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Abstract

Conjugates of somatostatin analogues, RC-160 with different bifunctional chelators to label
with 99mTc, were synthesized. Conjugates with hydrazinonicotinamide (HYNIC) and compounds
(benzoyl MAG-3 and CITC-DTPA) were prepared on a small scale with high purity and evaluated as
different types of chelators on RC-160. Stability studies performed under physiological conditions
showed high stability. Peptide conjugates could be labelled at high specific activities (307mCi/umol)
with 99mTc and different transchelator were used for the HYNIC conjugates. The resulting
radiolabelled with (99mTc and 125I) complexes were highly stable and showed binding affinity to
somatostatin receptors in the nanomolar range. The radioconjugates were administered to rabbits and
mice in order to study their in vivo stability, biokinetics and biodistribution.

1. MATERIALS

Reagents were purchased from Aldrich Sigma Chemical Co. except where otherwise
stated and used as they were received. 6-Boc-hydrazinopyridine-3-carboxylic acid (Boc-
HYNIC) was synthesized and characterized at INMAS. 2,3,5,6,-Tetrafluorothiophenyl-S- (1-
ethoxyethyl)mercaptoacetamido-adipoylglycylglycine was provided by the IAEA. N-
Hydroxy-succinimide-8-acetyl-mercaptoacetyltriglycin [S-acetyl-NHS-MAG-3 was a gift
from Donald J. Hnatowich (University of Massachusetts, Worcester, MA). S-benzoyl-
mercapto-acetyltriglycine (S-benzoyl-MAG-3) was prepared at INMAS Delhi, India. [Lys5-
Boc-RC-160, RC-160, and [Tyr3, Lys-Boc] octreotide was provided by the IAEA.

2. METHODS

2.1. HPLC

Waters Millipore with UV detector 2487 waters was used for reversed-phase HPLC
analysis and preparation. A Beckman Ultrasphere ODS 5 urn, 4.6 x 250 mm column, flow
rates of 1 mL/min, and UV detection at 220 nm and 368 nm were employed together with the
solvent systems: Solvent B 0.05% acetonitrile Solvent A 0.05%TFA-water. Gradient: 0-3 min
0% B; 3-13 min 0 to 50% B; 13-23 min 50% B, 23-26 min 50 to 70% B, 26-27 min 70 to
0% B was used for analyses of RC-160 conjugates.

2.2. TLC

Instant TLC on silica gel (ITLC-SG, Gelman Sciences) was performed using different
mobile phases. 2-Butanone was used to determine the amount of free 99mTc04" (Rf = 1), and
the PBS buffer was used to determine non-peptide-bound 99mTc colloid (Rf = 1) and 99mTc04 '
(Rf = 1), 50% acetonitrile/water for 99mTc colloid (Rf = 0).

2.3. SPE purification

For purification of the radiolabelled peptide for stability studies, a solid-phase
extraction (SPE) method was used. The radiolabelling mixture was passed through a C18-
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SEPPAK mini cartridge (Waters, Milford, MA). The cartridge was washed with 5 mL of
water (six times with flow rate 1 drop/6 s), the radiolabelled peptide eluted with 50% 0.05%
TFA acetonitrile, and the organic solvent evaporated under N2 stream. This method efficiently
removed all hydrophilic impurities (99mTc0 4", 99mTc co-ligand) and 99mTc colloid to a
concentration of less than 2% when tested by HPLC or TLC.

2.4. Receptor binding assay

The binding affinity of 125I-RC-160 conjugates was tested in a competition assay against
cold peptide on cells expressing somatostatin receptors.

2.5. Synthesis of peptide conjugates

2.5.1. Synthesis o/HYNIC-RC-160

A total of 0.3 mg of Boc-HYNIC, 2.0 mg of O-(7-azabenzotriazolyl)-l,l,3,3-
tetramethyluronium hexafluorophosphate (HATU), and 5 mg of diisopropylethylamine
(DEA) in 300 uL of DMF (anhydrous) were reacted for 15 min. Boc-peptide in 20 uL of
DMF 5 uL of water was added and allowed to react for 45 min. To stop the reaction, 1 mL of
water was added, and the resulting solution was passed through a C18-SEPPAK cartridge
(Waters, Milford, MA) washed with additional 5 mL of water and finally eluted with 1 mL of
100% acetonitrile. The acetonitrile solution was removed under N2 stream to a volume of 100
(xL. A total of 300 uL of TFA and 10 uL of thioanisole were added and reacted for 10 min.
The solution was evaporated to dryness, and the residue dissolved in 200 uL of 50% ethanol
and purified on HPLC using above gradient. The peak of HYNIC-RC-160 was collected and
stored in the HPLC eluent at -20°C under nitrogen. Further characterization was performed
by HPLC analysis.

2.5.2. Synthesis ofS-Acetyl-MAGS-RC-160

A total of 0.3 mg of Lys-Boc RC-160, 1.0 mg of S-acetyl-NHS-MAG-3, and 1 mg of
DEA were reacted for up to 3 h. SEPPAK purification and deprotection were carried out as
described for HYNIC-RC-160.

2.5.3. Synthesis ofS-benzoyl-MAG-3-RC-160

A total of 2.2 mg of S-benzoyl-MAG-3, 1.0 mg of HATU, and 1 mg of DEA in 170uL
of DMF were reacted for 15 min. A total of 40uL of this solution was added to 0.4 mg of Lys-
Boc-RC-160 in 20 uL of DMF/5 uL of water and allowed to react for 1 h. SEPPAK
purification and deprotection were carried out as described for HYNIC-RC-160.

2.6.99mTc labelling of HYNIC conjugate

2.6.1. Tricine as co-ligand

hi a rubber sealed vial, 10 u.g of HYNIC conjugate was incubated with 0.5 mL of tricine
solution (100 mg/mL in 25 mM succinate buffer, pH5.0), 0.5 mL of 99mTc04" solution (100-
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1000 MBq), and 25 uL of tin(II) solution (10 mg of SnCI2.2H20 in 10 mL of nitrogen purged
10%acetic acid) for 30 min at room temperature.

2.6.2. Ethylendiaminediacetic acid (EDDA) as co-ligand

10 ug of HYNIC-RC-160 was incubated with 0.5 mL of solution of EDDA (10 mg/mL,
pH7.0), 0.5 mL of 99mTc04" solution (100-1000 MBq), and 5-10 uL of tin (II) solution (10 mg
of SnCl2.2H20 in 10 mL of nitrogen purged 0.1 N HCI) for 60 min at room temperature.

2.7.125I Radiolabelling

Radiolabelling of RC-160 with 125I was performed using the chloramineT technique.
After labelling, the peptide was purified using a SEPPAK C-18 cartridge (Millipore) by
successive injection of the labelling solution, 5 mL of trifluoroacetic acid 0.05% in water
(Aldrich) and 5 mL of a 50% 0.05% TFA acetonitrile. In these conditions, free 125I was eluted
in acid aqueous phase and the radiolabelled RC-160 in the first 2 mL of the acetonitrile phase.
The radiochemical purity of the purified solution was measured both by thin layer
chromatography on silica gel (Kieselgel 60 F254; Merck) using methanol as migration solvent.
The specific binding of the 125I labelled RC-160 was determined by competition against
unmodified RC-160 in a similar assay on cell lines, which expresses the somatostatin
receptors. Analysis of the different chromatograms obtained was performed after exposure of
the bands on a phosphorus screen using EPLab-Gel software (Analytics Corp., 1995).

2.8. Animal studies

Animal Model: Female normal mice 25-30 g (Balb C) 4 months old were used for
biodistribution studies. Rabbits 2-3 kg and rats (Sprague Dawley) 200-250 g and nude mice
xenografted with PTC tumour were used for imaging and in vivo studies of 99mTc-RC-160.

2.9. In vitro serum stability studies

Labelled peptides after quality control were incubated at 37°C in fresh human serum at
concentration lOOnM/mL. Stability was assessed by size exclusion (Sepharose SW
3000 column) HPLC shows that the metal ion is intact under physiological conditions. It loses
less than 0.5% in 8 hours.

2.10. Blood clearance

10 MBq (150 mL) of labelled peptides in aqueous solution was injected intravenously to
rabbits weighing -2.5 kg through the dorsal ear vein. Blood samples were drawn from the
other ear using sterile syringe at 5, 15, 30 min and 1, 2, 4, and 24 h after i.v. injection. All
samples were weighed, and their activity measured in a gamma counter and compared with a
standard.

2.11. Biodistribution

The labelled peptides 99mTc-Rc-160 were diluted in sterile saline at a concentration of
(52.5MBq) before being distributed into syringes where radioactivity was determined before
and after injection. A volume of 0.1 mL (3.7MBq) of each solution was injected into a lateral
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tail vein of each animal. The mice were sacrificed by cervical dislocation after anaesthesia.
The study of 99mTc peptides was performed in 15 animals in three groups of five mice and 24
h after administration. Blood and normal tissues (liver, kidney, spleen, lungs, heart, bone,
intestine and muscles) were removed from each animal and weighed before radioactivity was
measured in a gamma counter and compared with the standard. The results are expressed as a
percentage of injected dose per gram (% ID/g) of tissues. Urine was collected at 1, 4, 24 h
post injection (p.i.).

2.12. Imaging

Imaging of animals was carried out at different time intervals after administering 18.5
MBq of the labelled compound intravenously using a planner gamma camera fitted with parallel
collimator (ECIL, INDIA).

3. RESULTS

In this study, reaction mixture of peptide conjugates of RC-160 was purified with
overall yield of 60% for both the conjugates. Mass spectrometry data of the HYNIC conjugate
and MAG-3 was found as M+l in FAB+ mode. Conjugates of RC-160 produce stable and

99m. 125Treproducible complexation with Tc and receptor binding with I. Radiolabelled peptide
was analysed and found to be easily and reproducibly labelled with mTc and I. Labelling
efficiencies were generally greater than 95% as determined by TLC and HPLC. TLC was
performed by heat treated ITLC-SG strips using saline or 85% ethanol as mobile phase.
Reverse phase (RP) chromatography using Ci8 SEPPAK confirmed high labelling efficiency,
as did analytical RP-HPLC.
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FIG. 1. Biodistribution of mTc-RC-160 conjugate at different time intervals.

52
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FIG. 3. Cold competition of 3I-RC-190 conjugate on PTC cells.
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Cold Competition of l-125-RC-160-Conjugateon KB Cells
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FIG. 4. Cold competition of125I-RC-190 conjugate on KB cells.

The in vitro dissociation of radiolabelled tracer with human serum proteins was
determined by both gel electrophoresis and gel filtration (size exclusion). Both radiolabelled
conjugates are stable under physiological conditions. It shows the rate of decomposition is
about 0.57% in 8 hours.

All subsequently described animal studies were performed under an approved animal
protocol.

In biodistribution studies (mice), the data was calculated as the per cent injected dose
per gram of organ. The biodistribution of radiolabelled peptide preparations were evaluated in
normal mice at different time intervals (30min, lh, 2h, 4h, and 24h) after injection (Fig. 1).
Imaging technique in normal rabbits substantiated the results. 99mTc labelled peptide
conjugates cleared rapidly from the blood circulation (Fig. 2) to the liver.

Imaging studies in rabbits substantiated the observation in biodistribution regardless of
the radiolabelled peptide conjugates.

Receptor binding and tumour targeting were performed at PTC and KB cell lines and
125g
125xenografted nude mice respectively. 125I peptide conjugates showed high- affinity specific

binding to somatostatin receptors (Fig. 3) with no relevant differences in binding constants
(IC50 and Kd values calculated using Biosoft programs). Imaging was performed with 99mTc-
RC-160-MAG-3 conjugate showed maximum accumulation in liver and spleen. The tumour
uptake obtained at 2h with peptide conjugate was low regardless of the radionuclide used
(1.6%ID/g for 99mTc; 2.4% ID/g for 125I).

The compounds show promising future for tumour targeting studies. Further
experiments also have to perform to avoid liver uptake either modifying the RC-160 amino
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acid (Lysine) sequences to improve the efficacy of peptide. Conjugation chemistry must be
performed in solid phase to facilitate the radiolabelling procedure and purification steps.
However, all the complexes showed good binding affinity to somatostatin receptors.
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