenoma 1 Yes -
6 F 59 - - Subarachnoid calcification 1 Yes -
7 M 40 - + Subgaleal hematoma 1 Yes -
8 F 19 - - Head trauma 1 Yes -
9 M 69 - - Subtentorial cyst 1 Yes -
10 M 64 - - Head trauma 1 Yes -
11 M 47 + + Subdural hematoma with 3 Yes Yes
herniation
12 F 60 - - Post-infarct encephalomalacia 1 No -
13 F 76 - - Acute ischemic cerebral vascular 2 Yes Yes
event
14 M 51 - - Intraaxial supratentorial mass 3 Yes Yes
15 M 31 - - Parenchymatous hemorrhage in 2 Yes Yes
basal ganglia
16 M 24 - - Epidural hematoma 1 No -
P-value 0.276 0.515 0.515
*M (male), F (female), MN (micronuclei), CT (Computed tomography).
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Figure 2: Representative graphs of MN frequency measurement before and after CT in relation to radiation
exposure. a) Five patients with additive exposure showing ascending frequency of MN. b) Eight patients with
only one exposure, which showed increased frequency of MN.

radiation doses.

DISCUSSION

This study explored the relation between repetitive
radiation exposure and DNA alteration represented by the
presence of MN. However, it is important to address
another complication to consider in this problematic, the
general misconception among clinicians and patients that

CT imaging is mostly harmless, resulting in its overuse. For
physicians and health professionals, the carcinogenic risk
that can occur decades after exposure may seem so remote
that the immediate potential benefit of CT scans can easily
overshadow comprehensive consideration of the need.
Previous studies demonstrate that emergency personnel
who request diagnostic imaging have demonstrated a lack
in knowledge about the risks of radiation exposure.

A 2004 study revealed that only 9% of emergency
physicians believed that CT scans posed an increased risk of
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cancer, while many others could not relate the radiation
dose of a CT scan to that of a chest radiograph as a
reference point (Lee et al.,, 2004) -Compounding this issue, a
2010 study demonstrated that only 34% of patients
believed that the radiation dose of a CT scan was higher
than a chest radiograph, while 74% of patients agreed that
having a diagnosis from a CT scan was more important than
concerns about radiation exposure (Takakuwa et al., 2010).
When clinicians were made aware of the risks from high-
dosage CT radiation, there was a significant (> 50%)
reduction in scan requests (Gimbel et al., 2013).

Our study showed an increase frequency of MN in
81.25% of the analyzed patients. It is important to highlight
that 8/16 (50%) showed an association of an increase in
MN after only one radiation exposure. However, 31.5% of
the studied cohort showed a significant and additive
increase in MN after repeated exposure to radiation. Our
results are consistent with the limited data on the use of
MN assay to assess the effect of IR. A previous work by
Aguiar et al. (2019) revealed that occupational exposure to
low doses of IR was associated with an 80% relative
increase in the frequency of MN found in buccal cells (mean
rate ratio (MRR) = 1.8; 95% confidence intervals (CIs): 1.1-
2.8; p = 0.018; suggesting that such exposures cause DNA
damage. They confirm that this biomonitoring method
should be generally applicable to studies of workers who
are occupationally exposed to low doses of IR. In another
report, Bouraoui et al. (2013) found that the frequency of
MN in the lymphocytes of hospital workers exposed to IR
increased compared to controls, they concluded that the
time of exposure to IR had a significant effect on the level of
MN present in lymphocytes of the study subjects. While,
Terzic et al. (2015) concluded that receiving> 1.5 mSv
annually significantly increases the frequency of MN in
lymphocytes of healthcare workers exposed to IR. We think
that individuals who did not show this expected
characteristic pattern on MN presence (18.75%), suggest
that interindividual variability of the response to IR
depends on intrinsic factors (Pajic et al.,, 2015) and it can
probably be explained by differences in DNA repair
capacity, due to specific mutations or polymorphisms in
DNA repair genes or cellular redox status, rather than by
age, gender or lifestyle factors (Smart et al., 2003).

Although in literature exist possible confounders such as
age, sex, smoking, alcohol consumption and the use of
mouthwashes that have been associated with DNA damage,
this studies were not conclusive regarding that these effects
were statistically significant (Holland et al, 2008).
Demographic characteristics of our study population, none
of the analyzed host or lifestyle confounders was
significantly associated with the frequency of MN, there
were no significant differences between sex for age (p =
0.276) and alcohol consumption/tobacco (p= 0.515, p=
0.515). Tobacco contains several genotoxic chemicals
(Speit et al., 2003); Bonassi et al. (2011) concluded that only
heavy smokers (ie,> 40 cigarettes / day) have a significant
increase in MN compared to nonsmokers. There were no
heavy smokers in our study, therefore an association was

not expected.

Regarding cell morphology, MN showed the same
staining intensity and texture as the main nucleus and was
located within the cytoplasm of the cells, established
criteria for its characterization. (Thomas et al., 2009). Its
presence could be indicative of chromosome loss or
fragmentation during earlier nuclear division (Holland et
al,, 2008); Fenech and Morley, 2016).

Evidence is available that IR used in diagnostic methods
constitutes a human carcinogen and mutagen that induces
various forms of DNA damage and instability, including MN
formation (Popova et al,, 2007; Sakly et al., 2012; Cardoso
et al,2001; Thierens et al,2000) . MN are considered early
biological markers that allow a more comprehensive risk
determination of carcinogenesis (Smith-Bindman et al,
2009; Brenner et al., 2003; Morgan, 2003). In this study, we
have reinforced the fact that oral MN assay is a non-
invasive method that provides a sensitive biomarker for
exposure to low doses of IR.

Leading this data to a global level, we can deduce the
long-term consequences of excessive use of IR, Kwee et al.
(2020) identified the spectrum of patients who undergo
disproportionate recurrent CT imaging, and the cumulative
effects of radiation exposure. They investigated all patients
who had undergone 40 or more CT scans at a tertiary care
center, giving a total of 56 patients who had undergone a
median of 47 (range: 40-92) CT scans were included,
whose main reason for CT scanning in all patients was
oncological, and 55 patients (98.2%) had metastatic
disease. They found that the median lifetime attributable
risk (LAR) of estimated radiation-induced cancer incidence
increased by 2.36%, and the median estimated LAR of
radiation-induced cancer mortality was 0.68%, concluding
that the patients with metastatic disease who experience
relatively long survival may be prone to undergo
disproportionate recurrent CT and risk involved. Therefore,
the non-negligible CT radiation-induced cancer risk and
mortality should be taken into account in these patients.

Currently, the increase in the number of studies carried
out is exponential, emphasizing two situations of great
weight today: control and screening studies. However,
although the effect of ionization is known, until this date
there has been no clinical studies evaluating the effect
caused by repeated doses of radiation in a short period of
time.

A remarkable strength of the study is that each patient is
his own control, this enables to detect variations that were
evidenced by MN after being exposed to IR, having baseline
measurements an individual comparison. To our
Knowledge, this is the first study to describe the
relationship between the immediate radiation exposure
and DNA alteration. One of the limitations is the sample
size, which must be reproduced in a larger cohort to add
value to this study.

CONCLUSION

This study provides an approach to the current problem



regarding the overuse of imaging methods for diagnosis
and how additive ionizing radiation can affect patients in a
long term. Our goal is to create awareness about how there
are situations in which less radiation exposure could bring
even more benefit to the patient’s outcome.
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