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Induction of oxidative/nitrosative stress following
Tc-99m pertechnetate thyroid scintigraphy in
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Objective: Oxidative/nitrosative stress may be triggered by various sources,
and ionizing radiation may also initiate oxidative/nitrosative stress. ORCID IDs of the authors:
This is the first study; we aimed to investigate the induction of oxidative E.S. 0000-0003-3183-4625
and nitrosative stress due to ionizing radiation in patients undergoing Tc- E.B.K. 0000-0002-6653-4801
99m pertechnetate thyroid scintigraphy.
Method: Totally 26 patients (16 female,10 male) undergoing Tc-99m
pertechnetate thyroid scintigraphy were included in this study. The patients
were aged between 20 and 50 years (58.0£16.3 years). The blood samples
were taken from patients 20 minutes after intravenous injection of Tc-
99m pertechnetate in the dose used clinically (5 miliCurie) before the
patients were taken to the thyroid imaging. Control group was selected from
30 healthy subjects (15 female,15 male). The control group was aged
between 17 and 72 years (57.0+14.0 years). The blood samples were taken
both patients and control group for measuring antioxidant enzymes (catalase
and superoxide dismutase), malondialdehyde, nitric oxide, and nitrotyrosine
as oxidative/nitrosative stress biomarkers.
Results: In this study, we found that activities of antioxidant enzymes
increased in patients compared to control (p<0.05). Further,
malondialdehyde levels as an indicator of oxidative stress were higher in
patients than control group (p<0.05).The levels of nitric oxide and
nitrotyrosine as nitrosative stress biomarkers also increased in patients
compared to control groups (p<0.05).
Conclusions: We thought that Tc-99m pertechnetate might cause an
increase in reactive oxygen and nitrogen species and may cause
oxidative/nitrosative damage at the cellular level. Our results indicated that
the dose of Tc-99m pertechnetate given in these patients undergoing thyroid
scintigraphy could be tolerable.
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thyroid scintigraphy
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INTRODUCTION

Nuclear medicine is a multidisciplinary science
branch in which radioactive substances are used in
the diagnosis and treatment of diseases. The
thyroid gland is an endocrine gland which is
located in front of the neck. It is consist of the right
lobe, left lobe and isthmus. The pyramidal lobe is
seen at some people. The correct diagnosis is
essential for the treatment of thyroid gland
diseases. Thyroid scintigraphy is a nuclear
medicine imaging method which is used for the
diagnosis of thyroid gland diseases'?.

In the respiration phase cells, a small amount of
oxygen consumed is reduced, and this can lead to a
production of highly chemical entities, called
reactive oxygen and nitrogen species (ROS and
RNS) that has been reported to have a dual role
which brings beneficial and deleterious effects’. It
was stated that in biological systems, the cellular
functions focus on redox reaction which consists of
oxidation or reduction of prooxidant and
antioxidants. Oxygen-derived free radicals are the
most reactive ROS and RNS which are
electrochemically imbalance and quickly react
with cells. If the balance of redox reaction is
distorted, oxidative/nitrosative stress may occur,
and lead to various pathological conditions®”.
lonizing radiation may lead to ROS and RNS
formation and results in damage either directly on
the cells or indirectly affecting cellular DNAS.
Linear Energy Transfer (LET) radiation may cause
the generation of ROS and RNS that interact with
biological molecules and producing toxic-free
radicals’. The final product of peroxidation is
malondialdehyde (MDA), major aldehyde product
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that is mutagenic in cells and could be assessed to
evaluate  tissue  injury.  lonizing-induced
oxidative/nitrosative stress may increase MDA,
subsequently being an interest for researchers.
Human has defense mechanisms such as
superoxide dismutase (SOD) and catalase (CAT)
antioxidant enzymes against oxidative/nitrosative
stress. SOD catalyzes the dismutation of the highly
reactive superoxide anion to O2 and hydrogen
peroxide (H202). In human, there are three forms
of SOD; cytosolic SOD  (CuZnSOD),
mitochondrial SOD (MnSOD) and extracellular
SOD. Cu/Zn-SOD is believed to play a significant
role in the first line of the antioxidant defense
system, and high SOD activities are correlated with
high immune competence®. CAT is an enzyme
virtually found in all aerobic cells that under certain
conditions can play a critical role in detoxifying
H202; in tissues and is mainly localized in
peroxisomes, but it may also be found in an
unbound form in the cytoplasm’. Nitrotyrosine (3-
NTx) is a product of tyrosine nitration mediated by
ROS such as peroxynitrite anion and nitrogen
dioxide. 3-NTx is identified as an indicator or
marker of nitrosative damage, inflammation as
well as NO (nitric oxide) production. NO and NO-
dependent oxidants, such as peroxynitrite, are
believed to play a role in the pathogenesis of
various inflammatory diseases'”.

To our knowledge, there is no study on Tc-99m
pertechnetate (Tc-99m O4) on both oxidative and
nitrosative stress in human. So, we aimed to
investigate the oxidative and nitrosative stress due
to ionizing radiation in patients undergoing Tc-
99m O4 thyroid scintigraphy.



MATERIAL AND METHODS
Ethics

The study procedures were approved with the
number 2016/12-09 by the local ethics committee.
Prior to the initiation of the study, each subject was
informed about the aim of the study and signed an
informed consent form. The data collection of the
study was performed over 6 months, June 2016 to
November 2016.

Study Population

Patients (n= 26), (16 female,10 male) who were
referred to the Department of Nuclear Medicine
from various clinic departments for Tc-99m O4
thyroid scintigraphy were selected as the patient
group. The patients were aged between 20 and 50
years (58.0+£16.3 years). Informed consent forms
were given all patients. The blood samples were
taken from patients 20 minutes after intravenous
injection of Tc-99m O4 in dose used clinically, 5
miliCurie (mCi)/patient, before the patients were
taken to the thyroid imaging. Control group was
selected from 30 healthy subjects (15 female, 15
male). The control group was aged between 17 and
72 years (57.0+£14.0).

Oxidative/Nitrosative  Stress Biomarkers’s
Measurements

The blood samples were taken from 26 patients and
30 control individuals. Samples were centrifuged at
3000 g for 10 minutes at room temperature. Plasma
was separated, and buffy coat was discarded by
aspiration. Erythrocytes were washed 4 times with
cold physiological saline and stored at — 70 °© C
until analysis. The CAT activity in erythrocyte was
measured in samples by method applied by
Beutler''. The decomposition of the substrate
H202 was monitored spectrophotometrically at
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240 nm. The activity of CAT was expressed as U/g
Hb. The SOD activities in erythrocyte were
estimated by the use of the method described by
Fridovich'2. The SOD activity was expressed as
U/g Hb. Lipid peroxidation level in the plasma
samples was shown in MDA. Measurement was
based on the method of Ohkawa'’. MDA levels
were expressed as nmol/mL. NO concentration in
plasma samples was measured using the Griess
reaction'®. NO levels were expressed as p mol/L.
Also, 3-NTx levels in plasma samples were
determined with a “sandwich” enzyme-linked
immunosorbent assay kit (Bioxytech
Nitrotyrosine-EIA; Oxis-Research, Portland, OR)
according to the manufacturers’ protocol. Then, 3-
NTx levels were given as nmol/L.

Statistical Analysis

Statistical analysis was carried out using SPSS 15.0
for =~ Windows  statistical  software.  The
conformability of the quantitative data to the
normal distribution was examined by the
Kolmogorov—Smirnov test. The Mann—Whitney
U-test was used to compare mean values for all
parameters between patients and control groups. p
< 0.05 was considered statistically significant.

RESULTS

The activities of antioxidant enzymes (CAT, SOD)
were increased in the patients' group compared to
the control group (p<0.05) as shown in Figure la,
1b. CAT and SOD activities were increased about
1.5 and 1.6-fold, respectively. Furthermore, MDA
levels were increased about two-fold as shown in
Figure 1c, and 3NTx levels were about three times
as shown in Figure 2a,2b, due to Tc-99m O4
induced oxidative/nitrosative damage in the patient

group.
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Figure 1: The activities of catalase (CAT) (a), superoxide dismutase (SOD) (b) and malondialdehyde (MDA)
(c) levels as oxidative stress biomarkers in patients and control group.
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Figure 2: The activities of nitric oxide (NO) (a), nitrotyrosine (3-NTx) (b) levels as nitrosative stress
biomarkers in patients and control group.

DISCUSSION

lonizing radiation is classified as a potent

to thyroid cells via sodium-iodide symporter (NIS)
and uses trapping and organification mechanism.

carcinogen which causes several effects depending
on exposure and absorption dose, duration of
exposure, and interval after exposure and
susceptibility of tissues to ionizing radiation'.
Thyroid scintigraphy has a vital role in the
diagnosis of thyroid gland diseases. Various
radioactive substances such as radioiodine-131
(1311), radioiodine-123 (1231), and Tc-99m O4 are
used for thyroid scintigraphy. 1311 and 1231 taken

Tc-99m O4 is taken up in cells in the thyroid gland,
but it doesn’t enter the organification process such
as radioactive iodine. The radiation dose which is
given to the patient with Tc-99m O4 is lower than
the radioactive iodine. Due to the weak radiation
dose, Tc-99m O4 is preferred. Tc-99m O4 is a
radionuclide which is reliable, easily accessible,
widely used in clinical nuclear medicine
applications'®%,



Induction of oxidative and nitrosative stress
pathways is the critical phenomenon for various
diseases:  intracellular  inflammation,  with
increased production of nuclear factor kappa beta
(NFkappabeta), cyclo-oxygenase-2 (COX-2) and
inducible NO synthase (iNOS); and damage caused
by oxidative and nitrosative stress to membrane
fatty acids and functional proteins. These oxidative
and nitrosative stress pathways are induced by a
number of trigger factors, for example,
psychological stress, strenuous exercise, viral
infections, radiation, etc. Shahin et al. reported that
the effect of short and long-term low-level
microwave (MW) radiation exposure on
hippocampus in mice. They found that exposure to
MW radiation causes increased free radical load
and it stimulates cellular oxidative/nitrosative
stress, reduce the antioxidant defense system in
hippocampus. It caused p53-
dependent/independent activation of hippocampal
neuronal and nonneuronal apoptosis through the
oxidative damage of cellular components such as
proteins, lipids, and nucleic acids. It caused spatial
memory loss*. In another study, the protective role
of SODs against ionizing radiation was
investigated in the wild-type and in mutant yeast
strains lacking CuZnSOD, MnSOD or both SODs.
Mutants deleted for SOD genes were more
sensitive to ionizing radiation than wild-type cells.
Activities of antioxidant enzymes, such as CAT,
glutathione reductase, and glucose 6-phosphate
dehydrogenase, were increased in both wild-type
and mutant cells upon exposure to ionizing
radiation. So, both CuZnSOD and MnSOD may
play a central role in protecting cells against
ionizing radiation through the removal of ROS, as
well as in the protection of antioxidant enzymes®.

This is the first study; we found that the activities
of antioxidant enzymes (CAT, SOD) in the blood
of patients were significantly increased compared
to the control group. This may possibly due to low
dose the damaging action of ionizing radiation.
Also, we thought that after Tc-99m O4 thyroid
scintigraphy, cells might increase the antioxidant
response and overcome stress. However, after
serious oxidative damage, if the duration and dose
of Tc-99m 04 for thyroid scintigraphy were
applied as high, cells would be no longer able to
protect themselves, and even antioxidant enzymes
could be degraded.

MDA is the most frequently used biomarker of
oxidative stress in many health problems such as
cancer, psychiatry, chronic obstructive pulmonary
disease, asthma, or cardiovascular diseases™. In
the present study, the level of MDA in patients
showed significant increment compared with the
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control group, and this may indicate the occurrence
of oxidative damage induced by ionizing radiation.
Tc-99m O4 may destruct lipid portion of cells and
leads to high MDA concentration in patients. In our
study, MDA levels were also increased about two-
fold in patients undergoing Tc-99m O4 thyroid
scintigraphy. We thought that increased MDA
levels might cause the induction of oxidative stress.
This is in agreement with previous studies which
stated that lipid peroxidation might disrupt
biological membranes and damaged membrane’s
structure4,5. A study by Van Ginkel and Sevanian
reported that MDA itself has shown to cause
extreme alterations in structural and functional of
layers. Authors reported results of some studies on
oxidative stress the effects of ionizing radiation in
rats®®. For example, in a study whole-body, gamma
irradiation of rats at 8Gy was evaluated. It was
reported that, exposure to ionizing radiation caused
meaningful increase in the levels of MDA,
glutamic  oxaloacetic  transaminase (ALT),
glutamic aspartate transaminase (AST), alkaline
phosphatase  (ALP) and gamma-glutamyl
transferase (GGT) activities and concentration of
total cholesterol (TC), triglyceride (TG) and low-
density lipoprotein cholesterol (LDL-C) , however
caused significant decrease glutathione content
(GSH), SOD, CAT, and GPx activities and high-
density  lipoprotein  cholesterol  (HDL-C)
concentration in rats®.

The free radical gas NO performs many useful
functions when produced in vivo, e.g., by neurons
and endothelial cells. However, excess NO can
exert cytotoxic and cytostatic effects 4,5. Our
results showed that NO level increased in patients
undergoing Tc-99m O4 thyroid scintigraphy.
Although harmful effects of NO might be mediated
by a number of diverse mechanisms, it is
commonly assumed that such actions are mainly
due to the generation of reactive by-products
generated during the oxidative metabolism of NO;
these are collectively termed RNS. One of the
prime suspects commonly implicated in the
adverse or harmful properties of NO is
peroxynitrite, a potent oxidative species formed by
its almost diffusion-limited reaction with
superoxide radicals, which is a product of activated
phagocytes and of endothelial or epithelial cells.
The formation of peroxynitrite seems highly
feasible under conditions of elevated production of
both NO and superoxide radicals in vivo, and its
oxidative and cytotoxic potential is well
documented?’. The formation of 3-NTx is regarded
as a marker of nitrosative stress and is observed in
inflammatory processes under excess production of
NO and oxidants. 3-NTx containing proteins have



been described in different human and animal
diseases. The analyses presented here are highly
indicative of the presence of 3-NTx in serum
samples of patients undergoing Tc-99m O4 thyroid
scintigraphy. Our data provided that NO may be a
mediator of nitrosative damage in serum samples
of patients undergoing Tc-99m pertechnetate
thyroid scintigraphy.

CONCLUSION

Intravenous injection of Tc-99m O4 results in an
increase of both oxidative and nitrosative stress.
Also, antioxidant defense of the patients was higher
compared to healthy subjects possibly due to an
adaptive response to ionizing radiation in the living
cells and thereby protected the cells against
oxidative damage. It shows that living cells can
tolerate ionizing radiation. Concerning the
importance of assessing the induction of
oxidative/nitrosative stress following ionizing
radiation, further research should be done in-depth.
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