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Abstract

Somatostatin analogues labelled with different radionuclides could be employed for
visualization or treatment of somatostatin receptor-positive tumours. An octapeptide m In [DTPA]
octreotide is a synthetic radiolabelled somatostatin analogue which is currently in clinical use for
detecting small neuroendocrine tumours and metastases not detectable by conventional means.
However, several other somatostatin analogues have been under development and testing. The aim of
this study was to radiolabel selected somatostatin receptor-binding octapeptides by different
radionuclides and to report the results of their biodistribution in rats. The study was focused on the
direct labelling of vapreotide (RC-160) with 99mTc, on the conjugates of octreotide with DFO
(desferrioxamine) for labelling with 67Ga, and on the conjugates of octreotide and TOC with DOTA
(tetraazacyclo-dodecane tetraacetic acid) for labelling with 88Y. In the present study, 88Y isotope
instead of 90Y was used as a label as 88Y exhibits a longer half life of decay and emits gamma radiation
which can be much more easily detected in biological samples than beta emission. The labelling of
octreotide analogues with metal radionuclides using derived bifunctional chelates was simple,
straightforward and consistently resulted in high radiochemical purity of the product. On the other
hand, the application of the direct labelling method for labelling of RC-160 with 99mTc was difficult
because all procedures had to be made under nitrogen atmosphere and an attainment of high yield
proved to be highly dependent on the accurate observation of reaction conditions. The labelling
efficiency makes an immediate use of the radiolabelled RC-160 for biological studies impossible and
it is necessary to involve the purification step into the labelling procedure. All radiolabelled receptor
specific peptides under study exhibited rapid radioactivity clearance from the blood and most organs
and tissues. On the other hand, long-term retention and high radioactivity concentrations in the
kidneys and somatostatin receptor-rich organs, such as the pancreas and adrenals, were found. The
results indicated significantly higher concentrations of 88Y-DOTA-TOC in organs with a high density
of somatostatin receptors in comparison with the other agents. High and long term uptake of
radioactivity in kidneys was probably due to partial degradation of the peptides under study and
consequent accumulation of radiolabelled fragments in the renal cells. Elimination studies showed
relatively rapid renal excretion of radiolabelled peptides under study, about three quarters of the
administered radioactivity was eliminated in the urine within 2 h after administration. Analysis of the
elimination mechanism by employing rat kidney perfusion and rat liver perfusion showed that all
peptides under study were eliminated in the kidneys mostly by glomerular filtration, the bile
elimination being relatively low. The radiolabelled peptides under study form a part of a new series of
diagnostics and therapeutics which could be invaluable in the clinic for management of patients with
cancer if some mechanism to decrease the kidney retention is provided. Another part of the study was
focused on the preparation of 99mTc labelled tetrapeptides, namely acetyl-Gly-Gly-Cys-Gly, acetyl-
Ser-Ser-Cys-Gly, and acetyl-Gly-Gly-Cys-Lys, and determination of their biodistribution and analysis
of elimination mechanism in rats. The peptides were formed by amino acid sequences capable of
chelating technetium useful as universal chelators in "hybrid" peptides composed of receptor specific
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part and the part chelating technetium [1]. Biodistribution studies in rats showed that all agents were
rapidly cleared from the blood. No specific accumulation of radioactivity in different organs and
tissues was found. Analysis of renal elimination mechanism of radiolabelled peptides under study by
using perfused rat kidney in situ showed that all agents were eliminated by both glomerular filtration
and tubular secretion. The results obtained will assist in the design of optimal biocompatible
tetrapeptides as chelators for formation of hybrid receptor specific peptides.

1. MATERIALS

— DTPA-octreotide was obtained from the Faculty of Pharmaceutical Sciences, Kyoto
University, Japan (Prof. K. S. Horiuchi).

— DFO-octreotide, DOTA-TOC and DOTA-octreotide were obtained from the Institute of
Nuclear Medicine, University Hospital, Basel, Switzerland.

— RC-160 [JD-Phe-Cys-Tyr-Z)-Trp-Lys-Thr-Cys-Thr(ol)] was obtained from the IAEA,
Vienna.

— Tetrapeptides acetyl-Gly-Gly-Cys-Gly, acetyl-Ser-Ser-Cys-Gly, and acetyl-Gly-Gly-
Cys-Lys were obtained from St. Bartholomew's Hospital, London.

2. METHODS

2.1. Radiolabelling and quality control of receptor-specific peptides under study

2.1.1. IUInDTPA-Octreotide

m I n DTPA octreotide was prepared by adding 1 mL of mInCl3 (37 MBq) in 20 mM
HC1 to the kit vial containing 10 ug of the peptide and citrate buffer. After standing for 1 h at
room temperature, the preparation was subjected to reversed phase gradient HPLC.

2.1.2. 99mTc-RC-160

Labelling of RC-160 with 99mTc was based on reduction of disulphide groups of the
peptide by sodium dithionite in ascorbate to sulfhydryls (strong binding groups for
technetium):

10 |ag of RC-160 was dissolved in 100 uL of 0.1 mol/L acetate buffer pH4.2 in a
siliconized glass test tube and 1 mg (100 uL) of ascorbate solution pH6.2 was added. After
mixing of the solution, required activity of 9 mTc (37-74 MBq) was added, and later a
carefully calculated amount of Na2S2C>4 solution in 0.1 mol/L acetate buffer pH7.2 was added
in such a way that the final dithionite concentration was 2 ug per mL of solution. The reaction
mixture was heated in a boiling water bath for 15 min and after cooling of solution the
purification process was performed on a SEPPAK C-18 cartridge. All reagents were kept and
all reactions were made under N2 atmosphere.

SEPPAK purification

The cartridge was gradually washed with 5 mL of 70% ethanol and 5 mL of 0.1 mol/L
acetic buffer pH4.2. The reaction mixture was slowly loaded on the washed cartridge. The
cartridge was then gradually washed with 5 mL of deionized water, 5 mL of 0.5 mol/L acetic
acid and by 5 mL of 95% ethanol. Eluants were collected to the test tubes and the
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radioactivity of each fraction and the remaining radioactivity bound to the cartridge was
determined.

2.1.3. 67Ga-DFO-octreotide

67Ga-DFO-octreotide was prepared by adding of 4 jLtl of 1 mM [DFO]-octreotide (in
0.1% acetic acid) to 100 uL of 0.1 M amoniumacetate pH5.6 together with 10 uL of Ga-67-
(NO3)3 (2.14 GBq/mL in 0.04 M HC1). Molar-concentration ratio of [DFO]-octreotide-to-no
carrier added Ga3+ was 32.05. After 60 min incubation the labelling efficiency was
determined by HPLC analysis with gradient elution.

2.1.4. 88Y-DOTA-Octreotide and88Y-DOTA-TOR

88Y-DOTA-Octreotide and 88Y-DOTA-TOC were prepared by adding 5 uL of 88YC13 in
50 mM HC1 to 200 jal 0.4M acetate buffer pH5 with 7.4 mg of gentisic acid and 10 jj,g of
peptide. After 25 min incubation at 95°C, the quality control was determined by gradient
HPLC analysis.

2.1.5. 9 "'Tetrapeptides (acetyl-Gly-Gly-Cys-Gly, acetyl-Ser-Ser-Cys-Gly, and acetyl-Gly-Gly-
Cys-Lys)

For labelling with 99mTc, a conventional transchelation from 99mTc-gluconate was used
and radiolabelled peptides were purified by filtration on Whatman microfilters 12 kD.

For radiochemical purity analysis, HPLC Pharmacia LKB with Gradient Master GP 962
(UOCHB Prague) performed with Sepharon TM SGX C18 reversed phase column (7 |_im, 3.3
x 150 mm Tessek, Prague) were used.

2.2. Biological experiments

Male Wistar rats weighing 180-220 g were used. The radiolabelled peptides were
administered intravenously into the tail vein in a volume of 0.2 mL. For analysis of
elimination mechanisms, a recirculating rat kidney in situ preparation was employed as
described previously [2]. For analysis of bile excretion, a perfused rat liver in situ preparation
was used.

3. RESULTS

3.1. Quality control of radiolabelled peptides under study

The results of HPLC analysis of the individual peptides is shown in Figs 1-5. By means
of the described procedure, products with high radiochemical purity were obtained.
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FIG. I. Radioactivity profile of111 In DTPA-Octreotide on HPLC.

Mobil phases: 0.05 M acetate buffer pH5.5 as solvent A and methanol as solvent B.

Gradient: 0-15 min: 5% B, 15-25 min: 5-55% B, 25-50 min: 55% B
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FIG. 2. A typical HPLC profile of™Tc-RC-160.

Mobil phases: 0.15 mol/L NaCl as solvent A and 80% methanol in 0.15 mol/L NaCl as
solvent B. The gradient was programmed as follows: the elution was started at 50% B
reaching to 60% in 5 min and to 90% in the next 35 min.
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FIG. 3. An example of HPLC profile of'Ga-DFO-octreotide.
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Mobil phase: 20 mM ammonium acetate pH4.5 as solvent A; acetonitrile as solvent B.

Gradient: 0-10 min: 0%B, 10-15 min: 0-45% B, 15-35 min: 45% B.
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FIG. 4. Radioactivity profile ofS8Y-DOTA-Tyr-3-Octerotide on HPLC.

Mobil phases: 0.1% TFA as solvent A and acetonitrile as solvent B.

Gradient: 0-5 min: 0% B, 5-25 min: 0-30% B, 25-50 min: 30% B, 30-35 min: 30-
100% B, 35-40 min: 100% B.
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FIG. 5. Radioactivity profile o/8Y-DOTA-octerotide on HPLC.

Mobil phases: 0.1% TFA as solvent A and acetonitrile as solvent B.

Gradient: 0-5 min: 0% B, 5-25 min: 0-30% B, 25-30 min: 30% B, 30-35 min: 30-
100% B, 35-40 min: 100% B.
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3.2. Distribution and elimination of radiolabelled peptides under study in rats

3.2.1. Receptor-specific octapeptides

Distribution of H1In DTPA-octreotide, 67Ga-DFO-octreotide, 88Y-DOTA-octreotide and
Y-DOTA-Tyr octreotide in selected organs of rats in time intervals 5 min, 1 h, 2 h, 24 h and

48 h is presented in Figs 6 and 7.

A progressive clearance of radioactivity from the blood and most organs and tissues was
clearly demonstrated for all compounds under study. The main differences in the uptake of
radioactivity in somatostatin receptor-rich organs (adrenals and pancreas) were determined.
For these organs, long residence time and relatively high uptake were found, the radioactivity
concentration for 88Y-DOTA-TOC in the adrenals and pancreas were, however, about three
times higher than that for the other compounds. A relatively high and long term radioactivity
accumulation in the main excretion organ, i.e. the kidneys, was also determined for all
peptides under study. Kidney accumulation was possibly due to partial re-absorption of
peptides by the cells of proximal tubules by means of pinocytosis [3]. In consequence of this
process, the agents may be transferred to lysosomes and digested by proteolytic enzymes.

The major excretion route for all radiolabelled peptides was the kidney but, a partial
accumulation of radioactivity in the bowels of rats suggests that a small portion of the agents
was cleared also by the hepatobiliary pathway. The results of biodistribution studies were
confirmed by the elimination experiments. Most radioactivity was eliminated via the urine in
the first two hours after dosing. A relatively small amount of radioactivity in the faeces was
found. Analysis of renal handling of the agents showed that the peptides were eliminated
mainly by glomerular filtration as the value of their renal clearance corrected to protein
binding was close to the value of glomerular filtration rate in the experiments with perfused
rat kidney. Bile clearance of radioactivity in perfused rat liver experiments was negligible for
all radiolabelled peptides under study.

•"fc-OTPA-octreoMe "Ga-OFO-octreotide
"Y-DOTA-oetreotide "Y-OOTA-Tyr'octreotide

FIG 6. Concentrations of radioactivity (% dose/1% body weight) of radiolabelled
octapeptides in selected organs and tissues of rats (M-muscle, B-blood, P-pancreas, A-
adrenals).
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FIG. 7. Distribution of radioactivity (% dose/organ) of radiolabelled peptides in selected
organs of rats (L-liver, GIT-gastrointestinal tract, B-total blood, K-kidney).

3.2.2. Tetrapeptides

Biodistribution studies in rats showed that all agents were rapidly cleared from the body
mostly via urine, but some part of administered radioactivity also in the faeces was found. The
later route of elimination was decreased in the order acetyl-Gly-Gly-Cys-Gly > acetyl-Ser-
Ser-Cys-Gly > acetyl-Gly-Gly-Cys-Lys. Blood radioactivity time decrease was more rapid for
acetyl-Gly-Gly-Cys-Gly and the slowest for acetyl-Gly-Gly-Cys-Lys. No specific
accumulation of radioactivity in different organs and tissues was found, the high radioactivity
in the kidneys and liver at the shortest time interval was due mainly to partial elimination of
the agents by the kidneys to urine and by the liver to bile. At 1 hour after dosing, a major part
of administered agents was excreted by elimination through urine and bile and only tracer
radioactivity remained in blood and other organs. An analysis of renal elimination
mechanisms of radiolabelled peptides under study by using perfused rat kidney in situ showed
that all agents are eliminated by both glomerular filtration and tubular secretion, but the
intensity of their elimination by tubular secretion was lower than that for 99mTc-MAG-3.

5. CONCLUSIONS

Somatostatin analogues labelled with suitable radionuclide can be used for diagnosis of
somatostatin receptor-positive tumours and metastases. i nIn DTPA-octreotide is the only
agent commercially available for somatostatin receptor scintigraphy, but some other
somatostatin analogues have been reported to be very promising for the detection of variety of
neuroendocrine tumours. Labelling procedures have employed strong chelating groups such
as DTPA, DOTA and DFO which are covalently attached to the protein molecules so that
they may be labelled with radiometal. A new and fascinating application is the use of labelled
octreotide analogues for radionuclide therapy since the labelled radionuclide could be
changed to deliver beta radiation to ablate the malignant tumour. Probably the most promising
agent in this field is DOTA-Tyr3octreotide, which can be labelled either with m I n or with
90Y. For its efficient clearance from the blood most organs and its significantly higher affinity
to somatostatin receptor-rich tissues in comparison with other radiolabelled octreotide
analogues, 90Y-DOTA-octreotide could be invaluable in the clinic. n lIn DOTA-TOC could be
administered prior to therapeutic 90Y-TOC to localize possible somatostatin receptor-positive
tumours. On the other hand, high and long-term retention of radioactivity of all radiolabelled
somatostatin analogues in the kidneys represents the main obstacle in the potential use of
these peptides in therapy of patients due to their possible nephrotoxicity.
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