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Thiamazole inhibits the synthesis of thyroid hormones and does not inactivate the existing
thyroxine and triiodothyronine circulating in the blood. In this paper, the electrochemical behavior of
thiamazole was monitored by cyclic voltammetry on a glassy carbon electrode in the presence and
absence of sodium pertechnetate (99mTc). The influence of different thiamazole concentrations in the
presence or absence of radiopharmaceutical 99mTc, the effect of the number of scan cycles, and the effect
of 99mTc activity on the appearance of cyclic voltammograms were examined. The results showed an
observed increase in the reduction peak current with an increase in thiamazole concentration. It was found
that the concentration of the tested drug had a significant effect on its redox characteristics. The results
obtained with the application of different sodium pertechnetate concentrations showed the inhibitory
effects of the radiopharmaceutical on the drug in the treatment of thyroid disease.
Keywords: drug; radiopharmaceutical; kinetics; cyclic voltammetry
ВЛИЈАНИЕ НА 99mTc ВРЗ ЕЛЕКТРОХЕМИСКИТЕ СВОЈСТВА
НА ТИАМАЗОЛ IN VITRO
Тиамазол е инхибитор на синтезата на тироидните хормони кој не ги деактивира
присутните хормони тироксин и тријодотиронин кои циркулираат во крвта. Во овој труд се
испитувани електрохемиските својства на тиамазол со примена на циклична волтаметрија на
работна електрода од стаклест јаглерод во присуство и отсуство на натриум пертехнат (99mTc).
Испитувани беа влијанието на концентрацијата на тиамазол во присуство и отсуство на
радиофармацевтскиот препарат 99mTc, влијанието на бројот на волтаметриски циклуси, како и
влијанието на 99mTc врз својствата на цикличните волтамограми. Резултатите покажаа
зголемување на волтаметрискиот пик на редукција со зголемување на концентрацијата на
тиамазол. Забележано е дека концентрацијата на испитуваниот аналит има значително влијание
врз карактеристиките на волтаметрискиот одговор. Резултатите добиени при различни
концентрации на натриум пертехнат покажаа инхибирачки ефект на радиофармацевтскиот
препарат врз медикаментот што се употребува во третман на тироидни заболувања.
Клучни зборови: медикаменти; радиофармацевтски формулации; кинетика; циклична волтаметрија
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1. INTRODUCTION
The thyroid gland is one of the largest
endocrine glands in the human body. Thyroid
hormones are involved in the regulation of both the
basal metabolic state and the oxidative state. High
levels of thyroid hormones stimulate the formation
of free radicals in mitochondria, affecting oxygen
metabolism [1]. Numerous cellular enzymatic
processes in the cytosol, the endoplasmic reticulum,
peroxisomes, and the inner and the outer mitochondrial membranes generate reactive oxygen
species (ROS) [2]. ROS play a significant role in
physiological processes, which can lead to oxidative
damage of various molecules [3] and is a condition
that occurs as a consequence of the disproportionate
effect of thyroid hormones. The most prevalent
cause of hyperthyroidism is autoimmune thyroid
gland disease and TSH-TSH receptor (TSH–thyroid
stimulating hormone) disease [4]. The excess
thyroid hormone in the blood leads to tissue
destruction. The medicine most commonly used for
the treatment of hyperthyroidism is thiamazole [5].
To diagnose the disease and to determine the
condition of the thyroid gland, the vast majority of
people who are prescribed these drugs are subjected
to scintigraphy, a method where radiopharmaceuticals are administered intravenously [6–7].
Scintigraphy allows the localization of
radiopharmaceutical collection sites, and information on the state of the thyroid gland is
obtained with the help of γ-rays [8–9]. The use of
131
I-iodide for thyroid scintigraphy in nuclear
medicine was abolished many years ago due to
high dosimetry and unsatisfactory image quality.
Its use is limited to extremely low doses (below 30
μCi) by some laboratories that insist on obtaining
values using this radiograph or high customized
doses in capsules for differentiating thyroid cancer
and for hyperthyroid therapy. The currently
selected radiopharmaceuticals are 123I-iodide and
99m
Tc-pertechnetate.
The radiopharmaceutical investigated in this
work was 99mTc in the form of a sodium pertechnetate solution, and the tests were performed in
vitro. The redox properties of 99mTc can be
monitored using an electrochemical method
because 99mTc has stable oxidation states in
aqueous solution [10]. 99mTc-pertechnetate was
selected because it is easily accessible and
inexpensive. Also, the maximum intravenous 99mTc
application occurs for 10 to 20 minutes, as opposed
to 131I-iodide, which requires a 24-hour measurement [11]. Cyclic voltammetry is now used as a
technique for studying the redox potential of

different types of drugs. By using this technique, it
is also possible to establish an irreversible
controlled diffusion-reaction by monitoring the
effects of pH, scan rate and concentration [12].
Electrochemical techniques such as cyclic
voltammetry offer high sensitivity, precision, low
cost and accuracy [13]. In previous research,
electrochemical methods were used to determine
the kinetic parameters and behavior of various
drugs in in vitro conditions [14–18]. Voltammetric
determination of thiamazole based on its
electrochemical oxidation at a glassy carbon (GC)
electrode is described in the paper by Xi [19].
2. EXPERIMENTAL
Materials: 99mTc labeled sodium (t1/2 = 6.01
h, A0 = 2 mCi, commercial generator, Sarajevo
General Hospital), KH2PO4 and Na2HPO4 (Fisher
Chemical, Vienna, Austria); thiamazole (Favistan,
Bosnalijek, Sarajevo, BiH). All other compounds
used in this study were commercially available as
reagents with the highest purity.
Method: The instrument used for the
measurements was PAR 263A potentiostat/galvanostat (Princeton Applied Research, Oak Ridge.
TN, USA), using a classical three-electrode
system, where the GC electrode is used as the
working electrode, the reference electrode is a
saturated Ag/AgCl electrode, while a Pt-electrode
is used as the counter electrode. Cyclic voltammetry was used to determine the effect of different
thiamazole concentrations and their redox
characteristics in a default potential range of –1.5
to 0.7 V with a scanning speed of 50 mV/s. The
studies were conducted in the absence and
presence of 99mTc in a phosphate buffer solution
(pH = 7) by measuring the values of peak current
for thiamazole in the area of reduction at a
potential of –0.70 V, into the voltammetric cell,
through which pure nitrogen (oxygen-free) stream
was passed for 10 min before recording the
voltammogram.
3. RESULTS
Figure 1 shows the voltammogram of the
GC electrode in phosphate buffer, and, as shown in
the figure, no interfering peaks were observed in
the blank within the studied potential range. In
relation to this voltammogram, we added different
drug concentrations to the reaction cell. Due to the
strict relation between the characteristics of the
electrodeposited film and electrode response,
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electrodeposition parameters strongly affect the
sensitivity of the modified electrodes.
From cyclic voltammograms, the values of
current peaks at different concentrations
([thiamazole] = 0.0414, 0.0954, 0.2230, and
0.4517 mM) were measured, as seen in Figure 2.
As we know, ideal cyclic voltammograms have
symmetric oxidation and reduction peaks of equal
heights with both peak potentials at the formal
potential of the surface redox reaction [20–22].
Figure 2 shows that the peaks were not
symmetrical, since charge transport through the
thin film of thiamazole at the electrode depends on
the possible physical diffusion of the thiamazole or
on the electron self-exchange reactions between
drug redox centers. As the thiamazole film
increases at the electrode, so does the current rise.

For films that show diffusion-controlled
cyclic voltammograms, the integral under the peak
is not proportional to the surface concentration of
electroactive centers in the film [22]. Oxidation of
sulfhydryl groups in the molecule has the
following mechanism [23]:
RSH  RS– + H+ + e– (RSH is thiamazole)
2RS–  RSSR
The direct electrooxidation of the thiol moiety
(SH) is generally hampered by large anodic
overpotential and, consequently, low peak currents at
bare solid electrodes. The electrochemical oxidation
of thiols can be enhanced remarkably by introducing
various electron mediators, such as pertechnate, into
the surface layer of the modified electrodes [24].

Fig. 1. Cyclic voltammogram of GC electrode in a phosphate buffer

Fig. 2. Cyclic voltammograms for a different concentrations thiamazole:
0.0415 mM (— line); 0.0954 mM (---- line); 0.2230 mM, (..... line)
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In the area of reduction at a potential of
–0.700 V an increase in the current peak was
observed with increasing drug concentration in the
solution.
When the data is presented graphically, a
curve is obtained showing a linear increase of
current with increasing concentration, as shown in
Figure 3. The catalytic effect is attributed to the
appearance of the SH-group at the electrode surface.
These groups have a catalytic effect on electron
transfer mechanisms involving proton transfer.
Linearity occurs in the interval of thiamazole
concentration of 0.0414 to 0.4517 mM and the
current range of 9.85 to 14.2 μA. The electrochemical method obtained a peak current that was
linearly proportional to the methimazole concentration in the range of 7.0–130 μM, as described in the
paper by author Jalali et al. [25]. To determine the
reaction rate constants, the values of the current as a
function of different concentrations of thiamazole,
without and with the addition of the 99mTc solution,
are presented graphically in Figure 3.
In the same figure, it can be observed that the
currents were lower when 99mTc was present in the
solution, which means that, in this case, 99mTc
shows inhibiting effects on the drug. Thiamazole
forms a complex with 99mTc, which usually involves
reducing pertechnetate chemically to some lower
oxidation state, often Tc(IV), and therefore, currents
have a lower value. Such substitutionally inert
radiolanthanide complexes are essential for radioisotope therapy because in vivo dissociation of the
radiolanthanide from the chelate invariably results
in bone and liver uptake [26].

in the anode oxidation field are presented at a
potential of 0.5255 V.
Since the current is directly proportional to
the thickness of the surface film, the deviation of
the curve toward larger or smaller values with the
increase in the number of cycles indicates an
uneven distribution of the drug on the surface of
the electrode. In Figure 4, it can be seen that, by
the diffusion process, the thiamazole layer is
distributed evenly across the surface of the GC
electrode. Combining the fact that identical
numbers of protons and electrons are involved in
the electrode process, we conclude that the
electrochemical reaction of thiamazole at the GC
electrode might be realized through the oxidation
of sulfhydryl groups in the molecule.
An increase in ΔEp occurred with an
increase in scan rate and the number of cycles for
the thiamazole/electrode electroactive film.
When the ideal thin layer results from ΔEp,
the scan speed and the number of cycles can be
used to estimate the electron transfer rate constant.
In nonideal voltammetric films of some redox
drugs, constant separation peaks are observed at
low scan rates [27].
To test the effect of the 99mTc solution on the
thiamazole drug, a 99mTc solution was added at
different time intervals. The initial activity of 99mTc
was 2 mCi. As time elapsed, a decrease in reduction
peaks was observed. The radionuclide activity
decreased with time, which can be seen in the data
in Table 1. The activity was calculated based on the
formula of the decay law: the half-life of 99mTc is 6
hours, so its activity decreased with time.

Fig. 3. Current as a function of drug thiamazole concentration,
with and without the addition of 99mTc solution: () with
99mTc; () without 99mTc

Fig. 4. Dependence of oxidation peak on the number of cycles
on the GC/thiamazole electrode in phosphate buffer

To test whether the drug layer on the surface
of the GC electrode was correctly applied, 30 scan
cycles of the GC/thiamazole electrode in phosphate
buffer were recorded at a scan rate of 50 mV s–1.
The recording showed no deviations in the
appearance of the curve for every cycle, as can be
seen in Figure 4, where the values of the currents

Table 1
Change in radionuclide activity with time
t/h
0
3.00
4.75

A / mCi
2.00
1.41
1.16
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In Figure 5, three voltammograms of
thiamazole in the presence of 99mTc are shown,
where recordings were performed in the potential
range of –1.5 V to 0.7 V at a constant scan rate of
50 mV/s. The concentration of thiamazole was
constant at 0.222 mM. As 99mTc gradually decays
with time, the reduction in the reduction peak is
also proportional, which is in accordance with the
law of radioactive decay. Figure 6 illustrates the
voltammograms of thiamazole in the presence of
99m
Tc, recorded under the same conditions as in the
previous experiments, with the drug concentration
being 0.0414 mM. It was confirmed that, apart
from the drug concentration, the decrease in 99mTc
decreased the reduction peak in the area of
reduction.
The order of redox potential of thiamazole
controls the thermodynamic values of the reaction
between each intermediate state of the components
in the chain. However, electron transfer of nonspecific reactions between different drug components, whose thermodynamic values may be much
higher than those of specific reactions, can also be
achieved. The study of electron transfer from the
surface of the electrode and proteins, has been the
subject of research for the last 20 years. Research
on the three-dimensional structure of different
redox proteins and drugs reveals the different
effects of the mutation of certain amino acids on
the electron transfer rate [28].

Using cyclic voltammetry, we had to consider
the cleanliness of the electrode surface and as little
denaturation of thiamazole as possible for better
electron transfer. The electron transfer in this case
depended on the physical diffusion of thiamazole.
For films showing diffusion control in cyclic
voltammograms, the integral below the peak is not
proportional to the surface concentration of the
electroactive centers in the film since only some of
the drug is being electrolyzed. In Figures 5 and 6,
we can see that the change in potential and the
decrease in activity depended on the physicochemical properties of thiamazole as well as on the ability
of the drug to reach a certain molar concentration in
lipid cells. Two major factors are responsible for the
formation of the molar concentration in lipid cells:
namely, the drug partition coefficient and the lowest
molar concentration of the drug, which must be
present in the extracellular fluid. At the concentrations tested, thiamazole changes its potential by
passing through biological membranes by diffusion
and reaching cells where it exhibits its pharmacological action. The diffusion rate of thiamazole
molecules depends on the concentration gradient, as
shown in Figures 5 and 6. Thiamazole uptake rate
increased with the higher drug concentration of
0.222 mM. Depending on the time of application of
99m
Tc, a thiamazole–99mTc complex is created that
exhibits inhibitory properties and, therefore, lower
current values.

Fig. 5. Cyclic voltammograms for a thiamazole concentration of 0.222 mM, before and after the indicated time as follows:
initial recording (— line); recording after 3 hours (----line); recording after 4 hours and 45 minutes (.....line)
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Fig. 6. Cyclic voltammograms for thiamazole at a constant concentration of 0.0414 mM, before and after the indicated time
as follows: initial recording (— line); recording after 3 hours (----line); recording after 4 hours and 45 minutes (.....line)

4. DISCUSSION
The determination of thiamazole is of great
importance in clinical chemistry and pharmaceutical
formulation analysis. Numerous analytical techniques have been described for the determination of
thiamazole [19]. The redox properties of drugs can
give insights into their metabolic fate, their in vivo
redox processes, or their pharmacological activity
[29]. Transition-metal complexes containing radioactive isotopes have found widespread use as radiopharmaceuticals in diagnostic nuclear medicine.
Thin-layer electrochemical techniques such as
cyclic voltammetry or chronoamperometry have
proven useful for characterizing their redox
properties. These techniques have also been used to
study the redox behavior of technetium complexes
with potential nuclear medicine use as myocardial
imaging agents. The application of 99mTc in
thiamazole solutions under in vitro conditions
caused a decrease in peak current in the reduction
region of the cyclic voltammogram, which is in line
with the work of Kara et al., who examined the
electrochemical modification of DNA with
radioactive iodine and 99mTc-pertechnetate [30].
Also, the reduction in the activity of
radiopharmaceuticals with time influences the
kinetics of the formation of free radicals that are
responsible for cell damage and the occurrence of
hyperthyroidism. Subsequent reoxidation of the
Tc(IV) oxide film to Tc(VII) leads to the
reformation of pertechnetate and/or suspected
formation of technetium oxychloro species on the

carbon electrode surface [31]. Russell, in his
research, found that cathodic reduction of the
pertechnetate wave starts at –0.8 V on the cathodic
sweep and a stripping peak occurs at –0.1 V on the
anodic sweep. The reduction in wave corresponds
to the reduction of pertechnetate and the stripping
peak to the oxidation of an insoluble technetium
species deposited on the electrode surface, possibly
TcO2 [32].
During electrochemical measurement, the
transfer of electrons from the surface of the
electrode to the drug solution was followed by
diffusion and the formation of oxidized and/or
reduced states depending on the applied potential.
The application of appropriate radiopharmaceuticals is required in thyroid cancer, which we
proved by using an in vitro electrochemical
method. The values of the reduction potentials
decreased with increasing concentration of
thiamazole, which also indicates a decrease in the
degree of cell damage in the body and better
control of hyperthyroidism.
5. CONCLUSIONS
Radionuclides, whether applied randomly or
intentionally (during diagnosis), may cause different
effects, both on the biological organism and on the
drugs used for therapeutic purposes. These effects
are most commonly manifested as the formation of
free radicals breaking bonds within molecules in the
body, causing the emergence of new chemical
species, or forming new bonds with body molecules.
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Based on the results presented in this work, it can be
concluded that the rate of the observed chemical
transformations of thiamazole in in vitro conditions
in the presence of the 99mTc solution is lower, which
indicates its inhibitory properties and, consequently,
the prevention of the formation of free radicals. Also,
activity decreased with the time of application of the
99m
Tc solution, which is very important when
monitoring the progression of thyroid cancer or
preventing the onset of hyperthyroidism.
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