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ABSTRACT

Aim: Cancer is one of the most cause of deaths in worldwide. 6-mercaptopurine (6-MP) is successfully to treat
leukemia. In recent years, 6-MP has remarkable properties for treating solid tumors. The aim of this study is
to radiolabel 6-MP with [*™Tc]Tc under appropriate conditions to develop tumor scintigraphic agent.
Methods: In this work, 6-MP was radiolabeled using [**™Tc¢]Tc radionuclide, and quality control experiment
of [*™T¢c]Tc-6-MP were assessed via radioactive thin layer chromatography (RTLC). Also, the effect of critical
parameters affecting the radiolabeling efficiency (reducing and antioxidant agent, incubation time, pH value,
radiation dose) was evaluated. Then, the stability and lipophilicity tests of [*™Tc]Tc-6-MP was performed.
Results: According to the results, [**™Tc]Tc-6-MP was prepared with over 93% labeling efficiency by a novel,
easy, and quick direct method with 15-min incubation time at pH 7. To achieve the best radiolabeling
condition; 0.5 mg.mL* of 6-MP solution, 250 pg of stannous tartrate (reducing agent), 0.050 mg ascorbic acid
(antioxidant agent), and 37 MBq [*™Tc]Tc was used. The RTLC studies indicated that [*®™Tc]Tc-6-MP is
stable up to 6-h in room temperature. The logP of the [**"Tc]Tc-6-MP were found to be -0.021 + -0.001.
Conclusions: The obtained results showed that radiolabeled 6-MP may be a promising tumor diagnostic agent.
Further studies are in progress in order to evaluate tumor cell binding capacity and biodistribution of the
complex in experimental animals.
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data at the cellular and molecular level.
Abnormalities are frequently detected at very
early stages by nuclear imaging techniques [4].
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Introduction changes O(_:ler' S ]
In scintigraphic imaging studies, the

Cancer has long been one of the world's top
causes of death [1,2]. Detection and effective
treatment of cancer at early levels significantly
reduces the cost and duration of treatment, and
the risk of mortality and morbidity [3]. Nuclear
medicine imaging offers non-invasive functional

appropriate radionuclide is bound with the
pharmaceutical part, and the radiation emitted by
the radionuclide is imaged with a gamma camera
following application [5]. The scintigraphic
images obtained with the camera that records the
gamma rays emitted from the given radioactive
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compound provide information about the
functions and anatomy of the systems in the
body. These tests are widely used in the world,
because they are safe and non-invasive [6-8].

Radioactive and pharmaceutical components
are combined in radiopharmaceuticals for
diagnosis or treatment of a disease [9]. When
choosing a suitable radionuclide for
radiolabeling experiments, it is considered to
radiation dose, cost, and availability. Ideal
characteristics of [*™Tc]Tc include its 140 KeV
pure gamma photon emission, 6-h physical half-
life, low price, and ease of supply. These features
makes [®MTc]Tc the most frequently used
radionuclide in nuclear medicine [10].

6-mercaptopurine (6-MP) known as a purine
analogue is used successfully to treat cancer,
particularly leukemia [11]. Because of its
excellent coordination properties resulting from
its nitrogen and sulfur donor sites, which can be
bound at N-1, N-3, N-7, and N-9, 6-MP has
recently received a lot of attention as an
antineoplastic drug. 6-MP also possesses
chemotherapeutic properties. The capacity of 6-
MP to convert the nitrogen donor sites into the
corresponding ribosides is thought to be the basis
for its activity in cancer cells [12,13]. Dorniani et
al. [14] developed 6-MP-coated magnetite
nanoparticles which can be as an alternative drug
delivery system for breast cancer treatment [14].
Also, Nezhad-Mokhtari et al. [15] designed
polymeric nanogels including 6-MP and
methotrexate for treatment of breast cancer.
These smart nanogels found as effective cancer
therapy agent [15]. The aim of this study is to
develop a novel radiopharmaceutical to detected
for tumor. For this aim, 6-MP was labeled with
[*®™Tc]Tc by appropriate conditions. Labeling
efficiency and in vitro stability of [**™Tc]Tc-6-
MP were investigated via radioactive thin layer
chromatography (RTLC) studies in the
framework of pre-study.
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Materials and metods

Materials:  Aspen (Feucht, Germany)
provided 6-MP. Merck (Germany) provided
stannous chloride, stannous tartrate, and ascorbic
acid. The [®Mo]Mo/[*™Tc]Tc generator yielded
[*®"Tc]NaTcOs (Nuclear Medicine Department
of Ege University, Tirkiye). All solvents used
were of analytical grade and obtained from
Merck (Germany).

Radiolabeling of [*®™Tc¢]Tc-6-MP: To
determine the optimum labeling procedures,
[*®°"Tc]Tc-6-MP was evaluated in different types
and quantities of reducing and antioxidant
agents. Also, the effect of pH value, incubation
time, radiation dose, in vitro stability in 0.9%
sodium chloride solution (SF) on radiochemical
purity (RP), and partition coefficient value were
investigated. RP was measured with the help of
RTLC analysis [16,17].

Effect of reducing agent type and amount on
radiolabeling of [*®™Tc]Tc-6-MP: Stannous
salts (chloride and tartrate) were used as reducing
agent, individually. Firstly, 6-MP (0.5 mg) was
dissolved in SF solution (1 mL). Then, stannous
chloride was added to the system. The reduction
of [®MTc]Tc occurred at an acidic pH (1 mg
stannous chloride dissolved in 1 mL 0.01 N HCI)
with different concentration of stannous chloride
(10, 25, 50, 100 and 250 pg.uL™?). Radiolabeling
of 6-MP was performed with 37 MBq of
[*®"Tc]Tc in SF (0.1 mL) and the system was
incubated for 15-min.

In radiolabeling studies, stannous tartrate was
also used as a reducing agent. Briefly, 6-MP (0.5
mg) was dissolved in SF (1 mL). Then, 10, 25,
50, 100 and 250 pg.uL? stannous tartrate (1 mg
stannous tartrate diluted in 1 mL 0.01 N HCI) and
37 MBq [*®"Tc]Tc was added to the solution.
Prior to radiochemical analysis, the radiolabeled
complexes were allowed to remain for 15-min
incubation time.
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Effect of antioxidant agent on radiolabeling
of [*MTc]Tc-6-MP: Radiolabeling tests were
conducted in the absence and presence of an
antioxidant agent to assess the influence of the
antioxidant agent on the radiolabeling efficiency
and stability of [*™Tc]Tc-6-MP. The antioxidant
agent was ascorbic acid, while the reducing agent
was stannous tartrate. In brief, 6-MP (0.5 mg)
was dissolved in SF (1 mL). Each solution
received 50, 100 and 250 pg of stannous tartrate.
Radiolabeling was performed in the absence and
presence of ascorbic acid (0.025 and 0.050 mg,
respectively). Freshly eluted 37 MBq [*™Tc]Tc
was added to system, and the vials were
incubated for 15-min. RTLC was used to
determine the labeling efficiency.

Effect of pH on radiolabeling of [**™Tc]Tc-
6-MP: The effect of pH value on [**™Tc]Tc-6-
MP labeling efficiency was investigated for pH
2.0 to 9.0. For this purpose, the pH value of
[*°MTc]Tc-6-MP was adjusted to 2.0, 7.0 and 9.0
after labeling using 0.1 N HCl and 0.01 N NaOH
solutions. Then, the labeling stability of the
compounds which have different pH value was
evaluated every hour.

Effect of incubation time on radiolabeling of
[*°™Tc]Tc-6-MP: In order to evaluate the effect
of time upon the stability of radiolabeling, the
RTLC studies were performed in varied times: 5,
15, 30, 45- and 60-min after post-labeling.

Effect of dose amount on radiolabeling of
[*°™Tc]Tc-6-MP: The radiolabeling assay has
been performed at: 37, 185 and 370 MBq for the
effect of the amount of [**™Tc]Tc on the
radiolabeling.

In vitro stability of [**™Tc¢]Tc-6-MP: For in
vitro stability, [*®™Tc]Tc-6-MP (0.1 mL) reaction
media was added to SF (0.4 mL). The mixture
was incubated for 6-h at room temperature and
RTLC assays were performed every hour up to

6-h.
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Quality control of [*™Tc]Tc-6-MP: As
stationary phases, Whatman 3MM plates and
ITLC-SG papers were chosen. Whatman 3MM
plates were used as the stationary phase and
acetone (100%) as the mobile phase to measure
free-[®"Tc]Tc. ITLC-SG papers developed in a
Acetonitrile/ Water/Trifluoroacetic acid
(ACN/WITFA; 50/25/1.5) solvent mixture was
used to evaluate Reduced/Hydrolized (R/H)-
[®"Tc]Tc. The radioactivity on plates was
assessed using a TLC scanner (Bioscan AR
2000) after chromatographic separation, and the
RP (%) of [®™Tc]Tc was estimated using the
following equation (Eqg. 1) [18,19]:

RP (%) = 100 — (Free-[*™Tc]Tc (%) + R/H-
[**™Tc]Tc (%)) (Eq.1)

Partition coefficient study of [**™Tc]Tc-6-
MP: For partition coefficient study of [*MTc] Tc-
6-MP, n-octanol and PBS (pH: 7) were used. In
a centrifuge eppendorf, n-octanol (300 uL), PBS
(pH: 7; 300 uL) and [*™T¢]Tc-6-MP (150 pL)
were added, mixed for 1-min, then centrifuged at
1420 x g for 30-min. The mixture underwent
centrifugation and split into two stages. A total of
100 uL of lower and upper phase activity were
counted using a gamma counter. The following
equation was used to obtain the logP value of
[*®°"Tc]Tc-6-MP (Eq. 2) [20]:
logP = log (n-octanol phase/PBS phase) (Eq.2)

Statistical analysis: Using Microsoft Excel,
the means and standard deviations were
computed. The statistical significance was
assessed using the t test. Differences that were
significant at the 95% level of confidence
(p>0.05) were noted.

Results and Discussion

Cancer is the leading cause of death
worldwide. According to 2020 data, a total of
19.3 million new cancer cases developed in the
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world, and 10.0 million people died due to cancer
[2]. Cancer can be defined simply as
uncontrolled cell proliferation.  Although
uncontrolled proliferation is the main feature, the
cancer cell also has other biological
characteristics. These include avoiding contact
inhibition in cell cultures, not requiring external
stimuli to divide, insensitivity to proliferation
suppressive  signals, avoiding  apoptosis,
stimulating angiogenesis and  metastasis.
Although there are many different types of
cancer, they all start with the out-of-control
proliferation of abnormal cells. If left untreated,
it can cause serious illness and even death
[21,22].

Anatomical imaging techniques are not
sufficient for imaging in the initial stage of
cancer, as they rely on morphological changes.
Since scintigraphic imaging is a non-invasive
imaging technique based on the detection of
physiological changes, it allows diagnosis at an
early stage [23,24]. With nuclear medicine
imaging techniques, both the diagnosis of the
disease and its prevalence, and in other words, at
what stage is determined [25].

Radiolabeling of [®™Tc]Tc-6-MP: In this
study, a new, simple, quick, and efficient direct
labeling approach for [**™Tc]Tc-6-MP was
developed. The RTLC tests were used to evaluate
the RP of the radiolabeled compound.

In the past years, 6-MP was radiolabeled with
different radionuclides. 6-MP was labeled with
[**C]C and [*S]S by Adamson et al. [26] and
[(’Ga]Ga by Guarino et al. [27] for different
purposes. Hunt et al. [28] radiolabeled 6-MP
with [®MTc]Tc for cholescintigraphy. According
to the study, the [*®™Tc]Tc-6-MP was cleared
rapidly from the blood and concentrated in the
bile. So, the researchers concluded that this
finding prompted further assessment of the
compound as a radiopharmaceutical for
cholescintigraphy [28].

In this study, we performed radiolabeling and
quality control studies with [*°™Tc]Tc for the
usability of 6-MP as tumor diagnostic agent
without long labeling process, heating, boiling,
and purification.

Effect of reducing agent type and amount on
radiolabeling of [®*™Tc]Tc-6-MP: In the +7
oxidation level, [**™Tc]Tc was eluted from the
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Figure 1. Radiochemical purity of [**™Tc]Tc-6-MP with different amounts of stannous chloride.
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Figure 2. Radiochemical purity of [**™Tc]Tc-6-MP with different amounts of stannous tartrate.

[*®*Mo]Mo/[*"Tc]Tc generator. When added
directly, [*®®™Tc]Tc cannot be labeled with any
component. To form compounds with the ligand
and produce the radiopharmaceutical, [*°™Tc]Tc
must be lowered to +4/+5 oxidation levels prior
to radiolabeling. The researchers have used a
variety of reduction agents for this purpose,
including stannous chloride, stannous tartrate,
sulphonic acid, sodium dithionite, sodium
borohydride, formamidine, hydrohalic acids, and
others. Stannous salts are frequently used as a
reductant within them due to its non-toxic and
stable characteristics [9,29].

Labeling tests were carried out with the
identical concentrations of active component (6-
MP), reducing agent (stannous chloride or
stannous tartrate), and radionuclide ([*™Tc]Tc)
in order to analyze the influence of reducing
agent type and amount on RP. Two formulation
groups were formed. The first group uses
stannous chloride as a reducing agent, while the
second uses stannous tartrate. Figure 1 and
Figure 2 show comparative findings for both
formulations.

As seen in Figure 1, in all added amounts of
stannous chloride, the RP could not exceed 90%.
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The RP of a radiopharmaceutical should be >
90% to have high image quality and not retain
radiochemical impurities in non-target tissues
[30].

As seen in Figure 2, the RP of [®"Tc]Tc-6-
MP increased above 90% with the addition of
increasing amounts of stannous tartrate to the
radiolabeled complex. According to the results, it
was selected formulations prepared with 50-250
pg stannous tartrate for further studies. Also, it is
crucial to note that using more reducing agent
than necessary when radiolabeling [*®°™Tc]Tc to
create [*™Tc]Tc complexes is highly advised
[31].

Effect of antioxidant agent on radiolabeling
of [**™Tc]Tc-6-MP: Auto radiolysis may occur
during the produce and storage of [*°™Tc]Tc
radiopharmaceuticals as a result of the water's
natural degradation by ionizing radiation [32].
The RP of radiopharmaceuticals is reduced by
this decomposition. As a result, using a stabilizer
to decrease auto radiolysis is critical.
Antioxidants including p-aminobenzoic acid,
ascorbic acid, and gentisic acid are frequently
used as radiolytic stabilizers [33]. In this study,
we used ascorbic acid as antioxidant.
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To determine the effect of antioxidant agent acid was added to the formulations prepared by
adding 50-250 pg of stannous tartrate. The
amount on RP, 0.025 mg and 0.050 mg ascorbic  results were shown in Table 1-3.

Table 1. The radiochemical purity of [®*™Tc]Tc-6-MP including 50 pg stannous tartrate in the absence and
presence of antioxidant agent.

Radiochemical purity (%)
Time (hour) Absence of ascorbic Ascorbic acid (mg)
acid 0.025 mg 0.050 mg

0.25 87.76 = 1.38 89.42 £2.56 89.61 £ 1.46
1 90.41 £2.39 90.35+ 1.44 91.88+2.33
2 91.53+1.56 89.61 +2.09 91.17 £ 2.04
3 90.85+1.07 92.51+2.16 88.45+1.56
4 92.10+£2.72 90.46 + 1.38 90.36 +£1.48
5 90.56 + 1.67 91.25+1.05 91.06 + 3.64
6 94.45 £2.55 91.36 +2.34 90.37 +£2.02

Table 2. The radiochemical purity of [®*™Tc]Tc-6-MP including 100 pg stannous tartrate in the absence and

presence of antioxidant agent.

Radiochemical purity (%0)
Time (hour) Absence of ascorbic Ascorbic acid (mg)
acid 0.025 mg 0.050 mg

0.25 87.32+1.46 89.27+1.02 90.05+1.24
1 91.59+2.58 92.31+1.88 91.69+1.03
2 90.16 £1.33 89.20+1.20 92.48 £ 2.55
3 90.36 £ 2.05 92.50+2.43 91.80 + 1.87
4 93.26 +£3.45 93.53+3.14 92.14 £2.40
5 93.19+£2.97 92.34 £2.47 93.65 +3.54
6 92.62 £2.15 92.06 + 1.65 92.70 +£1.30

Table 3. The radiochemical purity of [®™Tc]Tc-6-MP including 250 pg stannous tartrate in the absence and

presence of antioxidant agent.

Radiochemical purity (%)
Time (hour) Absence of ascorbic Ascorbic acid (mg)
acid 0.025 mg 0.050 mg

0.25 90.37 £2.06 90.69 £ 0.86 93.45+2.14
1 93.12+£2.74 91.43 +1.38 94.09 + 2.98
2 91.23+£1.95 92.76 £ 1.47 94,90 + 1.83
3 93.72 +1.87 92.94+2.30 95.29 +2.07
4 9291 +2.14 93.25+2.76 97.48 £3.25
5 92.45+1.65 92.37+2.49 96.75 +2.68
6 93.94 +2.43 93.86 + 3.63 96.03 £1.84
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Figure 3. Effect of pH on radiochemical purity of [*°™Tc]Tc-6-MP.

According to Table 3, maximum labeling
efficiency (>93%) was obtained with 250 ng
stannous tartrate, 0.050 mg ascorbic acid
included informulation and did not alter much
after 6 h at room temperature (p>0.05).

Effect of pH on radiolabeling of [*MTc]Tc-
6-MP: Although blood has a high buffering
capacity and radiopharmaceuticals are small-
volume preparations, the ideal pH for these
substances is 7.4. However, pH values can
potentially range from 2 to 9. This is because
blood has such a great buffering capacity [18].
The impact of pH on labeling effectiveness was
therefore examined for pH 2 to 9. In this
experiment, the pH of the reaction medium
played a significant role (Figure 3).

While keeping the other reaction parameters
constant, substantial changes in labeling
effectiveness were detected when the pH of the
reaction was altered from 2 to 9. The pH of
[*°™Tc] Tc-6-MP was shown to be optimum at 7.0
and [®*™Tc]Tc-6-MP was found stable up to 6-h
(p>0.05).

Effect of incubation time on radiolabeling of
[°™Tc]Tc-6-MP:  The incubation time of
[*°™Tc]Tc-6-MP was determined how long after

51

preparation the radiopharmaceutical was suitable
for use in nuclear medicine. According to the
obtained result which was shown in Table 4, the
labeling efficiency of [*™Tc]Tc-6-MP was
above 90% in 5-min after labeling. The ideal
radiolabeling efficiency (>93%) was observed
after a 15-min incubation period, whereas
incubation for longer periods did not result in
significant changes (p<0.05).

Table 4. Effect of incubation time on radiochemical
purity of [®™Tc]Tc-6-MP.

Time (min) Radiochemical purity (%)
5 90.52 +£1.36
15 93.45+2.14
30 93.53+£3.52
45 93.86 £2.10
60 94.09 £2.98

Effect of dose amount on radiolabeling of
[*°MTc]Tc-6-MP:  The labeling studies of
[*®°"Tc]Tc-6-MP were carried out with 37 MBq
of [*®™Tc]Tc in order to ensure the radiation
safety of the staff and the surrounding region.
Because  radiopharmaceutical  research on
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Figure 4. Effect of radiation dose on radiochemical purity of [*™Tc]Tc-6-MP.

humans necessitates greater radiation doses, the
RP of [®™T¢]Tc-6-MP was also examined at 185
and 370 MBq radiation doses in addition to the
37 MBq radiation dosage and the results were
given in Figure 4.

As a result of increasing the amount of
radioactivity 10-folds, the RP value was found
over 88%. As shown in Figure 4, with increased
the radioactivity amount, there was a slight
decrease in RP (p>0.05). Molar activity (Am) and
specific activity (As) are crucial properties for the
development of novel radiopharmaceuticals [34].
The findings support  [*°™Tc]Tc-6-MP's
suitability as a radiopharmaceutical in nuclear
medicine.

In vitro stability of [**™Tc]Tc-6-MP: The in
vitro stability of new radiopharmaceuticals is one
of their major limitations. Thus, [®*"Tc]Tc-6-MP
was incubated in SF in order to evaluate the
complex stability. The results showed that
[*MTc]Tc-6-MP was highly stable and RP was
found >90% for 6-h in SF (p>0.05) (Figure 5).

Quiality control of [**™Tc¢]Tc-6-MP: High-
performance liquid chromatography, RTLC,
and/or gas chromatography can be utilized for the
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quality control of radiopharmaceutical [35]. In
order to examine the RP of [*®"Tc]Tc-6-MP,
RTLC approach was employed in this study
because it is quickly and safely. To identify and
measure the levels of radioactive impurities,
selected mobile phases and stationary phases
were given in Table 5.
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Figure 5. The stability of [®™Tc]Tc-6-MP in saline
up to 6 hours.

Using selected mobile and stationary phases, the
RTLC chromatogram of [**™Tc]Tc-6-MP was
presented in Figure 6. Under optimized
conditions, the RP of [**™Tc]Tc-6-MP was over
90%.
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Table 5. Rf values of [**™Tc]Tc-6-MP in selected mobile and stationary phases.

Whatman 3MM ITLC-SG
Acetone (100%) Acetonitrile/ Water/Trifluoroacetic acid (50/25/1.5)
Free-[*MTc]Tc 0.9-1.0 0.9-1.0
R/H-[*MTc]Tc 0.0-0.1 0.0-0.1
[*"Tc]Tc-6-MP 0.0-0.1 0.9-1.0
SOCO,.' ------------------- 150:1 AV~AA»A~‘A~~»AA~A~—-A--
a000 | : ,
1] e ] -
500
0 L
0 _— = il o

Figure 6. RTLC chromatogram of [*"Tc]Tc-6-MP in different mobile phases: A: Acetone, B:

CN/WI/TFA (50/25/1.5).

Partition coefficient study of [**™Tc¢]Tc-6-MP:
The distribution of a molecule in the aqueous and
organic phases at equilibrium is known as the n-
octanol/PBS partition coefficient (logP), which
gives important data for the in vivo behavior of
the drug in drug development studies [20]. A
gamma counter was used to detect the logP of the
[*MTc]Tc-6-MP in this study. The logP of the
[*°"Tc]Tc-6-MP were found to be -0.021 + -
0.001. According to result, the radiolabeled
molecule has slightly polar properties (logP<1).

Conclusions

In this study, we showed that 6-MP can be
radiolabeled with [**™Tc]Tc with a high labeling
efficiency (>90%) via RTLC technique. The
produced complex was highly stable, with
labeling efficiency continuing up to 6-h. With
250 ng stannous tartrate, 0.050 mg ascorbic acid,

and 37 MBqg [®™Tc]NaTcOs4 containing
formulations at pH 7.0 at room temperature, the
highest RP was achieved. Also, further studies
with [ Tc]Tc-6-MP are in progress in order to
evaluate tumor cell binding capacity,
biodistribution and imaging of the complex in
experimental animals.
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