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Abstract

Background and objective: In view of the known health hazards of X-ray radiation, this
study focuses on the outlined effect of prolonged accidental or work-related Rontgenray
exposure to hematological parameters such as red blood cells (RBCs), white blood cells
(WBCs), platelets count as well as serum malondialdehyde (MDA) and glutathione in X-ray
technicians.

Methods: In this cross-sectional study with a comparison group, blood samples were
collected over six months period from X-ray technician assistants across Rizgary teaching
hospital, maternity teaching hospital, Nanakaly hospital, Erbil teaching hospital,
Ashty hospital, Hundreen hospital, and Harem hospital. A convenience sample was chosen
for collecting subjects exposed to X-ray at the radiology department in the hospitals
mentioned above. The results were analyzed and compared with a second control group of
healthy unexposed individuals.

Results: It was determined that prolonged Rontgenray exposure could lead to an increase
in the amount of oxidative stress as denoted by the decrease in the levels of reduced
glutathione in the plasma of our test subjects.

Conclusion: Although there were changes in the mean levels of plasma RBC, WBC,
platelets, and malondialdehyde, the differences of these parameters between the two
groups were not significant statistically. However, there was a significant reduction in
glutathione levels in plasma samples of the subjects, indicating elevated oxidative stress
levels within the body.
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Introduction X-rays, than those used in radiological

X-rays are part of the electromagnetic practices can penetrate living tissues and
spectrum consisting of electric and destroy living cells or make them abnormal
magnetic fields traveling perpendicularly. in function.” Workers exposed to X-ray
This spectrum also includes radio waves, radiation are prone to develop life-
microwaves, and visible light. lonizing  threatening diseases often related to the
radiation includes alpha, beta, and gamma hematopoietic system. The hematopoietic
rays and neutrons with sufficient energy to system is highly sensitive to radiation, and
generate ion pairs, i.e., electrons. These therefore the peripheral blood count may
electrons can generate chemically active serve as a biological indicator of such
free radicals, which can damage the damage.® Blood cell count studies have
molecular structure leading to cell been held that addressed the effects
dysfunction (somatic effect) or mutations of partial or total body irradiation
(genetic damage).! lonizing radiation at  on peripheral blood cell count.*® The
a higher intensity, meaning least or no metabolic effect on the hematopoietic
protected barrier for those working with system is based on the magnitude and
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duration of the exposure. The amount of
radiation at which it can be considered
to be a lethal dose of full body exposure
to ionizing radiation is called the "mean
fatal dose" and amounts to about
500-600 Rems.°It has been demonstrated
in  multiple studies that changes in
hematological parameters such as those of
RBCs, WBCs, and platelets occur when
blood is exposed to high doses of
X-rays.” As mentioned beforehand, these
hematological parameters can be used to
evaluate approximate damage to the
hematopoietic system. By comparing them
with levels found in healthy individuals, we
can warn individuals to take more suitable
levels of precaution. We may also evaluate
the severity of prolonged over-exposure
to Rontgen ray. Glutathione is a natural

antioxidant present within the cells
comprising three key amino acids:
Cysteine, glutamate, and glycine.

Furthermore, glutathione detoxifies certain
chemicals and plays a vital role in
neutralizing harmful free radicals.
A deficiency of glutathione is often an
indicator of the presence of oxidative
stress.® Malondialdehyde (MDA) is notably
well known for its role as a marker for

oxidative stress. Hence, it has been
suggested that individuals who are
exposed to unusually high levels of

radiation may have higher levels of MDA.°
The present study aimed to demonstrate
the impact of prolonged X-ray exposure on
serum oxidative markers and the complete
blood count. It also aimed to assess the
severity of chronic exposure to X-rays
and compare the results with a control
group, discuss the factors contributing to
changes in serum MDA or glutathione, and
construct recommendations for prophylaxis
of radiation poisoning.

Methods

This cross-sectional study with a
comparison group was conducted over
six months within the College of Pharmacy
in Hawler Medical University during the
year 2015. In our study, we performed the

experiment twice to ensure repeatability
and accuracy. Forty-two subjects
participated in this study from many
different hospitals such as Rizgary
teaching hospital, Maternity teaching
hospital, Nanakaly hospital, Erbil teaching
hospital, Ashty hospital, Hundreen hospital,
and Harem hospital in the city of Soran.
The duration of exposure for these workers
was between 1 to 22 years. Most of these
X-ray technicians worked in different shifts;
however, most technicians worked for five
days per week in shifts lasting up to
6 hours per day. A minority of them
worked for three days a week. They
were age matched and gender-matched
with a second group containing healthy
(un-exposed) subjects. These included
individuals from various backgrounds and
professions as inclusion criteria. However,
exclusion criteria were indicated that any
healthy subjects consuming any medicine,
which some of them affect hematological
parameters, and taking the iron
supplement were excluded. Moreover, any
participants suffering from diseases like
diabetes mellitus, cardiovascular disease,
and all these diseases making alteration
in the oxidative stress biomarkers and
antioxidants system in both groups were
excluded. In this study, we selected two
volunteer groups; the first group consisted
of 21X-ray technician assistants. The
second group was a control group
consisting of 21 healthy individuals who
were not exposed to Roéntgen rays
frequently. In both groups, approximately
half of the subjects were males while the
others were females. Technician assistants
between the ages of 24 to 52 years were
selected to be part of the first group from
the Radiology Departments in different
hospitals located in Kurdistan Region,
north of Iragq. The subjects are selected as
a convenience sample at the first stage
while being randomly at the second stage
for selecting the control group. There
are a population dealing with X-ray at
Radiology department in all hospitals
and samples were chosen among this

527



Hematological changes after Rontgenray exposure

Zanco J. Med. Sci., Vol. 25, No. (2), August, 2021

https://doi.org/10.15218/2zjms.2021.016

population in all hospitals with their consent
to participate this study. In terms of
antioxidant parameters such as MDA levels
as well as reduced glutathione. In the
second part of this study, 16 subjects
participated within the X-ray exposure
group, with 16 healthy subjects from the
healthy group mentioned. These two
groups (each composed of 16 subjects)
undergone antioxidant measurements are
the same as those that participated with
hematological parameters in both groups.
Two milliliters of blood were collected
from each subject by venipuncture and
a disposable syringe. The blood samples
were subsequently transferred to a test
tube containing the anti-coagulant
Ethylene diamine tetraacetic acid (EDTA)
in a concentration of 1.5 mg/ml. These
collected blood samples were used for
blood cells count. Each specimen was
labeled with the subject identification code
number. The Blood cell count was
calculated using an electronic cell counter
(Beckman coulter counter, model KX-21N
Sysmex). In our second part of this study,
sixteen blood samples from each X-ray
exposure and control groups were
consumed for antioxidant measurements.
In addition, the serum MDA and glutathione
as antioxidants were compared between
the control group and the subject group.
To separate glutathione and MDA, blood

samples were taken and left to clot for
20-30 minutes, followed by centrifugation
of the samples and separation of the
plasma compartment in fresh test tubes.
The plasma samples were stored in —20 °C
and used within 1-2 months. The level
of each of MDA and glutathione were
measured using ELISA technique
(Human MDA ELISA kits, Catalog
number: MBS728071 with a sensitivity of
1.0 ng/ml and Human glutathione ELISA
kits, Catalog number. MBS042904 with
a sensitivity of 1.0 umol/L).

Statistical Analysis:

The results were computed using the
Excel program. The statistical analysis was
conducted using two independent samples
t-test, and the level of significance was
taken as P < 0.05.

Results

The hematological parameters for RBC,
WBC, and platelet count in X-ray
technicians for both experimental groups
are presented in Table 1 and Table 2,
respectively. There are no significant
differences in RBCs and WBCs
parameters between the two groups while
noticing some numerical discrepancies
between their numbers. Nonetheless,
platelet measurements are considerably
higher in the X-ray exposure group than
the control one, as shown in Table 1.

Table 1: Meanst SD of the hematological parameters of the exposed and unexposed

groups.
_ X-Ray exposure
Parameters Control (N=21) ~ P value
(N=21)
RBCs (10 pl) 5.34 + 0.80 571+0.6 0.070
WBCs (10°%/ ul) 5.95 + 0.74 6.88 + 0.55 0.060
Platelets (10™%/ pl) 255.11 + 15.63 295+ 11.35 0.049

528



Hematological changes after Rontgenray exposure

Zanco J. Med. Sci., Vol. 25, No. (2), August, 2021

https://doi.org/10.15218/2zjms.2021.016

Table 2 shows no statistically significant
differences between RBC, WBC, and
platelet levels in 21 test subjects compared
to the baseline levels in the sample group
of X-ray exposure only. In our next set
of data, serum MDA levels and reduced
glutathione in medical workers were
compared with normal serum levels in the
control group, as illustrated in Table 3.
A statistically significant difference was
only found in glutathione levels in the 16
test subjects compared to the control group
being 16, as can be demonstrated by the
obtained P value.

Discussion

The objective of the current study was
to examine hematological parameters in
technicians working in hospitals due to
the apparent effect of radiation on these
parameters. In our study, there are no
significant differences in levels of RBC
or WBC. This could be because X-ray
technicians were exposed to low doses of
radiation since the highest protection
levels are applied in hospital practice. For
example, in a similar study conducted
by Taqi et al. (2018), there were no
statistically significant changes to WBC,
hemoglobin, and platelets between X-ray

technicians working between 1 to 6 hours
per day and control subjects. Interestingly
the study discovered a significant increase
in RBC for X-ray technicians.® This could
be illustrated by studies that indicate high
radiation levels resulted in a significant
reduction of individuals' blood count levels.
High levels of radiation mean working
without any protective barriers or exposure
for long times at radiological departments.
Zachariah et al. (2001) assessed weekly
blood count levels to identify a pattern
of change in blood cell count during
conventional radiotherapy.* The study
revealed a statistically significant reduction
in all blood cell counts. Although in the
present study, the reduction was not
deemed clinically significant, previous
studies have established that radiation can
produce irreversible changes in the DNA
of white blood cells. A link between an
increase in oxidative stress and the
formation of cancer has been established.
Despite controversy about the effects of
X-rays on hematological parameters, many
studies prove the same results as ours. In
a paper published by Wagiallah (2013),
it was reported that workers handling
X-ray equipment had disturbances in
leucocytes, neutrophils, and lymphocyte

Table 2: The second round of experiments held to determine the effect of long-term X-ray
exposure on blood cells count (RBC, WBC, and platelets) in 21 test subjects.

Parameters Irradiated group P value
RBCs (10" pl) 5.78 + 0.19 0.710
WBCs (10°/ pl) 6.75 + 0.23 0.590
Platelets (10™/ pl) 234.02 +8.97 0.720

Table 3: The measurement of malondialdehyde and glutathione in X-ray technicians and

control groups.

X-Ray exposure (16)

Statistical decision

Parameters Control (16)
Malondialdehyde ng/ml 1.5+0.114
Glutathione pumol/L 8.582 + 0.075

1.268+ 0.039 0.072

5.394+ 0.95 <0.001
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count. However, no statistically significant
differences were observed in the number of
red blood cells and hemoglobin.® Rozgaj et
al. (2002) reported that long-term exposure
to low doses of ionizing radiation might
affect the cells and tissues and result
in various adverse health effects.”
Furthermore, it was also reported that the
blood count dropped soon after irradiation
and recovered within several weeks. In
acute exposure, X-ray irradiation has
a destructive action on cells of the immune
system and depresses their functional
activity. In addition, antibody-producing
ability, delayed type hypersensitivity
reaction, and mutagenic activity were also
found to be affected to some degree by
X-ray irradiation. As it has been mentioned
before, MDA is a reliable biomarker that
indicates the relative oxidative stress
that an organism is exposed to. Medical
radiologists are exposed to low doses over
a relatively longer period of time. Thus,
some research papers have concluded
that exposure to high doses of ionizing
radiation can contribute to increases in
MDA. However, our work reports no
observable changes in blood MDA levels in
medical radiologists exposed intermittently
to low doses of Réntgen radiation. Studying
the data that we have obtained, differences
in malondialdehyde level between the
control and the group exposed to X-rays
was more likely due to other external
factors. Since the likelihood of the null
hypothesis being rejected is marginal
(P = 0.072) and bordering on the results
being acceptable. Medical staffs at
radiological departments in our population
have the most protection materials for such
deleterious effect of X-ray at hospitals, and
so they are less likely to be susceptible to
a high dose of X-ray. This is due to
a negligent amount of free radical damage
caused by membrane lipid peroxidation.
This claim is further supported by
a research paper published by Navratil
et al. (2008) in which four separate groups
(blood obtained from volunteers, a nuclear
power plant employee, radiotherapy

patients, and a control group) were
exposed to Rontgen rays. No strong
difference was found in MDA levels in
the test subjects and the control group.
However, it is worth mentioning that
differences in glutathione were measured
in this experiment.® The dose of radiation
applied to a subject is a variable that has
a major impact on MDA levels. Intake of
MDA may also affect levels when taken in
the form of supplementation.® Therefore,
it is necessary to minimize any variables
which  may affect its levels when
conducting a study. Examples of variables
would include diabetes, cancer,
chemotherapy, or cardiovascular disease.
In our study, it was also shown that there
was a significant decrease in glutathione
levels (P <0.05) in medical radiologists
who were intermittently exposed to low
doses of X-rays. As has been mentioned
before, glutathione exists in both the
reduced and oxidized state. In the reduced
state, the thiol group is capable of donating
an electron or conjoining with the
oxyradical. It has been clearly documented
that a correlation between factors such as
oxidative stress, radiation, poor diet, the
buildup of free radicals, and the depletion
of glutathione exists.*® Higher levels of
radiation lead to a reduction in glutathione
levels. This is well thought to be because
of the production of reactive oxygen
and nitrogen species produced by the short
-lived ionizing radiation, which is then
neutralized by the reduced glutathione
(GSH) producing glutathione in its oxidized
(GSSG) state. The depletion of glutathione
can cause a cascade of events, including
phospholipase-A2 dependent release of
arachidonic acid. Arachidonic acid, being
a polyunsaturated omega-6 fatty acid,
stimulates thrombocytes to produce
malondialdehyde.?

Conclusion

We concluded that long term accidental or
work-related exposure to X-rays does not
have a notable effect on the WBC, RBC,
platelet, or the MDA levels, thereby further
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verifying previous results that were
obtained. Thus, it can be postulated from
these results that the level of exposure
that X-ray technicians experience is
not significant enough to affect the
hematopoietic levels, or the effect is not
notable enough. An interesting note can
be drawn from the results regarding the
oxidative stress that X-rays have on the
human body. According to our results, the
test subjects had a significant decrease in
reduced glutathione levels within the
plasma, signifying oxidative stress within
the body. Qualified radiographers are
expected to be wearing protective clothing
during certain procedures. In developing
countries, healthcare professionals may not
even be wearing the protective gear
needed to protect against radiation
poisoning. In the future, it would be thought
provoking to see experiments being
performed where a possible correlation
between glutathione (total, oxidized, and
reduced, separately) and MDA levels can
be drawn. It may also be beneficial to
monitor the indicator Gamma glutamyl
transferase since up-regulation of GGT
occurs in glutathione deficiency in tissue
cells.
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