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Abstract

A recent development in oncology involves the use of metabolically stabilized peptide hormone
analogues labelled with metallic radionuclides for the diagnosis or therapy of malignant disease. This
approach was successfully applied for the first time in the visualization of somatostatin positive
tumours and their metastases with m I n DTPA-octreotide. In an effort to obtain a 99mTc somatostatin
receptor affine radioligand we describe herein the synthesis, radiochemistry and preliminary biological
evaluation of two novel 99mTc labelled somatostatin analogues, N4-TOC and N4-RC-160. In these
compounds a tetraamine bifunctional unit was covalently attached to the N-terminal (D)Phe1 of the
peptide chain using Boc-protection strategies. The peptide conjugates were purified by high
performance liquid chromatography (HPLC) and characterized by UV/Vis and ES-MS spectroscopies.
As revealed by HPLC, 99mTc labelling was quantitative under mild conditions, leading to a single
99mTc species in high specific activities. Affinity of 99mTc N4-TOC for the somatostatin receptor, as
determined by in vitro binding assays in rat brain cortex membranes, was found unaffected by the
presence of the bulky metal chelate. The binding properties of 99mTc N4-RC-I6O could not be
determined by this assay due to an extremely high non-specific binding of this radioligand, and will be
shortly investigated by other methods. Tissue distribution in healthy mice revealed that 99mTc N4-TOC
is clearing mainly through the kidneys and the urinary tract whereas 99mTc N4-RC-I6O shows a high
accumulation in the liver as a result of its lipophilicity. Analysis of urine samples by HPLC showed
that 99mTc N4-TOC is excreted integer from the body of mice, while 99mTc N4-RC-I6O is totally
transformed to an unidentified hydrophilic metabolite in vivo. The location of this metabolism is
currently investigated. In vivo blocking experiments using animals pre-treated with 50 ug octreotide
prior to the injection of the radioligand demonstrated that accumulation of the radioactivity in
somatostatin receptor rich organs like the pancreas and adrenals, is in vivo specific and mediated by
the somatostatin receptor.

1. MATERIALS

The somatostatin peptide analogues RC-160 and TOC or protected with Boc at the s-
NH2 group of Lys5 were provided by BACHEM through the IAEA. Octreotide used for in
vivo blocking experiments was kindly offered by Novartis-Hellas. Reagent grade chemicals
were purchased from Aldrich or Fluka and used without further purification. 99mTc was
obtained as an Na"mTc04 eluate in physiological saline from a commercial 99Mo/99mTc
generator (Cis Int.). Solvents for HPLC were filtered through membrane filters and degassed
with He flux prior to use. For HPLC purification a preparative HPLC system from Waters
was used (Waters Prep LC 4000) coupled to a Waters 996 Photodiode Array UV Detector.
The Millennium Software by Waters was applied for controlling the HPLC system and
processing the data. For separations a Prep Nova-Pak HR C-18 cartridge (25 mm x 100 mm, 6
u) from Waters was used. HPLC analyses were performed on a Waters
ChromatograpHefficient with a 600 solvent delivery system and coupled to the above PDA-
UV detector along with a gamma GABI detector from Raytest. The conditions for the
analyses are given for individual products below. Competition binding assays were performed
on a Brandel-48 Cell Harvester.
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2. METHODS

2.1. Preparation of the tetraamine-coupled somatostatin analogues

The protected (Boc)4-N4-diglycolic acid bifunctional chelating agent was reacted in a
threefold molar excess with the corresponding Boc protected s-Lys5 SMS peptide analogue in
CH2C12/DMF medium in the presence of HATU and Hiinig's base. The mixture was left to
react at room temperature for about 1.5 h and then 1 N HC1 and H2O were added. The Boc
protected conjugate was extracted in ethyl acetate and the organic phase washed several times
with H2O. The organic phase was concentrated to a small volume and the product purified
over a small silica gel column using CHCl3/MeOH 10/1 as the eluent.

Deprotection was completed at ambient temperature within 25 min in TFA medium
containing 5% H2O and 4% thioanisol. The reaction was quenched by introducing the mixture
in 0.5N NaOH to pH3. The reaction mixture was rinsed with CHCI3 and concentrated to a
small volume. The product was purified by preparative HPLC. For 1: The column was eluted
at 10 mL/min with the following gradient system: 0 to 25 min 40 to 80% 0.1% TFA in MeOH
and 60 to 20% 0.1% aqueous TFA solution. tR: 12 min. For 2: The column was eluted at 10
mL/min with the following gradient system: 0 to 30 min 20 to 80% 0.1% TFA in MeOH and
80 to 20% 0.1% aqueous TFA solution. tR: 25 min.

Analytical data for N4-diG-TOR, 1: ES-MS calculated for C67H95N15O14S2: 1397.7,
found: 1398.8 (MH+); tR (Merck Lichrospher RP-18 column, 10 u, 250 mm x 4 mm; 1
mL/min; 0 to 20 min 40 to 80% 0.1% TFA in MeOH and 60 to 20% 0.1% aqueous TFA
solution): 14.7 min; UV/Vis (Kim, nm): 248, 283, 290.

Analytical data for N4-diG-RC-160, 2: ES-MS calculated for C73H89Ni7Oi2S2: 1558.8,
found: 1559.6 (MH+); tR (as for 1): 18 min; UV/Vis (kmax, nm): 248, 282, 290.
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2.2. Labelling of somatostatin analogues with 99mTc

To a Na"mTc04 generator eluate (730 uL) 0.5M phosphate buffer pHl 1.0 (200 uL) was
added followed by 0.1 M citrate solution (10 uL), an aqueous solution of the 1 or 2 (10 nmol,
40 uL) and a freshly prepared SnCl2 solution in EtOH (20 ul, 20 ug). The labelling reaction
mixture was incubated for 30 min at ambient temperature and adjusted to pH7.0 with IN HCL
Labelling yields were monitored by HPLC analysis on an RP-Amide C16 Discovery column
from Supelco (5 u, 150 mm x 3.9 mm). The column was eluted at a 1 mL/min flow rate with
the following gradient system: from 0 to 10 min 10% to 60% MeCN and 90% to 40% 0.2%
ammonium phosphate buffer pH7.0. tp. for 99mTc 1: 10.6 min; tR for 99mTc 1: 12.2 min (Fig. 1).

2.3. Competition binding assays of 99mTc labelled somatostatin analogues

The binding affinity of 99mTc labelled peptides 1 and 2 were determined in rat brain
cortex membrane homogenates according to reported protocols. The membranes were diluted
to 50 ug protein per assay tube by Tris buffer (lOmM, pH7.4) containing MgCl2 (lOmM),
bacitracin (10 uM) and 0.1% BSA. The assay tubes contained each 99mTc labelled peptide (30
000 cpm, 70 uL), buffer or increasing concentrations of somatostatin analogues (30 ul) and
membrane suspension (200 ul, 50 ug). The tubes were incubated in triplicates for 30 min at
ambient temperature. Incubation was stopped by rapid filtration on a Brandell Cell Harvester
through GF/C glass fibre filters and rinsing with Tris buffer (10 mM Tris, 150 mM NaCl,
pH7.4, 4°C). The filters were counted in a well type gamma counter and specific radioligand
binding was defined as total binding minus binding in the presence of 1 uM somatostatin
analogue (= non specific binding). The data from the displacement experiments were analysed
according to a one-site model.

2.4. Tissue distribution of 99mTc labelled somatostatin analogues in healthy mice

For tissue distribution experiments Swiss albino mice (30 + 5 g) were used in groups of
four. Mice were injected each with a bolus of labelled peptide phosphate buffer solution
pH7.4 (100 ul, 2.5-4 mCi) through the tail vein. Animals were sacrificed at 30 min, 1 h, 2 h
and 4 h after injection (pi) of the radioligand by heart puncture. Blood and urine samples were
immediately collected and organs of interest were excized, weighed and their radioactivity
content measured in a well-type gamma counter along with proper standards. An additional
group of animals received each intraperitoneally 50 ug octreotide 35 min prior to the
intravenous injection of the radiolabelled peptide (blocked animals). These animals were
sacrificed at 30 min p.i. and the same procedure was followed as before. Biodistribution data
were calculated as per cent injected dose per gram tissue (%ID/g) according to a known
algorithm. Mouse body composition data were used in the calculation of%ID/g values for
blood and muscle.

3. RESULTS

3.1. Preparation of peptide conjugates

The synthesis of N4-TOC and N4-RC-I6O proceeded following these steps: The BOC
protected N4 bifunctional ligand was coupled to the Boc s-Lys5 peptide in the presence of
HATU and Hunig's base. After purification on a small silica column the BOC protected
conjugate was reacted shortly with TFA and purified with preparative HPLC affording the
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respective product 1 or 2 in a pure form. The purity of 1 and 2 was confirmed by analytical
HPLC, whereas ES-MS findings were consistent with the expected formulae. The synthetic
route followed for 1 is depicted in Scheme 1.

99mn3.2. Preparation and radiochemical analysis of Tc labelled peptides

Labelling of 1 and 2 with 99mTc was quantitative using SnCb as reductant and citrate as
transfer ligand. High specific activities were reached using as low as 10 nmol total peptide
under very mild conditions. The radioligands (Scheme 2) were stable in phosphate buffer over
24 h, as revealed by HPLC analysis. As shown in the representative chromatograms of Fig. 1,
99mTc labelled 1 is more hydrophilic than 2. However, the introduction of the hydrophilic
(TcO2N4)+-diglycolic acid residue in the RC-160 peptide backbone led to a substantially more
hydrophilic radioligand as compared to the very lipophilic 125I-RC-160. The trend in the
hydrophilicity is reflected in the relative biological characteristics of the two somatostatin
analogues.

3.3. Characterization of 9 mTc labelled somatostatin analogues binding properties

Competition binding assays were performed on rat brain cortex membrane homogenates
using 99mTc labelled 1 and 2 as the radioligand, and native somatostatin-14 as competing
ligand. Binding of 99mTc labelled 1 to the rat cortex somatostatin receptors was inhibited by
somatostatin-14 in a monophasic manner. The level of non-specific binding, as determined in
the presence of 1 uM somatostatin-14 was less than 20% of total binding. The binding
properties of 99mTc labelled 2 could not be determined by this model, given that the
non-specific binding was extremely high. Alternative assays are currently studied for this
purpose. A representative displacement curve for 9 mTc labelled 1 is shown in Fig. 2 revealing
that this analogue binds with high affinity to somatostatin receptors (IC5o for 1: 2.8 x 10"10;
IC50 for TOC: 3.0 x 10~10).
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FIG. 2. Competition binding of 99mTc labelled 1 against various concentrations of
somatostation-14 for somatostatin receptors in rat brain cortex homogenates.
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• 99m,3.4. Tissue distribution of mTc labelled somatostatin analogues in healthy mice

Biodistribution data of 9mTc labelled analogues 1 and 2 in healthy mice is
presented as %ID/g in Figures 3 and 4, respectively. Results of biodistribution measurements
for blocked (non-specific) groups of animals are also included in the diagrams for
comparison. Both radioligands are cleared rapidly from the circulation and excreted mainly
through the kidneys into the bladder, with 1 exhibiting a faster body clearance and 2 showing
also a high liver uptake. As evidenced by HPLC analysis of urine samples, while peptide 1 is
washed into the urine integer evading in vivo transformation, peptide 2 is totally converted to
a hydrophilic unidentified metabolite within 30 min. The liver is the suspected location of this
in vivo metabolism and incubation of mTc labelled 2 in liver homogenates are currently
studied. Preliminary experiments of mTc labelled 2 incubates in murine plasma show that the
major part of the radioactivity co-elutes with plasma proteins. High uptake of activity is
exhibited by the adrenals and the pancreas, tissues known to be rich in somatostatin receptors,
but also throughout the gastrointestinal tract. The activity uptake into these organs is found
significantly lower in the animals, which had received a high dose of octreotide prior to the
radioligand injection. These findings demonstrate that the in vivo localization of 99mTc
labelled peptides 1 and 2 is specific for somatostatin binding sites.
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FIG. 3. Biodistribution of"mTc 1 in healthy mice as % ID/g at 30 min, 1 h, 2 h and 4 h time
intervals p. i. accumulation of activity in the urine over time as % ID/organ is shown in the
inset.
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FIG. 4. Biodistribution of""'Tc 2 in healthy mice as % ID/g at 30 min, 1 h, 2 h and 4 h time
intervals p. L; accumulation of activity in the urine over time as % ID/'organ is shown in the
inset.

4. CONCLUSION

Two novel stabilized somatostatin analogues carrying a tetraamine residue through a
diglycolic acid spacer, N4-TOR (1) and N4-RC-I6O (2), were synthesized. Labelling of 1 and
2 with 99mTc proceeded in high yields in alkaline aqueous medium and using SnCl2 as
reductant in the presence of citrate. A single hydrophilic ^ T c species formed from each
analogue in buffer, as revealed by HPLC analysis. Displacement experiments in rat brain
cortex membranes demonstrated, that 99mTc labelled 1 binds with high affinity and specificity
to somatostatin receptors in vitro, but were not possible to perform for 99mTc labelled 2 due to
excessive non specific binding. Biodistribution of 99mTc labelled peptides in healthy mice
demonstrated high and specific accumulation of radioactivity in somatostatin binding sites in
vivo. Furthermore, the radiolabelled peptides exhibited pharmacokinetics related to their
hydrophilicity, with 99mTc labelled 1 excreted mainly through the kidneys into the urine and
99mTc labelled 2 exhibiting a high liver uptake. The two newly developed 99mTc labelled
analogues may provide a useful tool for the detection of somatostatin receptor positive
tumours in vivo and are currently under further evaluation in tumour bearing animals.
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