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ABSTRACT

Aim: Exendin-4 is a type 2 diabetes antidiabetic drug that is a peptide agonist of the glucagon-like peptide 1
receptor (GLP-1R). Up to date, different exendin-4 compounds have been radiolabeled with many
radioisotopes such as %Ga, 8F, 54Cu and **™Tc¢ for various purposes like study of over expression of GLP-1R
in insulinoma. The purpose of this study is to radiolabel exendin-4 with ®™Tc¢ under appropriate conditions.
Methods: In this study, exendin-4 was labeled with **"Tc, and quality control tests of ®"Tc-exendin-4 were
done using ascending radioactive thin layer chromatography (RTLC). Also, the effects of important parameters
such as the amount of reducing agent, pH value, incubation time, and radiation dose on the labeling efficiency
were investigated. Then, the stability of ®*™Tc-exendin-4 was assessed.

Results: According to the results, *™Tc-exendin-4 was prepared with over 95 percent labeling efficiency by a
novel, easy, and quick direct method with 30-min incubation time at pH 6.6. To achieve the best radiolabeling
condition; 10 pg of exendin-4, 50 pg of stannous chloride (reducing agent) and 37 MBq **™Tc was used. The
RTLC studies indicated that **™Tc-exendin-4 is stable up to 6 h in room temperature.

Conclusion: The obtained results demonstrated that radiolabeled exendin-4 may be a promising agent for
GLP-1R imaging studies. Further studies are in progress in order to evaluate receptor binding capacity and
biodistribution of the complex in experimental animals.
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the kidney [1-4]. Drugs known as GLP-1R
agonists have been developed to treat diabetes
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Introduction

Peptide receptor targeting of cancer cells with
radiopharmaceuticals has recently become a
popular strategy for cancer diagnosis and
therapy. The glucagon-like peptide-1 receptor
(GLP-1R) is a protein located on beta cells in
the pancreas, as well as neurons in the brain,
vagal neurons in the stomach and intestines, and

mellitus using GLP-1R as a target [5]. GLP-1R
agonists with low specific activity and high
renal uptake are the main clinical tracers
available [6].

Exendin-4, a 39-amino-acid peptide isolated in
the venom of the lizard Heloderma suspectum
(Gila monster), is a GLP-1R agonist [7]. It has
been approved for clinical use as an antidiabetic
drug for the treatment of type 2 diabetes by the
Food and Drug Administration, and it has been
found to be safe and effective in people [8]. A
small number of clinical investigations were
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conducted after several exendin-4 derivatives
were radiolabeled with different radionuclides
(MIn, 1231, 18F, 88Gaq, %4Cu, 89Zr and **™Tc) and
analyzed for nuclear imaging [9-20].
Furthermore, some researchers mentioned that
when radiolabeled exendin-4 and its derivatives
are administered to the body, they have
significant levels in the pancreas and kidney
[21,22].

There are radioactive and pharmaceutical
components in radiopharmaceuticals. It is
important considering factors such as the
radiation dose, cost, and availability when
selecting an appropriate radionuclide for
radiolabeling experiments. Technetium-99m
(**™Tc) has recently become the most preferred
radionuclide for labeling research [23]. The use
of ®"Tc¢ may improve image quality and
radiation safety for patients and personnel due
to many procedural advantages related to this
isotope's physical features [24]. Because *MTc
is a radionuclide with monoenergetic gamma
rays of 140 KeV, a half-life of 6 h, and a diverse
chemistry for forming complexes [25].

The purpose of this study is to develop a novel
radiopharmaceutical that can be targeted for
GLP-1R. For this aim, exendin-4 was labeled
with %°™Tc by appropriate conditions. Labeling
efficiency and in vitro stability of %™Tc-
exendin-4 were investigated via radioactive
thin layer chromatography (RTLC) studies in
the framework of pre-study.

Materials and methods
Materials: Astra-Zeneca (Turkey) provided

exendin-4 as a pharmaceutical part of
radiopharmaceutical. Merck  (Germany)
provided stannous chloride, which was

employed as a reducing agent in labeling
experiments. The ®Mo/*®*"Tc generator yielded
9MTcO, (Nuclear Medicine Department of Ege
University). Merck (Germany) provided all of
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the solvents. All of the chemicals and solvents
used were analytical grade and did not require
further purification. A counting device
(Atomlab 100 Dose Calibrator Biodex Medical
Systems) and a TLC scanner (BioScan AR
2000) were used to count radioactive samples.

Radiolabeling studies: Different amounts of
reducing agent, different radioactivity doses,
pH values and incubation times were used to
test the radiolabeling of **"Tc-exendin-4. The
radiochemical purity (RP) of the samples was

measured using radio  thin layer
chromatography (RTLC) [26-28].
Effect of reducing agent amount: The

reducing agent in this experiment was stannous
chloride. 10 pg of exendin-4 was dissolved in 1
mL 0.9 percent sodium chloride solution.
Under the influence of a bubbling nitrogen
environment, reducing agent was added to the
stock solution. **™T¢ was reduced with different
quantities of stannous chloride (25, 50, 75, and
100 pg) at neutral pH (1 mg reducing agent
diluted in 1 mL 0.9 percent sodium chloride
solution). Before the radiochemical analysis, 37
MBq (1 mCi) **™Tc was radiolabeled in 0.1 mL
0.9 percent sodium chloride solution and left to
remain at room temperature during 30 min.
Effect of pH value: The effect of pH value on
®¥MTc-exendin-4 labeling efficiency was
investigated for pH 5.6 to 8.3. For this purpose,
the pH value of ®™Tc-exendin-4 was adjusted
to 5.6, 6.6, 7.4 and 8.3 after labeling using 0.01
N HCI and 0.01 N NaOH solutions. Then, the
labeling stability of the compounds which has
different pH value was evaluated by RTLC
studies every hour.

Effect of incubation time: To determine the
best incubation time of *™Tc-exendin-4, RTLC
experiments were performed to determine the
complex's RP at 5-, 15-, 30-, 45- and 60-min
after labeling.
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Effect of radioactivity doses: In vitro labeling
investigations were carried out with 37 MBq
9MTc because of the radiation safety of the
employees and the environment [29]. Because
higher radiation doses are used in human
experiments with radiopharmaceuticals, the RP
of ¥MTc-exendin-4 was tested with both 37 and
370 MBq radiation doses.

Quality control studies: Quality control of
9mTc-exendin-4 were performed via RTLC
studies. For this purpose, free %°™Tc was
determined using Whatman 3MM
chromatographic papers as the stationary phase
and 100% acetone as the mobile phase. Instant
thin layer chromatography-silica gel coated
plates (ITLC-SG) were used to determine R/H
®MTec  in a  solvent system  of
Acetonitrile/Water/Trifluoroacetic acid
(ACN/WITFA; 50/25/1.5). The radioactivity of
the stationary phases was assessed using a TLC
scanner, and the RP of ®™Tc¢ was estimated
using following equation [30,31]:

RP (percent) = 100 - [Free ®™Tc (percent) +
R/H ®MTc (percent)]

In vitro stability: To test the stability of newly
developed radiopharmaceutical, 0.1 mL of
9MTc-exendin-4 and 0.4 mL of 0.9 percent
sodium chloride solution was mixed [32]. After
that, the mixture was allowed to leave at room
temperature for 6 h. Every hour, RTLC
experiments were used to assess the complex's
labeling stability.

Statistical analysis

The means and standard deviations were
calculated wusing Microsoft Excel. The
statistical significance was determined using
the t test. At the 95 percent confidence level
(p>0.05), differences were determined
significant. Unless otherwise noted, all
experiments were carried out in triplicate. The
mean and standard error of the results are given.
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Results and Discussion

Radiolabeling studies: Our research group
developed a novel, simple, quick, and effective
direct approach for labeling of exendin-4 with
9MT¢. The effect of reducing agent amount, pH
value, incubation time and radiation doses on
radiolabeling of **™Tc-exendin-4 was evaluated
using RTLC technique [26-28].

In clinical trials, an exendin-4-derived
compound was first labeled using In-111
([Lys40(Ahx-DOTA-1In)NH_]-exendin-4)
and showed high uptake in insulinomas [14].
However, because In is costly and carries a
relatively high radiation damage for the patient,
researchers evaluated tumor uptake in vivo by
labeling the same compound with %®Ga and
9T, [Lys40(Ahx-HYNIC-
9MTc/EDDA)NH:]-exendin-4, compared with
([Lys40(Ahx-DOTA-In)NH,]-exendin-4
and Lys40(Ahx-DOTA-%8Ga)NH,]-exendin-4,
showed significantly less tumor and organ
uptake, but did not result reduced image quality
[22]. Based on these promising results of
exendin-4 derivative compound in insulinoma
imaging, we performed radiolabeling and
quality control studies with **™Tc for the
usability of exendin-4 as a GLP-1R imaging
agent without long labeling process, heating,
boiling, and purification.

Effect of reducing agent amount: In the ®MTc
(V1) oxidation state, " TcO4 was eluted from
a %°Mo/*®™Tc generator. For ®MTcOy’, this level
is unable to label directly with any component.
So, before labeling, **™TcOs is reduced to
transform it from a +7-oxidation state to a
+4/+5-oxidation state, which allows it to form
complexes with the ligand and synthesize the
radiopharmaceutical [33]. Various reducing
agents have been utilized for this purpose, with
stannous chloride being one of the most
common [23,24].
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Radiolabeling tests were carried out to see how
the amount of reducing agent affected the
labeling yield. First, the labeling efficiency was
increased by increasing the amount of stannous

chloride.  When the reducing agent
concentration was increased above the
optimum value, the labeling efficiency

decreased slightly, but was not significantly
(p>0.05) (Figure 1).

OFree 99mlc

E%9mTc-

R/H 99mc
Z g @ Free 99mTc

100
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Figure 1. Variation of free *™T¢, R/H *™Tc¢ and
9mTc-exendin-4 as a function of different stannous
chloride amount.

ER/H %9mTc

.I ; ' 99mTc-exendin-4

exendin-4

The RP (percent) of various concentrations of
stannous chlorides is shown in Table 1. The
amount of reducing agent that was shown to be
the most effective was 50 pg, according to the
findings. Labeling efficiency was above 95
percent under these settings and did not alter
much after 6 h at room temperature (p>0.05).
Effect of pH: Although radiopharmaceuticals
were required to modify the body pH, small-
volume preparations were pH stable [32]. For
pH 5.6-8.3, the effect of pH value on %MTc-
exendin-4 labeling efficiency was investigated.
According to the results of the experiments, the
pH of the reaction medium plays a crucial role
in the labeling process (Figure 2). Labeling
efficiency significantly changed while keeping
other reaction parameters constant and varying
the pH of the reaction from 5.6 to 8.3 (p<0.05).
At pH 6.6, maximum labeling efficiency was
observed, and %MTc-exendin-4 was found
stable up to 6 h (p>0.05).

Effect of incubation time: To determine the
best incubation time, firstly, 50 pg stannous
chlorides including compounds were labeled
with ®MTc. After labeling, the RP of *™Tc-
exendin-4 were investigated with RTLC studies
which performed at  determined times post-

Table 1. Radiochemical purity (percent) of **™Tc-exendin-4 with various concentrations of stannous chlorides.

Radiochemical purity (%0)

_ Stannous chloride (pg)
Time (h) 25 50 75 100
0.5 89.84 +0.70 96.53 +0.82 96.68 £ 0.11 92.75+0.78
1 91.51+1.33 97.91+0.76 96.94 +0.52 94.35+0.49
2 92.34+1.35 97.48 £0.72 9291+1.72 92.86+1.27
3 89.58 £2.53 97.64+1.10 96.56 = 0.99 94.09 + 0.66
4 80.69 +0.84 95.90+0.51 93.15+0.48 92.30+1.12
5 85.72+2.90 97.24+1.62 93.99+0.75 90.75+0.83
6 83.81+£1.45 96.60 + 1.00 93.79+0.57 93.79+0.83
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Figure 2: The effect of the pH on labeling efficiency of ®*™Tc-exendin-4.

labeling (Table 2). According to results, the RP
of ¥MTc-exendin-4 was reached over 95% in 30
min after labeling. The best radiolabeling yield
(~95%) was observed after a 30-min incubation
period, while prolonged incubation intervals
had no noticeable effect (p>0.05). This result
shows that ®°™Tc-exendin-4 can be used in
nuclear medicine after 30 min.

Table 2. The effect of incubation time on
radiochemical purity.

Effect of radioactivity doses: Exendin-4 was
labeled with 37 and 370 MBq **™Tc radiation
doses. Slightly decrease in RP of %™Tc-
exendin-4 complex was observed with
increasing of radioactivity (Figure 3) (p>0.05).
As a result of increasing the amount of
radioactivity 10 folds, the RP value was found
over 90% (p>0.05). So, *MTc-exendin-4 has
been found suitable for labeling with high
radioactivity in nuclear medicine.

Quality control studies: For quality control of

T- i R i h - I - 0/ - - - . .
e (;mn) 85?20:: 2er6n6|ca purity (%) radiopharmaceuticals, high-performance liquid
15 89.24 +2.16 C:fomatograpﬂy (HPLC), RTIt;C andéor gas
30 96.93 +0.26 chromatography (GC) can be use [34].
45 9343 + 0.54 Becagse of fast and safe, in this study, RT!_C
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efficiency of  ®™Tc-exendin-4. To
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Figure 3. The effect of radioactivity doses (37 and 370 MBq **"Tc) on radiochemical purity.
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Figure 4. RTLC chromatogram of ®™Tc-exendin-4 in different mobile phases: A: Acetone, B: ACN/W/TFA

(50/25/1.5).

identify and measure the levels of radioactive
impurities (Free ®°™Tc, R/H ®™Tc), two solvent
systems were utilized. Free **™T¢ migrated with
the solvent front in acetone, whereas %MTc-
exendin-4 and R/H ®°™Tc remained at the
spotting point. The mobile phase ACN/W/TFA
(50/25/1.5) was used to identify R/H *MTc,
with R/H %®™Tc remaining at the point of
spotting while free **™Tc and *™Tc-exendin-4
migrated with the solvent front. The RTLC
chromatogram  of  %®™Tc-exendin-4  was
presented in Figure 4. The RP of %MTc-
exendin-4 was over 95 percent, acquired via
RTLC.
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patients in nuclear medicine after they have
been dissolved in 0.9 percent sodium chloride
solution and labeled with *™Tc. For this reason,
the stability of the developed
radiopharmaceutical was checked up to 6 h at
room temperature. During the incubation
period, *MTc-exendin-4 was found stable in 0.9
percent sodium chloride solution with high
labeling efficiency (p>0.05) (Figure 5).

Conclusion

In this study, we demonstrated that exendin-4
can be labeled with **™Tc with a high labeling
efficiency (>95%)  using a simple RTLC

Time (Hour)

Figure 5. The stability of ®™Tc-exendin-4 in saline up to 6 hours.

In vitro stability: Cold Kkits (consisting of
pharmaceutical part, reducing agent and/or
antioxidant agent) are usually applied to

The

technique.

produced

complex was

extremely stable, with
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labeling efficiency
continuing up to 6 h. With 50 pg stannous
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chloride and 37 MBg %™TcOs containing
formulations at pH 6.6 at room temperature, the
highest RP was achieved. Also, further studies
with %°™Tc-exendin-4 are in progress in order to
evaluate receptor binding capacity and
biodistribution and imaging of the complex in
experimental animals.
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